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EDITORIALS

THE CHAPIN REPORT

The report of Mr. E. S. Chapin, Paris representative
of the Textile Alliance, Inc., published on page 1130,
will prove extremely interesting reading to all who are
following the disposition of German dyes under the
terms of the Peace Treaty.

While the report was prepared primarily for the
Textile Alliance and for the consumers and producers
of dyes, its reading will repay all chemists, for it gives
an exceedingly clear and concise review of the progress
made in the distribution of German dyes, and points
out the problems still awaiting settlement, problems
which will eventuate as policies to be pursued during
the next five years.

During: his stay in Europe, Mr. Chapin attended
all of the interallied conferences on dyes, was in fre-
quent consultation with the leaders of the German
industry, had constant access to accurate records,
and was in Germany a number of times. For these
reasons his report bears a stamp of authoritative-
ness which marks it as a most valuable contribu-
tion to the literature of this much-beclouded subject.

Aside from the explanatory sections of the report,
there are three features of especial interest:

First—Mr. Chapin comments on ‘‘“the change in
the attitude of the Germans from apparent hostility
to active cooperation with the Textile Alliance.”
This is simply another tribute to the efficiency, un-
selfishness, and fairness of that remarkable organiza-
tion which has handled so large a volume of business
for-the Government throughout the war period, with-
out one cent of profit or remuneration.

Second—To those who made such outcry a year
or more ago that American textile interests were
suffering severely from the influx of British goods
dyed with German dyes unobtainable in this country,
it must come as a distinct shock and doubtful relief
to learn that ‘‘Great Britain had secured on the free
market up to August 1 [1920] 200 tons of dyes. This
should be compared with our figure of 400 tons as of
September 7 [1920], plus the unknown quantity:im-
ported into the United States under license through
other channels.” :

Third—The most illuminative section of the report
is that bearing on the qualitative and quantitative
output of the German dye plants from February to
July of this year. In spite of the much-talked-of
scarcity of coal and difficulties with labor, the output
increased from ten' to thirty-three and a third per
cent of normal.
tion of the vat and alizarin type dye is increasing
slowly from 228 tons in May to 261 tons in June and
272 tons in July, the production of the type of dyes made
in the United States is increasing by leaps and bounds
[italics are ours] from 2400 tons in May to 2800 tons
in June and 3800 tons in July.”

Squelch the Moses-Thomas opposition, Senators, and

pass the dye bill in the form your Committee on Finance |

reported it ——— — ..

“wrong..

The report adds: ‘“‘while the produc-

LYING DOWN ON THE JOB

We have received a communication, printed in full,
page 1132, from Mr. N. E. Franklin, president of the
Kny-Scheerer Corporation of America, called forth
by the editorial in the September issue entitled
“Crippling a Great Work.” :

Mr. Franklin feels that some one took'advantage
of our good nature. Wrong, Mr. Franklin, entirely
That editorial was inspired solely by a
knowledge of the public hearing held in Washington
(not the first hearing, but a second hearing before
the full Senate Finance Committee), at which was
disclosed the character of the opposition to the
Bacharach bill, which places a protective duty on a
number of war-born American products, among them
surgical instruments. Mr. Franklin, who was treasurer
of the Kny-Scheerer company, is doubtless aware of
the opposition to the bill shown on that occasion by
Mr. Brand, the then and now vice president of his
company, as set forth in the brief filed with the
Committee. He doubtless knows that Mr. Richard
Kny, the then president and, we understand, now
consulting director of the company, was also present.

In the light of this opposition it needed only a
superficial investigation to learn that the Xny-
Scheerer company had reverted entirely to the busi-
ness of importing, having closed their Brooklyn
plant. Mr. Franklin thinks that the general public
is not interested in this. We take it as a matter
of very grave public interest that the country
is reverting to that condition which existed at the
beginning of the war, when we were unable to supply
adequate quantities of instruments not only to our
civilian hospitals, but even to the very surgeons who
were preparing to embark for France with our Army.

Mr. Franklin protests that his company is “owned
and controlled solely by born Americans.” Of course.
That was the whole point of the editorial. He con-
tinues, these are ““men who lent their services in many
ways to their government during the recent great
struggle.” We do not doubt it; but we were criticiz-
ing not what they did during the great struggle, but
since its close.  Nowhere in Mr. Franklin's letter is
a single word of denial of any fact set forth in our edi-
torial: namely, that Mr. Kny, whose activities as a
German propagandist had been so clearly set forth
in the official report of the Alien Property Custodian,
was retained by the American owners as president
for at least a year; that Mr. E. S. Beck was retained
as secretary (in this connection it is worthy of record
that Mr. Beck is a brother-in-law. of Mr. Scheerer,
of the Jetter & Scheerer Co., of Tuttlingen, Germany,
and is still secretary of the Kny-Scheerer Corporation
of America, which is the sole agent in this country of
the German company); that the manufacturing plant
in Brooklyn is closed; and that the goods of this com-
pany were offered to consumers at figures 20 per cent
below American prices. Nowhere in Mr. Franklin’s
letter .is -there any intimation that his company is
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planning to develop an American surgical instrument
industry. It is a tacit acknowledgment that his
concern is not interested in the task of continuing
the development of American workmen skilled in
this art, but prefers to make dividends by importing
German wares. If this is not crippling a great work,
then the term American economic independence
is a hollow mockery. Meanwhile, we know that
American workmen have recently vainly sought em-
ployment of the character they were engaged in be-

fore the renewal of German importations, that some
manufacturers who had begun the manufacture of

surgical instruments have been compelled to de-
crease by half the number of their employees, while
others have quit the field entirely.

If the Kny-Scheerer Corporation of America is to
continue merely an importing agency, if it is to do
no constructive service in the development of an Amer-
ican industry, then it was a sad day for America when
the Alien Property Custodian allowed this fine property
to be sold to its present American owners. In the
light of Mr. Franklin’s own letter we are, to our regret,
confirmed in the conviction that they have lain down
on the jaob.

THE MASQUERADING FILTER PAPER

It seems to be the season for presidential letter
writing. Here is another, duly published on page
1132,—this time from Mr. Herman A. Holz, president
of Holz & Company, Inc., protesting against what
he considers ‘‘erroneous statements published on page
955 of the Journal in reference to the ‘Franklin Filter
Papers’ which caused so much unpleasantness at the
recent Chemical Exposition.”

Why does Mr. Holz write us and at such length?
Holz & Co., Inc., were not mentioned in THIS JOURNAL,

. nor did they make any exhibit of Franklin filter paper.
The display was made by the Rohde Laboratory Supply
Company, and neither on its advertising leaflet, on
the labels of the packages, nor on the boxes, was there
any word as to German origin. In marked con-
trast stood out the exhibits of French and English
papers shown at the Expositidn. These bore on their
respective labels Made in Paris or Made in Eng-
land, without the slightest suggestion of dissemblance.

We know nothing of the ‘young business man”
to whom Mr. Holz refers. Many complaints about
the exhibition of Franklin filter papers came to us,
in the capacity of Chairman of the Advisory Com-
mittee, during the latter part of Exposition Week.
‘Confirmation of the German origin of the Franklin
filter papers was given by Messrs. H. F. Coors and A.
A. Campbell, who questioned the attendant in charge
-of the Rohde exhibit. Mr. Coors has confirmed our
memory of his statements:

“Telegram received. Conversation practically verbatim as
follows: Question: I did not know analytical filter paper was
‘made in America. No reply. Question: Is this made in Amer-
ica? Answer: No. Question: Where is it made? Answer:
Germany.  Question: Whom by? Answer: Schlucher and
School [Schleicher and Schiill]. Question: Where in Germany?
_Answer: Dueren. This was followed by the attendant in charge
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offering to send me samples. My reply was to the effect that I
would secure the paper through the regular channels.—H. F.
Coors.” _

Mr. Campbell confirms this statement, for he writes
us:

“Upon question by Mr. Coors as to where the paper was made
he [the attendant] seemed very reluctant in making the state-
ment of it ‘being made in Germany,” however, after the writer
led him on, he told us that it was a product of ‘S & S’ of Dueren.”

So it was not “S’& S” after all, according to Mr.
Holz. The coaching of the attendant seems to have
been poorly done. ‘

Finally, Mr. Holz naively says, “The reason for
the change of label was only the difficult pronuncia-
tion of the manufacturer’s name: Macherey, Nagel &
Co.” Why not have tried “M & N?” We are accus-
tomed to abbreviations on German filter papers.

SUBSTANCE RATHER THAN SHADOW

A correspondent writes us in protest against the
recent action of the Council adyising local sections to
refrain from joining local engineering and technical
societies.” He feels that ‘“the’ idea of the parent
Society trying to hamper such affiliations by resolu-
tions passed is, in my mind, non-progressive and
rather reactionary.”” He contends that ‘‘technically
trained men, would they be chemists, civil engineers,

‘ mining engineers, or other men of similar qualifica-

tions, would naturally associate together for the pur-
pose of furthering matters which they are especially
able to further and making themselves, in this way,
more felt in the community than they are at present.”’

Is not our correspondent confusing the substance
and the shadow? Council action was taken because
of direct reports from councilors that local sections had
frequently been committed to policies directly in opposi-
tion to those of the parent Society and also to the convic-
tions of a majority of their own. members. Certainly
such experiences make an uncomfortable and unde-
sirable situation. That is the shadow.

On the other hand, no one will take issue with our
correspondent on the desirability of mutual associa-
tion. on the part of technically trained men in any
community. That is the substance. To gain this
it is not necessary to effect a union of local sections of
national organizations, but to bring together all the
technically trained of a community in a purely-local
organization. This has been done very successfully
in Indianapolis through the medium of the Scientech
Club. This club, made up of professional, scientific,
and technical men, seeks

1. To give the City of Indianapolis and the State of Indiana
the benefit of the united scientific and technical knowledge and
experience of its members.

2. To promote scientific and technical research.

3. To unify and codrdinate the activities of the various scien-
tific and technical societies of the State of Indiana.

4. To maintain a high professional standing and further ac-
quaintance and fellowship among scientific and technical men.

The various groups of technically trained men are
represented on its directorate, and committees carry
on active work on city planning, rail traffic, food and
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nutrition, public health, fuel conservation and smoke
prevention, research, professional ethics, patents, day-
light saving, education, and highway traffic. The
club holds monthly meetings and issues a monthly
bulletin.

There is the real substance of association of local
technical men for mutual benefit and the good of their
community. Meanwhile the Indiana Section of the
AMERICAN CHEMICAL SOCIETY continues as a pros-
perous organization, busy with its own special prob-
lems, unfettered and unembarrassed.

EVOLUTION IN ALCOHOL ADMINISTRATION

Alcohol, the chemical reagent, is to receive some
meed of that official administrative consideration which
Congress intended at the time the National Prohibi-
tion Act was passed. Since the public hearing before
the Bureau of Internal Revenue last summer Com-
missioner Williams' has been thoroughly sympathetic,
but inadequate funds for the administration of the Act
and the onerous work involved in enforcing the prohibi-
tion feature have made the problem difficult of solu-
tion. :
According to announcement from Washington, the
former Division of Technology has been replaced by
a Permit Division, in charge of Dr. A. B. Adams, and
an Industrial Alcohol and Chemical Division, in
charge of Dr. J. M. Doran. The fact that these com-
petent chemists, both of whom have been connected
with the Bureau for several years, are to have charge
of the new divisions, will inspire confidence and a de-
sire to cooperate.

The Permit Division will have general administra-
tion of the features of Title II of the National Prohibi-
tion Act, relating to permits, bonds, etc.. Strength to
Dr. Adams in eradicating falsified applications for
withdrawal of alcohol, and wisdom in eliminating the
aggravating requirements which now beset those who
are acting in good faith!

The Industrial Alcohol and Chemical Division will
have jurisdiction of (1) the general administration of
all the features embraced in Title III of the Act, with
particular reference to tax-free alcohol, (2) the develop-
ment of uses of denatured alcohol by laboratory work
and research, (3) the supervision of construction and
operation of industrial alcohol and denaturing plants
and bonded warehouses, and control of government
offices assigned thereto, (4) the laboratory examina-
tion of articles manufactured under Section 4 of Title
IT of the Act, and (5) the examination of samples ob-
tained under the Harrison Narcotic Act. To Dr.
Doran and his associates there is entrusted the de-
velopment of a work which contains untold poten-
tialities for our chemical industries, if carried out in a
thoroughly efficient manner. It is to be hoped that
Congress will provide adequate funds to insure max-
JAmum results. :

The method of the evolution of this administra-
tive change gives genuine satisfaction. The matter
was presented earnestly but dispassionately by those
to whom injustice was being done, and was received
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courteously and sympathetically by the authorities in
Washington. Now the apparent difficulties have been
overcome, and adjustments made which will open a
new chapter in national chemical development.

NOTES

The London letter was unfortunately received too
late for publication in this issue.

The Patent Office, which for some time past has been
handicapped by a shortage of funds and personnel,
is now in position to resume the furnishing of photostatic
prints of the specifications and drawings of foreign
patents.

The new chemical laboratory fever has struck New
England. Dartmouth College is expending from $350,-
000 to $400,000 on such an addition to its campus.
At Yale University plans for a new building for its
Department of Chemistry are practically completed.

We must confess to having received a severe jolt, in
spite of our usual optimism, when a correspondent
recently wrote that he had resigned his position be-
cause ‘“‘the company was engaging a physician to act
as head of the chemical laboratory.”

Chemistry is not being neglected by the Swan
family. While Dr. J. N. Swan heads the department.
at the University of Mississippi, his three sons are in
training for the profession. Stewart D. holds a du Pont.
Fellowship in the University of Chicago, William O.
has won a similar honor at the University of Virginia,
and Thomas H. holds an assistantship as a graduate
student in Columbia University. That’s not a ‘“‘bunch’’
of chemists—it’s a whole flock.

The success of the technical monographs now under
preparation by the AMERICAN CHEMICAL SOCIETY
depends on one thing—how far the heads of industtial
concerns will allow their chemists to ‘‘open up.”
Lasting contributions to chemical literature, helpful
to the entire chemical industry, should be made through
these monographs. Here’s hoping!

With so large a number of real specialists on explo-
sives in government service and out of it, why did the
Department of Justice call upon Walter T. Scheele
for an exhaustive report on the Wall Street explosion?
True, he had one receipt for an explosive mixture
which he put to diabolical purpose in blowing up ships
during the war, but this scarcely constitutes a claim
for preéminent qualifications as an expert, especially
in view of the evidence of his lack of ability as an
explosives expert obtained by chemists in the govern-
ment service during his internment. Suppose the De-
partment of State should call on von Igel or von
Papen to solve some of its problems!



Nov., 1920

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY

1045

CHEMICAL INDUSTRY AND TRADE OF SWEDEN

By O. P. Hopkins

1824 BELMONT RoaAD, WasminGTOoN, D, C.

Weighing all the disadvantages of her position during
the war against the advantages, it must be admitted
that Sweden’s industries have been greatly strengthened
since 1914. She has sold her products to both bellig-
erents at handsome profits and has received the
highest returns from her shipping in spite of losses by
submarines.

Sweden’s sources of wealth lie in her forests, in her
iron mines, in her waterpower, and in her shipping
facilities. Agriculture is also of first importance, one-
half the population devoting itself to that branch of
industry, although agricultural products do not figure
largely in the country’s international trade. One-half
of the land is covered with forests, and before the war
the income from that source was $100,000,000 a year.
Eighty per cent of the total exports are derived from
forest and mine. Waterpower is so abundant and
cheap that electric current is the power used for more
than half of the manufactured products of the country.
It is estimated that the potential waterpower is
6,000,000 turbine horsepower, of which something
more than 1,000,000 horsepower is now utilized.

Sweden has never occupied the place in the estima-
tion of American business men that its wealth and good
will toward America deserve. More attention has
been given to Swedish facilities for handling trade
between America and other countries than to its own
trade. During the war, however, the United States
entered into closer and more extensive business rela-
tions. American goods are very well liked, and the old
good will toward America, the natural result of having
so many sons living and prospering in this country,
has not been altered.

FOREST PRODUCTS

Swedish forest products have a world-wide reputa-
tion. The timber is sold in many markets, often in
competition with the American article, and while some
varieties are admittedly inferior to corresponding
American timber in quality, this is more than offset
in many cases by the care with which it is prepared
to meet the requirements of the foreign buyer.

The wood pulp manufactured in Sweden has a
deservedly high reputation everywhere and is pro-
duced to the extent of considerably more than a million
tons a year, of which the finest chemical pulp is largely
exported, while much of the cheaper pulp is manu-
factured into paper in the country. The difficulty of
getting sulfur during the war had a depressing effect
on the chemical-pulp industry, although some of the
plants managed to get along with Norwegian pyrites.
The pre-war importation of sulfur was about 40,000
tons a year, the principal source of supply being Italy.
Considerable quantities have since been obtained from
the United States.

Some 350,000 tons of paper and cardboard are pro-
duced in Sweden annually, and the newspapers of

Europe are pretty much dependent upon this source of
supply. The finest grades of paper are imported.

Wood-distillation products are an important factor
in any consideration of the Swedish chemical industry.
In the order of quantity produced, these products are
tar and tar oil, rosin, turpentine, acetate of lime, pitch
and pitch oil, methanol, formalin, wood oil, and
creosote. Charcoal is still used extensively in iron
smelting, but most of it is made in kilns rather than
ovens.

Rapid strides have recently been made in the manu-
facture of spirits from the residual lye of the sulfite-
pulp factories. It is estimated that the potential
yield from the residue now available is not less than
36,000,000 liters of 100 per cent spirits a year. The
actual production is said to be about 12,000,000 liters.

PRODUCTION OF METALS

The Swedish iron and‘steel industry is not in the
front rank in point of quantity produced, but for
quality its reputation is unexcelled. The ores are of
excellent quality, and the smelting, formerly with
charcoal and latterly largely with electric current, has
given to the world a wonderfully fine iron. The in-
creasing use of electricity in the manufacture of steel
has also set a high standard in that line. Swedish steel
is liked in this country for safety-razor blades, and
Swedish ball bearings find their way into all countries.
The production of iron ore totals some 7,000,000 tons
a year, and makes up more than 95 per cent of the
metalliferous ores mined.

The production of ferro-alloys is important, and has

ept pace with the growth of the steel industry.

A war development was the revival of copper pro-
duction, which once was an important feature of
Swedish industry. It is not expected that the in-
dustry will grow to large proportions, but it is likely
that the success of electrolytic refining of copper will
insure the continuance of a domestic supply of refined
copper.

ELECTROCHEMICAL INDUSTRY

Hydroelectric power has not been developed in
Sweden on quite so grand a scale as in Norway, nor
is it used in the same proportions for the various in-
dustries, but it is a mighty factor in the country’s
prosperity. Asin Norway, the development has taken
place to offset the lack of coal. In the electrochemical
industry, the chief use of current is for the manufacture
of pig iron, ferro-alloys, and calcium carbide. The
fixation of atmospheric nitrogen is comparatively
unimportant when the extent of this industry in Nor-
way is recalled.

Arranged in the order of power used, the various
Swedish electrochemical industries are as follows:
Pig iron, 9o,000 horsepower; ferro-alloys, 60,000 horse-
power; calcium carbide, 40,000 horsepower; atmos-
pheric nitrogen, 16,000 hors'epower; steel, 10,000 horse-
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power; caustic soda and bleaching powder, 3,000
horsepower; potash salts, 2,700 horsepower; graphite,
2,000 horsepower; phosphorus, 1,500 horsepower.
The figures are estimates for 1918.

As in other countries where waterpower is avail-
able, the development of hydroelectric plants was
greatly stimulated by the war.

FERTILIZERS

Although the agricultural products of Sweden do
not enter largely into international trade, the fact
remains that half the population is engaged in farming,
and fertilizers are an important item in the Swedish
chemical market.

Before the war there were heavy importations of
the following artificial fertilizers, in the order of
quantity: potash salts, from Germany; raw phosphate,
from the United States, England, Germany, Australia,
and Tunis; sodium nitrate, originating in Chile, but
imported from Germany; Thomas phosphate and slag,
from England and Belgium; and superphosphate, from
Belgium and the Netherlands. As Sweden was in
a position to trade with Germany during the war, it
was natural that the imports of potash should increase
after hostilities commenced. It was just as natural
that the imports of phosphate should fall to a low
figure, that the imports of sodium nitrate should be
cut in half, and that outside supplies of superphos-
phate and Thomas phosphate should be cut off entirely.
Calcium nitrate has been imported from Norway since
the war started.

The domestic manufacture of fertilizers cannot meet
the home demand, but it has grown to great pro-
portions. With normal supplies of phosphate there
is a thriving export business in superphosphate,
Norwegian and Swedish pyrites being used for the
manufacture of the necessary sulfuric acid. The im-
ports of superphosphate mentioned above form only
a small part of the consumption. Cyanamide is a
product of the electrochemical industry. Swedish iron
ores are rich in apatite and yield a rich Thomas slag.
Animal waste and bone meal are important domestic
items, and the production of fish guano is in normal
times a feature of the herring industry, although it
practically disappeared during the war.

There was the same shortage of fertilizers during the
war as in other countries, as shown by the production
and trade statistics included in this article.

PRODUCTION OF MATCHES

Judging from the latest production figures available,
the manufacture of Swedish safety matches was
stimulated by the war, as the output was increased
from 73,000,000 lbs. in 1913 to: 114,000,000 lbs. in
1917. It does not appear from the statistics, how-
ever, that all of the increased production went into
foreign trade, for the export returns are 61,000,000
1bs. for 1913; 85,000,000 lbs. for 1917; 63,000,000 lbs.
for 1918; and 61,000,000 lbs. for 1919. Later pro-
duction figures would probably show a falling output.

Swedish safety matches need no introduction to
the outside world, as they were standard for years
before the war. They failed to reach the United
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States during the war, and the character of the sub-
stitutes offered, especially by Japan, is still well re-
membered. It is also common knowledge that the
American product was ‘improved, until it is now
generally accepted as quite satisfactory. The efforts
of the Swedish manufacturers to regain the lost ground
will be watched with interest.

The Swedish industry has unlimited supplies of
match wood to draw from, both at home and in Fin-
land, most of the material in the past coming from the
latter country. The home supplies are in rather
inaccessible parts of the country, but these have been
opened up to some extent since communication with
Finland became uncertain. Phosphorus is» now pro-
duced by an electric smelting method that promises
to supply the needs of the match industry. Potas-
sium chlorate has been manufactured in Sweden for
many years, and the production is not only sufficient
for the match industry, but supplies a surplus for ex-
port. Potassium chloride, the raw material, is im-
ported from Germany. Machinery for making and
packing matches has been developed to a state of
extraordinary efficiency.

STATISTICS OF PRODUCTION

A comparison of production statistics for 1913 and
1917 will reveal the proportions of the Swedish chemical
industry and the effect of war conditions on output—
the stimulating effect of war prices, and the depressing
effect of decreased imports of raw materials. The
table has been compiled from official figures published
by the Swedish Department of Commerce, of the
Board of Trade.

PropucTION OF CHEMICALS AND ALLIED PRODUCTS

1913 1916 1917
Pounds Pounds Pounds
CreMmicALs, Drugs, ETc.:

Acids: :

FAcetic ittty bty 1,610,675 977,488 973,004

Nt S e SR 1,188,380 4,205,442 3,051,519

Hydrochloric........ 5,434,167 2,362,958 3,030,077

Phosphoric.......... 3 1,222,216 963,949 662,242

Sulfuric R 185,040,128 168,127,363 121,750,874
Aluminium compounds (h:

drate, sulfate, etc.)....... 12,730,118 38,744,978 36,426,976
Ammonia, liquid........... 8,080,382 13,081,175 8,945,455
Ammonium:

CausticRa ST aleICionT 1,675,480 2,526,036 2,575,142

Nitrate s i ihan 1,431,408 1,508,193 1,420,083

Sulfate...... 3,035,014 2,954,827 2,874,902
Calcium carbid 70,441,652 80,153,528 76,437,825
Carborundum. . 110,231
Chloride of lime.. 1,188,064 3,408,346 3,660,195
Chromelalum'ssis .ot cois R se ,400
Coal tar and products:

Asphaltic, mastic, and simi-

lar preparations........ 15,738,869 14,884,316 9,649,873

Benzene products. . : O] 1,506,432 1,636,057

Coalitar, Toslinis T PRI 28,728,900 35,269,646 27,006,529

Other coal-tar products. .. 2,552,953 4,637,747 3,295,429
Copper:

Scales and oxide.......... e 192,212 154,227

SulfatefEatliini s o 942,586 2,795,351 2,106,517
Cosmetics and toilet prepara-

tions....:.. b gl A N $801,610 $980,212 $15223,650
Fertilizers....... 587,339,974 456,088,200 338,027,823

Animal waste. . 72,294,571 72,015,148 85,365,501

Bone meal.. 12,832,516 17,714,720 11,812,889

Fish guano.......... o 1,287,543 223,119 ,19

Nitrogen carbide......... 40,460,315 58,222,143 38,830,208

Superphosphate.......... 406,221,652 270,652,594 165,280,410

Thomas phosphate....... 40,463,419 29,227,776 26,836,449

Ofhe e s 13,779,958 8,032,700 9,871,171
Fzrrous sulfate.,....... A 6,030 616,170 322,470
Glauber’s salts......... capc12:3975112 9,196,141 11,232,681
Glycerol:

fiaw .................... 321,500 1,284,065 648,322

Purified el o e 1,071,898 1,327,919 369,395
Nitrobenzene.l... . .. 00, AR 63,126 251,214
Pertiimes TR R K $176,755 $251,104 $410,508
PhoSphorusat syt s ol s cas SO RO 222,005
Potash:

CansSticHt et as et 310,356 507,063 282,716

Chlorates and perchlorates 7,955,011 9,289,935 10,929,096

INItTRt e sl als o s i 400,381 373,862

Vellow prussiate......... 236,708 SR

1 Not given separately.
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PropuctioN OF CHEMICALS AND ALLIED Propucrs (Continued) PRODUCTION OF CHEMICALS AND ALLIED Probucrs (Concluded)
1913 1916 1917 1913 1916 1917
Pounds Pounds Pounds Pounds Pounds Pounds
CHEMICALS, DrUGS, Erc. (Concluded): MISCELLANEOUS MANURACTURES (Concluded):
SO eulfate : 5,869,385 5,746,511 e
i ate.. ity ,869, ,746, cetylene LRG0 A8 176,577 322,87
Caustic s o rmatratalaision ' 360,425 1,353,171 1,629,029 Carbonic aci R | 999 749 1,956 02?) 1 .3913,38[%
Crystals .. 284187280 14965911 8122724 Hydrogen. .. 410 105952 " 4702
Tanning mat Is, vcgetnble 6,261,127 13,182,737 14,191,426 Oxygen. 5 393,338 967,243 1 367.880
Water glass...... G B . 2.956,487 2,741,329 1,943,317 Otheripiteiainatiarmtisgs 2,538 24,456 749,622
GuMS AND RESINS: i i ic F
glextrin clmd fprcpuyutjons.. i 796,149 1,642,834 1,177,564 Gas works: Sublefie S e Subic et
astic glue for printing cyl- Acetylene gas...... RS ATSATH 1,149,718 164,351 94,818
inders........ AT oS 518,086 299,659 Coaligas el e 3,038,032,803 3,641,093,300 3,067,932,707
Liquid glue and gum ........ 940,428 1,862,004 2,610,855 Water gas s s asasssls ... 55,949,736 178,699,081 249,589,335
Marine glue and gelatin..... 4,207,682 5,430,924 4,500,367 3 Pound: Pounds st
Rosin®? 4 s 5o Gt Re137!789 191,114 726,480 P e oinds ons ounds
Rosinpliie s i htaarete slorels oie 2,764, '407 2,002, 1397 496, 1327 Bottles, .o 66,675,066 68,901,531 44,455.756
WooD-DISTILLATION PRODUCTS: Flasks and _mrs “for medi- e
Acetate of lime 5 2,449,395 1,799,532 dinasERERE Ciis. 6,041,556 ¢ 7,558,724 9,392,998
Acetone.: 2 1252 108,778 Window glass.......... 21,410,928 21,588,255 17,043,580
Creosotetis 2% TR 54,509 15,609 Other glass manul‘actures,. $1,548,740 $2,645,616 $3,425,974
R ormalin i b 278,658 408,651 676 111 Insulating material......... 918,536 1,709,358 1,682,581
Methanol. ... .. 25 . 1,161,289 1,304,559 989,212 Mantles, gas and electric.... 30,776 75,721 65,222
Pitch and pitch oil......... 397,848 727,126 1,763,559 Matches:
Rosin, liquid.......... “iii. 1,747,853 5313857 6,619,383 Safety....ausansaseanans 72,782,851 117,873,166 114,238,116
Tar and tar Oil.....eee..es. 14,553,776 17,177,663 14,639,054 Other............ sk i@l 6,858,801, 720,715 B 1,71 5)/23
Turpentine ofl......ee.nn.. 1,387,446 4,267,637 4,535,608 Paper and pulp:
o S 3760488 455963 430,752 Cardboard. .............. 107,124,750 173,281,355 120,243,352
Other (mcludmg creosote oil) R 726,076 1,492,346 Pal%e'r ..... ceesaasans AL 626,?1%.22% ;g‘; 4?0 353 615,313,118
. = Metric Tons Metric Tons Metric Tons SHEIPLOL e Hy %,Iogmi ‘rons Mctf,csﬁ*g,fs 1\2,&1,“24 T-I;z:s
RES, ETC.: Pul
Copper.s..... e 5,458 13,895 13,579 Aediroraiea el L ERIE e bl L R
8;‘;};3& : 250 g’-{g 211 gﬁalmg wax. : 122,544 152,165 151,689
§°n~ SRR b 7»472%3% 6,983,%‘;0 62%8’%‘;3 Sug:fpohshcs ‘and ﬁmshes 1,550,154 4,980,741 4,919,637
ANEANESC. .o rvransans » ,894 ’ Beet pulp........ v...... 891,337,572 949,515,408 998,907,069
%aflgbaéxese, pulverized...... 73 15§ _ ig; CUt SUBAT, .+ eirssinnes 16163950 16,391,092 14,723,791
Nolgl ENUM. .o vvnvsearans 3 561 4,991 Molasses....... T e e 44,757,155 60,882,120 57,737,621
S ;C e ; d seessesiessnans . 3 522 3507 3'700 Raw sugar,. iceceecaseee 290,924,786 280,762,641 302 904 126
Hlver-lead. covenvevaivenns ’ ’ ’ Refined sugar............ 297,072,770 314,957,660 256, 608 238
Sulfur pyrites and manganese Siriip 2 Eesabssn s s 28,094,771 30,379,045 27,634,827
pymes. RIS s 3 34,3191 97,848 142,366 : % e L)
Zinc..... Seluihn it 50,752 60,700 51,312 ! See also item under “Gas works.
chblende St re ot s 2l las tTete 33,853 48,221 9,727
Pounds Pounds Pounds
PA]I;NTS T : it R STATISTICS OF IMPORTS
Bomeblace, o o 105,305 35'939 Swedish trade statistics are published monthly and
Butter and clieese coloring 166,109 185,549 43398 nnually.  The latest are to be found in the monthly

Earth colors...... 1,766,317 2,390,438 1,990,703

InkaNprintingschapeses 1,916,152 1,061,591 = 1,680,826 retyurns, but the list of chemicals is a short one and the
anquer and enamels. ., . D 751,743 428,343 74 R o
Lampblack:...v.ssaestensn 1,613,800 1,480,322 1,053,810 countries of origin are not shown. However, to give
Ocher, red...... R S 45540739 4,479,887 2,713,618 x 3 :
Oil paints. ... e 629,593 2,770,152 1,;?3.%2 an idea of tendencies during the first year of peace,
utt: Nty Teases Vesap 685,1 » ) : g
VHEciahes o AR 314381424 3,819,392 3,422,306 a table has been compiled from these returns showing
Other colorS......eves.. ; 695,889 1,870,876 221,529
Other similar preparatlons $24,553 $70,280 $55,172 SumMaRY OF IMPORTS OF CHEMICALS AND ALLIED PRODUCTS
TorAL, paints and varnishes $927,707 $2, 128 364 $3,102,177 1913 1918 1919
Oms, FArs, AND WAXES: i Pounds Pounds Pounds
Animal oils. . 150,338 877,677 274,286 CrEMICALS, DRUGS, ETC.:
1,805,566 1,729,193 2,391,224 Caustic potash and soda.... 11,669,137 1,779,064 11,599,706
5,351,743 2,943,901 951,085 Chloride of lime......... S i 2,438,711 11,284,073
5,824,171 5,997,312 2,304,174 Fertilizers:
640,560 1,243,857 '451,798 Phosphate. ....eeee.s ... 243498202 80,924,806 152,823,478
19,294,931 20,815,356 Thomas phosphate and
Linseed-oil substitute... e 691,903 1,735,302 alap e . 42,424,088 R SEgs
Machine and axle grease. 2,401,006 21775 '352 1,932,199 Glycerol, crude and refined... 736,969 87,681 1,255,502
Oilcake: Phosphorus, white and red. S 119,996 ,546
Linseed cake and meal 41,466,995 44,603,263 coes Potash salts..tsss.ssusssass 176,925,982 232,385,613 275,361,721
OlRapeseed cake...... 1,118,846 ; g;g.ggg 76405 Salt, table..... SRR e 53,615,036 50,690,859 31,581,354
ein and other fatty a 1,053,111 1278, 104, Sodiu
Oleomargarine. ... . y I 1,328,223 1,187,182 elne Clarbonatc and blcau'bonatc 40,206,516 5,323,997 31,343,438
Soap and similar pmduc 63,378,621 73,272,959 = 42,509,212 Nitrate.. ... L i 747717450 14,909,492 51,174,253
Soft soap......... 44'453715  55,288/907 20,029,208 Sulfate and bisulfate...... 70, J008,208 80,982,088 29,706,451
Soft-soap substitute. A 5,070,358 Sulfur e i 84,198,112 S 43,798,438
‘Toilet SOAP. s vsossss 6,694,373 5.756.072 5,260,130 Metric Tons Metric Tons Metric Tons
Other soap.: 4,562,510 3,797,586 4,550,253 Sulfur pyrites. ... TR, 131,875 109,652 71,304
5 Washing and soap powder 7,668,023 8,;20,?9{; 7,3?!;%?2 ; Painds Pounds Poids
S:'éggﬁwax AU e EAT A 2'483'%38 2'152,'573 215017 Tanning extracts, vegetable.. 19,710,861 690,955 28,582,491
Tallow: ! CoLors AND DYES:
UPremier: jus® Lol Ly 613,355 1,557,008 99,722 Coal-tar colors...... S 21149536 927,907 1,484,882
Compressed. .oeveeensees 659,072 589.:% lgg.;g(l) Varnish...... ARRR 1,342,679 232,184 3,626,763
DyTetal g T i 288,975 633, P Zine white, white s e of
Turglp and rapeseed oils.. . . 697,102 433,702 15,432 zinc, and white baryta.... 11,314,192 1,484,882 5,776,334
Other oils and fats.......... 603,747 3,047,209 2,823,423 GuMS AND RESINS: <
Metric Tons Metric Tons Metric Tons Ca,outchoutl:, g.ll ku:ds ek 2,348,785 1,119,375 4,530,237
1 urpentine
M’é;“;:"““"s N Rl T R e halsamai? 15,657.250 408,151 9,777,141
a. ’
TrasArTAT I AT AT A s R AR aa ) ’ w ns»
E Pounds Pounds Pounds Onl;:;nfﬁs(;ﬂ‘;f“’ AX
xplosives: 1
Benzine and gasoline...... (&) 3,058,029 52,695,553
D)}')!llgsril;:: Cg:gm :lt:ge:l bexg I]Ie:m;:ljeatmg oil, purified.. 265,316,714 43,22;,?53 1231,12 }&,ggg
Egl Cerin BaE R 4,676,460 5,240,654 5,532,828 ggg;;cmg onl..........: 130, 6(7)5,9 3 3312011291 o1'263011
xzﬁg-il;l;sce??; 5 onmmmg 186,458 145,520 371,827 Oilcake. . i 346,703,690 14,160,785 151,308,131
Fireworks $4,824 $8,950 $9,385 Olein and other fatty acids, =
0 g RR i 1 852,717 15,265 1,286,770
et A Sea s 200022 oeld 2o Oleomargarine ek ixcoai 1265831 S 4,172,721
Gtgocht;?:;sed 61,132 100,853 56,970 Paraffin, raw or refined... 7,185,792 2,890,522 g,g?g,g2é
Not Compressed.».s... 635917 1,450,463 1,066,400 o et s T Areels
o aledil b ittt R : Vegetable fixed sisoosis  Lsozale  9Laitzag
: ,011 530,079 . 478,657 Whale oil.....:. B 361,219
gggféxés's'.'.'. SR -giin‘; 1,302,700 1,066,076 SuoARE e oA 1683073 25,464,605 20,804,546

1 Sulfur pyrites only. 1 Not stated separately.
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the trade in chemicals and allied products in summary TMPORTS OF CHEMICALS AND A"l"g‘]‘;" PR"D”CIT:K(C"”“""“I’)Q "
. . )
form for the years 1913, 1918, and 1919. With this Pounds Pounds Pound:
table and the detailed table for 1913, 1916, and 1917 CHEMICALS, DRUGS, Etc. (Continued):
; 913, 9, . 9 7 Chloride of lime.............. 16,266,542 8,474,650  4,812,74%
compiled from the annual returns, it will be possible Belgiumii s aene e 853,270 e A5
g 2 Denmark AN TS a e v N 51,141 452,583 SR
to study the extent and character of the Swedish Germany s e st s S 4,485293 2,589,613 1,558,679
3 : NOCWaY S i pa £
market for imported chemicals, and the effect the war D Kingdo et 10.876,837- 11353 008 ZERED
: : United States.............. A, 3,109,748 2,796,826
has had upon it. The tables are based upon publica- 81'"”"“ nTemc e 45%% '802 550
. L 3 1 Shromesaltim’s i e e 1 43,283 44,077
tions issued by the S‘E'CdISh Department of Com Chromitm sulfate, s o’ iis 1,627 36,354 33
merce, of the Board of Trade. Coal tar and products:
: ; : ; Benzene oils. ... .....0ues.s 461,773 1,940,127 206,311
The following table, showing the import trade in Germeny S iR S vaan 218,403 © 1,832,669 184,333
N OrWa Y {5 R i 2 SR 84,471
detail and by countries, is based upon the latest annual United Kingdom......... 120, 803
United States. /.o o0 107,458 A5
statistics: y Carbolic acid, cresol, and
: o Creasote OlL vk iy g,ggg,;gg 4,713,924 113,5591
PORTS 33 < B ErMANY ST o 1,057, ,369 00
e s e oy SABEEED P’;m;g“s e United Kingdom: ... .o .. 5136797 4667440
913 9 St Carbolineum 2,425 492
Pounds Pounds ounds Coal tar...... 4,852,424 2,439,397
CueMIcaLs, Drucs, ETc.: Denmark, . . R 220,460
Acetate of lime. . ..ot 198,171 386 28,259 Germany. . . Sk 00
Acids: NOCWay Fia o et e 1,030,298 589,565
e wmaoown I ke e
ermany ; o NG RS N ADTIENARCTIC ot slaie it w b4 s i ) i

United Km;,dom 75,978 124,186 100,200 Genhany i orisini s ol 190,341 675,216 605,522
Citric and tartaric. 203,185 306,881 Other coal-tar products..... 584,995 291,309 55,071

rance 34,502 126,060 United Kingdom......... 356, 162 138,960 AR

German 106,005 AL United States............ oo 125,012

Ttaly Zid S iin Tt 49,121 5 Copper

United ngdom 31,676 - 100,617 L s Oxide ) e T oo 7,211 231 Sty
f{ormxc halnd lactic 3 %35.2(7)(5) 1 ‘;%,gg‘é g;,ﬁgé Sulfateroriistasuntn i 145,062 111,622 1,008

ydrochloric. ’ ¥ 4 5 5 7 < s . *

Germany.... 2ila1,0228 ol 471,299 i T e e e e 7,319 7,681 6,475
Hydrofloric ac v e 0o Perfumery and cosmetics.. . . 58,034 63,554 67,833

of ammonium. 58’ 147°45 ’ Salicylic preparations....... 47,291 99,826 15,009

GermanyoRSten) 1370 a2 s Germany saeaas 44,597 93,909 14,647
Nitieassninis ek 191,848 6,017,951 5,009,204 ey s 57265 5057 450

SRS D Toci33onie O0L L LEEPE. 009,204 Toilet water.. ... ... . I 42,485 32,926 9,081

R A e S T elase S Tooth powder and paste. . 3,287 3,591 2,277
OxalicH i b sann serats 169,203 1,308,415 890,429 Other diigs s immentsns it 261772 371,308 126,011

GerManY ot it oai s e 158,078 1,308,399 890,42? BritishiSouthiAfricasies FHS 3552 23,874
Fhosphoric. e S e 387 Dénmark et ¢ 20,456 15,562 11,883
RAllCylch e L Et naie ReUBE) pailzo ! Gernidny) L SESSER T 197,400 196,187 35,207
bu]l’unc (mcludmg sulfurous Netherlands 5 6515 22, 912

anhydride)............ 2/435,733 1,305 115 Russia, EUropean. . . .... ... 43,089 !

Germany S e L2 o United Kingdom......... 18,336 © 56,431 15,582

Netherlandsi oo ot oniis 863,207 ARl N United States Sl 217215 it

A]g‘ungshc .................. i ?g? 22,%33 e G R e R
U, s sesee s s sspvssonsasse y o /A 20
Fo Calcium nitrate....... R Srvrene S 2,280,084 3,159,158
:}32{1;{‘;;;» """"""""" 2938 213832 230,100 Norway S s i, 2280088 359158
: Nitrogen cnrblde ...... 1 By
Pure and hydrate.......... 626,084 32,163 10,873 Phosphate, raw. . ........... 271,717,082 189,436,3042 3,863,782
Stilfateisshatrsyennang 4,798,925 502,076  2,783/472 R 716513 Falk ol

Cermany; et sreie 5 aee 303,530 1 754 '833 Germany, s iecis s SN ol oty KR e

United Kingdom......... 2,604,402 e 256,938 TUIS. .5 neesnssnsoeeess 22,300,836 19,764,695 e

Uhnited States i, .ot SinaTe Sy 672,218 United Kingdom. ... ... 73.915.963 i A

Ammonium: United States............ 76,106,516 131,470,3312 S
Carbonate. . .. 367,369 620,641 333,980 West Indies............ & R 14,273,934 3,863,782
ch:many SN 27,355 199,236 Potdshisalte:

United K 1000 hatas 2oiss 37 per cent potash........ 63,110,907 106,170,904 32,354,622
Satc ey 32716 L Germany; 2435 s s it 63,110,691 106,170,904 32,354,622
At ey g : 20 per cent potash....... . 61,799,524 120,812,090 59,352,465

SLEENY 57'836 397162 793519 Germany iR ... 61,796,878 . 120,812,090 59,352,465

Norway..... g ? , 12 per cent potash....... . 51,725,248 5,516,150 e
Sal ammoniac. . 429,315 645,033 2,328 CRean 51,607,697 5'516.150 iz
Sulfatejil SHEiine > 83,352 3,091,191 686,394 Other i et s e 2718 ’176/370 419

R o 3,000,741 80 §16690,308 Sodium nitrate... ... . ... 74,718,261 80,159,488 37,848,293

I OT L DO R Chile Sasstapianitog 232,524 70,196,432 it

o e SoIasaE s 12002 33 Germany....... s 72,873,155 R ST
e Al e oean United States......... ke SRR 55,052,615
United States.............. SUSs s G Superphosphate. . 7,188,092 3,261 P

Arsenic, White. .., ....enses 80,136 355,149 80,209 Relnitin, s 2085223 i L5
Cetmany. | (T b 4 Rt 203180 £0:202 Netherlands. ... ....... 2,830,786 A ke
i peotoxidei(batyte) and Thomas phosphate and slag. 46,670,839 3,406,141 A

Répiiv GEReioxide) | (k1ay, Belgium, . ..vven... .... 14282,845 0 i

a powder) e i:g'gg: 55 GRTmany i ol e s 703,715 3,406,141 SAED
ek 1036219 1.009°707 388,756 United Kingdom......... 30,517,817 e S

Dot ’ ’4'8"_843 2 : ?Zé PR g?rmahln .................... 19,279 48,627

Germany s 548, o Foa ycerol:

United Kingdom. . ......... 483,542 535,342 186,211 Crude . s oo s . 43,512 585,632 668.908

United States......... 471,403 202,545 Denmark.iioiciitL Lol 462,990 414,71
Bromine, potassium brom:de, : Hinland S et SRS 33,658 et S

(3 TS a8 ks tate ek 24,716 39,225 19,074 Norway. L. Ll i iis iy ey 122,642 S

Cermany ot sl 24,341 34,540 19,050 United States............ B P 135,778
Calcium and barium carbide,. . 5,225 18 8,483 Refined oA b b v 694,925 39,804
Calcium, barium, and alumin- GermMANY G ity se s Vi 206,026 S vens
ium chloride............. 653,831 2,351,281 513,904 Netherlands.............. 357,119 39,804 Riere
Gerpny et i Sana iy 322,367 2,189,999 468,696 United Kingdom......... 113,089 S e
Carbon dlsulﬁde and chioride Hydrogen peroxide...... AT 153,814 270,992 94,177
of sulfur...... Ry el 81,192 41,301 24 Germany I 268,836 94,943
Carborundum...ivcevieensnn 86,401 248,132 454,893 Insect powder............ o 18,686 44,198 29,
PDenniark R e 0 26,403 A iy Todine, potassium iodide, etc.. 11,574 13,400 1,680
Germany. . 50,014 Germany................ 11,570 12,749
NOTWAY . enrensans e 200,288 409,577 Troas
Switzerland BRI IRN B S 43,755 Oxyhydrate.......co.nue... 9,163,781 5,665,433 1,938,7123
United States, .........o. o < 39,392 1,561 Germany 7,909,374 1,291,578 s
et s e e s 459,137 865,361 22,046 Netherlands, . ......vnn.n 1,111,130 3,723,481 S
IIgcnmmk........... ....... e T 22,046 Sulfate s oeiiaa s wi i TS 51,660,495 231,302 143,360

rance. .. Ceeaeae ) ) G e P 1,004,062
3“?1?1111% 3 S et 113,822 e300 o S

nite: ing om........... ,012 1N

Cellulbid i siamrinresn 375,181 301,907 201,758 ot given by countries = s
Chemical preparations, n. e. s.  1,438/890  2,037.095 846,383 ? Including 11,460,784 Ibs of “‘apatit.

Germany 5 ennprdss o 1,068,274 1,858,768 718,833 3Not given by countries in 1917.
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IMpPORTS OF CHEMICALS AND ALLIIE; Prooucrs (Conlinued) IMPORTS OF CHEMICALS AND ALLIED PRODUCTS (Continued)
19 1916 1917 1913 191 1917
i : Pounds Pounds Pounds Pounds Pour?ds Po%lnds
CuemicarLs, Drugs, Etc. (Continued): Cuesrcars, Drucs, Etc. (Concluded):

TLead: ’ Talgtm'. A L ................. 56,732 270,999 68,965
Nitratel  oud rs st 1,678 430 137 e A R s s S 22,399 22,046
Oxide and peroxide. . 719,917 1,492,957 90,407 France..............o..... 36,332 49,926 B

Germany.......... §005 4381636 496,232 M Ttaly....oooivinianennn, e 66,529 46,297
United Kingdom 164,659 881,999 S PRI e e K Tt lats s oh e s ceee 93,053 &a el
Sugar of lead and lead vine- United I{mgdom ........... S 23,089 622

A e T e 145,454 66,983 27,928, ThU".““d f’.‘tﬂ‘ct& Serteasiiaaes ol {gv?gg TR

Mag sed orcarh 11 2 3 orium nitrate. . 37 3 }

& gnesia, calcined or carbonate Ll 7280 Haty Water glass; ... 1,653,160 2,716,593 1,498.440

b\ agnesn.um. Germany i iy e 1,120,826 2,239,352 1,367,701
Chloride. .....: 7,215,702 1,528,163 Norway. o .. ... - 186,105 120,798

Germany 7,180,621 1,527,259 United Kingdom. 236,078 SEOG
Sulfate. ... 3,870,492 968,610 Zine sulfate and chl 503,346 139,614

o kGlcrmz(;ny AT 3,?(2);_;2(() 968,610 Germany e sinr e AR 494,958 139,614

Nickel oxide and sulfate ,866 89,852 < !

