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EDITORIALS

The Prize Essay Contest

CHEMISTS have a splendid opportunity for service in
carrying out the details of the prize essay contest made
possible by a gift on the part of Mr. and Mrs. Francis P.
Garvan to encourage the study of chemistry so that the
youth of the land may appreciate what the science is doing
for our everyday life. Six topics have been chosen by the

committee, and the first prize of a twenty dollar gold piece -

with a certificate will be awarded in each state and the Dis-
trict of Columbia for the best essay within these geographical
areas on each topic. Undoubtedly, efforts will be made
within the various states to provide inducements for further
study in the form of scholarships in the institutions of higher
education. TFrom among the state winners a national com-
mittee, to be announced later, will select the winners to re-
ceive the four-year scholarships at Yale or Vassar. These
scholarships carry $500 a year and tuition, and were made
possible by the generosity of Mr. and Mrs. Garvan.

This is not all the story, for to insure access to suitable
literature, the reading of which will stimulate the imagination
of contestants and indicate methods of attacking their
problem, Mr. Garvan has provided for the distribution of
more than ten thousand sets of five books each, these to be
sent to the accredited secondary schools, both public and
private, without so much as a request. A number of sets
will also be deposited with libraries prepared to facilitate
their circulation, and we prophesy that the coming winter

will see a wider demand for and a more extensive reading’

of popular literature on chemical subjects than ever before.
We all recognize that in the boys and girls lies our greatest
opportunity to encourage chemistry. This does not mean
that we expect all high and secondary school students to
become chemists. It does mean that attention will be
drawn to chemistry as a cultural study, that a wider view
upon everyday affairs will be obtained, and that chemistry
will be placed in the popular estimation, on a par with
astronomy, for example, which has obtained a big hold upon
the layman.

This is the first nation-wide plan of this kind to be evolved.
In accepting its administration the Sociery has assumed a
real responsibility. It is a call to the individual chemist as
well as to the organized sections to recognize their responsi-
bility in the successful completion of the work. Everything
possible is being done to bring the contest before the boys and
girls, and we must expect frequent calls for assistance in
recommending literature, sometimes in discussing the chemi-
cal work, and perhaps in arranging for visits to plants utilizing
chemistry in some of its phases. There will doubtless also
be a large number of essays to be seriously considered in the
competition. In fact, it is difficult to predict all the ways in
which some service may be required. While the prizes are
to be awarded to students of high school grade, much of
the benefit of the contest will eventually accrue to chemists
and their science. We therefore have a direct interest in the
success of the contest.

A prize essay committee has been organized, with the
secretary equipped to handle inquiries which chemists and
others may care to make. There will be ample explanatory
literature for distribution, and it is hoped that adequate and
proper publicity for our effort may be obtained. It is another

o.pportunity for chemists to show the value of their organiza-
tion. The work at its inception holds promise of marked
success.

The American Chemical Prize

HEN/Dr. Smith announced at Pittsburgh that the

Allied Chemical and Dye Corporation through William
H. Nichols as spokesman had founded an annual prize of
$25,000, the Council wisely chose a committee consisting of
Edgar F. Smith, E. W. Morley, C. F. Chandler, F. P. Venable,
and Ira’ Remsen, to collaborate with representatives of the
corporation in arranging the necessary details. Shortly be-
fore the New Haven meeting the death of Dr. Morley was
announced and Theodore W. Richards has taken his place
upon the committee. The committee was not ready to
report at New Haven and the Council eagerly awaited its
report at Milwaukee. The magnificent prize will be known as

THE AMERICAN CHEMICAL PRIZE
(Founded by the Allied Chemical and Dye Corporation)

and “will be awarded annually to that chemist, man or
woman, a citizen or resident of the United States of America
at the time, who in a certain year or through a period of
years has made a contribution of high merit or in some
marked way has promoted the betterment of society through
the science of chemistry.”

Our committee is to designate the additional members of
the AMERICAN CHEMICAL SocIETY upon the jury of award,
and as soon as this jury can be completed and agree upon
recommendations the first recipient of the prize will be an-
nounced. This recognition of outstanding work in chemistry
cannot fail to benefit chemistry in America to a degree in
comparison with which the monetary reward to the chemist
is insignificant. Somehow, for the’ encouragement of the
large number of chemists who now work faithfully in obscure
places, we hope the first to receive this prize will be some one
who has labored in a little-known laboratory with inadequate
facilities. We should like to see it demonstrated that a man
with native ability and steadfast purpose can achieve things
even though he does not have the advantages obtained in
large institutions and centers of population. We should
also like to see one of the younger men encouraged in his
work, as an indication that the prize is not to go necessarily
to the older members of the profession and to dispel the idea
that in addition to outstanding work a man must attain
years before he can win full recognition.

Long after those who have been instrumental in the foun-
dation of this annual prize have passed on, the science and
the general public will continue to reap the harvest. The
thanks of chemists are properly due to William H. Nichols,
a past president of our SocIEry, an honorary member, and
the recipient of many scientific honors, who has acted as
spokesman for the Allied Chemical and Dye Corporation in
this matter. As for our committee, nothing that can be
said here would add to the frequent expressions of the debt
of gratitude that American chemists owe the members of the
committee for their continued work which has done so much
in the past, asin the present, to bring chemistry to the fore-

front and maintain America’s position as a nation unsur-

passed in its modern chemical achievement.

-
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In Duncan’s Footsteps

CCORDING to the best of our information it was the

late Robert Kennedy Duncan who, in modern times,
emphasized the necessity of popularizing our science in or-
der to win that sympathetic appreciation on the part of the
public which we must have if fundamental research and
even the industrial application of its results is to have sup-
port upon an adequate scale. The “Chemistry of Com-
merce’’ and other works by Duncan are classics, and form
the nucleus of a growing series of publications which are
not only valuable to us as chemists, but which have attracted
so wide a circle of nontechnical readers as to make them
commercially attractive to the publishers.

Interest in the popularization of science on the part of
those charged with public responsibility is manifest in the
message upon the cover of our September issue, which was
especially prepared for Industrial and Engineering Chemisiry
by the Secretary of Commerce, and shows an appreciation
for science which until lately has been unique among public
men.

The women of the country are becoming increasingly in-
terested in the application of science to everyday life. Those
who heard Mrs. Winter at the General Meeting at Milwaukee
could not fail to be impressed by her plea for further simplifi-
cation of scientific facts to facilitate their assimilation by the
intelligent lay reader. She offered the codperation of the
efficient organizations of American women if chemists will
do their part in preparing the results of their labors, their
plans for the future, and statements concerning the signifi-
cance of their work, so they may be comprehended without
previous training in the science.

The newspapers must consider the desire of the public in
preparing copy for their numerous editions, and subjectsnot
considered news are practically debarred from their columns.
We doubt if any organization has ever obtained more de-
sirable space in first-rate newspapers than was accorded the
AMERICAN CHEMICAL SOCIETY in connection with the Mil-
waukee meeting. We seem to have passed the stage when a
few inches tucked away on an inconspicuous page was con-
sidered adequate by the editor. We are frequently given
preferred space, and our stories are carried on different pages
of the same edition.

We, who are committed to the popularization of our science
through the publication of authentic but nontechnical
articles, are further encouraged by the steadily changing
attitude of those who confine their efforts to researches in
pure science. In this group are the representatives of
sciences other than chemistry who have come to realize that,
to some extent at least, the present position of chemistry in
America is due to the willingness of even our most renowned
chemists to have the public understand their work.

All of which means that something is happening. The
public is asking for chemical information. The daily press
is making a greater effort to study that demand, and the
extent to which we may go in securing publicity depends
wholly upon the codperation which the chemist gives, not
only to our A. C. S. News Service, our News Edition, and the
publicity committees of local sections, but to the individual
reporter bent upon serious inquiry. Sometimes we cannot
approve the headlines employed, but these are becoming
more satisfactory and, after all, are not so objectionable as
would be an omission of authentic chemical information from
the daily press.

We have established an enviable reputation in the populari-
zation of science and our influence can be greatly extended
with your hearty codperation.

INDUSTRIAL AND ENGINEERING CHEMISTRY
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An Appeal for Opinions

TIME after time the Council of the SocieTy creates a com-

mittee of busy men and charges them with the duty of
fqrrnulating plans or making decisions upon questions of
vital interest to the life and growth of our organization.
Having created the committee, members of the Socrzry
forget their responsibility in its work, and as a consequence
may be disappointed in the committee’s report when it ap-
pears. We know that in many localities men are devoting
a great deal of thought to questions now before the SocirTy,
but for some unexplained reason results of their deliberations
are too seldom registered with those who endeavor to serve
the Soctery. We wish to appeal to sections and individuals
to send their criticisms and suggestions to the committees
seeking information. Two of the committees continued—
namely, those on intersectional meetings and the classification
of membership—have before them questions which merit pro-
longed discussion. These questions should be discussed by the
local sections and their recommendations transmitted through
the executive committees. In no other way will committees
be able to discharge their duty as they see it and perform the
service which they desire to render. There are more than
sixty-five sections in the AMERICAN CHEMICAL SOCIETY, and
the Committee on Intersectional Meetings has heard from
but twenty-nine. The Committee on Prize Essays has also
appealed to various local sections for recommendations with
respect to the personnel of state committees and other de-
tails. The response has been far from complete.

These and other questions should be placed upon the pro-
gram of each local section for early consideration and dis-
cussion. Do not let the matter end with discussion. By
all means transmit to the appropriate committee or individual
specific opinions containing suggestions along definite lines
and, where possible, complete plans for consideration. In
the case of questions requiring sectional action, communica-
tions should be official and not merely the expression of
individual ideas.

Earning Power of Research

RIGINALLY, the lead from which cable sheaths are
made was given a 3 per cent admixture of tin to obtain
the necessary mechanical properties in the alloy. About
twelve years ago the price of tin advanced, while the increase
in the quantity required for new telephone cable construction
became so large that research was called upon to provide
a substitute. As a result new sheaths contain one per cent
of antimony and in ten years the new formula has earned a
saving approximating $6,000,000.

Another important metallurgical result was an improved
contact metal used in the millions of relays and tiny switches
required in telephone plants and central stations. Since 1916
this new metal has earned through savings about $13,000,000.

Another illustration of the earning power of research
taken from the experience of the Bell system is the use of
so-called phantom circuits. A simple circuit consists of
two line wires. In phantoming it is possible to superimpose
a third circuit upon two pairs of such wires, utilizing each
pair as if it were a single line wire. At present there are
about 400,000 miles of phantom circuit in the Bell system.
The cost involved in obtaining these phantom circuits was
about $9,000,000, but the cost of the additional copper wire
necessary to string simple circuits to do this work would
have been $90,000,000.

These earnings are real and the income upon the investment
in research which makes them possible is greater than that
usually obtained in commercial ventures.
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Minimizing Human Error

HOSE who have been for long associated with the scientific
apparatus and supply business know how continually
Americans have been told that it would be impossible, for
three principal reasons, to produce precise ware in this coun-
try. These reasons are fundamental characteristics which
differentiate American business methods from those of most
other countries, and upon two of these the success of many
an American enterprise has to a large extent depended.
First, our standards of living make high wages necessary in
practically every line of our activity. Second, to compete
successfully with this unavoidable high cost, we have de-
veloped automatic or semi-automatic machinery to an un-
usually high degree. Third, the manufacture of precise
scientific instruments requires a patience and diligence, not
to say an actual love of one’s work, which unfortunately has
never been characteristic of the American worker. But those
who assured us that precision glassware, for example, would
never be made in America, did not take into account American
genius in providing mechanical devices which would be almost
human in their movements, and which would not only mini-
mize errors of the workman, but provide a substitute for an
extreme accuracy which they thought impossible in America.
We are accustomed to think of “‘shoes and ships and sealing
wax,” automobiles, typewriters, sewing machines, etc., as
standardized and produced in immense quantities, but it has
taken Americans to standardize and produce in quantity such
an article as an analytical buret of precision. A recent visit
to a plant in Vineland, N. J., impressed us most of all with the
great genius displayed in minimizing human errors and in
attaining a quantity production of precise apparatus which
makes it more nearly possible to' compete with low wage
standards of other countries and to surpass in quality ap-
paratus formerly made solely by hand.

We used to marvel at the skill of the glass-blower who was
able to produce standard lengths of tubing, fairly uniform in
diameter and thickness of wall, but here is a mechanical de-
vice which works continuously and draws tubing to a given
size varying not more than 0.2 mm. in diameter and 0.02 mm.
in thickness of wall, without striae or air bubbles. Such
tubing is blown by the mile and is cut in specified lengths by an
automatic machine as it cools.

To be sure, the graduation of a buret made from such an
ideal piece of straight tubing is comparatively simple, and
yet to do this mechanically, making allowances for slight but
inevitable variations, even in machine-made tubing, is an
accomplishment worthy of note. The tubing is first fitted
with a stopcock and is then coated with wax upon which the
engraving is done prior to etching. Bench marks are placed
at intervals on the basis of weighed mercury fillings. This
part of the process is cdrried out by an expert operative, using
all possible mechanical aids. The tube is next put into the
automatic grading machine upon which adjustments are
made so that the major divisions coincide accurately with
those previously determined. Each interval is automatically
graduated with the same number of divisions, and in this
fashion error is practically eliminated. The etching of the
glass and the removal of the wax, followed by filling the etched
marks with color, is but a detail.

The marked success with which ware made in this fashion
meets the requirements of the Bureau of Standards is ample
evidence of the success of the process. It has taken much
expenditure of patience, energy, and capital to achieve what
now appears simple. It shows the determination of some
Americans never again to be dependent for essentials upon
other sources, and if we are so constituted as a people that we
compete with difficulty where the work is tedious and often-
times uninteresting, we appear to have the ability to create
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machines which will do such labor for us. - Itis a piece of work
undertaken in a field where the monetary returns are not large
and the volume of business is never great, but it indicates a
spirit which we appreciate and applaud.

Where Lies the Difficulty?

WE HAVE received several comments upon a ‘“want ad”’
by a member of the Sociery which appeared in a recent
number of the News Edition.
The following is taken from one of these letters:

What is wrong with our profession when its younger members insist
upon advertising themselves for work ‘‘salary unimportant,” etc.? (I
won't go through the list.) Are we not the doctors of the material world?
Has not every trouble in the material world a chemical foundation? Why,
then, are the chemists the poorest paid, the worst treated, the most ignored
of professional men? Do we act like professional men?

Does the college professor’s influence rob the profession of the wage
demands its members should make? Does the smallness of the college
professor’s salary cause him to advise his students to accept niggardly terms?
Or, are the graduates and chemists of no greater value than the salary they
now earn? Are there too many chemists or too many so-called ‘‘chemists?”’
Does the individual chemist dispense his knowledge too readily to the laymen
with the desire to appear learned, forgetting that he is robbing his brother
chemists of their wage? * * *

Has professional dignity and disdain for monetary matters dragged the
profession down? Probably there are many men who work for science’s
sake alone, without any thought of using their knowledge as a means toa
livelihood, but the great advances in technical work have been made by men
whose bread, butter, and position depended upon their getting results,

I know you cannot answer these questions, nor do I expect you to do so.
Most of them may be far-fetched, However, I feel that a real problem exists
and that something should be done to solye it. We who are in responsible
positions should shoulder some of the problems of the under dog, because
we are no doubt in some sense responsible for his state of being. Itisnotan
impossible task. The physicians have a dignified profession and yet they
charge for it, their elevation in the laymen’s mind increasing with their
increase in rates.

Why, then, must chemists advertise themselves as willing to work for
nothing or almost nothing? Are our graduates so narrowly trained that they
can do only one kind of work? Are they single-tracked? Are they afraid of
work? Have they been disillusioned? At any rate, after a chemist (a real
chemist) has served an apprenticeship of some years, should not his aver-
age salary compare favoragly with that of men in other professions? How
are we going to get rid of the ne’er do wells?

As our friend states, we cannot attempt to answer all these
questions. Graduation signifies, not the completion of one’s
education, but its commencement. The college course is a
success if it equips a man so that he can grasp facts readily,
know sources of. reliable information, and segregate truth
from the mass of material offered to him. Because he can do
these things the graduate chemist is worth a fair wage and
only a fair wage until he begins to become acquainted with
the detailed work of his employer. No doubt the employer
feels that the experience gained by the chemist should be
reckoned as a part of his remuneration; but in too many cases
the chemist is kept too long on probation. He should be pro-
moted in a substantial manner, given to understand that such
promotion has not been earned, or replaced within a reason-
able time. Nothing is so deadening as uncertainty.

The Priestley Medal

THE award of the Priestley Medal to Ira Remsen is
another evidence of the work originally undertaken
through the enthusiasm of the late Francis C. Phillips. The
Priestley Medal is an important award. It is a distinet
honor which will be conferred once in three years in accor-
dance with the rules established by the Priestley Medal
Committee. This committee has done valuable work in
assembling letters, apparatus, and books of Joseph Priestley,
and placing much of this material in the old home at North-
umberland, Pa., which is being restored as a result of the com-
mittee’s further activity. There is also the portrait of
Priestley presented to the National Museum in Washington,
and now this gold medal which will be more and more highly
prized as its import is understood. We congratulate Dr.
Remsen, who is the first recipient of the medal, and believe its
triennial award will be a further incentive to chemists to
put forth their best efforts.
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MILWAUKEE MEETING

HE events of the short five days occupied by the Sixty-
sixth Meeting of the AMERICAN CHEMICAL SOCIETY held at
Milwaukee, Wis., September 10 to 14, inclusive, can be recorded
in comparatively little space, but only time can record the far-
reaching effect which the developments at Milwaukee will have
upon the future of American chemistry.

In summarizing, briefly, the outstanding features of the
meeting, first place must be given to the two prize awards which
will be sponsored by the AMERICAN CHEMICAL SOCIETY as a re-
sult of the generous gifts of the Allied Chemical and Dye Corpora-
tion on the one hand and Mr. and Mrs. Francis P. Garvan on
the other. Stimulation for both the workers in chemistry and
those who are about to begin a career is provided through these
two magnificent prize offers.

Next in order of importance perhaps was the splendid scien-
tific showing made by the Sociery through the work of its
divisions and sections, which provided a total of more than three
hundred papers on a wide range of chemical and allied subjects.
Not only were these papers of intense interest to the assembled
members, but many of them furnished interesting newspaper
stories, thus keeping the work of the Socigry before the public.

The great interest displayed by college men, as well as those
identified with the industries, in the subject of chemical educa-
tion and the general recognition that the future of chemistry
depends largely upon the training of the coming chemist, as well
as the desire of all to make this training as effective as possible,
might well be characterized as another outstanding feature of
the meeting.

The award of the first Priestley Medal to Dr. Ira Remsen;
the public meeting at which Mrs. Thomas G. Winter, president
of the General Federation of Women’s Clubs, delivered an ad-
dress full of practical suggestions for bringing chemistry home to
the public; the trip to Madison, Wis.; and lastly, the splendid
manner in which the convention was handled by the local com-
mittee completes the brief survey of outstanding features, but
by no means describes the various other items of business and
scientific interest which transpired. Entertainments for all
and especially for the ladies were provided most lavishly by the
local hosts.

Following the council meeting on Monday, the meeting was
formally opened Tuesday morning in Plankinton Hall of the
Municipal Auditorium. Clare H. Hall, the chairman of the
local section, presided. Welcoming addresses were made by
Mayor Daniel W. Hoan, State Senator Oscar Morris, and Pres-
ident Albert C. Fox of Marquette University. President Frank-

lin responded for the Soci1y, after which two general addresses
were delivered. Charles F. Burgess, director of the C. E. Bur-
gess Laboratories, spoke on ‘“Marketing Chemical Discoveries,”’
and Dean Arthur I. Kendall, of the Medical School of North-
western University, spoke on ‘“‘Bacteria and the Chemist.”’

Special general divisional programs arranged by the Divisions
of Physical and Inorganic Chemistry, Organic Chemistry, and
the Section on Chemical Education occupied the afternoon of
the first general meeting day. In the evening a dinner and
entertainment were provided which turned the thoughts of those
present from science to sociability, and a very enjoyable evening
was spent.

All the divisions and sections met some time Wednesday or
Thursday, and some on both days. Symposia on ‘‘Bread,”
“Soils, Fertilizers, and Crops,” ‘“Synthetic Methods,” ‘‘Gelatin,”
“Chemistry of Glandular Products,” ‘“‘Activated Sludge,” and
‘“Biological Chemistry’’ were held in connection with several
of the divisional meetings.

v The Section on Chemical Education held a joint meeting with

‘the Division of Industrial and Engineering Chemistry and the

Milwaukee Chamber of Commerce. While few of the last group
attended the meeting, the main object was accomplished, be-
cause educators and industrialists were provided with an op-
portunity to air their views, which they did, and a wholesome
cooperative effort will very likely result.

Mention has already been made of two features of the public
meeting on Wednesday evening. The closing number on the
program of the meeting was an address by President E. C. Frank-
lin on “Systems of Acids, Bases, and Salts.”

The trip to Madison, Wis., including inspection of the Uni-
versity of Wisconsin buildings and the Forest Products Labo-
ratory, proved to be very delightful to the one hundred and fifty
or more who spent Friday as the guests of the Wisconsin Section.
Industrial excursions in Milwaukee had been provided for those
not desiring to make the trip to Madison.

Newspapers of Milwaukee were quite generous with their
space in recording the doings of the Socigry and it was quite
evident from this and from the remarks of Mayor Hoan that
chemistry has found an important place in the activities of the
City of Milwaukee. Doubtless the recent meeting will help to
impress its importance more firmly upon the public. This
should be compensation, in a small way at least, for the splendid
hospitality and untiring efforts of the Milwaukee Section in mak-
ing the Sixty-sixth Meeting of the SOCIETY so successful.

Universily Pholographic Laboralory

GUESTS OF WISCONSIN SECTION AT MADISON, WIS ~
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The Council Meeting

Past Presidents Bancroft, Herty, Hillebrand, Smith, and
Whitney, the officers of the Socrery, and 108 councilors were
present at the council meeting which was held in Milwaukee
on September 10. :

The Prize Essay Contest was announced in some detail by the
chairman of the committee, whose report was received with the
enthusiasm due an undertaking of this importance.

Edgar F. Smith, chairman of the committee appointed after
the Pittsburgh meeting to arrange all matters relative to the
annual prize made possible by the Allied Chemical and Dye Cor-
poration, reported that the committee had agreed upon “The
American Chemical Prize”’ as the name of this annual award,
and that the jury of award is to be a self-perpetuating body con-
sisting of five representing the AMERICAN CHEMICAL SOCIETY
and two appointed by the Allied Chemical and Dye Corporation.
The Council not only approved the report as presented, but em-
powered its committee, consisting of Edgar F. Smith, C. F.
Chandler, F. P. Venable, Ira Remsen, and Theodore W. Rich-
ards, to designate five who are officially to represent the SocIETY
upon the jury of award.

The application of the Section on Chemical Education to be-
come a division was approved. A number of additional fellow-
ships have been founded since our last annual meeting, and
Secretary Parsons read a list of existing fellowships including
these additions. ‘This list will appear in the Proceedings.

Upon the motion of the Committee on the Metric System it
was voted that hereafter the metric system should be used in all
SocIieTY journal articles, with English equivalents in parenthe-
sis if the authors so desire. The recent announcement that,
following overtures by the drug manufacturers, the Public
Health Service and later the Army had abandoned its former
policy of purchasing drug and medical supplies by metric units
on the plea of a slight economy, brought forth a resolution
unanimously passed disapproving this action and expressing
great disappointment at the step, which certainly appears to be
a backward one. :

The report of the editor of the Technologic Monographs was
approved, as was the interim report of the Finance Committee,
presented by the treasurer.

The invitation of the Washington Section to hold the spring
meeting of 1924 in that city in April, with definite date to be
announced later, was approved. The invitation of the Cornell
Section to entertain the annual meeting in 1924 was unanimously
accepted.

The Advisory Committee, having given careful consideration
to the financial needs of the local sections, brought in a recom-
mendation that beginning with 1924 local sections be given a
rebate of $5.00 on each new member paying $15.00 dues, and
$2.50 on any nonmember reinstated in membership after an
interval of two years, provided this membership is originally
transmitted to Secretary Parsons and rebate claimed by the
secretary of the local section or the chairman of its membership
committee. g

It was voted that the Committee on Chemical Education of
the Division of Chemical Education be made a committee of the
Council.

When the Committee on Progress in Society Procedure re-

- ported at New Haven, its recommendation for the establishment
of two special committees, one to investigate the question of
intersectional or regional meetings and the other the classifi-
cation of membership, was adopted. Both questions are com-
plicated by a number of factors, and while the Council sees the
wisdom of proceeding very slowly, there was some disappoint-
ment that circumstances made it impossible for more than prog-
ress reports to be made. One of the conditions has been the
failure of many local sections to express their views on these
questions. Both committees were continued and will endeavor
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to make reports at the Washington meeting, but no progress can
be made by them unless those individuals and groups which
have given thought to these matters express their views to the
chairmen of the respective committees.

Both these committees having sprung from work before the
Committee on Progress in Society Procedure, it occurred to sev-
eral individual councilors that much time might have been gained
had some member of the older committee been placed upon each
of these new committees, so that some continuity in the work
might have been maintained and the duplication of certain effort
thereby avoided.

A new local section, with headquarters at State College, Pa.,
was authorized as soon as certain formal requirements have been
met. The report of the Supervisory Committee on Standard
Methods of Analysis was referred to the Advisory Committee
and the motion to permit student members to become enrolled
in September with dues of $3.50 for the balance of the year was
approved. The editors were reélected.

Another recommendation of the Council at New Haven
creating an Executive Committee to replace the present Com-
mittee on National Policy, to have the usual powers of an execu-
tive committee and to have full authority to act ad interim for
and in behalf of the Council on questions of national policy or
import and to serve in an advisory capacity to the Council, was
approved. ‘This committee will consist of the immediate past
president, the president, the secretary, the treasurer, the editors
of the SocrgTy’s journals, and three councilors. The present
councilors, A. M. Comey and Wm. McPherson, were continued
upon the new committee, and George D. Rosengarten was
elected as a third member. The provision for the election
of directors by some regional plan has been greatly desired by
some sections, and a satisfactory plan having been devised by
the Advisory Committee, this was unanimously adopted. It
will require another year to put the plan into full effect. Full
details will be given in the Proceedings.

The size of the Council then came under discussion and the
recommendation of the Advisory Committee that the right
to substitution be discontinued was refused. A number of other
plans were suggested and debated at length, but the final action
of the Council was that the size of the body is not to change.
This is a reversal of the vote at New Haven.

The name of the Division of Leather Chemistry was changed
to Leather and Gelatin Chemistry. There was prolonged dis-
cussion of two motions presented by the Leather Division. The
first motion was intended to rescind the Council action that no
papers be presented unless the titles are printed upon the final
program. ‘This motion was lost. The second motion was to
bring about a modification of the action taken at Pittsburgh to
the effect that nonmembers may not present papers before
divisions and sections unless of unusual importance, and then
only upon an agreement between the secretary of the division or
After prolonged debate the Coun-
cil approved the action of the Secretary so far taken and in-
structed him to continue his present policy and interpretation,
except as provided in an amendment to the Pittsburgh action—
namely, “‘except papers invited by chairmen and secretaries of
divisions, and that such papers are to be so designated on the
program.”’

‘The Council approved the plan of encouraging the Cincinnati

~ Section to organize an intersectional or regional meeting to be held

in conjunction with that of Section C at the December, 1923,
meeting of the American Society for the Advancement of Science.

While the discussion at times was spirited, the Council was
harmonious to a degree. The actions taken were either unani-
mous or by considerable majorities, and there was both time and
opportunity for extensive discussion and the relation of many
experiences. After a hearty vote of thanks to all local officers
and others contributing to an unusually successful meeting, ad-
journment was taken at 10:30 p.M.
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The Market for Chemical Ideas'

By C. F. Burgess

C. F. BURGESS LLABORATORIES, MADISON, WIS.

‘ ‘ TERE I to fall into the spirit of the times and try to
emulate the big talkers of the day, I would dwell upon

the noble work which chemists are doing in the cause

of humanity; I would tell how they are being deprived by the

big interests of their birthright—a living wage; I would show
that they have no real market for their

brings his wares in the form of papers, monographs, or theses.
There seems to be little restriction upon the volume which can
be absorbed. The compensation secured through this outlet
is indefinite and comes in a roundabout way. ‘Through a pe-
culiar system which has been evolved in our educational and

other publicly endowed chemical labora-

product, that Wall Street controls the situ-
ation; and I would urge that it is time for
chemists to arise and throw off the shackles
which are holding them in the ranks of the
oppressed.

But for various reasons, one of which is
the scarcity of facts upon which to base
such talk, I shall take an opposite course
and even at the risk of incurring possible
displeasure, I shall refer to the product of
the chemists’ brains, chemical ideas, as
a commodity, and, therefore, subject to
barter and exchange. I may find it neces-
sary to depart from the time-honored cus-
tom of scientists and refer to the value of
chemical ideas in terms of money, and I
hope to be able to show that the chemist
has in his own control the methods of reg- -
ulating the returns for his services.

In using the term ‘“‘chemist’’ in this dis-
cussion, I intend to refer only to those
men of chemical training who have ability
to do creative work, to produce ‘“‘chemical
ideas,” as differentiating from the chemist who is confined
to pure routine work, and is like the Ford type of me-
chanic, whose principal experience is ‘‘screwing in bolt No.
647.” By the expression “chemical ideas’” I refer to the dis-
coveries, inventions, or proposals which are capable of being
turned to the service of man through offering a new product,
a new process, a ‘“method of making two blades of grass
grow where one grew before’”’—or, in other words, to those
ideas which have a value, either immediate or potential.

During the past few years a great deal has been said about
the earning power of research. Popular interest has been cre-
ated. Graduate and undergraduate courses in chemistry show
increased enrolment. There is a rapidly increasing volume
of chemical literature and the production of chemical ideas is
a growing industry. In chemical circles, however, the opinion
prevails that the chemist is not sharing adequately in the profits
which arise through the application of his ideas. Seldom is
the suggestion made that there may be an over-production
from chemical research and that the meager returns to the
chemist are but a working out of the economic law of supply
and demand.

In the sense that there is an established market for manufac-
tured goods, for agricultural and mineral products, for the works
of the writer and composer, it might be said that there is no
organized or established market for chemical ideas. The pro-
ducer of chemical ideas must do the best he can in a market
which may at best be described as chaotic.

Such market as does exist may be classified into various
divisions.

The one which furnishes the easiest path for marketing chem-
ical ideas is that afforded by our scientific and technical societies,
and by the publishers of scientific journals. To this the chemist

1Title on program, ‘‘Marketing Chemical Discoveries.”

C. F. BURGESS

tories, an investigator's advancement, title,
and salary are determined in large measure
by his research ability. And this in turn
is often measured by the number of papers
he has published. The public, which sup-
ports these laboratories, is in the end the
actual purchaser of these papers, and buys
at low prices. Knowing something of the
salaries of college research men, and of the
amounts which constitute an increase of
salary, I would not estimate the selling
price to be more than a few hundred dollars
per paper. :

This market has the advantage of size,
and the disadvantage of offering small re-
turns to the producer. It can be criticized
from the standpoint of the public. Some
weeks ago I participated in a discussion at
a meeting of the directors of a national
scientific society, the debated question be-
ing the increasing mediocrity in the quality
of chemical papers finding their way
into the chemical journals. The opinion
prevailed that the system' of forcing laboratory' workers to
write numerous papers, often presenting fragmentary investi-
gations coupled with a lack of proper censorship as to quality,
is a factor contributing to an unfortunate deterioration in cur-
rent chemical literature. In other words, this market is likely
to be disrupted unless attention is given to improving the qual-
ity of goods dumped upon it.

The second division of the market for chemical ideas is that
in which the chemist contracts to furnish his entire supply to
his employer, usually one engaged in the business of manufactur-
ing. The market price is embodied in the salary under which
the chemist accepts employment. Many a worker finds this
is an unsatisfactory market in which to deal, because it involves
sacrifice of independence and an exclusion of other outlets for
his discoveries. He feels that this loss is not compensated
fully by the amount of salary paid. He may see his ideas adopted
freely by the management. Presumably, the corporation pros-
pers, but without giving the chemist the compensation which he
considers his due.

When the chemist looks for larger financial return than is
afforded through publication, and is unwilling to sacrifice his
independence by accepting a salary, he has recourse to a third
division of markets, which is open to him if he can show property
rights or title to his discovery or invention. This he candoby
establishing it as a trade secret, or making it the subject of a
United States patent. It is beyond the scope of this paper to
discuss trade secrets or patents, but it is certainly not outside
the essential duties of the chemist to familiarize himself with

* the law relating to trade secrets, and the complex details of the

patent art, if he ventures into this field of marketing.

Perhaps the chemist who presents his ideas to an unappreciative
world may profit by the words of the noted divine who said:
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“When I find an audience cold and unresponsive, I do not seek
consolation in blaming the audience. I know there is some-
thing lacking in myself and I seek to remedy my defects.”

Let us, therefore, look at the position of the chemist from the
viewpoint of the public and through the eyes of the business
executive who has to deal with research as an adjunct to industry.

From this viewpoint there is no tendency to belittle the im-
portance of chemical research; the fundamental value of chemical
ideas is recognized universally; in the distance can be seen new
industrial worlds to be conquered through the chemist’s leader-
ship. The store house of chemical knowledge to which he is
continually adding has become an immensely valuable asset
to industry. :

But attention must be called to the fact that just as a manu-
facturer’s inventory of raw material may be larger than is neces-
sary for the current needs of a business and thus become a dead
rather than a live asset, so the store house of chemical knowl-
edge can be overcrowded with ideas at a rate greater than that
at which they can be put to practical use.

This is a condition which must be recognized. It has been
estimated that if all chemical research work were discontinued
for twenty years, industry would still progress through reduction
to practice of the many chemical ideas which have been offered
in the past. The lapse of time, sometimes short but usually
long, between the chemical discovery and its reduction to com-
mercial practice accounts in part for our large inventory of
chemical knowledge, and for the manufacturer’s inability to
pay large prices for new ideas which cannot be used at once.

‘To apply an idea may upset a long-established routine carried
out by trained workers, involving the upbuilding of a new
organization; the discovery of a new and better raw material
may mean the abandonment of a plant in one place and its
reéstablishment elsewhere; another proposal may have to await
the whims of a legislature. Delays such as these may tax the
patience of the chemist. :

The business man has been criticized for his lack of chemical
knowledge, and his consequent indifference to or ignorance of
the work the chemist is doing. But it is asking the impossible
to expect the busy executive to review and pass judgment on
the value of chemical ideas as rapidly as they are presented.
In every plant where chemists are employed new ideas and
proposals are coming up continually., As a fair index to the
number of chemical ideas being offered to the public, the abstracts

of the AMERICAN CHEMICAL SOCIETY may be cited. Assuming
that each abstract refers to an idea embodied in some book,
paper, pamphlet, or patent, the current monthly volumes show
that a new chemical idea is presented to the public at the rate
of one for every five minutes of the business day.

‘The immensity of the volume of chemical literature through
which the business man struggles in his endeavor to keep abreast
of chemical knowledge is bad enough, but the task is made
more difficult by the chemist’s language, a language of words,
formulas, and symbols which mean no more to the uninitiated
than the cryptic, mystical expressions of the medieval alchemist
do to the modern worker. The truth of this statement can be
tested by choosing almost any paper presented before this
SocieTy, and asking some intelligent banker or other type of
business man—possessing an academic degree, if you wish—
to read the paper and tell what he finds in it. The chances
are that he will laugh.

‘T'o the complaint that business is blind to the opportunities
for profit which the adoption of new chemical ideas affords,

the reply is that if the chemist has something meritorious to . .

sell it is necessary for him to practice ‘“‘the science of human
service’”’ (business), which embraces the art of imparting knowl-
edge to the public (advertising).

It is a notorious fact that chemists are deficient in the science
of salesmanship; their writings fail by far from ‘“touching the
imagination of crowds.” I have asked various investigators
why they confine their announcements of discoveries to the
scientific journals and do not reveal them to the largér public
through the daily press. Their attitude may be typified by
the following questions and answers of a conversation held some
months ago with an active and honored member of this SocIETy.

If you are disappointed in the interest shown in your recent
discoveries, why do you not try an announcement through the
Associated Press?

That is out of the question. My principal concern is to see
that the daily papers do not attempt to describe my work. I
have been terribly embarrassed by the garbled reports which
have been given out concerning some of my discoveries.

Why do you not prepare, then, an accurate statement in news-
paper style?  If the subject matter is of importance and written
clearly so as to be understandable, your contributions will be
welcomed.

You are suggestmg the impossible, for an adequate description
cannot be written without using scientific terms and formulas,
which are, of course, unintelligible to the newspaper reader. -
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That man failed to appreciate the well-known truth that no
man can become complete master of his subject without being
able to explain it in a manner intelligible to the average man.

The exceptional view was held by another member of this
SocieTy. He has contributed many papers, and could tell you,
if he would, that a public press announcement of a certain dis-
covery brought him a hundredfold greater correspondence
with interested persons than he had ever had from a paper
published in the chemical journals. In other words, as an
advertising medium the daily press has a far greater drawing
power than has the scientific journal. :

While the average chemist finds it impossible to write his
own advertisement, there are notable examples of ability in
this field. Dr. Robert Kennedy Duncan has shown how the
chemical idea can be sold to the public, and although he incurred
the displeasure of fellow chemists in his use of popular language,
he rendered a monumental service to the downtrodden chemist.

If the popular appeal does not fit in with his standards of
ethics and professional pride, the chemist must admit that
Pasteur lost nothing in dignity or professional standing when
he uttered that forceful appeal which might well be placed among
the classics in advertising: F

I have a head full of the most beautiful projects for work. I
am ready for new productions. Oh, why am I not rich—a
millionaire? I would say to you: Come, we shall transform
the world by our discoveries.

The business executive will admit that the salaries of chemical
workers are low and that few chemists advance into the better
paid administrative and executive positions. But he will
deny that there is any system working against the chemist’s
advancement other than the chemist’s own inability or lack
of interest in handling the business problems that are always
involved in the reduction to practice of a chemical idea.

One employer says that his greatest difficulty with his chemical
workers is their tendency to study their equities in the business
without showing a willingness to follow the chemical idea from
the laboratory through the semicommercial stage and into full
commercial operation, or dealing helpfully with all the problems
of equipment design, handling of labor, marketing difficulties,
and the like.

It is the experience of employers that it takes time for the
chemistry graduate to go through the disillusionment period

before he can become a valuable coSperating force in the business
organization; the longer he has been trained in academic work
the harder it is for him to become adjusted to industrial con-
ditions. During a discussion of this feature before a branch
meeting of this SocIgTy, the executive officer of one of the largest
industrial laboratories said that his company had compiled a
rating of the universities on the basis of time taken for graduates
to adapt themselves to industrial research and development.
Under this rating the range is from four years for some of the
larger universities to one year for certain of the smaller. ‘This
is mentioned as being suggestive of the help which the educational
institutions might give in increasing the service value of their
graduates.

From the management standpoint much study has been
given the question of adequate compensation to the chemical
worker, just as it has been given to other classes of producers;
but the chemical idea is such an intangible commodity that
its valuation is exceedingly difficult. As an illustration I recall
the solution of a problem for increasing the production of a cer-
tain manufactured article. :

The standard rate of production was 800 per day per employee.
The chemist proposed a quick drying adhesive as a means of
increased yield, and he showed how the output figure could
be increased to 1200. One of the shop workers then made a
time study of the operator’'s movements, redesigned the work
tables, and installed a conveyor system, resulting in an increase
to 2000, and the shop superintendent, by installing a carefully
worked-out piece rate and bonus system, succeeded in increasing
the production to about 5000 units per day. It required over a
year to effect these improvements and of this time the chemist
contributed perhaps two or three days in the beginning of the
period.

