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E D IT O R IA L S

The Endowment Fund
A N  ENDOW MENT fund is to be secured for the A m e r i -  

c a n  C h e m i c a l  S o c i e t y .  This decision has been 
reached after careful consideration, and the plan adopted 
is one developed under the leadership of President Baekeland.

A  number of those who appreciate what the A m e r ic a n  
C h e m ic a l  S o c ie t y  means to public welfare and to industry 
have indicated a willingness to make their individual con
tributions proportionate to the number of the members of 
our S o c ie t y  who signify their interest in the fund by sub
scribing a dollar or more. Thus, a one hundred per cent 
subscriber will give a dollar for each member who sub
scribes, a fifty per cent subscriber will give a half dollar, 
and so on. This means tha t if our fourteen thousand five 
hundred members will subscribe a dollar each, then each 
of our one hundred per cent subscribers will add $14,500 
to the fund. There is no better opportunity to contribute 
to a worthy cause and have every dollar subscribed actually 
add several more to the fund. The income tax law permits 
contributions to such a society as ours to be deducted from 
income tax returns.

W hat is the need for the endowment? Scientists in other 
fields marvel a t the success of the A m e r ic a n  C h e m ic a l  
S o c ie t y  program, while business men, when all the facts 
are before them, are loud in their praise and genuine in 
their surprise a t what has been accomplished. A  scientific 
society within its own resources has developed a publication 
program tha t would be quite impossible without economical 
management and self-sacrifice on the part of many of its 
members, whose gratuitous labor has helped to make our 
publications the world standard.

All this has been done with the income from dues, a single 
contribution to our reserve fund, and the support of our 
advertisers, who, however, have been sold space on the 
basis of its value to them and not as a means of contributing 
to the S o c ie t y . I t  is not surprising that with the develop
ment of the science, for which our publications are in a 
large measure responsible, it becomes increasingly difficult 
to keep pace with publication needs. I t  is no criticism of our 
journals that with more funds they could be made still 
better. There is no question but tha t such money would 
be very well spent. We cannot depend upon dues to main
tain a more extensive publication program, and business 
conditions a t times make advertising income problematical. 
The importance of our publications as an educational factor 
and their great value to industry, not to mention the place 
they occupy in world affairs, make it incumbent upon us 
to guarantee their continuation on a basis commensurate 
with the advance of the science, independent of small fluctua
tions in income from other sources. This means an endow
ment fund.

We must first concentrate our efforts to obtain a t least 
one dollar from every member of the A m e r ic a n  C h e m ic a l  
S o c ie t y . Self-help is one of the best evidences of sincerity 
and one of the most potent arguments when approaching 
those people who contribute largely. If it can be said 
when this campaign is over tha t no member has failed to 
make his contribution, a record will be established upon 
which still greater things may be attempted, involving 
support outside the membership. Constantly bear in mind 
that your dollar will bring many other dollars.

The degree to which those who are inclined to give largely to 
this project will be stimulated will depend upon the enthusiasm 
of our own members. Others are sure to reflect our own at
titude. Send your subscription promptly to the secretary of 
the endowment committee, A. V. H. Mory, 230 Grove St., 
Bloomfield, N. J., making checks payable to A. C. S. En
dowment Fund.

The second point to be stressed is to interest those who 
can afford it to become one hundred, fifty, twenty-five, or 
ten per cent subscribers. We all know individuals who are 
so indebted to chemistry tha t even a five hundred per cent 
subscription would only partially discharge their obligation.

The purpose of the endowment removes any question 
as to profitable expenditure. The record of the S o c ie t y  
guarantees conservative administration of the fund without 
overhead expense. Surely American chemists will not 
hesitate now to provide a financial guarantee for the future.

Learning Values
TH E same day that the New York Times gave front 

page space to an account of the testimony of lawyers 
relative to.a reasonable per diem for their services, a story was 
related to us regarding the experience of a chemist, which 
presents the other side of the story.

I t  seems that a group who were active in the reorganiza
tion of one of our railways asked a fee of §2,364,249, which 
included $750,000 council fees. In the course of the hearing 
before the Interstate Commerce Commission on the rea
sonableness of the compensation, several prominent attor
neys testified that S500 a day was a reasonable fee for such a 
case, and cited instances where referees had been paid as high 
as 865 per hour, or S520 per day.

I t  is not our intention to comment upon the fees charged by 
another profession, but to draw a lesson that may be bene
ficial to the profession of chemists. We have heard chemists 
criticize per diem charges made by their fellows and have 
always maintained tha t one of the difficulties in placing 
chemistry on the same basis with other professions is 
that more often than not there is some one who is will
ing to do a given piece of work for just a little less. I t  is 
interesting to speculate as to whether or not a representative 
group of chemists would be willing to go before a referee or 
court and testify to the reasonableness of a per diem charge 
of any substantial figure without secretly thinking how pleased 
they would have been to do the same work for just enough 
less to have gotten the job. We must not be misunderstood 
as advocating unreasonably high charges, but there are many 
examples to prove tha t a professional man is frequently taken 
a t his own valuation, and there have been cases where capa
ble men have not been retained as consultants because they 
offered to do a piece of valuable work a t so low a figure that 
the client grew suspicious of their ability. A sense of values 
is an important item in most business transactions.

Now regarding the chemist. A manufacturer became so 
interested in seeming the services of a chemist that he could 
not wait until the chemist could visit him, but took a long 
journey to confer with the chemist. After discussing various 
other details and being satisfied that he wanted to employ the 
chemist, the manufacturer asked what salary must be paid. 
The chemist, after much thought, set a figure which chanced 
to be just one-third that which the manufacturer had come
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prepared to pay. The contract was signed and the chances 
are tha t the chemist even paid his ownmoving expenses. He 
is making good in his new position and undoubtedly will be 
rapidly advanced, but he failed to appreciate the true value 
of his services.

We chemists not only fail in frequent instances to evaluate 
our own services fairly, but may be accused of lacking that 
business sense which is a guide in establishing values in the 
commercial world. To many chemists the works of Dun, 
Bradstreet, Moody, and Poor are unfamiliar or even unknown. 
We do not urge them as substitutes for the texts of authors 
specializing in our field, but the chemist and chemical engineer 
upon beginning their careers find financial statistics, balance 
sheets, credits, and other recognized means of measuring 
values, subjects with which they must gain familiarity often 
at a time when they can least afford the slow method of un
aided experience. To judge values promptly and with some 
accuracy is always important, but especially so in the profes
sion of chemistry.

A Research Experim ent
HPHE history of our agricultural experiment stations and 

the success which has marked tha t first effort to provide 
machinery for promoting scientific research in a specific 
field is a m atter of record. There are also isolated examples 
of engineering experiment stations patterned in a way after 
them, but financed in a different manner. The initiation of a 
new research project is announced—the institute of research 
of Lehigh University. So far as we know this is the first 
formal organization in any university for research in all lines 
of knowledge represented in such an institution. Research 
in pure science and in the humanities has been done by gradu
ate schools of various universities, but here is a formal or
ganization for the promotion of research different from that 
concerned with the problems of teaching.

The authorities a t Lehigh are, of course, particularly 
anxious th a t every member of the staff devote as much 
time to scholarly pursuits as his duties will permit, but it is 
clear th a t the administrative problems of the institute, for 
which a board has been created, are distinctly different from 
those connected with teaching activities, and therefore should 
not be referred to the general university faculty.

The first publication of the institute is a circular giving in 
detail its organization, the reason for its formation, its func
tions, and a plan by which patents which may grow out of the 
researches are to be administered. The first function of the 
institute is that of training men for research; second, the pub
lication of the results of investigations; third, the conduct of 
general research; fourth, the conduct of cooperative research; 
and fifth, the conduct of commercial tests and advisory ser
vice. The statement with respect to commercial testing or 
giving expert advice for the conduct of investigations, the 
results of which are to be confidential and available only to 
the concern for which the work is done, may be quoted:

The U niversity does no t solicit such work, nor does it  desire 
to  enter into com petition w ith consulting engineers or commercial 
testing laboratories in th e  establishm ent of such commercial 
relationships. W hen requests for service of th is kind are made 
to the U niversity it  will advise the employment of consulting 
experts, except in eases where it is reasonably clear th a t it  m ay 
properly o r desirably undertake th e  w ork itself. T hus the 
University m ay possess facilities in  personnel and equipm ent, 
not readily available elsewhere, which will influence its decision 
in responding to  requests for service. N atu rally  th e  University 
desires to  render th e  largest service possible to  th e  industries of 
the country, when this can be done w ithout prejudice to  its  regu
lar functions of teaching and research or to  its  relations w ith 
independent consulting experts. I t  should be emphasized, 
however, th a t  it  is more interested in the establishm ent of rela
tions for the conduct of cooperative research for th e  advancem ent

of knowledge th an  in devoting its energies to  such activities as 
are discussed in this section.

This experiment in research will be watched with sympa
thetic interest, and the chemical profession wishes those 
responsible for its organization and the carrying out of its 
policies a full measure of success.

Value of Public Opinion
O O M E months ago, when it was announced that the British 
^  Dyestuffs Corporation was about to enter into an agree
ment with the Interessengemeinschaft, T h i s  J o u r n a l ,  in 
common with other publications interested in the develop
ment of a chemical industry, commented adversely upon the 
proposed step. I t  was recognized that the British Dyestuffs 
Corporation found itself in a very difficult position. I t  no 
longer had government support or protection and the textile 
manufacturers in Great Britain were inclined to purchase 
dyes wherever they might be obtained a t the lowest price re
gardless of other considerations. The British Government 
received many protests from prominent chemists and manu
facturers, from scientific societies and numerous other groups 
who realized the importance of such an industry in Great 
Britain and who consistently opposed such an alliance. 
Sidney Webb, president of the British Board of Trade, there
upon investigated the situation and the daily press now an
nounces that the proposed dye pact has been vetoed by his 
Government, which has a financial interest in the British 
Dyestuffs Corporation.

The value of public opinion has again been fully demon
strated, but its task has not yet been completed. If the 
British dye industry is to be developed and made independent, 
it will require the aid of British public opinion in providing 
a home market for its output, besides continued support in 
other directions as the need may arise.

Your Prize Essay Contest
r P H E R E  are now being distributed booklets with full 
* details of the 1924-1925 Prize Essay Contest and new 

posters to be placed in schools and libraries, and a report of 
the 1923-1924 contest is in the hands of the printer. Our 
second contest is on a broader plane than the first. The extra
territorial possessions of the United States as a unit are added 
to the States and the District of Columbia for the award of 
prizes among high and secondary school students, and six 
one-thousand dollar cash prizes are offered for undergraduates 
in our colleges and universities. With the experience of the 
past year to help the various committees, your second contest 
should accomplish a great deal more than the first, many of 
the earlier'mistakes should be avoided, and the whole effort 
put upon a very satisfactory basis.

There is one point that we wish to stress. You can assist 
in making clear the differences between the Prize Essay 
Contest of the A m e r ic a n  C h e m ic a l  S o c ie t y  and some of 
those now being furthered by other organizations. Secre
tary Hoover has stated, “The quickest way to kill broad
casting would be to use it for direct advertising.” Similarly, 
the surest way to rob contests of their beneficial influence 
would be to commercialize them.

The purely educational character and purpose of your 
contest should be emphasized. The entrants are not required 
to present receipted bills for merchandise purchased in order 
to be eligible. There is no possibility of any individual or 
any manufacturing concern making a material profit as a 
result of tills effort. The benefits are general and in the 
future the A m e r ic a n  C h e m ic a l  S o c ie t y  offers for sale
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no merchandise tha t can be advertised by the contest. We 
do not even seek to add materially to the number of chemists 
by this process. We merely desire to increase the number of 
those acquainted in some degree with our science and with 
its relations to various other human activities. We urge 
students to become acquainted with the cultural value of 
chemistry and to recognize in it  a science which deserves their 
unqualified support.

The Prize Essay Contest of the A m e r ic a n  C h e m ic a l  
S o c ie t y  is unique in many respects, but in none more than 
in its altruism and in the unselfishness with which it has 
been planned and is being put into effect.

Earning Power of Research
\A /" E  WONDER what your impressions were after read-

’ ’ ing the contribution on “American Progress in Dye 
Manufacture,” which appeared on page 1021 of our October 
number, and in particular what conclusion you reached after 
examining Table I, wherein are listed by manufacturers the 
new dyestuffs announced since the Tariff Act of 1922. That 
table is worthy of your careful examination, for in it you will 
find a good example of the earning power of research ad
equately supported in an industry where progress certainly 
cannot be made without it.

There are several ways to conduct a dye business. One 
appears to be to strengthen the position of the cheaper grades 
not affected by the reduction in tariff which went into effect 
September 22, 1924, and to hazard nothing in an effort 
really to complete the line. This carries with it a disregard 
of the obligation to increase the number of items produced and 
to make America independent. This obligation Congress 
placed upon the dye industry by providing special rates of 
duty. Another is to develop as many new dyes as the de
mand indicates without neglecting the cheaper ones of great 
tonnage, and thus to prepare for the future by early establish
ing colors for which a continued demand may be expected.

One of the companies listed in Table I apparently preferred 
the first method. I t  has dug in and attem pted to entrench 
in a small sector. There can be no doubt tha t another 
manufacturer noted in this same table is building for the 
future and a t the same time is doing his utmost to care for 
present needs. He has carried forward a determined attack 
all along the front. The first company seems to have little 
interest in research. The second is famed for dependence 
upon its scientific staff, the extent to which it is willing to 
back their judgment in the prosecution of research, and for 
its determination as an American company to see the dye' 
business through. One by one this company has put upon 
the market colors which were needed, even though the 
research involved was expensive and commercial production 
called for further large investments. Last year a vat pink was 
a notable contribution to dyes of American manufacture, 
while this year the production of golden orange marks the 
completion of the really essential list of vat dyes.

There is still another lesson to be drawn. From time to 
time the industry has been urged to be guided in its develop
ment work by statistics compiled by the Department of Com
merce and the Tariff Commission. These statistics showed 
that of the vat dyes not made here golden orange was im
ported in largest quantity. With such statistics available a? 
progressive board of directors had no difficulty in reaching 
a decision to produce tha t particular dye. The result is some
thing of which we may all be proud.

Still another point. The number of dyes produced cannot 
be taken as an index in all cases. In Table I  are names of 
concerns whose contributions are quite out of proportion 
to their capital and annual turnover as compared with com

panies having greater resources. They deserve credit for 
their appreciation of research in industry. But when a manu
facturer has ample resources, the facilities, the opportunity, 
and a large share in the responsibility to build for America, 
and yet fails to perform—what then?

Utilization of Forest Products
A  NATIONAL conference has been called by the Secretary 

of Agriculture to discuss the utilization of forest products, 
in Washington on November 19 and 20. The purposes of the 
conference are:

1—-To obtain national recognition of the fact th a t  better 
utilization of forest products ranks w ith forest protection and 
tim ber growing as one of three essential elements of an  effective 
forestry program.

2—To establish a nationally representative advisory committee 
to  assist the Secretary of A griculture in form ulating and carrying 
ou t adequate measures to  insure the m ost efficient development 
and use of our forest resources.

A notable program has been arranged in which the Secre
tary  of Agriculture has asked representatives of associations 
and organizations whose interests are concerned to participate, 
and it desired tha t all interested arrange to attend. The 
premises upon which the conference is called are of such vital 
interest to the chemical industry tha t we quote them here:

1—W e are faced w ith the mom entous problem of perpetuating 
a  supply of forest products sufficient to  m eet th e  needs of the 
greatest wood-using nation in the world.

2—Our national forest policy and plans for reforestation, now 
in the form ative stage, m ust be shaped so as to  m eet the basic 
requirem ents of use; a t  the same time, wood usage m ust be greatly 
modified to  conform to the present under-supply, and eventually to 
the acomplishments possible through reforestation and protection.

3— Diminished forest resources will, w ithin the  next genera
tion, have a radical effect on wood-using practices, manufacturing 
enterprises, and living conditions in this country. I t  is impera
tive th a t the existing supply be conserved and  apportioned as 
effectively as possible.

4— Approximately tw o-thirds of the present forest cu t is lost 
in the processes of conversion and through inefficient use. Ap
proxim ately one-third of the loss is now preventable if available 
knowledge can be generally applied; one-third is n o t now pre
ventable, b u t continued research can probably determine how 
prevention m ay be accomplished; one-third will probably re
main perm anently unpreventable.

5—Effective accom plishment in  b e tte r utilization demands the 
jo in t efforts of federal, sta te , and p rivate  interests, in the de
velopm ent and execution of adequate plans for th e  following three 
types of activities: (1) application of research findings; (2) direc
tion and coordination of economic tendencies; (3) further research.

Our readers will be welcome at the conference, and because 
of the importance of cellulose as a chemical raw material 
and the extent to which chemistry is involved in wood 
preservation and the like, it is obvious that chemists may play 
a real part in carrying out plans for the future.

Chemistry in Industry
HTHIS title has been given to a cooperative work, a review 
* of which will be found in this issue. The extent to 

which the book is circulated and finds a useful field will 
determine in a large measure whether or not there will be 
a second volume, and even a thud, in which industries not 
included in the first may find a place. The purpose of the 
book justifies members of the S o c ie t y  in generously sup
porting it and placing it in the hands of the nontechnical 
reader, whether his interest be casual or that of a student. 
The reader will be both instructed and entertained by its 
pages, and will find in it reasons for acquiring some interest 
in and acquaintance with the science which we study and 
practice.
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The Fifth Estate
Delivered at the Centenary Celebration of the Founding of The Fran\lin  

Institute and the Inauguration Exercises of the Bartol Research 
Foundation, Philadelphia, Pa., September 19, 1924

By A rthur D. Little

C h a r l u s  R i v s k  R o a d , C a m b r i d g e ,  M a s s .

BENJAM IN FRANKLIN was not perhaps in all re
spects a paragon, but be was unquestionably a poly
gon—a plain figure with many sides and angles. 

There were not enough buttons on his black coat to tell off 
the multifarious aspects in which his complex personality 
was presented to the world. He was craftsman and trades
man; philosopher and publicist; diplomat, statesman, and 
patriot. And he was, withal, a very human being. W hat 
concerns us particularly on this occasion is the fact th a t he 
was a t once philosopher and man of affairs. His remarkable 
career should refute forever the fallacy, which, unfortunately, 
still is current, th a t the man of science is temperamentally 
unfitted for the practical business of life.

At the time when Franklin was in England the British 
Parliament was assumed to be composed of representatives of 
three estates—the lords spiritual, the lords temporal, and the 
commons; but Edmund Burke, pointing to the Reporters' 
Gallery, said, “There sits a Fourth Estate, more im portant 
far th an  they all.” No one a t all familiar with the ubiquitous 
influence and all-pervading power of the press would today 
question the validity of Burke’s appraisal. Even then, 
however, there was present in England, in the person of 
Benjamin Franklin, a prototype and exemplar of the member
ship of a Fifth Estate—an estate destined to play an even 
greater part than its predecessors in the remaking of the 
world.

I t s  M e m b e r s h ip

This Fifth Estate is composed of those having the simplicity 
to wonder, the ability to question, the power to generalize, 
the capacity to apply. I t  is, in short, the company of 
thinkers, workers, expounders, and practitioners upon which 
the world is absolutely dependent for the preservation and 
advancement of tha t organized knowledge which we call 
Science. I t  is their seeing eye tha t discloses, as Carlyle 
said, “the inner harmony of things; what Nature meant.” 
I t  is they who bring the power and the fruits of knowledge to 
the multitude who are content to go through life without 
thinking and without questioning, who accept fire and the 
hatching of an egg, the attraction of a feather by a bit of 
amber, and the stars in their courses, as a fish accepts the 
ocean.

The curious deterioration to which words are subject has 
left us with no term in good repute and common usage by 
which the members of the Fifth Estate may properly be 
characterized. Sophists are no longer distinguished for 
wisdom: they are now fallacious reasoners. Philosophers, 
who once claimed all knowledge for their province, are now 
content with speculative metaphysics. Scholars have be
come pupils. The absent-minded and myopic professor is 
a standardized property of the stage and screen. The expert, 
if not under a cloud, is a t least standing in the shade. In  
Boston one hesitates to call a professional man a scientist— 
he may be a Presbyterian; and a “sage,” as an anonymous 
writer has pointed out, “calls up in the average mind the 
picture of something gray and pedantic, if not green and 
aromatic.” Let us, therefore, for a time at least, escape these

derogations and identify ourselves as members of the Fifth 
Estate.

Although the brotherhood of the Estate is open to all the 
world, its effective membership nowhere comprises more than 
an insignificant proportion of the population. Two hundred 
and fifty constitute the membership of the National Academy 
of Sciences. The latest edition of “American Men of Science” 
includes only about ninety-five hundred names. The 
number is expanded to twelve thousand eight hundred on the 
roll of the American Association for the Advancement of 
Science. Although gathered from all countries and though 
chemistry is one of the most active and inclusive sciences, the 
chemical papers, books, and patents reviewed in Chemical 
Abstracts in 1923 were the product of about twenty-two 
thousand workers. One may hazard the estimate tha t there 
are not in all the world one hundred thousand persons whose 
creative effort is responsible for the advancement of science.

I t s  O r ig in s

The studies of Cattell indicate that in America, at least, the 
great majority of men of science come from the so-called 
middle and upper classes, or precisely those sections of society 
which, in Russia, have been practically exterminated in the 
name of the new Social Justice. In  about two-thirds of 
Cattell’s reported cases both parents were American-born, 
while the fathers of nearly one-half were themselves pro
fessional men. Seventy-five per cent are dependent upon the 
universities for support, from which we may assume th a t the 
burden of the higher surtaxes does not bear heavily upon the 
Fifth Estate.

In  proportion to population the cities have produced twice 
as many scientific men as the country, but how many “hearts 
once pregnant with celestial fire” repose in country church
yards because of lack of opportunity and absence of the stimu
lus of contact, cannot, of course, be known, nor can we tell 
how many brains, competent and equipped to penetrate the 
mysteries of nature, the war has cost the world.

Initiative is one of the rarest mental qualities; yet without 
it progress is impossible. Its  combination with the scientific 
imagination and command of fact is still rarer and more 
precious. Since comparatively few of those who study 
science develop the capacity to extend its borders, the cost of 
a man competent to advance science has been estimated a t 
five hundred thousand dollars and his value to the com
munity set a t a far greater figure. Full membership in the 
Fifth Estate thus seems to involve the highest initiation fee on 
record. I t  is a figure disconcerting to the candidate, but as 
Wiggam has finely said: “Only genius can create science, but 
the humblest man can be taught its spirit. He can learn to 
face tru th .”

I t s  T e r r i f y i n g  L a n g u a g e

T hat the Fifth Estate is not better appreciated or always 
understood by the world at large is not surprising. In  their 
endeavors to secure accuracy of definition and expression its 
members have evolved a preposterous and terrifying language
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of their own. I t  is not ideally adapted to the interchange of 
confidences in ordinary human intercourse. I t  does not lend 
itself to poetry. “Ladybird, ladybird, fly away home” 
becomes impossible when one is forced to address the prettily 
spotted beetle as Coccinella dipunclata. A primrose by the 
river’s brim is much more than a yellow primrose to the 
botanist: it is a specimen of Primula vulgaris. The organic 
chemist produces a new synthetic product in a mass of 
pilular dimensions and bestows upon it  a name tha t would 
slow up Arcturus. Nothing but static interference can ac
count for the terms of radio telephony. I f  knowledge is to be 
humanized it  must first be translated.

Dewar has said tha t the chief object of the training of a 
chemist is to produce an attitude of mind. I t  should be the 
object of all education to produce the scientific attitude 
toward truth. We may even agree with Robinson tha t 
“of all human ambitions an open mind, eagerly expectant of 
new discoveries and ready to remold conviction in the light 
of added knowledge and dispelled ignorances and misappre
hensions, is the noblest, the rarest, and the most difficult to 
achieve.”

Carlyle says, “The degree of vision tha t dwells in a man is a 
correct measure of the man.” And President Coolidge has 
been quoted as saying in a recent interview:

E verything flows from the application of trained intelligence, 
and invested capital is the result of brains.

The m an of trained intelligence is a  public asset.
W e go forward only through the trained  intelligence of indi

viduals, b u t we, no t th e  individuals, are the beneficiaries of th a t 
trained intelligence. In  the very na tu re  of things we cannot all 
have th e  training b u t we can all have the  benefits.

Now vision, a trained intelligence, and an open mind are 
the qualities which characterize all those who are worthy of 
membership in the Fifth Estate. They are qualities which the 
many-sided Franklin possessed in exceptionally high degree.

F r a n k l i n , I t s  P h o t o t y p e

Among all the activities with which his busy life was 
crowded Franklin undoubtedly found his greatest pleasure 
in the pursuit of science, and in tha t pursuit he followed 
the eclectic method. A t a time when nearly everything 
awaited explanation his focused attention ranged like a 
searchlight over many fields. He observed the movement of 
winds and developed a theory of storms. He considered 
ventilation and the causes of smoky chimneys and proceeded 
to invent new stoves. He introduced the Gulf Stream to 
Falmouth skippers and demonstrated the calming effect of 
oil on turbulent seas to officers of the British Navy a t Ports
mouth. From earthquakes he turned to the heat absorption 
of colored cloths and the fertilizing properties of gypsum. 
He wrote on sun spots and meteors; waterspouts, tides, and 
sound. The kite, which for centuries had been the toy of 
boys, became in Franklin’s hands a scientific instrument, the 
means to a great discovery. That its significance is, even 
now, not universally appreciated is shown by the recent an
swer of a schoolboy, “Lightning differs from electricity be
cause you don’t  have to pay for lightning.” To Franklin, 
as the child of every man knows, we owe our initial concep
tions of positive and negative electricity, and he was the 
first to suggest th a t the aurora is an electrical phenomenon.

The gregariousness which is a prominent characteristic of 
the Fifth Estate found early expression in Franklin. He- 
formed The Junta, a club for the discussion of morals, poli
tics, and natural philosophy, and in 1744 drew up a proposal 
for the organization of the American Philosophical Society, 
of which later he became president. He established a wide 
acquaintance and cemented many firm friendships among 
the foremost scientific men of France and England, by whom 
he was received on equal terms. In  1753 he was awarded the

Copley Medal of the Royal Society for his discoveries in 
electricity, and on his leaving England, David Hume wrote: 
“I  am sorry th a t you intend soon to leave our hemisphere. 
America has sent us many good things, gold, silver, sugar, 
tobacco, indigo, but you are the first philosopher and indeed 
the first great man of letters for whom we are beholden to her.”

I t s  S p i r i t  o f  S e r v ic e

The professional spirit which animates the Fifth Estate is 
essentially one of service. I ts  compelling urge in the search 
for tru th  springs from the conviction th a t the Truth shall 
make men free. That spirit finds complete expression in 
Franklin’s statem ent: “I  have no private interest in the re
ception of my inventions by the world, having never made, 
nor proposed to make, the least profit by any of them.” 
This impersonal relation to the children of his brain was in
deed carried by him to an extent which ordinary human 
nature would find hard to emulate. “I  have,” he writes, 
“never entered into any controversy in support of my philo
sophical opinions; I  leave them to take their chance in the 
world. If they are right, tru th  and experience will support 
them; if wrong, they ought to be refuted and rejected.” 
There is, nevertheless, a place for militancy in science. 
The world needs a Huxley for every Bryan.

Franklin was a man of science, but his career proclaims 
th a t it  is possible to be a man of science and much more be
sides. Science was made for life, and life is more than science. 
Art in its fullest expression may touch deeper springs; human 
relations and affections may bring richer rewards, and public 
affairs may make a more imperious claim. With Franklin 
as their prototype the members of the Fifth Estate may well 
strive to emulate his devotion to the public service and his 
broad and constructive interest in human problems and affairs.

Error and misconception have a feline tenacity of hold 
upon life, and the Fifth Estate, though richly endowed with 
latent executive capacity, is still in popular opinion regarded 
as equipped for thought rather than for action. The practical 
man, busily engaged in repeating the errors of his forefathers, 
has little time and less consideration for the distracting 
theories and disconcerting facts of the man of science. Yet 
who, among the men of action, is more intensely and truly 
practical than Carty, Baekeland, Reese, or Whitaker? 
Where shall one find a firmer grasp on the details of business 
than th a t possessed by E. W. Rice, Jr., Gerard Swope, or Dr. 
Nichols? W hat quality caused the young director of a re
search laboratory to find himself responsible for the produc
tion of gas masks to protect four million fighting men? In 
a time of dire emergency it was a professor of chemistry who 
organized the great Edgewood Arsenal and developed the 
means and methods and the trained personnel required to 
supply munitions for a new type of warfare. I t  was not to a 
statesman or a business man or a great manufacturer tha t the 
Allies entrusted the supreme command. I t  was to a teacher 
in a French military school. The range and value of their 
public service obscures the fact th a t Charles W. Eliot was a 
professor of chemistry and th a t Hoover is an engineer. The 
League of Nations is the child of a schoolmaster.

Numerically, the Fifth Estate has always been feeble and 
insignificant. Its  total membership a t any time could be 
housed comfortably in a third-rate city. No politician makes 
a promise or invents a phrase to. attrac t its scattered and in
effective vote. Rarely do its members sit in Congress; when 
they do, they sit in the gallery.

I t s  A c c o m p l is h m e n t

W ith less political influence than the sparse population of 
Nevada the Fifth Estate has recast civilization through its 
study and application of "the great and fundamental facts
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of Nature and the laws of her operation.” I t  has opened out 
the heavens to depths beyond imagination, weighed remote 
suns and analyzed them by light which left them before the 
dawn of history. I t  has moved the earth from the center of 
the universe to its proper place within the cosmos. I t  has 
extended the horizon of the mind until its sweep includes the 
th irty  thousand suns within the wisp of smoke in the constella
tion Hercules and the electrons in their orbits within the atom. 
I t  has read the sermons in the rocks, revealed man’s place 
in nature, disclosed the stupendous complexity of simple 
things, and hinted a t the underlying unity of all.

Because of this new breadth of vision, this lifting of the 
corner of the veil, this new insight into the hidden meaning of 
the things about him, the mind of man, cramped for ages by 
taboos and bound by superstition, is emerging into freedom; 
into a new world, rich in promise and of surpassing interest 
and wonder.

M an brought nothing into the world and through long and 
painful ages he added little to tha t nothing: a club, an ax of 
stone, a pebble in a sling, some skins of beasts, a rubbing of 
sticks for a fire. He might labor, but to what avail? Even 
today the South American Indian works incessantly; yet his 
labor produces little more than heaps of stones. To those 
who would have us believe th a t all wealth is produced by 
labor the Fifth Estate replies, “Wealth is the product of 
brains, and labor is productive only as it is guided by in
telligence.”

T h e  E m a n c ip a t o r  o f  L a b o r

Science is the great emancipator of Labor. Bagehot has 
somewhere said, perhaps in “Physics and Politics,” that 
during the early stages of civilization slavery was essential 
to progress because only through the enforced labor of the 
many could the few have leisure to think. Today, in the 
United States, the supply of available energy is equivalent to 
sixty-man power for every man, woman, and child. There is 
now leisure for all to think, but the millions prefer the movies.

I t  is not Labor, but the trained intelligence of the Fifth 
Estate which has endowed man with his present control of 
stupendous forces. I t  has solved problems tha t for ages have 
hindered and beset mankind. I t  has revealed great stores of 
raw materials, synthesized scores of thousands of new com
pounds, furnished the fundamental data which find embodi
ment in machines and processes and in those agencies of 
transportation and communication tha t have made of the 
world a neighborhood. I t  has enabled man effectively to 
combat disease, added years to the average life, and made it 
better worth the living.

C o u l d  F r a n k l in  R e t u r n !

Benjamin Franklin died in 1790—one hundred and thirty- 
four years ago. Could he return to make appraisal, what 
wonders would confront his astonished vision, what triumphs 
of the Fifth Estate compel his admiration!

Electricity, which to his contemporaries was little more 
than an obscure force, the curious manifestations of which 
might supply an evening’s entertainment, has become the 
structural basis of the universe. The atom of Democritus 
is now a microcosm, vibrant with energy tha t glows in the 
white light of the electric lamps, which have replaced the tal
low dip. In  place of the electrophorus and the charges of the 
Leyden jar he would find in our own country alone twenty- 
seven million horsepower driving generators in thousands of 
stations, from which electric energy is distributed to our homes 
and factories and transportation lines to perform innumerable 
services. Imagine, if you can, the stunning impact of the 
impressions that would crowd the day of his return. With 
what amazement would he converse over a wire from Phila

delphia to San Francisco or hear a voice transmitted through 
the ether from a point halfway around the world. So com
monplace a thing as a street car would leave him open- 
mouthed with wonder, which might well increase a t sight of 
an electric locomotive, hauling its hundreds of tons of freight.

In  great industrial plants he would find electricity driving 
machines of an intricacy, precision, and productive power 
beyond the imagination of his generation, or a t work in de
composing cells and in the heart of glowing furnaces fashioning 
new products. In  university and corporation laboratories 
would be revealed to him the marvels of the X-rays, photogra
phy, the fascinating world of the microscope, balances weigh
ing 1 / 1 0 0 ,0 0 0 th  of a milligram, the spectroscope, and all those 
instruments of precision and research which are the tools of 
the Fifth Estate. Elements unknown to him would be 
placed in his hand; fascinating experiments performed to 
demonstrate properties and relationships beyond his dream. 
The air, which he studied with reference to winds, combustion, 
and ventilation, would be reduced before him to a liquid as 
obvious as water, though boiling on a cake of ice.

Where once the post boy and the post chaise were familiar 
he would find our roads crowded with automotive vehicles 
and the country gridironed by the railways. Did- he wish to 
send a letter across the continent, he would have only to com
mit it to the air mail to insure its arrival in thirty-six hours. 
Were he called upon to revisit England, there would be no 
ten-weeks voyage in a sailing packet, but the speed and luxury 
of a fifty thousand ton liner, oil fired and turbine driven. 
At Portsmouth, where he calmed the waves with oil, he would 
find, instead of wooden frigates and smooth-bore cannon, 
submarines and armored superdreadnaughts, a single gun of 
which could sink the entire British Navy as he knew it. Did 
he wish to proceed to Paris, he would have only to take pas
sage in an airplane.

H e r e d i t y  a n d  P e a s

The gardeners Franklin knew grew peas for pleasure or 
profit. Mendel grew them and established the laws of 
heredity. Farming, which was a wholly empirical occupation, 
is now the special concern of a great governmental depart
ment devoted to the development of scientific agriculture. 
Here Franklin would learn of soil analysis and seed selection, 
of hardier and more prolific varieties of plants, of better 
breeds of animals, of methods of control of such virulent 
diseases as splenic fever, anthrax, hog cholera, and bovine 
tuberculosis. He would find his own experiments with gyp
sum extended to cover the whole field of chemical fertilizers, 
the air itself converted into an inexhaustible reservoir of 
plant food, and the efficiency of farm labor multiplied many 
times by ingenious agricultural machines.

He would find household economics revolutionized: the 
town pump replaced by running water; electricity a servant 
in the house; the food supply broadened and stabilized; 
domestic drudgery assumed by laundry, bakery, and factory; 
tasteful clothing within the reach of all; transportation and 
amusement for the multitude; and the history of yesterday 
sold for a penny. Innumerable new industries, based on the 
findings of the laboratory, now offer the means of decent 
livelihood to millions and open careers to thousands.

In  great hospitals, permeated with the scientific spirit and 
equipped with many new and strange devices for the al
leviation of human suffering, he would hear of the incalculable 
benefits which medical and surgical science have conferred 
upon mankind. He would see the portraits and listen to the 
story of Pasteur and Lister and Loeb and Ehrlich. We 
know today with what joy and relief the world would welcome 
a veritable cure for cancer, but we can little realize the emotion 
with which one like Franklin would learn in a single afternoon
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of the germ theory of disease, of preventive serums, of anti
sepsis, of chemotherapy, of the marvelous complexity of the 
blood stream, and the extraordinary influence and potency 
of the secretions of the ductless glands. W hat appraisal 
would he make of the service to humanity which, in little 
more than a generation, has mitigated the horrors of surgery 
by the blessings of anesthesia and antisepsis; which has con
trolled rabies, yellow fever, typhoid fever, tetanus; which is 
stamping out tuberculosis, curing leprosy, and providing 
specifics for other scourges of the race. W hat values would 
he put on insulin, thyroxin, adrenalin? The physician is no 
longer compelled to rely on herbs and simples and drastic 
mineral compounds of doubtful value and uncertain action. 
Compounds of extraordinary potency, isolated or synthesized 
by the chemist, are now available to allay pain, correct dis
orders, prolong life, and even to restore mentality and char
acter.

C h e w i n g  G um  v s .  R e l a t i v i t y

With contributions to their credit, which have so enriched 
and stimulated the intellectual life; which have brought the 
peoples of the earth together into closer touch than English 
shires once were; which have revolutionized industry, en
larged the opportunity of the average man, and added so 
greatly to his comfort and well-being, we may reasonably in
quire, “What are the recompenses of the Fifth Estate?”

On the material side they have almost invariably been 
curiously inadequate and meager. I t  is incomparably more 
profitable to draw “The Gumps” for a comic supplement than 
to write “The Origin of Species.” There is more money in 
chewing gum than in relativity. Lobsters and limousines 
are acquired far more rapidly by the skilful thrower of cus
tard pies in a moving-picture studio than by the no less 
skilful demonstrator of the projection of electrons. The 
gate receipts of an international prize fight would support a 
university faculty for a year.

One may recall tha t Lavoisier was guillotined by a republic 
th a t “had no need of chemists,” th a t Priestley was driven 
from his sacked and devastated home, tha t LeBlanc, after 
giving the world cheap alkali, died in a French poorhouse, 
tha t Langley was crushed by ridicule and chagrin in his last 
days. A month before the war who could have believed that 
within a few years the Fifth Estate in Russia would be utterly 
destroyed and in Germany and Austria existing a t the very 
edge of starvation. W hat has happened there may happen 
again elsewhere if the intelligence of the world does not as
sume and hold its proper place in the direction of national and 
world affairs.

In  the preface to his recent “Lehrbuch der Photochemie,” 
Professor Plotnikow has written: “Home and property were 
pillaged by bands of idle Russians who used my library for 
cigaret papers. Hunger, misery, want, and personal inse
curity, often approaching fear for my life, were the constant 
accompaniment of my labors.”

One is reminded tha t Carlyle, on the authority of Richter, 
says: “In  the Island of Sumatra there is a kind of ‘Light-
chafers,’ large Fire-flies, which people stick upon spits, and 
illuminate the ways with a t night. Persons of condition can 
thus travel with a pleasant radiance, which they much ad
mire. Great honor to the Fire-flies, but !”

I t  is not becoming tha t the world expect the light to shine 
indefinitely, when carrying a lantern is often less remunerative ' 
than carrying a hod. The money and the years of study re
quired for special training are not recognized as invested 
capital, and the return from a decade of research is often 
taxed as the income of a year. Professorial salaries move 
forward as slowly as a glacier, but they seldom leave a ter
minal moraine. Yet teaching is our most important business, 
for a failure to pass on for a single generation the painfully

accumulated knowledge of the race would return the world to 
barbarism.

Though material wealth is rarely acquired by the Fifth 
Estate, they have the riches of the royal man, defined by 
Emerson as “he who knows what sweets and virtues are in 
the ground, the waters, the plants, the heavens, and how to 
come a t these enchantments.” Their wealth is in the King
dom of the Mind. I t  is inalienable and tax-exempt. I t  may 
be shared and yet retained.

A recent survey by a national magazine would seem to 
indicate th a t the majority of men have drifted into their 
vocations with little effort of selection and tha t a very large 
proportion ultimately regret their choice. This is seldom 
true of members of the Fifth Estate. Theirs is a true voca
tion, a calling and election. I t  brings intellectual satisfac
tions more precious than fine gold. They live in a world 
where common things assume a beauty and a meaning veiled 
from other eyes; a world where revelation follows skilful ques
tioning and where wonder grows with knowledge. Together 
they share the interests, the communion of spirit, the labors 
and the triumphs of the fraternity of Science. The Law of 
Diminishing Returns exerts a control from which there is no 
escape in agriculture, industry, and business. Research 
alone is beyond the twelve-mile limit of its inhibitions.

T h e  S p i r i t u a l it y  o f  S c ie n c e

If “the Heavens declare the glory of God,” th a t glory is 
surely made more manifest by telescope and spectroscope. 
If the whirling nebulae and the stars in their courses reveal 
omnipotence, so do the electrons in their orbits reveal His 
presence in universes brought into being by the striking of a 
match. The laboratory may be a temple as truly as the 
church. The laws of Nature are the Will of God, their dis
covery is a revelation as valid as tha t of Sinai, and by their 
observance only can man hope to come into harmony with the 
universe and with himself.

There has been a general and ready acceptance by the world 
of the material benefits of science, while its contributions to 
sociology and ethics are as generally ignored as guides to 
human conduct. Yet science proclaims new commandments 
as inflexible as those engraved on stone and furnishes what 
Wiggam has reverently termed “the true technology of the 
Will of God.”

S c ie n c e  a n d  P o l it ic s

Science has so drawn the world together and so rapidly 
remolded civilization tha t the social structure is now strained 
a t many points. Statecraft and politics, law and custom lack 
the plasticity of science and are now in imperfect contact with 
the contours of their new environment. The result, as events 
have shown, is friction and confusion. Though our civiliza
tion is based on science, the scientific method has little place 
in the making of our laws. Office does not seek the man in 
the laboratory, and candidates are not pictured as engaged in 
any activity tha t might suggest a superior intelligence. They 
are sh o w  milking cows, pitching hay in new blue overalls, or 
helping with the family washing. Recently, in the senate of a 
New England state, there was presented the edifying spectacle 
of the presiding officer being shaved by a barber, called to the 
rostrum, while senators were reading the encyclopedia into 
the record. To expedite further the public business sundry 
members of the chamber were presently gassed with bromine. 
Does not this suggest tha t a few chemists might with advan
tage be distributed among our legislative bodies?

I t  is claimed tha t fifty per cent of the members of state 
legislatures in America have never been through high school 
and th a t only one in seven has been through college. We see 
in the ranks of science knowledge without power and in politics
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power without knowledge. An electorate, which regards itself 
as free, listens to the broadcasted noise of manufactured dem
onstrations and is blind to the obvious mechanics of synthetic 
bedlam. The result is too often government by gullibility, 
propaganda, catchwords, and slogans, instead of government 
by law based on facts, principles, intelligence, and good will.

As President Stanley Hall once said, “Man has not yet 
demonstrated that he can remain permanently civilized.” 
Many thoughtful people have been led to  question the ulti
mate effect of science upon civilization. We all recognize the 
utility of matches, but we keep them away from children. 
Meanwhile, science puts dynamite and TNT, poison gas, 
airplanes, and motor cars a t the disposal of criminals and the 
leaders of the mob. Russell, in “Icarus,” sees in science the 
ultimate destroyer. Haldane, in “Daedalus,” visualizes it  as 
the stern and vigorous chastener and corrector which will 
ultimately save the race and usher in the new day of light and 
reason.

“Knowledge comes but Wisdom lingers,” and Democracy 
levels down as well as up. Even in Boston cigars have re
placed books on a corner famous for a century of literary 
associations. The world is wrong because few men can think. 
I t  will not be made right until those who cannot think trust 
those who can. When its foundations are so obviously out 
of joint humanity still clings tenaciously to fossilized precepts 
and opinions and is as resentful of suggested change as in the 
days of Galileo. Despite the pressure of new ideas, education 
must still, to be acceptable, follow old conventional lines.

T h e  W o r l d  a s  I t  I s

Let us not deceive ourselves. Human life is still a hard and 
fearsome thing. Mankind is required to maintain existence 
in a world in which, as Kipling has said, “any horror is 
credible.” More than a hundred years ago De Quincey 
wrote : “We can die, but which of us, knowing as some of us do, 
what is human life, could, were he consciously called upon to 
do it, face, without shuddering, the hour of birth.” But little 
more than yesterday Henry Adams closed his “Education” 
with the expression of the hope tha t perhaps some day, for 
the first time since man began his education among the 
carnivores, he would find a world tha t sensitive and timid 
natures could regard without a shudder.

Everywhere there is upheaval and unrest. “The machine,” 
to quote Dr. Elton Mayo, “runs to an accompaniment of 
human reverie, human pessimism, and sense of defeat.”

We are everywhere overburdened by unnecessary illness, 
crushing taxation, extravagant and inefficient governments, 
huge expenditures for trivialities, and the appalling waste of 
effort, material, and resources. We are hampered by class 
suspicion and misunderstanding, racial antagonisms, the 
inhibitions of organized labor, and the lack of imagination in 
high places. Life in general is on a low cultural plane and 
bound by custom and tradition.

One hundred years of science have failed to satisfy the crav
ings of humanity. Chesterton finds science “a thing on the 
outskirts of human life—it has nothing to do with the center of 
human life a t all.” We do not, of course, agree with him, 
but we must still meet the challenge of John Jay Chapman, 
who declares: “Science, which filled the air with so large a 
bray, is really a branch of domestic convenience, a department 
for thé study of traction, cookery, and wiring. The prophet- 
scientists have lived up to none of their prospectuses.” The 
fault, however, as Wiggam points out, is not with science, nor 
with the scientists. I t  is with those who “have mainly used 
the immense spiritual enterprise of science to secure five-cent 
fares, high wages, and low freight rates,” when it should 
have “ushered in a new humanism.”

Thus we still encourage race deterioration, still carry the

burden of the unfit, still cultivate national antipathies, still 
are breeding from poor stock, and witnessing with equanimity 
the suppression of the best.

The history of aristocracies, feudalism, the church, the 
guilds, and the soviets has amply demonstrated th a t no one 
class possesses the qualities required for the government 
of all classes, and we cannot claim them for the Fifth 
Estate. We can, however, claim with full assurance that 
the Fifth Estate possesses many qualities, now practically 
ignored, which could be utilized in government to the 
incalculable advantage of us all. I ts  knowledge of mate
rial facts, of natural and economic laws, of the factors govern
ing race development and human relations; its imagination, 
vision, and its open mind should be brought to bear effectively 
in the formulation of national policies and the solution of 
governmental problems. There is an alternative before us, 
which has recently been defined with somewhat surprising 
frankness by Warren S. Stone, president of the Brotherhood 
of Locomotive Engineers, perhaps the most conservative of 
the labor unions. Mr. Stone says:

B ut until labor, in the inclusive sense in which I am using it, 
secures control of legislative and executive branches of the 
national and s ta te  governments, and through control of the 
executive branch secures control of the judiciary, labor is in 
continuous peril of seeing its gains wiped ou t and its progress 
retarded, by hostile legislation or unfriendly court decisions.

Our countrymen may well consider whether they prefer 
participation in government by the Fifth Estate to the 
benefit of all or control of government by labor unions in the 
interest of labor.

T h e  W o r l d  a s  I t  M ig h t  B e

Since most of the troubles that beset mankind have their 
origin in human nature, it would seem worth the while of 
those wTho make our laws to study and apply the findings of 
the biologists and psychologists as to what Human Nature 
really is and the springs of its motivation.

Plato called Democracy “the best form of bad government.” 
I t  will be the best form of good government only as it develops 
the capacity to breed leaders and the faith to trust them. 
The quality of our children will determine the quality of our 
democracy. If our laws and mores and economic structure 
continue to discourage breeding from our best strains, if 
there is to be no adequate recompense for service of the higher 
types, the time is not far distant when Democracy will no 
longer be safe for the world. If the Fifth Estate were every
where to be wiped out, as it has been in Russia, the result 
would be vastly more calamitous than universal war.

Oswald Spengler, in a recent monumental work, forecasts 
the Downfall of Western Civilization and would prove his 
thesis by the history of past cultures. But never in the past 
has man lived in so compact a world, never has he had such 
facilities for intercommunication with his fellow's, never has 
he been endowed with such control of natural forces. He has 
never known himself so well and, above all, never before has 
he had it in his power to direct so definitely the course of his 
own development. Our civilization is certainly imperiled, 
but there will be no downfall if mankind can be taught to 
follow the light already before it. As lantern-bearers, it is the 
clear duty of the Fifth Estate to show the way. In  the past 
the world has suffered grievously from lack of knowledge; to
day it suffers from its rejection or misapplication. Could 
the springs of human conduct and the affairs of peoples now 
be regulated only as wisely as we now know how, there would 
be work and leisure and decent living for all. The criminal, 
the defective, the feeble-minded would be breeded out, and 
sane minds in sound bodies breeded in. The loss and suffer
ing from preventable disease and accident would not be 
tolerated. Higher standards would govern the selection for
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the public service. Planning would replace laissez faire 
development, and a rational conservation check the reckless 
waste of our resources. Production and distribution would 
attain to levels of efficiency altogether new, and the many 
injustices now existent in human relations would well-nigh 
disappear. With the reaction of a freed intelligence on 
politics, religion, morals, we might hope for a broader toler
ance, a better mutual understanding. W ith the recognition 
of the spirituality of science and the divinity of research and 
discovery should come larger interests and a new breadth of 
vision to the average man, and to us all acknowledgment of 
the steadfast purposive striving shown in the development of 
the created world and a reverent appreciation of man’s 
privilege to aid and further this development.

We might reasonably expect ugliness to be replaced by

beauty in our cities and small towns and later even in our 
homes. Government by intelligence for the general good of 
all should supersede government by special interests, blocs, 
faddists, and fear of organized minorities and the uninformed 
crowd. With it all would come relief from the economic 
pressure, which bears so heavily upon the Fifth Estate that 
its children, which should be counted among the best assets 
of the community, are now a luxury.

The world needs most a new tolerance, a new understand
ing, an appreciation of the knowledge now a t hand. For these 
it  can look nowhere with such confidence as to the members of 
the Fifth Estate. Let us, therefore, recognize the obligation 
we are under. Ours is the duty and the privilege of bringing 
home to every man the wonders, the significance, and the 
underlying harmony of the world in which we live.

The Cementation of Iron by Silicon1
By R . T . H aslam  and L. E . Carlsmith

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

This paper deals With some important variables affecting the 
siliconization of iron. These variables arc:

( / )  Temperature of cementation, (2) duration of the heat, (3) 
composition of the silicon, (4) composition of the metal, and (5) 
atmosphere used in the cementation furnace.

TH E cementation of iron with silicon is a reaction the 
mechanism of which is not well understood. In  the 
present investigation it is hoped not only to present 

some original data of value, but to reconcile, in a measure at
least, some of the conflicting 
statements in the literature.

P r e v i o u s  W ork

A glimpse into the literature 
of silicon-iron cem entation may 
no t be ou t of place. M oissan2 
studied th e  cem entation of iron 
w ith silicon, chromium, and sil
ver. In  the  case of iron, it  was 
found th a t cylinders of th e  soft 
m etal, when packed in crystals 
of silicon and heated to  the tem 
perature of a  "good forge,” were 
silicized even to  the axes, there 
being a uniform silicon content 
of 2 per cent throughout.

Lebeau3 obtained a reaction 
between reduced iron and silicon 
a t  a  tem perature of 950° C. 
Likewise, o ther e x p e r im e n ts  
seemed to strengthen the belief 
th a t  solid iron and silicon could 
be m ade to  combine a t  tem pera
tures much below their fusion 
points, in a m anner entirely 
analogous to  the carburization 
of iron by charcoal.

T he work of S tead4 is of great 
in terest because i t  dem onstrates

1 P resen ted  before th e  D ivision 
of In d u s tria l and  E ngineering  C hem 
is try  a t  th e  67 th  M eeting  of th e  
A m erican C hem ical Socie ty , W ash
ing ton , D . C ., A pril 21 to  26. 1924.

a Compt. rend., 121, 621 (1S95).
* B ull. soc. chim., [3] 27 (1920).
4 J .  Iron  Steel In st. {London), 271 

(1903).
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The scope of this investigation further embraces microscopic and
analytical studies of the various reaction products, together with a
consideration of the acid resistance of the case metal. I t is hoped 
that the results obtained will serve to conciliate, in a measure, the 
widely differing conclusions as expressed by Moissan and by Stead.

th e  mechanism of th e  reaction between iron and silicon. Mois- 
san’s experiments w ith iron were repeated as nearly as possible, 
b u t no reaction could be obtained a t  a  poin t below fusion. A 
section cu t through the sam ple showed definite boundries, anal
yses indicating a uniform silicon conten t in the fused case and an

absence of silicon in the unmelted
core. This satisfied Lebeau
th a t a t  1350° C. no diffusion of 
silicon took place, a t  least in half 
an hour. In  subsequent experi
m ents Stead obtained no reaction 
.with carbon steel imbedded for a 
period of 2 hours in crystals of 
pure silicon and heated a t  1125° 
to  1175° C. In  a similar experi
ment, heating for 2.5 hours a t 
1300° to  1350° C. resulted in a 
uniform fusion containing 13.54 
per cent silicon. Stead explains 
th e  results of M oissan on the as
sum ption th a t the 2 per cent 
compound obtained by the la tter 
actually  fused, and th a t no 
silicon entered into the solid 
m etal by diffusion.

Thom son5 succeeded in ce
m enting silicon into iron under 
various conditions. W hen iron 
bars were packed in powdered 
silicon no evidence of cementa
tion was observed below 1100° 
C., between 1100° and 1350° C. 
s u p e r f i c i a l  combination took 
place, and above 1350° C. fusion 
occurred. Below the point of 
fusion the depth of penetration 
seemed to  be directly propor
tional to the tim e of cementa
tion, a  2-hour heat giving a 
case about 0.02 inch thick. 
Of th e  various atm ospheres used, 
hydrogen was found to  be the 
best; d ry  amm onia was satis-

‘ R esearch  L ab o ra to ry  of A pplied 
C hem istry , R eport of M ay  26, 1909.

R U  / \ N  V  I E  W
f o r / la c e  o p e n  • GorJ c o n n e c t io n t  n o t  Shown

s e c t i o n  -  t h r u  e l e v a t i o n
F u r n a c ,  d o t ' d .  , h . „ n .

DIAGRAM
A P P A R A T U S



factory, while oxygen and chlorine could not be employed on 
account of their reactivity . Carbon dioxide and illuminating 
gas were decomposed to  a large extent under the conditions of 
the experiment.

Thomson also found th a t the surface condition of the sample 
and its carbon content were of minor im portance. The case, 
when formed, was discontinuous, and could no t be improved by 
annealing for 2 hours a t  a  tem perature of 1250° C.

A p p a r a t u s  a n d  M e t h o d  o f  A t t a c k

The apparatus for carrying out the cementations consisted 
of a carbon resistance furnace constructed so as to permit good 
temperature control. Temperatures were obtained by means
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of a chromel-alumel thermocouple, which was calibrated 
frequently.

In  order to make heats with special atmospheres, provision 
was made to introduce the purified gas into the crucible 
chamber through an iron pipe, properly sealed. In  making 
the runs, polished samples of iron and steel were packed in 
120-mesh ferrosilicon contained in a fire-clay crucible. The 
furnace was brought to temperature before inserting the sam
ple into the crucible chamber.

Ferrosilicon was chosen in order to study the effect of 
variations in composition on the reaction. More than fifty 
runs were made in all; on the whole these were productive 
of quite conclusive results.

D i s c u s s i o n  o f  R e s u l t s

The effect of temperature on cementation is shown by Fig. 1. 
In each case the points represent a mean of the runs made at 
tha t particular temperature. I t  is logical tha t the depth 
of penetration should increase with temperature quite rapidly, 
since the iron then becomes more porous, diffusion will be eas
ier, and the vapor pressure’of the silicon or of its alloy will be 
greater. The cumulative effect of the heat evolved from the 
formation of iron silicide may be a factor, as well. The data 
used in the construction of the curves shown in Figs. 1 and 2  

have been assembled in Table I, which is a summary of all 
runs made.

I t  was observed that up to about 3 hours the depth of pene
tration increased directly with time, an average case thickness 
of 0.014 inch being obtained. The maximum depth of 
penetration was 0.0214 inch obtained in Run 4. The actual 
depth of case is determined with difficulty, owing to unevenness 
in the cementation. After 3 hours it is likely tha t an approxi
mate equilibrium between silicon vapor and iron is reached, 
thus arresting further diffusion. Any means of increasing 
the vapor pressure of the cement should promote the reaction 
considerably. For some unaccountable reason the runs of 
4 and 5 hours’ duration showed abnormally low penetration;

these runs, however, represent the only examples of markedly 
inconsistent results that were encountered.

1 1 1 1

T a b l e  I — E x p e r i m e n t a l  D a t a

M eta l
used

(Armco A verage
Silicon T em  D u ra tio n =  A I p en e tra  Special

in  cem ent p e ra tu re of runs Iro n  rod tion a tm o s
R un P er cen t ° C. H ours ~  IR ) Inches phere

1 76 760 3 .0 Steel 0.00098
2 76 1000 2 .7 Steel 0 .0097
3 76 1120 2 .7 Steel 0 .0187
4 76 1200 2 .5 Steel 0 .0214
5 «76 1044 1 .2 A1 0.0014
6 76 1050 5 .0 A I 0 .0005
7 76 1070 3 .0 A I 0.00145
8 76 1055 5 .0 A I 0 .0015
9a 76 1045 4 .2 5 A I 0 .002
9b 76 1045 4 .2 5 Steel 0 .0021

10 76 1230 4 .0 A I F used
11 76 1150 2 .93 A I 0 .0156
12 5 1 .2 1155 3 .0 A I Fused
13 5 1 .2 1155 3 .0 AI Fused
14 9 7 .4 1135 3 .0 A I 0 .01
15 5 1 .2 1136 3 .0 AI 0 .0075
16 9 7 .4 1134 3 .0 A I 0 .0075
17 76 1130 2 .9 2 A I 0.0154
IS 76 1186 3 .2 5 AI Fused
19 9 7 .4 1171 2 .0 A I x F used
20 76 1036 2 .0 A I 0 .0143
21 97 1133 3 .1 5 A I 0.009
22 a-b 76 1190 2 .0 A I, IR Fused
23 a-b 76 1170 3 .0 A I, IR F  used
24 a ' 76 1130 3 .0 AI 0 .0127
246 76 1130 3 .0 IR 0 .0134
25a 76 1133 1 .8 AI 0.01
25 b 76 1133 1 .8 IR 0.011
26 a 76 1130 4 .0 AI 0.0091
26 b 76 1130 4 .0 IR 0.0091
27a 76 1136 5 .0 A I 0 .005
27 b 76 1136 5 .0 IR 0.006
28a 76 1138 1 .0 AI 0.0016
28 b 76 1138 1 .0 IR 0.0016
29 a 76 1135 6 .0 AI 0.0141
29b 76 1135 6 .0 IR 0 .0085

I  30a 63 1136 3 .0 A I 0.0083
I  305 63 1136 3 .0 IR 0 .0075
11 30a 5 1 .4 1136 3 .0 AI 0 .005
I I  305 5 1 .4 1136 3 .0 IR 0.007
I  31a 9 7 .4 1140 3 .0 A I 0.0058
I  316 9 7 .4 1140 3 .0 IR 0 .006

32 a-b 7 6 .0 1140 3 .0 A I, IR Fused
33 a 7 6 .0 1155 3 .0 AI 0.0134 Na
33 b 7 6 .0 1155 3 .0 IR 0 .015 N j
34 a 7 6 .0 1155 3 .0 A I 0.0142 N*
345 7 6 .0 1155 3 .0 IR 0 .0 1 7  to  0 .0 3 7  N j
35a 7 6 .0 1140 3 .1 A I 0 .005 H ,
35 b 7 6 .0 1140 3 .1 IR 0 .005 Hi
36 a-b 7 6 .0 1155 2 .0 A I, IR F used H i

Fig. 2 shows the effectiveness of a 76 per cent silicon cement 
as compared with a ferrosilicon of either higher or lower sili
con content. I t  will be noted tha t the 51 and 97 per cent 
ferrosilicons produced only one-half as much penetration as 
did the 76 per cent cement. An explanation of this result calls 
for comparative vapor pressure data on ferrosilicons of vary
ing compositions, and at the temperatures in question. I t

/// ayra/r

is believed tha t the 76 per cent ferrosilicon contains FeSi2, 
which, being fairly near its fusion point, has a relatively high 
vapor pressure and thus is a good cement. I t  will be noted 
that in Run 36 fusion occurred at a temperature of 1155° C. 
using a 76 per cent cement.

The composition of the metal may be an important factor, 
particularly when considerable carbon is present. Iron and
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silicon powders react violently when heated to about 1200° C., 
and the accompanying heat of reaction causes a momentary 
rise in temperature to 1800° C. This exothermic heat is 
quickly absorbed by the rest of the mass as heat of fusion. 
The presence of carbon decreases the heat evolution of the 
reaction, and this constitutes a possible explanation of the

effect of high temperature, 1200° C., is shown in Fig. 8 . A 
very thick case will be noted and, as in Fig. 7, graphite sepa
rated out, especially a t the interface.

Analyses of the case were made on Sample 33a, and be
tween 6  and 10 per cent silicon was found to be present. An 
analysis of the original iron showed the absence of silicon.

fact tha t high carbon steels in contact with ferrosilicon have a 
higher fusion point than iron.

The effect of atmosphere is a factor of primary importance in 
carbon cementation, because the gases undoubtedly take part 
in the reaction. In  the case of silicon, however, the gases do 
not react with the cement to an appreciable extent. The 
several hydrides of silicon decompose a t 400° C., or below, and 
the nitride is not formed a t temperatures attained during sili- 
conization. Carbon monoxide may cement the sample with 
carbon and thus affect the heat of reaction of iron and sili
con. An oxidizing atmosphere would tend to oxidize both 
the silicon and the iron simultaneously and prevent true 
siliconization.

A micrographic study of a few sections cut through the case 
brings out some interesting points. Fig. 36 (etched with 
alcoholic nitric acid) shows the typically thin but well-defined 
case obtained with a cement of nearly pure silicon. Fig. 4 
illustrates a common difficulty—that of obtaining a case free

A number of the samples were tested for resistance to acid 
corrosion by immersion in cold, 2 0  per cent sulfuric acid for 
24 hours. As was to be expected, the pitted surfaces offered 
almost no protection, although the case itself remained 
undissolved.

C o n c l u s io n s

The cementation of iron by ferrosilicon begins to take place 
a t about 800° C., and increases in velocity up to about 1 2 0 0 ° 
C., at which point fusion usually occurs. The effect of 
temperature is of primary importance, the best results being 
obtained when the heat is carried up a t the maximum allowa
ble temperature. A t this point the ferrosilicon undoubtedly 
has a high vapor pressure, and diffuses most readily into the 
metal. The depth of cementation is usually not over 0.02 
inch, even under the most favorable conditions, and the re
sults of the process are uncertain', especially with regard to the 
uniformity and continuity of the cemented layer. Such a

F i g .  6 — R u n  3 5 a  F i g .  7-

from bad pits. This, of course, renders the case worthless as a 
protective coating. Fig. 5 is an example of an unusually well- 
defined case having a continuous interface. The compara
tively thick case obtained on the corner of the specimen in 
Fig. 6  indicates that cementation a t this point was facilitated 
by diffusion from two sides. The case itself is exceptionally 
good. Fig. 7 brings out in a striking manner the segrega
tion of carbon so often obtained a t the interface. The

• M a g n i f ic a t io n  o f  7 5  d i a m e te r s  u s e d  t h r o u g h o u t .

- R u n  3  F i g .  8 — R u n  4

coating offers practically no resistance to corrosion on ac
count of the presence of numerous pits.

With ferrosilicon and refined silicon as a cement, heating 
for longer than 3 hours gives little added cementation owing 
to the very feeble vapor pressure exerted by the cement. 
I t  is doubtful whether prolonged heating results in a more 
uniform case being formed.

Seventy-six per cent ferrosilicon was found to be the most 
vigorous cement, being considerably more effective than alloys
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containing 50, 62, or 97 per cent silicon. The atmosphere 
employed is of secondary importance, any inert or reducing 
gas being satisfactory.

The conflict between the conclusions of Moissan and Stead 
is believed to be explained by the fact tha t localized fusion, 
and hence siliconization, may be obtained at temperatures 
below the point of fusion of the metal alone, owing to the exo- 
thermicity of the reaction between iron and silicon. Since 
this localized energy is rapidly absorbed as heat of fusion, it is 
a difficult experimental procedure to measure with accuracy

the true temperatures involved. Furthermore, the indications 
are tha t Stead used silicon of greater purity than Moissan, 
which would also produce less cementation.

The production of an acid-proof case by the methods out
lined in this investigation would seem to be out of the ques
tion. All the promising methods of attack have not been 
tried, however. Preliminary case-hardening with carbon 
might permit the use of the desirable higher temperatures. 
Again, the use of organic compounds of silicon as cementing 
materials has not been investigated to the fullest extent.

The Chemistry of “Sweetening” in the Petroleum Industry1

IN SPITE of the long and 
almost universal use of 
sodium plumbite, com

monly called “doctQr,” solu
tion for sweetening naph
thas and k e ro se n e , th e  
chemistry of the reaction 
involved has never been 
d e te rm in e d . Indeed, a 
n u m b e r of misapprehen
sions on this subject are 
common even among the 
research chemists of the 
petroleum industry. For 
instance, Egloff and Mor
rell2 assume tha t elementary 
sulfur, which is dissolved in 
petroleum, is the undesirable constituent that is removed by 
the sodium plumbite treatment and they give the reaction as

2N a2P b 0 2 +  4S =  N a2S +  N a2S 0 4 +  2PbS

They also mention the possibility tha t sulfur dissolved in 
hydrocarbon oils may react to form alkaline polysulfides and 
that these are responsible for the yellow or orange color which 
is occasionally observed in sweetening. Finally, they discuss 
the common explanations of the action of sulfur when it is 
added to promote sweetening—namely, that it either acts cata- 
lytically in producing the desired reaction, or that, the pre
cipitate being a colloidal one, the sulfur acts as a coagulating 
agent to bring down the precipitate. As will be shown in 
this paper, each of these suggestions is incorrect, the true 
situation being much simpler than these authors would in
dicate.

Dow3 gives a full description of the doctor test and the doc
tor treatment, but states that “sulfur exists in petroleum in a 
variety of forms, the chemical knowledge of which is very 
vague, as it occurs not only as free sulfur but also in the form 
of complex organic compounds which are unstable and change 
in form readily. Consequently, some of the methods of treat
ment are not an outcome of chemistry, but rather have been 
found to accomplish the desired results, and no attem pt is 
made to explain the exact chemical reaction.”

1 P resen ted  before th e  D ivision of Petro leum  C hem istry  a t  th e  68th 
M eeting of th e  A m erican C hem ical Society, I th a c a , N . Y ., Sep tem ber 8 to  
13, 1924.

2 Refiner N atural Gasoline M fg., 2, No, 7, 5 (1923).
* Bur. M ines, Repts. o f Investigations 2191 (1920); Refiner N atural 

Gasoline M fg., 2, No. 5, 12 (1923); N at. Petroleum News, 15, N o. 20, 99 
(1923).

Recently Brooks4 wrote: 
“Though the chemistry of 
the doctor test is not un
derstood * * * and the 
types of sulfur derivatives 
which react in this test are 
not known, tha t in the great 
majority of cases some of 
the sulfur derivatives are 
responsible for a positive 
reaction seems practically 
certain, and this is the pre
vailing opinion.”

T h ese  q u o ta t io n s  are 
sufficient to show that the 
sweetening reaction requires 
chemical study. For the 

present discussion sourness is defined as the presence of com
pounds in the oil which give a positive doctor test according 
to the standard procedure, and sweetening is the removal of 
these compounds by any means which render the oil sweet— 
i. e., which enable it to give a negative doctor test.

H y d r o g e n  S u l f i d e

There can be little doubt that the most common cause of 
sourness in oils is hydrogen sulfide which is evolved during 
distillation and especially during the cracking reaction. 
The addition of sodium plumbite in alkaline solution to an oil 
containing hydrogen sulfide results in an immediate black pre
cipitate, which can be shown by analysis to be lead sulfide. 
The presence of a small quantity of hydrogen sulfide in an 
otherwise sweet oil will give such a precipitate. If no other 
sour constituents are present the precipitate is heavy, deep 
black, and separates completely without imparting any colora
tion to the oil or to the doctor solution. In  practice, however, 
the oils which contain no sour constituent except hydrogen sul
fide are rare, the only usual case being naphthas which have 
become sour on redistillation after having once been sweet
ened. The reaction by which this sourness is developed in 
distillation will be discussed later in this paper.

For an oil which contains only hydrogen sulfide, sodium 
plumbite is not needed for sweetening. Treatm ent with 
strong caustic soda is sufficient, the reaction being the simple 
one of neutralization of sodium hydroxide by hydrogen sulfide 
to give sodium sulfide and water. The sodium sulfide is 
entirely insoluble in the oil and the latter may therefore be

• T h i s  J o u r n a l , 1 6 , 5 8 8  <1924).

By G erald L. W endt and S. H . Diggs

S t a n d a r d  O il Co. ( I n d i a n a ) ,  W h i t i n g ,  I n d .

Although naphthas and kerosenes haOe been sweetened by the sodium 
plumbite method for many years, the process is entirely empirical 
and the chemical reactions haoe not been understood. The present 
paper shows that sweetening consists in the removal of hydrogen 
sulfide and of alkyl mercaptans which are the only compounds re
sponsible fo r sourness. Other compounds, including free sulfur, 
sulfides, and disulfides, do not give the doctor test. The reactions 
involved in the use of sodium plumbite with hydrogen sulfide and 
With alkyl mercaptans haoe been studied in detail and haoe furnished  
explanations of the various complications which appear in sweeten
ing, including the coloration of the precipitate, the coloration of the 
oil, the function of free sulfur, the occasions on which sulfur is re
quired, the differences between sweetening gasolines, kerosenes, 
and pressure distillate, and the sourness developed in rerunning a 
sweetened oil.
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completely sweetened by caustic soda alone so tha t it will 
not thereafter give the doctor test.

T h e  L o w e r  M e r c a p t a n s

The phenomena observed in making the doctor test or 
during the sweetening process are seldom as simple as de
scribed above. Frequently the precipitate which first forms 
■is orange or even yellow and on standing or shaking darkens 
■through red and brown to a final black. In these cases 
«either the oil or the water solution or both are usually dis
colored by red or brown. Occasionally no precipitate forms, 
though the oil may be discolored, until a very small quantity 
of sulfur is added, when a black precipitate forms rapidly. 
These phenomena all require explanation.

This was attained by using a straight-run naphtha which 
was entirely sweet to the doctor test and adding to it very small 
quantities of pure ethyl mercaptan. When a 1  per cent solu
tion of mercaptan in naphtha is shaken with the usual doctor 
solution containing about 1  per cent of sodium plumbite in 1 0  

per cent sodium hydroxide, a golden yellow precipitate of lead 
ethyl mercaptide is formed. Even in 0.01 per cent mercap
tan  solution the formation of this yellow precipitate is distinct. 
The reaction is

C2H5SH C2HcSx
+  N a2PbOa =  >Pb +  2NaOH

CjHsSH C,H5S/
Precisely the same precipitate is obtained when a neutral 
solution of lead acetate is used, though this test is not so deli
cate, and the mercaptide does not form a t all in acid solution. 
The yellow color, of course, cannot be seen if the oil contains 
any  hydrogen sulfide, because in tha t case the black lead sulfide 
entirely hides the yellow mercaptan precipitate.