Nitrate of silver 2,449 432 CoLors aAND Dygs: E

Nitrobenzene, . : X 2,216 o s Bofie=blacke e e et s 243,725 168,839 270212

Phosphorus,........ 228,677 46,709 Germany’ e Siea igutai iy e 144,398 A
United Kingdom,.......... 222, '285 37,018 Bronze and color leaf......... 5,454 8,087 6,975

Phosphorus sesquisulfide and Germany, 2o i, SR 4,394 7,635 6,766

hydride s 114,861 R Bronze powder........... e 22,661 14,339 26,451
United Kingdom i 114,861 2oty Butter and cheese coloring..... 21,118 12,489 4,561
PotashBRiamsesrs 6,020,191 3,920,782 Chalk:
i Gcr}:nan%‘l ......... eee ‘ i > o 5,912,62é 3,880,75% Ground, washed, or. precipi
as A W F: siolaly 3) 3,723 2kt ’ £
e o Dt ol 22li2e 030eion 03 123 tated sgnsrlie P 3,321,223 1,372,802 1,381,850
2 2 7 4 2 Denmark. . S IALON IELS 2,477,518 el halats

Potassium: ‘ Germany e Erian 706,995 588,335 308,595

Chloride o Bett Gl 4,586,802 9,768,016 4,067,623 For schools, and French chalk 88,654 97,082 82,309
Germany.;.0s s SO 4,584,574 9,682,029 4,067,616 Colors for typographic, litho-

Nitratedsehnaimmenany 661,836 7,687 21,881 graphic, and plate printing 58,220 105,888 49,348
Germany rietiensasiinig 641,378 S S Germany..... cereeaaes cean 47,633 64,833 34,469

Sulfate e e e G50 125,465 308,347 37,101 Colors prepared with oil:
G(':rmnn_\ ..... s, 125,443 308,347 bt For ships’ bottoms......... 415,840 335,464 83,934

Potassium and sodium: Cermanys ss s o st 85,608 45,051
Arsenite s RIS 55 77 1,437 3,748 Norway. il it i, Boay O 20,968
Castat United Kingdom......... 282,053 266,668 S

e iUnitediStatesties siiing s S s 35,783
Solid el i SNt 4,282,697 6,997,643 1,466,250 OtherPE Rl e sty 135,221 177,763 88,390
Germany e e 573,718 6,138,301 1,256,591 D
Netherlands........ At 104,845 186,870 iy IS8
United Kingdom....... 3,469,663 116,468 N Alizarin’dyes. . ... .0 .0, 5 136,596 78,143 54,494
United States.......... e 506,812 176,268 Germany........... . 128,940 77,978 54,494
Ui Poe s s . 7,257,068 12,112,326 1,705,421 Aniline and other tar dyes... 2,049,538 1,768,552 1,835,070
(:erm:my ........... . 7,173,445 12,077,640 1,623,266 Denmark vl o 20,741 18,607 S
Chlorate. . ... 558,7402 399 7 Gerian VAR Tt it 1,873,519 1,728, 1450 S
Chromate 308,233 220,537 260,650 Netherlands A 50,115 5
Germany 68,323 1,373 sl Switzerland......... s 87,096 18,062 et )
United Kingdom......... 219,012 20,849 12,070 GocHinealfeitaR = Siniatiin 1,312 1,360 99
United States........... s G 173,250 248,580 Dyestuffs:
e oden 16,793 28,892 S1,976 Aniline (aniline oil)...... ... 52,523 30,190 22,641
sulfide: 1,273,679 3,164,497 610,244 Gex_’many .......... aVinatalte 49,886 18,735 11,442
United 'States:. ..ol e 11,455 11,199
Sggggﬂ%ng i (Srpgd o Sy 205007 Dyewoods. ...... ... B 551070 198,859 2,303,673

Remlllet ...................... 256,268 16% §g4 61,%3 (1) g’rl;?ll:dor in pieces... P 2,183 2,255,306

Saccharini syt SR Fh RS fa

Salt, COMMON. .\ txsssanssins 54,954,351 61,880,071 47,797,440 poraslmood S A ! S
Germany eyl NG . 39,338,635 48,057,912 47,355,920 Germany... 11111 387646 508 Al
United Kingdom.......... . 12,040,373 11,515,241 % xtracts et v S 232:940 65:821 45,029

Salts: Other vegetab! dyestu 13,397 42,015 . 84
Formaldehydesulfoxylic acid 17,205 9,572 5,234 Indigo.. 191,399 84,994 68,091
Gold, platinum, and radium Natural,.. 1,345 359 A

Salts T garRae e £ 95 161 49 Synthetic 115,376 40,917 42,935

Stannate, stannic chioride Germany. . 110,104 38,036 42,935

and putty powder........ 125,624 65,733 38,036 Other indigo colonng matters 74,679 43,717 25,157
Germany 39,707 7540

Sodn e S A sei... 40,726,788 32,997,872 8,420,134 Earth colors.. 4,989,47 75 152,125,786
Germany il Nt o 32,949,191 17,424,528 5,491,199 Framnce..... A LR 1,307,121 sees
United Kingdom. . . ........ 4,682,840 4,060,383 433,405 Germany,ar ot i he 3,440,638 2,560,612
United: Statestaiiii votin s, G 10,403,531 2,386,420 Ink, ink powdcr, and India ink 43,740 48,810 32,624

. GErMAnY s isiaiiaanns s cmsiars 24,928 33,010 RS

Sodium: Tnk, Prnter's. ... .ooeeevsnns 187,702 119,562 57,626
Acetate SERGCE SIS 68,881 584 445 Denmark......... S e 25,095 11,790 26,131
Sulfate and bisulfate 69,975,599 121,152,066 102,081,969 CermanY i s ean e =i 155,982 100,043 28,424

Belgiumiahes it st sl 1,250,368 cees Pere Tampblacki Ll iy e 293,046 705,763 308,340
Germany, , 11,481,468 78,800,963 98,525,118 Glermanyims emuar iy S 212,418 594,129 299,662
Netherlands. , LR e 18,766,530 3,306,250 Mineral cOlOrS. . iatsusvniansn 20,442,170 39,169,627 13,362,960
United Kingdom. ... ..... 54,026,473 22,233,088 Cobalt oxide. .ovuessnseanns 22,8 10,5 14,42.}
Sulfite fo e RS DO g 649,885 2,898,465 682,600 Germany v ies oo saies ]4,156 oV 9,367
Gcrm:my ) 434,364 2,815,946 646,695 United Kingdom. 8,060 6,367 ST

Sulfur 87,557,545 59,268,010 32, 195 890 Red ocher. . it 1,432,068 1,341,815 477,254
German g 6,476,439 R Germany 7 950,662 827,364 349,719
Italy cieiee.... 49,181,777 43,863,181 United Kingdom. B 463,473 514,451 127,535
United Kingdom........... 23,340,804 8,328,587 11,199 Red lead. ... . R e 2,589,373 4,629,058 276,118
United:States Fll e 8,536,780 7,076,238 32,184,682 Cermany.......... ARAY 949 474 2,107,601 cane

T Netherlands. .. .. i 300,128 148,812 PR
auning materials: United Kingdom.. 1,234,256 2,370,022 el
Catechu e e 452,728 184,066 4,220 United States........... 2,646 144,169

Germany. ...+ i 439,456 e White lead Rnaen s den 0T 1414310 2,172,587 4,965
United Kingdom. . 178,705 saes Germany........ iiiiii. 809,008 1,089,765
Oak bark..%...74..- ety 364,094 e 50,300 Netherlands.......... N 390,851 485,017 e
fuebrichoiit st il nn 10,777, 774 9,327,041 969,328 United Kingdom . . 126,332 350,755 i
Argentina ns oo dion '696,169 6,992,621 611,377 United States........ ... RS 220,462 i
S Bel g : 664,486 Con s White sulfide of zinc and
France..... Ferst 709,469 PN sieels white baryta.......... 2,681,499 8,642,199 2,544,368
Germany S 6,3;§,§?§ gg 360 Bt Belgium......... 5 266,462 P e
United Kingdom......... 2,233, Denmark...... 5 [y Lo '
. United States...ovesesns e 1 333.459, 157 951 Germany........ Ciiea.a. 1,460,304 8,093,907 2,393,197
Tauiicacid et o orl 189,443 2,046 Netherlands............. 811,369 448,524 SR
Othéri i nsti=is e 8,407,557 1, 428 506 52,902 United Kingdom. ) 104,087 g
Francert ilie et e sy 3,387,095 et Zinc white. . 8,707,802 16,185,980
Germany . . 2,740,108 303,800 iaae Belgium. . < ,540 51,809
United Kingdom : 620,491 496,233 cene Denmark. .. e 69,931 337,969
United stach, S s s 476,632 S CeTmany. s tes os i ooy smois 5,810,705 14,387,472
Netherlands.. ... 000000 2,424,277 1,199,050
1'All sulfate, United Kingdom. ... ... 120,505 S
2 All potassium chlorate. ' United Statesiiz. .00 ; s 204,082

# Not given by countries.
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IMPORTS OF CHEMICALS AND ALLIED Probpucts (Conlinued)

1913
Pounds

CoLors AND Dygs (Concluded):
Mineral Colors (Concluded):

Other sl sietee o iai/safe aisls a1l 3,667,283
Belgium...... 26,9
Germany.....

Netherlands... 68,3
United Kingdom......... 322,713

Pastilles and black chalk,..... . 48,744
G eI IMANY s s aistaiaa o aiee o rio s 39,427

Tar colors, with addition  of

solventa s ve's 109,730
BT s s /o ate atete ore raratatare 56,581

Varnish:

SpIriti s s e LA 30,556

(071 ¥ s SRR RS 235,709
Finland..........
Germany it sves ve Sl 98,896
Netherlands.. .. oeeevses 109,386
United Kingdom.........
United States ... .0, 000, i

Other PR o e L e 1,090,402
Gemnmy, A s A 5 ceatay T 344,965
Netherlands. , .. ooeessons 212,614
United Kingdom......... 249,484
United States............ 257,574

O1Ls, FATS, AND WAXES:

Acetone and acetone oil 141,593
Germany.....oesss 140,246
United States. .. o

Animal fat....... G430 471,637
Denmark. Taie's o
N OCWRY & oilalsibls s s erereiatelaRote 435,711
United I\mgdom. S N RTorals PSASS

Animal oils
Denmark.

INOCWRY s s 'o4 s/a ale's'a

Bitter-almond oil......... ... 0

Ceresin SHINTEIG AR S SO R 146,736

L Germany i iiiii e T RaTae 135 373
United Kingdom...... Sann &
Utnited Statesi i ails onivass A

Collodion s Teiiiain it en 7,321

Degras (tanners’ fat)......... 294,885

CLMANY . iola s 46 alsis's o siatals . 280,086

Norway...... AR

United Iungdom -

United States... . .. .00t e

Disinfectants containing soap.. 49,066

Greases:

Machine and wagon grease.. 1,832,558
Belgium 35 a0 ian e i 426,976
Denmark...
Germany....... . 890,438
United ngdom. e e R tale s 271,549
United States..........

Othe R S A s 894,433
Belgium.... 219,433
Denmark.,.. . G
Germany...... R 419,452
United ngdom SR el the 176,536
United States.......... ..

Lanolinsiint s St 188,780
Germany. . S Ta Vel a ke 160 252
United hmgdom

Lubricating oils (mlxcd futty
and mineral oils)......... 2,462,878

Rinldnd &% Re8

Germany....... S LSRG 1,005,474

United ngdom ........... 866,862

{ United States..... Bk arn asove LS 246,256

Mineral oils:
S 37,167,28;

... 27,867,72

United Kingdom........ - 502,362

United States..... RSS2 610,745

Refined:

Benzine and gasoline 33,981,235
Netherlands... 14,403,386
United Kingdom. 5,110,596
United States.... s 12,782,026

IHuminating...oeeeens. . 265,601,092
DennthrleiRiie S lileey 38,168,575
United States il o o0 207,951,263

Lubncanng........,..... 49323981
Deénmarkyiiiiiitwe i 1,128,1 14
GermanyiireinCuiebesinn10,932;215
Russia, European..... . 25,423,939
United States.......... 10,332,103

eroiste PRI 10,601,09
Astrg N s 3 1,643,759
Denmark....... SRR 1,873,659
Netherlands........ Stk 2,742,295
United Kingdom....... 3,475,058
United States.......... o0

Olein {SiEiaasine -1 1,831,191
£ Belglum. SELSD e S ST 945,612
Netherlands..... A S 436,401
United Kingdom......... ko SRGD
United States (.. ... ...,
Oleomarfatines it 1,289,969
o3 (S s S A . 999,733
I OLWHY $hslrs i ety N 66,310
Qilcake: ; A S !
Cottonseed SR iivye «sim. 20,911,601

Argentina, .. .

Denmark. ... SRS 1781835

Getthany, oG e 1,989,041

Russia, European......... 2,624,570

United Kingdom......... 1,573,899

United States.. & iiaii: 9,434,857

1916
Pounds

6,187,418
5,834,909
170,519
122,509

88,905
80,221

136,956
80,825

33,843
113,230

79,725
1,012,692
96,334
49/557

203,152
556,002

182,944
32,635
144,679
1,112,809
1,082,893
511,518
108,398
288,016
4,015
221,340
92,836

5,975
1,254,400
152,349
84,809
1,014,896
612,537

203,886
287,925
118,594
103,043

95,322
1,567,016

95,164
1,397,128
23,581,010
2,244,530
21,323,497
32,334,174
1,985,998
30,282,037
/239450,380
17,046,600
222/262,172
50,978,809
5/962,297

44,904,327
12,767,967

253 802
12,483, 1883
3, 213, 1998

238,088’

2,333,838
577,934
3,086,802
519,653

2,473,178

92,112,205
2,735,909

88,811,775

1917
Pounds

2,742,775
2,636,481
63,220
521223
15,185

60,305
53,345

3,082
247,546
165,089

430 137

29,573
370,975

29,077

29,046
405675
396,718

675,340
527,049
77,712
1,462
1,213

" 3,779

4,786
223,630

127,216
379,689

135,717
222,332
33,420
29,107
1,229,413
402/556
751,506
8,113,219
+'204.190
7,894,371
7,447,485

7,419,039
82/346,019
82,245,301
15,227,069

635,311

2,227,839

11,003,007
8312

1,113,991
572,883
362,020

391111

66,413,156

66,413,156
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IMPORTS .OF CHEMICALS AND ALLIED Propucts (Continued)

1913
Pounds
0118, FaTs, AND WAXES (Continued):
Oilcake (Concluded):

Hempseed...... SO S 959,687
eI ALY Suts s fealetatete a s o ts sl e 649,235
Russia, European. . 3 1 277,244

Linseed. i iin iele oot arsictane 9,609,992
Denmark....... OO0 876,340
Germany........... SbVarte: 1,314,702
Russia, Europcan. A 7,373,756

Peanut..... 1917552, '661
France.. 183 175,174

Soy bean.. 17,499,579
Denmark.. T 7,291,809
Germany g 35, 674 '385
United ngdom. RO CROGGD 4, 533 1385

Sunflower seed..... Steais iSO ] .659,242
Denmark........ ,395,066
CEIIMBNYcae s cuiolaa’clarsalcsiont®ird, 962,998
Russia, European........ 69,709,337

Turnip and rapeseed....... 27,985,739
Argenting i o visere ale 314,226
108 L R T RIS 3,839,725
Germany & saktRiis s rte 20,068,835
Netherlands, . ioeteenss ,485,9
United Kingdom......... 992,070
United States? it tueiss

Other iR ot Al el treny 927,786
Denmark...... 3 503,718
Germany.. 3 3 288,926

Ozokerite it s s et 91,685
Paraffin: 4

Crude. .. 1,884,219
Denmar ,171
United ng m 1,252, 1579

- United States 288,752
efined.... 4, 853 1938
Austria 945
Germany. . 1 569 695
United I\mg m 632 908
United States 1,996, 744

Resinous oils, 527 589

Belgium. .. 121,220

Germany...... 199,653

United Kingdo: 198,965

Stearin (stearic acxd) s 374, 1379

Belgiutm i s sttt 8975

Netherlands. AT OGO 255, 019

United Kingdom.....o.un. SO

United States.............. SO

Tallow:

S RremieriJus 2 e s tte v aletatols 3,589,007
Argentina....... RIS ,299
B Ea GO IR i ate ot s te o aTa ete 5 904,946
Germany..... AT T L% 593,838
Netherlands. .. ... .ot 862,492
Norway......ooonns STeagt 45,002
United Kingdom......... 318,902
Uhnited States...ooeeeinss 649,861

Compressed. ..o taseeries 943,487
ATZenting o e et v e alsistels S5
(@ T o RS G 112,803
France o SOy 557,303
United Kingdom.,....,.... 124,066
United States...... .00 91,5

Other., . 0% PR3 /826,246
Denmarkiar s itn Sty 41,805
France.... 364,180
Germany.sosess 231,005
Norway....., .. SACICRaT 403,310
United Kingdom......... 1,485,739
United States............ 88,263

Textile-dressing  preparations
containing SOAP..sssssss. 157,109
Turpentine oil............ s 1% 136 '800

Belgiumaotuiesa >ia vee 4,170

Finlandiii0 00010, a

France. ... .oaes SIS A 590,222

Germany........ 281,106

United ngdom ...... Sterata

United States.......o.oeiss

Vaselne Tt TR aran sssiisistdes 778,133
Vegetable oils:

ixed:

Coconut and palm kernel:

Purified.. ..« Ve R 1 B 7311058
Belgitm FPa oy STuis 1,332,723
Denmarksi L diatiiie 862,06
Germany....coeess 11,602,841
Netherlands......... 208,952
Norway............. 463,691

Jolibe Wt S SRR L eee:
United ngdom TCels 379,244
P i United States........

Other...... SO . 9,066,653
France:.i.... cordviaen 4,715,463
Germany.. ... .. 4. 2,411,530
United Kingdom..... 1,025,382

Cottonseed sl oo Tinain 5,267,964

Germany i isvieeesavais 324,061

Netherlands........... = 1,983,205

NOTWRY i s siete's S et

United ngdom ...... T 799,392

United States.....evves 1,955,582

Hemp and castor......... 1,910,621

Denmarkiiiesvas sisis s 08,472

GermANY Sivie st s ool 277,766

Netherlands..o.oesveas

United Kingdom....... 634,162

1 Not given by countries.

1916
Pounds

46,711,168
41,295,053

5,189,736
5,189,736

84,247
1,505,138
3,485,131

186,540

153 1758

113,903
232,912

40,829

153,561
3

6,499

4,226,653
50,818
1,233,619
1,000,179
224,636
132,276
402,185

228,776
3,388,391

165,998
74,064
528/489
2,597,795

97,097
715,280
110,239
109,320
334,491
155,283
183,672

6,718,856

381
2,507,426
2,315,379
380,834
62,238
2,196,838
17,559
738,640
11,553,764
1,568,178
73,841
9,911,745
498/751

235,700
238,842

1917
Pounds

4; 272 471

771,610

26,515
237,310

l 107
236,203
1,433,034

66,279

283,247
28,4791

174,688

636,457
259,642
270,994
16,749
46,749
20,434
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IMPORTS OF CHEMICALS AND ALLIED Propucts (Continued)

1913
Pounds

O1Ls, Fars, AND W AXES (Concluded):

Vegetable oils (Concluded):
Linseed:

Germany ’
Netherlands. . .. .. ...
United ngdom
United Stntes. Csteidlatels
Bolled o uiR et e
Finland......
Maize SRERNENSS
United ngdom .......
United States.,........
Olive Bt s ciyets
Ve bl s G s s s A
Gcrmany ...........
United ngdom orarolptote
PeanutFlioni aletsies alsiets stess
France oo ie s

Germany: it Siehat .

Japan,..
United ngdom .......
United States..... vleiaiate
Turnip and rapeseed......
United Kingdom.......
United States..........
Other......

GEIATIY S sias tolote aioters
United Kingdom.......
United States..........

Volatile e min s it i
Hranoe It s i
GeIIMANY s 75 sia e s e sie/atevs
LN it a0 o
United Kingdom.......
United States..........

Wax:
BEESWAX s s iaty sioisterctololote s BAG
Sealing wax..........

Vegetable (carnauba, palm, i

(L7 Marrsiay i s S AR 53

T rAnCe e hts
Germany. it s vios vy
United Kingdom.
United States..
Wax manufactures.
iWood oil s R

TARrS, Gums, RESINS, ETC.:
Camphori s

Caoutchouc, guttn—percha etcis

Dissolved or paste...
Soft rubber, artificial
Unmanufactured. ...

Denmark

g
Waste rubber............

Coal tar prepared for cover-

ing roofs....... L
Dextrin> R i AL e
Gelatin:

Manufgctures......oeaves
SHeeta bt in s vians

Glue:
Elastic glue for printing
cylinders............
Liquid glue and gum......
Marine glue, etc., not
liquid:
Agar-agar....
Gelatin glue
Isinglass. ..
Other..
Germany. 3
Netherlands.
United Kingdom
Vegetable.
Gum, natural
France, .
Germany.......
United Kingdom. .
Pitch of coal or wood tar... .
Germany........
United Kingdom.. il
Resin soap and tanner: glue
T O T s i o 2
United! Statest il SUeiess

Resins:
Colophony..............
Hrancesaitcei s,

Germany
Umted Statesi.. i ...
Copal e inbaaiios el
Germany iiilciis s ases
INOLWRY 4 aldie s s u'elera e
United States.....oe. .

! Not given by countries,

762,196
55,294
76,967

625,432

30,492
4,950,689

1,348,849

206,988
167,724

1,484

35,137
22,901

281, 1832

185,513
409,718

1,570
9,251

44,273
25,194

17,183
47,588
218
231,779
5

7,1

110,540
56

124,626
6,356,911
5

1916
Pounds

560,222

363,400
194,089
14,367
986,475
181,333
805,142
1,206,712
1,327,189

1,314,166
310,119
297,121

14,993,004

1,927.142
1,260,612
11,655,868
18,739
130,642
411213
237,411
173,568
794,478
105,380

353,221

29,531
12,385

221,368
33,283

81,579

32
1,774,807
291,380

48,309
50,075

2,747
23,455

27,571
29,196

42,075

49,017

5,214,438
1,286,311
37

521,371

1917
Pounds

79,0481

549,289
526,368
33,356
33,356
88,781
109,392
109,392

10,0791

86,127

86,127
66,451
55.931
40,386

" 1,085

8,913

229
22,458
1,033,536
1,026,400

34,334
2,418
27,057

417
15,807

14,526
41,219

3,785
17,077

575
277,987
169,610
51,571
45,142
32,666
307,4471

113,406

R

111,854
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IMPORTS OF CHEMICALS AND ALLIED Propucts (Concluded)
1913 1916 1917
Pounds Pounds Pounds
‘TARrs, Gums, ResINS, ETc. (Concuded):
Rcsms (Concluded)
hellac....... 369,076 355,471 87,504
Finland. GRS S 49,132
France. . o 109,706 BIAR
Germany....... b 219,777 S RS
United Kingdom.... 139,903 226,734 31,707
Other e s b 8,574,570 13,162,984 13,1111
France........ e 318,674 64,946 A
Germany...... vea 7,964,465 49,833 i
NOLWAY i ess s iaes & e 1,778,892 SO
United Kingdom........ il 2,727,338 phi il
United States,......... sl 7,336,478 e
Lac,01ls s Ear st or cee. o 1,367,344 68,142 47,924
Germany........ 1,270,784
Terpineol, safrol, and men-
3 3 23,345 60,091 33,027
20,695 5,256 4,947
= 52,589 23,029
United States. 2 el S A
UL DEntiTE s e ciote oo vaiy 51,074 15,628 2,560
Wood tar and tar water,.. 740,530 2,825,508 1,420!
Finland...... N A 291,142 2,795,323 FEN
Russia, European..... g 320,520 ias RS
MISCELLANEOUS MATERIALS AND
MANUFACTURES:

Asphalt e s PR e s Eelb 15,011,196 13,957,137 9,452,148
GCerniany. s nsre e it o 13,185,139 9,281,708 7,820,340
United ngdom ...... 660,957 3,320,335 899,803"
United Statesiio.oii oo Sretacy 590,445 372,600

Candles R e 51,006 152,305 25,562

ExXplosives iRt oo 567,744 342,756 180,279

Casges ittty At P 76,278 51,564 4,506
Carbonic acid......... 4,742 112 MG
Oxygen and hydrogen....... 5,258 ) 439
Other iR e s ol s 66,278 51,452 4,067

Class il e T oS e oL S 8,378,995 13,254,494 11,323,304

Gypsum, precmxtnted 152,897 93,714 916,693
Germany oottt soaie 916,693

Insulating material......... 3l 368,702 671,693 578,802
Germany..... A Pie uibla aiatatatath > 329,799 621,805 575,685

Mica, unmanufactured........ 78,903 237,733 81,511

Metric Tons Metric Tons Metric Tons
Ores, etc.:
10 773 555
Graphite s 576 719 668
German S 413 483 629
United Kingdom......... A 111 28
T ron S e E 2,909 34 s
Magnesite and witherite. . 962 992 948
Manganese, . s e ety 854 276 Ve
Germany. .. 791 3 5
United States............ AR 246 iy e
Sulfur pyrites....... el 141,005 128,005 103,894
Norway & 3 iatate 86,416 124,312 102,443
Spalniie S 25,102 3,661 1,451
JZinciins. 12,628 12
Otherjirteistug 181 6,309 152,136
Pounds Pounds Pounds
d pul
Pa(‘f;:(ﬁ;lmgilf p SR e i 8137414 80 2,884,712 1,320,311
Paper.:iii. . s T 5,461,526 8,387,967 4,863,647
Ncws printic vt e SAEAE 43,697 fatat
Metric Tons Metric Tons Metric Tons
Pulp Bresnaig 4,947 4,128 13552
o Rt £
i leath: 00dS.. ..., 257, '

l;zltl:‘lrxesfor ca g crg By 127,554 74,961 23,823

Soap:

i a TS sa b o eaty 35,126 104,405 111,890
é’:r{ume 56,277 26,235 7,035
Othersi aoisiiivs /s sanssio SR 735,501 1,972,890 572,246

Pinland iaeiaas sonies s aeies 213,033
TraTceis oLy O SR 104,829 380,503 S
Germany....seesees e 80,926 28,651 Syt
United ngdom sy, 520,292 1,285,447 312,046
UmtedState............. 256,618

SUZAT. aveess . . 4,751,410 582,812 15,666,948

Vinegar and acetic t:.cu%i o 136,621 ., 98,819 80,558

, cl ing, and polish-

wungsubgg:ceg p s 480,548 263,046 202,810
Germany...,... A5 A 248,108 41219
United ngdom eSS 171,840 195, '065 147,583

1 Not given by countries.
2 Not stated separately.

STATISTICS OF EXPORTS

The export returns have been compiled from the
same sources as the import figures—that is, a summary
table has been based upon late monthly statistics and
covers the years 1913, 1918, and 1919, while the de-
tailed table has been compiled from the annual publica-
tions for 1913, 1916, and 1917.. These publications
are issued by the Swedish Department of Commerce,
of the Board of Trade. i
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SuMMARY OF EXPORTS OF CHEMICALS AND ALLIED PRODUCTS

1913 1918 1919
Pounds Pounds Pounds
Chalk, ground, washed, or pre-
cipitated i iiitniee veies. 19,683,467 11,640,689 7,618,037
Chemicals, drugs, ete.: e
Calcium and barium carbide.. . anTe 8,934,408 6,330,635
Copper sulfatei i . oidiiis 551,796 62,156 464,434
Fertilizers:
Cyanamidel v vi o ioieioees reiale 848,991 1,2
Superphosphate............ 79,447,146 il ,600,029
Potassium and sodium chlorate 3,281,675 1,428,717 114,710
Methanol, raw and refined..... 856 461 . 14,716 585,057
Glass flasks and bottles......... 28,526,157 8,473,526 12,643, 1571
Matches:
Sal ety N R I s e 61,208,799 62,845,247 60,509,517
Others i R oo eei19:491,521 27,948 2,149,763
Oils, fats, and waxes:
Rubber waste......... AR 1,400,148 894,433 61,925
AT RllowaiisaRt A e 1,160,261 S 17,674
frurpentine oil iives wate i U e 8,522 69,169 734, 1324
Ores: Metric Tons Metric Tons Metric Tons
I TOD s e nts /s 6 aa e o abets e atatsisiars 5 6,439,950 ,485,500 2,418,989
ZINC e eI e (IR a S Lo s 47,191 ,210 55,138
Paper and pulp:
........................ 1,006,456 714,306 902,497
Pounds Pounds Pounds
Cardboard .... 56,690,440 45,081,574 45,112,423
. 409,736,822 283,996,245 307,431,434
S ... 135,694,285 94,190,834 145,650,850
Tars, gums, aud resins:
Wood tar and tar water....... 17,066,399 9,948,518 18,138,466

1 Potassium chlorate only.

Following is the detailed table of exports compiled
from the latest official annual publications.
interest are the figures showing the extent to which
Germany depended upon Sweden for certain essentials

during the war.

Of special

EXPORTS OF CHEMICALS AND ALLIED PRODUCTS

1913
Pounds
CrEMICALS, DRUGS, ETC.:

Acetateof lime......... 1,775,274
Denmark Rttt il 591‘]35
Germany iyt s aninnne
Norwayiteo it s
United Kingdom....v.vvves 995,659

Acids:

BOLIC, s 'slsiely Arals s o s eie s n s s ' 3 485
Citric and tartaric...... SEES 2,665
Russia, European. . ot Rate
Hydrochloric.......civeann 1,819
Denmark.
N OTWRY (ot e el s et Sty G
Hydrofluoric acid and fluor-
ide of ammonium....... S
635
Russia, European....... 5 S50
United States,........... 525508
PhOoSDHOTIC Rl its tisia s o s 5553 145,098
Denmark..........
NOIrWAY . vevrerearanenss 107,357
Russia, European ...... S S
Sulfuric:
RN gL o o ete 4 1,452,459
INOLWAY L iE s Ris et srsisia At 1,452,459
140,3231
13,5341

Aluminium sulfate............ 1,398,080
DAL S T O wruia sva < atusete 1,351,640
Finland.... o ien s Taverate0te ST
N OLTVRY 5 Rk ot fas b e etesarsrats, A
3L S e i e S

Ammonia:

CansticR et ey : 14,2861
Norway.. o5
Sal ammoniac, vueeieneasaas 2,013
Sulfate S e s aae, 560,848
2 GOTTIRNY o I nh s oo s o ai 560,630
Ammonium, potassium and
sodium phosphate........ 1,433
Cernany Jotiesinit e EA S EEits
Arseniciiwhite S
Barium protomde (baryta) and
bar;um peroxide (gray pow-
) A e SRR A

P Russia, European. ......... 3

BOraXeiiaos oratninites B it 8,5631
Aunstriass e iiianes e Ay
GermAany. s sass sivsesiaeieains R i

1 Not given by countries.

1916
Pounds

605,284
119,117
66,929

419,238

18,289
138,493
121,930
860,696
522,839
359,903

44,443

259,660
251,075
3,087,392

6, 095 410

118, 1870

1917
Pounds

95,453

95,453

1,726
2,618,168
1,976,278

44'778

1,250
63,2631

410,635
201,465
123,086
'89,401

398,411

298,053
200,127
19,978,758
1,390,867
14,604,959
2,968,527
1,014,405

194,735
123,676
33,208
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ExPorRTS OF CHEMICALS AND ALLIED Prooucts (Coniinued)

1913
Pounds

Cuemicars, Drucs, Erc. (Continued):

Calcium and barium carbxdc e
Belgium........
British South Africa,
Chile. .
Denmark
Finland..
Germany. .
Netherland
Norway..
Portugal........
Russia, European
United Kingdom.....

Calecium, barium and alum

chloride.......
Finland.........
Russia, European......
Carbon disulfide and chloride
of sulfur.. .
Russia, Europc:m. el o e aratmte

Carborundum.....cccevueesnn
Finland............
Germany
Russia, European ararateletatete

Casein i asisa
Denmark:, ioceteeeeess
Germany.......

Chemical products ot specifi-

cally mentioned......... f
CLIMANY . s sess e R
nited Kingdom...........
United States. i ... ..., £

Chloride of lime....... AL

Copper:
Oxide.....

Germany. .
Sulfate......
Austria. . .

Huugnry
Russia, Europcan REoreraav
Turkey European....... A

Drugs and toilet preparations:
Drugsiciiisoces s
Finland. .
Gcrmany
Russia, European ...... 3
Hair dye s T era e e alern .
Perfumery and cosmetics. ...
Toilet water..
Tooth powder and pa.ste. £ 53

Fertilizers:
Cyanamide....
Germany......oeves Vialais's
Potash salts......... Sralyratety
Sodium nitrate...... SHajsielaiete
Superphosphate......... GOS
Denmark....... Rrte olulalubare
Rinland 300500 0ae
Russia, European
Thomas phosphatc and slag.
Einland
Russia, European. ...
Formalin solution.......,....

Denmark.......... AT atalstevitare

Rinland BEEvE Rt e
Germany o

Jap
Nethcrlnnds

Glycerol:
Critde Fsan ARSI e
Germany......
Refined et SAORSHRG e
Denmark. .
Norway..
United ngdom
Hydrogen peroxide...........

Russia, European........ 3G
Iron oxyhydrate..............
Iron stilfate 000 0 T0 00000 G
Lead oxide and peroxxdc B3y

Germany.......coveeinann

Russia, European........
\Iagncsm, calcined or carbon-

b4 A S saaeies

Russia, European. .........
Magnesium:

Chloride,

Finland..
INOTWRY RS S5 s aineisasals 5733
Russia, European..... o

U At e R e s eavitlsiae s
Methanol:

Crudel s I e

Cermany Sehalia saeeias avis.

Refined Se ol evs e 3

Nitrobenzene.......... Cisselptae

Denmark. ...
Norway....
Phosphorus.....
Potash.,
Norway
United Kingdom..... SR
United States......ccevunes

1 Not given by countries.

29,954,634
2,430,020
487,217
709,286
4,495,270
1,321,437
14,131,473

329,835
139,203
143,784

802,847
127,677
505,378

180,987
159,889
159,889
551,796
356,358
184,194

14,842

14, 1352

37,323,444
33,399,029
,770

2,31
79,447,166

4 1070,904
269,863
2,777,824
04

84,665
46,297

398,369
393,559

7,476}

397

2, 579 733
6,867

1 l7 1375

1,102

798,645
675,132
86,328
" 1,984

1916
Pounds

32,430,250
467,380

10, 439 828

6,349,998
6,837,457

777,366
274,151
450,442

332,542
295,262

118,654
1,124,655

21,702

2,233
12,286
10,946
23,532
39,271
15,604

42,600,004
42,554,589

277,733
6,537
90,345
89,904

22,602
5,291
269,669
44,169
114,059
111,440
142,902
138,273
44,092
28,563
885,301
321,466
556,937

146,789
123,200

4,031,918
955,419
3,050,869
171,538
564,975

510,039
76,702

157,682
55,080

1917
Pounds

28,505,776
286,601

seoks
1,358,047
14,262,902
7.175.973

1,440,486
3,548,138

264,290

23,589
114,390
114,390

4,344,469
1,077,853
3,160,989

85,980
626,990
602,508

1,388.237
1,167,997
220,242

30,075
7,681

467,977
65,016
32,297

275,875

57,470

130,567
94;158

420,732

22,046
398,686
168,542

286,064




Nov., 1920

EXPORTS OF CHEMICALS AND ALLIED Propucts (Continued)

1913
Pounds

CuemicaLs, Drucs, Erc. (Concluded):

Potash, yellow prussiate of.
N Russm, European..........
United States..
Potassium chromate. ... ... ...

Potassium and sodium:

Hydroxide s siitaasans s
Solid. ... ...
Finland....
Germany
Norway..
IRUSSIa SO T
United Kingdom.......
United States..........
g i s
CHhlorate s N I S S e

Germanyyits s et T
Japanyentats
Norway
Russia, European........
United Kingdom.........
Cyanide..... 00,
Sulfide 000
inland St RE R B
Russia, European........
[Rennet R oty :

Sodium:
‘Chlorate.....
Cermany it SRS Ra s
Russia, European........
Sulfate and bisulfate..,.....
Finland GEsepie s ios e 5
Germanyiiys e R 2
Sulfite........ G s
Denmarki it s s
Finland..... olols i Tl
IN (o] ol Bl s L A s
Russia, Europcan
Stmmous chloride, Sstannic
E loride, and putty pow-

Sulfur .......................
Norway 5
Tartar. ..
Germany
Water glass. .
Russia, Europea
Zinc sulfate and zine chloride

CoLors AND DyES:
Butter and cheese colormg 3
Colors for printing............
Denmark
Finland. .
Norway
Colors prepared with oil.
Dyestuffs, vegemble 5
Earth colors...... e e e
Inks:
Printer’s, black............
Other ot sty R
Denmark s iEes S sy i
Finland......
Germany. .
Norway...
RUSSI A e
Lampblack. ..... A A
Deximark 5 3T el -
NOEWaY e e .

Mineral colors:

Russia, European........
Red ocher......... Seinsay
Finland......
IWhite lead FERntan s
Finland #0070 do gy
Russia, European........
Zinc sulfide and white ba.ryta
Rinland S350 i s orih
Russia, European........
Zine white,............
Denmark Rt o
Finland. ..

}}}ussm, Europca

Finland.
Russia, E ropea
Tar colors. .
len_nd

Varnish: .
g' b T M T s i
PNt S S S et s
Othetsyti = emss
Fiuland S

1AL potass:um chlorate
* Not given by countries.

224,924
112,531
5172

540,943
539,305

145,801
102,252
1,638
3,137,3841
708,499
745,743
560,026
193,187
760,972
: 4
1,369
142,790
89,419
15,247
RkK

7‘)5,08]
117

19,676
29,537
525,947
503,780
2,608

5

36, 1230
3,172

13,574

67,214
179,995
43115
53,173
31,001
50,152
697,985
251,574
183,974

12,6152

795,894
737,053
28,6422
11,0382
99,661
53,627

18,538¢

73152

1916
Pounds

196,952
155,702

8,461
900,024
733,971
106,154
171,868

89,154
112,468
163,350
166,053

1,492,400
417,803
193,125

257,585

17,116,918

17,022,248
294,257
73,036
183,407

60,463
10,064

168,019
166,295
232,127
118,449

13,371

215,101

151,599
29,323
1,598,563

477,089
149,520
48,400
55,834
22,740
1,057,092
3,658
146,275

1,183,654

7.956,124
2,234,170
167,276
26,676

10,318

105,195
29,513
300,438
37.844
199,056
364,493

1917
Pounds

57,465
53,563

210,004
143,665 °

1 673 308

125,884
6,614
7,987

103,314

73,810
531290

101,7492

304,241
25128

219,192

©2,2052

193,2512
15,814

66,464
31,215

922,449

2,498
99,183

49,’.’04

11,041
599,378
355,159

92,505

43,541
380,734
303,133

4,351, 1938

22 04

1,434, 1877

752,540
2,142,474
50

211,902
107,834
170,389
116,615

53,708

2,383
89,489
88,918
139,743
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EXPORTS oF CHEMICALS AND ALLIED PrRopucts (Conlinued)

O1Ls, FATS, AND WAXES:

Acetone and acetone oil. ......
Denmark i ERansia TS
Finland......

Germany
Norwayiteliei it T

Animal fat:
Bone fat i or na i et
Germany. ,
Other, File R Gerba e oty

Otheriiiss
Germany. .
Degras (mnncr s fnt) .........
Lubricating substances not else-
where specified...........
Germany it s s 2
Machine and wagon grease... ..

Mineral oils:
Crud:

Refined:
Benzine and gasoline.....
Denmark........

Denmark. ...
Norway..
Lubncatmg oils:
ightastem et o
Denmark.
Norway.....

Denmark...... TR M 25

Rinldnd St el

Germany....... o
Paraffin......
Resinous oils. . v
Stearin (stcanc ncxd) e
Tallow

Textxle-drcssmg preparatxons
containing soap..... SRR 5
Turpentine oil ............. A
Denmark e e
Germanyiiscsan visves b oot
United ngdom ...........
Vaseline eSSt i TR

Vegetable oils:
Fixed:
Cottonseed ioi-Ftiios .
CermMANY T vt sl e s
Hemp and castor.........
Germany . ..-ssveasen .

Linseed:

Russia, Europezm ......
Sovibean s st dvendtiy
Germany.......... L
Turnip and mpeseed Bsrrs
Other NG SR .
Denmark.
Germany. .
Volatile. ... lesz e,

TARS, GUMS, AND RESINS:

Benzene oils:
Carbolic acid, cresol, and
creosote oil...... DA
Carbolineum. ..
Naphthalene. ..
Hinland oo ce e v viess
Russia, European........
Other:, o oitui o aites
Caoutchouc and gutta-percha:
Crudeiiitisnie il
Germany ................
Dissolved or paste..........
NOrway..... S S A
Russia, European........

Norway
Russia, European
Coal tar prepared for covering

ToofsHvsent Ny
Tanland Pl S abis e gy
INODWRY c5s os /s o sss voisls aigiay

1 Not given by countries.

1913
Pounds

24,2331

343,640
320,871
134,214
54,846
76,341

245,837

238,639
92,5161
51,865
52,943
23,084
93,287

4,324,376
2,521,734
1,802,642
6,758,124
6,076,237
672,705

1,122,419
824,185
220,716

64,749
22,304

4,565,740

576,465

579 755
264,283

9,169
503,224

301,056
152,995
866

21,385
" 608
1,585
1,969

1 851 883

1,362,749

639,945
560,273

1916
Pounds

153,773
8,940
28,825
44,749
39,939

1,055,774
1,055,774

428,177
273,121
319,954
289,354

345,293
315,745
1032

‘1917
Pounds

79,952
20,977
34,193
20,587

472,424
472,424

147,146
147,146
466,579
442,827

32,752

2,627,056
2,627,056
1508

62,507

62,507
‘7,727
67,009

66,899

6,717
1,034,405
898,088

69,731
60,981

279,351
266,234
196,831
191,115

1,828,616
1,828,616
95,300
94,672
679,678
679,678
705,763
354,059
255,817
352,932
352,932
1,832
487,752

402,818

18,821

1,654,178
1,507,868

796,784
425179
187,717

1,388,900
1,388/900
188,496
188,496

263,494
263,494

441
840,305
190,533
649,744

30,953
30,953

79,273
79,273
13,975

4,327,941
4,199,794
8147
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ExporTs oF CHEMICALS AND ALLIED Propucts (Conlinued) EXPORTS OF CHEMICALS AND ALLIED Prooucts (Concluded)

1913 1916 1917 Articles 1913 1916 1917
Pounds Pounds Pounds Pounds Pounds Pounds
TARS, Gums, AND RESINS (Concluded): MISCELLANEOUS MATERIALS
AND MANUFACTURES:
3,166 17,635 88 Candles. 0o 0l 78,691 9,251 -,
55,016 800,268 28,248 Chalk, - ground, washed or pre-
. 150,305 e : cipitated......... D 20,921,956 13,683,679 16,687,768
Norway.... 559,170 Brazil it ,416,40
Oritnlitahects s 7,725 e Rinland S st o 517632:2060 2 966,016 975,319
For printing cylinders 14,088 15,273 1,843 S it L OB, LEORER4,280,08088410,802/159
Liquid........... 1,847 78,642 4,806 NOTWAY .o s s svrnsissen (1,830,127 1.761,892 ' - 2,547,691
N‘j,f;;‘rl‘;lgm i Explosivess cus v it s g daay 316,720 1,103,579 798,600
- o . i Sy e
At pioa e s o S140 s oast e Coal gas. ... e 8609 4916 13,625
¢ Xygen an y rogeu gﬂ s )y ) )
Tsinglass e s raainre Yohs 4,504 6,237 e 109/476 623408 1/990'009
Other e sl s 72,811 212,612 Other 623908 833'385 454'531
Gumnatorai, 1IN FOE aad Zhous Rustralia 10 114302 a5
A i a e hia o a e 3 46,519 ’ '
c‘e‘?niz‘i. ................. 108,195 22,046 Hungary 64,617 s
Pitch of coal or wood far.. 305,644 3,091,043 174,911 O el ST
SR L T e United States,.. 208845 212329
United ngdom ........... 188,222 AR, et Glass it S i eRai it «evs 28,482,475 33,786,561 ,14 546 329
Resins: Flasks and bottlcs ... 28,464,776 31,947,928 12,809,755
Coéophouy ................ 7,083 gg,ggg e Insulating material.i........ ) ,032 ,048 81,919
CIMANY . oav v v nsaas .. » Matches 3 O i
gl?tﬁ?x}.c 1 Ogg "7)';;? Safety....... F2 08 ceeaa. 61,251,599 108,967,423 85,101,694
T 10,9571 6,817.580 3,063,351 T e s, 473 S0 2179,022 A
Austria 18,537 32,143 - s
Finland 203412 551151 S 2,371 e
¥ ’ inlan e ) » ’ ’
Germany .. 5,862,221 2,973,450 Germany........ 7,582,208 15,525,351 6,741,327
Hungary seees 125,038 e Netherlands. ... ......... 1,850,343 6,073,871  7,848.713
Rcsuﬁussm' liug)p:n: ‘i (350 1.769'176 1 é;’; 8?22; 663,604 Russia, European. ....... A 12,010,493 25,927,946
D oapfn uners’ glue.. '844'706 )’ United Kingdom....... ... 24444208 56,536,041 30, 966 226
Ggl’}rg‘:;y ------------------ 104'613 1 484,185 667 604 United ‘States....s....... 7,286,188 2,839,439 4,722,542
NEthEtlands BESGnseesies 113713 !t e Othery R e e 15,060,463 9,051,082 2,077,908
........... 0. i British India. . s e s 6,826.511
Ru%%‘:f({vzllcsltgg.(.igrfl ........... 1336:323 1,707,046 = 2,715,051 United Kingdom......... 6,663,434 7,722,566 20,236,631
Denmark..... o s AR s 516,216 600,981 1,360,721 Paper and pulp:
Germany. . i il o 167,259 | 1,042,666 1,354,330 Cardboard. ..........s..... 57,137,884 - 94,312,364 * 42,273,557
United States iy v ol 582,180 o 5 508 :548 PADEL st anenvanaianaeshsidl8,023,0828:489,7315781260,5267131
Tn,;:;é,'a'_' et omeiae S S ,1 A 1":82:(5)32 e Metric Tons Metric Tons Metric Tons
Germany.. 202,325 933,029 364,101 Palp st ek s 241,009,359 1,009,163 695,948
g:ﬂggWng o 891,970 g;:g‘;g "'8.819 Polishes for leather goods: Pounds Pounds Pounds
Terpineol, safrol, and menthol . 80 24,182 6,579 Blacking ek anies s oiaaseinse 1,883 197,975 14,603
Austria. .. 2 4,993 P Wrmland A QHGRGH e lgg 2;9 14,383
Germany D 16,486 4,870 aAXTh e 2 5 K S0
Hungary “es : 2,381 ciee OLher s e e lals 156,683 235,345 3,768
Turpentine. . 44,357 13,676,029 5,966,499 Rinland 3 s e oo % RN 59,709 ket
Germany 3,448 13,573,288 5,884,684 Norway.. S 44,912 GG
wUni&;:d Kingdom... iy, 4?.3(3)? iy b Russid st e oon 101,196 106,897 ik
ax (beeswax, carnauba, etc, 3 | -
Wood tar and tar water...... 17,627,605 23,630951 15,289,016 ELy 1 12028 Ad0a2
A e (el st A 5 S :
Dcngmark. b 1,798,415%8 1,060,078 sofpermany. ......... Yo Ts soa e B830 759,906 22,046
1,212, : ‘
g‘;‘gﬁ:ny ¥ ot 9,543,978 11,293,758 Perfumed . IlulillL iy 31,660 80,964 4_,087
Netherlands. ...t 1,903,020 3,084,579 320,589 Finland......oooioecnnis 22,381 39,330 cevy
Norway dsasdiiiiaii o 2,441,400 5,816,257 2,404,950 Germany s e 34,158 B
2319539 390,618 Solta Ui RS A S 38,329 1,401,178 690
Metric Tm;s Metnc Tons Metric Tons Germany s sl alenls 1.401,17: a0 .égo
. . L ey sletots e al o aies 10,366 629,56
1,709 2,278 Anistria Vs i i IS 264,555
48 9 3 GermAany. i sesoesssaasas 347,518
G'gg?'gig 5,536,641 5,818,498 Vinegar and acetic acid in casks:
4,977,395 4,298,586 4,824,748 Up to 10% acid content. . . . 1,642 72,011 38,424
Yoo 11,391 168,393 954,694 Of higher g.cid content. 210,288 43,078 259,541
United Kingdomi : 672,836 846,222 S Demmark........ R $ 2 72,675
United States.............. 361,215 217,236 85 Netherlands .. G 109,716
Magnesite and witherite...... 1,249 4,989 6,291 United Kingdom... F 173,586 ot yior
Micat Sl SN Te e S 25 8 In other containers........ 132,0491 424 826 313, 258
Sulfur pyritesi..oo. s i 500 14,003 29,800 Addstriatc il SR iaR e s IS 03,094 105,179
cGermanyuli ol Slabe saada 100 13,992 29,799 Germany. .. SN S5 100,029 30,4
inc.. Seiesiedy SN LIRS a AT i 46,696 9,351 6,804 Hungary...... RNy PSSy 94,264 65,763
Belgium S e e SR TS % 23,211 Nt Siasts Netherlands. . .o osvrsss e
RranCe s i beiog: i 10,585 e ieT United Klngdom 69,235 109,652
g’ﬁ?;?unds b St AL So R TR 11,845 ?_"?Sl 2':1537 Washing, cleansing, and polish- b SRR
Othepmiesstralioa i 4478 1,376 . '549 ing preparations.......... 802,662 616,503 '
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A METHOD FOR DETERMINING THE SULFUR
MONOCHLORIDE ‘CONTENT OF MUSTARD
GAS-S,Cl; MIXTURES!
By W. A. Felsing, S. B. Arenson and F. J. Kopp
CHEMICAL LABORATORY, EDGEWOOD ARSENAL, EDGEWOOD, MARYLAND
: ; Received May 5, 1920
In the manufacture of mustard gas (8,8-dichloro-
! Published by permission of the Chief of the Chemical ‘Warfare Service.

ethyl sulfide) from sulfur monochloride and ethylene
by the improved Levinstein process as employed at
Edgewood Arsenal, the sulfur monochloride content
of the reaction mixture is kept constant or is varied
as is required by the rate of absorption of ethylene,
the temperature, or the capacity of the cooling sys-
tem. This S,Cl, concentration is generally kept
between 25 and 30 per cent throughout the run until
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all the S,;Cl, has been added; it is then gradually de-
creased until practically zero. During the entire
operation it is essential that an accurate knowledge
of the S,Cl, content be available in order to secure
the conditions for a maximum rate of absorption of
ethylene.and: to avoid the: reaction ‘running wild”
and @ spoiling .‘the: entire i.charge. Observations ‘of
- the:S5,Cly content were;required every 20 min.; hence
a. quick method- of: determining’ its- concentrations in
the: mustard gas had to:be devised. If it had been
possible to measure accurately the amount of ethylene
absorbed, it would have been possible to calculate
the S;Cl; content from a knowledge of the initial charge
of mustard gas and the S,Cl, added. Curves which
gave this information for any particular initial charge
of mustard gas were constructed, but the measure-
ment of large volumes of efluent gases of corrosive
nature was not feasible; hence a quick chemical con-
trol became necessary.

The method devised and used at the Edgewood
Plant of Edgewood Arsenal is based upon the liberation
of iodine from sodium iodide by means of sulfur mono-
chloride. The data seem to establish quite firmly
the fact that the liberation of iodine is in accordance
with the equation v

S:Cly 4 2 NaIl = I, 4+ 2 S -+ 2 NaCl (1)
The iodine liberated was titrated with a standard
sodium thiosulfate solution, and from the data ob-
tained the sulfur monochloride weight was calculated
according to the above equation.

The only reference so far found in the literature
. regarding the reaction  between iodides and sulfur
monochloride was the work of Hautefeuille,® who
stated that the reaction between anhydrous hydriodic
acid and sulfur monochloride was quite vigorous at
room temperature, yielding hydrochloric acid, free
iodine, the iodide of sulfur, and finally, with an excess
of hydriodic acid, hydrogen sulfide. Hautefeuille
does not give any definite equations for the reactions
described; but if the formation of the iodide of sulfur
be regarded merely as metathetical, the equation
which would probably describe his results would be

S:.Cly + 6 HI = 2 HCI + 2 H,S + 3 L. (2)
But if it be considered that in a water solution, as
in the proposed method, hydrogen sulfide reacts with
iodine to form hydriodic acid and free sulfur accord-
ing to the equation

2 HS+21% = 4HI428° (3)
the addition of Equation 3 to Equation 2 represents
the reaction which would take place when a water solu-
tion of hydriodic acid is placed in contact with sulfur
monochloride. r

SiCl 4+ 2 HI'= 2 I° + 2'S + 2 HCI (4)
By inspection, it is seen that Equations 1 and 4 both
call for the liberation of one molecule of free iodine
for every molecule of sulfur monochloride used.