To value the equities in the final result becomes much like
crediting to the little acorn its property right in the tall oak,
If the chemist had exercised the opportunity presented to him
he could have supplemented his chemical study with suggestions
as to management and payment of labor.” His contribution
to the business success would have been more easy of calculation,
and his opportunity for advancement into increased responsibility
would have been bettered.

The average chemist is so little posted on patent matters
that he shares the general popular misconception of the actual
value of a patent. Even though a patent may be secured with
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little more expense than is involved in the purchase of a good
suit of clothes, the newspapers in the home town have a practice
of announcing as of news interest the awarding of a patent to
one of its local inventors, and as the inventor passes down
Main Street he is stopped by his fellow citizens, who congratulate
him upon his good fortune. -

When he offers his patent to the business executive he is
greeted in a far different manner. He is asked whether the
patent has been validated by the courts. The cautious in-
vestor knows that if a patent happens to be of little value its
validity will never be questioned, but that if it is of importance
infringement is sure to follow. If the infringers are to be pros-
ecuted, litigation with its attendant expense results. ‘This

may necessitate an investment of a few thousand dollars, or a °

few hundred thousand dollars. Amnother question raised by the
purchaser is this: Will the patent give the right of use without
infringing the rights of others? ‘T'his question is answered in
the form of an opinion by the legal department which must
first institute a search through all the patent literature as well
as other publications. Such a search usually involves an in-
vestment of over one thousand dollars, and I have known of
validity searches costing over fifty times that figure.

If the inventor is willing to share the labor and expense of
conducting these investigations and litigations and codperate
in working out the ideas to a commercial success, he becomes a
business man and as such can deal on much better terms in se-
curing his rewards than he can if he wishes to turn over his
patented invention without assuming responsibilities.

We may wonder why the chemist holds himself aloof from
business affairs. , Perhaps his pride and dignity stand in his way.
In a suggested code of ethics for chemists, published recently,
appears this clause:

The chemist should not use his professional standing as a
means of sponsoring or promoting commercial or other under-
takings of a speculative character.

From the numerous hazards surrounding a manufacturing
undertaking we know that it cannot help but be speculative in
character. Even the railroad business has become so speculative
that few will invest in its stock. If the chemist puts himself
on a pedestal and refuses his whole-hearted support to an enter-
prise in which he may believe but which is nevertheless spec-
ulative, he places himself outside of a codperative relationship
with the man of business.

In a bitter tirade against existing conditions, entitled “Is a
Commercial War between Chemists and Business Men
Coming?,”’2 the threat is made that if the interests do not better
recognize the chemist’s work, there will be an uprising in
which chemists will become business men and as such will re-
ceive the rewards to which they are entitled. Far from throwing
fear into the commercial world the carrying out of this threat
would be welcomed by employers who complain that chemists
take too little interest in business affairs.

Perhaps a useful step in this direction is being taken by some
of our universities in combining business courses with courses
in chemistry; but the greatest opportunity lies in encouraging
research men who have already received their degrees to take
a greater interest and share in working out business problems.
Just how this can be done remains for the individual worker to
decide.

To the man trained in academic research who contemplates
the establishment of a business enterprise, a word and, in fact,
several words of caution may be offered. He will find the various
state legislatures pass 26,000 or more laws every two years and
that many of these involve compliance on his part. He will
find that the laxity in ventilating facilities, appliances for safety,
and methods of fire prevention found in university laboratories

1 Chem. Age, 31, 255 (1923).
* THIS JOURNAL, 14, 356 (1922).
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is not permitted in industrial plants. Inspectors of various
kinds clothed with governmental authority will call upon him
at frequent intervals to tell him just what he must and must
not do. Commercial credit houses will ask him to furnish a
detailed financial report and proofs that he is willing and able
to pay his debts. No matter what his own confidence may be
in the success of his undertaking, his banker will tell him that
he considers him a purely speculative risk and must continue
to do so until he has established a seasoned industry with demon-
strated ability to pay dividends over a period of years.

The - opportunities for getting into litigation are boundless,
and legal expenses become an unavoidable part of his overhead
expense. The blue sky department may try to prove he is
less prosperous than he thinks he is and the income tax auditors
may assert that he is more prosperous than he claims to be.
If incidents such as these can be met by the chemist as patiently
and cheerfully as he meets the problems involved in laboratory
research, the chances for.pleasure and profit from his business
are excellent.

As bearing upon the opportunities for success in carrying on
research as a business venture, I am privileged to describe an
experiment which was begun thirteen years ago and is still under
way. A small group of men trained in chemical research joined
in the organization of a corporation under the laws of the State
of Wisconsin, with the purpose of carrying on investigations
of the kind which abound in college laboratories. The result-
ing discoveries were to be marketed as patent rights, trade se-
crets, as a part of consulting service, or as a manufactured prod-
uct in which the results of research were to be incorporated.

One of the incorporators had served fifteen years in educational
work and in laboratory research along chemical and electro-
chemical lines. One had ten years’ record of both university
and industrial laboratory work in chemistry and chemical
engineering; another had served for eight years as chemist in
an industrial laboratory; another presented ten years’ experience
in commercial foundry practice and two years in college research.
A fifth man had just completed his university training. A
practicing attorney constituted the sixth member of the group
that conducted the business during the early years.

The thirteen years’ record of this organization is an interest-
ing story, ludicrous in some spots, and bordering on the tragic
in others. Many chemical ideas were evolved, and all the ways
of marketing hitherto referred to were tried out. Many of the
undertakings failed, and some of them succeeded. Licenses
have been granted on some of the ideas, other ideas have been
sold, still others have been made the basis of manufacturing
business controlled by the laboratory corporation.

Whether the experiment as a whole is a success may be a
matter of opinion. To form the basis of such opinion I may
give some facts. The original capital was $9000. This has
been increased through earnings and sale of stock to over $900,-
000. ‘The annual sales of ideas and of material products have
increased to $3,000,000, and with a world-wide distribution.
Manufactured products of others and employing the discoveries
of the laboratories run into much larger figures. Two industries
manufacturing new products have been created and several
other similar projects are now under way. ‘The personnel has
naturally increased greatly in numbers to a total of over six
hundred men and women. At the present time twelve of these
are men trained in science and engineering, most of whom occupy
executive positions or are actively engaged in directing pro-
ductive work.

‘What about the rewards which come to the individual workers?
As to how their financial returns compare with those received
in other fields, I am unable to say, but there is abundant evidence
to show that inspiration and joy come in prosecuting research
under conditions in which the worker can watch his idea, started
in the laboratory, becoming an instrument of service to mankind.
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Bacteria and the Chemist

By Arthur Isaac Kendall

MEDICAL ScHOOL, NORTHWESTERN UNIVERSITY, CHICAGO, TLL.

respective fields of inquiry become more completely ex-

plored, frontiers which in earlier periods of their develop-
ment appeared to limit their scope, imperceptibly merge with
those of related or coextensive subjects. ‘This tendency toward
amplification is peculiarly noticeable in the
history of chemistry. In the earlier days,
before complex compounds of carbon were
well studied, the phenomena of life proc-
esses and the environmental interchanges
associated therewith were presumed to be
endowed with an intangible “vital princi-
ple,” wholly unapproachable from the in-
vestigative side. With the rise and de-
velopment of organic chemistry, however,
and particularly after the synthesis of urea
—an important waste product inseparably
associated with higher animal life—from
ammonia and lead cyanate by Wohler
(1828), the vitalistic conception of life be-
gan to give way. ‘The belief is rapidly
gaining ground that the dynamics of life
itself may be expressible in terms of chem-
ical equations; indeed, some of the simpler
of these equations are already qualita-
tively understood. At the present time,

IT IS distinctive of the fundamental sciences: that as their

number; fortunately, it never is and never can be even approxi-
mated. Nature interposes insuperable barriers to such a theo-
retical progeny, but even with the limitations of diminishing
food supply, accumulation of waste products, and other en-
vironmental deterrents, the spawn of a single microbe number
countless millions within a very short time.

These facts, together with the compara-
tive readiness with which pure cultures
may be procured and kept alive, make the
bacteria peculiarly adapted to the study of
the chemical phenomena of life reduced
to its lowest terms. Such studies as have
been made of the nature of the chemistry of
bacterial interchange with their nutritive
environment—their metabolism, as it is
properly designated—have revealed an un-
expected similarity with the general phenom-
ena of metabolism in higher organisms,
as animals and man. Perhaps this might
have been anticipated.

Bacteria are fundamentally digestive sys-
tems, and they are endowed with the power
of deriving the energy essential for their life
processes from chemical substances of va-
ried, but by no means unlimited, compo-
sition and stereo-configuration. FEach kind

of all the fundamental sciences, biological
chemistry, ‘““the handmaiden of medicine,”’
is justly regarded as holding forth the
greatest promise of fruitful contributions to the interpretation
of the mysteries of thesé vital processes.

Life appears to be essentially a continuous interchange be-
tween an organism and its environment. Death intervenes
when this interchange ceases. The investigation of the nature
of this interchange lies within the domain of chemistry. In
organisms of great structural differentiation, as animals and
man, the association of many simultaneous reactions, inevitable
from the cellular division of labor, masks the elemental phe-
nomena of the chemical interchange which continually takes
place between the organism and its environment. It seems
justifiable, therefore, to turn to simpler living entities than man
or animals for the unfolding of the chemical pattern upon which
the more complex reactions are molded.

Among the simplest of known living things are the bacteria,
that group of asexual, unicellular organisms found at.-the very
foot of the ladder of life. All the fundamental phenomena and
manifestations of life—morphology, hereditary architecture,
nutrition, and reproduction—are performed in this group by
units so minute that fully fifteen millions of million of them
would scarcely balance an ounce weight. ‘The ratio of surface
exposure to volume, furthermore, a factor which determines in
a very large degree the magnitude of their energy requirements,
is relatively great.

Finally, reproduction is, or may be, extremely rapid among
the bacteria. In the more vigorously growing types, as for ex-
ample the cholera microbe, that dread germ which incites Asiatic
cholera, successive generations of fully mature organisms may
appear at intervals as frequent as every fifteen minutes. In
as much as there are ninety-six periods of fifteen minutes’ dura-
tion in one day, the theoretical descendants of this germ would
be 29 in twenty-four hours. This is indeed a truly prodigious

A. I, KENDALL

of microbe, indeed, exhibits striking fas-
tidiousness in its choice of these energy-
containing substances. Herein lies a most
important relationship between the microbe and the chemist.
A word in explanation will make this point clear,

There are two important phases clearly discernible in the life
history of bacteria—a structural phase, in which the microbe
reproduces and transmits to its progeny the hereditary chemical
architecture characteristic of its kind; and an energy phase, in
which the mature microbe and its descendants perform their
characteristic functions, or chemical transformations of their
nutritive environment.

In point of time the structural phase precedes the energy phase.
In the amount of chemical interchange, the energy phase exceeds
the structural phase many fold, Also—and this is important—
the general characters of the chemistry of structural develop-
ment and that of the energy interchange are quite unlike, ‘The
former is inseparably associated with the proteinization of
nitrogen; the latter is inextricably bound up with the oxidization
of carbon.

Stated differently, nitrogen is as essential for the structure of
the bacterial cell as iron is for the structure of a locomotive;
and carbon is as necessary for the energy requirements of the
bacterial cell as coal is for the*moving of the locomotive. The
amounts of chemical substance required, respectively, for the
structural and energy phases of bacterial development also are
very unequal, even as the weights of iron and of coal are unequal
in the respective structural and energy phases in the life history
of the locomotive,

A suitable medium frequently used for the cultivation of most
bacteria is prepared from a clear watery infusion of meat, re-
inforced with peptone.® This is ordinarily referred to as plain
nutrient broth, or plain broth. It contains salts, including
phosphates, water, and complex compounds of nitrogen, carbon,
hydrogen, and oxygen. ‘The latter are complexes of the amino
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acids, of which about nineteen are well known. These in various
combinations confer upon proteins their specificity. In such a
medium most bacteria find all the nitrogenous constituents for
their structural needs and also the carbon necessary for their
energy requirements.

Bacteria could not grow if nitrogen in proper combination were

not available; hence, this plain broth, which offers to bacteria.

the requisite nitrogenous constituents, is the nutritive basis for
ordinary microbic cultivation.

The carbon of amino acids and of peptone is not so readily
utilized for energy, however, as the carbon of carbohydrates;
consequently, it is frequently advantageous to add some glucose or
lactose, or other member of the carbohydrate group, to the plain
broth. In such a glucose broth or lactose broth medium, the mi-
crobes clearly have a choice between the carbon of the amino acids
and the carbon of the carbohydrates for their energy require-
ments, If the stereo-configuration of the protoplasm—that is,
the living substance—of the microbe fits the stereo-configtiration
of the glucose, or the lactose, or whatever carbohydrate has been
added, the microbe will turn to the sugar for its energy in prefer-
ence to the amino acid, utilizing the amino nitrogen of the latter,
of course, both for its own structural needs and the structural
needs of its progeny. In physiological parlance, the utilizable

carbohydrate spares the protein constituents of the medium

from bacterial decomposition, aside from the very small amount
of the latter required to build up the bodies of the microbes.

It is not a matter of indifference which type of compound,
carbohydrate or amino acid, is used by the various microbes for
energy. Thus, diphtheria bacilli grown in plain broth, contain-
ing no carbohydrate, produce that extremely potent soluble
poison or toxin known as diphtheria toxin, which constitutes
the aggressive weapon of this formidable germ. If, however,
a small amount of glucose is added to plain broth before the
diphtheria bacillus develops in it, the resulting growth product
is radically different. It no longer contains the potent poison;
in place of this powerful toxin the culture medium contains lactic
acid, the chemical basis of buttermilk.

Here is in actuality the realization of that strange conception
of Dr. Jekyll and Mr. Hyde, which Robert Iouis Stevenson
has made so well known. The plot is unique. ‘The same indi-
vidual, under the influence of a chemical, changes his disposition
from that of a useful member of society to that of a miscreant.
The difference between diphtheria poison and buttermilk is
surely as great a divergence in activity as that of the dual person-
ality of the fabulous Dr. Jekyll and Mr. Hyde.

The striking change brought about by the addition of util-
izable carbohydrate to a plain broth inoculum of the diphtheria
bacillus is but one of a large number of examples well known
among the bacteria, however, and its significance is far deeper
than a mere actual living instance of a hitherto pleasant myth.

In the field of medicine, for example, the baneful effects of
typhoid, cholera, dysentery, and other germs that cause severe
infections in the alimentary canal can be ameliorated through
proper dietary procedures, and the character of their products
can be changed from poisons to lactic acid by the same measures
that reformed, as it were, the activities of the diphtheria bacillus
in culture media. This procedure of dietary therapy has been
practiced successfully in typhotd and dysentery.

For the chemist, however, the underlying principle of the in-
fluence of carbohydrates upon the character of microbic chem-
istry has a very practical bearing. Space does not permit of
a discussion of the possibilities in this field except in a relatively
restricted group of substances, the carbohydrates. Inasmuch
as carbohydrates are of great interest and importance both in
animal and human nutrition and in many industries, however,
this limitation is not incompatible with a survey of the relations
of the microbe to the chemist.

Returning to the diphtheria bacillus, it will be recalled that
in a plain, glucose-free medium, a potent specific toxin is pro-
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duced. Also, the reaction of the medium becomes progressively
more alkaline. In the same medium to which glucose is added—
that is to say, in glucose broth—there is no toxin formed and
the reaction becomes progressively acid, owing to the formation
of lactic acid.

Herein lies a chemical test for glucose. Either the absence
of toxin or the increase in acidity would with suitable controls
be diagnostic. Extending this type of test to a library of mi-
crobes, each of which possesses the power of fermenting or util-
izing certain definite carbohydrate configurations, there is at
once available a new method of detecting and identifying mem-
bers of the carbohydrate group.

Several methods of procedure follow from thlS utilization of
microbes as chemical reagents. First, the identification of an
unknown member of the sugar group. This is readily accom-
plished through a series of bacteria, each of which will use only
certain sugar configurations.

Secondly, the recognition of impurities in carbohydrate sam-
ples.

Thirdly, the quantitative estimation of carbohydrates, both
singly and in mixture.

Fourthly, the identification of hydrolytic products resulting
from the cleavage of complex carbohydrates.

These various procedures have been used successfully in a
limited group of sugars, and the entire carbohydrate group is
open to exploration by this comparatively simple method of
microbic analysis.

It is of some interest to know how sensitive the bacterial
reagent is—how small an amount of sugar can be definitely
detected. A long series of experiments has shown that as little
as one one-thousandth of a per cent, or one one-hundred-thou-
sandth of a gram, of a utilizable carbohydrate dissolved in a cubic
centimeter of a culture medium may, under favorable conditions,
give definite indication of its presence.

When one realizes that two unlike sugars, as glucose and lac-
tose, may have nearly the same optical rotation and about the
same reducing power, it will be seen that the microbe holds
forth possibilities of interest and importance in this field.

In the animal and human bodies, several problems are still
unsolved which would seem to be approachable from the stand-
point of the microbe chemist—the place of formation of lactose
in the lactating animal; the differentiation between glucose,
pentoses, lactose, and glycuronic acid in the urine; the identi-
fication of the sugars which are found in the nucleins and in the
brain, and also the stereo-configuration of the sugar in the blood
and the tissues.

The direct relationship between glucose, the sugar of the blood
and tissues in the human body, and the energy derived there-
from focuses attention upon the corresponding phenomena in
bacteria. ‘The stereo-configuration of the protoplasm of the
living cell and its ability to utilize a similar, compatible sugar
configuration seems to be one of the fundamental reactions of
life itself. The intimate workings of this energy complex yet
remain to be unfolded, and the answer must be sought for in the
domain of chemistry.

Finally, a word about bacteria in the industries. Some of
the most venerable processes known to mankind depend upon
microbic participation. ‘The retting of flax in the manufacture
of linen, the tanning of leather, various fermentation processes
associated with the souring of milk, sauerkraut, ensilage, the
manufacture of vinegar, and various alcohols, as butyl, and ethyl
alcohol, acetone, glycerol, and even the initial steps in the manu-
facture of synthetic rubber, are but a few instances of the de-
liberate exploitation or spontaneous activity of microbes.

As time goes on and knowledge becomes more complete, the
chemist will utilize this cheap, ceaseless energy of the microbe
to perform almost numberless processes that are unattainable
at present or accomplished only by. an extortionate expenditure
of energy.
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NINTH NATIONAL EXPOSITION
OF CHEMICAL INDUSTRIES

PON entering the Ninth National Exposition of Chemical

Industries held at the Grand Central Palace, New York, Sep-
tember 17 to 22, one’s first impression was that the entire scheme
of things had been arranged with taste and a keen eye to a general
pleasing effect. At the extreme end of the center aisle hung
a large placard bearing this legend:

CHEMISTRY IS THE PRIMARY ELEMENT THAT GOVERNS
SUCCESSFUL MANUFACTURING

If the chemical and chemical equipment industries
represented at the Exposition should cease operating for
one year, every vital industry of the United States might
be forced to suspend operations before the expiration
of that period.—Rubber Age. .

The most casual visitor could not fail to be impressed with
the fact that the chemical industries play an increasingly large
part in the world’s work. Former expositions were not so well
balanced as the one of this year; the individual exhibits showed
greater thoughtfulness on the part of exhibitors and concentration
upon a few products or pieces of apparatus, which were thereby
made more interesting and intelligible to the visitor. Fewer
booths contained the conventional lounging chairs and scttees,
and there was a tendency on the part of all exhibitors to add
something of educational value to the exposition and to avoid
merely filling their space with miscellaneous collections of un-
related material. As a result more real information was avail-
able than on previous occasions; definite ideas definitely pre-
sented were met everywhere.

Undoubtedly, the exhibitors are profiting by the experience
of previous expositions, and, following the agitation of last year
for a different type of exposition under a different management,
it appears certain that the management of the National Ex-
position of Chemical Industries has made an effort to meet some
of the criticisms. The enlarged advisory committee, upon which
all the elements of the industry are now represented, has had a
more deciding voice in the proceedings than heretofore. ‘The
results speak for themselves. From year to year the exposition
has contained fewer representatives of the actual manufacturers
of chemicals and an increasing number of those who have some-
thing to sell to the chemical industry. Chemists generally look
upon this as undesirable, for, if continued, this policy would
result in an exposition of those who are purveyors to chemistry
rather than one which demonstrates the progress of chemistry
in America. ‘This fault has been overcome to some extent by
the equipment of booths to illustrate the progress of special
branches of the chemical industry, rather than the products of
individual manufacturers.

A notable example of this was the booth devoted to American
dyes, where the contention that ‘‘American Dyes Are Fast”
was clearly demonstrated through the codperation of manufac-
turers of dyes and textiles and laundrymen, ably assisted by a
manufacturer of dress patterns and attractive living models.
The exhibits devoted to insulin and intarvin, the year’s out-
standing chemical contributions to the treatment of diabetes,
to chemistry in the service of radio, to the Chemical Warfare
Service, to the Bureau of Standards, and the illustrations of
the earning power of research presented by the AMERICAN
CHEMICAL SoCIETY, all present new developments in the service
of chemistry to civilization and show to what extent exhibits
interesting to both the chemist and the public may be made a
part of the exposition. The demonstration of such new develop-
ments is believed to be more effective than the use of booths to

display numbers of specimen bottles filled with materials already
familiar to those who visit the exposition.

The experience of certain groups of chemical engineering
students in utilizing the opportunities for instruction afforded
by the exposition led to the initiation of a new policy at the
Ninth Exposition. Before the summer vacation professors were.
invited to enrol members of their classes, particularly juniors
in chemical engineering, in a Students’ Course on the Funda-
mentals of Chemical Engineering and Industrial Chemical
Practice. Of those who registered about 125 took the course,
which had the following major topics:

1—Plant Equipment in the Chemical Industries

ga) Disintegration—Crushing and Grinding

b) Mechanical Separation—Grading
General discussion led by GALEN H. CLEVENGER

(¢) Separation of Solids from Liquids—Thickening, Filtration, Centrif-

ugal Separation

General discussion led by H. N. SPICER

(d) Separation with Phase Change—Evaporation, Distillation, Drying
General discussion led by W. H. McApaMs

(¢) Handling of Materials X
General discussion led by A. E. MARSHALL

2—Materials of Construction, What Materials to Use: When, Where, and

émcml discussion led by W. S. Carcort
3—Chemicals in Commerce, the Distribution of Chemicals
General discussion led by E. V. PETERS

Under each of these topics a number of specialists contributed
from their experience, and this, together with afternoons and
evenings spent in the studies of exhibits and of industrial motion
pictures, led up to a general review, various quizzes, and a check-
ing of reports. To facilitate the arrangement of the course Colum-
bia University generously arranged for housing visiting students,
The students’ course satisfactorily replaced the special addresses
heretofore included in the program of the exposition. Each after-
noon and evening special programs of motion pictures were offered,
these being industrial in character and especially informing.

With this year the plan of the exposition is to be changed to
biennial. ‘This should result in an increase in the number of
exhibits, the ease with which they are planned, and the interest
which they carry when the Tenth Exposition is opened. The
chemical manufacturers themselves must not fail in their sup-
port of the enterprise, since it is directly in their interest to
assist in thus bringing to the public a clearer understanding of
what the chemical industry as a whole means to it. The view
held by some that the only people exhibitors care to have call
at their booths are those in position to leave an order, we believe
to be narrow, for, while few of the exhibitors cater directly to
the public through retail channels, yet ultimately all the products
of the industry are consumed by individuals whose interest
should be secured and held. Very few of the questions asked
by the visiting public are unintelligent, and the effort made this
year to have exhibits clearly understood seems to be an argument
against discouraging the attendance of the general public.

The management deserves much credit for the wide publicity
given the exposition. The attendance of a large number of
business men is due to its efforts. ‘T'o describe the individual
exhibits would require more space than is available here, but
if the number of exhibitors was less than last year, there is no
doubt but that the interest of the visitor was more securely
held than on previous occasions. The chemists are grateful
for the support given the enterprise, and the AMERICAN CHEMICAL
SoctETy acknowledges with appreciation those laboratories
which contributed examples of their work to prove that research
does earn dividends.

All in all the Ninth Exposition showed a marked improvement
over the Eighth and may be taken as an indication that the one
two years hence will be the best of its kind yet conceived.
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American Chemical Society Exhibit

It is the privilege of THIS JOURNAL to publish from time to
time references to the earning power of research, and in line with
this policy there were shown at the booth of the SociETY a few
concrete examples of research as a factor in earning dividends.
Materials displayed were contribuited by the Industrial Fibre
Company, the National Lamp Works of the General Electric
Company, the Geophysical Laboratory of the Carnegie Institu-
tion of Washington, the Union Carbide & Carbon Research
Corporation, the General Electric Company, the Ward Baking
Company, the Union Pacific System, Arthur D. Littley; Inc.,
and the Miner Laboratories. The materials, arranged in units,
were made self-explanatory by large placards, the wording of
which is quoted below:

RESEARCH IN GROWING SUGAR

Wastes utilized to prevent other wastes is often the result of
research. ‘Ten tons more cane per acre (equivalent to one ton
raw sugar) and 50 to 70 per cent less labor in the field followed
the use of a paper made from waste cane bagasse in the cane
fields of Hawaii to prevent the growth of weeds.

RESEARCH ON WATER SUPPLY

The life of locomotive boilers has been lengthened sevenfold
and the coal consumed in operation reduced by many millions
of tons per year through the application of research to water
supply on our railroads. .
(costing $1700) on a certain bad water was two years. After
treating the water properly to prevent corrosion, the steel lasted
fourteen years, making a saving of more than $700 per locomotive
per year.

RESEARCH IN BREAD M AKING

Two outstanding examples of the value of research to the
baking industry:

(1) A food for yeast, consisting of a mixture of mineral salts,
prevents a yearly waste in the fermentation process of 200,000

The life of a locomotive fire box

barrels of flour, 30,000 barrels of sugar, and 15,000,000 pounds
of y(lzast. These savings reach the amazing total of $5,000,000
yearly.

(2) A loaf of white bread which contains within itself all the
elements necessary for a complete diet. The composition to
this bread and the comparative feeding experiments on animals
are shown. Experiments on human subjects have not yet been
completed.

RESEARCH AND X-RAYS

The modern efficient X-ray tube is distinctly a product of
research, and is becoming more and more a tool for further
research. Its uses in treating disease, in watching the functions
of the vital organs in the human body, and in detecting foreign
substances in living and inanimate bodies are well known.
The use of X-rays in determining the constitution of matter
(space arrangement of atoms in the molecules) is still in its
infancy, but results already achieved indicate that future ac-
complishments in this field will be of extreme importance in the
solution of this problem.

RESEARCH IN ELECTRIC LIGHTING

Organized and continuous research on the lighting problem
has produced types of lamps with which this country’s lighting
bill in 1922 was one and a half billion dollars less than the cost
of the same amount of light if the best lamps available less than
20 years ago had been used. This represents a saving, among
other things, of 25,000,000 tons of coal.

RESEARCH ON WASTE MATERIAL
The value of oat hulls is increased 800 per cent by conversion
into furfural, the cheapest commercial aldehyde, having many
industrial uses. ‘Thus through research a waste becomes a raw
material for a new industry.
RESEARCH AND ARTIFICIAL SILK _
Through research, wood pulp and other cellulose materials
valued at approximately five cents per pound are converted into
artificial silk, valued at an average of $2.50 per pound. The
value of the artificial silk produced in the United States is ap-
proximately forty-five million dollars per year.
This exhibit shows viscose silk made from wood pulp.




October, -1923

INDUSTRIAL AND ENGINEERING CHEMISTRY,

1005

Accelerators of Vulcanization

By G. Stafford Whitby

McGiLL, UNIVERSITY, MONTREAL, CANADA

a catalyst, Goodyear might not have discovered the

peculiar effect of heating rubber with sulfur, now
known as vulcanization, which involves such an important
change in the physical properties of rubber that it is the
basis of the present-day rubber manu-
facturing industry. The catalyst used
by Goodyear was an inorganic lead com-
pound, and inorganic catalysts, particu-
larly oxides of lead, calcium, and mag-
nesium, have been continuously and
largely used by the rubber industry, al-
though it is only recently that an ex-
planation of their mode of action® has
seemed possible.

Within the last decade it has been found
that many organic compounds act as ac-
celerators of vulcanization, and a number
of such compounds have come into wide
technical use. Organic accelerators have
proved to possess capabilities so much
wider and more valuable than those of
inorganic accelerators, that they have
attracted much more study than has
been given to the latter. Furthermore
at the time their existence was discov-

HAD it not been that the mixture employed contained

are comparatively mild in their action. The order of their
potency may be indicated roughly by saying that 1 per
cent will reduce the time of vulcanization to one-half to
one-sixth of that required in the absence of an artificial accel-
erator.

ULTRA-ACCELERATORS

Within the past three years or so the
attention of investigators has been di-
rected chiefly to classes of substances, the
potency of which as vulcanization accel-
erators is of a much higher order than
that just indicated. These more active
agents have been distinguished from the
milder ones by calling them ‘‘ultra-accel-
erators.” Their activity is such that
they can produce vulcanization with a
proportion of sulfur which would be too
small and at a temperature which would
be too low for vulcanization in their
absence. The term “ultra-accelerator’’
has been defined by the writer in the
sense of this ability.? In the future the
distinguishing prefix “ultra’” may no
longer be necessary, for the possibilities
which such accelerators present are so

ered, rubber manufacturing, which had
previously been conducted on almost
entirely empirical lines, began to be
an object of scientific study.

To designate an agent which when present in a small
proportion hastens the rate of vulcanization of rubber, the
term “accelerator” is preferred to ‘“catalyst,” because it is
believed that, in some cases at least, not the agent originally
introduced into the rubber, but a product derived from it
by decomposition or reaction is the actual catalyst, and
because it is not improbable that in some cases the active
substance is gradually changed during the course of vulcan-
ization into an inactive product. Few or no investigations,
however, have been made to determine the possibility of
isolating quantitatively from a vulcanizate an accelerator
originally introduced.

The number of compounds capable of accelerating vul-
canization is so large, they vary so much in potency and in
the character of their effects, and their potency is influenced
so much by some components of rubber mixings other than
rubber and sulfur, that the field which they present for both
scientific and technical investigation is very large. Among
the accelerators which are or have been most widely used in
technical practice are the following: aniline, hexamethylene-
tetramine, anhydroacetaldehydeaniline, aldehyde ammonia,
and thiocarbanilide. These may be considered as repre-
sentative of the following three classes of substances in which
many accelerators have been found: (1) bases; (2) conden-
sation products of aldehydes with ammonia or amines;
(8) thioureas. Most of the accelerators used technically

1 Bedford and Winkleman, in a paper presented before the Division
of Rubber Chemistry at the 65th Meeting of the American Chemical Society,
New Haven, Conn., April 2 to 7, 1923; Seidl, Gummi-Z., 25, 710, 748 (1911);
Scott and Bedford, THis JOURNAL, 13, 125 (1921).
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valuable that probably they will in the
course of time be the main class of ac-
celerators used in practice. Their general
employment will demand some modifications in present-day
manufacturing operations and a great deal more study be-
fore completely satisfactory results can be obtained.

The degree of potency of ultra-accelerators may be illus-
trated by some data (obtained in conjunction with A. H.
Smith) on the dithiocarbamate obtained by the addition of
piperidine to carbon disulfide—piperidinium pentamethyl-
enedithiocarbamate (CsHyoN.CS.SNH.CsHio).

Table I and Figs. 1 and 2 show the effect of one part of the
accelerator on the vulcanization of a mixture (rubber, 90;
sulfur, 10; zinc oxide, 10 parts) which is vuleanizable without
an accelerator.

TABLE I—VULCANIZATION OF MIXTURE A
WIiTHOUT ACCELERATOR WiITH ACCELERATOR

s TpXLp® TpXLp°
Time L g 4 Time e
Hours Tp* Lp® 100  Lye? Minutes T5° Lp® 100 Lm?

Cures at 141° C.

1 1300 970 12,610 845 1 3440 810 27,864 585

2 1440 940 13,536 808 2 3125 685 21,406 466

3 2200 865 19,030 694 3 355 280 994 5505

4 2000 815 16,300 643 5 300 2056 615

Cures at 131° C,

1 690 1060 7,314  (1084) 1 2740 850 23,200 659

2 1030 1030 10,609 968 2 3500 750 26,2560 535

3 1093 971 10,613 891 3 3450 710 24495 480

4 1410 930 13,113 813 5 365 290 1,058 S0

5 1500 895 13,425 763 R S

a Breaking stress in pounds per square inch.

b Percentage length at break,

¢ Tensile product.

d Percentage length'at a load of 750 pounds per square inch.

At 141° C. (Fig. 1) vulcanization for 1 minute with the accel-
erator serves to bring the stress-strain curve to a lower posi-
tion than vulcanization for 4 hours without it, and yulcan-

2 J. Soc. Chem. Ind., 42, 369R (1923).
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ization for 3 minutes with the accelerator results in a brittle
product—that is, in a complete overcure. It would appear
that without the accelerator a cure for about 300 minutes
would be required to bring the curve to as low a position as
that occupied by the curve obtained by vulcanization for
1 minute with the accelerator. Hence, the acceleration
factor for 1 per cent of this accelerator in the mixture in
question is about 300°at 141°C. At 131° C. (Fig. 2) vulcani-

zation for 1 minute with the accelerator brings the curve into

a lower position than vulcanization for 5 hours without it,
and vulcanization for 5 minutes leads to a complete overcure.
It would appear that without the accelerator a cure for nearly
7 hours would be necessary to bring the curve into as low
a position as that occupied by the curve corresponding to
the one obtained by curing for 1 minute with the accelerator.

900 L
L— 3hrs
4hrs. LT Tmi
Imin.
. st
‘ e
|_—1— | 2ming.
500
Joo
100 ‘P
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F16. 1—VULCANIZATIONS AT 141° or MIxTURE A (1 70 4 HOURS WITH-
OUT ACCELERATOR; 1 TO0 § MINUTES WITH ACCELERATOR)

On the basis of the stress-strain curves, then, 1 per cent
of the accelerator, in the presence of 10 parts of zinc oxide,
increases the speed of vulcanization of a 90 : 10 rubber-sulfur
mixture 300 to 400 times at temperatures from 131° to 141° C.

In Table IT the potency of the accelerator is still more
evident. This table shows the effect of one part of the accel-
erator on Mixture B (rubber, 90; sulfur, 2; zinc oxide, 10)
which is for all practical purposes unvulcanizable in the
absence of the accelerator.

TABLE II—VULCANIZATION OF MIXTURE B WITH ACCELERATOR

¢ TpXLp
Time
Minutes Tp Lp 100 Liso
Cures at 141° C.

2 505 420 2,121

5 305 310 945
10 300 320 960

Cures at 131° C.

2 3630 850 30,855 - 583

5 3770 760 28,652 505
10 450 375 1,687 Lt
20 460 390 1,794

Cures at 115° C,

5 3500 855 29,925 617
10 4300 790 33,970 550
20 3930 740 29,082 485
30 4100 735 30,135 468
60 3180 670 21,306 468

Without the accelerator, heating for periods of 1, 2, 3, and 4 hours
gave products which were practically unvulcanized, the highest value for
T'p for any one sheet being less than 100 pounds per square inch.

In the absence of the accelerator the material remains
practically unvulcanized after heating for 4 hours at 141° C.
In its presence the stock is badly overcured by heating for
2 minutes at the same temperature and well cured by heating
for 2 minutes at 131° F. or for 5 minutes at 115° F. The ten-
sile strength obtainable in the vulcanized product is greatly
increased by the use of the accelerator (Figs. 1 and 2).

Ultra-accelerators increase the speed of vulcanization so
greatly that with their aid it becomes possible to vulcanize
rubber mixtures at room temperatures. Their practical
use for the cold vulcanization of rubber goods is as yet hardly
beyond the experimental stage. A great deal of investiga-
tion must be conducted on the proportion of sulfur, choice
of accelerator, proportion of accelerator, and composition
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of the mixture before the vulecanization of the various rubber
mixtures in a ftire, for example, can be satisfactorily and
simultaneously conducted in the cold, to give a product pos-
sessing all possible improved physical properties and also
aging well. But ultimately rubber manufacturers will prob-
ably find it possible to dispense with much of the expensive
equipment now required for hot vulcanization.

Some evidence indicates that many accelerators improve
the aging of vulcanized rubber, especially when the propor-
tion of sulfur and accelerator is rightly balanced.? A
more intensive study of the nature of aging is desirable.
Marzetti* concludes that aging is essentially dependent upon
the absorption of oxygen by rubber. It should be possible
to choose accelerators of such a nature and to use them under
such conditions that rubber goods with aging properties
greatly superior to those of the products now usually made
can be prepared.

One of the difficulties which may attend the practical
employment of ultra-accelerators, because of the great
activity of these substances, is ‘‘scorching,” or premature
vulcanization, during the mixing and other preliminary
operations. This difficulty, however, is not likely to prove
insuperable. Various preventative procedures have already
been suggested.®

ReAcTIONS OF ULTRA-ACCELERATORS IN VULCANIZATION

The question of the reactions of accelerators during vul-
canization raises some interesting points in organic chemistry.
As Bedford and Sebrell® have remarked, while the reactions
of organic compounds with sulfur have hitherto been of
interest with respect to the sulfur colors, such reactions now
become of interest with respect to the vulcanization of rubber.
A study of the behavior of organic compounds, such as those
employed as vulcanization accelerators, towards sulfur at
temperatures lower than the temperatures used in the pro-
duction of sulfur dyes is desirable.

Within the two or three years during which the reactions
and mode of action of vulcanization accelerators have re-
ceived attention, very satisfactory progress has been made.
A scheme intended to cover a number of cases has been
put forward by Bruni and Romani,” and a more compre-
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ERATOR; OTHER CURES WITH ACCELERATOR)

hensive one by Bedford and his co-workers.® There are,
however, many elements of speculation in both these schemes,
which to a large extent must be regarded as merely suggestive
of the types of reactions which accelerators probably undergo

3 Schidrowitz and Burnand, J. Soc, Chem. Ind., 40, 268T (1921); Whitby
and Walker, THIS JOURNAL, 13, 816 (1921); Marzetti, Giorn. chim. ind.
applicata, 5, 122 (1923).

4 Loc. cit.

5 Pestalozza, India-Rubber J., 66, 623 (1923); Morton, U. S. Patent,
1,434,908 (1922); Romani, Le Caoutchouc, 19, 11626 (1922).

8 TH1S JOURNAL, 13, 1034 (1921).

7 Bruni and Romani, India-Rubber J.; Romani, Le Caoulchouc, 19,
11626 (1922).

8 THIS JOURNAL, 15, 720 (1923).



October, 1923

in vulcanization and as offering Worl\ing hypotheses on which'

" to base a closer study of the various classes of compounds
capable of aceelerating vulcanization.

The most active accelerators known belong to the following
clfﬁses of compounds:  © £5 R i

1—Salts ‘of dithiocarbamic acids from secondary amines (R:N.CS,SM)
9—Dithio- acids' and their salts (R.CS.SM)
3—Xanthates (RO.CS.SM) 3 v

v4-—Mercnptobcnzothiazblcs and their hlchqptic_ics (CBH';< /C SH)

. 5—Disulfides corresponding to the foregoing’ classes:

g (a) Thiuram disulfides (RsN.CS.S.S.CS.NRa)
) Di~dithioncyl disulfides (R.CS.S.S.CS.R)
(¢) Dixanthogens (RO.CS.S.S.CS. OR) :
(d) Di- benzothmzo]e dxsulﬁdcs

Bruni and Romani’ found that such disulfides are “auto-
ultra-accelerators”’—that’ is, they are capable of bringing
about the rapid vulcanization of rubber in the absence of
free sulfur.® These authors assume that this capacity is
due-to the splitting off of sulfur in an active form, accom-
panied by the conversion of the disulfide into a monosulfide.!