This yellow precipitate of lead mercaptide on standing in 
the air slowly turns black. This is due to a gradual oxida
tion by means of sulfur dissolved in the oil and can be acceler
ated by the addition of a trace of flowers of sulfur, the reaction 
being

C2H5Sx c 2h 6s
>Pb +  S =  | +  PbS

c ,h 6s /  c 2h 3s

As the lead sulfide forms it gradually hides the yellow color
until the precipitate is entirely black. The diethyl disulfide
which is also formed in the reaction is soluble in the oil and 
therefore goes back into solution. Its  presence there can be 
demonstrated by analysis. In  this case sweetening has re
moved no sulfur from the oil, but the oil is nevertheless 
sweet for the reason tha t diethyl disulfide does not react with 
sodium plumbite and therefore gives no doctor test. The 
sweetening can be conducted equally well if sulfur is added to 
- the solution of mercaptan in oil before treatment with plumb
ite. In  this case the reaction is

C2HsSH C2H6S
+  S =  | +  H2S

C2H6SH CjHsS
so tha t when plumbite is added an immediate black precipi
tate of lead sulfide is formed. While this is true for ethyl 
mercaptan, this reaction is not so ready with the higher mem
bers of the series, and-therefore in practice the presence of 
the lead salt, hence lead mercaptide, is necessary.

While it is easy to demonstrate the action of sulfur in this 
case, sulfur is actually not needed for these light oils, as any 
■experienced operator will admit. This is because the ethyl 
lead mercaptide is itself quite insoluble in both water and oil 
and therefore separates completely, leaving a sweet oil.

T h e  H i g h e r  M e r c a p t a n s

W ith this introduction it is not difficult to understand the 
complications of the sweetening reaction which occur with the

heavier oils such as kerosene. I t  is in these cases that a dis
colored oil without a complete precipitate is so often encoun
tered and tha t the addition of sulfur is of the greatest help. 
The reactions involved are the same as those previously 
given. The colors of the lead mercaptides are yellow, even 
with the higher members of the series though the color deepens 
as the molecular weight increases. With cetyl mercaptan, 
C 16H 33SH, the precipitate tha t forms on adding sodium 
plumbite dissolved in alcoholic alkali is orange and on adding 
a pinch of sulfur this precipitate goes through the' usual color 
changes through red and brown to black. Cetyl mercaptan, 
however, even in strong solution does not react with sodium 
plumbite in aqueous alkali. The difficulties encountered with 
these higher mercaptans are two. First, these mercaptans are 
quite insoluble in water and, since the lead is insoluble in oil; 
there is no opportunity for any real contact between them and 
so relatively little reaction takes place. If the sodium 
plumbite is used in alcoholic solution, however, the mercaptan 
dissolves sufficiently in the alcohol to react with the lead 
so that the oil is sweetened. The second difficulty is that 
the lead mercaptide which is formed by this reaction in the 
case of the mercaptans in kerosene is itself somewhat soluble 
in the oil and much more soluble than the lead mercaptides 
formed from the lighter mercaptans in gasoline. The result 
is that the oil becomes orange or reddish in color without 
the separation of any precipitate or with the separation 
merely of the lead sulfide formed from hydrogen sulfide, which 
was also present. This reddish coloration of the oil is there
fore. properly considered a positive doctor test, since it indicates 
the presence of sour sulfur compounds even when no pre
cipitate is formed. The usual practice both in making the 
doctor test and in large-scale sweetening is to add a very small 
quantity of elementary sulfur. This a t once discharges 
the color of the oil and forms a brown or black precipitate. 
The reaction here is precisely the same as given above, in 
that the sulfur oxidizes the lead mercaptide, precipitates lead 
sulfide, and combines the mercaptan groups into disulfides 
which return to the oil. Since the lead sulfide, unlike the 
heavy mercaptide, is entirely insoluble, the reaction proceeds 
to completion and the oil is sweetened. The addition of sul
fur, furthermore, oxidizes the mercaptans of high molecular 
weight which have not yet reacted with lead because of their 
insolubility in water. This reaction is incomplete, however, 
and after all is of no practical consequence, because if a mer
captan is so heavy tha t it will not react with doctor it is by 
definition classified as sweet.

An interesting observation in view of the foregoing inter
pretation of the phenomena is that, while straight-run kero
senes commonly require the addition of sulfur in order to bring 
down the lead precipitate and decolorize the oil, this is fre
quently not necessary with pressure distillate. The reason for 
this is obvious when the straight-run and pressure kerosenes 
are analyzed. The former usually contain too little free 
sulfur to complete the reaction with mercaptide, as described 
above; tha t is, they contain less than one atom of sulfur for 
every two molecules of mercaptan so tha t the mercaptan is in 
excess and sweetening is completed only by adding enough 
sulfur to make up the deficiency. Pressure distillates, how
ever, often contain more free sulfur—i. e., somewhat more than 
enough to permit the foregoing reaction with the mercaptide 
without the addition of free sulfur.

An oil may be analyzed for mercaptan and for free sulfur 
by first removing the hydrogen sulfide by shaking with acid 
lead acetate. After filtering, two portions are separated. 
To one of them are added 5 cc. of 1  per cent solution of pure 
ethyl mercaptan in a medicinal oil free from sulfides and sulfur. 
The oil is shaken with 10 cc. of sodium plumbite in caustic 
alkali solution and the mixture is shaken with an excess of 
dilute acetic acid. This dissolves the excess lead mercaptide,
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but, of course, does not affect the lead sulfide. The latter is 
therefore a measure of the free sulfur originally present in the 
oil and can be determined by the usual methods of extracting 
the oil, washing with acetic acid, and determining as lead sul
fate. The mereaptans originally present may be deter
mined by repeating the procedure outlined above with the 
second portion of the oil from which hydrogen sulfide has 
been removed, with the exception that, instead of solution of 
mercaptan, flowers of sulfur are added before shaking with 
the sodium plumbite. The lead sulfide precipitated in this 
case may be determined in the manner described above and is 
a measure of the mereaptans present in the oil, the equations 
for the reaction being those already given.

F r e e  S u l f u r  a n d  O r g a n i c  S u l f i d e s

Free or elementary sulfur is not a sour compound on the 
definition here used, though it  is, of course, corrosive. An oil 
from which hydrogen sulfide and mereaptans have been re
moved by the foregoing method does not give a positive doctor 
test though it contains free sulfur. The copper strip test on 
a sweet oil will, of course, give a measure of the free sulfur, 
but this is excluded from the present usage of the term “sour.” 
By this usage the sour compounds are also the malodorous 
ones for the removal of which the sweetening process is em
ployed.

The other reactive sulfur compounds which are undoubtedly 
present in the oil—namely, the sulfides and disulfides—are 
not considered to be sour because experiments with pure sam
ples of diethyl sulfide and diethyl disulfide have shown that 
neither of them gives a precipitate with sodium plumbite even 
at boiling temperatures, although diethyl sulfide when heated 
with sulfur does react, probably to give a polysulfide which 
eventually liberates hydrogen sulfide and gives a slight pre
cipitate with sodium plumbite. If sulfur is therefore used in 
sweetening a slight precipitate may be due to an alkyl sulfide. 
This causes no complications, however, because if a precipitate 
forms it is due to the formation of hydrogen sulfide and there
fore immediately becomes black. The alkyl sulfide itself 
is not affected by the sodium plumbite.

C a t a l y t i c  A c t i o n  o f  t h e  P r e c i p i t a t e

I t  is common knowledge that the black precipitate which 
forms during the sweetening with sodium plumbite is itself 
a fairly good sweetening agent and its presence is always a 
help in sweetening. This fact has also baffled explanation. 
Analysis has shown that this precipitate is almost pure lead 
sulfide and contains nothing but the most minute traces of 
either lead mercaptide or of free sulfur, either of which, if 
contained in the precipitates, might help in sweetening ac
cording to the principles and reactions given above. A care
ful analysis of several samples of this precipitate showed 
that it contains no soluble lead, lead mercaptide, polysulfide, 
or sodium mercaptide. I t  contains a trace of lead sulfate, of 
free sulfur, and of sodium phenolate, and appreciable quanti
ties of lead carbonate and sodium carbonate. Finally, even 
after drying it was shown to contain about 1 0  per cent by 
volume of an oil which was perfectly sweet to sodium plum
bite even in the presence of sulfur, but gave a precipitate with 
alcoholic mercuric chloride. This indicated alkyl sulfides, and 
when the oil was analyzed for sulfur it was found to contain 
0.363 per cent sulfur as compared with less than 0.100 per cent 
in the oil which had been sweetened in the process of forming 
this precipitate.

This, then, indicates the answer to the sweetening power of 
this precipitate. I t  is very porous in structure and yet, since 
it is composed of lead sulfide, the surface exposed.is of the 
“metallic type,” so that it is easily wetted by oil and serves to 
adsorb sulfur compounds, especially mereaptans, and thus to 
promote the reaction with the constituents of the sodium

plumbite solution. I t  is easy to-show that this precipitate in 
pure sodium hydroxide solution will sweeten some sour oils 
just as very finely divided copper will, while the earthy pow
ders, such as fire brick, fuller’s earth, manganese dioxide, and 
charcoal, all of which are preferentially wetted by water and 
therefore do not tend to adsorb the mercaptan, have no such 
helpful action in sweetening. The phenomenon is undoubtedly 
closely related to that on which the flotation process depends, 
where metallic and heavy metal sulfide surfaces are separated 
from earthy materials by means of their adsorptive power. 
This means that the precipitate itself has no chemical action 
and does not take part in the sweetening reaction, but it  is 
of assistance in sweetening by acting catalytically to adsorb 
the mereaptans on its surface and to enable them thus to react 
with lead or with sulfur.

P r e v e n t i o n  o f  S o u r n e s s  o n  R e d i s t i l l a t i o n

Oils tha t have been thoroughly sweetened with sodium 
plumbite, nevertheless often show sourness when they are 
later redistilled. Careful observation showed two character
istics of this regenerated sourness: First, it is due to hydrogen 
sulfide and can be removed by caustic soda alone or even by 
mere blowing with air; second, when an oil containing both 
gasoline and kerosene is so redistilled both the first and the 
last fractions of the distillate are sweet, while the interme
diate fraction and specifically the fraction which boils off 
between 350° and 400° F. is often sour. Analysis of the oils 
which gave this phenomenon showed tha t in almost all cases 
the oils after sweetening and on going to the still contained an 
excess of free sulfur which had not been removed by the sweet
ening reaction. They contained also some heavy mereaptans 
which had not been removed by sweetening for the reason dis
cussed above—namely, that they do not react completely 
with aqueous sodium plumbite. Heavy mereaptans and 
sulfur may exist together in an oil 'without reacting, but when 
this oil is then heated in the still a reaction occurs a t about 
350° F. whereby the mereaptans are converted to disulfides 
and the sulfur passes off as hydrogen sulfide. This interpre
tation was verified by adding cetyl mercaptan to an oil which 
was entirely free from heavy mereaptans but contained sul
fur. The oil was sweet even after the addition of cetyl 
mercaptan, but on distillation hydrogen sulfide was formed. 
Another oil that was free from heavy mereaptans and also 
free from sulfur was heated after the addition of cetyl mercap
tan. A trace of hydrogen sulfide was formed from the 
cetyl mercaptan. But when the work was repeated af ter add
ing flowers of sulfur to the oil previous to heating and in ad
dition to the cetyl mercaptan, then hydrogen sulfide was 
evolved in quantity when the temperature of the still reached 
350° F. The facts are therefore in accord with the foregoing 
interpretation.

Hence an oil may be prevented from becoming sour on re
distillation by removing either all the mereaptans, including 
the heavy or sweet mereaptans that do not react with aqueous 
sodium plumbite, or by removing all the free sulfur. The 
mereaptans can be removed by sweetening the original oil 
with sodium plumbite in alcoholic alkali solution or by the use 
of oxidizing agents stronger than sulfur. The former process is 
expensive and the latter is dangerous, because oxidizing 
agents in general have a harmful effect on the color of the oil. 
On the other hand, the sourness can also be prevented by re
moving free sulfur completely from the original oil, which can 
be done by the addition of an excess of light mereaptans dur
ing or prior to the sweetening treatment. These mercap- 
tans in the presence of sodium plumbite will react completely 
with whatever free sulfur is present. If this is done, the sub
sequent distillation of the oil will give only a  slight quantity of 
hydrogen sulfide due to decomposition even if a quantity of 
heavy or sweet mereaptans remains in the oil.
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Action of Petroleum-Refining Agents on Pure Organic 
Sulfur Compounds Dissolved in Naphtha1,2

By A. E. W ood w ith A. Lowy and W . F . Faragher

U n i v e r s i t y  o f  P i t t s b u r g h , P i t t s b u r g h , P a .

ALL crude petroleum contains sulfur in amounts varying 
from traces to more than 4 per cent. Free sulfur, 
hydrogen sulfide, alkyl sulfides, mercaptans, thio- 

phenes, thiopkanes, and carbon disulfide have been reported 
by various investigators in certain petroleum distillates and 
residues. Sulfonic acids and alkyl sulfates are sometimes 
present in acid-refined distillates. Beyond certain limits, 
the presence of sulfur is regarded as objectionable in refined 
petroleum products. Certain types of sulfur compounds, 
because of unpleasant odor, instability, or corrosive action, 
are objectionable even in traces. This is particularly true 
of sulfur compounds found in gasoline and kerosene.

This investigation represents a quantitative study of the 
effect of sulfuric acid, sodium plumbite, copper oxide, sodium 
hypochlorite, and aluminium chloride on naphtha solutions of 
mercaptans, alkyl sulfides, alkyl disulfides, and thiophene, and 
some qualitative observations on naphtha solutions of hydro
gen sulfide, free sulfur, carbon disulfide, sulfoxides, and sul- 
fones.

M a t e r i a l s

All materials were the purest obtainable. The naphtha 
used in this investigation was prepared by drastically treating 
Tur-min-tin with concentrated sulfuric acid. The treated 
and thoroughly washed naphtha had the following properties:

Color, w ater w hite 
A cidity, none 
Halogens, none 
Sulfur, none
Specific g rav ity . 0.768 a t  21° C.
F lash  po in t, 426 C.

(4 .4 7  w ith  0 .0654  gram  n a p h th a  
Iodine num ber -<3.00 w ith 0 .1525  gram  n ap h th a  

(2 .9 0  w ith  0 .2096 gram  n ap h th a  
In itia l boiling po in t, 154° C.
D ry  po in t, 235° C.

Using this naphtha as tlie solvent, the following stock solu
tions were prepared:

Sulfur
S t o c k  S o l u t i o n  P er cen t

0 .71  
0.41

A
B
C
D
E

Isoam yl m ercap tan  
«-A m yl m ercap tan
n -B utyl sulfide 
E th y l disulfide 
Thiophene

1.01
0 .61
1.08

Petroleum ether was purified by treating with concentrated 
sulfuric acid and distilling and collecting the washed material 
up to 65° C.

The doctor solution was prepared according to directions 
in Technical Paper 298, U. S. Bureau of Mines.

The sodium hypochlorite solution contained 5.25 per cent 
available chlorine.

The sulfuric acid had a specific gravity of 1.S4.

G e n e r a l  M e t h o d s

D e t e r m i n a t i o n  o f  S u l f u r —This was made by the lamp 
method.

D e t e r m i n a t i o n  o f  R e l a t i v e  D e s u l f u r i z i n g  E f f e c t  o f  
t h e  V a r i o u s  A g e n t s —This was carried on in a closed sys
tem with a specially constructed apparatus. The apparatus

1 P resen ted  before th e  D ivision of P e tro leum  C hem istry  a t  th e  68 th  
M eeting  of th e  A m erican  C hem ical Society , I th a c a , N . Y ., Sep tem ber 8 
to  13, 1924.

* A condensed re p o rt of a  thesis by  A. E. W ood presen ted  on Ju ly  15, 
1924, to  th e  G rad u a te  School, U niversity  of P ittsb u rg h , in p a rtia l fulfilm ent 
of requ irem ents for th e  degree of D octor of Philosophy.

consisted essentially of a wooden wheel, 15 inches in diameter, 
provided with holders for sixteen 3-ounce bottles and mounted 
so as to rotate in a vertical plane. The wheel was rotated 
by a small motor and geared so as to make 40 revolutions per 
minute. In carrying out an experiment, 50 cc. of the stock 
solution of the sulfur compound and a weighed or measured 
amount of the refining agent were placed in a 3-ounce bottle 
and securely stoppered with a cork covered with lead foil. 
The wheel was then rotated for any specified length of time. 
The desulfurizing effect of the refining agent was determined 
from the sulfur content of the naphtha solution before and 
after treatment. Duplicate and in many cases triplicate 
determinations were made.

D e t e r m i n a t i o n  o f  E v o l v e d  S u l f u r  D i o x i d e —Five gas- 
washing bottles of the Drechel type were arranged in series 
and provided with materials as follows:

B ottle  1 50 cc. of 20%  N aO H  solution
B ottle  2 50 cc. of concen tra ted  H jSO-i
B ottle  3 15 cc. of concen tra ted  HsSOi and

sulfur com pound
a specified weight of the

B ottle  5 } ^  m easured volum e of s tan d a rd  NaaCOs solution

Air was drawn through the apparatus for a specified time, the 
evolved sulfur dioxide being absorbed by the sodium carbon
ate solution. The amount of sulfur dioxide was estimated by 
titrating the excess of sodium carbonate with standard 
hydrochloric acid using methyl orange as an indicator. This 
particular method was adopted because it simulated the lamp 
method for determining sulfur. This was desirable for 
purposes of comparison.

E f f e c t  o f  S u l f u r i c  A c id

In all experiments involving the use of the previously 
described closed system, each cubic centimeter of sulfuric acid 
used corresponds approximately to a 5 per cent treatment by 
weight. The naphtha recovered from the acid treatment was 
always washed to the neutral point with a 1  per cent solution 
of sodium hydroxide using phenolphthalein as indicator.

On M e r c a p t a n s — Desulf urizing Effect. Using Stock Solu
tion A in the previously described closed system the follow
ing results were obtained:

N o.
H 2SO4

Cc.
Tim e

H ours

Sulfur in 
trea ted  

n a p h th a  
Average 
per c en t D o c t o r  T u s t

1 2 1 0 .9 3 P ositive
2 2 2 0 .9 6 N egative
3 2 3 0 .9 8 N egative
4 2 4 0 .9 8 N egative
5 4 1 0 .8 5 N egative
6 4 2 0 .S3 N egative
7 4 3 0 .8 5 N egative
8 4 4 0 .8 5 N egative
9 6 1 0 .7 4 N egative

10 8 1 0 .6 4 N egative
11 10 1 0 .5 3 N egative
12 12 1 0 .4 2 N egative

The foregoing experiment was repeated using Stock Solu
tion B and the following results were obtained:

S ulfur in 
trea ted

H 2SO4 T im e n a p h th a
N o. Cc. H ours P e r c e n t
1 1 I 0 .5 4
2 2 1 0 .4 4
3 4 1 0 .2 3
4 6 1 0 .1 5
5 8 1 0 .07

D o c t o r  T e s t  
P ositive 
N egative  
N egative  
N egative  
N egative
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Proof of Formation of Disulfide. In 1861, Erlenmeyer3 

called attention to  the fact that concentrated sulfuric acid 
oxidized mercaptans to the corresponding disulfides. In 
order to determine whether a similar reaction would take 
place in a naphtha solution, the following experiment was 
performed. Five cubic centimeters of isobutyl mercaptan 
(boiling point 8 8 ° C.) were dissolved in petroleum ether 
(end point 65° C.) and shaken in an open Kjeldahl flask with 
25 ce. of sulfuric acid until the ether solution reacted nega
tively to the doctor test. The shaking was discontinued and 
the ether solution decanted before the sulfuric acid had time 
completely to dissolve the newly formed sulfur compound. 
The washed ether solution was evaporated on a steam bath 
and the boiling point of the recovered residue determined, 
and found to be 220° C., which corresponds to the diisobutyl 
disulfide.

Determination of Evolved Sulfur Dioxide. For this purpose 
50 cc. of Stock Solution A were treated with 15 cc. of sulfuric 
acid and the evolved sulfur dioxide was measured hourly for a 
period of 10 hours by the method previously described. A 
blank containing 50 cc. of naphtha and 15 cc. of sulfuric acid 
was carried on at the same time. The following results were 
obtained:

Tim e

✓------------S O D Il
For 

Stock 
Solution A

u m  C a r b o n a t e -  

F o r blank N e t
C alculated  equivalent 

weight sulfur
H ours Cc. Cc. Cc. G ram

1 55.29 3 .30 51 .99 0.0520
2 56.76 3 .00 53 .76 0.0537
3 41 .22 2 .93 3S.29 0.0383
4 7 .5 0 2 .45 5 .05 0.0050
5 6 .5 5 2 .2 5 4 .3 0 0.0043
6 5 .2 0 2 .20 3 .0 0 0.0030
7 5 .30 2 .2 0 3 .1 0 0.0031
8 • 5 .2 0 2 .22 2 .9 8 0.0030
9 5 .10 2 .2 0 2 .9 0 0.0029

10 5 .00 2 .1 0 2 .9 0 0.0029

The results of the first experiment on the effect of sulfuric 
acid on naphtha solutions of mercaptans show an increase in 
the sulfur content when small amounts of sulfuric acid are 
used. I t  is also noted tha t to remove mercaptans completely 
a relatively large amount of sulfuric acid is necessary. Thus, 
Stock Solution A containing 0.71 per cent of sulfur contains 
0.93 per cent of sulfur after a 1-hour treatment with 2 cc. of 
sulfuric acid. The cause of this increase was not determined. 
I t  was apparently not due to any reaction between the acid 
and the naphtha, since no increase in sulfur content was 
noted with naphtha solutions of any of the other sulfur com
pounds studied. This increase may have been due to the
alkyl acid thiosulfate or the alkyl dithiosulfate shown in the 
first and second reactions given below, since the amount of 
sulfuric acid present was not sufficient to transform the 
mercaptan completely to the disulfide.

H O s R S \
R S H +  >SO, =  >S0 2 +  H20  (1)

HCK H O'
R S R S

R S H +  \ s 0 2 =  ' ^SOo +  H20  (2)
HCK r s 7
R  Sv R S

>SO, = | +  S0 2 (3)
R S 7  R  S

As the amount of sulfuric acid was increased, there was a 
corresponding decrease in the sulfur content. A 40 per cent 
( 8  cc.) treatm ent of sulfuric acid reduced the sulfur content of 
Stock Solution B from 0.41 to 0.07 per cent in 1  hour. The 
large amount of sulfuric acid required is due to the oxidation 
of the mercaptan to the disulfide, as shown in the equa
tion above. In this form it is finally removed from the 
naphtha.

The reactions also explain the rather copious evolution of
a Jahresber. Fortschritte Chem., 1861, 590.

sulfur dioxide in the early stages of the last experiment listed 
above. The small evolution of sulfur dioxide in the latter 
stages of this experiment is due to the slow oxidation effect 
of the sulfuric acid on the disulfide as explained later.

O n  A l k y l  S u l f id e s —Desulfurizing Effect. This experi
ment was carried out a t room temperature (2 1 ° C.) using 
Stock Solution C in the manner previously described.

Sulfur in 
trea ted

H 2SO4 - T im e n ap h th a
N o. Cc. H ours P e r cen t D o c t o r  T u s t

1 1 1 0 .6 9  N egative
2 2 1 0 .2 9  N egative
3 4 1 0 .0 7  N egative

Estimation of Evolved Sulfur Dioxide. This experiment 
was carried out in the manner previously described for this 
purpose using 50 cc. of Stock Solution C and 15 cc. of sulfuric 
acid. A blank was run at the same time. At room tempera
ture (2 1 ° C.) the net oxidation in 3 hours was 0.52 per cent, or 
0.17 per cent per hour. At 60° to 65° C. the net oxidation 
in 3 hours was 0.59 per cent, or 0.19 per hour.

These results show that the alkyl sulfides are relatively very 
soluble in sulfuric acid. Thus, a 20 per cent (4 cc.) treatment 
of sulfuric acid reduced the sulfur content of Stock Solution C 
from 1.01 to 0.07 per cent in 1 hour. I t  is also noted that the 
oxidation changes are insignificant. This is in striking con
trast to the mercaptans, where the evolution of sulfur dioxide 
was pronounced. Similar results were obtained with a 
naphtha solution of isobutyl sulfide.

On A l k y l  D i s u l f i d e s —Desulfurizing Effect. This ex
periment was carried out a t room temperature (2 1 0  C.) using 

• Stock Solution D  in the manner previously described for this 
purpose.

Sulfur in 
4 trea ted

nap h th a
H 1SO4 Tim e Average

No. Cc. H ours per cent D o c t o r  T e s t

1 2 1 0 .3 7  N egative
2 4 1 0 .1 0  N egative
3 6 1 0 .022  N egative
4 8 1 0 .0094 N egative

Estimation of Evolved Sulf ur Dioxide. This experiment was 
carried out a t room temperature using Stock Solution D in 
the manner previously described for this purpose. A blank 
was run at the same time. The net oxidation in 3 hours was 
8.29 per cent, or 2.76 per cent per hour.

Experiments with dipropyl disulfide gave similar results. 
These results indicate tha t the alkyl disulfides, although 
quite soluble in sulfuric acid, are relatively less so than the 
alkyl sulfides. Thus, a 20 per cent (4 cc.) treatm ent of sul
furic acid reduced the sulfur content of Stock Solution D from 
0.61 to 0.10 per cent in 1  hour. I t  is also noted that they are 
somewhat more reactive with sulfuric acid, but tha t the 
oxidation changes are sufficiently small as to be of little 
importance in practical refining operations.

On T h i o p h e n e — Desulfurizing Effect. By this method, 
previously described for this purpose, the following results 
were obtained at room temperature using Stock Solution E.

No.
h 2s o <

Cc.
Tim e
H ours

Sulfur in 
tre a ted  
nap h th a  
P e r cen t D o c t o r  T e s t

1 2 1 0.63 N egative
2 2 2 0 .6 3 N egative
3 4 1 0 .3 3 N egative
4 4 2 0 .2 2 N egative
5 6 1 0 .0 2 N egative

Oxidation Effect. This experiment was carried out in the 
manner previously described for this purpose, using 50 cc. 
of Stock Solution E  and 15 cc. of sulfuric acid. A blank 
determination was made a t the same time. At room tem
perature the net oxidation in 6  hours was 1.30 per cent, or 
0 . 2 1  per cent per hour.
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Sensitiveness of the Iiidophenine Reaction. Thiophene was 
clearly detected in a naphtha solution of thiophene containing 
1  part of thiophene to 1 0 0 0  parts of naphtha by weight.

In 1SS5 Victor M eyer1 called attention to the fact that 
sulfuric acid converts thiophene into soluble thiophenesul- 
fonic acid. These results indicate that the principal action 
of sulfuric acid on thiophene lies in the solubility of the thio- 
plienesulfonic acid and tha t oxidation or other changes are of 
minor importance. Its  solubility is relatively about the same 
as the disulfide.

On H y d r o g e n  S u l f i d e —When sulfuric acid is added to a 
naphtha-solution of hydrogen sulfide, heat is generated and 
sulfur dioxide is evolved. The acid converts the hydrogen 
sulfide to water and sulfur according to the following well- 
known reaction.

/H  H Ov 
S< +  >S0 2 =  S +  2H,0  +  S0 2

XH H O '
On t h e  S u l f o x i d e s —Sulfuric acid has no effect other than 

solubility on naphtha solutions of butyl or phenyl sulfoxides. 
There is no generation of heat and no evolution of sulfur 
dioxide. This is to be expected since sulfuric acid is not an 
especially strong oxidizing agent.

On t h e  S u l f o n e s —Sulfuric acid dissolves butyl sulfone 
but otherwise has no effect.

On C a r b o n  D i s u l f i d e —Carbon disulfide is very slightly 
soluble in sulfuric acid and is in tha t respect strikingly differ
ent from the other compounds of sulfur studied.

E f f e c t  o f  S o d i u m  P l u m b i t e
i

On M e r c a p t a n s — Desxdfurizing Effect. This experiment 
was carried out in the closed system previously described 
using Stock Solution A. In  each case the mercaptan doctor 
solution was shaken for 1 hour. The sulfur was then added 
and the shaking continued for another hour. The following 
results were obtained:

No.

D octor
solution

Cc.

Added
sulfur
G ram

Sulfu r in 
tre a ted  

n ap h th a  
Per cen t D o c t o r  T b s t

1 5 0.1356 0 .7 2 N egative
2 10 0.1356 0 .7 3 N egative
3 5 0.2000 0 . 88 N egative
4 10 0.2000 O.SO N egative

As the original naphtha contained 0.71 per cent of sulfur in 
the form of mercaptan, these results indicate tha t the doctor 
treatm ent does not remove sulfur when present in this form 
and tha t the addition of sulfur beyond a certain limit serves 
only to increase the sulfur content of the treated naphtha. 
The addition of sodium plumbite to naphtha solutions of 
propyl, butyl, amyl, and isoamyl mercaptans and thiophenol 
gave the corresponding lead mercaptide, having a charac
teristic canary yellow color. In  1909 Robinson , 5 while work
ing with a Lima, Ohio, distillate, obtained a canary-yellow 
precipitate with sodium plumbite. This was evidently due 
to the presence of mercaptans, since apparently no other sul
fur compounds react in this way. These lead mercaptides afe 
soluble in dilute mineral acids, acetic acid, and ammonium 
acetate. When sulfur is added this yellow color is gradually 
transformed to an orange and finally to a black color. Con
sideration of the following reactions will best explain these 
results.

R S H NaCX R Sv
+  > P b  =  >Pb +  2NaOH 

R S H NaCK R S7

R Sx R S
>P b +  S =  | +  PbS

R S ' R S

• B e r .,  17, 2 6 4 1  (1 8 8 5 ) .
* U. S. P a te n t 910,584 (1909).

The formation of lead sulfide accounts for the black color 
developed on the addition of sulfur. I t  is also noted that the 
added sulfur should be in the ratio of 0.5 gram of sulfur for each 
gram of sulfur present in the form of mercaptan, the mer
captide being thereby completely converted to the disulfide. 
If more than this amount of sulfur is used, the excess only 
serves to increase the sulfur content of the treated naphtha. 
This relation suggests the possibility of a quantitative rela
tionship for estimating the per cent of mercaptans in presence 
of alkyl sulfides, alkyl disulfides, thiophene, carbon disulfide, 
and other sulfur compounds unaffected by sodium plumbite 
solution.

To prove the formation of the disulfide, 7 grams of isobutyl 
mercaptan were dissolved in 1 0 0  cc. of petroleum ether 
(end point 65° C.). Then 50 cc. of the sodium plumbite 
solution were added and the mixture shaken for 1  hour. 
1.24 grams of sulfur were next added and the mixture was 
again shaken for one hour. The petroleum ether layer was 
recovered and evaporated on steam bath. The boiling point 
of the remaining oily residue was determined and found to 
be 220° C. or the boiling point of the diisobutyl disulfide.

The doctor test was found to be extremely sensitive to 
mercaptans. A solution containing 1 part of isoamyl mer
captan to 1 0 0 , 0 0 0  parts of naphtha was distinctly positive to 
the doctor test.

An examination of Petrolia crude (Canada) indicates the 
presence of appreciable amounts of mercaptans. This crude 
was distilled with steam, and fighter fractions were tested 
witn sodium plumbite solution. The characteristic canary- 
yellow lead mercaptides were formed. As previously in
dicated, Robinson obtained the same precipitate with an 
Ohio distillate. The presence of mercaptans in these Cana
dian and Ohio oils is further indicated by the odor and by 
the method of refining employed. Sulfuric acid is not an 
effective agent for the removal of mercaptans, but as is shown 
later, copper oxide is effective.

O n  A l k y l  S u l f i d e s ,  A l k y l  D i s u l f i d e s ,  a n d  T h i o 
p h e n e —Desulfurizing experiments carried out on Stock 
Solutions C, D ,  and E  in the closed system in the manner 
previously decribed gave negative results. There was no 
reaction and no decrease in the sulfur content when the so
dium plumbite solution was shaken in the closed system 
with naphtha solutions of these compounds. The addition 
of sulfur served only to increase the sulfur content of the 
treated naphtha.

On H y d r o g e n  S u l f i d e —Sodium plumbite readily precipi
tates lead sulfide from naphtha solutions of hydrogen sulfide. 
The following reaction takes place:

y H  N aO y
S< +  > P b  =  PbS +  2NaOH 

X H  NaCK

On  C a r b o n  D i s u l f i d e ,  t h e  S u l f o x i d e s ,  a n d  S u l f o n e s —  
Sodium plumbite apparently had no effect on naphtha solu
tions of any of these materials.

On A l k y l  S u l f a t e s —Sodium plumbite precipitated 
lead sulfate from a naphtha solution of methyl sulfate.

On F r e e  S u l f u r —Sodium plumbite has no effect on naph
tha solution of sulfur a t ordinary temperatures, but reacts on
heating to form lead sulfide. I t  was noted, however, that a
naphtha solution of sulfur after standing for 6  months did give 
a slight reaction with sodium plumbite solution, indicating 
tha t mercaptans had formed in small amount. This may ac
count for some gasolines becoming sour on standing for some 
time.

From the foregoing considerations, it appears that the 
doctor treatm ent is serviceable only when certain sulfur com
pounds are present. On a gasoline fraction containing 0.15 
per cent of sulfur, of which 0.05 per cent is present as free



November, 1924 IN D U ST R IA L  A N D  ENGINEERING C H EM ISTRY 1119

sulfur, 0.05 per cent as mercaptans, and 0.05 per cent as 
hydrogen sulfide, the doctor treatment without the addition 
of sulfur would remove all the mercaptans, all the hydrogen 
sulfide, and one-half of the free sulfur, leaving a treated 
naphtha containing 0.025 per cent of sulfur. On the other 
hand, if only mercaptans and hydrogen sulfide were present, 
it should be possible with the proper addition of sulfur along 
with the sodium plunabite solution to desulfurize the oil almost 
completely. With benzoyl peroxide brown lead peroxide is 
formed, which simulates the doctor test for certain sulfur 
compounds. Brooks® has recently reported the peroxide test.

E f f e c t  o f  C o p p e r  O x i d e

On M e r c a p t a n s —(a) An experiment in the closed sys
tem, using Stock Solution A with 4 grams of copper oxide for 
1  hour a t room temperature, reduced the sulfur content to 
0.54 per cent. The treated naphtha still contained a large 
amount of mercaptan.

(6 ) In another experiment 50 cc. of Stock Solution A 
were refluxed with 4 grams of copper oxide for 1 hour a t 160° 
C. The treated naphtha contained 0.50 per cent of sulfur, 
but the mercaptan was no longer present.

(c) In still another experiment 25 cc. of naphtha, 50 cc. of 
Stock Solution A, and 15 grams of copper oxide were distilled 
until 50 cc. of distillate were collected. The distillate con
tained 0.078 per cent of sulfur and only a trace of mercaptans.

(d) Again, 5 grams of propyl mercaptan, 100 cc. of pe
troleum ether (end point 65° C.), and 2 0  grams of copper 
oxide were refluxed for 6  hours and the recovered ether layer 
was evaporated on steam bath and the boiling point of the 
residue determined. The boiling point was 192° to 193° C., 
and this corresponds to dipropyl disulfide.

(e) Fifty cubic centimeters of Stock Solution A were re
fluxed for 3 hours over copper oxide a t 160° C. At the end of 
that time the naphtha solution had a reddish color due to the 
presence of cuprous oxide and the sulfur content of the naph
tha was unchanged.

A consideration of the following reactions will best explain 
these results.

R S H  R S \
+  CuO = j;Cu +  HiO

R S H  R S /
R S \  R S

;cu  +  Cuo = [ +  Cu2o
R S /  R S
R S \  R \

j:Cu (a s  so lid ) +  H e a t  =  ,S -+■
R S /  R /

These results indicate tha t the removal of mercaptans by 
copper oxide depends on the temperature, length of time of 
treatment, and method. If the treatm ent is at ordinary 
temperature for 1 hour as in Experiment (a), the mercaptans 
are only partially converted to the naphtha-insoluble copper 
mercaptides and much of the unchanged mercaptan remains 
in the naphtha. In this case the first- reaction is only partially 
completed. If, on the other hand, the treatm ent is at a higher 
temperature for a longer time, as in Experiment (e), Reactions 
1  and 2  go to completion with the formation of the disulfide 
and cuprous oxide. If the naphtha solution of mercaptan 
is distilled over copper oxide, most of the sulfur is left behind 
probably as copper mercaptide. This no doubt accounts for 
the effectiveness of the Frasch process on the Ohio and Cana
dian oils.

In this connection it is well to note that the copper mercap
tides are in general more insoluble in naphtha solutions than 
the corresponding lead mercaptides. The copper mercap
tides of isobutyl, amyl, and isoamyl mercaptans and thio- 
phenol are only very sparingly soluble in the naphtha used.

* T h i s  J o u r n a l .  1 6 , SSS (1924).

On A l k y l  S u l f i d e s , A l k y l  D is u l f i d e s , a n d  T h io -  
p h e n e —Quantitative experiments similar in nature to- 
those outlined for mercaptans indicate that naphtha so lu 
tions of the sulfides, disulfides, and thiophene are not affected; 
by copper oxide.

O n  H y d r o g e n  S u l f id e —Qualitative experiments indicate^ 
that copper oxide reacts with hydrogen sulfide dissolved in- 
naphtha to form copper sulfide. Since the reaction proceeds 
best in a warm solution and since heat vaporizes hydrogen 
sulfide, the reaction is not so pronounced as it would otherwise 
be.

On F r e e  S u l f u r , C a r b o n  D i s u l f i d e , t h e  S u l f o x i d e s , 
a n d  t h e  S u l f o n e s —Qualitative observations indicate that 
copper oxide has no appreciable effect on naphtha solutions of 
any of these materials.

E f f e c t  o f  S o d iu m  H y p o c h l o r it e

On M e r c a p t a n s —Desulfuriziruj Effect. This experiment 
was carried out in the closed system a t room temperature, 
using Stock Solution A .

No.

H ypo
chlorite
solution

Cc.
T im e
H ours

Sulfur in 
trea ted  
n ap h th a  
P er cent D o c t o r  T b s t

1 5 1 0.71 P ositive
2 10 1 0.71 Positive
3 15 1 0.71 N egative

Formation of Disulfide* Five grams of isobutyl mercaptara 
were dissolved in 100 cc. of petroleum ether (end point 05° C.)
and the solution was shaken with 50 cc. of the hypochlorite
solution until the mercaptan was destroyed. The ether layer 
was recovered and evaporated on steam bath. The boiling 
point of the residue was 220° C., which corresponds to  the di
isobutyl disulfide.

These results show that the mercaptans are converted to the 
corresponding disulfides and that the sulfur content is not 
reduced. The following reaction takes place:

R S H  / C l  R  S
+  0 (  =  | +  HjO +  N aC l

R S H  \ N a  R  S

On A l k y l  S u l f i d e s , A l k y l  D i s u l f i d e s , a n d  T h i  o p h e  NT; 
—Quantitative experiments similar to those outlined for mer
captans indicate tha t naphtha solutions of these compounds 
are not affected by the hypochlorite solution.

O n  H y d r o g e n  S u l f id e —Qualitative experiments indicated 
that naphtha solutions of hydrogen sulfide are oxidized by 
sodium hypochlorite to sulfur and water . 7 The following: 
reaction takes place:

/ H  / C l
S( +  CX =  S +  H20  +  NaCl.

\ H  \ N a

On C a r b o n  D is u l f id e —Qualitative experiments indicate 
that naphtha solutions of carbon disulfide are oxidized by 
sodium hypochlorite7 to sodium carbonate and sodium sul
fate, the following reaction taking place:

CSj +  8NaOCl +  6N aO H  =
2N a2SOt +  N a2COj +  SNaCl +  3H 20

O n  F r e e  S u l f u r , t h e  S u l f o x i d e s , a n d  t h e  S u l f o n e s —  
When naphtha solutions of these materials were mixed with 
sodium hypochlorite solution, no heat was generated, nor 
was there other evidence of chemical action.

From the foregoing considerations, it is evident that the 
sodium hypochlorite treatment will render a gasoline sweet to 
the doctor test, since mercaptans and hydrogen sulfide are 
oxidized. The hypochlorite treatm ent will remove carbon 
disulfide and is in tha t respect superior to the sulfuric acid or

'  Gas Age-Record, 4 9 , 386 (1922).

(1)

(2)

CuS (3)
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E f f e c t s  o f  R e f i n i n g  A g e n t s  o n  P u r e  O r g a n ic  S u l f u r  C o m p o u n d s  D is s o l v e d  i n  N a p h t h a

N a p h t h a  S o l u 
t i o n s H 2SO4 NaaPbOa N a 2P b 0 2 - f  S CuO N aO C l

M ercap tans Form s soluble di F o rm s pa rtia lly Form s soluble d i R em oves as cop Forms! soluble
sulfides soluble lead sulfide 4- PbS per m ercaptides sulfides

Alkyl sulfides Dissolves these

m crcaptides 

N o effect N o effect

on m oderate 
heating  

N o effect N o effect

A lkyl disulfides
readily  

Dissolves these N o  effect N o effect N o  effect N o  effect

Thiophene
fairly  readily  

F orm s soluble N o  effect N o  effect N o effect N o effect

H ydrogen sulfide

thiophenesul- 
fonic acid 

C onverts  to  HaO R em oves as PbS R em oves as PbS C onverts  i t  to

C arbon disulfide
and  S 

D issolves sp ar N o effect N o effect
HaO and  S 

R em oves as

Sulfoxides

ingly

Dissolves these 
■1 readily  
Dissolves these

N o  effect N o  effect N o  effect

NajCC>3 and 
N a2SC>4 

N o effect

Sulfones N o  effect, ^ N o effect N o  effect N o effect

F ree  sulfur
readily

N o effect in cold. 
Form s P bS  on 
heating

N o effect in cold. 
Form s P bS  on 
heating

N o effect

AlClj
Form s add ition  com pounds in 

th e  cold which decom pose on 
heating

Sam e as above

Sam e as above

Decom poses i t  on heating

doctor treatment, but the other compounds studied were ap
parently not affected.

E f f e c t  o f  A n h y d r o u s  A l u m in iu m  C h l o r id e

On M e r c a p t a n s —Desulfuniing Effect. T h e ' following 
results were obtained in the closed system, using Stock 
Solution A  a t room temperature:

N o.
Tim e
H ours

AICI3
G ram s

Sulfu r in 
trea ted  
n ap h th a  
P er cen t D o c t o r  T e s t

1 1 2 0 .4 5 Positive
2 1 4 0 .3 2 Positive
3 1 6 0 .1 5 Positive
4 1 S 0 .016 Positive

Nature of Desulfurizing Action. A mixture of 3 grams of 
isobutyl mercaptan, 100 cc. of petroleum ether, and 15 grams 
of aluminium chloride were placed in a ICjeldahl flask and al
lowed to stand for 1 2  hours with occasional shaking. The 
petroleum ether layer was then decanted and the aluminium 
chloride residue washed several times with a fresh supply of 
petroleum ether. The flask was then placed in an ice bath and 
1 0 0  cc. of petroleum ether were added. Chopped ice was 
next added to the aluminium chloride residue until the 
decomposition was complete. The petroleum ether layer 
was decanted and evaporated on the steam bath. The resi
due gave the doctor test for mercaptan.

An experiment with a series of gas-washing bottles showed 
th a t no hydrochloric acid was evolved a t room temperature.

Effect of Heat. A mixture of 12. grams of aluminium

chloride, 25 cc. of naphtha, and 50 cc. of Stock Solution A 
was distilled until 50 cc. of the distillate was collected. A 
copious evolution of hydrogen sulfide was observed through
out the distillation. The recovered naphtha contained 0.11 
per cent of sulfur. Hydrogen sulfide and mercaptans were 
present.-

A consideration of these results indicates tha t the desul- 
furizing action of aluminium chloride at ordinary temper
ature is due to the formation of addition compounds and at 
higher temperatures is due to cracking,, most of the sulfur be
ing eliminated as hydrogen sulfide.

On  A l k y l  S u l f i d e s  a n d  A l k y l  D i s u l f i d e s —Quantita
tive experiments similar to those above indicate that alumin
ium chloride forms addition compounds at ordinary tempera
ture but a t higher temperatures cracking takes place and 
hydrogen sulfide is evolved in large quantity and some mercap
tans are formed.

On  T h i o p h e n e —Quantitative experiments indicate that 
aluminium chloride does not form addition compounds with 
naphtha solutions of thiophene a t ordinary temperatures. At 
higher temperatures cracking takes place resulting in the evo
lution of hydrogen sulfide and the formation of mercaptans.

Consideration of these results indicates tha t when a sulfur 
gasoline is cracked, hydrogen sulfide and mercaptans are 
among the sulfur compounds formed. The presence of 
hydrogen sulfide mercaptans probably accounts for the fact 
tha t some cracked distillates are odorous and sour and can be 
effectively refined by the doctor treatment.

A Confirmatory Test for the Presence of D iethylphthalate in Specially 
Denatured Alcohol1

By E. A. Vuilleumier

D i c k i n s o n  C o l l e g e , C a r l i s l e , P a .

'P 'O R M U L A  39-B, Appendix of Regulations No. 61, 
*  Bureau of Internal Revenue, calls for the addition of 
2.5 gallons of diethylphthalate and 3 pints of benzene to 
1 0 0  gallons of pure ethyl alcohol. Diethylphthalate is a 
colorless, odorless oil, practically insoluble in water, and has 
a boiling point of 290° C. and a specific gravity of 1.123. 
The usual qualitative test for this dénaturant depends upon 
its conversion into phenolphthalein or fluorescein. The 
nature of this test is such tha t a confirmatory method is 
desirable.

1 R e c e iv e d  S e p t e m b e r  1 5 , 1 9 2 4 .

The ethyl alcohol and benzene in a 50-ml. sample may be 
eliminated by evaporation on the water bath. The residue 
is washed with water, is transferred to a test tube, and a con
venient quantity of a salt solution, made by dissolving 2 0  

grams of sodium chloride in 100 ml. of water, is added. The 
diethylphthalate will float on this solution. Water is now 
cautiously added to the contents of the tube, until the droplets 
of diethylphthalate neither sink nor rise when the tube is 
shaken. When the salt solution has been adjusted to the 
same density as the droplets, the specific gravity of the solu
tion is determined by any of the usual methods.
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Foaming of Boiler W ater1
By C. W. Foulk

ANY one who wishes 
to learn what rela
tion exists between 

the water in a steam boiler 
and the foaming or priming 
of th a t boiler will quickly 
reach the co n c lu s io n  of 
Stromeyer , 2  who wrote in 
1893: “Priming. Informa
tion on this subject is as 
yet almost nonexistent.”
Eighteen years later Stab
ler3 evidently felt that little 
in fo rm a tio n  h ad  been  
added, for he began his sec
tion on foaming and prim
ing with the statem ent that 
they “are p ro b a b ly  th e  
least understood of boiler 
phenomena.” The books 
and papers on boilers con
tain  many s ta te m e n ts  
about foaming and priming, 
but offer little or no ex
perimental evidence in sup
port of many of them. The 
situation is also complicated by much confusion in the use 
of terms, and, furthermore, there has as yet been no general 
chemical theory of foaming. (The contrast in this respect 
to the problem of corrosion is marked.)

I t  seems worth while, therefore, to clear up some of the 
confusion by summarizing briefly the present state of knowl
edge on this subject and to offer some new experimental 
evidence and a tentative physico-chemical theory.

P r e s e n t  K n o w l e d g e

P h e n o m e n a  t o  W h i c h  t h e  N a m e s  “ F o a m i n g ”  a n d  “ P r i m 
i n g ”  H a v e  B e e n  A p p l i e d

An examination of boiler water papers shows tha t one or 
more of three fairly distinct mental pictures of phenomena 
inside the boiler were in the minds of the writers when they 
used the terms “foaming” and “priming:”

(1) T he form ation of foam on. the surface of the w ater. This 
foam m ay range in thickness from a layer barely covering the 
surface to  a  mass th a t fills the steam  space above the w ater. In  
the la tte r  case the liquid films around the bubbles would be 
draw n in to  the steam  pipe and wet steam  would result.

(2) A nother phenomenon evidently in the minds of certain 
writers is merely rapid ebullition w ith the consequent projection of 
droplets or even slugs of w ater into the steam  pipe. This could 
happen w ithout the appearance of foam as it is described above.

(3) A th ird  situation  partakes both  of the  properties and 
appearance of foam and of violent ebullition. The boiling is of 
such a character th a t  th e  whole mass of w ater from the bottom  
up is full of fine steam  bubbles, w ith th e  consequence th a t the 
interior of the boiler is filled and of course much w ater passes 
ou t w ith th e  steam.

I t  should be emphasized, perhaps, th a t the three situations 
pictured above are not necessarily descriptions based upon

1 R eceived Sep tem ber 18, 1923.
* "M arin e  B oilers," 1893, p. 42.
’ Eng. New s, 60, 355 (1908); U. S . Geological Survey, Water Supply  

Paper 274, 171 (1911).

a c tu a l  o b s e rv a tio n s  of 
steam boilers in operation. 
If  such actual observations 
have been made the writer 
has failed to find the record 
of them. They are to be 
looked upon more as rea
sonable suppositions by 
men of experience with 
steam  b o ile rs , and who 
have undoubtedly observed 
analogous situations in glass 
flasks or open metal vessels. 
Moreover, some writers evi
dently have no picture in 
mind of what goes on inside 
the boiler. They simply 
use the terms as meaning 
any entrainment of water 
by the steam.

When one seeks the con
n e c tio n  b e tw e e n  these 
phenomena and the names 
“foaming” or “priming” as 
applied to them, u tter con
fu s io n  is fo u n d . Some 

authors use the terms interchangeably. Some call a foam 
on the surface priming and others describe one of the  other 
situations as foaming. Indeed, it can be said that a reader 
of any given book or paper will not know what is meant 
unless the writer defines his terms.

C a u s e s  o f  F o a m in g  a n d  P r i m i n g

The .causes of foaming and priming as given in boiler 
water papers fall under two general heads, physical and 
chemical. Among the physical causes the design and op
eration of the boiler are outstanding. The more complex 
the interior—that is, the more of a maze of tubes, stay-bolts, 
etc., there is in the boiler—the more likely is it to foam 
(prime). I t  is also evident tha t other conditions being the 
same the smaller the steam space above the water the more 
likely is water to be carried out. If  the boiler is moved about 
rapidly while in use, as is the case with the railroad locomotive, 
the extra agitation will promote foaming (priming).

Violent ebullition for a few seconds may result from the 
sudden evolution of steam following a period of superheating 
of the water, analogous to the familiar “bumping” of liquids 
in the laboratory. A similar effect would be produced by 
the loosening of a sheet of scale which would thus bring water 
into contact with almost red hot metal. The sudden intro
duction of solid matter, entering with the feed water or pro
duced by the loosening of scale, also causes a violent ebul
lition for a few seconds, and a rapid opening of the steam 
valve by causing a momentary lowering of the pressure has 
the same effect.

There is some difference of opinion as to the relation of 
steam pressure to foaming, but the majority seem to hold 
that high-pressure boilers foam less than low-pressure ones. 
Such a statement seems logical because a given weight of 
steam occupies less space the higher the pressure it  is under.

D e p a r t m e n t  o f  C h e m i s t r y , O h i o  S t a t e  U n i v e r s i t y , C o l u m b u s , O h i o

A  study of the literature of boiler Water chemistry discloses little 
information on the subject of foaming and priming and that little 
in much confusion because of the loose way in which these terms are 
used. They are indiscriminately applied to three more or less 
distinct boiler phenomena: ( / )  actual foam on the surface of the 
water, (2) mere violent ebullition, and (3) small bubbles throughout 
the mass of the water. No general chemical theory of foaming has 
been advanced and there arc many contradictions of the prevailing 
notion that sodium salts cause foaming.

This paper advances a theory according to which soluble salts in 
the Water by creating a difference in concentration between the 
surface and the mass of the liquid make possible the formation of 
films. These films, however, i f  caused by the usual inorganic salts 
— sodium salts, for example— in a boiler water, are not viscous 
enough to have more than a momentary existence and therefore never 
cause serious trouble. I f  at the same time finely divided solid 
matter is present— loose scale and sludge— the film s will be stabilized 
and a persistent foam  will result.

A n  extensive series of experiments with various mixtures in 
flasks showed no exceptions to this theory. Solutions were prepared 
in which the surface tension of the liquid was lowered as well as some 
in which it was raised. In  all these solutions finely divided solids 
produced foam. A ll these foams stabilized by solid matter can be 
destroyed by a trace of castor oil.
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This must be considered, however, as applying only to 
situations (1) and (3) above.

The available information about the chemical causes of 
foaming may be classified under (1 ) substances that cause 
foaming, and (2 ) physico-chemical explanations of the phe
nomenon. The offending substances are listed under such 
general terms as “organic m atter,” “impurities,” “oily m at
ter,” “soap and soapy substances,” “saline m atter,” “alka
lies,” and “suspended solids.” Sodium salts seem to be the 
only definite chemical substances to which foaming and 
priming are generally attributed, but the writer has not been 
able to find a record of any experiments which show th a t so
dium salts alone are the cause of the trouble. The belief has 
unquestionably originated from the fact tha t in the great 
majority of waters sodium salts are the only ones that con
centrate in the boiler. Others tha t are present in any quan
tity , such as calcium and magnesium compounds, precipitate 
for the most part.

Although the original evidence for the effect of sodium 
salts cannot be found, a number of articles offer experimental 
proof tha t sodium salts do not cause foaming (priming). In  
1890 Lord Rayleigh4 stated tha t he had found tha t even a 
strong salt (NaCl) solution did not foam much. Tatlock 
and Thompson6 report a boiler which contained 16,000 parts 
per million of sodium carbonate, 2 1 0 0  of sodium hydroxide, 
and 13,000 of sodium sulfate, “but showed no trace of prim
ing.” Koyl6 also cites instances in which a high concentra
tion of sodium salts was in a locomotive boiler water and yet 
no foaming resulted unless finely divided solid m atter was 
also present.

Next to sodium salts finely divided solid m atter is held 
responsible for foaming and priming, and some go so far as 
to assert tha t solids are the only cause, barring, of course, 
occasional cases of soap or peculiar forms of organic m atter 
in the water. Koyl6 records some interesting laboratory and 
locomotive boiler experiments, the purport of which can be 
given in the following quotation:

In  th e  laboratory I have m any times fed into boiling distilled 
w ater quantities of chemically pure sodium carbonate up to  
several hundred grains per gallon w ithout producing any foam
ing effect. B u t if there is fed into boiling distilled w ater a  fine 
insoluble powder such as calcium carbonate or magnesia alba the. 
w ater will soon be foaming as vigorously as any one could wish.

Koyl6 4  also records some extensive experiments with loco
motive boilers tha t did not foam with high sodium salts unless 
finely divided solid m atter resulting from loosened scale was 
present. He cites an interesting case of a plausible though 
faulty judgment concerning the effect of softened water on 
foaming. On one part of the road the locomotive boilers 
did not foam, though there was scaling due to the character 
of the water. When, however, these boilers were filled with 
softened water a t a certain station they began to foam. This 
was blamed on the sodium salts in the softened water. I t  
was proved, however, to be due to finely divided scale which 
was loosened by the new water. The method of proof was 
to use the treated water exclusively in several runs with a' 
clean boiler over a long stretch of the road. This was ac
complished by hauling tank cars of the softened water. No 
trouble whatever was then experienced.

A comprehensive physico-chemical theory of boiler water 
foaming has not yet appeared. M any writers, it is true, 
ascribe the phenomenon to the increase in the surface tension 
of the liquid brought about by the dissolved sodium salts, 
but no one has sought to harmonize with this the evidence 
offered by Tatlock, Koyl, and others, which seems to show 
th a t foaming has no connection with the sodium salts; and

* Chem. News, 52, 1 (1S90).
* J . Soc. Chem. Ind ., 23, 428 (1904).
» (a) Railroad Caz., 32, 603 (1900); (6) 34, 423 (1902).

no one has offered an explanation of the behavior of suspended 
solids in the boiler water.

Obviously, a theory is needed th a t will harmonize the con
flicting statements, and, of much greater importance, that 
will serve as a guide for research in this important field of 
industrial chemistry. The author, therefore, acting on the 
belief tha t even a poor theory is better than none a t all, 
presents the one in this paper. To avoid confusion it must 
be understood tha t this theory is intended to apply only to 
what may properly be called foaming—th a t is, the formation 
of a mass of bubbles or froth on the surface of the water.

A  P h y s i c o -C h e m i c a l  T h e o k y  o f  F o a m i n g

Until quite recently no adequate presentation of the phys
ical chemistry of foams has been available in English. Peri
odical literature also contains very little tha t deals with the 
theoretical side of the subject, as reference to our Decennial 
Index and to the later volumes of Chemical Abstracts will 
show. Indeed, the very first item under the word “foam” 
in the Index is such a discouraging cross reference tha t one 
hardly feels like turning over the page . 7 Bancroft, 8 however, 
has now given us the principles of the chemistry of foams, 9  

and on these there can be built a theory of boiler water foam
ing which is a t least in agreement with recorded experience 
and which also will harmonize the conflicting statements 
tha t are found concerning the effect of sodium salts.

Two paragraphs in Bancroft’s book (p. 270) present the 
chemistry of foams so well tha t they are quoted here.

To get a foam th e  only essential is th a t  there shall be a  distinct 
surface film, in other words, th a t the concentration in th e  surface 
layer shall differ perceptibly from th a t in the mass of the liquid. 
All true  solutions will therefore foam if there is a  marked change 
of surface tension w ith concentration, regardless w hether the 
surface tension increases or decreases. All colloidal solutions 
will foam if the colloid concentrates in the interface or if it  is 
driven away from the interface. To get a  fairly perm anent foam 
the surface film m ust either be sufficiently viscous in itself or 
m ust be stabilized in some way. This can be done by intro
ducing a solid powder into th e  interface.

Solutions of aqueous alcohol, acetic acid, sodium chloride, and 
sulfuric acid all foam when shaken; b u t the foam is unstable. 
Soap solutions foam when shaken and the foam is, or m ay be, 
quite stable owing to  th e  viscosity of the soap film. W ith 
saponin the surface film is even more stable. If  we add to aque
ous alcohol some substance like lycopodium powder which goes 
into the interface, we get a  stabilized foam. We can do the same 
thing w ith aqueous acetic acid by adding lam p black. The 
presence of enough of a  finely divided solid in the interface will- 
m ake the film so viscous th a t  th e  foam will be quite stable. 
Grease will help stabilize a foam in some cases and it has been 
claimed erroneously th a t the foaming of sulfuric acid solutions 
is due to  grease.

On applying these principles to boiler water, it can be said 
tha t the fundamental condition of foaming is the presence 
of substances which concentrate either in the surface or in 
the mass of the water and thus change the surface tension. 
Whether there is an increase or a decrease makes no differ
ence. If, however, these substances which change the sur
face tension do not a t the same time have the property of 
making the films around the bubbles stable, there will be no 
foam in a practical sense, because the life of the bubbles will 
be too short—they will burst a moment after forming. I t  
is necessary, then, to distinguish carefully between the two 
conditions for the formation of foam— (1 ) the presence of 
something which, either by raising or lowering the surface ten-

* I t  would be a  sham e n o t to  le t every  w ater chem ist look up th is  ref
erence for himself.

8 “ Applied Colloid C hem istry .”  G eneral Theory . 1921, p. 26S. 
M cG raw -H ill Book Co.. N ew  York.

9 In  the  F o u r th  R ep o rt on Colloid C hem istry  an d  I t s  G eneral and 
Industria l A pplications, B ritish  Association for th e  A dvancem ent of Science, 
p. 263, is a  paper by  E dser on ore flotation, a p a rt of which is given to a  
general discussion of foams.
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'sion of the liquid, makes possible the formation of bubbles, 
and (2 ) the presence of something which by imparting vis
cosity to the films will stabilize them—that is, prevent them 
from bursting immediately after forming. This necessary 
viscosity can, of course, be produced by the same substance 
which changes the surface tension. Soap, for example, is 
such a substance and undoubtedly an occasional water is 
found in which the organic m atter has this property, either 
as it enters the boiler or after modification by the action 
of the superheated water. In  the average boiler water, how
ever, the change of the surface tension is brought about by 
dissolved sodium salts and the stabilization of the foam by 
finely divided solid matter. The presence of either one 
without the other is not sufficient to cause foaming.

The action of the particles of solid in stabilizing the foam 
appears to be purely mechanical. Edser10 pictures the 
situation as follows:

Imagine a num ber of bubbles in the interior of a  liquid, each 
bubble being coated w ith mineral particles. W hen these coated 
bubbles come into contact after rising through the liquid, the 
walls of each cell will consist of numerous solid particles held 
together by films of liquid.

In flotation the solid particles are frequently the only 
stabilizing agent present. I t  must, of course, be emphasized 
that to stabilize a boiler water foam as well as tha t of a flota
tion process the solids must have the property of adhering 
to (being adsorbed on) the films. Flotation as a method of 
separation would be impossible if solids did not behave 
differently in this respect, and, it  might be added, boiler 
foaming would be a rare occurrence were it not for the un
fortunate circumstance that the solids usually present have 
the property of adhering to the films around the steam bub
bles.

Kojd6“ gives the presence of finely divided solids as the 
cause of the phenomenon described above under (3), but 
merely states tha t each particle becomes a nucleus from which 
a stream of steam bubbles rises. I t  would not be too far
fetched to assume that the particles that act in this way have 
entrained a minute bubble of air, or perhaps of carbon dioxide, 
which would thefi serve as a permanent gas phase surface 
a t which steam bubbles would form. The stabilizing effect 
of the finely divided solid m atter would tend to hold such 
steam bubbles intact—tha t is, prevent them from coalescing. 
In this way the mass of the water would become filled with 
bubbles, as Koyl describes.

L a b o r a t o r y  E x p e r i m e n t s

T h e  P r o d u c t i o n  o f  F o a m s 11

The experiments consisted in heating about 500 cc. of water 
in glass flasks over a burner. If pressures below atmospheric 
were employed, the flask was closed with a rubber stopper 
through which connection was made with a water suction 
pump. The problem of higher pressures was more difficult, 
because is was not only necessary to maintain the pressure 
which the flasks would withstand, but it was also required 
that the water be boiling vigorously during the experiment. 
These difficulties were finally overcome by using a thick- 
walled Pyrex flask closed with a 2 -hole rubber stopper held 
in place with wire. A thermometer through one hole of the 
stopper served both as temperature and pressure gage. 
Through the second hole a tube with a stopcock gave an 
adjustable constricted orifice for the escape of steam, thus 
permitting rapid boiling along with the development and 
maintenance of high pressure. I t  is interesting to record

10 Op. cit, p. 319.
11 From  an  unpublished m aster’s thesis by  George L. B ush, th e  work 

having been done under the  direction of the  au thor.

that these flasks withstood pressures up to 37 pounds above 
that of the atmosphere (140° C.).

Inasmuch as only qualitative results are possible by these 
experiments no attem pt is made to present them in detail. 
They have instead been classified into groups and each group 
summarized as given below. In  all cases many trials were 
made in order to be sure that the effects observed could be 
reproduced.

E f f e c t  o f  S o d i u m  S a l t s  A l o n e  o n  F o a m i n g —Solutions 
of the chloride, sulfate, hydroxide, carbonate, and bicarbonate 
of sodium and solutions of various mixtures of these salts 
gave little or no evidence of foaming. The concentrations 
employed varied from 25 p. p. m. to almost saturation 
by successive steps of about 25 p. p. m. In  the stronger 
solutions the surface of the liquid during boiling would be 
covered with large “goggle-eye” bubbles, which, however, 
had only a momentary existence. A  true foam, as the term 
is used in this part of the paper, is a white froth which may 
in extreme cases be several inches thick and has a certain 
degree of permanence.

One phenomenon in connection with experiments of this 
sort deserves special mention. On adding any kind of solid, 
whether soluble or not, to water or to a solution which is a t 
its boiling temperature, there will be a momentary violent 
ebullition. This is not true foaming. I t  undoubtedly 
occurs in boilers, however, and is called foaming or priming 
depending on the vocabulary of the author who describes it.

E f f e c t  o f  F i n e l y  D i v i d e d  I n s o l u b l e  M a t t e r  A l o n e —  
A t  least one hundred trials were made with various kinds of 
insoluble powders, pumice, sulfur, pyrolusite,' bone black, 
lead sulfide, boiler scale, precipitated calcium carbonate, and 
limestone. These were added in various amounts to distilled 
water, but no appreciable foaming was observed except in 
one or two cases when the amount of solid used was very high. 
This was especially true of the limestone, which might have 
been slightly soluble.

These experiments are contrary to the statement of Koyl.0“ 
Correspondence, however, brought out the fact tha t the word 
“foaming” was used by him in a different sense than that 
employed here, so tha t there is really no conflict.

E f f e c t  o f  S o d i u m  S a l t s  a n d  S o l i d  M a t t e r  T o g e t h e r —  
When present in sufficient concentration any one of the 
sodium salts together with any one of the insoluble materials 
mentioned above produced a white foam. A smaller concen
tration of the sulfate was required for the production of foam, 
other conditions being the same, than of the other sodium 
salts, but the difference was slight.

E f f e c t  o f  S p e c i f i c  N a t u r e  o f  t h e  S o l i d  a n d  I t s  S t a t e  
o f  S u b d i v i s i o n —Among the solids tried, powdered boiler 
scale and limestone were most effective as foam producers.

Experiments were also made on the effect of particle size. 
Some powdered boiler scale was sifted into portions that 
passed 1 0 0 , 80, 60, and 40 meshes to the inch. I t  was found 
that the foam-producing tendencies increased, equal weights 
of material being used, as the size of particle decreased. 
Quite the most interesting observation made here, however, 
was the fact tha t particles so large tha t all failed to pass 
through a 40-mesh sieve nevertheless were effective in pro
ducing foam. Pieces of scale of even this size could be seen 
on the surface during the boiling.

E f f e c t  o f  S o l u b l e  S u b s t a n c e s  O t h e r  t h a n  S o d i u m  
S a l t s —If the theory of boiler foaming advanced above is 
valid, almost any soluble substance along with appropriate 
solid m atter should produce foam. Accordingly, a series of 
experiments was run with miscellaneous soluble material and 
powdered boiler scale or limestone as the solids. The results 
can be summed up as follows: Calcium chloride, potassium 
chloride, hydrochloric acid, acetic acid, potassium dichromate,
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sugar, ethyl alcohol, and acetone in water solution along with 
finely divided solid m atter all gave' foaming mixtures. The 
chlorides of calcium and potassium, alcohol, and acetic acid 
produced the most foam. None of these substances produced 
foam in water alone without the presence of solid matter.

E f f e c t  o f  V a r y i n g  C o n c e n t r a t i o n s  o f  S o l u b l e  a n d  
I n s o l u b l e  M a t e r i a l —In the case of the sodium salts, which 
were studied in some detail, a fair amount of foam was ob
tained with concentrations of 1 0 0 0  p. p. m. if the amount of 
insoluble material was sufficient. Foaming increased with 
increasing concentration of the soluble material till about 
7000 p. p. m. were reached. After that there was no change.

Increasing the amount of insoluble material had the same 
effect as an increase in the concentration of the soluble salts. 
One of them, therefore, could take the place of the other, so 
tha t foams could be produced with a small amount of soluble 
material provided a large amount of insoluble solid was pres
ent, and vice versa. There was, however, a lower limit a t 
about 500 p. p. m. for both soluble and insoluble material; tha t 
is, if the soluble salts were much less than this no reasonable 
amount of insoluble material would produce foam, and if less 
than this amount of insoluble matter was present no concen
tration of soluble salts was sufficient to make the liquid foam.

E f f e c t  o f  V a r i a t i o n s  i n  P r e s s u r e —Experiments were 
made a t pressures from about 0.3 to 3.5 atmospheres. No 
effect was observed except that a t the higher pressures the 
foam bubbles were smaller and more nearly uniform in size 
and the boiling seemed to proceed more smoothly.

Many experiments were made, but neither increasing nor 
decreasing the pressure, within the limits noted above, caused 
any solution to foam that did not foam a t atmospheric pres
sure, nor was any foaming solution found tha t ceased to foam 
when the pressure was changed. Even very concentrated 
sodium salt solutions showed no more foaming tendencies 
a t the higher pressures than when boiled in open flasks. A 
temporary violent ebullition accompanied by a momentary 
increase in the foam was noticed if, during the boiling, the 
pressure was suddenly reduced.

E f f e c t  o f  C h a n g i n g  t h e  S u r f a c e  T e n s i o n  o f  t h e  
L i q u i d —Surface tension measurements were made of a 
number of solutions with a Du Nouy apparatus. The tem
perature was 26° C . and the concentration approximately 
0.06 mol. This in the case of the sodium salts ranges from 
3500 p. p. m. for sodium chloride to 8500 for sodium sulfate. 
(The author feels now tha t the colligative property was a 
bad influence. Equal concentrations in parts per million 
would have been better.)

Surface tension 
S o l u t i o n  D ynes per cm .

D istilled w ater 7 1 .5
Calciu m chloride 71 .7
Sodium  c arbonate  7 1 .7
Sodium  sulfa te  7 6 .5
Sodium  chloride . 7 6 .5
Potassium  chloride 7 2 .4
S ugar 7 1 .4
Alcohol 59 .2
A cetone 6 0 .2

/

Inspection of these results along with the experimental 
data on foaming mixtures shows tha t either raising or lower
ing the surface tension of the liquid will produce foam if a 
stabilizing agent, such as finely divided solids, is present. 
No effort was made to establish any quantitative relation 
between the change in surface tension and the effect in pro
ducing foam. If  one exists more careful experimenting will 
be required to bring it out.

I t  was of course realized tha t the surface tension of the 
solutions would be different a t 100° C. as compared with 
the measurements a t 26° C. Whatever this difference may 
be, however, it has little or no effect on foaming, as the ex
periments in the next section show.

F o a m i n g  a t  A t m o s p h e r i c  P r e s s u r e  a n d  R o o m  T e m -  '  
p e r a t u r e —By blowing air through a porous alundum cru
cible foams could be produced a t room temperature, and it 
is worth recording tha t exactly the same relations held with 
these air-filled bubbles as with the steam-filled ones of the 
boiling solutions. Mixtures which foamed on boiling also 
foamed by blowing air into them at room temperature and 
mixtures which did not foam on boiling also did not foam 
with air.

S o m e  M i s c e l l a n e o u s  E x p e r i m e n t s —An effort was made 
to produce a solution tha t bore some resemblance to a boiler 
water containing “organic m atter.” To this end leaves and 
twigs were boiled with water and the solution was filtered. 
Only two such solutions were made, the results being incon
clusive; there was not much tendency to foam.

A solution of pure cane sugar did not foam even if a high 
concentration was used. If, however, a little burnt sugar 
was. added the foaming at once became vigorous.

Aluminium hydroxide, whether in neutral, slightly acid, 
or slightly alkaline solution, failed to produce foam. This 
experiment was tried to see if solid m atter in the form of a 
slimy, amorphous precipitate would by itself cause foaming.

Calcium carbonate precipitated by boiling a strong solution 
of calcium bicarbonate did not produce foam in the boiling 
mixture. Powdered boiler scale added to the flask also 
failed to bring any foam, but the addition of a little sodium 
carbonate then caused a heavy foam.

Mixtures which foamed vigorously on boiling in a flask 
failed to foam in a beaker unless covered with a watch glass. 
The slight cooling effect in the uncovered beaker inhibited 
the foam.

P r e v e n t i o n  o f  F o a m s

So far as the author has read, castor oil seems to be the 
only substance used as a foam preventive in steam boilers. 
Hobbs12 makes this statement and adds that the action is 
due to the ability of the oil to raise the surface tension of the 
water. An experiment with a Du Nouy apparatus in this 
laboratory showed, however, that water saturated with castor 
oil had a surface tension about 1 0  per cent'less than that of 
pure water. The flask experiments can be summarized as 
follows:

A mere trace of castor oil stopped alm ost instan tly  the foaming 
of all of the m ixtures of soluble m aterial the films of which had 
been stabilized w ith finely divided solids, regardless of whether 
the dissolved substance raised or lowered th e  surface tension of 
the liquid. This effect was so strong th a t if one drop of the oil 
was shaken w ith 100 cc. of water, a  few drops of the w ater were 
sufficient to  stop the foaming of 500 cc. of mixture.