ACCURACY ATTAINABLE AND REQUIRED—The sulfur
monochloride used in this investigation was prepared
by carefully refluxing crude sulfur monochloride with
an excess. of sulfur and then distilling off the sulfur
2 Bull. soc. chim., [2] T (1867), 198. :
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chloride from this excess. The distillate 'was redis-
tilled, the fraction coming over between 137.5° and
138.5° C. being collected for use. The purified sulfur
monochloride 'was weighed (in small tipped glass
bulbs, sealed after filling), dissolved in carbon tetra-
chloride, and diluted to obtain weight per cent solu-
tions ranging from o.02 to 25 per cent S;Cls.

° The accuracy of the determination based upon
Equation 1 is shown by the following tabular pres-
entation of the experimental data:

Wt. S:Clz : Error
Conc. Wt.. S:Cls  Determined Variation Error in Cone. .
Per cent in Sample by Titration Gram Per cent Per cent
0.02 0.03041 0.02884 —0.00157 5.16 0.001
0.04 0.03041 0.02917 —0.00124 4,08 0.002
0.10 0.03041 0.02982 —0.00059 1.80 0.002
0.20 0.03041 0.03045 -+-0.00004 0.14 0.000
0.40 0.03041 0.03039 —0.00002 0.07 0.000
0.80 0.06082 0.06041 —0.00041 0.67 0.005
1.00 0.03041 0.02984 —0,00057 1.87 0.019
2.00 0.03041 0.02975 —0.00066 2.17 0.043
3.00 0.22869 0.22033 —0.00800 3.50 0.105
7.50 0.22869 0.22139 —0.,00730 3.19 0.239
10.00 0.44990 0.43800 —0.01190 2.65 0.265
15.00 0.44990 0.43810 —0.01180 2,62 0.393
25.00 0.44990 0.44350 —0.00640 1.42 0.355

Determinations were also made by using mustard
gas as the solvent for the sulfur monochloride, in
order to duplicate plant conditions. Since, however,
sulfur monochloride itself reacts with mustard gas to
yield chlorinated mustard gas (at a rate proportional
to the S,Cl, concentration), the determinations at
high concentrations (20 to 30 per cent) of sulfur mono-
chloride must be made quickly to yield accurate re-
sults. An additional source of error lies in the reaction
between the sulfur monochloride and the ethylene
dissolved in the reaction mixture, which again calls
for a rapid determination of the S.Cl; content at its
higher concentrations.

The conditions of the Levinstein process are such
as to require a knowledge of the sulfur chloride content
with an accuracy of only about one per cent, i. e.,
it is practically immaterial, as far as operating con-
ditions go, whether the S,Cl, is reported as z4 or 26
per cent, when it is in reality 25 per cent. The de-
termination of the S,Cl. content by this method is
accurate to at least one-half per cent at the higher
concentrations of sulfur monochloride (20 to 30 per
cent), and to about one-tenth per cent at lower con-
centrations (2 to 5 per cent). An inspection of the
last column of the table will serve to illustrate these
statements. The method is reliable for sulfur mono-
chloride concentrations as low as. o.o4 per cent. The
main factor in an accurate determination in the Levin-
stein plant control operations is the time which elapses
between the drawing of the sample and its introduction
into the sodium iodide solution. In view of such
requirements and conditions, the following procedure
has been adopted, as it yields results which are cer-
tainly made with an accuracy required by the plant
operation of the Levinstein process. '

METHOD OF PROCEDURE

The method is outlined in order to show under what
conditions it was employed. In a glass-stoppered
Erlenmeyer flask of 250 cc. capacity are placed about
25 cc. of an approximately normal solution of sodium
iodide and 1o cc. of carbon tetrachloride. The flask
is then weighed accurately to the second decimal place.



1056

The sample of the mustard gas-S,Cl, mixture is then
quickly introduced into the flask by means of a 2 cc.
immersion pipet, and the flask is weighed again; this
yields: a sample of about 2.5 g. A known excess of a
standard sodium. thiosulfate solution is.added, and the
excess is ‘titrated with a standard -iodine solution,
using starch as an indicator. It has been:found that
this back titration is:quicker and yields'more uni-
form results than does the single direct titration with
thiosulfate solution. The number of cc. of thiosul-
fate solution used, multiplied by its S,Cl, equivalent
in grams, yields at once the S:Cls content of the sample.
From these data the percentage composition of the
mustard gas-5,Cl, mixture can be calculated.

SUMMARY

1—The need of a chemical control of the sulfur
monochloride content in the reaction mixture of the
Levinstein process for mustard gas has been pointed
out.. ;

2—The availability of iodine liberation by sulfur
monochloride as a means for determining the sulfur
monochloride is discussed.

3—The accuracy obtainable and the accuracy re-
quired by plant operations are presented.

4—The procedure for control operations is outlined.
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PRESSURES PRODUCED BY THE ACTION OF SULFUR
MONOCHLORIDE UPON f,3/-DICHLORO-
ETHYL SULFIDE!
By Thos. G. Thompson and F. J. Kopp
CneMICAL LABORATORY, EDGEWOOD ARSENAL, EDGEWOOD, MARYLAND
Received May 5, 1920
The purpose of this investigation was to measure the
pressures produced when relatively small concentra-
tions of sulfur monochloride reacted with pB,B’-di-
chloroethyl sulfide.
EXPERIMENTAL

The apparatus consisted of manometers connected
with pear-shaped flasks containing varying concentra-
tions of sulfur monochloride and (,8’-dichloroethyl
sulfide. The latter substance was prepared by double
vacuum distillation of the crude commercial product
over calcium chloride, After the second distillation
it showed a melting point of 13.6° C. The sulfur
monochloride was purified by distillation at 136° to
133°.

All proper precautions were taken to see that the
apparatus was absolutely dry. In sealing the flasks
to the manometers, a long calcium chloride tube was
used by the glass blower.

‘The actual volumes of the flasks, together with the
portions of the tubes not filled with mercury and
composing an arm of each manometer, were measured.
Proper volume corrections were made for the changing
of the mercury in the arms of the manometers con-
nected with the flasks. :

Four different experiments were run. In each case,

1 Published by permission of the Chief of the Chemical Warfare Service.

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 12, No. 11

the time, temperature, and barometric pressure were
recorded every time readings of the manometer were
made. i

Expt. 1 served as a blank and was run with 50.4'g. of
the pure mustard gas in the flask. The data are given
in, Table Ll Exptsz; the datafor which arefound.in
Table II, consiSted:ofra:mixture of 64.0 g. of:the-di-

chloroethyl sulfide with o0.64 g. of:sulfur monochloride: - -

Expti 3 (Table III)<contained 4r.v g=eofisthe pure
mustard gas (96.78 per cent) and 1.37 g. of sulfur-
monochloride (3.22 per cent). FExpt. 4 (Table IV)
consisted of 49.4 g. of the pure mustard gas (95.24 per
cent) and 2.47 g. of sulfur monochloride (4.76 per
cent). :

TABLE I-——PURE B,8’-DICHLOROETHYL SULFIDE
Decreased

Time Temp. Pressure Volume Volume
Hrs, el Mm. NP Ce.
0 18 751 66.4 0.0
16 17 745 66.1 0.3
19 18 748 66.1 0.3
22 20 753 66.1 0.3
40 18 746 66.0 0.4
46 21 756 66.1 0.3
72 25 767 66.2 0.2
89 22 760 66.3 0.1
96 24 763 66.1 0.3
144 21 758 66.3 0.1
189 20 750 66.0 0.4
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—

The tables show that a maximum pressure is reached
in approximately 72 hrs., after which time a steady
decrease is noted. In several previous experiments
the same decrease in pressure had been observed at
the end of 72 hrs. when rubber connections were used.
Repetition of these experiments with glass-sealed
joints showed that this was not due to faulty joints
or action of the gases on the rubber.
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ITI—1,00 PErR cENT SULFUR MONOCHLORIDE : 99.00 PLR CENT
B,8’-DICHLOROETHYL SULFIDE

Baro- Manom- In-

TABLE

Increase Pressure

metric eter crease Increase Pres- 100 G.
Pres- Read- Pres- Volume per Unit sure Mustard
Time Temp. sure ing sure N.P,T. Volume V,T, Gas
Hrs.. °C., Mm. Mm. Mm, Cee (£00 Mm. Mm
0 18 S 762 s 134 0 0 0
16 17 772.51.796.5 = 24 141 52 40 64.5
19 18 772.5 806 34 142 6.0 46 71.8
25 21 771 830 59 145 8.0 61 95.4
40 18 768 833 65 147 9.3 74 115.6°
46 19 767 850 83 149 11.2 85 132.8
70 19 765 860 95 153 14.2 108 170
96 24 761 - 880 119 153 14.2 108 170
136 19 765 857 92 152 13.4 102 160
187 20 767 862 95 152 13.4 102 160

TABLE III—3.22 PER CENT SULFUR MONOCHLORIDE : 96.78 PER CENT
B,8’-DICHILOROETHYL SULFIDE

Baro- Manom- In- Increase Pressure

metric  eter crease Increase Pres- 100 G.
Pres- Read- Pres- Volume per Unit sure Mustard
Time 'l‘gmp. sure ing sure N.P.T. Volume V,T, Gas

Hrs. C Mm. Mm. Mm. Ce. Cc? Mm. Mm,
0 18 T 760 0 143 0 0 0

16 17 772.5 863 90 164 14.7 112 273
19 18 772.5 884 112 167 16.8 128 312
22 20 771 907 136 169 18.2 138 336
40 18 768 960 192 182 2752 206 502
46 19 767 995 228 187 30.8 234 570
72 25 764 1089 325 204 42,7 325 791
96 24 761 1074 303 201 40.6 309 753
144 21 760 1010 250 190 32.9 250 609
187 20 767 990 223 187 30.8 234 570

TasLg IV—4.76 PER CENT SULFUR MONOCHLORIDE : 95.24 PER CENT

B,8/-DICHLOROETHYL, SULFIDE

Baro- Manom- In- Increase Pressure
metric  eter- crease Increase Pres- 100 G.
Pres- Read- Pres- Volume per Unit sure- Mustard
Time Temp. sure ing sure N.P.T. Volume V,T, Gas
Hrs:ii+ 2 Cio Mm. = Mm.  Mm. (O Ce. Mm. Mm,
0 18 e 754 0 75 0 0 0
16 17 772:5::4901 129 91 213 162 328
19 18 772 924 152 93 24.0 182 368
22 20 771 954 183 95 26.6 202 409
40 18 768 1040 272 106 41,3 314 636
46 19 767 1092 325 111 48.0 365 738
72 25 764 1220 456 121 61.3 466 944
89 22 762 1183 421 121 61.3 466 944
96 24 761 1190 429 120 60.0 456 924
144 21 760 1088 328 110 46.6 394 716
187 20 767 1053 286 107 42.6 324 656

When the apparatus was disconnected, small amounts
of hydrochloric acid gas and hydrogen sulfide were
detected in the gases liberated by the action of sulfur
monochloride on the 8,8’-dichloroethyl sulfide. Owing
to the solubility of hydrogen chloride in the latter
substance, the increases in pressures. shown in the
tables and the accompanying plot do mnot actually
represent the total gases produced.

CONCLUSIONS

1—There is a decided interaction when small amounts
of sulfur monochloride are placed in contact with large
amounts of §8,8’-dichloroethyl sulfide.

2—This interaction is manifested by pressures re-
sulting from the production of gases. The maximum
pressure is reached at the end of 3 days.

3—A secondary reaction takes place between the
substance and the gases, as indicated by a decrease in
pressure: at the end of three days. :

THE SOLUBILITY OF 3,3’-DICHLOROETHYL SULFIDE IN
PETROLEUM HYDROCARBONS AND ITS PURIFICA-
TION BY EXTRACTION WITH THESE SOLVENTS!?

By Thos. G. Thompson and Henry Odeen
CHEMICAL LABORATORY, EDGEWOOD ARSENAL, EDGEWO0OD, MARYLAND
Received May 5, 1920
The question of the solubility of dichloroethyl sul-
fide in petroleum hydrocarbons has been investigated

! Published by permission of the Chief of the Chemical Warfare Service.
2 The authors wish to acknowledge the advice and suggestions given
by Major Wm. Lloyd Evans and also the assistance received from Messrs.
J. J. Alexander, J, H. Black, W, H. Gersdoroff, H. H. Haryey, Bruce Howard,
J. L. Hutchinson, E. C. Mack, L. S; Minor, J. Parsons, G. T. Sohl, G. F.
Seimers, M. C. Taylor, R. W. Tatem, D. R. Virtue, and C. J. Wernlund.
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for the purpose of ascertaining the suitability of such

solvents as agents in extracting pure mustard gas

from the crude commercial product. Its marked sol-
ubility in the common petroleum hydrocarbons was

quite contrary to the belief commonly accepted in

April 1918.

The method employed for the study of the inter-
solubility of dichloroethyl sulfide and the petroleum
hydrocarbons was essentially that used by Rothmund.!

NATURE AND PREPARATION OF MATERIALS

DICHLOROETHYL SULFIDE—The material which was
used in the intersolubility experiments was obtained
by double distillation at a pressure of 13 to 14 mm.

PETROLEUM HYDROCARBONS—The ligroin utilized was
obtained from the commercial material by distillation.
Only that portion distilling below 100° was employed.
The specific gravity of the distillate at 24° C. was

1.6677. The nature of the other hydrocarbons used
is illustrated by the distillationcurves shown in Fig. 1.
T T T T B (=
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F16. 1—DiIsTILLATION CURYES 08 HYDROCARBONS USED

.SULFUR MONOCHLORIDE—This was obtained by dis-
tillation of the commercial product, the portion boil-
ing between 136° to 138° C. being utilized. :

suLFUR—The pulverized C. P. rhombic modification
was employed.

CHLORINATED MUSTARD GAS—This was made by the
interaction of distilled dichloroethyl sulfide with sulfur
dichloride in a carbon tetrachloride solution below 50°
C. The addition of the dichloride solution was gradual
and accompanied with constant shaking. When the
product was distilled at 17 mm. pressure, the excess
of sulfur dichloride and carbon tetrachloride distilled
off first. The chlorinated product which came over
at r12° was collected separately and used in the inter-
solubility experiments given in Table VI. It was of
a light brown color, and its specific gravity at 22°
was 1.355.

INTERSOLUBILITY EXPERIMENTS

DICHLOROETHYL SULFIDE AND LIGROIN—The results
obtained from a study of the intersolubility of dichloro-
ethyl sulfide and ligroin at various temperatures are
given in Table I and illustrated by the curve AA in
Fig. 2. The critical point of solubility, that is, the
temperature above which the two substances would
be mutually soluble in all proportions, was found to
be 19° C. The highest temperature at which solid

L Z. physik. Chem., 26 (1898), 433,
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F1G. 2—INTERSOLUBILITY OF DICHLOROETHYL SULFIDE
AND HYDROCARBON SOLVENTS

dichloroethyl sulfide could exist in the presence of its
liquid phase and a ligroin solution of it was 8.8° C.

TABLE I
Per cent b%Weight
Dichloroethyl ichloro-
Temp. ——Ligroin—— —Sulfidle—— 5 ethyl
e S Grams Ce. Grams  Ligroin Sulfide
13.0 0 0.00 20 25.44 A 100.0
13.0 1 0.67 Constant Constant 2.6 97.4
12.0 2 1.34 85 4.9 95.1
10.0 4 2.67 9.5 90.5
959 5 3.34 11.6 88.4
9.0 6 4.00 13.6 86.4
9.6 7 4.67 1585 84.5
12.0 8 5.34 17.4 82.6
14,0 9 6.00 19.1 80.9
17.22 12 8.01 23.9 76.1
19.0 19 12.69 3323 66.7
19.0 24 16.03 38.6 61.4
18.3 29 19.36 43.2 56.8
17.5 39 26.04 50.6 49.4
16.0 49 32,72 56.3 43.7
14.5 59 39.39 60.7 39.3.
10.3 79 52.75 67.5 32.5
6.5 99 66.10 72.2 27.8
2.5 119 79.46 35 75.8 24.2
0.2 30 20.03 3.0 3.82 83.9 16.1
—2.5 Constant Constant 22D, 3.18 86.3 13.7
—6435 2.0 2.54 88.7 11.3
=755 1.5 1.91 91.3 8.7

DICHLOROETHYL SULFIDE AND GASOLINE—The critical
temperature of solubility of dichloroethyl sulfide was
found to be 20.4°. ' The data obtained from these ex-
periments are given in Table II and illustrated by
the curve BB in Fig. 2. ‘ '

44.226 30.08 69.92

TaBLE II
> Per cent by Weight
Dichloroethyl Dichloro-

Temp. ~——Sulfide—— ~——Gasoline—— ethyl Gaso-
G Ce. Grams lere Grams Sulfide line
753 20.05 25.43 5.00 3.686 87.34 12.66

18,0 Constant Constant 10.00 7.371 77.53 22.47

20.4 17.75 13.095 66.02 33.98

18.7 30.00 22:113 53.49 46.51

14.0 40.00 29.484 46.32 53.68
9.5 g 60.00 44.226 36.51 63.49
4.5 80.00 58.968 30.14 69.86
7.8 15.00 19.03 3.80; 2,801 87.17 12.83
1355 Constant Constant 30.05 22.150 46.21 53.79
QL0 It 45.00 33.170 36.46 63.54
4.2 ¢ 60.00

.- DICHLOROETHYL SULFIDE AND KEROSENE-—Table III
shows the results secured from the study of the mutual
solubilities of dichloroethyl. sulfide and kerosene at
various temperatures. These determinations indicate
that the critical point of solubility of . dichloroethyl
sulfide and kerosene is 25.6°. The data giveniin Table
IIT are illustrated in Fig. 2 by the curve CC.
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TABLE IIT

> Per cent by Weight

Dichloroethyl Dichloro-
Temp. ~—Kerosene— ~—Sulfide— ethyl
9 C Ce. Grams Cei Grams Kerosene Sulfide
14.2 60 48.24 25.0 31.88 60.21 39.79
9.5 80 64,32 25.0 31.88 66.87 33.13
21,9 7 5.63 25.0 31.88 15.07 84,93
24.3 9 7.23 25.0 31.88 18.58 81.42
25.6 12 9.65 25.0 31.88 23.33 76.67
25.6 13 10.45 25.0 31.88 24.79 75.21
25.6 14 11.26 25.0 31.88 26.20 73.80
25.0 18 14.47 25.0 31572 318933 68.67
14.3 6 4.82 33.0 41.88 10.32 89.68
8.9 6 4.82 43.0 54.47 8.12 91.88

DICHLOROETHYL SULFIDE AND RAILROAD LIGHT OIL—
The results secured in these experiments are shown in
Table IV and illustrated by the curve DD in Fig. 2.
The critical point of solubility was found to be 37°

TasLE IV
Railroad Dichloroethyl Railroad Dichloro-
Temp ~——Light Oil—— ——Sulfide—— Light ethyl
o Ce. Grams ;| Cec. Grams il Sulfide
25.0 2.45 1.926 14.95 18.966 9.22 90.78
28.0 5.12 4.024 25.00 31.715 11,26 88.74
31.3 3.74 2.940 14.95 18.966 13.42 86.58,
37.0 13.69 10.760 Constant Constant 36.20 63.80
35.0 20.19 15.869 45.52 54.48
33.0 26.19 20.585 52.05 47.95
23.6 38.57 30.316 61,51 38.49
20.9 56.62 44,503 70.12 29.88
14.5 75.07 59.005 75.67 24.33
9.3 87.42 68.692 & 78.36 21.64

From these results it is evident that with the in-
crease in the percentage of high boiling hydrocarbons,
the critical temperature of solubility for these solvents
and dichloroethyl sulfide will also increase. This is
very nicely illustrated by a comparison of the solubility
curves shown in Fig. 2.

SOLUBILITY OF SULFUR MONOCHLORIDE IN THE HYDRO-
CARBONS—Sulfur monochloride was found to be sol-
uble in all proportions in ligroin, gasoline, kerosene,
and railroad light oil at temperatures above o°.
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FPER CENT CHLORO-MUSTARD GAS
F10. 3—INTERSOLUBILITY OF CHLORINATED MUSTARD GAS AND
RAILROAD LI1GHT OIL :

I
N

SOLUBILITY OF SULFUR IN LIGROIN—Ligroin was
shaken with powdered rhombic sulfur at o° and at
room temperature for about 6 hrs. The excess of
sulfur was removed by rapid filtration. Twenty-five
cc. of the filtrates were pipetted into a weighed dish
and the solvent evaporated with the results given in
Table V..



Nov., 1920

TABLE V
Sulfur in 25 Ce. Sulfur in 100 Ce.
Temp Ligroin Correction Corrected Ligroin
L Gram (Blank) Weight Gram
0 0.049 0.001 0.048 0.192
0 0.052 0.001 0.051 0.204
24 0.085 0.001 0.084 0.336
24 0.080 0.001 0.079 0.316
24.5 0.081 0.001 0.081 0.324
28 0.092 0.001 0.091 0.364

INTERSOLUBILITY OF CHLORINATED MUSTARD GAS
AND RAILROAD LIGHT O0IL—The critical temperature of
solubility of chlorinated mustard gas and railroad light
oil was found to be 8.3° The data obtained in these
experiments are given in Table VI and illustrated in
Fig. 3.

‘TasLe VI

Per cent by Weight
Rail- Chlo-

Railroad Chlorinated road rinated

Temp. Light Oil Mustard Gas  Light Mustard
2iCs Ce.  Grams Grams Qil Gas
0 0.000 33.793 0.00 100.00
1 0.791 Constant 2.28 97.72
Below —2 2 1.582 4.47 95.53
Below —2 3 25373 5.65 93.44
Below —2 4 3.164 8.56 91.44
—1.8 S 3.955 10.58 89.72
1.0 6 4.74 12,42 87.58
3.3 7 5%53 14.08 89.92
4.7 8 6.33 15.78 84.22
5.8 9 7.11 17.48 82.52
6.7 10 7.91 18.98 81.02
7.3 11 8.70 20.58 79.42
7T 4812 9.49 21.92 78.08
8.0 13 10.29 23:353 76.65
8.2 14 11.08 24.69 75.30
823 1S 11.87 25.99 74.01
8.3 16 12.67 27.27 72.73
853217 13.47 28.51 71.49
81218518 14.23 29.63 70.37
8.1 19 15.02 30.77 69.23
8.0 20 15.81 31.87 68.13
7:95 21 16.60 32.94 67.06
7.90 22 17.39 33.97 66.03
7% 858523 18.18 34.98 65.02
7.80 24 18.97 35.95 64.05
T TEee25 19.76 36.89 63.11
7.35 30 23.73 41.25 58.75
75005135 26.78 45,02 54,98
6.6 40 31.63 48.34 51.66
6.0 45 35.58 51.32 48.68
55355490 39.53 53.90 46.10
3.85 60 47.46 58.41 41,59
25018570 55.37 62.09 37.91
=14 80 63.28 65.18 34.82
Below —2 90 71,19 67.80 33.20

CONCLUSIONS FROM SOLUBILITY EXPERIMENTS

1—Dichloroethyl sulfide is soluble in the petroleum
hydrocarbons and there is complete miscibility of the
solute and solvent at relatively low temperatures.

>—Sulfur monochloride is soluble in all proportions.

3—Only a small amount of sulfur dissolves in the
petroleum hydrocarbons.

4—Chlorinated mustard gas is soluble in all propor-
tions of railroad light oil above 8.8°.

APPLICATION OF RESULTS—AS the result of the data
given above, it is self-evident that it would be highly
desirable to take advantage of the following facts in
a method of extracting mustard gas from the crude
commercial product, using petroleum hydrocarbons as
solvents.

(1) Extract the crude mustard gas at a temperature
slightly above the critical point of solubility. Most
of the sulfur, together with a tar-like mass, will re-
main insoluble.

(2) The supernatant solution is cooled considerably
below the critical temperature, causing the formation
of two liquid layers, the lower layer being primarily
a solution of the hydrocarbon in the mustard gas. If
the temperature be sufficiently lowered, solid mustard
gas will precipitate out from the solution. This solid
mass will retain a little of the hydrocarbon.
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(3) The upper layer of hydrocarbon solvent, or that
above the solid material, will contain all traces of
sulfur monochloride together with chlorinated products
of dichloroethyl sulfide in the crude mustard gas, and
also certain amounts of dichloroethyl sulfide. The
concentration of the latter will be a function of the
temperature. This solvent may be used until the per-
centage of products other than dichloroethyl sulfide
makes it undesirable.

(4) The lower layer will contain dichloroethyl sul-
fide and certain amounts of the hydrocarbon, the per-
centage of the latter being a function of the tem-
perature.

SINGLE EXTRACTION

In order to demonstrate that such a separation as
described below could be carried out, 200 ce. of crude
mustard gas were shaken thoroughly with 200 cc. of
ligroin in a separatory funnel at a temperature of 44°
C. The mixture was allowed to cool very slowly to
25°. Three well-defined layers separated. The heaviest
one consisted of a pitchy mass composed largely of
sulfur, The second layer, a solution of ligroin in di-
chloroethyl sulfide, was drawn off in three portions and
analyzed by weighing each portion and distilling off
the ligroin. The amount distilled was obtained by
weighing the residue. When the top layer, or the
solution of dichloroethyl sulfide in ligroin, was cooled
to 8°, two layers formed. The lower layer was drawn
off and analyzed. The ligroin solution, or upper layer,
was then cooled to —10°. The dichloroethyl sulfide
precipitated in the form of long, white needles, which
upon melting gave a light yellow solution containing
a little sulfur. The results obtained from the analyses
of the layers containing the ligroin in a solution of
dichloroethyl sulfide are given in Table VII.

TasLE VII
Weight of

Purified
‘Total Temp. Weight Dichloro- A
Wt. of o Ligroin  ethyl Melting
Layer Layer Dissolved Sulfide Per Point
Grams °C. Grams Grams cent °C. Remarks
14.8 25 0.3 14.5 5.4 . . Pitchy mass (S) °
66.3 25 8.7 57.6 21.6 5.6 Dark yellow
65.2 25 8.5 56.7 21.2 4.6 Dark yellow
26.1 25 3378 22.35 8.4 5.0 Dark yellow
80.35 8 11.05 69.3 26.0 9.0 Light yellow
59.8 —10 23.50 36.3 13.6 12.5 Light yellow

SUCCESSIVE EXTRACTION!

In this process a series of superimposed funnels was
used. A diagram of the apparatus is shown in Fig. 4.
The general method of procedure was to place equal
volumes of ligroin (200 cc.) in each of the funnels.
An equal volume of crude dichloroethyl sulfide (200
cc.) was then introduced in the top funnel. The con-
tents of the first funnel were shaken, and the insoluble
material which settled out from the ligroin layer was
passed into Funnel 2. This passage was slow, drop
by drop. As the drops came in contact with the
ligroin layer in Funnel 2, they broke up into a fine
spray, which scattered throughout the ligroin. The
process was repeated in the succeeding funnels. Two

1 As the result of a large number of experiments with hydrocarbon
solutions of mustard gas, it was noticed that the toxicity of these solutions
appeared to be greater than that of either the commercial or pure mustard
gas. This matter was called to the attention of the Research Division
in June 1918,



1060

experiments, illustrating the general results obtained
by this.process of extraction, gave 76.5 and 80.9 per
cent of ligroin-soluble material. This soluble material
was distilled 77 vacuo (2.0 to 5.0 mm.), and a yield of
86.98 per cent was obtained which showed a purity of
09.5 ‘per cent (m. p. 13.75° C.). Better purification
resulted from keeping the temperature of extraction
a little below the critical point of solubility of the
ligroin and dichloroethyl sulfide.

DicHLOROETHYL SULFIDE EXTRACT
= CLEAR, PALE YELLOW [/80 cc]
-—!~

T

"

SoL UT/ON OF LIGROIN IN DICHLOROETHYL SULFIDE
DARK, NOT CLEAR [213 cc]

S/IRuPY MAss [2cc]

DICHLOROETHYL SULFIDE EXTRACT
CLEAR, LIGHT AMBER [265cc]

L DARKER THAN No.1,CLEAR [ 53 cc]
SiRuPY MAss [2cc]

DICHLOROETHYL SULFIDE EXTRACT
Y CLOUDY, FAINT YELLOW [215cc]
CLOUDY, DARK BROWN, SIRUPY

BREAKS UP BUT SLIGHTLY [18c<c]
SIRUPY MASS, DOES NOT BREAK UP IN DROPPING
INTO LIGROIN LAYER BELOW [2cc]

X CLEAR, YERY SLIGHTLY COLORED [205c<]

DARK SiRuPY MAss [I3 cc]
e SIRUPY MAss [2cel]

F16. 4—SuUcCESSIVE EXTRACTION APPARATUS

The ligroin solutions when cooled to —10° gave
beautiful, long, white needles, which were permitted to
melt slowly after decantation of the mother liquor.
Upon melting, two layers were obtained, the upper
layer consisting largely of the ligroin that had been
retained mechanically by the crystals. A very good
product was obtained in yields varying from s1
to 63 per cent, depending upon the extent of concen-
tration and degree of extraction.. This dichloroethyl
sulfide had melting points which varied from 10.4° to
10:82 C: :

In all cases of extraction it was very difficult to re-
move the last traces of ligroin. A small amount of
the hydrocarbon caused a considerable lowering of the
freezing point. To determine the actual amounts of
dichloroethyl sulfide contained in the various samples,
distillation gave by far the more accurate results.

INSOLUBLE RESIDUE—This insoluble layer obtained
from the fourth funnel in the successive extraction
experiments was a thick sirupy mass and contained
only traces of mustard gas. While the residues were
not subjected to distillation, there was very good evi-
dence that only very small amounts of mustard gas
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were present. This is found in the fact that the mus-
tard gas dissolved in the ligroin and vice versa, and only
a very small amount of ligroin is found in the insoluble
residue. Further, this insoluble mass consists largely
of sulfur, and the mustard gas is only sparingly soluble
in sulfur.

ANALYSIS OF CRUDE MUSTARD GAS

The analysis of crude mustard gas used in all exper-
iments herein reported was made as follows:

A measured volume of crude material was placed in
a distilling flask of 750 cc. capacity, and the flask at-
tached to a condenser, which was connected with a
weighed receiver, and the system evacuated. The dis-
tillations were made at a pressure of 6 to 13 mm.
Upon heating the distilling flask, and before any dis- -
tillate was collected, there was a decided evolution of
gas. While the last portion of the mustard gas was
being distilled there was considerable bumping and
frothing, and great care had to be manifested in com-
pleting the work. The distillate was light lemon-
yellow in color. The black residue in the flask con-
tained quantities of sulfur, was insoluble in ligroin,
and dissolved in carbon tetrachloride. Table VIII
gives the results obtained in two analyses.

TaBLe VIIL
Sample Sample
No. 1 No. 2
Weight,igrams ] Sty S s SR B s 399 261
N Ol e v oant cazebare e AR 300 200
Weight "of Jdistillate fgrams. Cyaist e s 295.8 194.7
IS 3 Y i s S e e e e L cutt ol 74.17 74.6
Volumetofidistillates: oo o i s 233 157
Peccents SRR RGO T 1757 78.5
Weight of residue, grams., 98.6 60.7
Pericent FEiiERic e 24.65 2353
A g T e P e PR P S L 4.6 5.6
) S ST | ey e S B e e e 1.2 2.2
Freezing point of distillate, ® C.....i.oo oo, 12.0 12.7
)3T e Ui o U ] e o AR e S 94.2 96.5
Percentage pure mustard gas. . ..., ..iiiiiia i, 69.9 72.0
Average Percentage 150

OF CRYSTALS OF DICHLOROETHYL SULFIDE
OBTAINED FROM LIGROIN SOLUTION

ANALYSIS

After removing as much as possible of the ligroin
retained by the crystals, they were weighed out and
subjected to distillation, the results being as follows:

TABLE IX

Welght of sample gramm S e v s s et a e e
M et P ottt O T T 7.4
Weight of distillate,  Brams. .

Melting point, © C..... 13.7
Purity of distillate, per cent. 99.3
Per cent mustard gas in sampl

Weight of residue, grams................ A,
T e IO A S I o S iy 1

Per cent
Calculated as ligroin-free:
Per cent mustard gas.. .
Per cent residue........

CONTINUOUS EXTRACTION

METHOD AND APPARATUS—In order to have a con-
tinuous process for the extraction of mustard gas from
the crude material by means of ligroin, the apparatus
shown in Fig. 5 was devised. The crude material
flows from a separatory funnel into the main portion
of the apparatus, which consists of a glass tube, about
4 ft. in length, with a bulb blown at the upper end,
which serves as a settling chamber, and a stopcock at
the lower end, which permits the removal of the in-
soluble matter. The ligroin is introduced into the
apparatus by means of a long glass tube, sealed into
the side of the glass column about 6 in. from the bot -
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tom. At the start the main portion of the apparatus
is nearly filled with ligroin. The crude material, which
enters the apparatus just below the settling chamber,
is sprayed through the column of ligroin. The insol-
uble matter settles slowly to the bottom of the tube.

Lisromv
Reservoir

DicHeoROETHYL SuiFipe
(CrupE)

Overrrow

ﬁ:

OerTeine CHAMBER

94

InsorusLe Marrer.

i ) Hl.hllll

F16. 5—CONTINUOUS EXTRACTION APPARATUS

Almost complete extraction should be assured, for as
the mass settles toward the bottom, it comes in contact
with the fresh ligroin. The overflow outlet, near the
top of the apparatus, consists of a tube sealed into the
long glass column and bent downward at right angles
so that the liquid will flow into a container placed under
it. A large separatory funnel is utilized for the col-
lection of the ligroin solution from the overflow tube.
When this funnel is nearly filled it is removed and placed
" in a cooling bath. The insoluble matter collecting at
the bottom of the apparatus is drawn off from time to
time into a graduated cylinder.

EXPT. I. ABOVE THE CRITICAL POINT OF SOLU-
BILITY— Measured volumes of crude mustard gas and of
ligroin were placed in their respective reservoirs, and
the extraction carried out as described above, at tem-
peratures varying from 25° to 27°, or several degrees
above the critical point of solubility. The data are
given in Table X.
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TABLE X
Volume of ligroin used, ce.. 1800
Volume accounted for, cc., 1713
Volume of crude mustard gn.s used, ¢ 800
Volume accounted for, ¢C,oveevvnn. 796
Insoluble matter at extraction temperature
‘Weight, per cent,.. P s e R 355
Volume, per: centyis s e i e 1223
] Insoluble matter at 16° to 18°
Weight, pericent AL Rt il piv syl 17.4
Volume Sp erscen by A e 17.9
Mustard gas crystallized
Weight, pericent G Uil iammismir ey 43.7
Volume, per centy o i i s N 45.4
Dissolved material in mother liquor
Welgh b P er Cen R e s s 22.7
AT TR T e RS e S s o S A St st 24.0
EXPT. II. BELOW THE CRITICAL POINT OF SOLU-

BILITY—Eight hundred cc. of crude mustard gas were
run through the ligroin at 15° in the continuous ex-
traction apparatus. The insoluble matter drawn off
at the bottom of the apparatus measured 745 cc. A
large portion of this was ligroin which had been dis-
solved by the insoluble material. This residue was
passed through the apparatusfour times. Properregu-
lation of flow possibly would have increased the effi-
ciency of extraction. The ligroin solution was placed
in the freezing bath, and the mother liquor from the
crystals of mustard gas was utilized in further extrac-
tion of the insoluble matter. The results obtained are
given in Table XI. The weight of the insoluble matter
was calculated from the data obtained in the previous
experiment. It will be noted that the insoluble mat-
ter at extraction temperature in Expt. I, together with
the insoluble matter at 16° to 18°, gave a total volume
of 308 cc. and weighed 332 g. After the fourth extrac-
tion in this experiment (Table XI). the total insoluble
material was 290 cc.

TasrLe XI
Volume of ligroin used, cc......... 1200
Volume of crude mustard gas, cc. 800
Weight of crude mustard gas, grams ....................... 1068.8

Volume of mother liguor (does not include that retained by insolubles

Ch Lo b ] 2 LY Fl Tt (b S S b gealh v st o s A T e o e 900
Tusoluble matter, per cent S 36.3
Mustard gas frozen from ligroin, per 51.6

Material retained by mother lxquors (by difference), per cent....

A portion of the mustard gas frozen out from the
ligroin solution was taken for analysis after a large
part of the mechanically retained ligroin had been
removed by distillation. This product was distilled
in a vacuum of about 13 mm., thus removing the
ligroin still present. The oil bath was heated gently
to 802, and then to 95° to 1oo°. The data in Table
XII were obtained as the result of this analysis.

TABI]" XIT

Weight of sample  gram s e e s 31102
Weight of distillate, gmms .......................... 277.8
Melting point, © C.ooovviniiiiin it ina 13.7
Purity oPdlsnllate, pericent.. .ol L il 99.3
Per cent of mustard gas in sample............... 88.64
Weight of residue, grams. .. ... eeiriaireivncanss 25.1
)2 ] B R LR R e R R R 8.0
Weight of ligroin (by difference), grams..,........... 10.2
Per cen ta i N s S s e R D o B 3.4
Per cent mustard gas (calculated on ligroin-free
I D& ) 3 S e e s SIS i o 92.2

CONTINUOUS EXTRACTION OF CRUDE MUSTARD
WITH KEROSENE AND RAILROAD LIGHT OIL
ON A SEMI-COMMERCIAL SCALE

The object of the following experiments was
to confirm the results of those carried out in glass

GAS

- apparatus on a laboratory scale and at the same time

to simulate as closely as possible the conditions which
would obtain in plant operation. The crude mustard
gas was manufactured at the Edgewood Plant of Edge-
wood Arsenal on August 29, 1918. It had a melting
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point of 8.5° was black in color, and on analysis by
distillation showed 70 per cent pure mustard gas.

APPARATUS AND METHODS—To0 minimize danger as
much as possible the apparatus was set up in an im-
provised laboratory out of doors. The extractor was
an all-lead column with a brass valve at the bottom,
and of the same essential design as the glass extractor.
Its principal parts consisted of a 1.5 in. (inside diameter)
lead pipe, with enlarged sections at the top and the
bottom. These sections were used as settling cham-
bers and gave the apparatus proper a length of 4 ft.
A three-eighths inch vertical pipe, attached just above
the lower settling chamber, was of sufficient length to
furnish a pressure head which would cause a counter
current to flow through the apparatus when in opera-
tion. The crude mustard gas was admitted through
another vertical lead pipe entering at the top of the
upper settling chamber and terminating at the center
of the 1.5 in. lead pipe, about 2 in. below the bottom
of the settling chamber. A three-eighths inch heat-
ing pipe,through which steam was passed when extract-
ing at a higher temperature, ran throughout the length
of the apparatus. A thermometer well was placed in
the top of the apparatus in order to measure the tem-
perature of the effluent as it left the overflow pipe.
The apparatus had a volume of 7.5 liters. The acces-
sories, such as containers, funnels, crystallizing vessels,
etc., were of glass.

The extractor was operated by running about 4
liters of kerosene into the apparatus. The kerosene
supply was then turned off and the material to be
extracted was run in at a definite rate of flow. As
soon as the extract came through the overflow pipe,
the kerosene was again permitted to flow through
the apparatus. The insoluble matter was drawn off
at the bottom of the extractor from time to time.

ExpT. I—This and the following experiments were
carried out in much the same manner as already de-
scribed for continuous extraction. ;

The extract and the insoluble residue were run into
tared bottles, and weighed. The bottle containing the
extract was refrigerated at about —15° for 3 hrs.,
after which time large needle-like crystals formed a
compact mass throughout the liquid. During the re-
frigeration two liquid phases settled out, the lower one
black in color and very rich in mustard gas, and the
upper orange in color and low in its mustard-gas con-
tent. The crystals were permitted to melt and the
two liquid layers which formed were separated and
weighed. Each layer was refrigerated as before and
the remaining liquid drained from the crystals, the
weights of which were determined. A second, third,
and fourth fraction of crystals were obtained from the
lower layer on further crystallization. The upper, or
kerosene layer, yielded only one fraction. In draining
off the mother liquor from the crystals the bottles were
simply held in an inverted position for a few minutes.
The data are given in Table XIII.

EXPT. II—This experiment differed from Expt. I in
that the rate of flow of mustard gas was slower in order

to insure more complete extraction. The results are
given in Table XIII.
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EXPT. III—This experiment was exactly like Expt. I,
excepting that the rates of flow of the crude mustard
gas and the kerosene were much slower, and the tem-
perature of extraction was higher. The kerosene used
in this experiment was obtained from the mother liquors
of the two previous experiments. The data obtained
are included in Table XIII.

TaBLg XIII
Expt. I Expt. IT Expt. III
Temperature of extraction, ® C.........vuus 23-26 26-40  50-60
Rate of flow
Mustard gas per minute, cc.......iil.. 77 47 50
Kerosene per minute, CCouuusesennssnne 125 125 83
Mustard gas used
Weight, kilos..... R RS gty 11.9 1158 11.9
Volume, liters..... 9.0 8.75 9.0
Meltmg point, ° C 8.5 ) 8.5
Specific gravity (30°, 1.315 18315 = 12315
Kerosene used
W eight  kll0g sl ST ot et vt oo iore a'e 14.0 15572 12.55
Volume; liters oo Ui i ioaL i oot 17.5 19.0 14.75
Specific gravity (30°)...0 . it i 0.800 0.800 0.800
Kerosene layer
Welght i leil08 i e s ie a s ls ats e aloiorey 16.44 18,27 12
Specific gravity: (302) N Fl iR TRG T, 0.862 0.862 0.862
Per cent mustard gas crystallized....... 11.9 10.1 18.9
W el g h b ] og Ry R e e 4 Tote ok 1895 1.84 2.31
Mcltmg point, Site N 11.6 9.6
Specific gravity (20°) ................. 101928817216
Recrystallization, per cent............. 9.9 s
Weight,ikilos e ol iR D iR 1.8 foin
Melting point; A% Gl e iR itene 11.8 &5
Specificigravity SHSEENE SR EIRR o Qi 1.210 o
Sp. gr. of mother liquor.........ovuvess 0.850 0.850 0.870
Insoluble residue
L3 1R 1 e s R R b i s e 7.16 1.5 2.16
3 s S S O DD S P OO R O 61.2 13.2 18.2
Specific gravity (202) i el s st venriaan. e 1.251 1.246
Mustard gas layer
W elght RIlOg i e s e s aise o s s ola a7y 3.30 6.64 7.66
Melting point, | Ciiioolui i iiiiiii oo, 6.6 6.3 6.5
Specific gravity N R R S s 1.221 1.209 1.244
Per cent crystalhzed ............. 84.3 82.5 68.3
Melting pomt, ............. .6 737 751
Specific gravity (20°) ......... 1.244 1.247 1.252
Per cent rccrystalhzed Sietele alyiatel s er I8 14 96.0 s
Melting pointjee CHFRL LI v iEnn o, 9.5 9%5 5
Specific gravity (20°) ................. 1.246 1.248 3
Summary
Mustard gas from kerosene, kilos....... 1.40 1.13 2.50
Mustard gas from mustard layer, kilos., 2.79 5.47 5523
Total from both layers, kilos........... 4.19 6.60 7573
Pericentiyield s A R e s 35.8 58.1 65.0

Analysis of the layers or crystals by means of dis-
tillation is practically impossible, owing to the fact
that a very large portion of the kerosene boils at the
same point as does the mustard gas.

PRACTICAL TESTS

A large amount of crude mustard gas was extracted
with railroad light oil. The purified product, which
contained railroad light oil, was placed in twelve 75
mm. shells. When these shells were exploded no
flash resulted, showing that the hydrocarbon did not
take fire. At the time of explosion a white cloud of
smoke was produced.

CONCLUSIONS

1—The critical temperatures of solubility of dichloro-
ethyl sulfide with the various hydrocarbons are as
follows:

(o S R e OB BT 19°
Gasoline b vt S Rt atalaar /s 20.4°
R erosene il i e s uarne ety 25.6°
Railroad Light Oil.............. 372

2—The critical temperature of solubility increases
with the increase in the percentage of the more com-
plex hydrocarbons.

3—The critical temperature of solubility of chloro-
mustard gas is considerably below that of dichloro-

. ethyl sulfide.

4—Dichloroethyl sulfide can be extracted from the
crude material, containing 71 per cent, to give yields
varying from 54 per cent to 69 per cent.
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DECOMPOSITION OF AND PRESSURE DEVELOPED BY
MUSTARD GAS IN STEEL SHELL AT 60° C.!

By W. A. Felsing, H. Odeen and C. B. Petersen
CHEMICAL L ABORATORY, EDGEWOOD ARSENAL, EDGEWOOD, MARYLAND
Received July 14, 1920

It has been determined qualitatively that crude
mustard gas (dichloroethyl = sulfide) slowly attacks
iron, and that it is itself slowly decomposed at room
temperatures by contact with iron. Since hydro-
chloric acid is one of the products of this decomposition
of mustard gas, and since mustard gas as commer-
cially produced is never quite dry, the effect of the
decomposition is essentially a corrosion of the iron
by the hydrochloric acid with liberation of hydrogen.
Since the plant of Edgewood Arsenal was loading
steel shell with crude mustard gas for shipment over-
seas, it became highly desirable to ascertain:

(1) The extent of decomposition of the mustard gas in the steel
shells during a two weeks’ journey in cargo vessels, at tempera-
tures as high as 50° C.

(2) The maximum pressure that would obtain inside of the
shell, in order to make provisions for a sufficiently tight or leak-
proof booster-shelljoint, and to provide boosters with sufficient
wallthickness to prevent caving in.

Steel shell filled with mustard gas were therefore
kept at 60° C. for a period of 2 wks., in order to
determine the rate of decomposition and to measure
the pressures developed. ’

The mustard gas shipped was prepared by two

processes, both based upon the interaction of sulfur
monochloride and ethylene. The one (the original
process, designated in this paper as Process A) em-
ployed no initial charge of mustard gas as catalyzer,
was operated at 60° C., and employed lead-lined
reactors; the other (the Levinstein process, designated
as Process B) maintained a 70 to 75 weight per cent
concentration of mustard gas throughout the run
until all the sulfur monochloride had been added,
was operated at 30° to 35° C., and employed simple
iron reactors. The products differed considerably
in color, purity, amount of sulfur held in colloidal
solution, acidity, etc. Both kinds of crude mustard
were investigated. The vast majority of the gas,
however, was prepared according to Process B.

METHODS OF INVESTIGATION

In order to gain information on the two points
stated in the beginning of this paper, two series of
experiments were made. The methods may be out-
lined as follows:

SERIES 1—Three hundred cc. samples of analyzed
crude Process A and Process B mustard gas were
placed in several 75 mm. shell. The shell were tightly
closed by means of rubber stoppers and were kept
in a thermostat at 60° C. (=1°) for a period of 16
days for the Process B samples, and 8 days for the
Process A samples. A test sample was taken every
two days in the order of shell number, two successive
samples being taken from each shell. Two shell
contained crude Process A and four shell Process B

mustard gas, both of excellent quality initially.

To detect any abnormal behavior during the testing

period, a final sample was taken from each of the

! Published by permission of the Chief of the Chemical Warfare Service.
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first four shell at the end of 16 days for the determina-
tion of acidity and final melting point.

SERIES 2—Three hundred cc. samples of analyzed
crude Process B mustard gas were placed in 75 mm.
shell connected with mercury manometers. Also,
samples of Process B mustard gas which had been
treated with gaseous ammonia (this procedure pre-
cipitating out about 7 to 8 per cent of the colloidal
sulfur and destroying the HCI per cent) and of Process
A mustard gas in which gas oil had been substituted
for colloidal sulfur (by .the process of extraction)
were also placed in shell similarly arranged. As a
check, samples of each material were placed in glass
containers, producing the same void as in the steel
shell, and connected to mercury manometers.

TABLE I—PROGRESSIVE DECOMPOSITION OF MUSTARD GAS IN STEEL SHELL

RR ERT Iy i 3
= =20 25,0 Joe b b -
Sy s Gl Ch]
= [ (-¥I%) 2o < ©
: 7] Ty o> A= o o n 5
2 o s u;'g o5 b0 i) oo
=] ; 55 '505 3 3.‘5 aga 3: :g
P2 e ot gns S50 8088 g o<
SAMPLE o i a) 2 > & () B )
S ORS 8100 e g (g e R 60T
1 2 7.90 —0.10 81.5 0.3 0.180 0.020
1 4 7.50 —0.50 80.3 1.5 0.382 @ 0.222
2 6 7.20 —0.80 79.4 2.4 0.417 0.257
Process B 2 8554750 —0.95:-79.0 52,8 0,639 0,479
3 10 7.10 —0.90 79.1 2.7 0.910 0.750
3 12 6.95 —1.05 78.7 3.1 0.645 0.485
40 1476110 W——1700% vl 1t sty Bagyii 1honT
4 16 6.00 —2.00 75.7 6.1 1.535 1.375
LA 0.010,30 s R0 e 8870 na iR H0D70 5 0
5 2 9.40 —0.90 8.1 2.8 1.028 0.758
Process A { 5 4 9,20 —1.10 85.5 3.4 1,308 1.038
6 6 9,60 —0.70 86.8 2.1 0.968 0,698
6 8 9.40 —0.90 86.1 2.8 1.009 0.739
- v
Zero readings were taken on each manometer at

30° C., the temperature of the bath when the manom-
eters were sealed on. All connections had been
tested for leaks. The temperature of the thermostat
was raised to 60° C. and maintained at this tempera-
ture (= 1° C.) for over 10 days. An initial pressure
reading was made one hour after thegthermostat
had been adjusted to 60° C. Subsequent manometer
readings were made twice daily (at 8:30 A.M. and
4:30 P.M.).
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F16. 1—RELATIVE PURITY AND ACIDITY AS A Funcrion or Tiums
METHODS OF ' ANALYSIS
The tests for the determination of the progressive
decomposition consisted of vacuum distillations, melt-
ing-point determinations on the crude and the distilled
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samples, and acidity determinations. The percentage
purity of the distilled product and the relative
percentage purity of the crude were gaged by an
empirically determined purity-melting point relation.!
Acidity determinations were made by adding chloro-
form (to dissolve the mustard gas) and water, and
titrating with a standardized sodium hydroxide solu-
tion. .

In Series 2, melting-point, acidity, and purity tests
were made only at the beginning and at the end of the
1o-day period.

TABULATION OF RESULTS

The results obtained in Series 1 are presented in
Tables I and II; in Fig. 1 are presented the melting-
point lowerings and acidity increases as related to
time in days, and in Fig. 2 the relation of melting-

R FA s
S Ix- PROCESS A MUSTARD GAS P
O PROCESS B MUSTARD GAS A
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ACIDITY INCREASE IN WEIGHT PER CENT
F16. 2—MELTING-POINT LOWERING AS A FUNCTION OF ACIDITY INCREASE

point lowering to acidity increase. The results of the
analysis of initial and final materials of the shell of
Series 2 are presented in Table III. Net decomposition
pressures were obtained by subtracting initial readings
at 60° C. from final readings at 60° C. The thermo-
stat temperature was lowered to 30° C. at the end of
the test period, and pressures were again read. Fig.
3 gives the total pressures corrected to initial barometer
and initial zero readings on manometers. Fig. 4 gives
the same relation of pressure with respect to time with
the additional correction for thermal expansion from
30° C. to 60° C. The lowering of pressure due solely
to gas absorption on cooling to 30° C. is shown in
Fig. 3 by the dotted lines at the end of each curve.