X.CS.S.8.C8.X —> S + X.CS.5.C8.X

They also believe that the accelerating action of accel-
erators in the first four classes is dependent upon their con-
version into the corresponding disulfides. This conversion
they regard as being brought about by the action of sulfur
on the zinc salt, the latter being the substance originally
introduced or being formed from that substance by reaction
with zinc oxide.” The presence of this oxide is essential in
order that all these accelerators may display their full ac-
tivity.

(X.9)2Zn + S—>X.S.S.X + ZnS

Certain pieces of evidence tell against the correctness of
this view. Bedford and Sebrell!* find that zine dimethyl-
dithiocarbamate undergoes little or no reaction with sulfur
when heated with it at vulcanization temperature (in boiling
xylene). Although from the view stated above, it is reason-
able to expect the disulfides to be somewhat more active
than the zinc salts, it has been found!? that the disulfides
of Classes 5a, 5b, and 5c are appreciably less active than the
corresponding zinc mercaptides of Classes 1, 2, and 3. Maxi-

9 A point of some importance here is not clear—that is, whether such
disulfides when used in the absence of free sulfur require zinc oxide to bring
out their full curing power. Romani [Giorn. chim. ind. applicala, 3, 197
(1921)] states that vulcanization by thiuram disulfides in the absence of
free sulfur is rendered more energetic by the addition of zinc oxide, whereas
Bedford and Sebrell [Tmis JOURNAL, 14, 25 (1922)] state that zinc oxide
does not enhance the activity of these compounds. .

10 So far as the writer knows, it has not been experimentally demon-
strated that the disulfides undergo conversion to monosulfides when heated.
The method which has been used in the laboratory for this conversion has
been treatment with ‘potassium cyanide. Further, Bruni and Romani
do not make it clear whether, when vulcanization is conducted in the pres-
ence of free sulfur, they regard the monosulfide, which they believe to be
formed, as combining with sulfur to regenerate the disulfide and so activate
the free sulfur. Vulcanization with a disulfide takes place much more
quickly in the presence of zinc oxide and free sulfur than in the presence of
zinc oxide alone. Furthermore, the monosulfides, although not quite so
active as the disulfides, are, as Whitby and Simmons have recently found,
powerful accelerators in the presence of zinc oxide.

* In any case the question arises—what is the constitution of such organic

] S
disulfides? Are they Y.S.S.Y. or Y.§Y? If the former, the suggestion

that they can split ‘off sulfur and give monosulfides is less credible than if
the latter. Their formation from thioles by oxidation would appear to
indicate the former formula, whereas their conversion to monosulfides by
treatment with potassium cyanide would appear to indicate the latter.
Bedford and Sebrell [TH1S JOURNAL, 14, 25 (1922)] agree with Bruni and

Romani to the extent of concluding that one-quarter of the total sulfur of
thiuram disulfides is available for vulcanization,

11 THIS JOURNAL, 14, 25 (1922).

12 Whitby and Simmons, in a paper presented before the Division of
Rubber Chemistry, at the 65th Meeting of the American Chemical Socxety,
New Haven, Conn., April 2 to 7, 1923.
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moff’? has found that when they are melted with zinc oxide
thiuram di- or monosulfides give zine dithiocarbamates.
Bedford and Sebrell'! find that, whereas zinc dimethyl
dithiocarbamate will vuleanize: a rubber-sulfur-zine oxide
cement .at room: temperature, the correspondmg thiuram
disulfide fails tordo so.

Bedford and Sebrell, however, state that in the presence
of hydrogen sulfide the disulfide will vulcanize at ordinary
temperature, which result they ascribe to the formation of
the zinc dithiocarbamate, as follows: :

X.S5. 8. X+ HS—>2X.SH+ S
2X.SH + Zn0O—> (X.S):Zn + H,0

Maximoff!* and Bedford!! almost simultaneously ex-
pressed the view that in the ease of all substances belonging
to Classes 1 to 5, employed in the presence of zinc oxide,
the active agent is the zinc salt.® In the case of Classes
1 to 4 the zinc salt is the substance originally introduced or
is formed easily by reaction with zinc oxide. In the case of
Class 5 the zinc salt is formed, according to Maximoff,
by reaction with zinc oxide, and according to Bedford; by
reaction with hydrogen sulfide and zinc oxide. e

Other evidence supports the view that the zinc salts, and
not the disulfides, are the active agents. Bedford supposes
that the zinc salts function through the formation of poly-
sulfides. While this is not improbable, there is as yet little
direct experimental evidence in favor of this belief.

REeAcTIONS OF OTHER ACCELERATORS

Bruni and Romani have with some ingenuity sought to
bring a large number of other types of accelerators within
the same scheme as that which they propose for Classes
1 to 5, but all their suggestions call for closer investigation
before they can be accepted. These authors give the follow-
ing scheme for thiocarbanilide:

Under the influence of heat the accelerator breaks down into
phenyl mustard oil and aniline. The phenyl mustard oil then
reacts with sulfur to give mercaptobenzothiazole, which, in the
manner already suggested, is converted into the disulfide.

SC(NHPh)s —> PhNH; + PhNCS
PhNCS + S—> c,H.<N>c.SH
S

Since mercaptobenzothiazole can also be obtained by
the action of sulfur on other disubstituted thioureas, on
mono- and on trisubstituted thioureas, on dimethylaniline,
and on methyleneaniline, Bruni and Romani consider that
the accelerating action of all these substances can be brought
into the same scheme. Romani!'® has suggested that the
mode of action of accelerators, such as aldehyde ammonia,
hydrobenzamide, and furfuramide, formed by the condensa-
tion of an aldehyde with ammonia, can be similarly envisaged.
He suggests that such substances give rise to the aldehyde
and ammonia, that the ammonia forms polysulfides with
hydrogen sulfide generated during vuleanization,'” and
that the polysulfides form a dithio acid (accelerator of Class
3) with the aldehyde.

The case of thiocarbanilide has also been discussed by
others. Kratz, Flower, and Coolidge'® concluded that its

13 Le Caoulchouc, 18, 10986 (1921).

M4 Ibid., 18, 10944, 10986 (1921).

18 Barlier Bedford and Scott [THis JourNnaL, 12, 31(1920)] had ex-
pressed a different view as to the mode of action of dithiocarbamates. They
supposed that at vulcanizing temperatures such compounds as the piper-
idinium salt of pentamethylenedithiocarbamic acid and the dimethyl-
ammonium salt of dimethyldithiocarbamic acid lose hydrogen sulfide to
give thioureas. Apparently, at this time the important relation of zinc
oxide to such accelerators was not recognized.

18 Le Caoulchouc, 19, 11626 (1922).

11 This reaction has been described as a method of preparing dithio
acids by Bruni and Levi [Afti accad. Lincei, [5] 32, 5 (1923)].

18 THis Journav, 12, 317 (1920).
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action is dependent essentially upon the aniline formed by

its decomposition into aniline and phenyl mustard oil. They
considered the latter substance to be inactive.’® Bedford

and Sebrell® believe that thiocarbanilide accelerates wvul-
canization by reacting, in its tautomeric form, PhN:C-
(SH) .NHPh, to form a zinc mercaptide, which, as in the
case of Classes 1 to 5, they believe to be the active substance.
These authors state that the formation of mercaptobenzo-
thiazole from thiocarbanilide under the influence of heat
and sulfur does not occur, as the views of Bruni and Romani
would demand, at the temperature of vulcanization. They
quote some suggestive experiments in support of their view.

The ideas of Bedford have undergone much modification
during their development, but his final belief apparently
is that most cases of acceleration are due to polysulfide
formation on the part of the thiole*® or disulfide** groups.

Some investigators!*!! hold that an important factor in the
ability of certain compounds containing an —SH group to
act as accelerators and of certain metallic oxides to “activate”
such compounds is the stability of the mercaptides in ques-
tion. Yet recent experiments?* show that, although the
heavy metal salts of accelerators in Classes 1 to 4 are dis-
tinguished in general by remarkable stability, the mere
ability to form mercaptides, even of zinc, which are stable
at vulcanizing temperatures is not enough to confer accel-
erating power, as some stable mercaptides, such as zine
phenylthiobiazolthione mercaptide, have little or no accel-
erating power.

DISPERSING AGENTS AS ACCELERATORS

Recent experiments®® have introduced a new factor for
consideration with respect to the mechanism of accelerator
action. They make it appear that in some cases accelerators
may owe part or all of their effect on the rate of vulcaniza-
tion, not to action on the sulfur, but to action on the caout-
choue.?* It has been shown that soaps hasten vulcaniza-
tion in the presence of recognized vulcanization accelerators.?®

¥ Whitby and Dolid (paper presented before the Division of Rubber
Chemistry at the 65th Meeting of the American Chemical Society, New
Haven, Conn., April 2 to 7, 1923) have found that mustard oils dissolve rub-
ber to give strikingly limpid solutions, It is therefore possible that, al-
though mustard oils may not accelerate vulcanization by activating sulfur,
they may do so by increasing the degree of dispersion of caoutchouc.

20 The —SH group may be originally present in the molecule, as in the
case of Classes 1 to 4, or it may be formed by tautomerization, as in the case
of thiocarbanilide. Whitby and Simmons report that in general where the
occurrence of an —SH group depends upon tautomerization, accelerating
power is absent or comparatively low. In an earlier paper [Scott and Bed-
ford, THIS JOURNAL, 18, 125 (1921)] it was suggested that in the case of a
large number of accelerators —SH groups arise by the addition of hydrogen
sulfide to ammonia or an amine, and such accelerators were described as
‘‘hydrogen sulfide polysulfide’” accelerators. But apparently this sugges-
tion has been modified or abandoned.®

21 In some cases disulfides are supposed to be formed by sulfur reaction.
Yet, while in the case of accelerators of Class 5, acting in the presénce of
zinc oxide, this author regards disulfides as being reduced to thioles prior
to polysulfide formation, in the case of the disulfides which he regards as
being formed by sulfur reaction from such accelerators as aromatic diamines,®
and in the case of accelerators of Class 5§; acting in the absence of zinc
oxide,!! he regards the disulfides themselves as undergoing polysulfide
formation.

22 Whitby and Simmons, loc. c¢it.; Whitby, Roy. Soc. Canada, May,
1923.

23 Whitby and Cambron, J. Soc. Chem. Ind., 42, 333T (1923); Whitby
and Simmons, loc. ¢il.

24 Some indirect evidence for the view that accelerators may affect
the rubber rather than the sulfur was advanced by Le Blanc and Kroger
|Z. Elektrochem., 27, 335 (1921)]. These authors found, in experiments on
the rate of gel formation in rubber-sulfur cements, that solvents of high
dielectric constant, giving rubber solutions of low viscosity (solutions in
which the rubber is ‘‘depolymerized”), led to a more rapid gelling than
solvents of lower dielectric constant, giving solutions of higher viscosity,
and that accelerators both reduced the viscosity and hastened gel formation.

2 Ultra-accelerators were used, but it is probable that'soaps have a
similar effect on vulcanization in the presence of milder accelerators and of
the accelerators naturally present in raw rubber.
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Their effect is presumably to increase the degree of disper-
sion of the caoutchoue, or of its sulfur reaction product.

Many accelerators are bases,?® others, like aldehyde am-
monia, may give rise to bases by decomposition; and others,
like piperidinium pentamethylenedithiocarbamate, may give
rise to bases as a result of reaction with zinc oxide. Such
bases, if sufficiently strong, will give rise to soaps by neu-
tralizing the acids of which the rubber resin has recently
been shown largely to consist.?” The formation of soaps
in this way not only increases the rate of vulcanization, but
also leads to enhanced tensile strength in the vuleanized
product.?®

The action of an accelerator such as piperidinium penta-
methylenedithiocarbamate is believed to depend upon the
formation of two substances—(1) the zinc dithiocarbamate,
and (2) piperidinium salts (soaps) of the resin acids. Repre-
senting the acids of the rubber resin as HA, the reactions
which probably occur in a rubber stock containing zinc oxide
and an accelerator of the type just mentioned may be shown
as follows:
2CsH;oN . CS.SNH,;CsHjo + ZnO + 2HA —>(CsH)N.CS.S): Zn

+ 2A .NH,CiH,, + H:0

It is probable that some of the phenomena in rubber which
have been described as ‘“‘depolymerization” and ‘polymer-
ization” are in reality merely changes, such as those caused
by the introduction of soaps, in the degree of dispersion of
the caoutchouc.

28 Caustic alkalies act as vulcanization accelerators. Twiss [J. Soc.
Chem. Ind., 36, 782 (1917) ], who is responsible for the most complete study
of caustic alkalies as accelerators, mentioned the possibility of such acceler-
ators functioning by acting on the rubber rather than on the sulfur. Twiss
and Thomas [Ibid., 40, 48T (1921)] disproved the suggestion that the
accelerating action of caustic alkalies and other bases is due to their cata-
lytic effect on the transformation of Sy into SA. Scott and Bedford [TH1s
JouRrNAL, 18, 125 (1921)] regarded caustic alkalies as functioning through
the formation of polysulfides on the part of the hydrosulfides supposed to
arise from them by the action of hydrogen sulfide, Bedford and Sebrell®
considered the action of sodium phenolates as accelerators to be due to
reaction of sulfur with the aromatic nucleus leading to a disulfide—for
example, NaO.CsH4.S.S.CeHi.ONa, from which polysulfides are formed,

2 Whitby and Winn, J. Soc. Chem. Ind., 42, 336T (1923).

2 This observation may prove to be of significance with regard to the
question of the structure of elastic gels.

Huge Sale of Pulp Timber b.y Forest Service

The largest sale of pulp timber ever made by the United
States Forest Service was announced recently. The transaction
involves 334,000,000 cubic feet of timber in the T'ongass National
Forest, 'Alaska. The buyer, the firm of Hutton, McNear &
Dougherty, of San Francisco, has agreed as part of the considera-
tion for the timber to build a pulp manufacturing plant of not
less than 100 tons daily capacity, and ultimately with a daily
capacity of 200 tons, at the Cascade Creek water-power site on
Thomas Bay, 20 miles from Petersburg, Alaska, within the
Tongass National Forest. Itis understood that the firm plans to
instal a complete newsprint plant with a daily capacity of 200 tons.

According to the plans of the Forest Service for this sale unit,
as well as for all pulp timber developments in Alaska, the timber
will be cut on a perpetual supply basis, enough seed trees being
left to insure complete natural reproduction. The volume of
pulp timber and the area of timber-growing land within the unit,
reserved from other disposition, are sufficient to afford a perma-
nent source of raw material for this enterprise. -

Under the perpetual timber supply plan at least 1,500,000
tons of paper can ultimately be produced in Alaska every year.
This amount is more than one-half of the newsprint now con-
sumed annually in the United States and nearly 20 per cent of
the total consumption of all kinds of paper and wood fiber prod-
ucts. As each new unit of timber and water power is developed
in Alaska, the manufacturing capacity will be gaged to the
timber supply and growing power of the land so that there will
be no depletion of raw material. ;

The Cascade Creek sale is in line with the policy for the de-
velopment of the national forest in Alaska, which was a subject
of special study by President Harding during his trip to the
Territory and which received his indorsement.
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1—Mercaptobenzothiazole and Its Derivatives as Accelerators
of Rubber Vulcanization™

By L. B. Sebrell and C. E. Boord

On1o STATE UNIVERSITY, CoLUuMBUS, OHIO

In a separate paper® the preparation and properties of I-mer-
captobenzothiazole and six of its substituted derivatives have been
fully described. Three of these methods are new. The mechanism
of the reactions involved in these preparations has been fully dis-
cussed. For six of these mercaplothiazoles the disulfides have also
been described, and in two cases the zinc and lead salts.

Mercaptobenzothiazole and its substituted derivatives show the
following relative activity as accelerators of vulcanization: (I)
3-methyl, (2) 3,5-dimethyl, (3) unsubstituted, (4) 4-methyl, (5)
5-methyl, (6) 5-ethoxy, (7) 5-methoxy. Several compounds with a
structure analogous to [-mercaptobenzothiazole were prepared and
their accelerating values determined. The mercaplobenzothiazoles
have no value as accelerators except in the presence of zinc oxide.
The zinc and normal lead salts of these thiazoles are faster curing
than the corresponding free thiazoles. The zinc salt of the I-mer-
caplo-5-methylbenzothiazole and the normal lead salt of I-mercapto-

3-methylbenzothiazole gave the highest accelerating values of any of
the compounds tested. The disulfides have a lower curing power
than the corresponding free thiazoles. The accelerating power of
the mercaptobenzothiazoles is directly connected with the atomic

grouping —S—C—SH. Any alteration in this grouping removes
almost entirely the power to accelerate rubber vulcanization. The
mercaplo group is more essential to the accelerating action than the
sulfur atom of the thiazole ring. Both are necessary to develop
the highest accelerating power. Aliphatic mercaptothiazoles show
marked accelerating power but are inferior to the mercaptobenzo-
thiazoles. The metallic salts of the mercaptobenzothiazoles are as-
sumed to be the active agents in producing acceleration.

The existing theories for the mechanism of acceleration by mercapto
compounds have been given. The results obtained in this work are
correlated with the Bedford and Sebrell polysulfide theory.

of vuleanization was first suggested by Bedford and

Sebrell.# This announcement was closely followed by
that of Bruni and Romani,® who set forth in detail a method
for the preparation of l-mercaptobenzothiazole by heating
thiocarbanilide with sulfur under pressure. They also pro-
posed a theory for the mechanism of the accelerating action
as applied to thiocarbanilide and the thiazole derivatives.

The second paper of Bedford and Sebrell® revealed that the
method of preparation described by Bruni and Romani had
previously been known to them, and pointed out that the
mechanism used by the latter workers to explain the action
of thiocarbanilide as an accelerator was untenable.

The present investigation is a continuation of the work of
Bedford and Sebrell. It has been carried out with the follow-
ing purposes in mind:

1—To make a comparative study of the relative value of
several derivatives of 1-mercaptobenzothiazole as accelerators of
vulcanization.

2—By a process of substitution and elimination to determine

what part of the mercaptobenzothiazole structure is responsible
for the accelerating action of these compounds.

THE use of l-mercaptobenzothiazole as an accelerator

1 Presented before the Division of Rubber Chemistry at the 64th Meet-
ing of the American Chemical Society, Pittsburgh, Pa., September 4 to 8,
1922,

2 This paper and one entitled: “The Preparation and Properties of 1-
Mercaptobenzothiazole; Its Homologs and Derivatives,’” being published
simultaneously in J. Am. Chem. Soc., 456, 2390 (1923), have been abstracted
‘from the dissertation presented by L. B. Sebrell to the Graduate School of
Ohio State University in partial fulfilment of the requirements for the degree
of doctor of philosophy, September, 1922,

3 The remarks of Bogert and Meyer, J. Am. Chem. Soc., 44, 826 (1922),
concerning the numbering and nomenclature of the benzothiazole deriva-
tives, have been noted with some interest. Their contention that all the
atoms of the thiazole ring should be numbered is correct, but for the sake of
uniformity the present authors prefer to adhere to the system in use by
Chemical Abstracts. Forthisreason, the systemasoutlined by Decennial Index
of C. A.,1,2345 (1907-1916)—namely, omitting the sulfur and beginning the
uumbering with the carbon atom of the thiazole ring—has been followed.

6
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4 TH1s JOURNAL, 13, 1034 (1921).
8 Giorn. chim. ind. applicata, 3, 196 (1921).
¥ THis JOURNAL, 14, 25 (1922

PREPARATION OF MATERIALS

1-MERCAPTOBENZOTHIAZOLE AND ITs DERrIvaTivEs—The
preparation and properties of 1-mercaptobenzothiazole and
its. 3-methyl, 4-methyl, 5-methyl, 3,5-dimethyl, 5-methoxy,
and 5-ethoxy derivatives have been fully described in a sepa-
rate paper by the present authors.? KEach of these com-
pounds, with two exceptions where the quantity of material
was limited, was prepared by four methods.  The methods
were all alike in that the reaction mixtures were heated to-
gether in an autoclave under pressure. The mixtures were
(1) the corresponding disubstituted thiourea and sulfur, (2)
the zine salt of the corresponding aryldithiocarbamic acid
and sulfur, (3) the ammonium salt of the same acid and sulfur,
and (4) a mixture of the corresponding aryl amine, carbon
disulfide and sulfur.”

The first of these methods is the same as used by Bedford
and Sebrell* and by Bruni and Romani® to prepare 1-mer-
captobenzothiazole. It was extended by the present authors®
and also by Romani® to the monomethyl derivatives of this
same thiazole. The disulfides of the unsubstituted thiazole
and each of its methylated derivatives were described, as well
as the normal zine, normal lead, and basic lead saltsof the same
thiazole and its 3-methyl derivative and the normal zinc salt
of the 5-methyl derivative. For the details of these prepara-
tions it will be necessary to consult the original article.

Oraer BeENzoTHIAZOLE DERIVATIVES—In order to deter-
mine the particular grouping in the 1-mercaptobenzothiazole
structure responsible for the accelerating action, it became
necessary to prepare a series of related benzothiazole deriva-
tives. In each case these compounds differed from the true
1-mercaptobenzothiazole by a single atom or grouping, the
remaining part of the molecular structure being identical.
All these substances have been previously described, but the
details of their preparation are incomplete.

o

1-Hydroxzybenzothiazole,*® C,,H.\N /COH, was prepared

7 This method was suggested by W. J. Kelly of the Goodyear Tire
& Rubber Company.

3 Science, 56, 55 (1922).

* Gazz. chim. ital., 52, 29 (1922).

19 Ber., 12, 1126 (1879); 13, 9 (1880).
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by the hydrolysis of 1-chlorobenzothiazole, according to the
method described by Hofmann.?® Long heating of the free
1-chlorobenzothiazole does not accomplish the hydrolysis.
However, if the hydrogen chloride addition product of 1-
chlorobenzothiazole is heated with aleohol for 40 hours, the
hydrolysis is almost complete. The solution was rendered
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strongly acid and precipitated by dilution with water. After
two recrystallizations from 75 per.cent alcohol 1-hydroxy-
benzothiazole was obtained as white needles melting at 136°
C. This is the same melting point as given by Hofmann.
The hydrolysis of the hydrochloride may be accomplished in a
much shorter time by heating with alcohol under pressure.

S
1-Amidobenzothiazole, CGH.<N>C—NH2, was first pre-

ppared by Hofmann'! by the action of alcoholic ammonia on
1-chlorobenzothiazole at 160° C.  In this laboratory the
method, as described, always yields the product in the form of
a noncrystallizable sirup.  Excellent results were obtained by
the following method:

Fifteen grams of the 1-chlorobenzothiazole together with 45 cc.
of saturated alcoholic ammonia and 15 cc. of aqueous ammonia
were sealed in a tube and heated at 200° C. for 4 hours. On
opening the tube the contents were mixed with 50 per cent alco-
hol, strongly cooled in an ice bath and diluted very slowly with
water to 1 liter. After standing in an ice box for 12 hours 1-
amidobenzothiazole was deposited as fine white needles, with
only a trace of the sirupy impurity. The yield was 10 grams.
This product after recrystallization from benzene melted at 127°
C., compared with 129° C. recorded by Hofmann.

SRAD)
1-Mercaptobenzozazole, CGH.<N->CSH, was prepared by

refluxing an alcoholic solution of o-aminophenol with carbon
disulfide according to the method of Diinner.*? = After the pre-
liminary purification by precipitating from sodium carbonate
solution, and recrystallization from water, the product melted
at 193° C., the same as recorded by Diinner.

CHQ—S\
|
CH—N7
the purpose of comparison with 1-mercaptobenzothiazole to
determine the effect of the aromatic nucleus upon the ac-
celerating power of the mercaptothiazoles. The compound
was first described by Gabriel!® who prepared it by the action
of B-bromoethylamine hydrochloride and carbon disulfide in
alkaline solution. Some difficulty was experienced in the

1 Ber., 18, 11 (1880). : :

1 Tbid., 2, 465 (1876); 16, 1825 (1883). . =
11 Ibid., 21, 566 (1888); 22, 1137, 1152 (1889).

. u-Mercaptothiazolen, CSH,. was prepared for
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isolation of both the hydrobromide and its reaction product
with carbon disulfide, but a sufficient quantity was finally
obtained to determine its relative value as an accelerator.

REesurrs oF CoMpoUNDING TESTS

All the. compounds listed above were tested to ascertain
their relative value as accelerators of vulcanization. The
following experimental formula was used:

100.00 parts of rubber (smoked sheet)
5.00 parts of zinc oxide
3.50 parts of sulfur
1.00 part of 1-mercaptobenzothiazole or a molecular equiva-
lent of its derivative or analog

With a few exceptions, each of these compounds produced
very rapid curing in the formula given.

Since many of these substances are rapid and powerful
accelerators, slight variations in the milling and curing may
produce differences of some magnitude in the tensile-time
diagrams. For this reason the conditions of milling and cur-
ing were standardized as follows:

The stocks were all mixed in 1-kg. batches on a small experi-
mental mill. After milling for 20 minutes to break down the
rubber, the zinc oxide and accelerator were added and mixed
thoroughly into the stock for 10 minutes. The stock was then
cooled to the lowest workable temperature and the sulfur added.
After 5 minutes further mixing it was removed from the mill.
All samples were milled as nearly as possible as described above.

The curing was conducted in a steam platen press in which the
temperature was controlled as closely as possible. All cures
were made in the same set of molds, which had been preheated
before use by allowing them to remain for at least 30 minutes in
the press at the required temperature. All the cures were made
using the same decks of the same press. The vulcanized sheets
after being removed from the molds were plunged into a tank of
cold water to stop vulcanization.

The physical data given in the following tables were ob-
tained by two observers on a Scott testing machine using
dumb-bell test pieces. The average of two or more closely
agreeing strips is given for each cure.

The results of the physical tests on the cures made with 1-

mercaptobenzothiazole, its alkyl and alkyloxy derivatives,

are recorded in Table I, and are represented graphically in
Figs. 1 and 2. In comparing the relative activity of these
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compounds, the writers have used as a basis of comparison
the time in which each compound was judged to give the best
technical cure. This can best be determined by subjecting
the stocks themselves to certain arbitrary- tests, such as the
effect of repeated flexing and resistance to tear. = The nature
of the grain as indicated by the appearance of the tear is also
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TABLE I—PrysIcAL TEsSTS—STOCKS Cum:n WITH I\Ix:ncnr-romzwzornmzox.ss

Txcr:ne of
ure Tensile Energy of
ACCELERATORS Min. 100% 200% 300% 400% 500% 600% 700% 800% Bk. Elong. Product Rcsxlﬁncc StaTE OF CURE
40 pounds steam pressure (141° C.)
0208 3 ES 6 7 12 21 48 92 900 82.8 149.5 Under
%(_) 4 IZ }24 })g gé _1'8 }&)8 160 é74 810 141.0 309 Best
. S5 2 : 2 7 s 1 8 .5 7 Slightly ov
1-Mercaptobenzothiazole 3054 58 3 20 1361017514 150 203 ;sg }g?.ﬁ g'}g OI:FE’; HM
45 § 9 12.5 - 21 34 66 125 183 77 141.0 318 Over
60 5 9 12 19 34 55 114 fs7e! 158 770 12157 286 Over
55358 8 7212 18 26 58 124 187 187 800 149.5 = 343 “Slightly over
19 7 10 17 25 43 85 167 LAFO 230 = 780 1790.5 330 Slightlg’ over
; ; 157757 11 17 24 46 84 165 233 750 1756.0 371 Over
1-Mercapto-3-methylbenzothiazole | 20 7 11 17 24 40 83 152 224 780 175 408 Over
30 6 10 14 24 39 73 154 (S 228 750 170 338.5 Over
45 (_S 10 16 24 5 83 161 s 222 780 173 418 Over
60 5 7 12 19 30 54 112 211 800 169 344 Over
1(_) 4 5 7 12 1o=E27; 65 12" 152 860 131 278 Under
UL e e B i
: ) 46 5 312. 7 i
1-Mercapto-5-methylbenzothiazole 30 4 7512 17 25 46 188 ..U 204 780 159 §i7 2 :'753 2’;%‘&"3\'23 35
45 5 § 12 18 30 60 127 Zrats 193 780 150.5 320.5 Over
605 7 12 18 30 66 114 183 197 820 161 381.5 Over
10 4 6 8 12 17.:=.28 58 99 128 850 109 239 Under
s '15 4 6 11 15 24 44 95 149 157 815 128 296 Veryslightlyunder
1-Mercapto-5-ethoxybenzothiazole 30 4 e 14 18 31 62 124 206 206 800 165 363 .Over
45 5 871512 19 31 60 123 199 109 800 159 358 Over
60 5 7012 18 25 47 94 166 184 825 152 335 Over
2 1048501 3 4 5 7 12 19 303%9 79 975 105 179.6  Under
Betn ettt g B MG e el v
1-Mercapto-5-methoxybenzothiazole 30 4 6 10 12 2307 420 83UENEE L5144 728 i% %ﬁg H::ng.
45 3 6 9 14 20 34 69 132 153 860 132 306.5 Fair
60 4 6 10 12 22 40 78 144 150 820 ‘123 273 Good
5 3 4 6 7 114518 32 74 118 890 105 204 Under
10 5 QY1 16 23 46 108 172 182 810 143 319 Very slightly over
: : 15 4 6 11 17 25 50 120 206 206 800 165 336 Over
1-Mercapto-3-5-dimethylbenzothiazole 20 5 9 14 23 39 77 142 s 210 780 164 3790 Over
300 & 10 13 21 38 77 1490 211 211 800 ' 169 419 Over
45 5 Tt 512 18 30 54 113 178 202 825 167 375.5 Over
60 6 712 19 30 59108 i 1905790150 321 Over
- 20 pounds steam pressure (125° C.)
105 RT 2 3 4 5 6 8 12 13 820 10.7 60 Under:
20 4 6 10 15 217 41 78 152 184 845 155 326.6  Slightly under
Vi b hinsol 30 5 8 14 20 31" 68 135 230 230 800 184 401 Best
1-Mercaptobenzothiazole 60 5 10 16 24 440 008174 12360760 04:179 399 Over
90 5 10 16 25 44 92 174 232 770 1178 421 Much over
12056355 21 0 HRN17, 25 46 87 173 232 . 770 178 417 Much over
10 4 8 10 16 22 41 89 187. 830 155 318 Slightly under
; 20 5 10 16 24 40 75 146 248 790 196 320 Slightly over
1-Mercapto-3-methylbenzothiazole ; 30 6 12, - 19 29 50 103 205 260 750 195 437 Over
60 6 11 19 31 54 110 214 252 740 187 431 Over
90 6 14 20 30 50 110 216 240 730 175 406 Much over .
120 - 6 14 20 30 54 110 187 240 730 175 391 Much over
20713 5 8 10 15 26 47 140 900 126 277 Under
} 30 .5 8 10 15 25 48 99 174 800 139 337 Under
1-Mercapto-5-methylbenzothiazole 60 &5 J 016 21 83176 144 R 22050 790405166 397 Good shghtly over
: 90" & 10 15 24 3874301 50 RN SHIAE22 7R 00 PRE 172 410
1205 10 15 25 42 76 166 it 213 760 162 369 Ovcr
2073 5 8 10 15 26 50 101 140 890 125 276 Under
30 5 6. 10 14.5° 21 35 75 146 - 182 860 157 338 Slightly under
1-Mercapto-5-ethoxybenzothiazole 60 5 105812 20 31::62:::135 e 195 - 770 150 323 Best
{90 5 10 15 22 35 71 134 e 218 770 168 348 Over
l120 5 1052515 24 41 "85 152 ...° =210 780 164 401 Over
20 2 3 ‘4 5 6 10 16 25 64 980 62.7 139 Very much under
30 3 4 5 8 125=2] 40 72 116 = 900 105 223 Much under
1-Mercapto-5-methoxybenzothiazole 60 5 788810 15 21 36 78 136 142 - 830: 118 282 Fair
: A 90 4 6 10 16 25 46 93 05 165 = 800 132 283 Fair
120 5 9 15" 20 3054 v ] 08 e s ] 68 w780 5131 207 Best
10 2 3 4 b 711 18 34 68 940 64 136 Under
| 20 4 8 12 17 25 56 112 e 185 790 146 312 Gogd, slightly un-
| er
1-Mercapto-3-5-dimethylbenzothiazole 30 6 10 15 21 36552741 63 i 211 . 765 162 475 Good ,slightly over
60 5 100 16 26 4605102800200 i e 226595740 42187 390 Over
90 5 10 18 27 48 98 185 194 720 140 336 Much over
120 5 10 16 26 46 92 183 199 740 147 363 Much over

taken into consideration. The results of such tests are given
for each cure in the tables in the column “State of Cure.”
In some cases the cures were not sufficiently close so that, for
example, a 5-minute cure might be judged by means of these
tests to be undercured, while a 10-minute cure would be con-
siderably overcured. -In such cases the writers have inter-
polated for the time of best technical cure.

The relative order of activity of these compounds as ac-
celerators cannot well be determined from a comparison of
the maximum tensiles obtained, since the test sheet which
would give the highest tensile is in almost all cases overcured
from a practical standpoint. Any attempt to classify the
compounds on the basis of the so-called optimum cure, as

given by either the maximum tensile product or the energy of-

resilience, or a combination of these factors, would be sub-
jeet to the same objection as given above for the classification
in order of maximum tensile.

If it is desired to utilize the stress-strain data in determining
the relative activity of these compounds, they can, for ex-
ample, be ranked in the order of the highest tensile stress at
700 per cent elongation given by a 10-minute cure on each
compound at 40 pounds steam pressure. In this way the er-
rors inherent in a determination of the maximum tensile

are avoided. If such a classification is made it will be found
that the compounds arrange themselves in exactly the same
order as determined by the best technical cure. ;

The writers are therefore inclined to classify the various
mercaptobenzothiazoles according to the time necessary
to produce the best cure from a practical standpoint as shown
by the above arbitrary tests, and to use the stress-strain data
as a measure of the quality of the stocks.

It is realized that the present method of determining the °
relative activity might not seem satisfactory-to all; and’
for this reason the complete data for the physical tests, to-
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gether with the tensile product and the energy of resilience,
have been included in the tables.

Since only one formula was used in testing all these acceler-
ators and because in some cases an insufficient number of
cures have been obtained, it is obvious that the results herein
presented cannot be considered as representing a complete
or detailed compounding investigation. They are, however,
considered satisfactory from the standpoint of determining
the relative activity of the various mercaptobenzothiazoles
and their derivatives as accelerators.

Fig. 1 shows the tests made on cures at 40 pounds steam
pressure, while Fig. 2 gives the same data for cures at 20
pounds steam pressure. The relative activity of the 1-mer-
captobenzothiazoles and the time required to produce the best
technical cure are given in Table II.

TABLE II—ORDER OF REACTIV!TY OF THE 1-MERCAPTOBENZOTHIAZOLES AS

ACCELERATORS
~—40 Pounds Pressure— —20 Pounds Pressure—
Time of Time of
Best Tech- Order of Best Tech- Order of
SUBSTANCE nical Cure Activity nical Cure Activity
1 - Mercapto - 3 - methyl- -
benzothiazole......... 5 min, 1 18 min. 1
1 - Mercapto - 3,5 - di- \
methylbenzothiazole.. . 8 min, 2 25 min. 2
1-Mercaptobenzothiazole, 10 min. 3 30 min, 3
1 - Mercapto - 5 - methyl- s
benzothiazole......... 18 min. 4 55 min. 4
1 - Mercapto - 5 - ethoxy- :
benzothiazole......... ¢ 20 min, 5 60 min. 5
1 - Mercapto - 5-methoxy-
benzothiazole......... 1 hr, 6 2 hrs. 6

The data showing the relative curing power of 1-mercap-
to-4-methylbenzothiazole are not given in Table IT. A
limited supply of this material prevented it from being in-
cluded when the foregoing tests were made. It had pre-
viously been tested in a different formula. Under these con-
ditions its activity as an accelerator was found to lie between
the 5-methyl and 3-methyl derivatives, being very close to
that of 1-mercaptobenzothiazole.

In the absence of zinc oxide the 1-mercaptobenzothiazoles
are without appreciable accelerating action. Compounded in
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the foregoing formula, except that the zinc oxide was omitted,
I-mercaptobenzothiazole cured at 40 pounds steam pressure
for 2 hours gave a maximum tensile strength of 96 kg. per
sq. em. Curing the same mixture at 20 pounds steam pres-
sure for the same time gave a maximum tensile strength of
50 kg. per sq. cm. These substances, therefore, have no prac-
tical value as accelerators except in the presence of zinc or
lead oxides. From these results it seems probable that in the
process of vulcanization the mercaptobenzothiazoles are con-
verted into the corresponding zinc salts, these salts acting as
the true accelerating agents. To test this assumption the zine
and lead salts of 1-mercapto-, 1-mercapto-3-methyl, and 1-
mercapto-5-methylbenzothiazoles were tested in the foregoing
formula. The results are shown in Tables I1Ia and ITIb and
the tensile-time curves in Figs. 3 and 4.

The zinc salt of the 5-methyl derivative is slightly faster
in its curing action than the zinc salt of the free 1-mercapto-
benzothiazole or its 3-methyl derivative. The last two are
about equal in curing power. On the other hand, the lead
salt of the 3-methyl derivative is the most active of the
three lead salts, giving good cures in 15 minutes at 20 pounds
steam pressure. The two remaining lead salts are about equal
in activity but vary in the tensile strengths produced.

In all cases the zinc and lead salts of these mercaptobenzo-
thiazoles are much more powerful accelerators than the corre-
sponding free compounds. The zinc salt is, generally, more
powerful than the corresponding lead salt. These metallic
salts must also be used with additional metallic oxide to obtain
their maximum accelerating power.

The disulfides of the several mercaptobenzothiazoles were
also tested in the foregoing formula, and were found to be
considerably less active than the free thiazoles.

Two conclusions may be drawn from these facts:

1—The 1-mercaptobenzothiazoles when used as accelerators
first form the metallic salts by action with the metallic oxide
present. ‘These salts are the active accelerators.

2—The salts so formed tend to decompose during the process

of vulcanization and an excess of the metallic oxide must be pres-
ent to reform the salts and thus maintain the accelerating action.

TanLE IIla—PrysicAL TEsTs: STtocks CURED WITH THE ZINC SALTS OF MERCAPTOBENZOTHIAZOLE

20 pounds steam pressure (125° C.)

Time of
Cure Tensile Lnergy of
ACCELERATOR Min. 100% 200% 300% 400% 500% 600% 700% 800% Bk. Elong. Product Resilience STATE o CURE
30 8 13 20 29 52 109 202 218 720 155 374 Over
) 60 8 14 22 36 64 127 | 221 236 715 169 415 Over
1-Mercaptobenzothiazole 90 9 14 23 39 67 130°: 219 229 715 163 425 Over
120 9 14 23 37 64 125 206 220 720 158 417.6  Over
180 8 14 21 33 55 106 188 2107427205 151 370.8 Over
15 6 10 15 39 53 104 198 223 750, 167 431 Good
; 30 6 11 21 38 73 141 . 219 238 740 167 490.9 Over
1-Mercapto-3-methylbenzothiazole 60 6 120821 36 62 120 @ 218 238 730 174 434.4 Over
120 6 12 18 32 57 108 200 226 740 167.5 418 Over
180 6 125719 33 57 107 190 Bk 220 740 163 493 Over
5 5 052213 21 37 67 133 220 253 825 204 454 Slightly under

10 5 9 13 22 40 80 142 S 260 8556 222 350.5 Under
5 30 6 10 18 26 52 102 183 268 850 228 418 Over
1-Mercapto-5-methylbenzothiazole 60, 6+ 12, 20 .30 60 114 208 274 745 204 454 Over
120 6 13 20 34 62 114 211 260 730 190 425 Over
180 5 10 20 32 60 104 185 238 760 181 450.4 Over

TABLE IIIb—PrysIicAL TESTS: STocks CURED WITH NORMAL LEAD SALTS OF MERCAPTOBENZOTHIAZOLES
20 pounds steam pressure (125° C.)