A large number of experiments were made with fats and 
oils other than castor oil as foam preventives, and also on 
the effect of castor oil on foams such as those of solutions 
of soap and saponin which do not depend upon solid matter 
for their stability. The results were interesting in the ex
treme, but so far have eluded all attem pts to correlate them 
so tha t a general theoiy can be formulated. I t  is needless 
to add that this work will be continued.

The guess may perhaps be made that the destruction of 
the foam is due to the destruction of the stabilizing action 
of the solid m atter rather than to any change in the surface 
tension of the liquid. A merely casual inspection of the data 
of ore flotation will show, however, how complex such a 
situation may be, and therefore plausible hypotheses must 
be tested by experimental approaches from many sides. 
Incidentally, the author believes tha t the future chemistry 
of boiler foam prevention will owe much to the present art 
of flotation.

■« R ailw ay Age. 71, 1132 (1921).
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C o n c l u s i o n

The flask experiments showed nothing contradictory to 
the theory of foaming advanced.

The custom of associating foaming with a high concen
tration of sodium salts is justified because a high concen
tration of almost any soluble material creates the fundamental 
condition for the existence of films, and since film-stabilizing 
material in the form of sludge and loosened scale is nearly 
always present in a boiler, foaming will occur if the concen
tration of the sodium salts becomes high.

The contradictory statements found in boiler water papers 
concerning the relation of so'dium salts to foaming can easily 
be harmonized in the light of the theory advanced. Here
tofore the two conditions for foam formation, (1 ) film pro
duction, and (2 ) film stabilization, have not been looked upon 
as separable in boiler water chemistry. Now, by consider

ing that the sodium or other soluble salts make possible the 
formation of films, but that these films because they lack 
viscosity to give them strength are capable of a momentary 
existence only, it is seen tha t such salts alone cannot cause a 
troublesome foam because the bubbles wall not last long 
enough to fill the steam space above the water. If, however, 
a stabilizing agent, such as finely divided solid matter, is 
also present, a persistent foam will result. Since in boiler 
practice any one of the three conditions, sodium salts with
out solid matter, solid m atter without sodium salts, or both 
sodium salts and solid m atter together may occur, it is easy 
to see how' confusion has arisen in tracing the relations of 
cause and effect without the guidance of a general theory.

For the prevention of foaming of the sort caused by mix
tures of dissolved substances and finely divided solid matter, 
castor oil is preeminent. No general theory of foam pre
vention can as yet be advanced.

Continuous Extraction Apparatus for Large Quantities of P lant M aterials1
By Charles E. Sando

B u r e a u  o f  P l a n t  I n d u s t r y , W a s h i n g t o n ,  D. C.

QU ITE frequently in the laboratory it is necessary to 
make continuous extractions of relatively large quan

tities of dried plant materials, for which purpose the ordinary 
Soxhlet apparatus is inadequate because of its smallness. 
Large Soxhlet extractors, especially if made of glass, are 
rather expensive and perhaps 
cum bersom e to  handle.
Consequently it seemed de
sirable to construct a con
venient extractor by using, 
to a large extent, materials 
usually found in every labo
ratory. Such an apparatus 
is shown in Fig. 1. This ar
rangement has been used for 
several years in the Plant 
Pigment Laboratory of the 
Bureau of Plant Industry,
U. S. Department of Agri
culture, and has been found 
satisfactory in many ways.

The apparatus, as illus
trated, consists of an electric 
heater, A, a round-bottom 
flask, B, for the solvent, an 
aspirator bottle, C, to hold 
the plant material, and a 
condenser, D. The size of 
the bottle and the flask 
n a tu r a l ly  determines the 
quantity of material which 
may be extracted in this 
apparatus. An a s p ira to r  
bottle of the approximate 
dimensions 17 X 26 cm. and a 
5-liter flask are suitable sizes 
for the extraction of about 1  

kg. of dried plant material.
Inasmuch as the ordinary

1 Received Septem ber 27, 1924.

type of electric heater has a flat surface, it is desirable to
have an adapter wrhereby a round-bottom flask can be used
in conjunction with such a heater. This consists of a slightly 
beveled soapstone ring, E, which is placed on the surface of 
the heater. The advantage of such an arrangement is

evident, since the modified 
heater, when not being used 
in connection with the ex
traction apparatus, may be 
employed for other pur
poses by simply removing 
the soapstone ring. The
em p lo y m e n t of a rubber 
stopper a t F  is associated 
with a number of disad
v a n ta g e s , especially when 
either petroleum ether or 
ether is used as the solvent. 
I t  seems best, therefore, to 
use a ground-glass connector 
such as G, which may be a t
tached to the remainder of 
the apparatus by means of 
short pieces of rubber tub
ing.

The apparatus as shown 
in Fig. 1  is set up mainly 
for the use of alcohol as the 
solvent and for cold extrac
tions. To insure warm ex
tractions it is necessary to 
cover the bottle and flask 
with towels or other mate
r ia l .  W hen  using petro
leum ether or ether as the sol
vent, it is desirable to increase 
the condensing surface and 
also to immerse the flask 
c o n ta in in g  the solvent in 
w a te r  m a in ta in e d  a t the 

Pio. i proper temperature.
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Fractional Distillation for the Separation of the 
Constituents of Petroleum1

By W . A. P e te rs , J r .

E . I-  d u  P o n t  d e  N e m o u r s  &  C o ., W i l m i n g t o n ,  D e l .

///. '  '//////{
A L iqu id  of com p a  /<////////;// ////?,

Licjui i of com pX^ N 

1
Vopor of co up

IN SEPARATING any 
mixture of liquids by 
fractional distillation, 

the degree of separation at
tained depends on two fac
tors—the amount of heat 
used per pound of product, 
and the type of apparatus 
employed. These two fac
tors are not independent 
and the theoretical calcu
lations and experiments to be described in this paper were 
carried out to show to what extent they are related. Unfor
tunately, the apparatus was not exactly adapted to this work 
and the results obtained in fractionating gasoline do not show 
the relationship as clearly as they should. The separation 
by fractional distillation of a mixture of many constituents, 
such as petroleum, cannot be analyzed mathematically, al

though some empirical 
N + l rules can be deduced

regarding sharpness of 
cuts to be obtained un
der various conditions. 
Therefore, it  will be 
well to consider first 
the separation o fj a 
mixture of two definite 
liquids whose proper
ties are known.

T h e  possibility of 
separating a mixture 
by fractional distilla

tion depends on the difference in composition between the 
liquid phase and the vapor phase in equilibrium. Where there 
is no difference no separation can be made; where the differ
ence is great the separation is easy. I t  has been shown that 
for normal mixtures, such as mixtures of isomers, homologs, 
etc., the relation between the compositions of the liquid and 
vapor phases can be expressed as a function of the vapor 
pressures of the two constituents . 2

L et X  =  concentration of more volatile component A  in the 
liquid

Y  =  concentration of A  in the vapor
K  =  the ratio  of the vapor tension of B  (the less volatile 

component) to  th a t of A

y  =   £   (1)
K  -$ ( 1  - " K ) X  '

(All concentrations are expressed in term s of equivalent la ten t 
heats.)

For low concentrations of A, X  will be small compared 
with K , and Equation 1  becomes

X  
K

For convenience we may call l / K  =  a, where a is the enrich
ment ratio of one liquid, A, in dilute solution in another, B.

1 Presen ted  before th e  D ivision of P etro leum  C hem istry  a t  th e  67th 
M eeting of the  Am erican C hem ical Society, W ashington , D. C. April 21 to 
26, 1924.

1 Peters. T h i s  J o u r n a l . 15, 4 0 2  (1 9 2 3 ).

The theory of fractional distillation with the mathematical form u
las used for calculating fractionating columns is summarized. 
Experiments in which the formulas are checked in a small bubbler cap 
plate column using known mixtures, and tests on mixtures of petro
leum distillates run in the same column are described. A  method 
is suggested for calibrating fractionating columns to be used in pe
troleum work iri order to determine the proper balance between heat 
consumption, column efficiency, and the sharpness of cut to be ob
tained.

N-l

F i g . 1

Y  = (2)

Then Y  = aX, and a will 
be nearly constant for all 
values of X  below, say, 0.01. 

' I t  is convenient to use this 
constant a for many mix
tures for which Equation 1  

does not hold—for example, 
ethyl alcohol and water, and 
aniline and water. Values 
of a for various pairs of 
liquids are given in Table I. 

I t  will be noted tha t the value of a is about 2 to 3 for the ordi
nary separations tha t are carried out in column rectifiers. 
Mixtures for which a is 1.3 to 1.6 may be economically sepa
rated in columns with twenty to th irty  plates. For values of 
a below 1.3 the separation becomes increasingly difficult and

F ig
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more efficient columns must be employed. In  the equations 
used for calculating the separation to be made in a plate col
umn, a comes in as a ratio in a geometric progression, so that 
as a approaches 1  the separation becomes extremely difficult. 
The separation of ethyl bromide and ether, for which a =  1.13, 
is many times more difficult than that of the nitrochloroben- 
zenes for which a = 1.23.

F i g . 3

M e t h o d s

sumption is measured by the factor H, which represents the 
amount of vapor passed up the scrubber or fractionating 
column per unit of distillate withdrawn. The difference- 
between II  and the unit of distillate withdrawn is refluxed or 
run back down the scrubber. The equations by which the- 
separation to be made by simple distillation or fractional 
condensation (Methods 1  and 2 ) is calculated are well 
known and need not be given here.

T a b l e  I — A p p r o x i m a t e  V a l u e s  o f  a f o r  S o m e  T y p i c a l  M i x t u r e s

Boil Boil Av.
ing: ing p res

po in t p o in t sure
L i q u i d  B ° C . L i q u i d  A ° C . a M m .

.Ethyl brom ide 38 .4 E th e r 34 .6 1 .13 760
o-N itrochlorobenzene 166.0 ¡¿»-Nitrochlorobenzene 160.0 1 .23 80
M ethanol 64 .6 M ethy lethy l ketone 7 9 .6 1 .3 760
Acetic acid 118.1 W ater 100.0 1 .4 760
£-N itrotoluene 157.0 o-N itrotoluene 145.0 1 .55 80‘
W ater 100.0 B u ty ric  acid 162.3 1 .8 760-
M ethanol 64 .6 W ater 100.0 2 .1 760-
W ater 100.0 Aniline 184.4 5 .6 760
W ater 100.0 M ethanol 6 4 .6 7 .4 760-
W ater 100.0 E th y l alcohol 78 .3 11 .0 760-
W ater 100.0 Acetone 56 .2 2 0 .0 760-
Toluene 110.4 Benzene 8 0 .2 2 .5 760
m -Xylene 139.2 Toluene 110.4 2 .4 760’
wt-Xylene 139.2 Benzene 8 0 .2 5 .5 760“
«-Hexane 69.0 n-P en tane 36 .3 3 .0 760
«-H eptane 9 8 .4 «-H exane 6 9 .0 2 .8 760«
«-Octane 125 .8 « -H eptane 98 .4 2 .3

T h e  T h e o r e t ic a l  P l a t e

Equations for calculating the separation to be made in a-, 
column or countercurrent scrubber have been developed and. 
published many times. Most of these equations differ only 
in the nomenclature used and every method of calculation! 
except that used by Baker, of the University of Michigan, 
starts from the theoretical plate as a unit and basis of calcula
tion. Fig. 1  gives a diagram of a theoretical plate. We m ay 
define the theoretical plate as a plate on which all the liquid

Separation by fractional distillation is never complete. 
A partial separation by fractional distillation may be made by 
three methods: (1 ) boiling a comparatively large amount of 
liquid and collecting the vapors in different parts of fractions; 
(2 ) vaporizing the liquid and condensing parts of it in differ
ent condensers, keeping these parts separate; (3) passing the 
vapor through a countercurrent scrubber in which it is 
washed or scrubbed by liquid refluxed down the scrubbers.

In general, the heat expenditure per unit of products sepa
rated is less for the first method, greater for the second, and 
may be very much greater for the third. However, the sepa
rations obtained may be much sharper by the third method. 
For example, consider the separation of two liquids, A  and 
B, for which a = 2. Assume concentration of A  in B  to be
1 per cent. By Method 1 the first distillate, which will 
be the richest, will contain only 2 per cent A, and the heat 
expenditure will be a minimum or 1  pound of vapor per pound 
of product. By Method 2, 75 per cent of the vapor must be 
condensed before the remaining vapor has a concentration of
2 per cent A. By Method 3 the separation will depend en
tirely on the efficiency of the countercurrent scrubber used and 
on the amount of heat supplied per pound of product. Fig. 2 
shows the relation between these factors. The heat con-

Detail of Role 
Caps f iû v e  50 slots 0 6 5 X O l6 c»n 
Immersion of topo f Slots 0.63 env» 
Cross Section Areo of 50 slots 

5  cm 
Weight of -Section 7 5 4  X‘*loi 
Hold up on plotts 130 cc

F i g . 4 — P l a t e  C o l u m n  w it h  S in g l e  5 .4  C m . B u b b l e r  C a p

is of one composition and all the vapor passed through is in 
phase equilibrium with this liquid, or, in order to avoid con
fusion when dealing with packed towers, it may be defined as 
the distance between two points in a column chosen so that 
a sample of vapor from the upper point would be in phase-
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equilibrium with a sample of liquor from the lower. This 
height may be called the H. E. T. P., or height of equivalent 
theoretical plate. The fundamental equation for a concen
trating column is

x jv  _  v■y _ xx 1 n___ *C-A Jl + 1   2  VP/

X , Y, and H  are defined above. Y c is the concentration 
of A  in the' distillate. As before, all amounts and concentra-

F i g . 5

tions are expressed in terms of latent heats. From this equa
tion and Equation 1 an equation giving the height of column 
in units of equivalent theoretical plates required to make a 
given separation is derived . 3 In  general, it will be easier to 
work with Equation 3 and figure a column plate by plate.

In  order to apply Equation 3 to a specific problem it is 
necessary to know the value of K  or to have a curve giving 
the relation between Z a n d  Y  and to know the H. E. T. P. Of 
course, another equally important factor is the capacity of 
the column under consideration. The capacity may be meas
ured by the latent heat equivalent of the vapors tha t can be 
passed up the column per square foot cross-section area. 
This factor was not considered in the present experiments, 
but it should be remembered tha t the cost of a column, 
especially of a packed column, will depend on both the height 
and the cross-section area, so th a t in comparing different 
columns it is convenient to use a quantity which is the prod
uct of the two and may be called the volume efficiency factor.

* T h i s  J o u r n a l ,  1 5 , 402 (1923), E q u a tio n  12.

T a b l e  I I — E q u i v a l e n t  H e i g h t  o p  T h e o r e t i c a l  P l a t e  p o r  V a r i o u s  
S c r u b b e r s  a n d  C o l u m n s  w i t h  V a r i o u s  L i q u i d s 4

H .  E . T . P.
L i q u i d  M i x t u r e C o l u m n  o r  S c r u b b e r Cm.

Acetic acid and  w ater Tow er filled w ith  8 to  10 mm.
glass rings 43

E th y l alcohol and  w ater Tow er filled w ith 8 to  10 m m .
glass rings 14 to  16

Benzene and  toluene T ow er filled w ith  8 to  10 m m.
glass rings 43

N itric  acid and  w ater T ow er filled w ith 8 to  10 m m .
glass rings 30

Am m onia and  w ater Tow er filled w ith 8 to  10 m m .
glass rings 12 .5

Benzene and  toluene Tow er filled w ith 25-mm.
rings 120a

Benzene and  toluene Tow er filled w ith  76-mm .
rings 300

Benzene and  toluene Tow er filled w ith  paving
stones 600

Acetic acid and  w ater P la te  colum n, an y  ty p e  of
good design 2 p lates

Acetone and  m ethanol P la te  colum n, an y  ty p e  of
good design l l/ j  p lates

E th y l alcohol and  w ater P la te  colum n, an y  ty p e  of
good design l 1/» p lates

a E stim ated .

In  Table II  are given various values for the H. E. T. P.
The subject of the measurement of and the explanation for 

variations in the H. E. T. P. cannot be considered here. I t  is 
probable tha t any scrubber or column separating petroleum 
mixtures would have the same H. E. T. P. as tha t given for 
acetic acid and water.

Fig. 2 brings out two points: first, if H  is small it does not 
help the separation to use an efficient column, and second, if

Cc. Distillate 
F i g .  6

the column is inefficient a very large heat expenditure does 
not help much. Fig. 3 shows the relation between these 
factors for other ranges of concentration of the same two 
liquids. I t  will be noted tha t for the higher concentrations of

« T h i s  J o u r n a l ,  1 4 , 4 6 6  (1 9 2 2 ) .
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A  this dependence of the separation on the proper balancing with ethyl alcohol of high concentration were not trustworthy,
of the heat consumption and the column efficiency is not so owing to errors in the data on the relation between X  and
marked as in the lower concentrations. For example, with a Y  available. The tests with low concentrations of acetone
still charge with 40 per cent concentration of A  (a =  2) a in methanol and lower values of II  were difficult to interpret,

F i g . 7

distillate of pure A  can be obtained if II  =  3.5 or more, pro
vided the column is efficient enough. With a still charge with 
■95 per cent concentration of A, II  need be only 2.05 to give a

distillate of pure A  
w ith  an  effic ien t 
enough column.

E x p e r i m e n t a l

In  order to deter
mine the effect of 
variation of these two 
factors on the separa
tion of a complex 
mixture, gasoline was 
fractionated in the 
small rectifier shown 
in Fig. 4. The recti
fier was first checked 
on mixtures of ace
tone and methanol, 
acetic acid and water, 
and ethyl alcohol and 
water. All the tests 
tha t looked reason
able gave the same
H. E. T. P. as th a t  
shown in Table II, 
t h a t  is, a b o u t 2  

a c tu a l  p la te s  for 
acetic acid and water, 
\ x/ i  for methanol and 
acetone, and l '/a fo r  
e th y l  a lco h o l and 
w a te r . T h e  te s tsF io . 8

for reasons that are evident from an inspection of Fig. 5. In 
order to simplify the curves all tests were reduced to corre
spond to a still charge with 1  per cent concentration of ace
tone by weight.

The circles represent the concentration of acetone in differ
ent tests. The abscissas of these circles were determined by 
the point on the line for II  =  , where the average of ten
tests with the 4-plate column fell. This gave 2.7 theoretical 
plates for the 4-plate column. I t  is obvious tha t the effi
ciency of the 1 2 -plate column cannot be determined by tests 
with any value of H  less than 15 or 20. Even II  — 10 gives a 
curve which is nearly horizontal to the right of Plate 7. T hat 
is, from the data available, the vertical line on which the tests 
on the 1 2 -plate column are plotted might be anywhere to the 
right even of Plate 5. This does not help to check the effi
ciency of the column, but is a good proof of the validity of the 
equations on the basis of which the statement was made tha t 
for certain separations with a given heat expenditure it does 
not pay to increase the efficiency of the column beyond a 
certain point.

A good grade of gasoline which appeared to be straight-cut 
was then fractionated. Several difficulties were encountered 
in making these fractionations in an entirely quantitative 
manner. First, the still would hold only about 15 gallons to 
a charge. During the distillation of this charge, the jacket 
temperature could be controlled so tha t the radiation losses 
were negligible, but the column itself could not be heated. 
Therefore, its temperature had to be raised by condensing 
gasoline vapors, and the vapors so condensed gave a variable 
amount of reflux from the top to the bottom of the column. 
The value of H  in Figs. 6  and 7 is measured at the center of the 
column. A second and much more serious error was intro
duced by the hold-up of liquid on the plates. Four plates 
held about 450 grams of liquid and 12 plates about 1350 grams.
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All the fractions taken ran less than 1800 grains; therefore 
the separations, especially in the 1 2 -plate column with the 
high reflux ratio, are very much worse than would be ob
tained under truly continuous conditions of operation. 
For this reason, the curves obtained cannot be considered as 
more than qualitative and a comparison of Curves V and VI 
in Fig. 7 is misleading.

The amount of pentanes in Fractions III , V, and VI was 
determined by careful fractionation in a special laboratory 
column. The results for Fractions I I I  and V in comparison 
with the range obtained in the regular Engler distillation are 
plotted in Fig. 8 .

In  all the distillations there was a loss due to not condens
ing some of the vapors. Cooling with liquid air would have 
been necessary to make the recoveries strictly quantitative, 
and this was not available. The losses in the Engler distilla
tions were distributed. Those in the special column were 
neglected. For that reason, the curves in Fig. 8  do not line 
up exactly.

C o m p a r i s o n  o f  O b s e r v e d  a n d  C a l c u l a t e d  R e s u l t s

The amounts of pentanes which should be in fractions of 
hexane and higher oils cut between 60° and 70° C. under 
different conditions were calculated approximately. These 
amounts with those actually found are given in Table III. 
(The H. E. T. P. is taken as two actual plates.)

T a b l e  I I I — A m o u n t  o p  P e n t a n e  i n  a  6 0 °  t o  7 0 °  C .  C u t  o p  G a s o l i n e  
N o. actual
p la tes in «<—P e r  c e n t  P e n t a n e —>
colum n H  C alculated  Found  

4 5  2 . 5  19
12 2  8 . 0  15
12 5  2  9 . 5

There are several explanations for the large discrepancies 
between the amounts calculated and found. The calculation 
was made for a single hexane boiling a t 65° C. The presence 
of others boiling around 60° C. wTould make a difference. 
Moreover, as mentioned before, the hold-up on the plates of 
the column would introduce a serious error. Unfortunately, 
there was not time to clear up these points.

A comparison of Curves I I  and V is shown in Fig. 9. Evi
dently there is a considerable gain in sharpness of cut in in
creasing the efficiency of the column 200 per cent. However, 
the difference cannot be directly correlated with the theory 
as was done in the case of the mixtures of acetone and metha
nol. The data only indicate the results tha t may be obtained 
by experiments made under the proper conditions.

C o n c l u s i o n s

I t  is safe to say th a t many of the scrubbers or fractionating- 
columns now in use in petroleum refineries are not so efficient 
as they should be. The most economical installation for any 
given separation can probably be most easily determined by 
experiments similar to those described. These experiments 
would, of course, include checking up and calibrating the small 
columns used and also the plant columns by the theory out
lined. '

Comparatively simple tests would show approximately the 
heat expenditure needed and the efficiency of the column 
required to make certain rough cuts. The accurate determi
nation of the economical balance between heat consumption, 
column efficiency, and sharpness of cut for each product is a. 
more complex problem, but one for which a definite solutiont 
can be worked out.

Notes on the Preparation of Standard Cellulose—II1’2
By A. B. Corey and H . LeB. Gray

K a s t m a n  K o d a k  C o., R o c h e s t e r , N . Y.

T N A previous paper3 it was noted tha t the standard cellu- 
lose prepared by the tentative method described, gave 

too high an ash. I t  has been found tha t if the resulting 
cellulose, before drying, is treated with 1  per cent acetic acid 
solution for 2  hours at room temperature and then washed 
with four changes of distilled water, the ash content is reduced 
to a very low quantity without any apparent injurious effect 
on the cellulose.

Table I  gives results obtained on two different samples. 
In each case the cellulose prepared as previously recom
mended was divided into two portions and one of them treated 
with acetic acid as described above.

T a b l e  I
M oisture Ash a-Cellulose

W annam aker’s
C leveland

American Peeler 
(Com bed sliver)

i W ithou t acid tre a tm en t 

W ith  acetic  acid tre a tm en t 

( W ithou t acid tre a tm en t 

( W ith  acetic  acid trea tm en t

P er Per Per
cent cent cen t
4 .7 6 0 . 1 2 9 9 .6 6
4 .6 9 0 .1 3 9 9 .7 1
4 .S 9 0 .0 6 9 9 .8 5
4 . 7 9 0 .0 2 9 9 .7 1
5 . 9 9 0.11 9 9 .6 1
5 .8 5 0.11 9 9 .7 4
6 .1 9 0 . 0 3 9 9 .5 4
6 .2 2 0 .0 4 9 9 .7 6

1 Received Septem ber 2 4 , 1924 .
J C om m unication No. 2 1 6  from the R esearch L abora to ry  of the  E a s t

m an K odak Com pany.
3 T h i s  J o u r n a l , 1 6 , S 5 3  (1 9 2 4 ) .

The writers have observed, during the alkali boiling of' 
different cottons, that with some a longer time is necessary 
to discharge the yellow color of the solution than with others. 
Table II  shows tha t the percentage of a-cellulose may be 
slightly increased by boiling with the 1  per cent sodium 
hydroxide solution for 10 hours instead of 6 . I t  seems ad
visable to allow the displacing alkali solution to enter a little 
more rapidly so that 1 2  liters are used during the time o f ' 
boiling; and also to continue the heating and displacement 
with 1  per cent alkali for 1  hour after the yellow color has 
entirely disappeared.

T a b i .e  II
M oisture Ash a-Cellulose

P er Per Per
cen t cen t cent
6 .2 9 0 .0 6 9 9 .6 9
6 .2 1 0 . 0 6 9 9 .4 8
6 .4 1 0 .0 7 9 9 .4 8
7 .6 9 0 .0 4 9 9 .8 4
7 .4 6 0 . 0 4 9 9 .8 5

/6  hou rs’ alkali tre a tm en t 
Am erican Peeler and  ace,ic  acid tre a tm en t 

(Com bed sliver) 1 10 h eu rs ' alkali tre a tm e n t 
vand acetic  acid tre a tm e n t

The apparatus used by the writers is the size recommended 
by the A. C. S. committee '1 and 75 grams of cellulose are used 
instead of 100 grams. The corrected copper numbers o f ' 
the cottons, while relatively low, are not recorded in the 
accompanying tables on account of the erratic results ob
tained, which are apparently due to errors in the method of ’ 
determination as given by the committee.

« T h i s  J o u r n a l , I S ,  7 4 S  (1 9 2 3 ) .
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A Boiling Point Correction Chart for Normal Liquids1
With Special Application to Petroleum Products

By W. H . Bahlke and R obert E. W ilson

S t a n d a r d  O il  C o . ( I n d ia n a ) ,  W h i t i n g , I n d .

IN TH E specifications 
adapted by the Federal 
Specifications B o a rd 2 

on February 3, 1923, is a 
table of corrections to be 
applied to the observed 
boiling temperature in a 
distillation test whenever 
the barometric pressure at 
which the test is made is 
different by more than 25 
mm. from the average baro
metric pressure a t the point 
of consumption. This table, however, does not cover tem
peratures above 590° F., and it was desired to correct the 
distillation temperatures of products that boil somewhat 
higher than this. Since no extensive data appeared to be 
available, it seemed desirable to calculate the corrections by 
a reliable method and test the accuracy of the method at 
temperatures where the data are available.

C o n s t r u c t i o n  o p  C h a r t

The validity of a method for correcting boiling points based 
rigidly upon accurate vapor pressure observations cannot be 
questioned, and since Hildebrand has shown the remarkable 
similarity between the vapor pressure curves of all normal 
liquids, a t similar values of p /T , it is possible to give, in graphi
cal form, precise boiling point corrections which should apply 
to all normal (nonassociated) liquids under consideration. 
I t  would be expected also that the same corrections would 
apply to any mixture of liquids which obeys Ràoult’s law. 
From the data of Wilson and Wylde3 it appears that a mix
ture of petroleum hydrocarbons with molecular weights of a 
similar order of magnitude would obey Raouit’s law and there
fore that the corrections found for pure hydrocarbons would also

a c c u ra te  vapor pressure 
curves for the paraffin hy
drocarbons , 4 and their ap
plicability to petroleum 
products is justified by 
data in the later sections.

The exact procedure was 
as follows: On a large-scale 
plot of the log of the vapor 
pressure against the log of 
the absolute temperature, 
the slopes of the curves for 
th e  co m p o u n d s from n- 

pentane to w-tetracosane, inclusive, were measured at the 
point midway between 600 and 760-mm. pressure. The 
slopes thus obtained were then plotted against the tempera
ture (° F.) of the normal boiling point in order to minimize the 
errors in reading slopes.

The resultant data are plotted in Fig. 1 , with the most rep
resentative line drawn through the points. Inspection of 
the vapor pressure curves will show tha t the slope is very 
nearly constant between 600 mm. and 760 mm., so tha t the 
assumption tha t the curves are straight between these two 
points would introduce no large error. This assumption was 
therefore made, and the corrections given graphically in Fig. 2 
were calculated from the slopes given by the line in Fig. 1.

D i s c u s s i o n  o f  R e s u l t s

There is one equation that is frequently used in correcting 
boiling points from observed to normal pressure—namely, 
the equation of Young : 6

B = C(760 -  P) (273 +  0 (1)
where 6 =  correction to be applied (° C.)

C = constant =  0.00012
P  = observed pressure
t =  observed boiling temperature (° C.)

From accurate vapor pressure curoesfor the normal paraffin hydro
carbons a chart has been prepared covering the boiling point correc
tions to be applied when the pressure at which the distillation takes 
place is different from  that at which it is desired to know the boiling 
temperature. This chart may be used with quite reasonable accuracy 
fo r any of the so-called normal or nonassociated liquids, and 
should be valuable in the petroleum industry fo r correcting the boil
ing temperatures observed in the A . S . T. M . Engler distillation 
method, when the barometric pressure during the test is considerably 
different from  that at the point of consumption. The existing cor
rection table2 appears to be considerably in error.

'3

k.

JO

12

U

B o i l i n g  P o i n t
F i g . 1

apply to petroleum products, a t least for all practical purposes. 
The accompanying chart has therefore been constructed from

1 P resen ted  before the  D ivision of Pe tro leum  C hem istry  a t  th e  67th 
M eeting of th e  A m erican Chem ical Society, W ashington, D. C ., A pril 21 
to  26, 1924.

i  Bur. M ines, Tech. Paper 3 2 3  (1 9 2 3 ) .
* T h i s  J o u r n a l , 1 5 , 8 0 1  (1 9 2 3 ).

For many purposes this equation gives sufficiently reliable 
results. I t  should be noted, however, that this equation is 
an integration of the Clapeyron equation

4 Wilson and  B ahlke, T h i s  J o u r n a l , 1 6 , 115 (1924).
* J . Chem. Soc. {London), 81, 777 (1902); see also C rafts , Ber., 20, 709 

(1887).
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, dp
V. -  V, dt 

a t the normal boiling point where the term

(2)

is ap-Vv -  Vi
proximately constant for all substances . 6 The equation can,

therefore, be no more accurate than the constancy of the 
term — _  • In fact, the constant in Equation 1 de

termined by Young from the tangents to the vapor pressure 
curves a t the normal boiling point has the following values 
for the normal paraffin hydrocarbons: methane 0.000135, 
pentane 0.000125, hexane 0.000122, heptane 0.000121, 
octane 0.000119. In view of this decrease of the “constant” 
with increasing molecular weight, the equation is probably 
less accurate, especially for the higher hydrocarbons, than

the method used in constructing the chart given in this 
paper. Another fact making for greater accuracy in the rec
ommended chart is that the log-log curves have more nearly 
a' constant slope between 600 and 770-mm. pressure than 
do the ordinary vapor pressure-temperature curves.

A comparison of the corrections obtained by the various 
methods is given in Tables I  and II. In  the column headed 
"observed” in Table I  are the average results of distillations

• D espretz, A n n . chitn. phys., 24, 323 (1823); R am say , Address, 
Philosophical Society, Glasgow, 1877; T ro u to n , Phil. M ag., 18, 54 (1884).

run both a t Casper, Wyo., and Whiting, Ind., on twenty-nine 
samples of Solite gasoline. The average barometric pres
sure a t Casper was about 635 mm., while a t Whiting it was 
750 mm.

From these results it appears that the corrections given in 
the Bureau of Mines table are entirely too high—in fact, the 
corrections are nearly twice those given by either of the other 
methods and more than twice those observed . 7 As far as these 
observations are concerned, they appear to check the Young 
equation results more closely than they do the proposed 
chart, though the differences are not large enough to be very 
significant in view of the variations in individual results.

T a b l e  X - •D i s t i l l a t i o n  o r  S o l i t e  ( H i g h  T e s t ) G a s o l i n e s  

- C o r r e c t i o n  0 F . -
Po in ts on dis Tem pera From
tilla tion  curve tu re  range Average From F rom  Y oung's B. of M

P er cen t ° F . observed ch art equation table
In itia l 85 to  100 5 .4 9 .2 7 .5 13 .8
10 to  40 145 to  230 7 .3 9 .5 8 .9 10.1
50 to  90 235 to  330 9 .0 10 .9 10 .2 18.4
M axim um 385 to  395 10 .8 12.4 11.7 21 .2

In  order to test the reliability of the vapor pressure curves 
over a much wider range of pressures, the calculated cor
rections obtained from the curves are compared in Table II 
with the observed corrections obtained from distillations of 
the same sample of Red Crown gasoline a t 760, 505, and 310 
mm . 8 These distillations are plotted in Fig. 3. As was the 
case a t higher pressures, the vapor pressure curves give re
sults tha t check very well with the observed corrections. 
Since the constant in Young’s equation was obtained from the 
slope at the normal boiling point of the curve of vapor pres
sure against temperature, the equation is necessarily consid
erably in error a t these low pressures for which it was not 
intended.

T a b l e  XI— D i s t i l l a t i o n  o f  R e d  C r o w n  G a s o l i n e

✓ C o r r e c t i o n  (° F .)-------------»
Po in ts  on d istilla- F rom  va-

tion  curve Pressure por p res F rom  Y oung'
P er cent M m . Hg. O bserved su re  curves equation

26 505 29 24 20
310 53 50 34

46 505 27 25 21
310 55 53 36

71 505 26 26 23
310 55 56 38

91 505 22 27 24
310 50 57 42

In  view of these results it is believed tha t the table given by 
the Federal Specifications Board should be supplanted by the 
chart given in this paper or by a table based on the Young 
equation and tha t the proper steps should be taken to have it 
officially adopted.

7 Correspondence w ith th e  bureau  has developed th e  fact th a t  th e  
corrections were based upon a  lim ited num ber of d is tilla tions a t  tw o points 
of d ifferent a ltitu d e , com bined w ith figures calculated  from  the  Young 
equation . H ow ever, in som e w ay the  p roper corrections from the  equation  
were erroneously m ultip lied  by  1.8. In  view  of th is  fac t and  the  experi
m ental resu lts  p resented  in th is  paper, th e  bureau p lans fu r th e r work in th e  
near fu tu re  to  settle  th is point.

8 R un  by  R. N . J a rm an  of th is  laborato ry .

C hem ical L ab o ra to ry  G ift

Bishop Lawrence, chairm an of the comm ittee to  extend the 
national service of H arvard  U niversity, has announced a gift 
of $475,000 for the division of chem istry, from th e  family of the  
late E . C. Converse of New York, one of th e  m ost prom inent of 
th e  group of international financiers who founded the U nited 
States Steel Corporation.

In  mentioning the gift Bishop Lawrence said:
T h e  fam ily of th e  la te  E . C. C onverse of New Y ork has given $475, 000 to  

be used for th e  erection of a chem ical research  labo ra to ry  a t  H arv ard  as a 
m em orial to  M r. Converse and  to  c a rry  his nam e. T h e  m em bers of the 
fam ily who have co n trib u ted  th is girt are M rs. B . C. Converse, his daugh - 
te rs  M rs. B enjam in S trong  and  M m e. A nto ine tte  Converse, and  his son 
E . C. Converse.
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Distillation of Acetate of Lime1
By E. G. R. Ardagh, A. D. Barbour, G. E . M cClellan, and E . W. M cBride

S c h o o l  o k  E n g i n e e r i n g  R e s e a r c h ,  U n i v e r s i t y  o v  T o r o n t o ,  T o r o n t o ,  C a n a d a

An y o n e  who has
had occasion to con
sult the literature 

dealing with the manufac
ture of acetone by the dry 
distillation of acetate of 
lime must have been struck, 
not only by the vagueness 
of the descriptions and the 
paucity of the figures, but 
also by statements tha t are 
actually incorrect. A few 
of such statements which 
the w r i te r s  h av e  com e 
across in articles written by 
some of the best known 
a u th o r i t ie s  a re  g iv en  
here:

A cetone is m ade by the dry 
distillation of gray acetate 
of lime a t  290° to  400° C .2

Large quantities (of acetone) are made from gray acetate of 
lime by dry  distillation a t  high tem perature. **T he distillation 
takes place in three stages. A t first w ater containing a small 
percentage of acetone comes over, in th e  second stage when the 
tem perature  of th e  mass has risen to  400° C. acetone oils are 
obtained.3

To secure a maximum yield of acetone, th e  points to  be a t
tained arc uniform ity of tem perature throughout the whole 
mass and slow heating to  no t over 300° C .4

The conversion into acetone is effected by simply heating the 
acetate  a t  about 300° C. **T he decomposition of the acetate 
does no t become active until th e  tem perature reaches about 
380° C., the bulk of the distillate comes over between 380° and 
400° C .6

Barium  acetate  decomposes a t  400° to  405° C., calcium acetate 
a t  a  higher tem perature, while the m ost suitable tem perature 
for decomposition of acetic acid to  yield acetone is 500° C .6

Acetone is usually prepared by the dry  distillation of barium  
acetate  a t  a m oderate heat. Calcium acetate  can also be em
ployed, b u t the tem perature required is greater, and th e  product 
is contam inated w ith impurities, such as dumasin, an  isomeride 
of mesityl oxide.7

In  view of the indefiniteness of certain of these statements 
and the conflict of several others, it seemed that an investi
gation of this important industrial process would be well 
worth while.

Owing to the complex character of commercial gray acetate 
of lime, it  was thought advisable to begin the investigation 
using pure calcium acetate. The gray acetate of lime of 
commerce “generally contains 80 to 82 per cent of calcium 
acetate as determined by analysis, and 4 to 7 per cent of 
water, the remainder being made up of various impurities. 
Of the 80 to 82 per cent, however, several per cent consist 
of formate, propionate, and salts of other organic acids . ” 5 

When formates are present dry distillation gives aldehydes. 
If propionates are present we get methylethyl ketone and 
diethyl ketone. Higher homologs yield the corresponding

1 R eceived A ugust 10, 1924.
2 Rogers, “ M anual of In d u stria l C hem istry ,” 1915, p. 543.
* V eitch, “ Chem ical M ethods for th e  U tilization  of W ood,” U. S . 

Dept. A g r .t Circ. 36, 38 (1907).
4 S ad tle r, J .  Soc. Chem. In d ., 8, 1008 (1889).
* M arshall, “ Explosives,”  Vol. I ,  p. 341.
* S quibb, J .  Soc. Chem. In d ., 15, 612 (1896).
1 T horpe, “ D ic tionary  Applied C hem istry ,”  Vol. I ,  1912, p. 21.

higher ketones. This, how
ever, is not the whole story. 
K e to n e s  and aldehydes 
polymerize a t high tem
peratures to give oily sub
stances of high boiling point. 
Furthermore, any free lime 
in the gray acetate, result
ing from slightly over-lim
ing before distilling the 
methanol and acetone, re
acts with calcium acetate in 
the retort to give methane.

A p p a r a t u s

The apparatus was set up 
as shown in the accompany
ing diagram. The alundum 
muffle, 33/ t X 5l/z  X 12 
inches, was wound with 2 0  

feet of nichrome No. 2 wire, 
17 B. & S. gage, held in place with alundum cement. The 
windings were spaced somewhat wider a t the center to give a 
uniform temperature in the muffle. The resistance of the 
muffle when cold was 7.5 ohms; when heated to 450° C., 7.8 
ohms. The muffle was housed in a 12-inch length of 12-inch 
diameter steel pipe closed a t the ends with disks cut from as- 
bestos-cement board in which rectangular openings were cut to 
hold the muffle in the center of the housing. Kieselguhr was 
used as packing around the muffle. In  starting a heat the 
current was adjusted to 1 0  amperes, which raised the tem
perature of the muffle to 450° C. in about 45 minutes. From 
this stage 6.7 amperes would maintain the temperature a t 
430° C., 7.0 at 450° C., and 7.6 a t 490° C. The first hour 
recorded in the tables was timed from the moment the tem
perature reached tha t given for the particular run. Since 
about 5 minutes were required for the temperature to rise 
from 400° C., the temperature a t which acetone begins to 
form a t an appreciable rate, to 430° C., the first hour in the 
record refers to a period in reality somewhat longer than an 
hour.

The tube in which the calcium acetate was heated was 
made of ordinary soda glass with an outside diameter of 
l 3/e inches. I ts  length over all was 22 inches, and it was 
drawn down a t the end next the receivers to a long, narrow 
tube, which was inserted for about 1  inch into the inlet tube 
of the first receiver in order to prevent any contact between 
the acetone vapor and the rubber connection. Pieces of 
asbestos board with circular holes cut to fit the glass tube 
were fastened to the ends of the furnace in such a way as to 
hold the tube as nearly as possible in the axis of the muffle. 
The boat carrying the 2-gram charge of calcium acetate was 
a 6 -inch length of soda glass tubing of such diameter as to 
fit the tube snugly. The charge was spread out as evenly 
as possible over the bottom of the boat.

A stream of nitrogen was employed to flush out the acetone 
vapors from the heated zone and to carry them to the re
ceivers.

The first receiver was a ground-glass stoppered wash 
bottle of 1000-cc. capacity. I t  carried a stoppered side tube 
on the shoulder, from which samples could be taken a t any

The rate at which acetone is formed on heating calcium acetate 
is quite low until the temperature rises well above 400° C. The 
statements appearing in the literature— that “a temperature of 300° 
to 400° C. is required,” or that ‘ a temperature in the neighborhood 
of 400° C. is sufficient"— are clearly wide of the mark.. The rate of 
formation of acetone from calcium acetate between 430° and 490° 
C. is satisfactory.

In  order to obtain a high yield of acetone, it is necessary to remove 
the acetone vapor as soon as it is formed. The higher the tempera
ture the greater the loss i f  the acetone vapor is allowed to remain in 
the retort. This loss is probably due to polymerization.

The presence of metallic copper or metallic iron does not appear 
to affect the yield of acetone.

Either nitrogen or carbon dioxide can be used to sweep out the 
acetone vapors, but air is unsatisfactory since with it the yield of 
acetone is greatly reduced.

Pure anhydrous calcium acetate cannot be made by drying the 
slightly acid product obtained by adding pure calcium carbonate 
to pure acetic acid.
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time. The tube leading to the bottom of the wash bottle 
was drawn down to a rather fine jet so tha t the gases would 
issue in a stream of fine bubbles. To absorb the acetone from 
a run, 900 ce. of dilute potassium hydroxide (20 grams KOH 
made up to 1 0 0 0  cc.) were used, and the wash bottle was

slowly (not faster than  50 cc. in 3 minutes) and w ith constant 
shaking. T he m ixture was then  allowed to  stand  for 5 minutes, 
acidified w ith  1 N  hydrochloric acid to  liberate the  excess of 
iodine, and titra ted  im mediately w ith standard  thiosulfate 
(approxim ately 0.1 N ). A bout 2 cc. of freshly prepared and 
filtered starch  solution were added ju s t before the yellow' color

E l e c t r i c  f u r n a c e .

kept cold by surrounding it with ice and water. The acetone 
was usually almost completely absorbed in the first receiver.

The graduated cylinder shown in the diagram beyond the 
second receiver was used from time to time to determine, 
within about 50 cc., the rate of the gas stream in liters per 
hour.

A t the outset a nitrogen-filled glass thermometer scaled 
to 500° C. was used to register the temperature. Owing to 
the difficulty of determining with sufficient accuracy the 
correction to be made for the long column of mercury extend
ing beyond the muffle, a base metal thermocouple was soon 
substituted. To keep the cold junction from warming up 
a water jacket was placed around the metal housing protrud
ing from the muffle and a flow of tap  water was kept circu
lating through this cooling jacket. The thermocouple with 
its instrument was checked against a platinum-platinum- 
rhodium thermocouple and galvanometer, calibrated by the 
Bureau of Standards. The two checked within 1° C. for 
all readings up to 450° C.

M e t h o d  o f  D e t e r m i n i n g  A c e t o n e

I t  is obvious that if the results are to be of any value what
ever the method of determining the acetone produced must 
be thoroughly dependable. Of the methods tha t have been 
worked out for the determination of acetone, Messinger’s 
volumetric method is the one most usually employed. M any 
modifications of this method are to be found in the literature. 
Two of the best descriptions are those by Collischonn8 and 
by Griffin. 9 After trying out some of the methods recom
mended, tha t using measured quantities of acetone solution 
of known concentration, Griffin’s method was selected as 
the most satisfactoiy for the present purpose. This was 
carried out as follows:

By means of a  standardized p ipet 50 cc. from th e  ice-cold 
solution in th e  receiver were transferred  to a  250-cc., ground- 
glass stoppered flask, and a  m easured am ount of standard  iodine 
solution (approximately 0.1 N ) know n to  be an  excess was added

8 J . Soc. Chern. In d ., 10, 366 (1S91). .
9 "T echnical M ethods of A nalysis,”  1921, p . 72.

of the  iodine disappeared. The thiosulfate was standardized 
against resublimed iodine th a t  had been dried over calcium 
chloride and once more carefully sublimed. The iodine solution 
was then  checked against th is . standard  thiosulfate solution. 
Standardized burets were used. D uplicate determ inations 
always gave checks w ithin 0.05 cc.

In making up the acetone solution of known concentration 
to be used as a standard for the purpose of ascertaining if that 
calculated from the amount of iodine taken up, as indicated 
in Equation 1, coincided with the actual quantity of acetone

(C H 3)*CO +  61 +  4K O H  =  CHIa +  3 K I -J-KCjH jOj +  3H jO  (I)

known to be present, the following procedure was adopted:
A very  th in  glass bulb, about 5-cc. capacity, was blown, a  

th in  tube about 2 inches in length being left on cacli end. The 
bulb was then carefully weighed. Some of K ahlbaum ’s acetone 
was dried over calcium chloride and redistilled carefully. The 
small bulb was nearly filled w ith this acetone by suction, the 
ends wrere sealed off and when cool weighed again. The bulb 
was transferred to  a 500-cc. glass-stoppered flask which had been 
standardized, about 200 cc. of w ater added, the  bulb crushed 
w ith a long glass rod, the  flask made up to  the m ark w ith water, 
the contents mixed thoroughly, and by means of standard  pipets 
several different quantities were taken  for titra tion . A fter as 
m any titra tions as were required had been made, the volume of 
th e  glass fragm ents was determ ined and a correction made there
for. In  every case the results agreed perfectly w ith the acetone 
calculated from th e  am ount of iodine taken  up.

After carrying out a number of titrations, it was concluded 
th a t the points to be especially kept in mind if dependable 
results are to be secured by Messinger’s method are the follow
ing:

(1) The iodine m ust no t be added m ore rapidly th an  50 cc. 
in 3 minutes.

(2) T he flask m ust be shaken vigorously and continuously 
during the  addition of the iodine.

(3) A fter running in th e  iodine, the solution m ust be allowed 
to  stand  a t  least 5 m inutes before th e  hydrochloric acid is added .'

(4) Sufficient hydrochloric acid m ust be added to  liberate all 
the  iodine th a t has no t reacted w ith the acetone to  form iodoform.

(5) The solution m ust be kep t cold.
(6) T he starch  solution m ust be fresh and free from turbidity .

The reactions th a t take place in Messinger’s method are 
expressed by the following equations:
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2K O H  +  h  =  K IO  +  K I +  H 20  (2)
(CH3)5CO +  3K IO  = C H IS +  K C 2H 30 j +  2KOH „ (3)

Equations 2  and 3 will be found combined in Equation 1 , 
from which it is seen tha t 761.52 grams of iodine react with 
58.05 grams of acetone.

K IO  +  K I +  2HC1 =  2KC1 +  I2 +  H 20  (4)
2N a2S2C>3 +  I2 =  N a2S406 +  2N aI (5)

I n t e r f e r i n g  R e a c t i o n s  t o  B e  C o n s i d e r e d

Unfortunately, acetone is not the only substance to be 
considered tha t might be present and that will, if present, 
absorb free iodine. Other ketones and, furthermore, alde
hydes may be present, and all these substances will react 
with free iodine.

I t  is well known th a t acetone polymerizes under certain 
conditions, and tha t aldehydes are formed by heating to
gether calcium formate and the calcium salts of acetic acid 
and other acids of this series. For example, a mixture of 
calcium formate and calcium acetate gives acetaldehyde on 
heating.

An attem pt was made to minimize polymerization by 
using a glass tube, boat, and absorption vessels. At the 
outset an iron tube and boats made from sheet copper or 
from sheet aluminium were used. The boats were quite 
strongly corroded. This may have resulted from the free 
acetic acid present in the calcium acetate.

P r e p a r a t i o n  o f  P u r e  C a l c i u m  A c e t a t e

To eliminate the formation of aldehydes and ketones other 
than acetone, some C. P. acetic acid (from which the calcium 
■acetate was made) was further purified by freezing till about 
two-thirds had solidified, and then pouring off and discarding 
the liquid portion. This was done three times. In  this way 
any formic acid th a t might have been present was removed. 
I t  is a question, however, if this precaution was really neces
sary, since on testing the stock acetic acid in the usual way 
with mercuric chloride for formic acid the result was negative. 
Pure calcium carbonate was then added until a small quantity 
remained undissolved, the still slightly acid liquid filtered, 
and evaporated on a sand bath till a surface crust formed. 
The evaporation was finished on a water bath. The mass 
was then dissolved in hot water and evaporated until a thick, 
crystalline crust formed. This crystalline mass was removed 
and dried, first on a water bath and then overnight in a de 
Khotinsky electric oven a t 120° C. In  this way a calcium 
acetate was prepared that was free from other organic cal
cium salts and basic salts.

The preparation of anhydrous calcium acetate even from 
pure acetic acid and pure calcium carbonate is not a simple 
task, notwithstanding Lumsden’s contentions . 1 0 The writers 
dried their pure acetate as already described at 120° C., 
overnight. Since pure acetic boils a t 118° C., they thought 
the excess of acetic acid could be driven off completely at 
this temperature. The product obtained did not lose weight 
when kept a t room temperature for 2  weeks over concentrated 
sulfuric acid, but when heated to 150° C. for 24 hours in a 
■current of dry nitrogen it lost several per cent of its weight. 
On condensing the vapors evolved a colorless liquid was ob
tained which appeared to be water and acetic acid. I t  did 
not contain any acetone or other substances that react with 
iodine. The acetate heated to 150° C. retained its whiteness 
and was completely soluble in water, giving a solution neutral 
to phenolphthalein. The loss in weight was 3.5 per cent of 
the weight a t 120° C. When heated to 200° C. the material 
became gray, much of it  was insoluble in water, and the 
watery extract was alkaline to phenolphthalein. The loss in 
weight was 7.5 per cent of the weight at 120° C.

>« J . Chem. Soc. (London), 81, 350T (1902).

To determine a t what temperature acetone begins to come 
off, 2  grams of the material were heated in the muffle in a 
current of dry nitrogen, the gas being passed through the wash 
bottle at the rate of 2  liters per hour as in the quantitative 
work. Traces of acetone first made their appearance just 
above 160°C.

To check the figures obtained, the 120° C. and 150° C. 
products were analyzed, calcium being determined by titrating 
the oxalate with permanganate standardized against Kahl- 
baum’s pro analyst sodium oxalate, acetic acid by distillation 
with phosphoric acid and titration with 0.5 N  potassium 
hydroxide, and water by difference. In making the acetic 
distillation with phosphoric acid, the distillation must be 
carried out very slowly, preferably on a sand bath, and the 
mass should not be heated to too high a temperature; other
wise there is danger of carrying over traces of phosphoric 
acid. Neither Lunge11 nor Scott12 sounds a warning note 
here.

Carrying out this method of analysis using a 1-gram 
sample for acetic acid and a 0.3-gram sample for calcium, 
the following figures were obtained :

Ca
H C iH jOj

I
G ram s
0.0699
0.720

I I
G ram s

0 .0699
0 .724

Calculating the calcium as Ca(C 2II 30 2 ) 2  and the remaining 
HC2H 3O2 as free acid:

Calcium  ace ta te  dried a t  120° C.

CaCCjHîOiJî
H C jH )0 2
H iO

I I I
P er cen t P e r cen t

9 2 .0 9 2 .0
2 .0 2 .4
6 .0 5 .6

100.0 100 .0

too

I
&

0

1

80

60

40

ZO

I
O IOO 200 300 400 500 C.

P i g .  1— Y i e l d  o k  A c e t o n e  i n  1 H o u r  a t  D i f f e r e n t  T e m p e r a t u r e s .  
G a s  F l o w  2  L i t e r s  p e r  H o u r

If the water is present in the compound calcium acetate 
monohydrate, the foregoing figures may be expressed as 
follows:

CaCCîHsO î̂.HîO 
C a ( C îH a 02) 2, a n h y d r o u s  
H C 2H 3O2

I
P er cen t 

58 .6  
39 .4  

2 . 0  
100.0

I I
P e r cen t

54 .8
4 2 .8  

2 .4
100.0

On analyzing in exactly the same way the material dried 
for 24 hours at 150° C., by which it had lost 3.5 per cent of 
its weight a t 120° C., its composition was found to be:

11 "T echnical M ethods of Chem ical A nalysis,”  Vol. I l l ,  p . 306.
13 “ S tandard  M ethods of Chem ical A nalysis,”  Vol. 11, 3rd ed., p . 1057.
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C alcium  ace ta te  dried a t  150° C.
I  I I

P er cen t P e r cen t
C a(C 2H j0 2)s 9 5 .2  9 5 .2
HCjHsO* 2 .4 5  2 .5 5
11:0 2 .3 5  2 .2 5

1 0 0 . 0  1 0 0 . 0

Assuming the water to be present as mono hydrate:

Ca (CaHaOah. H iO  
C a(C jH 30î)2, anhydrous 
IIC jH jOj

I
P er cent 

20 .65  
76 .9  

2 .45  
100.0

I I
P er cen t 

19 .75  
77 .70  

2 .5 5  
100.0

The water content has fallen, but not the free acetic acid.
On drying a t 160° C. for 12 hours longer and analyzing 

the product, the following results were obtained:

C a(CaH ,0a)a
HCaHjOa
HaO

I I I
P e r cen t P er cen t

9 7 .9 9 7 .9
1 .95 2 .0

.15 0 .1
100.0 100.0

Assuming the water to be present as monohydrate:

C a ( C ,H j O î ) î .H a O  
CaCCîHaOîh, anhydrous 
H C 2H3O2

I I I
P er cent P er cent

1 .5 0 .9
96 .55 97.1

1 .95 2 .0
100.0 100.0

column also contains a proportional amount of the acetone 
found (if any) in the second receiver a t the end of the run. 
For example, when the second receiver was found to contain 
at the end of the run 0.7 per cent of the theoretical yield, 
and the first receiver about 90 per cent throughout, the 0.7 
per cent was distributed over the 7 hours in the proportion 
of 0.1 per cent per hour. W ith Run 20 a t 450° C. as an

The water was obtained by difference as before. Since 
the figure is so very small, i t  is quite possible tha t there is no 
water present a t all, and th a t the material contains only 
anhydrous calcium acetate and free acetic acid. The re
maining free acetic acid cannot be driven off by heating with
out the liberation of some acetone. Furthermore, the ma
terial dried a t 160° C. is very hygroscopic.

Taking these points into consideration, it was decided to 
carry on an investigation with the material dried a t 120° C., 
which is 92.0 per cent Ca(C 2Hj0 2)2. The material dried at 
160° C. to 98.0 per cent Ca(C 2H 30 2) 2  still contains about 2  per 
cent free acetic acid. I t  is quite improbable tha t this free

F io . 2— A c e t o n e  Y i e l d s  a t  V a r y in g  R a t e s  o f  G a s  F lo w

acetic yields acetone. In  all probability it is driven off as 
acetic acid well below the temperature a t which acetone 
would be formed by its decomposition.

Since 1 0 0  grams of the 120° C. product contain 92 grams 
of Ca(C 2H 30 2 )2, the 2-gram sample contains 1.84 grams of 
Ca(C 2H 30 2)2 . Hence the yield must be multiplied by 2/1.84, 
or 1.087, to give the theoretical yield. This yield in per cent 
appears in the final column of the tables. Tjie figure in this

3 4-
H o u rs

F i g . 3 — C o m p a r is o n  o p  Y i e l d s  U s i n g  N i t r o g e n  a n d  A i r . C u r v e  br 
I l l u s t r a t e s  V a r i a t i o n s  F r e q u e n t l y  O b t a in e d  i n  F i r s t  T w o 

H o u r s  o p  D u p l i c a t e  R u n s

illustration, it is noted tha t a t the end of 7 hours the second 
receiver contained 0.74 per cent of the theoretical yield of 
acetone. 0.74 -*■ 7 =  0 . 1 1  per cent. Consequently, 0 . 1 1  

per cent is the proportion of acetone carried over each hour 
into the second receiver. The theoretical yield of acetone 
a t the end of the sixth hour is therefore [90.4 +  ( 6  X 0.11)] 
1.087 or 98.8 per cent, and at the end of the seventh hour 
[90.8 +  (7 X 0.11)] 1.087 or 99.5 per cent.

In  answer to the inquiry, “How do you know tha t there 
is nothing in your receiver tha t reacts with iodine except 
acetone?” a distillation was run a t 450° C. for 1 hour with a 
gas flow of 2  liters per hour, using distilled water only in the 
receivers. At the end of the run 500 cc. were transferred 
from the first receiver to a distillation flask, about one-half 
was distilled off and the distillate tested for aldehydes with 
ammoniacal silver oxide in the usual way and with 0.1 N  
potassium permanganate. The same tests were carried out 
on the residual liquid. The test for aldehydes was negative 
in both cases. The residual liquid required about 25 minutes 
to decolorize one drop of 0.1 N  potassium permanganate, 
the distillate decolorized only three or four drops of the 
potassium permanganate within about 0.5 minute. This is 
fairly good evidence of the absence of more than a trace of 
any substance tha t will register as acetone. In  addition, an 
iodine absorption test was run on the residual liquid. A 
very small amount of iodine was taken up—by 1 0 0  cc. of the 
residual liquid a quantity of iodine indicating 0.00077 gram 
of acetone. Even if the substance (or substances) reacting 
with the iodine is not a trace of acetone remaining in the 
distillation flask, but some substance with a higher boiling 
point—for example, a polymerized product, the result of 
heating acetone to such a high temperature—the quantity 
present is too small to affect the results.

E x p e r i m e n t a l

In the experimental work there was a t first great difficulty 
in securing concordant results. Usually, the yields of acetone 
obtained during the first hour of two duplicate runs would
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differ, often quite widely. This was not surprising, because 
concordance a t this stage requires identical conditions of 
temperature, rate of gas flow, and time. Frequently, how
ever, the total yield of acetone obtained in one run would 
be 10 or 15 per cent higher or lower than the yield given by 
the duplicate run. A study of the influence of conditions 
upon the total yield of acetone brought out the facts tha t low 
yields resulted from starting the gas flow only after the charge 
had been heated to 400° C. or over, or by using a slow rate 
of gas flow. At high temperatures, such as 450° or 490° C. 
(the highest temperature used in this work), the influence of 
these two factors became still more pronounced. Still lower 
yields are obtained if the charge is allowed to remain some 
time, say 30 minutes, a t a high temperature, say 450° C., 
before the gas flow is started. No doubt, a t this temperature 
polymerization of the acetone in the vapor state proceeds 
quite rapidly.

By blowing out the acetone with dry nitrogen, as fast as 
it formed, it was possible to secure total yields that agreed 
very closely. With the apparatus used this necessitated a 
rate of 2 liters per hour. Lower rates gave lower total yields.

To get yield-time curves th a t present close agreement 
throughout, it is necessary to adjust the gas flow to the same 
rate in each run.

In  order to bring out the influence of the factors mentioned 
above, as well as the influence on the yield of the presence of 
copper or iron, and the yields obtained when air or carbon 
dioxide was substituted for nitrogen, the accompanying 
tabulated results have been prepared. These have been 
classified into different series, each of which illustrates the 
effect of varying one condition. In  order to present the 
results in graphic form as well as to compare or to contrast 
on one sheet of paper the results obtained by changing one 
condition, four graphs have been prepared.

In  most of the runs a very decided blackening of the charge 
occurred. This blackening was greatest a t the end nearest 
the nitrogen inlet, and shaded off uniformly to a cream color 
a t the end nearest the receivers. The blackening was not 
confined to runs in which a low yield had been obtained.

If the black consists of a deposit of carbon or dark-colored 
polymerized product surrounding the particles of calcium 
carbonate, evidently very little of it is necessary to render 
the charge dark in color. The writers have not been able to 
account satisfactorily for the fact tha t this blackening is 
greatest a t the end farthest removed from the receivers.

When a high yield during the first hour and a high total 
yield were obtained, the residue was uniformly cream colored, 
with a slightly darker shade a t the inlet end. Occasionally, 
for some reason not yet explained, very low yields were ob
tained and a t the same time a blackening of the residue 
throughout its whole length.

H o u r s
F i g . 4 — A c e t o n e  Y ie l d s  a t  V a r y in g  T e m p e r a t u r e s .

G a s  F l o w  2  L i t e r s  p e r  H o u r

The theoretical loss in weight for a 2-gram sample of the 
acetate should be 0.835 gram. The 2-gram sample contains 
only 1.84 grams of Ca(C 2H 3 0 2)2 . In  other words, there will 
be a loss in weight of 0.16 gram due to the moisture and 
free acetic acid present. This will be a constant for every 
sample. The theoretical loss in weight when 1.84 grams of 
Ca(C2H 3 0 2 ) 2  are transformed to calcium carbonate is 0.675

S e r i e s  I

T otal T em p, 
hours ° C.

Iodine
added

Cc.

15
15
25
20

E q u ivalen t 
0 .1  N  
iodine 

Cc.

Second receiver 
4 . . 10
Loss in w eight =  0 .241  gram

16.55
16.55  
27 .58  
22 .06

11.03

0 .1  N  
Thio  thio 

required  required  
Cc. Cc. 

R u n  1. 
15 .02  
12.88 
22 .92  
16.72

0 .1  N  
iodine 

tak en  up 
Cc.

Temperature, 400

Acetone

sam ple 
G ram s 

C.

Acetone 
in first 

receiver 
Gram s

-T o ta l yield ace to n e - 
G ram s

15 .50
13.30
23 .65
17.25

1 .53
3 .6 7
4 .6 6
5.34

0.00149
0.00356
0.00452
0.00519

Flow o f nitrogen, 2 liters per hour 
0 .0268
0.0641 0.0641 -f- 0 .0015
0 .0814 0 .0814 +  0.0051
0.09.34 0 .0934 +  0 .0096

11.30 10 .95  0 .0S  0.00008 0.0008

R u n  2. Temperature, 4100 C.

12

25
25

25
25
30
35
35
35
35
35

Second receiver 
12 . . 10 
Loss in  w eight =

1
2
3
4
5
6
7
8 
9

10
11

180 
200 
250 
300 
350 
400 
410 
420 
430 
440 
450

Second receiver 
1 1  .. 1 0  

Loss in w eight =

27 .58
27 .58

25 .07
25 .07  
30 .09
35 .1
35 .1
35 .1
35.1
35 .1

10.0 
0.756 gram .

10.76
10.76
10.76
16.14
16.14
26 .90
26 .90  
37 .66
53.80
53 .80
53 .80

10.76
0.809  gram

23 .30
21.00

2 2 .5 8  5 .0 0  0.00485
20 .35  7 .2 3  0.00702

R u ji 3. Temperature, 420° C.
1 2 .5
4 .2
5 .3  
9 .0
8 .3
9 .2  
S .8

1 5 .5

9 .2

12.27
20 .87
24 .79
26.1
2 6 .8
25 .9
26 .3
19 .6

0 .0119
0.0202
0.0240
0.0253
0.0260
0.0251
0 .0255
0.0190

Flow o f nitrogen, 2 liters per hour 
0.0873
0.1264 0 .1264 +  0 .0048

Flow o f nitrogen, 2 liters per hour 
0.2142

0.3636 
0.4320 
0 .4554 
0 .4680 
0 .4518 
0 .4590 
0.3420

0.3636
0.4320
0.4554
0.46S0
0.4518
0.4590
0.3420

+
++
+
+
+
+

0.0119
0.0321
0.0561
0.0814
0.1074
0.1325
0.2473

0 .8  0 .00076 0.0076
C onditions: K O H  in receivers; O2 rem oved and  gas dried

R un  4. Varying Temperature. Flow o f nitrogen, 2 liters per hour
10.95
10.95  
10 .90  
16 .30  
16.20 
22 .50  
14 .05  
11.60 
24 .45
21 .70
22 .70

10.70

10.61
10.61
10.56
15.79  
15 .70
21 .80  
13.61 
11 .24  
23 .69  
21 .03  
22 .00

0 .1 5
0 .1 5
0.20
0 .3 5
0 .4 4
5 .10

13.29
26 .42
30.11
32.77
31 .80

0.00015
0.00015
0.00019
0.00034
0.00043
0.00495
0.0129
0.0257
0.0292
0.0318
0.0309

0.0026 
0.0026 
0.0035 
0.0061 
0.0077 
0.0891 
0 .2322 
0.4626 
0.5256 
0.5724 
0.5562

0.0026
0 .0035
0.0061
0.0077
0.0891
0.2322
0.4626
0.5256
0.5724
0.5562

0 . 0 0 0 1
0 .0003
0 .0005
0 .0008
0 .0013
0.0062
0.0191
0.0448
0.0740
0.1058

10 .36  0 .4 0  0 .00039 0.0039

0 .0268
0 .0656
0 .0865
0 .1030

0.0008

0.0873
0.1312

0 .2142 
0 .3755 
0.4641 
0 .5115  
0 .5494 
0.5592 
0 .5915 
0 .5893

0 .0076

0 .0026
0.0027
0.0038
0.0066
0 .0085
0.0904
0.2384
0.4817
0.5704
0 .6464
0.6620

0.0039

A pparen t 
yield 

P e r cen t

3 .6 4
8 .9 4

11.8
14 .1

0 . 1 1

11 .9
17 .9

29 .2
51.1
63 .1  
69 .7
7 4 .5
76.1
8 0 .5
80 .3

1 .03

0 .3 6
0 .37
0 .5 2
0 .9 0
1 .16

12 .3
3 2 .5
6 5 .5  
7 7 .7  
88.0
9 0 .6

0 .5 3

T ru e  yield 
from  ac tu a l 
ace ta te  in 

charge 
P e r  cent

3 .9 5
9 .7 2

12 .9
15 .4

12 .9
19 .5

3 1 .7
5 5 .6
68 .7
7 4 .9  
81 .3
8 3 .2  
88.0
8 8 .3

0 .3 9
0 .4 0
0 .5 7
0 .9 8
1.26

13 .4
35 .3
7 1 .3  
8 4 .6
9 6 .0
9 9 .0



gram. These together make 0.835 gram. The loss of side the furnace a t the end next the receivers. This suggests
carbon dioxide due to the production of calcium oxide is very polymerization.
small. In  two cases it was found to be in the neighborhood Run 11 shows tha t when carbon dioxide is used in place of
of 4 mg. The loss in weight in these experiments never nitrogen to flush out the acetone vapors an equally good yield
-amounted to 0.835 gram, the greatest being 0.810 gram, is obtained.
Usually this loss was in the neighborhood of 0.800 with a S e r i e s  IV—I t  is evident from these runs tha t when air is
variation of a few milligrams in both directions. used to flush out the acetone vapor low yields result.

S e r i e s  I—This series shows very conclusively tha t a tem- S e r i e s  V—Metallic iron and copper appear to have very
perature well above 400° C. is necessary before acetone little influence on the yield of acetone, even when a large
begins to form rapidly from calcium acetate. surface of the metal is in direct contact with the acetate.

S e r i e s  I I—This series brings out the influence of rate of The corrosion of the copper and aluminium boats previously
gas flow, especially on the first hour’s yield. mentioned may have resulted from the free acetic acid present

S e r i e s  I I I —Here we see how the total yield falls off (as in the calcium acetate,
compared with the yields obtained in Series V) When the ace- S e r i e s  VI—This series brings out the fact that'between
tone vapors are allowed to remain in the retort instead of 450° and 490° C. practically a theoretical yield of acetone
being removed as fast as formed. At 450° and 490° C. the can be obtained from calcium acetate, provided the acetone
•destruction of the acetone is more rapid than a t 430° C. vapors are flushed out by an inert gas, such as nitrogen, as

In Run[9 a small quantity of oily liquid condensed just out- quickly as they are formed.

S e r i e s  I I
T ru e  yield
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E q u iv a len t 0 .1  N 0 .1  N A cetone Acetone from  actual
Iodine 0 .1  N Thio th io iodine in in first A pparen t ace ta te  in

T o tal added iodine required required tak en  up sam ple receiver ✓----------- T o tal yield acetone------- 7-» yield charge
hours Cc. Cc. Cc. Cc. Cc. G ram s G ram s G ram s P e r cen t P e r cen t

R u n  5. Temperature, 430° C. Flow o f nitrogen, 0.5 liter per hour
1 25 24 .96 6 .4 18.56 0 .0180 0 .3040 0 .3040 4 1 .4 4 5 ,0
2 35 34 .95 8 .5 26 .45 0.0257 0 .4626 0 .4626  -1- 0.01S0 =3 0 .4806 6 5 .4 7 1 .0
3 35 34 .95 7 .3 27 .65 0.0268 0.4824 0 .4824 +  0 .0437 =3 0.5261 7 1 .6 7 7 .8
5 35 34 .95 8 .3 26 .65 0 .0258 0.4644 0 .4644  +  0 .0974 t=2 0 .5618 7 6 .5 8 3 .2
7 35 34 .95 9 .5 25 .45 0.0247 0 .4446 0 .4446  +  0 .1485 S 0.5931 8 0 .8 8 7 .9
9 35 34 .95 12 .0 22 .95 0 .0223 0.4014 0 .4014  4- 0 .1979 0.5993 8 1 .7 8 8 .8

Second receiver— one titra tio n , no acetone presen t
Loss in weight =  0 .748  gram . CO2 equ iva len t to  CaO p resen t =  4.4 m g. Loss in w eight — COa equ iva len t *=* 0 .743  gram

R u n  6. Temperature, 430° C. Flow o f nitrogen, 1.5 liters per hour
1 30 29 .96 5 .8 24 .16 0.0234 0 .4212 0 .4212 57 .3 62 .32 35 34 .95 7 .5 27 .45 0 .0266 0 .4788 0 .4788 + 0 .0234 «  0 .5022 6 8 .4 7 4 .5
5 35 34 .95 9 .8 25 .15 0.0244 0.4392 0 .4392 + 0.1014 «  0 .5406 7 3 .6 8 0 .5
8 35 34 .95 12.5 22 .45 0 .0128 0.3924 0 .3924 + 0 .1718 «  0 .5642 7 6 .8 83 .9

12 35 34 .95 15.3 19.65 0.0191 0 .3438 0 .3438 + 0 .2350 ■  0 .5788 78 .85 8 6 .4
Second

12
receiver

10 9 .9 8 9 .5 0 .4 8 0.00047 0 .0047 0 .0047 0 .6
Loss in w eight =  0.715 gram . COa equ iva len t to  CaO p resen t =  4.4 mg.