TABLE II—MELTING POINTS AND ACIDITY OF \Ivsnum GAs AT END OF
6-DAy PERIOD

Melting Total M.-P. Total
Shell Point Lowering Increase
SamrLe  No Sy > Acidity in Acidity
te 8.0 3 0.160 A5
1 4.5 35S 2.930 2.770
Process B § 2 5.0 3.0 1.907 1.747
3 5.8 L2552 0.885 0.725
4 6.0 2.0 13535 1.375
e 10.3 e 0.270
Process A { 5 137, 2.6 4.690 4.420
6 8.9 1.4 1.862 1.592

Table II presents the results of determinations of
the melting point and the acidity on the residual
mustard gas in the shell of Series 1 at the end of 16
days.

1 Bureau of Mines, Organic Report 28, April 6, 1918,
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TABLE ITI-——ANALYSIS OF ORIGINAL AND FINAL MUSTARD GAS IN PRESSURE
DEVELOPMENT TESTS (AT END OF 10 DAvYS)

Melting Melting- Relative Change Percent Increase

Point Point  Purity in Acidity, in
SAMPLE ° C. Change Per cent Purity as HCl Acidity

Original Crude Pro-

Cesg Bl et ool 8.0 82.4 0.175
Process B from steel

Shell S e e et 6.4 —1.6 76,5 —5.9 2.040 '1.865
Process B from glass

CONtainer...covesses 7.6, —0.4  81.2 —1.2° 0.456 . 0.281
Process B, ammonia-

A ted o e aratn 8.1 82.7 0.005
Ammonia-treated, from

SRl athore 8.1 2 020 8207 2nt 010156 0. 422 007417,
Ammonia-treated, from

glass container...... 8.6 +0.5 84.4 +1.7 0.012 0.007
Original Sample Process

A + 12 per cent oil., 7.9 82.1 0.073
Process A -+ 12 per cent A

oil, fromshell....... 7.2 —0.7 80.00 —2.1 0.661 0.588

DISCUSSION OF RESULTS

The data obtained in Series 1 offer substantial
proof of a progressive decomposition of mustard gas
in steel shell at temperatures near 60° C. This
time-relative purity relation for Process B mustard
gas is practically a linear function (see Fig. 1). The
increase of acidity with time in the closed steel shell
is also presented in the figure, showing practically
a uniform rise. An increase in acidity goes hand in
hand with a lowering of melting point and a decrease

in actual mustard gas content. This is shown in
Fig. 2.
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(Not Corrected for Thermal Change)

The Process A mustard gas tests were continued
over a period of only 8 days, and though the results
are not as concordant as those on Process B mustard
gas, the decomposition and the increase in acidity
proceed in the same general way as for Process B.
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(Corrected for Thermal Change)

Analysis by means of vacuum distillation does not
yield satisfactory results, because the amount of sulfur
‘precipitated out of colloidal solution varies with the
time, and hence the analysis of the supernatant liquid
is not a true criterion of the purity of the sample.
Further, an actual decomposition of the mustard gas
may be counterbalanced by a precipitation of sulfur,
. the precipitated sulfur adhering to the sides of the
shell. The reliable criterion for determining the
extent of decomposition was the melting-point de-
termination on the undistilled mustard; since in this
determination the colloidal sulfur does not affect
the melting point, while the decomposition products
do. Hence, a relative purity based upon these melt-
ing points is recorded, and the results given graphi-
cally in Fig. 1.

In Series 2, the relation of melting-point lowering
and total acidity is again confirmed; while the re-
lation is not the same quantitatively, the general
behavior and trend is the same. The deviation may
be due to several causes, but it would be idle curiosity
to attempt to make an explanation.

By reference to either Figs. 3 or 4, it will be noted
that a maximum pressure development is attained in
about ¢ days with crude Process B mustard gas.
With the ammonia-treated mustard gas a negative
pressure actually obtained for 3 days, after which a
slight positive pressure was built up. The negative
pressure is very likely the result of the neutralization
of the ammonia in solution and as a gas by the hydro-
chloric acid formed by hydrolysis. It is possible that
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if the tests had extended over a longer period, a pres-
sure as high as with the crude mustard gas would have
been obtained. The pressure developed by the am-
monia-treated mustard gas in glass is practically
nil, and the acidity developed is very slight.

The gas oil-mustard gas mixture in general shows
a behavior similar to that of the ammonia-treated
materials for the earlier part of the test. However,
the pressure soon develops more rapidly and would
undoubtedly reach a maximum sooner.

All samples of mustard gas in steel uniformly turned
deep black, while the samples in glass remained orange-
yellow. (A sample of crude Process B mustard gas,
which was a light orange-yellow originally and which
was sealed up in a glass tube, turned a deep black
after about 16 mo. A sample of pure, colorless
mustard gas, however, was still perfectly clear even
after 20 mo.)

CONCLUSIONS

i

1—A decomposition of both Process A (original
60° C. process) and Process B (Levinstein) mustard
gas takes place in steel shell at 60° C. The extent
of the decomposition is not serious even under the
severe conditions of the investigation.

>—Sulfur is deposited in solid form in shell in
amounts ranging from 3 to 8 per cent of the liquid
content of the shell.

3—The pressure developed in the ordinary steel
shell is at most barely two atmospheres in any one
shell. This seems to be a maximum or equilibrium
pressure, reached after about 9 days.

4—The acid content increases considerably, but
the concentration is not sufficiently high to cause
serious corrosion.

s—A preliminary treatment of the mustard gas
with ammonia gas serves to delay the formation of
pressure. This delay is of sufficient length to warrant
the preliminary treatment of mustard gas which is
to be stored for some length of time in steel shell or
containers.
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THE PRECIPITATION OF SULFUR FROM CRUDE
MUSTARD GAS BY MEANS OF AMMONIA*
By W. A. Felsing and S. B. Arenson

CHEMICAL L ABORATORY, EDGEWOOD ARSENAL, EDGEWOOD, MARYLAND

Received August 19, 1920
Mustard gas (B,8’-dichloroethyl sulfide) was pro-
duced at Edgewood Arsenal by two processes based:
upon the interaction of liquid sulfur monochloride
and ethylene gas. The following equation represents,
in brief, the most probable reaction:
2C2H4 + Szclz = (ClCzH4)zS + S
The equation, as written, does not indicate the formation
of the intermediate compound CIC,H,.S.Cl or of the
disulfide S(C.Hj).S, both of which have been proved
to be present in crude mustard gas. An inspection of
the equation, however, indicates that one atomic

I Published by permission of the Chief of the Chemical Warfare Service,
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weight of free sulfur is formed for every molecular
weight of mustard gas produced. Of the total weight
of the mustard gas-sulfur mixture, the sulfur constitutes
16.76 per cent.

This sulfur does not precipitate out quantitatively
during the course of the reaction. During one process
of manufacture (Process A, the 60° C. process) varying
percentages (2 to 8) precipitated out in the form of a
slimy, amorphous sludge—the greater the moisture
content of the ethylene used, the greater the sulfur
precipitation. During the other process (Process B,
the 30°t0 35° C. Levinstein process) none of the sulfur
precipitated out when the ethylene gas was reasonably
dry. The mustard gas produced by Process A had a
marked tendency to precipitate out sulfur on stand-
ing, the amount remaining in the mustard gas being
about 6 to 8 per cent by weight of the original crude,
1. e., about 50 to 6o per cent of the sulfur finally precip-
itated out, the other remaining in the mustard gas
indefinitely. Lowering of the temperature (complete
solidification) had the same effect, as far as quantity
of sulfur precipitated was concerned. However, in the
Process B mustard gas, the sulfur had but an extremely
small tendency to separate out as free sulfur; in fact,
most of the material produced with dry ethylene showed
only a slight sulfur precipitation after a period of a
month (a sample kept for 22 mo. in a sealed glass
container showed only about a 1 per cent precipitation).
Freezing of the sample also did not cause sulfur pre-
cipitation; repeated freezing and remelting of a sample
of the crude Levinstein mustard gas had no effect on
the sulfur “hold-up.”

During the course of some experiments with Pro-
cess A mustard gas to remove the hydrochloric acid
produced by the hydrolysis of sulfur monochloride and
of mustard gas, Venable and Felsing! bubbled moist
ammonia gas through crude mustard gas. Immedi-
ately crystalline sulfur was deposited in amounts
ranging from 5 to 1o per cent of the weight of the
mustard gas-sulfur mixture. Dry ammonia . passed
through dry mustard gas had no such effect. The
melting point of the ammonia-treated mustard gas was
never higher, practically always the same, and occa-
sionally slightly lower than before treatment. With
the object of ascertaining the effect of ammonia gas
upon the crude Process B mustard gas, in which the
sulfur hold-up was complete, the following samples
were subjected to a uniform ammonia treatment.
Moist ammonia gas was passed through the mustard-
gas sample for 5 min. The sulfur immediately
began to crystallize out. After cooling, the liquid
and crystals were allowed to stand in contact for 6 hrs.,
and the mustard gas was then filtered through a tared
Gooch filter. The precipitate, consisting of sulfur and
a very small quantity of ferric hydroxide, was washed
free of adhering mustard gas with CCl; (saturated
with sulfur at room temperature). The Gooch was
dried at 100° C. and weighed. The ferric hydroxide
was then removed with dilute sulfuric acid, and the
Gooch reweighed after drying. The following table
presents the data obtained:

1 Cleveland Laboratory, Edgewood Arsenal Report, June 18, 1918.
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Melting  Melting Pure

Point Point Mustard-  Per cent Per cent

before after Gas Sulfur Efficiency
: Treatment Treatment Content  Precipi-  of Pre-

SAMPLE 2Ci SC Per cent tated cipitation
L S S s S 9.2 9.20 68.2 6.79 40.50
2 B 8.7 8.65 71.6 6.54 39.00
R S s 7.8 7.80 71.5 7.44 44.35
Rt RO 7.0 6.90 69.4 7.00 41.72
S K305 AT MO 7.4 7.40 64.5 7.10 42.35
(s 8 355 S 8.0 8.05 70.0 6.45 37.46
YA s RS 8.2 8.10 71057, 7.80 46.50
DR R ks 752 7.20 71.0 7.20 42.93

In each of the samples described above, 7o sulfur
had precipitated out before treatment. The mean
weight per cent of sulfur precipitated out was. 7.04,
which means that only 42 per cent of the supposedly
free sulfur was precipitated by the ammonia treatment.
The melting points of the samples after treatment were
practically the same as before treatment. The pure
mustard-gas content was determined on the crude
material before treatment by vacuum distillations and
melting-point determinations on the distilled product.

From the foregoing observed facts and tabulated
data, it is evident that part of the sulfur, at least, is
present in the mustard gas as colloidal sulfur, since its
removal does not materially influence the melting point
of the mustard gas, 7. ., does not catise a raising of the
melting point, which it would have done if the sulfur
had been in true solution. Of course, there is the
possibility that the sulfur existed in the mustard gas as
a compound, but it is hardly probable that this com- .
pound would have the same melting point as the mus-
tard gas. It is also quite apparent that part of the
sulfur is present in the form of compounds, since by no
agency whatsoever has it been possible to separate all
the 16.76 per cent sulfur as such from the body of liquid,
without resorting to a vacuum distillation. = The sulfur,
then, which is in colloidal form in crude Process B mus-
tard gas, is about 40 to 435 per cent, while 55 to 6o per
cent are present in the form of compounds.

SUMMARY

1—When mustard gas is produced from sulfur mono-
chloride and ethylene, only part of the free sulfur
formed separates out.

2—In some cases moisture, freezing, and long stand-
ing cause a partial separation of the sulfur.

3—The addition of moist ammonia causes a pre-
cipitation of about 40 to 43 per cent of the total sup-
posedly “free’’ sulfur.

4—It is pointed out that the observed facts seem to
indicate that part of the sulfur is present in the colloidal
state, while the other part (55 to 6o per cent) seems to be
present in the form of compounds.
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THE INTERSOLUBILITY OF CHLOROPICRIN AND WATER!
By Thos. G. Thompson and John H. Black
CreEMICAL LABORATORY, EDGEWOOD ARSENAL, EDGEWOOD, MARYLAND
Received May 5, 1920
SOLUBILITY OF CHLOROPICRIN IN WATER

Chloropicrin was shaken with a large amount of
distilled water to form an emulsion. The mixture was

! Published by permission of the Chief of the Chemical Warfare Service.
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permitted to stand for 3 days at room temperature in
order to allow the chloropicrin to settle. The water
solution was then maintained at 25° C. for 6 hrs., and
100 cc. samples were analyzed by the method
described below.

The solubility of chloropicrin in water at o° was
determined by shaking thoroughly and standing for
several days in a thermostat at o°. Samples of the
clear solution were treated by the method given below.
If portions of this solution were brought to room tem-
perature, a decided precipitation of chloropicrin re-
sulted. Upon cooling, the emulsion would disappear
and the solution again become clear.

The solubility at 75° C. was obtained by putting
the o° solution for 2 days in a thermostat maintained
at 75°to 76°. The flask holding the solution was stop-
pered in order to prevent evaporation.

METHOD OF ANALYSIS FOR CHLOROPICRIN IN WATER!
—PFifty cc. of alcoholic sodium sulfite were added to
each sample. (This solution was prepared by dis-
solving 10 g. of hydrated sodium sulfite in 250 cc. of
water and diluting with an equal volume of ethyl
alcohol.) The sample was refluxed with an air con-
denser to eliminate alcohol, the refluxing being con-
tinued until all but 1o cc. of the solution had evap-
orated. It was then diluted to 100 cc., and a standard
solution of silver nitrate added in excess, together
with 10 cc. of nitric acid. After boiling to expel the
nitrous fumes and to coagulate the silver chloride, the
solution was cooled and the excess silver nitrate titrated
with a standard solution of ammonium thiocyanate,
using ferric alum as an indicator.

TABLE I
——Temperature ° C ——
: 0 25 75
Grams chlorine in 100 cc. H2O,.vivvvunnnns 0.1472 0.1060 0.0739
. 0.1465 0.1048 0.0753
0.1468 0.1049 0.0695
0.1049 0.0674
% 0.1042 0.0796
. 0.1055 0.0768
At 0,1045 0.0674
Average equivalent chloropicrin,........... 0.2272 0.1621 0.1141
q
SOLUBILITY or CHLORPICRIN
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Table I gives the results obtained by the analysis
of the chloropicrin dissolved in water at various tem-
peratures. The data are illustrated by the curve in
Fig. 1.

1 This method was secured from the Bureau of Mines.
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SOLUBILITY OF WATER IN CHLOROPICRIN

The apparatus consisted of a glass cylinder, sealed
at one end and fitted at the other with a two-hole
rubber stopper. A thermometer was placed in one
hole of the stopper and a small glass tube, the length
of the stopper, in the other. Through this tube was
introduced a glass stirring rod with a loop at one end.
Chloropicrin was placed in the apparatus and very
small portions of water introduced. The mixture was
slowly heated and constantly stirred until all the water
had gone into solution. The apparatus was then
cooled and the temperature noted at which a white
cloud appeared in the solution, due to the precipitation
of water. The tube was again heated and the tem-
perature at which the solution cleared was noted.
The average of the temperatures for precipitation and
the clearing of the solution was taken as the tem-
perature of solubility. The data collected are reported
in Table IT and illustrated in the accompanying solu-
bility curve (Fig. 2).

TaABLE II
Temperature of .
H:0 ~—~—Chloropicrin— Miscibility H;0 per 100 G.
Gram Ce. G. 2.CJ Chloropicrin
0.1098 29.3 48.49 55 0.2265
0.1098 35.8 59.25 50.8 0.1853
0.1098 40.3 66.70 48 0.1647
0.1098 53.4 88.38 41 0.1243
0.1098 56.0 92.68 36 0.1185
0.1098 66.0 109.25 32 0.1003
CONCLUSIONS

1—Chloropicrin is only slightly soluble in water,
the solubility decreasing with increase in temperature.
2—Water is only slightly soluble in chloropicrin,
the solubility increasing with increase in temperature.
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CONTROL EXPERIMENTS IN CHLOROPICRIN MANU-
FACTURE. I—THE EFFECT OF VARYING QUAN-
TITIES OF LIME UPON THE YIELD OF
CHLOROPICRIN!

By H. L. Trumbull, G. T. Sohl, W. I. Burt and S. G. Seaton
CHEMICAL L ABORATORY, EDGEWOOD ARSENAL, EDGEWOOD, MARYLAND
Received July 14, 1920

In the manufacture of chloropicrin at the Edgewood
Arsenal during the summer of 1918, the method in-
volved the following steps: The preparation of the
soluble lime salt of picric acid by mixing picric acid
andJan excess of lime with water, the preparation of a
sludge of water and bleaching powder, the mixing of
these two solutions in the large reactors, and the
digestion and steam distillation which gave chloro-
picrin in the distillate. The production of large
quantities of chloropicrin by this method was realized,
although the employment of the violently explosive
picric acid necessitated the exercise of care and vigi-
lance at all times. To avoid danger and to decrease
expense, it was necessary to conduct the reaction in
such a way as to produce the highest yield of the final
product. The employment of calcium picrate instead
of picric acid in the reaction was in harmony with the
dictates of safety, since the lime salt is much more
soluble than the free acid (or even the sodium salt),
and the difficulties involved in working in dilute solu-
tions or in nonhomogeneous suspensions were thereby
completely avoided. It seemed the part of wisdom
to prepare solutions in the presence of an excess of
lime which served as a margin of safety in the operation
of the process. The laboratory was requested to
investigate the effect of adding varying quantities of
lime upon the yields of chloropicrin.

EXPERIMENTAL METHOD

The materials employed for the preparation of
chloropicrin were carefully analyzed, with the follow-
ing results:

Lime e e e 95.54 per cent CaO

Plcrictacid iz seain T 99,80 per cent free acid, no sulfates

Bleaching powder
Sample;l i iR, 33.30 per cent available chlorine
Samplei2 50 ST ahal 32.21 per cent available chlorine
DA P& 3 T ARE TR 33.3 per cent available chlorine

The best yields were obtained when the bleaching
powder was made up to a thick paste with water, and
the solution of picric acid or calcium picrate, as the
case might be, was added in small portions with shaking
and cooling, the temperature being kept below 30° C.
The loss of chloropicrin was prevented by keeping
the flask tightly stoppered during the addition. For
a neutral solution 300 g. of bleaching powder, 30 g.
of picric acid, and 3.85 g. of lime were employed.

Before conducting the steam distillation, the flask
was connected to the condenser and gently heated
until the yellow color had disappeared. Too rapid
heating at this point not only led to lower yields of
chloropicrin but also left a yellow residue, which was
not decolorized upon subsequent treatment with
bleaching powder, followed by steam distillation.
From the distillate the chloropicrin lower layer was
drawn off and weighed, the amount dissolved in the
aqueous layer being estimated from the solubility
curve. Ordinarily, the latter quantity increased the

1 Published by permission of the Chief of the Chemical Warfare Service,
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the yield by about x per cent. Yields are reported on
the basis of the ratio by weight of chloropicrin to
picric acid.

To illustrate the importance of keeping the mixture
cool during the picric acid or picrate addition, four
experiments were conducted in which the picric acid
was added in one step without cooling, the ratios
obtained being 1.68, 1.68, 1.67, and 1.65. Upon repeti-
tion of the experiment with cooling and stepwise ad-
dition of the picric acid, the ratio was 1.75 in two ex-
periments.

In all the experiments, 30 g. picric acid, 300 g.
bleaching powder, and 1200 g. water were employed.

The yields obtained by varying the amount of lime

are shown in the following table:
‘Wt. of Chloropiecrin
AMOUNT OF LIME Wt. of Picric Acid

0 1.76
1575,
1.75

3 e 85 S (110 CXCESS) e v i Lt e sl e

et ht et ot et ot ot
~
o

4324 g (10; per cent excess),  iniiLie i, 5 60

Pt et ot et ot St Bt Bkt
(=]
o

5:00: g5 (30 pericentiexcess) i tiaran s

_~_-_——~
3

CONCLUSION

Under conditions which approximated as closely
as possible those employed in the chloropicrin plant
at Edgewood Arsenal, an excess of lime had no influence
upon the yield of chloropicrin. Indirect support of
this conclusion was furnished by some experiments
conducted by Rowland J. Clark, at Edgewood, which
showed that upon refluxing chloropicrin with water
or calcium hydroxide very little hydrolysis occurs.
After refluxing for one hour with water, it was found
by estimating the chloride ion liberated, that o.21
per cent of the chloropicrin was hydrolyzed. With
calcium hydroxide solutions the hydrolysis which
occurred in one hour was practically the same as with
water, viz., o.24 per cent. The absence of nitrites
in the residue from the refluxing with calcium hy-
droxide was established by a qualitative test. This
fact is somewhat surprising, since at the boiling point
of chloropicrin brown fumes are evolved, frequently
with explosive violence.

CONTROL EXPERIMENTS IN CHLOROPICRIN MANU-
FACTURE. II—ACTIVE CHLORINE IN THE SLUDGE
FROM THE MANUFACTURE OF CHLOROPICRIN!

By H. L. Trumbull, S. G. Seaton and Howard Durham
CHEMICAL LABORATORY, EDGEWOOD ARSENAL, EDGEWOOD, MARYLAND
Received July 14, 1920

In the manufacture of chloropicrin it was necessary
to use a fairly large excess of bleaching powder in
1 Published by permission of the Chief of the Chemical Warfare Service®
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order to decompose completely the calcium picrate
during the steam distillation. It was obviously de-
sirable to know what happened to this excess of bleach-
ing powder during the steam distillation.

The following experiments establish the approximate
rate at which active chlorine disappears during steam
distillation, first, in the residue left after the prepa-
ration of chloropicrin, and, second, in a more con-
centrated solution containing the same concentration
of bleaching powder as that originally present in the
chloropicrin stills. Finally, analyses were made to
determine the concentration of active chlorine remain-
ing in each of the ten plant stills at the end of the dis-
tillation which removed the chloropicrin from the
sludge.

TABLE I—PERCENTAGES Oor ACTIVE CHLORINE
After Distilling After 0.5 Hr, Steam After 1.5 Hrs. Steam

off Chloropicrin Distillation Distillation
0.0330 0.0262 0.0157
0.0505 0.0218 0.0172
0.0459 0.0242 0.0160

The residue left in the flask when chloropicrin was
prepared as described in the preceding paper was
analyzed for available chlorine by the iodometric
method. The sludge was then subjected to steam
distillation for periods of one-half and one and one-
half hours, respectively. The analyses furnish ap-
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proximate data for the rate at which bleaching powder
is decomposed by steam.

When higher initial concentrations of the hypo-
chlorite were employed, the rate of decomposition
with steam was noticeably higher. The initial con-
centrations shown in Table II correspond to those
employed in the plant.

TABLE IT—PERCENTAGES OF ACTIVE CHLORINE
After 1 Hr. Steam After 2 Hrs. Steam

INITIAL Distillation Distillation
6.98 2:52 0.714
6.18 3.21 0.747

Samples of the sludge left in the chloropicrin stills
at the end of the distillation were analyzed. The
conditions under which the various runs were made
and the concentrations of the active chlorine based
upon the weight of the sludge are shown in Table

III. The results show that the concentration of active
chlorine is very low in all cases.
TasLE 11T
No. of Max. Temp. during Percentage Active
Still Distillation Cl in Sludge
1 0 0.28
243 5 0.24
314 0 0.28
4., 0 0.28
5% 0 0.285
6 0 0.32
735 0 0.29
8., 0 0.29
9.. 0 0.26
10 0 0.22

ORIGINAL PAPERS

A STUDY OF THE REACTIONS OF COAL SULFUR IN THE
COKING PROCESS!?

By Alfred R. Powell
EXPERIMENT STATION, BUREAU OF MINES, PITTSBURGH, PA.
PREVIOUS INVESTIGATIONS

The sulfur of coal has now been definitely established
to exist as pyrite or marcasite, FeS,, organic sulfur,
and a rather small amount of sulfates, and accurate
methods have been devised for the determination of
these different forms.® The behavior of each form
during the destructive distillation of coal is of theoreti-
cal interest, as well as of the greatest technical impor-
tance, since the reactions of the coal sulfur will deter-
mine the percentage of sulfur left in the coke and the
nature and the amount of the sulfur compounds in
the by-products.

The percentage of coal sulfur expelled during the
coking process varies over wide limits, and this varia-
tion has always been supposed to be due to different
relative percentages of sulfur forms in the coal.!
M’Callum states® that he separated coal into different
fractions by specific gravity methods, thereby securing
a partial separation of the organic and the inorganic
sulfur. From coking tests on these fractions he con-

i Published by permission of the Director of the U. S. Bureau of Mines.

2 Presented by title at the 59th Meeting of the American Chemical
Society, St. Louis, Mo., April 12 to 16, 1920.

3 A, R. Powell and S. W. Parr, “A Study of the Forms in Which Sulfur
Occurs in Coal,” University of Illinois, Engineering Experiment Station,

Bulletin 111 (1919).
4 Fulton, “Treatise on Coke,” International Textbook Co., Scranton,

Pa., 1905, pp. 38-40.
5 Chem. Eng., 11 (1910), 27.

cluded that a somewhat greater percentage of the
organic sulfur was volatilized than the inorganic,
but no very sharply cut difference was noticeable.
J. R. Campbell’ stated that most of the coal sulfur
was present as pyrite, that 42 per cent of this was
volatilized during the coking process, and that the
remainder was left in the coke as pyrrhotite. He also
stated that most of the organic sulfur was retained
in the coke.

Some tentative conclusions have been drawn by S.
W. Parr? concerning sulfur in the coking process
from his work on the low temperature carbonization
of coal. He states that ‘“the organic sulfur in the
raw coal and half of the sulfur of FeS; is for the most
part discharged at relatively low temperatures.”” This
occurs at about s00° C. At about 700°, the sulfur
of the FeS formed from the FeS; is taken up by carbon,
leaving free iron in the coke.

It therefore appears that different investigators
have obtained widely divergent results, and have
advanced many different theories as to the reactions
undergone by the coal sulfur during carbonization.
The present investigation was undertaken with the
idea of carbonizing a variety of coals under carefully
controlled conditions, and studying the character and
amount of the wvarious sulfur compounds formed.
Since these analyses were to be made over every
period of the carbonization process, a complete and
detailed picture could be obtained of the changes occur-
ring in the coal sulfur.

L Bull: Am. Inst. Mining Eng., 1916, 177,
2 Jbid., 1919, 1807.
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F1g. 1—APPARATUS USED IN THE STUDY OF COAL SULFUR CONVERSION IN THE COKING PROCESS

APPARATUS

The apparatus was designed to coke about 5 g. of
coal, and was so arranged that the temperature of
the coking chamber could be controlled at all times
to within a few degrees. At first thought, criticism
might be made of this procedure, in that the quantity
of coal used was so small. However, when it is con-
sidered that the primary coking reaction was desired,
without the secondary effects produced by the travel
of the gases through the hot coking mass, it is seen
that the use of such a small quantity is essential.
Furthermore, uniform temperature and close tempera-
ture control are impossible with a large quantity of
coal.

Details of the coking apparatus as finally perfected
are shown in Fig. 1. The coking chamber consisted
of a five-eighths inch fused silica tube. The coking
charge of 5 g. of the powdered coal was evenly
distributed over 4 in. of the middle portion,
with asbestos plugs at each end of the charge. A
cotton plug was placed at the outlet end of the tube
to act as a tar filter.

The charge was heated by a nichrome-wound tube
furnace, which consisted of an alundum tube, of a
somewhat greater diameter than the tube containing
the charge, around which was wound nichrome wire
of such a size and length that 1000° could be easily
attained. The resistance wire was set in a mixture of
alundum cement and water glass, and heat insulation
was obtained by wrapping around the furnace several
layers of heavy asbestos paper. Temperature readings
were taken by means of a Hoskins thermocouple, the
end of which rested against the outside of the coking
tube at the point where the coal charge had been
placed. Since the temperature of the run was main-
tained for 2 hrs. in the furnace, the temperature on
the outside and inside of the silica tube must have
been the same.

A slow stream of dry carbon dioxide was passed
into the inlet end of the coking tube during certain
periods of the run to act as a rinsing agent. This
carbon dioxide was generated by the action of hydro-
chloric acid on calcium carbonate, and was. passed
through sodium bicarbonate and calcium chloride.

This procedure was followed only at the beginning
of a run to insure a non-oxidizing atmosphere over the
coking charge, and at the end of the run to rinse out
the last traces of volatile sulfur compounds.

The outlet and tar filter end of the tube was sur-
rounded by a copper water bath of the design used
by the Steel Corporation for the same purpose. By
means of this device the temperature of the tar filter
was at all times kept at 9o°. The gas from the outlet
end of the tube passed directly into a flask containing
ammoniacal cadmium chloride which removed the
hydrogen sulfide. The gas then passed through an
absorption bulb containing absolute alcoholic potash,
by means of which the presence of carbon bisulfide
could be established. This last absorption bulb was
replaced in certain runs by a Referee’s total sulfur
apparatus.

METHOD OF PROCEDURE

After the charge of coal had been placed in the tube
and the steam bath around the tar filter brought up
to the required temperature, a stream of carbon dioxide
was started through the tube, and at the same time the
heating current was turned on. After a few' minutes
the carbon dioxide was shut off, and the electric
current was carefully regulated by means of a rheostat
so as to bring the temperature slowly up to that
required for the run. In the case of the higher tem-
perature runs this gradual increase sometimes required
as much as one hour.

SULFUR IN TAR—The run was continued for 2 hrs.
at the temperature desired, this length of time being
considered necessary to bring the reactions to equilib-
rium. The current was then shut off and carbon
dioxide again run through for a few minutes. The
coking tube was removed from the furnace, and as
much of the tar as possible taken out for a sulfur
analysis, which was made by the use of Eschka mix-
ture. This determination must be considered only
approximate, but, since it involved such a small
portion of the coal sulfur, was sufficiently accurate for
this investigation.

SULFUR IN COKE—The coke was shoved out of the
tube by means of a long iron rod, separated as thor-
oughly as possible from the asbestos plugs, and ground
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TABLE I—SOURCE AND PROXIMATE ANALYSIS OF CoaLS USED IN EXPERIMENTS &
: Mois- Volatile Fixed
No. Namg SOURCE ture Matter Carbon Ash Sulfur
21100 ‘T'ennessee Tennessee, Morgan Co. Coal Creek, Couger-Baker 0.74. 39.05 ' 52.40 7.80 25
20507 Pocahontas West Virginia, McDowell Co,, Pocahontas No. 3, Mine No. 7 0.39 :.’;2.88 70.47  6.25 8.56
18847 Pittsburgh Pennsylvania, Bruceton, E‘{penmental Mine, Bureau of Mines l.57 38.72 © 54.95 4.75 1.72
23066 Uppcr Freeport Pennsylvania, Butler Co Upper Freeport, Cunningham Coal Co. 204553 301 ] 56.36 8.49 1.21
33945 Joliet Mixture of 65% Pocnhontds 20% Lynch, Ky., and 15% washed Franklin Co., Ill., 0.92 26.28 65.60 7.20 0.82
coal. As charged at coke ovens, Illinois Steel Co., Joliet
33819 Raw Vaudalia Vandalia, Ind. 2535 38.05 49.60. 10.00 1.38
33820 Washed Vandalia  Vandalia, Ind, Same as above but washed | 2148839552 5073 5702701018

1 All samples were in an air-dry condition.

in a porcelain mortar to 1oo-mesh size. It was then
placed in a flask so arranged that a current of hydrogen
could be passed through and the outgoing gas-bubbled
through ammoniacal cadmium chloride. One hundred
cc. of a 1:1 mixture of concentrated hydrochloric
acid and water were poured over the coke and the
contents of .the flask heated to boiling, for about 15
min., while a brisk stream of hydrogen was passed
through. The hydrogen sulfide given off was a measure
of the metallic sulfide content of the coke, that is,
the ferrous sulfide and pyrrhotite. It was estimated
by treating the cadmium sulfide precipitate with an
excess of hydrochloric acid and standard iodine solu-
tion, and titrating back with thiosulfate.

A sulfur analysis of the hydrochloric acid extract.

filtered off from the coke gave the sulfate content of
the coke. The coke was then treated with 1:3 mix-
ture of concentrated nitric acid and water, and allowed
to stand at room temperature for 24 hrs. The extract
was filtered, the nitric acid evaporated off, and sulfur
and iron determined in the resulting residue. By
this means the undecomposed pyrite of the coke was
figured. = The iron value proved to be a good means
of checking the sulfur, since the iron-sulfur ratio
proved whether or not the nitric acid had selectively
extracted pyrite.

In most cases the residual coke was d1scarded the
sulfur in it being calculated by difference, but in a few
runs the sulfur was determined directly. In all such
cases the sum of the sulfur determinations checked
very closely with the total sulfur of the coal.

SULFUR IN VOLATILE MATTER—The sulfur which
had been given off from the coal in the form of hydrogen
sulfide had been caught in the ammoniacal cadmium
.chloride flask of the coking apparatus. It was esti-
mated as just described under the determination of
metallic sulfide in the coke. Carbon. bisulfide in the
volatile matter was tested for by boiling the contents
.of the alcoholic potash absorption bulb, acidifying
with acetic acid, and adding copper acetate. The
presence of a reddish brown precipitate would indicate
.carbon bisulfide.

DESCRIPTION OF COALS USED ,
Bight coals were used during these investigations.
‘Table I gives the laboratory number, the name under
‘which the coal will be referred to hereafter, a general
.description: of the source, and the proumate analysxs
of each coal. :

TABLE II—ANALYSIS OF SULFUR ForMS
(Values gwen in per cent, air-dry basis)
Sulfate Or;

‘No. Coar Total Pyritic rgani
21100—Tennessee...\. .. .. 4.25 1.75 0.71 1.79
‘20.307—Pocahontns & 0.56 0.08 0.01 0.47
18847—Pittsburgh.. 1572 0.79 0.23. £.0.70.
23066—Upper Freeport 1.21 0.47 0.07 0.67

7:33945—Joliet . of . Sy 0.82 0.26 0.00 | 0.56
33819-—Raw Vandalia........ 1.38 0.70 0.03 0.65
33820—Washed Vandalia..... 1.18 0.25 0.03 0.90

A complete analysis, by the method of Powell and
Parr,! was made on all the coals for the different forms
of sulfur present. The results are given in Table II.

EXPERIMEN'TAL RESULTS

EFFECT OF TEMPERATURE ON PYRITE—Since pyrite
is one of the most important sulfur constituents of
coal, it was necessary to study its behavior at different
temperatures before going ahead with the study of
coal itself. Very little pyrite was decomposed up to
500°%, but at 1000° the decomposition was complete.
Table III shows the changes in the forms of sulfur in
mineralogical pyrite between o° and ro00°.

TABLE II[—ANALYSIS OF PYRITE BEPSRL AND AFTER DECOMPOSITION

AT 1000°
02C 1000° C.
Pyriticoulfurs e S T e 48.52 0.00
Sulfate SHlEue e s vl ios 0.16 0.00
Hree: Sulfur Bt siti s el i © 0.00 21.88
Sulfidessulinrea i e 0.00 24.24
SHl s S e e e 0.00 2.56
L OTAL R It S SR S 48.68 48.68

These results point pretty clearly to the following

reaction:

FeS; = FeS 4 S
The sulfide content of the decomposed pyrite is prac-
tically in quantitative accordance with this reaction.
Owing to the presence of moisture or other hydrogen
yielding bodies, a small part of the free sulfur has been
converted into hydrogen sulfide.

After pyrite has been heated the residue is almost
invariably magnetic. This is not due to the presence
of free iron but to the fact that the residue is not plain
ferrous sulfide, but pyrrhotite, or magnetic sulfide of
iron. It has been shown that pyrrhotite is not a
definite compound, but is a solid solution of sulfur in
ferrous sulfide.? The amount of sulfur which is
present in the sulfide is determined by the temperature
and the partial pressure of free sulfur over it. In an
atmosphere of hydrogen sulfide, the maximum amount
of sulfur retained in ferrous sulfide is 6.0 per cent at
600°. At 1000° the percentage is 3.5 per cent, and at
1300° it is 2.0 per cent.

At 1000° the partial pressure of free sulfur in an
atmosphere of hydrogen sulfide is 70 mm., or a little
less than one-tenth of an atmosphere. This amount
of free sulfur in the space above the pyrrhotite holds
its ‘content of dissolved sulfur at 3.5 per cent, as has
been stated. If, however, as is true in actual practice,
the amount of hydrogen sulfide, and therefore  the
amount of free sulfur, present is very small, the per-
centage of sulfur dissolved in the ferrous sulfide is
very much less than 3.5 per cent. When the residue
from the heated pyrite was dissolved in acid, the
sulfur left undissolved and in the free state was denoted
by ‘a very slight cloudiness of the solution. The

1 Loc. cit.
2E, T. Allen, J. L. Crenshaw 'and John Johnston,
Sulfides of Iron,” Am. J. Sci,, 33 (1912), 169,

‘“The ' Mineral
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indications were that it would amount to only a very
small fraction of one per cent. Under these circum-
stances, it can be neglected for quantitative purposes,
although it explains the weakly magnetic character
of the pyrite residue.

Because of these considerations, all the calculations
of this investigation have been based on the decom-
position of pyrite to form ferrous sulfide and free
sulfur, but it must be remembered that a small part
of the sulfur remains in the ferrous sulfide in the form
of a solid solution.

No free iron existed in the residue from decomposed
pyrite or in finished coke, as shown by microscopic
tests. When an acid solution of a copper salt was added
to the finely powdered substance no metallic copper
could be detected under the microscope, thus proving
the absence of free iron.

DECOMPOSITION OF PYRITE-COAL MIXTURE—A further
study of the decomposition products of pyrite was
made, in which the pyrite was incorporated with a
coal of known composition, so that all secondary
reactions could be noted. The mixture contained 50
per cent of mineralogical pyrite and 50 per cent of
Tennessee coal. The results of this test are given
in Table IV.

TABLE IV—DicompostTioN oF PyritE-CoAL MIXTure AT 1000° C.

0° 1000°

Pyritic Sulfur.......... 25.14 0.00
Sulfate Sulfur.......... 0.39 0.00
Organic Sulfur Sias 0.90 1.93
Hree Sl e R e e s s 0.00 P22
Sulfide Sulfur........ s 0.00 13.12
Sulfur as HaS 0.00 6.08
Tar Sulfur. .. 0.00 0.08
R PN e i A WO T A 26.43 26.43

It may safely be assumed that the sulfate form will be
reduced to the sulfide. Subtracting the sulfide sulfur
from this source from the total sulfide sulfur leaves
12.73 per cent as the sulfide sulfur coming from the
pyrite. This figure is very close to 12.57 per cent or
one-half the pyrite sulfur. The complete decomposi-
tion of pyrite in coal must therefore yield ferrous
sulfide and free sulfur, which later changes to hydrogen
sulfide if an excess of hydrogen yielding matter is
present.

TENNESSEE COAL—The results of a complete study
made upon the Tennessee coal of sulfur distribution
at different temperatures are given in Table V.

It will be noted that the sulfur not found in any
other type of compound is placed under the head of
“organic sulfur.” That the coal sulfur other than
that of the pyrite and sulfates is organic in nature
has been proved.! This organic sulfur persists almost
unchanged in type up to 400°. Between 400° and
500° a decided change in its characteristics takes
place. This is shown by the fact that treatment with
nitric acid and subsequent treatment with ammonia
does not take into solution the compounds containing
the organic sulfur.

That organic sulfur is present, even in the finished
coke, and that its percentage is higher in the coke
than it was in the original coal has been well proved
by Wibaut and Stoffel,> who have produced a form

1 Powell and Parr, Loc. cit.
? Rec. trav. chim,, 38 (1919), 132.

«and hydrogen sulfide.
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of organic sulfur much resembling that of the coke
by heating together sulfur and sugar.

From the results given in Table V, it is possible
to calculate the nature and magnitude of the probable
reactions undergone by the various forms of coal
sulfur during the coking process. This is simplified
by the preliminary study of pyrite decomposition.
In the presence of a large excess of coal substance,
pyrite decomposes quantitatively into ferrous sulfide
Also it may safely be assumed
that any sulfate present will be reduced to sulfide.
The pyrite decomposed will give a measure of the
hydrogen sulfide from this source, but in every case
the actual hydrogen sulfide produced is greater than
this. A probable source of this excess hydrogen
sulfide is the organic sulfur, which makes a third
probable reaction. The sulfur of the tar, being en-
tirely of an organic nature, must find its origin in the
organic sulfur of the coal. This makes a fourth
measurable reaction. It may be noticed that the
sulfide sulfur of the coke is generally present in smaller
amount than would be formed from the decomposi-
tion of the pyrite and the reduction of the sulfate form.
This seems to be accounted for by a rather peculiar
reaction, namely, the transference of a portion of the
sulfur combined as sulfide to a sulfur-carbon com-
bination. This fifth reaction has been noted by
other investigators.! The evidence for this last
reaction is simply the fact that during the latter
stages of the coking process there is quite a decided
increase in the sulfur held in the carbon-sulfur com-
bination, with a decrease in the amount of sulfides
present. The carbon-sulfur combination formed by
this reaction has all the properties of the remainder
of the sulfur existing in this form in the coke.

TABLE V-—DISTRIBUTION OF SULFUR IN TENNESSEE Coar No. 21100
(Values given in percentage by weight of original air-dried coal)

0° 300° 400° 500° 600° 1000°
Pyritici S Ul e o s e 1275581575815 428 053 19505 00502 00
Sulfate Sulfur.......00... ... 0.71 0.55 0.44 0.01 0.01 0.00
Organic Sulfur.............. 15798815 63217 S 181570551 8 72551 81
Sulfide Sulfur....... .. .00, 0.00 0.13 0.44 0.93 (l)gg 0.84
/ 2 i 3 S952a:
0.00

TABLE VI—REACTIONS OCCURRING IN CARBONIZATION OF TENNESSEK
CoAL (Results expressed in per cent sulfur on basis of air-dried coal)

Temperature FeS: = FeS MSO; Organic  Organic S MS =
Range ° C. + H2S = MS S = H:S = TarS OrganicS
0-300 0.00 0.16 0.19 0.00 0.00
300400 0.33 0.11 0.05 0.05 0.00
400-500 1.11 0.43 0.25 0.05 0.49
500-600 0.31 0.00 0.03 0.06 0.26
600-1000 0.00 0.01 0.05 0.00 —0.02
ToTAL 1.75 0.71 0.57 0.16 0.73

In addition to the five reactions or classes of reac-
tions enumerated above, there are several others
which have been noted but have not been measured,
owing either to their complexity or to difficulties of
analysis. Prominent among these is the formation
of pyrrhotite, already noted, and the decided trans-
formation in the characteristics of the organic sulfur
compounds between 400° and 500°. Other reactions,
of a secondary nature, also occur in retorts. Reactions
between the organic sulfur compounds and hydrogen
of the gas to form hydrogen sulfide, and between

1S. W. Parr, Am. Inst. Mining Eng., 1319, 1807; J. P. Wibaut and A.
Stoffel, Loc, cit.
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hydrogen sulfide and red-hot coke to form carbon
bisulfide may be mentioned as typical. That carbon
bisulfide is not a primary product of coal distillation
is shown by the results obtained above. This fact
has been known for some time.!

Following the facts given above, the magnitude of
each of the five measurable reactions has been cal-
culated for each temperature range. A summary of
these calculations is given in Table VI, the results
being expressed in the per cent of sulfur undergoing
the reaction on the basis of the original air-dried coal.
It was necessary to express results in this manner in
order to get comparable figures.

The courses of these reactions are represented
graphically in Fig. 2. The decomposition of the
pyrite begins at 300°, is complete at 600°, and reaches
its maximum between 400° and 500°. The reduction
of the sulfates is practically complete at 500°,  From
one-quarter to one-third of the organic sulfur is de-
composed with the production of H.S, this decomposi-
tion occurring for the most part below 500°. At the
lower temperatures of coking, a small part of the
organic sulfur finds its way into the tar. Not more
than one-tenth of the coal organic sulfur is so dis-
tributed. From 400° to 500° a large part of the

3 Lewes, “The Carbonization of Coal,’”” John Allan & Co., 1912, p. 274.

REACTIONS CAUSING THE VARIATIONS ARE NOTED

ferrous sulfide is decomposed, the sulfur apparently
entering into combination with the carbon.

POCAHONTAS COAL—The values for sulfur distribu-
tion in the Pocahontas coal are given in Table VII,
and a summary of its reactions in Table VIII.

TaBLE VII—DISTRIBUTION OF SULFUR IN PocanonTAs Coar, No. 20507
(Values given in per cent of original air-dried coal)

0° 300° 400° 500° 600° 1000°
Pyritic Sulfur... o0 ... 0.08 0.07 .09 0.01 0.00 0.00
Sulfate Sulfur.......... 0.01 0.02 0.02 0.00 0.00 0.00
Organic Sulfur......... 0.47 0.47  0.44 0.43 0.35 .0.27
Sulfide Sulfur.......... 0.00 0.00 0,00 0.04 0.05 0.09
Sulfur as HsS. . 2 0.00 0.01 0.06 § 0.17
Tar Sulfur..... 0.00 0.00 0.02 0.03
Sulfur as CSa.. 0.00 3 5 0.00

L O AL st icicletodiaters

TABLE VIII—REACTIONS OCCURRING IN CARBONIZATION OF POCAHONTAS
CoaL (Results expressed in per cent sulfur on basis of air-dry coal)

Temperature  FeS; = FeS MSO« Organic S Organic S MS =
Range, °C. H>S = MS = HsS. = Tar$S Organic S
0-300 0.00 0.00 0.00 0.00 0.00
300400 0.00 0.00 0.01 0.00 .00
400-500 0.07 0.01 0.01 0.02 0.00
500-600 0.01 0.00 0.07 0.01 —0.01
600~-1000 0.00 0.00 0.04 0.00 —0.04
TOTAL 0.08 0.01 0.13 0.03 —0.05

This coal differs from the Tennessee coal in that
it is of a semi-bituminous type and also in the fact that
its sulfur content is considerably lower. Furthermore,
a very large proportion of the total sulfur is organic,
with very little pyrite and practically no sulfate.
This may account for some of the differences in the
reactions between the two coals.
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o S TABLE X-—REACTIONS OCCURRING IN CARBONIZATION OF PITTSBURGH
The reactions of the sulfur in the Pocahontas coal mCoArL (Resultslexpressed in'per cent sulfur on basis of air-dried coal)

are shown graphically in Fig. 3. 'In two particulars, Tﬁmpcmguée Feﬁ:_ = TeS MSOL  Organic S Organic S MS=
. . . ange 3 25, = M = Ha = Tar rganic

these reactions differ matenally. 'from those of t}}e 5550 o o oiis o 055 ¥ oo

Tennessee coal. The decomposition of the organic - 500-1000 0.32 ..0.00 0.00 0.00 0.23

sulfur to form hydrogen sulfide is more pronounced LoTal 02 L2 o5 O AT

at the higher temperatures than at the lower degrees - A study of these reactions reveals the fact that they

of heat. Instead of a tendency of the sulfide sulfur do not differ essentially from those undergone by the
to be converted into organic sulfur, the reverse of this Tennessee coal.

seems to be true above s00° This can be explained UPPER FREEPORT COAL—The Upper Freeport coal
by the fact that very little sulfide sulfur can be formed gave the. results and reactions shown in Tables XI
from the small percentage of pyrite and sulfate, whereas  and XII. ;

organic sulfur is present -1 »falrly large quantltles' TABLE XI—DISTRIBUTION OF SULFUR IN UPPER FrREEPORT CoAL, NoO, 23066

The reaction would seem to be reversible and an (Values given in per cent of original air-dried coal)
g - N o o -
excess of one form of sulfur causes the equilibrium to o8 0 200 1000
‘ Pyriticioulfuciaa s nsas el i ng: 10547 0.33 0.00
shift toward the other form. - Sulfate SUfUr. . .ovessnsnes s 0.07 0.01 0.00
» & Organic Sulfurit STt S o, 0.67 0.58 0.66
PITTSBURGH COAL—In Tables IX and X are given SulfideSulfur............ . 0.00 0.09 0.12
: ; g Sulfur as HsS, . 0.00 0.17 040
the results obtained for the Pittsburgh coal.. This - Tar Sulfur. ... 0.00 0.03 0.03
e T, t ¢ oy Sulfur as CSa.. 0.00 0.00 0.00
RESRORTDONIZEC Sugo VELUTEOMLE IID ELARMICo) i » OO R AT, L OTAT s i Pt pr P 1.21 1.21 1.21

o
I000 . - ’
* TaABLE XII—REACTIONST OCCURRING IN CARBONIZATION OF UPPER FREE-

PORT, COAL (Results_expressed in’ per cent sulfur on basis of air-

TABLE IX—DISTRIBUTION OF SULFUR IN PITTSBURGH CoAL, No. 18847 ; dried coal) ;
(Value given in per cent of original air-dried coal) Temperature FeS; = FeS MSO:  Organic S OrganicS MS =-
0° 500° 1000° Range °C. = + H:S  =MS = H:S = TarS Organic
PyriticiSulfurit 3T o YT 0.79 0.32 0.00 0-507 0.14 & 0.06 0.10 0.03 ° 0.04
%ﬂlfﬁt§ SS““;}H’ ----------------- 8;8 892 8gg 500-1000 0.33 0.01 0.06 0.00 0.14
AN IS U I T i s e 0 = 6o 0 A7 D07 D18 0.03. 018
Sulfide Sulfurs. E50%0l 7 oz 0.16 Torar 0.47 0:07 0.16 203 0z 8
Sulfur as HaS 0.00 0.38 0.53 & i 3 .
Tar Sulfur. .. 0.00 0.05 0.05 In general, these reactions resemble those of the
Sulfur as CS2 0.00 0.00 0.00 . ’ v
TOTAL L e o b e 1.72 1.72 1.72 coals already described.

\
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JOoLIET CcOAL—Through the courtesy of Mr. J. V.
Freeman, chief chemist of the central laboratory of
the Illinois' Steel Co., a sample of the coal as it
is charged into the by-product ovens at that plant
was obtained. = A sample of the coke from the ovens
was also obtained for comparison. This comparison
is given later in the paper.
this by-product coking coal are given in Tables XIII
and XIV.