Time of

Cur

ACCELERATOR Min
15 7 12 18
30 11 16 25
60 7 12 18 39
1-Mercaptobenzothiazole 90 6 11 18 39
120 6 11 17 27
180 7 10 15 25
15 ) 9 16 26
30 5 9 17 27
1-Mercapto-3-methylbenzothiazole 60 7 11 17 28
12 6 12 19 29
(5180/e0 6 10~ 520 30
{ 10 3 5 7 9
25 9
1-Mercapto-5-methylbenzothiazole 80 ?, 18 %‘é :;g
12005 010 15 05
180045 il 0 St e S a5

e
in. 100% 200% 300% 400% 500% 600% 700% 800%

Tensile Energy of
Bk. Elong. Product Resilience STATE oF CURE

30 58 108 142 760 108 232 Good
42 78 355145 inen 181 740 134 315.7 Over
46 QTEEI1656 202 710 144 319.8 Over
46 86 160 . 206 750 155 377.5 Over
24 Sl til141: it 202 760 154 339.4 Over
40 7050129 20 183 780 143 356 Over
45 92" 162 250 260 ' 835 217 551 Good
46 9756170 NS 255 752 192 400 Over
48 102 186 248 785 193 490.5 Over
50 105 190 241 745 179 413 Over
54 106 186 238 767 182 461 Over
10 18 36 60 100113 960 108.5 261.9 Under
25 60 120 180 790 142 328 Good
41 88 164 225 760 171 384.7 Over
49 92 171 226 770 169 420 Over
45 79: 59168 0 UL 220 800 716 458 Over
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Tests oN CoMpoUNDS SIMILAR TO 1-MERCAPTOBENZO-
THIAZOLE

pu-Mercaptothiazoline (4), 1-mercaptobenzoxazole (B),
1-amidobenzothiazole (C), and 1-hydroxybenzothiazole (D)
were also tested for their accelerating action. Each of these
compounds resembles I1-mercaptobenzothiazole in certain
parts of its structure. The results of these tests are recorded
in Table IV and shown graphically in Fig. 5.

S N HzC—S\ 0 NG
CSH | CSH CSH
N7 H,C—N7/ N/
1-MERCAPTOBENZOTHIAZOLE (4) (B)
2N B
CNH. COH
N/ N7
©) i (D)

The results show that the u-mercaptothiazoline exerts a
marked accelerating action, but much less than that of 1-
mercaptobenzothiazole. This would seem to indicate that
the accelerating power is invested in the mercaptothiazole
group. When the sulfur atom of the thiazole ring is replaced
by oxygen as in 1-mercaptobenzoxazole, the accelerating
action is still evident but much lower than that of either 1-
mercaptobenzothiazole or p-mercaptothiazoline.
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If the mercapto group is replac‘éd‘by an amino or an hy-
drpxyl group, as in 1-amidobenzothiazole or 1-hydroxybenzo-
tl.ua'que, respectively, the accelerating action is very greatly
diminished; indeed, in the latter substance it is almost entirely
absent. L

The conclusions to be drawn from these results are as fol-
lows: PR

1—The accelerating action of 1-mercaptobenzothiazole and its
derivatives is invested primarily in the mercaptothiazole group.
The presence of the benzene nucleus adds markedly to the ac-
celerating value. Whether this is due to the attendant increase

in_the molecular weight or more directly concerned with the
chemical characteristics of the benzene nucleus, is not yet deter-

mined.
; : N\ S ;
2—The atomic grouping, /CSH, is directly responsible
ey

for the accelerating action. Any change in this grouping either
greatly diminishes or completely destroys the accelerating value.

3—The mercapto group is more essential to the acceleration
than the sulfur of the thiazole ring, although both are necessary
to the best results. x :

MECHANISM OF ACCELERATION BY MERCAPTOBENZOTHIAZOLE
DERIVATIVES

Several theories have recently been advanced to explain
the vulcanization of rubber by organic compounds containing
the mercapto group. Bruni and Romani® have proposed the
following mechanism for the acceleration of yulcanization by
mercaptobenzothiazoles:

29R—SH + ZnO —> (R—S):Zn + H,0
2(R—S):Zn + Sx —> *R—S—S—R -+ xZnS
R—S—S—R —> R—S—R + S (active) :

They have lately extended this theory to many other well-
known accelerators, such as thiocarbanilide and aldehyde
ammonia.!* It is chiefly interesting as it applies to mercapto-
benzothiazole derivatives. The disulfides are less active
accelerators than the free mercaptobenzothiazoles, both with
and without the presence of zinc oxide. In the absence of
zine oxide both types of derivatives are almost without ac-
celerating power. These facts seem to show that the disulfide
cannot be the active agent in this type of acceleration. The
theory is therefore inadequate and cannot be accepted.

Bedford and Sebrell® have proposed a theory to account
for the action of mercapto compounds as accelerators, which
may be stated as follows:

9R—SH -+ ZnO —> (R—S):Zn -+ H,0
(R—S)2Zn + S; —> (R—SS;)2Zn
(R—SS,):Zn —> (R—S):Zn + S (active)

14 Romani, Caoulchouc gutia-percha, 19, 11626 (1922).
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This mechanism affords an explanation of the following
facts: sy

1—The metallic salts of the mercaptobenzothiazoles are faster

curing than the free compounds.

2—Both the metallic salts and the free compounds are faster
curing than the disulfides, which must first undergo a reduction
to the mercaptans before functioning as accelerators.

3—All mercaptobenzothiazoles require the presence of zinc or
lead oxides for the development of full accelerating power.

4—The metallic salt of the mercaptan is therefore assumed to
be the active agent. Excess metallic oxide must be present

at all times to reform the salt if it should be decomposed by the

action of heat or hydrogen sulfide. Evidence of such dccomposi—
tion is to be found in the low curing power of these salts in the ab-
sence of metallic oxides, and their superior power when an excess
of the oxide is present.

While it cannot be shown that sulfur split off from poly-
sulfides is an active form, it has been proved that the sulfur in
trithio-oxone is particularly active,® and it is inferred that the
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S UTABLE IV—Prysicar TEsTs: STocks CURED WITH ANALOGS OF MERCAPTOBENZOTHIAZOLE .
fe 40 paunds steam presqurt (141" C)

~ = Tensile Energy of -
“Elong.-Product Resilience STATE oF CURE

8009~ 700%-800% BE.

10! 200 34  66: 900° 59.4  68.5 Under

19 35 766 02 895 - 82.3 '197.5 Under

23 45 85 ‘108 870  94.0 215 Fair

24 50 T 05 ~ 109 ' 845 ~ 92 207.9 Fair

128 48 96 104 825 86 192.5  Slightly over
41 0T 3R 788108 239.7 Over

7 9 . 14 43 =990 42,5  66.6 Under

10 18§32 76 995  75.5 117.8 Under

14 26 . 42 81 . 960  77.5 125.4 Under

19 3105 50 - 104 ' 1910, (0415 £205i8° ek
21.5...35. 68 91 . 875 .75 190.6

9 141 22 285 8700 124 69.5

11 18 — 28 — 46 - 880 40 93.6

17 27 50 57 825 47 111.4 [ All cures poor
23 38§ i LR NTREE NS4 a0 5 11671

4 o o 5 620 3 10.9

6 014 1612048404 2 1365 4205

6 108317, 26 . 880 23 54.2 [ No cures

18 38 32 79.5

sulfur yielded by the decomposmon of the polysulﬁdes is
similarly-activer—+ ——

The polysulfide theory, as given above, appears to offer the
best explanation of the existing facts. Doubtless, both the
mechanisms given above function in specific cases. It is also
probable that no simple explanation of activation will be found
which is equally applicable to all types of accelerators. Fur-
ther work is being done to determine the validity of each of
the reactions involved in the above mechanisms.
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Separation of Arsenic and Phosphorus from Vanadium’
) By H. A. Doerner

RARE AND PRECIOUS Mnr.u.s EXPERIMENT STATION,

ARSDNIC and phosphorus are frequently found in

vanadium ores, especially those of the vanadate type,
such as vanadinite. Since vanadium ores and intermediate
products containing even small amounts of these impurities
are not salable, tests were made to establish a commercially
feasible method of separation.

It was found that vanadic acid could be prempltated from
an acidified vanadate solution containing arsenic and phos-
phorus. ' The latter remain in solution and the precipitate
may be washed free from these impurities. Further, a vana-
date ore containing arsenic and phosphorus may be treated
by the method recommended by the Bureau of Mines.* The
product w111 be free from these impurities.

EXPERIMENTAL

1—Twenty-six grams of vanadium oxide, 0.85 gram of
arsenic trioxide, and 4.38 grams of sodium ammonium phos-
phate were dissolved in sodium hydroxide solution, oxidized
with sodium peroxide, and acidified with sulfuric acid. The
solution was diluted to a volume of 1 liter and sulfuric acid
! Received September 19, 1923. Published with permission of the
Director, U, S. Bureau of Mines.

2 “Metallurgical Possibilities of the Descloizite Ores at Goodsprings,

Nev.,” Report of Invesligations 2433,

U. S. BUREAU oF MINES, RENO, NEvV.

was added until the free acid was 0.05 normal in strength
as determined by titration with methyl orange. The solu-
tion was boiled with live steam for several hours and allowed
to stand hot over night. The vanadic acid precipitate was
filtered and thoroughly washed. It contained 24.8 grams
vanadium pentoxide (95.5 per cent recovery) and not more
than a trace of phosphorus or arsenic. The filtrate contained
1.17 grams vanadium pentoxide, and gave a heavy prempl-
tate w1th magnesia mixture which contained the arsenic and
phosphorus.

2—Tive hundred grams of a vanadinite concentrate were
fused in a graphite crucible with 150 grams of sodium car-
bonate, 150 grams of caustic soda, and 10 grams of pow-
dered charcoal. The ore'analyzed 10.24 per cent vanadium
pentoxide, 53.55 per cent lead, 0.28 per cent arsenic, and 0.27
per cent phosphorus. A lead button of 255.0 grams was ob-
tained. The slag was extracted with hot water in a small .
pebble mill, filtered, and washed. The solution was treated
exactly as described in the first experiment except the yolume
was 2 liters and the separation was completed as before.
The residue from, or the undissolved part of, the slag weighed
203 grams, and contained 0.27 vanadium pentoxide, and
much of the phosphorus. The net recovery of vanadium
pentoxide was 97.2 per cent free from arsenic or phosphorus.
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Poisson’s Ratio and Related Properties for Compounded

N THE course of some
studies on the volume
increase of compounded

rubber when strained,
which studies involved the
calculations of the volume
from simultaneous readings

of length, width, and thick-

ness, it soon became ap-
parent that certain stocks
behave decidedly different
than others. The point of
dissimilarity is that for cer-

Rubber’

By W. W. Vogt and R. D. Evans

THE GoopYEAR TirE & RussER Co., AkRrON, OnIO

The structure of compounded rubber, the mechanical relations
of the rubber and filler phases, and the effect of these relations upon
the physical properties of the compound, furnish the rubber tech-
nologist with a most fruitful and stimulating field for speculative
reasoning.

The authors have presented new data which indicate that the
shape of. the filler particles has an effect upon the properties of
Poisson’s ratio, volume increase under strain, permanent set, and
the stress-strain behavior of compounded rubber.

Explanations of the cause of these changes are advanced for the
purpose of stimulating thought along these lines, that a deeper and
clearer conception of the structure of compounded rubber may
result.

to a regular time schedule
in performing the several
steps of manipulation and
observation at each elon-
gation. The shape of the
test specimens can be va-
ried over wide limits with-
out affecting the results.
The ratio of thickness to
width can be varied from
2.5 to 25 without effect,
provided the length of the
specimens is about twenty

tain' stocks the ratio of

thickness to width is a con-

stant, while for others it decreases as the strain increases.
This evidence of anisotropy requires that the values for
Poisson’s ratio in the two directions perpendicular to each
other must be unequal.

TFurthermore, as the stresses developed perpendicular to
each other and to the direction of elongation must, from
considerations of the symmetry of forces, be equal, then
the fact that different strains are produced by these equal
stresses proves that there is a dissimilarity of modulus in
the two directions.

_Since the various stocks studied differ from each other
only in the composition of the filler content, it is evident
that the exceptional behavior noted is a function of some
property of the filler, and the immediate assumption is that
the shape or crystal habit of the particles is the determining
factor. It is the purpose of this paper to show the effect of
particle shape on the physical behavior of compounded rubber
with special reference to the properties of Poisson’s ratio,
volume increase, set, and the stress-strain relations.

HISTORICAL

Whitby? gives an admirable resumé and critique of the exist-
ing data, and mentions specifically the work of Schiller in which
evidence is given to show that the value for P is not the same
in different directions. ;

The ““dark Para rubber’” sheet used gave values of 0.535 and
0.463 in two directions perpendicular to each other. Schippel®
calls attention to the fact that the average value for P in'the
case of a highly compounded barytes stock at the breaking
elongation was 0.89. ‘This low value was due to the large increase
of volume of the stock, the value presumably having been cal-
culated from density measurements.

The other published data are concerned chiefly with the various
methods of determining P. experimentally, the proper method
of calculation, etc., pure gum stocks having been used almost
exclusively.

- EXPERIMENTAL METHOD

Test strips, died out from large sheets, were mounted in

a suitable stretching frame, by which any desired elongation
could be maintained. The width and thickness were meas-
ured, with an accuracy of 0.1 per cent, by a traveling micro-
scope and a gage. It was found necessary to adhere closely

1 Presented before the Division of Rubber Chemistr-y at the 65th
Meeting of the American Chemical Society, New Haven, Conn,, April
2 to 7, 1923,

2 “‘Plantation Rubber and the Testing of Rubber,” p. 486,

1 THis JournAL, 12, 33 (1920).

times the width. These

methods, within the limit
of accuracy specified, were entirely satisfactory. Asa matter
of fact, study of different test pieces cut from the same sheet
showed that they differed from each other by such amounts
that any higher experimental accuracy would be nonsig-
nificant. '

CArcuraTiON OF Porsson’s Rario

This property is defined as the ratio of the percentage of
lateral shrinkage of a rod to the corresponding percentage
of longitudinal increase, when such increase is infinitesimally
small—that is, if we call L the longitudinal and S the lateral
dimension,

ds

oS dS L

S e T
L

A graphical method of determining dS/dL was found con-
venient.
and a smooth curve was drawn. The value of the tangent
to this curve at each desired point gave directly the value
of dS/dL, and hence that of P. This definition of P is to
be distinguished carefully from that involving finite changes
of S and L. This calculation was applied separately to each
of the two lateral dimensions, hereafter spoken of as width
and thickness. The following symbols will be used to iden-
tify the various values:

P, = value from volumetric measurements
P, = value in thickness direction
P, = value in width direction

It is also possible to caleulate an average P. from the
change of volume measurements. If each lateral dimension
is considered to have the same value and behavior, the ex-
pression for volume becomes

Vi='L.5*
Differentiating,
aV = S*.dL + 2SL.dS
iy s
= =S —aSL.=
L+dS
= (1 — 2 3(17)
which becomes, from the definition of P,
av
Lo = S1(1—2P)

The corresponding reading of S and L was plotted
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“Hence,
1 dV

PL0]2 (1 = ZZZ)
If, further, at each desired elongation, V, L, and S are
measured in such units that their instantaneous values are
each unity, this becomes

= 1/2 (1 i ‘U—’)

By plotting V against L, this average P can be computed,
using the graphical method for determining dV/dL mentioned
above.

The values of P. calculated by this method were in excel-
lent agreement with the arithmetical average of P; and P
as required by the principles of mechanics.

EXPERIMENTAL DATA

The results show that the common compounding ingre-
dients may be divided into two classes—those which the
writers call “anisotropic,” which cause anisotropy of prop-
erties in the stocks in which they are compounded, such as
graphite, mica, tripoli, clay, light magnesium carbonate,
and, strangely enough, glue. The other class, which the
writers have called “isotropic pigments,” do not exhibit these
tendencies, and include gas black, lampblack, iron oxide,
zinc oxide, lithopone, and barytes.

TrIckNESS-WIDTH RATIo—The first criterion which was
used in classing the pigments was called the thickness-width
ratio. If the reading of thickness is divided by the corre-
sponding reading of width as the test pieces are progressively

strained, the values obtained constantly decrease for the -

anisotropic fillers, and remain constant for the isotropic
class. The writers have recalculated all values of 7/W in
such a manner that the value 7//W at 0 per cent elongation
becomes 1.0.

The data shown in Fig. 1 were obtained on stocks contain-
ing 20 volumes of filler per 100 volumes of rubber, cured to
the correct technical cure.

The stocks were milled on small (6 X 12 inches) rolls in
such a manner as to “‘set the grain”’—i. e., align the pigment
particles—were allowed to age 1 hour on a warming table
to permit readjustment of internal strains in the rubber
phase, and then 24 hours at room temperature, after which
they were cured in molds, using enough stock to give a perfect
sheet with a small overflow (5 per cent). Unless otherwise
noted, all test pieces were died out in the direction of the grain.

URE GuM
GAS BLAcCK
RED OXIDE
ZINC
BARYTES

1.0
WHITING
9
GLUE
8 Q Se'L. BARYTES
i \xw TAiPoLI
v .
Ak
0 i &
v
2
}_
()
.6 MAG. CARB.
CLAY
% ELONGATION
5
o 100 200 300
Fic. 1

Porsson’s Ratio—The 7'/W ratio is a criterion which is
easily obtained experimentally and can be calculated and
interpreted readily. However, Poisson’s ratio is a recog-
nized absolute property, and was therefore specifically cal-
culated in all cases.
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In considering the value of Poisson’s ratlo the following
cases must be considered:

When the volume of the rubber under strain remains
constant, we have two cases:

(1) P, =P, = 0.5

PP
——% =05

When the volume does not remain constant on stretching,
we may have

(8)8 Rui=rR <t 05
(4) P, does not equal P, and

(2) P, does not equal P, but

P et el
-—2——[<0.5
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Case 1—All isotropic pigments studied fulfil Case 1 at low
elongations (25 per cent), because the volume changes are prac-
tically negligible. Such fillers as gas black and zinc oxide fulfil
the conditions up to elongations of 200 per cent, there being
practically no increase of volume at this elongation. The values
for P, and P, are both 0.5.

Case 2—The values for P, and P, for some typical aniso-
tropic pigments at 25 per cent elongation are given in the follow-
ing table:

TABLE I
Pt 4+ Puw
PIGMENT Py Puw 2
Magnesium carbonate..........ovuns 0.72 0.30 0.51
IRy e S T sratatass clateretatetany 0.69 0.32 0.505
4 3200 b b G OG0 G Ok A D DA 0.61 0.39 0.50
Special barytes LT U0 L UTTTUIRT A 0.57 0.42 0.50

Case 3—This case is illustrated by barytes, lithopone, and
other xsotropxc pigments at h1gh elongatlons, say 300 per cent,
where there is a consxderable increase in volume.

Case 4—This is illustrated very neatly by tripoli, an aniso-
troplc filler which nges large volume increases at high clonga-
tions. This behavior is represented graphically in Fig. 2. The
volume increase curve is also given.

It will be readily appreciated that for low elongations the
graph shows the behavior as given under Case 2, while for
the higher elongations the conditions fulfil Case 4.

STRESS-STRAIN RELATIONS IN DIFFERENT DIRECTIONS—
As had been stated above, stocks compounded with aniso-
tropic pigments should give different stress-strain relations
in different directions. Therefore, a stock containing 20
volumes of clay per 100 volumes of rubber was so prepared
that stress-strain curves might be obtained, the tests being
taken with the grain, across the grain, and vertical to the
grain (perpendicular to the plane of the calender). The
preparation of the last-mentioned test piece is rather difficult,

0
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the alignment of filler particles probably being quite badly
disarranged during the process. However, the tests were
obtained, particular care being exercised to secure identical
curing conditions. The results are shown graphically in
Fig. 3.

Additional properties of these three stocks were deter-
mined as follows:

TaBLE II
Volume Increase T/W at 2509, Permanent
at 250% Elongation Set
o ) To
Wit g e e e 4.4 0.76 44
ACTOoSS grain s i s St et 5.5 0.69 36
Verticalitoigrain SUtiani ol 8.1 0.74 30

PERMANENT SET

Values for permanent set for stocks compounded with
20 volumes of filler per 100 volumes of rubber are given in
the following table:

TABLE IIX
PERMANENT SET
PIGMENT %
Magnesium carbonate 52
- ay 44
Anisorroric FILLERS Special barytes 32
Tripoli 29
Gas black 33
Zinc oxide 23
Red oxide % 22
Isorroric FILLERS Lithopone 20
Whiting 15
Barytes 14
Pure gum 6

A comparison of the properties of ordinary and the special
barytes brings out strikingly that particle shape, rather
than such factors as degree- of fineness, surface activity,
selective wetting, or adsorption, is the fundamental cause
of these abnormal properties. The special barytes was
made by such a process that it consists almost entirely of
long, flat plates and needles, whereas the regular barytes
was the commercial ground product, consisting of broken
fragments of no regular geometric shape. The samples
were closely alike as regards average particle size and were
compounded on the basis of 20 volumes of pigment per 100
volumes of rubber. The values for 7'/W ratio, Poisson’s
ratio, and permanent set are given below.

TABLE IV
T/W Ratio Perma-
at 200% Pt+ Pw pent Set
Elongation P Py 2 %
Regular barytes......... 1.00 0.50 0.50 0.50 14
Special'barytes...... ... 0.86 0.57 0.42 0.50 32

The stress-strain relationships (taken with the grain at
the correct technical cure) furnish additional evidence of
differences between the isotropic and anisotropic fillers.

TABLE V
Tensile Elongation
3 100% 300% 500% Kg./Sq.Cm. %
Regular barytes....... 7 17 42 132 700
Special barytes........ 18 42 91 160 640

The four properties mentioned above are dependent to a
greater or less degree upon crystal habit, but it is believed
that Poisson’s ratio and the 7/W ratio are almost wholly
dependent on this characteristic.

- LaminaTION ErrEcrs oF THE CURED STOCK

The ability to separate the cured sheet into layers in the
same manner as a sheet of mica may be split is another
criterion which may be used to demonstrate anisotropy. The
pigments that give stocks which laminate are mica, graphite,
_ clay, magnesium carbonate, tripoli, and the special barytes.

Here again the differences between the special and regular
barytes are especially striking. It will be recognized that
these fillers are without exception classed as anisotropic by
other methods.
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VEILS
The familiar silky appearance of the precipitate which
forms_ on adding mercuric chloride to a solution of stannous
chloride, or that due to a suspension of bismuth subnitrate
or vanadium pentoxide in water, has been directly proved

to be caused by the needle or tabular: shape of the solid
particles, and Freundlich* has developed a method for de-
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termining crystal habit based upon the changes in the strength
of the Tyndall beam, depending upon the plane of observa-
tion with respect to the alignment of the particles.  The
presence of this “veil” (German word is “Schlierenbildung,”
meaning veil formation) is a qualitative test for anisotropy
of shape.

If a dilute suspension of the pigment is made in water,
preferably with gum arabic as a protective colloid, agitation
of the suspension will reveal the presence of veils only in the
case of anisotropic pigments. Mica furnishes a very ex-
cellent example of this effect. The size of the particles of
pigment will probably have some influence upon the phe-
nomenon, so it would not be absolutely proved that a pigment
which does not show the effect is isotropic. However, all
the pigments which by other means have been classed as
anisotropic give veils, whereas none of the isotropic pigments
give the effect.

The differences between the special and regular barytes,
which have been noted by the other methods, are strikingly
revealed by this test.

DiscussioN oF REsuLnrs

The experimental results given above were obtained on
stocks which were so prepared as to suppress the grain effects
due to the rubber phase and to accentuate the effects due
to the filler phase so far as this is possible. With this point
clearly in mind, the evidence is positive that the shape of
the filler is a major contributing cause of the changes in the
properties of the stocks. The questions to be answered
therefore are:

1—What shape is necessary to explain these effects?

2—What is the mechanism of the action by which these effects
are produced? :

In view of the known facts that the particle shape of
mica, graphite, special barytes is tablets or placques, and
that tripoli contains a large percentage of tabular diatoms,
the writers are justified in saying that any shape swherein’

4 Physik. Z., 17, 117 (1916).
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any two dimensions are considerably greater than the third
will explain the effects observed.

In answer to the second question as to the mechanism,
the following reasoning is advanced in explanation of the
facts. The following conditions are postulated:

1—There is a union between the partxcles of filler and the
ritbber, which bond may be chemical union, physical adsorp-
tion, surface friction, or mechanical mterlockmg An estima-
tion of the magnitude of these forces is unnecessary.

2—The particles of filler are uniformly distributed throughout
the rubber, this uniform distribution thereby necessitating that
on the average the centers of mass of the particles be approxi-
mately equidistant.

3—In the normal milling or calendering operations, the par-
ticles of an 'lmsotropxc pigment tend to align themselves with
their longest axis in the direction of the calender, and with their
least dimension perpendicular to the plane of the calender.

_ With these conditions in mind it will be obvious that in
the direction of the calender grain the edges of the crystals
will be closer together than in the direction at right angles
to the direction of the calender, which in turn will be closer
than those in the direction perpendicular to the plane of the
calender. In other words, in a given linear distance, the
sum of the lengths of the filler particles will be greatest
with the grain, intermediate across the grain, and least
vertical to the grain. Conversely, the amount of rubber
phase between the filler particles will be least, intermediate,
and greatest with the grain, across the grain, and vertical to
the grain, respectively.

Consequently, to effect a given elongation in any direction,
inasmuch as the pigment phase does not elongate, the rubber
must be streteched to such a point as will give the total elonga-
tion desired. It is therefore evident that the lesser amount
of rubber will have to be elongated to a greater proportion
of its ultimate elongation. This means that a higher stress
must be imposed. This, then, is the reason why a stock
compounded with an anisotropic filler has a stiffer stress-
strain curve with the grain. The stress-strain across the
grain may be equal to or softer than the “with grain” curve
(depending on the ratio of the length to width dimensions
of the particulax ﬁller), but both will be stiffer than the
“yertical to grain’” curve.

Referrmg to the values of permanent set gwen in Table
I1I, it is found that, within each class of pigments, the per-
manent set is greater the smaller the particle size. That is,
permanent set increases with increase of filler surface, and
this fact lends weight to the argument that permanent set
isin part due to a dislodgment of rubber and pigment surfaces,
which, having been cured up in contact with each other, on
removal of the stretching force experience frictional difficulty
or even definite obstruction in becoming readjusted to their
original condition of fit. Since anisotropic particles have
more surface per unit volume than isotropic particles of the
same average bulk, for this reason alone they might be
expected to show greater permanent set.

Furthermore, for anisotropic pigments the greatest amount
of rubber-pigment interface will be involved in this dis-
location under strain when that strain is parallel to the
longest dimension of the pigment—that is, with the grain—
intermediate in value when the strain is across the grain,
and least when the strain is vertical to the grain. Hence,
we should expect the permanent set for the stocks referred
to in Table II to be greatest for the ‘“with grain” stock,
intermediate for the “across grain” stock, and least for the
“vertical to grain” stock. Permnnent—set measurements
on these three stocks gave, respectively, 44, 36, and 30 per
cent.

Mention is made above of the volume increases which
occur when the stock is subjected to strain in the three
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different directions. Schippel has shown that the per cent
increase in volume is largely a direct function of the area of
the particle in a plane normal to the strain lines. The areas
so defined and therefore the values of volume increase, in the
case of these clay stocks, will be least, intermediate, and
greatest, for strains in a direction with the grain, across the
grain, and vertical to the grain, respectively. The values
found were 4.4, 5.5, and 8.1 per cent.

The T'/W ratios obtained when the direction of strain
is always parallel to the length of the test piece, but where
the length of the test piece itself is with the grain, across the
grain or vertical to the grain, furnish a fascinating subject
for speculative analysis.

By an extension of the reasoning used in developing the
explanation for the difference in stress-strain behavior, in
a qualitative way, at least, the causes for the variation in
T/W ratios in different directions can be explained.

Thus, when a strain is imposed parallel to the grain, con-
siderations of symmetry require that the contractive stresses
Since, however,
as has been outlined above, the percentages of rubber phase
in a given linear distance are unequal in the widthwise and
thickwise dimensions, the imposition of equal stresses will
cause equal strains to be set up in the rubber phase but un-
equal total contractions of the material as a whole, since the
pigment phase is rigid.

The exact quantitative differences in the 7'/W ratio in
different directions depend on relative magnitudes of the
average ratios of each pair of dimensions of the pigment
particles, assuming that the particles are perfectly uniform
in shape, size, distribution, and orientation, a condition Wluch
is well-nigh experlmentally impossible.

The T'/W ratios given in Table IV are explainable on
the basis that the length, width, and thickness dimensions
of the typical clay particle are approximately as 5:2 : 1.

The explanation of the lamination effects observed with
typical anisotropic fillers probably is that the bond between
the filler surface and the rubber is less than the tensile of the
rubber itself. Therefore, instead of the rubber tearing within
itself in a haphazard, irregular direction, it separates from
the broad faces of the filler particles. The line of cleavage
is thus defined by the alignment of the filler particles and
lamination ensues.

These explanations of the experimental facts justify the
hypothesis advanced and may possibly give a clearer con-
ception of the structure of compounded rubber and of the
effect of the filler phase upon some of the properties of this
material with particular reference to its anisotropy.

M. Carey Lea—Chemist

America’s contributions to chemistry have been the theme of
years of study by Edgar F. Smith, and through the publication
of these studies he has done more than any other one man to
put the facts of these discoveries and discoverers before American
chemists. The latest work from his kindly pen is entitled
“M. Carey Lea—Chemist.”

Lea (1823-1897) was a student under J. C. Booth in his famous
teaching labotatory, after having studied law and having been
admitted to the bar. His studies after leaving Dr. Booth’s
laboratory were largely carried out in his private laboratory
in his home in Philadelphia. His most important investigations
dealt with picric acid and the picrates, the Pennsylvania coal
seams, the metals of the platinum group, and photography.
His work on photography was decidedly his most 1m‘portant
contribution to knowledge. His only book, ‘‘Photography,”
went through two editions and was extrcmely popular with the
devotees of this new art at the time. Iea was a recluse and was
known personally to few of his contemporaries. His work was
published in the American Journal of Science from 1858 to 1897,
and Chemical News, 1862, contains four contributions from his
laboratory.

The present story of his life is pubhshed privately by the
author in a 12-page pamphlet with an engraving of the subject.
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Selenium 1in Rubber Compounding
By Ira Williams
FIresTONE TIrRE & RuBBER Co., AKroN, Onio
Selenium may be introduced into rubber by the addition of fused yellow through orange,

the chemical analogy

between oxygen, sulfur,
selenium, and tellurium,
that any of these would
produce vulcanization in a
rubber compound. Proba-
bly the most important of
these, other than sulfur, is
selenium, and it has been
shown by Boggs? that sele-
nium may be used as a vul-
canizing agent. It is possi-
ble that the effectiveness

IT IS to be expected from

mixtures of sulfur and selenium. The color produced changes
from yellow to red as the size of the particles of selenium increases.

The crystallization of sulfur in rubber may be induced with
selenium because selenium is isomorphous with monoclinic sulfur.
In this way metastable solutions of sulfur are prevented and the
initial rapid bloom of uncured stocks may be eliminated.

Selenium exerts a dislinct accelerating action upon rubber—
sulfur mixtures, while the actual amount of combination with
selenium is small.

Selenium alone will produce some cure in rubber in the presence
of an organic acceleralor.

The acetone extract of resin from the rubber is apparently re-
duced when vulcanization is carried out in the presence of selenium.

deep red, brown, and finally
to the natural color of cured
rubber. By regulating the
time of cure and the amount
of selenium, any of these
colors may be produced in
the finished stock and will
be quite permanent at or-
dinary temperatures. By
the time the color of the
stock has reached red, par-
ticles of selenium may be
seen under the microscope,

of these materials in the
vulcanization process will
depend somewhat on the effective concentration of the
material in the rubber. While sulfur is quite soluble in rubber,
tellurium is insoluble. The best figures which have been
obtained in the present work place the solubility of selenium
at less than 0.05 per cent at 80° C. Oxygen is somewhat
more soluble, and it is known that cures may be obtained
by means of oxygen without the presence of sulfur. In
the case of sulfur the effective concentration may be very
much increased at temperatures above its melting point, but
in the case of both selenium and tellurium it is impossible to
reach their melting points (217° and 451° C., respectively)
without producing decomposition in the rubber. If the
effectiveness of these elements in producing vulcanization
of rubber is judged by the possible molar concentration, the
elements would then be placed in the order—sulfur, oxygen,
selenium, tellurium. = This order might be affected if a higher
concentration could be produced by such means as intro-
ducing the element in an adsorbed condition or in a finer state
of division. .
Sulfur and selenium are miscible in the fused state in all
proportions, and form a eutectic mixture which melts at 106° C.
and contains 40 atomic per cent of sulfur. Mixtures of
this kind erystallize very slowly, and immediately after fusion
may be milled into rubber to form a master batch which will
keep for an indefinite period. In this manner mixtures of sul-
fur and selenium containing as high as 70 per cent of selenium
may be prepared and held in rubber for use in compounding.
While selenium may be used without first fusing with sulfur,
the equilibrium of the system will be reached quite slowly,
especially at low temperatures, and the same distribution of
selenium cannot be obtained.

COLOR IN SELENIUM STOCKS

The colors obtained by introducing a fused mixture of
sulfur and selenium into rubber are produced by the dis-
tribution of sulfur between the rubber and selenium. In
this manner colloidal selenium is formed. The uncured
stock varies from a bright yellow, when little selenium' is
present in a very fine colloidal state, to a deep orange color
when more selenium is used. Upon curing, the size of the
-colloidal particle slowly increases and the color changes from

1 Presented before the Division of Rubber Chemistry at the 65th
Meeting of the American Chemical Society, New Haven, Conn., Aprit2to 7,
1923,

2 Th1S JOURNAL, 10, 117 (1918).

while if the cure is con-

4 tinued the selenium will

finally gather into spherical crystals which can be seen
with the unaided eye.

CRYSTALLIZATION PHENOMENA

It is a common observation that compounds of low sulfur
content bloom very easily while in the uncured state. This
is due to the fact that the temperature reached during the
milling period is sufficient to cause all the sulfur to go into
solution. Upon cooling, the system becomes metastable
because the rubber is' supersaturated with sulfur. When
the surface of such a stock is touched, crystallization occurs
at that point, and these crystals serve as nuclei for the growth
of the large crystals which quickly appear as bloom.

Metallic selenium, because of its being isomorphous with
monoclinic sulfur, may be used to prevent the formation
of a supersaturated solution of sulfur. If 0.05 or 0.10 per
cent of finely divided selenium is milled into the stock, each
particle of selenium, which owing to its low solubility and the
slow rate at which equilibrium is established at low temper-
atures, becomes a center for the crystallization of sulfur.
After crystallization has taken place a disturbance will not
produce bloom, and the condition known in the industry as
“dry stock’” may in this way be quite effectively avoided.
In a pure gum stock this crystallization requires from 10 to
15 minutes, but since crystallization is slower in the presence
of a large volume of filler, it is necessary to produce more
centers of crystallization by using a larger quantity of sele-
nium. >

JEXPERIMENTAL

As a control for a study of the effect of selenium on cure,

. a simple rubber-sulfur mixture was used. Replacement of

part of the sulfur by selenium was done on a molecular basis.
In each of the following compounds the sum of sulfur
and selenium is equivalent to 6 per cent of sulfur to the
rubber.

Pale Crepe Sulfur Selenium
Stock G. G. G.
47 94.00 6.00 0.00
48 94.00 5,11 2.19
49 94.00 4.51 3.69
50 94.00 3.73 5.60
51 94.00 0.00 14 .80

These stocks were cured at 290° F. in an oil bath which
controlled the temperature to = 0.5° C. The physical prop-
erties of all, with the exception of Stock 51, which showed
no signs of cure after 5 hours, are plotted in Fig. 1. Insuch
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a diagram the rate of cure (not to be confused with time of
“optimum”’ cure), as measured by the rate of change in stiff-
ness of the stock, can be judged by the slope of the first part
of the curve. The addition of selenium has produced an
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increased rate of cure in all compounds containing sulfur.
Stock 48, which contains only 2.17 per cent of selenium, cures
at approximately twice the rate of the simple rubber-sulfur
mixture.  After this the addition of selenium at the expense
of sulfur causes a decrease in the rate of cure until finally a
stock which does not cure at all results. »

There are at least two possible factors which influence
the rate of cure of these stocks.

(1) The solubility of the selenium may be increased until it
becomes an effective vulcanizing agent.
(2) The selenium may act simply as an accelerator.

The mixture of sulfur and selenium having the lowest
melting point contains 62 per cent by weight of selenium.
Stock 48, which shows the highest rate of cure, contains only
30 per cent by weight of selenium in the sulfur-selenium
mixture, but since the selenium is very slightly soluble in the
rubber, the distribution of sulfur between the rubber and the
selenium may be such that the eutectic mixture of sulfur
and selenium is approached. Further addition of selenium
and reduction of sulfur would then result in a higher melting
point and reduced vulcanizing properties. This is probably
true if selenium functions in the same manner as sulfur, but
does not necessarily follow if the selenium acts merely as an
accelerator. That selenium does act as an accelerator is
indicated by the curves in Fig. 1, since the addition of only a
small amount of selenium has greatly increased the rate of
cure, while the selenium alone produced no cure. After
the addition of selenium the decrease in sulfur has retarded
cure in a manner similar to that experienced when the sulfur
is reduced in the presence of an organic accelerator. The
accelerating action (in per cent) is shown further by the
following stocks, in which a small amount of selenium has
been added to a compound already containing an organic
accelerator:

Zinc Aldehyde

Stock Rubber Sulfur Oxide Ammonia Selenium
52 93.00 3.00 3.00 1.00 0.00
53 92.80 3.00 3.00 1.00 0.20

The physical properties of these compounds are shown in
Fig. 2. Both the rate of cure and stiffness of the rubber
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have been increased much more than they would have been
by the addition of either the same amount of aldehyde
ammonia or sulfur. This indicates either a marked activity
as an accelerator or a specific action of selenium which is
produced by neither accelerator nor sulfur.

Neither of these explanations is in itself sufficient to explain
the action of selenium, because, as pointed out by Boggs,
selenium is capable of producing a cure at the temperature
employed if an organic accelerator is added. A stock con-
taining 70 per cent of rubber and 30 per cent of selenium
showed no cure after 5 hours at 290° F. The same stock
with 2 per cent of rubber replaced by 1 per cent of zinc oxide
and 1 per cent of aldehyde ammonia gave a tensile of 1300
pounds after 30 minutes’ cure. The stiffness and strength
slowly decreased upon longer cures until it reached a tensile
of only 900 pounds after 4 hours. This behavior is distinctly
different from that of a rubber mix containing such a high
percentage of sulfur, in which case the stiffness would have
continued to increase.

ANALYSIS OF STOCKS CONTAINING SELENIUM

The determination of the chemical properties is accom-
plished with difficulty because of the presence of both selenium
and sulfur. It is possible by means of an ordinary acetone
extraction to remove some selenium. Bloom which oceurs
on undercured sulfur-selenium stocks is composed of both
sulfur and selenium, so that the mixed crystals of sulfur and
selenium are somewhat soluble in rubber and may be ex-
tracted. Further extraction of selenium after the free sulfur
has been removed is extremely slow. The extraction is made
all the more difficult by the fact that selenium, which is heated
even to temperatures as low as 100° C., tends to assume the
more insoluble form. It is possible that repeated addition
of sulfur to the stock with repeated extractions might be a
means of removing all free selenium. Crystals were found
in Stock 48 after curing for 60, 90, or 120 minutes. Small
strips, each 0.02 inch in thickness, were placed in a Soxhlet
apparatus and extracted with acetone. Although the 60-
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minute cure contained the most crystals, all had disappeared
after 2 hours of extraction. Those in the 90-minute cure had
practically disappeared after 6 hours, while the 120-minute
cure had apparently not changed after 2 days. A micro-
scopic examination revealed the fact that, while the crystals.
were once well formed, they had been reduced during the
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extraction to a series of broken points which, without mag-
nification, still showed the original outline. These changes
again point to the fact that free sulfur is necessary for the suc-
cessful extraction of selenium.