S e r i e s  I I I

R u n  7. Temperature, 430° C. Flow o f nitrogen, 2 liters per hour
(C harge sub jected  to  430° C. for 30 m inu tes before s ta r tin g  c u rre n t of nitrogen)

1 35 35 .63 17 .50 16.98 18 .65 0.0181 0.3258 0 .3258 4 4 .4 4 8 .2
2 35 35 .63 7 .4 0 7 .1 8 28 .45 0 .0276 0 .4968 0 .4968 +  0.0181 = 0 .5149 70 .1 7 6 .3
3 35 35 .63 4 .2 5 4 .1 2 31.51 0 .0306 0 .5508 0 .5508 +  0 .0457 ss 0 .5965 8 1 .4 8 3 .6
5 35 35 .63 6 .9 5 6 .74 28 .89 0 .0280 0 .5040 0 .5040 +  0 .1057 sa 0 .6097 8 3 .0 9 0 .5
7

Second
35

receiver
35.63 9 .4 5 9 .17 2 6 .46 0 .0256 0.4608 0.460S +  0 .1706 =3 0 .6314 8 6 .0 9 3 .9

7
Loss in

10
w eight =

10.18 
0 .7 9 7  gram

10.15 9 .8 5  

R u n  S.

0 .3 3  0 .00032 

Temperature, 4 5 0 0 C .

0 .0032 . .  . .  

Flow o f nitrogen, 2 liters per hour

0.0032 0 .4 4

1 50 50 .65 17.00 16.58 34 .07 0.0331 0 .5958 0.5958 8 1 .2 88 .4
2 50 50 .65 18 .75 18.28 32 .37 0 .0314 0 .5652 0.5652 +  0 .0331 = 0.5983 8 1 .5 8 8 .8
3 50 50 .65 2 0 .20 19.70 30 .95 0.0301 0 .5 4 IS 0 .5418 4- 0 .0645 S3 0 .6063 8 2 .6 9 0 .0
7

Second
35

receiver
35 .45 11 .30 11.02 24 .43 0.0237 0 .4266 0 .4266 +  0 .1730 — 0.5996 8 1 .6 8 9 .3

7 15 
Loss in w eight =

15.20 
0 .782  gram

1 5 .15  14 .77  0 .4 3  0.00042 0 .0042

R un  9. Temperature, 4 5 0 0 C .  Flow o f nitrogen, 2 liters per hour 
(C harge k ep t a t  450° C. for 30 m inu tes before gas s tream  was s ta rted )

0 .0042 0 .5 7

1 50 50 .00 26 .80 26 .13 23 .87 0 .0232 0 .4076 0 .4076 5 5 .5 60 .4
2 50 50 .00 23 .50 22.91 27 .09 0.0261 0.469S 0 .4698 +  0 .0232 S3 0 .4930 6 7 .2 7 3 .2
3 35 35 .00 7 .4 0 7 .21 27 .79 0 .0270 0 .4860 0 .4860 +  0 .0493 SS 0 .5353 7 3 .0 7 9 .5
7 35 

Second receiver
3 5 .00 12 .70 12.38 22 .62 0.0219 0 .3942 0.3942 +  0 .1453 =! 0 .5425 7 3 .8 8 0 .5

7
Loss in

10
w eight =

10 .00  
0 .704  gram

10.00 9 .7 5 0 .2 5 0.00024 0 .0024 0 .0024 0 .3 3

R u n  10. Temperature, 49 0 0 C. Flow o f nitrogen, 2 liters per hour 
(C harge sub jec ted  to  490° C. for 30 m inu tes before s ta r tin g  c u rre n t of nitrogen)

1 35 35 .63 6 .3 5 6 .0 9 29 .54 0.02S7 0 .5166 0 .5166 7 0 .4 7 6 .5
2 50 50 .90 23 .40 22 .44 28 .46 0 .0276 0 .4968 0 .4968 + 0 .0287 =  0 .5255 7 1 .6 7 8 .0
3 50 50 .90 23 .90 22 .92 27 .98 0.0271 0 .4878 0 .4878 + 0 .0563 «  0.5441 7 4 .0 SO. 6
7 35 

Second receiver
35 .63 13 .25 12.71 2 2 . S2 0 .0222 0 .3996 0 .3996 4* 0.1571 »  0 .5567 7 5 .S 8 3 .0

7 10 10.18 10 .35 9 .9 3 0 .4 5 0.00044 0 .0044 0 .0044 0 .6 0
R u n  11. Temperature, 430° C. Flow o j carbon dioxide, 2 liters per hour 

(Gas s tream  no t s ta r te d  till te m p e ra tu re  was in neighborhood of 400° C.)
1 35 35 .10 5 .5 5 .5 2 9 .6 0 .0287 0 .5166 0 .5166 7 0 .3 7 6 .5
2 35 35.1 2 .4 2 .4 3 2 .7 0 .0137 0.5706 0 .5706 + 0 .0287 =  0 .5393 7 3 .4 SO.O
3 40 40 .1 2 8 .0 8 .0 32 .12 0.0311 0.529S 0 .5298 + 0 .0604 «  0 .6202 8 4 .5 92 .1
7 35 35.1 9 .5 9 .5 2 5 .6 0 .0248 0 .4464 0 .4464 + 0 .1752 =  0 .6216 84 .7 9 2 .7
9

Second
35

receiver
35.1 11 .9 11 .9 2 3 .2 0 .0225 0 .4050 0 .4050 + 0 .2236 =  0 .6286 8 5 .6 9 3 .8

9 10 
Loss in w eight «

10.03 
0 .794  gram

9 .5 9 .5 0 .5 3 0.00051 0.0051 0 .0051 0 .7
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S e r i e s  IV

E q u iv alen t 0 .1  N 0 .1  N Acetone Acetone
Iodine 0 .1  N Thio th io iodine in in first

T o tal added iodine required requ ired taken  up sam ple receiver ✓--------- T o tal yield acetone
hours Cc. Cc. Cc. Cc. Cc. G ram s G ram s G ram s

R u n  12. Temperature, 430° C. Flow o f air, 2 liters per hour
1 35 37 .66 12.80 12 .40 25 .26 0 .0245 0.4410 0 .4410
4 35 37 .66 16 .55 16.04 21 .62 0.0210 0.3780 0 .3780  + 0.0703 £= 0.4483

Second receiver
4 10 10.70 10 .90 10.56 0 .1 4 0.00014 0.0014 0 .0014

Loss in w eight -  0 .795 gram
R u n  13. Temperature, 450° C. Flow o f air, 2 liters per hour

1 35 37 .66 13 .30 12.89 24 .77 0 .0240 0.4320 0 .4320
2 35 37 .66 14.65 14.20 23 .46 0 .0228 0.4104 0 .4 Í0 4  -J- 0 .0240 S3 0 .4344
3 35 37 .66 16.50 15.98 21 .68 0.0211 0.3798 0 .3798 + 0 .0468 as 0 .4266

N o  second receiver. Loss in w eight =  0.734 gram
R u n  14. Temperature, 4500 C. Flow o f air, 2 liters per hour

1 35 • 37 .66 12.10 11.72 25 .94 0.0251 0.4518 0 .4518
2 35 37 .66 13 .40 12.98 24 .68 0 .0239 0.4302 0 .4302 + 0.0251 a 0.4553

Second receiver
2 10 10.76 10.70 10.36 0 .34 0.00033 0.0033 .. 0 .0033

Loss in weight »  0 .795 gram
R u n  15. Temperature, 4900 C. Flow o f air, 2 liters per hour

1 35 35 .63 12 .10 11.60 24 .03 0.0231 0.4158 0.4158
4 35 35 .63 15.60 14.96 20 .67 0.0201 0.3618 0 .3618 - f 0 .0660 S3 0.4284
6 25 . 2 5 .45 7 .4 0 7 .1 0 I S .35 0.0178 0.3204 0 .3204 -f 0 .1054 =r 0 .4258

Second receiver
6 10 10.18 10 .30 9 .8 8 0 .3 0 0.00029 0.0029 0 .0029

Loss in weight -  0 .791 gram

A pparen t 
yield 

P er cent

60.1
61 .2

T ru e  yield 
from  ac tu a l 

a ce ta te  in 
charge 

P e r cen t

65 .3  
66. S

0 .1 9

53 .9
5 9 .2
58 .2

6 1 .5
62 .1

0 .4 5

56 .8
58 .4
5 8 .0

0 .4 0

6 4 .0
64 .3
63 .3

67.1
68.0

61 .7
63 .7  
6 3 .5

S e r i e s  V
R u n  16. Temperature, 450° C. Flow o f nitrogen, 2 liters per hour 

(0 .5  gram  “ ferrum  redactum " mixed w ith  charge)
1 50 50 .00 14.95 14.58 35 .42 0.0344 0.6192 0 .6192 8 4 .4 9 1 .8
4 50 50 .00 18.95 18.48 31 .52 0 .0306 0.5508 0.5508 +  0.ÍÓ 28 « 0.6536 8 9 .0 97 .1
7 35 35 .00 8 .9 0 S .68 26 .32 0 .0255 0.4590 0.4590 4- 0 .1897 » 0 .6487 8S .4 9 6 .8

Second receiver
7 10 10.00 9 .7 5 9.51 0 .4 9 0.0004S 0.0048 0.0048 0 .6 6

Loss in w eight = 0 .7 9 6  gram
R u n  17. Temperature, 450° C. Flow o f nitrogen, 2 liters Per hour

(0 .5  gram  “ ferrum  redactum "  added  and  charge subjected  to 450° C. for 30 m inu tes before s ta r tin g  th e  c u rre n t of nitrogen)
1 35 35 .63 13.40 13.00 22 .63 0 .0220 0.3960 , 0 .3960 5 4 .0 5 8 .7
2 35 35 .63 4 .6 5 4 .51 31 .12 0.0302 0.5436 0.5436 +  0 .0220  « 0 .5656 7 7 .0 8 3 .7
5 35 35 .63 S .90 8 .6 3 27 .00 0 .0262 0.4716 0.4716 +  0 .1089  « 0 .5805 7 9 .0 8 5 .9

N o  second receiver. Loss in w eight »  0 .7 4 5  gram
R u n  IS . Temperature, 4500 C. Flow o f nitrogen, 2 liters per hour 

(0 .5  g ram  pow dered reduced copper mixed w ith charge)
1 50 50 .00 14 .50 14.14
2 50 50 .00 14.80 14.43
5 50 50 .00 20 .40 19.89
7 35 35 .00 8 .5 0 8 .2 9

Second receiver
7 10 10.00 9 .8 0 9 .5 5

Loss in w eight = 0 .794 gram

38.86
35 .57
30.11
26.71

0 .0348
0 .0345
0 .0292
0.0259

0 .4 5  0 .00044

0.6264
0 .6210
0.5256
0.4662

0.0044

0.6210
0 .5256
0 .4662

0 .0348
0 .1327
0 .1900

0 .6264 8 5 .4 9 2 .9
0 .6558 8 9 .5 9 7 .5
0 .6583 8 9 .6 9 7 .9
0 .6562 8 9 .5 9 8 .0

0 .0044 0 .6 0 *

S e r i e s  V I

1 50
2 50
3 50
6 35

Second receiver 
6 10

Loss in w eight =

50 .90
50 .90
50 .90  
35 .63

2 1 .50
19.45
19 .40

8 .3 0

10 .18  10 .00  
0 .792  gram

R u n  19. 
20 .85  
18.87 
18.82 

8 .0 5

9 .7 0

Temperature, 430° C. 
30 .05  0 .0292
32 .03  0.0311
32 .08  0 .0312
2 7 .5 8  0 .0267

Flow o f nitrogen, 2 liters per hour 
0 .5256
0 .5598 0 .5598 +  0 .0292 -
0.5616 0 .5616 +  0 .0603 *
0.4806 0.4S06 +  0 .1488 =

0 .4 8  0.00047 0.0047

R u n  20. T'em per ature, 450° C.
1 50 50 .65 13.25 12.92 37 .73 0 .0366
2 50 50 .65 15.05 14.67 35 .98 0 .0349
3 50 50 .65 16.90 16.48 34 .17 0.0331
4 50 50 .65 19.00 18.52 32 .13 0 .0312
5 50 50 .65 21 .00 20 .47 30 .18 0 .0293
6 50 50 .65 22 .65 22. OS 28 .57 0.0277
7 50 50 .65 24 .25 23 .64 27.01 0 .0263

Second receiver
7 10 10 .13 9 .8 0 9 .5 5 0 .56 0.00054

Flow o f nitrogen, 2 
0.6588

liters per hour

0.6282
0.5958
0.5616
0.5274
0.4986
0.4734

0.0054

0.6282
0.5958
0.5616
0.5274
0.4986
0.4734

0.0366
0 .0715
0 .1046
0 .1358
0 .1657
0 .1928

Loss in w eight *■ 0 .8 0 0  gram
R u n  21. Temperature, 450° C. Flow o f nitrogen, 2 liters per hour

1 50 4 8 .6 10 .85 10.58 37 .02 0.0359 0.6472
2 50 4 8 .6 13 .20 12.86 35 .74 0.0347 0.6156
3 50 4 8 .6 14 .65 14 .28 34 .32 0.0333 0.5994
4 50 4 8 .6 16.80 16.38 32 .22 0.0313 0.5634
5 50 4 8 .6 17 .50 17.06 30.54 0.0296 0.5328
6 50 4 8 .6 20 .3 5 19.84 28 .76 0.0279 0.5022
7 50 4 8 .6 22 .15 21 .60 27 .00 0.0262 0.4716

cond receiver
7 10 9 .7 2 9 .3 9 .07 0 .6 5 0.00063 0.0063

0 .6156
0 .5994
0.5634
0 .5328
0 .5022
0 .4716

0 .0359
0 .0706
0 .1039
0 .1352
0 .1648
0 .1927

Loss in w eight =  0 . S06 gram
R u n  22. Temperature, 490° C.

1 50 5 0 .65 13 .70 13.36 37 .29 0 .0362
2 50 5 0 .65 15 .00 14.62 36 .03 0 .0349
3 50 50 .65 17.10 16.67 3 3 .9S 0 .0330
4 50 5 0 .65 19 .05 18.57 32.08 0.0311
5 50 50 .65 20 .80 20 .28 30 .37 0.0295
6 50 5 0 .65 22 .50 21 .94 28.71 0 .0278
7 35 3 5 .45 8 .4 0 8 .19 27.26 0.0264

Second receiver
7 10 9 .7 5 9 .8 0 9 .5 5 0 .2 0 0.00019

Flow o f nitrogen, 2 liters per hour 
0.6516
0.6282
0.5940
0.5598
0.5310
0.5004
0.4752

0 .0019

0.6282
0 .5940
0.5598
0.5310
0.5004
0 .4752

0 .0362
0.0711
0.1041
0 .1352
0 .1647
0 .1925

0 .5256 7 1 .5 7 7 .8
0 .5890 8 0 .2 8 7 .4
0 .6219 S 4 .7 9 2 .3
0 .6294 8 5 .6 9 3 .7

0 .0047 0 .64 ••

0 .6588 8 9 .4 9 7 .3
0 .6648 9 0 .5 9 8 .6
0 .6673 9 1 .0 9 9 .3
0 .6662 9 0 .8 9 9 .2
0 .6632 9 0 .4 9 8 .9
0 .6637 9 0 .4 9 9 .0
0 .6662 9 0 .8 9 9 .5

0 .0054 0 .7 4 ••

0 .6472 8 8 .0 95 .7
0 .6515 8 8 .7 9 6 .6
0 .6700 9 1 .2 9 9 .5
0 .6673 9 1 .0 99 .4
0 .6680 91 .1 99 .7
0 .6670 9 0 .9 9 9 .6
0 .6643 9 0 .5 99 .3

0 .0063 0 .8 6 ••

0 .6516 8 8 .8 9 6 .6
0 .6644 9 0 .5 9 8 .5
0.6651 9 0 .6 9 8 .6
0 .6639 9 0 .4 9 8 .5
0 .6662 9 0 .8 9 8 .9
0.6651 90 .7 9 8 .8
0 .6677 9 0 .9 99 .1

0 .0019 0 .2 6 #,
Loss in w eight «= 0 .796  gram
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Bentonite1
By Jerom e Alexander

5 0  E a s t  4 1 s t  S t .,  N e w  Y o r k , N .  Y .

THE most satisfactory definition of bentonite thus far 
proposed is th a t by Ladoo : 2 "A group or series of 
clay-like materials characterized by an alkaline oxide 

and alkaline earth content of 5 to 10 per cent, fine grain size, 
high adsorptive powers, and usually very strong colloidal 
properties.” The name was assigned to this material from the 
locality where it was first discovered, Fort Benton, Wyo., 
but many occurrences have since been recognized in various 
parts of the United States and Canada.

P r o p e r t i e s

The color of bentonite varies from white to cream, gray, 
pink, brown, or even black, depending on the nature of im
purities which chance to be present. Freshly cut surfaces of 
the clay, as taken out of the ground, usually show a waxy 
luster, but as moisture is lost on exposure to air it  becomes 
dull gray. I ts  color when fired is white, buff, or brown . 3

Bentonites vary still more strikingly in colloidal properties, 
samples from Tennessee which the writer has examined being 
practically noncolloidal, but others from Wyoming, Cali
fornia, etc., exhibiting under the ultramicroscope a large 
percentage of particles of colloidal dimensions, showing active 
Brownian movement. The more colloidal bentonites ex
hibit astonishing powers of absorbing water and swelling to a 
jelly-like mass, some varieties then occupying six to eight 
times their original volume. On exposure to the air they soon 
shrink again, and as a result the surfaces of the deposits show 
a curious aspect, being dry and fluffy during dry weather, 
but after a rain becoming covered with a thick mass of very 
slippery jelly.

The following microscopic observations on aqueous suspen
sions are reported by Iiazen : 4

Wyoming sample. Particles range from ultram icroscopic to
4 -5  microns, th e  m ajority  being from 0.1 to  0.5 microns.

California sample. L im its of size narrow er th an  the preceding, 
th e  general run  being about 0.1 to  0.2 microns, w ith none over 1 
micron, and fully half ultramicroscopic, or ju s t w ithin the range 
of vision of an  oil immersion objective.

Hazen found tha t 0.S5 per cent sodium chloride solution 
causes rapid flocculation and sedimentation, and remarks 
th a t this is an interesting case of the effect of electrolytes on 
colloidal suspensions.

Schurecht and Douda3 report the following points of interest 
in the ceramic field: softening point, cone 1 to 30; per cent 
water of plasticity, 22.07 to 114.61; per cent volume shrink
age (in terms of dry volume) 24.21 to 195.81. They found that 
the addition of 32 parts of bentonite to 50 of flint and 50 of 
kaolin ran the modulus of rupture from 43.87 to 319.37 
pounds per square inch.

O c c u r r e n c e  a n d  O r i g i n

The principal commercial deposits of bentonite are found 
in South Dakota, Wyoming, and California, but there are de
posits of varying size and quality in Tennessee, Texas, Ari
zona, some of the western Canadian provinces, and elsewhere. 
I ts  mode of occurrence and certain of its features clearly 
indicate tha t it represents a decomposition product of vol-

1 R eceived Ju n e  23, 1924.
s Bur. M ines, Repts. o f  Investigations 2 2 8 9  (1921).
a S churech t and  D ouda, J .  A m . Ceram. Soc., 6, 940 (1923).
* P r iv a te  com m unication.

canic ash. This seems to have been first pointed out by 
Hewett5 but was discussed in greater detail by Wherry . 6 

The evidence comprises such things as the essential absence of 
quartz (which is present in all ordinary clay sediments), the 
presence of feldspar, and the extension of individual beds, 
often very thin ones, over vast distances without important 
variation in thickness. The clayey m atter in normal sedi
ments has been so acted on by electrolytes and other active 
substances tha t it  has lost its original porosity and tendency 
to take up water, accompanied by swelling, which bentonites 
exhibit to such a marked degree. The chemical composition 
of the bentonite is, moreover, exactly what would be ex
pected from the partial alteration of an intermediate igneous 
rock, accompanied by the removal of alkalies and addition of 
water. While the beds of bentonite are often of enormous ex
tent—the Tennessee deposits, for instance, being estimated by 
Nelson7 to extend over an elliptical area about 800 miles long 
by 450 miles wide—recent volcanic eruptions such as those 
of Tombora, Krakatoa, and Katmai are known to have ejected 
many cubic miles of ash material.

The following summary of the formation and nature of 
bentonite was prepared a t the writer’s request by Edgar T. 
Wherry. I t  contains certain extensions of his views reported 
in the paper cited above, especially in the recognition of a 
definite mineral as present in large amount in the bentonite 
rock (a rock being a mixture of minerals) and in pointing out 
th a t many of the particles of this substance appear to be of 
visible dimensions in two space directions and colloidal dimen
sions in the third direction in space.

A volcano explodes and sends up into th e  air a  v as t body of 
pulverized, glassy lava, which is carried off by the winds and de
posited in s tra ta , for th e  m ost p a r t thickly near, b u t th in ly  even 
hundreds of miles from the source. In  the case of the South 
D akota  and W yoming deposits, th e  sources were probably in the 
middle Rocky M ountains; in  th a t  of the Tennessee deposits, 
the  volcano seems to  have been under th e  present Cumberland 
P lateau. W ith this lava dust are carried more or less hydro
chloric acid, hydrofluoric acid, sulfur dioxide, and perhaps other 
corrosive gases. These a ttack  the surfaces of th e  particles of 
lava, rendering them  open to  relatively rapid  disintegration by 
such w eathering agencies as m ay affect them . W hen the lava 
dust falls on dry  land and th e  clim ate is dry, as in Nebraska, the 
particles m ay rem ain fresh and uuw eathered for whole geological 
periods, as in the case of the “ volcanic ash” deposits worked 
commercially for Old D utch Cleanser, etc. B u t when the lava 
dust falls in to  regions of m oist climate, or into bodies of water, it 
may undergo rapid w eathering and disintegration.

The original lava is glassy and amorphous, and th e  first product 
of w eathering or disintegration is likewise amorphous, but, con
sisting largely of alum ina and silica in partia lly  hydrated  form, 
i t  also possesses m any of th e  properties of colloids. Some of the 
bases in the original lava are dissolved in  th e  rain or other water 
and carried away, b u t p a r t  of them  are adsorbed by  this colloidal 
m atter.

In  tim e the colloidal gel s ta rts  to  become crystalline, a  large 
num ber of nuclei developing in it, and  crystal m aterial building 
around these nuclei until the whole mass is occupied by minute 
crystalline grains in contact w ith one another; it  is then  of the 
character to  which I have assigrifed th e  nam e “ metacolloid”— 
i. e., a  colloid which has become crystalline in place, w ithout 
intervening solution and recrystallization. Such colloids turned 
in to  metacolloids are common among minerals— as, for instance, 
chalcedony, limonite, psilomelane, and m any clays. The nature 
of the crystalline substance depends on the original composition

« J . W ash. Acad. Sei., 7, 1 9 0  (1 9 1 7 ) .
• Ib id ., 7 , 5 7 6  (1 9 1 7 ) .
'  Bull. Geol. Soc. A m .,  3 3 , 0 0 5  (1 9 2 2 ) .
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of the colloidal gel. In  the  case of the  b e tte r known deposits of 
bentonite, the  lava seems to  have been originally of interm ediate 
composition— th a t is, containing 60 to  65 per cent S i0 2 and 20 
to  25 per cent A120 3 +  FejOji In  the resulting colloid the ratio  of 
AI2O3 to S i0 2 is near 1:2.

The m ineral tending to  form is a  m em ber of the mica group 
and possesses th e  em inent basal cleavage of th e  micas, a  cleavage 
which has been shown to extend down to  single molecules (by 
tearing off th in  flakes w ith a b it of ho t selenium, and determining 
their thickness by interference phenom ena). W hen a crystal
lized m ineral of such structure  forms as a metacolloid, th e  indi
vidual crystalline grains are likely to  be extremely th in ; and it 
seems to me th a t the properties of bentonite indicate th a t in it the 
thickness of th e  crystals is of colloidal dimensions, although 
in length and b read th  they  are of microscopically visible size.

Under the microscope, between crossed nicols, the grains show 
distinct double refraction, which I formerly thought a  strain 
phenomenon in a colloid, b u t now agree w ith D r. Larsen in recog
nizing as evidence of crystallinity . W hen enough of these grains 
or flakes overlap interference figures can even be seen. The 
m aterial swells up in w ater to a surprising degree, becoming highly 
plastic; th e  change in appearance between crossed nicols suggests 
th a t w ater is taken  up by capillary a ttraction , spreading th e  grains 
ap a rt; while their excessive thinness (colloidal dimensions) 
renders them  capable of plastic flow. I t  seems to me th a t the 
industrially valuable properties of bentonite, such as w ater 
softening, are connected w ith th is peculiar relation of dimensions 
—the grains being of visible dimensions in two directions, and 
thus being capable of a tta in ing  a high degree of solidity, y e t of 
colloidal dimensions in th e  th ird , and thereby exposing the usual 
enormous surface per u n it weight characteristic of colloids, and 
so exhibiting m arked adsorption properties.

While Dr. W herry’s view tha t bentonites contain particles 
of what may be termed "one-dimensional colloids” may well 
be correct, bentonite seems not to have passed entirely into 
this form, for the writer’s ultramicroscopic study shows the 
existence of many particles of colloidal size. No doubt 
different samples show variation in the relative proportions 
of the wholly colloidal and one-dimensional colloidal particles. 
At any rate, some such explanation is necessary to account for 
the enormous powers of water absorption and swelling pos
sessed by the material; it far exceeds most ordinary colloidal 
substances in this respect.

C o m p o s i t i o n

Bentonites vary widely in chemical composition, this 
feature being less significant than their physical character. 
To give some idea of their general character, however, the 
analysis of one from Belle Fourche, S. D., is given here, 
together with maximum or minimum of some of the con
stituents shown by samples from other deposits:

Belle Fourche O ther D eposits
S i0 2 60 .64  54.00
AI2O3 23 .26  11 .84
F cîOj 3 .9 2  3 .97
CaO 0 .5 9  4 .9 4
M gO 2 .1 9  3 .24
N ajO  4 .3 3  0 .6 6

(The balance is w ater and  sm all am oun ts  of o ther constituents)

U s e s

Notwithstanding the valuable properties of the more col
loidal and highly adsorptive varieties of bentonites, as well as 
its cheapness, only recently have marked efforts been made to 
find places and ways in which it can be used. As is usual with 
an unfamiliar material, some find out how to use it where 
others fail, the result being tha t many claims are made as 
to what it will do, but some of them cannot be verified by 
other experimenters.

One of the first uses of bentonite was for stuffing horses’ 
hoofs, and it was sold under the name of White Rock and the 
like. Made up into a jelly with water, it forms a cataplasm, 
or poultice, that has great power in reducing swellings and 
inflammation, and draws the soreness from the horse’s foot. I t  
has been used to advantage in cases of rheumatism, and seems 
to act similarly to the so-called “fango” baths or mud baths,

for which many people go to Europe. I t  has some value as a 
beauty clay, even if it will not convert a home favorite into 
a movie queen. I t  is said to be the basis of the proprietary 
poultice material called Antiphlogistine.

In  the ceramic field it has large possibilities. Manson8 

indicates that it may be used to suspend enamels. Using 1 
per cent of bentonite instead of 2.5 per cent of clay in grinding 
a frit for making a ground coat, he found that the mixture 
stayed in suspension much better than it had ever done 
before. Cox9 studied plasticity by practical potter’s methods 
and states:

B entonite added to some mineral mixtures will produce p las
ticity. This plasticity  is the exact plasticity  found in clays 
liked by the practical potter. **North Carolina kaolin mixed w ith 
bentonite can be made to  have all the plasticity  of a  high-grade 
ball clay.

Since a small percentage of colloidal clay will markedly 
affect the properties of a soil, it seems tha t only a little benton
ite is needed in most pottery mixtures; therefore, the use of 
larger amounts than are demanded will cause trouble. I t  
should also aid soils that are deficient in colloidal matter.

Bentonite can also be used as a filler in soap. I t  gives 
toilet soap a particularly velvety feel and, judging from 
the fact that clay soaps were widely used in Germany during 
the war, it must have some detergent value. Indeed, locally 
it has been used as a soap, and extravagant claims have been 
made for it. Its  value must be worked out in each case, 
but from the fact tha t it has great adsorptive powers and 
that its particles have active Brownian motion, there is some 
basis for the claim tha t it aids in laundry soap.

According to the Bureau of Mines, experiments a t the 
Forest Products Laboratory seem to show that the addition 
of small amounts of bentonite to the clay used in filling paper 
greatly increases the percentage of clay held by the finished 
paper. Some of the results are as follows:

Clay B entonite R eten tion
Per cent Per cent Per cent

90 10 54
80 20 64

0 100 84

I t  is said tha t the bentonite gives a superior feel to the paper, 
and because of its smoothness it should be valuable in paper- 
coating mixtures.

The Forest Products Laboratory has also found bentonite 
valuable in de-inking newspaper, for it absorbs the ink with
out affecting the pulp. I t  is suggested for use as a filler in 
phonograph records, cordage, textiles, molded compositions, 
and rubber, where its enormous free surface should make it 
valuable. Since it  readily adsorbs many aniline colors, it 
can be used as a color base or as an addition to other bases, 
and can be used in paints and calcimines.

I t  is said to be an excellent retarder in plaster of Paris, but 
on trial it was found to increase the speed of set of a commer
cial plaster of Paris, possibly because it  adsorbed the organic 
retarder this contained. I t  is used as a good bonding material 
for electrical and chemical porcelain graphite crucibles, 
abrasive wheels, etc. Some varieties, when burned and gran
ulated, are used as water softeners, acting as zeolites.

McCulloch10 used bentonite paste as a temporary binder 
for mica flakes, punchings being made before complete 
drying. Later patents11 record further improvements in the 
manufacture of electrical insulation involving the use of 
bentonite as a binder or assistant binder.

* J . A m . Ceram. Soc., 6, 790 (1923).
9 Ibid., 7, 151 (1924).

>° U. S. P a te n t 1,286,043 (N ovem ber 26, 1918).
11 M cCulloch, U. S. P a te n ts  1,365,331 (Jan u ary  11, 1921), and  1,386,008 

(A ugust 2, 1921).
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Patents granted to Stratford 12 described the preparation 
and use of bentonite clays and the like in the refining of petro
leum. Certain varieties have shown sixteen times the effi
ciency of fuller’s earth for this purpose. The patents cover 
only the continuous process of preparing the clay by washing, 
treating with sulfuric acid, and drying; this removes the 
alkalies, alkaline earths, and some of the alumina, leaving 
a residue of very fine grains of aluminium silicate.

Nelson7 states tha t boiling bentonite with 5 N  sulfuric acid 
destroys its colloidal properties, about 85 per cent of its alu
minium oxide going into solution as aluminium sulfate.

This fact offers a possible solution to  the origin of bauxite, as 
laboratory experiments show th a t such a  solution of aluminium 
sulfate is precipitated by a solution of tannic acid after standing 
for a  few days. Deposits of bentonite occurring in contact with 
pyritiferous rocks would really have p a r t of their alum inium 
contents dissolved ou t by the sulfuric acid in the ground water, 
and such a solution of alum inium sulfate, it  seems, would be pre
cip itated  by  n a tu ra l reducing agents, such as tannic acid or acid 
peat-form ing bacteria, and thus form certain  of our present 
bauxite deposits.

U. S. P a te n ts  1,408,655-6 (M arch  7, 1022).

In another paper Nelson13 gives further data supporting 
this view.

Bentonite is a valuable emulsifier and in effect acts as a 
protector. The pioneer work of Pickering11 found tha t many 
insoluble substances would emulsify oils in water, and ben
tonite is one of this class. I t  would serve for emulsifying cut
ting oils, stuffing oils for leather, and many similar purposes. 
An important application of bentonite as an emulsifying agent 
has been made by Kirschbraun, who emulsifies with it asphalts, 
pitches, etc. These emulsions may be used as paints, for roof
ing, for the protection of structural steel, etc., and also added 
to paper pulp in the beater so as to produce a wide variety of 
waterproof papers.

Because of its bodying properties, bentonite of the proper 
kind should be of use in thickening pastes, sizings, printing 
gums, shoe polishes, and many other things. Since all mix
tures of this character vary greatly in ingredients and in their 
conditions of use, common sense, good judgment, and some 
experience are necessary if the best results are to be expected.

i* Bull. Ceol. Soc. A m ., S i ,  525 (1922).
”  J . Chem. Soc. (London), 91 , 2001 (1907).

Paints Resistant to Sulfide Fumes1’2
By P . H . W alker and E. F . H ickson 

B u r e a u  o p  S t a n d a r d s , W a s h in g t o n , D . C.

IN CONNECTION with the preparation of a suitable speci
fication for paint to resist the action of sulfide fumes, it 
seemed desirable to prepare certain experimental paints 

and to note their resistance to darkening in both hydrogen 
sulfide and ammonium sulfide fumes.

The paints were prepared by grinding, with a mortar and 
pestle, the weighed amount of pigment with sufficient raw 
linseed oil to form a smooth paste, allowing this paste to 
stand overnight and adding the remainder of the oil and the 
drier the following day. The same oil was used in all the 
paints prepared. Laboratory examination of this oil gave 
the following results:

Iod ine n u m b e r....................................................  191.9
Acid n u m b er........................................................  1 .25
Saponification n u m b e r.....................................  189 .8
Specific g ra v ity ................................................... 0 .9352
H eavy m etals (P b -M n )................................... N o t de tected
F oo ts  (per cen t by  vo lum e)........................... 0 .6

The cobalt drier used was a commercial sample of cobalt 
linoleate containing 1.75 per cent of cobalt and some rosin. 
The manganese drier used was a prepared oil drier made 
from raw linseed oil and manganese abietate and contained 
0.23 per cent of manganese.

Several commercial paints were tested in comparison with 
those prepared in the laboratory.

All the paints were brushed on small wood panels and given 
72 hours between coats and 72 hours’ drying after the last 
coat before subjection to the sulfide fume test. After being 
painted each panel was cut into three sections of equal 
length. One section was kept unexposed in a dust-free 
cabinet, one section was exposed to hydrogen sulfide for 24 
hours, and the other section was exposed to ammonium sul
fide fumes for the same length of time.

The panels were placed under a bell jar connected to the 
proper gas generator, and a saturated condition was main-

1 R eceived A pril 14, 1924. P resen ted  before th e  Section of P a in t and 
V arnish C hem istry  a t  th e  67th  M eeting  of the  A m erican Chem ical Society, 
W ashington, D . C ., A pril 21 to  26, 1924.

1 Published by  perm ission of th e  D irector, U . S. B ureau  of S tan d ard s .

tained for the duration of the test. The panels were then 
compared, their various changes recorded and photographed 
as soon as possible.

In some previous tests it had been clearly shown that 
lead in any form in the paint is subject to darkening, and a 
few data on the results of those tests are given.

- P ig m e n t  ( 6 0 % )  n
C hrom e

,— L iq u i d  ( 4 0 % ) -  
R aw  linseed

T itan iu m ZnO yellow oil D rier
% % % % % E f f e c t  o f  HjS

A 60 40 90
10 Pb-M n

D arkened  som ewhat 
w ithin 3 hours

B 60 40 90 10 Co D arkened  slightly  
w ithin 3 hours

C 60 30 10 90 10 Co P a in t had  pleasing 
ligh t yellow color, 
tu rn e d  to  dull, un
s igh tly  brown within 
3 hours

In  the present investigation twenty-five paints were sub
jected to the tests described. The results are shown in 
Table I.

C o n c l u s i o n s

1 —Ammonium sulfide is more detrimental to the color of 
paints than hydrogen sulfide, owing to the action of both the 
hydrogen sulfide and ammonia fumes.

2 —For the interior painting of chemical laboratories and 
other places subjected to sulfide fumes, flat lithopone wall 
paints of the type specified in U. S. Government Specifica
tion No. 2 1  are recommended. If white is desired as the 
color, the paint should be free from lead. The use of a cobalt 
drier is recommended. For undercoats (priming on new 
work) the paint may be thinned with boiled linseed oil 
containing lead. White lead as the undercoat should not 
be used. For tinted lithopone paints, colors that resist 
sulfide fumes should be used; chrome yellow, chrome green, 
and other colors containing lead should be absent. If a 
cream or buff color is desired, yellow ocher or other iron oxide 
pigments should be used. Such pigments, while resisting
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No.

1 to

2 to

3 to

4 (c)

5  (c) 

0 to

7  t o

8 to

9  t o

10 (i)

11 to

12 to
13 (<)

14  to

15 t o

16 t o

17 to

to 
is to

i9 to

P ic  m  i s n 't  
(00 %)
60%  Ti(o)
40%  ZnO 
(72 .5% )
8 6 .8 %  lithopone 
10 .3 %  ZnO 
2 .9 %  asbestine  

(60% )
60%  Ti 
40%  ZnO 
(6 9 .4 % ;
8 2 .0 %  lithopone 

9 .8 %  ZnO

8 .2 %  silicates and  color

T a b l e  I — E f f e c t s  o f  S u l f id e  F u m e s  o n  P a i n t s
(Two coats  of p a in t were used except where otherw ise noted.) 

- D e s c r i p t i o n  o p  P a i n t - 
L i q u i d

(40% )
Linseed oil plus 0 .2%  M n N o Pb

(27 .5% )
5 7 .4 %  volatile 
4 2 .6 %  nonvolatile

(40% )
Linseed oil contain ing  

0 .1 %  Co 
(30 .6% )
75%  volatile  .
25%  nonvolatile

Sam e as N o. 2 except p igm ent con tains trace  of 
chrom e yellow and  yellow ocher

(50% )
100%  sp ar varnish 

(40% )
y 2 sp ar varn ish , l/z  raw 

linseed oil contain ing  
0 .0 5 %  Co 

(40% )
Linseed oil containing 

a b o u t 0 .0 2 %  M n

(50% )
60%  Ti 
40%  ZnO 
(60% )
60%  Ti 
40%  ZnO

(60% )
60 %  T i 
35%  ZnO 

5%  yellow ocher 
Sam e as No. 8 p lus 1 p in t spar varn ish  per gallon 

of p a in t
(68% ) (32% )
100%  basic c arbonate  Linseed oil contain ing

w hite lead 0 .0 2 %  M n
(62% ) (38% )
50%  ZnO Linseed oil contain ing
50%  basic su lfa te  w hite 0 .0 2 %  M n

lead
Sam e as N o. 11, except th a t  1 p in t of spar varnish 

was added per gallon of oain t 
(60% ; , (40% )
60%  Ti Linseed oil contain ing
40%  ZnO 0 .0 5 %  Co
(68% ) (32% )
100%  basic carb o n ate  90%  linseed oil contain ing

w hite lead 0 .0 2 %  M n
10%  tu rpen tine  

Sam e as N o. 2 plus 10%  w hite lead on th e  p igm ent 
basis

(60% ) , (40% )
60%  f i  Linseed oil con ta in ing
40%  ZnO 0 .0 5 %  M n
F irst c oat: basic carbonate  w hite lead in linseed oil

Second coat: sam e as N o. 2
F ir s t co a t: sam e as N o . 2 plus 1 q u a rt boiled linseed 

oil (contain ing  0 .1 2 %  P b  and  0 .0 3 %  M n) per 
gallon of flat p a in t

Second coat: sam e as N o. 2
F ir s t  coat: basic c arbonate  w hite lead in linseed oil 

for prim ing

Second coat: (60% ) 
60%  Ti 
40%  ZnO

(40% )
Raw  linseed oil con tain ing  

0 .0 6 %  Co
20 (c) P rim ing  c oat: sam e as N o. IS, first coat

2 coats  sam e as N o. 2
21 (c) P rim ing  co a t: sam e as N o. 18, prim ing coat

T op  coat: N o. 2 p a in t plus 1 p in t boiled linseed oil 
(0 .1 2 %  Pb) per gallon of pa in t

22 (e) (55% ) (45% )
100%  yellow ocher Linseed oil having 0 .1 %

Co
23(c) (2 4 .5 % ) (75 .5% )

C hrom e green 2 9 .4 %  volatile
7 0 .6 %  nonvolatile

24 (c) (18% ) (S2% )
10%  to lu id ine red  to n e r on 90%  chrom e yellow

25 to (33% ) (07% )
C hrom e yellow

(<*) Ti =  com m ercial pigm ent con ta in ing  25%  TiO>, 75%  BaSO<.
(c) Com m ercial pa in t.
(*) E xperim ental pa in t.

hydrogen sulfide, are somewhat affected by ammonium sulfide. 
For gloss finishes a lithopone paint of the type specified in 
U- S. Government Specification No. 67 is recommended; 
the same provisions for the absence of lead in the paint, 
either in white or tints, hold true. Ammonia fumes, however, 
will be more detrimental to the color of these gloss finishes 
than to the flat finishes.

3—For exterior painting around places subjected to sulfide 
fumes, the use of a titanium pigment-zinc oxide paint free

R e m a r k s  

N o Pb

O r i g i n a l

W hite

------------------------C O I.O R -------------
A f t e r  HiS 

Yellow
A f t e r  (N H 4)iS 

L igh t brown

V arnish vehicle con
ta in ing  Co 

No Pb

F la t  w hite Slightly  dulled and  
darkened

Slightly  grayed

N o Pb  or M n
W hite Cream Yellow-brown

L igh t buff S ligh tly  dulled A ppreciably dulled  and  
off color

A ppreciably  dulled  and  
darkened 

A ppreciably  dulled  and  
darkened

V arnish vehicle con
ta in ing  Co 

Small am oun t PbCrO< 
pigm ent

Co and  trace  of Pb

in

Buff

W hite

Slightly  dulled 

S lightly  yellowed

W hite Slightly  yellowed A ppreciably  yellowed 
and  dulled

N o Pb
L igh t buff Yellowed Yellowish brow n, 

dulled

N o Pb L ight buff 

W hite

Sam e as N o. 8 

D ir ty  yellowish brown

A bout the  sam e a3 
N o. 8 

G ray-black

W hite A bout the  sam e as 
N o. 10

A bout the  sam e as 
N o. 10

N o Pb

W hite

W hite

N o t so m arked as 
No. 11 

Slightly  yellowed

Slightly  d a rk e r th an  
N o. 11 

D eeper yellow

W hite Brown • G ray-black

W hite L igh t buff D ark  gray

W hite Yellowed D eeply  yellowed

F la t w hite D ulled, and  dark
streaks  of the  black
ened lead showing 
through

D ulled and  off color

F la t  w hite S lightly  du lled ; equal 
to  N o. 2

Com pares favorab ly  
w ith  N o. 2

N o Pb
W hite D ulled and  lead d a rk 

ening showing 
through

B adly  yellowed

Fin I white 

F la t white

S lightly  dulled and 
b e tte r th an  No. 18 

S lightly  m ore dull 
th a n  N o. 2

A bou t equal to N o. 18

S lightly  d a rk e r than  
No. 2

1 coat Yellow ocher U nchanged D ulled and d arker

G reen enam el 1 coat Gloss green N o t determ ined B adly  affected to  a 
dingy olive

R ed enam el 

Yellow enam el

Gloss red 

Gloss yellow

N o t determ ined 

N o t determ ined

B adly  affected, dull 
dingy m aroon 

B adly affected, dark  
olive

from lead is recommended. A fume-resisting paint of this 
kind might be composed of 60 per cent titanium pigment and 
40 per cent zinc oxide as the pigments, and about 85 per cent 
of linseed oil and 15 per cent of drier and volatile m atter 
as the vehicle. Lead drier should not be used, but cobalt is 
recommended. Such a paint should contain between 60 
and 65 per cent of pigment. For tinted exterior paints, up 
to 1 0  per cent of the pigment may be allowed for tinting 
colors; and these colors should be free from lead.
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The Hydrolysis of Skin and Hair1
Influence of Hydrogen-Ion Concentration, Time, and Temperature

By H enry B. M errill

A . F .  G a m - u n  &  S o n s  C o . ,  M i l w a u k e e , W i s .

EVERY process that 
has ever been em
ployed for unhairing 

skins depends upon a dif- 
erence in the ease with 
which different parts of the 
pelt are attacked by the un- 
hairing agent. In most un
hairing processes the re
moval of the hair is made
possible by the destruction of the cells of the Malpighian 
layer, which, under proper conditions, can be accomplished 
with very little coincident action on the true skin. Other 
methods involve the solution, or complete disintegration, of 
the hair itself, which can likewise be brought about without 
greatly damaging the skin.

Chemically speaking, both types of process involve the 
more or less complete hydrolysis of keratin, represented either 
by the hair or the Malpighian layer, under conditions such 
th a t collagen is but little hydrolyzed. I t  will be seen, there
fore, tha t a quantitative knowledge of the relative ease of 
hydrolysis of keratin and collagen as a function of each and all 
of the conditions wllich may be varied in the unhairing of 
skins would be extremely valuable.

The hydrolysis of keratin, and of collagen, may be brought 
about by the action of numerous chemical substances, en
zymes, bacteria, etc., and is, of course, influenced by the 
variables of state. The investigation described in this paper

The comparative hydrolysis of skin and hair has been studied as a 
function of pH  value, time, and temperature. In  alkaline solution 
hair is more readily hydrolyzed than skin, while in acid solution skin  
is more readily hydrolyzed than hair. The effect of increasing lime 
of digestion is to lower the p H  value at which complete hydrolysis 
occurs in alkaline solution and to increase it in acid solution. 
Increasing temperature has the same effect, being more marked 
with skin than with hair.

The “old” keratin of the 
hair is doubtless very much 
more resistant to hydrolysis 
than the “young” keratin 
of the Malpighian layer, 
whose deportment is of such 
great importance in most 
methods of unhairing, but it 
is not feasible to obtain this 
latter material in quantities 

other than microscopic. The collagen of the skin employed 
had been subjected to the processes of soaking, liming, bating, 
and pickling, so tha t there is some question as to whether or 
not it may have undergone some change from its original 
condition in the fresh skin. On the other hand, the skin 
contained small quantities of elastin, and perhaps other im
purities, but it was considered wiser to introduce a small, 
constant error in this manner, rather than run the risk of 
altering the collagen in the course of the drastic treatment 
employed for making supposedly pure collagen.

Two calf skins were soaked for 3 days in pure water, limed 
with calcium hydroxide to which was added a little sodium 
sulfide, bated, and delimed with a solution of 0.01 N  in hydro
chloric acid, containing 12 per cent sodium chloride. The 
entire skins were cut into pieces about 2  mm. square, brought 
to equilibrium with a borax solution of pH value =  7.7, and 
washed several days in cold, running tap water, followed by 
several changes of distilled water. The material was then

T
pH V aluo

F i g . 1— E f f e c t  o f  p H  V a l u e  o n  H y d r o l y s is  o f  S k i n  a n d  H a ir  

S olu tions: N aO H  a n d  HC1 
T im e: 24 hours 
T em p era tu re : 25° C.
In d ep en d en t variab le : p H  value

was carried out to determine the comparative readiness of 
hydrolysis of hair and skin as a function of hydrogen-ion con
centration, under definite conditions of time and temperature.

E x p e r i m e n t a l

The materials employed in this investigation were calf 
hair and calf skin. The former represents nearly pure 
keratin, and the la tter a somewhat less pure form of collagen.

1 P resen ted  under th e  title  “ H ydrolysis of H a ir and  Skin as a  F unction  
of p H  V alue, T em pera tu re , an d  T im e” before th e  D ivision of L ea th e r and  
G elatin  C hem istry  a t  th e  67 th  M eeting  of the  A m erican Chem ical Society, 
W ashington , D. C ., A pril 21 to  26, 1924.’

pH V aluo

F i g . 2— E f f e c t  o f  T e m p e r a t u r e  o n  H y d r o l y s is  o f  S k i n  a n d  H a ir  

S olu tions: N aO H  
T im e: 24 hour9
T em p era tu res : 7°, 15°, and  25° C.
In d ep en d en t variab le : p H  value

dehydrated with absolute alcohol and the alcohol removed 
with xylene. The product was dried a t room temperature. 
The resulting pieces of skin, when soaked back with water, 
had the same appearance as the original skin.

The hair was clipped from all-brown pelts, washed re
peatedly with water, and rendered fat-free with chloroform.

The extent to which the hair or skin was hydrolyzed under 
given conditions was measured by determining the per cent 
of the total nitrogen tha t passed into solution. Three-gram 
doses of skin or hair were treated with 150 cc. of sodium
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hydroxide or hydrochloric acid of known hydrogen-ion con
centration, for a definite time, a t a definite temperature. 
The solutions were protected from bacterial contamination 
with toluene. At the end of the digestion period the solu
tions were filtered and the dissolved nitrogen was deter
mined in an aliquot of the filtrate.

D is c u s s io n

E f f e c t  o f  p H  V a l u e —The effect of changing hydrogen- 
ion concentration upon the comparative hydrolysis of skin 
and hair is brought out in all the data, but for purpose of 
discussion it will be sufficient to consider Table I and Fig. 1 .

pH V a lu e

F i g . 3 — E f f e c t  o f  T im e  o f  D ig e s t i o n  o n  H y d r o l y s is  o f  S k i n  a n d  H a ir  

Solutions: N aO H  
T e m p e ra tu re : 25 ° C .
T im e: 1, 2, and  3 days 
In d ep en d en t variab le : p H  value

The pH values of the solutions used were determined elec- 
trometrically, before and after using. The final pH values 
were employed in preparing the accompanying curves. The 
solutions were not buffered, containing nothing but hydro
chloric acid or sodium hydroxide. Necessarily, the pH values 
of the solutions changed somewhat during the course of the 
digestion, but in strongly acid or alkaline solutions—the only 
ones in which a small change of pH value has an appreciable 
effect on the per cent of hydrolysis—the change of pH value 
during digestion was very small. The introduction of large 
amounts of salts to buffer the solutions would have affected 
the hydrolysis more than the small changes of pH value which 
actually occurred.

R e s u l t s

The results obtained by this procedure are given in the ac
companying tables and charts, pH values being plotted as 
abscissas and the corresponding per cents of hydrolysis as 
ordinates.

pH Value

F i o .  4 — E f f e c t  o f  T i m e  o f  D i g e s t i o n  o n  H y d r o l y s is  o f  S k i n  a n d  H a ir  

S o l u t i o n s :  N aO H  
T e m p e r a tu r e :  7 °  C .
T im e: 1, 2, an d  5 days 
Independen t variab le: p H  value

This figure shows the per cents of the total nitrogen hydro
lyzed in one day, a t 25° C., a t pH values over the entire 
range from 4 N  hydrochloric acid to 4 N  sodium hydroxide. 
Two points of interest are brought out by these curves. 
In the first place, it will be seen tha t in acid solution skin is 
more easily hydrolyzed than hair a t the same pH value, 
while in alkaline solution hair is more easily hydrolyzed than 
skin. In the second place, it will be seen, from the shape of 
the curve, that very little hydrolysis goes on a t the neutral point, 
or over a wide range of pH  values on either side of this point. 
Then, as the pH value is further increased or decreased, there 
is a very abrupt increase in the per cent of hydrolysis, the 
curves becoming almost perpendicular to the X  axis. In 
other words, when the acidity or alkalinity reaches a certain 
point complete hydrolysis occurs (under the specified con
ditions), and before these points are reached practically no 
hydrolysis takes place. Hair is completely hydrolyzed a t a 
lower pH value than skin, in alkaline solution, whereas in

T a b l e  I — E f f e c t  o f  p H  V a l u e

S o l u t io n s , H C I  a n d  N a O H ;  T i m e , 2 4  H o u r s ; T e m p e r a t u r e , 2 5 ° C.

pH  value a f te r  using 
P er cen t hydrolyzed: 

Skin 
H air

pH  value a f te r  using 
P er cen t hydrolyzed: 

Skin 
H air

pH  value a fte r using 
Per cen t hydrolyzed: 

Skin 
H air

pH  value a fte r using 
Per cent hydrolyzed: 

Skin 
H air

pH  value a fte r using 
Per cent hydrolyzed: 

Skin 
H air

- 0 . 7 - 0 . 2 0 .1 0 .5  0 .7 1 .0 1 .3 2 .2 • 2 .6 3 .8  6 .4 7 .9

50 .90 5 .04 2 .83 1 .50  1 .33 1.90 2 .6 6 2 .0 8 1 .7 0 1 .04  0 .1 0 0.Û0
2 .91 1.74 1.74 1 .17  1 .35 1.55 1 .26 1.17 0 .97 0 .0 8  0 .CO- 0 .0 0

10 .7 12.1 12 .5 12 .8  13 .2  13 .5 14.0 14 .3

0 .1 0 0 .6 0 0 .80 2 .1 0  3 .10 7 .1 0 40 .90 100.00
0 .0 0 0 .0 0 0 .3 4 0 .8 0  5 .15 9.91 95 .42 100.00

T a b l e  I I — E f f e c t  o f  T e m p e r a t u r e

S o l u t i o n s , N aO H ; T i m e ,  24 H o u r s

Temperature: 7° C.
11 .9 12 .9 13 .2 13 .5  13 .7 13.85 14.1 14.4

0 .9 5 0 .8 9 1.71 1.71 2 .09 1 .33 2 .5 7 3 .8 0
1.54 0 .77 5 .64  19.02 41 .72 89 .08 95 .45

Temperature: 15° C.
12.1 12 .4 12 .6 12.7  12.85 13 .2 13.5 13 .6 1 3 .8 14.1

0 .9 5 1 .43 2 .85 1.04 3 .04 4 .4 7 5 .1 3 8 .5 2
i  ,60 0 .6 8 1 .83 1 .47 1.35 2 .3 2 11.50 30.34 67 .63 94 .69

Temperature: 25° C.
12 .2 1 2 .5 12 .8 13 .2  13 .5 14 .0 14.3

0 .6 0 0 .8 0 2 .1 0 3 .10  7 .1 0 4 0 .90 100.00
0 .0 0 0 .3 4 0 .8 0 5 .15  9 .91 9 5 .42 100.00
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acid solution skin is completely hydrolyzed a t a lower acidity 
(higher pH value) than hair. These relationships were found 
in all the experiments that have been run.

pH V alue .

F i g ." 5 — E f f e c t  o f  T i m e  o f  D ig e s t i o n  o n  t h e  H y d r o l y s is  o f  S k in  a n d

H air 
Solu tions: HC1 
T em p era tu re : 25° C.
T im e: 1, 2, and  3 days 
In d ep en d en t variab le : p H  value

E f f e c t  o f  T e m p e r a t u r e —The effect of increasing tem
perature upon the amount of hydrolysis a t a given pH value is

shown in Fig. 2 and Table II. Series were run a t 7 15 and 
25° C. in alkaline solutions only. I t  will be seen that with 
increasing temperature the pH value a t which complete 
hydrolysis occurs shifts towards the region of lower alkalinity. 
This effect is much more marked in the case of skin than with 
hair. Complete hydrolysis of skin was not obtained at 7° 
and 15° C., even with 4 N  sodium hydroxide. At each tem
perature the curve for hair lies above and to the left of that 
for skin, but a t the lower temperatures the divergence is 
much greater than a t 25° C.

E f f e c t  o f  T i m e —Series were run for 1, 2, and 3 days, at 
25° C., in acid and alkaline solutions, and for 1, 2 , and 5 
days, a t 7° C., in alkaline solution. The results are shown 
in Tables I I I  and in Figs. 3, 4, and 5. The effect of increas
ing the time of digestion is similar to tha t of increasing 
the temperature; th a t is, there is a comparatively small 
increase in the amount of hydrolysis over the intermediate 
pH range where little hydrolysis occurs, and the pH value 
a t which marked hydrolysis begins is shifted towards the 
region of lower acidity or alkalinity as the period of digestion is 
increased. No marked differences between the behavior of 
skin and tha t of hair are shown in these curves, except the 
general effect of pH value already discussed.

A c k n o w l e d g m e n t
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John Arthur Wilson, under whose direction this work was 
carried out.

T a b l e  I I I — E f f ë c t  o f  T im e

S o l u t io n s , N a O H ;  T e m p e r a t u r e , 25° C. 
T im e: 1 day

p H  value a f te r  using 
P er c en t hydrolyzed: 

Skin 
H a ir

p H  value a fte r using 
P er cen t hydrolyzed: 

Skin 
H air

p H  value a fte r using 
P er c en t hydrolyzed: 

Skin 
H air

p H  value a fte r using 
P er c en t hydrolyzed: 

Skin 
H a ir

p H  value a fte r using 
P e r c en t hydrolyzed: 

Skin 
H a ir ‘

pH  value a fte r using 
P e r c en t hydrolyzed: 

Skin  
H air

pH  value a fte r using 
P er cen t hydrolyzed: 

Skin 
H air

pH  Value a f te r  using 
Per cen t hydrolyzed: 

Skin 
H a ir

pH  value a fte r using 
P e r cen t hydrolyzed: 

Skin 
H a ir

11.2 12 .2 12.5 1 2 .S 13 .2 1 3 .5 14 .0 14 .3

0 .0 0
0 .0 0

0 .6 0
0 .0 0

0 .8 0
0 .3 4

Tim e: 2 days

2 .1 0
0 .8 0

3 .1 0
5 .1 5

7 .1 0
9 .91

4 0 .9
95 .42

100.00
100.00

11.2 12.1 12 .5 12 .8 1 3 .2 13 .5 13 .9 14.4

1 .24
0 .7 0

1 .52
0 .7 0

1.61
0 .5 7

Tim e: 3 days

3 .OS 
2 .0 9

4 .7 5
5 .9 8

9 .0 3
65 .17

8 1 .20
88.31

99 ,90

11.2 12 .0 12.4 12 .6 12 .8 12.9 13.1 1 3 .5 13.7

3 .0 5
2 .51

3 .0 5
1 .4 5

3 .9 0
1 .93

4 .0 9
2 .71

4 .5 7
3 .2 8

4 .7 5
2 .9 0

8 .8 4 7 .9 0
8 3 .2 9

9 8 .8 0
9S .55

S o l u t io n s , N aO H ; T e m p e r a t u r e , 7 ‘5 C.
Tim e: 1 day

11.9 12.9 13.2 13 .5 13.7 13.85 14.1 14.4

0 .9 5 0 .8 6
1 .54

Tim e: 2 days

1.71
0 .7 7

1.71
5 .6 4

2 .0 9
19.02

1 .33
41 .72

2.57
89 .08

3 .8 0
95 .45

10 .7 12 .3 13 .0 13 .2 13 .5 13 .7 13.8 14.1 14.2 14.4

2 .1 3
1 .58
1 .45

1 .43  
1 .8 4

2 .3 9
3 .4S

T im e : 5 days

3 .3 3
11.23

5 .0 5
52 .18

4 .8 5
8 2 .2 2

5 .3 0  
9 1 .9S

4 .7 5
92 .74

5 .90
100.00

10.7 12.3 13 .05 1 3 .2 1 3 .5  ' 13 .7 13 .8 14.1 14 .2 14.4

2 .0 0
1 .75 Ü 4 5

2 .7 6
1 .83

4.01
6 .0 9

5.61
26 .57

7 .5 5
94 .49

7 .2 3
100.00

S .44 9 .41

S o l u t i o n s , HC1; T e m p e r a t u r e , 2 5 ° C.
T im e: 1 day

- 0 . 7 - 0 . 2 0 .1 0 .5 1 .0 1 .3 2 .2 2 .9 6 .0

50 .90
2.91

5 .0 4
1 .7 4

2 .8 3
1 .74

Tim e: 2 days

1 .33
1 .55

1 .90
1.55

2 .6 6
1 .26

2 .0 8
1 .17 Ü 7 4

0 .00
0 .00

- 0 . 4 - 0 . 1 0 .1 0 .5 0 .8 1 .3 3 .0

#8 .76
6 .57

8 .2 6
4 .2 5

3 .1 4
2 .61

Tim e: J  days

3 .0 4
2 . 3 2

2 .1 0
1 .9 3

3 .0 4 2 .9 4

- 0 . 4 - 0 . 1 0 .1 0 .5 0 .8 1 .3 1 .7 2 .8

100.00
7 .8 3

19.97
4 .2 5

6 .0 0
2 .7 0

4 .4 5
2 .2 2

6 .4 8  
1 .64

3 .2 3
1 .45

3 .9 0
3 Ü 0
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Strength and Stretch of Calf and Kid Leathers as Functions 
of Oil Content1

By JT. A. Wilson and A. F . Gallun, Jr .

A. F . G a l l u n  &  S o n s  C o . ,  M i l w a u k e e , W i s .

T HE leathers most commonly used for shoe uppers are 
those from the skins of the calf and goat, the latter 
furnishing the leather known in commerce as kid. 

Since the durability and appearance of shoes depend largely 
upon the strength of the upper leather and its tendency to 
stretch under a given load, it seemed highly desirable to make 
a reliable comparison of these values for calf and kid leathers.

C o n t r o l l e d  F a c t o r s

In  making these tests, the influence of the following im
portant factors was recognized: degree of splitting of the 
leather; location of test strips on the skin; relative humidity of 
the atmosphere and water content of the leather; kind of 
tannage; and fat content.

D e g r e e  o p  S p l it t in g —The portion of the skin used for 
leather making is divided rather sharply into two layers of 
very different structure—an outer layer containing the 
thermostab mechanism of the body and an inner layer com
posed chiefly of bundles of collagen fibers. 2 The great strength 
of leather lies in the fibrous rather than in the thermostat 
layer. When a given strip of leather was split into two layers 
of equal thickness, the outer, grain layer was only 24 per cent 
and the fibrous layer only 62 per cent as strong, per unit cross 
section, as the unsplit leather. Since it wTas evident that one 
cannot fairly compare the strengths of skins split to different 
extents, for this test skins were selected whose thickness had 
not been reduced by splitting.

L o c a t io n  o p  T e s t  S t r ip s —The structure of the skin is not 
the same in all regions; for example, it is much looser and 
thinner in the flanks than in the butt. In  actual tests it 
was found tha t the flanks are weaker and stretch much more 
easily than the butt. However, starting from a point about 
midway from head to tail and proceeding to a point about 
half way to the edge of the flank, one finds the properties of 
leather to be practically constant. Hence all strips for the 
tests were cut from this region.

R e l a t iv e  H u m id it y —The water content of leather in
creases with the relative humidity of the atmosphere with 
which it is in equilibrium , 3 and this in turn has a considerable 
effect upon the strength and stretch of leather, as shown by 
Veitch, Frey, and Leinbach . 4  Tests in this laboratory also 
show tha t both the strength and the tendency to stretch in
crease with relative humidity from 0 to 100 per cent. For 
this reason all strips were kept in an atmosphere of 50 per 
cent relative humidity for a t least 3 days prior to making the 
measurements.

K in d  o f  T a n n a g e —In comparing chrome and vegetable- 
tanned calf leathers made from the same skin, it was found 
that the chrome leather was usually slightly stronger a t low 
oil contents and slightly weaker than the vegetable leather at 
higher values. This appears to be due to the need for greater 
lubrication in the vegetable leather because of its firmer

1 P resented  before th e  D ivision of L ea ther and  G elatin  C hem istry  a t  
the 67 th  M eeting  of the  A m erican Chem ical Society, W ashington, D . C., 
April 21 to  26, 1924.

1 See W ilson, "T h e  C hem istry  of L ea ther M anufac tu re ,”  T he Chemical 
C atalog Co., N ew  Y ork , for a  detailed  description of these  tw o layers and 
the s truc tu res of the  different kinds of skins and leathers.

* W ilson an d  G allun, T h i s  J o u r n a l , 1 6 , 268 (1924).
* J .  A m . Leather Chem. Assoc., 17, 492 (1922).

structure, which also shows itself in a lesser tendency to 
stretch. In  practice, vegetable leathers are usually much 
more heavily treated with oil than chrome leathers. In 
order to avoid any differences due to kind of tannage, chrome 
calf leathers were selected for comparison with the typical 
chrome-tanned, glazed kid leather of the market.

O i l  C o n t e n t —The marked effect of variable oil content of 
the leather made it desirable to make a study of it in the ex
periment.

P r o c e d u r e

Ideal specimens of chrome-tanned calf and kid leathers 
were selected and 6  strips 20.32 X 2.54 cm. (8 X 1  inch) were 
cut from each. These were cut from the region midway be
tween head and tail and extending from a point 2.5 cm. 
(1 inch) from the backbone to a point about 15 cm. ( 6  inches) 
from it, the length of each strip running parallel to the back
bone. Each strip was degreased with chloroform, soaked 
overnight in a chloroform solution of known strength of neat’s- 
foot oil, freed from chloroform in a current of air for 48 hours, 
and then kept in an atmosphere of 50 per cent relative humid
ity at 25° C. for 3 days.

JHS01ÎE.KXD J.ĘATHEH 
s t r i p  p e r  c e n t .

#  o i l  w a te r
1 0 .0  1 3 .2
2 1 4 .8
3 2 4 .9
4 2 6 .8
5 4 3 .1
6 4 5 .6 R e l a t i v e  H u m id ity  6 0 ^ . ,  

T e m p e ra tu re  25°C .

/ /
w  / /  

/// / /
! '  ł  

! / / /  
i 'i
' ï  
mi /
n 't /i i f  /

f

p e r  c e n t ,  
o i l  w a te r

The te rm in u s  o f  each  
l i n e  i n d i c a t e s  t h e  b r e a k in g  
p o i n t .

CHROME CAXP LEATHER 
s t r i p

1 0.0
2 1 1 .5
3  1 9 .4
4 2 1 .3
5 3 5 .8
6 3 6 .5

12.8
10.8
10.8
11.2

8 .5
8 .5

100 200 300 40 0  500 600 700 80 0  900 1000 1100 1200

lo a d  i n  Pounds p e r  S q u a re  C e n t im e te r  o f  l e a t h e r  C ro ss  S e c tio n

F io . 1

The measurements of strength and stretch were made on a 
standard Scott machine equipped with a recording device. 
The initial distance between the jaws was fixed a t 15.24 cm. 
( 6  inches). The thickness of each strip was measured just 
before testing and the water and fat contents were determined 
immediately thereafter.

R e s u l t s  a n d  D is c u s s io n

Since essentially the same result was obtained in all com
parisons, a description of one such comparison will be suffi
cient. The average thickness of the calf leather tested was
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0.7 mm. and that of the kid leather 0.9 mm. The results are 
shown in Fig. 1.

With increasing oil content, both the leathers show a de
creasing tendency to hold water. In  a similar series kept a t 
50 per cent relative humidity for 16 days, the same differences 
in water content were found.

The most outstanding difference is the much greater 
tendency for the kid leather to stretch, which has long been 
widely appreciated in a qualitative way from actual wear, 
which explains why kid shoes lose their shape so much more 
readily than those of calf. The reason for this greater 
tendency to stretch is found in the fact tha t goat skins, like 
sheep skins, have a structure very much looser naturally than

calf skin, which can be seen by examining cross sections of the 
raw skins. This loose structure also means tha t goat skins 
have less protein m atter per unit cross section, which ex
plains why their leathers are so much weaker than calf 
leathers, where the latter possess enough oil to overcome the 
internal friction of the fibers.

The calf leather increases steadily in strength with in
creasing oil content, which has but little effect upon the 
strength of the kid leather. This may possibly be attributed 
to the difference in fundamental structure of the two skins, 
but it is not so clear why the tendency to stretch with in
creasing oil content shows a point of maximum with both 
leathers beyond which there is an apparent decrease.

Factors Determining the Reinforcing Value of Fillers in 
Compounded Rubber1

By H erbert A. Entires

T u b  G o o d y e a r  T i r e  &  R u b b e r  C o., A k r o n , O h i o

The reinforcing effects produced in Vulcanized rubber by the in
corporation of fillers are determined by three basic factors—namely, 
particle size, shape, and the degree of welting of the filler by the rubber. 
Particle size is of paramount importance, and for fillers that arc com
pletely dispersed in rubber is a direct measure of reinforcing Value. 
A  filler cannot be completely dispersed in rubber on the m ill unless 
the rubber wets it. The degree of wetting therefore determines the 
effective particle size of the filler in rubber and the degree of attach
ment (adhesion) between the particles and the rubber. The strength 
o f the bond between different fillers and vulcanized rubber depends 
upon the degree of wetting, and there is no evidence that any differ
ences exist in the magnitude of this adhesive force between vulcanized 
rubber and the various fillers, which are chemically inactive during 
vulcanization, so long as the particles are in contact (wet) with the

A REVIEW  of the literature will lead to the conclusion 
th a t the following factors determine the reinforcing 
effect which mineral compounding ingredients or 

fillers impart to vulcanized rubber: (1 ) particle size (specific 
surface); (2) degree of wetting (adhesive force); (3) par
ticle shape. A relation exists between permanent set, abra
sion resistance , 2 hardness , 3 and the stress-strain relations of 
compounded rubber such as slope and energy of resilience. 
Since the stress-strain curve is the usual criterion for judging 
the reinforcing value of a filler, it alone will be considered here.

P a r t ic l e  S iz e

The relation between the particle size of a filler and its 
reinforcing effect in vulcanized rubber has been conclu
sively shown by Wiegand , 4 who considers tha t the most di
rect and accurate way of determining the average fineness of 
a filler is to measure the area under the stress-strain curve 
in a standard mixing and compare the energy content with 
tha t of a known filler. Twiss6 prepared a precipitated barium 
sulfate which was considerably finer than the ordinary 
ground product and found tha t its reinforcing effect was also 
increased.

1 P reseated  before th e  D ivision of R u b b er C hem istry  a t  th e  07 th  M ee t
ing  of the  A m erican Chem ical Society, W ashington , D. C ., A pril 21  to  2 6 , 
1 9 2 4 .

1 G r e id e r ,  T h i s  J o u r n a l ,  1 5 , 5 0 4  (1 9 2 3 ).
'I b id . ,  1 4 , 3 S 5  (1 9 2 2 ).
'  Can. Chem. J . ,  4, 10 0  (1 9 2 0 ) .
‘ Ind ia  Rubber J .,  65, 6 5 1  (1 9 2 3 ) .

rubber. B y  reducing the particle size of a filler as dispersed in 
rubber the reinforcing effect is correspondingly increased. In  pre
senting data on the reinforcing Value o f fillers it is therefore of great
est importance to stale definitely the particle size of the material as 
present in the compound.

Owing to an alignment of the particles during the milling and calen
dering operations, anisotropic fillers show abnormalrcinforcingeffects. 
These effects are manifest, even though the filler is completely dis
persed, and are not obliterated when the particle size is reduced lo a 
state comparable with the finer fillers.

The best reinforcing fillers are therefore those of smallest particle 
size, completely dispersed in and wet by the rubber and isotropic in 
particle shape. A n y  material, whatever its chemical nature, that 
fulfils these requirements will be a good reinforcing filler.

In  studying the volume increase of compounded rubber 
under strain, Shippel6 found th a t this property ran roughly 
parallel with the mean diameter of the filler particles, zinc 
oxide being an exception. This volume increase he ascribed 
to the rubber pulling away from the filler particles and thus 
causing the formation of vacua running parallel to the Une of 
force causing the strain. Green7 confirmed this micro
scopically and also pointed out th a t fillers if not properly 
incorporated may exist in rubber in large agglomerated 
masses. Hardman8 has shown this to be the case with anti
mony pigments.