TABLE XIII—DISTRIBUTION OF SULFUR IN JoLIET CoaL, No. 33945
(Values given in per cent of original air-dried co'v.l)

0° 500° 1000°

Pyritic: Sl e e s 0.26 0.12 0.00
Stlfate Sl 0.00 0.00 0.00
Organic Sulfug N e 0.56 0.44 0.49
Sl fide St e e e et 0.00 0.08 0.06
Ul R As TS S e st 0.00 0.16 0.25
AT s LT e s s o 0.00 0.02 0.02
RTEI  C BN e i i e s 0.00 0.00 0.00

O AL o, e e 0.82 0.82 0.82

TaBLE XIV—REACTIONS OCCURRING IN CARBONIZATION OF JorreT CoAL
(Results expressed in per cent sulfur on basis of air-dried coal)

Temperature FeS: = FeS MSO« Orgemc S Organic S MS =
Range ° C. + HaS = MS HsS = TarS Organic S
0-500 0.14 0.00 0.09 0.02 0.00
500-1000 0.12 0.00 0.03 0.00 0.07
ToTAL 0.26 0.00 0.12 0.02 0.07

The general course of reactions in this mixed coking
coal resembles that of the majority of coals studied.

RAW AND WASHED VANDALIA COAL—Comparative
tests were made between a coal in the raw state and
the same coal after passing through a washery. The
results of these tests are given in Tables XV and XVI.
TaBLE XV—DISTRIBUTION OF SULFUR IN RAWw VANDALIA CoAL, No.

33819, AND WasHED VANDALIA Coar, No. 33821 (Values given
in per cent of ongmnl air-dried coal)

————RAW———— ——WASHED——

! 0°  500° 1000° 0° 500° 1000°
Pyritic Sulfur,.......... 0.70 0.32 0.00 0.25 0.12 0.00
Sulfate Sulfur........... 0.03 0.00 0.00 0.03 0.00 0.00
Organic-Sulfur.......... 0.65 0.50 0.70 0.90 0.63 0.66
Sulfide Sulfur........... 0.00 0.12 0.11 0.00 0.04 0.03
Sulfur as HaS........... 0.00 0.41 0.54 0.00 0.36 0.46
LA S I A AR sy 0.00 0.03 0.03 0.00 0.03 0.03
Sul[ur a8 CSe il s s 0.00° 0.00 0.00 0,00 0.00 0.00
0 VN S s s 1387 173811138 1.18 1.18 1.18

TABLE XVI—REACTIONS OCCURRING IN CARBONIZATION OF VANDALIA
CoaLs (Results expressed in per cent sulfur on basis of air-dried coal)

Tempera-  FeS: =

ture Range FeS MSO« Orgumc S OrganicS MS =
R Ch + HsS = H:S® = TarS Organic
0-500 0.38 0.03 0.22 0.03 0.10
500-1000 0.32 0.00 —0.03 0 00 - 0.17
0.70 0.03 0.19 0.03 0.27

0-500 0.13 0.03 0.29 0.03 0.05
500-1000 0.12 0.00 0.04 0.00 0.07
0.25 0.03 0.33 0.03 0.12

Some rather interesting comparisons can be made
from these coals. In the raw coal, where the inor-
ganic sulfur predominates, a larger quantity of metallic
sulfides are converted into the organic form than
in the washed coal. In the washed coal, where the
organic sulfur predominates, more of the organic sulfur
is decomposed into hydrogen sulfide than'in the raw
coal. Therefore, as might be expected, the extent to
which a sulfur reaction will proceed depends very
largely on the amount of the reacting constituent
present.

The results obtained from the tests on these various
coals check up very closely the conclusions arrived
at from the series of tests on the Tennessee coal. One
very noticeable exception was the Pocahontas coal
in which organic sulfur was present in relatively very
small quantity. Because of this there was no con-
version of metallic sulfides into organic sulfur, but the
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reaction seemed to be the reverse of this. Exceptions
of this kind may be expected where the sulfur con-
stituents are in abnormal relation to each other.

DISTRIBUTION OF COAL SULFUR IN THE COKING
PROCESS

A question which has long been of great interest to
the coal and coke chemists of the country is that of
the behavior of the different forms of coal sulfur during
the coking process. Which is eliminated in the
volatile matter in the greatest proportion—the organic
sulfur or the pyritic sulfur? = What conditions, if any,
affect the distribution ratio of the two forms between
the coke and the volatile products? The conclusions
of previous investigators have varied widely on this
point. Campbell believes that most of the organic
sulfur remains in the coke. Parr, on the other hand,
states that the organic sulfur is discharged for the
most part at relatively low temperatures. M’Callum
concludes that a somewhat greater percentage of the
organic sulfur than of the inorganic was volatilized.

From the standpoint of coal washing, the question
is an important one, since this process selectively
removes the pyrite without touching the organic sulfur.
If organic sulfur is volatilized in greater proportion than
the pyritic sulfur, coal washing for coking coals is more
efficient than the sulfur reduction in the coal would
indicate. The facts are that washery men have
always evaluated their practice by the sulfur and ash
reduction secured, without any attention to the forms
of sulfur removed. Table XVII is designed to bring
out the data concerning the relation of the sulfur in
the coal to that in the coke.

TaBLE XVII—RELATION OF THE SULFUR ForMS OF THE COAL TO SULFUR

N THE Cokk (Data based on sulfate-free coal, containing only
organic and pyritic sulfur forms)

Organic Inorganic Sulfur in
Sulfur Sulfur By~8r0duct
Per cent Per cent Sulfur Sulfur ven
of in Coal in Coke Coke
Coar Total S Tot’ll S Per cent Per cent Per cent
Pocahontas. .. 85.5 14.5 0.55 0.45
Washed Vand 78.2 21.8 1.15 1.14
Joliet Coking... - 68.3 31.7 0.82 0.75 0.64
Upper Freepo 58.8 41.2 1.14 1.09
Tennessee. ... 50.6 49.4 3.54 aN22
Raw Vandal caeri4821 51.9 1.35 1.30
Pittsburghisi il iats 47.0 53.0 1.49 1.51

It will be noted that all the data above have been
calculated on the basis of sulfate-free coal. This is
necessary since it is known that the sulfate form is
completely retained in the coke and its presence in the
calculations would obscure the essential data regarding
the pyrite and organic sulfur. In freshly mined coal
sulfates are normally absent.

The coals have been arranged in the table in the
order of their relative content of organic sulfur, be-
ginning with the highest proportion of organic sulfur.
A careful scrutiny of the percentages of sulfur in the
coals and the percentages of sulfur in the corresponding
cokes will not reveal any constant difference. Further-
more, the differences between the two percentages do
not vary as the proportion of organic sulfur, but seem
to be entirely independent of this. These figures
would seem to indicate that the total sulfur of the coal
is the most important factor affecting the sulfur con-
tent of the coke, that the relative amount of sulfur
forms present do not affect it materially, and that
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certain other factors, particularly the nature of the
coal, will vary the amount of sulfur in the coke to a
limited extent. That another factor, not considered
up to this time, materially affects the sulfur content
of coke will be shown later.

A comparison between the raw and the washed
Vandalia coals shows that the sulfur reduction in the
coke is not even as good as the corresponding reduc-
tion of sulfur in the coal. For all practical purposes,
however, the sulfur in the two cokes is roughly pro-
portional to the sulfur in the two coals, which strongly
bears out the statement just made, namely, that the
total sulfur of the coal is the main determining factor
and not the relative quantity of organic and inorganic
sulfur.

At the time the coking coal was obtained from the
Joliet by-product plant, a sample of coke, made from
this coal in the ovens, was also furnished. The sulfur
analysis of this coke is given in the last column of the
table. The reason for the difference in the sulfur con-
tent of the coke made in the laboratory and that made
in the by-product ovens is found in a very interesting
secondary coking reaction, which has been well proved,
and will be described in a later paper. This reaction
is one between the hydrogen of the by-product gases
and the red-hot coke, which results in the formation
of hydrogen sulfide and its ultimate removal from the
oven. This decrease in the coke sulfur due to this
secondary oven reaction would apply to all the cokes
in the above table, but this increased difference be-
tween the percentage of sulfur in the coal and that of
the coke would in no wise affect the conclusions reached
as to the effect of the relative quantities of sulfur
forms present. The comparison of these tests with
actual operation is interesting, however, as showing
the difference between the effect of the primary sulfur
reactions, as worked out in the laboratory, and the
combined effect of primary and secondary reactions
as shown in the by-product coke oven.

The nature of the sulfur compounds in coke has
always been a problem difficult to solve. The present
investigation has brought out very little additional
information on this subject. It still seems probable
that the majority of the coke sulfur is organic, with a
smaller quantity of iron sulfide present. The nature
of this iron sulfide in coke has already been described.

Proof that a magnetic sulfide of iron existed in coke
was established by the following experiment: Coke,
made in the laboratory from the Joliet coking coal,
was pulverized in a porcelain mortar. It was found
that about one per cent of this coke could be separated
from the remainder by means of a large horseshoe
magnet. The magnetic portion contained 2.4 per
cent, and the nonmagnetic portion o.r2 per cent of
sulfide sulfur.

In other words, the magnetic portion contained
twenty times the percentage of sulfide sulfur that was
in the remainder. This would point to the presence
in the coke of magnetic sulfide of iron or pyrrhotite.
Campbell has previously indicated the presence of
this substance in coke and this investigation con-
firms his statements, but exception is taken to his

\
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claim that pyrrhotite has the formula Fe;S;, the true
nature of this substance having been indicated earlier
in this paper. Free iron has not been detected in
coke prepared under careful conditions, but has been
found in large quantities in coke which has been
ground in an iron or steel crusher, due solely to the
erosion of the machinery.
CONCLUSIONS

Previous work has indicated that sulfur exists in
coal in three typical forms—pyrite or marcasite, sul-
fates, and organic sulfur. A study of the changes
which these forms undergo during coking has been
made on a variety of coals, and the five following
classes of reactions established:

1—Complete decomposition of the pyrite and mar-
casite to ferrous sulfide, pyrrhotite, and hydrogen
sulfide. This reaction begins at 300° C., is complete
at 600 C., and generally reaches its maximum between
4002 and s00° C.

2—Reduction of sulfates to sulfides.
is complete at 500° C.

3—Decomposition of the organic sulfur to form
hydrogen sulfide. From one-quarter to one-third of
the organic sulfur is so affected in the primary decom-
position, but the by-product gases traveling through
the coking mass increase this reaction to as much as
one-half of the organic sulfur present. Primary de-
composition is most active below 500° C.

4—Decomposition of a small part of the organic
sulfur to form volatile organic sulfur compounds.
The greater portion of these find their way into the
tar. This decomposition occurs at the lower tem-
peratures of the coking process.

s—Disappearance of a portion of the ferrous sulfide
and pyrrhotite, the sulfur apparently entering into
combination with the carbon. This reaction seems to
be most active in the neighborhood of 500° and higher.

The organic sulfur not accounted for by the above
reactions undergoes a decided change in character
between 400° and 500° and shows none of the properties
of the original coal sulfur.

This investigation indicates that the total sulfur
of the coal is the most important factor affecting the
sulfur content of the coke, that the relative amounts
of sulfur forms present do not affect it materially, and
that certain other factors, particularly the nature of
the coal, will vary the amount of sulfur in the coke to
a limited extent.

The secondary reaction between the sulfur of the
red-hot coke and the hydrogen of the by-product gases
traveling through it causes a more marked reduction
in the amount of sulfur left in the coke than the above
primary reactions would indicate.

A magnetic sulfide of iron, probably pyrrhotite,
has been proved to be present in coke.

This reaction
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THE DESULFURIZING ACTION OF HYDROGEN ON
COKEL?
By Alfred R. Powell

EXPERIMENT STATION, BUREAU oF MINES, PITTSBURGH, PA.

Sulfur has always been an objectionable constituent
of coke, and, as the supply of low sulfur coal becomes
less, the presence of more and more sulfur in metal-
lurgical coke is a real problem. Coal washing has
been resorted to in many regions where high sulfur
coal is mined, but even efficient methods of washing
often will not solve the problems, since this treatment
removes a part of the sulfur which is combined as
pyrites, but does not affect the finely disseminated
iron pyrite or the sulfur in organic combination.?
In most cases, one-fourth to one-half of the sulfur
in coal can be removed by washing, which means a
corresponding reduction in the coke sulfur, as has
been shown previously by the author.*

PROCESSES FOR THE DESULFURIZATION OF THE COKE

In addition to methods for removing a portion of
the sulfur in coal by washing, many schemes have
been proposed for the removal of sulfur from the coke
itself. All of these processes involve either the elimina-
tion of the sulfur as volatile compounds or its con-
version into compounds which may later be leached
out with water, and which, by their nature, are harm-
less for the uses to which the coke is to be put. A
general summary of desulfurizing processes which have
been patented or proposed follows. ;

PROCESSES INVOLVING THE PASSAGE OF GASES THROUGH THE
COKING MASS. Steam—Scheerer® in 1854 passed high pressure
steam into an oven before drawing the coke, and claimed a
resultant loss of 0.4 per cent sulfur in the coke. A steam de-
sulfurizing process was patented by Claridge and Roper in 1858.
Woltereck® has a process combining the use of air and steam
at not over 400° C., by which it is claimed the sulfur is driven
out as the dioxide. The disadvantage of steaming processes
is that an excessive amount of the coke is used up to secure
desulfurization.

Air—The passage of air through red-hot coke was investi-
gated by Philippart.” Elimination of a part of the sulfuras
sulfur dioxide was secured, but only at the expense of a pro-
hibitive portion of the coke. The use of air under high pressure
with the coke at 300° C. did not give very efficient desulfuriza-
tion.

Chlorine—Stoner8 has a process in which coke is treated at
the close of the coking operation with chlorine or chlorinated
gases, and then washed to remove the soluble salts. This

! Published by permission of the Director of the U. S. Bureau of Mines.

? Presented by title at the 59th Meeting of the American Chemical
Society, St. Louis, Mo., April 12 to 16, 1920.

2T, Fraser and H. F. Yancey, Bull. Am. Inst. Mining Eng., 1919, 1817.

4 Alfred R, Powell, TH1s JourNaAL, 12 (1920), 1069.

5 Groves and Thorp, ‘‘Chemical Technology,” 1, p.123. J.and A.
Churchill, London, 1889,

¢ D. R. P, 261,361, May 2, 1912.

7 Groves and Thorp, Loc. cil.

2 U. S. Patent 887,145, May 12, 1908.
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process is rather expensive, and furthermore tends to destroy
the coke and by-products. Fingerland! passes chlorine through
the hot coke after adding certain catalyzers, and claims that
the sulfur passes off as sulfur dichloride.

Carbon monoxide—Several patents call for the use of carbon
monoxide, but no data as to their efficiency are available.

PROCESSES INVOLVING THE ADDITION OF COMPOUNDS TO THE
COAL BEFORE CORING—JSalt—In FEngland the Calvert process®
made use of sodium chloride added to the coal before coking.
The purpose was to form volatile compounds of sulfur and
phosphorus with the chlorine of the salt, but later experiments
have demonstrated that sulfur is actually increased in the coke
by the addition of salt. ‘The Rowan process, patented in 1868,
made use of the addition of salt, with subsequent washing of the
coke by immersion in water. It is claimed that this process
gave good results, but it has never been applied on a commercial
scale.

Sodium carbonate—This process, patented by Spurrier,® is
not in reality a desulfurizing process, but is simply the addition
of sodium carbonate in excess, to prevent the sulfur of the coke
from uniting with the iron in the smelting operation.

Manganese dioxide—The addition of manganese dioxide to
coal before coking has been patented by Franck.t The claim
is made that the oxygen liberated effects a rapid combustion of
the organic sulfur compounds, which are then removed with the
gases. No mention is made of the simultaneous oxidation of the
coal substance proper, which must be excessive.

PROPOSED METHOD

None of the coke desulfurization processes just
described have ever found extensive application, and
the author knows of no large-scale operation based on
any of these processes in this country. Coke desul-
furization must of necessity be cheap, must remove a
large percentage of the sulfur, and must involve little
change in existing equipment. In addition, a suc-
cessful process must not affect the quality or quantity
of coke produced.

In the preceding paper the reactions which coal sulfur
undergoes during carbonization have been described.
From these experiments it was concluded that pyrite
decomposed to form ferrous sulfide or pyrrhotite and
hydrogen sulfide, the ratio between the residual sulfur
and the volatile sulfur being about r : 1. Secondary
reactions at the higher temperatures of the coking
process cause the ferrous sulfide to change over partly
to what is apparently a “carbon-sulfur” compound.®
The organic sulfur completely decomposes, more than
one-half being retained in the coke in an altered form,
while the remainder is evolved as hydrogen sulfide,
together with small quantities of thiophene or other
volatile organic compounds. The resulting sulfur of the
coke will consist, therefore, of iron sulfide, either as
ferrous sulfide or as pyrrhotite, and a larger quantity of a
very stable organic sulfur substance. The percentage
of organic sulfur in the coke is higher than that of the

1 D. R. P. 270,573, June 7, 1913,

2 Groves and Thorp, Loc. cit.

3 U. S. Patent 1,007,153, October 31, 1911.

A D.R. P. 274,853, April 12, 1912,

5 References in this paper to a ‘‘carbon-sulfur” compound and to
organic sulfur in coke are simply convenient terms to designate a combina-
tion or existence of sulfur in coke as yet unknown. Indications point to

the association of this sulfur with the carbon of the coke, but whether this
is a physical or a chemical association is as yet undetermined.
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TABLE I—SOURCE AND PROXIMATE AND SULFUR ANALYSES OF CoALs!
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LABORATORY
NUMBER NaAME SOURCE
18847 Pittsburgh Pennsylvania, Bruceton,
Experimental Mine, Bureau of Mines
23066 Upper Freeport Pennsylvania, Butler Co.,
Cuumngham Coal Company
33945 Joliet coking Pocahontas, 65%, Lynch Ky., 20%:;

Franklin Co., (was hed), 15%.
As charged in by-product ovens,
Illinois Steel Co., Joliet, Ill.

1 All samples in an air-dry conditon.

inorganic sulfur; hence, the former is the substance to
be attacked in a desulfurization process.

One means of accomplishing desulfurization would
be to modify the sulfur reactions of the coking process
so as to secure larger amounts of the volatile sulfur
compounds and less of the residual. Another method
would be to attack the sulfur of the finished coke in
an attempt to secure its removal. The process de-
veloped in this investigation could be used in either
way, but it is more convenient to apply the necessary
methods during the carbonization period.

Some time ago a method was proposed for the de-
termination of total sulfur in coke by the use of nascent
hydrogen.! This method has never come into ex-
tensive use for the purpose for which it was intended,
but is interesting as showing the comparative ease
with which the stable sulfur in coke may be eliminated.
The powdered coke was mixed with zinc or aluminium
foil, and heated in water, and hydrochloric acid was
added. Most of the sulfur was eliminated as hy-
drogen sulfide, although the author has never found
that the method completely converts the sulfur into
hydrogen sulfide.

Since nascent hydrogen has such a decided effect
on the coke sulfur, it was thought that hydrogen passed
through the coking mass might show a material de-
sulfurizing action. If this were so, the process might
find extensive commercial application, since the lean
gases produced by the carbonization of coal contain
about 50 per cent of hydrogen. Thus a by-product
could be utilized for the desulfurization which would
not injure the coke, and, furthermore, the by-product
gas itself would not be changed essentially.

EXPERIMENTAL METHOD

All the experimental work described in this paper
has been done in a very small laboratory apparatus.
The process is now being applied on a larger scale,
using a 1o-lb. charge; if these experiments are successful,
tests will be made in commercial coke ovens.

The apparatus was essentially the same as that used
in the study of reactions of coal sulfur during the
coking process, and fully described in the paper al-
ready referred to. :

The coking charge consisted of 5 g. of coal con-
tained in a fused silica tube. This tube was heated
by an electric tube furnace with the temperature under
close control at all times. Hydrogen was admitted
to the inlet end of the coking tube through a flow-
meter, so that the rate of flow could be maintained
fairly constant. The supply of hydrogen was fur-
nished by a Kipp generator, which gave a uniform
rate of flow. The outlet end of the tube contained
a cotton plug for a tar filter, and was connected to a

1 N. Oteha, Z, angew. Chem., 1897, 330,

Volatile Fixed

Moisture Matter Carbon Ash Sulfur
1597 .38.72 54.95 4.75 1’972
2.04 33.11 56.36 8.49 1.21
0.92 26.28 65.60 7.20 0.82

flask containing ammoniacal cadmium chloride to
collect the hydrogen sulfide evolved. At the end
of the coking process the contents of the cadmium
chloride flask were acidified, and the hydrogen sulfide
determined iodometrically.

The coke was pulverized and treated with dilute
hydrochloric acid, by which means the sulfur combined
as sulfide was evolved as hydrogen sulfide, which
was absorbed in cadmium chloride and titrated with
iodine.

The residue from the hydrochloric acid extraction
was treated with nitric acid (sp. gr. 1.12) for 24 hrs.
at room temperature to extract any pyrite that might
remain, then filtered, the filtrate evaporated to dry-
ness, and sulfur and iron determined by the usual
methods. ' By comparison of these analyses with
those of the corresponding tests where no hydrogen
was used, the efficiency of hydrogen as a desulfurizing
agent could be estimated. In most casesthe determina-
tion of the hydrogen sulfide evolved, as the measure
of desulfurization, was checked by actual determina-
tion of the sulfur in the coke.

DESCRIPTION OF

Three coals were used in this investigation. Table
I gives the laboratory sample number, the name to
be used in referring to the coal, a brief description
of its source, and the results of proximate and sulfur
analyses.

COALS

RESULTS OF EXPERIMENTS

PITTSBURGH COAL—The Pittsburgh coal was com-
pletely carbonized by being kept in the tube furnace
for 2 hrs. at 1000° It had been found by previous
tests that the coal sulfur reaches a condition of stability
under these conditions, and that no more hydrogen
sulfide will be evolved by keeping the coke at this
temperature for a longer period. Pure hydrogen
was then passed through the furnace at the rate of
100 cc. per minute for a period of one hour.! Com-
parative figures on the coke sulfur before and after
the treatment with hydrogen are given in Table II.

TABLE II-—DESULFURIZATION OF COKE FROM PITTSBURCH COAL BY

{YDROGEN
Without With
Hydrogen Hydrogen
Total sulfur in coal (Per cent air-dry coal).... 1.72 1572
Sulfur evolved as hydrogen sulfide (Per cent air-
Y CORL 3t ain o m e s oo o otb Siiats a ATl S RLSIA K ATs aom pim 0.74
' Sulfur in coke gPer cent air-dry coal).. 0.93
Sulfur in coke (Per cent air-dry coke) 1455

- In interpreting these results, it must be kept in
mind that the hydrogen was passed through the fin-

1 A flow of hydrogen of 100 cc. per minute for one hour through 5 g.
of coal would mean 38 M cu. ft, per ton of coal. It must be remembered
that the coal rested in the bottom of the tube in the laboratory apparatus,
and the majority of the hydrogen simply passed over without accomplishing
any desulfurization, For this reason there can be no comparison between
laboratory conditions and actual coke-oven practice, so far as the amount
of hydrogen reqmred is concerned. 5
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ished coke after, and not during, its formation. The
sulfur analysis of this coal shows that out of the total
sulfur percentage of 1.72, 0.79 per cent is combined as
pyrite, o.23 per cent as sulfate, and o.70 per cent as
organic sulfur. The large amount of sulfide sulfur
in the coal accounts for the high sulfur coke from the
ordinary distillation. The flow of hydrogen for one
hour brought the coke sulfur from 1.90 down to 1.55
per cent.

The coke was now cooled from 1000° to 500° C.,
and the flow of hydrogen continued. Under these
conditions, no hydrogen sulfide was obtained, showing
that no desulfurization took place on the finished coke
at this temperature. On raising the temperature
again to 1000°, evolution of hydrogen sulfide con-
tinued at the same rate as before.

Tests on the Pittsburgh coal were continued and the
hydrogen was passed through continuously from the
start of the carbonization, at a rate of 1oo cc. per
minute. After 2 hrs. at 500° it was found that 1.6
times as much hydrogen sulfide had been evolved as in
a corresponding test without the use of hydrogen.
The charge was then slowly carried up to 1000° over
a period of 2 hrs. Table III shows the effect of
the 4 hr, flow of hydrogen, as compared with a coking
test where no hydrogen was used.

TABLE IIT—DESULFURIZATION BY HYDROGEN IN COKING TEST OF
PITTSBURGH COAL

Without With
Hydrogen Hydrogen
Total sulfur in coal (Per cent air-dry coal).. 1.72 1272
Sulfur evolved as hydrogen sulfide (Per cent air-

(o P Ao LA N b s By o Tt Ao 15 2 S T 2 O 0 153 1815
Sulfide sulfur in coke (Per cent air-dry conlz 0.16 0.08
Total sulfur in coke (Per cent mr-dry coal 1.14 0.52
Total sulfur in coke (Per cent air-dry coke). . 1.90 0.86

Actual analysis of the sulfur in the coke checked
within a few hundredths of a per cent with that given
above by difference. The result of this experiment
was a reduction of sulfur in the coke from 1.90 to 0.86
per cent, or a decrease of considerably over one-half.
This reduction was obtained from a coal containing
sulfur of a very nonvolatile nature, as shown by the
high sulfur content of the coke as compared with the coal.

Further experiments with the Pittsburgh coal in
which the hydrogen was mixed with a’small quantity
of moist hydrochloric acid vapor gave results agreeing
closely with those given above. As a matter of fact,
the total sulfur in this coke was a little higher than

.in the coke from the straight hydrogen run, although
the sulfide sulfur was a little lower. The addition
of ‘a small quantity of hydrochloric acid vapor cannot,
therefore, be regarded as assisting desulfurization.

UPPER FREEPORT COAL—Two runs were made to
determine the effect of hydrogen on the desulfurization
of the Upper Freeport coal. One of these was made
at 500° for 2 hrs. with the hydrogen flowing at the
rate of 100 cc. per minute. The other was made at
500° for one hour, and then at 1000° for an hour, with
the hydrogen flow at 1oo cc. per minute. This latter
run was made with the hydrogen slightly moist, since
this seems to favor desulfurization. Analyses of the
products were made by the methods described in the
pre\nous paper.l: A summary of the results, together

'Loc cit.
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with the corresponding results obtained without the
use of hydrogen, is given in Table IV.

TaABLE IV—DISTRIBUTION OF SULFUR WITH AND WITHOUT HYDROGEN
1N UprpER FREEPORT CoAL, No. 23066

(Values given in per cent of original air-dry coal)
~—Without Hyd:ogena ~—With Hydrogen—

Coal 500° C. 1000 500° C.  1000° C.
Pyritic sulfur........ 0.47 0.33 0.00 0.01 0.00
Sulfate sulfur........ 0.07 0.01 0.00 0.01 0.00
Organic sulfur....... 0.67 0.58 0.66 0.63 0.07
Sulfide sulfur........ 0.00 0.09 0.12 0.17 0.00
Sulfur evolved as HzS 0.00 0.17 0.40 0.36 1.11
TarssulfurititGiises 0.00 0.03 0.03 0.03 0.03
Total sulfur......... 1.21 1.21 1.21 1.21 1.21

The sulfur left in the coke at 1000° is the sum of the
organic sulfur and the sulfide sulfur. If the per-
centages given above on the basis of the original coal
are figured to the percentage of sulfur in the coke, the .
coke produced without hydrogen contains 1.20 per
cent sulfur, while the coke made with the hydrogen
contains o.11 per cent sulfur. There has therefore
been a reduction of over go per cent of the coke sulfur
due to the effect of the hydrogen. This was the
highest reduction obtained by the use of hydrogen
during the coking process. The passage of the hy-
drogen seemed to produce no effect on the character
of the coke, other than to remove the sulfur, although
the coke produced from this coal was rather fragile
and crumbly both with and without hydrogen treat-
ment.

From the data given in Table IV, the reactions which
the various forms of sulfur had undergone during
the coking process were calculated on a basis which
has been discussed in the previous paper. The
figures (in Table V) to express the magnitude of the
reactions are in terms of per cent of sulfur reacting,
on the basis of the weight of the original air-dried
coal.

TABLE V—REACTIONS OCCURRING IN CARBONIZATION OF UPPER
Freerport CoAL

(Results expressed in per cent sulfur on basis of air-dry coal)

Temperature FeS: = MSO: = Organic S OrganicS MS = Or-
Range, ° C, FeS - Hi:S MS = HiS = Tar S ganic S
‘Witnour HYDROGEN
0-500 0.14 0.06 0.10 0.03 0.04
500-1000 0.33 0.01 0.06 0.00 0.14
WirH HYDROGEN
0-500 0.46 0.06 0.13 0.03 0.12
500-1000 0.01 0.01 0.88 0.00 0.18

A study of Table V shows that three of the five
reactions are modified by the presence of hydrogen.
The coal pyrite is caused to decompose at a lower
temperature, the decomposition being practically
complete at 500°; whereas without the hydrogen, less
than one-third of the sulfur had been affected below
so0°. This was to be expected, since the speed of
decomposition of pyrite is determined not only by the -
temperature, but also by the partial pressure of free
sulfur over it. The presence of an excess of hydrogen
keeps the amount of free sulfur down to an almost
negligible quantity. It should be pointed out here that
the modification of this pyrite decomposition reaction
does not assist the desulfurization process directly,
since no more sulfur elimination is secured than in the
case of ordinary distillation, but this sulfur elimina-
tion occurs during an earlier stage of the carbonization.

The entire desulfurizing effect of the hydrogen is
due to the increased conversion of organic sulfur into
hydrogen sulfide. A comparison of the figures on this
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reaction shows that below s00° the increased elimina-
tion of sulfur due to the hydrogen is very slight, but
that above 500° the difference is enormous. This
bears out the conclusions reached previously, namely,
that desulfurization by hydrogen is most active at the
higher temperatures of the coking process.

The third reaction affected by the passage of hy-
drogen through the coking mass is the fixing of the
sulfide sulfur in some combination with carbon or
coke substance. The changes in the extent of this
reaction are secondary and are not caused directly
by the hydrogen, but are due to a mass-action effect.
Below 500° hydrogen causes an increased decompo-
sition of pyrite, thus making an increased amount of
ferrous sulfide, which by mass action increases the
extent of this particular reaction. Above 500° the
constant elimination of the organic sulfur as hydrogen
-sulfide also tends to increase the extent of the reaction
by decreasing the resulting product of the reaction.

This conversion of the sulfide sulfur into a ‘“‘carbon-
sulfur” combination must be regarded as of con:ider-
able assistance in the desulfurization process, although
it in itself does not cause the elimination of sulfur
from coke. Hydrogen does not react with hot ferrous
sulfide! although it will react very readily with the
‘‘carbon-sulfur’” combination of the coke. This re-
action, therefore, carries the ferrous sulfide to an
casily eliminated form of sulfur.

USE OF BY-PRODUCT GAS—The experiments so far
described have been carried out with pure hydrogen.
Since any possible practical use of the process would
be carried out with the by-product gas from the coking
operation, it was desired to determine the desulfurizing
effect of such a gas. The gas made for this purpose
had the following approximate composition by volume.

Per cent

Hydrogen
Methane

This gas, which corresponds very closely to an
average lean coke-oven gas, at least in the content of
hydrogen, was passed through the Upper Freeport
coal at the same rate and under exactly the same
conditions as the hydrogen had been. The results
are given in Table VI, :together with comparative
results from the ordinary distillation, and the dis-
tillation with pure hydrogen.

TABLE VI—SULFUR ELIMINATED AND SULFUR RETAINED IN COKE UNDER
DIrFERENT CONDITIONS OF DISTILLATION—UPPER
FrEgporRT CoaL
(Total sulfur 1.21 per cent)

Sulfur Eliminated as HiS (Per cent Sulfur

on Basis of Air-Dry Coal) in Coke

1hr. 15hrs. 2 hrs. 3 hrs, Per cent
Ordinary distillation. . 0.17 0.40 45 5 1.20
By-product gas purge. 0.40 B 0.86 0.96 0.34
Hydrogen purge..... 0.72 1.02 1.11 0.11

The elimination of hydrogen sulfide m}%&:{ the differ-
ent conditions of distillation is shown graphically
in Fig. 1. From these comparative results it appears
that a 50 per cent hydrogen mixture is much slower
in its desulfurizing action, and in practice would never

1 Roscoe and Schlorlemmer, “Treatise on Chemistry,” Macmillan &
Co., London, 1907, Vol. IT, p. 1208,
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reach the degree of desulfurization attained by the
pure hydrogen. Nevertheless, the sulfur removal
by the by-product gas is decided, as shown by the
reduction in coke sulfur from 1.20 per cent to o.34
per cent. 3 :
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F1g. 1 —CuURVES SHOWING ELIMINATION OF SULFUR AS HYDROGEN SULFIDE
frOM UPPER FrEEPORT CoaL, No, 23066, wWHEN COKED UNDER
DIFFERENT CONDITIONS, IN PriMARrRY DISTILLATION No HYDROGEN-
CONTAINING GAs Is PasSEp THROUGH

JOLIET COKING COAL—In Table VII are given the
data on the passage of hydrogen through the Joliet
coking coal for a 3-hr. period. This run differed from
the others in that the coal was not pulverized to 100-
mesh size, but was of mostly ro-mesh size.

TABLE VI[—DESULFURIZATION BY HYDROGEN IN Coxinc TEST OF
JorieT CoaL

Without With
Hydrogen  Hydrogen
‘Total sulfur in coal (Per cent air-dry coal).... 0.82 0.82
Sulfur as hydrogen sulfide (Per cent air-dry
COA] ) A R N N S T e 0.25 0.59
Total sulfur in coke (Per cent air-dry coal 0.55 0.21
Total sulfur in coke (Per cent air-dry coke) 075 0.29

It is to be noted that the sulfur of the coke was
reduced from o.75 to o.29 per cent, even with the coal
in comparatively coarse granules. Another run with

. the coal ground to 100 mesh did not show even as

good sulfur elimination as the coarser size. Since the
coal has entirely fused into one mass at the tempera-
tures at which desulfurization takes place (500° to
1000°), the state of subdivision of the original coal
should not affect the desulfurizing process materially.

The coke made from the Joliet coking coal as pro-
duced in the by-product ovens contains o.64 per cent
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sulfur. The coke made in the laboratory from the
same coal contains o.75 per cent sulfur, the difference
being due to the purging effect of the by-product
gases passing ‘through the red-hot coke in the oven.
A test, to determine how much the finished coke from
the by-product oven could be desulfurized by heating
to 1000° and passing hydrogen through for one hour,

resulted in a reduction in the coke sulfur from o.64.

to o.50 per cent, showing that desulfurization of coke
by hydrogen was not limited to the actual coking
process.

CONCLUSIONS

A study has been made of the efficiency of hydrogen
and gases containing hydrogen as desulfurizing agents,
when passed through finished coke at high tempera-
tures or through coal in the process of coking.

The effect of hydrogen on the removal of sulfur
from coke is very noticeable, in most cases the ma-
jority of the sulfur being removed during a period of
3 hrs. at 1000° C.  With the exception of the decrease
in sulfur content, the character of the coke does not
seem to be affected by the passage of hydrogen.

Three of the sulfur coking reactions are modified
by the passage of hydrogen through the coking mass.

(1) Coal pyrite, FeS,, is caused to decompose at a
lower temperature, the-decomposition being practically
complete at 300°. This change of speed of reaction
does not affect the final desulfurization results, how-
ever, since complete decomposition of the pyrite is
finally attained in the ordinary coking process.

(2) The decomposition of organic sulfur to form
hydrogen sulfide is very little affected below 3500°%,
but is enormously increased from 500° to 1000°.
All of the desulfurizing effect of the hydrogen is due
to this increased decomposition.

(3) A larger amount of sulfide is converted to a
‘“carbon-sulfur” combination. This is due to mass
action and results from the modifications in the two
reactions given above.

Gaseous mixtures containing hydrogen, such as
coke-oven gas, are slower in their desulfurizing action,
and even with a longer time of exposure would prob-
ably never give the degree of desulfurization attained
by the use of pure hydrogen. Their efficiency for the
removal of sulfur from coke is high, however, and the
repassing of by-product gas through the coking mass
may prove of commercial value.

The original state of subdivision of the coal does
not affect the desulfurization process. This is because
the coal fuses between 350° and 400°, while desul-
furization begins above 500°.

The coke produced in coke ovens contains less sulfur
than would be accounted for by the primary coking
reactions. This is due to the flow of the by-product
gas produced through the coking mass.
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NAPHTHALENE SULFONIC ACIDS. I—SOME DIF-
FICULTLY SOLUBLE SALTS OF CERTAIN
NAPHTHALENE SULFONIC ACIDS!

By Joseph A. Ambler? :

CoLoR LABORATORY, BUREAU OF CHEMISTRY, DEPARTMENT OF
AGRICULTURE, WASHINGTON, D. C.

In-the course of the investigation of the sulfonation
products of naphthalene, it became of interest to make
and study as mary as possible of the more difficultly
soluble salts of those acids which might be formed by
direct sulfonation, wviz., the «- and B-monosulfonic
acids and the 1,5-, 1,6-, 2,6- and 2,7-disulfonic acids of
naphthalene. The purpose of investigating these salts
was toiobtain a characteristic salt of each acid which
might serve as the basis of a qualitative test for that
acid.

The known difficultly soluble inorganic salts of
these acids were found unsuited for the purpose in
hand, with the exception of the salts of naphthalene-
B-sulfonic acid with the heavier metals; such as the
nickel, cobalt, copper, cadmium, zinc, and silver salts
described by O. N. Witt,® and the ferrous salt,* known
in the industries but not described in any scientific
work so far as the author can find.

Erdmann and Stavern® are the only ones who have
‘recorded work on the salts of these acids with organic
bases. They describe the salts of the a-, 8-, 2,6- and
2,7-sulfonic acids with aniline, benzidine, and o-tolidine,
but give no analyses of the salts formed.

To investigate this class of salts more thoroughly,
salts of various organic bases with the six sulfonic acids
were prepared, and those that were difficultly soluble
were studied further. The most important of these
are described here, and some of their uses in the fol-
lowing paper. Other difficultly soluble salts will
probably be described in later contributions from this
laboratory.

The method of making the salts was the same in
each case. Molecularly equivalent quantities of the
acid, or its sodium or potassium salt, and the hydro-
chloride of the organic base were dissolved separately
in hot water, and the two solutions mixed, stirred
thoroughly, and allowed to cool. The crystallized
salts were filtered, washed with cold water, and dried
in a vacuum oven at 100°.

Since they are salts of strong acids with weak bases,
they are all easily hydrolyzed by boiling water. In
attempting to recrystallize them, a little of the hy-
drochloride of the base should always be added to
counteract this change.

1 Presented at the 59th Meeting of the American Chemical Society,
St. Louis, Mo., April 12 to 16, 1920,

2 Crystallographic-optical data by Edgar T. Wherry,

3 Ber., 48 (1915),/743.

4 Cain, “Manufacture of Intermediate Products for Dyes,”” p. 166; Brit.
Patent 4459 (1894).

5 Ann., 275 (1893), 297.



‘1082

The sulfur in all of these salts was determined as
follows: An amount of the salt not exceeding 200
mg. was ignited in a Parr calorimeter bomb with
about 5 g. of sodium peroxide. The ignition mass was
dissolved in water, the solution acidified, and sulfuric
acid was determined as usual by precipitation with
barium chloride.

Q-NAPHTHYLAMINE NAPHTHALENE--SULFONATE,
CloH'] N Hz.CmH7SO3H

This salt separates, on cooling the hot solution,
in well-defined, glistening, micaceous leaflets, genérally
arranged in groups. It is soluble in hot water, in
hot 95 per cent alcohol, and in a cold mixture of 4
volumes of alcohol and 1 of water, but is practically
insoluble in cold water and alcohol and in acetone.
It melts with decomposition at 232°. Upon analysis,
9.09 and 9.34 per cent of sulfur were found, with the
calculated value at 9.13 per cent.

CRYSTALLOGRAPHIC-OPTICAL PROPERTIES.! Crystal habit—
When examined under the microscope in ordinary light seen
to be made up of overlapping plates.

Refractive indices (for D)—[Determined by inserting the
polarizer (sub-stage nicol prism) and immersing a small amount
of the substance on a microscope slide in liquids of known re-
fractive index one after another until the crystals lying in some
definite position disappear, because their index is matched;
and repeating for crystals lying in other positions.] :

a = 1.552, B not determined, v = 1.795, ¥ — a = 0.243, all
=0.005; indices « and ~y usually shown.

Features shown in parallel polarized light, with nicols crossed—
Double refraction extreme, the colors being first to second
order, often in beautiful mosaics, on thin plates, but ranging
up to fourth or fifth order on thick or upturned ones; extinction
parallel to occasional edges; elongation indefinite.

Features shown in convergent polarized light, with nicols crossed
—None.

Diagnostic features—The features likely to be of greatest use
in identifying this substance are the crystal habit and the value
of the lowest refractive index, «. If immersed in nitrobenzene
(np = 1.552) or another oily liquid with about the same 7,
and examined under the microscope with the polarizer in, the
plates disappear practically completely when the direction of
index « lies parallel to the plane of vibration of the polarizer.

B-NAPHTHYLAMINE NAPHTHALENE-Q-SULFONATE,
CioH7NH,.CyoH;SOsH

This salt crystallizes on cooling from dilute hot
solutions in large, glistening, micaceous, diamond-shaped
plates. If the hot solution is too concentrated, it
forms on cooling a stiff jelly resembling slightly cooked
egg albumen. This jelly-like form may partially
change, on standing, into a mass of long colorless
needles. If this jelly-like form is heated with more
water, it dissolves, and the plates are formed on cooling.

The plates are difficultly soluble in cold water,
acetone, and 95 per cent alcohol; but soluble in hot water,
hot acetone, hot alcohol, and in a cold mixture of 4
volumes of alcohol and 1 of water. The salt blackens
at 202° and melts at 211°. Analyses gave 9.08 and
8.08 per cent sulfur (theory, 9.13).

CRYSTALLOGRAPHIC-OPTICAL PROPERTIES. Crystal ~ habit—
Elongated plates, sometimes showing a 125° termination.

! The authors herewith acknowledge the aid of Mr. George L. Keenan
of this Bureau in checking some of these data.
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Refractive indices (D)— a = 1.620, B = 1.670, v = greater
than 1.850, ¥ — a = 0.23+, all =0.005; indices « and B are
usually shown.

In parallel polarized light—Double refraction extreme, the
colors being first to second order, sometimes in confused mosaics,
on thin plates; extinction parallel to prominent edges; elongation
Ars

In convergent polarized light—A biaxial figure frequently
shown, the sign being + and 2 E = 85° = 5°,

Diagnostic features—The features most useful for identifying
this substance are the crystal habit, value of the intermediate
index, B, and sign of elongation. The immersion liquid may
best consist of a mixture of 5 parts a-monobromonaphthalene
with 1 part methylene iodide. When crystals are turned so that
their longest dimension lies parallel to the plane of vibration of
the polarizer, they disappear in this liquid, showing their elonga-
tion to be - in sign and the index to be 1.670.

Q-NAPHTHYLAMINE NAPHTHALENE-(-SULFONATE,
CioH7NH;.C10H;SO;H

This salt forms a voluminous white precipitate in
the hot solution, whichis''made up of microscopic
needles. It is' 'soluble in a ‘cold mixture of 4 volumes
of alcohol and 1 of water, considerably soluble in hot
water and hot 95 per cent alcohol, difficultly soluble
in cold water, cold 95 per cent alcohol, and hot and
cold acetone. It melts with decomposition at 240°
to 242°. The per cent of sulfur found was 9.08 and
0.29 (theory, 9.13).

CRYSTALLOGRAPHIC-OPTICAL
Needles.

Refractive indices (D)— a = 1.600, B = 1.650, v = 1.725,
¥ — a = o.125, all %=0.005; index vy usually shown lengthwise,
and means of « and B crosswise.

In parallel polarized light—Double refraction extreme, bright
first order colors being shown even on very minute grains; ex-
tinction parallel; elongation .

In convergent polarized light—.........

Diagnostic features—The features most useful in identifying
this substance are the crystal habit, value of highest index,
and sign of elongation. ‘The immersion liquid may best consist
of a mixture of 5 parts methylene iodide with 1 part a-mono-
bromonaphthalene. When the needles are turned so that their
long dimension lies parallel to the plane of vibration of the
polarizer, they disappear in this liquid, showing their elongation
to be - in sign and the highest index to be 1.725.

PROPERTIES. Crystal  habit—

B-NAPHTHYLAMINE NAPHTHALENE-3-SULFONATE,
C1oH7NH,.C, H;SO;H

This salt also forms insoluble microscopic plates
in the hot solution. It is slightly soluble in hot
water and 95 per cent alcohol, considerably soluble
in a cold, and easily soluble in a hot mixture of 4
volumes of alcohol and 1 of water, slightly soluble in
cold alcohol, and difficultly soluble in cold water and
in acetone. It melts with decomposition at 276°
to 279° It contained 9.co and g.10 per cent of
sulfur (theory 9.13).

CRYSTALLOGRAPHIC-OPTICAL ~ PROPERTIES. Crystal
Minute plates (or rods), with irregular wavy structure.

Refractive indices (D) — a = 1.640, B. = ?, v = 1.730, Yy —a =
0.090, all =0.005; index « usually shown in one direction.

In parallel polarized lighti—Double refraction extremely strong,
first to second order colors being shown even on very minute
plates; extinction and elongation indeterminate.

In convergent polarized light—Traces of a biaxial figure occa-

habit—
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sionally shown, but the crystals are too minute for its measure-
ment. ,

Diagnostic features—The feature most useful in identifying
this substance is the unusually high value of the lowest index,
a. This index is almost exactly matched by «-monochloro-
naphthalene (#zp = 1.639), and most of the crystals disappear

in one direction or another when immersed in this liquid. For .

confirmative purposes the other indices may be determined in
similar manner, using mixtures of this liquid with methylene
iodide of the indices above stated.

FERROUS NAPHTHALENE-$-SULFONATE, Fe(CioH7503)s.-
6H,01!

The author makes no claim to the discovery of this
salt which has been extensively made and used in
industrial plants. A description of it is given here,
since no reference has been found in scientific literature
or elsewhere than in the British patent.

The salt separates in large, glistening, colorless,
micaceous plates, when ferrous chloride is added to a
cold solution of naphthalene-B-sulfonic acid or its
salts. It is difficultly soluble in cold, but readily
soluble in hot water. It is remarkably stable, not
being oxidized to any appreciable extent by exposure
to air. At 150° to 160° all the water of crystalliza-
tion is removed and the salt becomes yellowish brown,
probably due to slight superficial oxidation of the
iron.

Calculated Found
Analysis Per cent Per cent
) O e B T 9.67 9:52 9.53
Waters FUiiiriee 18.69 18.50
CRYSTALLOGRAPHIC-OPTICAL  PROPERTIES. Crystal  habit—

Plates, sometimes showing a 140° termination.
Refractive indices (D)— a = 1.500, B not determined, v =
1.660, v — a = 0.160, all *=0.005; indices « and v usually shown.
In parallel polarized light—Double refraction extreme, second
order colors being shown even on thin plates; extinction parallel
to crystal edges occasionally present; elongation indeterminate.
In convergent polarized light—Partial biaxial figure occasionally
shown, the axial angle being large and the sign apparently --.
Diagnostic features—The feature most characteristic of this
substance is the unusually low value of the lowest index, «. The
immersion liquid may be benzene (7, = 1.499), or another liquid
of about the same 7 (for instance, some grades of lubricating
oil). Most of the crystals disappear in one direction or another
when immersed in this liquid. The other properties may be
used for confirmation.

Q-NAPHTHYLAMINE NAPHTHALENE-I,5-DISULFONATE,
(CroH7N H,),.CroHs(SOsH).

This salt is almost completely insoluble in boiling
water. It forms a heavy precipitate of a poorly
defined, granular, platy nature. It is very slightly
soluble in hot water, 935 per cent alcohol, and a mix-
ture of 4 volumes of alcohol and 1 of water, and prac-
tically insoluble in these solvents in the cold, and in
acetone. It does not melt below 280° Analyses
gave 10.94 and 10.97 per cent sulfur (theory 11.16).

CRYSTALLOGRAPHIC-OPTICAL  PROPERTIES. Crystal  habit—
Plates, irregular in outline.

Refractive indices (D)— a = 1.600, B not determined, v =
1.795, ¥ — a = 0.195, all =0.005; indices « and ~y often shown.

In parallel polarized light—Double refraction extreme, second

! Boulton, Haywood, Boulton, and Fergusson, Brit. Patent 4459 (1894).

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY

-dense voluminous mass of small plates.

A\ J Ly -

1083

order colors being shown even on very thin plates; extinction
apparently inclined; elongation indeterminate.

In convergent polarized light—DPartial biaxial figures rarely
shown.

Diagnostic features—The value of the lowest refractive index,
«, is characteristic of this substance, when considered in con-
nection with its habit. One other compound in the series
studied, a-naphthylamine naphthalene-B-monosulfonate, has
the same « value, but it crystallizes in needles, and is thus
readily distinguishable. For immersion, a mixture of equal
parts of bromobenzene and a-monochloronaphthalene (n, =
1.600) may be used. ‘The crystals will disappear in one direction
or another in this liquid.

B-NAPHTHYLAMINE NAPHTHALENE-I,5-DISULFONATE,
(CioH7NHy),.CioHs(SO:H)o

This salt precipitates from the boiling solution in a
It is only
slightly soluble in hot water and alcohol, and prac-
tically insoluble in cold solvents, being slightly more
soluble in mixtures of 4 volumes of alcohol and 1 of
water. It does not melt below 280° The results of
sulfur determinations were 11.12 and 11.23 per cent
(theory 11.16).

CRYSTALLOGRAPHIC-OPTICAL PROPERTIES—Unless care is taken
to have an excess of base present, there is a strong tendency for
another substance, apparently an acid salt, to crystallize out
along with this compound. It has so far been impossible to
obtain this other substance in a pure form and no analytical
data can be given at present. The acid salt has highly dis-
tinctive optical properties, and can be readily recognized when
studied under the microscope, but if the two are intimately
mixed difficulties may be encountered in confirming the identity
of the normal salt. The properties of both are here given.

Normal salt. Crystal habit—Plates, irregular in outline.

Refractive indices (D)— a = 1.631, B = 1.647, v = 1.755,
v — a = 0.124, all =0.005; indices a and B are usually shown,
but v is exhibited on uptilted plates.

In parallel polarized light—Double refraction extreme, bright
first order colors being shown on extremely thin plates; ex-
tinction and elongation indeterminate.

In convergent polarized light—Biaxial figures frequently shown,
the sign being +, and 2 E = 75° =5° (2 E calculated from
ns = 77° 06).