Microscopic examination was made of sections of sulfur—
selenium stocks which were cured to the point where prac-
tically no free sulfur remained. The amount of selenium
present was estimated by counting and measuring the par-
ticles, and, within the limits of accuracy of this method, all
the selenium could be accounted for. This showed that the
amount of combined selenium must be small and is not to be
compared in magnitude with the amount of combined sulfur.
No further efforts were made to determine combined selenium.
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Mixtures of sulfuric and selenic acid may be separated in
acid solution by the addition of potassium iodide. The
iodine may then be titrated with standard arsenite and the
selenium determined, after which the sulfate may be pre-
cipitated. This method cannot be used if a nitrate fusion
has been used in the oxidation of the sulfur and selenium,
unless the nitrate and nitrites are first removed. If the se-
lenium is not to be determined it may be reduced in the
presence of a nitrate, but the presence of nitrites, which are
always produced during the fusion, prevents the precipitation
of selenium. This precipitation is, however, easily accom-
plished in acid solution by either sulfites or stannous chloride.
Combined sulfur was finally determined after removal of
selenium by the addition of the calculated amount of stan-
nous chloride. The following check determinations were
made by this method on a stock of known sulfur and selenium
content:

Selenium Present

2.

0.0103

Sulfur Present Sulfur Found
G. G.

0.0163 0.0162

0.0163 0.0103 0.0159
0.0163 0.0103 0.0167
0.0163 0.0103 0.0169

In Fig. 3 are shown the values for combined sulfur and for
extraction loss of Stocks 47, 48, and 49. In all stocks con-
taining selenium, the same stiffness is reached with lower
combined sulfur. This resembles the action of stocks con-
taining an organic accelerator. The extraction loss of the
rubber—sulfur mixture reaches a minimum of 3.3 per cent at
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240 minutes’ cure. This is slightly more than the normal
resin content of the rubber. In all the selenium stocks a
minimum extract of only slightly more than 1.5 per cent is
found. This is approximately 1.1 per cent below the original
resin content of the rubber.

Although selenium alone or with an accelerator is some-
what effective as a vulcanizing agent, it is apparent that it
functions chiefly as an accelerator when used with sulfur.
All accelerators in common use, whether organic or inorganic,
are chemical compounds, but here is a case of the increased
action being brought about by an element. Complications
arising in the study of the accelerators of vulcanization can be
greatly reduced by the elimination of many uncertain de-
composition products, if selenium is used as the accelerator.
The action between accelerator and sulfur is also reduced to
a more simple state. It is possible that a study of the
action of selenium in rubber will throw more light on the
nature of acceleration.

A Ball-Mill Electrolytic Cell!

By Alexander Lowy and Alfred R. Ebberts

UNIVERSITY OF PITTSBURGH, PITTSBURGH, PA,

DURING the course of an investigation in this laboratory

of the electrolytic oxidation of anthracene, a novel
type of cell was designed and constructed. - Certain solids
in suspension have a tendency to aggregate under the action
of the current. Also, when the superficial layer of any
particle has entered into reaction, it prevents or slows up the
action on the central portion of the particle. To prevent both
of these undesirable effects this cell was designed.

The stirrer was equipped with paddles to produce a swirl-
ing motion in the electrolyte, and glass balls were introduced,
which were carried rapidly round and round by the swirling
liquid. The thermometer and one electrode were raised
enough to allow the balls to pass under them. The other
electrode was on the bottom of the beaker and a connection
for it was sealed in the glass. For large balls several glass
marbles, such as children play with, were used, and for small
ones the solid beads
furnished for Hem-
pel fractionating col-
umns. The size of FEA LIS,
ball must be deter- ﬂ
mined by conditions.
Mercury as electrode
has the advantage
of not requiring seal-
ing into the cell, and
also that no trou- e || [
ble due to solids ad- BT
hering to the elec- - = -
trode surface is ex- S L
perienced. Thesolid
anodes used by the
authors were sealed
in place with Red-
manol cement, which
was found to be very satisfactory. Heat should be supplied
by bath only. Direct heating causes the dissolution of the
cell due to the different coefficients of expansion of the ma-
terials used and the excessive local heating.
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Some of the.’Constitue'n't-s of Coke-Oven Tar'

By John M. Weiss and Charles R. Downs

50 Easr 41st St., NEw YoORK, N, V.

~NHERE is a rather popular idea that anything can be
found in coal tar, based on the assumption of the
layman that coal-tar products are in general found
in tar itself. Even the technical man is under some mis-
apprehension, as Lunge in his book on “Coal Tar and Am-
monig’’ lists some two hundred odd substances which various
investigators have claimed to have found in tars from various
sources, including such widely differing types as blast fur-
nace, peat, lignite, and wood tars, as well as the various
tars from bituminous coal. The type of tar produced in
greatest quantity in the United States is coke-oven tar, so
it seems that more exact information on its composition is
desirable. The past exact knowledge is largely confined to
the light oil below 200° C., the tar acids, and the tar bases,
all of which are comparatively easy to separate and examine.
The present communication is designed to throw light on
the composition of the neutral oils boiling above 200° C.,
both as to the principal compounds present and their amount.
Naturally, a study of the composition of all varieties of Amer-
ican coke-oven tars would be a very long investigation, but
the composition of the average coke-oven tar is of interest
to show what compounds are commercially available. The
results can be accepted with the usual reservations which all
conversant with the tar industry make because of the vari-
ations in the raw material of the industry. The work de-
seribed comprises two phases—qualitative and quantitative.
The qualitative test involved a larger sample than chem-
ists are wont to use in their analyses. About 20,000 gallons
of coal-tar distillate oil were handled, the tar acids and bases
removed by extraction with caustic soda solution and dilute
sulfuric acid, and the extracted oil was settled to remove the
hydrocarbons crystallizable at normal temperature. This
left about 10,000 gallons of neutral settled oil, which was
distilled in the most refined type of vacuum column still.
The distillate was collected in 100-gallon fractions, and these
fractions were taken for the laboratory qualitative ex-
amination, first, to determine the existing compounds, and,
second, to develop quantitative methods for estimation of
these compounds. In this paper the detailed results of the
preliminary experiments are not given in full, but rather a
skeleton of this phase of the work and the final general con-
clusions reached. ‘

METHYLNAPHTHALENE

The separation of a- and f-methylnaphthalenes was under-
taken from the fractions of oil boiling between 235° and
247° C. After a number of fractional distillations and crys-
tallizations, fairly pure samples of the two isomers were ob-
tained. The B-methylnaphthalene was crystallized four-
teen times from alcohol and finally showed a solidifying point
of 35.1° C. and an index of refraction at 40° C. of 1.6028.
The melting points of successive crops of crystals had not
become absolutely constant, but were nearly so.

The a-methylnaphthalene was purified by recrystallizing
the picrate and decomposing it. The melting point of the
picrate was 123° C. and the index of refraction of the hydro-

1 Presented before the Division of Organic Chemistry at the 65th
Meeting of the American Chemical Society, New Haven, Conn., April 2 to
7,:1923. 55

_ethoxy-3,4-diaminobenzene.

carbon at 40° C. was 1.5882. There was therefore sufficient
difference in the indices of refraction to use this constant as
a method of estimation, if only the two isomers were present
in a mixture. The constant is seriously depressed by the
presence of paraffins in the oils which may amount to 4
per cent. All other impurities, however, can be removed and
the paraffins estimated and their effect on the index of re-
fraction calculated from the determined value for their in-
dex of refraction at 40° C. of about 1.4316. The writers did
not go further into the properties of the monomethylnaph-
thalenes, as at this point they had sufficient data to enable
them to make reasonably approximate estimates of the meth-
ylnaphthalene content of oils, and had concluded, further,
that in general, with the products investigated, the propor-
tions of a- to B-methylnaphthalene were 1.45 to 1.00.

The fractions containing the methylnaphthalenes were
examined for trimethylcoumarones, with negative results.
The fractions just above the monomethylnaphthalenes con-
tained dimethylnaphthalenes in complex mixture. No at-
tempt was made to separate the individual isomers, but they
were estimated en masse by fractional distillation.

. DIPHENYL

This body was estimated in several of the fractions by sulfo-
nation at 40° to 50° C. with concentrated sulfuric acid and
pouring the sulfonated mass into an excess of water. By ex-
traction with ether, a crude diphenyl was obtained which
was purified from admixed paraffin hydrocarbons by crystal-
lization from alcohol. The richest fraction contained only
8 per cent of the crude material, and, based on the original
tar, the amounts present were only around 0.1 per cent.

FLUORENE

The fractions in which fluorene should be present were

nearly solid and the separated pressed solids were nearly

pure material, merely requiring a wash with sulfuric acid and
redistillation to remove small amounts of resinifying hydro-
ca;bons.

ACENAPHTHENE

The fractions in this range acted very similarly to the
fluorene fractions, and the isolation of acenaphthene was not
difficult. The separated liquid oil from acenaphthene, as
well as that from fluorene, was not examined very thoroughly,
as on redistillation it gave considerably more of the parent
hydrocarbon and the actual amounts of true liquid oil were
materially lessened. )

PHENANTHRENE

The development of a direct method of analysis for phen—A
anthrene in crude solids was a long and tedious task. The
method finally perfected involved the formation of phenan-

-thraquinone by oxidation in glacial acetic acid solution with

iodic acid and the precipitation of the phenanthraquinone
in weighable form by either 1,34-toluylenediamine or 1-
The details of this form the
subject of a paper by Williams.? In connection with the

27, Am. Chem. Soc., 43, 1911 (1921).
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work pure phenanthrene was prepared and found to have
a melting point of 99.6° C.

MISCELLANEOUS

Naphthalene, anthracene, and carbazol were separated and
estimated in the usual way in the solids from their fractions.
Diphenylene oxide was sought, with negative results. Above
the anthracene oils are obtained the last oils from the dis-
tillation of tar which can be roughly separated into yellow
solids, greases, and resinous bodies—all of unknown compo-
sition and affording fields for further research work. The
separation of these products has been described by Bailey
and Boettner.? The yellow solids have been shown to con-
tain chrysene and picene, and are a rather complicated mix-
ture.

As exemplifying the work, the results obtained on one of
the still runs of higher boiling oil are shown graphically in the
accompanying curve. Still temperatures are not given, as
under a varying vacuum they are of. very little value. In
-the greater portion of the range over 70 per cent of the com-
pounds present were actually definitely determined. The
percentages of acenaphthene and fluorene as determined are
probably somewhat low and account partly for the drop of
the total curve between Fractions 16 and 23. The fractions
also vary in paraffin content from 2 to 5 per cent and from 5
to 7 per cent in unsaturated hydrocarbons, but as these have
not been determined in all fractions in this set, they were
omitted. If included they would bring a considerable por-
tion of the total curve close to 100 per cent. The naph-
thalene and monomethylnaphthalene end is not character-
istic as these had been largely removed by a previous dis-
tillation.

CoNSTITUENTS OF TAR

. With the data obtained in the preliminary work a new start
was made. A mixture of four representative coke-oven tars
- with a specific gravity at 15.5° C. of 1.186 and a benzene
insoluble of 10.6 per cent was selected, and was run first in
the plant and then in the laboratory, distillation losses being
eliminated by equation as the work proceeded. The net
final results are shown in the following table:

CONSTITUENTS OF TAR
Per cent by Weight
on Dry Tar
Light oil:
Crude benzene and toluene. ..o i i i i v iiie e 0.
Cotimarone;iindene etc il E e a Tl RS la v iy b alsis v 0.
Xylenes, cumenes, and 1 O I L 7514 o s wia ey la's s b

* Middle and heavy oils:
N A Pt a1 R e ava sty AT Ta s prs pia ae oo aTh 4 4 el ka0l 10.
‘. Unidentified oils in range of naphthalene and methyl-
ST b U S TR e e s Scaenion S el s S U e i |
a-Monomethylnaphthalene. ... 1
B-Monomethylnaphthalene, ... 1
DimethylngpRthalenes e s e s sies bt aivre crefeh s 00 .'; $
1
1
1

oW

Adenaph e e e 5t o0 e fort et s s ot e S Tasabb o ars s A ve NN e
Unidentified oil in range of acenaphthene £%
Fluorene, ... .o iii il

Anthracene oil:
Phenanthrene 4
Anthracene: it oan 1
Carbazol and kmdrcd nonbasic nitrogen-containing bodies 2
Unidentified oils, anthracene range, ........covereiinan 5.

0
1

3 50 T () B A R g e S e S S T A s S S ST P L U RO TS
Phenol homologs (largely cresols and xylenols)..............
Tar bases (mostly pyridine, picolines, lutidines, quinolines,

and acridine) s e il e oo sa e sl e e Aatasp LTS 2,
Yellow solids of pitch oils. ........
Pitch greases it i iy
‘Resinous bodies, ., ... ...
Pitch (460° F. melting point). .

NBho® O rEHO NEORRNON ©

—
o’
(=]
o

(COTATAS S Ses

The general composition of the distillate portion of the
tar is fairly well accounted for, the unidentified material in
the lower ranges being inconsiderable (largely unsaturated
hydrocarbons and paraffins or hydro-aromatics), the greater

U. S. Patent 1,355,108 (October 5, 1920),
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part of the unidentified materials occurring in the oils of the
anthracene range and the solids and gréases just below the
hard pitch.

It is, of course, to be borne in mind that these results
represent the composition of a mixture of several coke-oven

TorAL

oI

4B BFEEIN
I
A\

NN
L\ 5

PER CENT B WEIGHT OF CONSTITUENT

\ £ i I T
= ||, | B —
ey e e Ty oy Wy T L R T gy 4 By T R T K I TRy Ar 1] 4
FracTion NumBER

A-—NAPHTHALENE, B-—MONOMETHYLNAPHTHALENES,
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PHENANTHRENE, H-—ANTHRACENE. I—CARBAZOL

C-—DIPHENYL.
F—FLUORENE. G—

tars, and other mixtures or single varieties of these might
show different percentages of materials, but these variations
cannot be estimated at present. The amounts given should
not be taken as commercially recoverable, as it would not
ordinarily be practicable to refine oils to the extent necessary
to obtain all of any given constituent.

The most notable feature of the results is the comparatively
few compounds existing in the tar in appreciable amount,
probably not over one-quarter of those popularly supposed
to be there. The fact that phenanthrene is the second most
abundant chemical in tar is also surprising and indicates the
desirability of work to effect its chemical utilization. The
higher boiling resins and greases are worthy of attention by
future chemical investigators, as they are present in con-
siderable quantity, and further amounts of the resins are
left in the 460° F. melting point pitch, although this (con-
taining from 50 to 60 per cent of free carbon and considerably
harder than ordinary commercial pitches) is very close to
pitch coke. The method of tar distillation was such as to
minimize cracking, as shown by the fact that the 460° F'
pitch was entirely fluid when drawn from the still.

The writers believe that the results given are new and afford
a better picture of the constituents of American coke-oven
tar than has heretofore been available. They may serve to
correct many misconceptions which have been prevalent in
the past, and should indicate certain fields in which effort
toward the isolation and utilization of coal-tar products is
desirable. ;

A New Ethylating Agent

For some time the Mellon Institute of Industria IResearch,
University of Pittsburgh, Pittsburgh, Pa., in connection with
the work of the Multiple Industrial Fellowship sustained by
the Carbide & Carbon Chemicals Corp., of New York City,
has been making a thorough investigation of the properties
and uses of diethyl sulfate as a general ethylating agent. A. R.
Cade, an industrial fellow of the institute, under whom the greater
part of this work has been carried out, has published recently
a report of the findings of this investigation, which report shows
diethyl sulfate to be a most satxsfactory general reagent for
introducing ethyl groups into organic compounds.

Mellon Institute will be pleased to furnish samples of this
material to those interested, and Mr. Cade will correspond gladly
with any one who desires further information upon this sub-
ject. Reprints of the article referred to may be obtained by
writing to Mr. Cade at the mstltute
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The Surface Tension Balance'

Apparatus for the Rapid Measurement of Surface Tension

ITH the increas-

\/ \/ ing application of
physical and col-

loidal chemistry to biologi-
cal science and the indus-

tries, surface phenomena

By Robert Gladding Green

UNIVERSITY OF MINNESOTA, MINNEAPOLIS, MINN,

A new lype of surface tension balance is described, an apparatus
utilizing the drop weight method of measuring surface tension of
liguids. Less than five drops of liquid are necessary for measure-
ment. No calculations are used and the drop weights are not actually
determined. The surface tension is indicated upon the scale di-
rectly in dynes per centimeler.

Type A balance is similar
in design to the apparatus
described in the preliminary
paper.* Here the balance
beam swings to an angular
position when a drop of the

are being recognized as of

great importance and the

measurement of surface tension is accordingly becoming a
very common procedure. IExperimental work involving
large numbers of surface tension determinations has been
carried on in these laboratories for a number of years,
and a special study has been made to develop apparatus and
methods suitable for biochemical investigation. While ra-
pidity of measurement has been considered of prime im-
portance, it has been required that the procedures give
standard values of reasonable accuracy. For results of dif-
ferent investigations and of various investigators to be com-
parative, it is essential that data be reported in true standard
units. All methods of surface tension measurement re-
quire correction to give standard values, but as the cor-
rection in case of the drop weight method can be made so
small as to be negligible, this method has been adopted for
general use. For use with the drop weight method two types
of torsion wire balances have been developed. Such an
apparatus has been termed a surface tension balance.

A torsion wire balance was used by Searle? for the measure-
ment of surface tension, the degree of torsion being deter-
mined by the use of weights. DuNuoy? introduced the pro-
duction of torsion in one end of the torsion wire, and also
its indication by means of a scale divided into degrees. In
a preliminary description of this apparatus* an adjustable
scale has been introduced, which has made.it possible to
express the torsion of the wire in standard units of surface
tension so that readings are made directly in dynes per
centimeter.

DESCRIPTION

The two types of our surface tension balance are designated

‘as Type A and Type B. The apparatus built as used in
these laboratories is easily convertible from one type to the
other. In general, the apparatus consists of three mechan-
ical parts, a dropping pipet, a balance beam mounted upon
a torsion wire, and an adjustable scale. The dropping
pipet is similar to those used for actual drop weights. The
balance beam (CB, Tig. 2) supported by the torsion wire
D carries at one end a silver cup, C, pivoted upon watch
jewels. The adjustable scale consists of a series of arcs of
the same radius, but the segments are of different lengths
and each segment is divided into the same number of units
by lines normal to the arcs. This division into units is
different in Type A and Type B. The scale face is movable
horizontally so that. any one of the series of arcs can be
moved under the end of the pointer. The scale is so con-
structed in relation to the size of the torsion wire that the
units represent surface tension in dynes per centimeter.

1 Received April 28, 1923.

2 Proc. Cambridge Phil. Soc., 17, 285 (1914).

3 J. Gen. Physiol., 1, 521 (1919).
¢ J. Bact., T, 367 (1922).

liquid to be measured is

dropped into the cup. The
adjustable scale is so placed that the end of the beam oppo-
site the cup acts as a pointer and swings over the scale face
indicating the surface tension in dynes per centimeter. At
the angular position of equilibrium the force acting upon
the balance beam may be expressed by the equation O¢ = wry
cosO, where © = angle of torsion of the wire, ¢ = torsion con-
stant of the wire, w = weight of liquid drop used, and r =
length of balance beam from torsion wire to cup. This may

()
cosO ;
have Tate’s law, v = kw, where v = surface tension and

k = constant. Combining the two equations, we have
0

This relation indicates that a scale reading surface tension
directly in dynes per centimeter when used on this type of
balance must be so constructed that the size of the units
will decrease as the angle of torsion increases. As the rela-
tion between © and cos© is purely geometrical, such a scale
can be accurately constructed, and is pictured in Fig. 1.

be written w=k ——> as ¢ and r are constants. We also

Type A surface tension balance is the simplest and most

rapid to’ operate. It has a limitation of accuracy as the
function ©/cosO decreases rapidly with large values of ©.
%

%
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F16. 2—TyPE B SURFACE TENSION BLOWER

This type of apparatus is calibrated by the use of a standard
solution, preferably with a low surface tension, as benzene,
and finds its application where rapidity and ease of manipu-
lation is desired.

Type B apparatus is pictured in Fig. 2. In this type
the balance beam at equilibrium is in the horizontal posi-
tion, the zero point being determined by the indicator
K. Angular displacement of the balance beam due to
the weight of the liquid dropped into the cup is counter-
balanced with torsion produced by rotation of one end of
the wire. As torsion is produced in the wire by means of
the wheel W, the pointer P moves over the scale face and
indicates the surface tension of the liquid in dynes per centi-
meter when the balance beam is again in the horizontal
position. At equilibrium the balanced forces are expressible
in the notation used above as ©¢ = wr, and combining this
with the law of Tate, v = kO, indicating that in this
type of apparatus the units representing surface tension
are proportional to the angles of torsion. Such a scale is
shown constructed in Fig. 3.

CALIBRATION

The pointer is set at zero dynes and the balance beam
brought opposite the horizontal indicator. Two or three
drops of pure water (or other standard liquid of.known
surface tension) are dropped from the dropping pipet into
the cup. The beam is balanced in the horizontal position
by torsion in the end of the wire, the pointer moving to some
angular position upon the scale face. In the case of water
at 25° C., this angular displacement represents 72.8 dynes.
On the scale face among the series of arcs there will be found
one which will correspond to this angular displacement and
will be divided into 72.8 units. The scale face is moved
laterally until the reading off the end of the pointer is 72.8
and the apparatus is calibrated. This process is carried out
quickly and conveniently each time the balance is used or
the pipet cleaned, and it is also desirable to check the calibra-
tion after running a series of measurements. The pipet
is the only part of the apparatus to be cleaned, as the cup
need only be dried and the balance beam checked for zero
reading. With pure water and careful manipulation re-
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peated calibrations of the instrument will check within one
or two tenths of a dyne.

The number of drops used depends upon the size of the
torsion wire; two or three drops have been found very con-
venient. The adjustability of the scale allows for a varia-
tion of 30-degree angular displacement of the pointer, and
this coupled with the choice of size of torsion wire used and
the number of drops employed gives the apparatus great
flexibility.
~ Evaporation and temperature are the gross sources of
error. With water and watery solutions the evaporation
error is minimized in that calibration and measurements
are made under similar conditions of evaporation. The
temperature error may be made small by control of room
temperature or by frequent calibration.

It is essential that the water used in calibration of the
apparatus be very pure, as minute traces of some substance
markedly reduce surface tension. It has been practice to
use freshly redistilled water for calibration of this instrument,
accepting the surface tension of this liquid as 72.8 dynes
ati2028C:
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New Uses for Wood

Chemical research is revealing new uses for wood that were
not dreamed of a few years ago, declares the Forest Service,
Department of Agriculture. One example is that of the ex-
tended use of pulpwood, not only for paper products, but also
for fiber contamers, wall board, and similar forms of material.
Wood is already in use for the making of artificial silk, rope,
carpets, and other fabrics.
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The Viscosity of Coke-Oven Tars and Soft Pitches'

HE general shape of

I the viscosity-temper-
ature curves for the

tars and pitches when plot-
ted on ordinary coordinates
isillustrated by Fig. 1. The
sharp bend is characteris-
tic. The smooth yet rapid
transition of the coal-tar
pitch aggregate from a
liquid so viscous that it is
brittle to a mobile fluid re-
sembles in general the cor-

“to the calculation of the pressure drop in pipe lines.

By Wilbert J. Huff

Tur KorpERS COMPANY, PITTSBURGH, PA.

In the utilization of tar and soft pitches as liquid fuel, probably
no property influences the design of pumps, piping, and burners
more than the change of viscosily with temperature; yet, to the chem-
ist and engineer secking information on this property very little
is available in the lilerature.

This paper gives the results of a bncf study of this properly using
a number of typical coke-oven tars and their very soft pitches. The
resulls are expressed in such units that they may be applied directly
Directions
and formulas covering such calculations are also appended.

The viscosity data should also prove useful for still and con-
denser design in connection with the carbonizing or tar-distilling
plant.

The chief objection to
the Stormer viscometer lies
in the friction factor. With
no liquid in the instrument,
_the spinning of the cylinder
for 100 revolutions requires
some time. Fig. 2 gives the
time required for-100 revo-
lutions with different driv-
ing weights with no liquid
present. It shows, as ex-
pected, that withincreasing
driving weight the curve

responding change in typi-

cal emulsoid colloids, and

there is at present little reason to doubt that lngh—tem-
perature coal tar and its pitches are colloidal systems. Con-
sidering . the wide industrial applications of these materials
and the importance of physmal properties in determining such
applications, it is surprising that the theoretical dcvelop—
ment of these has received so little attention.

Today the industry is controlled by a series of empirical
tests, such as float tests, penetration tests, so-called “melting
point tests,” slide tests, and “free carbon” tests, whose
correlation is very lmpelfectly understood. This leads to
considerable confusion in the compilation of specifications,
and throws upon the industry a diversification of demands
which entails heavy expense. Such empirical tests either
deal largely and more or less directly with the change in vis-
vosity with temperature, or, as in the case of “free carbon,”
deal with constitutive properties which affect the change
of viscosity with temperature. The shape of the curve
would, therefore, appear to be of interest to the manufacturer
and purchaser of coal-tar aggregates.

DETERMINATION OF VISCOSITY

Tollowing German practice, coal-tar laboratories in this
country have, in general, adopted the Engler viscometer.
Recently the Saybolt Universal viscometer has met with
favor. These instruments are, however, rather unsuited
for the technical determination of the higher viscosities dis-
played by many tars at or near room temperature, or by
pitches at temperatures often much higher than room tem-
perature. To meet this need, such laboratories have gen-
erally employed the Stormer viscometer, and the data here
presented were obtained by this instrument.

This is essentially a rotating cylinder driven by a known
weight.
Sabin?® for the examination of paint. = Its limitations have
been discussed by Riggs and Carpenter.® Recently it has
been used by Higgins and Pitman® for the determination of
the absolute viscosities of pyroxylin plastics. The last-
named writers found that the determinations, properly cor-
rected, gave very satisfactory values provided the viscosities
were greater than 15 centipoises.

" 1 Presented before the Section of Gas and Fuel Chemistry at the 65th

2

Meeting of the American Chemical Socnety, New Haven, Conn., April
to 7, 1923.
2 0il, Paint Drug Rep., 27 (1911), through Petroleum 6,'2184 (1920).
3 Tris JOURNAL, 3, 737 (1911).
4 Ibid., 4, 901 (1912).
5 Ibid., 12, 587 (1920).

It was described by Stormer? and by Rogers and

approached parallelism with

the z-axis asymptotically,
while with increasing times it approached parallelism with the
y-axis asymptotically, and suggests a hyperbola. Deter-
minations of points on the curve with driving weights less
than 10 grams proved difficult, because slight variations in
the character of the initial impulse seriously affect the time
required for 100 revolutions.

Since the curve approaches parallelism with the respective
axes with high driving weights and high times, the instru-
ment appears capable of giving comparative viscosities under
these conditions, especially when the driving weight remains
constant throughout, a precaution observed in the experi-
ments reported herewith.

Thus, Higgins and Pitman found that sufficiently high vis-
cosities with high driving weights gave values which could
be expressed by the straight-line equation V' = At — B,
where B is the correction factor.

An attempt to determine, for the instrument employed, the
constants of the Higgins and Pitman equation, using as
calibrating liquids two glycerol solutions having densities
lying in the region from 1.20 to 1.23, however, gave a slight
positive value for B.. This may have been due to some un-
known experimental error, or to the doubt which lies upon
the true viscosities for solutions of glycerol in this region.®
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The readings were, therefore, converted to absolute vis-
cosities as follows: ;

The time for a carefully calibrated petroleum oil having a vis-
cosity of 29.9 centipoises was found to be 13.5 seconds with a
driving weight of 126.9 grams. The weight necessary to over-

<8 Hefschcl, Bur. Standards, Tech. Paper 112, 23.
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come the friction of the empty viscometer at a time of 13.5 sec-
onds was determined from Fig. 2 and subtracted from the driving

weight. For each observation a similar correction was made.
‘When the time was greater than 25 seconds a constant value was
?ullatractcd. The absolute viscosity was then calculated as
ollows:

Observed time for tar or pitch Corrected weight for tar

29.9 = i q
: 28 Observed time for petroleum oil Corrected weight for petroleum
7 oil
i
b
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This procedure is not entirely satisfactory and involves
certain assumptions not strictly true.
give absolute viscosities sufficiently accurate for engineering
purposes. Moreover, most of the viscosities of the tars and
pitches measured are so high that they are undoubtedly
comparative wnler se. The general form of the interpolation
equation to be discussed later is, therefore, not seriously
affected by the friction correction.

Much of the criticism of Riggs and Carpenter against the
Stormer viscometer may be dismissed, because it was based
upon determinations made in the region where the friction
correction curve undergoes a sharp bend. The instrument
does, however, possess a number of faulty features. Thus,
the bath is too small, making the maintenance of constant
temperature difficult, and the mechanical suspensions faulty,
so that it is necessary for the operator to be constantly on
guard against improper alignments.

There is a great need for a satisfactory viscometer of this
type. The absence of easily procured calibrating liquids
of high viscosity has hitherto hindered the introduction of
the McMichael viscometer.

ScopE oF THE DATA

‘A survey of present practice at a number of plaﬁts using -

tar as a fuel showed that these installations in general had little
or no difficulty in handling this material where its viscosity
was less than approximately 100 centipoises, but that pump-
ing troubles were generally encountered when the viscosity
rose above this figure. - This study was, therefore, directed
towards the shape of the viscosity-temperature curve in this
region.

The pitches examined were representative dlstlllatlon resi-
dues whose viscosity in general could be reduced to approx-
imately 100 centipoises or less within the range of steam heat-
ing. . :

Viscosiry-TEMPERATURE CURVE

Tigs. 3 and 4 illustrate typical data so obtained. The
viscosity-temperature relationships can best be  shown
graphically on log-log codrdinates in which the temperature
in degrees centigrade is plotted against the viscosity in centi-
poises, since the resulting graph is a flat curve which for all
practical purposes may be regarded as a straight line.  Thus,
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fgr interpolation purposes, the viscosity-temperature equa-
tion may be expressed as

K

log z = log K—n log T, or = T

where z is the wscosxty K is a constant, n is a constant, and
T'; is the temperature in degrees centlgradc.
: A similar equation is given by Bateman? for the change
in the viscosity of high-boiling creosote and carbolineum
oils with change in temperature. It is perhaps of interest
to point out that these interpolation equations form only
a special case of the rather general empirical equation em-
p!oyed by Thorpe and Rodgers in their classical work on
viscosity—viz.,
Sl

o (DEEiT)n
This was first proposed by Slotte.5?

In order to indicate possible variations in the ch.n acter
of the viscosity-temperature curves for a number of different
tars and their soft pitches, the writer has plotted such data.
In every case the points on log-log coordinates obeyed ap-
proximately the straight-line relationship shown on Figs.
3and 4.

From the slopes and intercepts of the various straight lines
the following approximate values for K and n were deduced:

~——Logarithm of——

CoNpITION K% n
Tar 8742
Raw tar +2-8,23 3.66
20.2% oil ofi 16.10 7.03
22.7% oil off 16.25 7.00
26.2% oil off 16.90 7.22
Tar 9522
Raw tar 8.04 3.56
15% oil off 13.52 5.80
189, oil off 13.82 5.85
20% oil off 14.90 6.30
Tar 9523
Raw tar 8.05 3.52
199% oil off 14.50 6.20
22.3?’ oil off 16.00 6.85
26,29 oil off 18.30 7.25
2 Tar 9524
Raw tar 6.10 2.58
21.29% oil off 12.90 5.85
22.69% oil off 13.15 5.65
27% oil off 14.40 6.20
Tar 9525
Raw tar 10.52 4.44
7.29% oil oft 15.50 6,59
14.29 oil off 17.20 . 7.06
Tar 10859
Raw tar 6.98 3.13
22.6% oil off 12.30 5.26
a All logarithms given have 10 as the base,
2
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1U. S, Dept. Agr., Bull, 1036, 54,
8 Bingham, “‘Fluidity and Plasticity,” 1922, p. 130. McGraw-Hill

Book Company, New York City.
9 A more exact approximation curve would probably be obtained if
this general equation were used. It is, however, cumbersome,
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It should of course be remembered that these constants apply
only to temperature and viscosity conditions within or near
the limits adopted for this study.
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Viscosity oF TAr AND OTHER PROPERTIES

The variation in viscosity from tar to tar suggests the in-
teresting possibility of some correlation between this prop-
erty and other properties. Unfortunately, data upon these
tars were accumulated to meet certain technical exigencies,
and, at the time, the compilation into a viscosity-temperature
study was not contemplated, so certain relationships which
might be of interest could not be developed. Following is
some of the information available:

Crude Naphtha- Anthra-

Specific Free Tar lene cene
Tar Gravity at Water Carbon  Acids Cake Cake
No. 15.5°/4° C. % % ) % %
8742 1.183 1.5 4.86 2.6 352 110
9522 1.149 2.3 (a) 1.5 2.5 1.5
9523 1.165 1.5 7.07 157, 4.3
9524 1.163 1.0 6.35 0.3 10.5
9525 1.237 3.0 (b) 0.7 3.5 1.2
10859 1.166 2.0 1.4 5.8 1.9

a Another sample gave 4.28 per cent free carbon.

et

per cent free carbon,

The relative oil-pitch
yields may be judged
by reference to the
table of constants just

|
| EAY
— preceding.
I \ AL TAIE OF
J[ETEAR
EZA

b Another sample gave 1

8 Q9325

\ c

o lies
ANGTROE

e The percentages of
tar acids given are the
percentages of crude
acid actually recovered
\ from the 170° to 235°
‘\ C. fraction, while the
\‘ percentages of naph-

)\

\

o RC

o thalene represent the

Gl weights of dry naph-
\/ thalene cake actually
\l recovered from the
e 170° to 270° C. frac-
tions.  The distilla-
tions were made in‘a 5
X 7.5 inch, Jayne type,
tar still, using a 400°
s C. thermometer, meet-
: ing the thermometer
specifications of A. S. T. M. D-20-18. All data were calcu-
lated upon the raw tars, save the free-carbon values. These
were calculated upon the dehydrated tars, as is customary in
free-carbon tests.
® It is generally held that the viscosity of a coal tar is re-
lated to its specific gravity and its free-carbon content.
Unfortunately, data upon the free-carbon content of these
tars were not complete. For another series of tars, however,
viscosity,® specific gravity, and free-carbon data were availo

10 The viscosities shown in Figs. 7 and 8 were determined by means of
the Saybolt Universal viscometer.

Frrcenz Taw Acios.
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able and these are shown graphically in Figs. 7 and 8. A
graphic comparison between the viscosities of the tars listed
above and their percentages of crude tar acids and crude
naphthalene cake is shown in Figs. 5 and 6.

The data are insufficient to formulate a complete explana-
tion of the viscosity of coke-oven tars and their pitches and
the change of viscosity with temperature. If speculation is
in order, it is interesting to suppose that the pyrogenetic
polymerization of the oils and simple chemical compounds
to the pitch bitumens, with the attendant formation of free
carbon and increase in density, brings an increase in the aver-
age size of the constituent particle, with an increase in vis-
cosity. The decrease in viscosity with rising temperature
may be due largely to a degeneration of the loosely bound
bituminous aggregates.

Whether such speculation may in the future be shown to
have a firm foundation in fact or not, the data just presented
indicate that an association does exist between the viscosity,
free-carbon content, and specific gravity, but that such an
association is by no means exact. The quantity of any simple
chemical individual, such as naphthalene or phenol, is ap-
parently not 1n(hcat1ve of the viscosity.

The exceptionally viscous tar listed above (9525) is high
in free-carbon content, water content, specific gravity, pitch
yield, low in oil yield, and rather low in naphthalene and
tar acids.

CHANGE oF ViscosiTy oF TARS AND PrrcHES witH CHANGING
O1, CONTENT

The experimental values detailed here do not show accurate
correlation between the volume of the oil distilled from the
tar and its increase in viscosity with such distillation. This
is no doubt partly due to the fact that distillation losses of
varying magnitudes occurred in the preparation of the
pitches, but many other factors enter. Thus, it is well
known that the oils I

themselves undergo an [ | | | I et [ [

Z : oA i
increase in viscosity [T B

. . Viscosiries oriamp——t-——
with continued heat- || A E T P e e e R

e Nasmacine.

ing, ultimately giving
the pitch resins or the
free carbon, and that
this increase depends
upon thermal condi-
tions and other varia- |-
bles. The character of [}
the pitch obtained at
a given oil yield may
therefore vary = with

[ovai

=
go-_~
1 — 1]

A minor error is the
partial crystallization [0}
of the distillates.!* Our
present, information is
too limited to permit a
correlation to be calcu-
lated from any theoret-
ical considerations.

Fercovrasds arty P

Tic. 6

The tar distiller and the project engineer, however, will
find it necessary to estimate this change in some manner.
Given the viscosities of the tar and one pitch, a simple method
of approximating the viscosity of a pitch not greatly differ-
ent is to assume that the change in temperature for viscos-
ities of approximately 100 centipoises is linear with the
amount of oil distilled from the tar. The new curve is then
drawn on log-log coordinates parallel to the pitch curve al-
ready known.

11 Huff, Tais JourNarL, 10, 1017 (1918).
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In cut-back operations, where the oil is added to the pitch
and the viscosity of each is known, the viscosity of the mix-
ture may be calculated from an equation given by Bateman!?
—viz,, V,p = (Vi?)(V2—?) where V,,is the viscosity of the
solution, V; the viscosity of the tar, and V. the viscosity of
the oil, and p is the percentage of tar used expressed as a
decimal.

APPLICATION OF THE
ViscosiTy-TEMPER-
ATURE DATA IN
DesiaN

The application of
viscosity-temperature
data to engineering
problems in the design
of piping is so impor-
tant and so often mis-
understood that a brief
abstract of a satisfac-
tory procedure appears
to be justified.

| l
05 PN B
b e Sriien @ B
| J Je | The movement of
i 7 'l I . . .
EEERE liquids in tubes may
i occur in either of two
Frc. 7

conditions, viscous
(straight line flow) or turbulent flow. The first is expressed

by the law of Poiseuille:

_0.000668 zlv
= D
and the second by the modified Fanning equation:

_0.323 flso?
SASSD

ol —

where P = pressure
ST Sl drop (pounds
it per square
sl el L il / inch

i z = viscosity of
the liquid (in
centipoises)

s = specific grav-
ity of the lig-
uid (referred
g) waterat4®

s 6oL

/ ! = length of
! / pipe (feet)

D = inside diam-
eter of the
pipe (inches)

v = average lin-
ear velocity
in pipe line

B I/ B e AR (feet per sec-

/ ; ond)

f = Fanning fric-
tion factor

=

e ———
//
~L_|

?

s orfiet Co

l Between thése two con-
ditions there exists a
critical region which

for commercial pipe lines is fixed by the relationship

D
—sf’— approximately 0.12.
1}
ular and may ‘take on the characteristics of either region.
Blausius has pointed out that the equations take the same

11 J, S. Dept. Agr., Bull. 1036, 83.

Fic. 8

In this region the flow is irreg-
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form if f = 0.00207

This applies to viscous flow.
A number of e:\perunenters have developed relations be-

Dus
tween T and turbulent flow effects, At the suggestion

of W. K. Lewis, this correlation has recently been investi-
gated in detail and applied to commercial installations by a
group of workers at the Massachusetts Institute of Tech-
nology. The results of this work were published by Wilson,
McAdams, and Seltzer.!® These show that the turbulent
flow curve for commercial pipe lines may be approximated
by the equation:
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or more exactly by the equation

: 2
f =0.0035 + 0.00594(%)

A graph for this equation is given in the paper cited.