Several commonly used materials, such as iron oxide, 
antimony sulfides, whiting, lithopone, and light magnesium 
carbonate, are prepared by precipitation from solution. 
They are then filtered and dried, and during the drying proc
ess, as the water evaporates, the particles become agglomer
ated and cemented together. All the fillers in use at the pres
ent time which are prepared by precipitation from solution 
are badly agglomerated and the smaller the particle size the 
worse the agglomeration. These fillers do not completely 
disperse in rubber on the mill, and compounds containing 
them all show large agglomerated masses (Figs. 1, 2, and 
3). These agglomerates may be hard and behave like individ
ual particles9 when compounds containing them are stretched 
(Fig. 4), or they may be soft and break up very easily when a

* T h i s  J o u r n a l , 1 2 ,3 3  (1 9 2 0 ) .
» Ibid., 1 3 , 1 0 2 9  (1 9 2 1 ) .
• In d ia  Rubber IVorld, 6 8 , 7 1 1  (1 9 2 3 ) .
• G r e e n ,  Chem. M et. E ng .t 28, 5 3  (1 9 2 3 ) .
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strain is applied to the rubber (Fig. 5). The latter are very 
common and are shown by iron oxide, antimony sulfides, 
light magnesium carbonate, poor grades of carbon black, and 
others. Aside from causing the loss of the true reinforcing 
effect of the filler, these agglomerates have a very deleterious

V - V '- ’r W

'• ' . A
F i g . 1— A n t im o n y  P e n t a s u l f i d e  A g g l o m 

e r a t e s  in  R u d d e r . X  5 3 0

in this way could be given here, but they would be of little- 
value because of their great dependence upon the method o f 
preparation of the fillers. Particle size and degree of disper
sion in rubber vary considerably in products from different, 
manufacturers, and each must be considered as a case by it-

F i g . 2 — I r o n  O x id e  in  R u b b e r  S h o w in g  
M a n y  A g g l o m e r a t e s . X  5 3 0

F i g .  3— W i i i t i n g  i n  R u b b e r  B a d l y  
A g g l o m e r a t e d .  X  5 3 0

effect on the physical properties of the vulcanizate due to the 
comparative ease with which they are broken up. Any 
means of completely dispersing these fillers will greatly in
crease their reinforcing value. This has been demonstrated 
in the case of light magnesium carbonate by Greider, 10 who 
increased the dispersion of this filler by introducing a small 
amount of glue into the compound. The writer has dispersed 
this filler completely in rubber by other means, as was evi
denced by a microscopic examination of thin sections.
In  Fig. 6  stress-strain curves are given for a compound
containing 30 volumes of magnesium carbonate per 100 
volumes of rubber, completely dispersed by a special proc
ess and incorporated on the mill in the regular way.

W hen incorporated 
on the mill magne
sium carbonate shows 
a maximum reinforc
ing effect a t about 8  

volumes per 1 0 0  vol
umes of rubber. A 
30-vo lum e s to ck  
would therefore be 
highly o v er-lo ad ed  
and badly agglomer
ated. The stress- 
strain curves show 
the pronounced effect 
of an increased dis
persion, and hence 
increased specific sur
face.

Measurements of particle size are always made on com
pletely dispersed preparations, usiiig as a dispersing agent a 
liquid media, such as turpentine in the microscopic method of 
Green, 11 or solutions of tannic acid, gum arabic, or other 
protective colloids, as in the ultramicroscopic and sedimenta
tion methods. The fact tha t particle size as dispersed in 
rubber is not necessarily the same as individual particle size, 
owing to agglomeration, has received but little attention. 
The former can be obtained by microscopic measurements in 
thin sections containing the desired amount of filler incor
porated in the usual way, and considering agglomerates as 
individual particles for this purpose. Measurements obtained

T h i s  J o u r n a l , 1 6 , 151  (1 9 2 4 ).
11 J .  Franklin Inst., 19S , 6 3 7  (1 9 2 1 ).

F i g . 4 — R u b b e r  C o n t a i n i n g  W h i t in g  
E l o n g a t e d  3 0 0  P e r  c e n t . A g g l o m e r a t e s  
B e h a v e  a s  S in g l e  P a r t i c l e s . X  5 3 0

i

self. In general, it can be said that many of the badly 
agglomerated fillers, such as whiting and fight magnesium 
carbonate, have a particle size in rubber many times greater 
than the individual particle size (Figs. 3 and 7).

Data on individual particle size and particle size distribu
tion are of value, however, as they show what can be expected 
in rubber if complete dispersion is obtained. When rein
forcing effects do not correspond to ultimate particle size, 
agglomeration is the cause. When zinc oxide is heated, some 
of the particles grow a t the expense of others, or if a small 
amount of lead is present the particles aggregate to form 
denser masses. In  either case there is an increase in effec
tive particle size and a decrease in reinforcing effect. Luff1 1  

heated zinc oxide at 
700° C. and found a
substantial difference • '
in the stress-strain , ‘ .
cu rves b efo re  and . v  \
after heating. Sim
ilarly, finely-divided 
c a r b o n  becom es 
gritty when strongly 
heated, owing to ag
g lo m era tio n . Gas 
blacks formed at high 
temperatures, 1 0 0 0 °
C. and above, al
though of small ulti
mate particle size are 
badly agglomerated 
and graphitic in na
ture and do not disperse well when milled into rubber. 
Such a black is shown in Fig. 8 . With this particular material 
the reinforcing effect, as judged by the stress a t 300 per cent 
elongation, was only about 55 per cent of tha t of the best 
channel gas black. These points will be considered in further 
detail, but for the present it can be definitely stated that the 
reinforcing value of fillers tha t are not chemically reactive 
during the cure is determined by their particle size as dispersed 
in rubber, and as Wiegand1 3  has concluded, variation in the 
specific surface of fillers is the predominating factor in their 
behavior in vulcanized compounded rubber.

Since substances tha t are in true solution in rubber have no

"T h e  C hem istry of R ubber,”  1924, p. 160.
T h i s  J o u r n a l , 1 3 , 1 1 8  (1 9 2 1 ).

F i g .  5— F i l l e r  A g g l o m e r a t e s  i n  R u b b e r  
B r o k e n  U p  u n d e r  S t r a i n .  X  5 3 0
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reinforcing effect in the ordinary sense, it follows tha t the 
reinforcing effect-particle size curve must go through a 
maximum . 1 4  There is, therefore, a limit to which decrease in 
particle size can be effectively carried for maximum reinforc
ing effect. In  arriving a t the particle size giving this maxi

mum the chief difficulty 
is in obtaining a com
plete dispersion of the 
material in rubber.

D e g r e e  o f  W e t t i n g

When a liquid is ad
sorbed a t the surface of 
a solid it  forms a liquid 
film and wets the solid. 
The solid then adheres 
to the liquid. Much 
has been said concern
ing the part played by 
selective adsorption or 
preferential wetting in 
the compounding . of 
rubber. I t  is generally 
admitted tha t there is 

some sort of a bond between the filler particles and the rubber, 
but whether the magnitude of tins adhesive force is the same 
in all cases or differs with the different fillers has been an open 
question. In  an effort to gain some insight into this question, 
the work of Green on the microscopic study of volume in
crease of compounded rubber under strain was extended to 
include all the mineral compounding ingredients in common 
use. By noting the degree of strain a t the instant vacua 
formation began and also the length of the vacua for differ
ent elongations, it  was hoped tha t some definite information 
relative to the strength of the union between the particles and 
the rubber might be obtained. In  general, the larger the par
ticle the less the strain necessary to pull the rubber from it. 
The coarser materials, such as aluminium flake and asbes
tine, readily separate from the rubber when it is subjected to 
strain, while the smaller particles, such as zinc oxide and iron 
oxide, show very few vacua even when the rubber is stretched 
nearly to the breaking point. Therefore the magnitude of

the volume increase 
under strain seems to 
be determined pri
marily by the particle 
size of the compound
ing i n g r e d i e n t s .  
Quantitative m eas
urements of volume 
increase have shown 
this to be true, except 
in the case of ingredi
ents tha t are chem
ically reactive during 
vulcanization. Since 
adsorption is propor
tional to specific sur
face, one would ex
pect the finer mate

rials to form fewer vacua and show less volume increase. 
Any differences in the degree of adsorption between the 
various fillers and rubber, unless very marked, would be out
weighed by the effect of the specific surface. The formation of 
vacua or the values for volume increase for different fillers 
cannot be employed, therefore, as a measure of the adsorp
tion of these fillers for vulcanized rubber.

14 Spear, Colloid Sym posium  M onograph, 1923, p. 321.

Coarse fillers, such as barytes, whiting, aluminium flake, 
and asbestine, are classified as inerts and have very little 
reinforcing value. These are not readily wetted by rubber, 
as is shown by their tendency to carry air into the stocks and 
by the presence of gaseous films surrounding the particles . 15

I t  was thought of interest to test out these considerations 
by preparing a filler of the so-called inert class in a very fine 
state of subdivision and properly dispersing it in rubber to see 
if there would be a corresponding increase in its reinforcing 
effect. From the standpoint of being a mere diluent and not 
possessing any physical affinity for rubber, barium sulfate, 
either the natural ground product or the precipitated variety, 
is one of the worst offenders. This material has been de
scribed as possessing no adhesive force, the bond or union be
tween the rubber and the filler particles being very weak. 
I t  therefore offered a ripe field for investigation. If it were 
prepared in a state of subdivision comparable to the finer 
fillers and completely dispersed in and wetted by the rubber, its 
value as a compounding ingredient should be greatly improved.

According to the principle of von Weimarn, a barium sulfate 
gel can be prepared by allowing a saturated solution of a 
highly soluble barium salt, such as barium iodide, to react with 
a saturated solution of a highly soluble sulfate, such as man- 
ganous sulfate. On being agitated this gel quickly crystal
lizes to a very finely divided barium sulfate, the particle size 
of which has been estimated as less than 0.4 n.u

A quantity of crys
tallized barium sul
fate gel was prepared 
and washed free from 
electrolytes by agitat
ing with water, cen
trifuging, and decant
ing; repeating this 
until the washings no 
longer gave a precip
itate with silver ni
trate. This material 
caked very badly on 
drying, forming hard 
lumps which could 
not be dispersed in 
rubber on the mill 
ev en  a f te r  b e in g  
ground as finely as possible in an agate mortar. Compounds 
prepared from this material contained large agglomerates and 
sho\Ved only slightly increased tensile properties. The 
washed barium sulfate precipitate, however, can be completely 
dispersed in water by the aid of a small quantity of a protec
tive colloid such as gum arabic. Such a dispersion was pre
pared and incorporated into rubber by special means. Mi
croscopic examination showed the barium sulfate to be iso
tropic in form and completely dispersed. In  Fig. 9 stress- 
straih curves are given for this and other materials in com
pounds containing 2 0  volumes of filler per 1 0 0  volumes of rub
ber in the same base mix. The gas black employed was the 
best grade prepared by the channel process, was well dispersed, 
and averaged between 0.1 and 0.2 n in size. The zinc oxide 
was the American process product averaging about 0.5 ju, and 
the barytes a selected ground product averaging more than 
5 n  in size.

Both from the standpoint of particle size and reinforcing 
action the finely precipitated barium sulfate holds a position 
between gas black and zinc oxide. Previous attem pts at 
compounding a so-called colloidal barium sulfate by Greider2 - 3 

and a finely precipitated product by Twiss5 did not give 
satisfactory results, doubtless owing to a high degree of

u  G reen, T h i s  J o u r n a l , 1 3 , 1 0 2 9  (1 9 2 1 ) .
i* Oden, C. A .,  15 , 9 7 1  (1 9 2 1 ).
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agglomeration. As the stress-strain curve shows, when this 
material is properly dispersed it has a reinforcing effect in 
close agreement with its true particle size.

Lithopone has been wrongly classified as a coarse material 
of little reinforcing value. Although it is badly agglomerated

O 200 700 600
F ig . 0

as milled into rubber, its individual particle size averages be
tween 0.3 and 0.4 ¡j.,11 the zinc sulfide, being considerably 
finer than the barium sulfate. As prepared by double decom
position this material contains 29.4 per cent zinc sulfide and 
70.6 per cent barium sulfate by weight, or 1 volume of the 
former to 2.2 volumes of the latter. The finer zinc sulfide 
is somewhat agglomerated and also tends to coat over the 
coarser barium sulfate. These aggregates are not dispersed 
when incorporated into rubber on the mill, and when com
pounds containing lithopone are subjected to strain the zinc 
sulfide and barium sulfate in dry contact are easily separated. 
For these reasons lithopone as ordinarily incorporated docs not 
show a reinforcing effect in accordance with its ultimate 
particle size. By properly dispersing lithopone in rubber its 
reinforcing effect, as judged by the stress a t 300 per cent 
elongation, in a stock
c o n ta in in g  2 0  vol- *>• *,*
umes of the filler per ^
1 0 0  volumes of rubber ' ‘ ' r .
was increased 53 per 
cent over an equal 
volume loading in
c o rp o ra te d  on the 
mill. The difference 
was caused by in
creased d isp e rs io n  
and wetting, as was 
shown by microscopic 
examination.

A filler cannot be 
completely dispersed 
in rubber on the mill 
u n le ss  th e  ru b b e r  
wets it, and the full reinforcing value of a filler cannot be 
realized unless it  is completely dispersed. Because of the 
close relationship between particle size and reinforcing 
effect, any conclusive evidence of differences existing in the 
strength of the bond between vulcanized rubber and the 
various chemically inert fillers is lacking. As Wiegand has 
stated, the enormous differences in area of contact are 
alone insufficient to account for the striking differences in 
physical properties. A decrease in particle size always causes

F i g . 10— R u b b e r  C o n t a i n i n g  Z in c  O x id e  
S t r e t c h e d  N e a r l y  t o  t h e  E l a s t ic  L i m i t . 
X 1300

a corresponding increase in reinforcing effect, and as long as 
the filler is in contact (wet) with the rubber the adhesive force 
between the rubber and the filler is determined entirely by 
the specific surface of the latter.

Some fillers mill into rubber very readily while others are 
veiy difficult to incorporate. The difference is due to ad
sorbed gases. I t  has been shown that the time factor is an 
important one in the wetting of some solids by some liquids, 
the air being slowly displaced. In some cases this air is so 
strongly adsorbed that it is present in considerable amount in 
the vulcanized compound. At the present time the two best 
reinforcing fillers produced commercially—i. e., gas black 
and zinc oxide—are prepared by sublimation or fuming proc
esses. In these processes the individual particles of the 
material become coated with a film of adsorbed gases and are 
thus prevented from coming within their spheres of adhesion. 
Agglomeration is therefore avoided and these fillers, when 
properly prepared, can be completely dispersed in rubber on 
the mill. During the milling and vulcanization processes 
the adsorbed gases are dissolved in and displaced by the 
rubber and the latter then comes into intimate contact with 
the filler particles. Zinc oxide and gas black also possess 
other properties, which cause them to completely disperse in 
rubber on the mill and impart superior physical properties to 
compounded rubber. When these materials are wet with 
water and dried they also agglomerate into hard masses. But 
these agglomerated masses are completely broken up when in
troduced into rubber on the mill and a complete dispersion is 
obtained. This shows that the rubber comes into intimate 
contact with the zinc oxide and gas black, thoroughly wetting 
them and thereby causing the agglomerates to break up and 
disperse. I t  would seem, therefore, that rubber wets zinc 
oxide and gas black much more effectively than i t  docs the 
other fillers. Zinc oxide and gas black also seem to be the 
only fillers tha t are completely wetted by rubber on the mill 
as all the others are more or less agglomerated when incor
porated in this way.

Schippel found zinc oxide to give a lower volume increase 
than gas black, even though the latter is considerably finer. 
Wiegand found zinc oxide to increase the energy absorption 
of a compound to a greater degree than would be accounted for 
by its specific surface and assumes that in this case there is an

exceptional surface 
te n s io n  b e h a v io r . 
D u rin g  the micro
scopic examination of 
compounded rubber 
under strain, it  was 
noted that zinc oxide, 
l i th a rg e , sublimed 

S. . . .  white lead, and cor-
|  roded white lead, all

M ,  <*’ -  - -  .'«e. .a of which are chemi-
^ 1 ' *■*•’ -  * ‘ ■ M r /  cally reactive during

vulcanization, adhere 
to the rubber very 
te n a c io u s ly  an d  
vacu a  a re  fo rm ed  
o n ly  a t the very 
la rg e s t  p a r t ic le s  

(Figs. lOand 11). In these cases a very strongly adsorbed film 
is indicated which, in the light of recent work by Bedford 
and Winkelmann , 17 on the solution of these substances in 
rubber during vulcanization, can be explained by the Harkins’ 
theory of émulsification . 18

17 T h is  J o u r n a l , 1 6 , 3 2  (1 9 2 4 ).
18 P aper read  by  W. J . K elly  before the  D ivision of R ubber C hem istry  

a t  the  67th M eeting of th e  American Chem ical Society, W ashington, D . C., 
April 21 to  26, 1924.

-  S t .

F i g . 11— R u b b e r  C o n t a i n i n g  L it h a r g e  
S t r e t c h e d  N e a r l y  t o  t h e  E l a s t ic  L i m i t , 
S h o w in g  a  F e w  S h o r t  V a c u a . X 5 3 0



IN D U S T R IA L  A N D  ENGINEERING C H E M ISTR Y Vol. 16, No. 11

F1 0 . 1 2

P a r t i c l e  S h a p e

As has been shown by Vogt and Evans , 19 several fillers im
part certain properties to compounded rubber because of 
their crystalline shape. These investigators found a specially 
prepared anisotropic barytes to have a much greater rein
forcing effect than regular isotropic b a s te s  of approximately

the same particle size, 
the difference being 
due to particle shape. 
The reinforcing ac
tion of anisotropic 
fillers such as clay and 
light magnesium car- 
b o n a te  is  m uch 
greater than would be 
expected from a con- 
s id e r a t io n  of their 
particle size as dis
persed in rubber on 
the mill. This is not 
due to a superior ad
hesion between rub
ber and filler, but, as 
Vogt and Evans have 
concluded, is caused 
by the alignment of 

the filler particles in such a way that there is less rubber phase 
between the particles in the direction of the calender grain. 
To effect a given elongation this lesser amount of rubber will 
have to be elongated to a greater proportion of its ultimate 
elongation, which means that a higher stress must be imposed.

I t  was thought of interest to determine to what extent 
particle size would have to be reduced in order to overcome 
the effect of the anisotropy of these fillers in compounded 
rubber. To this end a very finely divided clay was prepared. 
China clay always contains some finely divided colloidal ma
terial. A quantity of this was obtained by dispersing a good 
grade of clay in water containing a small amount of sodium 
tannate, allowing the coarse material to settle, and decanting 
off the portion in which the fine clay had remained suspended 
for several days. This portion was diluted further and allowed

to settle and the proc
ess repeated until a 
very fine clay free 
from coarse particles 
was obtained. This 
clay was then sepa
rated from the dis
persing medium by 
passing through a 
Sharpies supercentri
fuge, a speed of 25,000 
r. p. m. being neces
sary. This material 
agglomerated quite 
badly when dried and 
could not be com
pletely dispersed in 
rubber on the mill in 
the usual way. In 

order to obtain a complete dispersion of the clay special means 
of incorporation were employed. In  Fig. 12 stress-strain 
curves are given for this and a good commercial grade of china 
clay, using 2 0  volumes of each per 1 0 0  volumes of rubber in 
the same base mix.

Microscopic examination of the colloidal clay stock showed

11 T h i s  J o u r n a l ,  1 5 , 1015 (1923).

F i g . 13— L a r g e  T r i p o l i  P a r t i c l e  a t  300 
P e r  c e n t  E l o n g a t i o n  S h o w i n g  S h o r t  
V a c u a , I n d i c a t i n g  a  S t r o n g  B o n d  b e t w e e n  

R u b b e r  a n d  P a r t i c l e . X 530

the material to be completely dispersed and less than 0.5 m 
in particle size. Although this stock was considerably stiffer 
than tha t containing the commercial grade, the ultimate 
tensile was not increased so much as would be expected 
considering the decreased particle size, doubtless owing to an 
unequal distribution of strains in the stock due to particle 
shape. The particle size was not reduced sufficiently to 
overcome the effects of anisotropy and the stock showed all 
the properties akin to such—i. e., lamination, decrease in 
ratio of thickness to width with increase in strain. A highly 
diluted dispersion of colloidal clay in 0.5 per cent sodium 
tannate solution which had remained in suspension for three 
weeks and was of very fine particle size showed the “veil” 
effect. The properties caused by particle shape are therefore 
manifest even when the particle size of the filler has been re
duced to a state comparable with the finest fillers.

The increased stiffness and ultimate tensile of the china 
clay dispersed by the special process over tha t dispersed on 
the mill are due to more complete wetting and better disper
sion. In  this connection it is of interest to note tha t colloidal 
clay when milled in gives no better stiffening or tensile than 
china clay treated in the same way.

The behavior of tripoli in a compound is unique and is 
another illustration of 
the effect of particle 
shape. Stocks con
taining tripoli are a t 
f ir s t ,  u n d e r  low  
elongations, very re
sistant to strain, but 
after being stretched 
a few times they lose 
this stiffness. Tripoli, 
b e in g  diatomaceous 
earth has a cellular 
s t r u c tu r e .  During 
the milling and vul
canization processes 
the rubber flows into 
th ese  ce lls  an d  is 
cured in tha t posi
tion. This causes a high degree of attachm ent between the 
tripoli particles and the rubber, as is shown by the compara
tively short vacua produced on first extension (Fig. 13) and by 
the initial stiffness of the stock. On being elongated to 300 per 
cent or more, however, the rubber is pulled out of the cells and 
away from the particles, thereby breaking the union and caus
ing the destruction of the stiffness which the stock a t first 
possessed. A certain tripoli stock showed an increase in elon
gation between the first and third extensions under a stress of 
1 0 0  kg. per square centimeter of 60 per cent of the value on 
first extension, whereas a gas black stock under the same con
ditions showed a difference of only 31 per cent and whiting 
one of 38 per cent.

The grain effect in compounded rubber has been shown to 
be of dual origin—that due to the rubber phase and that 
caused by the pigment phase. Vogt and Evans have assumed 
th a t in the normal milling or calendering operations the par
ticles of an anisotropic filler align themselves with their least 
dimension perpendicular to the plane of the calender and to 
the grain. Since the stiffness caused by  anisotropic fillers 
has been explained on the basis of this assumption, it was 
considered of importance to prove it microscopically. For 
this purpose micro-sections were cut from test sheets of a 
stock containing 15 parts of mica to 100 parts of rubber by 
weight. The photomicrograph (Fig. 14) taken from a sec
tion cut vertically across the grain shows clearly that the 
assumption is correct.

F i g . 14— V e r t i c a l  S e c t i o n  a c r o s s  t h e  
G r a i n  o f  M i c a  S t o c k , T a k e n  w i t h  P o l a r 

i z e d  L i g h t . X 125
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Determination of Dilution of Crank-Case Oil1
By H. H . Knoch, P . A. Crosby, and R. R. M atthew s

R o x a n a  P e t r o l e u m  Co., S r . L ou is, M o.

T HE question of dilution of automobile crank-case oils 
has grown to large proportions, especially in recent 
years, and its importance to the automotive en

gineer as well as to the lubrication engineer cannot be over
estimated. This problem is present at all times, but it is 
«specially troublesome in cold weather. Some of this trouble 
is due to mechanical difficulties inherent in the motor itself 
after a certain mileage is attained; a large part to the exces
sive use of the choke, especially in extreme cold snaps; and 
possibly, as some authorities persist, to the oil itself. The 
problem, therefore, is of decided interest, not only to the 
automobile manufacturer, but also to the refiner who pro
duces motor oil.

Up to the present time no quick and accurate determina
tion of crank-case dilution has been developed. The lowering 
of the flash point of the oil in the crank-case and the change 
in specific gravity are indications tha t have been used with 
a measure of success. The determining factor is the change 
in viscosity, which, if reduced too low, may cause excessive 
wear of the motor. Since change in viscosity is directly 
dependent on the dilution with the so-called heavy ends of 
the gasoline, a determination of the amount of dilution is 
of interest and importance.

In casting about for a method of determination of crank
case dilution, the use of a vacuum distillation seemed most 
likely to give accurate results, and this paper shows results 
of using it in two different ways.

A p p a r a t u s  a n d  O p e r a t io n

The general outline of the vacuum distillation apparatus 
for use in connection with the distillation of petroleum is 
shown in Bulletin 207 of the Bureau of Mines. Some slight 
changes have been made to adapt the apparatus to the par
ticular purpose of dilution determinations. The most im
portant change is the substitution of a straight tube for the 
coil condenser. The apparatus as used consists of a Hempel 
flask, an accurate thermometer, a condenser, a glass receiver, 
a container of sufficient size to maintain a steady vacuum, 
a manometer, a vacuum pump, and motor. The automatic 
vacuum control, described in the bulletin, is used for main
taining a constant vacuum.

All connections are sealed with a litharge and glycerol 
mixture. The top of the glass jar is put on with a mixture 
of melted rubber and petroleum jelly. The charge of 100 cc. 
of oil is carefully measured into the Hempel flask before the 
joints are sealed. After the pump is started, a vacuum of 
40 mm. is maintained for our particular use. If some other 
point is chosen, care must be exercised in maintaining 
that point constant.

After the vacuum has become established, the oil in the 
flask is heated by means of a gas burner, electric heater, or 
any available source of heat which will bring the oil to its 
initial boiling point. The method in use at this laboratory 
is to determine the initial boiling point at the time when the 
first drop of oil falls from the end of the condenser.

This method of determination of dilution requires a knowl
edge of the initial boiling point of the motor oil before use 
in the crank-case. I t  is, therefore, advisable to run the initial 
boiling point of all oils in which the refiner is interested and

1 Presen ted  before the  Division of Petro leum  C hem istry  a t th e  67th 
M eeting of th e  A m erican Chem ical Society, W ashington, D . C ., April 21 
to  26, 1924.

to record them for future use. As long as one is sure that 
the process of manufacture remains the same, it is not neces
sary to obtain this preliminary reading a t each determina
tion, but checks should be run occasionally, or if there is any 
doubt in the matter.

F ir s t  M e t h o d

For the used crank-case oil, two general methods have been 
used. The first method in use is to introduce the measured 
quantity of oil into the Hempel flask and proceed exactly 
as in the determination of the initial boiling point on a fresh 
oil. The vacuum is kept a t the chosen point and distillation 
continued until a temperature has been reached equal to 
the initial boiling point of the oil before it was used in the 
crank-case.

The residue is permitted to cool in the vacuum and finally 
the flask is brought to atmospheric pressure. The residue 
is carefully drained from the flask and measured a t the 
temperature a t which the oil was introduced. The differ
ence gives the amount of dilution, which can then be readily 
calculated as percentage of dilution by volume.

S e c o n d  M e t h o d

The second method is to introduce into the glass receiver 
a tray of graduated test tubes, which can be turned to receive 
various fractions of the oil as they come from the condenser. 
A larger quantity of oil is desirable, however, when this 
method is used. The general procedure is identical with 
the previous determination, except that the distillate is caught 
and measured in fractions and heat is applied until a vapor 
temperature beyond the initial boiling point of the original 
oil has been reached. The residue in the flask is measured 
after cooling, its specific gravity read and adjusted with some 
of the last portions of distillate so tha t the specific gravity 
of the oil is the same as before use.

Tests of the individual fractions or the total amount of 
diluent can be made if it is desired to know their character
istics. The percentage of gasoline present, as well as th a t of 
kerosene, can be determined. Such determinations would 
necessarily be made with a larger quantity of oil or by means 
of two or more distillations.

C h e c k s

In order to check up on the accuracy of the first method, 
samples of lubricating oil were diluted with known quantities 
of gasoline and kerosene. The recovery in all cases was 
within an experimental error of 1  per cent, which is probably 
the best accuracy that could be expected with the method.

I t  has been found that the two methods will check fairly 
well with each other, and owing to the simplicity of the 
first method it is generally used. However, if a very ac
curate result is wished, it may be best to use the second 
method.

R e s u l t s

The following results were obtained on motor oils made 
from Midcontinent crude oil:

In itia l
Sam ple of boiling po in t / P b r  c b n t  D i l u t i o n  .

crank-case oil ° F . F irs t m ethod Second m ethod
A  500 8 8 .4
B  500 15 15 .2
C 505 20 20 .4
D  420 I S .4 18.6
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Use of Koehler Safety Lamp in Testing Tanks for 
Combustible Gases or Vapors1

By R obert E. W ilson and R obert E. Wilkin

WH EN gasoline or 
other light dis
tillate tanks are 

pumped out and cleaned, 
it is frequently necessary to 
make certain that no high 
concentration of combusti
ble gas or vapor is present, 
prior to making re p a ir s  
which might produce sparks 
and set fire to any com
bustible mixture. In the 
past the nose has very often 
been the judge on this point, 
but experience has shown 
tha t it is by no means alto
gether reliable, especially 
around a refinery where odors frequently pervade the entire 
surroundings. In some cases, particularly on oil tankers, the 
underwriters’ rules demand actual gas analyses before permit
ting repairs to be made. This is a difficult and time-consuming 
operation, and even this may be unsafe if, as frequently hap
pens in large tanks, there are gas pockets in some parts of 
the tank.

To care for this situation it was thought that a Davy safety 
lamp (a wick flame surrounded by a single gauze) might be 
used for such tests since its flame is known to flare up when 
placed in a combustible mixture. This lamp was tested in 
gasoline-air mixtures under dif
ferent conditions and appeared 
to be safe under all conditions 
which it  would be likely to 
meet, provided the flame was 
not turned very high. I t  was 
accordingly used in testing 
tanks, being carried into all 
parts of the tank.

I t  was found, however, that 
the Davy lamp had several 
drawbacks for the purpose.
I t  extinguished readily when 
carried o u td o o rs , an d  w as 
rather difficult to relight in a 
wind. Moreover, it gave a 
flame of rather irregular height, 
and gave no clear evidence of 
the presence .of the gas until 
the concentration approached 
the lower explosive limit.

height, and was sensitive to 
the presence of gas. I t 
therefore seemed desirable 
to learn just what concen
trations of gasoline and air 
could be detected by its use, 
and what flame height, etc., 
could best be used in mak
ing a semiquantitative test.

E f f e c t  o f  G a s o l i n e  C o n 
c e n t r a t i o n  i n  A i r  o n  

F l a m e  H e i g h t

Because of the difficulty 
in obtaining gasoline-air 
mixtures a t ordinary tem
peratures without partial 

condensation of the high boiling ends, a refinery cut called 
“hexane,” boiling from 38° to S2° C., was used to make up the 
mixtures. This probably is comparable to the gas found in 
gasoline tanks, since it is the lighter ends of gasoline which 
evaporate most readily.

K o e h l e r  S a f e t y  L a m p —The Koehler safety 'lam p was 
used as received from the dealers except that a graduated 
paper scale was pasted on each side of the lamp glass in order 
to measure the height and variation of the flame (Fig. 1). 
This lamp has an aluminium frame. The flame is inclosed by 
a glass and double, truncated, concentric gauzes. The

gauzes are shielded from air 
currents by a perforated alu
minium bonnet or shield. The 
burner takes a No. 1 wick and 
the fuel used was aviation gaso
line of a p p ro x im a te ly  65° 
A. P. I. gravity. The lamp is 
lighted by an internal mechan
ical relighter and the flame 
height is regulated from the 
bottom of the lamp. I t  has 
been approved by the U. S. Bu
reau of Mines for use in mines.

M e t h o d  o f  M a k i n g  t h e  
D e t e r m i n a t i o n s —Known 
mixtures of air and gasoline 
vapor were obtained bypassing 
a measured amount of air 
through a 2 0 0 -cc. flask into 
which hexane was dropped 
from a buret. This flask was 
h e a te d  to  insure complete 
vaporization of the hexane. 
The mixed gases were then 
passed into a 2 -liter flask to 
get uniform mixing before they 
went into the chamber contain
ing the lamp. The lamp cham
ber was 23 X 23 X 38 cm., 
with a glass window in one side. 
The top was covered only with 
a sheet of cardboard.

To overcome these objec
tions recourse was had to a 
Koehler safety lamp, which dif
fered from the ordinary Davy 
in being larger, better con
structed, and provided with a 
mechanical lighter and a glass 
shield for the flame. This lamp 
gave a very steady flame

1 Received Ju n e  IS . 1924. F io . 1 —K o s b i k r  S a f e t y  L a m p

S t a n d a r d  O i l  Co. ( I n d ia n a ) ,  W h i t i n g , I n d .

A s a result of thorough trial at Whiting, the Koehler safety lamp 
is recommended as a means of testing tanks and other inclosed 
spaces for freedom from  explosive concentrations of combustible 
gases. I t is simple, safe, and gives reliable indications i f  directions 
are followed. I t is especially useful in detecting gas pockets in cor
ners, or around outlets, sumps, etc.

A  scries of tests w a s  made to determine the effect of flame height 
on various concentrations of gasoline in air. I f  a flame with an 
initial height of 20 to 25 mm. is used, concentrations of gasoline 
vapor as low as 0.5 per cent by volume can be detected with certainly. 
This is from  one-third to one-fourth the concentration of the lower ex
plosive limit, but somewhat more than the safe limit for breathing 
fo r more than a few  minutes.

The method recommended for testing tanks with the Koehler lamp 
for gas is given in detail.
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The air and hexane were passed through the apparatus at a 
constant rate for 5 minutes and then the lamp with a previously 
measured height of flame was placed in the chamber. The 
height of the flame was observed immediately and again after 
5 minutes. The lamp was then removed and the height of the 
flame was observed outside to detect any creeping up due to 
heating of the lamp. If any creeping of the flame was de
tected the original height of the flame was corrected by this 
amount. A large number of tests were made, varying both 
the gas-air ratio and the original height of flame. The meas
ured rise in the flame and the calculated per cent of hexane 
gas by volume were recorded as in Table I  and plotted in 
Fig. 2.

T a b m j  I

combustion but enriched by combustible vapors from the 
wick. The indications of 1.5 to 1 . 8  per cent are, however, 
in general agreement with the literature. I t  is therefore 
possible by the recommended method to detect concentrations 
of one-fourth to one-third of this explosive limit by flame 
measurements with an original height of 20 to 25 mm.

ran ted  by  th e  accuracy  of the  da ta , b u t th ey  are used because the  results
are corrected  from  th e  original m easurem ents in ten th s  of inches.)

Gas Gas
Per cen t F lam e height Rise P e r cen t F lam e height Rise

b y  volume M m . M m . by volum e M m . M m .
.0 .5 7 1 2 .5 1 .2 1 .42 S .8 5 .0
0 .70 7 .5 1 .2 0 .S8 16.3 5 .0
0 .36 11 .3 1 .2 Ü.S2 16 .3 5 .0
0 .32 11 .3 1 .2 0 .69 3 3 .S 5 .0
0 .95 10 .0 1 .2 0 .66 23 .8 5 .0
0 .7 3 10 .0 1 .2 0 .7 5 27 .5 6 .2
0. GO 15.0 1 .2 0 .67 27 .5 6 .2
0 .51 6 .3 1 .2 1.19 20 .0 7 .5
0 . 06 6 .3 1 .2 1 .08 2 0 .0 7 .5
1.09 6 .3 1 .2 0 .87 2S.8 8 .7
0 .5 8 21 .3 2 .5 0 .9 4 2 3 .8 8 .7
1.03 13 .8 2 .5 0 .8 8 23 .8 8 .7
1.29 6 .3 2 .5 1 .46 13 .8 10.0
1.03 6 .3 2 .5 1.61 6 .3 10 .0
1.06 3 .8 2 .5 1.24 16.3 10.0
0 .67 16 .3 2 .5 1.47 17 .5 11.2
0 .64 16.3 2 .5 1 .82 12 .5 12.5
0 .36 3 3 .S 2 .5 1 .10 2 7 .5 12.5
0 .3 5 3 5 .0 2 .5 1.84 7 .5 Ex.°
0 .36 2 8 .8 2 .5 2 .0 0 12 .5 Ex.
0 .91 10.0 2 .5 2 .1 2 6 .3 Ex.
0 .6 9 15.0 2 .5 2 .1 2 13 .8 Ex.
0 .39 2 5 .0 2 .5 2 .12 28 .8 Ex.
0 .3 6 31 .3 2 .5 1.57 2 3 .8 Ex.
0 .3 8 3 2 .5 2 .5 2 .05 2 2 .5 Ex.
0 .5 0 3 6 .3 3 .7 2 .0 5 33 .8 Ex.
0 .71 2 1 .3 3 .7 1 .80 31 .3 Ex.
0 .45 2 8 .8 5 .0 1.94 10.0 Ex.
0 .60 28 .8 5 .0 1 .59 31 .3 Ex.

° Ex. indicates th a t  the flame did no t burn  s teadily , b u t flared irregularly
w ithin the gauze, indicating  th a t  the  lower explosive lim it was approxim ated .

In these tests there were two independent variables, the 
concentration of gas and the required height of the flame. 
I t  was almost impossible to predetermine accurately the 
exact concentration of the gas, or the height of the flame, so 
that one variable could be held constant while determining 
the effect of the other. The results, therefore, had to be ob
tained by varying both the flame height and the gas concen
tration over a wide range. In order to show these results to the 
best advantage they arc plotted theoretically in three dimen
sions, but practically by locating the points on a plane surface, 
in this case with the per cent of hexane and initial height 
of the flame as coordinates, designating the rise in the flame 
by numerical figures corresponding to each point, and drawing 
contour lines to represent the horizontal sections of equal rise 
in the flame height on the hypothetical three-dimensional dia
gram. By passing sections through the contours parallel to 
the two axes the effect of holding one variable constant is 
shown. For convenience three diagrams are given in which 
the tliree coordinates are combined in different ways.

C o n c l u s io n s —Fig. 2  shows that, while the results are 
slightly variable, on the whole the agreement is quite good. 
I t  is evident tha t the lamp is most sensitive when the flame 
height is 25 mm. or more. However, owing to the difficulty 
of being sure of a rise of 1.25 mm. and the fact that the higher 
flames tend to vary somewhat, an original height of approxi
mately 20 to 25 mm. is recommended. The “explosions” 
or flaring up of the flame within the gauze is not a reliable 
method of determining the lower explosive limit, as the compo
sition of the gas within the gauze is not identical with that 
entering the chamber, being impoverished by the products of

P r o c e d u r e  R e c o m m e n d e d  f o r  T e s t in g  T a n k s

The lamp should be lighted outside about 5 minutes be
fore entering the tank in order to insure a constant flame 
height. The flame is adjusted to between 20 and 25 mm. 
high and its height is accurately measured. If there is any 
appreciable odor of gasoline vapors near the outlet, the test 
should preferably be postponed to allow further ventilation. 
If the test is made under these conditions, a charcoal-filled gas 
mask should be worn. The tank is then entered and any rise 
in the flame can be interpreted roughly in terms of per cent of 
gas from the curve. As a precaution, the flame height should 
be checked outside the tank after the test to eliminate any 
error caused by the flame creeping up. In general, a tank 
should not be considered safe if the flame shows a definite 
rise of 2.5 mm. or more.

As an auxiliary to the lamp, it is desirable to fasten a mirror 
to the side a t an angle of 45 degrees which makes it possible 
to observe the flame height more easily and yet keep the lamp 
near the tank bottom where the concentrations of gas are 
likely to be a maximum.

The lamp is carried around inside the tank making observa
tions with the lamp near the floor and also in the down pipes. 
Any likely place for gas pockets should be especially tested.

One precaution must be emphasized—namely, tha t a tank 
may be substantially gas-free at the time of a test and then 
later become dangerous owing to a marked increase in tem
perature or decrease in air circulation. This, of course, can 
only happen if some liquid gasoline or oil is present a t some 
point, and the danger can be eliminated by inspecting thor-
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ougbly for liquid as well as gas a t all points. This can be done 
simultaneously if desired, utilizing the light of the safety lamp.

I t  must also be emphasized that the lower limit of 0.5 per 
cent detectable by this method is somewhat above the safe

limit for breathing for more than a few minutes. Ordinarily 
the tank repairs do not require men to remain inside the tank 
for any considerable period, but if this is necessary, gas mask 
protection might still be required for complete safety.

How Coal-Handling Costs Were Cut $5000 a Year1
By J. J . H artley

L in k -B e i/t  C o., C h i c a g o , It.!..

G e n e r a l  V i e w  o p  B o i l e r  R o o m  S h o w i n g  O v e r h e a d  B u n k e r  a n d  
T r a v e l i n g  W e i g h  L a r r y

reason, the “dark” side of the installation will first be con
sidered.

The entire installation cost about §20,000. Interest on
1 Received A ugust 13, 1924.

A p r o n  C o n v e y o r  C a r r y i n g  C o a l  f r o m  T r a c k  H o p p e r  t o  E l e v a t o r

Thus the equipment pays for itself every four years. This 
may seem a long period in comparison with the performance 
of some other machines, but it is an excellent example of 
what mechanical means can do to overcome labor difficulties 
and reduce overhead. The installation would probably be 
considered profitable if it saved only half the annual amount.

ONE of the most interesting examples of the reduction 
of overhead through the employment of mechanical 
means is tha t accomplished by a prominent Chicago 

concern.
For a number of years all the coal for their power plant was 

handled by hand. Under this method it was necessary to 
employ six firemen, in addition to drafting three or four men 
from other work, when there were cars of coal to unload. 
About six years ago it was decided th a t this method was 
too costly and the boiler room and power plant were com
pletely automatized through the installation of a coal-hand
ling system. This system consists of a track hopper, apron 
conveyor, gravity discharge elevator, overhead bunker, and 
weigh larry.

Of course, net savings cannot be calculated without first 
considering operation and maintenance costs. For this

this investment a t 6  per cent and depreciation a t the rate of 
5 per cent a year totals $2200. The items of repair, oil, 
attention, and so forth can be figured a t 1  per cent of the total 
cost, which $2 0 0 , when added to the annual operation charge, 
totals $2400. This last item is a very conservative figure, for, 
tru th  to tell, they have had only $51 worth of repairs in the 
entire time of this machinery’s operation—about six years. 
Only about 50 gallons of oil are used annually, and a half hour 
of one man’s time once each week is all that is necessary to  
keep the entire equipment in first-class working condition.

Now for the brighter side of the calculations. The equip
ment has reduced the number of firemen necessary from six 
to one, and the elimination of five firemen at $1500 a year 
means lopping off the pay roll a total of $7500 annually. 
Furthermore, the coal can be dumped into the track hopper 
(from bottom dump cars) without the necessity of extra 
men from the plant, and this eliminates considerable labor 
and cost. Not alone this, but the men in the plant did not 
relish leaving their regular work to shovel coal for a half day, 
and the installation of the track hopper and apron conveyor 
has completely done away with the old grumbling and com
plaint on the part of these men. B ut considering only the 
major item of $7500 a year through the elimination of the 
five firemen, the net annual saving would be in excess of 
$5000—after having subtracted from the gross saving the 
operating and maintenance costs.
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Rate of Absorption and Equilibrium of Carbon Dioxide in 
Alkaline Solutions1’"
By R. V. W illiamson and J . H . M athew s

U n i v e r s i t y  or W i s c o n s i n ,  M a d i s o n ,  W i s .

IN TH E commercial pro
duction of carbon diox
ide, less than one-half 

the total gas can be saved 
economically for market 
purposes. The purpose of 
this investigation was to 
study the factors influencing 
the rate of absorption of 
carbon dioxide in alkaline 
solutions, in order to deter
mine the possibility of in
creasing the efficiency of 
commercial production.

A p p a r a t u s

A n a p p a r a t u s  was de
veloped on the counterflow 
principle, as shown in Fig. 1.
The tower and reservoir were 
made from 7.62-cm. cast-iron 
pipe and t h e i r  c o m b in e d  
height was 182 cm. The
solution used as the absorbing agent was pumped from the 
reservoir T  by the pump B, and by regulating the overflow valve 
F  the solution could be forced into the top of the tower through 
the sprinkler G a t any desirable rate. The rate  of liquid flow was 
measured by th e  mercury-filled flowmeter C. The solution 
flowed over the baffles W, as it  descended into the reservoir, 
and in so doing absorbed the carbon dioxide which was circu
lating in the opposite direction as it  passed from the gas entrance 
K  to  the exit D. The composition of the gas mixture as well as 
its ra te  of flow through the apparatus was regulated by the valves 
Q and Q". One valve controlled the air supply and the other the 
carbon dioxide. By means of the cylinder X ,  a  constant gas 
pressure was maintained. The flowmeters R  and R ' served to 
determine the am ount of each constituent of the gas mixture 
which entered the apparatus; R “ was a calibrated gas m eter 
used for determining the to ta l am ount of gas passed through the 
apparatus and also for calibrating 
the flowmeters for m aintaining a 
gas m ixture of definite composi
tion; T ' was a  w ater m anom eter 
for measuring the pressure of the 
gas; A ',  A '"  was an electrical 
heating circuit for controlling the 
tem perature of the entering gas;
M  was a  valve for controlling the 
pressure of the gas in the tower;
5  was a  water-filled flowmeter for 
measuring the ra te  a t  which excess 
gas escaped from th e  tower; S ' 
was a gas m eter for m easuring the 
am ount of gas which was no t ab
sorbed; A , A ', A  was an electrical 
heating circuit for controlling the 
tem perature of the solution; V  
was a cork which floated on the 
surface of th e  solution to  prevent 
absorption of carbon dioxide while 
the air was being blown ou t of the

The effect on the rale of absorption of increasing the rate of liquid 
flow under conditions of liquid surface varying from a perfectly 
smooth surface to a oery turbulent one, and the result of increasing 
the rale of gas flow when a slight excess is already passing through 
the tower have been studied.

The rate of absorption of carbon dioxide in potassium carbonate 
solutions is practically independent of the concentration of potassium  
carbonate. I t increases with a rise in temperature up to a maximum  
of 70° or 75° C. and then decreases as the temperature is increased.

W ith the apparatus used, a 48 per cent decrease in the loss of 
carbon dioxide escapingfrom the tower and a decrease of 26 per cent in 
the time of operation Were obtained under a given set of conditions by 
carrying on the absorption at 70° C. instead of 25° C., provided the 
absorption was stopped when a saturation of 65 per cent was ob
tained.

A n  equation has been developed for calculating the rale of ab
sorption of carbon dioxide in alkaline solutions.

A  method is given for determining equilibrium conditions for 
K'.COi, KHCOi, and C02 at different temperatures with a m inimum  
amount of experimental data.

tower previous to  starting  ex-, 
perim ent; a t E  was placed a 
wire screen to  prevent the 
cork float from becoming 
misplaced in the reservoir 
when the solution was w ith
drawn. U was a stopcock 
for draining the apparatus, 
and also for removing samples 
fo r  a n a l y s i s  to  check the 
metered results or, in cases of 
high tem peratures, as the 
means of following the course 
of the experiment.

R a t e  o f  L iq u id  F l o w

Three types of absorption 
chamber were used in the 
study of the effect of the rate 
of liquid flow on the rate of 
a b s o rp t io n —namely, (1 ) 
the baffled tower shown in 
Fig. 1; (2) the same tower 
packed with approximately 
round pebbles, 2.5 cm. in 

diameter; (3) a specially constructed absorption box in which, 
the surface of the liquid was as nearly level as possible and 
without movement in any particular direction, although the 
liquid beneath the surface was flowing at the rate of 1 0  cm. per 
second.

For an increase of 100 per cent in the rate of liquid flow, 
after the surface over which the solution flowed was completely 
wet, the following increases in rate of absorption were ob-. 
tained:

Pebble-packed tow er 
Baffled tow er
Special absorption  box (floor level)

P e r  cent 
60 
50 
25

1 Received N ovem ber 19, 1923. 
s T his paper constitu tes the  m ajor 

p a rt of a  thesis  subm itted  b y  R . V. 
W illiamson in p a rtia l fulfilm ent of the  
requirem ents for the  degree of D octor 
of Philosophy a t  th e  U niversity  of 
Wisconsin. Pi q

These data show a substantial 
increase in the rate of absorp-- 
tion when the rate of liquid flow 
is increased, although there may 
be no disturbance of the surface. 
The greatest effect is produced,, 
however, under conditions of 
greatest turbulence.

R a t e  o f  G a s  F l o w

With constant pressure, an 
increase of 1 0 0  per cent in the- 
rate of gas flow, when a slight ex
cess of carbon dioxide was pass-, 
mg through the tower, caused 
an increase of 40 per cent in 
the rate of absorption and a loss, 
of slightly over 60 per cent of the 
increased flow of carbon dioxide. 
This means th a t the percentage 
loss was multiplied many times, 
by doubling the rate of gas. 
flow when a slight excess was. 
already passing through the»
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tower. In  commercial practice, the rate of flow would be 
governed by the amount of gas th a t could be economically 
allowed to pass out of the tower.

C o n c e n t r a t i o n  o f  S o l u t i o n

Preliminary experiments on the effect of concentration of 
potassium carbonate on the rate of absorption of carbon 
dioxide in a solution of potassium carbonate indicated that 
the rate of absorption was independent of the concentration 
of the salt. Some experiments were then conducted on the 
rate of absorption of carbon dioxide in solutions of potassium 
hydroxide of different concentrations. The results of these 
experiments are shown graphically in Fig. 2. At the first 
break in Curves I and I I ,  indicated by the arrows, enough 
carbon dioxide had been absorbed to convert all the potas
sium hydroxide to potassium carbonate. At the second break 
enough additional carbon dioxide had been absorbed to con
vert the potassium carbonate to bicarbonate. The remainder 
of these curves represents the saturation of the solution of 
bicarbonate. In  the case shown by Curve I I I  no bicarbonate 
is formed and there is no break in the curve as in the case of 
the potassium hydroxide.

From these curves it is apparent tha t the rate of absorp
tion is very greatly increased by increasing the concentration 
of potassium hydroxide, but is almost independent of the 
concentration of potassium carbonate. I t  also appears that 
the initial rate of absorption in distilled water is almost the 
same as in potassium carbonate solutions.3 A study of these 
curves showed tha t the rate of absorption in either a potas-

tional to the amount of hydroxide and inversely proportional 
to the amount of bicarbonate present.

Assuming the rate of absorption of carbon dioxide in water 
for this particular apparatus to be 2.4 liters per minute, the 
rate of absorption can be expressed in liters for any solution 
for this apparatus, as follows:

R ate =  (K  X Con) — (K ' X Cucoa) +  2.4

The concentration of H C 03 ions is proportional to the con
centration of hydrogen ions so tha t the equation may be 
written:

R ate  =  (K  X Con) -  (K " X Cu ) +  2.4

In  Fig. 3 is shown graphically the rate of absorption of a 
0.6 TV solution of potassium hydroxide plotted against the 
normality of potassium hydroxide on the x  axis to the left of 
the middle of the figure and against the concentration of 
potassium carbonate to the right of the middle of the figure. 
The results of the application of the equation as compared 
with experimental results are showrn by the circles on Fig. 3. 
The discrepancy a t the lower end of the curve is due to the 
experimental difficulty of determining the hydrogen-ion con
centration of a solution of potassium bicarbonate.

The equation may also be used for predicting the rate of 
absorption of carbon dioxide in any water solution if the 
hydrogen-ion concentration is known. The hydrogen-ion 
concentration of 0.5 N  solutions of trisodium phosphate, 
sodium carbonate, and disodium phosphate were determined 
and from these data the hydroxyl-ion concentrations were cal-
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sium hydroxide or carbonate solution was equal to the ab
sorption in distilled water plus an amount which was propor-

* T he  w ork of L edig an d  W eaver [J . A m . Chcm. Soc., 46, 650 (1924)], 
published since th is  w ork w as done, shows th a t  w hen carbon  dioxide is 
bubb led  th ro u g h  an  absorbing  liquid th e  ra te  of abso rp tion  p e r square  
cen tim eter is g rea te r in  d istilled w a te r th a n  in sodium  carb o n ate  so lutions. 
T h is  w ould n o t be a p p aren t in a large ap p ara tu s  of th e  tow er type , because 
th e  abso rp tion  g rad ien t betw een th e  to p  a n d  th e  b o ttom  of th e  tow er would 
be  abno rm ally  g re a t w ith  w a ter as com pared  to  alkaline  solu tions, owing 
to  th e  m arked  decrease in th e  abso rp tion  ra te  for w a ter w hen a  sm all am o u n t 
of carbon dioxide is p resen t.

culated. The values for the hydrogen and hydroxyl-ion 
concentrations were then substituted in the formula and the 
rates calculated. A comparison of the calculated and experi
mentally determined rates is given in Table I.

T a b l e  I
. R a t e  o f  A b s o r p t i o n  -
E xperim ental C alculated

Solution L ite rs /M in . L ite rs/M in .
N aaPO . 3 .4 0  3 .6 0
N a,C O j 2 .5 5  2 .5 8
NajHFCU 1 .87  1.81

^on
2 X 10-*

2 .7  X 10-*
8 .7  X 10-«
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M e c h a n is m  o f  A b s o r p t i o n  o f  C a r b o n  D io x id e  i n  A l k a l in e  
S o l u t io n s

Whitman and Keats4 have pointed out tha t the diffusion 
of a gas into a liquid in cases where there is. no chemical 
reaction between the gas and the liquid obeys the laws of 
heat transfer. They picture the diffusion as taking place 
across a two-film resistance; one film is a stationary liquid 
film and the other a stationary gas film at the liquid-gas

rate of absorption will reach a maximum value if the other vari
ables are kept constant. This was experimentally verified by 
measuring the rate of absorption for increasing concentra
tions of potassium hydroxide solutions.

The equation also shows that if the quantity r  is reduced, 
the rate of absorption should be increased. Stefan5 has shown 
tha t the diffusion of carbon dioxide into alcohol is nearly 
double the rate of its diffusion into water. If  this is due to 
the lower value of the liquid film resistance of alcohol or the 
value r  in the equation, the result should be an increased 
rate of absorption in an alcoholic solution of potassium 
hydroxide over th a t of a water solution of the same concentra
tion. This was also verified experimentally, and the results 
of the experiments on the rate of absorption in both the water 
solutions of potassium hydroxide of varying concentration 
and of alcoholic solutions are given in Table II.

N orm ality  of solution
T a b l i î  I I

R ate  of absorption«»
5 .5  9 .6
2 .0  9 .0
1 .0  6 .0
0 .6  3 .3
0 .6  alcoholic solution (95% ) 4 .8

a Expressed in cubic centim eters of norm al potassium  hydroxide n eu tra l
ized per m inute in a  sam ple of 20 cm . of solution.

These data show that increasing the concentration of po
tassium hydroxide above 2 N  had very little effect on the 
rate of absorption; that is, the rate of absorption approaches 
a maximum a t a concentration of about 2 N, which is in 
accordance with the predicted results. The alcoholic solution 
absorbed very much faster than the water solution of the 
same concentration, which is also in accordance with the 
predicted results.

junction. The rate of diffusion is directly proportional to the 
difference in the driving force between the two films and in
versely proportional to the film resistance. In  the case of a 
gas diffusing into a liquid, the driving force will be the differ
ence in pressure between the gas in the liquid film and in the 
gas film. The writers’ experiments are compatible with this 
idea if it is assumed that the function of the hydroxyl ions is 
to decrease the pressure or concentration of the carbon di
oxide in the liquid surface film. This increases the potential 
drop or driving force between the two films and thus increases 
the rate of diffusion.

The rate of absorption can be expressed by the equation:
P  — t>

R a te  =  K  X  „  y - 'R  +  r

where P  equals pressure in gas phase; p, pressure in liquid 
phase; R, gas film resistance; r, liquid film resistance.

Any factors influencing the variables in this equation will 
influence the rate of absorption. For example, stirring the 
liquid will cause a more rapid diffusion of the carbon dioxide, 
combined or uncombined, from the surface film into the 
main body of the solution and thus reduce the value of p in 
the equation. Likewise, an increase in the concentration of 
hydroxyl ions will cause reaction with the carbon dioxide and 
thus reduce the value of p. I t  is apparent from the equation 
that if sufficient hydroxyl ions are added to reduce the value of 
p  to such a small quantity tha t it becomes negligible, the

4 T h is  J o u r n a l , 1 4 , 1 8 9  (1 9 2 2 ).

E f f e c t  o f  T e m p e r a t u r e  o n  R a t e  o f  A b s o r p t i o n  i n  P o t a s 
s iu m  C a r b o n a t e  S o l u t io n s

The effect of temperature on the rate of absorption of carbon 
dioxide in potassium carbonate solutions of 0.1 and 0.5 N  
concentrations a t temperatures ranging from 0° to 90° C.

• Chcm. Zcnlr., 4 9 , 3 6 9  (1 8 7 8 ).
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and for gas mixtures ranging from 4 to 100 per cent carbon 
dioxide was studied.

The temperature of the apparatus was kept constant to 
within ±  1 ° C. The course of the reaction was followed by 
withdrawing samples of 20 cc. a t definite intervals and 
titrating the amount of bicarbonate formed by the Winkler 
method. Titrations were also made for total alkali in each 
sample to correct for any change of concentration due to evap
oration or change in volume with change of temperature of the
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solution. The quantity of alkali necessary for each titration 
was measured into a flask previous to taking the sample in 
order to lessen the interval between the time of removing the 
sample from the apparatus and adding it to the alkali, so as to 
avoid changes in equilibrium. Previous to taking the sample, 
the flask and pipet used for sampling were filled with gas of 
the same composition as tha t entering the tower, so as to pre
vent decomposition of the sample due to a difference in the 
partial pressure of carbon dioxide within the apparatus and 
tha t of the atmosphere of the room.

This method of following the reaction was necessary be
cause of the difficulty of controlling all the varying factors and 
reading the gas meters during the experiments. The samples 
were measured into the alkali solution a t definite intervals 
during the experiment and titrated after finishing the experi
ment.

From the data thus obtained, the rates of absorptibn were 
calculated when certain fractions of the total carbonate had 
been converted to bicarbonate. These rates were then plotted 
against the percentage of carbonate converted to bicarbonate. 
In  Fig. 4 is shown a typical set of curves. I t  will be noted that 
the curve at 25° C. shows more than 100 per cent of bicarbonate 
formed. This is due to the fact tha t a t 25° C. not only is all 
the carbonate converted to bicarbonate, but the solution dis
solves an added amount of carbon dioxide in excess of tha t 
necessary to convert the carbonate to bicarbonate. At the 
higher temperature, however, the carbonate is not completely 
converted to bicarbonate with the concentration of gas used in 
this set of experiments.

I t  is apparent from this set of curves th a t a maximum in the 
rate of absorption is reached a t about 70 ° C. E ither above or 
below this temperature the rate of absorption is less. This 
was found to be true for all gas mixtures from 4 to 100 per 
cent and for 0.5 and 0.1 N  solutions of potassium carbonate.

In  Fig. 5 is shown the percentage increase in the rate of 
absorption plotted against the temperature for gas mixtures 
of 4, 25, 50, and 100 per cent carbon dioxide. I t  is apparent 
from these curves that an increase of 60 per cent in the 
initial rate of absorption is obtained by maintaining the solu
tion a t a temperature of 70° or 75° C. instead of 25° C. I t  will 
be noted from Fig. 4 tha t the rate of absorption drops off more 
rapidly a t the higher temperatures than a t 25° C. However, 
the rate of absorption is higher a t 70° than a t 25° C., until 65 
per cent of the carbonate has been converted to bicarbonate.

I t  appears, therefore, tha t the best conditions for the re
covery of carbon dioxide by absorption in potassium carbonate 
solutions and later expulsion from solution by boiling are (1) 
to cool the weak liquor coming from the boilers to approxi
mately 75° C. and to maintain it a t th a t temperature; (2) 
to continue the absorption until 65 per cent of the carbonate 
solution has been converted to bicarbonate; and (3) return it 
to the boilers for boiling off the carbon dioxide, thus convert
ing the solution to carbonate again.

Experiments with the apparatus used in this research 
showed a decrease of 48 per cent in the loss of carbon dioxide 
escaping from the absorption tower when a gas mixture of 4 
per cent carbon dioxide was passed through the apparatus at 
the rate of 2.83 liters (0.1 cubic foot) per minute and at a 
temperature of 75° C. (instead of under the same conditions 
except a t a temperature of 25° C.), provided the experiment 
was not carried beyond a conversion of about 65 per cent of the 
carbonate to bicarbonate. Not only was the loss in carbon 
dioxide decreased 48 per cent, but the time of operation was 
decreased 26 per cent.

E f f e c t  o f  P a r t ia l  P r e s s u r e

From the data obtained in connection with the effect of 
temperature on the rate of absorption, the rates of the various 
gas mixtures a t 25° C. were plotted against the partial pressure 
of the carbon dioxide, as shown in Fig. 6. From this curve it 
is seen tha t the rate of absorption is directly proportional to 
the partial pressure of the carbon dioxide.

V a r ia t io n  o f  R a t e  o f  A b s o r p t io n  w it h  T e m p e r a t u r e

There are two factors working in opposition to each other 
which tend to produce changes in the rate of absorption with 
change of temperature, as shown in Fig. 5. As the tempera
ture is increased the rate of diffusion of the gas into the solu
tion is increased, owing

I
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to variations in the re
sistance of the gas and 
liquid surface films and 
to a decrease in the 
pressure of the carbon 
dioxide in the liquid 
surface film produced 
by the increased veloc
ity of the reaction be
tween the free alkali 
and the carbon dioxide.
On the other hand, as 
the temperature is in
creased the partial pres
sure of the carbon di
oxide is reduced, owing to the increased partial pressures of the 
water vapor. The effect of the increased diffusion is greater 
than the decrease in partial pressure of the carbon dioxide until 
a temperature of 70 0  or 75 ° C. is reached. At this point the de
crease in partial pressure of the carbon dioxide more than 
counterbalances the increase in diffusion; therefore, the rate of 
absorption decreases with a continued increase of temperature.
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E v o l u t i o n  o f  C 0 2 f r o m  a  B o i l i n g  S o l u t i o n  o f  K H C 0 3

As is well known, the amount of bicarbonate in equilibrium 
with the carbonate in a solution of the alkali carbonates de
creases very rapidly with rise of temperature, especially 
above 75° or 80° C. At the boiling point the decomposition 
proceeds very rapidly for a short time and then becomes 
slower and slower as the proportion of carbonate to bicarbon
ate increases. In  the manufacture of carbon dioxide it is de
sirable to convert the bicarbonate to carbonate in as short a 
time as possible.

Some experiments were performed to determine the effect 
of raising the boiling point of the solution by increasing the 
pressure on the system. This was accomplished by fitting 
two flasks containing 200 cc. of 0.5 N  potassium bicarbonate 
solution with rubber stoppers carrying a thermometer and 
6-mm. exit tube bent so the exit could be dipped into a 
cylinder containing mercury. One of the flasks was ar
ranged so th a t the exit was 50 mm. below the surface of 
mercury in a glass cylinder, while the other was open to the 
atmosphere. The solutions were heated so that distillation 
took place a t practically the same rate in each. Five cubic 
centimeter samples were removed at measured intervals and 
titrated to determine the change in concentration. The 
data are shown in Table I I I .

T a b l e  I I I — C h a n c e  i n  C o n c e n t r a t io n  o p  C a r b o n a t e  a n d  B ic a r b o n a t e  
w h e n  a  0 .5  N  S o l u t io n  o p  K H C O a  I s  B o il e d  u n d e r  D i p p e r e n t  

P r e s s u r e s

Time in te rva l T em pera tu re  Cc. 0.5 N  KHCOa T o ta l alkali in 5 cc.
M inutes ° C. 5-cc. sam ple in term s 0.5 N  HC1

Atmospheric pressure
0 99 .7 5 .00 5 .00

30 99 .9 2 .56
33 100.2 6 .15
57 100.2 2 .05
62 100.3 7 .90
85 100.3 1 .90
97 100.3 12.60

Atmospheric pressure plus 55 mm. mercury
0 104.9 5.00 5 .00

20 105.0 2 .43
30 105.0 5 .8 5
57 105.0 2 .10
61 105.0 7 .36
91 105.0 2.08
90 105.0 12.55

The results of these experiments indicate tha t there is no 
advantage in raising the temperature of the boiling solution 
by increasing the pressure on the system. The data show that 
after the ratio of the concentration of bicarbonate to carbonate 
becomes approximately 1 to 3.3, the concentration of the bi
carbonate remains approximately constant while the concen
tration of the carbonate increases steadily as evaporation 
takes place. In  other words, after the first few minutes of 
boiling the rate of decrease in concentration of carbon dioxide 
is directly proportional to the rate of increase in concentra
tion of potassium carbonate. Since the rate of increase in 
concentration of potassium carbonate is determined by the 
rate of distillation, the rate of decrease in concentration of 
carbon dioxide is also determined by the rate of distillation.

E f f e c t  o f  T e m p e r a t u r e  o n  E q u i l i b r i u m  o f  S o l u t i o n  o f  
K 2CO3, KHCO3, a n d  C 0 2

As shown in Fig. 8, the change in equilibrium of a solution 
of potassium carbonate and potassium bicarbonate, for a given 
partial pressure of carbon dioxide and for the temperature 
range indicated, is a straight-line function of the temperature. 
This fact taken in connection with a modification of McCoy 
and Smith's6 equation for the equilibrium for a given tempera
ture makes it  possible to calculate the amount of carbonate and 
bicarbonate in any such solution for any temperature and par
tial pressure of carbon dioxide within the limits of these 
experiments, by two equilibrium measurements.

• J .  A m . Chem. Soc., 33, 4 6 8  (1 9 1 1 ).

By determining the equilibrium conditions for a given 
partial pressure of carbon dioxide a t the limits of the tempera
ture range desired and plotting the results as a straight- 
line function of the temperature, the ratio of carbonate and 
bicarbonate can be determined for any other temperature 
within those limits. By use of the modified McCoy and 
Smith equation

Ckicoi X P *coi _  „
( C l < H C O l ) S

* PcOî «  p a rtia l pressure of carbon dioxide in the  gas phase.

the ratio of carbonate to bicarbonate can be calculated for 
any other partial pressure of carbon dioxide. In  Fig. 7 
are given graphical data showing the relation of the partial 
pressure of carbon dioxide to the percentage composition of

potassium carbonate and bicarbonate. The points on the 
curve for 76° C., indicated by crosses, were calculated by 
the method described above. The effect of temperature 
on equilibrium is also shown in Table IV.

T a b l e  I V — C a r b o n a t e  C o n v e r t e d  t o  B ic a r b o n a t e  a t  V a r i o u s  T e m 
p e r a t u r e s  a n d  P e r c e n t a g e  C o m p o s i t i o n  o p  C a r b o n  D i o x i d e  p o r  a 

• 0 .5  N  S o l u t io n  o p  P o t a s s iu m  C a r b o n a t e

COj in gas 
m ixture T em pera tu re

Portion  of 20-cc. 
sam ple converted  

to  KHCOa Per cen t KiCOa con
Per cent ° C. Cc. verted  to  KHCOa

100 75 19.56 9 7 .8
100 85 18.64 9 3 .2
100 92 17.12 85 .6

50 50 19.8-1 99 .2
50 76 18.60 93 .0
50 85 17.56 87 .8
50 95 14.40 72 .0
25 28 20 .00 100.0
25 56 19.00 9 5 .0
25 78 17.20 8 6 .0
25 91 to  95 14.40 6 1 .0

5 26 17.84 89 .20
5 40 16.90 84 .50
5 60 14.69 73 .30
5 80 10.90 54 .50
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F i g . 2 — T o p  V i e w

voltage binding posts, E , through hard-rubber bushings, G, 
screwed into D.

A cylindrical soft iron core, S , 3/ 4 inch in diameter and 2 '/2 
inches long, is suspended by brass adjusting screw, F, threaded

1 R eceived Ju n e  7 , 1924.
* M echanician, Chem ical L aboratories.

F i g . 4 — B o t t o m  V i e w

of the silver oxide produced by a slight arcing a t such a con
tact makes fouling impossible under ordinary conditions.

In  the apparatus described a horizontal position of the mov
ing disk should be provided by mounting the device in a ver
tical position. The distance through which the moving con
tact is lifted when the magnet circuit is closed is regulated by

F i g . 3 — E l e v a t i o n

A New Design Circuit Breaker for Laboratory Thermostats1
By G. Frederick Sm ith and C. E . H ollister2

U n i v e r s i t y  or I l l i n o i s , U r b a n a , I I I .

through D, screwed fast into S, and provided with lock nut,
H. The bottom end of the soft iron core is provided with a 
Vs-inch hole extending 7/s inch up through its center.

A triangular piece of W in ch  sheet brass, J  (see also Fig. 4), 
cut to inscribe a circle of 33/s  inches diameter is filed blunt at 
each point to fit into jacket tube B, to which it is fastened 
with a machine screw a t each point. A hole 6/s  inch in diame
ter is placed in the center of / .

K  is a hard-rubber, insulating block 1 inch in diameter and 
5/ i 6 inch thick, slightly countersunk into J, to which it is 
attached by machine screws, N. Threaded into K  are the 
two high-tension binding posts, M . The inserted screws of 
M  are provided with '/sir-inch drill holes, into which are 
wedged the stationary silver contacts, 0. Contacts 0  were 
made from V s-inch silver wire machined down to Vw inch at 
one end to be wedged into M, and are of such length as to ex
tend Vs inch above J .

P, made from a telephone receiver sounding disk (see also 
Fig. 4), is the only moving part. A disk of silver y 32 inch 
thick and V2 to 9/ie inch in diameter is riveted to brass peg R, 
of such diameter as to fit loosely into the Vs-inch hole of soft 
iron core, S, into which it extends 3A inches. (R should be 
lacquered to insulate from S  and coated with grease to aid in 
smooth operation.) The weight of the moving contact thus 
constructed is between 6  and 7 grams. Three copper pegs 
set in the bottom of S, and filed off until just protruding, 
prevent actual contact of P  with S.

After one trial winding it was found that solenoid A  would 
lift moving contact P  through a suitable distance against 
gravity with the flux provided by approximately 1 0 0  ampere 
turns. A calculation showed tha t approximately 1V4 pounds 
(cost S3.10 from standard dealer) of No. 31, B. & S. gage, 
silk insulated copper wire (lacquered wire should serve as 
well) would be sufficient if 6  volts were employed. A winding 
of 60 layers and approximately 10,000 turns resulted. Ten 
milliamperes through the magnet coil are thus used.

O p e r a t i o n  a n d  D i s c u s s i o n

The use of silver contacts for the purpose described to 
prevent fouling is quite general practice. The silver should 
be 99.5 per cent pure, or better, and riveted rather than soft- 
soldered supports should be provided. The high conductivity

A  M ODIFIED telegraphic relay is ordinarily used as a 
circuit breaker in the operation of the heating circuit 
of electrically controlled laboratory thermostats. A 

new design of circuit breaker is desirable which will eliminate 
the difficulties met in the use of the telegraphic instrument. 
This article describes a device having the following qualities:

1—The power contacts will continuously open and close a  100- 
w att heating load a t  110 volts.

2—The use of condensers has been found unnecessary 011 vol
tages up to  110.

3—Springs are eliminated.
4— T h e  magnetizing 

winding operates a t  low 
voltage w ith low current 
density in order to  m ini
mize arcing a t the m er
cury contact of the 
toluene regulator.

D e s i g n  o f  ¿ \ p p a r a t u s

Fig. 1 is a cross sec
tion of the complete 
device. Photographs 
of the top view, eleva
tion, and bottom view, 
respectively, are given 
in Figs. 2, 3, and 4.

In  Fig. 1, A is a 
hardwood spool 3Vis 
inches in diameter at 
the ends and 2 V 2 inches 
high, with a Vi-inch 
hole and 3/i6-inch wall 
thickness a t the ends 
and center. Spool A 

is suspended within an iron tube, B, 3 inches long, 3 '/.i 
inches outside diameter, and 3/ 32-inch wall thickness, machined 
from a standard 3-inch pipe nipple. A  is supported within 
B  by countersunk screws through the iron into the ends of the 
spool and by screws, C, and top cross support, D.

The top cross support D  (see also Fig. 2) is a brass strip 
1 inch wide and Vs inch thick, fitted rigidly to the spool casing 
with two machine screws at each end. D supports the low-

F i g . 1
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the screw and lock nut seen in the center of Fig. 2. The soft 
iron core is thus moved to and from the moving magnet disk.

The circuit breaker described will operate continuously in 
a 110-volt, A. C. line consuming 80 to 120 watts, with a break
ing of the circuit at least once a second resulting in no stick
ing or fouling. I t  was used successfully to operate a 500-watt 
electrical heater in a 110-volt line, where much less frequent 
contacts were made. Barely visible arcing of the mercury- 
platinum contact of a toluene regulator resulted in the use 
of the device described.