Diagnostic features—The features most useful in identifying
this substance are the values of the two lower refractive indices,
« and B, and the readiness with which an interference figure can
be obtained. In a mixture of 3 parts e-monobromonaphthalene
with one part monobromobenzene (n, = 1.632) practically
all of the plates disappear in one direction or the other; and.
in pure a-monobromonaphthalene (7, = 1.656) they also dis-
appear. On introducing the substage condenser, using a 4 mm.
objective, crossing the nicol prisms, and removing the eyepiece,
a fairly distinct biaxial interference figure will usually be seen,
the dark brushes lying well within the field. If the microscope
is provided with means for measuring axial angles, the numerical
value can be obtained; if not, repetition of the procedure, using
a thin flake of muscovite mica, will give a figure of practically
identical dimensions, showing the axial angle to be not far from
755
Acid salt—This is distinguished from the normal salt by the
extraordinarily strong double refraction, which exceeds o0.30,
the value of « being 1.550, and that of v being higher than the
highest immersion liquid available, the n of which is 1.850.
(B = 1.700.) As a result, the plates of this substance show third
or fourth order colors, even when very thin. The axial angle,
2 E, is also much larger than is that of the normal salt, so that
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the dark brushes do not appear in the field of view when the
interference figure lies in the diagonal position. These features
differentiate this acid salt not only from the corresponding
normal salt, but also from all other compounds of the series
here studied; and the acid salt, if obtained, can therefore be
recognized and excluded from consideration promptly.

Q-NAPHTHYLAMINE NAPHTHALENE-I,6-DISULFONATE,
(CIOHTNHz)z-CmHs(SO;H)z

This salt separates in long, slender needles on cooling
a hot solution. It is soluble in hot water, 95 per cent
alcohol, soluble in cold mixtures of 4 volumes of al-
cohol and 1 of water, slightly soluble in cold alcohol,
and practically insoluble in cold water and in acetone.
It decomposes at 265° to 267°. The value found for
sulfur was 11.25 and 11.22 per cent (theory 11.16).

CRYSTALLOGRAPHIC-OPTICAL PROPERTIES. Crysial  habii—
Well-defined rods, probably belonging to the monoclinic system.

Refractive indices (D)— o = 1.583, B = 1.730, v = I.770,
vy — a = 0.187, all =0.005; index « is usually shown lengthwise,
and v crosswise, of the rods; 8 is sometimes shown crosswise,
especially on rods so turned as to show parallel extinction.

In parallel polarized light—Double refraction extreme, the
colors being second to third order, even on fairly slender rods;
extinction inclined, at an angle of 17° #=1°; elongation negative.

In convergent polarized light—Partial biaxial figure occasionally
shown, the sign being —, and 2 E large.

Diagnostic features—The features most useful in identifying
this substance are the value of the lowest refractive index, «,
and the inclined extinction seen in parallel polarized light, with
the nicol prisms crossed. The immersion liquid may consist
of aniline, which has 7, = 1.585, which lies so near to the value of
« for this substance that the rods disappear practically com-
pletely when immersed in it and turned to the appropriate
position. To determine how they should lie in order that this
effect shall be shown, each rod should first be examined under
crossed nicols, and the stage turned until extinction occurs.
If the stage is graduated, this will be found to be the case when
the crystal lies at about 17° from parallelism with one or the
other cross hair. On' throwing out the analyzer, the rods lying
near the cross hair indicating the plane of vibration of the
polarizer will disappear.

B-NAPHTHYLAMINE NAPHTHALENE-I,6-DISULFONATE,
(C]0H7_NH2)2‘CIOH6(SO3H)2

This salt forms long, flat, silky needles when crys-
tallized from hot water. It is soluble in hot water,
o5 per cent alcohol, slightly soluble in cold alcohol,
and practically insoluble in cold water and in acetone.
It is soluble in a cold mixture of 4 volumes of alcohol
and 1 volume of water. It does not melt below 280°.
On analysis it gave 10.97 and 11.03 per cent sulfur
(theory 11.16). !

CRYSTALLOGRAPHIC-OPTICAL  PROPERTIES. Crystal habit—
Needles.

Refractive indices (D)— « = 1.550, B = 1.700, v = 1.755,
v — @ = 0.203, all *=0.005; index « usually shown lengthwise,
and means between the others crosswise of the needles.

In" parallel polarized light—Double refraction extreme, the
colors being third or fourth order even on slender needles;
extinction parallel; elongation negative.

In convergent polarized light—Partial biaxial figures sometimes
shown, the sign being apparently —, and 2 E large.

Diagnostic features—The features most useful in identifying
this substance are the habit, the value of the lowest refractive
index, «, and the extinction. None of the other members of the
B-naphthylamine series studied crystallize in needles, although
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one (the 2,7-compound) is, to be sure, in rods; but this other
substance differs sharply in the other two respects mentioned.
The immersion liquid may best consist of nitrobenzene, or other
oily liquid with 7, around 1.55. The needles disappear com-
pletely when immersed in this liquid and turned so that their
long direction lies parallel to the plane of vibration of the polar-
izer. They also extinguish in the same position when the
analyzer is inserted. The rods of the 2,7-compound, on the
other hand, do not disappear in this liquid, and extinguish when
lying at an angle of about 10° with a cross hair.

-NAPHTHYLAMINE NAPHTHALENE-2,6-DISULFONATE,
(CroH7NHa,),.C1oHs(SO3H)»

This salt separates in minute needles and lumps
when a hot solution is cooled. It is moderately
soluble in hot water, slightly soluble in hot 95 per
cent alcohol, and practically insoluble in cold water and
alcohol and in acetone. It is slightly soluble in cold
alcohol diluted with one-quarter its volume of water,
and soluble in the same solvent when hot. It does
not melt below 280%;: Analysis gave x1.07 and 11.31
per cent sulfur.

CRYSTALLOGRAPHIC-OPTICAL  PROPERTIES. Crystal habit—
Rounded grains, in part elongated and rod-like.
Refractive indices (D)— a = 1.583, 8 = 1.640, ¥ = 1.690,

Y 0=
shown. A
In parallel polarized light—Double refraction extremely
strong, the colors being second to third order on small grains;
extinction inclined, but angle not definitely determinable;

elongation variable.

In convergent polarized light—Partial interference figure oc-
casionally shown, the sign being apparently negative, and 2 E
large.

Diagnostic features—The most characteristic feature of this
substance is the value of the highest refractive index, v. On
immersion in a mixture of 3 parts a-monobromonaphthalene
with 2 parts of methylene iodide (7, = 1.689), grains so situated
as to exhibit index v will disappear in one direction or the other.
Index « is also fairly distinctive, when taken in connection with
the crystal habit; for the other member of this series with the
same value of o, the o-1,6-compound, is markedly rod-like in
habit. Aniline (7, = 1.585) is an immersion liquid coming
near to the value of « in refractive index, and disappearance
will occur in this liquid in the case of grains lying in the proper
direction.

B-NAPHTHYLAMINE NAPHTHALENE-2,6-DISULFONATE,
(Ci1oH7NH,)».C1oHe(SO3:H).
This salt forms a dense precipitate of microscopic
plates (sometimes needle-like) which are only slightly
soluble in hot solvents, and practically insoluble in the

o.107, all =#=0.005; intermediate values are usually

cold. It does not melt when heated to 280° The .
per cents of sulfur found were r1.02 and 11.02.
CRYSTALLOGRAPHIC-OPTICAL ~ PROPERTIES. Crystal  habit—

Plates, with a more or less rhombic outline.
Refractive indices (D)— a = 1.610, 8 = 1.634, ¥ = 1.830,

v — a = 0.220, all *=0.005; indices « and B are usually shown,
~ appearing only on uptilted plates.

In parallel polarized light—Double refraction extreme, the
colors being first to second order on very thin plates; extinction
inclined at large angles, up to 40°, with respect to crystal edges
often present, but parallel to the edges of uptilted plates; elonga-
tion variable on the usual plates, — on the uptilted ones.

In convergent polarized light—An interference figure frequently
shown, the sign being +, and 2 E = 70° =5° (2 E calculated

from ns = 76° 26).
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Diagnostic features—The habit of this substance is charac-
teristic, and, when taken in connection with the indices as
listed, renders the identification of the substance an easy matter.
The lowest refractive index, «, is approximately matched by a
mixture of equal parts of monobromobenzene and a-momno-
chloronaphthalene (7, = 1.600), and the intermediate one,
B, by a-monochloronaphthalene (7, = 1.640). :

Q-NAPHTHYLAMINE NAPHTHALENE-2,7-DISULFONATE,
(C1oH7NHa)),.C1oHs(SO;H).

This salt separates very slowly in the form of groups
of long needles, when the hot solution is cooled. It
is soluble in hot water, in hot and cold 95 per cent
alcohol, and in cold alcohol diluted with one-quar-
ter of its volume of water, but practically insoluble
in cold water and inacetone. It decomposes grad-
ually without melting when heated above 220°.
It gave on analysxs 11.01 and 11. 24 per cent sulfur
(theory 11.16). :

CRYSTALLOGRAPHIC-OPTICAL | PROPERTIES:  Crystal habit—
Rods, the more slender ones slightly curved.
Refractive. indices (D)— a = 1.560, B = 1.650, v = 1.675,

v — a = 0.115, all *=0.005; index « usually shown lengthwise,
and means of the others crosswise.

In parallel polarized light—Double refraction extreme, the
colors being third order on even slender rods; extinction parallel;
elongation —.

In convergent polarized light—Partial biaxial figure rarely
shown, the sign being —+-.

Diagnostic features—The features most useful in identifying
this substance are the value of the lowest refractive index, «,
and the parallel extinction. Monochlorobenzene (7, = 1.561)
matches the index in question, and the rods disappear when
their long direction lies parallel with the plane of vibration ‘of
the polarizer. Between crossed nicols the extinction is parallel,
a property which distinguishes this compound sharply from the
one likely to be confused with it, the 1,6-disulfonate.

B-NAPHTHYLAMINE NAPHTHALENE-2,7-DISULFONATE,
(C1oH7NH,),.C1oHs(SOsH).

This salt forms a mass of long, slender needles on
cooling a hot solution. It is soluble in hot water
and 935 per cent alcohol, practically insoluble in cold
water and alcohol and in acetone, and appreciably
soluble in a cold mixture of 4 volumes of alcohol and
1 of water. It does not melt when heated to 280°.
Analysis gave 11.07 and 11.16 per cent sulfur.

CRYSTALLOGRAPHIC-OPTICAL  PROPERTIES. Crystal  habit—
Rods, in part plate-like; sometimes showing a 130° termination;
often twinned, that is, grown together in groups of two in definite
crystallographic relationship. .

Refractive indices (D)— a = 1.530, B = I1.700, vy = 1.740,
v — a = 0.210, all =0.005; index « is often shown lengthwise
on the twins, but crosswise on rods with parallel extinction;
B is shown lengthwise on the latter.

In parallel polarized light—Double refraction extreme, colors
being second or third order even on thin plates, down to first
on parallel-extinguishing rods; extinction inclined, on twins
making an angle of 8% = 1° with the twinning plane, often
parallel on untwinned rods; elongation variable, but usually
-+ on untwinned rods. _

In convergent polarized light—A biaxial interference figure
often shown, the obtuse bisectrix being perpendicular to the
plates; 2 E is evidently large and sign —. - - ¢

Diagnostic features—The features most useful for identifying
this substance are the habit, especially the frequent twinning;
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the unusually low value of the lowest refractive index, «, and
the extinction relations. The lowest index is matched by methyl
salicylate (# = 1.530 to 1.533); and crystals immersed in this
liquid disappear in one direction or another with reference to the
plane of the polarizer.

SUMMARY

The - and P-naphthylamine salts of the naph-
thalene-a-, 8-, 1,5-, 1,6-, 2,6- and 2,7-sulfonic acids and
the ferrous salt of naphthalene-B-sulfonic acid are
described. Their characteristic relative solubilities are
shown in Table I and their optical propertles in
Table II.

TaBLE I—RELATIVE SOLUBILITIES OF SUBSTANCES Dsscmm;o
(Except the ferrous salt of the B-acid)

Nore: d. = difficultly soluble; v. d. = very difficultly soluble; sol, =
soluble; s. sol. = s]lghtly soluble; mod. = moderately soluble;
insol. = insoluble; v. s. = very shghtly soluble.

a-NAPHTHYLAMINE SERIES

SULFONATE @ B e 1,6 2,6 232¢

Cold water. . s e b d. verddiend. d. d.

18 Gl S i e sol. - 's.sol. d. sol, mod. sol.

Cold 95 per/cent alcohol.. d. d. 3 s.sol. d. sol.

Hot 95 per cent alcohol... sol. s.sol. s.sol. sol. s. sol.  sol.

Cold 75 per cent alcohol!, sol. s. sol.  d. sol, s. sol. sol.

Hot 75 per cent alcohol... sol. s.sol. d. sol. s. sol. sol.

Coldiacetone s etoiinitg . insol. insol." insol. insol. insol. insol.

Hot acetone:ii. il insol. insol, insol. imsol. insol. insol.

B-NAPHTHYLAMINE SERIES

Coldiwatertraiusiv et d. v dasvididad) viidistsed:

S H ot Water i e el e e sol. mod. s.sol. sol. s. sol. sol.
Cold 95 per cent alcohol.. d. s.sol. v.d. s.sol. v.d. i
Hot 95 percent alcohol... sol. mod. s.sol. sol. v.s. sol.
Cold 75 per cent alcoholl,. sol. mod. d. sol. d. s. sol.
Hot 75 per cent alcoholl s sold sol. s. sol. sol. V. S. sol.
Cold acetone.. .. insol. insol. insol. insol. insol. insol.
Hot acetone. ity sol. insol. insol. insol. insol. insol.

1 Four volumes of 95 per cent alcohol : 1 volume of water.

TABLE II—OPTICAL PROPERTIES OF SUBSTANCES DESCRIBED
———————a-NAPHTHYLAMINE SERIES FERROUS

SULFONATE o B i 1,6 2,6 2,7 B

Habit...... plates needles plates rods grains  rods plates

Indices:

. 1.552.5:1.600 " :1.600 = .1.583 "~ 1.583 . 1.560 . 1.500

it 1.650 ? 1.730 1.640 1.650 P
DR 15799, 1.725 1.795 1.770 1.690 1.675 1.660
y—a... 0.243 0.125 0.195 0.187 0.107 0.115 0.160
Usual.... a&y v a&y a&y means a a &y

Colors..... 1-2 1 2 2=3 2=3 3 2

Extinction par. par. incl. 17° incl. par. par.

Elongation. indet + indetin—— indet — indet.
iguresiee 0 0 rare occas.  occas rare occas.

2 E indet indet. indet. large large indet. large

Signusae. indet I indet. — — +

B-Acid
B-NAPHTHYLAMINE SERIES————— Salt

SULFONATE '« 8 1,5 ,6 2 2,7 1,5

Habit...... plates plates plates needles plates rods plates

ices:

Ini_c 1.640 1.631 1.550- 1.610 1.530 1.550
B ? 1.647 1.700 1.634 1.700 1.700
A AL 157308 187555771 7555 14830815740 81850 ==
y—a.... 0.2304 0,090 0.124  0.205  0.220 0 210 0,300+
Usual.... a &8 «a a&f «a ad& B a&p

Colors: i 1-2 1-2 1 3—4 1=2 2-—3 3-4

Extinction. par, indet., indet. par. 40° 8° indet

Elongation. =+ indet. indet. — £ indet

Figure usual  rare usual  occas. usual  usual  occas.

2RI 85° indet. = 75° large 70° large large

Sign G ians + indet. e —_— - —

- NAPHTHALENE SULFONIC ACIDS. II—A METHOD FOR

THE QUALITATIVE DETECTION OF SOME OF THE
NAPHTHALENE SULFONIC ACIDS!
By Joseph A. Ambler and Edgar T. Wherry

CoLor LABORATORY, BUREAU OF CHEMISTRY, DEPARTMENT OF
AGRICULTURE, WASHINGTON, D, C,

During the course of experiments on the sulfonation
of naphthalene it became desirable to have a fairly
rapid and convenient way ‘of detecting the presence
of the various sulfonic acids formed when naphthalene
is subjected to the action of sulfuric acid under varying
conditions. ‘No readily applicable method is to be

1 Presented at the 59th Meeting of the American Chemical Society,
St. Louis, Mo., April 12 to 16, 1920.
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found in the literature. The identification has always
been made by means of the chlorides or amides, which
is unsatisfactory for rapid work when dealing with
mixtures of two or more of the acids. The technical
separations are effected by means of the different
solubilities of their calcium or sodium salts, but this
method is not adapted to making a qualitative
differentiation, for example, of naphthalene-1,6-sul-
fonic acid from the isomeric 2,7-sulfonic acid, or of
naphthalene-B-sulfonic acid from the 2,6-disulfonic
acid, since the solubilities of the salts of these pairs of
acids are similar.

The use of the salts of these acids with organic
bases for qualitative separations was not described by
Erdmann and. Stivern! who studied the solubilities
of the aniline, benzidine, and o-tolidine salts of the
a-, 8-, 2,6- and 2,7-sulfonic acids of naphthalene.
They state that these salts are very valuable for the
isolation of the easily soluble sulfonic acids. Their
observation that the aniline salts of the o- and 2,7-
acids are soluble in cold water, while the corresponding
salts of the B- and 2,6-acids are insoluble, suggested
the possibility that salts with other. organic bases
may have properties suitable for a qualitative dis-
tinction of the acids. Accordingly, a large number of
such salts were prepared and their properties studied.
The most important of these salts have been described
in the preceding article, and from an examination of
their properties the following method of analysis has
been developed. Before attempting this method,
the chemist should make and become familiar with the
salts described in the preceding article or at least with
those which are used in this analytical method. If
this is done, he will have very little difficulty in dis-
tinguishing the various acids by this method.

ANALYTICAL METHOD

REAGENTS—(1) A freshly prepared solution of fer-
rous chloride. :

(2) A hot saturated solution of a-naphthylamine
hydrochloride made fresh just before use by dis-
solving the free base in hot dilute hydrochloric acid.

(3) A standard normal solution of sodium hydroxide.

(4) A hot saturated solution of B-naphthylamine
hydrochloride.

(5) Acetone.

(6) Methyl salicylate (oil of wintergreen or birch).

(7) Microscope fitted with two nicol prisms and a

revolving stage.

PREPARATION OF SOLUTION—The sodium salts of
the sulfonic acids are prepared free from sulfates by
the usual method of treating the sulfonation mass
with lime, filtering from calcium sulfate, and treating
the calcium salts in solution with sodium carbonate.
The-solution is then filtered to remove calcium car-
bonate, and the filtrate is acidified slightly with hydro-
chloric acid. S

The solution may be of any convenient strength.
Twenty-five cc. of a 5 per cent solution are in most cases
ample for a complete analysis.

QUANTITIES USED—The tests may all be made on
small quantities in test tubes; for example, 2 cc. of

! Ann., 276 (1893), 297.

LS
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solution or a few milligrams of solid, unless otherwise
stated in the directions. Also, except when removing
an acid from the solution, 2 or 3 cc. of the reagent
employed are adequate, except as noted below.

TEST FOR NAPHTHALENE-B-SULFONIC ACID

Ferrous chloride added to the cold solution produces.
a precipitate of glistening micaceous flakes of ferrous
naphthalene-g-sulfonate.! This may be slow in form-
ing if the amount is small.

If this acid is detected, it is removed from the entire
solution by adding a slight excess of ferrous chloride
and filtering off the iron salt precipitated. The
filtrate is then concentrated to its original volume
before making the following test.

TEST FOR NAPHTHALENE-I,5-DISULFONIC ACID

To a portion of the filtrate, heated to boiling, is
added an excess ‘of ‘boiling ' ¢-naphthylamine hydro-
chloride solution, and the solution boiled down to its
original volume. A granular precipitate of «a-naph-
thylamine naphthalene-1,s-disulfonate,! formed while

_concentrating, indicates the presence of the acid.

Difficulty is sometimes encountered here in causing
the insoluble salt to precipitate. If, however, the
a-naphthylamine hydrochloride solution is made di-
rectly before using, by dissolving the free base in hot
dilute hydrochloric acid (decolorizing with norit or
bone-black when necessary), and employing a large
excess of this reagent, there is no difficulty in obtaining
a reaction. The explanation of the fact that a solu-
tion freshly prepared from the base is more efficacious
than one made, for example, by dissolving the dry
hydrochloride of the base in water, or than a solution
which has stood for some time, is not known.

In adding this solution, an excess over that required
to combine with all the sulfonic acids present must be
used, as otherwise the insoluble salt does not form.
A possible explanation of this fact may be that the
disulfonic acid may form a soluble acid salt with
a-naphthylamine.

If 1,5-acid is found, it must be removed from the
rest of the solution before making any subsequent tests.
To the boiling solution an excess of a boiling solution
of the base is added, the mixture is concentrated to its
original volume and filtered hot. The excess of the
base is then removed from the filtrate by titrating
to alkalinity with sodium hydroxide, using phenol-
phthalein for indicator. After cooling, the free base
is removed on a filter, and the filtrate acidified with
hydrochloric acid. ;

TEST FOR NAPHTHALENE-2,6-DISULFONIC ACID

The entire solution which has been freed from both
B- and 1,5-acids is heated to boiling, and a large excess
of boiling B-naphthylamine hydrochloride solution
is added. The amount used must be sufficient to
form neutral salts with all sulfonic acids present.

The 2,6-acid is indicated by a white precipitate of
B-naphthylamine naphthalene-2,6-disulfonate® formed

1 See p. 1083 of preceding paper.
2 See p. 1084 of preceding paper.
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while boiling. The solution is filtered rapidly while
hot, and the filtrate allowed to cool.

The formation of a crystalline precipitate in the
filtrate on cooling does not necessarily indicate the
presence of any of the remaining acids, since the (-
naphthylamine naphthalene-2,6-disulfonate is not com-
pletely insoluble in hot water. However, the presence
of other naphthalene sulfonic acids at this point has a
salting-out effect on ‘the 2,6-salt, and hence its pre-
cipitation is®more complete in hot water when some
of the naphthalene sulfonic acids are present whose
B-naphthylamine salts are soluble in boiling water
(the a-, 1,6- or 2,7-acids). When none of these acids are
present, the salt separating on cooling is distinctive—
white, fine, and voluminous—and when once seen
would never be mistaken for the salts of any of the
other naphthalene sulfonic acids not yet removed.

TEST FOR NAPHTHALENE-a-SULFONIC ACID

The filtrate from the previous test is allowed to
cool and stand at least one hour after it is cold to
insure complete crystallization of the difficultly sol-
uble salts. Should a jelly be formed, more water is
added, and the solution heated to boiling and cooled
again. The salts are then filtered and dried in a
vacuum oven at 1oo° C. The filtrate should be tested
with more of the cold reagent to be sure of complete
precipitation.

A small quantity of the dry salts is boiled with 2 or 3
cc. of acetone, filtered through a warm, dry funnel,
and the filtrate cooled. The presence of a-sulfonic
acid is shown in the cold filtrate by the separation of
crystals of f-naphthylamine naphthalene-a-sulfonate.!

If this acid is found, the whole mass of the salts is
boiled with acetone, filtered hot through a warm, dry
funnel, boiled again with acetone, filtered, and the
residue washed with hot " acetone. The insoluble
salts are then dried and examined under the micro-
scope.

OPTICAL PROPERTIES—Immerse the salts in methyl
salicylate or other oily liquid having a refractive
index near 1.53. Turn the stage to bring a clear-
cut .crystal (rod or plate) into parallelism with the
plane of vibration of the polarizing nicol prism (as
indicated by one of the cross hairs; which cross hair
must be determined in advance).

If the crystal boundaries disappear, indicating the
identity of refractive index of the liquid with that of
the crystal in the direction of elongation; and if,
on inserting the analyzing nicol, in crossed position,
the extinction is more or less inclined, 7. e., if the
crystal becomes dark when turned so as to make an
angle of up to nearly 10° with a cross hair, the pres-
ence of naphthalene-2,7-disulfonic acid as its B-naph-
thylamine' salt is indicated. This salt of the 2,7-
acid also shows a characteristic twinning habit, the
two parts of the crystal plates showing extinction in
different positions. These twinned plates also show
an approximately 120° termination.

If the crystal boundaries remain distinct, and, on
raising the microscope tube, a band of light appears to
enter the crystal, showing that its refractive ‘index

1 See p. 1082 of preceding paper.
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exceeds that of the liquid in the direction of elongation;
and if, on inserting the analyzing nicol in crossed
position, the extinction is parallel, 7. e., the crystal
becomes dark when parallel to a cross hair, the pres-
ence of naphthalene-1,6-disulfonic acid also as the
B-naphthylamine salt is indicated. If salts of both
acids are present, both behaviors can be readily rec-
ognized on separate crystals.

These optical properties are very characteristic of
these two salts, as may be seen by referring to the
table of optical properties given in the preceding
article. The verg' small.amounts of the salts of any
of the other four naphthalene sulfonic acids which
may be present at this point of the analysis do not
in any way interfere with these observations, and are
readily recognized as impurities.

DELICACY OF THE TESTS

Most of the above-described tests are as delicate
as it is necessary for them to be when used for tech-
nical purposes.

The precipitation of the B- and 2,6-acids is very
nearly quantitative, so that a rough estimate of the
amounts of these present can be made by weighing
the dried precipitates. The precipitation of the 1,5-
acid is not so complete, since a-naphthylamine naph-
thalene-r1,5-sulfonate is slightly soluble in boiling
water. The a-sulfonic acid salt is almost completely
insoluble in cold water, and by evaporating the acetone
extract, its weight may be obtained, since none of the
other salts are appreciably soluble in acetone. A
rough estimate of the relative amounts of the 2,7-
and 1,6-salts may be made under the microscope.!

SUMMARY

A method is proposed for the qualitative examina-
tion of mixtures of the following naphthalene sulfonic
acids: «- and B-monosulfonic, and 1,5-, 1,6-, 2,6-, and
2,7-disulfonic acids.

THE MECHANISM OF BATING?
By John Arthur Wilson
LABORATORIES OF A. F. GarLLuN & Sons Co., MILWAURKEE, WISCONSIN
Received August 25, 1920

Perhaps the most curious of all the processes in-
volved in making leather is that of bating. Little
is known of its origin because it was a secret process,
but it is at least some centuries old. After the skins
are taken from the lime liquors, unhaired, and washed,
they are plump and rubbery, a condition not particu-
larly suitable for putting them directly into the tan
liquors. The object of bating is to prepare the un-
haired skins for tanning, and originally consisted in
keeping them in a warm infusion of the dung of dogs
or fowls until all plumpness had disappeared and the
skins had become so soft as to retain the impression
of thumb and finger when pinched and sufficiently

1 The authors wish to extend their thanks to Messrs. G. O. Oberhelman
and D. F. J. Lynch for their kindness in checking and confirming this
method, and for suggestions they have made for its improvement.

? Presented before the Section of Leather Chemistry at the 60th Meet-
ing of the American Chemical Society, Chicago, Ill., Sept. 6 to 10, 1920.
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F16, 1—Cross SECTION OF GRAIN AND PAPILLARY LAYER OF CALFSKIN
BATED WiTHOUT TRYPSIN. NOTE ELASTIN FIBERS IN UPPER HALF.
MAGNIFICATION 42 X

porous to permit the passage of air under slight pres-
sure. In his book Wood! says:

The object: of bating or puering is to render the skins, and
the resulting leather, soft and supple. * * * Puering is not
only a filthy and disgusting operation, but is prejudicial to
health and in the nature of it is attended by more worry and
trouble than all the rest of the processes in leather making put
together.

Wood made a thorough study of dungs and their
action upon skins and his final opinion was that the
active constituents of the dung infusions were am-
monium compounds and pancreatic or similar enzymes.
As a result of this work, and some practical develop-
ment by others, dung has been replaced as a bating
material in many tanneries by a mixture of ammonium
chloride and pancreatin.

Our knowledge of the behavior of proteins in contact
with aqueous solutions of acids, bases, and salts, in

which the protein swells by absorption of water to an
~ extent depending upon the nature and concentration
of the electrolyte, raises the question as to whether
bating is not simply a means of bringing the skins into
a condition of minimum swelling, especially since such
a condition would give the skins those physical prop-
erties which are widely accepted as indicative of
properly bated skins. If this were so it would re-
duce bating to perhaps the simplest of the tannery
processes.

EXPERIMENTAL

The following experiment was made to show the
comparative degrees of swelling of hide in lime water,
in a bate liquor, and in water. In each of three 100
cc. graduated cylinders were placed 2 g. of “‘Standard”’
hide powder. The first was filled with saturated lime
water, the second with distilled water, and the third
with a bate liquor showing a value for log Ht of
—=8.1. The cylinders were stoppered and shaken at

1 “Puering, Bating and Drenching of Skins,"” Spon, 1912.

F16. 2—CR0SS SECTION OF GRAIN AND PAPILLARY LAYER OF CALFSKIN

BATED FOR 6 HRS, WITH TRYPSIN. ELASTIN FIBERS PARTLY
REMOVED, MAGNIFICATION 42 X

intervals, and the swollen powders allowed to settle. At
the end of 8 hrs. the volumes occupied by the powders
were as follows: in lime water 41 cc., in distilled
water 32 cc., and in the bate liquor 31 cc., showing
that the bate liquor actually causes less swelling of
hide than ordinary distilled water. A pure solution
of ammonium chloride of the same concentration and
alkalinity as the bate liquor produces practically
the same degree of swelling.

A more practical test was made by comparing the
action of ammonium chloride alone with that of a com-
mercial bate, supposedly containing ammonium
chloride and pancreatin. Both liquors were made
up to a concentration of 1.20 g. of ammonium chloride
per liter, skins of similar nature were put into each,
and all other conditions kept as nearly alike as possible.
At the end of several hours the skins in both liquors
had all the physical properties of bated skins and no
difference between the two lots could be detected,
even after tanning. Recently a number of chemists
in various parts of the country have informed the
author of similar findings. This test would seem fto
indicate one of two things—either that pancreatin
was of no practical benefit, or else that the commercial
bate was deficient in enzymes.

Some years ago Rosenthall concluded that the
bating process removes elastin from the skin. In a
sample from the butt of a calfskin he found 10.36
per cent of elastin, calculated on the dry basis, before
bating, and only o.31 per cent after bating. But, as a
measure of the elastin content of a skin, he used the
per cent of nitrogenous matter that could be rendered
soluble by tryptic digestion, whereas his bating process
was also supposedly a tryptic digestion. What he
proved was merely that bating removed almost to
completion certain nitrogenous matter from the limed
skin, but whether this was elastin or hide substance

1 J. Am. Leather Chem. Assoc., 11 (1916), 463.



1o AV VAT 2SR 0

Nov., 1920 THE

JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY

1089

F16. 3—CROSS SECTION OF GRAIN AND PAPILLARY LAYER OF CALFSKIN
BATED FOR 20 HRrS. wiTH TRYPSIN. FEw ELASTIN FIBERS LEFT.
MAGNIFICATION 42 X

which had previously been attacked by lime appears
open to question.

The statement that elastin is removed by bating
is. also made by Moeller! and by Seymour-Jones,?
who in collaboration with Wood carried out an in-
teresting experiment on the bating of sheepskin.
The “flywing’’ grain of a sheepskin was split from the
main body of the skin, called simply flesh for con-
venience, and both grain and flesh were cut into halves
along the backbone. One grain and one flesh were
bated with pancreatin, while the other halves were
delimed with acetic acid, but not bated. All four
pieces were then tanned with sumac. There was
comparatively little difference between the bated and
unbated flesh halves, but the grain samples were
very  different from each other. The bated  grain
was soft and even, with the hair-holes clean and clear,
but in the unbated grain the hair-holes appeared to be
glued up and the surface had a rough, contracted ap-
pearance. Seymour-Jones concluded that elastin is
present only in the grain-membrane and that it must
be digested before tanning to produce a satisfactory
grain, but that bating of the skin under the grain is
not only unnecessary, but often undesirable. :

The results of this experiment may, however, not

have been due to the bating process. since one grain
had been treated with acetic acid, while the other
apparently had not. The author recalls having tanned
in the same liquor a bated skin and one both bated
and pickled. The difference between the tanned skins
was striking, the pickled skin being shriveled to half
of its original area and having an almost corrugated
appearance, while the other had not shrunk at all
and was quite smooth. o - 3

It was decided to settle definitely the question of the
removal of elastin in the bating process by means of
photomicrographs of cross sections of the skins taken

! Collegium, 1918, 105, 125; Chem. Abs., 12 (1918), 2706.
2 J. Soc. Leather Trades" Chem,, 4 (1920), 60.

F16. 4—CroSS SECTION OF GRAIN AND PAPILLARY LAYER OF CALFSKIN

ErLAsTIN FIBERS ENTIRELY
MAGNIFICATION 42 X

BATED FOR 24 HRrS. wiTH TRYPSIN,
REMOVED.

before and after bating. The elastin fibers are not
clearly discernible unless suitably stained, and for this
purpose magenta has been found excellent, since it
makes the elastin much darker in color, and therefore
more prominent than the rest of the skin. Two liquors
were prepared, each containing 1.20 g. per liter of
ammonium chloride, while one also contained o0.03
g. per liter of a U. S. P. grade of trypsin. Enough
alkali was added to each to make the value for log
H* about —8.0. A piece of. limed calfskin was
kept in each of these liquors for 24 hrs. at about 37°.
Microscopic examination of the sample from the
trypsin liquor showed that practically all of the elastin.
had been removed, while, in the piece treated with
ammonium chloride only, the elastin was left ap-.
parently unaltered. The test was carried out on a
large scale with the same result. :

The time factor in the removal of elastin can be
followed by means of the photomicrographs shown in
Figs. 1 to 4, inclusive.! The sections, which are all
4op thick, have been stained with magenta to make
the elastin fibers more prominent. In Fig. 4 the
grain membrane shows clearly enough to.be measured,
and is about 0.046 mm. thick. The skins are from
medium-size calves, and all sections shown were taken
from the butt. In a section 2.5 mm. thick the elastin
fibers were present to a depth.of o.5 mm. from the
grain surface, then for a distance of 1.7 mm. no elastin
could be detected, but was abundant in the remaining
0.3 mm. of flesh surface. This fully confirms the
view of Seymour-Jones that the main body of skin
contains no elastin.

The value of removing elastin from skins must de-
pend to some extent upon the particular properties
desired in the leather, but between skins containing
elastin and those from which it had been removed
no such differences as were noted by Seymour-Jones

1 Acknowledgment is made of the assistance of Mr. Guido Daub in

. the preparation of the photomicrographs,
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could be detected, probably because the differences
he found were due to causes other than bating.

CONCLUSION

The mechanism of bating evidently consists of two
distinct parts: (1) Reducing limed skins to a con-
dition of minimum swelling; (2) digesting the elastin
fibers present in the outer layers of the skins.

INCLUSIONS AND FERRITE CRYSTALLIZATION IN
STEEL. II—SOLUBILITY OF INCLUSIONS!
By E. G. Mahin and E. H. Hartwig

DEPARTMENT OF CHEMISTRY, PURDUE UNIVERSITY, LAFAYETTE, INDIANA

In an earlier paper by one of us? experimental evi-
dence was offered for the widely held theory that non-
metallic inclusions are partly responsible for ferrite
segregation in steel, indicating that Stead’s view to the
contrary® may be incorrect. Stead had concluded, as
a result of his experiments, that phésphorus segrega-
tion about inclusions is responsible for this phenomenon,
and that the presence of inclusions has no direct bearing
upon ferrite formation from slowly cooled hypoeu-
tectoid steels. The writer, on the other hand, showed

that ferrite continues to segregate about inclusions even

after long heating at temperatures considerably above
Ar;, although the longitudinal ferrite streaks of rolled
' steel disappear because of the better dissemination of
phosphorus that is brought about by such heating.

To account for this definitely established fact, it was
assumed that either the material of the inclusion itself
or some reaction product of this with surrounding

metal (or both of these) is soluble, to a slight extent

at least, in iron or in austenite, and that the presence
of this dissolved material so alters solubility relations as
to cause the beginning of ferrite separation from aus-

tenite in the regions so penetrated, before supersatura- :

tion has broken down at other points.

The mechanism of the breakdown of the solid solu-
tion of hypoeutectoid steel is somewhat as follows:

As the steel cools slowly through the transformation
range, the austenite of higher temperatures becomes
saturated with ferrite at the ideal temperature, Aj;.
Ferrite does not, in any case, separate at this point,
but remains in solution until a somewhat lower tempera-
ture, Ars, is reached, when the supersaturation then
existing can no longer be maintained. When ferrite
separation begins, recalescence occurs, and austenite
continues to reject ferrite about the crystal nuclei thus
formed until the temperature has fallen to Ar;, when
_ austenite of eutectoid composition remains and is
changed bodily to pearlite. :

However, it is not to be supposed that the degree of
supersaturation of ferrite in austenite is the same in all
parts of the steel mass, or even in all parts of a given
austenite grain. Austenite of absolutely uniform
concentration is an ideal substance, probably never
existing in a given steel mass. Even if all elements

but carbon and iron could be excluded, such uniformity °

could be approached only in steel cooling from the li-

1 Read at the 59th Meeting of the American Chemical Society St.
Louis, Mo,, April 12 to 16, 1920.

2 Mahin, THIS JOURNAL, 11 (1919), 739.

3 J. Iron and Steel Inst., 97 (1918), 287, 389,
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quid state, because when a cooled hypoeutectoid steel
is reheated, reabsorption of ferrite by austenite, as the
transformation range is traversed, gives austenite
grains containing more iron. carbide toward their
centers and more iron in the outer portions and, while
diffusion is a fairly rapid process, it is not likely that
any ordinary heating entirely serves to correct this
lack of uniformity in concentration. It is therefore in
the regions of higher iron concentration that super-
saturation during cooling is greatest and, leaving other
influences out of account, it is in these regions that the
nuclei of ferrite grains are first generated.

It is a general condition that if a third substance is:
added to a binary solution which is already saturated
with one of its components, the solubility of this com-
ponent is lowered. The opposite is sometimes true,
and in certain cases of ordinary solutions the presence
of the third substance has little observable effect, but.
these cases are exceptional. In the binary solid solu-
tion, iron—iron carbide, the nonmetallic inclusion or a.
reaction product may be regarded as the third substance.
It is'not'necessary to assume a large solubility for this.
third substance. If there is a zone, however narrow,
lying about an inclusion and containing even a trace:
of 'some third dissolved substance derived from the in-
clusion itself, the presence of this material should alter:
the solubility of ferrite in the austenite there present,
and thus cause local breakdown of the cooling solution
first in these regions. This would establish ferrite:
nuclei, and separation would continue at these points.
The cooled steel would then show inclusions embedded
in ferrite. : :

One reaction product was suggested in the first.
paper. This was manganese, an equilibrium product.
resulting from contact of manganese sulfide inclusions.
with iron. It would appear that the steel in contact.
with such an inclusion must necessarily contain man-
ganese in slightly higher concentration than in other:
regions. This would also be true of manganese sul--
fide itself and of ferrous sulfide existing in equilibrium-
with the other substances involved in the reaction.

Similar reactions are conceivable in the case of oxides,,
silicates, sulfides, etc., of elements other than iron, and.
the reaction products, as well as the original inclusions,.
must dissolve to a slight extent in the surrounding metal.

It was earlier pointed out that the effort to produce:
artificial inclusions by sealing powders into holes in.
steel could not be expected to produce any very defi- X
nite results, because air could not be entirely excluded!
from such cavities, and the film of oxide produced on
the lining of the cavity when the steel was heated must:
prevent intimate contact with the inclusion, even if
the latter were fusible. Of nine materials used by Dr.
Stead, at least five (calcium fluoride, calcium oxide,
magnesium oxide, silica, and manganese sulfide) would!
be infusible, or practically so, at 1000° C., the tempera-
ture employed.

The difficulties attending the production of intimate:
contact of artificial nonmetallic inclusions with sur-
rounding metal are not encountered if metallic inclu-
sions are used. Clean holes may be drilled in the steel,,
and clean, tightly fitting rods of a different materiali
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driven into the cold, unoxidized steel. In this way it is
possible to use nonferrous metals, alloys, or alloy
steels to determine the effect of a third metal or com-
bination: of metals, thus imitating thé production of a
metal by reaction of a nonmetallic inclusion with
surrounding steel. This was the idea which prompted
the work described below. From the success attained
the work was extended to include an investigation of
the broader question as to the effect of segregation of
such substances as silicides, sulfides, and phosphides,
and of metallic elements of alloy steels, upon carbon
distribution.

EXPERIMENTAL PART °
A bar of rolled carbon steel, containing o.53 per cent

carbon, was cut transversely into plates about one
inch in thickness. Through these were drilled holes

one-eighth inch in diameter, no oil or cutting com-.

pound being used. Rods of a number of alloys, care-
fully turned to o0.002 in. oversize, were driven into these
holes. The ends of such as were sufficiently malleable
were riveted down. The piece of steel, with its insert,
was then placed in a closed muffle furnace and heated
to 850° C. (which was well above the transformation
range for this steel) for periods of 7 hrs. After cooling
in the furnace the pieces were sectioned transversely
to the axis of the insert, polished, and etched in nitric
acid. Microscopic examination of the polished sec-
tions was made before etching, to determine whether
contact of the pieces had been perfect. In the few cases
where the insert had not been fitted tightly the speci-
mens were rejected. Of the others, photomicrographs
were made for record.

The following alloys and steels were used as inserts
in the first series of experiments: Aluminium bronze
(copper 9o, aluminium 7, iron 3), stellite, die-casting
alloy (zinc and aluminium), high-speed steel, and steel
contammg 1.74 per cent manganese.

The results of the treatment are shown in the ac-

companying photomicrographs, in each of which the

steel and the insert are shown in the upper and lower

portions, respectively. A well-defined ferrite ring sur-
rounding the insert is evident in all cases. (In all of the
photomicrographs there is a narrow, dark line, some-
what indistinct in some cases, at the contact circle
separating steel and insert. Thisis due to the fact
that there is usually a difference in hardness of the
steel and insert, so that polishing produces a rounded
shoulder at the contact surface.
nation this appears as a dark ring.)

ALUMINTUM BRONZE—Fig. 1 shows the appearance of
the contact line between steel and aluminium bronze
insert before thermal treatment. The other experi-
mental pieces were similar to this in appearance.
The contact is excellent, the only change in grain
structure being a physical distortion of grains ad-
joining the insert, this being produced by driving in
the cold insert. Fig. 2 shows the same piece after 7 hrs.
heating at 850° C. A ferrite ring, clearly defined’and
uniform in width, entirely surrounds the insert. : The
obvious assumption is that outward diffusion of the
foreign metal, dissolving in contiguous austenite,

With vertical illumi-
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lowers ferrite solubility and causes separation first in
the zone penetrated

ZINC-ALUMINIUM-—The die-casting alloy was heated

¢ above its fusing point, and the line representing the

contact surface of the cavity and melted metal has be-
come irregular. However, the ferrite ring, not so
wide in this case, follows this outline, as shown in
Fig. 3.

STELLITE—In: Fig. 4 is shown the very striking
effect of a stellite insert. Either cobalt or chromium
appears to diffuse quite rapidly into steel and to exert
a considerable effect upon ferrite solubility. Pos-
sibly both metals are responsible for this effect. The
ferrite ring here produced is the widest of all that
were obtained in the experiments described in this
paper, with the exception of that produced by man-
ganese and nickel, to be discussed later.

CHROMIUM-TUNGSTEN—The action of a high-speed
steel insert is illustrated in Fig. 5. The ferrite ring is
narrow, but regular i in width, and very distinct.

MANGANESE—The action shown in Pig. 6 is inter-
esting.. Here the insert and the steel body are of
practically identical composition except with regard to
manganese, the insert containing 1.74 per cent of this
element as against o.67 per cent in the outer body.
Above the transformation range, manganese has

. diffused outward from the region of greater concen-

tration into that of lower concentration. Ferrite
solubility has apparently been diminished in the outer

. piece and, as might have been predicted, somewhat in-

creased in the outer border of the insert. Consequently,
a ring of increased pearlite concentration is observed
in the last-mentioned zone. (A still wider ferrite ring,
produced by manganese diffusion, is shown in Fig. 17.)
1LLivM—Illium metal (chromium-nickel-copper) pro-
duces a narrow ferrite ring when the specimen is
heated for ¢ hrs. at 850° C. This is shown in Fig. 7.

CHROMIUM AND NICKEL—A chrome steel (chromium

“1.0 per cent) shows a well-characterized effect (Fig. 8),

and a nickel steel (nickel 3.5 per cent) produces a
wide ferrite band, as shown in Fig. 9.

In the experiments just described the materials used
as pseudo-inclusions consisted of alloys and steels that
happened to be available, and they were used in this
way to test the general effect of localizing metallic
impurities. Inthe further attempt to use inserts made
from miscellaneous steels, each high in some single
element, it was soon found that the results of the heat
treatment were complicated by differences existing be-
tween the insert and body, with respect to the per cents
of carbon, as well as of the common elements, silicon,
phosphorus, sulfur, and manganese.

The National Malleable Castings Co., through
the courtesy of Mr. H. A. Schwartz, chief metallur-
gist, kindly undertook to prepare a set of special steels
that would be better adapted to this use. One stock
steel was made, : containing o.5 per cent of carbon and
normal per cents of the four other common elements.
To- various other portions of this same steel abnor-
mally high amounts of special elements were added
in the crucible. These special steels were used as in-
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F1G6. 13—SAME STEEL As IN Fr0. 12.
REAGENT, X 50

COPPER

Fi1c, 16—STEEL (CU 1.34%) 1N CARBON STEEL,
X 100

gerts in the stock for heat treatments similar to those
.described in the first part of this paper. The following
per cents of the special elements were found by analy-
sis: Phosphorus 1.06, sulfur. 1.36, silicon 4.0, manga-
nese 1.46, chromium o0.84, and copper 1.34. A special
titanium steel also was available, but the experi-
ments upon this are still incomplete. Some further
work upon all of these specimens is still in progress,
but it may be of interest to dwell briefly upon the
effects of some of the special elements upon carbon dis-
tribution.

The method used for making the special steels was,
as noted above, the addition of ferromanganese,
ferrosilicon, and ferrotitanium, as well as of steels con-
taining high proportions of iron phosphide, iron sul-
fide or chromium, to a crucible containing fused car-
bon steel. The carbon was thus maintained practi-
cally constant, but under the conditions it could
scarcely be expected that the special steels would be
uniform in composition, with respect to the special
element added. This lack of uniformity in the special
steel insert gives two interesting results:

(x) The ferrite ring produced in the carbon steel surrounding
the insert varies greatly in width, presumably according to the
variation in concentration of the special element along the cylin-
drical surface of the insert. :

(2) The special steel itself shows pronounced carbon segrega-
tion.

The latter point is illustrated by Figs. 1o, 11, and
12, photomicrographs of the annealed titanium,
silicon and phosphorus steels, respectively. The segre-

F1G. 17—STEEL (MN 1.46%) 18 CARBON STEEL,
X 100

F16. 14—SamMe STEEL (BELow) as IN Fi1G. 12
3 IN CARBON STEEL.

X 100 X 100
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F1G. 18—SaAME A8 1IN F10, 17. X 12

gated masses of ferrite grains probably contain a
higher proportion of the special element than other
parts of the metal. This is proved to be the case, at
least with the phosphorus steel, by a comparison of
Figs. 12 and 13, the latter being a representation of
this special steel attacked by Stead’s copper reagent.
The bright high-phosphorus areas, free from copper,
correspond well with the ferrite®grains of Fig. 12.

PHOSPHORUS—It has already been noted by Stead,
and confirmed by the work reported in a previous
paper by one of the present writers,! that iron phos-
phide migrates very slowly in austenite. It is inter-
esting to notice that the insert of steel containing 1.06
per cent of phosphorus, when heated to 850° C. for 4
hrs., produces only a very narrow (and somewhat
irregular) ferrite ring in the steel surrounding the in-
sert (Fig. 14). It is planned to give this specimen a
protracted heat treatment at a higher temperature in
order to observe whether the effect will be more pro-
nounced.

suLFUR—The effect of sulfur, through migration of
ferrous sulfide, is shown in Fig. 15. The contact line
is somewhat obscured, in this view, on account of the
smearing that occurs during the polishing action upon
the somewhat brittle material.

corpER—Copper migrates readily and affects carbon
distribution, as do the other elements noted (see
Fig. 16).

MANGANESE—Manganese shows a more pronounced
effect than does any other of the common elements

1 Loc, cil. '



F10. 20—Brass 1N CARBON STEEL.
X 100

X 100

F1G. 22—INGOoT IRON IN CARBON STEEL, SHOW-
ING CARBON PENETRATION. X 100
Goop CoNTACT.

of ordinary steel. Figs. 17 and 18, at 100 and 12 diam-
eters, respectively, illustrate this very marked effect.
A wide ferrite ring, uniform in width, is shown in both
figures. Fig. 18 was made without using the ocular
of the microscope and the definition is not good, but
the etching effect is easily seen.

siticon—In Fig. 19 the effect of silicon is shown.
The ferrite patches about the insert are very wide in
places, and very irregular. The irregularity is, no
doubt, due to lack of uniformity in distribution of iron
silicide in the special steel.

OXIDATION

Throughout this discussion it has been assumed that
diffusion of the special element or compound from the
insert into the adjacent steel has been the cause of
ferrite segregation near the contact surface. It is
worth while to inquire whether oxidation may have had
some influence, through leakage of air into minute
cavities caused by badly fitting inserts, with resulting
oxidation of carbon. Five lines of evidence lie against
this possibility: :

1—Microscopic examination of the polished section
easily discloses points of poor contact, and ferrite segre-
gation is almost invariably most marked where con-
tact is closest.

2—Oxidation should act upon steel insert and body
alike. If the inner lining of the hole in the body is to
be decarburized by oxidation, the outer layers of the
insert also should be decarburized, where the insert is
‘of steel. .Figs..5,.6, 8,0, 16, 17, and 18 very strikingly

F16. 23—STEEL (P 1.06%) 1IN CARBON STEEL.
Two AIR POCKETS SEPARATED BY LINE OF

CoOPPER REAGENT,
X 50
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F16. 21—STEEL (P 1.06%) IN CARBON STEEL.

AR PockeET, X .100

dispose of this question. Fig. 14
gives no evidence on this point,
because the etching that is appro-
priate for the plain carbon steel
does not bring out the grain struc-
ture of the phosphorus steel.

3—It would require a continuous
inflow of air to the entire lining of
the cavity to produce such a regular
and continuous ferrite band as was
produced in many of the experi-
ments, motably with inserts of
aluminium bronze, stellite, and
manganese steel, where the contact
was exceptionally good.

4—The actual amount of carbon
that could be oxidized by the minute amount of air
enclosed in an occasional cavity, caused by using a
poorly fitting insert, is necessarily small, and migration
of iron carbide would quickly replace that destroyed
by oxidation. Fig. 20 shows a pronounced air pocket
between a plain carbon steel and a brass insert, while
Fig. 21 illustrates a similar condition with the special
phosphorus steel insert already discussed. In both
cases any carbon that has been removed by oxidation
has been replaced by carbide migration, so that
pearlite grains extend to the very border of the
cavity.