With this information it is possible to calculate readily
the pressure drop in pipe lines conveying tars or pitches in
either viscous or turbulent flow.!®

0.424"

The first step involves the calculation of 1-2}? If this is

less than 0.12, showing viscous flow, the Fanning friction co-
efficient is calculated by the equation of Blausius given above

i If it is greater than 0.12, the

value of f for turbulent flow is calculated according to the
appropriate equation of Wilson, McAdams, and Seltzer.
If the pipe line contains 90-degree elbows and the flow is
turbulent, a correction equal to 30 diameters for each elbow
is added to the length of straight pipe. If, however, the flow
is viscous, data given by the last-named authors show that
this correction factor drops off to a value of approximately

2.5 diameters where D_:s is 0.003 or less. Between the co-

ordinates diameter 30, %f = 0.12; and diameter 2.5, pzﬁ' =

0.003; on log-log paper, this correction curve approximates

13 Trs JOURNAL, 14, 105 (1922). The writer is indebted to this article
for the information contained in this section.

14 A very similar equation had previously been proposed by Lees for
turbulent flow in smooth pipes.

15 At the higher viscosities, tar and pitch may take on the properties
of a plastic solid. It therefore appears advisable to so design the piping
equipment that viscosities of 100 centipoises or less may be always secured.
Cf. A. Pochettino, Nwovo cimento, 8, 77 (1914), from C. A.; 11, 2080 (1917).

-
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For values of I_Z)_s below 0.003, 2.5 D may

be taken as the correction.!®

Knowing f and the corrected value for [, it is then only
necessary to substitute these values in the Fanmng equation:
0.323 fls?
o D
This is done irrespective of whether the flow is viscous or tur-
bulent.

Coal tar and its pitches show a tendency to deposit solid
matter on horizontal surfaces, thus restricting the effective
diameter. Accordingly, a large factor of safety should be
allowed in the application of these calculations.

a straight line. -

SpeciFic GRAVITIES OF TARS AND PrrcHES

To apply this procedure it is necessary to have some in-
formation on the specific gravities of the tars and pitches and
the change of specific gravity with temperature. Above are
given some typical specific gravities for raw coke-oven tars
at 15.5° C.
ture can be calculated by reference to Fig. 9, which shows
approximately the change in volume of an average coke-

16 If 1 is less than 300 diameters, further corrections must be applied.

See Herschel, Proc. Am. Soc. Civil. Eng., 84, 527 (1921), from Wilson, Mc-
Adams and Seltzer, Ibid., 84, 118 (1921).
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oven tar and of an average soft pitch with change in tempera-
ture. Values so represented are only approximate, because
the coefficient of expansion varies with the tar and pitch and
also with the temperature, but present information does not
justify refinements beyond simple linear relations as shown,
and these are probably sufficiently accurate for all ordinary
engineering data.

The specific gravity of the pitch residue at 15.5° C. rises
rapidly at first as the water and lighter oils are distilled from
the tar; after that it changes rather slowly as the specific
gravity of the distillate approaches the specific gravity of
the residue. The change in specific gravity, like the change
in viscosity, is probably influenced by the polymerization of
the oils during distillation.

Following are some typical specific gravities:

Tar 9524 T
Specific Gravity

' ————Tar 9522
Specific Gravity

Condition at 15.56°/4°C. Condition at 15.5°/4° C.
Raw tar 1.149 Raw tar 1.16
159, oil off 1.214 21.29% oil off 1.233
189 oil off 1.215 22.6% oil off 1.243
r’0% oil off 15222 27% oil oft 1.246
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Higher Alcohols from Petroleum Olefins

By W. W. Clough and Carl O. Johns

StANDARD O1L CoMpANY OF NEW JERSEY, ELIZABETH, N. J.

This paper presenls the chemical properties and physical con-
stants of some secondary higher alcohols manufactured from the
olefins formed in the commercial cracking of petroleum oils. New
azeolropic mixtures of some of these alcohols with water and with
the alcohols and their acetates are described. The alcohols oblained
by this process thus far have all been normal secondary alcohols.
The availability of this series of alcohols, all of which have hitherto

been very rare, should furnish the organic chemist with raw materials
for the synthesis of a wide range of organic compounds. A few
derivatives of the alcohols are described and some of these will add
to our list of organic solvents. This process constitutes one of the
few cases in which the by-products of the petroleum refinery have
been ‘employed on a commercial scale for lhe synthesis of organic
compounds.

but these compounds are formed in large quantities

in the pyrolytic decomposition of mineral oils at
elevated temperatures. Since pyrolysis is carried out on an
extensive scale in the cracking of the heavier oils to produce
gasoline, a very large supply of olefins is available from this
source.

The chemistry of cracking of oils is not fully known, since
the decomposition may proceed in various ways according
to the conditions employed and the chemical constitution
of the molecules which are cracked. There is evidence,
however, that in its simplest form cracking consists in the
splitting of the large molecules into saturated and unsaturated
hydrocarbons. Thus, decane might decompose into pen-
tane and amylene as follows:

CH;.(CHz)s.CH; A= CH;(CHQ);;CH; + CH;(CHz)zCH —
Decane Pentane Amylene

Olefins combine with sulfuric acid to form alkyl acid es-
ters and when such acid esters are hydrolyzed they produce
alcohols and sulfuric acid. These reactions may be shown
as follows:

CRUDE petroleum is  practically - devoid of olefins,

CH,

1 Presented before the Division of Petroleum Chemistry at the 65th
Meeting of the American Chemical Society, New Haven, Conn., April 2
to 7, 1923, :

CH;.CH = CH, + H.SO4 = CH, CH(HSO4).CH,
Propylene Secondary propyl sulfuric acid

CH;.CH(HSO,).CH; + H,O = CH;.CHOH.CH; + H,SOq
Isopropyl alcohol

The discovery by Mann and Williams,* that a mixture of
a mineral oil and sulfuric acid promotes the formation of
esters, is an important step in the development of a practical
process of manufacturing alcohols from refinery gases. Work-
ing under assigned patents, the Standard Oil Company of
New Jersey has developed and is operating a commercial
process for the manufacture of higher alcohols from the
olefins in pressure still gases. Many difficulties had to be
overcome in transferring the process from a laboratory to a
commercial scale. The success which has been attained is
chiefly due to the persistent efforts of M. D. Mann, Jr., who
designed the alcohol plant and has charge of it.

The gases which are used for the manufacture of the al-
cohols contain a mixture of olefins from which isopropyl
and secondary butyl, amyl, hexyl, heptyl, and octyl alcohols
are obtained. These are produced in decreasing proportions
in the order just stated. All of these alcohols made thus far
in a pure state have been normal secondary alcohols—that
is, alcohols containing the hydroxy group on the second car-

2 U. S. Patent 1,365,043 (1921).
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“bon atom ofa straight-chain hydrocarbon, "Although ethyl-
-ene is present in the gases; there is no evidence of the forma-
tion of ethyl alcohol as the process is now operated. y

.- IsoPrOPYL, ALCOHOL, 2-PROPANOL

The rectified alcohol® is obtained as a constant boiling
mixture containing 91 per cent of alcohol and 9 per cent of
water by volume. This mixture boils at 80.4° C. and has
a specific gravity of 0.816 at 20°/4° C. It is easier to de-
hydrate than is ethyl alcohol and a short digestion with ex-
cess of caustic soda and subsequent distillation gives a prac-
tically anhydrous alcohol which boils at 82.4° C., with a
specific gravity of 0.785 at 20°/4° C. Isopropyl alcohol is
miscible in all proportions with water, but may be salted out
by saturating the solution with sodium chloride or other
salts or with sodium hydroxide. The isopropyl alcohol
now marketed is a colorless liquid having a somewhat bitter
taste and a characteristic alcoholic odor different from that
of ethyl alcohol but pleasant and free from the odors of the
crude product.

AzEOTROPIC MIXTURE OF ISOI’ROPYL AvrcoHOL AND Iso-
PrROPYL AcETATE—This constant boiling mixture has not
hitherto been described. It boils at 80.1° C. and 760 mm.,
and consists of 52.3 per cent of isopropyl alcohol and 47.7
per cent of isopropyl acetate by weight. It has a specific
gravity of 0.8191 at 20°/4° C. It has a pleasant odor and is
an excellent solvent for many organic compounds.

IsoproryL CHLORIDE—This compound is easily made by
slowly distilling a mixture of isopropyl alecohol and concen-
trated aqueous hydrochloric acid. To insure the best re-
sults it is necessary to employ a column of sufficient frac-
tionating capacity to permit the chloride to distil over with
as little alcohol as possible. This is relatively easy since the
chloride boils at 36.5° C. and the alcohol at 80.4° C. Iso-
propyl chloride is an excellent solvent for fats, and while it
‘may be ignited it burns slowly and the flame is easily ex-
tinguished. :

SECONDARY BUuTYL ALCOHOL, 2-BUTANOL

This alcohol, which has been known hitherto only as a rare
laboratory chemical, is now available in commercial quan-
tities at a low price. Former investigators usually prepared
it for experimental purposes by reducing methylethyl ketone
-with sodium. . This method was used by Norris and Green,®
who haye published an extensive investigation on this al-
cohol and its derivatives. In a recent very excellent paper,
Brunel, Crenshaw, and Tobin® state that they prepared
secondary butyl alcohol from the corresponding ketone by
reduction with hydrogen under pressure, using nickel oxide
as catalyst.

+ AZEOTROPIC MIXTURE OF SECONDARY BUTYL ALCOHOL
AND Warer—When the aqueous solution containing the mix-
ture of soluble alcohols resulting from the hydrolysis of the

“acid esters is rectified, the constant boiling mixture of iso-
propyl alcohol and water distils over at 80.4° C. From this
residue, if sufficient water is present, the secondary butyl
alcohol distils over as a constant boiling mixture with water
at 87.5° C.

As far as the writers have been able to ascertain, this azeo-
tropic mixture is not described in the literature. It was dis-
covered by Mann and Lebo in the alcohol plant of this com-
pany while fractionating an aqueous solution which con-
tained chiefly secondary butyl alcohol admixed with a small

3 Grant and Johns, Am. J. Pharm., 94, 418 (1922); Lebo, J. Am. Chem.
Soc., 43, 1005 (1921); Curme, Chem. Met. Eng., 26, 1049 (1921).

¢ Linneman, Ann., 136, 41 (1865); Grant and Johns, Am. J. Pharm.,
94, 424 (1922); U. S. Patent 1,436,377 (1922).

5 Am. Chem. J., 26, 301 (1901).
8 J. Am. Chem. Soc., 48, 561 (1921).
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proportion’ of . othér: alcohols. :Thé rinitial . fractionation
was made on ‘a charge of 1000 gallons :with a 30-plate,:20-
foot fractionating column. A portion of this:distillate 'was
later re-run in a glass laboratory still, which has also’ been
used for the final fractionation of the other distillates de-
scribed in this paper.  This still was designed by Bue and
consists of a glass column 2 meters high and of 5 em. internal
diameter. 'The column is filled with glass tubes with an in-
ternal diameter of about 5 mm. and 25 mm. long. These
tubes are constricted somewhat at both ends and are placed
in the column so that the liquid will readily drain out of them.
This fractxonatlng column can rcadlly be adapted to stills
of different sizes.

A portion of the secondary butyl alcohol which had pre-
viously been fractionated in the large still was re-run in the
glass still and was found to boil at a constant temperature
of 87.5° C. and 760 mm. It had a specific gravity of 0.8620
at 20°/4° C. and contained 72.7 per cent of alcohol by weight
and 77.72 per cent by volume.

PURIFICATION AND DEHYDRATION OF SECO\IDARY BuryL
Avconor—The first lot of pure anhydrous alcohol was pre-
pared by drying over sodium hydroxide a mixture consisting
of isopropyl, secondary butyl, and a small proportion of still
higher alcohols. This did not remove all the water, but on
distillation the isopropyl alcohol carried over some water
and as the temperature rose the remainder was carried over
with the first portion of the secondary butyl alcohol. It
was very easy to obtain pure anhydrous secondary butyl
alcohol in this manner hy fractionating three or four times.
A second lot of pure alcohol was prepared by dehydrating
the azeotropic mixture of secondary butyl alcohol and water
with sodium hydroxide and then distilling the alcohol over
aluminium amalgam. This method gave pure anhydrous
alcohol very readily.

DETERMINATION OF THE BoILING POINT OF THE ALCOHOL—
Since ample quantities of secondary butyl alcohol which had
been purified by the foregoing methods were available, the

.boiling point determinations were made by means of the glass

still previously described, using two accurate Anschutz
thermometers. The boiling point of both lots of purified
alcohol was 99.40° C. at 760 mm. Brunel, Crenshaw, and

Tobin obtained 99.53° C. at 760 mm. The value for%?

in degrees per millimeter pressure was 0.036, or the same as
that found by these authors.

DETERMINATION OF SpECIFIC Graviry—Determinations
were made in a 50-cc., vacuum-jacketed specific gravity

bottle. The following results were obtained:
D 15°/4° C D 20°/4° C. D 25°/4° C,
0.8104 0.8063 0.8027

The density at 25° C. agrees with that obtained by Brunel,
Crenshaw, and Tobin.

The following alcohol-water mixtures were made by weigh-
ing the alcohol and water in a glass-stoppered bottle, and the
specific gravities were determined at 20°/4° C

Per cent Alcohol by

Weight D 20°/4° C.
100.00 0.8063
89.50 0.8281
79.60 © 0.8465
69.31 0.8682
64,17 0.8797
Immiscible

17.85 0,9732
10.00 0.9842

0.00 0,9982

The results were plotted to a large scale on cross-section
paper so that 0.01 per cent of the volume and 0.0002 of the
specific gravity could be read. These points were connected
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by a smooth curve and from this the following table was con-
structed. The temperature correction table was constructed
by taking the specific gravities of the alcohol-water mixtures
at 15°/4°, 20°/4°, and 25°/4° C

TABLE I—SPECIFIC GRAVITY OF Sscoxnnv Bu'rvx, ArLcoHOL-WATER MIX-
TURES AT 20°/4° C.

Per cent Per cent  Specific Per cent Per cent  Specific
by Weight by Volume Gravity by Weight by Volume Gravity
0 0 0.9982 73 77.99 0.8614
1 1.24 0.9968 - 74 78.87 0.8594
2 2.47 0.9954 75 79.75 0.8574
3 3.70 0.9940 76 80.63 0.8554
4 4.92 0.9926 77 81.50 0.8534
5 6.14 0.9912 78 82.36 0.8514
6 7.36 0.9898 79 83.22 0.8493
7 8.58 0.9884 80 84.07 0.8473
8 9.79 0.9870 81 84,02 0.8453
9 11.00 0.9856 82 85.76 0.8433
10 12,21 0.9842 83 86.60 0.8413
11 13.41 0.9828 84 87.44 0.8393
12 14.61 0.9814 85 88.27 0.8373
13 15.80 0.9800 86 89.09 0.8352
14 16.99 0.9786 87 89.90 0.8332
15 18.18 0.9772 88 90.71 0.8311
16 19.36 0.9758 89 91.51 0.8291
17 20.54 0.9744 90 92.31 0.8270
17.85 21.55 0.9732 91 93.10 0.8249
Immiscible 92 93.80 0.8229
64,17 69.97 0.8792 93 04.67 0.8208
65 70.74 0.8775 04 95.45 0.8188
66 71.67 0.8756 95 96,22 0.8167
67 72.59 0.8737 96 96.99 0.8147
68 73.51 0.8716 97 97.76 0.8127
69 74.42 0.8696 98 98.52 0.8106
70 75.32 0.8675 99 99.27 0.8085
71 76.21 0.8655 100 100.00 0.8063
72 77.10 0.8634

TABLE II—TEMPERATURE CORRECTION
(Change in specific gravity per degree centigrade)

Strength
Alcohol .
Per cent Correction
10 0.00035
16 0.00044
Immiscible
65 0.00077
70 0.00077
S0 0.00077
90 0.00077
100 0.00077

SECONDARY BuryL AceETATE—This compound was made
by refluxing 1 mol of secondary butyl alcohol with 1 mol
of acetic anhydride until the reaction was complete. After
washing with water, neutralizing with sodium carbonate,
and drying over calcium chloride, the ester distilled at 112.2°
C. and 760 mm. Norris and Green report a boiling point
of this ester at 111.5° to 112° C. at 744 mm. The specific
gravity of the ester obtained by the writers was 0.8701 at
20°/4° C

AzgoTrOPIC MIXTURE OF SECONDARY BUTYL ALCOHOL
AND SECONDARY Buryr AcerATE—The mixture boiled at
99.60° C. at 758 mm. and consisted of 86.3 per cent of sec-
ondary butyl alcohol and 13.7 per cent of the ester by weight.
Its specific gravity at 20°/4° C. was 0.8137. It possessed
a characteristic ester odor.

SeconparYy Buryn CHLORIDE, 2-CHLORBUTANE—This
compound was made in the same manner as isopropyl chloride
and the reaction proceeded very easily. The boiling point
of the chloride was 68° C.,7 at 760 mm. It had a pleasant
odor and was a good solvent for fats and waxes.

SECONDARY AMYL ALCOHOL, 2-PENTANOL

This was fractionated from a mixture containing the amyl
alcohol together with some water and other alcohols. In
this way a large fraction boiling between 118° and 120° C.
was collected. This was refractionated until a constant
boiling point of 119.2° C.® at 760 mm. was attained. This
alcohol had a specific gravity of 0.8088 at 20°/4° C

7 Estreicher, Ber., 83, 438 (1901); Norris and Green, Am. Chem. J.,
26, 307 (1901).

8 Wagner and Saizew, Ann., 179, 319 (1875);
925 (1876).

Bielohoubek, Ber., 9,
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At 20° C., 100 grams of secondary amyl alcohol dissolved
11.2 grams of water and 100 grams of water dissolved 4.2
grams of the alcohol.

TABLE III—SPECIFIC GRAVITY OF SECONDARY AMYL ALCOHOL-WATER
MIXTURES AT 20°/4° C.

Per cent Per cent Specific
by Weight by Volume Gravity
89.8 91.67 0.8299
90 91.76 0.8295
91 92.59 0,8275
92 93.43 0.8255
93 94.26 0.8235
94 95.09 0.8214
95 95.92 0.8193
96 96.75 0.8172
97 97.57 0.8151
98 98.38 0.8130
99 99.19 0.8109
100 100.00 0.8088

SEcoNDARY AmYL CHLORIDE, 2-CHLORPENTANE—This
compound was made in the same manner as isopropyl chloride
and secondary butyl chloride. It boiled at 96° C.? at 760
mm. It also had a sweet odor and was a good solvent for
fats and waxes.

SECONDARY HEXYL ALcOHOL, 2-HEXANOL

This alcohol was fractionated from a mixture of higher
alcohols. A boiling point of 139.4° to 139.6° C.1° was
obtained. This is within 0.5 degree of the boiling- points
given in two of the three papers referred to. The alcohol
had a specific gravity of 0.8159 at 20°/4° C

AvrconorLs HiGHER THAN HEXYL

After the removal of all the alcohols up to and including
secondary hexyl from the mixture obtained in the alcohol
process, there remains an oily liquid which contains alcohols
still higher than those already described. From this residual
liquid have been isolated two alcohols with the characteristics
of secondary heptyl (2-heptanol), and secondary octyl al-
cohol (2-octanol). The properties of these two alcohols
have not yet been definitely determined and further work is
in progress.

HiGHER ALCOHOLS IN ORGANIC SYNTHESES

All the alcohols described here are now available in com-
mercial quantities, with the exception of the hexyl, heptyl,
and octyl. While they may be used as solvents, it is apparent
to the organic chemist that the availability of these hitherto
very rare alcohols opens up an extensive field for their use
in organic syntheses. While only a few derivatives have been
mentioned in this paper, several others have been prepared.
It is probable that some of these alcohols or their derivatives
may find use in cosmetics and pharmaceutical preparations.

9 Przewalski, Chem. Zentr., 1909, II, 793; Wagner and Saizew, Ann.,
179, 321 (1875).
10 Ponzio, Gazz. chim. ilal., 31, I, 404 (1901); Sabatier and Senderens,

Compt. rend., 137, 302 (1903); Lclmsky and Przewalski, Chem. Zentr.,
1908, II, 1855.

Registration at Milwaukee
Arkansas 4  Massachusetts 34  Pennsylvania 45
Connectxcut 8  Michigan 29  Rhode Island 5
California 5  Mississippi 1  South Dakota 1
Colorado 4  Missouri 17  Tennessee 4
Delaware 5 Montana 1. Texas 3
Georgia 3 Maine 1 Utah 1
Illinois 179  Nebraska 6 Virginia 3
Indiana 33 New Jersey 20 West Virginia 6
Jowa 27 Nevada 1  Washington 4
Kansas 3 New York 59  Wisconsin 192
Kentucky 2 New Hampshire 2  Washington, D, C, 32
Touisiana 6 North Dakota 2  Wyoming 1
Maryland 6  Oregon Y 3  New Mexico 1
Minnesota 32 Ohio 59  Canada 2

Guests 94

TOTAL REGISTRATION 946
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Some Factors Which Affect the Plasticity of a Paint'

’WARLIER work by
Yy Booge, Bingham,

and Bruce? proved
that when two paints are
carefully prepared under
supposedly identical condi-
tions so as to be identical

By Eugene C. Bingham and Alfred G. Jacques

LAFAYETTE COLLEGE, EASTON, PA.

It is practicable lo express quantitatively the effects produced
upon a paint by long continued grinding, by changing the concen-
tration of pigment, by adding soaps, water, mineral oil, or defloccu-
lating agents, etc. Since the yield value and mobility are inde-
pendent properties, these factors affect now one of these properties,
then the other, and sometimes both simultaneously. This inde-
pendence and the occasionally prodigious magnitude of the effects
enhance the importance of the plasticity method.

plastometer becomes con-
tinually stiffer. Needless
to say, it is impossible to

obtain consistent values
during this stage in the
mixing.

A summary of the data
obtained from Paints B

in other properties, the
plasticities of the two paints
may be considerably dif-
ferent. This work makes it highly desirable to conduct an
intensive study of the factors which influence the plasticity.

ConNpITIONS OF GRINDING

An Abbé ball mill revolving at 88.5 r. p. m. was used asin a
previous investigation. The writers’ effort has been confined
to a study of the changes in plasticity with the time of grinding.
Paint B was made to contain 65 per cent by weight of Gold
Seal Bechton White Lithopone and 35 per cent of acid-refined
linseed oil.  The oil was first added, the pigment then stirred
in, and finally the pebbles were added. The paint samples
were removed periodically, evacuated, and measured with
the Bingham and Green plastometer.

A second paint, C, was made with the same ingredients
but with 60 per cent of lithopone and 40 per cent of oil. In
this case only one-half of the pigment was added during the
first half hour of grinding. The remainder was added in four
portions with 3 minutes of grinding between each addition.
The time of grinding was then reckoned from the time of the
last addition.

TABLE I—CHANGE IN PLASTICITY OF A PAINT DURING GRINDING
Time of Grinding Yield Value Dynes
Hours Mobility Sq. Cm,

Paint B, 65 per cent lithopone and 35 per cent acid-refined linseed oil
Density = 1.885, temperature = 25° C., capillary No. 103

22.6 0.38 210
31 0.38 110
39 0.36 100
55 0.31 105
63 0.26 115
71 © 0,22 110

Paint C, 60 per cent lithopone and 40 per cenl acid-refined linseed oil
Density = 1.742, temperature = 25° C., capillary No. 13

8 0.62 250
16 0.64 200
24 0.61 110
32 0.63 90
41 0.62 80
49 0.60 85
57 0.56 920

The method of adding the ingredients with Paint C is a
decided improvement, for during the first part of the mixing
the paint is stiff, with high yield value and low mobility, as
will be seen later, and the ball mill may cease to function as a
mixer. It is desirable, therefore, to have the concentration
of pigment much lower at the start than later when the oil
is thoroughly incorporated. It has been found experimen-
tally that, even after several hours of attempted mixing, the
paint may be so inhomogeneous that on subjecting it to
shear in the plastometer the more mobile portions will flow
‘out through the capillary, so that the paint remaining in the

1 Presented before the Division of Physical and Inorganic Chemistry at
the 65th Meeting of the American Chemical Society, New Haven, Conn.,
April 2 to 7, 1923, .

2 Proc, Am. Soc. Testing Malerials, 22, 11, 420 (1922).

3 Ibid., 22, 446 (1922).

and C is given in Table I.

The results prove that

the yield value falls off rapidly as the grinding proceeds and

reaches a constant value after a long time, much longer

than was at first supposed, which under the conditions here

employed is about 30 hours; The mobility increases at first

slightly and then falls off. The maximum was reached in
the writers’ experiments in about 30 hours.

Bingham, Bruce, and Wolbach?* ground a 65 per cent litho-
pone paint with acid-refined linseed oil for 16 hours, and
obtained a yield value of 146 and a mobility of 0.36. They
diluted this paint down to a composition of 60 per cent litho-
pone and 40 per cent oil; and obtained a yield value of 108
and a mobility of 0.62. - The mobilities obtained by the writ-
ers agree fairly well with those of Bingham, Bruce, and
Wolbach, but their yield values are considerably higher than
the final yield value obtained by the writers, although not so
high as the first values obtained. It is noted that the first
vield value observed after many hours of grinding is more than
100 per cent higher than its final value.

TABLE II—CHANGE OF PLASTICITY WITH CONCENTRATION—25° C.

Weight Percentage ~——— Mobility ——— ~——Yield Value
of Lithopone Observed Calculated  Observed Calculated
Paint F, Bechton White Gold Seal Lithopone of density 4.30, suspended in
mineral oil conlaining 2 per cent of oleic acid, density 0.8751

65.0 0.46 0.54 1010 980
62.5 0.53 0.60 810 840
60.0 0.64 0.66 720 710
55.0 0.78 0.78 430 440
50.0 0.96 0.90 280 170
45.0 1.03 1.02 230 0
35.0 1.30 1.27 115

25.0 1.63 1.51 95

15.0 1.78 1.75 40 ok
0.0 2.11 2.11 0 tie

Paint G, Bechlon White Gold Seal Lithopone of densily 4.30, suspended in a
mixture of equal parts by weight of mineral oil and acid-refined linseed oil,
density 0,9001

65.0 0.43 0.49 970 970
62.5 0.54 0.57 820 810
60.0 0.63 0.64 650 650
55.0 0.75 0.79 315 320
50.0 0.93 0.93 270 0
45.0 1.09 1.08 120
35.0 1.42 1.37 40
25.0 1.67 1.66 20
15.0 1.96 1.95 0
0.0 2.40 2.40 0

CONCENTRATION OF THE DISPERSE PHASE

Bingham, Bruce, and Wolbach* found simple relations
when the yield values and mobilities of paints of different
concentrations were measured. In their experiments only
a single series of paints was obtained by dilution; hence, it
was very desirable to confirm and extend their work and to
determine whether similar results would have been obtained
by direct grinding of samples instead of by dilution.

In order to use vehicles which are as widely different as
possible, the writers have used a neutral mineral oil contain-

4 J. Franklin Inst., 195, 303 (1923).
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ing 2 per cent by weight of oleic acid for Paint F and a mixture
of neutral mineral oil with an equal weight of acid-refined
linseed oil for Paint G. Both paints were ground for 32
hours and other concentrations obtained by dilution. The
results are summarized in Table II.

These results are exactly similar to those of Bingham,
Bruce, and Wolbach in the following respects:

1—The yield value-concentration curve is linear at the high
concentrations, indicating that a zero yield value at a definite
concentration of ‘48 per cent by weight in Paint .F and 50 per
cent by wexght in Paint G might be expected. as compared with
a concentration of 43 per cent by weight obtained by Bingham,
Bruce, and Wolbach.

9—The yield value-concentration curves invariably depart
from ]incarity at low concentrations, so that every concentra-
tion of paint, no matter how small, shows a yield value. The
pseudo-plastic condition® in pamts therefore seems to be quite
well established, even though it has not as yet been explamed
Tt is not always easy to measure the efflux satisfactorily in the
pseudo-plastic mixtures, but the values of the yield values seem
to lie on a smooth curye.

3—The mobility-concentration curve is quite posxtlvely
linear, pointing to a concentration of zero mobility of 81 per
cent by weight for Paint F, 80.5 per cent for Paint G, as against
79.6 per cent by weight in the paint studied by Bingham, Bruce,
and Wolbach.

This concentration of zero mobility would seem to be re-
lated to the volume of cubical close-packing,® which for
equal spheres is 52.4 per cent by volume. It would appear
that this concentration of zero mobility ought to be the same
for any given disperse phase. independent of the dispersion
medium. In the three paints studied the volume’concentra-
tion of zero mobility for lithopone turns out to be 46.4 per
cent by volume for Paint F, 46.4 per cent by volume for Paint
G, and 45.6 per cent by volume for paint studied by Bingham,
Bruce, and Wolbach. This is very satisfactory agreement,
-the average value being close to 46.1 per cent by volume.
That this value is so much less than the 52.4 per cent de-
rived mathematically for equal spheres, may provisionally
be attributed to the u'regular shapes of the particles of the
lithopone. :

‘The-mobilities of the three paints may be represented by
the empmcal formulas

Paint F, p = ¢ (1 — 1.15 n)
Paint G, ux = ¢ (1 — 1.22'n)
Paint studied by Bingham, Bruce, and Wolbach, n=¢p (1= 1 26 7)

where ¢ is the fluidity of the medium, and = is the fractlon by
weight of the disperse phase.
mobility of the suspension is determined by the fluidity of
the medium, and one other factor which may be described as
the free volume of the dispersion medium, in analogy with the
free volume with which we have become familiar in pure
liquids. The theory leads to a formula similar to that
above except that the concentrations are by volume instead
of by weight. This important peculiarity is as yet unex-
plained.

The mobilities as calculated by the foregoing formulas for
Paints F and G are given in Table II, and the agreement
between the observed and calculated vnlues is very good.

The concentration of zero yield value as given above for
Paints F and G is the same within the experimental error.
This value is slightly higher than that obtained by Bingham,
Bruce, and Wolbach. The concentration of zero yield
value is affected by the size of particles of the disperse phase,
but, the yield value is very sensitive to the adhesion between

the disperse phase and the dispersion medium, so that the,

approximate identity in these very diverse paints is remark-
able. For example, if we compare these three paints at a

% THIS JOURNAL, 14, 1014 (1922).
. 8 Bingham, “Fluidity and Plasticity,” p. 228.
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65 per.cent concentration of pigment, we find that all of them
have the same mobility—viz., 0.48—but the yield values are
very different, 1010 for F, 970 for G, and 129 for the paint
studied by Bingham, Bruce, and Wolbach. It therefore
seems probable that the concentration of zero yield valueis
independent of the fluidity of the medium or of its adhesion to
the pigment. It may therefore be solely dependent upon
the individual particles.

It may be noted that the yield value-weight concentratlon
curve departs from linearity at very different yield values in
the different paints—viz., 400 dynes per sq. cm. for Paint I?,
310 for Paint G, and 35 for the paint of Bingham, Bruce, and
Wolbach. But the concentration in which this departure
from linearity takes place is nearly the same, being 55 per
cent for F, 55 for G, and 50 for the paint of Bingham, Bruce,
and VVolbach

The equations of the yield value-weight concentration
curves are f = 53.6n — 2510 for Paint ¥, and f = 66 n
— 3310 for Paint G. The agreement between the observed
and the calculated values is given in the last column of
Table II.

PARTICLE SI1ZE

i

A few qualitative experiments seemed desirable to exhibit
the effect of particle size on the yield value and mobility.
For this purpose silica, normally used as a paint filler and
known to have particles of large size as compared with the
particles in lithopone, was ground in acid-refined linseed
oil to contain 65 per cent by weight of silica and measured:
on the plastometer, at 25° C. The yield value was found 'to
be 25 dynes per sq. em., which is very much less than the
vield value of 129 found by Bingham, Bruce, and Wolbach
for the 'same concentration of lithopone. The mobility of
the silica is 0.165, which is considerably less than the mo-
bility of the same concentration of lithopone, 0.441. But
the volume occupied by the two pigments is very different
at the same weight concentration. We shall now therefore
make the comparison at the same volume concentration.
Assuming 2.30 as the density of the silica, the silica occupies
42.7 per cent by volume. This volume percentage of litho-
pone corresponds to a 75.7 per cent pigment by weight. This
paint would have a mobility of 0.12 as calculated by formula
and a yield value of 194. The mobilities are now nearly the
same, and the yield value of the silica is 50 per cent higher
than that of the lithopone. This small difference can be
accounted forin a vauety of ways, and is surprrsmfrly small.

Fruipiry oF MEDIUM

It has already been proved that temperature affects the
mobility in the same ratio as it affects the fluidity of the me-
dium, and that it does not affect the yield value. This con-
clusion is so important and so inherently improbable that
it seemed desirable to suspend the same pigment in two oils
of widely different fluidity, for which purpose blown linseed
oil and hthopone have been used to compare with the lltho—
pone paint in acid-refined linseed oil. A, 35 per cent paint,
gave 4 mobility which remained constant. after 7 hours of
grmdmg, so that four successive samples gave.the closely.
agreeing mobilities 0.0200, 0.0204, and 0.0198. The. yield:
values read were also in good agreement but the yield v alue
is almost negligible, having an average value of 7 dynes per.
sq. cm. The 35 per cent of lithopone suspended.in acid-re-’
fined linseed oil studied by Bingham, Bruce, and Wolba.ch
had a yield value of 7.7 and a mobility of 1.40. Therefore, the
conclusion that the yield value is independent of the fluidity
of the oil seems justified; but, whereas this statement is’
probably true, there are factors which have not yet been con-
sidered which very greatly influence the yield value and there-
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fore complicate the case. Thus, linseed oil paint has been
used to compare with a blown linseed oil paint on the gen-
eral assumption that they would be more nearly alike than
would blown oil and mineral oil. But it is noted that 35
per cent lithopone in mineral oil with 2 per cent oleic acid
gave a yield value of 115 and in a mixture of mineral and lin-
seed oil a yield value of 40, although the fluidities of the three
oils were not very different; hence, the chemical composition
of the oil affects the yield value in a high degree. In the
foregoing example equal wvolume compositions have been
compared, but no new relationships are brought out.

The ratio between the mobilities of the acid-refined linseed
oil paint and the blown linseed oil paint is 1.40:0.02 =
whereas the ratio between the fluidities of the oils is 2.42:
0.048 = 50. The two numbers are of the same order of mag-
nitude, but the mobility of the blown oil paint is less than one
would expect, for which no explanation has yet been found.

Porar CoLLoIips IN SUSPENSION MEDIUM

Soaps are sometimes added to paints in order to give
“false body.” , Just what they do is a matter of interest.
The writers have experimented with zinc stearate and alumin-
ium stearate.

When aluminium stearate is heated in linseed oil, it ap-
parently dissolves but forms a stiff jelly or grease on cooling.
The experiment was made of substituting part of the litho-
pone in a 55 per cent paint by weight with aluminium stearate
up to nearly one per cent.

TABLE III—EFFECT OF ADDING ALUMINIUM STEARATE ON THE PLASTICITY OF
A 55 PER CENT LITHOPONE IN. ACID-REFINED LINSEED Oir, PAINT

Aluminium Stearate — Yield Value—————
Per cent Mobility Observed Calculated

0 0.788 (B., B., and W.) .61.5(B., B.,,and W.) 61.5

0.25 0.679 250 249.5

0.65 0.697 . ! 550 550.3

The added material has produced a comparatively slight de-
crease in the mobility, but a very great increase in the yield
value, which in the low concentrations is directly proportional
to the concentrations. The last column in the table gives the
values calculated by means of the linear formula

f=752n + 61.5

DEFLOCCULATING AGENTS IN SUSPENSION MEDIUAM

The attempt was made to grind 30 per cent by weight of
lithopone in pure mineral oil. In spite of the low concen-
tration of pigment, the grinding was very difficult, the paint
being very pasty, and even after 48 hours of grinding meas-
urements of the plasticity were difficult to make. The
mobility was not peculiar, being about 1.0, but the yield value
was extremely lngh—applommately 1090. But on adding as
littleas 0.2:per cent of oleic acid the yield value was reduced
by 81 per cent, and 2.0 per cent reduced the yield value to a
negligible quantity. During this extraordinary change in
the yield value the mobility remained the same to within the
experimental error.

It was proved by means of the mlcroscope that the actxon
of the oleic acld was one of deflocculation. It was also
proved that the action was not due to the oleic acid acting as
an electrolyte, for turpentine, which is a nonelectrolyte,
has a very pronounced effect as a deflocculating agent, 1.5
per cent of it reducing the yield value to the extent of 92
per cent, and 3.0 per cent to a negligible quantity.

Stearic acid thinned down a paint, evidently lowering the
yield value, but difficulty was encountered in getting con-
sistent measurements It would be worth while to prepare
paints with a much higher yield value, in order to ascertain
whether higher concentrations of the deflocculating agent
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than are required to furnish a layer one molecule deep over
the particles would be effective in lowering the yield value.

That a 50 per cent mixture of linseed oil with mineral oil
gave a yield value in a 65 per cent paint by weight of 970 as
compared with 128.9 in straight linseed oil, points to the
conclusion that even 50 per cent of linseed oil is not suffi-
cient to completely disperse the pigment. The linseed oil
had an acid number of 0.88.

MoOISTURE

It is well known that moisture in a paint has important
effects on its plasticity, but apparently no.one has attempted
to measure these effects quantitatively. Paint C, made up
to contain 60 per cent by weight of air-dried lithopone in acid-
refined linseed oil, was found to have a yield value of 90 and
a mobility of 0.64 after 32 hours of grinding. On adding 0.5
per cent of moisture and grinding in the ball mill, it was
found that the yield value had risen to'the extraordinary
value of 3450 dynes per sq. cm. and the mobility had fallen
to 0.142 absolute unit.  In thus affecting both the yield value
and the mobility, moisture seems to play a unique role most
nearly’ resembling the action of a polar colloid. A further
study is planned to find out the effect on plasticity of both
smaller and larger quantities of moisture, and to determine
the mechamsm of the phcnomenon

OXIDATION OR POLYMERIZATION

From experiments with lithopone in acid-refined linseed
oil and in blown oil, it may be stated with some confidence
that the yield value will not be altered except as the adhe-
sion between the oil and pigment is changed, but that the
mobility will be changed in direct proportion to the change
in the fluidity of the medium.

In the grinding experiments it was observed that the
mobility fell off with long continued grinding. It appears
possible that there may be two counter effects—one due to the
gradual wetting andseparation of the individual particles,
and the other due to the oxidation or polymerization of the
medium. The latter tendency would adequately explain
the falling off of the mobility on long grinding while the yield
value remains constant. It was thought that this could be
best tested by carrying out the grinding in a more inert at-
mosphere, using nitrogen or carbon dioxide.

In Table I the plasticity of a 60 per cent lithopone paint
in acid-refined linseed oil, ground in atmospheric air, has
already been given, this being Paint C. In Table IV are
given the data of Paints D and N, the first being ground in
an atmosphere of carbon dioxide, and the second being
ground in an atmosphere of nitrogen with 0.5 gram of
anticatalyst. Otherwise, the three paints are intended to be
identical.

In each case the moblhty at first increases, passes through
a maximum, and then falls off more and more rapidly. The
maximum oceurs; after about 32 hours’ grinding, the value of
the maximum being 0.63 for Paint C, 0.64 for Paint D, and
0.60 for Paint N. At the end of 64 hours the mobility
of Paint C has fallen off probably 15 per cent, Paint D in
carbon dioxide some 7 per cent, and Paint N in nitrogen
some 6 per cent. Thus, it does not appear that an inert
atmosphere is able to prevent the change which causes the
falling off in the mobility.