Duplicates of this apparatus made at the University of 
Michigan were tested through courtesy of A. L. Ferguson and 
L. 0 . Case, using 220 volts in the high potential circuit with

an energy consumption of approximately 100 watts. I t  was 
found impossible to prevent fouling of the silver contacts 
under these conditions without using a 0.025 microfarad 
condenser a t contacts M  (Fig. 1). The apparatus described 
can be used in the vacuum tube type of thermoregulator con
trol circuit described by D. J. and J. J. Beaver3 with some 
obvious modifications in wiring.

Duplicates of this apparatus have been used in these labo
ratories during the past year with the best of results. The 
toluene-mercury thermoregulator described by Davis4 was 
used with excellent results.

■ T in s  J o u r n a l , 1 6 ,  3 S 9  ( 1 9 2 3 ) .
4 A m . Citem. Soc., 37, 1198 (1915).

Determination of Moisture in W heat and Flour1
P art II

By H arry  Snyder and Betty Sullivan

R u s s b l l - M i l l b r  M i l l i n g  C o . ,  M i n n e a p o l i s , M i n n .

Fluctuating flour moisture results were obtained by drying flour 
over sulfuric acid and phosphoric anhydride. Duplicate results 
on successive days were followed by other and different sets of so- 
called constant Weight losses. Drying flour over desiccating agents 
is no more accurate than other methods, because with each a contest 
goes on as to which, flour or desiccating agent, will possess the last 
trace of moisture. Dcsiccalion offers no reliable way to standardiz
ing other methods, since there is always an uncertainty as to when 
the end point incident to drying is reached. Flour is highly hygro
scopic and when dry a good desiccating agent, absorbing moisture 
from  reagents used for drying.

When flour is dried above the boiling point of water there are 
certain points at which moisture losses are pronounced, indicating

I N A previous article2 are reported moisture results when 
flours are dried for 5 hours: (1) in a water oven heated 
to the temperature of boiling water, (2) in an electrically 

heated air oven a t 105° C., and (3) in a vacuum oven a t 100° 
C. with a vacuum pressure of 500 mm. and upwards of 
mercury. A study was also made of various methods of 
drying over desiccating agents to determine if a method 
could be devised tha t would give the free moisture of flour 
without including other forms of moisture or causing chemical 
changes during drying tha t affect the accuracy of moisture 
results. I t  was desired to find such a method for stand
ardizing other procedures of drying in which heat is employed, 
as well as heat and diminished air pressure, commonly known 
as vacuum drying.

In  this article, P art II, results are given when flours are 
dried in various ways over desiccating agents. The general 
technic, such as size of samples and drying dishes used, noted 
in Part I, has been followed throughout the investigation. 
In  drying over sulfuric acid, unless otherwise stated, 15 and 
20-cm. (6 and 8-inch) desiccators containing fresh charges 
of acid of 1.83 to 1.84 specific gravity were employed. The 
investigation was in progress several months and a study 
made of some of the more important factors which affect 
moisture determinations when desiccation and other methods 
of drying are employed. Not all the results are reported, 
as this seemed unnecessary when they harmonized with those 
-of other investigators and with well-established principles.

* R eceived M ay  19, 1924.
1 T h i s  J o u r n a l , 1 6 , 7 4 1  (1 9 2 4 ) .

chemical as well as physical changes, in which water of hydration of 
the carbohydrates and proteins is involved. When flour is dried 
in any way dexlrinization of the starch occurs with change in solu
bility proportional to the Water of hydration expelled from  the starch.

Flour moisture results reported in standard worlds on foods are 
generally on a low dexlrinization basis with partial dehydration 
of proteins. Differences of from I to 3 per cent occur when different 
methods for determining flour moisture arc used, in which variable 
amounts of water of hydration are removed along with the free or 
hygroscopic moisture. Due allowances for these differences in 
moisture results should be made in commercial practices in which 
the weight and moisture content of flour are involved, as well as in 
research problems on wheal and flour.

D r y i n g  o v e r  S u l f u r i c  A c id

Tests were made to determine the effect which the quantity 
of acid used for desiccation had upon the moisture results. 
Portions of the same flour were dried in duplicate over differ
ent amounts of acid. In  Fig. 1, drying over 600 cc. of acid, 
Graph 2, shows a maximum of 13.42 per cent of moisture, 
while drying over 200 cc. of acid, Graph 1, shows a maximum 
of 12.95 per cent followed by a drop to 12.53. In Fig. 2, the 
flour used contained 1 per cent less moisture than that used 
in Fig. 1. Here again the larger amount of acid caused 
more rapid drying a t first, but a t the end of 10 days the 
difference in results obtained by the two quantities used was 
less appreciable. In  these tests where different amounts of 
acid are employed, if a new factor is introduced, such as a 
flour with a different moisture content, the conditions of des- 
i ccation are changed as reflected in the graphs. The analyst 
has no way of anticipating the time required for complete 
desiccation, even with a definite amount of acid, except by 
resort to extended trials, and even then he may secure con
flicting results. There are certain phenomena, such as al
ternate gains and losses from day to day, that appear in many 
of the tests. These are discussed in later paragraphs.

In another test (Fig. 3) a flour (No. 3) dried over 100 cc. 
of acid yielded 9.5 per cent maximum moisture on the third 
day, and 9.85 per cent when dried over 500 cc. of acid. At 
the end of the seventh and eighth days each showed about 
9.35 per cent. I t  is interesting to note tha t between the 
third and fourth days a loss occurred in each, while on the



following.day one registered a loss and the other a gain in 
moisture.
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T a b l e  I — L o s s  o f  W e i g h t  i n  D r y i n g  F l o u r  o v e r  S u l f u r i c  A c id

F l o u r  N o . 4----------- s r---------- -■Fl o u r  N o . 5----------- »
O ver O ver Over O ver

600 cc. 200 cc. D iffer 600 cc. 200 cc. D iffer
acid acid ence acid acid ence

D ays P e r  cen t P e r cent P e r cen t P e r c en t P e r cen t P e r  cen t
*/< 7 .1 5 6 .7 9 0 .4 6 6 .1 6 5 .5 3  . 0 .6 3

1 11.85 11.53 0 .3 2 10 .93 10.39 0 .5 4
2 12.71 12.43 0 .2 8 11.82 11.46 0 .3 6
3 13.11 12.73 0 .3 8 12.14 11.84 0 .3 0
4 13.30 13.26 0 .0 4 12.62 12.14 0 .4 8
6 13 .22 12.81 0.41 12.37 11.86 0 .51
7 13.16 12 .95 0 .21 1 2 .2S 12.03 0 .2 5
8 13.11 12.73 0 .3 8 12 .25 11.28 0 .9 6
9 13 .04 12 .48 0 .5 6 12 .15 11.07 1.08

10 13.17 12.53 0 .6 4 12.23 11.69 0 .5 4
12 13 .42 12.47 12.38 0 .0 9

Flours Nos. 4 and 5 (Table I) were dried alike, each over 
200 and 600-cc. portions of fresh acid. When 600 cc. of acid 
were used for desiccation, two high points were reached for 
each flour—at the end of the fourth and tenth days—while 
with the 200-cc. portion of acid the losses and gains were more 
erratic.

T a b l e  I I — D r y i n g  F l o u r  ( N o .  6 ) o v e r  6 0 0  C c .  S u l f u r i c  A c id

D ays E x p t. 1
—  P e r  c e n t  W a t e r  — 

E x p t. 2 A verage
1 11 .30 11.10 11.20
2 12 .25 12.21 12.23
4 13.04 12.76 12 .90
5 12.81 12.74 12.78
7 13.23 13 .05 13.14
8 13.08 12.89 12 .99
9 12.94 12.73 12.84

11 13.07 13.37 13.22
12 13.14 12.91 13.03
13 12.86 12.56 12.71
14 12 .79 12 .50 12 .65
15 12.60 12.57 12.59
17 13 .42 13.43 13.43
18 13.18 13.14 13.16
19 12.98 12 .70 12.84

Flour No. 6 (Table II)  dried over sulfuric acid 11 days 
yielded 13.22 per cent moisture; then a gradual decline was 
observed for 4 days followed by a peak result of 13.43 per 
cent on the seventeenth day. This peak result was not 
constant, however.

T a b l e  I I I — D r y i n g  F l o u r  ( N o .  7 )  o v e r  S u l f u r i c  A c id
P e r  c e n t  W a t e r

D ays E x p t. 1 E x p t. 2 A verage
2 10.86 10 .82 10 .84
5 12.74 12.62 12 .68

11 13.10 12.99 13.00
22 13.42 13.39 13.41
25 13.29 12.82 13.06
27 12.82 12 .76 12.79
29 12.66 12.65 12.66
32 12.97 12.92 12.95
33 12.80 12.77 12.79
35 12.87 12.82 12 .85

: fresh HjSCh
38 12.70 12.50 12.60
39 12.51 12.46 12.49
40 12.41 12.39 12.40
41 12 .12 12.21 12 .17
42 12.33 12.37 12 .35
43 12.43 12.37 12.40
45 12.53 12.60 12.57
46 12.41 12.42 12.42

In  Table I I I , Flour No. 7, duplicate results with long- 
continued drying over sulfuric acid are given. A maximum 
moisture of 13.41 per cent was secured at the end of 22 days, 
followed by a 13-day period with a downward trend. Then 
the flour was put over a fresh quantity of acid and dried 11 
days longer. The new acid not only failed to remove any 
additional moisture, but on the contrary a reverse action 
occurred and the flour gained moisture from the acid. At the 
end of the forty-sixth day the flour regained nearly 1 per cent 
of the moisture previously given up to the acid. Similar 
fluctuating results were obtained with other samples.

A t one time or another the moisture results may approach 
each other on the same or on different days when different 
amounts of acid are used, but there is no way of knowing 
in advance when a maximum or a minimum result will be

secured. A very confusing condition arises when a seemingly 
constant weight is secured on two successive days, only to 
find later, or with a different amount of acid, still another set 
of so-called constant weight results.

D r y in g  o v e r  H 2SO.j w i t h  R e d u c e d  A i r  P r e s s u r e

A few tests were made when the air pressure in the desicca
tors was reduced, but added difficulties were encountered 
because the flour was 
so exceedingly fine and 
light that traces of it, 
raised by the suction, 
dropped into the acid 
and accelerated the 
formation of sulfuric 
d io x id e . N o th in g  
seemed to be gained 
by the evacuation of 
the desiccators except 
to hasten the process, 
and the same daily 
fluctuations in weight 
occurred both with and 
without e v a c u a tio n .
A few examples are 
given in Tables IV 
and V.

T a b l e  IV — D r y i n g  o v e r  S u l p u r i c  A c i d  ( F l o u r  N o .  8)
(5 m m . H g  pressure)

M oistu re
D ays P e r  c en t

1 1 2 .SO
2 13.05
3 13 .10
4 12 .80
5 12 .85
6 13 .20

Some ofj[the same flour dried continuously for 6 days with
out opening the desiccator yielded 13.20 per cent moisture.

After a peak result the flour may gain in weight, as pre
viously noted with ordinary sulfuric acid drying.

T a b i ,b  V — D r y i n g  o v b r  S u l f u r i c  A c i d  ( F l o u r  N o .  9 )
(5 m m . H g  pressure)

M oistu re
D ays P e r  cen t

6 12.68
S 12 .59

15 11 .82

Daily fluctuating moisture results when flour is dried over- 
sulfuric acid are noted by a number of investigators. Cham
berlain, Gore, and Weber, of the U. S. Department of Agri
culture, Bureau of Chemistry,3 obtained daily losses and gains,
of moisture when flour was dried over sulfuric acid ranging 
from 0.1 to 1 per cent. In  reporting the results to the Asso
ciation of Official Agricultural Chemists, Weber attributes, 
the flours’ final gain in weight as due to absorption of small 
quantities of vapors of sulfuric acid, which he states are ever
present “at all times within the desiccator, which may exert a. 
slight influence on the determinations.” He determined 
the total sulfur in the original flour as 0.164 per cent, and in 
the flours dried 12 and 20 days over sulfuric acid as 0.212' 
and 0.210 per cent, respectively. When the sulfur content 
of the original flour is reduced to the dry m atter basis as 
after drying, the gain in sulfur from drying over sulfuric- 
acid is about 0.023 per cent or one-half of the apparent gain 
when the results are not on the same moisture basis. Un
doubtedly, an absorption of acid vapors takes place when 
flour is dried over sulfuric acid, but a fluctuation of 1 per cent 
in the W 'e ig h t of the flour is not due alone to physical absorp
tion of small amounts of sulfuric acid vapors by the flour 
during drying, but to the chemical changes induced in the-

'  Bur. Chemistry, Bull. 105, 60 (1907).
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flour. As will be noted later, a small amount of sulfur dioxide 
■or sulfur trioxide along with other factors causes chemical 
changes which affect both the proteins and the carbohydrates 
of flour.

T a b l e  V I
P e r  c e n t  M o is t u r e  (0 .5  M m . P r e s s u r e )

D ried  over D ried over
D ays HjSO« HPOs

Flour N o. 10
2 10.86 9 .8 0
5 12.74 11.91

11 13.10 12.50
22 13 .42 ,.

Flour N o. 11
3 12 .50 12.75
4 12.80 13.30
5 13 .25 13.12
0 13 .05 12.80
7 13 .15 12.72

Flour N o. 12
10 13 .25 12.80
20 13.54 12.45

11

10
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// I  p < J f > e r  C c n t< jfn c r j£  ^ JZ.6Z
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so
W f*r frrtu

F io . 2

jsl yj
P c r c t n t  f / x  °  
o f  M o ! s t u n  Ort)f>tx o*/y)

The hygroscopicity 
of various carbohy
drates has been deter
mined by Brown.-* 
Inasmuch as flour is 
composed of 72 per cent 
or more of starch, its 
hygroscopicity should 
be more or less in har
mony with this chief 
c o m p o n en t. T w o 
series of tests were 
made to determine the 
rate and extent of ab
sorption of moisture by 
dry flour. Flour No. 
7, after drying (in du
plicate) 22 days over 
sulfuric acid was placed

over water in a desiccator. Fig. 5 shows the rate and amount 
of moisture absorbed (at about 25 ° C.) up to 5 days. (Curves 
1 and 2 are duplicate tests.) In  less than 3.5 hours the dry 
flour absorbed more moisture than it had originally. At the 
end of 5 days about 30 per cent of moisture was absorbed.

4 T u i s  J o u r n a l , 14 , 7 1 2  (1 9 2 2 ).

Similar results were obtained in a second series of tests, re
corded in Table VII.

In  the second series, after drying over sulfuric acid, the 
samples were also placed in a desiccator over distilled water 
a t about 25° C.

T a b l e  V I I — H y c r o s c o p ic it y  o p  F l o u r

.------------------- P e r  c e n t  W a t e r -------
H ours T e s t 1 T est 2

0 0 .2 6  0 .1 3
48 25 .69  25 .39
71 25 .95  26 .48
95 27 .37  26 .99

T e s t 3 
0 .8 2  

25 .48  
26 .26  
27 .60

In 4 days about 27 per cent moisture was absorbed by the 
dry flour.

Stockham6 reports tha t a flour may absorb up to 34.78 
per cent moisture when exposed a t a low temperature in a 
saturated atmosphere. While these are extreme conditions

D r y i n g  o v e r  P h o s p h o r i c  A n h y d r i d e

Anhydrous phosphoric acid as a drying agent generally 
gives lower final results than sulfuric acid; but here again, 
when a supposedly constant weight is secured and one peak 
result is obtained, a contest goes on between the phosphoric 
anhydride and the flour as to which shall possess the last 
traces of water. Moisture absorbed by phosphoric anhydride 
causes an impervious, glassy layer to form, which results in 
the desiccation proceeding much more slowly. Phosphoric 
anhydride has the advantage of yielding no volatile products 
as does sulfuric acid, and is a more efficient desiccating agent 
.at first; but as soon as the surface film of water is formed on 
phosphoric anhydride its efficiency is lowered much more 
Tapidly than in the case of sulfuric acid, -where the water 
■can be mixed with the rest of the acid by shaking. One is 
never sure in either case when the end point of the changes 
incident to drying has been reached. Neither method is 
suitable for daily flour-mill control work because of the 
unavoidable inaccuracy of the results secured and the length 
of time required for complete drying. Comparative results 
obtained by drying over anhydrous phosphoric acid and 
sulfuric acid are given in Table VI.

H y g r o s c o p i c i t y  o f  F l o u r

I

/7ovr A/o3- Sc/ays o f f e r  
m il l in g  - B oth  curves aro  .
a v e ra g e s  o  /  d u p f/c a te  te s fs

r s es
f- ’o r c z n f  /V3 O

C u p fe r  P o r t i o n  O f  M c h t t / n  G n ifh  O n ly )

F ro . 3

where small amounts of dry flour are exposed in a thin layer 
to an atmosphere of maximum humidity, the results suggest 
what may take place a t times in the handling of flour in the 
laboratory and also to a lesser extent in the outer and other 
parte of flour in packages exposed to variable atmospheric 
conditions such as occur in ordinary handling and transporta
tion under commercial conditions. These results emphasize 
the fact that the weight and moisture content of flour are 
subject to constant change responding to atmospheric con
ditions of humidity and temperature. Through these con
stant changes the dry matter weight of flour remains fairly 
constant.

P h y s i c a l  a n d  O t h e r  F a c t o r s  I n v o l v e d  i n  D e s i c c a t i o n

When flour is dried in a desiccator over sulfuric acid, a 
change in the surface tension occurs with the varying amounts 
of water removed from the flour, accompanied by a change in 
the surface film of the new acid-water mixture; and this new 
film has a different concentration from the original acid. The 
concentration of water in the film in turn decreases the sur
face tension of the solution. Changes in vapor pressure due 
to the water taken up from the flour, as well as from the air 
when the desiccators are opened, dilute the surface film 
of the liquid, which makes the drying less efficacious. Other 
factors, frequently overlooked, are size and shape of the 
desiccators, the surface area of the acid, and its distance 
from the material when dried. Other things being equal, 
the greater the surface area of the acid and the nearer it is 
to the flour the faster will be the rate at which moisture is

1 N .  D . A g r . E x p t .  S t a . ,  Bull. 1 2 0 .
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F io . 4

removed. The temperature during drying, the humidity 
conditions, and extent of exposure during weighing are fac
tors which, individually and collectively, affect the results.

I t  was thought a t the beginning of'the tests that an equa
tion or mathematical formula could be developed tha t would 
express the rate a t which water was given off from the flour

d u rin g  desiccation, 
but this was not 
found possible. In  
addition to the purely 
physical changes in
cident to desiccation, 
c e r ta in  ch em ica l 
changes also occur 
which involve the 
v a r io u s  fo rm s in 
which water is pres
ent in flour. As pre
viously stated, the 
g re a te r  portion is 
present as free or hy
groscopic m o is tu re , 
easily removed during 
drying; then comes a 
smaller an d  m ore  
v a r ia b le  p o r tio n  
w h ic h  r e q u i r e s  
greater physical force 
for its separation; and 
finally a portion that 
is chemically united 

with the proteins and carbohydrates, known as water 
of hydration. There is an appreciable overlapping of these 
different forms in which water is present, which renders its
separation and determination a difficult problem.

Dry flour is often a better desiccating agent than sulfuric 
acid, and can a t times dehydrate the acid. Ordinary con
centrated sulfuric acid contains a t least 7 per cent water, and 
when the flour is dried it will take up a small amount of water 
from the acid. During desiccation the moisture equilibrium 
between the flour and acid is subject to constant change, and 
as a result small amounts of water are constantly passing 
back and forth between the flour and the acid, and any 
equilibrium tha t is established is necessarily of short dura
tion. This is to be noted in all the tables and curves given. 
After seemingly constant results were obtained, the per
centage of water might either decrease or increase steadily for 
several days and then a reverse change occur. This anoma
lous behavior is not necessarily due to changes in atmos
pheric humidity (although humidity a t times is the factor), 
as gains and losses occurred on the same day, independent of 
possible humidity changes largely precluded by the weighings 
being made in covered dishes.

C h e m i c a l  C h a n g e s  I n c i d e n t  t o  D r y i n g  F l o u r

When flour loses its moisture, either by desiccation or by 
drying in other ways, chemical changes occur which involve 
both the proteins and the carbohydrates. As this work on 
the determination of water in flour progressed it became evi
dent that it would have to be extended to include a study of 
the chemical changes occurring when flour is dried. Ilu lett 
and Nelson6 have reported (see also P art I  of this article) 
that when flours are dried in a nearly perfect vacuum a t 110° C. 
the only volatile product given off is water. The data in 
P art I  show that, while most of the moisture in flour is given 
off near the boiling point of water, between this point and

• T h i s  J o u r n a l , 1 2 , 4 0  (1 0 2 0 ) .

110° C. an additional amount, nearly 2 per cent more, is given 
off. I t  cannot be assumed that, because no appreciable 
gaseous products other than water are expelled between 110° 
and 180° C. when flour is heated in a nearly perfect vacuum, 
there is no possibility of any chemical changes such as dis
sociation of water of hydration below the point at which 
H ulett and Nelson started their tests.

Any chemical changes tha t occur during drying affect 
either the proteins or the carbohydrates of the.flour or both. 
The effects of different drying temperatures upon the water 
of hydration of wheat proteins were reported by Snyder7 
a number of years ago. When dried over sulfuric acid, more 
or less complete dehydration of the proteins may occur; 
moreover, it takes but an exceedingly small amount of sulfur 
dioxide to change completely the character of the proteins 
of wheat and cause them to lose their agglutinating properties. 
The fumigation of a ship with sulfur has been known to de
stroy the bread-making properties of a consignment of flour 
stored in the ship’s hold. The prolonged action of heat at 
the temperature of boiling water likewise brings about a 
similar change. After 5 hours’ heating a t 110° C. (open air), 
the glutens are greatly modified and lose part or all of their 
binder properties, while a t 80° to 90° C. a change in the 
colloidal character of the gluten complex occurs. Osborne* 
dried his wheat proteins over sulfuric acid, followed by drying 
a t 110° C. in order to secure anhydrous proteins. Leucosin, 
a soluble protein forming about 0.4 per cent of the wheat 
kernel, Osborne reports, is coagulated a t 50° to 60° C. Other 
proteins are also reported as modified by the action of heat. 
They are'often spoken of as the “coagula” of protein mixtures. 
The action of heat on the proteins causes a rearrangement of 
the molecular structure.

After studying the curious behavior of flour during drying, 
particularly the ease of dextrinization of wheat starch, there 
is no longer any doubt that the changes are chemical as well 
as physical, and th a t water is involved. The data show that 
water is not given off in drying flours a t an even rate, as would

F ro . 5

be the case if the loss were purely physical, but that between 
certain temperatures—as water-oven drying and air-oven 
drying 5 hours a t 110° C., also corresponding points, tempera
ture and vacuum jointly considered, in vacuum drying, 
as noted in Part I—an appreciable amount of water, about

» U. S . Dept. Agr., O. B. S . Bull. 101. See also ‘‘.W heat F lour, I ts  
W eight and  M oisture C o n te n t.”  Pub lished  by  th e  M illers N ational 
F edera tion , Chicago, 111., 1923.

* "T h e  Troteins of th e  W heat K erne l.”  T he  Carnegie In s titu tio n  of 
W ashington, D. C.
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1.75 per cent, is given off by all flours regardless of the 
amount of free moisture removed a t lower temperatures.

T a b l e  V I I I — D r y in g  F l o u r  i n  V a c u u m  O v e n  (5  H o u r s ) ,  S h o w in g  
P o in t s  a t  W h i c h  A b r u p t  L o s s e s  O c c u r

Excess
T em pera tu re tem pera tu re
range cen ter in  vacuum

vacuum P er cent cham ber abou t
D a te cham ber Pressure loss as boiling point

Jan u a ry ° C. M m . H g w ater ° C .
7 93 to  96 700 to  725 13.59

13.63
55

8 106 to  108. 675 13.50
13.46

62

9 45 625 to  650 11,83 0 to  1
10 61 675 12.69

12.84
15

11 61 660 to  685 12.88
12.89

15-to 17

14 75 to  78 700 to  725 13.30
13.77

35 to  40

15 106 to  108 725 to  750 13.50 88

In this connection it is interesting to note the results re
corded in Table V III, when a flour is dried 5 hours in a 
yacuum oven' a t different temperatures and pressures. 
Since water boils a t 37.8° C. in the vacuum chamber with 
712-mm. pressure, it would naturally follow tha t when the 
yacuum chamber registers 78° C. and the pressure remains 
at 712 mm. there would be an excess temperature over 
the boiling point of water of 40.2° C. At this point max
imum moisture losses begin to take place, and as the mar
gin widens to 55°, 62°, and 88° C. no additional losses 
occur. When the margin is decreased there are two points 
a t wliich moisture losses are pronounced: (a) a major loss 
occurring between 0 and about 12 degrees above the boil
ing point of water, and (b) a minor loss from 1 to 25 de
grees higher, while beyond this point losses appear to be 
reasonably constant. An examination of Table V III shows 
that the moisture losses in drying flour do not follow a gradual 
curve, but a t the points noted abrupt losses occur indicating 
chemical changes.

When flour is dried, dextrinization takes place followed by a 
marked change in the solubility of the carbohydrates and also 
in the color of the flour as well as other physical and chemical 
characteristics. T hat pure starch is partially changed to 
other forms of carbohydrates during desiccation, even a t a 
comparatively low temperature, has been noticed by other 
investigators. Malfitano and Moschkoff3 in their work on 
starch structure have shown that where pure starch is dried 
at various temperatures over anhydrous phosphoric acid 
dextrinization occurs, accompanied by a change in the ratio 
of carbon to hydrogen and oxygen, due to the successive states 
of elimination first of water of hydration and then water of 
formation from the starch molecule. Twenty days’ drying 
at 25° C. increased the solubility of the starch from 0 to 28 
per cent, while 48 hours’ drying a t 50° C. rendered 57 per cent 
soluble. At 130° C. dextrinization took place a t a rapid rate. 
These results are in accord with the writers’ conclusions as 
to the rate of dextrinization of wheat starch.

The dextrinization of the starch during drying, together 
vrith the dehydration of the proteins with elimination of water 
of hydration in both cases, fully accounts for the anomalous 
moisture results secured in the determination of moisture in 
flour.

C o m p a r i s o n  o f  D e s i c c a t i o n  w i t h  O t h e k  M e t h o d s  o f  
D r y i n g

Rigid comparisons of desiccation with other methods of 
drying to determine flour moisture content are difficult to 
make, because all methods are more or less conventional and 
dependent upon the specific conditions under which the tests 
are made. A common method of procedure is to dry until a 
so-called constant loss of weight is secured, the assumption

• C o m m , r in d . ,  1 5 4 , 4 4 3  ( 1 9 1 2 ) .

being that such a weight signifies tha t all of the free or hy
groscopic moisture has been expelled. This is not a correct 
assumption. Constant weight is a variable term, and is al
ways limited to the conditions under which, the drying has 
occurred; with each new set of conditions a different set of so- 
called constant-weight moisture results are secured. A 
maximum moisture result by no means represents the exact 
free moisture content of a flour. As yet there is no way of 
determining where the free or hygroscopic moisture ends and 
where the chemically combined moisture begins to be dis
sociated.

Drying over sulfuric acid with or without vacuum is no 
more accurate than other methods. Yielding variablo re
sults as noted, it cannot be taken as the basis for standardiza
tion of shorter methods in which heat is employed.

Generally speaking, the maximum moisture results obtained 
by drying over sulfuric acid arc somewhat lower than with 
vacuum-oven drying (100° C. and mercury pressure of 000 
to 700 mm.), although a t times the difference is negligible 
and occasionally the acid drying gives slightly higher results. 
A few typical comparative tests are given in Tables IX  and X.

T a b l e  I X — M o is t u r e  C o n t e n t  o p  F l o u r s

D rying  over HjSO«
(m axim um ) V acuum  oven®

P er cen t P er cen t
• 9 .9 9  10.09

13 .43  13 .45
13 .03  13 .22

9 .51 10.69
13.54  13.05
13 .25  13 .72
11.00  11 .70
13.58  13 .20

a 5 hours 100° to  103° C ., 600 to  720 m m .

T a b l e  X — M o is t u r e  i n  F l o u r  D e t e r m i n e d  b y  V a r io u b  M e t h o d »
D esiccation 
over II jSO i

W ater ovena A ir oven* V acuum  o venc (m axim um ) 
Series P e r c en t P e r c en t P e r c en t P er cen t

1 11 .30  13 .33  14.37 13 .90
2 11 .20  13 .00  13 .98
3 11 .27  13 .57  14 .09
4 11 .10  13.24 14.23

Average 11 .25  13 .30  14 .32  . . .
a H eated  w ith  boiling w a ter 5 hours. T em pera tu re  cen ter of d ry ing  

cham ber a b o u t 90. 5® C.
b 17 hours a t  100* C.
« 5 hours a t  103° C ,, 700 to  740 m m .

In  Table X are results where the same sample of flour was 
dried in different ways on the same and on different days. 
For example, in Series 1 are the results obtained by testing 
in the various ways noted, all tests being made on the same 
day. In  Series 2 the same tests were repeated 5 days later, 
and in subsequent series a t like intervals. The résulte are of 
interest, as they show the extent to which variations may oc
cur when tests are made in different ways on the game and on 
different days, and under as nearly uniform laboratory con
ditions as can consistently be maintained. The tests suggest 
the limits of accuracy tha t can reasonably be expected when 
each method Î3 followed in a strictly conventional way.

In nearly all the literature dealing with the composition 
of wheat and flour, methods for determining moisture have 
been used which give appreciably lower results than either 
intermediate or extreme vacuum-oven drying. A correction 
of from 1 to 3 per cent is often necessary in order to bring the 
moisture results obtained by different methods to a common 
basis.

D anish Indus tries M ore Actire— D anish industries as a  whole 
enjoyed greater prosperity  during 1&23, according to  production 
statistics for th a t  year, in some cases even increasing th e ir o u tp u t 
by  50 per cen t over th a t  for 1922. Those industries which have 
shown the greatest degree of ac tiv ity  a re  tanneries and  shoe 
factories, cem ent factories, limestone factories, i/rick works, and  
oil mills. Increased operations were also specially noticeable in 
th e  iron and  textile industries.
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Influence of Mercury and Other Impurities on the Rate of 
Oxidation of W hite Arsenic by Nitric Acid1

By C. M . Sm ith and G. E. M iller

I n s e c t i c i d e  a n d  F u n g i c i d e  L a b o r a t o r y , M i s c e l l a n e o u s  D i v i s i o n , B u r e a u  o f  C h e m i s t r y , W a s h i n g t o n , D .  C.

B e c a u s e  high prices
were limiting the use 
of calcium arsenate, 

the most important insec
ticide2 for controlling the 
cotton boll weevil, a con
ference was held between 
the Bureaus of Chemistry 
and Entomology, of the 
Department of Agriculture, 
and the Geological Survey 
and Bureau of Mines, De
partment of the Interior, 
to consider plans for a study 
of the situation and to determine if measures could be taken 
to reduce the cost of this material. I t  was agreed tha t the 
Bureau of Chemistry, as its part of the project, should 
undertake a study of the chemical processes involved in the 
manufacture of calcium arsenate.

Inasmuch as the oxidation of white arsenic is one of the 
principal items of expense in the manufacture of calcium 
arsenate, and since it  had been frequently stated tha t com
mercial white arsenic from different sources varies greatly 
with respect to the facility with which nitric acid acts upon 
it, attention was turned first to a study of this problem.

Certain manufacturers stated that some white arsenic re
quires four or five times the usual period in the oxidation 
pots, as well as extra heat, to accomplish its solution. This, 
of course, causes an expensive delay in the whole process of 
manufacture of calcium arsenate. The information obtained, 
however, varied considerably with respect to the seriousness 
of this trouble, a few manufacturers even stating th a t they 
had experienced no trouble. Those who had had trouble 
suggested various causes. Some believed th a t it  was due to 
the physical condition of the arsenic; others attributed it  to 
the presence of impurities in the white arsenic.

A search of the literature a t first revealed no references 
to this subject, and the work described in this paper was 
practically complete before the discovery of the one article 
bearing upon it. Klemenc and Poliak3 record experiments 
upon the oxidation of arsenic trioxide in dilute solution. 
They found tha t mercuric ions retarded the oxidation to a 
remarkable degree, and tha t this retarding effect was evident 
in concentrations as low as 0.015 mg. of mercury per liter, 
below which the behavior was reversed and the mercury 
became an accelerator.

The conditions of the present problem differed from those 
obtaining in the experiments of Klemenc and Poliak. The 
present writers studied a heterogeneous system; Klemenc and 
Poliak, a homogeneous one; and the resulting arsenic acid 
concentrations were very much higher than those of the earlier 
investigators. The present work, however, confirms the im
portance of mercury in this reaction.

1 P resen ted  before th e  D ivision of A gricu ltu ral and  F ood C hem istry  
a t  th e  67 th  M eeting  of th e  A m erican Chem ical Society , W ashington , D . C ., 
A pril 21 to  26, 1024«

* M ore th a n  30 million pounds were used  in 1923 (Senate Document 
27, 68 th  Congress, 1st Session).

* Z , anorg. allgem. Chem., 115, 130 (1921).

P r o o f  o f  V a r i a t i o n  i n  
O x i d a t i o n

The first point investi
gated was the reality of the 
variation in the rate of oxi
dation of white arsenic in 
the manufacture of arsenic 
acid. All the larger manu
facturers of calcium ar
senate were asked to supply 
samples of white arsenic, 
particular emphasis being 
laid on obtaining products 

that had proved to be sluggish in actual plant operation.
Twenty-two samples, representing at least eleven sources, 

were received. Only one of them, Q, was stated to be slug
gish. One additional sample was prepared in the laboratory 
by dissolving reagent arsenious oxide of high purity in sodium 
hydroxide solution, precipitating with hydrochloric acid, and 
washing free from chlorides. The origin of each sample and 
the results of analyses are given in Table I.

After considering various means of determining the rate 
of reaction of a sample of white arsenic with nitric acid, the 
following scheme was adopted:

Tw enty grams of sample were placed in a flask and 50 cc. of 
30° Be. n itric acid (containing 41.3 per cent HNOj by weight) 
were added. The gross weight was determined and the flask was 
set in a  pan of w ater the tem perature of which was maintained, 
roughly, a t  50° C. The oxidation results- in th e  liberation of 
large quantities of oxides of nitrogen, w ith a  consequent loss of 
weight. This loss was determ ined a t  suitable intervals by re- 
weighing th e  flask.

This method, while not particularly accurate, gave suf
ficiently consistent and comparable results. The strength of 
nitric acid used, 30° Bé., was adopted as representing the 
average of the concentrations actually used in practice. The 
quantity  used, however, was about twice th a t necessary for 
complete oxidation of the white arsenic, and was adopted 
with the idea th a t it  would give more reproducible results.

I t  soon became evident th a t there is a  great difference in 
the rate of reaction. Three samples (S, E, and L) reacted so 
violently th a t they foamed out of the flasks and no obser
vations could be made upon them. This behavior, however, 
might have been the result of a combination of ordinary good 
reactivity with a state of unusually fine subdivision, the latter 
causing the foaming. The remaining samples showed slower 
but variable rates of reaction, and three of them (B , H, and 
Q) were almost totally inactive. The results are shown 
graphically in Fig. 1, the points on each curve representing 
the average of three independent observations in each case.

Ten samples (C, D, G, I , K , M , P, T, U, and Z), of which 
one was the check laboratory preparation, gave nearly iden
tical results. The initial rate of reaction was high, but it 
tapered off practically to zero after an hour or so, a t which 
time only very small residues were left undissolved in the 
flasks. The total loss in weight was, on the average, 4.7 
grams, which agrees approximately (calculated loss 4.0 grams)

In  the usual method of manufacturing calcium arsenate from  
lime and white arsenic, the latter is oxidized to arsenic acid by means 
of nitric acid. The rate at which this oxidation occurs varies widely 
with different lots of material, causing delay and increased cost in 
the manufacture when a sluggish lot is encountered. This behavior 
has been traced to the presence of small quantities of mercury in 
the while arsenic, 0.01 per cent being a quite powerful negative 
catalyst. Reactivity may be restored in such cases by the addition 
of small quantities of hydrochloric, hydrobromic, or hydriodic acids. 
These compounds, even in the low concentrations necessary, may, 
however, be corrosive to the metallic vessels in which the oxidation 
is frequently carried out.
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with the assumption of the evolution of nitric oxide in ac
cordance with the equation

3As20 3 +  4HNOj =  3As20 5 +  4NO +  2H20

That the loss of water by evaporation was negligible, except 
for th a t carried out by the escaping gases, is shown by the 
fact that the graphs become practically horizontal.

Three samples (A, W, and N) gave about the same total 
loss as the larger group just considered, but reached it less 
promptly. Four other samples (F, J , R, and 0) were anoma
lous both in being slow to react and in coming to a stop well 
below the point a t which the others ceased. No explanation 
for this has yet been found.

C a u s e  o f  V a r ia t io n

Naturally, the main interest in this investigation centered 
around the three samples (B, H, and Q) that did not react 
under the conditions of the tests. In  explaining this complete 
inactivity, two possibilities must be considered. Is it  phys
ical or is it  chemical in nature? The white arsenic trade 
recognizes two varieties of refined white arsenic—the “light” 
or “fluffy” kind, and the heavy or granular material. This 
variation is almost certainly to be ascribed to differences in 
particle size distribution, and might very well govern the 
degree of foaming, which sometimes reaches such proportions 
as to slow down the rate a t which the white arsenic can be 
fed into the nitric acid. But it seemed hardly credible that 
particle size could be the cause of complete failure to react. 
As a m atter of fact, both S, a very active sample, and B, the 
most inactive, were very fine grained, while Q was one of the 
coarsest samples. Therefore, a chemical explanation was 
sought.

A chemical explanation involves the presence of one or 
more impurities which must be present in small quantity, 
for it is well known tha t refined white arsenic generally runs 
better than 99 per cent As20 3. Detailed analyses of all the 
samples were made, and the results are given in Table I.

All the samples except 0  contained more than 98 per cent 
As20 3. O.was exceptional in containing only 84.5 per cent. 
This is explained by the presence of practically 11 per cent 
AsîOj, showing tha t the sample was partly oxidized during 
its sublimation. Every one of the other samples contained 
some AsiOs, but to a maximum of only 0.6 per cent in the 
case of Sample Q. Antimony was present in every sample, 
exceeding 0.5 per cent Sb20 3 only in three cases (C, E, and

U). Lead was present in seven cases, to a maximum of 
0.46 per cent PbO in Sample C. Sulfates were present in 
three cases (maximum 0.66 per cent S03 in 0), copper in 
three cases (0.01 per cent Cu in E, L, and Q), chlorides in 
twelve cases (maximum 0.09 per cent Cl in O), bismuth in 
one case (0.24 per cent Bi20 3 in L), and carbon in one case 
(0.06 per cent in Q, which was gray as a consequence). Tests

C B hOi T o ta l 
100.00 

U 0.6U  
9 0 .7 0  
0 0 .8 0  
0 0 .7 2

0 0 .8 1  
100.00 
1 0 0 . 2f> 
100.10
100.00 

0 0 . 8 8
-  0 .2 -1  9 0 .0 1

0 0 . 8 2  
0 9 .8 4  
0 7 . 8 3

0 0 . 0 8  
0 . 0 8  1 0 0 .0 0

1 0 0 .0 5

00.01 
9 0 .8 0  

100.10 
1 0 0 .3 0  
1 0 0 .1 7

for nickel and cobalt were made in each Bample and a trace 
of the former was found in Sample J . The figures for mer
cury, which turned out to be of particular importance, will 
be considered later.

S y n t h e t i c  T e s t s

I t  was not these analytical results, however, which gave 
the clue to the cause of the sluggishness. A t the same time 
a series of what might be called synthetic tests had been 
started, in which various elements and compounds were intro
duced into a particular system and the resulting effect on the 
oxidation was noted. In  choosing materials for trial two 
hypotheses served as guides: (1) tha t the impurity causing 
the trouble is adsorbed upon the surface of the white arsenic

b y  L o s s  o r  N r r e o c E M  O x i d e s .  2 0  G k a m s  A sjO »  +  5 0  C c .  3 0 °  B fi, 
H N O a . T e m p s  r a t  c * b ,  5 0 °  C .

and is insoluble in nitric acid, thereby preventing the access 
of the acid to the arsenic; and (2) tha t some impurities are 
catalysts, either positive in the case of the active arsenics, or 
negative in the case of the sluggish ones.

In  pursuance of the first idea, tin, lead, and manganese 
were tried, because their dioxides are insoluble in nitric acid. 
Tin seemed to have a very slight retarding effect, but the 
others had no effect.

T a b l e  I — A n a l y s e s  o f  S a m p l e s  o p  W h i t e  A r s e n ic
(F igures in per cen t. D ashes ind icate  te s t m ade w ith negative result. B lank spaces indicate no te s t m ade.) 

Acid-in- 
M ois- soluble

Sam ple S o u r c e C o l o r tu re residue AsjOa AsîOî
A Jap an W hite 0 .0 5 0 . 0 2 0 9 .8 4 0 . 1 2
B A ustralia W hite 0 . 1 0 0 . 0 2 9 8 .4 3 0 . 1 8
C M exico W hite 0 .0 4 0.11 9 8 .2 0 0 .0 4
D U nited  S ta tes W hite 0 . 0 5 0 . 0 2 9 9 .0 0 0 .3 7
E U nited  S ta tes Slightly 0 . 0 2 0 .0 2 9 8 .5 8 0 .0 1

F U nited  S ta tes
yellow

W hite 0 . 0 2 0 .0 3 9 9 .1 5 0 .0 6
G U nited  S ta tes W hite 0 . 0 5 0 .0 7 9 9 .3 0 0 . 3 4
II E ngland W hite 0 .0 1 0 .0 1 1 0 0 .1 1 0 .0 2
I Silesia W hite 0 . 0 2 0 .0 2 9 9 .0 7 0 . 3 5
J Belgium W hite 0 .0 2 0 . 0 3 9 9 .7 7 0 .0 4
K Jap an W hite 0 . 8 0 0 .0 1 9 8 .2 9 0 .11
L F rance Slightly 0 .2 6 0 . 2 2 9 8 .1 6 0 . 0 2

M U nknow n
gray

W hite 0.0Ö 0 . 1 0 9 8 .8 4 0 .4 7
N U nited  S ta te s W hite 0 .0 3 0 .0 4 9 9 .6 2 0.11
0 U nited  S ta te s S lightly 0 . 9 8 0 . 1 2 8 4 .5 2 1 0 .9 9

P G erm any
pink

W hite 0 .0 1 0 .0 1 9 9 .7 4 0 .1 8
Q U nited  S ta te s Q uite 0 .1 4 O.OS 9 8 .9 6 0 .6 1

R B razil
gray

S lightly 0 . 0 8 0 . 0 5 9 9 .7 6 0 . 0 5

S U nited S ta te s
gray

W hite 0 . 0 6 0 .0 0 9 8 .7 7 0 .5 6
T F rance W hite 0 .11 0 .0 3 9 9 .2 3 0 . 4 0
U Belgium W hite 0 .0 1 0 .0 3 9 8 .8 1
W U nknow n W hite 0 .0 2 0 .0 1 9 9 .9 6 0 .0 7
z P repared  in W hite 0 .0 1 - 1 0 0 .1 0 -

labo ra to ry

SbiOa RaOj PbO HgO SOa CaO Cu Cl N jO.
0.01 0 .02 — _ _ _ __
0 .02 0 .02 - 0.781 — » — 0.006 _
0 .72 0 .10 0.46 0.0039 — 0.03 — 0.059 —
0.17 0 .02 0.07 0.0011 — — 0.038 _
0 .87 0 .03 0 .15 0.0005 - - 0.014 0.023 -
0 .39 0.05 0.09 0.0038 — _ 0.017 _
0.17 0.06 0 .08 0.0015 — — — 0.014 _
0 .07 0 .02 — 0.014 — — _ —
0.01 0.03 — — . _ _ _ _ _
0 .15 0.03 — 0.0010 — — 0.014 _
0.01 0 .02 — — 0.64 _ _ _
0 .08 0 .28 0.04 - 0 .2 8 0 .05 0.014 - -
0 .25 0 .04 _ 0.0038 _ » _ 0.056 _
0.01 0 .03 — — — _ _ _
0.29 0 .18 - 0 .66 - - 0 .092 -
0.01 0 .03 « » _ — _ _
0.04 0 .09 - 0 .006 - - 0 .010 0.006 -

0.005 0 .10 - 0 .0015 - - - - T race

0 .22 0 .07 0 .12 0.0023 _ _ _ 0 .044 _
0 .07 0 .05 — — — — 0.002
1.31 0 .03 — Trace
0 .22 0.01 — — — — 0.013 —
0.05 0 .01 — - - - - —
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In  considering catalysts, experiments were made with 
compounds containing elements of variable valence. Among 
the materials tried were the oxides of copper, chromium, 
selenium, and antimony, and sulfur in the form of sulfates. 
All of these had no accelerating or retarding effect. Mercury, 
however, immediately revealed itself as a very powerful re- 
tarder. One-tenth of a gram of mercuric oxide (equivalent 
to 0.5 per cent on the basis of the white arsenic used), when 
added to 50 cc. of 30° B6. nitric acid, completely stopped the 
oxidation of 20 grams of every one of the active samples, 
even when the mixture was heated upon the steam bath.

D e t e r m i n a t i o n  o p  M e r c u r y

This discovery led to the attem pt to find mercury in the 
samples, this element having been omitted from the regular 
analysis. After some experimentation, the following method 
was developed which is capable of determining as little as 
0.001 per cent mercury:

A sample of white arsenic, am ounting to as much as 500 grams 
if the mercury content is very low, is dissolved by warming with 
about an equal weight of potassium carbonate and enough w ater 
to  cause solution of the la tter. This leaves a  residue of metallic 
oxides or metals, which contains the mercury. This residue is 
filtered ou t and dissolved in aqua regia (do no t evaporate much 
or m ercury m ay be volatilized), and the solution is made am- 
moniacal. Hydrogen sulfide is then passed through the mixture, 
and the resulting heavy m etal sulfides are filtered out. These 
are boiled w ith dilute nitric acid, containing 1 volume of concen
tra ted  nitric acid to  7 volumes of water, which should dissolve 
all b u t the sulfide of mercury. A fter filtering ou t the la tter, it 
is dissolved in potassium sulfide solution and electrolyzed in a 
platinum  dish, a fter which the deposit is washed and weighed as 
metallic m ercury. If m ercury is present in m inute quantities 
only, the deposit m ay be invisible. In  th a t case it  is well to  test 
for m ercury by treating  the dish w ith one or two drops of strong 
nitric acid, diluting somewhat, and dropping into the liquid a 
tiny  crystal of potassium iodide, which will give red mercuric 
iodide if m ercury is present.

The only trouble experienced with this method was in the 
analysis of Sample L. Some of the bismuth passed both the 
nitric acid and potassium sulfide treatments, and appeared 
in the platinum dish, where it  became evident when the de
posit was tested with potassium iodide. Bismuth iodide 
dissolves in potassium iodide solution to give a brown solution, 
whereas, mercury makes a colorless solution. The brown 
color is distinguishable from free iodine by not being dis
pelled upon the addition of a thiosulfate. The results ob
tained by this method are given in Table II.

T a b i ,e  I I — D e t e r m i n a t i o n  o f  M e r c u r y

Sam ple
HgO 

P er cen t Sam ple
HgO 

Per cent
A N one L N one
B 0.781 M 0.0038
C 0.0039 N None
D 0.0011 O N o t tested
E 0.0005 P None
F 0 .0038 1 0.00ft
G 0 .0015 0.0015
II 0.014 s 0 .0023
I N one T N one
J 0 .0010 U Trace
K N one w N one

z N one

Of the twenty-two samples tested, ten gave no test for 
mercury, eleven contained less than 0.01 per cent each and 
averaged 0.0036 per cent HgO, and one (Sample B) was quite 
anomalous in containing 0.7S per cent HgO. The inactive 
samples were B, H, and Q. Next to B, H  and Q contained 
the most mercuric oxide, 0.014 per cent and 0.006 per cent, 
respectively, supporting the assumption th a t mercury is the 
cause of the inactivity. The quantities of mercury in the 
other samples, however, cannot be similarly correlated with 
the reactivity shown in Fig. 1. W hether the reverse effect 
of very minute quantities of mercury described by Klemenc 
and Poliak is coming into play the writers are unable to say.

O v e r c o m i n g  t h e  D i f f i c u l t y

After having demonstrated a variation in the rate of oxi
dation of white arsenic, and tha t this variation is due to the 
presence of mercury, it becomes of importance to discover a 
means of overcoming the difficulty. As might be surmised, 
an increase in temperature accelerates the oxidation, but 
only in the presence of the smaller quantities of mercury, 
appreciable quantities of the latter element completely stop
ping the reaction even a t the temperature of the steam bath. 
Likewise, an increase in the strength of the acid used for the 
oxidation results in faster reaction, but here there are practical 
limits, for the whole process is based on using the nitric acid 
ju st as it  comes from the recovery towers, and it is probably 
impractical to run this much higher than 30° Bé.—in fact, 
several manufacturers use as low as 20° Bé., which is con
siderably less reactive than 30° Bé. acid. The removal of 
such small quantities of mercury by preliminary treatm ent of 
the white arsenic is out of the question, and the only other 
apparent line of attack is the addition of a chemical reagent 
which will counteract the effect of the mercury. A common 
method of increasing the oxidizing action of nitric acid is to 
add to it some hydrochloric acid. This was tried with the 
sluggish arsenics, and gave immediate results. Even Sample 
B  became as active as the most active by the addition of very 
small quantities of hydrochloric acid. The limit to which 
this accelerating action extends has not yet been determined, 
but definite results have been obtained in a dilution of one 
part of concentrated hydrochloric acid to several thousand 
parts of 30° Bé. nitric acid.4

I t  was subsequently found tha t hydrobromic and hydriodic 
acids are similar in their action to hydrochloric. This may 
seem natural a t first, since all three halogen acids liberate 
the corresponding halogens when mixed with nitric acid. But 
there is a peculiar significance in it. AVhile free chlorine and 
free bromine can oxidize arsenious oxide in strong acid solu
tion, free iodine cannot, and in fact the reverse effect occurs, 
hydriodic acid reducing arsenates to arsenites under such 
conditions. This lends force to the argument that the hal
ogen acids do not exercise their action directly on the arsenic, 
but actually neutralize the effect of the mercury, thereby 
permitting the nitric acid to accomplish its purpose. The 
mechanism of this action is not clear. Perhaps the mercury 
is present as an adsorbed layer and exhibits passivity to nitric 
acid, as so many other metals do. I t  is also well known that 
chlorides usually prevent passivity. But we know that the 
mercury can be completely in solution or a t least be added in 
tha t form, and still cause sluggishness. In  this case the ad
sorbed layer theory can be maintained only on the assumption 
tha t the reducing conditions on the surface of the white ar
senic crystals are so powerful that the mercuric salt in solution 
is reduced and thereby forms an adsorbed layer of mercury.

At any rate, the fact tha t hydrochloric acid in very small 
quantities-produces activation led to the hope that this re
agent could be used in the trade to speed up poorly acting 
arsenics. Consultation with several manufacturers revealed 
that this cure was already known to some, although it had 
not been mentioned by them in previous interviews. I t  was 
regarded as undesirable, however, chiefly because it caused 
corrosion of the metallic vessels in which the oxidation was 
carried out. There is, however, some doubt on this point, 
for, as shown in Table I, chlorides, or perhaps we had better 
say halides, occur naturally in some white arsenics. Twelve 
of the twenty-three samples contained quantities (calculated 
as Cl) ranging from 0.002 to 0.059 per cent with an average 
content of 0.024 per cent. This is a t  le a s t , comparable in

* Since th e  p resen ta tio n  of th is paper a  p a te n t (U . S. 1,493,798) covering 
th e  use of sm all p roportions of hydrochloric acid in th e  m anufactu re  of 
arsenic acid has been  issued.
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magnitude with the quantities which exhibit distinct ac
celerating effects, and raises the question as to why the cor
rosive effect of some lots of straight commercial white arsenic 
had not been noticed.

The investigation is being continued in an effort to see if 
other impurities present are taking part in the peculiar effects 
here noted. A different method of following the course of 
the oxidation has been developed, but up to date only ir
regular results have been obtained and it begins to look as 
if adsorptive effects were being encountered in the apparatus, 
such as were mentioned by Klemenc and Poliak.

C o n c l u s i o n s

1—The rate of reaction of solid white arsenic with 30° B6. 
nitric acid varies greatly.

2—The reaction is stopped by the addition of mercury.
3—White arsenic frequently contains mercury, and the 

reactivity seems to bear a relation to the quantity  present, 
if the latter is not too small.

4—The effect of the mercury can be counteracted by the 
addition of hydrochloric, hydrobromic, or hydriodic acid.

Nicotine Soaps1
By L. F . Hoyt

L a r k i n  C o . ,  I n c . ,  B u f f a l o ,  N .  Y .

N ICOTINE combines with many acids and salts to form 
definite compounds, and acts in most cases like a strong 
di-acid base.2 In  1918, Moore3 described the prepa

ration and insecticidal properties of a new compound, desig
nated a soap or soap-like salt, formed by the union of com
mercial grades of free nicotine and oleic acid (red oil). A 
study has recently been made of the products formed by the 
union of chemically pure nicotine with purified fatty acids, as 
well as of the products similarly prepared from commercial 
grades of nicotine and fatty acids.

Coconut oil, whose soda and potash soaps lather freely, 
and castor oil, whose soaps are characterized by very poor 
lathering qualities, were chosen as the two extremes for

oil. The nicotine soaps were easily made, the process being 
merely to mix, in the cold, equimolecular weights of nicotine 
and the fatty acid. Table I  shows some of the properties of 
these pure anhydrous nicotine soaps. Particular attention is 
called to the unusual range of solubilities, in which the 
nicotine soaps have properties commonly associated, on the 
one hand, with fatty  acids and, on the other, with soda or 
potash soaps. While soda and potash soaps are virtually 
insoluble in ethyl ether, petroleum ether, and carbon tetra
chloride, these three anhydrous nicotine soaps are freely 
soluble in these solvents, with the notable exception tha t the 
nicotine-castor oil-fatty acid compound, like castor oil fatty 
acids, is insoluble in petroleum ether.

T a b l e  I — C o m p a r is o n  o f  N ic o t in e  a n d  t h e  P u r e  A n h y d r o u s  N i c o t in e  S o a p s  o f  O l e i c  A c id  a n d  o f  t h e  M i x e d  F a t t y  A c id s
o f  C o c o n u t  a n d  C a s t o r  O il s

C a s t o r  F a t t y  A c i d  S o a p  
o r  " C a s t o r a t e ”  

3 1 2 .5  (m ean m ol. w t.)M olecular w eight of fa t ty  acids 
C om position of soap:

N icotine, per cent 
F a t ty  acid , per cent 
R atio , n ic o tin e :fa tty  acid 

Original color 
Consistency, 20° C.
B ehavior on chilling

Specific ro ta tio n , angu lar degrees,
1-dc. colum n 

Specific g rav ity , 15 .6 °/15 .6°  C. 
R efractive  index, 20° C.

Alcohol 
E th y l e th e r 
Petro leum  e th e r

C arbon te trach lo ride  
W ater

P u r e  N i c o t i n s  C ioH u N i  
( M o l . W t . 162.2)

G lycerol

V ery pale s traw  color 
L iquid
G radually  stiffens below 

— 30° C ., b u t rem ains 
perfectly  c lear a t  —78° C. 
a lthough  very  stiff and 
“ ta c k y ”  a t  th a t  tem p era 
tu re

( - )  164 .0
1.012 
1.5262

Soluble
Soluble
Soluble

Soluble
Soluble

Soluble

OLEATE
282.3

36 .5
63 .5  

1 :1 .7 4  
Amber 
Liquid

Stiff, translucent 
Solid a t  - 2 3 °  C.

C o c o n u t  F a t t y  A c i d  S o a p  
o r  " C o c o n a t b ”  

209.1  (m ean mol. w t.)

43 .7
56 .3

1 :1 .2 9
A m ber
L iquid

O paque solid a t —20° C ., 
P ou r po in t, —18° C.

( - )  40 .4  
0.948 
1.4S75 

Solubilities 
Soluble 
Soluble 
Soluble

Soluble
M iscible 1:1  to  th ick  clear 

paste . Soluble in excess 
to  a tu rb id  solution 

Soluble

( “ ) 4 8 .5  
0 .956  
1.4830

Soluble
Soluble
Soluble

Soluble

Soluble to  a  clear solution 
Soluble

3 3 .2
6 5 .8  

1 :1 .9 2  
A m ber 
L iquid

Stiff, clear solid a t  —29° C. 
P o u r po in t, —26° C.

( - )  2 9 .5  
0 .980  
1.4947

Soluble
Soluble
M iscible 1 :1, b u t insoluble 

in excess 
Soluble

Soluble to  a  c lear so lution 
Soluble

comparison with oleic acid, whose soda and potash soaps 
have intermediate lathering and surface tension properties.

P u r e  A n h y d r o u s  S o a p s '

The anhydrous products were prepared by combining 
100 per cent pure nicotine with pure dry oleic acid and with the 
mixed fatty  acids of edible grades of coconut oil and of castor

1 P resen ted  before the  Division of A gricultural and  Food C hem istry  a t  
the  67 th  M eeting  of the  American Chem ical Society, W ashington, D. C ., 
April 21 to  26, 1924.

2 B eilstein , "H an d b u ch  der organischen Chem ie,”  Vol. IV , p. 854.
* J .  Econ. Enlomol., 11, 341 <1918).

C o m m e r c i a l  G r a d e s

Commercial grades of nicotine oleate and of the nicotine- 
coconut oil-fatty acid compound were prepared and studied. 
The nicotine used was Nicofume, a 40 per cent solution of 
free nicotine. Commercial red oil (oleic acid) and commer
cial distilled coconut oil fatty acids were mixed with a quantity 
of Nicofume calculated to the basis of an equimolecular 
amount of pure nicotine. Table I I  shows some of the proper
ties of these commercial nicotine soaps. Their solubilities, 
owing to the water they contain, are in some cases quite 
different from the solubilities of the corresponding pure an-
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hydrous soaps. Both the pure and commercial grades are 
unstable on heating and lose their volatile base, behaving in 
this respect like the ammonium soaps.

T a b l e  I I — C o m m e r c i a l  N i c o t i n e  S o a p s

C o c o n u t  O i l - F a t t y  A c i d  
O l e a t e  C o m p o u n d

P e r  c e n t  P e r  c e n t

Composition
N icotine  2 3 .5  2 6 .3
F a t ty  acid 4 1 .2  3 4 .2
T o ta l active  ingredients

(i. e .r n icotine soap) 6 4 .7  6 0 .5
In e r t  ingred ien ts , chiefly

w a ter 3 5 .3  3 9 .5
C olor V ery  d a rk  brow n (like

caram el) D a rk  brow n
C onsistency So ft p a s te  S irupy  liqu id , solidify

ing to  stiff p a s te  a t  
a b o u t 10° C.

Solubilities
N o. 30 d enatu red  alcohol M iscible and  soluble to  

tu rb id  so lution
E th y l e th e r 
P e tro leum  e th e r

C arbon  te trach lo ride  
G lycerol

W ater

V irtu a lly  insoluble 
M iscible 1 :1 , only 

p a r tly  soluble in  ex
cess

V irtua lly  insoluble 
M iscible a n d  soluble in 

all p roportions to  
clear solution 

M iscible and  soluble to  
tu rb id  so lu tion

M iscible and  soluble to  
c lear so lution 

V irtua lly  insoluble

V irtua lly  insoluble

V irtua lly  insoluble 
M iscible an d  soluble in 

all p ropo rtions to  
c lear so lution 

M iscible a n d  soluble to  
c lear so lution

C o m p a r is o n  o f  S o a p - L i k e  P r o p e r t i e s  o p  P u r e  a n d  
C o m m e r c ia l  S o a p  S o l u t io n s

Comparisons were made of the soap-like properties of the 
pure and commercial nicotine soaps in solution, all the tests 
being made a t 20° C. The results are shown in Tables I I I  
and IV.

T a b l e  I I I — S o a p - L i k e  P r o p e r t i e s  o p  P u r e  N i c o t i n e  S o a p s

P u re  po tash  
coconut oil 
soap ; anhy-

P u r e  A n h y d r o u s  N i c o t i n e  S o a p s  o p  drous, and  glyc- 
C oconut oil C asto r oil erol free (for 

Oleic acid  fa t ty  acids f a t ty  acids com parison) 
Cc. Cc. C c. Cc.

Lathering test
■(1) D istilled w ater

0 .2 %  solution 185 415 0 500
0 .5 %  solu tion  310 630 10 950
1%  solu tion  N o t te sted  N o t te sted  100 N o t tested  

<2) H a rd  w a ter
(hardness 300 p . p . m.

CaCOa)
0 .5 %  so lu tion  0 85 0 N o t te sted
1%  solu tion  25 405 60 N o t te sted

Drop number
1%  solu tion  in

distilled  w a ter 153 201 232 430

L a t h e r i n g  o r  F o a m i n g  P o w e r —This te s t is a m easure of the 
surface tension of a soap solution versus air. A known weight 
of soap dissolved in  100 cc. of e ither distilled or hard  w ater of 
known hardness is pipetted  into a  1-liter, glass-stoppered cylinder, 
which'is shaken for 1 m inute in a m echanical shaking device, and 
the net volume of la ther rem aining a fter 1 m inute subsidence is 
recorded.

D r o p  N u m b e r —-This te s t is a  m easure of th e  interfacial sur
face tension between an  unsaponifiable oil and the soap solution. 
The larger the drop num ber, th e  lower is th e  intcrfacial surface 
tension. A large drop num ber is usually considered indicative of 
good w etting  and spreading properties. T he appara tus used 
consists of a  special brass stalagm om eter p ipet of about 5-cc. 
capacity  and having a capillary opening 0.1 mm. in diam eter. 
T he p ipet is filled to  a definite level w ith  a  solution of the soap to 
be tested  and clamped in position w ith the capillary opening 10 
cm . below the surface of 650 cc. of liquid petro latum —i. e., medici
nal m ineral oil— in an 800-cc., ta ll beaker. T he soap solution is 
allowed to  flow into the oil and  the num ber of drops formed is 
recorded.

S u r f a c e  T e n s i o n  b y  D u N o u y  S u r f a c e  T e n s i m e t e r —This 
tensim eter measures th e  force in dynes required to  detach a 
platinum  loop of 4-cm. circumference from -the surface of a  solu
tion. T h e  surface tension of pure distilled w a te r  as m easured by 
th is  instrum ent is 77.7 dynes per centim eter a t  20° C., and the 
addition  of sm all am ounts of soap m arkedly lowers th is value.

S p r e a d i n g  T e s t  (applied only to  the  1 :500 dilutions of the 
commercial nicotine soaps, th is dilution representing a  suitable 
concentration of nicotine for use as a contact insecticide)—A

piece of sheet m etal was coated w ith a  uniform th in  layer of par
affin. From  a capillary p ipet 0.3 cc. of the soap solution was 
allowed to flow onto the paraffined surface, forming a single large 
drop. T he diam eter of th is drop and th e  area to  which i t  could 
be mechanically spread as a continuous film was measured.
T a b l e  IV — S o m e  P h o p e x t i e s  o p  C o m m e r c i a l  N i c o t i n e  O l e a t e  a n d  

N i c o t i n e - C o c o n u t  O i l - F a t t y  A c i d  C o m p o u n d  i n  S o l u t i o n

C o c o n u t  O i l - F a t t y  
O l e a t e  A c i d  C o m p o u n d

C oncen tration  of soap solution
in d istilled w ater, except 1 p a r t  in 500 1 p a rt in 500
as o therw ise noted  

C oncen tration  of n icotine in final
solu tion

'a) 0 .2%  solution 
b) 1 .0 %  solution 
D istilled w ater =* 50)

Volum e of drop  
D iam eter of d rop  
A rea on w hich drop could 

sp read

0 .0470%  
D rop number 

82 
98

Spreading lest 
0 .3  cc. 
1 .1  cm .

be
70 sq. cm. 

Surface tension by D u N ouy  
surface tensimeter 

D ynes per cm . a t  20° C. 3 9 .6
(D istilled w a ter — 77.7 dynes)

Lathering lest

0 .0528%

85
160

0 .3  cc.
1 .7  cm .

115 sq. cm.

3 0 .0

D istilled
w ater

Cc.
140
245
285

H ard  w ater 
(hardness 300 

p. p. m. CaCOs) 
Cc.

20

D istilled
w ater

Cc.
225
390
735

H a rd  w ater 
(hardness 300 

p. p. m . CaCOj) 
Cc.

"o
230

The results in Tables I I I  and IV show a definite superiority 
of the nicotine-coconut oil-fatty acid compound over the 
oleate in both the pure and commerical grades, even in dis
tilled water. There is a still more marked difference in favor 
of the coconut oil-fatty acid compound in hard water, be
cause coconut oil soaps react much less readily than do the 
soaps of oleic acid with the calcium and magnesium com
pounds of hard water to form insoluble soaps.

E f f e c t  o n  I n s e c t s

A survey to determine the suitable concentration was 
first made. Directions for the use of various preparations 
containing nicotine recommend quite generally a concentra
tion equivalent to approximately 0.05 per cent nicotine in 
the spraying solution. The concentration chosen for tests on 
the commercial nicotine soaps, both oleate and the coconut 
oil-fatty acid compound, was 1 part in 500, using soft water.

The nicotine soap solutions were compared for wetting 
power and effectiveness on the only available insects, as fol
lows: green apple aphis (Aphis pomi) on young apple trees 
and current bushes; wooly aphis (Erisoma lanígera) on twigs 
of apple trees; and cabbage aphis (Aphis brassicae) on turnips 
and cauliflower.

Both nicotine soap solutions (whose concentration of nico
tine was practically 0.05 per cent) were found to be very effec
tive in killing the aphis, provided the spraying was done with 
sufficient thoroughness to reach and wet all the insects on the 
affected plants. The superior wetting and spreading power of 
the nicotine-coconut oil-fatty acid compound was particularly 
noticeable on the waxy leaves of the turnips and cauliflower, 
and on the downy young leaves of the apple. To secure 
comparable wetting with the nicotine oleate, considerably 
more time, effort, and solution were necessary.

B rin ed  V egetables S tud ied
T he Bureau of Home Economics of the U nited States D epart

m ent of A griculture has recently cooperated w ith the Bureau of 
Chem istry in tests on the utilization of brined vegetables._ These 
tests showed th a t green tom atoes, and  green peppers particularly, 
could be kep t successfully in brine for as long as six mouths and 
then  used in a  num ber of ways. M ock mince-meat, Bor
deaux sauce, and pickle were all m ade from the green tom a
toes, and the peppers were satisfactory for stuffing as well as for 
seasoning various dishes. *



November, 1924 IN D U S T R IA L  A N D  ENGINEERING C H E M ISTR Y 1173

Manufacture and Uses of Refined Dextrose1
By W. B. Newkirk

C o r n  P r o d u c t s  R e f i n i n g  C o . ,  A r c o , I ł ł .

77V  -
(no)

A T  TH E Rochester Meeting of the A m e r i c a n  C h e m 
i c a l  S o c i e t y ,  April, 1921, Dr. Porst gave a his
torical article describing the advancement of the 

dextrose industry.2 A t tha t meeting a paper giving the 
technical data was promised. These data have been with
held until it seemed more certain that the industry was on 
a sound basis commercially and scientifically. I t  is be
lieved that some of the problems which have now been met 
and overcome will be of interest to all sugar men.

P r e p a r a t i o n  o f  L i q u o r s  f o r  C r y s t a l l i z a t i o n  
•

The preparation of the liquors for crystallization will be 
briefly reviewed as it  might be called standard practice in 
all plants making corn sugars. The starch is introduced into 
a bronze vessel called a converter. The starch charged

varies from 4000 to 9000 
pounds, depending upon the 
qualities desired in the finished 
sugar. From 0.25 to 0.5 per 
c e n t  hydrochloric acid on 
starch basis is added. The 
converter is placed under about 
40 pounds pressure by the in
troduction of live steam. When 
the conversion has proceeded 
until as high a purity as is pos
sible (generally 88 to 90 per 
cent) is obtained, the liquor is 
discharged into a neutralizer. 
The acidity is reduced practi
cally to neutrality with sodium 
carbonate. This neutraliza
tion flocculates the insoluble 
impurities and increases the 
ash content by the formation of 
sodium chloride from the acid. 
After neutralization the liquor 
is passed through a Jeffery 
c e n tr ifu g a l separator to re- 

the starch granules. I t  is then

A
F i g . 1— A n h y d r o u s  D b x t r o s b  

( B b c k b )

move fats liberated from 
passed to the Sweetland filters to remove insoluble materials 
such as solid proteins, fiber, etc. I t  is then given a treatment 
of bone black called light bone filtration. After passing 
through triple-effect evaporators it returns to the filter house 
for heavy bone-black filtration. This filtration is conducted 
at as heavy a density as possible (usually 30° B<5.), so that 
upon further concentration no insoluble material will be 
tlirown out. After this it is concentrated in a single-effect 
evaporator to 38°-45° B6. for crystallization. Thus far no 
radical changes have been made that would differ from the 
so-called standard practice in any refinery, either cane or 
corn.

D i f f i c u l t i e s  i n  C r y s t a l l i z a t i o n

From the finishing pans the liquor is sent to the crystalliz
ing house, and it is here that the trouble begins. In  the 
first place, there are two kinds of dextrose crystals, hydrous 
and anhydrous, and in order to make the centrifugal process

1 Presented  before th e  Division of Sugar C hem istry  a t  th e  67th M eeting 
of the American Chem ical Society, W ashington, D . C ., April 21 to  20, 1924.

* Chem. Age  (N . Y .) ,  29, 213 (1921).

commercial all the crystals must be of one kind. The an
hydrous fillmass containing hydrate will not cure in a manner 
which will permit of its being centrifuged.

Secondly, there are different types of crystals in each of 
these two main groups. For example, three distinct types 
of hydrate crystals are present. There is a congregation of 
crystals twinning and retwinning as elongated needles start
ing from a common crystal nucleus forming a wartlike or 
cauliflower-like mass. This form of crystallization is im
possible to centrifuge, as when these crystal masses encounter 
the centrifugal force they break up and form an impervious 
mass through which the greens cannot pass, and which is 
impossible to wash. Again there is an elongated, needle
like crystal. Such crystals cause trouble in two places: 
First, as the fillmass is brought together these fragile needles 
break into small pieces; second, when discharged into the 
centrifugals an impervious mass is formed through which it 
is difficult to pass the greens. The third type of crystal is 
that desired. I t  is normally somewhat broader than it is 
thick and of approximately the same length as breadth.3

Detailed information on the crystal forms of dextrose is found 
only in an article of Becke.4 He measured both  the anhydrous 
dextrose and th e  hydrate, and the following data  are quoted 
from this article:

Anhydrous Dextrose. T he  anhydrous c ry sta ls  belong to  th e  rhom bic 
system  and appear as elongated prism s w ith hem ihedral end  surfaces (Fig. 
1). T he characteristic  surfaces are those of th e  vertical prism , m  (110), 
and  the righ t sphenoid, P, the  hem ihedral form of th e  oc taheder (111). 
T he relation between the  axes is a:b:c »  0 .704:1:0 .335. Cross tw ins are 
common, the prism s growing through  each o th e r a t  an  angle of ab o u t 60 
degrees.