This ability of iron carbide to migrate readily is, of
course, well known, and it is the basis for such com-
mercial processes as case carburizing. That iron car-
bide can easily and continuously cross the border
joining these metallic inserts with surrounding steel is,
finally, illustrated by using an insert of Armco ingot
iron, After giving this specimen the same treatment as
was given the others, pearlite was found over the
entire cross section of the insert. This is shown in
Fig. 22. This is sufficient proof of perfect metallic
contact.

s—Actual diffusion of iron phosphide from the
special phosphorus steel is shown by use of Stead’s
copper reagent. -Fig. 23 is from a photomicrograph
taken to include two regions where there was no con-
tact, separated by a short line of good contact. It is
only into the region immediately outside the contact
surface that phosphide has migrated, as is shown by
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the absence of a copper deposit. It may be noted
also that the bright surface here shown is of approxi-
mately the same width as the ferrite ring shown for
this same specimen in Fig. 14.

In addition to the experiments above described; a
few metals and alloys used as inserts in heat-treated
steels have failed to give any striking results.
this has been due to (a) failure to heat to the necessary
temperature, (b) extremely low migration velocities
of the special elements or compounds, or (¢) absence of
any effect of diffused material, is not now clear. These
materials and others will be used for additional experi-
ments.

SUMMARY

A considerable number of alloys and special steels
have been turned into small rods and driven into holes
in carbon steels, ‘the whole assembled specimen then
being heated to temperatures above the transformation
range for the steel. The section of the slowly cooled
piece then shows, in nearly all cases, ferrite segregation
around the insert. The hypothesis that has been ad-
vanced to explain this phenomenon is to the effect that
the special element, elements, or compounds have dif-
fused into the surrounding steel, and that they have
there exerted an influence toward throwing ferrite out
of the austenitic solution when the latter cools into the
transformation range.

These experiments are cited as possibly throwing
some light upon the character of the influence of non-
metallic inclusions upon ferrite segregation. The in-
clusion must have a certain slight solubility in austenite,
and the concentration of the dissolved matter is there-
fore greatest in the immediate vicinity of the inclusion.
There must also be equilibrium products of reactions
occurring between the material of the inclusion and the
steel. These products also must have a slight solu-
bility, and they also are localized about the inclusion.
Such a condition of localized dissolved impurities might
have the effect of starting ferrite crystallization first
about the inclusion, thus breaking down the state of
ferrite supersaturation that always occurs in hypo-
eutectoid steels between the temperatures A; and
AI':;.

If these hypotheses are correct it is easy to see the
importance of uniform distribution of all elements of
carbon steel, as well as of alloy steels, as otherwise it
is not possible to have uniform carbon distribution, and
the finished piece cannot be brought into its best condi-
tion by any ordinary heat treatment.

The effect of phosphorus upon carbon distribution
is then but one illustration of the general law. Practi-
cally all of the elements that can enter steel can exert a
similar influence. The importance of this fact in con-
nection with the subject of nonmetallic inclusions
comes from the fact that the inclusion furnishes a con-
tinuous supply of the dissolved impurity, and that
therefore no amount of heat treatment can cure its evil
effects, while the opposite is true with the dissolved
element or compound that is not associated with dis-
<rete particles of inclusions.
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AN ELECTROMETRIC METHOD FOR DETECTING
SEGREGATION OF DISSOLVED IMPURITIES
IN STEEL!
By E. G. Mahin and R. E. Brewer
DEPARTMENT OF CHEMISTRY, PURDUE UNIVERSITY, LAFAYETTE,
Received July 23, 1920

As a result of work described in two earlier papers?
it was concluded that segregation of dissolved material
derived from nonmetallic inclusions, as well as dissolved
phosphides, silicides, sulfides, and elements of alloy
steels, causes carbon segregation in steel, iron carbide
usually leaving the region of higher concentration of
impurity as the steel cools from above Ars.

In such a case the ferrite grains of the regions so
contaminated should possess a solution tension dif-
ferent from that of purer grains in other parts of the
steel body. An electrolytic cell in which two of such
grains form the electrodes against a common electrolyte,
as for example

INDIANA

1mpure ferrlte—KCI—pure ferrite,

should generate an electromotive force which could be
measured by use of a suitable potentiometer system.

It is manifestly impossible to isolate two ferrite
grains of a given piece of steel in such a way as to make
an e. m. f. measurement of such a cell practicable. On
the other hand, it should be possible, at least in principle,
to make successive measurements of the e. m. f. of €ach
of two systems, in each of which a standard calomel or
hydrogen electrode is connected against the grain in
question, the same electrolyte being used in the two
cases. In this way a comparison could be made of
the electrode potentials of various grains of apparently
pure ferrite and differences in degree of purity detected.

PRECAUTIONS TO BE OBSERVED

Many precautions must be observed in the attempt
to dpply this method in practice. Some of these may
be enumerated briefly as follows:

1—Immersion of the specimen in the electrolyte is,
obviously, not practicable. It then becomes neces-
sary to pick out certain areas in the polished and etched
section, making contact of the electrolyte with these
alone. The microscope must be used for observation
of the specimen, and an extremely fine point of some
sort must be used for touching the grain under investi-
gation, this point carrying the solution of the electro-
lyte and establishing the necessary connection with the
remainder of the circuit.

2—In any electrode-potential measurement, con-
tact of electrode with electrolyte must be maintained
for a certain period of time, in order to establish equilib-
rium conditions. Using the method here discussed,
it then becomes necessary to maintain a microscopic
point or tube in contact with the grain under obser-
vation for some time. This presents considerable
mechanical difficulties.

3—Evaporation of water from the solution at the
point changes the concentration of the electrolyte at
the contact surface. Using a molar solution of potas-
sium chloride, the relative change in concentration is

1 Presented at the 60th Meeting of the American Chemical Society,

Chicago, Ill., September 6 to 10, 1920.
2 THrs JourNAL, 11 (1919), 739; 12 (1920), 1090.
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not serious except in case measurements of a high degree
of precision are desired.

4—The positive component of the double layer over
the electrode contains ferrous ions, but oxidation of
these ions occurs to some extent during the time that
is required for equilibrium to be established. To pre-
vent this a current of hydrogen was directed over the
specimen during the earlier experiments. It was soon
found that this made little observable difference in the
values obtained and its use was discontinued.

s—Polishing produces a layer of amorphous metal
over the crystalline structure underneath, according to
the now generally accepted theory of Beilby.! This
amorphous (strained) material is slightly more posi-
tive than crystals of the same material.? This layer
is removed by etching, so that it should have no effect
upon experimentally determined values.

6—Etching the specimen with nitric acid in alcohol
might, conceivably, produce a condition of slight pas-
sivity of the iron. This was tested by comparing the
potential of such a specimen with that of the same
specimen etched with alcoholic hydrochloric acid, a
less satisfactory etching solution from the standpoint of
clearness of the etched surface.
tent difference between the two sets of values.
. 7—Exposure of the surface to the air before testing
gradually raises the electrode potential by oxidation.
This interference was avoided by polishing and etching
each specimen just before making the measurements.

Greater precautions with regard to all of these points
would have to be taken if 'a high degree of precision
were required. But even in the purest steel there will
be so much variation in either ferrite or pearlite grains,
from point to point, that values will probably have
little significance beyond the third, or possibly even
the second, decimal place. \

EXPERIMENTAL

APPARATUS—Fig, 1 illustrates the manner of as-
sembling the apparatus, the illuminating system and
potentiometer being omitted from the drawing. The
specimen under investigation had a short copper wire
soldered to its lower surface, this wire dipping into a
éup of mercury placed beneath the stage of the micro-
scope. This made a connectxon with the potenti-
ometer which permxtted focusmg the stage of the metal-
lographic microscope at will. ~The specimen was held
by a Sauveur magnetic holder. This, of course, re-
sulted in grounding the specimen through the micro-
_scope Experiments carried out with the specimen
insulated from the microscope and with a nonmag-
netic holder showed that neither of these ‘factors affected
the observations of the e. m. f. in the thu'd decimal.

The electrolyte was a molar solutmn of potassium
chloride in boiled distilled water. A solution of ferrous
sulfate is not suitable for this purpose because of the
facility with which hydrolysis and oxidation take place.
A clear solution cannot be kept . Wxthout having an ex-
cess of ac1d present

1 Proc Roy. Soc., 72 (1903), 227.
2 Lord Kelvin, Phil. Mag., 46 (1898), 82; Hambeuchen, University of

Wisconsin, Engineering Bulletin 2 (1901). 235 ]’nckson, Trans. Am. Soc.
Mech. Eng., 22 (1900-1901), 816. =

There was no consis-:

* measurements
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Contact with the specimen was made by means of a
very fine, capillary, glass tube, G, drawn to hair-like
dimensions. An attempt was first made to use a
porous or tubular fiber, either animal or vegetable,
cemented in the end of a fine tube. No success has as
yet been attained in this direction. Further experi-
ments along this line are in progress. Fig. 2 will indi-
cate the appearance of the capillary point as applied
to one of the ferrite rings obtained in the course of the
work described in the second paper dealing with this
subject.! It will be noticed that only the tip of the
tube is in focus, so that the grain structure of the steel
is visible through the upper part of the tube.

gt

i

QLo
To EMF connection on Poten tiormerer

L ]
F16. 1—ASSEMBLED APPARATUS
B—mercury; C—copper wire; S—specimen of steel; G—glass tubing with
capillary point; R—rubber tubing; F—molar KCI;
E—normal calomel electrode

A normal calomel half-element completed the electro-
motive system,; and a Leeds and Northrup precision
potentiometer, with wall-type galvanometer having a
sensitivity of 93 megohms, was used for making the
by the Poggendorff compensation
method. The apparatus was shielded from the in-
terference of stray fields by the method of White.2

For: the illumination of the microscope an Ediswan
“Pointolite’” lamp, 100 candle power, was used, the
light passmg through ‘the usual condensing system to
the 435° reflector in the microscope.

RESULTS—The measurements that have been made
to date would indicate that this method has possibilities
for research purposes, although it is not considered
likely to have any particular value as a routine testing
method. . Many variable and unsatisfactory results
were obtained during the early part of the work and
changes in the apparatus were made to meet difficulties
that developed. A single set of measurements will be
cited to show the nature of the results. = These measure-
ments were made on a piece of carbon steel containing
an insert of aluminium bronze, the specimen having
been heated to.850° C. for 7 hrs. and cooled in the
furnace. The appearance of the pohshed and etched
section is shown in Fig. 3.

In the table each group of values represents a_ series
of readings of the e. m. f. of the system for a given
microscopic spot. on the steel section, the values. in-

1 Tais JOURNAL, 12 (1920), 1090.
2 J. Am. Chem. Soc., 36 (1914), 2011,
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creasing as the readings are repeated. In each group
the value marked with an asterisk is the maximum
value, the reading remaining constant to three decimals
for 3osec. The first column contains values, in volts, of
the e. m. f. for various points on the ferrite ring X of
Fig. 3. In the second and third columns are given
values for various points on the body Y of the steel.

F1G6. 2—GrAss CAPILLARY POINT APPLIED TO A FERRITE

RiNG. X S50

For the last-named points, an effort was made to re-
strict the contact to ferrite grains. Where the grains
- were small it was not always possible to do this, but
the results are not appreciably affected by contact of
the solution with pearlite grains, since pearlite is a
conglomerate of ferrite and cementite, and since fer-
rite is the more positive of the two substances.

TABLE I—E. M. F. 1N VOLTS, FOR STEEL WITH ALUMINIUM BRONZE INSERT

Different Points Different Points on Different Points on
on Ferrite Ring Body of Steel Body of Steel (Cont.)

0.438 0.481 0.506
0.456 483 0.510
0.471 486 0.514
AL 560 +0:319
456 *0.560
467 0.421
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Average of Maximum 533; Average of Maximum

Values for Ferrite 0.536 Values for Body of
Ring 0.541 . Steel
0.552
0.471 *0.552 0.522

There is considerable variation between the maxima
for the different groups in a given column. This, it
would 'seem, might be expected, since we are dealing
with a material whose composition must vary from
point to point. Even upon the assumption that copper
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and aluminium have passed into the steel mass, thus
causing the appearance of the ferrite ring, it is not to
be supposed that the concentration of these metals
in the ring is at all a constant quantity. The electrode
potential would then be somewhat variable, and the
e. m. f. of the system would vary accordingly.

Ferrite grains in the body of the piece, so far removed
from the alloy insert as to preclude the possibility of con-
tamination, are also undoubtedly impure. They prob-
ably contain most of the phosphorus and silicon of the
steel, as well as traces of other impurities, and their
electrode potentials also will vary.

Considering both of these probabilities it is yet sig-
nificant that the starred values for the ferrite of the body
of the steel are distinctly higher than those for the
ferrite ring.

' ELECTRODE POTENTIAL

Using o.560 volt for the value for the calomel half-
element, it will be seen that the electrode potentials for
the metal, as calculated from these results, have
negative values. The average for the ferrite ring is
0.471— 0.560 = —o0.089 volt, and for the body of the
piece, o.522—o0.560 = —o0.038 volt, a difference of
about o.o3 volt. This is not in agreement with most of

the values that have been found by others for iron.

Walker and Dill' found the value o.156 volt for
unstrained Swedish iron in a ferrous sulfate solution,
whose concentration was not stated. This value indi-
cates that the solution was positive to the metal, the
opposite of which is true in our measurements. Other
recorded results vary somewhat from those obtained
by Walker and Dill, but variations in purity, occluded
gases, etc., are largely responsible.?

F16. 3—STEEL ADJOINING AN INSERT OF ALUMINIUM BRONZE,
HEATED POR 7 HRS. AT 850° C, X 100

It was at first thought that this indicated an error:
in the method of reading, but a comparison of the
electrode potential of a sample of polished and etched
ingot iron made by the point-contact method above
described and by immersion of the specimen in the
electrolyte, shows that the immersion method gives

" 1 Trans. Am. Electrochem. Soc., 11 (1907), 153.

? See also Richards and Behr, “The Electromotive Force of Iron, and
the Effect of Occluded Hydrogen,” Pub. Carnegie Inst., 1906.
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higher readings, more nearly in accord with the results
of others for practically pure iron in ferrous sulfate.
It will then be concluded, either (a) that the point-
contact method does not give true equilibrium values,
contact being made for too short a time, or (b) that
surface tension or some similar influence consistently
lowers the actual potential of the grain under observa-
tion. The latter hypothesis seems not unlikely, in
view of the fact that in approximately the same time
period the e. m. f. values for the system containing the
immersed specimen of ingot iron were considerably
higher than those obtained by point contact. It is
not likely that absolute equilibrium has been reached
in any case, but the starred values were not changing to
the extent of o.cor volt in 30 sec. Longer contact
than a few minutes is not practicable, evaporation and
oxidation then serving to render the results unde-
pendable.
SUMMARY

A method has been developed for measuring the
electrode potential of a single grain or microscopic
point on a metal specimen. Results so far obtained
show lower values than are given when a pure metal
is immersed according to the usual scheme. No reason
for this has been demonstrated, but it is shown that
fairly consistent values may be obtained on a given
kind of material.

When the method is applied to a piece of steel con-
taining a segregated ring of ferrite, produced by heating
in contact with aluminium bronze, it is found that
average values for the ferrite ring are o.o51 volt lower
than for ferrite in the unaffected body of the steel.
This indicates a different degree of purity for ferrite
under the two conditions, and sustains the theory al-
ready advanced to account for the ferrite ring. It is
hoped that the method may be improved so that it
may be applied to the exploration of the regions ad-
joining nonmetallic inclusions in ferrite, as well as the
segregated masses of ferrite often found in steels but not
associated with inclusions.

INFLAMMABILITY OF JETS OF HYDROGEN AND
INERT GAS!
By P. G. Ledig
BUREAU OF STANDARDS, WASHINGTON, D. C.
Received July 29, 1920
The purpose of the experimental work herein de-
scribed was to determine the maximum amount of
hydrogen which could be used with helium in balloons
without losing the advantage of noninflammability.
Preliminary experiments to determine the inflamma-
bility of a jet of hydrogen and inert gas under various
conditions were made with hydrogen and nitrogen,
in ordet to save helium. Later work showed that,
as was supposed, there was not a great enough difference
in the behavior of the gases to make it necessary to
use helium throughout.
The gas mixtures were made up in a water-sealed
gasometer (a meter prover) with a capacity of some-
what over 5 cu. ft. A scale on the tank was cali-

Published with permission of the Director of the Bureau of Standards.
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brated in tenths of a cubic foot. A large valve
opened into a vertical cylindrical chamber about
10 cm. in diameter and 30 cm. long, with clamps at
the open upper end by which steel orifice plates could
be fastened in place. There were six of these orifice
plates, 2 mm. in thickness, having circular orifices.
of s, 10, 15, 20, 25, and 30 mm. diameter, respectively.
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F16. 1—RELATION OF BLOW-OFF VELOCITY TO ORIFICE DIAMETER AND
HyYDROGEN CONTENT

A gas mixture of approximately the composition.
desired was allowed to stand in the gasometer for a.
period of half an hour or more to permit diffusion of
the hydrogen and nitrogen. The gas was then analyzed.
for hydrogen content, with an accuracy of o.r per
cent. The orifice chamber was now swept out with
this gas and the gas stream was then slowed down
sufficiently to permit ignition or proof that the gas
mixture would not burn in air. A small jet of burning
coal-gas was used to ignite the gas stream. If the:
mixture burned, the valve was slowly opened until
the velocity of the gas stream extinguished the flame:
by blowing it from the orifice. Since the hydrogen
flame was practically invisible, it was usually found:
most -convenient to judge this blowing-off point by
sound. The flame fluttered more and more loudly
as it approached the blowing-off velocity. After the:
flame had blown off, the valve was left open at the-
same position, and the gas velocity measured imme-
diately by timing with a stopwatch the fall in the:
gas holder during the discharge of a definite quantity"
of gas. In practically all cases there was sufficient.
gas in the tank to make from three to five determina--
tions with a single orifice.
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By repeating the procedure with all the orifices
and over ranges of composition from the lower limit
of combustibility up to varying upper percentages of
hydrogen (depending upon the orifice diameter), the
curves of Fig. 1 were obtained. This shows the effect
of changes of composition and orifice diameter upon
the blow-off velocity of hydrogen-nitrogen mixtures.
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F16. 2—EFFECT OF USING A BALLOON FABRIC ORIFICE, 10 MM, IN DIAMETER

It will be seen that, for gas mixtures near the in-
flammable limit, the velocity at which the flame is
extinguished is practically the same for orifices from
10 to 30 mm. in diameter. It is certain that the
velocity at which the flame is extinguished will be
less and less affected by the size of the orifice the larger
the size becomes. This is true because the only con-
ceivable effect of the size of the orifice upon inflam-
mability is due to the influence of one portion of the
flame cap upon neighboring portions, and such mutual
influence is rapidly eliminated as the size of the flame
is increased. :

In order to determine whether any great difference
is produced by using balloon fabric instead of metal
for orifice material, a series of tests was run with an
orifice 10 mm. in diameter cut in standard dirigible
fabric. Fig. 2 shows the results of these tests. The
hole in the balloon fabric enlarged scarcely at all
under the influence of the slight heat from these
flames, even after a considerable number of determina-
tions were made with it. A mica orifice gave results
identical with those obtained with the steel orifice,
which indicates that conduction of heat by the orifice
plate has little or no effect upon the blowing-off velocity
for orifices as large as those used.
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In the final experiments, nitrogen was replaced by
helium containing about 5.5 per cent of nitrogen. The
15-mm. steel orifice was used in this series of determina-
tions. The curve for blow-off velocity follows quite
closely that of the hydrogen-nitrogen mixtures (Fig.
3). There is a difference of about 2 per cent of hydro-
gen in the lower limit of inflammability, however,
12.5 per cent being the lower limit in the hydrogen-
nitrogen mixtures, and 14.5 per cent being the lower
limit in hydrogen-helium mixtures.

In order to obtain an idea of the pressures in a
balloon which would produce the gas-stream velocities
necessary to blow off a flame, a series of calculations
was made upon the results shown in Fig. 3, using the
following equation:

I

K
—S* Jx—i
29Cp

P, = Pressure inside the orifice

Po =9

p = Pressure outside the orifice

S = Gas-stream velocity (cm. per second)

9 = Absolute temperature of the gas

C, = Specific heat of the gas at constant pressure (ergs per
gram) y

Q@
K = Ratio of the specific heats of the gas (—Cl))

v
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F16. 3—CoMPARISON OF BLOW-OFF VELOCITIES FOR HYDROGEN-NITROGEN
MIXTURES WITH THOSE FOR HYDROGEN-HELIUM MIXTURKES,
15 M. ORIFICE

In Fig. 4 the pressures so computed are plotted
against percentage of hydrogen in the gas mixtures.
Since the gas pressures in a balloon are equivalent
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to several centimeters of water, the results indicate
that as high as 18 per cent hydrogen can safely be
used to dilute helium when it is used in balloons.

CONCLUSIONS

1—Under the most favorable conditions, a jet of
helium containing more than 14 per cent of hydrogen
can be ignited in the air.

2—Eighteen to twenty per cent of hydrogen may
be mixed with helium, without producing a mixture
which will burn with a persistent flame when issuing
from an orifice under the conditions prevailing in
balloon practice.

3—More than 20 per cent of hydrogen in a hydrogen-
helium mixture cannot be used in a balloon without
sacrificing safety from fire.

THE REACTION BETWEEN SELENIUM MONOCHLORIDE
AND ETHYLENE
By F. H. Heath and Waldo L. Semon
UNIVERSITY OF WASHINGTON, SEATTLE, WASHINGTON
Received July 17, 1920
In the attempt to prepare the selenium analog of
B,B’ dichloroethyl sulfide (mustard gas), it was neces-
sary to prepare selenium monochloride and to attempt
the preparation of selenium dichloride.

PREPARATION OF SELENIUM MONOCHLORIDE

The method of direct union of chlorine and selenium
suggested by Beckmann! was found to give a product

1 Z. physik. Chem., 70, 1.
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too impure for use, since it contained much free selenium.
and considerable selenium tetrachloride. The reaction:
of selenium in sulfuric acid and hydrogen chloride as:
reported by Divers and Shimose! yielded a very good
product, but was much too slow for the preparation:
of large quantities of selenium monochloride.

The method, as finally worked out, consisted im
dissolving 100 g. of selenium in 300 g. of 30 per cent
oleum. This solution was placed in a distilling flask
connected to a condenser, and a stream of dry hydrogen
chloride, prepared by dropping concentrated hydro-
chloric acid into concentrated sulfuric acid, was led in..
The flask was now gently heated, at a temperature low
enough so that little of the selenium volatilized, and the
current of hydrogen chloride was made rapid enough so
that a steady stream of selenium monochloride distilled
over. In this way, one run (130 g. of Se»Cl,) could be
made in about 2 hrs. time. The sulfuric acid for mak-
ing the hydrogen chloride was reconcentrated and used!
over and over again..

The crude product was purified by shaking with
successive small portions of fuming sulfuric acid until
the acid layer did not show the characteristic green -
color of SeSO;. The selenium monochloride was al-
lowed to stand over dry sodium chloride for a week
and then decanted into tubes which were sealed and
kept until needed.

The reaction according to Divers and Shlmose is as
follows:

Se + SO3 o SCSOJ
25eS0; + 2HCI = SeS0;5eCly + H,SO;
SeS0;SeCl; + HCl = Se,Cls + SO.HOCI

An attempt was made to prepare selenium dichloride:
by passing chlorine into the monochloride until the:
theoretical gain in weight was obtained. The prod-
uct consisted of a mixture of selenium monochloride
and selenium tetrachloride and was found to react with
ethylene the same way as the monochloride, but with
smaller yields.

REACTION BETWEEN ETHYLENE AND SELENIUM MONO-
: CHLORIDE

On leading a slow stream of ethylene into selenium
monochloride, the liquid became warm, selenium was
precipitated, and hydrogen chloride was evolved.
When the reaction was complete, hot chloroform was
added, and the selenium was filtered off. On cooling,
long, white, needle-like crystals were precipitated.
Upon recrystallization from chloroform they had the
characteristic selenium odor, and were found to melt
with decomposition at 1:18° (uncorr.). On analysis
the following results were obtained:

Theory for
No. of Found CsHeCliSe:
Analyses Per cent Per cent

Carbon'yrius SRR is’ 1 18.1 1755
Hydrogen o s ans 1 2.9 2.2
Chlorine Saod e it o 4 5157 51.6.
Selenfum Aot IOTTTEER 2 28.56 28.8
LOTATSEE AN s oet o 101.26 100.1

This shows the compound to be C;H;Cl;Se.
1 Chem. News, 49 (1894), 212.
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When ethylene was led into a carbon tetrachloride
solution of selenium monochloride or into the attempted
selenium. dichloride, the same product was obtained,
but in smaller ylelds
- To establish the structural formula of C;HeClSe,
we may reason by analogy from the sulfur compounds.
In the following equations may be found a brief resumé
of the work done by Guthrie,! as interpreted in the
light of our modern knowledge of chemistry. -

S
: ' o :
CsHioi05Cls == Cl o= CsH1p =5 == CsgH1o — Cl1 = (1)
CsHlu + Sclz —> Cl — C.',Hlo —S—Cl (2)
S
I
CHy 4 S:Clo.—> Cl — CHy — S — C:H; — Cl (3)

CHy 4+ S:.Cla —> S

f

Cli—CH-—CH;——S— CH:-—CH~Cl, .(4)

CHj - SCl -Gl C,H =S @] (s)
- ClL— CH; — lsl, — CH; — Cly + Cls —>
S Cl3C — CHs — lSl — CH, — CCly (6)
S
Csz '— S— C’.’HS, + C.12 ) S
Rt CLC— CH;—S— CH; — CCl;  (7)
Further work by Frederick Kont-Norwall> shows

that one selenium from selenium monochloride may
readily be split off from its compounds, as is sulfur in
the manufacture of mustard gas. Equations 3 and 4
show how the reaction between ethylene and selenium
monochloride may quite probably run. Although we
have no evidence of the existence of the compounds

Cl— CyH, Se — C;H,— Cl and CL.CH CH; Se — CH,— CHCl,
l l

Se Se

it is quite probable that they may be formed and the
final product be CLCH.CH,.Se.CH,.CHCl.. Equa-
tions 6 and 7 show the symmetry of the atom, and by
analogy the selenium compound is assumed to be like-
wise symmetrical.

PHYSIOLOGICAL EFFECTS

Although the physiological effects of this compound
have not been studied, the experimenter has been con-
tinually troubled with water blisters on his hands
while doing this work. A person working with this
compound is also liable to be overcome with a sense
Whether this be due to the compound
or to some by-product is not known.

CONCLUSIONS

1—A simple method for the preparation of selenium
monochloride has been described.

2—C;HsCl;Se has been prepared and it has been

shown to be symmetrical tetrachlorodiethyl selenide.

1J. Chem. Soc., 12, 109; 13, 35, 135.
2 QOesterr. Chem.-Zlg., 16, 288,
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NOTE ON CATALYSIS IN THE MANUFACTURE OF
ETHER!
By Hugo Schlatter
HERCULES PowDER' Co., WILMINGTON, DELAWARE
Received August 18, 1920

Senderens,® discussing the action of aluminium
sulfate as a catalyst in the manufacture of ether,
states that the addition of about 5 per cent of the
anhydrous sulfate to the usual mixture of sulfuric
acid and alcohol lowers the temperature at which
regular and rapid evolution of ether takes place from
140° C. to 130° C. He explains this action by assum-
ing the formation of a double aluminium ethyl hy-
drogen: sulfate (Al(SOy)s. SO,HC.H;), which breaks
up at a lower temperature than ethyl sulfuric acid.

Although in plant operation the temperature of the

still at which regular and rapid evolution of ether
takes place is about 125°. it was thought of interest
to determine whether the “addition of aluminium
sulfate would result in lowering this temperature
still further, or in increasing the capacity of the still.
During the war any increase in the capacity of existing
apparatus was of supreme importance.
. A small, glass, ether still with the necessary column
and condensers was charged with a mixture of sul-
furic acid and alcohol. After the evolution of
ether had started, alcohol was fed into the still below
the surface of the liquid at a rate corresponding to the
ether produced. Senderens’ statement, that evolu-
tion does not become regular until a temperature of
140° is reached, was confirmed. Amounts of alu-
minium stlfate varying from 3 to 1o per cent by weight
were introduced into the still in subsequent runs, and
it' was found that with 5 or 1o per cent of aluminium
sulfate the temperature was lowered to 130°.

A somewhat larger still of 1.5-gal. capacity was then
constructed of lead and equipped with a steam heating
coil, so as to approach factory conditions as closely
as possible. Two runs of about so0 hrs. duration were
made, one with and one without the addition of
5 per cent by weight of aluminium sulfate. The tem-
peratures- throughout the two runs were the same as
in factory operation, . e., from 120° to 125° and there
was no difference in the net yield of the two runs.

When the still was opened after the completion
of the run, it was found that severe pitting of the coils
had occurred when aluminium sulfate was present,
possibly owing to electrolytic action between the lead
of the coils and the aluminium sulfate. In both
cases there was a sludge of sulfates.

A short test was also made in the original glass
still with broken porcelain. In this case the tem-
perature at which regular evolution occurred was
lowered to the same temperature (130°) as with
aluminium sulfate in the glass still.

It is apparent, therefore, that aluminium sulfate
offers no advantages over the lead sulfate which is
normally present in lead ether stills, but is actually
harmful, since it causes pitting and rapid failure of the
coils. The action of lead sulfate could be explained

1 Presented at the 60th Meeting of the American Chemical Society,
Chicago, Ill., Séptember 6 to 10, 1920.
2 Compt. rend., 151 (1910), 392.
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by the formation of a double salt (PbS04.SOsHC,Hs),
but the action of broken porcelain rather seems to dis-
prove this theory and inclines us to the view that the
rapid and regular evolution is due to physical or
surface action. This view is strengthened by the
fact that irregular evolution of ether actually com-
mengces at the lower temperature, even if'no lead sul-
fate is present.

The observations recorded are interesting, also,
because the choice of lead for the construction of a
manufacturing still, which was made necessary by the
character of the reagents, resulted in an improvement
in the process that could not have been foreseen from
laboratory experiments in glassware, and in fact
had heretofore been largely overlooked.

Credit is due to Mr. W. M. Billing for carrying out
the laboratory work.

THE HYGROSCOPIC MOISTURE OF FLOUR EXPOSED TO
ATMOSPHERES OF DIFFERENT RELATIVE
HUMIDITY.?

By C. H. Bailey?

Di1viSION OF AGRICULTURAL BIOCHEMISTRY, MINNESOTA AGRICULTURAL
EXPERIMENT STATION, ST. PAvuL, MINN.

Received July 30, 1920

It has long been known that cereals and cereal prod-
ucts are hygroscopic, and that their moisture content
may be altered by varying the conditions of exposure.
Brewer (1883) details certain experiments which es-
tablish this property. Other investigators, including
Willard (1911), Neumann (1911), Guthrie and Norris
(1912), Sanderson (1914), Swanson, Willard and
Fitz (1915), and Stockham (1917), have studied the
changes in weight and moisture content of stored
flour. In none of these experiments, save those of
Stockham, have the atmospheric conditions apparently
been controlled throughout the period of exposure.
Guthrie and Norris (1912) recorded the atmospheric
humidity each day during the period that the flour
was under observation, but their readings were ap-
parently taken at one particular time each day, and
hence do not represent the mean humidity for the
several 24-hr. periods. Even had the latter been
determined, it is doubtful if the hygroscopic moisture
of the flour could be regarded as in equilibrium with
the mean humidity of the atmosphere, when the
humidity fluctuated as suddenly and violently as ap-
pears to have been the case.

Stockham (1917) reports the moisture content of
wheat, bran, shorts, and flour exposed in a ‘‘saturated”
and “dry’”’ atmosphere, but did not employ any degrees
of atmospheric humidity between these extremes.
He found that a composite sample of flour exposed in a
“still, saturated’ atmosphere at a temperature of 23° C.
(see p. 109) reached a maximum moisture content of
28.74 per cent in ¢.12 days, at which time it was moldy.
In a saturated atmosphere at 0° a moisture content of

! Published with the approval of the Director as Paper No. 214, Journal
Series, Minnesota Agricultural Experiment Station.

2 Presented at the 60th Meeting of the American Chemical Society,
Chicago, Ill., September 6 to 10, 1920.

3 With the codperation of Miss Isabel Everts.
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34.78 per cent was reached in 17 days, which he states
was not the maximum.

SIGNIFICANCE OF MOISTURE CONTENT OF FLOUR

It seemed desirable to ascertain the moisture con-
tent of flour in atmospheres of differing but constant
humidity, after a period of exposure sufficiently long
to permit the hygroscopic moisture of the flour to
reach equilibrium with the atmosphere. Such data
would be of service in a number of ways. Shippers,
purchasers, and food control officials dealing with
flour need more precise information concerning changes
in moisture content, and consequently in the net weight
of flour packages. The baker and storekeeper need
such data for the same reason, and, in addition, are
concerned with the indirect effect of changing moisture
content upon the keeping qualities of flour on pro-
longed storage. Flour which reaches a high moisture
content is quite likely, if kept moderately warm, to be-
come unsound through the activity either. of its own
enzymes, or those of fungi, and especially molds and
related forms, which develop on the -moist flour.
Millers may find such data of service in developing
methods of controlling the atmospheric humidity in
mills and certain milling machines. Milling opera-
tions of the future will doubtless include more at-
tention to the moisture content of the streams at
each stage of the process, and such control will be es-
tablished in large part by maintaining the proper
humidity in the air in the various machines.

METHOD OF PROCEDURE

The humidity of the atmosphere to which flour was
exposed was controlled by contact with the surface of
sulfuric acid solutions. These solutions were prepared
after the Reynault tables in Landolt, Boérnstein and
Roth’s “Tabellen.””t Four solutions were prepared,
which were intended to afford humidities of 30, 50, 70,
and 8o per cent, respectively. It was not deemed ad-
visable to attempt to maintain the humidity above
8o per cent because:

(a) The flour is apt to mold in very damp atmospheres.

(b) In most parts of the United States an atmospheric hu-
midity in excess of 8o per cent is not likely to be maintained
for a prolonged period.

(¢) It becomes more difficult to maintain the humidity at
a constant level when in excess of 8o per cent.

Two samples of flour were used in these studies—
a patent and a second clear flour. Their chemical
composition is shown in Table I.

TaBLE I—ComposITIoN OF FLOURS USED IN HYGROSCOPIC MOISTURE

STUDIES
CALCULATED TO DRY BASIS———
Crude Protein Acidity
MOISTURE (N X 5.7) Ash (as Lactic)
SAMPLE Per cent Per cent Per cent Per cent
PatentiC Ui 8.71 12.44 0.47 0.159
Second clear... 9.92 16.46 ..2.38 0.781

Five grams of each of these flours were placed in
tared, flat-bottomed, aluminium drying dishes, having
a diameter of so mm. This quantity of flour filled
the dishes to a depth of 5to 6 mm. The dishes were
placed in desiccators, the lower part of which was
filled with the appropriate sulfuric acid solution. The
several desiccators were set in a thermostat having a

1 4th Edition, 1912, p 426,
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a temperature of 25°.  This was the lowest temperature
which could be constantly maintained in the basement
rooms of the laboratory building during the spring and
early summer months.

Preliminary studies indicated that it required 6 to 8
days for the flour to reach equilibrium in moisture
content. The time doubtless hinges in part on the
difference between the initial moisture of the flour and
that which it will ultimately attain. To insure that
ample time was afforded, the dishes (all tests being
carried out in duplicate) were left undisturbed for 8
days, weighed, returned to the chambers for 2 days
more, and again weighed. The difference between the
first and second weighings was usually small. ‘The dishes
with their contents were dried to constant weight at
100°C. in vacuo, and the weight of the empty dish being
known, the calculation of the initial and final moisture
content of the flour was then possible.

PATEN
/cfm

o

>

PERCENTAGE OF MOISTURE. IN FLOUR

2

30 40 50 60 70 80
RELATIVE HUMIDITY — PER CENT
Fic, 1

At the time the dishes were finally removed from
the desiccators, a portion of the sulfuric acid was
drawn off and its specific gravity at once determined.
From this, the percentage of H,SO; could be ascer-
tained, and the vapor pressure and relative humidity
computed through the use of the tables mentioned here-
with. Since it was not convenient to prepare sulfuric
acid solutions of concentrations which would give exactly
the humidity desired at the close of the experiments,
small variations from the desired humidity were found
in most cases. These deviations were always less than
one per cent, in terms of relative humidity.

In Table II and Fig. 1 are shown the percentages
of moisture in the patent and clear flours exposed to
atmospheres of approximately 30, 50, 70, and 8o per
cent relative humidity. While the differences between
the two grades of flour are small, they are in the direc-
tion of a slightly higher hygroscopicity on the part of
the patent grade. Stockham (1917) had previously
shown (page 105) a difference in the hygroscopic
moisture of starches prepared from patent and clear
flours, those from the patent containing more moisture
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when they were exposed under identical conditions.
The curves are-of the shape of a simple parabola,
which, if extrapolated to 1oo percent humidity, would
give values in terms of hygrescopic moisture not far
different from those reported by Stockham for the flours
exposed in a ‘“‘saturated” atmosphere.

TaBLE II-—HYGROSCOPIC MOISTURE OF PATENT AND SECOND CLEAR

FLoUrs IN CONTACT WITH ATMOSPHERES OF VARIOUS HUMIDITIES
AT 25° C. (78° F.)

Relative Humidity of ~——Moisture of Flour——

Atmosphere at 25° C. Patent Second Clear
Per cent Per cent Per cent
80.0 15.00 15.00
69.8 12.05 11.65
50.3 7.93 7.81
29.4 5.18 911

The question at once arises as to how rapidly these
flours change in moisture content with variations in the
humidity of air to which they are exposed. That the
response is rapid may be deduced from the experi-
ments of Guthrie and Norris (19r2). The exact rate
must depend upon a number of variables, however,
including the size and shape of the package in which
flour is contained, the material from which it is manu-
factured, the extent of circulation of air about the
package, and possibly other factors of minor impor-
tance. It appeared impossible to develop this phase
of the investigation adequately at this time, and the
study of rate of response must be deferred to a later
date. Such data as were secured in certain of our
preliminary studies indicate, as might be anticipated,
that a dry flour placed in a humid atmosphere (or vice
versa) changes rapidly the first 3 days, and much more
slowly the next 3 days, after which, if exposed in thin
layers, there is little further change.

CONCLUSIONS

Flour responds readily to changes in the humidity
of surrounding air, the rate at which equilibrium in
moisture content is approached depending apparently
upon conditions of exposure.

Hygroscopic moisture in flour in equilibrium with
-atmospheric humidity at 25° C. ranges from alittle more
than 5 per cent of moisture at 30 per cent relative
humidity to 1s per cent of moisture at 8o per cent
relative humidity.

Curves representing the relation between hygroscopic
moisture (ordinates) and relative humidity (abscissae)
have the shape of a simple parabola, thus indicating
that hygroscopic moisture does not increase at a uni-
form rate when in equilibrium with an increasing at-
mospheric humidity.

Flour testing laboratories engaged in analyzing fresh
flour containing 12 to 13 per cent of moisture will ex-
perience no appreciable change in theé moisture content
of such flour if the relative humidity of the laboratory
atmosphere is maintained in the neighborhood of 70
per cent.
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CHANGES IN THE POLARIZING CONSTANTS OF SUGARS
DURING REFINING!
By A. F. Blake
ATLANTIC SUGAR REFINERIES, LiMITED, ST. JoHN, N. B,
Received June 26, 1920
It is the purpose of this paper to discuss the changes
taking place in the relationship between polarization,
true sucrose, and invert sugar during the refining of
raw sugar, to determine, if possible, the causes
of these changes, and to point out their practical sig-
nificance. ‘As pointed out by Dr. Browne,? the per-
centage of true sucrose in a mixture of sucrose with
pure invert sugar, consisting of equal parts of dextrose
and levulose, will exceed the polarization at 20° C.
by about three-tenths of the percentage of invert
sugar. That is,
S—P

———1=10,30

I

where S represents the percentage of sucrose, P the
polarization, and I the percentage of invert sugar.
The factor will vary very slightly with the concentra-
tions of sucrose and invert sugar, but a very small
deviation from equality in the proportions of dextrose
and levulose in the invert sugar will very greatly
alter its value, because of the wide difference in the
rotations of these two sugars. A value of (S— P)/I
above o.30 indicates excess of levulose; a value less
than o.30, an excess of dextrose. Dr. Browne dis-
cusses the influence of temperature, maturity of cane,
methods of manufacture, and length of storage of
raw sugar upon the value of this ratio, and mentions
the fact that in the process of refining its value is very
materially reduced, and gives analyses of soft sugars
and refiners’ sirup, in support of this assertion.

EXPERIMENTAL PART

In Table I is shown an analysis of a cargo of Cuban
raw centrifugal sugar of uniform quality and all one
mark; together with the average analyses of soft re-
fined sugar and refiners’ barrel sirup produced from
it. These particular analyses are selected for the
purposes of the discussion because they are quite
typical and because the refinery started melting this
cargo following a shutdown from which  practically
no stock in process was brought:forward, and melted
this cargo exclusively for a considerable period, so
that it is quite certain that the three analyses are inter-
related. Dr. Browne’s observation of the reduction
of the value of (S— P)/I is very strikingly affirmed.

1 Presented at the 60th Meeting of the Amencan Chemical Society,
Chicago, Ill., September6 to 10, 1920,

2In a paper entitled “Influence of Conditions upon the Polarizing

Constants of Sugar Cane Products,” read at the 56th Meeting of the Ameri-
can Chemical Socicty, Cleveland, Ohio, Saptember 10 to 13, 1918
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TABLE I—ANALYSIS OF CUBAN RAW CENTRIFUGAL SUGAR AND OF SOFT
REFINED SUGAR AND REFINERS' BARREL SIRUP PRODUCED

THEREFROM
Raw SOFT REFINERS’
SUGAR SUGAR SIRUP

ANALYSES WET

Polarization at 20° C........... 95.87 88.47 38.40

Sucrose Clerget..... 96.42 88.74 40.60

Water by Drying 1.05 5.29 519357

InvertascRuii: 1.25 3551 22.99

Insoluble...... 0.16

Soluble Ashi s st te st phies 0.66 1.24 8.13

Soluble Organic.. . iisa i 0.46 1322 8.71
EX-WATER AND INSOLUBLE

Polarization. . . 97.04 93.41 47.74

Sucrose Clerget 97.59 93.70 50.48

Invert 1.27 3.71 28.58

Ash.. 0.67 1.31 10.11

Organ 0.47 1.28 10.83
IMPURITIES

361N o AN RS s i A 9247, 58.8 SYAST

) S AT A LT T T T A it e GRS 27.8 20.8 20.4

O EANIC s tie s Rt s s te T Ty 19.5 20.4 219
RATIOS

Invert -+ Sucrose X 100........ 1.30 3.95 56.6

Irverti=LnA SH R it 1.89 2.83 2.83

(S P) s s SRRt 0.44 0.077 0.096
The value has fallen from o.44 in the raw sugar to
0.077 in the soft sugar and o0.096 in the sirup. The
value of o.44 is a little above the average. This

ratio is subject to wide variations, as shown by a
summary of the results obtained on 32 cargoes from
various sources.

No. —Value of (S—P)/I—
Car- Mini- Maxi-
goes From Time Received Condition mum mum  Av.
8 Cuba June-Dec. 1919 Deteriorated 0.08 0.29 0.20
6 Cuba Jan.—~March 1920 New crop 0.44 0.73 0.55
10 Demerara June 1919-Jan. 1920 Good —0.03 0.34 0.16
2 Demerara Dec. 1919-Jan. 1920 Deteriorated 0 48 0.55 0.51
6 San Domingo June-Oct, 1919 Good 3 0.59 0.37
ToTAL ——0.03 0.73 0.30

It seems that new crop sugars have higher values
than the remnants of the old crop, which in this case
were in general more or less deteriorated, although
in some instances deterioration may be of such a
nature as to increase the ratio.

- wasHING—The first process of refining is one of
affination or washing. The sugar is mixed to a magma
with its own sirup washings, purged in centrifugal
machines, and washed with water. The only result
is a separation into a high-purity washed sugar and
low-purity washings. It is hardly to be supposed

“ that any change in the value of (S— P)/I would take

place here, though it is possible that it might differ
somewhat in washed sugar and washings, since the
impurities in the sirup are those of the molasses ad-
hering to the grain, and those in the washed sugar
those in the grain itself. In the latter the invert is
lower and the organic higher. The analyses in Table
II would indicate that there is no great change of
the (S — P)/I ratio in the process of affining. The
determination of the ratio with great accuracy is impos-
sible'in very high-purity material such as washed sugar;

TABLE II—ANALYSIS OF FILTERED SOLUTIONS OF CUBAN RAW SUGAR AND
OF WASHED SUGAR AND CENTRIFUGAL WASHINGS PRODUCED

THEREFROM
Raw Washed Centrifugal
)} Sugar Sugar Washings
Dry Polarizationi .\ 0. ..t 96.37 98.77 78.05
Dry: Clergete s siisin . 96.91 98,98 80.56
Dry:Invertitiiieaanien s 1.20 0.43 8.35
Dy AShe i R e S s ies 0.62 0.19 3.62
Dry: Ocganicis ot i, 1227 0.40 7.47
(Se=P)/ITE o e 0.45 0.49 0.30

since a trifling error in polarization or Clerget, say,
o.05 degree, makes a large errorin (S—P)/I. The
washings, too, being --very highly colored, present
some difficulties in a Clerget determination, but the
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most approved methods were used and usual sources
of error eliminated as far as possible.

DEFECATION—After the washing process both sugar
and washings are defecated with lime and phosphoric
acid at a temperature of 180° F. and left slightly
alkaline to litmus. The concentrated, bone-black
filter sweet water, or char water, and the concentrated
bag-filter flush water, or scum water, are also thus
treated and then filtered through bag filters. Table
IIT shows no change for (S— P)/I for washed sugar

TaABLE ITI—ANALYSIS OF CENTRIFUGALLY WASHED RAW SUGAR BEFORE
DEFECATION AND AFTER DEFECATION AND BAG FILTRATION

Before After
Defecation Filtration

2y b Y o s S P R s T s 61.25 60.62
Dry Polarization at 20° C........... 98.67 98.74
Dry Sucrose Clerget......vvvuevennn 98,81 98.89
D) o 1613770 g i el SIS £ e LR 0.43 0.46
D ryd A s ey 0.25 0.23
DryiOrganic i i s oy 0.51 0.42
(S P /T e A N i ey 0.33 0.33

from the time of reaching the blow-ups until through
the bag filters. Table IV, however, shows a slight
reduction from the defecation for scum and char water,
and a greater reduction for the centrifugal washings.

TABLE IV—ANALYSIS OF Low TEST MATERIAL BEFORE AND AFTER

DEFECATION
Mixed Scum and Char Water Centrifugal Washings
Before After Before After

Defecation Defecation
0.006 N 0.023 N

Defecation Defecation

Alkalinity at 32° Bé...(0.001 N Acid) 0.009 N

Brix (Diluted and Fil-

tered ) 40.70 37.50 32.50 30.40
Dry Polarization....,. 78.67 78.85 77.08 77.53
Dry Sucrose Clerget... 78.87 78.99 78.83 78.39
Dry. Invertis sz 6.24 6,37 10.68 10,55
DryrAshiaait o sias. 4.72 4.80 3.01 3.13
Dry Organic....v..... 10.17 9.84 3 7.48 7.93
(S— P 0.031 0.021 0.16 0.081

In the latter ‘case, the material after defecation is
rather more than slightly alkaline, and a slight loss
of invert sugar is indicated. Heating with lime, of
course, is known to destroy invert sugar, and doubtless
the levulose is the ingredient most affected, thus re-
ducing the value of (S — P)/I. From this and other
analyses, however, it is not believed that any great
portion of the decrease in (S — P)/I during refining
is attributable to blow-up defecation.

After use, the bag filters are flushed, in this case with
hot water only, producing a light material known as
scum water. The mud removed from the bags is
diluted with water, limed, and heated to a high tem-
perature, and filter-pressed, yielding press water.

TABLE V—ANALYSIS OF CENTRIFUGAL WASHINGS BEFORE DEFECATION
Scum WATER, AND PRESS WATER

Centrifugal Scum Press
Washings  Water Water
11 e g el e R RS 57.40 18.20 5.15
Alkalinity by Ca(OH)2.....vvvnvnaas 0.014 N 0.004 N 0.010N
Dry Polarization at 202 C........... 78.56 79.68 67.38
Dry Sucrose Clerget ... 80.94 80.38 67.38
Dry Invert s 5.65 0.33
Dry Ash..... 4.56 10.25
Dry Organic.. 9.41 22.04
S— E/I ......................... 0.12 0.00

Table V shows comparative analyses of the centrifugal
washings last on the bag filters, the scum water, and
the press water. A decrease in the ratio is to be noted,
the decrease being again accompanied by loss of invert.
In the case of the press water, the invert has been
practically all destroyed by the liming and heating,
and, as would be expected, the polarization equals the
Clerget, and (S—P)/I is zero. As only a small
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portion of the melt is handled as scum water or press
water, however, we have to look further for the main

cause of the decrease of the ratio.
/

TABLE VI—ANALYSIS OF BAG-FILTERED MATERIAL BEFORE AND AFTER
TREATMENT WiITH FRESH BONE-BLACK
Mostly Seum and
~—Washed Sugar— Char Water————
Before After Before After
Treatment Treatment Treatment Treatment

BriX et S sl 60. 85 57.85 56.70 o
Dry Polarization.......... 98 99.17 86.95 91.19
Dry Sucrose Clerget....... 98 87 99.15 87.11 90,80
Dry Invert...... 0.47 0.31 5591 Sl
Dry7AsShEviiae s 0.24 0.13 2.35 1.26
Dry Organic.. 0.42 0.41 4.63 2.83
Tnvert Per cent Impuntxes 41.6 36.5 45.8 Do
Ash Per cent Impurities.. 21.2 15.3 18.2 1357,
Organic Per cent Impurmes 37:2 48.2 36.0 30.8
(Si==iP) /Tl ahets aroialats -+0.21 —0.06 +0.027 —0.076

BONE-BLACK FILTRATION—Table VI shows a change
in (S— P)/I on washed sugar filtered through bone-
black, from +4-0.21 to —o.06, and on low-test bag-filtered
material treated with fresh bone-black in a laboratory
test from -+o0.027 to —o.076. It would seem that
here is the real cause for the change in (S—P)/I
during refining. In every test it has been found that
in the case of the material first off the bone-black the
polarization always exceeds the Clerget. Table VII
gives progressive analyses of the various materials
going on a bone-black filter and of roughly equivalent
portions coming off. The value of (S—P)/I is
greatly reduced on the first material, washed sugar,
and progressively less so on the granulated sirups and
char-filtered liquor following. The averages show a
considerable loss for the whole operation. It is also
to be noted that low material put on fresh bone-black,
as in Table VI, suffers a large decrease in (S— P)/I,
but when put on the end of a used filter the ratio is
but little changed. Another point of interest is that
invert is absorbed from first material and given up to

later material, the whole operation resulting in no loss

of invert. In this test there appears to be a slight
loss of invert, but numerous other tests of like nature
have shown a good balance, but always with the same
transfer from first material to later material. The
significance of this invert absorption will be treated
shortly.