It may be that still other factors than oxidation and polym-
merization will eventually have to come in for study. The
writers suggest the possibility of moisture derived from the
pigment or the atmosphere, solid material resulting from the
wear of the mill, alkaline material derived from the mill, or
chemical reaction between the pigment and some part of the
oil.
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DissoLveEp GASES

In the course of this work it was observed that carbon
dioxide is very soluble in paint. The writers have evacuated
each paint before measurement so that they would be fully
comparable. Assuming oxidation or polymerization to be
the only change taking place on grinding, they expected the
yield value to be the same in the three paints. They were
therefore surprised to find the yield value quite different in
the three paints—viz., 90 in Paint C, 280 in Paint D, and 200
in Paint N. Sufficient work has not been done as yet to
make it safe to hazard an explanation of this striking differ-
ence. In these experiments the materials were used in their
air-dry condition; but in future experiments it will be desir-
able to regulate the moisture conditions much more carefully.

TEMPERATURE

Work already done has made it appear that the increase
in mobility with the temperature is in direct ratio to the
increase in the fluidity of the medium. < Naturally, this
generalization is subject to limitations, since the adhesion
may change with the temperature, colloids may pass from the
gel to the sol condition as the temperature is raised, etc.

DIMENSIONS OF THE INS’I‘_RUMENT

All the measurements described in this paper were made
on a given type of plastometer, for which changes in the
length and radius of the capillary are without effect.

TABLE IV—CHANGE IN PLAs'ncx'r; DURING THE PROCESS OF GRINDING A
AINT

Time of Grinding Mobility in Absolute Yield Value in Dynes
Hours Units per Sq. Cm.
Paint D, 60 per cent lithopone and 40 per cent acid-refined linseed oil,
densily X 1.742, temperature 25° C., capillary No. 10. Ground in an
i atmosphere of carbon dioxide

16 0.61 340
24 0.61 280
32 0.63 280
49 0.64 280
56 0.62 270
64 0.61 280

Paint N, 60 per cent lithopone and 40 per ceht acid-refined linseed oil,
density X 1.747, temperature 25° C., capillary No. 10. Ground in an
atmosphere of nitrogen

6 0.51 310
22 0.58 230
34 0.59 210
40 0.60 200
48 0.57 150
52 0.57 95
56 0.55 100
70 0.56 150
80 0.53 110

CONCLUSIONS

1—As the grinding of a pigment in oil progresses, the
yield value at first decreases but after 30 hours becomes con-
stant. The mobility under the same conditions at first in-
creases, passes through a maximum, and then decreases more
and more rapidly. The maximum occurs after about 30
hours in these experiments.

2—On measuring different concentrations of pigment
suspended in pil, the yield value-weight concentration curve
is found to be linear except at low concentrations, thus
confirming the findings of Bingham, Bruce, and Wolbach.
All concentrations exhibit a yield value. The concen-
tration of zero yield value is apparently independent of the
nature of the medium.

The mobility-weight concentration curveis also linear and
the concentration of zero mobility is apparently independent of
the nature of the vehicle. The theory would lead one to ex-
pect that simpler relations would be found when using volume
concentrations, but this is not the case, for which no expla-
nation has yet been given.

3—-Silica and lithopone have very different plasticity at
the same weight concentration. When they are compared
at equivalent volume percentages, however, the mobilities
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are nearly the same and the yield values are not very differ-
ent. This fact is the more striking since the particle size
in the two pigments is so different.

4—Comparing blown oil with acid-refined linseed oil at
the same concentration of pigment, the effect of the fluidity
of the medium is shown. The mobility falls off in presumably
the same ratio as the fluidities of the oil, but the yield value
is independent of the fluidity of the oil.

5—Polar colloids—as, for example. aluminium stearate—
have very slight influence on the mobility, but they have an
extraordinary effect in raising the yield value.

6—It is difficult to grind a pigment into pure mineral oil
having the same fluidity as linseed oil and it is still more diffi-
cult to make a satisfactory plasticity determination on the
resulting suspension. However, 0.2 per cent of oleic acid
deflocculates the suspension and lowers the yield value
about 80 per cent, while the mobility remains unchanged.

7—Moisture exerts a prodigious effect on the plasticity of
paint, 0.5 per cent of moisture raising the yield value from
90 to 3450, and at the same time reducing the mobility to
one-fourth of its former value.

8—Oxidation and polymerization affect the fluidity of
an oil, so we should expect the mobility to be affected. It
was thought that the fall in the mobility on long grinding
might be attributable to one of these causes, but grinding
in an atmosphere of nitrogen only prevented it, partially.
A paint ground in an atmosphere of carbon dioxide has a
yield value three times as high as when ground in the air.
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Oxygen and Oxygenated Air in Metallurgical
Processes
Revolutionary changes in the metallurgy of iron, by which pro-

. duction costs should be materially decreased and quantities of low-

grade ore and smelting fuels now considered worthless be made
available as the result of the use of oxygen and oxygenated air
in blast furnace practice, are suggested in a report recently made
to the Department of the Interior by a'committee appointed by
the Bureau of Mines to study the problem.

In the past it has been necessary in the production of 1 ton of
pig iron to pass 3 tons of inert nitrogen through the blast furnace,
resulting in serious heat and metal losses. The elimination of
such losses by the substitution of oxygen, or a mixture of oxygen
and air, has long been considered, but has not been put into
practice on account of the inability to produce oxygen in quan-
tities at sufficiently low cost to make such application indus-
trially possible.

In view of the many recent developments in oxygen manufac-
ture, and considering the increasing cost and decreasing quality
of the nation’s raw materials, the Bureau of Mines appointed an
advisory committee, of which M. H. Roberts of New York is
chairman, to study the problem of the application of oxygen or
oxygenated air to metallurgical and allied processes. This
committee has made a thorough survey of the existing processes
for the manufacture of 99 per cent oxygen, and finds that the oxy-
gen industry is now able to make plants for supplying large quan-
tities of oxygen to metallurgical industries at low cost.

The data collected by this committee indicate that the produc-
tion and utilization of cheap oxygen should. also accomplish
great economies in the metallurgy of zinc. It is believed that
similar economies can be effected in the metallurgy of copper,
and in fact in all branches of nonferrous metallurgy.

The committee has developed plans for experimentally de-
termining the effects of oxygen-enriched air upon the operation
of the blast furnace, and it is recommended that these plans be
put into effect as the first step of an extended research as to the
general applicability of oxygen to metallurgy. The knowledge
that German industrial concerns are working actively on the
application of oxygenated air to metallurgical processes has
greatly concerned American iron and steel interests, and the in-
dustry is making insistent demands for research work of this
nature. {
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Insoluble Phosphoric Acid in Acid Phosphates and Fertilizers'

HE purpose of this

I article is to empha-
size certain sources

of discrepancies in the deter-
mination of insoluble P.Os,
particularly those arising
from incomplete prelimi-
nary washing of the sample,
and the relative effect of
using various solutions of
ammonium citrate solution.
The official method of

Some Sources of Error in Its Determination

By W. R. Austin

TENNESSEE CHEMICAL Co., NASHVILLE, TENN,

It is imporlant to observe the precaution of washing the sample
with waler up to the volume of 250 cc. as prescribed in the official
method, and also to select rapid filtering funnels so that the washing
may be done in about 20 to 30 minules.

There is an important relation between the Fe,0; and P,0; re-
moved by thorough washing—as the percentage of Fe,05 removed by
washing is increased the percentage of insoluble P,0; decreases.

While the same care should be exercised in making the ammonium
citrale exactly neutral, as prescribed by the official method, yet
moderate differences in the ratio of ammonia to citric acid make
relatively little difference in the results for insoluble as compared to

Per cent

Unwashed sample........ 2.35

After washing to 100 cc.,
9-cmifilter SRt

After washing to 150 ce., b
11scm@ flteritng Sisoonne 2.30

After washing to 200 cc.,
oo Rt e s 251

After washing to 250 cc.,
9-cmE filtery i o i, . 2.05

Many analysts prefer the
1l-cm. filter to avoid loss
in washing when churning
up the sample with the
stream of water. There

the Association of Official
Agricultural Chemists pre-
scribes: “Place 2 grams of the sample on a 9-cm. filter, wash
with successive small portions of water, allowing each to
pass through before adding more, until the filtrate measures
about 250 cc. ***” This precaution of washing the sample
to 250 cc. has not been observed by some analysts, resulting
in many cases in wide discrepancies.

In the case of one sample of acid phosphate made from
Tennessee phosphate rock, on which considerable collabo-
rative analytical work was done, the importance of thorough
preliminary washing was strongly emphasized. One group
of analysts, accustomed largely to handling acid phosphate
made from Florida rock, reported consistently about 0.75 per
cent insoluble P.0s, while others, more familiar with acid
phosphate made from Tennessee rock, found about 0.40 per
cent insoluble. After a careful investigation, including
exchange of samples of ammonium citrate, ete., it was devel-
oped that the trouble was entirely in the preliminary wash-
ing. Those who were in the habit of washing the sample
at first with only three or four washings with water reported
the highest results. After this investigation further deter-
minations were made on the same sample, with a close agree-
ment averaging, for ten analysts, 0.36 per cent, six of the
number reporting 0.37 per cent. This work led to the
following:

Sample A—Acid phosphale, after different periods of curing made from
Tennessee rock (rock containing about 2.4 per cent Al20y and 2.7 per cent FeiOs)

PER CENT INSOLUBLE P20s
Washed to 100 Cc. Washed to 250 Ce.

Period of Curing (4 to 5 Washings) (10 Washings)
1 d 2.19 1.96
10§52 0.94 0.62
4 ] 0.48 0.35
6 0.49 0.31
10 } weeks 0.50 0.38
12 0.65 0.45
14 0.48 0.33

Sample B—Acid phosphate, 6 months old, varied size of filter papers, also
volume of waler in washing (prior lo trealment with ammonium cilrate)

Volume of Washing ——PER CENT INSOLUBLE P20j———

Ce. 11-Cm. Filter 9-Cm. Filter
100 0.30 0.27
150 0.25 0.15
200 0.15 0.15
250 0.15 0.15

Sample tested directly, no preliminary washing with water—0.30 per

cent insoluble.

Separate portions of Sample B were similarly washed, as
above, and the Fe,0O; remaining in the washed residue deter-
mined.

1 Presented before the Division of Fertilizer Chemistry at the 64th

Meeting of the American Chemical Society, Pittsburgh, Pa., September 4 to
8, 1922, Received August 17, 1923,

the importance of careful preliminary washing.

is apparently an advan-
tage, in the case of some
samples, in using a 9-cm. filter, since a greater number of
washings is required to give the 250 cc. than when the 11-
cm. filter is used.  In most cases, however, ten washings on a
11-cm. filter using about 25 cc. each time were sufficient.

It has been found with some samples that the percentage of
insoluble after, washing to 250 cc. is quite appreciably lower
than when washing to 150 cc. There seems to be an impor-
tant relation between such results and the Fe,O;—the greater
the number of washings the more Fe,O; combined with P.Os
is washed through resulting in lower results for insoluble.

Several samples of acid phosphate were next taken, washed
to different volumes, and the percentage insoluble P,Os and
T'e,0; determined.

PER CENT INSOLUBLE———

100 Ce. 150 Cc, 200 Ce, 250 Ce.
Un- (4 Wash- (6 Wash- (8 Wash-~ (10 Wash-

washed - ings) ings) ings) ings)
Sample C—Acid phosphatz 1 day old (Tennessee rock)
s O R I e T Lot noTate o 2.26 2.19 2.15 2.05 1.96
Fe20; in washed residue.. 2.05 2.00 2.00 1.90 1.80
Fei0; after citrate treat-
men G e o f 0.40 0.40 0.40 0.25
Sample D—Acid phosphale, & months old (Tennessee rock)®
POl s s sleh sieleres 0.32 0.29 0.20 0.14 0.12
Fea0; in washed residue,. 2.10 2.10 2.00 1.90 1.83
Fei0; after citrate treat-
PO S A A e s o 0.43 0.40 0.38 0.35 0.28
Sample E—Double superphosphate (45 pcr cent available P20s)®
SO R s A et 0 2.40 2.25 /s 2.14
Fez0; in washed residue.. 1.50 1.40 1.20
Sample F—Acid phosphate, 1 year old (Florida rock)
PyO3 N ts 5 Sievera ate s it 0.24 0.18 0.14
Fez0; in washed residue,. 1.20 1.10 . 1.06
Sample G—Acid plwsphate, 1 week old (Florida rock)
PaOgh e se b aoisls s ia s it dle s 3 0.55 0.42 vla 0.38
Sample H :
Average results for in-
soluble P:0; on eight
samples of mixed fertil-
izers, containing acid
phosphate, nitrogen,
dnd’potash G- eti 2.03 1.98 1.90 1.83

a The results in Samples D and E are the average reported by ten labora-
tories.

The importance of thorough washing of the sample with
water prior to its treatment with ammonium citrate having

" been established, a series of tests was made to determine the

effect of different solutions of ammonium citrate. Just prior to
this, however, two samples of acid phosphate had been sent to
twelve laboratories together with some of a solution of neutral
ammonium citrate, with the request to determine insoluble
P,O;s using this citrate solution and also using their own.
The average of the twelve tests on the ammonium citrate
solution sent from this laboratory showed a ratio of ammonia
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to citric acid of 1:3.759. The average results for msoluble
from the twelve laboratorles follow: ™ » ~

~—PER CENT INSOLUBLE—
Minimum Ma‘umum Av

Sample I—Well-cured aad phosphate

Citrate solution: Other laboratories............. 0.08 0.29 0.18
Author’s laboratory .......... 0.06 0:29ret= i
Sample J—16 per cent acid phosphale

Citratesolutions: Other laboratories............. 0.73, 0.95 .0:88
Author’s laboratory .......... 0.74 0.95 A

Nine laboratories reported results in close agreement on the
first report, and after further work and observing. the pre-
cautions of thorough preliminary washing, all agreed within
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Similar tests were made on a mixture of equal parts of acid

v phosphate and bone meal, when the effect of addmg ammonia

or citric acid to a neutral solution of ammonium citrate was
more marked.

It was found 1mportant to select a long-stem (5 to 6 inches),
60-degree funnel for the preliminary washing, and with a
carefully fitted paper the washing up to 250 cc. may be done
in 20 to 30 minutes. It was further noted that when this
precaution is not observed and an hour or more is required
for washing, the results for insoluble are generally ‘higher.
(Some analysts add a little paper pulp or asbestos to i increase
rapidity of washing.)

PER CENT INSOLUBLE

~—Using Neutral Citrate—
4 : Volume Preliminary Washing

100 Ce. 150 Ce.
Sample K—Mixed fertilizer, 2:10:10...,....... 1.20 1.12
Sample L—16% Acid phosphate from Florida rock 0.30 0.25
Snmple M—Acid phosphate from Tennessee trock 0.37 0.30
Sample N—169% Acid phosphate plus lime ..... 3.77 3.65

Sample O—DMixture acid phosphate and cotton-
seed meal

0.05 per cent. It was found that the difference was not due to
ammonium citrate solutions, since the laboratory reporting the
lowest results, likewise the one reporting the highest results,
found the same with both solutions.

Sample K was then prepared and portions sent to ten
laboratories. This was a sample of mixed fertilizer contain-
ing about 2 per cent NHs, 10 per cent available P,Os, and 10
per cent K.0. The results reported varied from 1.00 to 1.21
per cent, averaging 1.08 per cent.

In order to determine the effect of using a neutral solution of
ammonium citrate as compared with solutions containing
excess ammonia and others containing excess citric acid, the
foregoing tests (Samples K to 0) were made.

Using Neutral Citrate Plus Ammonia or Citric Acid (Prchmmary
Washing 250 Ce.) Containing IExcess Ammonia or Acid as Follows

250 Ce. 0.5% 1.0% 2.5% 5.0% 10.0%
{NH.OH 1.08 "1.10 1.10 1.11 1.11
1.09 ) Citric acid 1.08 1.02 1.00 0.95 0.95
0.95 {NH(OH .0.25 0.25 0.17 ©0.16 0.16
25 Citric acid 0.23 0.21 0.20 0.18 0.16
AT {N.H].OH 0.37 0.27 0.27 0.28 0.27
<25 | Citric acid 0.25 0.20 0.15 0.14 0,12
{NH4OH 3.62 3.62 3.87 3.97 4.12
3.61 ] Cittic acid 3.64 3.59 3.51 3.44 3.33

{NH.OH i 0.23 0.25

0.25 Citric acid 0.23 0.21

Many other determinations were made by using different
grades of filter papers, varying the temperature of the wash
water, diluting before precipitation, etc., but none of these
changes affected the results appreciably, especially as com-
pared with the importance of thorough preliminary washing
of the sample.
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An Improved Stopcock’

© By P. H. Kollewyn

MARTINEZ, CALIF.

THIS little article is written to introduce to chemical engi-

neers who have experienced trouble with leaking valves an
improved stopcock which does not leak if properly handled.
It has all the advantages of the regular stopcock, as easy
adjustment, -quick opening and closing, without the dis-
advantages of sticking and subsequent hammering or twist-
ing off of the square top of the stem.

Thls stopcock was invented? as a result of trouble arising
from the frequent replace-
ments of valves in the acid
lines of a California oil re-
finery. The first one was
installed there in 1919 andis
still in use. In Mexico this
valve was used exclusively on
all lines for corrosive liquids

oil lines.
The advantages of the
double packed stopcock are:
Easy INSTALLATION—After
the house is installed in the line

the plug is put in and the top
flange (see Figs. 1 and 2 show-

1 Received May 2, 1923.
2 U, S. Patent 1,370,745 (March7 19"1)

and also for steam and hot-

ing the low- and high-pressure valves) is bolted on tightly, so
tightly that the plug can hardly be moved. After this the bot-
tom flange, which before installation was fastened snugly, is
tightened, thus relieving the pressure on the plug which is taken
up in the top and bottom packing. The bottom flange is
tightened just enough to secure easy movement of the plug.

EAsy HANDLING—In case the valve ‘‘sticks,” due to wear,
the top flange is slightly loosened and the bottom flange tightened,
thus securing a very quick repair without danger of the operator
breaking the stem or the house, because no force is used as ham-
mering or twisting. This valve can be repaired without inter-
fering with the operation.

Easy CLEANING—The two openings on both sides of the house
make an effective cleaning possible without taking the valve out
.of the line.

REPLACEMENTS OF PArtTs—If, after long service, the plug is
worn out too far, it can be easily replaced by an oversize or new
plug, which means a
considerablecutincosts .7
because the housing
remains in the line¥
‘The high pressure valve
is very well adapted for
a boiler blowofl valve.
It carries an extra safe-
ty flange on top and if
fitted with a diamond
boring it complies with
the government speci-
fications, as it cannot
be opened at once to
its full extent because
the plug and the house
have to warm up slowly
to the same tempera-
ture before the plug
can be turned easily.

Fi1c. 2 -
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Chemical, Physical, and Biological Properties of Bordeaux

ON G before the

| downy mildew of the
grape was known in
Europe the grape growers
would, as soon as the fruit
began to mature, daub upon
the vines bordering the
highways and byways a
mixture composed of milk
of lime and copper sulfate,
the object being to prevent
pilfering. The downy mil-
dew appeared in the Gir-
onde in 1881 and Millardet*
noticed, in the course of
perambulations in the envi-

Mixtures'

By O. Butler

NEW HAMPSHIRE AGRICULTURAL EXPERIMENT STATION, DURHAM, N, H,

In this paper it is shown that in practice three types of Bordeaux

. mixture are recognized—acid, neutral, and alkaline washes. The
methods of preparation and chemical properties of these mixtures

are briefly described and it is pointed out that as the lime conlent
in a mixture is increased the shading action of the wash becomes
more obvious and its adhesiveness increased until the ratio of cupric
sulfate to calcium oxide exceeds 1:0.5 when it begins to fall. It
is also shown that the rate of setilement of a Bordeaux mixture,
on which much emphasis has been placed, is not in any sense a
measure of adhesiveness. From the facts presented it could also
be concluded that if the shadow cast by an alkaline Bordeaux mix-
ture was injurious then a neutral mixture could be substituled
and this depressing effect removed. It is also briefly pointed out
that when Bordeaux mixtures are injurious at the time of appli-
cation the injury produced depends both on the composition of the
wash and the specific sensitivily of the organ sprayed.

Neutral Bordeaux mix-
ture is made by adding
milk of lime to a solution
of cupric sulfate until no
soluble copper can be de-
tected by means of potas-
sium ferrocyanide,? or, more
commonly, by adding milk
of lime until an alkaline re-
action is obtained. A Bor-
deaux mixture in which
the ratio of cupric sulfate
to quicklime is 1:0.3 falls
in this group.

Alkaline Bordeaux mix-
ture is a wash containing

rons of Bordeaux in 1882,
that the mixture the vine-
yardists were in the habit of daubing upon their grape
vines with a small fagot broom distinctly preserved the
treated plants from the ravages of the disease. The im-
portance of this fact did not escape him. Millardet im-
mediately began experimenting, and on April 1, 1885, re-
ported the results of his experiments.
had the composition?

Copper sulfate 5.71 parts

Quicklime 10.71 parts
Water to make 100 parts

and was therefore thick and heavy and not suited for use in
sprayers. ‘The formula necessarily needed modification
and the Bordeaux mixture proposed in 1885 was soon re-
placed by more fluid washes, the most radical change in-
troduced being in the amount of quicklime used. The ratio
of cupric sulfate to quicklime, which in the original wash was
1:1.87, was changed by Millardet and Gayon?® in 1887 to
1:0.3. These authors proposed for use in general practice
a Bordeaux mixture of this composition containing 3 per
cent cupric sulfate, and for trial similar mixtures containing
2 per cent and 1 per cent cupric sulfate, respectively. TFur-
ther modifications of the original formula were introduced
from time to time by various authors, and before the close
of the 19th century there were recognized in the literature
three types of Bordeaux mixture—acid Bordeaux mixture,
neutral Bordeaux mixture, and alkaline Bordeaux mixture.

Acid* Bordeaux mixture is, strictly speaking, a wash so
made as to contain a small amount of soluble copper and
give a faint acid reaction. In practice, however, the mix-
ture is usually made by adding milk of lime to a solution
of cupric sulfate until an alkaline reaction is obtained, when
a small amount of cupric sulfate is added, 0.1 per cent in
the case of a 1 per cent Bordeaux mixture, and 0.2 per cent
in the:case of a 2 per cent Bordeaux mixture. Obviously,
as usually prepared, acid Bordeaux mixture will not give
an acid reaction, or contain soluble copper.

1 Presented before the Division of Agricultural and Food Chemistry
at the 65th Meeting of the American Chemical Society, New Haven, Conn.,
April 2 to 7, 1923.

# The numbers in the text refer to the bibliography at the end of the
article. .

The mixture he used:

cupric sulfate to quicklime

in a ratio of not less than
1:0.5, though mixtures containing a ratio 1:3 and 1:5 have
been recently introduced.® The alkaline Bordeaux mixture
most commonly used in the United States is a wash contain-
ing cupric sulfate and quicklime in equal amounts.

The ratio cupric sulfate to quicklime used in preparing a
Bordeaux mixture has an important effect on the chemical,
physical, and biological properties of the wash—is, in fact,
of more importance than is commonly supposed.

CHEMISTRY OF BORDEAUX MIXTURES

According to Millardet and Gayon,® Chester,” Fairchild,?
and the majority of writers on the subject, the reaction that
takes place when cupric sulfate and milk of lime or lime-
water are brought together results in the formation of cupric
hydroxide and calcium sulfate, calcium hydrate being also
present when the limewater or milk of lime is used in
excess. Millardet and Gayon® did, however, observe that
cupric sulfate and calcium oxide would combine in the ratio
of 1:0.179, which is very nearly the ratio required for the
formation of the basic sulfate 5Cu0.503; and Fairchild ex-
pressed the opinion that basic sulfates are at first formed
when milk of lime is slowly added to a solution of cupric
sulfate.

Sostegni? studied the reactions involved in the preparation
of Bordeaux mixture, and concluded that the copper pre-
cipitate was composed of cupric hydrate, basic cupric sul-
fate, and a double sulfate of lime and copper.

Vermorel and Dantony!? state that the copper is precip-
itated in acid Bordeaux mixtures as basic sulfates, but that
in alkaline washes cupric hydrate is almost exclusively formed
when the milk is poured quickly into a solution of cupric
sulfate and basic sulfates where it is added very slowly.

The most comprehensive study of Bordeaux mixture has
been made by Pickering. According to this author!! the
following distinet basic salts may be formed when cupric
sulfate is precipitated by calcium hydrate in the form of
limewater: 4Cu0.80;; 5Cu0.50; 10Cu0.50;; 10Cu0.-
503.3Ca0.

These Cu0.3Ca0 basic sulfates, omitting Cu0.3Ca0, which
is of no particularinterest to the student of Bordeaux mixture,
are formed when cupric sulfate and calcium hydrate are com-



1040

bined in the proper proportions to give the following ratios
of cupric sulfate to calcic oxide: 4Cu0.S0;, 1: 0.166; 5Cu0.-
8503, 1:0.181; 10Cu0.50;, 1:0.2; 10Cu0.505.Ca0, 1:0.269.
The basic sulfates 4Cu0.S0; and 5Cu0.80; are somewhat
soluble in the mother liquor, the former to the extent of 1 part
in 40,000, the latter to the extent of 1 to 2 parts per million.
The other basic salts, however, are quite-insoluble in ‘the
mother liquor, though, beginning with 10Cu0.S0O;, they
dissolve with increasing readiness in saccharose.

When the basic sulfates are boiled, 10Cu0.S0; decomposes
with formation of cupric oxide, but the other basic salts are
not affected. None of the basic salts crystallize with age.

In practice the only basic sulfates that can be found in
Bordeaux mixtures are 5Cu0.S0;, 10Cu0.80;, and 10 CuO.-
S0;, 3Ca0 either alone or mixed, according to Pickering,
with a more highly basic salt the composition of which has
not been determined, 4Cu0.S0; does not occur, since even
in acid Bordeaux mixtures the ratio of cupric sulfate to quick-
lime will always be such that the lowest basic sulfate that
could be formed would be 5Cu0.S0;.

In neutral Bordeaux mixtures cupric oxide gradually forms
on standing, but does not appear in mixtures in which the
ratio of cupric sulfate to calcium oxide lies between 1:0.25
and 1:1. When, however, mixtures of these latter types are
boiled, cupric oxide may or may not form, its appearance
depending on the percentage strength in cupric sulfate of
the mixture, as a study of Table I will show.!?

TABLE I—EFRFECT OF BOILING ON THE DEVELOPMENT OF CupRrIC OXIDE
IN BORDEAUX MIXTURES

Strength of Mixture Ratio
Per cent CuS04:CaO
2 .00)
.50 ¢
25 } Formed

Cupric Oxide

00 i Not formed

25 Formed
Not formed

CoooOoHNMIa
'—‘NQ!U\C:'I
[ P Y
~HOOHOCHOOH
o
&

D
25
These data show that as soon as there is sufficient calcium
hydrate in solution to give, on combining with the cupric
sulfate, the basic sulfate 10Cu0.503.3Ca0 or 10Cu0.S0;.-
3Ca0 admixed with higher basic salts, no cupric oxide forms
on boiling the mixture.

When first prepared the Bordeaux mixtures encountered:

in practice form gelatinous precipitates, which are not usually
stable and change more or less profoundly, depending on the
temperature, the percentage strength in cupric sulfate,
and the ratio cupric sulfate to calcium oxide used. In acid
and neutral Bordeaux mixtures cupric oxide gradually
forms and the precipitate becomes granular; in alkaline
Bordeaux mixtures the gelatinous precipitate is usually re-
placed by spherocrystals. If one prepares a series of Bor-
deaux mixtures containing 0.125, 0.25, 0.50, 1, 2, 4, and 6
per cent cupric sulfate, in which the ratio of cupric sulfate
to caleium oxide is 1:1, he will find that spherocrystals will
appear in all the mixtures except the 0.125 per cent wash.
Bordeaux mixtures in which the ratio of cupric sulfate to
calcium oxide is 1:0.5 behave similarly to 1:1 mixtures.
The 0.125 per cent mixture shows little or no change with
age, while in the stronger mixtures blue spherocrystals, ap-
parently similar to those occurring in the 1:1 mixtures,
appear, but more slowly than in washes of the latter type.
It was found that in alkaline Bordeaux mixture cupric oxide
did not always form when the wash was boiled. There is
no relation: between the formation of cupric oxide and the
development of spherocrystals on standing. It would ap-
pear that in Bordeaux mixtures the copper salt at first
formed is not stable.. In acid and neutral washes it changes
gradually to cupric oxide; in the alkaline washes the change
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is to the formation of spherocrystals irrespective of the
reaction given by the copper salt when the mixture is first
made. These differences are due to the limited solubility
of calcium hydrate. In strong Bordeaux mixtures the copper
is precipitated in the same form, but if the calcium hydrate
in the form of milk of lime is used in large excess the reaction
will continue until equilibrium is reached.

The crystallization of Bordeaux mixtures may be pre-
vented by the use of a small amount of saccharose. Kel-
hofer,** who first proposed the use of saccharose for this
purpose, states that the amount required is determined by
the ratio cupric sulfate to calcium oxide used. Tor a 1 per
cent Bordeaux mixture 1:1 the amount required for 50 gallons
is 2 ounces. ‘Alkaline Bordeaux mixtures containing small
amounts of saccharose remain gelatinous for a number of
months, but eventually cuprous and cupric oxides form.

ADHESIVENESS OF BORDEAUX MIXTURES

The adhesiveness of Bordeaux mixtures has been studied,
by several investigators,’* and the subject is one of con-
siderable practical importance.

Acid Bordeaux mixtures are less adhesive than neutral
washes, and very alkaline washes are not as adhesive as
mixtures in which the ratio of cupric sulfate to quicklime
is 1:0.5. From the standpoint of adhesiveness there is no
reason for increasing the lime content of a Bordeaux mix-
ture beyond the amount required. to give the ratio 1:0.5.
The adhesiveness of a strictly neutral Bordeaux mixture
prepared from limewater—that is, a mixture in which the
ratio of cupric sulfate to calcium oxide is 1:0.2—is extremely
poor since it is very highly gelatinous, so gelatinous that
when it dries on a leaf the rate of drying of the surface ex-
posed to the air is so much faster than that of the layer in
contact with the leaf, that the tension produced causes the
edges to curl to such an extent that the greater part of the
mixture flakes off. A strictly neutral Bordeaux mixture is
not serviceable in practice. In fact, it is rather doubtful
whether any benefit is to be derived from using extremely
gelatinous mixtures. What is needed is copper in a very
fine state of division. For instance, if we study the rate of
settlement of a.1 per cent Bordeaux mixture 1:1 made with
water at 10° C., a very gelatinous mixture, with a similar
mixture made with water at 30° C., a wash in which the cop-
per is precipitated partly in granular form, we will find marked
differences in their rates of settlement but no difference in
their adhesiveness to Coleus leaves.

TABLE II—EFrFECT OF TEMPERATURE OF WATER USED ON THE RATE OF
SETTLEMENT AND ADHESIVENESS OF 1 PER CENT BORDEAUX MIXTURE 1:1
MIXTURE MADE — Relative Numbcrs——-—\ Adhesiveness
WITH 1/a Hr. 1 H 2 Hrs. 10 = perfect
Water at 10° C. 6.5 22, 5 66.0
Water at 30° C. 100.0 250.0 445.0 7

It has generally been assumed that the adhesiveness of
a Bordeaux mixture was greater in slowly than in rapidly
settling mixtures and better in freshly made than in mixtures
that had been prepared for some time. The data in Table
II show that too much importance should not be attached to

the method of mixing, but, on the other hand, the opinion:
that a freshly made mixture is more adhesive than one that.

has been allowed to stand would seem to be sound in the
case of Bordeaux mixtures that crystallize. The data in
Table III show that a Bordeaux mixture in which the copper
precipitate has assumed the crystalline form is much less
adhesive than a freshly made wash.

TABLE III—RELATIVE ADHESIVENESS OF 1 PER CENT BORDEAUX MIXTURE
34 FRESHLY MADE AND DETERIORATED!4

Adhesiveness, 10 = perfect

Copper precipitate gelatinous 6.7
Copper precipitate crystalline 4.7
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B1oLoGICAL PROPERTIES

Prysicar Errecrs—Bordeaux mixtures are, as a simple
inspection of the dried washes would show, unequally trans-
parent, the opacity increasing as the ratio of cupric sulfate
to calcium oxide approaches unity. One would therefore
expect that a plant sprayed with a neutral wash would re-
spond somewhat differently than a plant sprayed with an
alkaline mixture, and, effectively, as the data in Table IV
show, we find that the sprayed plant develops normally
on the one hand and slightly abnormally on the other.

TABLE IV—EFFECT OF SPRAYING WITH BORDEAUX MIXTURE AND MILK
oF LiME ON DRy MATTER FORMED AND TRANSPIRATION PER GRAM DRy
MATTER!S
i Transpiration per Gram

Dry Weight——— — Dry Matter

Sprayed with Sprayed with Bor-
Bordeaux Mixture Not deaux Mixture Not

1:1 1:Alkaline Sprayed 1:1 1:Alkaline Sprayed

Variery Usep  G. G. G. G. G. G.

Radish Early 0.74 0.95 0.66 27.80 25.20 24.20
Scarlet Globe 1.97 2.33 2.74 37.50 27.60 30.60
2.67 3.10 2.92 40.73 32.39 34.84
AVERAGE...1.79 2.12 2.10 35.34 28.39 29.88
Tomato Bonny 2.42 3.18 2.95 19.70 9.77 9.95
Best 7.59 8.47 8.43 23.82 21.83 22.06
AVERAGE... 5.00 5.82 5.69 21.76 15.80 16.00
Bean Dwarf 3.28 3.41 3.68 20.20 18.20 18.70
Horticultural 3.60 4.7 5.38 6.52 4.97 4.78
AVERAGE. .. 3.44 4.08 4.53 13.66 11.58 11.74

The literature is not in agreement in regard to the effect
of Bordeaux mixtures on the rate of transpiration of sprayed
plants, though the weight of the evidence indicates increased
transpiration.’®* It has been observed by Daggar and
Bonns!® that spraying with Bordeaux mixture increases
transpiration especially at night. The writer has observed
that increased transpiration is noticeable especially under
-conditions favorable for radiation and that Bordeaux mix-
tures are opaque to the infra-red. We would therefore
expect, other things being equal, sprayed plants to transpire
more actively at night than nonsprayed plants. However,
it should be noted that increased transpiration of sprayed
plants at night does not of itself account for the effect of
Bordeaux mixtures, because all Bordeaux mixtures cause
increased transpiration to some degree but they do not all
affect plants in a similar manner. The response of sprayed
plants is to be attributed to difference in translucency of the
mixtures to the solar spectrum. Schrander'” was the first
to advance the view that the action of Bordeaux mixture
on plants was one of shade. Bordeaux mixtures, however,
while not equally opaque to luminous radiations, do not show
tnter se quite so marked differences as the behavior of the
.sprayed plants indicates that they should. The response
obtained is not due to shade, using the term in its ordinary
acceptance, but to different degrees of athermancy of the
washes to the spectrum. When the spectrum as a whole is
considered 1 per cent, alkaline Bordeaux mixture is much
more opaque than neutral Bordeaux mixture, and there is
concordance between the physical properties of the washes
and the response of plants sprayed with them.

CrEMmicAL Errecrs—When we study the response of
sprayed plants to the chemical action of Bordeaux mixtures
we find rather a complex situation—we have to consider
the effect of the mixture at the time of application, and the
effect of the mixture after it has dried. The effect of Bor-
deaux mixtures after they have dried seems to be due en-
tirely to the sensitiveness of the plant to soluble copper.
The action of Bordeaux mixtures at the time of their appli-
cation depends, on the other hand, on the type of mixture
used, on the kind and variety of plant sprayed, and on the
nature and age of the organ sprayed. In the grape, when
Bordeaux mixtures are injurious it will be found that
alkaline washes are more injurious than neutral mixtures,
and that it is the young leaves that are damaged. In
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the peach, alkaline washes are more injurious to youug
than to old leaves, and neutral mixtures more injurions
to old than young leaves. But, unlike the grape, the
peach is sensitive to soluble copper and eventually the
differences in behavior of the foliage following spraying
are masked by copper injury. In the tomato, alkaline
washes are more injurious than neutral Bordeaux mix-
tures, the injury due to alkalinity being noticeable on
the young leaves. In the apple, neutral and alkaline Bor-
deaux mixtures of the usual types are injurious. The de-
gree of alkalinity of the wash seems to have little or no in-
fluence on the intensity of the injury produced. However,
the apple is somewhat sensitive to soluble copper and the
fruit much more so than the foliage. In fact, the apple is
so sensitive to soluble copper after the blossoms have fallen
that Sanders and Brittain introduced Bordeaux mixtures
in which the ratio of cupric sulfate to calcium oxide is 1:3
and 1:5 in order to reduce injury. Bordeaux mixtures of
this type can be used on the apple very successfully, and cause
very little if any injury. The reduction in the amount of
the injury produced is not brought about, however, by any
change in the nature of the copper precipitate formed, but
by the fact that such a large excess of lime both delays and
impedes carbonation and consequently the dissolution of the
copper in meteoric water.
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Cellophane Plant under Construction

Cellophane, a transparent, cellulose product, used largely in
millinery for decoration and in other trades for wrapping pur-
poses, is to be manufactured by the du Pont Cellophane Co.,
a subsidiary of the E. I. du Pont de Nemours & Company. A
plant to cost approximately $2,000,000 is now being constructed
on the Niagara River at Buffalo, N. Y. This will be the first
plant to manufacture this product in the United States. Cello-
phane has been produced in France for the past several years
and its use is extending for wrapping purposes for confectionery,

‘biscuits, cakes, tea, coffee, cocoa, meat products, and, in fact,

for nearly all articles of food, as well as for perfumery, soap,
various toilet preparations, pharmaceutical products, and others.

It is an important addition to the list of cellulose products
produced by chemists for commercial uses during the last several
years. It is nongelatinous, will not melt in boiling water, or
It is described as entirely harmless, water- and grease-
proof, odorless, and can be dyed in any shade, printed or em-
bossed, making it especially attractive as millinery decoration.
It is manufactured in either sheéts or rolls.

The du Pont Cellophane' Company has obtained the patent
rights for North America and pending the completion: of its
factory at Buffalo will be the selling agents in this country for
the product. The company is now importing it. It is expected
that the new factory will be completed in May or June of next
year. ;
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Analysis

"LTHOUGH the ap-
A plication of titanous
chloride to the anal-

ysis of dyes was intro-
duced by Knecht and Hib-

bert about twenty years
ago,? little seems to have

of Triphenylmethane and Azo Dyes by

Titanous Chloride’

By W. S. Calcott and F. L. English

E. I. pu PoNT DE NEMOURS & Co., WILMINGTON, DEL.

The titanous chloride titration has been applied in the determi-
nation of strength of commercial dyes of the triphenylmethane and
azo classes, satisfactory results having been oblained in the routine
analysis of about thirty representatives of the former and over a
hundred of the latter. The method gives resulls accurate to about

TRIPHENYLMETHANE DYES

Three representatives of
this class, Pontacyl Green
S, Crystal Violet and Vic-

-toria Green, were studied,

their titration presenting

been done in the commer-

‘cial application of the method, in this country at least, until
the last few years. This seems to be attributable chiefly to
the long-standing prejudice, on the part of both dye man-
ufacturers and consumers, against any form of chemical anal-
ysis of dyes, upon the ground that the only criterion of the
value of a dye is the dye test. While this is undoubtedly
true so far as shade, fastness to light and washing, bright-
ness, etc., are concerned, sufficient data are now available to
prove the superiority of the chemical method in the estima-
tion of strength. In the standardization of dyes for the
trade, the titanous chloride titration has therefore supple-
mented rather than superseded the dye test.