Dextrose Hydrate. T he  h y d ra te  crystallizes in the  monoclinic system  
and  forms th in  p la tes  of hem im orph developm ent (Fig. 2). T he  re la tion  
between the  axes is a: b: c =» 1.735:1:1.908, 0  =» 97 degrees 59 m inutes. T h e  
m ain surfaces a re  the  vertical prism , m  (110), th e  horizontal prism , /, d 
(101), the pinacoid, p  (001). H em im orph form s are  com m on, w ith  the  
pinacoid (010) appearing instead  of the  tw o (110) surfaces on the  rig h t side. 
The smaller crystals  ̂ show frequently  hem im orph developm ent w ith pen
tagonal outlines, b u t th e  larger crystals  a re  as a  ru le hexagonal in outline. 
However, these crygtals seem to  be m ade up  of hem im orph indiv iduals 
grown together in tw in form ation, th e  line of the  pinacoid (010) often 
showing across the  pinacoid (001) s tra ig h t or in a  series of jogs.

Becke rem arks th a t the values of the  angles are only approxi
mations, as the surfaces were too irregular to give good reflexes 
in the goniometer. In  the growth of the hydrate crystals there

771 ( T i c )

m ( / j o )

¿ (/c/) 'd f /o T )
F i g . 2 — D e x t r o s b  H y d r a t e  ( B b c k b )

is a  great tendency towards the formation of vicinal surfaces 
which result in a  scratched or rounded appearance of the main 
surfaces. I t  would be of interest to  have a series made of more 
accurate angle measurements, b u t for this purpose it  would be 
necessary to  carry ou t the crystallization under very closely 
controlled conditions, on a  laboratory scale.

Another natural difficulty had to be overcome—the tend
ency to produce grains of extremely fine microscopical size.

1 Sjostrum , unpublished m anuscrip t.
4 T scherm ak’s M in . M itteilungen, 10, 464 (1889).
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In  the crystallization of dextrose considerable heat is pro
duced. As the crystallization is exothermic this condition 
of heat added to the crystallizing mass a t its critical period 
of crystallization presents a difficulty tha t must be handled 
with precision.

Again, unknown impurities are found which have a very 
marked influence upon the crystallization, as they not only 
apparently control the rate of crystal growth bu t also in
fluence the kind of crystals tha t will be formed. After an 
enormous amount of research work, the control of crystal
lization has only partially been learned.

S o l u t io n  o p  D i f f i c u l t i e s

The solution of the joint presence of hydrate and anhy
drous sugar together lay not alone in the temperatures con
sistent with their stability. Other conditions being right, 
the anhydrous sugar can be crystallized in conditions un
stable to it and stable to the hydrate. The same conditions 
which give us this ability also in a measure answer for over
coming other difficulties.

In  order to maintain the acceptable form of crystals two 
things have to be controlled—the initial crystal present and 
the proper mode of its formation. Along these lines all 
common methods of crystal induction were tried, such as 
induction by shock, rapid cooling, dry seeding, conditions 
of supersaturation, cut strikes, wet seeding, seeding by use 
of fondant, etc. In  all these methods certain troubles arise 
—the inability to control the number of crystal nuclei to be 
built into finished crystals at the end of the cure, the inability 
to control the relative uniformity of the size of the crystal 
in the finished batch, or inability to control the desired form 
of crystal or the size of the crystal in the finished batch. By 
the common-sense use of the phase rule governing the exist
ence of dextrose as a solid and a solute in the same liquid 
suspension with its nonsugar impurities it was possible to 
put the crystallization on a fairly consistent basis. These 
interesting scientific phenomena are not yet in a sufficiently 
presentable state to give any definite theories or proofs but 
they can be used as a commercial tool.

If a definite amount (which will vary from time to time) 
of wet seed from a preceding batch is allowed to remain in 
the crystallizer, and introduced upon this wet seed is a liquor 
having a supersaturated condition restricted to a fairly 
narrow range, the kind of crystal existing' in the preceding 
batch can be reproduced in such numbers, tha t when the 
batch is finished the crystals will be of approximately the 
desired size and uniformity. The number of crystal nuclei 
formed must be sufficient so tha t their spheres of influence 
will cover the entire liquid mass at all times during the curing 
process. Otherwise, as advantage is taken of the tempera
ture drop, which has been shown to be difficult, to maintain 
the supersaturation, false crystals will be formed consisting 
of any of the three natural crystal forms previously mentioned. 
This introduces not only troubles in the centrifugal operation 
but a more serious difficulty in succeeding batches, as this 
false crystal will also tend to reproduce itself in the crystal 
nuclei thrown off in the liquor surrounding it. Therefore, 
the solid phase which is introduced into the batch must con
sist of a pedigree crystal of known workable qualities.

The tendency to produce a grain of microscopically small 
size is retarded by controlling the temperature and degree of 
supersaturation. This particular control is not at present 
on scientific basis, but is simply an art judged by the educated 
finger tips of the crystallizer operator, who can be likened to 
the pan man in the refinery. The education of this man’s 
finger tips has been the most expensive part in the develop
ment of this process, and it  is hoped tha t relief from the pres
sure of production will soon make it possible to put this on a 
scientific basis.

The different concentrations and temperatures required 
for this control would be given with precision if it  were not 
for the effect of the converter impurities upon crystallization. 
As before stated, these impurities affect the rate and crystal
lization of the kind of crystals formed. Several research men 
are working on the physical chemistry of these substances, 
but a t present no worth-while information has been obtained. 
The control of the liquors to offset the effect of these impuri
ties is still a m atter of guesswork in which trouble is cor
rected as the curing of the batch proceeds.

O t h e r  S t e p s  i n  P r o c e s s

The crystallizers used in the foregoing process are of the 
common type used throughout the sugar world. They are 
water-jacketed steel cylinders lying on their side with a slow- 
moving agitator inside. When the mass has finished curing 
it is dropped into a battery of standard centrifugals fed from 
a mixer of sufficient size to contajn the entire batch.

The process from this point on is common in all sugar- 
houses.

The machine is charged while in motion. When sufficient 
sugar has been introduced the charge gate is closed. The 
green liquors are purged off. Mechanical washers apply the 
wash water. When the sugar has been washed so that its 
purity and color are within the allowed limits, the washing 
is stopped. The machines are allowed to continue spinning 
for a short time to reduce the moisture content as low as is 
economically possible. Because of the finer grain than is 
common in cane or beet, the wall of sugar offers an excellent 
filter medium. This requires th a t the wash water be ab
solutely free from any suspended material. The wash water 
is treated with aluminium and allowed to settle. I t  is then 
passed through two sand filters into the small storage tank. 
From the small storage tank it is fed to the centrifugal ma
chines through a charcoal filter.

The finished sugar is sent thiough a double-pass drier until 
it is free from any free moistures—i. e., if anhydrous it  is dried 
until there is no moisture present; if it is the hydrate it is 
dried until the moisture content is less than 8 per cent. 
After leaving the driers, the sugar is passed over Hummer 
screens and discharged into the packing hopper.

The liquids leaving the centrifugals return to the refinery 
in the manner standard to all sugarhouses—i. e., the first 
greens to make seconds, second greens to make thirds, etc. 
The wash waters return to the refinery and are introduced 
into pans of a similar purity. The remelts are remelted with 
wash water and also are boiled in pans of similar nature. 
The low fillmasses—i. e., seconds and thirds—are handled the 
same as firsts except tha t they are slower curing and more 
troublesome owing to their greater content of impurities. 
I t  will be seen by the samples tha t sugar of almost any grade 
desired can be produced. All these samples of refined dex
trose were produced without milling even in the finest stages. 
I t  is thus apparent tha t one can control, within reasonable 
limits, the size of grain, and irregularities of the size of the 
grain in the centrifuging process. I t  will be noted that 
throughout this entire process the sugar has been handled 
in the same hygienic manner as is refined sugar; that it is 
handled by mechanical means; tha t it  does not come into 
contact with any contaminating influence (the bacterio
logical laboratories found no difference in the bacteria con
tained in cane sugar and refined dextrose taken from the 
warehouse, the average bacterial count in both cases being 
less than 20 per gram dry substance sugar, and the contam
inating bacteria identified as molds which could come from 
the storage conditions); tha t it has been freed from ash and 
nonsugars, and is placed on the market, practically speaking, 
chemically pure.
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U s e s  o f  D e x t r o s e

Dextrose is not intended to be used as a substitute for cane 
sugar, but owing to certain peculiarities which it possesses it 
is in certain respects superior to cane sugar for manufacturing 
purposes. One of these is its tendency to form microscopi
cally small crystals. Thus, fondants, creams, etc., can be 
produced which have tha t velvety feel and appearance so 
desired in these products. I t  also seems to affect the crystal
lization of cane sugar in the same way, and has thus become 
a necessity to the manufacturers producing the more fancy 
types of candies, cakes, cold icings, milk chocolate, chewing 
gum, etc. I t  does not possess the sweetness of cane sugar 
and, according to some of the larger fruit packers, it is the 
ideal sugar for preserving fruits of mild or delicate flavors 
which are masked by the extreme sweetness of cane sugar 
when used in the amounts necessary. In  the baking trade 
it is preferred as the yeast nutrient in a bread sponge. For 
medicinal purposes, especially in cases of acidosis, anemia, 
and the earlier stages of Bright’s disease, it is the only sugar 
now commercially available which does not aggravate these 
conditions.

The ice cream trade desires the sugar on account of its

lack of sweetness, because the average ice cream user de
mands a certain body which is produced only by the use of 
sugar, and by using refined dextrose this body can be more 
successfully produced without making the ice cream too sweet.

The cruller and doughnut manufacturers and pancake 
flour manufacturers prefer the use of refined dextrose due to 
its low caramelization temperatures and the fact tha t it gives 
doughnuts and pancakes that delightful brown without any 
burnt taste.

The cracker and biscuit manufacturers are using it for 
purposes best known to themselves. The manufacturers of 
commercial pectin are quite large users of this product. The 
wine and vinegar manufacturers use it in the natural fermen
tation processes, as it carries with it a maximum fermenta- 
bility with no troublesome secondary flavors which later 
have to be removed in vinegars and which would spoil wine 
as it is consumed direct. Dye manufacturers are becoming 
large users of the product.

The condensed milk manufacturers are veiy desirous of 
using it. Its preserving qualities are equal to those of cane 
sugar, and in this particular case its lack of sweetness is the 
desirable feature.

Adsorption Effects of Filtering Materials on Sugar Solutions1

I N TH E course of the 
routine work performed 
in this laboratory, it 

was frequently observed 
that when a raw sugar solu
tion prepared for polari- 
metric analysis was, for 
some reason or other, passed 
through a second filter, un
der the usual precautions of 
covering with a watch glass, 
the polarization of the final 
filtrate was always slightly 
but distinctly higher than when the analysis was repeated ac
cording to the regular procedure with one filtration. This in
crease in polarization may, a priori, be ascribed either to evap
oration, or to a concentration change brought about by the 
filter paper itself. The first of these causes did not seem prob
able, since Bates and Phelps2 have shown that “practically all 
increase in polarization, regardless of atmospheric conditions, 
may be prevented by covering the funnel w'ith a watch glass,” 
even if the solution is filtered twice through the same filter.

According to previous literature, cellulose is, from the 
colloid-chemical standpoint, a gel, and as such sorbs water 
quite strongly. References cited by Bancroft3 show that 
absorbent cotton takes up 21 per cent of w'ater in the presence 
of saturated water vapor, and that it will hold 400 per cent 
of liquid water when centrifuged wTet a t 4000 r. p. m. I t  is 
therefore not surprising that, although filter paper in many 
cases exhibits positive adsorption, this is often reduced in 
degree by the simultaneous sorption of water, and may be

1 P resen ted  before the Division of Sugar C hem istry  a t  th e  67 th  M eeting  
of the A m erican Chem ical Society, W ashington, D . C ., A pril 21 to  26, 1924.

* Intern. Sugar J ., 16, 265 (1914).
* "A pplied Colloid C hem istry ,”  p. 76.

wholly reversed to negative 
a d so rp tio n . Freundlich4 
states that negative adsorp
tion is more often observed 
in the case of gels than with 
other a d s o rb e n ts . T h e  
well-known occurrence of 
“adsorption water” in beet 
and cane fiber should also 
be mentioned in this connec
tion.

In view of these consider
ations a study was made of 

the effect of the commonly used filtering materials, such as 
paper, cotton, asbestos, and kieselguhr, on the concentration of 
sugar solutions. Most of the tests were made with ordinary 
filter paper, as this is the medium used in regular sugar analy
sis. I t  was, of course, necessary either to avoid evaporation 
altogether or to be able to correct for it.

In some experiments made for the purpose of orientation 
an attempt was first made to attain this end by centrifuging 
the mixture of paper and sugar solution in a conical glass 
tube, filling the other tube with the sugar solution itself. 
Both tubes were covered with rubber caps. I t  was found 
impossible to obtain a clear enough liquid from the mixture 
to be able to make accurate readings in the saccharimeter. 
Filtering the mixture of paper and sugar solution through a 
small piece of filter paper or a little asbestos placed over the 
end of a pipet with broken-off point was also tried. But here 
there is the objection that the solution is under a partial 
vacuum while being filtered.

The average results by both of these methods gave an in
crease of 0.4° V. when 100 cc. of a normal solution of refined

* "K apillarchem ie,” 3rd ed., p. 946.

By G. H . H ardin and F. W. Zerban

N e w  Y o r k  S u g a r  T r a d e  L a b o r a t o r y . N e w  Y o r k , N .  Y .

Dry filler paper takes up water from sugar solutions, while filter 
paper with high moisture content lends to dilute the sugar solution; 
there is an intermediate point where equilibrium obtains. The 
effect of these phenomena on saccharimetric analysis has been 
studied quantitaticely, and it is concluded lhat in practical sugar 
analysis, using dry filter paper, it is not sufficient to discard only a 
small part of the filtrate, as practiced by some analysts, but that at 
least 25 of the 100 cc. should be rejected to attain the closest possible 
approximation to the correct polarization. Absorbent cotton acts 
like filter paper, while dry asbestos or Filter-Cel did not measurably 
affect the polarization.
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sugar were left in contact with three filter papers of 18 cm. 
diameter for a few minutes. As there were serious objections 
to both of these methods, they were abandoned in favor of 
ordinary filtration through filter paper, but with the pre
cautions already mentioned as indispensable.

E x p e r i m e n t a l

In each one of the following series of tests a stock solution 
with a known concentration of refined sugar was prepared. 
The filter papers whose effect was to be measured were placed 
in small flasks. In  each of the flasks 100 cc. of the sugar 
solution were then added, and the flasks immediately stop
pered. One flask, to be used as a blank, received only the 
sugar solution. After agitating and allowing to stand for a 
definite length of time, the solutions were filtered through 
filter papers of uniform, known moisture content, the funnels 
being covered immediately with watch glasses. The polariza
tion of the filtrate of the blank solution was used as a basis 
of comparison. All the work was carried on in the constant 
temperature laboratory at a uniform temperature of 20° C.

By this procedure the effect of the following factors was 
investigated, keeping the other conditions constant in each 
series:

1— The quan tity  of the paper, by using one, two, and three 
papers.

2—T he quality  of the paper, by using (a) a  paper of domestic 
m anufacture of about 18 cm. diam eter and an  average dry  weight 
of 1.81 grams; (b) an im ported paper of about same size, average 
weight 1.65 grams; (c) another im ported paper, again about same 
size, average weight 1.68 grams.

3—The moisture content of the filter paper. This was varied 
by using filters dried in the oven a t 100° C., others kep t in a 
desiccator over calcium chloride, still others taken from regular 
stock, and also filters kep t over w ater in a desiccator. The 
m oisture in the filter papers used was determ ined in each case.

4— The concentration of th e  sugar solution, using normal, 
half normal, and quarter norm al concentration.

5— The tim e of contac t between filter paper and sugar solution.

In  all of these experiments the entire filtrate was collected, 
which took only very little time, as refined sugar was used. 
This in itself would cut the evaporation to a minimum. The
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polarizations were usually made by two observers on two 
different instruments, whose scale errors almost exactly 
counterbalance each other, and the averages taken. All 
other necessary precautions, such as use of the bichromate 
cell, etc., were also carefully observed.

In a number of tests it was found tha t the time of contact 
beyond a certain point has no measurable effect, the same 
results being obtained after 45 minutes as after 2 minutes.

The results for all the other factors are given in the ac
companying tables:

C h a n g e s  i n  P o l a r iz a t io n

M oisture
in paper A v e r a g e  C h a n g e s  B a s e d  o n  B l a n k Average

P ap er P e r cent 1 Paper 2 Papers 3 P apers for 1 p a p er
N orm al solution, 26 grams per 100 cc.

(«> 0 .0 0 +  0 .1 5 + 0 .2 5 +  0 .3 5 + 0 .1 2 5
0 .0 0 +  0 .11 + 0 .2 0 +  0 .2 9 + 0 .1 0
0 .0 0 + 0 .1 3 +  0 .13
1 .00 + 0 .0 7 + 0 Ü 3 + 6 !  23 + 0 .0 7
4 .6 5 + 0 .0 4 + 0 .1 1 + 0 .1 2 + 0 .0 4 5

11.10 - 0 . 0 7 - 0 . 1 2 - 0 . 3 5 -0 .0 8 5 -
(b) 0 .0 0 +  0 .1 2 + 0 .2 3 + 0 .3 7 + 0 .1 2

0 .0 0 + 0 .1 0 + 0 .2 7 + 0 .3 7 +  0 .12
0 .6 2 + 0 .0 9 +  0 .2 0 +  0 .2 3 +  0 .09
4 .0 5 + 0 .1 0 +  0 .1 3 + 0 .1 5 +  0 .06
5 .0 0 + 0 .0 4 +  0 .1 0 + 0 .1 3 +  0.045-

14.50 - 0 . 1 2 - 0 . 2 5 - 0 . 3 5 - 0 . 1 2
(c) 0 .0 0 + 0 .1 7 +  0 .2 7 + 0 .3 7 +  0.135

0 .7 0 + 0 .1 3  , +  0 .2 5 + 0 .3 7 +  0 .1 2 5
4 .9 3 + 0 .0 3 +  0 .1 0 +  0 .1 3 +  0 .04
5 .5 3 + 0 .0 0 + 0 .1 0 +  0 .11 + 0 .035-
8 .3 4 - 0 . 0 4 - 0 . 1 0 - 0 . 1 5 - 0 . 0 5

H a lf normal solution, 13 grams per 100 cc.
(a) 0 .0 0 +  0 .1 0 +  0 .1 3 +  0 .2 0 + 0 .0 7

4 .91 +  0 .04 + 0 .0 7 + 0 .0 9 +  0 .03
13. S5 - 0 . 0 2 - 0 . 0 9 - 0 . 1 7 - 0 . 0 5

m 0 .0 0 +O.OS +  0 .1 2 + 0 .1 7 +  0 .06
5 .9 0 + 0 .0 0 +  0 .0 5 + 0 .0 5 +  0.02-

14.69 - 0 . 0 2 - 0 . 1 0 - 0 . 1 7 - 0 . 0 5
(c) 0 .0 0 +  0 .1 0 + 0 .1 4 + 0 .2 0 + 0 .0 7

4 .9 7 +  0 .0 0 +  0 .0 5 +  0 .09 + 0 .0 2
13.86 - 0 . 0 2 - 0 . 1 0 - 0 . 1 7 - 0 . 0 5

Quarler normal solution, 6.5 grams per 100 cc.
(As th e  differences found in th is  case were so s ligh t as  to  be difficult to* 

de term ine, these  te sts  were m ade on ly  w ith  oven-dried  filter paper.)
(a) 0 .0 0  + 0 .0 2  + 0 .0 4  + 0 .0 9  + 0 .0 2
tb) 0 .0 0  + 0 .0 5  + 0 .0 7  + 0 .1 0  + 0 .0 4
(c) 0 .0 0  0 .0 0  + 0 .0 2  + 0 .0 S  + 0 .0 2

The results obtained with the normal and half normal' 
solutions are shown graphically in Figs. 1 and 2, in which the 
polarization changes are plotted vertically in degrees Ventzke, 
and the water content of the filter papers horizontally, in 
grams.

D i s c u s s i o n  o f  R e s u l t s

I t  is evident tha t of the different factors investigated, the 
weight of the paper, its moisture content, and the concen
tration of the solution have a profound influence on the polar
ization obtained. I t  is clearly seen that the polarization 
changes, up or down, increase numerically with the weight 
of the paper used. Perfectly dry paper gives a decided in
crease in polarization, averaging about 0.12° V. per disk, 
whereas paper with 14.5 per cent moisture gives a decrease 
of 0.12° V., and midway between the two there is a point 
where the two effects balance each other. The polarization 
of a half normal solution is changed about half as much as 
tha t of a normal solution, and tha t of a quarter normal solu
tion about one-fourth as much. The slight discrepancies in 
this respect are within the limits of error.

Although the accuracy of the method used is quite sufficient 
to establish these facts, it is impossible to detect a difference 
to be ascribed to the quality of the paper. A decided differ
ence in this respect could hardly be expected between filter 
papers tha t are made for one particular purpose. I t  is also 
impossible from the data found to determine the exact trend 
of the polarization-moisture curve, which appears to approxi
mate a straight line, and to ascertain whether it satisfies the 
exponential adsorption formula. In  order to do this, more 
refined equipment, such as a highly sensitive refractometer, 
would be necessary. The information gained, however, is 
quite sufficient to establish the principle, and to furnish a 
basis for practical application in sugar analysis.

This statement is confirmed by conclusions which may be 
drawn from the fact tha t the method used permits a double 
check, provided there is no adsorption of sucrose. In  the 
normal solution series, Paper (a), the difference in water 
content between dry and 11.16 per cent moisture is 0.202
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gram, and this caused a total change in polarization, which 
is also a direct measure of the water concentration, of 0.210° V. 
Similarly, for Paper (b), we find 0.239 gram against 0.240° V. 
With the half normal solution series, Paper (a), the figures 
are 0.251 gram and 0.240° V.

Some one might suggest tha t the increase in polarization 
of a sugar solution after contact with dry filter paper could 
also be ascribed to a possible solvent action of the sugar 
solution upon certain dextrorotatory components of the filter 
paper. But this is not the case, as was demonstrated by 
parallel experiments with a normal levulose solution, which 
showed an average increase in the levorotation of 0.09° V. 
per filter, and not a decrease. Dextrose solutions of normal 
concentration gave the same results as sucrose solutions, and 
it was also found that dextrose dissolved in hydrochloric 
acid of the concentration used in the Clerget inversion method 
suffers the same polarization changes as in pure aqueous 
solution.

Tests with 1, 2, and 3 grams of dry absorbent cotton gave 
an average increase in polarization of a normal cane sugar 
solution of 0.07° V. per gram. This is a t the same rate as 
found per gram of filter paper.

On the other hand, using 1, 2, and 3 grams of dry asbestos 
or Filter-Cel, no measurable change could be detected in the 
polarization of a normal cane sugar solution.

A p p l i c a t i o n  t o  S u g a r  A n a l y s i s

When a sugar solution is simply poured through a filter 
paper, the contact is not so intimate as when the paper is 
agitated with the solution. For instance, dipping three dry 
filter papers into 100 cc. of a normal solution of refined sugar 
gave an increase in polarization of only 0.04° V., or a little 
over 0.01 ° V. per paper. Simply passing the solution through 
a dry filter paper gave an increase of about 0.02° to 0.03° V. 
But if the rate of filtration was slowed down by placing a 
piece of rubber tubing over the mouth of the funnel and ad
justing a screw clamp in such a way that the solution drips 
through slowly, an increase as high as 0.11° V. per paper 
could be observed. Similar results were obtained by first 
closing the clamp entirely, and releasing the filtrate after
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several minutes’ standing. Under conditions such as these 
the time of contact becomes of importance, and this naturally 
has a bearing on the analysis of raw sugars where the filtration 
usually is slow.

Fortunately, the entire filtrate is never used in the analysis 
of raw sugars, because the first portions of it are usually

turbid and must be rejected since they would prevent an 
accurate reading in the saccharimeter. Curiously enough, 
nearly all the authorities consulted by the writers state or 
imply in their directions for analysis that rejection of the first 
part of the filtrate is necessary for the sole reason that it is 
turbid. Only one of them mentions that “the first portions 
of the filtrate should be rejected, because they contain the 
moisture of the filter paper.”

I t  is now evident that this rejection is necessary not only 
on account of turbidity, but also because the dry paper pre
scribed by the International Commission for Uniform Meth
ods of Sugar Analysis, and used by all careful analysts, in
creases the concentration of the filtrate and especially of the 
first runnings.

In the directions prescribed by the various authorities, 
the quantity of filtrate to be rejected varies from “a few 
drops” through a few cubic centimeters to a substantial 
portion of the filtrate. In the light of the results described 
above it was necessary to investigate how much of the filtrate 
of a clarified raw sugar solution must actually be discarded 
to obtain a minimum reading which shows no further meas
urable change when still larger quantities of filtrate are 
rejected.

A number of tests were first made with normal solutions of 
refined sugar which were filtered through a dry paper. The 
rate of filtration was slowed down by the devices described 
above. I t  was found that as the quantity of discarded 
portion increased the polarization of the remainder fell, 
and when 25 cc. or more were rejected the polarization of the 
remainder became constant and checked within the limits of 
error with the original solution.

The same tests were then repeated with raw sugars. In  
order to avoid errors caused by nonuniformity of sample, 
five times the normal weight of sugar was dissolved in water, 
clarified as usual, made up to 500 cc., and aliquots of 100 cc. 
each of the well-shaken suspension used in each test. The 
results were the same as with refined sugar.

I t  is evident, therefore, that if dry filter paper is used, as 
prescribed by the International Commission, it is necessary 
to discard not only the first few drops of filtrate, but to 
reject a t least 25 cc. AVhile under these conditions no further 
measurable decrease in polarization of the remainder could 
be observed, a slight plus error is probable, the cumulative 
effect of which may not be inconsiderable during a year’s 
work. Theoretically, the best procedure would be to use 
filter paper of such moisture content as will have no effect 
on the concentration of a normal sugar solution, or to resort 
to filtering materials which have no effect on the concentration. 
In practice, however, both of these measures present con
siderable difficulties. This makes it all the more necessary 
to minimize the error shown to be present by discarding as 
much of the filtrate as will still leave a sufficient quantity of 
liquid for polarization.

In te rsec tiona l M eeting  a t  C leveland
A one-day intersectional meeting is to  be held a t  Cleveland, 

Ohio, on November 6, w ith active participation by all the sec
tions in Ohio, Michigan, northern Indiana, and western P enn
sylvania. L. H. Baekeland, C. L. Parsons, J. F. Norris, A. P. 
Mathews, H . H . Dow, H arry  Fisher, \V. G. France, N. E. 
Gordon, and others will appear on the program, and the general 
policy of the S o c i e t y  will be opened to  discussion.

The meetings, which will be from 10:30 a .m . to  9 p . m . ,  will 
be held a t  the H otel W inton, and the charge for lunch, dinner, 
and a small registration fee will be about S3.25. Cleveland is 
easily reached by rail and auto, so members of th e  sections 
named need take, a t  most, one day and two nights for the trip. 
Our national gatherings are so large th a t some of the decided 
advantages of smaller meetings have been lost. H ere is an 
opportunity!
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The Petree Process for the Clarification of Cane Juices1
By E. E . H artm ann

P e t r s  i t  &  D o r r  E n g i n e e r s ,  I n c . ,  6 7  .W a l l  S t . ,  N e w  Y o r k , N .  Y .

T HE manufacture of 
raw cane sugar has 
made great strides 

in recent years. But prog
ress has been mostly in the 
line of milling and heat 
economy—i. e., in the con- 
struction of power, grinding,
and evaporating equipment. Little progress has been made 
in the treatm ent of the juice although some interesting work 
in connection with clarification is now being done a t several 
cane sugar equipment stations. Van Harreveld,2 the director 
of the Java Experiment Station, which had devoted consid
erable time to clarification, said in his program for 1924, 
“We shall for the present discontinue all other experiments, 
because the Petree process demands our full attention.”

W hat is the Petree process? I t  is the outcome of the 
natural desire of cane sugar technicians to get away from the 
use of filter presses and to avoid the losses, known and un
known, sustained a t the filter-press station, which are always 
a source of great expense and are generally considered a 
nuisance.

Attempts have been made repeatedly to avoid the use of 
filter presses by returning the settlings from the elarifiers and 
mud tanks to the bagasse, using the latter as a filtering 
medium. All these attem pts have ended in failure, mainly 
because the bagasse is not able to retain a sufficient quantity 
of the ordinary mud. The resulting accumulation of mud 
proved to have a det
rimental effect on the 
q u a l i ty  of the juice.
Besides, it  was in every ® MUO PI5CHABGC CNPt 
instance only a question ® "•» L« “ro" I>!"  
of hours before the sys
tem became c lo g g ed .
Another f a c to r  t h a t  
would render such a pro
cedure u n e c o n o m ic a l, 
even if m e c h a n ic a lly  
practicable, is the high 
sucrose content of the 
mud, which would in
evitably lead to serious 
losses of sucrose in the 
bagasse.3

Thomas and Petree, 
the former a t the time 
chief inspecting chemist 
and the latter chief in
specting engineer of the 
Colonial Sugar Refining 
Company, found tha t it

1 P r e s e n t e d  before the 
D ivision of Sugar C hem istry  a t 
the  67 th  M eeting  of the  A m eri
can Chem ical Society, W ash
ington , D . C ., A pril 21 to  26, 
1924.

1 Arch. S u i k c r i n d , 3 0 , 
(1923).

* Louisiana Planter, 70, 
2S6 (1923).

The Petree process is a new deeelopment in the clarification of 
sugar cane juices resulting in the reduction of sugar losses during 
manufacture.

The compact equipment used in this process replaces the trains of 
elarifiers, mud tanks, and filter presses, thus reducing operating 
costs and minimizing the space requirements.

C l a r i f i e r  f o r  C a n e  S u g a r  J u ic e s

is possible to prepare a mud 
which is retained by the 
fiber of the bagasse. This 
discovery was incidental to 
experiments made on plant 
scale in an Australian fac
tory on the separate lime 
and heat treatm ent under 

given special conditions of the relatively pure juice expressed 
by the first mill and of the more impure juices expressed by 
the subsequent mills. They noticed tha t the mud resulting 
from this treatm ent possessed physical characteristics entirely 
different from those of ordinary settlings, and it was this ob
servation which suggested to them the possibility that the 
bagasse might retain the mud if prepared in this manner. 
Proceeding on this basis, they put all the mud on the bagasse 
and the results were so startling that, within twelve months of 
their discovery, twelve other factories operated their process.

O p e r a t i o n

The Petree process is practically automatic; it  is continu
ous throughout and easily controlled. The mill juices are 
separated into a high purity, high density, 'primary juice and 
a low purity, low density, secondary juice. These juices are 
treated separately. The primary juice, this term being 
used to denote the mixture of the limed crusher and first 
mill juice, together with the clarified secondary juice, is 
pumped through the primary juice heaters to the primary

c la rif ie r . From this 
primary clarifier about 
95 per cent of the mixed 
juice (there are records 
of 97 per cent) leaves as 
perfectly clear, sparkling 
juice at a temperature of 
209° to 210° F. The 
quantity of juice carried 
with the muds is there
fore very small. The 
second mill juice, which 
c o n ta in s  most of the 
gum m y and colloidal 
bodies expressed by the 
second and subsequent 
mills, is limed separately 
and after being mixed 
with the rich settlings 
from the primary clarifier 
is pumped through the 
secondary juice heater to 
the secondary clarifier. 
The secondary mud, re-’ 
suiting from the settling 
of the mixture of second 
mill juice and the pri
mary mud, is mixed with 
the third mill juice, and 
this mixture is distrib
uted over the bagasse 
as it  issues from the 
first mill. The juice
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F i g . 1— S e c t i o n  o p  C l a r if i c a t io n  a n d  D o u b l e  F il t r a t io n  E q u ip m e n t  o p  a n  A u s t r a l i a n  S u o a r u o u s e

from the fourth mill is returned to the bagasse from the sec
ond mill, as is customary under the usual compound macera
tion procedure.

The details of the operation may be varied. For instance, 
it may be found preferable to distribute the macerating mud 
over the first and second mill, or to put it all on the second 
mill. Local conditions will influence such details.

The changes in equipment necessitated by the Petree proc
ess consist in the substituting of two continuous elarifiers 
of different sizes for all the defecators, mud-settling tanks, 
and the whole filter-press station, presses, pumps, the laundry, 
and the equipment for the disposal of the mud.

A liming machine, which distributes the lime continuously 
between the first and second mill juices a t the mills, forms 
part of the Petree process equipment. One unit of two 
elarifiers is sufficient for capacities up to 2000 tons of cane 
per day. No additional equipment is required, except that 
it is necessary to have the juice heaters with an increase of

10 to 15 per cent in heating surface in a sufficient number of 
units to allow the separate treatment of primary and sec
ondary juices. The primary clarifier furnishes the supply 
for the evaporator in a continuous stream of perfectly clear 
juice at a temperature of from 209° to 210° F. The secondary 
clarifier stands in direct operating relation with the mills. 
I t  turns out the twice limed, twice heated, granular Petree 
mud held in a juice of much lower sucrose content than tha t 
of the residual juice in the bagasse, which is to absorb it.

The stability of the Petree mud is such that only a negli
gible amount is reexpressed from the bagasse with the 
juice—and here is the key to the practical success of the 
process. Such mud particles as are reexpressed are trapped 
within the secondary clarifier circuit and are ultimately sent 
to the furnaces; their entrance into the juice flow, which leads 
to the evaporator, is barred.

The second mill juice resulting from compound maceration 
practice carries most of the gummy and colloidal bodies.
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In ordinary defecation practice, this low density, low purity 
juice is mixed with the high density, high purity, first mill 
juice, and it is quite evident that these suspended bodies 
cannot settle so well in this mixture as they could in a liquid of 
lower specific gravity.

This thin second mill juice is therefore limed, heated, and 
clarified apart from the primary juice. The mixing of the 
rich primary mud with this thin juice seems to assist by a 
dragnet action in carrying down gummy and colloidal bodies 
and other solids held in extremely fine suspension in this thin 
juice. T hat the Petree mud as discharged by the pump of the 
secondary clarifier has physical characteristics entirely differ
ent from that settled out in the primary clarifier is made quite 
evident by the fact that the settling area of the secondary 
clarifier need not be more than about half that of the primary, 
and this in spite of the fact tha t it has to handle nearly double 
the quantity of settlings, those precipitated from the thin 
juice added to those coming from the primary. The mud 
is withdrawn from the clarifiers continuously by a diaphragm 
pump. Very little power is required for the operation of 
these clarifiers, the load varying between 1 and 2 horsepower.

A d v a n t a g e s

The advantages of this process over the old way of working 
are:

1—Low cost and compactness of equipment.
2—Elim ination of the filter-press station, always a source of 

great expense and very often a  breeding place for all kinds of 
molds and ferm ents and unpleasant smells resulting from their 
activities. T h a t the sugar loss caused by the operation of 
filter presses is in excess of th a t shown by the figure "sucrose in 
presscake,” will be adm itted p re tty  generally. The item  “ un
determined losses” covers a m ultitude of sins, and there does 
seem to be a  tendency for these losses to  be highest when the 
sucrose in press cake is low— i. e., when the cake is sludged up 
w ith w ater and again pressed. A certain  am ount of deleterious 
im purities is unavoidably redissolved by this procedure.

There are other drawbacks to the operation of filter presses. 
Cloths will break. A faucet here and there  delivers m uddy 
juice, w ith the result th a t some of the very fine mud, which we 
know impairs boiling-house work, finds its  way to  th e  evaporators.

3—A considerable saving in fuel, due in p a rt to  the actual 
addition to  the fuel supply, since the solids, which previously 
formed the filter press cake, are now burned w ith the bagasse, 
and in p a r t to  the restricted and m ore efficiently insulated rad ia t
ing surfaces. Together, these hea t savings are equivalent to  an 
increase of from 8 to  10 per cent in the am ount of bagasse.

4—One m an per shift easily replaces ten  to  fifteen men usually 
employed on the defecators and m ud tanks and a t  the lilter- 
press station.

5—The money spent on filter-press cloths and plate and frame 
renewals can be p u t to o ther uses.

6— G reater ease in cleaning evaporators due to  the practical 
absence of organic solids in suspension.

7—A great im provem ent in the working of low-grade sugar, 
only from half to  tw o-thirds th e  centrifugal equipm ent being 
necessary.

8—B etter exhaustion of the molasses due to  lower viscosity, 
and consequently less sugar losses.

9— B etter keeping sugars; th e  practical absence of bagacillo, 
which cannot be washed ou t of the sugar in the centrifugals, 
means a  lower m oisture content and less danger of ferm entation.

10—Absence of clinker in furnaces; and, as a result of all this,
11—An actual increase of 1 to  2 per cent in the sugar recovered.

There are many more points in favor of this process, such 
as greater comfort for the workmen, greater cleanliness, no 
useless dilution of juices by washing tanks, etc.4

No innovation in manufacturing processes can be brought 
about without pretty severe scrutiny, and rightly so. Per
haps the most plausible and the most frequently voiced 
objection to the Petree process is the loss of the press cake as 
fertilizer. A t most sugar mills the press cake is considered 
in the light of a liability rather than tha t of an asset; on the 
other hand, there are those who ascribe almost supernatural 
powers of raising cane to this evil-smelling refuse.

* Louisiana Planter, 72, 307 (1924).

On the basis of a table of analyses shown in Noell Deerr’s 
book, the fertilizer value of the press cake is so low (less than 
S3 per ton) th a t the cost of distribution a t most places is far 
in excess of its value. But even this value is more than off
set by the effect the Petree mud has on the bagasse ash. 
This ash contains in most cases so much clinker that the 
amount of available potash in it is practically negligible. 
The lime content of the mud returned to the bagasse raises 
the fusion point of the ash sufficiently to leave it in a friable 
condition with the bulk of the potash in available form. 
Thus the bagasse ash, which has in most cases been a liability, 
becomes an asset and the press cake is replaced by a material 
of higher fertilizing value, which can be quite easily distributed.

Another criticism deals with the fact tha t the percentage 
of sucrose in cane under the Petree process is based on the 
weight of the clarified juice instead of the weight of the raw 
mixed juice. There was really no reason to assume that there 
would be any difference between the two methods. The 
proof tha t the sucrose in cane figure is not affected by this 
modification is furnished by the factor sucrose per cent cane 
to sucrose per cent first mill juice, which was found to be the 
same in every instance where data for comparisons were 
available whether on weight and analysis of cold or hot juice.

Determ ination of Phosphoric Acid in 
Fertilizers12

By J . E. B reckenridge
A m e r i c a n  A g r i c u l t u r a l  C h e m i c a l  C o . ,  C a r t e r e t ,  N . J .

/COOPERATIVE work on determination of phosphoric 
^  acid in phosphate rock shows very good checks with the 
volumetric method as compared with the gravimetric method. 
In phosphate rock, however, there are no sulfates, which seem 
to be a disturbing factor in the volumetric method when ap
plied to mixed fertilizers and acid phosphate. Many labo
ratories recognizing this standardize their alkali against a 
known solution of acid phosphate and do not use the standard 
given in the A. 0 . A. C. Methods.

As a result of work done in the writer’s laboratories it has 
been found tha t precipitating the sulfates with 5 per cent 
barium nitrate solution, the method as given can be used, 
and gives results agreeing closely with the gravimetric method.

M e t h o d

Boil a 2-gram sample for 30 minutes in a 200-cc. flask 
with 30 ec. of nitric acid plus a few cubic centimeters of 
hydrochloric acid. Add 50 cc. water and boil. Add while 
hot 5 per cent barium nitrate solution (50 cc. for acid phos
phate and 25 cc. for mixed goods). Allow to cool and pro
ceed with volumetric method.

,  V o l u m e t r i c  .
R egular B a(N O j): 

19 .47  19.37
9 .7 8  9 .58

10 .90  16.52

R e s u l t s

G ravim etric  
M axim um  19.31
M inim um  9 .57
A verage 16 .52

N um ber of determ inations, 9.

Although the addition of ammonium nitrate is supposed 
to overcome the disturbing feature of the sulfates, in general 
work erratic results are obtained when the volumetric method 
as given in Association of Official Agricultural Chemists,
Methods, 1920, p. 3, is used on acid phosphates and mixed
fertilizers.

1 P resen ted  before th e  D ivision of Fertilizer C hem istry  a t  the 68th 
M eeting  of th e  A m erican Chem ical Society, Ith aca , N . Y ., Septem ber 
8 to  13, 1924.

* W ork done by  M . H . P ingrce, B altim ore, M d .; A. H . M cDowell, 
C harleston , S . C.
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Vitamin Potency of Cod-Liver Oils1
X—Medicinal Cod-Liver Oils

By A rthur D. Holmes

T ire  E . L. P a t c h  C o .,  B o s t o n ,  M a s s .

S IN CE it has been gen
erally accepted that 
cod-liver oil is the rich

est known source of the fat- 
soluble vitamins, those who 
use cod-liver oil as a source 
of the fat-soluble vitamins 
for either prophylactic or 
curative purposes are much 
interested in having as exact 
in fo rm a tio n  as possible 
concerning the vitamin content of edible cod-liver oils. Un
fortunately, as yet there is relatively little information of 
this character available. Recently Drummond, Zilva, and 
Golding reported2 the results of tests of the vitamin potency 
of a group of cod-liver oils that ranged in quality from medici
nal to cattle or industrial oils. Their unit for comparison 
was the weight in milligrams of oil which just maintained 
steady growth in a test ra t of about 100 grams body weight. 
These authors found their most potent oil to have a “growth 
dosage” of 5 mg., and their poorest oil a “growth dosage” of 
50 mg. Obviously, the first oil had ten times the vitamin po
tency of the second, and consequently could be administered 
in doses of one-tenth the volume required of the second oil.

Information of this character naturally raises a question as 
to the vitamin potency of the medicinal cod-liver oils on the 
market in this country. I t  was to secure data in this connec
tion tha t the present investigation was undertaken.

P h y s ic a l  a n d  C h e m ic a l  C h a r a c t e r is t ic s  o f  N o r w e g ia n  O il s  C o m p a r e d  
w i t h  T h e i r  V it a m in  P o t e n c y

Specific
g rav ity

R efrac
tive  index

Saponifi
cation Iodine

Acid
value

C od-liver 
oil fed<*

Sam ple a t  25° C. a t  20° C. value num ber P e r cent M g.
8 0 .9223 1.4786 184.0 164.4 1.2750 0.788
9 0.9226 1.4790 185.7 165.6 0 .5725 0.105

10 0 .9210 1.4779 186.1 151.7 2 .3110 0.330
11 0 .9288 1.4784 181.4 157.3 1.4300 1.815
26 0 .9208 1.4780 188.3 154.7 0 .5520 0.176
27 0.9251 1.4798 186.8 169.0 0 .6278 0 .072
37 0 .9217 1.4778 187.4 152.3 0 .7205 0.296
43 0 .9220 1.4790 185.4 164.3 0.5481 0.144
44 0 .9220 1.4790 186.5 164.0 0.5147 0 .340
80 0 .9248 1.4794 186.1 171.4 0.7391 0.278

a T h is figure represen ts  m erely the  sm allest am oun t of oil given to  an 
anim al which com pleted the  45-day experim ental period. I t  does n o t rep 
resent th e  am o u n t of oil required to  produce good grow th for, as shown in the  
charts, some of th e  ra ts  receiving these am ounts of oil lost weight during  the  
entire  experim ental period.

To provide samples that would be fairly representative of 
the present-day product, ten lots of cod-liver oil were ob
tained on the open market. Samples 10 and 26 were from 
the same concern; the remainder were distributed by differ
ent companies. The label on each package guaranteed the 
oil to be pure Norwegian oil of highest quality. Apparently, 
the majority of the oils were offered to the customer merely 
as a definite volume of cod-liver oil, for the labels carried no 
statement concerning the vitamin potency of the oil contained 
in the package. In  all instances in which a statement was 
made concerning the vitamin potency of the oil, tests in this 
laboratory showed tha t the oil had a higher vitamin A po
tency than was guaranteed.

1 P resented  before the  Division of Biological C hem istry  a t  th e  67th 
M eeting of th e  A m erican Chem ical Society, W ashington, D . C ., A pril 21 to 
26, 1924.

* J . Agr. Sc i.% 13, 157 (1923).

P h y s i c a l  a n d  C h e m i c a l  
P r o p e r t i e s  a n d  V i t a m i n  

P o t e n c y

In studying the vitamin 
A content of this group of 
Norwegian cod-liver oils, it 
appeared of interest to de
termine whether any rela
tionship existed between 
the results of chemical 

analyses of the oils and the results of the vitamin tests of the 
oils. Accordingly, the physical and chemical characteristics 
of the oils were determined by the usual laboratory methods. 
The amount of oil required for laboratory animals to complete 
the usual 45-day experimental period was determined during 
the study of the vitamin potency of the oils.

I t  will be noted from the table that five of the oils do not 
meet the U. S. Pharmacopeia specifications for specific 
gravity (between 0.918 and 0.922 a t 25° C.). The refractive

index is quite uniform, and the saponification value and iodine 
number are both within the U. S. P. specifications (saponifi
cation between 180 and 190, and iodine number between 
140 and 180). The greatest variation is in the acid value of 
the oils, which is from 0.514 to 2.311 per cent. In the ab
sence of data concerning the condition of the livers from 
which the oils were obtained, the manufacturing and storage 
conditions, and especially whether any of the oils have been

A  number of boltles of oil uierc purchased on the open market, and 
the chemical and physical characteristics of these oils were deter
mined by the usual analytical methods. A  study of their vitamin 
potency showed that the vitamin content of medicinal cod-liver oils 
may vary as much as tenfold. Apparently, there is little, i f  any, re
lationship between the chemical and physical characteristics of cod- 
liver oils and their vitamin potency. These results show the need of 
information concerning the amount of the fat-soluble vitamins pres
ent in cod-liver oil to be used in vitamin therapy.
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any of the physical or chemical values obtained for this to a group of laboratory animals. Ten groups of animals from
series of oils. the laboratory colony were fed the same basal ration, inade-

_  T, . t, quate as regards vitamin A. This diet consisted of casein
T e s t s  f o r  V it a m in  A P o t e n c y  18 p e r  ^  p e a n u t  o il  2 2  p e r  c o m s ta r c h  2 8  p e r  ^

To provide data concerning the vitamin A potency of the lactose 28 per cent, and salt mixture 4 per cent, supplemented
oils under consideration, each oil was fed in varying amounts by a 0.2-gram tablet of dried brewer’s yeast. When the
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animals commenced to lose weight and gave other evidence 
that their body reserve of vitamin A was exhausted, their 
diet was supplemented by uniform daily additions of cod-liver 
oil. As in other studies of this character, the experimental 
period was 45 days, a t the end of which the test was con
cluded regardless of whether the animal was gaining or fail
ing. The amount of oil administered, the amount of food 
ingested during 5-day periods, and the change in body weight 
are reported in the charts.

Nine animals were used to test the vitamin potency of Oil 8. 
Of these, four which received less than 5 mg. a day were 
unable to recover from their malnutrition. The five animals 
tha t received 7.S8 mg. or more of the oil daily recovered from 
the effects of their previous vitamin-deficient diet. From 
these data it appears that about 8 mg. of this oil are required to 
supply sufficient vitamin A to meet the needs of an albino rat 
for growth.

None of the eight animals tha t were fed 3.32 mg. or less of 
Oil 9 were able to recover from the vitamin A privation to 
which they had been subjected. Considering the results of 
.the series as a whole, one would conclude that between 7 and 
14 mg. of this oil would be required daily to produce good 
growth in this type of laboratory animal.

According to the limited results obtained concerning the

vitamin A potency of Oil 10, 3.36 mg. of this oil daily sup
plied sufficient vitamin A to produce fairly good growth in 
albino rats. The tests of Oil 26, which was distributed by 
the same concern, show it to be a more potent oil.

Inasmuch as nine animals received amounts of Oil 11 
varying from 0.9 to 14.5 mg. daily, and all failed to recover 
from the malnutrition occasioned by an inadequate supply .of 
vitamin A, it is concluded th a t more than 14.5 mg. of this oil 
are needed to meet the vitamin A requirements of the labo
ratory animals.

The charts which report the results of the tests of Oils 27, 
37,43,44, and 80, show a quite distinct line of demarcation be
tween those animals that recovered from malnutrition induced 
by an inadequate supply of vitamin A and those that did not 
recover. I t  will also be noted tha t the amount of the differ
ent oils required to effect recovery of the laboratory animals 
is not identical for the different oils. Accordingly, it is 
evident tha t the vitamin content of these oils varies ap
preciably.

In brief, the tests reported here show th a t the medicinal 
cod-liver oils on the market are not uniform in vitamin 
content, and that if one wishes to be assured of a cod-liver 
oil of high vitamin potency, it is essential to insist on an oil 
whose vitamin potency has been determined.

Q uantitative Estim ation of Anthracene in Anthraquinone1
By H arry  F . Lewis

C o r n b i-i . C o u .j'.g r , M r .  V s r n o n , I a .

T HE estimation of small amounts of anthracene in an
thraquinone is of interest in connection with the use of 
the anthraquinone in sulfonation. This value can be 

obtained by analyzing the sample for anthraquinone, then oxi
dizing a fresh sample, using the Luck method, and estimating 
the total anthraquinone after oxidation. By subtracting the 
first value from the second, the amount of anthraquinone 
formed from the anthracene present may be determined. This 
procedure is long and tedious, and gives unsatisfactory results.

Among the properties of anthraquinone described in the 
literature may be found the fact tha t pure anthraquinone 
dissolves in oleum, producing a yellow color which does not 
change upon heating the oleum. This is in contrast with the 
behavior of anthracene, which chars rapidly in hot oleum 
with the evolution of sulfur dioxide.

These facts form the basis of a qualitative test for the 
purity of anthraquinone as devised by Nelson and Scott. 
They found tha t the color of the filtrate obtained after di
luting the hot oleum mixture could be used in determining 
whether a sample of anthraquinone was of satisfactory 
quality, comparing the color with tha t obtained in a similar 
manner with a satisfactory anthraquinone. This qualita
tive test has been developed into an analytical method for 
the quantitative estimation of small amounts of anthracene in 
anthraquinone.

P r o c e d u r e

A 2-gram sample of anthraquinone is taken from a well- 
ground, dry mixture of the unknown and placed in a 15.2 X 
2.5-cm. ( 6 X 1  in.) hard-glass test tube, 25 cc. of 10 per 
cent oleum added, the stopper containing a thermometer and 
capillary vent tube inserted, and the tube heated in a bath a t 
150° C. for 5 minutes. The contents of the tube are then 
poured into 500 cc. of distilled water, stirring meanwhile.

1 Received M ay 15, 1924.

Sufficient of the suspension is filtered to give a color compari
son against standards made up with solutions of potassium 
dichromate and cobalt chloride. These can be easily made by 
running known mixtures of anthracene and anthraquinone 
under the conditions described above and matching their 
colors in the preparation of standards. The char solution 
darkens on standing and the color comparison should there
fore be made immediately after filtering.

A c c u r a c y

The method as described will easily detect as small an 
amount of anthracene as 0.1 per cent and differentiates 
easily up to 7 ±  0.2 per cent. This is sufficiently high, 
for few commercial anthraquinones have an anthracene con
tent greater than 5 per cent, whereas purified anthraquinones 
have even smaller amounts.

R e s u l t s

The best color results were obtained with 10 per cent oleum. 
Oleum of 15 per cent strength causes too great a charring to 
differentiate easily, whereas with hot concentrated sulfuric 
acid an hour’s heating is not sufficient to produce much color.

Such possible impurities as carbazol, phenanthrene, phen- 
anthraquinone, acenaphthaquinone, and fluorene in amounts 
up to 2 per cent have no influence on the depth of color. 
Acenaphthene and naphthalene both char rapidly in 10 per 
cent oleum, but their presence in commercial anthraquinone is 
extremely improbable. Naphthalene would sublime in the 
driers and acenaphthene would be oxidized to the quinone, 
which does not char. Needless to say, they would be as un
desirable in the anthraquinone to be sulfonated as would 
anthracene itself.

A c k n o w l e d g m e n t

The author is indebted to the National Aniline & Chemical 
Company for aid in carrying out this work.
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A New Stability Test for Nitrocellulose1
By J . B. Taylor

E x p e r im e n t a l  S t a t io n , H e r c u l e s  P o w d e r  C o . ,  K e n v i l , N .  J .

S TABILITY tests for nitrocellulose have been based on 
several general methods, including the coloring of test 
papers, appearance of nitrous fumes, and quantitative 

measurements of the products of decomposition. All involve 
heating a t more or less elevated temperatures.

The proposed test was planned as a substitute for the Abel 
65.5° C. test, better k n o w  as the K I test. This heat test, 
while of long standing, is now generally recognized as unreli
able in judging true stability. I t  has been said to indicate 
the beginning of decomposition, but there are a number of 
substances which may mask any action of this kind. I t  is es
sentially a trace test, showing the presence of minute quanti

ties of, impurities which usually have no 
bearing on real stability.

The temperature-rise test, as the new 
test has been called, depends on a meas
urement of the heat evolved on decomposi
tion. I t  was suggested by the old Wal
tham Abbey silver vessel test for cordite. 
Here the ground powder was heated at 80° 
C. in vacuum flasks containing thermom
eters. The test lasted from 200 to 600 
hours, and ended when a rise of 2 de
grees had been recorded. The present 
test is run at a higher temperature, 135° 
C., in order to secure a more serviceable 
routine test and also to obtain increased 
distinction between types of nitrocotton.

E x p e r i m e n t a l

The nitrocotton was dried at 40° C. for 
5 hours to insure uniformity in different 
samples. Four and five-tenths grams of 
the dried cotton were then placed in a

F i g .  i — A p p a r a t u s  glass test tube and tamped down around 
* o r  T e m p e r a t u r e -  the bulb of a thermometer. The test 
t r i s e  T e s t  f o r  n i t r o -  t ubes were heavy-walled, 30-cm. tubes 
• c e l l u l o s e  with an inside diameter of 1.4 cm. The
thermometers were long-stemmed and graduated from 130° 
to  140° C. in tenths. This simple apparatus (Fig. 1) 
-was adopted in place of the many other possible refine
ments, because it seemed to provide a quick and suffi
ciently accurate method of determining the feasibility of 
the test.

The tubes were placed in wells of a xylene-toluene vapor 
bath at 135° C. Temperature readings were made a t minute 
intervals until the maximum temperature was reached and 
for some time thereafter. This maximum temperature was 
Tecorded as the temperature-rise (T-R) test value of the ni
trocotton.

Fig. 2 shows the variation of temperature rise with time. 
Bath temperature, 135° C., is reached in about 30 minutes, 
and then a period of slow temperature rise follows. Rapid 
-decomposition then sets in, as shown by the first break in 
the slope of the curve. The temperature reaches a maximum 
-and then decreases to an almost constant level as the decom
position rate falls off and is balanced by heat losses to the 
bath.

1 Presen ted  before the  Division of Cellulose C hem istry  a t  the  67th 
M eeting  of th e  A m erican Chem ical Society, W ashington, D . C., A pril 21 to 

2 6 , 1024.

The time for reaching the maximum rise varies from 45 to 
60 minutes, but shows little relation to the rise. The rise 
could be checked to 0.05°-0.10° C.

To show that the temperature-rise test depends on actual 
decomposition, a number of tests were made on partially 
purified nitrocotton.
T a b l e  I — T e m p e r a t u r e - R i s e  T e s t  o n  P a r t ia l l y  P u r i f i e d  N it r o c o t t o n

t - r
T r e a t m e n t  ° C .

A fter beating  2 .8 0
A fter a 6-hour boil 1 .70
A fter a  2-hour boil 1 .40
A fter four 1-liour boils 1 .13

Table I shows a typical series. The sample was a nitro
cotton of 13.5 per cent nitrogen. The first sample was taken 
after the beating treatment, the first step in the final purifica
tion process. The decrease in rise indicates tha t the method 
is sharply affected by the extent of purification, and follows 
closely actual stability changes.

Typical results on finished nitrocottons are given in Table
II. The samples are all nitrocottons intended for use in the 
manufacture of smokeless powders.

T a b l e  I I — T e m p e r a t u r e - R i s e  T e s t  o n  F i n i s h e d  N i t r o c o t t o n s
N itrogen T -R K I

Sam ple P er cen t ° C. M in.
1 13.12 0 .9 5 10
2 13.13 0 .8 8 27
3 13.15 0 .91 20
4 13.45 0 .9 2 30
5 12.81 0 .87 30
6 12.20 0 .74 40
7 12.19 0 .80 16
8 12.85 1.03 23
9 12.14 1.33 24

10 13.50 1.20 20

From study of a variety of nitrocottons, a maximum rise 
of 1.10° C. under the conditions of the test appears to be the 
limit for a sufficiently stable nitrocotton.

I t  will be noticed that there is no relation between K I and 
T-R values. Sample 1, hopelessly unstable by the K I test, 
gave a passing temperature rise. This is also true of Sample 
7. Sample 9, on the other hand, gave a very high T-R, but 
is fairly stable if judged by KI. I t  can also be seen tha t the 
T-R is roughly governed by the nitrogen content of the cotton.

Preliminary investigations of a test depending on a tempera
ture rise were made by O. A. Pickett of this laboratory. 
The time of beginning of rapid decomposition was chosen as
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the basis for differentiation between stabilities, rather than the 
actual rise, as in the present work. The actual maximum rise 
has been used because it varies in a definite manner between 
nitrocottons of known stabilities. All the data secured show 
tha t the point of incipient decomposition is too indefinite and 
does not vary between wide enough limits to judge stability 
sharply. However, with apparatus free from heat losses, as 
suggested below, this point may become marked enough to 
furnish an additional check on the stability.

The test is still under investigation and, as mentioned be

fore, is susceptible to far more precise methods. A few 
experiments have been carried on and others are planned, 
using Dewar flasks and resistance thermometers. The 
Dewar flask prevents heat leaks to the bath and causes more 
sharply defined temperature changes. These well-marked 
temperature inflections offer very interesting possibilities in 
the decomposition study of the cellulose esters. The vacuum 
tube also allows examination of finished powders and other 
explosive materials, which because of their structure cannot be 
used in the test-tube apparatus.

Effect of Hydrogen-ion Concentration on Compound 
Formation and Adsorption of Dyes by Mordants1

By R. E. M arker and N. E . Gordon

U n i v e r s it y  o f  M a r y l a n d , C o l l e g e  P a r k , M d .

M OST of the work in 
the dye field has 
been done with an 

eye to its p r a c t ic a l i ty .
Much of the material used 
has only been commercially 
p u re . The disregard of 
scientific methods and pure 
materials lias led to contra
dictory results. For instance, some results point to the fact 
that the adsorption of dyes by mordants is more or less physical 
in nature, while other investigators have been willing to believe 
that such adsorption is of a chemical nature. All these inves
tigations have a commercial value, for it is the technical 
preparation with which the industries have to deal. On the 
other hand, if we are to know the truth, careful quantitative 
work is necessary where the purity of the material used and of 
the intermediate products is taken into account.

M a t e r i a l  U s e d

The mordants (inorganic gels) used were silica, alumina, 
and ferric oxides, chosen because they were believed to be 
chemically representative, one having an acid character, one 
a basic, and one an amphoteric nature. The commercial 
silica gel was ground to pass through a 100-mesh sieve and 
then washed until free of all electrolytes. The ferric oxide 
and alumina gels were prepared and purified by the usual 
methods.

The two basic dyes used were crystal violet and methylene
blue, and orange I I  and metanil yellow were chosen as repre
sentative of the acid dyes.3 The dyes were purified until, on 
analysis they gave the following results:

P e r cent
C rysta l violet 99 .98
M ethy lene blue 99 .97
Orange I I  99 .97
M etanil yellow 99.93

E x p e r i m e n t a l

One-half per cent dye solutions were used. The different 
hydrogen-ion concentrations were obtained by adding sul-

1 P resented  by  W hite, M arker, and  G ordon under the  title  "E ffect of 
H ydrogen-ion  C oncen tration  on the  A dsorption of D yes by  G els" before the  
D ivision of D ye C hem istry  a t  th e  67 th  M eeting  of the  A m erican C hem ical 
Society, W ashington, D . C ., A pril 21 to  26, 1924.

* T h i s  J o u r n a l ,  1 5 , 818 (1923).
* Furnished th rough the  courtesy  of E . I. du P o n t de N em ours & 

Com pany.

furic acid or sodium hydrox
ide. Weighed quantities 
of the gels were introduced 
into clean, dry, glass-stop
pered bottles of 250 cc. 
capacity. The water con
tent of the gel being known, 
the exact weight of dry gel 
used was calculated. In in

troducing the dye solutions into the bottle, both the quantity 
of gel and its water content were taken into account, so that 
the ratio of dye to gel in each bottle was exactly the same. 
Preliminary experiments showed th a t a t  100° C. the dye in the 
solution reached an equilibrium with the gel by constant 
shaking for one hour. After tho equilibrium was established 
and the gel allowed to settle, an aliquot of the dye solution 
was titrated with titanium  trichloride under an atmosphere of 
carbon dioxide, as recommended by Knecht.4 The amount 
of dye adsorbed was calculated by the difference in titration 
before and after adsorption.

The hydrogen-ion concentration of the various dye solu
tions was taken by means of a Bailey electrode. Many 
types of electrodes were tried, but the Bailey was found the 
most satisfactory. With any electrode the readings had to be 
taken rapidly because of the adsorption of the dyes by the 
electrodes. After each operation the electrodes were washed 
with chromic acid to destroy any adsorbed dye. In each 
case several readings were taken and the mean was used in 
the final result. No reading was far from this mean.

F e r r i c  O x id e  G e l

The experiments with ferric oxide gel and the acid and 
basic dyes were carried out as described above. The results 
are given in Table I.

T a b l e  I — A d s o r p t i o n  o f  A c id  a n d  B a s ic  D y e s  b y  F e r r i c  O x id e  G e l
<--------------------B a s ic  D y e s ------------------- - ^----------------- A c id  D y e s  -
M e t h y l e n e  B l u e  C r y s t a l  V i o l e t  O r a n g e  I I  M e t a n i l  Y e l l o w

M g. a d  M g. a d  M g. a d  M g. ad 
sorbed sorbed sorbed sorbed

per gram per gram per gram
pH

per gram
pH gel pH gel pH gel get
1.96 27 .6 2 .0 6 23 .2 2 .3 429 1.92 361
2 .2 3 29 .0 2 .94 33 .0 3 .2 75 2 .3 340
5 .95 30 .0 5 .02 4 2 .3 5 .2 7 70 3.3S 255
9 .8 5 32.1 9 .01 50 .6 10.14 52 7 .46 211

11.12 33 .8 10.95 56.1 11 .02 50 11.60 80.7
12.00 131 .0

I t  will be noted from Table I  th a t the higher the pH th& 
more of a basic dye is adsorbed, whereas the reverse is true

* Ber., 3 6 , 1552 (1903); 4 0 , 3S19 (1907).

The object of this investigation is to show the quantitative effect 
of the hydrogen-ion concentration on the adsorption of acid and basic 
dyes by mordants. A  preliminary report was given by Reinmuth 
and Gordon,2 when it was believed that the results found  were of a 
chemical nature. Nevertheless, these results, lacking completeness, 
did not ju s tify  such a statement. The present work will show, in 
part at least, that such remarks are now warranted.
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I n d i c a t i o n s  o f  C o m p o u n d  F o r m a t i o n

general trend for these gels. In  the case of orange II  there 
was no titratable adsorption, but when the gels in the various 
bottles were washed it was noticed tha t those with the high 
pH had the deepest color. There was probably some adsorp
tion but not enough to determine quantitatively. With 
the metanil yellow a marked adsorption took place, but this 
might be explained by a breaking down of the compound, 
for when the dye solution was added to the silica gel a dirty 
brown color resulted.

The curves in Fig. 3 show the adsorption of the dye by 
silica gel under the varying pH values. The curves are 
much smoother than in the case of the other gels.

For purposes of comparison the curves for the acid dyes 
have been grouped in Fig. 4 and those for the basic dyes in 
Fig. 5. I t  should be noted tha t the break in curves for the 
acid and basic dyes always occurs a t approximately the 
same pH. One reason for this will be brought out in the 
following discussion.

F i g .  1— F e r r i c  O x i d e  G e l  

aa— M ethylene blue cc— Orange I I
bb— C ry sta l violet dd— M etan il yellow

reaction, the alumina gel would, be one of the best gels to 
bring out this fact—i. e., the more acid the dye bath was 
made the more alumina should function as a base and hence 
should react with more of the acid dye, and vice versa. 
Table I I  shows the tru th  of the anticipation.

T a b l e  I I — A d s o r p t i o n  o p  A c id  a n d  B a s i c  D y e s  b y  A l u m in a
✓---------------•----- B a s ic  D y e s ---------------------* ^-----------------A c id  D y e s ----------------- *
M e t h y l e n e  B l u e  C r y s t a l  V i o l e t  O r a n g e  I I  M e t a n i l  Y e l l o w

M g. a d  M g. ad  M g. a d  M g. a d 
sorbed sorbed sorbed sorbed
per gram per gram per gram per gram

pH d ry  gel pH dry  gel pH dry  gel pH d ry  gel
1.96 65 .6 1.50 3 2.30 452 1.92 703
2 .23 66.1 5 .44 8 3 .20 186 2 .30 460
5 .95 6 7 .5 9 .18 45 5.27 179 7 .46 276
9 .85 7 7 .0 10.70 282 10.14 362 9 .67 226

11.12 82 .7 11.12 413 11.02 136 11.60 115
12.00 279 .0

The adsorption of both the acid and basic dyes shows a 
behavior with the alumina very similar to that with the 
ferric oxide gel. The marked change in adsorption takes 
place a t about the same pH, but the ferric oxide gels have the 
higher power of adsorption. This is more clearly shown by 
Fig. 2. The sharp breaks in these curves will be discussed 
later.

S i l i c a  G e l

The inactivity of silica gel did not warrant the anticipation 
of any great chemical adsorption. The same acid and 
basic dyes were used as with the other gels, and results ob
tained as given in Table III.

T a b l e  I I I — A d s o r p t i o n  o r  A c id  a n d  B a s i c  D y e s  b y  S i i . i c a  G ei. 
- B a s i c  D y e s  >   A c id  D y e s -

M b t h y l b n b  B l u b  C y k s t a i .  V i o l e t  O r a n g e  II  _ M b t a n i l  Y e l l o w  
M g. a d 
sorbed 

per gram  
p H  gel
1 .90  9 .4
2 .2 3  10.7
5 .95  10.9
9.8f> 11.7

1 1 . 1 2  1 2 . 6  
12.00 23 .9

Although the adsorption with the silica gel is not so marked 
as tha t of iron and alumina gel, the adsorption follows the

M g. a d  M g. ad  M g. ad 
sorbed sorbed sorbed

per gram per gram
pH

per gram
pH gel pH gel gel

0 .068 0 .3 2 .3 0 .0 0 1.92 73.3
1.31 1.4 3 .2 0 .0 0 2 .30 67.7
2 .94 2 .8 5.37 0 .00 3 .38 22.9
5 .02 4 .3 10.14 0 .00 7 .46 18.5
9.01 4 .9 11.02 0 .00 9 .67 14.6

10.95 5 .7 12.00 0 .00 11.60 3 .9

In the foregoing experiments certain phenomena were 
observed which indicated that the adsorption was more 
chemical than physical in nature. The first unusual thing 
observed was in the adsorption of orange II  by alumina and 
ferric oxide gels, where the adsorption curves showed a tre
mendous increase in their curvature a t low pH values. There
fore, some of the gel was taken from the bottles and subjected 
to microscopic analysis. Parts of this gel showed a crystal 
appearance, which' increased with a decrease in the pH. I t 
was believed that the following equilibrium had taken place: 

Acid Ferric oxide
X N a-------------- >.YH------------- >AT,Fe

Acid Alumina gel
A'Na---------  — s-X H ------------- >-Ar3Al

To confirm this the acid of orange II  was prepared and puri
fied, and this pure acid was shaken with the respective gels 
until equilibrium was established, when a larger growth of

with respect to the acid dyes. Furthermore, the marked 
change of adsorption takes place at a pH of 12 in the case of 
basic dyes, while the big change occurs at about 2.5 in the case 
of acid dyes. These sharp changes in adsorption are best 
brought out by the curves shown in Fig. 1. Here we find 
the basic curves to have the same general slope, and like
wise the acid curves resemble each other.

A l u m i n a  G e l

The alumina was chosen because of its amphoteric nature. 
I t  was believed that, if the adsorption were one of chemical

beautiful crystals was obtained in each case. The alumina 
gel gave needle-shaped crystals, while the ferric oxide gel gave 
crystals having a twisted, threadlike appearance. When 
subjected to analysis the purified crystals gave the following 
percentage composition:

Fe(SO i.C .H 4N :N .C ioH ..O H )3
Fe D ye radical T o tal

C alculated 5 .4 94 .6 100
F ound 5 .2 94 .4 9 9 .8

Al(SO3.CeH*.N:N.Ci0H#.OH)s
A1 D ye radicul T o tal

Calculated 2.7 9 7 .3 100
Found 2 .6 97 .7 100.3

This work showed conclusively that the foregoing assumed 
equilibrium took place and that the adsorption was chemical

aa— M ethylene blue 
bb—C rystal violet

cc— Orange I I  
dd— M etan il yellow
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in nature. The liydrogen-ion concentration was the princi
pal factor which determined the completeness of the reaction.

As an auxiliary test for compound formations, solutions of 
the same pH but varying concentrations of the acid dye were

aa— M ethylene  blue 
bb— C rystal violet 
cc— M etan il yellow

prepared and shaken with both the ferric oxide and alumina 
gels. After equilibrium was reached the dyes were titrated 
with the results shown in Table IV.

T a b l e  IV — A d s o r p t i o n  o p  D y e s  b y  A l u m i n a  a n d  F e r r i c  O x i d e s  G e l  a t  
t h e  S a m e  p H  b u t  V a r y i n g  D y e  C o n c e n t r a t i o n s

D ye in 100 cc. so lu tion  D ye in 100 cc. solution 
Original dye in solu- over the  a lum ina gel over ferric oxide gel af- 

tion  a fte r adsorp tion  te r  adsorp tion
P e r cen t M g. M g.

0 .5  40 14.7
0 .7 5  40 14 .7
1 .16  40 15 .4

This acted as a confirmatory test to show that there must 
have been a reaction between the dye and the gel. The 
equal amounts of dye left in the solutions resulted from the 
solubility of the respective iron and aluminium dyes. The 
aluminium salt is nearly three times as soluble as the iron salt.

aa— Silica gel and  m etan il yellow cc— A lum ina gel and  m etan il yellow
bb— Ferric  oxide gel and  m etan il yellow dd— F erric  oxide gel and  o range I I  

cc— A lum ina gel an d  orange I I

Manganese, nickel, lead, strontium, mercury, calcium, and 
magnesium salts of orange I I  were also prepared. Their 
physical and chemical properties will be reported in a later 
paper. With these salts almost any desired shade of orange 
from a bright red to a pale yellow could be obtained. The 
lower the pH the nearer the color approached red. This 
means simply th a t more and more of the salt is converted 
into the acid as the hydrogen ion is increased.

Acid — +
X M + = ± X  +  H

The increase of acid moves the equilibrium to the right, and 
since the same acid is produced in all cases all metallic salts 
should produce the same color a t the same pH provided the 
hydrogen-ion concentration is great enough for the color of 
the acid to predominate over the color of the un-ionized salt— 
which proved to be the case.

The fastness on the wool decreased with the increase in pH. 
This might reasonably be anticipated from the foregoing 
equilibrium. When the pH is increased the equilibrium moves 
to the left. In  other words, we have the dye in the form 
which acts less readily with the fiber. Work is now being 
done to find out if orange I I  does not form a definite chemical 
compound with the fiber just as it has been shown to form a 
definite compound with the mordant. If this proves to be the 
case, it should not be too much to assume that such a com
pound as alumina has mordant properties, because one or two 
of its valences are satisfied by the dye while its remaining 
valence is satisfied by the fiber. This might be graphically rep
resented thus:

\
where X  is the dye radicals and Y  represents the fiber. There 
are many reasons for believing tha t the fiber has amphoteric 
properties.