The same conclusions regarding the relation of char
filtration to (S— P)/I are drawn from the analyses’
of three grades of soft sugar shown in Table VIII.
The light yellows, boiled from liquor early off the char
filters, show negative values for (S— P)/I, the brilliants
boiled from later liquor show positive values, and the
darks still higher values. The average soft sugar of
Table I, mostly brilliants with small amounts of light
and darks, shows a value in agreement with Table
VIII. The high invert per cent of impurities on
lights is not because invert has not been absorbed,
but because the other impurities, ash and organic,
have been absorbed to a much greater extent.

Subsequent to char filtration there appears to be
no change in (S— P)/I. The average value for all
the material off the filters is not greater than the
average value in final soft sugars and barrel sirup.
In Table I the value for sirup exceeds that for soft
sugars because there is some light yellow, with its
negative value of (S— P)/I, mixed into the average soft.
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TABLE VII—ANALYSES OF MATERIAL GOING ON AND COMING OFF A BONE-BLACK FILTER

Char- Heavy
Washed Granulated Filtered Char Weighted
MATERIAL Sugar Sirup Liquor Water Average
Going on Filter
13,860 3,600 8,280 1,440 g 27,180
50.54 13.91 30.37 5.18 ~ 100.00
58.85 62.45 59335 : 58.35 59.54
0.003 N 0.002 N 0.003 N 0.006 N 0.003 N
41.0 45.0 45.0 110.0 45.0
Dry:Polarization ol iiSn o tunens 98.56 91.59 90.25 85.00 94.31
Dry:Sucrose:Clergetic. il il i iaih 98.59 QI F79: 90.47 85.36 94.44
Dry Invert B 0.46 5.09 5.31 5.67 2.90
Dry Ash. 0.29 1.38 1573 3257, 1.05
Dry Orgnmc 0.66 ' 1.78 2.49 5.40 1.61
Invert Per cent Impuntles. 32.9 61.7 SIS 38.8 522
Ash Per cent Impurities. 20.7 16.7 18.2 24.4 18.9
Organic Per cent Impurit 46.4 21.6 26.1 36.8 28.9
(Invert =+ Sucrose) X 0.47 5.55 5.87 6.65 3.07
Invert + Ash 1.59 3.70 3.06 1.59 2.76
(S=—=P) /L s, 0.07 0.031 . 0.044 0.063 0.045
Coming off Filter
Mostly Weighted
3 Washed Washed Granulated Sirups and Char- Sweet Av. Up to
MATERIAL Sugar Sugar ~—Filtered Liquor Waters “‘in Waste’’
Gallon s N e e S T 10,660 2,660 3,550 10.240 3,260 30,370
Solids Per cent of Totaloff............ 8.83 9.93 13.14 36.30 1 80 100.00
Po b § A s e e B S e b A e e s 9.55 60.90 60.50 57.90 9.05 53.81
Alkalinity g e e S R 0.002 N 0.1002 N 0.002 N 0.002 N (0 001 N Acid) 0.002 N
0 O b BRSO SO S A S ok 1.0 5.0 11.0 20.0 10.0
DryiPolanzationa SRl rasintilinn 99.45 97.78 94.88 90.33 60 77 94,68
DryiSucrose; Clergetii i siisiinin 99.32 97.68 94.83 90.54 60.77 94.69
1B w1 T e T e 0.28 1.50 3.42 5.46 4.85 2.77
DIy ASh TSR weres 0.13 0.31 0.79 1.76 8.61 0.98
Dry Organic 0.27 0.51 0.96 12724 25.77 1.56
Invert Per cent Impurities........... 41.0 64.5 66.1 57.7 12.4 S52.2
Ash Per cent Impurities, ...........- 18.5 13.5 15.3 18.6 21.9 18.5
Organic Per cent Impurities........... 40.5 22.0 18.6 23.7 65.7 29.3
(Invert =+ Sucrose) X 100.7, .. 20000 0.28 1.53 3.61 6.03 7.98 2293
Inverti-EvAsHie TG S s 2.21 4.79 4.31 3.10 0.56 2.83
(S=—IP)/I v easis R U b O P —0.48 —0.067 ~—0.015 -+0.038 0.00 -+-0.004

The boiling in vacuum pans does not affect the ratio, if
there is no inversion. Inversion, here orelsewhere, would
presumably increase the ratio by addition of true invert

TABLE VIII—ANALYSES OF LIGHT, BRILLIANT, AND DARK SOFT REFINED

SuGARS

Lot No.......... M 231 0271 M 234 0 621 M 197 O 614
Grade. . ....» Light Light Brilliant Brilliant Dark Dark
Polanzatxou at

RI2CH 92.50  90.55  87.85 90.00 85.55 85.00
Sucrose Clergct 92.48  90.50 88.06 90.19 85.96 85.47
Water iy 5.20 6.35 5.25 3.50 4.10 3.40
Impurities....... 2.32 3315 6.69 6.31 9.94 11.13
Invert. ... P 1.32 1.96 3.23 2.99 5.02 5.52
Invert Per cent

Impurmes $5256.9. 62.2 48.3 47 .4 50.5

S—P)/I....... —0.015 —0.026 +0.065 0,063 +0.082 +O 085

sugar with its normal value of o.30. That this is the
case is shown in an exaggerated manner by the analysis
in Table IX of a table sirup made by deliberate in-

TABLE IX—ANALYSIS OF A TABLE SIRUP MADE BY INVERSION OF CHAR-
FILTERED LIQUOR

Brixotitiaan ey 81.25
Polarization at 2 7.10
Sucrose Clerget 22.86
Invert.. 55.87
(S— P)/I ............... = : 0.282

version of char-filtered liquor. (S—P)/I is o0.282
or, as would be expected, almost up to the theoretical
value. A less exaggerated case is shown in Table

X, where some char-filtered liquor was purposely
TABLE X—ANALYSIS OF CHAR-FILTERED LIQUOR BEFORE AND AFTER

ARTIFICIAL INVERSION, AND OF THE INVERTED LIQUOR AFTER
BONE-BLACK TREATMENT

Before After After Char
Inversion Inversion Treatment
1330 Vi GO SR o R e Sl G 60.00 57.80 57.55
Dry Polarization at 21° Gt 91.08 88.15 8896
Dry Sucrose Clerget....... GRS 91.20 88.82 89.49
3]l Gy T @ty e e A U U 3.97 5.69 5537
(Invert < Sucrose) X 100........... 4.36 6.4 6.03
(S—?)/ ............. R RS 0.029 0.119 0.097

submitted to slight inversion. The ratio has increased
from o.029 to o.r19. A subsequent treatment with
bone-black reduced the ratio somewhat, but not to
the original value. The value of this ratio is therefore
a good indication of refinery performances.

It has been shown that the action of bone-black is

the chief cause of the decrease of (S—P)/I. Since
bone-black absorbs invert from first material, where
the decrease of (S— P)/I is most marked, it may be
supposed that the reduction is due to a selective
action of the char in removing more levulose than
dextrose from the solution, although it must be borne
in mind that this cannot be the only cause, since the
last material, where increases of invert are shown,
should also show increases of (S—P)/I, and the
operation as a whole should show no change. To test
this point, an artificial invert sugar solution at 60°
Brix was treated with bone-black; and the proportions
of dextrose and levulose before and after treatment

TabBLE XI—ANALYSIS OF A SOLUTION OF INVERT SUGAR BEFORE AND
AFTER TREATMENT WITH BONE-BLACK
Tests made on an approximately 60 per cent solution of invert sugar
made by inverting granulated sugar with HCI and neutralizing with NaOH.
86.45 g. solution to 100 cc., approximately 52 g. total sugar per 100 cc.,
or 40 per cent, 20 per cent each dextrose and levulose,

Before After
Treatment Treatment

Readingi2cVaati20% Cita SRl R e —63.10 —58.60
Reading e Vaat: 870 Crabiet o vy 4+ 0.20 <+ 3.85
Chanigelpertd C ot s L e in 0.945 0.932
3 BT Yot e e e S B S A 30.6 30.2
DexXtrose i A ol e N e . 30.1 31.0
TotaliSugarsis St ot dieuis s 3 60.7 61.2
Levulose, Per cent Total Sugars........ 50.4 49.3
Dextrose, Per cent Total Sugars........ 49.6 50.7

Change per ° C. X 100
0.0357 X 86.45
Per cent levulose X 93.30 X 86.45 , V.
66.5 X 26

; Rotation due to dextrose = Observed reading — Rotation due to lev-
ulose

Levulose =

Rotation due to levulose =

66.5 X 26

Per cent dextrose = Rotation due to dextrose X 86.45 X 53.08

where :*{_— 66.5 = specific rotation of sucrose

53.08 = specific rotation of dextrose at 20 per cent
——93.30 = specific rotation of levulose at 20 per cent

were determined as well as might be by polarization
at widely different temperatures. The results are
shown in Table XI. The method of determining
levulose by high-temperature polarization may not be
accurate, but as both solutions were tested in exactly
the same way, the results are at least comparable. The



A

Nov., 1920 THE JOURNAL OF INDUSTRIAL
polarizations at 87° C. and the calculated proportions
of dextrose and levulose show clearly that the above
assumption is correct and that char absorbs levulose
from invert sugar more extensively than dextrose.

Another point which should be brought to the
attention of sugar refiners is this: Since the value of
(S — P)/I decreases greatly during refining, while the
actual quantity of invert in products is about equal
to that in the raw sugar, inversion balancing invert
losses, it follows that losses of sucrose figured on
Clerget tests will exceed those figured from polariza-
tions. This fact- has not been generally recognized.
Although all refiners know that the polarization does
not equal the true sucrose, it has been supposed that
loss in polarization represents closely the loss in sucrose.
Also, the final value of (S — P)/I seems to be about
the same, regardless of the raw sugar used, so that
statements based on polarization are particularly
optimistic as regards sucrose losses when the raw sugars
have high values for (S — P)/I. With regard to the
removal of organic nonsugars during refining, the
statements based on polarizations are also very de-
ceptive. Since the organic is ordinarily taken as the
difference between 1oo and the sum of the percentages
of the determined constituents, it is, of course, too
high where polarizations are used. It is much more
nearly correct, however, in the refined products than
in the raw sugar. The true removal of organic,
therefore, is not as great as appears when polarizations
are used in the analyses.

In this paper two causes of the changes in the polar-
izing constants of sugar during refining have been
indicated, the destruction of levulose by the action of
heat and lime, and the absorption of levulose in excess
of dextrose by bone-black. It has also been stated
that a further explanation of the change during char
filtration is required. Dr. Browne, in a letter to the
writer, suggests that there 'are doubtless isomeric
changes by which dextrose and levulose undergo
molecular rearrangements into mannose and the so-
called unfermentable sugars, glutose, etc. If this
is the case the phenomenon should be related more
specifically to the action of bone-black.

DICYANODIAMIDE: A RAPID, DIRECT METHOD FOR
ITS DETERMINATION IN CYANAMID AND
MIXED FERTILIZERS!

By Rolla N. Harger

Sorr, FERTILITY INVESTIGATIONS, BUREAU OF PrLaNT INDUSTRY, U. S.
DEPARTMENT OF AGRICULTURE, WASHINGTON, D. C,

Received July 28, 1920

In the course of an investigation upon the changes
taking place in cyanamide when used in mixed fer-
tilizers, it was found necessary to determine accurately
the quantity of dicyanodiamide (cyanoguanidine) in
various fertilizer mixtures and in samples of commercial
calcium cyanamide (Cyanamid). The method pre-
viously used to determine dicyanodiamide is that of
Caro,? as modified by Hager and Kern,® which con-

1 Presented at the 60th Meeting of the American Chemical Society,
Chicago, Ill., September 6 to 10, 1920.

2 Z. angew. Chem., 28 (1910), 2405.
3 Ibid., 29 (1916), 309.
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sists in adding to the solution of dicyanodiamide a
solution of silver nitrate and then an excess of sodium
hydroxide, the latter throwing down a precipitate
consisting of silver cyanamide (in case cyanamide is
present), silver dicyanodiamide, and a large amount of
silver oxide. The nitrogen in this precipitate is de-
termined by the Kjeldahl method. A second portion
of the solution is used for the determination of the
cyanamide by the method of Perotti.! The differ-
ence in these two values represents the dicyanodiamide
nitrogen. Kappen,2 who later investigated these
methods, showed that in the determination of dicyano-
diamide in samples of Cyanamid containing urea,
very large errors—sometimes as high as so per cent—
occurred, due to the inclusion of urea in the precipitate.
More recently, Hene and van Haaren?® have modified
the method by dissolving the precipitate first formed
in nitric acid and reprecipitating with silver nitrate
and sodium hydroxide. Using mixtures of pure cy-
anamide, dicyanodiamide, and urea, they have ob-
tained fairly accurate results with the modified method.
At best, however, the method is tedious, involving
several precipitations and washings, and a final Kjel-
dahl determination on the product. It is moreover
open to the objection that it is an indirect method, the
dicyanodiamide being determined by difference, since
all the nitrogen in the precipitate not deducted as
cyanamide is considered to come from dicyanodiamide.
Further modifications of this method were not at-
tempted, as it was at once apparent that the method
was fundamentally unsuited to the analysis of mixed
fertilizers, since the presence of ammonium salts,
which these fertilizers usually contain, would pre-
vent the complete precipitation of the dicyanodiamide
upon the addition of the sodium hydroxide.

It was desirable, therefore, to devise a direct and
accurate means of determining dicyanodiamide, ap-
plicable to mixed fertilizers. A large number of com-
pounds have been tried which it was hoped would
give insoluble precipitates or colored solutions when
added to dicyanodiamide solutions, and a method has
been evolved which seems to be admirably suited to
the purpose. The method depends upon the fact,
observed by the author, that when a solution of silver
picrate is added to a solution of dicyanodiamide, the
latter is quantitatively precipitated as a double com-
pound of silver picrate and dicyanodiamide, CeH,-
(N0.);0Ag.C;H;Ns. This new double compound we
have named silver picrate-mono-cyanoguanidine. It
forms in small crystals which quickly settle out of
the solution and can be separated upon a Gooch cruci-
ble very rapidly, so that the analysis can be carried out
in a very short time. Neither cyanamide nor urea
give any precipitate when their solutions are treated
with silver picrate, and have no effect upon the analysis
for dicyanodiamide. The molecular weight of the
compound is 420.22, five (4.991) times that of di-
cyanodiamide, a fact which greatly enhances the ac-
curacy of the method, since an error of 1 mg. in the
precipitate will mean an error of omly o.2 mg. of

1 Rend. soc. chim. ital., 1904, 192,
2 Z. angew. Chem , 31 (1918), 29.
3 Ibid., 31 (1918), 129,
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dicyanodiamide or o.13+4+ mg. of nitrogen. While
silver picrate-mono-cyanoguanidine is not insoluble
in water, 100 cc. dissolving o.12 g. of the compound
at 25° the presence of an excess of silver picrate, as
used in the method, renders it practically insoluble.
As shown below, this procedure reduces the solubility
to 0.0044 g. in 100 cc. of the resulting solution, which
corresponds to o.o009 g. of dicyanodiamide. While
for ordinary work this constant error is practically
negligible, if greater accuracy is desired it is best
to add to the weight of the precipitate o.0044 g. for
each 100 cc. of the solution from which it was filtered.

While it was shown that silver picrate is the causative
agent in producing the double compound, the use of
prepared silver picrate is not at all necessary, since
the mixture of silver nitrate and picric acid gives the
same reaction. In fact, the latter mixture serves even
better, because the resulting solution is very slightly
supersaturated in respect to silver picrate, a condition
which could not be secured by adding to the dicyano-
diamide solution a saturated solution of silver picrate.
This supersaturation is not at all objectionable, since
it was found that several days elapsed before any
crystals of silver picrate appeared. Solid silver pic-
rate, moreover, is probably explosive under certain
conditions.

Two curious properties of silver picrate-mono-cyano-
guanidine should prove useful in the qualitative
test for dicyanodiamide. We refer to the formation of
a gel, which quickly changes to crystals, when silver
picrate is added to solutions of dicyanodiamide con-
taining o.5—4.0 mg. per cc., and, second, to the unusual
form of the crystals of the compound when viewed
under the microscope. Since the author was unable,
either by searching through the literature or by ex-
periments upon substances which might be present in
the materials investigated, to find any compounds
which possess anything like these two characteristics,
it appears that positive results with these two tests
would serve absolutely to confirm the presence of di-
cyanodiamide.

A second double compound of silver picrate and
dicyanodiamide, silver picrate-di-cyanoguanidine, CsHs-
(NO:);OAg.2C,H Ny, was obtained by using di-
cyanodiamide in excess and recrystallizing the product
from water. The existence of this compound is of
interest in the method of analysis outlined, since solu-
tions of dicyanodiamide more concentrated than 2 mg.
per cc. give results which are too low, due no doubt to
the formation of some silver picrate-di-cyanoguanidine.
That the correct formulas have been assigned to these
compounds is shown by the analyses, and also by the
fact that the weight of yellow compound precipitated
in the quantitative determination of dicyanodiamide
always corresponds to the formula for silver picrate-
mono-cyanoguanidine. Moreover, analogous addi-
tion compounds of dicyanodiamide have been pre-
pared. Caro,! working with fairly strong solu-
tions of dicyanodiamide synthesized three double
salts with silver nitrate: AgNO;.C.HiNy;, AgNO;.-
2C,H Ny, and AgNO;.3C.H;Ny. Subsequently, Gross-

1 Loc. cit.
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man and Schick! prepared CuSOi.2C.H;Ny.4H,0,
CdSO4.C2H4N4.2H20, and HgC12C2H4N1

EXPERIMENTAL PART

PURE DICYANODIAMIDE—Dicyanodiamide was pre-
pared by the method of Hale and Vibrans,? which gave
a good yield of large, transparent needles which melted
exactly at 205° C.

SILVER PICRATE-MONO-CYANOGUANIDINE—To a solu-
tion of dicyanodiamide, containing 0.3 g. of the com-
pound in 300 cc: of water, were added 75 cc. of a 3
per cent solution of silver nitrate and then 500 cc. of
a saturated solution of picric acid. After about a
minute the solution was vigorously stirred, which
caused the appearance of a yellow crystalline precipi-
tate.” The mixture was allowed to stand for about 1o
min., at the end of which time the precipitation was
complete and the crystals had formed a layer on the
bottom of the beaker,':;..,:The precipitate was collected
upon a filter, washed with a little water and then with
a small amount of ether, and dried at 100° for 30 min.
The crystals were of a bright yellow color, very slightly
soluble in cold water but much more so in hot water,
slightly soluble in alcohol and acetone, and practically
insoluble in ether. When heated to 235°, they softened
and turned brown, and a yellow solid collected on the
cooler parts of the melting-point tube.

N Ag
Hotind e rrmiini st i S e 23.18 26.01

23.10
Calculated for CsH2(NO2);OAg.C:HyN ... 23.34 25.67

A second experiment using a saturated solution of
silver picrate instead of the mixture of silver nitrate
and picric acid yielded a precipitate which was identical
with the crystals described above.

F16. 1—CRYSTALS OF SILVER PICRATE-MONO-CYANOGUANIDINE PRECIPI-
TATED BY ADDING SILVER PICRATE TO A SOLUTION CONTAINING PURE
DrIcyANODIAMIDE, MAGNIFIED 120 DIAMETERS

GEL FORMATION—A solution of dicyanodiamide was
prepated containing o.1 g. of the compound in 100 cc.

1 Ber., 39 (1900), 3591,
2 J. Am. Chem. Soc., 40 (1918), 1057.
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of water. The temperature of the solution was 20°.
Fifteen cc. of 5 per cent silver nitrate were added and
then 100 cc. of a saturated solution of picric acid, the
latter solution also being at 20°.  Almost at once the
resulting solution set to a stiff jelly whose rigidity was
50 great that the beaker could be practically inverted
without disturbing the gel. In about a minute,

16, 2—CRYSTALS OF SILVER PICRATE-MONO-CYANOGUANIDINE PRECIPI-
TATED IN THE PRESENCE OF FERTILIZER MATERIALS.
~ MAGNIFIED 120 DIAMETERS

however, the gel began to liquefy at its edges, its mass
contracting and leaving a layer of solvent between
itself and the walls of the beaker. This contraction
tapidly continued, and within 3 min. the gel had been
entirely transformed to a ctystalline precipitate which
collected in a layer at the bottom of the beaker. When
viewed under the microscope these crystals had the
appearance shown in Fig. 1. It was found that the
limits of concentration producing a good gel were from
0.6 to 4.0 mg. per cc.; solutions containing more than
4 mg. of dicyanodiamide per cc. giving a curdy pre-
cipitate. The disintegration of the gel was much re-
tarded by employing a lower temperature, or by the
presence of certain impurities found in some fertilizer
mixtures, and for this reason it is advisable when
analyzing mixed fertilizers to stir the solution two or
three times during the first few minutes, thus avoiding
the gel stage. ¢

MICROSCOPIC APPEARANCE OF THE CRYSTALS— When
silver picrate-mono-cyanoguanidine is formed as a gel
and then allowed to crystallize, the crystals when
viewed under the microscope (low power, magnifica-
tion about roo diameters) appear as in Fig. 1. They
are almost perfect in form and appear to be very thin
in one dimension. The exposed surface has the ap-
pearance of a slightly oblique parallelogram with four
lines drawn from the four corners which meet at a
point at the center. These lines are very distinct and
seem to be the axes of the crystal since in imperfectly
formed crystals they still persist. When the solution
is stirred vigorously, causing direct precipitation of
the crystals without passing through the gel stage, the
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resulting crystals are smaller but have the same
general appearance as shown in Fig. 1, although con-
siderable twinning is in evidence.

1109

Certain compounds which are usually present when
mixed fertilizers are analyzed cause a rather striking
modification of the crystals.

Twelve grams of acid phosphate fertilizer were sus-
pended in 100 cc. of water, and to this were added
100 cc. of a saturated solution of barium nitrate, and
then a saturated solution of barium hydroxide, until the
mixture was alkaline to litmus. This mixture was
stirred for half an hour, made up to 500 cc., and filtered.
Fifty cc. of this solution were made slightly acid with
dilute nitric acid and treated with 5 cc. of a solution of
dicyanodiamide (containing 21.0 mg.), 7 cc. of a 3
per cent silver nitrate solution, and 5o cc. of a saturated
solution of picric acid.  The beaker was left in an
ice-water bath for 3o min., being stirred very gently
once or twice during this period. Large crystals
formed, a photomicrograph of which is shown in Fig. 2.
An examination will show that the four lines shown in
the crystals of Fig. 1 still persist, but that along two
of the lines a great deal of twinning has taken place,
resulting in these very striking ‘“‘phantom crystals.”
The weight of the crystals was found to be o.1054 g.,
corresponding to 21.1 mg. of dicyanodiamide, and this,
together with their behavior when subjected to a
melting-point determination, showed that they were
identical with the crystals of Fig. 1.

A second experiment was carried out as above, ex-

F16. 3—CRYSTALS OF SILVER PICRATE-MONO-CYANOGUANIDINE PRECIPI-
TATED IN THE PRESENCE OF FERTILIZER MATERIALS CONTAINING
AMMONIUM SALTS, MAGNIFIED 120 DIAMETERS

cept that 2 g. of ammonium sulfate were added to the
acid phosphate, and the dicyanodiamide (o.2 g.) was
added in the solid state, the mixture then being treated
with water, barium nitrate, etc. These crystals,
shown in Fig. 3,! were found to be identical with those
already described.

1 The author is indebted to Mr. G. L. Keenan of the Microchemical
Laboratory, Bureau of Chemistry, for making the above photomicrographs.
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SOLUBILITY OF SILVER PICRATE-MONO-CYANOGUANI-
DINE IN WATER AND IN A SATURATED SOLUTION OF
SILVER PICRATE—One hundred cc. of a saturated
aqueous solution of the silver compound were evaporated
to dryness in a weighed dish. To each of two other
100-cc. portions were added 15 cc. of 5 per cent silver
nitrate solution and 1oo cc. of saturated picric acid
solution. The beakers containing the solutions were
cooled in ice water for 30 min. with occasional stirring.
The precipitates were collected on weighed Gooch
crucibles, washed with a little saturated solution of
silver picrate-mono-cyanoguanidine and with a little
ether, dried for 30 min. at 100°, and weighed.

The following results were obtained:

Solubility of compound in 100 cc. of water............ 0.1128 g.
Compound precipitated by the silver picrate solution.. 0.1028 g.
Compound precipitated by the silver picrate solution., 0.1037 g.

Quantity remaining in solution..............cceuun.. 0.0095 g.
Quantity remaining.in 100 €C.i.iavevie s asaansanle saaas 0.0044 g.
SILVER  PICRATE-DI-CYANOGUANIDINE—This com-

pound was prepared by precipitating a saturated
solution of dicyanodiamide with silver nitrate and
picric acid, and recrystallizing the resulting product
twice from water. It formed long, silky needles of
a dark yellow color, the solubilities of which in various
solvents very much resembled those of the correspond-
ing mono-compound.

N Ag
BT T b S s e R R A OB A 30:51: 221253
30.43

Calculated for CsHa(NO2)sOAg.2C2HiNy.. . 30.55 21.39
METHOD OF ANALYSIS

REAGENTS. Silver Nitrate—A 5 per cent solution.

Picric Acid—A practically saturated solution (about
I g. per 100 cc.) made by shaking an excess of the solid
with water for a minute or two.

Silver picrate-mono-cyanoguanidine—A saturated solu-
tion contained in a wash bottle. Precipitates from
former analyses can be used.

Ether—Also contained in a wash bottle.

In addition to the above, the analysis of mixed
fertilizers requires saturated solutions of barium nitrate
and of barium hydroxide.

PROCEDURE—Make the solution of dicyanodiamide
slightly acid to litmus. To each 100 cc. of this solution
add 15 cc. of the silver nitrate solution and 1oo cc. of
the saturated solution of picric acid. Stir vigorously
two or three times during the first 2 min., rubbing the
walls of the beaker with the stirring rod, to prevent
the formation of gel. Place the beaker in ice water
for 30 min. In case crystals are slow to appear it
is well to repeat the stirring once or twice during the
cooling. Filter the precipitate upon a weighed Gooch
crucible. The pad of asbestos should be very thin
because the large crystals are not at all difficult to retain
on the filter. With a properly prepared pad the mix-
ture can be filtered almost as fast as it can be poured
into the crucible. Wash out the crystals adhering to
the walls of the beaker with the saturated solution in
the wash bottle. It is sometimes necessary to employ
a ‘“‘policeman.” Wash the precipitate once or twice
with a little ether, dry in the oven 30 min. at 100°%,
cool in the desiccator, and weigh. To the weight of
the precipitate add o.0o044 g. for each 100 cc. of the solu-
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tion from which the crystals were filtered. The
weight divided by five gives the quantity of dicyanodi-
amide in the solution analyzed. Should the analysis
show that the original solution contained more than
2 mg. of dicyanodiamide per cc., which would give a
precipitate of over o.3 g. for each 100 cc. of solution
filtered, the results are probably too low, and the
analysis should be repeated with a more dilute solution.

APPLICATION TO COMMERCIAL CALCIUM CYANAMIDE—-
From 5 to 1o g. of the substance should be weighed
out and agitated with 300 cc. of water for one-half
to one hour. Add dilute nitric acid until the mixture
is slightly acid to litmus, and then 75 cc. of the 5 per
cent silver nitrate. Make up to soo cc. and filter.
For the analysis use a_100 or 200 cc. aliquot part .and
proceed as described above, omitting further addition
of silver nitrate. The silver nitrate is added here
before the mixture is filtered because some samples of
Cyanamid contain sufficient carbides and similar
substances to give a precipitate with silver nitrate.

APPLICATION TO MIXED FERTILIZER— Weigh out 20
g. of material, add 50 cc. of water, and stir. Now add
100 cc. of the solution of barium nitrate and then barium
hydroxide until the mixture reacts alkaline to litmus.
Agitate for 30 min., preferably with a stirrer. If the
mixture is now acid, add more barium hydroxide until
it is again slightly alkaline. Make up to 500 cc. and
filter through a fluted filter. Use a z2o00-cc. portion for
the analysis, proceeding as described above. If
chlorides are present it will be necessary to filter again
after the addition of the silver nitrate, before pro-
ceeding with the addition of the picric acid. In case
the mixed fertilizer is unusually high in potassium salts,
it is possible that the method will cause the precipita-
tion of potassium picrate. Such an occurrence will be
easily evident from the long needles thrown down, and
also from the fact that the ether used to wash the
precipitate will be colored a bright yellow. In this
case a more dilute solution of the sample should be em-
ployed. The presence of cottonseed meal interferes
with the analysis, certain soluble materials from the
meal forming a gelatinous precipitate with the picric
acid. This can be avoided by adding 30 cc. of a 10
per cent lead acetate solution immediately after the
addition of barium hydroxide. If this is done, it is
necessary to add more nitric acid when the solution is
acidified, as the presence of acetates tends to lower the
Ht-ion concentration, and if cyanamide is present it
will be precipitated when the silver nitrate is added.
If silver cyanamide should appear, it can be redissolved
by adding more nitric acid and the analysis carried out
as usual.

RESULTS OF ANALYSES BY THE METHOD

PURE DICYANODIAMIDE—Samples of this compound
were weighed out and dissolved in varying volumes of
water and the analysis carried out as described above.
The results are given in Table I. The last example,
where the cyanamide content of the solution analyzed
was 3.33 mg. per cc., shows that with this concen-
tration of dicyanodiamide the results are somewhat
too low.
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TABLE I
Volume of Dicyano- Weight of Dicyano- Weight of Dicyano-
diamide Solution diamide Used diamide Found
Ce. Mg. Mg.
50 50.0 49.9
100 50.0 49.3
100 50.0 49..8
50 34.4 3525
100 50.0 49.2
50 56.3 56.4
25 2.5 233
50 50.0 49.4
25 50.0 48.9
30 100.0 93.6

DICYANODIAMIDE AND CYANAMIDE—T0 a solution con-
taining 100 mg. of cyanamide (CNNH.) in 50 cc.
there were added 41.8 mg. of pure dicyanodiamide.
Two such solutions were analyzed. The analysis
gave 41.9 mg. and 42.2 mg. dicyanodiamide. Similar
analyses carried out with the cyanamide solution alone
showed no dicyanodiamide.

DICYANODIAMIDE AND UREA—A solution, containing
5o mg. of urea and 20 mg. of dicyanodiamide in so cc.
of water gave on analysis 19.5 mg. of dicyanodiamide.
A solution of pure urea containing 4 mg. per cc. gave
no precipitate at all with the réagents, and the same
result was secured with a urea solution containing 100
mg. per cc.

DICYANODIAMIDE AND MIXED FERTILIZER MATERIALS—
A mixture was prepared consisting of acid phosphate
(12 g.), ammonium sulfate (4.2 g.), potassium sulfate
(1.5 g.), and dried peat (4 g.). To this were added
so cc. of water containing 81.2 g. of dicyanodiamide.
The mixture was treated with barium nitrate, barium
hydroxide, etc., and the analysis carried out as de-
scribed above for mixed fertilizers. The results of
duplicate analyses were 81.5 and 81.5 mg. of dicyano-
diamide.

A somewhat similar analysis has already been re-
ported in one of the experiments under the heading of
“microscopic appearance of the crystals.”

THE CHANGES TAKING PLACE IN CYANAMID WHEN
MIXED WITH FERTILIZER MATERIALS!
By Rolla N. Harger

Sorr, FERTILITY INVESTIGATIONS, BUREAU oOF PrLanNT INDUSTRY, U. S.
DEPARTMENT OF AGRICULTURE, WASHINGTON, D. C.

Received July 28, 1920

In an attempt to analyze an aqueous extract of a
mixed fertilizer for cyanamide by the method of
Perotti,? it was found that the presence of phosphates
interfered, since they, too, formed a precipitate with the
silver nitrate upon making the solution alkaline with
ammonium hydroxide. The difficulty was overcome
by precipitating 'the phosphates by means of barium
hydroxide and analyzing the filtrate. Although the
manufacturer stated that the fertilizer contained con-
siderable quantities of cyanamide, not even a trace
was found. To test the accuracy of the method a
mixed fertilizer was prepared containing a known
weight of calcium cyanamide (Cyanamid) whose
cyanamide content was known. The accurate results
obtained upon analysis showed that the method was
applicable. Some days later a second sample of this

1 Presented at the 60th Meeting of the American Chemical Society,

Chicago, Ill., September 6 to 10, 1920.
2 Rend. soc. chim, ital., 1904, 192,
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mixture was analyzed, and to our surprise it was found
that all the cyanamide had disappeared. Another
fertilizer mixture was now prepared, its composition
being identical with the previous one, and at intervals
over a period of two weeks samples were withdrawn
and analyzed for cyanamide. The loss of cyanamide
was very rapid, 6o per cent having disappeared in 24
hrs., and within ro days it had practically all vanished.
This at once suggested an investigation to determine,
first, the cause of this rapid disappearance of cyan-
amide, and, second, the products resulting from the
transformation. ;

A search through the literature showed that while a
vast amount of work has been done in reference to the
changes taking place when Cyanamid alone is added
to the soil or is kept in storage, and that while studies
have been made in regard to the changes occurring
in the soluble phosphates of mixed fertilizer containing
Cyanamid, it is a curious fact that no one seems to
have paid any attention to the changes which may
occur in cyanamide when this extremely reactive sub-
stance is mixed with other fertilizer materials. The
present paper reports some results of such an in-
vestigation. :

FACTORS CAUSING TRANSFORMATION OF CYANAMIDE

The fertilizer mixture which was prepared was com-
posed of acid phosphate, ammonium sulfate, potassium
sulfate, and Cyanamid (all being the usual commercial
products), and dried peat. In order to  ascertain
which of these materials was instrumental in bringing
about the rapid disappearance of cyanamide, mixtures
containing Cyanamid and various combinations of
these substances were prepared. Since it seemed
probable that the acid phosphate was involved in the
reaction it was used in each of the mixtures. The
mixtures were: (1) acid phosphate and Cyanamid;
(2) potassium sulfate, acid phosphate, and Cyanamid;
(3) ammonium sulfate, acid phosphate, and Cyanamid;
and (4) dried peat, acid phosphate, and Cyanamid.
Samples from these mixtures were analyzed at inter-
vals. While all of the mixtures caused a slight de-
crease in cyanamide, only Mixture 4 showed any con-
siderable decrease, the rate here being rapid and
practically parallel to that of the original mixture.
This suggested that perhaps the dried peat was not so
dry as the name would indicate, and an analysis of
this material showed that it did contain 36 per cent of
moisture. The other materials were practically dry,
although the acid phosphate contained a little moisture.
In a mixture containing acid phosphate, Cyanamid,
and 8 per cent of water, the cyanamide decreased very
rapidly, only 5 per cent of it remaining at the end of
3 days. Several similar mixtures exhibited this same
rapid decrease in cyanamide content. To test the
effect of moisture alone, moist quartz containing 10
per cent of water was mixed with Cyanamid. Here,
too, there was a decrease in cyanamide, resulting
finally in its disappearance, but the rate was by no
means so rapid as when moist acid phosphate was em-
ployed, the loss of cyanamide in the latter mixture
during the first day being eight times as great as that
in the moist quartz mixture. On the other hand,
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Cyanamid when mixed with practically dry acid phos-
phate remained unchanged even after 2 or 3 mo.
This rapid disappearance of cyanamide must there-
fore be caused by the presence of acid phosphate and
a small amount of moisture. This conclusion was
further confirmed by experiments with complete mixed
fertilizer, since only those samples in which these
conditions existed (z. e., acid phosphate and 5 to 10
per cent of moisture) showed any considerable decrease
in cyanamide.
CHEMICAL CHANGES INVOLVED

Upon complete evaporation of a sample from one of
the mixed fertilizers, the cyanamide of which had
entirely disappeared, there was left a quantity of long
needles, which were identified as dicyanodiamide by
the method described in the preceding paper. A
quantitative determination of dicyanodiamide, made
upon another sample of this fertilizer, showed that go
per cent of the cyanamide originally present had been
transformed into dicyanodiamide. The mixture had
now stood 30 days. At the end of 100 days it was
again analyzed, and the results showed that the di-
cyanodiamide content was practically unchanged.
Another mixture of Cyanamid and acid phosphate,
containing about 1o per cent of moisture, was next
_prepared, and the changes taking place in cyanamide
and dicyanodiamide content were followed by making
simultaneous analyses for these two substances at
intervals. Since the chemical change occurring in the
formation of dicyanodiamide from cyanamide is simply
the union of two molecules of cyanamide to form a
molecule of dicyanodiamide, according to the equa-
tion

NH;

2CNNH; —>= HN = C
He— Il\T — CN

there is no alteration in weight, and if this reaction is
the only one involved the weight of dicyanodiamide
_produced should equal that of the cyanamide lost; or,
stated differently, the combined weights of cyanamide
and dicyanodiamide should remain constant. This
study served to confirm what was apparent from the
results already secured: namely, that in the disap-
pearance of cyanamide the principal chemical change
was the formation of dicyanodiamide, and that under
the conditions employed this was at all times prac-
‘tically quantitative. A similar study conducted with
two complete mixed fertilizers yielded practically the
same results, although toward the end of the period
the amount of dicyanodiamide in the mixture did not
so closely approximate the quantity of cyanamide which
had disappeared, the final yield of dicyanodiamide rep-
resenting only about 65 per cent of the loss in cyan-
amide. . Whether this result was due to a parallel
reaction which produced some other compound from
the cyanamide—possibly urea—or whether part of the
dicyanodiamide formed was subsequently decomposed
into other compounds, has not yet been determined.

When Cyanamid and moist acid phosphate (6 to
10 per cent H.O) were mixed, with or without other
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fertilizer materials, a rise in temperature of 20° to
30°% C. was always observed, and the mixture set to a
hard mass upon standing. When analyzed im-
mediately there was no loss of cyanamide. The acid
phosphate possessed but slight acidity, 1o g. of this
material requiring 27.5 cc. of o.1 N alkali to titrate
to the neutral point with methyl red; yet when 1 g.
of Cyanamid, which required 169 cc. of o.1 NV sulfuric
acid to reach the same end-point, was added to 10 g.
of moist acid phosphate, the resulting mixture, when
added to water, was always acid to litmus. An
alkaline mixture could be obtained only by adding a
considerably larger quantity of Cyanamid. This can
only mean an interaction between the acid phosphate
and Cyanamid. de Nolinari and Ligot! and later
Brackett? showed that when Cyanamid and acid
phosphate were mixed there resulted a ‘‘reversion’’
of the phosphate, 7. e., the introduction of more calcium
into the acid phosphate molecule to form insoluble
phosphates. When these facts are considered to-
gether, they indicate the probable course of the re-
action which results in the rapid loss of cyanamide.
The calcium cyanamide and acid phosphate first react
to form dicalcium or tricalcium phosphate and free
cyanamide:
2Ca:NCN + CaHy(POy)s —> 2CaHPO; + CNNH,
Ca:NCN + 2CaHPO; —>- Caa(PO;)z -+ CNNH,

and the free cyanamide thus produced is rapidly
transformed into dicyanodiamide and other products.

Up to this point in the investigation, the fertilizer
mixtures contained less than 1 part of Cyanamid to
10 parts of acid phosphate. In a mixture of moist acid
phosphate and Cyanamid, containing 235 per cent of
Cyanamid, there was also a rapid conversion to- di-
cyanodiamide (practically quantitative), but only about
60 per cent of the cyanamide was thus transformed, and
after this point was reached very little further change
resulted. It is evident, therefore, that there is a limit
to the quantity of cyanamide which a given quantity
of moist acid phosphate will transform.

Reference has already been made to the fact that
the mixing of Cyanamid with moist quartz caused a
disappearance of cyanamide. It was found that most
of the cyanamide was changed into dicyanodiamide.
That this change would take place was somewhat to be
expected, since Perotti® and Hager and Kern* have
shown that when Cyanamid containing moisture was
stored for several months a large portion of the cyan-
amide was converted into dicyanodiamide.

Finally, analyses were made of six samples of mixed
fertilizer, containing varying amounts of Cyanamid,
which had been prepared for certain 1920 field tests
carried out by the Division.® Four weeks had elapsed
since the fertilizers had been mixed. Each sample was
found to contain a large quantity of dicyanodiamide, the

17, soc. agr. Brabant et Hainant, 54 (1909), 161. ;
2 Tu1s JoUurNAL, § (1913), 933.
3 Auti acad. Lincei, [S] 15 (1906), I, 48.

4 Z. angew, Chem., 29 (1916), 221.

5 Prepared for field tests in experimental work being conducted by
Dr. O. Schreiner, Dr. J. J. Skinner, and Mr. B. E. Brown, of Soil Fertility
Investigations. The mixtures were prepared according to the usual fer-

tilizer practice, no modifications being introduced, with a view of studying
any changes in the cyanamide content.



Nov., 1920

amounts of this compound ranging from 11.4 to 33.4
Ibs. per ton of the fertilizer mixtures.

EXPERIMENTAL DETAILS

MATERIALS EMPLOYED. Acid Phosphate—This was
the usual type of fertilizer material, containing 16
per cent of available P,0s.

Ammonvum Sulfate—The crude material of com-
merce, containing 25 per cent of NHj.

Potassium Sulfate—The salt commonly used in
fertilizer, containing 50 per cent of K,O.

Cyanamid—This was technical calcium cyanamide,
a hydrated material which was about a year old and
contained 21 per cent of cyanamide and 2.3 per cent of
dicyanodiamide. In two of the experiments, there was
used a more recently purchased hydrated Cyanamid
which contained 29.4 per cent of cyanamide and no
dicyanodiamide.

METHODS OF ANALYSIS—A 20 g. sample (in mixtures
containing more than 6 per cent of Cyanamid, a 10 g.
sample was used) of the fertilizer mixture was stirred
with so cc. of water. To this were added 100 cc. of a
saturated solution of barium nitrate and then a solution
of barium hydroxide until the mixture was slightly
alkaline to litmus. The barium hydroxide was added
to precipitate phosphates, but when ammonium sulfate
was present this' would have produced large amounts of
ammonium hydroxide, which would convert ‘'some of
the cyanamide to dicyanodiamide. The barium ni-
trate was therefore added to prevent this ammonia
formation.
30 min. with a mechanical stirrer, then transferred
to a soo cc. graduated flask, made up to the mark,
thoroughly mixed, and filtered. Two 200 cc. portions
were measured out, and one was analyzed for cyan-
amide and the other for dicyanodiamide. To determine
cyanamide the method of Perotti, as modified by
Brioux,! was employed, the precipitate of silver
cyanamide being dissolved in dilute nitric acid and
titrated against o.r N ammonium thiocyanate solu-
tion. For the determination of dicyanodiamide the
method described in the preceding paper was used.

CHANGES IN CYANAMIDE CONTENT OF A MIXED
FERTILIZER

Fertilizer Mixture A contained:

Grams
Acid phosphate........c.ouuven 100
Potassium sulfate. .o i i, 12
Ammonium sulfate.............. 42
Cyanamidiiiierimmes s sisiaaren e 10
Dried peat i, e ot iy _:E
L OT AL S il rorniotirea o e 200

The materials were ground together in a mortar
until they would pass through a 20-mesh sieve, and
further mixed on a large piece of glazed paper. The
mixture was analyzed immediately for cyanamide, and

TABLE I—CHANGES IN CvaNaMIiDE CONTENT OF A COMPLETE MIXED
FERTILIZER (MIXTURE A)

TIME Mg. Cyanamide

Days per G. Cyanamid Used
Immediately after mixing 220.0
1 9525
3 75.6
4 46.2
6 41.1
1375 231

1 Ann. chim. anal.,, 15 (1910), 341.
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The mixture was agitated vigorously for
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1—CHANGES 1N CyANAMIDE CONTENT OF A CoOMPLETE MIXED
FERTILIZER CONTAINING “CYANAMID’’

Fiec.
the analysis was repeated at intervals for 13 days,
with the results given in Table I and shown graphically
in Fig. 1.

INFLUENCE OF VARIOUS FERTILIZER INGREDIENTS

Four mixtures were prepared containing various
combinations of Cyanamid with the other materials
used in the previous experiments, as follows:

(@) (&)

Grams Grams

Acid phosphate......... 90 Acid phosphate....... 45

Cyanamid ¢e i iliniiie 10 Ammonium sulfate,... 18
: Cyanamid il Siame 5.5

© (@)

Acid phosphate......... 45 Acid phosphate....... 45

Potassium sulfate....... 6 Dried peatiiiviirss. 18
Cyanamid s - oniiiaass 5 Cyanamid S iaoiisty 535S

The results of analyses are given in Table II.

TABLE II—CHANGES 1IN CvANAMIDE CONTENT OF VARIOUS MIXTURES
oF “CyANAMID” AND AcCID PHOSPEATE WITH OTHER FERTILIZER
MATERIALS

Mg. Cyanamide

TIME . —per G. Cyanamid Used—

Days i(a () (©) @
Immediately after mixing 202 196 210 201
1 180 152 192 i
2 164 Vs 94

4 630 S Te 82

2 S5 ca 139 27ve S

9 120 A4S 190

EFFECT OF MOISTURE CONTENT OF FERTILIZER
MATERIALS
Moisture in the materials was determined by drying
for 20 hrs. at 100° C,

H20
Per cent
Ammonium sulfate............ 0.4
Potassium sulfate............. 0.18
Driedipeaty s as it aiv ol 36.0
Acid phosphate............... 2.7

In the experiments described above the acid phos-
phate probably contained slightly more than 2.7 per
cent of moisture since some weeks elapsed before the
moisture content was determined, and during this time
it had been stored in a paper bag exposed to the dry-
ing action of the air. At the time the experiments
were performed the acid phosphate had already been
considerably air-dried,? so it contained much less
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moisture than fresh acid phosphate, the moisture con-
tent of the latter being 6 to 1o per cent.

I—CHANGES IN CYANAMIDE CONTENT

CYANAMID AND MOIST ACID PHOSPHATE— Mixture B
was prepared containing:

Acid phosphate (2.7 per cent H20), grams..... 82
Cyanamid rgrams i o i P i 10
R T T o A A S e e B S O R S 8

‘T'otal moisture;iper centin i ltiaiiTaiiue T

The ‘water was added to the acid phosphate and the
material ground in the mortar until uniform, the re-
sulting mixture appearing quite moist. The Cyanamid
was now added and this mixture again made uniform
by grinding. Almost at once all evidence of moisture
disappeared, and a fine, dry powder resulted. During
this change, the temperature rose from 24° to 45° C.
When the resulting mixture was added to water it
showed a strongly acid reaction toward litmus. The
mixture was analyzed for cyanamide immediately and
at intervals over a period of 6 days, the results being
given in Table III.

TABLE III—CHANGES IN CYANAMIDE CONTENT OF A MIXTURE OF “‘CYAN-
AMID"” AND MoisT Acip PHOSPHATE (MIXTURE B)

Mg. of Cyanamide

TIME per G, of Cyanamid Used
0 hrs, 210

5 hrs. : 97.6

2 days 21.4

6 days 17.3

CYANAMID AND AIR-DRY ACID PHOSPHATE— Mixture C
contained:

Acid phosphate (2.7 per cent H20), grams..... 90
Cyanamid  grams s R s S i 10
Totalimoisture; " per cent.iian . srtiannit i is e 222

and was mixed as in the preceding experiment. Im-
mediately after mixing it contained 223 mg. of cyan-
amide per gram of Cyanamid, and after standing 18
days it was found to contain 194 mg. per gram of
Cyanamid used. :

CYANAMID AND MOIST QUARTZ—A mixture, D, con-
taining

Quartz (ground to 200 mesh), grams.......... 90
W AL RIS S e Aia wiaate ciaTuTate s ta\a miatare 10
Cyanamid i Eramsesies s o de s lie so s st 11751
Totalimoisture, per: cent. Tl s 9

was prepared and analyzed as in the previous experi-
ments. There was no rise in temperature when the
mixture was prepared, and it remained moist, clinging
together like moist sand when the jar containing it was
rotated. After a day an odor of ammonia was given
off. At the end of 2 wks. it was somewhat more dry,
but the particles still clung together, and it was by no
means the dry powder described in the experiment
with moist acid phosphate. Table IV gives the results
of analyses of this material.

TARLE IV—CHANGES IN CYANAMIDE CONTENT OF A MIXTURE OF “CYAN-
AMID' AND Morst QUARTZ (MIXTURE D)

o Mg. of Cyanamide

TMe per G. of Cyanamid Used
0 hrs. 213.6
24 hrs. 185.8
2 days 131.25
9 days 31.5

The results for Mixtures B, C. and D are shown
graphically in Fig. 2.

AVAILABLE ACID IN ACID PHOSPHATE—Omne gram of
acid phosphate was extracted for o.5 hr. with 500 cc.
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of water. ' The filtrate was strongly acid to litmus.
Upon titration against o.1 N sodium hydroxide, using
methyl red as an indicator, 2.75 cc. of the alkali were
required.
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Fio, 2—CHANGES IN CyaNaMipE CONTENT OF “CyaNaMID” WHEN MIXED
wITH AIR-DRY AcIiD PHOSPHATE, MoIST ACID PHOSPHATE, AND
MoisT QUARTZ

AVAILABLE ALKALI IN CYANAMID—Omne gram of the
Cyanamid was stirred vigorously with oo cc. of water
for 30 min., and filtered. The filtrate, which was’
strongly alkaline to litmus, required 169 cc. of o.1 N
sulfuric acid for neutralization with methyl red as
indicator.

DICYANODIAMIDE CONTENT OF THE MIXTURES—
Twenty grams of Mixture B were stirred for 3o min.
with 200 cc. of absolute acetone, and filtered. The
acetone extract was evaporated to dryness, leaving a
quantity of long needles mixed with some dark ma-
terial. Recrystallization of the residue from water
gave colorless needles, melting at 205° whose
melting point was unchanged when mixed with di-
cyanodiamide. A solution of these crystals gave yel-
low crystals of silver picrate monocyanoguanidine
(m. p. 230°) upon treatment with picric acid and
silver nitrate (Fig. 1, preceding paper). A quantita-
tive determination of dicyanodiamide in Mixture B
gave 179 mg. of dicyanodiamide per gram of Cyan-
amid, at the end of 4 wks. At the end of 15 wks.,
the mixture contained 193.5 mg. of dicyanodiamide
per gram of Cyanamid used. Mixture C contained
but 7.9 mg. of dicyanodiamid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>