Perhaps an even greater service is rendered as a guide and
‘control in the manufacturing processes.
and accurate method for determining the purity of dyes has
been a source of embarrassment in the synthetic work in
both laboratory and plant. Heretofore, the dye test has
been the basis for the estimation of yields, but this method
alone is unsatisfactory for the purpose, not only because of
the large variations frequently encountered between duplicate
determinations upon the same sample, but also because the
results must be expressed in terms of some arbitrary standard,
the composition of which is usually unknown. The results
of the titanous chloride titration, on the other hand, may
be caleulated upon the basis of either absolute purity or the
standard dye, as desired.

The determination of elemental constituents of the dye
molecule, nitrogen, sulfur, ete., has been used to a slight ex-
tent, but little confidence can be placed in the results, since
the impurities in the sample usually contain the element
sought.

PREPARATION AND STANDARDIZATION OF SOLUTIONS

For all dye titrations a 0.05 N titanous chloride solution
was used, the method of preparation, storage, and use having
been previously described in detail.® Standardization was
accomplished by means of Metanil Yellow purified as de-
scribed later under the analysis of that compound. The
procedure consisted in dissolving about 0.20 gram of the dye
in 50 ce. of water and 50 cc. of 25 per cent sodium tartrate
solution, boiling to expel air, and titrating the hot solution
to a colorless end point in an atmosphere of carbon dioxide.
Triplicate titrations should agree within 0.2 per cent in the
normality factor.

1 Presented before the Division of Dye Chemistry at the 65th Meeting
of the American Chemical Society, New Haven, Conn., April 2 to 7, 1923.

2 Ber., 86, 166, 1549 (1903); 88, 3318 (1905); 40, 3819 (1907); ‘‘New
Reduction Methods in Volumetric Analysis,” Longmans, Green & Co., 1910,
reprinted with additions in 1918.

3 THIS JOURNAL, 12, 994 (1920).

The lack of a rapid

no difficulty.

0.5 per cent.
('_

—N (CHz) 2 N(CH;):
Soms \ (G
\Cl

<_>so,.__..__

PoNTACYL GREEN S

&

2C\-——< )—N (CH3)2.3H2C204
VicTorRIA GREEN

The reaction consists in the reduction of the dye to its
leuco base with the consumption of two atoms of hydrogen,
the analytical procedure being as follows: -

CrySTAL VIOLET

—N (CHaj)z

Dissolve the sample (equivalent to 30 to 50 cc. of 0.05 N
titanous chloride) in a mixture of 50 cc. of water and 50 cc. of
alcohol? in a 300-ce. Erlenmeyer flask. Add 50 cc. of 25 per cent
sodium tartrate solution, boil 3 to 5 minutes, admit a rapid
stream of carbon dioxide, and titrate the hot solution with 0.05
N titanous chloride to the last distinct color change, passing car-
bon dioxide throughout the titration. With average dye samples

‘the end points are sharp, being determinable within two to four

drops of titanous chloride.

The samples upon which the experimental work was done
were purified by repeated crystallizations from water and
alcohol, the purity of the final product being checked by
nitrogen, sulfur, or chlorine determinations.
~ Wide variations were made in the conditions of the analysis,
the results obtained upon Pontacyl Green S, set forth in
the following tables, being typical of the other dyes studied
and proving the titration to be independent of reasonable
variations in’ procedure.

TABLE I—EFFECT OF CONCENTRATION OF SODIUM TARTRATE
(Assay = 0.3049 gram, 1 cc. TiCls = 0.01219 gram dye)

259% Sodium Tartrate TiCls Purity
No. Ce. Ce. %
1 5 No end point G
2 10 About 25 i
3 ‘18 24.05 96,20
4 20 24.08 96.32
5 25 24.05 96.20
6 50 24.10 96,40

In these experiments, one-half the proper size sample was
used because of the small amount of purified material avail-
able. In Nos. 1 and 2, the color of the solution at the end

4 Alcohol denatured with benzene is satisfactory.
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of the titration was red and the end point indistinct. The
fact that 18 cc. of the 25 per cent tartrate (Na.CsH,04.2H.0)
are equivalent to the free hydrochloric acid in 25 ce. of the
titanous chloride solution indicates that free mineral acid
is detrimental, but in addition to this buffer action the tar-
trate has a specific effect since titrations in the presence of
an equivalent amount of sodium acetate were unsuccessful.

TABLE II—EFFECT OF TEMPERATURE OF TITRATION
(Assay = 0.3049 gram, 1 cc. TiCls = 0.01219 gram dye)

Temp. TiCla Purity
No. SO Ce. %.
1 50 24.06 96.24
2 60 24.03 96,12
3 70 24.07 96.28
4 Boiling 24.05 96.20

The temperature of titration is thus seen to have no appre-
ciable effect upon the reaction.

TABLE ITI—EFFECT OF VARIATION IN ALCOHOL
(Assay = 0.3049 gram, 1 cc. TiClz; = 0.01219 gram dye)

Alcohol TiCls Purity
No. Ce. Ce. %
1 i 23.81 95.24
2 15 23.93 95.72
3 25 24,12 96.4
4 50 24.10 96.40

In Nos. 1 and 2 the sample was not in complete solution.
The concordant results of Nos. 3 and 4 indicate that alcohol,
in excess of a certain necessary minimum, has no effect.

The following analyses were made upon materlal that had
been crystallized three times:

TABLE IV—ANALYSIS OF PURE PONTACYL GREEN S
(Assay = 0.6097 gram, 1 ce. TiCl; = 0.01219 gram dye)

TiCls Punt.y
No. Ce. /0

1 49.85 99.70
2 49,92 99,84
3 49.89 99.78
4 49,97 99,94
5 50.03 100.06
6 49.90 99.80

Average 99.85

Crystal Violet behaved in all respects like Pontacyl Green
S, but in the analysis of Victoria Green a little difficulty was
encountered due to the variable composition of the dye sam-
ples. The formula for this dye given in the standard ref-
erence books shows the commercial article to contain two
mols of dye base to three of oxalic acid, which would give
an oxalic acid content of 29.1 per cent. When, however,
pure material was prepared by repeatedly recrystallizing
from 1 per cent aqueous oxalic acid solution and drying to
constant weight 7n vacuo at 40° C., the product, when an-
alyzed by the procedure found satisfactory for Pontacyl
Green S, gave results varying from 103.2 to 104.4 per cent,
calculated on the basis of the preceding formula. These
high results cast suspicion upon the oxalic acid content,
to confirm which oxalic acid determinations were made
through the gravimetric calcium oxalate procedure. These
showed the oxalic content of different samples to be quite
variable, results between 23.0 and 26.3 per cent oxalic acid
being obtained; the lower values were yielded by the samples
crystallized from water and the higher by those from dilute
oxalic acid. When this indefiniteness of constitution was
‘taken into consideration, satisfactory analyses were obtained
by the titration method, as indicated by the results set forth
below, obtained upon samples crystallized from dilute oxalic
acid.

TABLE V—COMPLETE ANALYSIS OF VICTORIA GREEN SAMPLES
Snml;le A Sample B
C

CONSTITUENT DETERMINED A

Dye by TiCls (caled. without HaC204) 72.40 72,58
CaO S ol Bt IRy 26.14 26.30
H:O (60° C., in vacuo) 1.12 1.27
LOTAL GBI GR & o r B s 99.66 100.15
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In addition to these three dyes studied in detail, the titra-
tion has been applied successfully in the routine lftbomtones

_to various other triphenylmethane colors.

Azo DyEs

In attempting to apply the methods for the titration of
azo dyes recommended by Knecht and Hibbert,® difficulty

_ was frequently encountered in the high color of the reduced

solution, which masked the end point of the titration.
Investigation revealed the fact that this color depends to
a large extent upon the nature of the medium in which the
sample is dissolved, so that by a judicious choice of solvents
the direct titration of a dye is made possible which otherwise
would require the less convenient indirect method. Un-
fortunately, no means of predicting the required solvent
mixture from the constitution of the sample has been estab-
lished to date; consequently, in undertaking the analysis
of a new dye, the medium must be determined by trial. On
the other hand, the data acquired in the analysis of a large
number of azo dyes show that any combination of the solvents
experimented with which yields a sharp end point gives con-
cordant results of sufficient accuracy for commercial purposes.
It may also be stated that in all direct titrations of azo dyes
the presence of sodium tartrate (or Rochelle Salt) is either
absolutely necessary or highly advantageous and, conversely,
in all back titrations excess of sodium tartrate must not
be present since titanous chloride is decomposed upon. bonlmg
in the absence of free mineral acid.

From these considerations it is evident that no procedure
of universal application can be given. The general outline
of the methods employed is as follows: :

DirEcT TrrraTioN—Dissolve the sample, which should be
equivalent to 30 to 50 cc. of 0.05 N titanous chloride, in 50 to
100 cc. of an appropriate solvent (water, alcohol, acetic acid, or
mixtures of these) in a 300-cc. Erlenmeyer flask, add 50 cc. of
25 per cent sodium tartrate solution, and boil for 3 to 5 minutes.
Admit a rapid stream of carbon dioxide, connect the flask to the
buret, and titrate the hot solution with 0.05 N titanous chloride
to the last distinct color change. If the standard solution is
added in 0.2-cc. portions toward the end of the titration, a satis-
factory end point can be detected in even a quite highly colored
solution.

INDIRECT ‘TrrrRATION—Dissolve the sample: (cquw'\lent to
about 30 cc. of titanous chloride solution) in 50 to 100 cc. of sol-
vent, add 25 cc. of 40 per cent sulfuric acid or concentrated hy-
drochloric acid, boil to expel dissolved air, sweep with carbon
dioxide, and add 50 cc, of 0.05 N titanous chloride solution.
Boil 5 minutes and titrate the hot solution with 0.05 N ferric
alum solution. It frequently happens that the reduction prod-
ucts of the dye serve as indicator, but if this is not the case 2 cc.
of a 0.1 per cent solution of reduced Methylene Blue should ‘be
added previous to the back-titration. This indicator is prepared
by dissolving 0.5 gram of dye in 100 cc. of 50 per cent alcohol and
50 cc. of 25 per cent sodium tartrate solution, titrating hot with
titanous chloride to discharge off the blue color and diluting to
500 ce. The solution should be storefl under carbon dioxide, as
it is rapidly reoxidized by air.

Either method is rapid, the direct titration requiring 15
to 20 minutes and the back titration but little longer, and the
results by either, when applied to average samples, should
be reproducible within about 0.5 per cent. In the analysis
of dye mixtures, the results cannot be calculated upon the
absolute basis of the Metanil Yellow standardization, but
must be expressed in terms of a standard dye known to con-
tain the same ingredients as the sample in approximately
the same ratio.

In all cases the samples dealt with were purlﬁed by re-
crystallization from water or mixtures of alcohol and water,
and the purity of the final product was checked by elementary
Since Metanil Yellow was used as the ultimate
standard, especial care was exercised in its purification,

§ “New Reduction Methods in Volumetric Analysis,"” 1918, p, 76,
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TABLE VI—ANALYSIS OF Azo DyES By TiTraNoUS CHLORIDE Purity by

; Normality : Purity Sulfur or

Molecular * Pro- of 3% Assay Solvent TiCl; Iron by TiCls  Nitrogen

DyE Weight CoMPOSITION cedure TiCly G. Cci Ccl Ce. % %
i - S i G o 0:200028 i 46.85 100.04
Metanil Yellow 375.3  Metanilic acid + diphenylamine 1 0.04897 0.2100 50 water 49.15 99.96
; ths e e 032209 85 BT ret 50.01 100.02
e ; A 052000 Bt 0ot i ¥

Orange 1T 350.2  Metanilic acid + p-naphthol { 1 0.04552  0.2000 50 water 5000 89176
o P B A 0.2415 (50 alcohol 49.50 o 99.00
Chrome Black 6B 394.3  1:2:4 acid + p-naphthol 1 0.04897 0.2415 425 water 49.50 e 99.00
O RO 0.2415 (25 acetic 49.40 i 98.80
B 0.2824 55 (SRSS ST 44.25 88.50
+Sky Blue 6B 992.7  Dianisidine -4 2 Chicago acids nl 0.04552 0.2824 <50 water 44 .45 88.90
S0 b SR 0.2824 (50 alcohol 44,40 88.80
: AT P IR 05128938 mIo s 50.00 12.20a 74.00
Basic Brown G 419.2 3-Phenylenediamine 2 0.04803 0.1259 100 water 50.00 12.20 74.00
R e 0125950 ot 50.00 12.00 74.40
e O S 0311 38B Fam iR 50.00 5.40a 87.40
Basic Brown B 461.3 3-Tolylenediamine 2 0.04803 0.1388 100 water 55.00 9.90 87.00
e SR 071388 st 0.00 14.60 87.00
: willed ey 03167788 (Rereisaez .90 99.80
Chrysoidine R 262.7 ‘Tolylenediamine - aniline 1 0.04803 0.1577 50 water 49.85 99.70
Sal ot oty 0.1577 25 acetic 49,92 99.84

a 1 cc. of iron solution = 1.062 cc. of TiCls.

the crystallizations—two from water and three from alcohol—
being continued until the final crop of crystals and the ma-
terial obtained upon concentration of the last mother liquor
consumed identical percentage quantities of titanous chloride.
‘The final product was dried to constant weight at 120° C.

In the foregoing table are summarized typical results ob-
tained upon representative azo colors. In Column 4, the
figures 1 and 2 refer, respectively, to the direct and indirect
titration procedures.

Basic Browns AND CHRYSOIDINES

In the analysis of the Basic Browns and Chrysoidines,
a special procedure is necessitated by the instability of these
compounds toward heat. In the former case, which is an
indirect titration, the sample was dissolved, the flask swept
with carbon dioxide, and the titanous chloride added at room
temperature, after which the reaction mixture was boiled

and the determination completed according to the usual
procedure. With the Chrysoidines, titration was begun at
65° C., temperatures above 70° C. causing appreciable de-
composition with consequent low results. :

AppiTioNAL WORK

In addition to the dyes studied above in detail, the titra-
tion method has been successfully applied in the routine
laboratories to the analysis of about twenty-five triphenyl-
methane and over a hundred azo colors.

Since the completion of this investigation, the titration
of azo dyes with titanous chloride with electrometric deter-
mination of the end point has been described by Jones and
Lee.® It is probable that such a procedure would over-
come, to a considerable extent at least, the arbitrary effect

. of solvent upon the titration encountered in our work.

8 THIS JOURNAL, 14, 406 (1922).

Action of Barium Chloride on Sulfate
in Fused Salts!

By Howard E. Batsford
1520 SuNseT AVE., UTIcA, N. Y.

The action of barium chloride on sulfate in aqueous solution
is so well known as not to need repetition, but whether this same
action took place when in a mixture of fused salts, such as so-
dium and calcium chlorides, was an open question. Foote and
Martin,? as a result of investigations on the action of barium
chloride in fused mercuric chloride, found that the chlorides of
most of the divalent metals were not soluble in mercuric chlo-
ride. However, this work, though of a similar nature to that
undertaken by the writer, was not conclusive evidence that the
reaction BaCl, + R.SO; = BaSOs + 2RCl would occur in
quantitative amount in other fused salts.

In connection with the electrolysis of fused salts it is very de-
sirable to obtain as pure salt as possible, in order to prevent ir-
regularities in the electrolytic action. The usual practice is to

_ purify the salts in aqueous solution, then to dehydrate them thor-
oughly and proceed to fuse them for manufacture of the respec-
tive metals. .

 An effort was made to study the effect on electrolysis of add-
ing slightly impure or commercial salts to the fused cell. The
result was a lowering of the current yield coupled with foaming

_ of the bath and disturbed thermal relations. It was found that
barium chloride added from time to time had an accelerating

. action on the metal production, but to what this action was
attributable was unknown.. The questions naturally arose,
whether barium chloride affected the c;ll by reactiop with the

1 Received May 21, 1923.
2 Am. Chem. J., 41, 451 (1909).

-remote.

sulfate impurities, and what effect it had on the fusion point when
added in small quantities to the melt.

The second question was settled definitely in a short time by
making up known mixtures of sodium and calcium chloride,
analyzing them, and running them for freezing points, then re-
peating the operation with samples containing varying small
quantities of the barium salt (Fig. 1). ;

The experiment on the action of barium chloride on the sul-
fate occupied several days. During the regular operation of the
electrolytic cell barium chloride was added hourly in known
amounts, samples of the molten electrolyte and bottom sludge
being taken at proper intervals.

Analyses were made of all materials entering and leaving the
furnace, as well as. of the
material remaining at the
end of the run. On ac-
count of the length of
each run and the large
quantities of electrolyte
employed, the chance of .
large percentage loss was

7))
700,

600

ees Cenligrade

It was found that (1)
barium chloride did not &
change the freezing point
when added in small quan-
tities; (2) barium chloride
in molten salt mixtures
acted asa purgative, pre-
cipitating quantitatively
the sulfate existing as im-
purity in the salts.

eqgr

500

20 &0

30 40 50
Per cent Nac/

F10. 1—FREEZING POINT CURVE OF
NaCrL-CaCl: MIXTURES
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A Method for the Determination of Tolidine”

By S. Palkin

CoLOR LABORATORY, BUREAU OF CHEMISTRY,

has an apparent advantage in that it is comparable
to the process involved when the base is to be used
for tetrazo dyes. This method is, however, subject to the
usual difficulties incident to diazotization, such as uncer-
tainty of end point with starch iodide indicator, as well as
instability of the product formed. The reaction is, more-

THE determination of tolidine by nitrite titration?

over, a time reaction, requiring periodic standing and ob- -

servations, to approximate completion of the diazotization.
An iodometric method* described by Roesler and Glasmann
has similar disadvantages and depends upon spot tests for
determination of the end point. Both methods, while simple,
require considerable skill and practice before any degree of
accuracy can be approximated.

It is well known that tolidine and benzidine form a number
of very difficultly soluble salts, and advantage has been
taken by Raschig® and others® to make use of the sulfates
of these bases for determination of the sulfate radical. No
method which makes use of this property of tolidine for the
determination of the base itself, however, has been found
on record. The Raschig® method requires an excess of
tolidine to insure complete precipitation.

The method deseribed in this paper makes use of the
more soluble salt, the dihydrochloride of tolidine, and de-
pends upon the fact that the dihydrochloride can be removed
from aqueous solution by the introduction of saturated salt
solution. The tolidine dihydrochloride, which is freed from
excess hydrochloric acid and other impurities by washing
with salt solution, can then be titrated acidimetrically, using
a suitable indicator.

DEScrIPTION OF METHOD

About 0.5 to 1 gram of sample is dissolved in dilute, 1 N
hydrochloric acid solution, using heat. About 10 cec. of 3.5
per cent acid will be required per gram of tolidine. To the
tolidine solution is then added a saturated sodium chloride
solution, using about 100 cc. of saturated salt solution to
every 10 cec. of tolidine solution. The tolidine dihydro-
chloride is allowed to crystallize out for about 20 or 30 min-
utes and is filtered by suction through a small 3 or 4-cm.
paper on a perforated plate. The precipitate is washed
several times with saturated salt solution to remove all free
acid and other impurities.

The precipitate of tolidine dihydrochloride is then trans-
ferred completely to a 150-cc. beaker, paper and all, and
dissolved in hot water to a clear solution. To this solution
is added 0.1 N ammonium hydroxide solution slightly in
excess, as determined by methyl red indicator. About 55
cc. of 0.1 N ammonium hydroxide per 0.5 gram of tolidine
is a convenient amount. The precipitate of tolidine base
is then allowed to stand a few minutes, filtered by suction,
and washed with water. The excess ammonia is titrated

1 Presented before the Division of Dye Chemistry at the 65th Meetiug
of the American Chemical Society, New Haven, Conn., April 2 to 7, 1923.

2 Contribution No. 78 from the Color Laboratory, Bureau of Chemis-
try, Washington, D. C.

3 Cain and Thorpe, ‘“Synthetic Dyestuffs and Intermediate Products,”
1918, p. 312.

Chem. Zitg., 21, 986 (1903).

8 Z, angew. Chem., 26, 617 (1903).

§ Miiller and Diirkes, Z. anal. Chem., 4T, 477, 653 (1903).

WasnINGTON, D. C.

back with 0.1 N hydrochloric acid solution, using methyl
red as indicator, and the volume of ammonium hydroxide
consumed is obtained by difference. One cubic centimeter
of 0.1 N ammonium hydroxide equals 0.0106 gram of tolidine.
Standard sodium or potassium hydroxide may be used in-
stead of ammonia, but the usual precaution to keep it free
from carbonate must be taken.

Using this method in a series of tests on specially purified
tolidine with melting point 129° C., it was possible to account
for 99.82 per cent in an average of nine determinations. The
minimum recovery in these experiments was 99.52 per cent,
and the maximum recovery was 99.96 per cent. The re-
covery on a less pure sample of tolidine with melting point
of about 128° C. showed variations of the same magnitude.
These results are shown in Table I.

TABLE I-—APPLICATION OF METHOD

Standard
Tolidine Alkali i

Taken Consumed ~—Tolidine Found-——

No. Grams Ce. Grams Per cent
la 0.2500 22.95 0.2494 099.76
2 0.2500 22.95 0.2494 99,76
3 0.2500 22.9 0.2488 09.52
4 0.5000 46.0 0.4998 99.96
5 0.2500 23.0 0.2499 99.96
6 1.0000 91.9 0.9985 99.85
7 0.5000 45.9 0.4987 99.74
8 0.5000 45.95 0.4993 99.86
9 0.2500 23.0 0.2499 99,96
116 1.0000 91.5 0,9941 99.41
12 0.7500 68.5 0.7443 99.2
13 0.1000 9.1 0.0989 98.9
14 0.0500 4.7 0.0510 102.0
15 1.0000 91.5 0.9941 99.41
16 1.0000 91.5 0.9941 99.41
17 0. 5000 45.8 0.4976 99.52
18 0.2500 22.8 0.2477 99.08
19 0.1000 9.1 0.09887 99.87
20 < 0.0500 4.55 0.0494 98.86

a Nos, 1 to 9 obtained by further purification from b, melting point
-]

b Nos. 11 to 20 obtained by purification of technical tolidine,

Experiments were also conducted to determine whether
the method was sensitive to variations in salt and acid con-
centrations. As shown in Table II, these two factors are
without appreciable effect.

TaBLE II—EFFECT OF VARIATIONS IN HYDROCHLORIC ACID AND SODIUM :
CHLORIDE CONCENTRATIONS

Salt Standard

Tolidine Solution HC1 Alkalib Tolidine

Solutiona  Used Added Consumed Found
No. Ce. Cot Cediiva Cel Grams
21 5 50 e 22.6 0.24565
22 5 50 22.6 0.2445
23 5 50 0.1 22.56 0.2445
24 5 50 0.2 22.5 0.2445
25 5 50 0.5 22,6 0,24556
26 5 50 1.0 22.45 0.2439
27 5 50 2.0 22.8 0.2477
28 5 50 3.0 22,65 0.2450
29 5 50 4.0 22.6 0.2455
30 5 50 5.0 22.65 0.2461
31 5 50 SEos 22,5 0.2445
32 5 50 22.8 0,2477
33 5 50 s 22.55 0.2450
34 5 50 SHoF 22,65 0,2460
35 5 40 ahe 22.45 0.2430
36 5 40 Y 22,45 ° 0.2439
37 10 90 43S 45.1 0.4900
38 10 100 45.2 0.4911
39 10 80 45.2 - 0,4911
40 10 100 45.3 0.4921

a Approximately 10 grams tolidine and 12 cc. conccntratcd hydrochlonc
acid dissolved in 200 cc. water, 1 cc. contains approximately 50 mg,
tolidine. :

b NH(OH solution used was 0.10245 N.

Note: Probable error m plpettmg tolidine solution =1 drop (0 05 ce,)
which is 50 X 0.05 = 2.5 7
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Some Simplified Routine Tests in Sugar-MiH Laboratories’

DETERMINATION OF SUGAR
in Lime CAKE

HE official method

I of decomposing the
saccharate of lime
present with acetic acid
requires considerable time
as the acid should be added
very slowly in order to in-
sure complete decomposi-
tion without excess. A
modification involving the

By K. R. Lindfors

MicHIGAN SuGAr Co., SAGINAW, MICH.

Every beet-sugarhouse chemist is familiar with the apparently
endless siream of samples brought into the laboratory to be tested,
also with the fact that the work must be performed to a great extent
by benchmen with often no knowledge of analytical chemistry.
Such conditions undoubtedly exist in the great majority of sugar
mills, and in order to accomplish the work only methods of greatest
speed and simplicity can be utilized. Therefore, modifications
increasing the speed, or decreasing the chance of error, ought to be
of inferest {o sugarhouse chemists.

The purpose of this paper is to call attention to a few simplified
methods, little known, or such modifications thereof as have been
found necessary in order to insure reliable resulls or lessen the

. mercial product. Instraight

houses sufficient acetic acid
to insure a perfectly clear
solution was used, and in
Steffen’s, 1 to 2 cc. addi-
tional.

STEFFEN’'S WASTE AND
Wasa WATERs—AS neutral
or slightly acidulated lead
acetate so effectively broke
up the saccharate present
in lime cake, its use for

addition of a definite
amount of acetic acid is
sometimes used, but as the
composition of the lime cake varies considerably from time
to time, this amount may be either too large or too small.
Ammonium nitrate has been substituted in many cases, but
it is not only expensive, but rapidly corrodes the brass fit-
tings on the polariscope tube.

Herles?recommends the use of ordinary neutral lead acetate
for decomposition of the saccharate present. The lead
acetate combines with the lime producing calcium acetate
and hydroxide of lead, setting the sugar free.

As 2 molecules of lead acetate combine with 1 molecule of
calcium oxide, 1 gram of lime will require 13.54 grams of lead
acetate. Lime cake ordinarily does not contain more than
4 per cent of caustic lime; 14.11 grams of the reagent will
therefore be sufficient for normal weight of the cake.

Furthermore, as about 5 ce. of insoluble matter are present
in 26 grams of cake, it becomes necessary to fill up to 105 ce.
in order to get a direct percentage of sugar. Hence, the
total volume to be added is 86.98 cc. which must contain
16.22 grams of the acetate. But as an excess does no harm,
it is recommended to use 20 grams of lead acetate per 100
cc. of water. The advantage of this reagent lies in the fact
that it not only decomposes the saccharate present, but at
the same time precipitates the impurities, as the hydroxide
formed during decomposition combines with the excess of
the reagent to basic acetate of lead.

Usually, there are no 105-cc. flasks available. Herles,
therefore, recommends the following modification of his
method:

work involved.

Weigh out 30 grams of lime cake, add with a pipet 100 cc. of
the lead acetate solution, mix, filter, and polarize. If the weigh-
ing is done in a dish with a tight fitting cover in which is placed
a piece of a suitable brass chain, a few moments of violent shak-
ing will accomplish the mixing of the reagent and the lime cake.

The method gives very good results in straight sugar mills,
but when the Steffen process is used the amount of caustic
lime present is sometimes considerably greater; therefore,
the amount of lead acetate added according to the foregoing
directions is not sufficient to complete the decomposition of
the saccharates. The difficulty was finally overcome by the
use of 25 grams of lead acetate per 100 cc. (in place of 20
grams) and the addition of 1 to 2 ce. of concentrated or glacial
acetic acid per liter,"the amount of acetic acid to be added
depending upon the presence of carbonate of lead in the com-

1 Presented before the Division of Sugar Chemistry at the 65th Meeting

of the American Chemical Society, New Haven, Conn., April 2 to 7, 1923,
2 Z. Zuckerind. Landw., 727 (1898).

similar purpose in other

materials containing bound

sugar was naturally sug-
gested. It was therefore tried in place of acetic acid on
Steffen’s waste and wash waters. The result was very satis-
factory. A large number of experiments were made, with good
checks, and finally this procedure was adopted:

With a sucrose pipet transfer double normal weight of Steffen’s
waste or wash waters into a 100-cc. flask. Add two drops of
phenolphthalein, and add slowly, under constant shaking, a con-
centrated solution of slightly acidulated lead acetate (about 450
grains lead acetate, and 2 cc. acetic acid per liter) until the red
color disappears. Then add about 2 cc. more or sufficient to

break up the milky precipitate, fill up to mark, filter, and polarize.

SaccHARATE CAkE AND SorutioN rFroM CooLeEr—These
materials contain too much caustic lime to be completely
decomposed by acetate of lead, but by ending the reaction
with this solution the danger of an excess of acetic acid is
avoided, and no further clarification is required. The method
adopted is as follows:

To normal weight of the material add dilute acetic acid until
the red color imparted by two drops phenolphthalein disappears
for the first time.. Thered color soon returns upon further shak-
ing, and then complete the decomposition by an excess of concen-
trated neutral lead acetate. (About 450 parts of lead acetate
to 1 liter of water, plus 1 cc. concentrated acetic acid.)

DETERMINATION OF SUCROSE AND RAFFINOSE IN MOLASSES

The old Herzfeld method works well with ordinary sugar-
house products, but when Steffen house molasses has to be
analyzed the results are often far from satisfactory. The
reason therefore is not hard to find. This molasses contains
such large amounts of the salts of lime, potash, and soda,
mostly as carbonates, that a part of the hydrochloric acid is
neutralized thereby and therefore the inversion is not com-
pleted in the time specified. To try to overcome this diffi-
culty by an addition of more acid or longer heating is not
advisable, as the composition of the molasses is not constant.
Therefore, a considerable error would be introduced when such
a modification was used on molasses with less salts, and often
the chemist does not know what kind of molasses he is testing,
nor is he able to estimate the amount of carbonates present.

Walker? describes an inversion process for the determina-
tion of sucrose by double polarization, which apparently
showed a way out of the difficulties. His method for de-
termination of sucrose in cane-sugar molasses is briefly as
follows:

Place 50 or 75 cc. of the solution used for direct polarization in
a 100-cc. flask (in case 50 cc. are used add 25 cc. water) and heat
in a water bath to 65° C. Remove from bath, add 10 cc. of a

3 TH1S JOURNAL, 9, 490 (1917).
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mixture of equal volumes of: hydrochloric acid (sp: gr. 1.188)
and water, allow to cool down spontaneously in air for 15 minutes,
or as much longer as may be convenient, then cool in water to
room temperature, make up to 100 cc., and polarize as usual.
In the case of low-grade products which have been clarified with
a large excess of basic lead acetate, it is imperative that the
excess alkalinity be neutralized before heating, this being best
accomplished by the addition of 1 cec. (or 2 cc. in exceptional
cases where a large excess of dry lead acetate has been used)
of the dilute acid used for inversion.

When this method was applied to Steffen house molasses,
it was found that the inversion was not completed within
the time mentioned, more acid, longer time, or both, evidently
being required. After a considerable amount of experimental
work the method was finally adopted with the following
modifications:

(1) The hydrochloric acid used is prepared by adding 40 cc.
of water to 60 cc. of concentrated acid, in place of 50: 50 in the
original method.

(2) One cubic centimeter of this acid is always added before
heating.

(3) The contents of the flask is heated to 70° C. on the water
bath (in place of 65° C.).

(4) The time of inversion before cooling is increased to 45
minutes.

(5) The chloride of lead precipitated is removed by filtration
before the zinc dust is added.

Thus, the procedure is carried out in this manner:

Weigh out double normal weight of the molasses and transfer
to a 200-cc. flask with water. Add basic lead acetate until
no more precipitate is formed (25 ce. will generally be about
right), fill up to mark, mix well, filter, and polarize in a 100-mm.
tube. The reading multxphed by 2 gives direct polarization.
Pipet 50 cc. of the filtrate to a 100-cc. flask, add 25 cc. water and
1 cc. hydrochloric acid (40 cc. water to 60 cc. concentrated hy-
drochloric acid). Insert a thermometer in the flask, and heat
the contents on a water bath to 70° C. Remove the flask
from the water bath and introduce 10 cc. of the dilute hydro-
chloric acid. ILet stand in the air at room temperature for at
least 45 minutes, cool, fill up to mark, and filter. Add a knife
point of zinc dust, filter the solution and polarize again.

DETERMINATION, OF MoISTURE IN Driep PuLp

Although it is of great importance to keep the moisture of
dried pulp as constant as possible within narrow limits, the
control thereof by the laboratory has been very unsatis-
factory on account of the long time required for drying, even
when vacuum ovens are available. In some plants the drying
time has been cut down to one hour, and the moisture calcu-
lated by means of a factor in order to obtain at least an ap-
proximate regult rapidly. But even so, a large amount of
pulp has time to pass through the drier before the results
are known. Therefore, a method of shortening the time of
the determination, and at the same time giving the moisture
accurately, ought to be of great value for the control of the
drier work. The moisture tester!is an apparatus for distilling
off the water contained in the sample, and is especially, and
hitherto probably exclusively, used for the determination of
moisture in grain. The grain is immersed in oil and heated
to a specified temperature (in most cases to 190° C.) at which
all the water distils off, to be collected in a cylinder so grad-
uated that the reading of the liquid gives the percentage of
moisture in the sample. As 50 or 100 grams of material are
taken, the moisture present can be determined within 0.1
to 0.05 per cent.

As no information was available as to the procedure to be
followed for determination of moisture in pulp, it became
necessary to ascertain experimentally the amount of material
to be taken, the volume of oil, and the temperature. Time
did not permit a thorough investigation of all details, but the

4 For complete description of the apparatus and directions for its use
see U. S. Dept. Agr., Bur. Plant Indusitry, Circ. T2.
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results obtamed with the following method ‘checked  very
well with the percentage of moisture found after 12 hours
of drying at 105° C. in an ordinary drying oven.

Weigh out 50 grams of the pulp and transfer to distilling
flask. Add 250 cc. of oil, and heat until the thermometer regis-
ters 190° C.

The whole operation is finished in 20 minutes. The appa-
ratus is inexpensive and the oil can be used over and over
again. This apparatus ought to be found in every sugar-
house laboratory.

Some experiments were also made to find out if the ap-
paratus could be used for the determination of water in other
sugarhouse products. With pressed pulp no satisfactory
results were obtained, as the large amount of water present
(about 85 per cent) caused excessive foaming. This can, of
course, be overcome by the use of small amounts of sample,
but then the aceuracy of the method will be greatly de-
creased.

Water in molasses, fillmass, and sugar can be found by
this method. Use 50 grams of material, 150 cc. of oil, and
heat slowly to 170° C. However, variations of the materials
may make modifications in the amounts necessary, and so
far not enough experimental work has been done to ascertain
the influence thereof.

DeTERMINATION OF GUMS 1IN DIrrusion JUIcE

Where the apparatus for determination of potash by means
of the centrifugal method is available, it will probably be of
interest to know that the same can also be used for the
determination of gums in diffusion juice.

To 5 cc. of diffusion juice add 0.5 cc. concentrated hydrochloric
acid, and 15 cc. of 95 per cent (volume) alcohol. Mix well and
let stand in water of about 70° C. for 15 minutes. Mix, transfer
to a potash flask, and spin in motor-driven centrifugal for 15
minutes. Kach degree on stem corresponds to 0.04 per cent
of gums,

The absolute percentages obtained in this manner may
not always be correct, but the figures are of considerable
comparative value, since they indicate irregularities in the
battery work, decomposed beets, and in a general way aid
in comparing the beets of one plant with those of another.

The test is always run in duplicate (this is necessary to
balance the centrifugal) and the mean of the two readings is
taken.

PREPARATION OF STANDARD AcCID

Many years ago the “Vereinslaboratory” in Berlin worked
out the use of borax as a standard of preparation of normal
solutions. As this salt furnishes an excellent check for such
solutions, it is surprising that it is never mentioned in the
chemical handbooks. The reason may be that borax loses
some of its erystal water quite rapidly, but as the recrystal-
lization thereof is very simple and rapid, this does not pre-
vent its use. In the hands of men with little analytical -
experience or scientific education, it is probably the most
accurate check available.

Commercial borax is recrystallized twice, C. P. borax
once, preferably by letting the hot, concentrated solution
(100 grams to 100 ce.) drop through a filter paper in a dish
placed in cold water, under constant stirring. It is absolutely
necessary to have the crystals form rapidly, under constant
stirring, as large crystals are liable to enclose particles of the
mother liquor. The fine crystals are washed once or twice
with cold water, and the excess of water is removed by suc-
tion. Part of the moisture remaining is eliminated by press-
ing the crystals between filter papers until the papers no longer
show any indication of moisture. The crystals are left to



4

1048

dry in the air, at room temperature for 24 to 72 hours,
depending. upon the moisture in the air of the room. In
winter, if no steam vapor is present, 24 hours are generally
sufficient. No heating or drying in desiccators is permitted,
a8 then some of the crystal water is lost.

The high molecular weight of this salt will practically
«eliminate the effect of errors due to slight inaccuracy in weigh-
ing, or small impurities still present. Five grams of borax
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correspond to 26.2 cc. of normal acid; 19,109 grams to 1/10
normal, and 6.825 grams to 1/28 normal acid.

Methyl orange is generally recommended as an indicator
for borax solution, but it is somewhat lacking in sharpness,
especially in dilute solution. This difficulty has now been
overcome by the use of dimethylamidoazobenzene. This
indicator is prepared by dissolving 1 gram of the salt in 1
liter of alcohol. The end point is very sharp.

ngh Speed Stlrrmg as an Aid to Chemical Action’

By C. H. Milligan and E. Emmet Reid

Jouns HopkINs UNIVERSITY, BALTIMORE, Mb.

ONTACT is conceded
C to be essential to
chemical action, and
it is usual to shake or stir
mixtures to facilitate reac-
tions, but quantitative data
connecting the violence of the agitation with the rates of
reactions are lacking. Such data are desirable for the de-
sign of equipment. Of course, conclusions drawn from small-
scale laboratory experiments are not to be applied recklessly
to plant apparatus.

Where we have two consecutive reactions, one of which
is extremely rapid and the other slow, the over-all velocxty
depends on the slow reaction and is related to the circum-
stances that favor or hinder it. If we consider the mutual
solution of the reactants as the first of the two reactions
followed by a chemical change, we come to the conclusion
that if the desired reaction is rapid but the rate of solution
is slow, the reaction rate will be related to the rate of stir-
ring, while if the solubility is great and the reaction compara-
tively slow, stlrrmg will be of little importance. The pres-
ent investigation is a preliminary study of the relation
between speed of stirring and reaction rate in several non-
homogeneous systems.

In the action of sulfur dioxide on benzene in the presence
of aluminium chloride, stirring has little influence, since the
gas dissolves readily anyway and the reaction rate is probably
slow, but the absorption of ethylene by benzene in presence
of aluminium chloride and the hydrogenation of cottonseed
oil using nickel as catalyst are enormously accelerated by in-
tensive stirring.

With the apparatus used by the authors and over the range
covered by their experiments, the rates of these two reactions
are roughly linear functions of the speed of stirring, and may
be approximately expressed by » = a -+ br, in which » is rate
of gas absorption and 7 is speed of stirring. ' The rate when the
gas is only bubbled through is a, and b is a constant for a
particular stirrer.

In the ethylation of benzene, a has a conslderable positive
value since the gas is moderately soluble in the liquid, while
in the hydrogenation experiments a is negligible. Here the
absorption of hydrogen increases faster than the rate of
stirring for low speeds, the relation becoming linear at higher
speeds. In TFig. 1 the absorptions in'cubic centimeters per
minute are plotted against speeds of stirring in thousands of
revolutions per minute.

At 13,000 r. p. m. 1 volume of benzene was reactmg with 6.5
-volumes of ethylene, and 1 volume of cottonseed oil in presence
of 0.12 per cent nickel was taking up 2.3 volumes of hydrogen,
whereby its iodine number was ‘being lowered 2.6 per minute.

1 Received May 10, 1923.

The relation of speed of stirring to velocily of reaction has been
studied in the ethylation of benzene and in the hydrogenation of
cotlonseed oil in presence of nickel.
are nearly proportional to speed of stirring.

For the literature relative
to the ethylation of benzene
by ethylene and for details
as to the products obtained,
reference may be made to .
a previous article.?

Rapid stirring appears to aid the chlorination of toluene
and of acetic acid, but quantitative comparisons have not
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