F i g .  5— B a s i c  D y e s  

aa— A lum ina gel and  c ry s ta l violet 
bb—A lum ina gel aud  m ethy lene blue 
cc— F erric  oxide gel an d  m ethy lene blue 
dd— F erric  oxide gel and  crysta l vio le t 
cc— Silica gel and  m ethy lene blue 
f f —Silica gel and  crysta l violet

The alumina and ferric oxide products of metanil yellow 
and crystal violet have been sufficiently investigated to show 
th a t the metanil yellow adsorption is due to the precipitation 
of the dye in the acid medium, whereas the adsorption of the 
crystal violet promises to be chemical.

C o n c l u s i o n s

1—The lower the pH of an acid dye solution the more dye 
is adsorbed by inorganic gels.

2—The higher the pH of a basic dye solution the more dye 
is adsorbed by inorganic gels.

3—The pH has a marked effect on the color.
4—The pH  helps to govern the fastness of the dye.
5—Adsorption of certain dyes by inorganic gels is chemical, 

a t least under the conditions stated above.
6—The power of the mordant to increase the fastness of 

the dye may be due to the fact tha t it shares its valences 
between the dye and the fiber.
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A Convenient Battery Power-Line Circuit for the 
Potentiometer1

By Alan Leighton

B u r e a u  o f  D a i r y in g , D e p a r t m e n t  o f  A g r i c u l t u r e , W a s h in g t o n , D .  C .

A LTHOUGH the potentiometer is an excellent piece of 
apparatus for the accurate measurement of minute 
electrical pressures, it has certain inconveniences 

arising from the changing voltage of its battery on continuous 
discharge. As would be expected, a freshly charged battery 
gives the most trouble. Moreover, the battery must be 
charged frequentfy, and for this purpose it should be removed 
from the potentiometer circuit, as it is not considered good 
practice to instal a double-throw switch which will permit it 
to be charged in position.2 In  short, a potentiometer system 
requires constant care.

The author makes potentiometric measurements only 
occasionally and has found tha t in the press of other work his 
battery is frequently neglected. In  order to make certain 
tha t his potentiometer system was always in working con
dition the following circuits were devised:

The potentiometer (Fig. 1) is connected through suitable 
resistances to the main 220-volt power line of the laboratory. 
A 2-volt battery is then “floated” across the terminals of the 
potentiometer.3 This battery serves as a voltage regulator 
and is on continuous charge at low rate. The battery will, 
of course, pick up the potentiometer load if the main line 
circuit is broken.

The current, about 0.075 ampere, is led from the power line 
through one 25-watt, 220-volt lamp. I t  then goes to the 
potentiometer terminal, where it divides, about 0.02 ampere 
passing through the potentiometer circuits and the remaining 
0.055 ampere through the battery. This is just enough cur
rent to keep the 160-ampere hour, 17-plate, Westinghouse 2- 
volt battery at charge. After 3 months’ operation the specific 
gravity of the acid in the battery was 1.255 (full charge was 
1.3). This means, then, that at the 0.055-ampere charging 
rate just sufficient current is passing through the battery to 
overcome its internal discharge at about half full charge. The 
battery is then constantly on the so-called “flat” of the dis
charge curve, the best place for good service on a potentiom
eter circuit. The two shunts come together again a t the 
other potentiometer terminal, when the current is again led 
through another 25-watt lamp and thence returned to the 
power line.

The resistance of the potentiometer circuit is more than 
100 ohms. We may consider the internal resistance of the 
battery as being of the magnitude of 0.01 ohm. This means 
that any voltage fluctuation in the current passing through 
the potentiometer system will be distributed a t the rate of 1 
part in the potentiometer to 10,000 parts in the battery. 
If the author’s calculations are correct, an error of only 0.0005 
per cent in the potentiometer reading will thus be introduced 
by the normal 5 per cent voltage fluctuation which might 
occur in the power line between the time the potentiometer

1 P resen ted  u n d er th e  title  “ A C onvenient P o ten tiom eter S e t-u p ”  before 
the  D ivision of Physical and  Inorganic C hem istry  a t  th e  67 th  M eeting  of 
the  A m erican C hem ical Society, W ashington, D . C ., A pril 21 to  26, 1924.

* C lark , " T h e  D eterm ina tion  of H ydrogen Ions ,” p. 226.
* T he idea of " floa ting” a  b a tte ry  across th e  te rm inals  of a po ten tiom 

e te r is a p p aren tly  n o t new [see W hite, Phys. Rev., 23, 447 (1906)1, although 
th is  p a p er had  n o t come to  th e  a u th o r’s a tten tio n  a t  th e  tim e th e  plan here 
outlined was p u t in to  opera tion . D r. W hite, how ever, took  his pow er from 
ano ther sto rage b a tte ry .

is balanced against the standard cell and the time the reading 
is made. This error is too small to detect. The greatest 
error encountered would come from the complete cessation 
of the power-line current between the time the potentiometer 
is balanced and the time the reading is made. This error, 
with the present set-up and charge rate, has been shown to be 
about 0.06 per cent. This represents greater accuracy than 
is necessary in any of the author’s work, although it may be 
too great an error for some kinds of work. Of course, this 
error would not usually be encountered, since in good poten
tiometric practice it is customary to check up the potentiom
eter balance before and after each reading. (It will be 
apparent that no effort is being made to hold the battery 
potential absolutely constant from day to day by guarding 
against temperature changes of the battery, but rather to 
insure tha t there will be no voltage variation during the time 
that a reading is being made.)

The magnitude of the possible error is interesting, how
ever. I t  will be greater, the greater the resistance of the 
battery circuit and the greater the charging rate. E. Hill 
Turnoch, Jr., assistant chief engineer a t the Westinghouse 
Battery Company, suggests tha t the employment of a battery 
of lower capacity than tha t described above, with the resulting 
diminished charging rate, would minimize this error; also 
that a system might be worked out wherein the battery 
would be charged a t a lower rate while the potentiometer 
was in use, this rate to be boosted slightly when the system 
was idle.

+ -
A ( - - Q - B -o- H A

— V W W V W —
F i g . 1— W i r i n g  D i a g r a m  

A  A ,  220-volt power-line term inals 
P, P o ten tiom eter circuit

B , 2 -volt b a tte ry  
L , L am ps, 25 w a tt, 220 volt

Let us now consider the question of shielding. I t  so hap
pens that the terminals of the laboratory 220-volt power 
circuit are each a t a potential of 110 volts with the ground; 
that is, the ground potential is intermediate between th a t of 
the terminals. The external resistances of the potentiometer 
circuit have been so balanced tha t the potential of the whole 
potentiometer system is so close to that of the ground that no 
harm can come to the instruments by an accidental ground on 
any part of the potentiometer circuit. This low instrument 
potential with respect to the ground also facilitates shielding— 
that is, protection against those stray currents which may 
induce insidious errors in the voltage measurements. Another 
advantage is gained, in tha t if a switch is so arranged th a t the 
shield plates can themselves be grounded, the presence of any 
actual ground in the potentiometer circuit can immediately 
be detected by disconnecting the e. m. f. terminals separately 
and pressing the galvanometer key. If there is a ground 
the galvanometer coil will be deflected.
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C o n c l u s i o n

The potentiometer set-up here described has proved to be 
convenient for the laboratory.

The writer lias experienced no difficulty from stray cur
rents in about 10 months’ operation. Although the danger 
of trouble from this source is apparently no greater with this

arrangement than with the usual circuits, if the proper set-up 
is made, nevertheless, a little extra care in arranging these 
circuits will without doubt be worth while.

The arrangement might be of service for regulating the 
terminal voltages of commercial recording potentiometers in 
factories where it is now the custom to employ dry cells.

Analysis of Naphthalenesulfonic Acids and Naphthalene1
Supplementary Report

By W. S. Calcott, F . L. English, and F. B. Downing

K . I .  d o  P o n t  d e  N e m o u r s  &  C o . ,  W i l m i n g t o n , D e l .

I N A recent paper by the authors upon the “Analysis of 
Naphthalenesulfonic Acids and Naphthalene,” 2 the de
tailed procedure of analysis and preparation of reagents 

for the analysis of naphthalenesulfonic acids was accidentally 
omitted when the article was printed. The methods, which 
consist in determining the naphthalene carbon present by 
oxidation of the naphthalene residue to phthalic anhydride, 
and the sulfonic acid sulfur present by isolation of the soluble 
barium sulfonates with subsequent gravimetric determina
tions of barium, are given here.

R e a g e n t s

V a n a d i c  A c i d  S o l u t i o n —To prepare 1 liter of the oxi
dizing solution, transfer 63 grams of pure ammonium meta
vanadate (NH 4VO3) to a 2.5-liter beaker and add 220 cc. 
of distilled water. To this mixture add gradually with 
agitation 780 cc. of concentrated sulfuric acid. Cool the 
solution to room temperature and preserve it in a glass- 
stoppered bottle.

B a r i u m  C a r b o n a t e —The barium carbonate used in this 
determination of sulfonic acid sulfur must be free from all 
soluble salts. Satisfactory material may be obtained by 
boiling 200 to 300 grams of pure precipitated barium carbon
a te  with 1 liter of distilled water, filtering, and washing the 
barium carbonate with hot water.

A n a l y t i c a l  P r o c e d u r e

D e t e r m i n a t i o n  o f  N a p h t h a l e n e  C a r b o n  ( C 10)—If sul
fites are present in the sample it should be first boiled in acid 
solution to eliminate SO2 . Pipet a 25-cc. aliquot of the sam
ple containing 0.25 to 0.30 gram of the naphthalenesulfonic 
.acid into a 200-cc. Erlenmeyer flask and add a t room tem
perature 90 cc. of the vanadic acid reagent. Insert a ther
mometer in the flask and heat the mixture to 120° C .  in not 
less than 10 minutes. M aintain the temperature of the 
•oxidation a t 120° C . ±  2° for exactly 15 minutes, then im
mediately pour the solution into 200 cc. of cold water in a 
750-cc. Erlenmeyer flask. Rinse the small Erlenmeyer with 
■cold water, cool the drowned mixture to room temperature, 
then transfer it to a 500-cc. volumetric flask and dilute to the 
mark with distilled water.

T itrate 150-cc. aliquots of the solution in 200 cc. of water 
a t  70° to S0° C. with 0.1 N  permanganate solution. The per
manganate may be run in rapidly until the solution changes 
in color from green to greenish yellow. Then add the per
manganate in 2 to 3-drop portions until an end point perma
nent for 20 seconds is obtained.

A blank determination should be run upon the oxidizing 
solution using 25 cc. of distilled water in place of the sample

1 R eceived Sep tem ber 2 5 ,  1 9 2 4 .
» T h i s  J o u r n a l , 1 6 , 2 7  (1 9 2 4 ) .

aliquot. Reagent made from good quality ammonium meta
vanadate will have a blank of not more than 1.0 cc. of 0.1 N  
permanganate.

Calculation:
(Cc. K M n O < - blank) X no rm ality  of KMnQ< X 0.667 

W eight of sam ple in a liquo t titra te d
P er cen t naph tha lene  carbon

D e t e r m i n a t i o n  o p  S u l f o n i c  A c i d  S u l f u r —Pipet a 
100-cc. aliquot of the sample (having the same concentration 
as the aliquot used for the naphthalene carbon determination) 
into a 1-liter beaker, add 400 cc. of hot distilled water and 
5 grams of washed barium carbonate. Cover the beaker and 
boil the mixture for 30 to 40 minutes, then filter off the 
barium sulfate and excess carbonate and wash the cake with 
cold water. Dilute the filtrate and washings to 800 cc. in a 
liter beaker, heat to boiling, and precipitate the barium by 
adding 40 cc. of 5 per cent sulfuric acid (by volume). Digest 
the solution until precipitation is complete, then filter off, 
ignite, and weigh the barium sulfate.

Run a blank determination on the barium carbonate using 
5 grams of the carbonate and 500 cc. of distilled water. 
T reat this determination exactly like the determination of 
the sample.

Calculation:
(W eight of B aS Q 4 -b lan k ) X  27.47 

W eight of sam ple in a liquo t
P e r cen t sulfonic acid sulfur

The degree of sulfonation is then expressed by the follow
ing formula, where a result of 1.00 indicates monosulfonation, 
2.00 complete disulfonation, and 3.00 complete trisulfonation.

3.745 X per cen t sulfonic acid  sulfur 
P e r c en t n aph tha lene  carbon

D egree of sulfonation

D i s c u s s i o n  o f  t h e  A n a l y t i c a l  P r o c e d u r e

The procedure for naphthalene carbon applied to ordinary 
mixtures of sulfonic acids is considered accurate within 1 per 
cent of the amount present. The analysis is open to the ob
jection th a t other oxidizable material present will be de
termined and calculated as naphthalene carbon. In practice, 
however, this objection has been found more theoretical 
than actual; the conditions of temperature and high concen
tration .of oleum in the process of sulfonation operate to 
eliminate easily oxidizable organic materials, and it should 
be noted in this respect that each mol of naphthalene residue 
requires 18 equivalents of oxygen, a ratio which causes the 
presence of inorganic oxidizable impurities to introduce 
relatively small errors.

The analysis for degree of sulfonation where the estimation 
of sulfonic acid sulfur is included is considered accurate 
within 2 per cent. This method is not applicable to the 
salts of the sulfonic acids or to mixtures containing salts such 
as sodium sulfate.



November, 1924 IN D U ST R IA L  AN D  ENGINEERING C H E M ISTR Y 1191

A Modified Method for the Determination of Uranium in 
Carnotite1

By P . H . M .-P . Brinton and R. B. E llestad

U n iv e r s it y  o p  M in n e s o t a , M in n e a p o l i s , M i n n .

T HE determination of uranium in carnotite as ordi
narily carried out is somewhat tedious in operation, 
involving many precipitations and resolutions. The 

point of main difficulty is the separation from vanadium. 
Volumetric methods are not regarded with favor, because of 
the difficulty in adjusting the end point of the reduction ex
actly to the UO2 stage.

The method usually considered the most accurate is the 
so-called Ledoux & Company method . 2 This is based on 
solution of the ore in suitable acids; removal of lead, etc., 
by hydrogen sulfide; oxidation with hydrogen peroxide; pre
cipitation of iron and a part of the aluminium with sodium 
carbonate, solution and reprecipitation in the same way; 
precipitation of vanadium by lead acetate, solution and re
precipitation in the same way; removal of most of the lead 
by precipitation with sulfuric acid; co-precipitation of ura
nium and the rest of the lead by ammonia and ammonium 
sulfide, solution in nitric acid and fuming with sulfuric acid 
to remove the last of the lead: removal of the rest of the 
aluminium by precipitation with ammonium carbonate; 
final precipitation of uranium by ammonium hydroxide, 
after expulsion of carbonate; and then testing the weighed 
precipitate for vanadium and aluminium by solution in 
nitric acid. There is no criticism of the accuracy of this 
method, and it may well be regarded as standard when 
carried out with skilled manipulation.

A shorter method is given by Low, 3 but even this abbrevi
ation leaves the method a little long. The same may be 
said of a method by Scholl, ' 1 which is perhaps also open to 
criticism owing to final precipitation of ammonium uranate 
in presence of large quantities of sodium salts . 6

In this paper is presented a method which, while using in 
general the principles of the long Ledoux method, accom
plishes the determination of uranium in carnotite with a very 
great saving of time and chemical steps, and this a t slight 
cost in the degree of attainable accuracy.

I t  was a t first hoped tha t by the successive use, without 
intervening filtration, of lead acetate, hydroxylamine hydro
chloride, and ammonium carbonate, a complete separation 
of uranium from iron, aluminium, and vanadium could be 
accomplished in one operation, but it was found tha t the 
boiling necessary for good filtration decomposed the hy
droxylamine, owing to the catalytic action of the iron. I t  
was found possible, however, after first removing any iron, to 
precipitate vanadium as lead vanadate and then to remove 
practically all the excess lead along with it by the addition of 
ammonium carbonate under certain well-defined conditions, 
the prime requisite being precipitation under slight pressure.

M any operators object to the use of a pressure flask be
cause of the element of danger, so a determination of the pres
sure developed in the operation of this method was made 
by connecting the flask, closed with a rubber stopper in which 
was a glass tube connected to a mercury manometer. I t

1 R eceived Ju ly  22, 1924.
* Low, "T echn ical M ethods of Ore A nalysis,”  1 9 2 2 , p. 242. John  Wiley 

& Sons, In c ., New Y ork. Bur. M ines, Bull. 2 1 2 ,  224 (1923).
3 Op. cit., p. 239.
* T i n s  J o u r n a l , 1 1 , 8 4 2  (1 9 1 9 ).
! H illebrand and  R ansom e, A m . J .  Sci., 1 0 , 120 (1900); K ern , J .  A m . 

Chem. Soc., 23, 685 (1901).

was found tha t after the addition of ammonia and ammo
nium carbonate the pressure in the closed flask first falls 
to about half an atmosphere. This is due to absorption of 
ammonia gas and carbon dioxide. On heating the pressure 
gradually increases, but never exceeds 1.5 atmospheres. 
I t  is therefore entirely safe to use ordinary 500-cc., Pyrex 
Erlenmeyer flasks, with rubber stoppers lightly wired on.

M e t h o d

A sample of the ore (enough to yield from 0.1 to 0.2 gram 
of ILOs) is treated with 30 cc. of 1:1 nitric acid and evaporated 
to dryness on the hot plate, with care to avoid loss by spat
tering. The residue is taken up with 1 0  cc. of concentrated 
nitric acid and 1 0 0  cc. of water, and heated until everything 
but the silicious gangue is in solution. The solution is nearly 
neutralized with ammonia, 1  gram of lead nitrate in solu
tion is added, and then sufficient powdered ammonium car
bonate to neutralize the free acid, followed by enough am
monium carbonate to make the total amount added about 
10 grams. Then 25 cc. of strong ammonium hydroxide are 
added, and the flask is stoppered tightly with a rubber 
stopper and shaken thoroughly. The flask is heated over 
a low flame, or in a water bath, to about 80° C. for 5 minutes, 
with frequent shaking, and then cooled to room temperature. 
The precipitate is filtered on close-grained paper, and well 
washed, at first by decantation, with water containing a little 
ammonium carbonate. About 0.5 cc. of strong ammonium 
sulfide is added to the filtrate, followed by several cubic 
centimeters of ether. The solution is heated gently, with 
stirring, until any lead sulfide present coagulates and settles 
out. This is filtered off. The filtrate is boiled to remove 
most of the ammonium sulfide, then acidified with hydro
chloric acid, and boiled to remove carbon dioxide. Any 
free sulfur which separates out here can be oxidized by adding 
nitric acid and boiling. The solution is neutralized with 
ammonia, acidified with an excess of several cubic centi
meters of concentrated nitric acid, heated again to boiling, 
and the uranium then precipitated with 3 per cent ammonium 
hydroxide, which is added slowly and with stirring until the 
solution smells faintly of ammonia, followed by 1  cc. in ex
cess. The precipitate is allowed to settle, and is filtered off 
and washed with a 2  per cent ammonium nitrate solution. 
The precipitate is ignited gently in an uncovered porcelain 
crucible, and weighed as U3O 8. The weighed oxide is dis
solved in hot nitric acid, diluted somewhat, and the solution 
neutralized with an excess of ammonium carbonate. Any 
insoluble residue, together with any aluminium hydroxide 
found, is filtered off. If there is an appreciable amount 
of precipitate here, it is advisable to dissolve and reprecipi
tate. This residue is ignited and weighed in the original 
crucible, and the weight of the residue is deducted from the 
weight of the crude U 3O8 . The filtrate from the aluminium 
can be tested for vanadium by acidifying with hydrochloric 
acid and adding hydrogen peroxide. A faint brownish 
red color can be neglected, as it indicates an almost unweigh- 
able amount of vanadium.

N o t e s

The amount of lead to be removed by ammonium sulfide 
is usually very small. The addition of a little ether has been
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found to aid coagulation of the lead sulfide—which a t first 
appears more of a coloration than a precipitation—and to 
facilitate filtration.

I t  is desirable to boil off most of the ammonium sulfide 
while the solution is ammoniacal, as this greatly diminishes 
the amount of sulfur formed on acidification.

Ammonium diuranate, precipitated as here directed, should 
filter quite well. Occasionally, however, the precipitate a t 
first runs through the paper. I t  must then be refiltered until 
clear. Failure to watch the filtrate from the ammonium 
diuranate closely is probably a common source of error in 
gravimetric uranium determinations.

The ammonia used in uranium precipitations should be 
freshly distilled over slaked lime, as any ammonium carbonate 
renders the precipitation of uranium incomplete.

The aluminium which is always found in the ignited ura
nium oxide is due to the large excess of strong ammonia used 
in the precipitation of lead, vanadium, etc. However, in 
any gravimetric method it is necessary to examine the ig

nited uranium oxide for alumina, and invariably a small 
amount of it is found.

T e s t  A n a l y s e s

A sample of Colorado carnotite which had been very care
fully analyzed by the long standard method contained 16.9 
per cent U30 8.

The following results were obtained by five different ana
lysts, using the short method here described, on the standard 
ore:

16 .8
-----------P er c en t U î Os---------

16 .5 16.9
16.6 16 .9 17.0
16.8 17 .0 16 .9
17.0 16.9 10.7
16.7 17.1 16 .8

A v e ra g e .. . .  16.84

While the method is not ideal for the most accurate um
pire work, its rapidity and convenience make it well suited 
to routine determinations of uranium.

American Potash—A Progress Report1
By J. W. Turrentine 

B u r e a u  o f  S o i l s ,  D e p a r t m e n t  o f  A g r i c u l t u r e ,  W a s h i n g t o n ,  D .  C.

T H E  wide attention  a ttrac ted  by th e  American potash 
industry  as developed during the w ar years on the basis 
of unstable war-time prices and the complete deflation 

of th a t  industry when th a t basis was removed left by contrast 
the  impression th a t the industry was wholly unsound and had 
nothing more real as a  foundation than  those highly abnormal 
conditions. W ar-tim e activities in connection w ith potash 
have been regarded in certain quarters as nothing more than  an 
effort to  make war-time profits. The war-time industry was 
som ething much more w orthy th an  th a t. I t  was to  a  large de
gree an effort to take advantage of th e  high prices obtainable 
for potash to  finance the establishm ent of perm anent industries 
from which potash would be produced as a  m ajor product or 
to  im prove already established industries by the development 
of potash production as a by-product.

Particular reference is made to  the labors of certain of the great 
fertilizer companies to  establish industries based on the raw m a
terials, alunite and kelp, of th e  borax industries be tter to  utilize 
desert lake brines, of the explosives industry  to  utilize kelp, 
of th e  cement and blast furnace industries to  utilize their dust, 
of the beet sugar industry to  utilize Steffens waste, of the alcohol 
industry  to  utilize distillery waste, and of o ther industries to  
utilize o ther raw’ m aterials.

However, money to  finance research is no t th e  only prereq
uisite. Tim e is also required, and there was no t enough of 
this essential to  accomplish the solution of the m any problems 
which arose in connection w ith the profitable production of 
potash from the m any m aterials from which it  was recoverable. 
So as the result of these valient emergency labors, because of 
the shortness of time, disappointm ents followed and were given 
more emphasis in summarizing th e  results than  the  successes.

I t  has been the w riter’s task, in reorganizing the potash in
vestigations of the  D epartm ent of Agriculture, to salvage the 
wreckage, to assort th e  values, to take the good and to  discard 
the worn-out from among th e  experimental results a t  hand; 
to  save from the v irtual junk  heap of inaccessible private files 
the great mass of da ta  there locked up, secured through the labors

1 P resented  before the  D ivision of F ertilizer C hem istry  a t  the 68th 
M eeting  of the  Am erican Chem ical Society, I th a c a , N . Y ., Sep tem ber S 
to  13, 1924.

of scores of investigators a t  the expense of scores of thousands 
of dollars; to  reassemble and to  use them  as m aterials of con
struction wherewith to  build the foundation on which the edifice 
of future potash investigations can be erected. H e is glad to 
report th a t he finds much th a t is excellent.

B y - P r o d u c t  P o t a s h

The outstanding result of American activities w ith respect to 
potash is th a t we now have an  American potash industry pro
ducing 25,000 tons K»0 annually. Of greater im portance than 
the quantity  produced is the fact th a t this industry  is based on 
three different raw materials and the  potash in all three instances 
is by-product potash. I t  has long been believed th a t there is 
no present known source of potash in America from which th a t 
commodity can be produced alone; th a t  to  give its manufacture 
economic stability it  m ust be produced as a by-product or with 
by-products. Furtherm ore, the  foregoing instances of potash 
production, as shown by surveys, by a natural process of growth 
within the industries where they are now established, can be 
m ade to  yield 150,000 tons K 2O per annum  instead of the present
25,000 tons. Reference is made to  the cement, the borax, and 
the alcohol industries. A t the cement p lan t of the Santa Cruz 
Portland Cement Co., D avenport, Calif., a t  the borax p lant of 
the American T rona Corp., Searles Lake, Calif., and a t  the alcohol 
p lan t of th e  U nited S tates Industrial Chemical Co., Baltimore, 
M d., potash of excellent grade is now being produced by proc
esses so efficient and so economical th a t th e  ou tpu t is able to 
m eet the com petition of th e  European product placed on our 
seaboard a t  the lowest price realized since the days of the 
Schm idtm an controversy and representing the m ost severe com
petitive conditions ever experienced in th a t  industry. I t  will be 
noted th a t this considerable ou tpu t is produced from a single 
p lan t in  each of th e  respective industries mentioned. This is 
taken  as evidence of the substantial nature  of the industry’s 
foundation, th a t it can successfully m eet this type of competition.

Surveys have been completed of the three industries named 
and also of th e  b last furnace industry, which show a total ton
nage of potash there producible of 225,000 tons. Omitting the 
borax industry, we are now throwing away as a  w aste product of
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these industries 150,000 tons of potash annually. We know how 
to  recover i t  and we know th e  nature of th e  benefits and profit 
th a t  will accompany its recovery. Armed w ith these facts it is 
o u r purpose to  do all th a t we can to  bring about the develop
m en t of this by-product potash industry to  its logical extent.

W hat we have in m ind w ith respect to  this development may 
be illustrated by an analogous conservation already realized 
-which makes available for American agriculture great quantities 
o f th a t other essential of present fertilizer practice—namely, 
amm onium sulfate. The value of this product as a by-product 
o f the coking industry has now become so well recognized and 
its  production so well standardized th a t the coking of coal with
o u t by-products has alm ost disappeared and the yield of by
product ammonia has advanced from nothing to a yearly output 
of over 000,000 tons. America now exports ammonium sulfate 
where a few years ago she im ported a considerable portion of 
her requirem ent. W hat has happened in the coking industry 
it  is our hope to see duplicated in the blast furnace, the cement, 
th e  sugar, and the distillery industries. The affirmative results 
already obtained in governmental and private researches con
vince us th a t this is an entirely reasonable expectation.

Potash yielded from these industries would enjoy the addi
tional advantage of economical distribution, as it  would be pro
duced for the m ost p art within agricultural regions. Long 
freight hauls to  m arket and the great expense incurred thereby 
would be avoidable. W here is the logic in going to  Europe for 
our potash while we are throwing away as a waste product of 
our industries our practical requirements?

T h u  P o t a s h  M i n e r a l s

In  certain mineral deposits already surveyed are further quan
tities of potash, enormous in extent bu t awaiting before be

coming available a better appreciation of improved methods 
of recovery. The greensands of New Jersey, the potash shales 
of Georgia, the  leucites of Wyoming, and the alunites of U tah 
contain in the aggregate inexhaustible quantities of potash, 
and methods of recovering it therefrom are now much nearer 
solution th an  is generally recognized.

The problem again is one of by-products. In  most of these 
raw materials aluminium is an im portant constituent. G reat 
progress is being made in the developm ent of m ethods of its 
recovery as alum ina as a raw m aterial for the alum inium in
dustry. From  such a mineral as alunite th e  solution of th is 
problem will mean also the solution of the problem of th e  eco
nomical recovery of potash therefrom, and th e  same, it  now ap
pears, will prove to  be the case w ith the potash shales, feldspars, 
leucites, and greensands. In  present researches emphasis placed 
on alumina, instead of on potash exclusively as in  the past, has 
brought the solution of th e  problem within sight. For some time 
we have known how to obtain the potash. W e now' know how 
to obtain both  potash and alum ina and in one im portan t in
stance, greensand, still o ther products of value. R esults now 
in hand w arran t the expectation th a t  all of these m aterials 
can w ith some further research be made to  yield their quota to  
the nation’s potash supplies.

Finally, the observations recorded in the Texas Panhandle 
showing unmistakable evidences of subterranean potash de
posits convince us th a t in some one of these three groups of raw 
materials, if no t in all of them, adequate quantities of potash 
will be produced, certainly to render the American farm er free 
from danger of unrestricted exploitation by foreign monopoly, 
if no t to  supply the nation w ith its entire requirem ents in  respect 
to  th a t essential commodity.

A Constant-Level Device for a Thermostatic B ath1
By Isaac Bencowitz and H enry T. Hotchkiss, Jr .

N e w  Y o r k  U n iv e r s it y , N e w  Y o r k , N .  Y .

T N TH E course of work in this laboratory it was necessary
to instal thermostatic baths which would maintain a 

temperature of 25° =*= 0.005° C. for long periods of time. 
Large cylindrical enamelware tanks, covered with insulating 
felt, when equipped with suitable stirring and temperature- 
regulating devices,2 were found to maintain a uniform tem
perature throughout. The problem was to fit the thermo
stat with a proper constant water level and drainage system. 
Many of the most expensive and elaborate thermostats fail in 
this respect, and little on the subject appears in the literature.3

The importance of a constant level in a thermostatic 
bath is self-evident. Adequate draining on hot days when 
the temperature of the atmosphere is above that of the 
thermostat is essential, since a constant supply of cooling 
water must be maintained. Furthermore, to keep the water 
clear for long intervals of time, especially where the water 
becomes contaminated with rust from ironware immersed 
in it, is an important consideration. With the device de
scribed herein, however, no difficulty was experienced.

The water supply is controlled by valve A, which allows 
the cooling water to enter at the bottom of the tank. The 
water is immediately swept into circulation by the stirring

1 Received Septem ber 24, 1924.
* D. J. and  J . J . Beaver, T h i s  J o u r n a l ,  IS , 359 (1923).
'  W ilde, Ib id ., 16, 904 (1924).

B

I

arrangement shown at B. Opposite the inlet is located 
the constant-level apparatus. The water overflows into a 
tube, C, which drains the tank from the top. A siphon then 
carries the water from this tube over the edge of the tank 
into a discharge tube, D. With the apparatus set up as 
shown the siphon will 
not break, as the end 
of the inverted U tube 
rests in a small reser
voir of water and flow 
is only occasioned when 
the head of water in C 
is sufficient to cause a 
displacement in the 
direction of D. The 
upper tube, E, is joined 
as sh o w  to act as a 
safety overflow.

This apparatus is simple, compact, and easily constructed. 
The thermostat in this laboratory has been running satis
factorily for several months. The water is constantly 
drained and perfectly clear. This type of drainage is not 
limited to thermostats, but can be adapted to other constant- 
level systems where the chief object is to keep the tank 
clean as well as to maintain a constant level.

Ür~’
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AM ERICAN  C O N T E M PO R A R IE S

Edward Mallinckrodt
E D W ARD M A LLIN C K R O D T, president of the M allinc

krod t Chemical W orks from its incorporation in 1882, 
was born in St. Louis, January  21, 1845. H is grand

father, Arnold M allinckrodt, was a  publisher in D ortm und a t  
the tim e of the Napoleonic invasion.
A rnold’s son, Emil, wearied by polit
ical conditions in Germ any, came to 
America in 1831 and settled in St.
Louis, where he married, and which 
was thereafter his home. Having 
previously m ade several visits to 
Europe, he w ent there w ith his family 
in 1863 and  left his farm in St. Louis 
C ounty in charge of his second son,
Edward, then  eighteen years old. To 
gain some knowledge of scientific farm 
ing, th e  sou read some German books 
on the relations of chemistry to agri
culture, w ith  the result th a t his ex
pecta tion  of being a  farmer was turned 
into the desire to  become a chemist.
W ith his fa ther’s approval, Edw ard 
M allinckrodt w ent abroad no t long 
afterw ards and spent nearly four years 
in study  and travel. D uring this tim e 
he was a student in the laboratory of 
Fresenius a t  W iesbaden and later was 
an apprentice in the De H aen chemical 
works near Hanover.

Shortly after th e  re turn  of Edw ard 
M allinckrodt to  St. Louis, he and 
his two brothers began th e  m anufacture of medicinal chem
icals under the  nam e of G. M allinckrodt & Company. St. 
Louis was their home and for th a t reason and others was the 
natu ral location for them  to  select; b u t commercially the  place 
was n o t well chosen. In  th e  whole region between St. Louis 
and San Francisco there were no wholesale druggists to  handle 
their products. Similar conditions prevailed in th e  N orthw est 
and Southwest, while the South was stagnan t as a  result of the 
Civil W ar. Consequently, the chemicals made by the new firm 
had to  be m arketed in  th e  E ast in com petition w ith companies 
firmly established in th a t p a rt of the country. The p lan t was 
small, th e  capital inadequate, and for a  long tim e success seemed 
doubtful. A fter ten  years or so, however, th e  enterprise took 
on a more hopeful aspect; and then  the deaths of his two brothers, 
within a  period of six m onths, left Edw ard M allinckrodt to  
carry on the business alone.

Following incorporation in 1882, w ith  a change of nam e to the 
M allinckrodt Chcmical W orks, steady growth began, and the 
company is now one of th e  largest of its kind in America. M ore 
than  a  thousand chemicals are produced for use in medicine 
and the arts, and the aim  has always been to  m aintain the 
highest standard  of quality.

A cognate industry  of which M r. M allinckrodt is th e  head is 
the N ational Ammonia Company, which he formed in 1889 by 
the consolidation of various independent organizations. This 
company m anufactures anhydrous ammonia, aqua ammonia, 
and other ammoniacal products, in St. Louis and Philadelphia, 
and has subsidiaries in various o ther cities. M r. M allinckrodt is 
also president of the Phosphorus Compounds Com pany a t 
N iagara Falls.

The foregoing sketch of the industry  which has absorbed so 
much of his tim e and energy is a  necessary introduction to  any 
acquaintance w ith his personality. M r. M allinckrodt has m et 
constantly and successfully the dem ands of a  great and growing 
business, and public life has held no tem ptation  for him. In  
appearance he is dark, w ith plentiful iron-gray hair, well-cut 

features, and a  strong and interesting 
face. In  m anner he is kindly and re
tiring. The impression of him th a t 
one gains is th a t  of a  m an of few words, 
who grasps quickly and  comprehen
sively any m atte r placed before him, 
weighs -it calm ly and dispassionately, 
and pu ts his decision into effect with 
the least possible friction. H e indulges 
m oderately in the alm ost universal re
laxation of golf, and of late years he 
has taken  a long sum mer vacation. 
M r. M allinckrodt is very fond of 
flowers, and is one of the trustees of 
the Missouri Botanical Garden, com
monly known in St. Louis, by reason 
of the donor’s name, as "Shaw ’s Gar
den.”  Also, M r. M allinckrodt has 
made a collection of paintings, and he 
has given a num ber of pictures to  the 
St. Louis A rt M useum, of which he is 
vice president of th e  board of control.

M r. M allinckrodt’s business success 
is reflected in the numerous gifts which 
he has made to  charitable and educa
tional institutions. After the death 
of M rs. M allinckrodt, he com

m em orated her interest in the St. Louis Children’s Hospital
by an  endowment bearing her name. St. Luke's Hospital, of
which he is president of the board of directors, owes much to 
his intelligent and generous support during a  period of many 
years. M r. M allinckrodt is a  member of the corporation of 
W ashington U niversity, and to  the endowment of its medical 
school, in particular, he has been one of the chief contributors. 
The gifts to  this school which established the M allinckrodt de
partm ent of pharmacology, the M allinckrodt departm ent of 
pathology and  bacteriology, and th e  M allinckrodt departm ent 
of pediatrics, are evidences of his desire to  prom ote medical 
investigation. To further th e  study  of chemistry, the subject 
of his life work, he gave to  H arvard  University in 1923 the sum 
of 3500,000 to  provide one of its  projected chemical laboratories. 
H is only son, E dw ard M allinckrodt, Jr., who is now vice presi
den t of th e  M allinckrodt Chemical W orks, was graduated from 
H arvard  in  1900 and has long been interested in the develop
m ent of its departm ent of chemistry.

In  th e  fifty-seven years th a t  have passed since the Mallinc- 
krodts bu ilt their first laboratory  in St. Louis th e  enterprise has 
become a great and vigorous industry, and  Edw ard M allinckrodt 
is still its active head. The retrospect, a  long one in any case, 
seems alm ost incredibly long when measured by the milestones 
th a t m ark the progress of science during the same period. Few 
men. are privileged to  see so full a  fruition of th e  hopes of early 
youth . In  the fulfilment of his purpose and  in the happy use 
of opportunities th a t  success has brought, M r. M allinckrodt 
m ay justly  feel an abiding sense of satisfaction.

W. L. R . G i f f o r d

E d w a r d  M a l l in c k r o d t
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N O TES AND C O R R E SPO N D EN C E

Pioneering in Chemistry in Japan
Editor of Industrial and Engineering Chemistry:

A t th e  request of em inent scientific men, who believe th a t the 
knowledge and  practice of chemistry prom ote civilization and 
the progress of th e  hum an race, I  am glad to  tell of my experiences 
as a  pioneer American Educator in Japan, 1870-74.

H aving practiced the trade of a m anufacturing jeweler in Phila
delphia from 1859 to  1865, and thus learned something of the 
behavior of metals, acids, and o ther bodies in their behavior one 
to  another, I  entered R utgers College in 1865, when the curricu
lum was alm ost purely literary and academic. Seeing the need 
for a broader culture, based on the discoveries in chemistry and 
physics, dem anded by the age, I  was happy to  ac t w ith others in 
the agitation  and to  see a  gradual expansion of the curriculum. 
Now I rejoice in seeing R utgers College no t far behind the best 
of American institu tions in helping to  in terpre t the universe, and 
fit men for the best service in this tw entieth  century.

W hen in 1870 a  call came from Japan  for a young m an not 
(then) a  clerical person to teach the physical sciences, the college 
faculty laid v irtual command upon me to go. Since 1866 I  had 
taugh t those Japanese students who in America came first to 
R utgers College.

A t this tim e the D utch language and medical science was the one 
basis of culture founded on occidental ideas and had been for a 
century  or more. I t  seemed to me appropriate th a t N ether- 
landers should introduce European science a t  Nagasaki. I t  
was another N etherlander, Guido F . Verbeck, a missionary 
educated a t  D elft, who had been in Holland and in Missouri a 
m arine engineer, who first urged the plan and directed the 
Japanese studen ts to  New Brunswick, N. J.

So after deciding to go, I  took a special course—having already 
won the prize for na tu ra l science—in th e  college laboratory, 
where also th e  chemical work for the Geological Survey of New 
Jersey under Dr. George N. Cook was performed. Happily, 
m y instructor in qualitative and quantita tive analysis was an 
expert m anipulator. He could make his fingers do w hat his 
brain suggested—no trifling m atter in chemistry.

I t  seems alm ost ludicrous for a freshman in th e  chemical 
science of 1870, when the known elements were so few, to  say 
anything to  the  men of today who direct the energies or inquire 
concerning the scores of elements now known or suspected to 
exist. Y e t I  distinctly  remember how m any a tim e during the 
three m onths or more th a t I  was in  the laboratory, the expert 
operator, when his equations and reactions failed or were modi
fied in minor details, used to suspect the presence of "some rare 
or unknown elem ent” efficient in th e  m atter. W ere he living 
today w ith these atom ic parts of the universe he would be better 
acquainted, for they  are now our friends and servants.

I t  was thrilling to  drop down into an interesting civilization 
so different from our own; and belated as i t  was, since Japan  had 
long been a herm it land, under the feudal system.

Reaching my destination in Japan, December 29, 1870, and the 
city of Fukui on M arch 4, 1871, on the west coast (a ten days’ 
journey then, b u t now performed in a  palace car tra in  in six hours) 
I  found things decidedly medieval. I  was soon "up against” 
curious notions and practices. Y et even an elem entary knowl
edge in chem istry saved my life. A ttacked by malaria, I  sent to 
the local medical dispensary—already founded by physicians who 
had studied D utch—for quinine; b u t w hether by  accident or mis
take or the devilish in tent of some "foreigner-hater,” there came 
som ething in the glass vial which to me seemed by  weight and

sight something entirely different. So I  made a  tes t solution and 
ran a  stream  of sulfuretted hydrogen through it. B right yellow 
was the result! I  declined to  take the arsenic.

W hat bothered me m ost a t  first was the ben t and set of appar
ently all minds in the grooves of superstition. Moreover, they 
held to  the notion—stereotyped, like religion when m ade wholly 
dogmatic— th a t “ education” m ust be wholly academic and cul
ture exclusively a thing of books, letters, and writing. So, for 
example, when I early directed the minds of m y lads to  practical 
observation—for quickly they began to  m ark w ith chalk the castle 
gates, drawbridge, and feudal towers, w ith the formulas then so 
cabalistic to the average native, such as H 20 , Z nS04, SbClt, e tc.— 
my requests were no t so warmly welcomed. W hen I tried  to 
show how in the course of years an iron spike would no t only rust, 
bu t "ea t” away th e  tim ber in which i t  was once tightly pounded, 
the school officers wondered w hat th a t had to  do w ith science. 
When, however, I  burned a w atch spring in a globe of oxygen or 
sent up a  paper balloon, or showed them  how to blow up a hostile 
warship by electricity, they  were properly impressed.

So in w hat had been the parlor of the daimio or feudal chief 
within the  ancient castle, they  bu ilt raised seats for lectures, 
equipped a dem onstration table w ith water, and erected a  special 
building for experiments and laboratory work— the first in the 
country— I felt happy indeed. I  used Prof. George F. B arker’s, 
Eliot and S torer’s, Roscoe’s, Fresenius’s, M u sp ra tt’s, and other 
books. A t first I  had to make m y apparatus or a d a p t 'i t  from 
native m aterial; la ter I  received from New Y ork and London 
sufficient apparatus. In  recent letters from Fukui, I  learn th a t 
some of this early equipm ent is still preserved for a t  least his
toric reasons, for chemistry now holds the place of honor in both 
academy and university. Twelve days before the decease of 
General Nogi, who took P o rt A rthur, I  received a  le tte r from this 
hero in both science and w ar thanking me for starting  the public 
schools in the d istrict wherein was recruited the crack N in th  
Division of the Army of Japan.

In  passing, perm it me to  say th a t  th e  victory of Japan  over 
Russia was no t th a t  of brown men over w hite or Asiatics over 
Europeans. On th e  one side were largely peasants, so ignorant 
as to  cut down w ithin their own lines telephone and telegraph 
wires to bale their hay or mend their long boots, only a small 
minority being able to  read or write. On the o ther side was a 
public school arm y in which every m an was literate  and  hun
dreds of the officers were graduates of European or American 
universities. All had been trained in the public schools, no re
source of modern science being om itted. Science more th an  valor 
was the deciding element. A fter one year in Fukui I was called to 
the Imperial University in Tokyo, and for nearly three years, as 
head of the science departm ent, taught chem istry and physics for 
m y salary and m ental science, as a  volunteer to  learn the psy
chology of the Japanese. F u rther than  this m y story  need no t be 
lengthened. The nation th a t has produced a Takamine, a  N o
guchi, K itasato, and o ther chemists and bacteriologists of in
ternational fame, owes much to  chemical science, and gladly 
confesses it. As for myself, a  practical teacher of ethics and re
ligion for fifty years or more, I  thank  m y Creator every day th a t 
in his Providence I  was early led to inquire in to  the constitution 
of the m aterial universe. To be saluted by the President of the 
American Chemical Society recently a t  Ithaca  as a  "fellow 
chemist,” I  consider intrinsically equal in  value to  a  decoration. 
The divine message and m andate th a t  early came to m y own soul, 
"Concerning the work of my hands, command ye m e” (Isaiah 2) 
I  pass on to  my “fellow chemists” as God’s m arching orders to
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men; certainly no branch of physical science seems more effi
cient to “ replenish and subdue the ea rth ” than  chemistry.

W i l l ia m  E l l io t  G r i f f i s
P u l a s k i ,  N . Y.

Sep tem ber 26, 1921

The Application of X-Ray Crystal Analysis 
to Metallurgy

Editor of Industrial and Engineering Chemistry:
The work reported under th is title  in T h i s  J o u r n a l ,  16, 692 

(1924), was carried out under the authorization of B. L. Benbow, 
manager, a t  the Cleveland Wire Division, N ational Lamp Works, 
Cleveland, Ohio. The au tho r’s address a t  the tim e of publication 
was A tlas Steel Corp., D unkirk, N. Y., where he was research 
metallurgist.

T he phenomenon of the developm ent of preferred orientation 
by directional cold work is described by Burger of H olland 
[Physica, 1, 214 (1921)], and by Polanyi and W eissenberg in 
Germ any \Z . tech. Physik, 4, 199 (1923)]. The work done by 
these investigators was undoubtedly begun before the studies in 
America, and the au thor desires to  rectify the error made in om it
ting these references.

E d g a r  C. B a i n
O ctober 9, 1924

A. T. Larson and R. L. Dodge are leaving the Fixed N itrogen 
Research Laboratory, D epartm en t of A griculture, to  join the 
chemical staff of Lazote, Inc., a  subsidiary of E ..I .  du P on t de 
N em ours & Co., Inc., W ilm ington, Del.

S C IE N T IFIC  SO C IE T IE S

1924 Meeting of the Association of Official Agricultural Chemists
C. A. Browne, chief of the Bureau of Chemistry, in welcoming 

th e  association to  W ashington on behalf of the Secretary of Agri
culture, struck th e  keynote of th e  meeting when he sta ted  th a t  it  
was rem arkable for three reasons: the b irthday  of one of its 
founders—H arvey W ashington Wiley; th e  fortieth  anniversary 
of the founding of the association; and the completion of the new 
edition of methods of analysis, which book he considers th e  most 
complete and authorita tive on this subject.

R . E . Doolittle, in his presidential address, made a  strong plea 
for greater coordination of association activities. H e showed 
how the association has grown in the forty years of its existence 
from a society organized for th e  study  of methods of analysis of 
fertilizers to  one whose object is " to  secure uniform ity and ac
curacy in the methods, results, and modes of sta tem ent of analysis 
of fertilizers, soils, cattle  foods, dairy products, and other products 
connected w ith agricultural industry .” Instead of three com
m ittees of three members each, studying m ethods for a  particular 
class of products, the association now has about th irty  reierees 
and fifty associate referees studying methods for more th an  th irty  
different classes of products; a  committee of nine members to  con
sider the reports of these referees and associate referees; and ten 
o ther committees, composed of from three to eleven members 
each, to  consider general and specific association activities.

Dr. D oolittle stressed th e  advisability of securing greater 
cooperation between referees, associate referees, and committees. 
Another po in t brought ou t was the need for standardization of 
methods. Some plan should be evolved whereby the need for 
new methods, th e  shortcomings of existing methods, and  the 
duplication of studies of methods by other associations would be 
brought to  the atten tion  of the secretary of the Association of 
Official A gricultural Chemists. T he encouragem ent of open 
conferences on subjects of in terest to  small groups w as em pha
sized. Perhaps a  few such conferences would solve the difficulty 
of providing tim e a t  th e  general meetings for the discussion of 
those topics which are o f  interest to  b u t a lim ited num ber.

The Com m ittee on Definitions of Term s and In terp re ta tion  of 
R esults on Fertilizers presented twelve definitions and standards 
which were ten tatively  adopted (first reading), and four which 
were adopted as ten ta tive  (second reading). Those which were 
recommended for the first tim e this year were fertilizer formula, 
fertilizer grade, analysis, brand, b rand name, unit, unleached 
wood ashes, leached wood ashes, ashes from leached wood, dis
solved bone, form of nitrogen in cyanamide, and activ ity  of w ater- 
insoluble nitrogen in mixed fertilizers. The following definitions 
are  of particular interest:

A brand  is  a  term , design, or tra d e  m ark  used in connection w ith one 
or several grades of fertilizers.

A brand name is a  specific designation  applied to  an  indiv idual fertilizer.
Form o f nitrogen in cyanamide. T he  nitrogen in calcium  cyanam ide 

shall be considered as being of organic n a tu re .
Activity  o f  water-insoluble nitrogen in m ixed fertilizers. T he  following 

procedure is recom m ended in the  s tu d y  of th e  a c tiv ity  of the w ater-insoluble 
organic n itrogen in mixed fertilizers by  m eans of th e  alkaline an d  neutral 
perm anganate  m ethods. These m ethods distinguish  betw een good and 
poor sources of w ater-insoluble nitrogen an d  do n o t show th e  percentage 
availab ility  of th e  m aterial.

(a) T he m ethods shall be used on mixed fertilizers con ta in ing  water-in- 
soluble n itrogen am ounting  to  0.3 p e r c en t or m ore of th e  w eight of the 
m aterial.

(b) T h e  w ater-insoluble nitrogen in mixed fertilizers showing ac tiv ity  
below 50 per cen t by  th e  alkaline m ethod an d  below 80 per cen t by the 
n eu tra l m ethod, shall be classed as inferior; w ater-insoluble n itrogen ac tiv ity  
50 per c en t or above by th e  alkaline m ethod, and  SO per cen t or above by 
th e  n e u tra l m ethod, shall be passed w ithou t adverse criticism .

R . W. Balcom, chairm an of th e  board of editors of the 
Journal of the Association of Official Agricultural Chemists, re
ported a healthy financial condition of the journal. The number 
of foreign subscriptions has increased until they  now constitute 
one-sixth of the total subscriptions. In  his opinion authors of 
contributed papers should be given fifty reprints, w ithout covers, 
free of charge. H e recommended th a t the suggestion which has 
so often been made— namely, th a t  the volume numbers of the 
journal coincide w ith  the calendar year so th a t  th e  complete 
proceedings of any meeting will be found in one volume—be pu t 
into effect as soon as possible. This recom m endation was later 
approved by the association.

Upon the recom mendation of the Com m ittee to  Consider the 
A dvisability 'of S tudying M ethods for the Analysis of Paint, the 
association voted th a t a  conference to  discuss this subject be held 
a t  the next annual meeting. I t  also voted to  appoint referees 
who are to  prepare reviews on certain specified subjects and to 
continue the Committee on Bibliography so th a t this plan m ay be 
p u t into effect. Such reviews, including a  comprehensive bibli
ography, are to  be published in the Journal of the Association of 
Official Agricultural Chemists, and are to  be brought up to date 
every five or ten  years.

One of the outstanding papers was th a t  presented by  G. L. 
Bidwell on the determ ination of moisture in food products, using 
the old method w ith a new apparatus. By th is method moisture 
can be determined in honey, molasses, flour, dried fruits, and other 
food products. The m ethod consists in distilling the product in 
toluene and measuring the m oisture th a t is distilled off w ith the 
toluene in a graduated  tube. A nother particularly interesting
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paper was th a t of F . W. Zerban on "Polariscopic M ethods.” 
He showed th a t in the Clerget method the Clerget factor should 
be based upon the to ta l sugar concentration and not upon the 
concentration of sucrose alone. This is the first tim e th a t this 
general principle has been considered by the association.

The paper on "Cliaulmoogra Oil,” which was presented by L. E. 
W arren, a ttrac ted  considerable attention  because of the im
portance of this oil in the treatm ent of leprosy. J. W. Sale 
presented a  paper on "R adioactivity in Drugs and W ater.” 
This is the first tim e th a t the association has undertaken a study 
of methods for the determination of radioactivity in drugs. 
Several new subjects of growing importance will be studied next 
year— e. g., santonin, apomorphine, and nitroglycerol.

No meeting of this association would be complete w ithout an 
address by its honorary president. Dr. Wiley gave a brief 
history of the teaching of chemistry in American universities, 
going back to  the days when there were no laboratories and the 
textbook was the only source of instruction. He paid a glowing 
tribute to  the professors under whom he studied, stating  th a t it 
takes more than  a laboratory, more than books to  teach chemistry

Packinghouse Chemists Meet
For the first tim e in the history of the business, chemists and 

other technical men in the m eat packing industry m et in Chicago 
on October 18 to present papers and exchange views concerning 
major problems confronting the industry. A full day’s program 
was presented preceding the 19th annual meeting of the Institu te  
of American M eat Packers.

This institu te through its Bureau of Scientific Research has 
begun a  program which touches the interest of all the institute 
members and thus illustrates the advantages of cooperative work. 
Like m any o ther well-founded industries, there are a  number of 
trade secrets still cherished among m eat packers, and while it  is 
not expected th a t wide publicity will be given to the special 
practiccs of different concerns, frequent meeting of technical men 
and a free exchange of views on fundam ental problems should in 
time do away w ith trade secrecy and unite the industry in a 
really progressive movement. There is reason to  believe th a t 
this is b u t the first of a  series of such conferences and we should

—it requires a hum an being w ith hum an instincts and a  knowl
edge of hum an nature. One thing to  be avoided in the teaching 
of chemistry is luxury. Hunger is the greatest stim ulus to  in
dustry and the chemist who has everything provided for him 
is never hungry and never develops all th a t is in him in the w ay

of invention. The over-endowed chemical laboratory is a  great 
deal worse than  the under-endowed. The teach ingo f chemistry 
has been an evolution—just like the growth of the association. 
If the la tter had been created as perfect in its functional activ i
ties as it  is today, it would probably have died long ago. I ts  
struggle up through difficulties which it  has learned to  overcome 
has made it  w hat it is today. So it is w ith the teaching of chem
istry. Every difficulty overcome gives strength, vision, and fore
sight, all of which are necessary, no t only for the successful 
teaching of chemistry, b u t in all forms of business as well.

The officers elected for the ensuing year are: honorary presi
dent, H. W. Wiley; president, C. A. Browne; vice president,
H. D. Haskins; secretary-treasurer, W. W. Skinner: additional 
members of the executive committee, W. W. R andall and W. H . 
M clntire.

no t be surprised to find some historian date a brighter trend of 
affairs from this time.

Calendar of Meetings
American Institu te of Chemical Engineers—Pittsburgh, Pa., 

December 3 to  6, 1924.
American Association of Textile Chemists and Colorists— Phil

adelphia, Pa., December 5 to 6, 1924.
Third Pan-American Scientific Congress—Lima, Peru, December 

20, 1924.
American Association for the Advancement of Science—W ash

ington, D. C., December 29, 1924, to  January  3, 1925.
American Chemical Society— 69th Meeting, Baltim ore, M d., 

April 6 to  11, 1925.
American Institu te of Chemical Engineers and N ational Chemical 

Equipment Exposition—Providence, R . I., June 22 to 27, 1925.
National Exposition of Chemical Industries—New York, N . Y., 

September 28 to  October 3, 1925.

F o r t ie t h  A n n u a l  M e e t i n g  o f  t h e  A s s o c ia t io n  o f  O f f i c ia l  A g r i c u l t u r a l  C h e m is t s
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W O R L D -W ID E  C H E M IST R Y

German Letter
By W alter Roth 

C ö t i i e n ,  G e r m a n y

G o l d  f r o m  Q u i c k s i l v e r

Dr. M iethe’s collaborator, D r. H. Stam mreich, gives in a recent 
num ber of Naturwissenschaften th e  first detailed information on 
the disintegration of the m ercury atom . H e reports the experi
m ents th a t were conducted between the 6 th  and the 22nd of 
M ay w ith A. Jaenicke’s quicksilver lamp, and describes in full the 
apparatus used, th e  preparation of th e  burner, and the precau
tions necessary.

In  th e  quartz dish used (weighing 14 gram s) there was no 
gold, b u t 6 X 10 ~e grams of silver. As m aterial for filling 
the lam p "K ahlbaum ” quicksilver was used, and 2 kg. of 
this m aterial contained 1.79 X 10~8 grams of silver and a very 
small quan tity  of gold, no t enough to  determ ine quantitatively. 
This quicksilver was subjected to  slow distillation in  vacuo. 
T he distillate was free from gold, b u t still contam inated w ith 
traces of silver. A fu rther distillation gave a m aterial free from 
noble metal, of which 1.52 kg. were used in filling the lamp. The 
lamp burned for 197 hours w ithout interruption. The electrode 
potential varied over an average arc of 158 mm. and a t  a  density 
of 12.6 amperes between 160 and 175 volts. T he em ptying of the 
burner a fter cooling was done very  carefully, as experience 
showed th a t gold-carrying viscous droplets of quicksilver were 
fastened stubbornly to the walls. T he m ercury from the lamp 
was subjected to  a careful and very slow vacuum  distillation; from 
th e  last drops of quicksilver 8.2 X 10_5 gram s of gold were 
recovered.

The experiments, of course, need severe tests. Professor 
Haber, a fter testing seventeen samples of quicksilver, which 
were given to  him  by M iethe and Stam mreich, has been unable 
to detec t gold.

N e w  F i n i s h  f o r  C o t t o n  T h r e a d s

If cotton is trea ted  w ith highly concentrated n itric  acid in the 
presence of products formed by the action of nitric acid on cellulose, 
starch, or protein, a  shrinking of the fabric takes place, b u t a t  the 
same tim e a crimping and roughening of the  threads occur. The 
fabric so trea ted  resembles in appearance and feeling more a 
woolen fabric th an  a  cotton  one. This new process, which was 
discovered by Ch. Schw artz produces a  new form of finish to the 
co tton  threads. According to inform ation from Dr. Beil con
cerning this new process which is called "philanizing,” th e  threads 
so trea ted  show a greater affinity for dyes as is th e  case w ith 
mercerized threads. Aside from th e  more beautiful appearance 
and the softer feeling of philanized threads, they  are more durable.

I t  is true  th a t  philanizing offers m any difficulties in practice, 
as one m ust work w ith highly concentrated n itric  acid, so 
th a t it  can only be carried ou t in chemical plants. The 
H öchster dyeworks, w ith their enormous p lan t for the production 
of n itric  acid, have been operating the process for several m onths. 
The philanized m aterial is then  finished in the textile finishing 
works, the dyeworks, and th e  p rin t works. Colored fabric 
which is dyed w ith indanthene and o ther v a t dyes, as well as 
yam , loose cotton, or roving, can be philanized. I t  is thought 
th a t  new articles of this m aterial will be pu t on th e  m arket, which 
will occupy a  place between the cheap cotton and the expensive 
wool.

N e w  P r o c e s s  f o r  P u r i f i c a t io n  o f  W a t e r

By this new process the w ater to be purified is subjected to  the 
influence of an  electric current w ithout the addition of any chem
ical. In  th is way the  electrolysis of all salts present in the  w ater 
takes place, the basic and acid constituents m igrating to  the 
proper electrodes. Then follows th e  removal of these by electro- 
osmotic means. The electrolytic cell is divided into three com
partm ents by  means of suitable diaphragms of fabric. In  the outer 
com partm ents are the electrodes; in  the middle section, the  w ater. 
The diaphragms are im permeable to  water, b u t under the  action 
of the electric current perm it the basic and acid constituents of the 
salts to migrate to  the proper electrodes in the outer com partm ent. 
From  there they  are removed by a continuous stream  of rinsing

water. The w ater in th e  middle section becomes continually 
weaker in sa lt content as th e  action proceeds, until i t  is practically 
salt free and resembles a  product equivalent to  distilled water. 
Of course, if a  w ater entirely free from salt is no t essential, but. 
only a  soft w ater poor in  salt, by lessening the duration  of the 
action of the  current w ater any  degree of hardness m ay be ob
tained.

In  practice, where a  continuous process is desired, instead of a  
three-celkapparatus a series of about ten  cells is arranged in 
com pact form. The assembled apparatus resembles a filter press- 
in arrangem ent. In  operating, the w ater to  be purified flows into 
th e  middle cham ber of the first cell, is autom atically carried from 
there to  the second, then into the th ird  middle chamber, etc., and 
leaves th e  last cell in the desired degree of freedom from salt, or 
completely salt-free.

F„ M ayer and R . Schon have described experiments w ith this 
new water-softening process. According to  them  an apparatus 
a t  Vienna has been tested, and compared w ith distillation, th e  
only process which gives a completely equivalent product, it 
gives a  saving of 95 per cent. The apparatus has the advantage 
of small space requirem ent, ease of setting up and transportation, 
and the current can be shu t off by means of a  simple switch. 
C ontrary to  the chemical purification processes, which in generaL 
give an alkaline water, th e  electro-osmotic process offers a  com
pletely neutral, chlorine and nitrate-free w ater.

P o is o n in g  b y  F l u o s il ic ic  A c id

R ecently several cases of poisoning by  fluosilicic acid and its- 
salts have been observed. A lready a  dozen people have lost their 
lives in th is way, as verm in exterm inators and disinfectants, a s  
well the use of fluosilicic acid as in industry, have become more 
and more common. D r. Luhrig writes in detail concerning such 
cases of poisoning. On a farm a liquid was given to  a  maid by a 
neighbor for the purpose of ridding the place of bugs, and a small 
child drank of this and died within five minutes. T he liquid was- 
called "K erm an” and was obtained by the farm  managem ent as 
a disinfectant for fighting th e  hoof and m outh disease. Chemical 
examination gave a fluosilicic acid content of 22.5 per cent and
2.1 per cent alum inium oxide. This quick, strong poisonous effect 
of fluosilicic acid has apparently  no t been sufficiently well known 
heretofore, for in th e  Prussian police regulations concerning the 
handling of poisons these acids are no t particularly  mentioned. 
Dr. Luhrig recommends, therefore, no t merely warning against 
remedies of th is kind, b u t mentioning them  specifically in the re
gulations, in order th a t any carelessness in handling and storing 
m ay be prevented.

C o l o r e d  B r a s s

Form erly it  was impossible to  obtain brass in colors. This- 
has recently been accomplished, however, according to F. 
Stahlenschm idt. T he purified m aterial is exposed to  various, 
baths of a  binary  electrolyte in electrolytic process whereby 
definite tem peratures and exposure to  light are produced in 
order to  obtain the desired color. W hereas heretofore brass 
objects could only be given a  brown color, i t  is now possible to 
produce colors from bright yellow to  orange, from red to  blue, 
from blue-green to  yellow-green, and even to  produce a  full gold 
color. This is no t a  colored coating, b u t th e  colors are pro
duced in the m etal itself and are extremely perm anent.

L e i p z i g  F a l l  F a i r

If the Leipzig Fall F a ir m ay be used as a  barom eter for German 
industry, then it  is in very  bad condition ju s t a t  present. The 
peculiarly chemical industry  was alm ost entirely absent a t the  
last fair; buyers were present in small numbers, because they 
lacked the means to  buy, and sellers had  to  press for quick pay
m ents. M uch is expected of the next spring fair, as it  is hoped 
th a t by then  the  conditions will improve and longer term s of 
paym ent m ay again be possible. Among chemical displays th e  
stand  of H. Scheidemandel was notable for th e  glue pearls which 
were p u t on th e  m arket for th e  first time.

S eptem ber 10, 1924

N orth  China is one of th e  chief oriental m arkets for kerosene 
from the U nited S tates, which supplies by far the greater p art of 
th is com m odity sold there.
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Paris Letter
By Charles Lormand

4  A v e n u e  d e  l ’O b s e r v a t o i r e , P a r i s , F r a n c e

T h e  L o n d o n  C o n f e r e n c e  a n d  t h e  F r e n c h  D y e  I n d u s t r y

The results of the London conference are of special interest 
to  the French chemical industries, especially the dye industry. 
I t  is known th a t this industry has been increasing in France since 
1919, when the production was about 7000 tons, whereas the 
production in 1924 will be about 16,000 tons. The imports of 
dyes, which were about 6000 tons in  1920, have decreased to 1300 
tons in 1923. In  other words, France now produces 95cper cent 
of her consumption of dyes and im ports 5 per cent. She still 
has large possibilities for exportation, b u t it  is the 5 per cent of 
dyestuffs which she does no t produce th a t constitutes the ob
stacle on which the London conference has laid great stress.

The dye industry  has only been able to progress so rapidly by 
applying itself from the first to  the production of the major 
products. The 5 per cent which we are obliged to  im port con
sists of the less im portant products, the manufacture of which is 
no t profitable. Germany, who by reason of her great lead before 
the war had perfected the m anufacture of these products, in 
order to retain  her customers was able to  sell these minor products 
alm ost w ithout profit. A t the London conference Germany 
expressed th e  intention of giving up as a reparations measure, 
through application of the Dawes plan, only products other than  
the by-products of the distillation of coal, th e  ammoniacal salts 
from the synthesis of ammonia, and dyestuffs. If  this scheme 
had been accepted, on account of her production of materials 
not m anufactured in France, Germany would have been able 
to enter our m arket, and, together w ith these products, sell the 
same products th a t we do produce, although there is a  state 
organization, the Union of Producers and Consumers of Dye- 
stuffs, which assigns all the reparations dyes among the various 
producers. G erm any’s proposal has no t been followed, and the 
commercial treaty , which is now under investigation, will specify 
the conditions of application of the Dawes plan as far as the 
industrial chemical products are concerned.

T r a in in g  o f  D y e  S a l e s m e n

In this same field of dyestuffs, there is a point which has here
tofore no t been called sufficiently to th e  attention  of industry. 
The use of dyes is as im portant as their m anufacture, and 
France is no t well supplied w ith specialists—th a t is, in chem- 
ist-dyers. T he G erm an manufacturers understood perfectly 
the value of developing the training of technicians as selling 
agents, for th e  sale of dyes is greatly facilitated when the com
mercial representative is also a  technician who can superintend 
and direct their use. I do no t th ink th a t the profession of 
chemist-dyer exists in m any countries except in Germany. In 
the universities th e  programs of chemistry instruction are ex
tremely brief on this branch of application. This is, however, 
a field for the  chemists on which the industrials and the professors 
of chemistry of the universities should make a beginning.

K u h l m a n n  D e n i e s  A g r e e m e n t  w i t h  G e r m a n y

Recently rum ors have circulated in the press and in business 
concerning negotiations between the K uhlm ann Establishments 
and German industry. The K uhlm ann Establishm ents formally 
deny, once more, any negotiation whatever.

P r o d u c t io n  o f  P h e n o l

One of the prim ary materials of the dyestuffs industry, phenol, 
is now produced in France regularly and under conditions which 
seem perfect. The processes perfected a t  the factory of Gen- 
nevilliers by th e  Société d ’Eclairage, Chauffage, e t Force motrice, 
give a  yield of 270 grams of phenol extracted from by-products 
of the distillation of 1 ton of coal. Seven fractional distillations 
are first made, the first six fractions of which contain all the 
phenol. Then this is combined with soda and the displacement 
is made, no longer w ith sulfuric acid, b u t w ith carbon dioxide, 
which is obtained by decomposition of the carbonate of lime in 
a furnace similar to the furnaces in sugar factories. The 
by-product of this process is sodium carbonate, which has a 
higher value than  the sulfate of soda which was previously 
obtained.

E x a m in a t io n  o f  S o il  M ic r o o r g a n is m s

M. W inogradsky, to whom we are indebted for studies on the 
nitrous and nitric ferments, was driven from Russia by the 
revolution. In  France he received the hospitality of the Pasteur

Institu te, which established especially for him, in th e  vicinity of 
Paris, a  laboratory for the study of microorganisms of the soil. 
M. W inogradsky has repeated and confirmed the American work 
of H. J. Conn, who was the first to  propose a method for the direct 
examination of the microorganisms of the soil. The method 
proposed by W inogradsky is a perfection of Conn’s m ethod and 
permits him to distinguish all the elements of the soil, the ini- 
crobic bodies as well as the gelatinous m atte r which envelopes 
them—th a t is, the  colloidal substance.

In  a normal soil all the  microorganisms are grouped in colonies 
enveloped in  a  hyaline m aterial, whereas in soils th a t  have 
received addition^ of fermentable m aterials, bacteria are always 
found in the free form. This idea of bacteria in colonies and 
free bacteria m ay be utilized in the analysis of soil. The 
method, moreover, perm its making a t  the same tim e a  physical 
microanalysis of the soil to  determine the form and size of the 
mineral and organic residues, the am ount of colloidal m atter; 
its microscopic appearance, and its affinity for coloring m atter. 
This method of analysis m ay likewise be employed for the study  
of soils from the point of view of hygiene, a  contam inated soil 
being thus easily identified.

A c t io n  o f  T e t r a e t h y l  L e a d  i n  M o t o r s

M. Jolibois has studied the decomposition of te trae thy l lead 
in motors and has explained the retarding mechanism of th e  de
composition of this substance which perm its increasing the com
pression of the motor by diminishing the chances of spontaneous 
explosion of the gaseous m ixture through auto-ignition. In  a 
motor having two cycles, spontaneous re-ignition is produced a t 
1350 r. p. m. in the normal condition, whereas th is re-ignition is 
only produced a t  1700 r. p. m. if the precaution has been taken 
to  polish the rim  of the opening of the  distribution case. 
If tetraethyl lead is used, the decomposition of this substance gives 
metallic lead, which coats th e  incandescent parts  producing 
the auto-ignition in the cylinder. This metallic lead, in depositing 
on the rough places which catalyze the explosion, re tards it 
thereby.

N e w  R a d io a c t iv e  S u b s t a n c e

I have previously pointed out the discovery by  M . Loisel of a 
new radioactive substance, h6milium, which he has detected 
in the waters of the Bangnoles de 1’ Orne. On examination 
of the granite of th is region, M . Loisel has found this same radio
active product, the curve of destruction of which is quite different 
from th a t of radon or thoron. The curve obtained w ith hemil- 
ium, after periods of accumulation varying between 2 and 65 
days, is a t a minimum a t the end of 15 m inutes and a t  a  maximum 
a t the end of 28 minutes, after th a t blending in w ith the curve 
of radon.

I t  appears th a t a  new category for a  radioactive body has 
been found. I t  is desirable th a t analogous research be carried 
out in other regions of the globe, on different waters and different 
rocks. I t  should probably be first applied to  granites similar 
in geologic formation to those studied by M. Loisel.

October 3, 1924

The Danish M arket for Chemical Products—D enm ark offers 
a good m arket for chemicals of all kinds, as there is only a  lim ited 
domestic production and practically all needs m ust be supplied 
through imports. The chief suppliers of the Danish m arket 
a t the present tim e arc Germany, England, Belgium, and Sweden, 
in the order mentioned. Prior to  the war the m ost im portant 
chemical product, soda ash, was im ported from Germany almost 
exclusively. A t present, however, m ost of the soda received 
comes from England and Belgium. Im m ediately after the war 
Denmark looked to  the U nited States for much of its requirem ent. 
During the last few years, however, trade w ith the U nited States 
has diminished gradually and now only reaches small proportions, 
except in the case of a  few commodities, such as phosphate rock, 
rosin, and toilet preparations. The principal reasons for the 
decline in the sale of United S tates chemicals to  Denm ark are 
said to  be price and accessibility of American competitors.

Greece E stablishes Degree of Acidity Perm issible in F a ts— 
The local press publishes a  communication of the Chemical 
Laboratory of the M inistry of Public H ealth, sta ting  th a t under a 
recent law all fa ts offered for public consum ption m ay have a  
permissible degree of acidity no t exceeding 5 degrees, and when 
melted, 1.41 degrees. F a ts  containing a greater degree of acidity 
may be used only in industrial enterprises.

Costa Rica R educes Im port D uty on Calcium Chloride— 
Costa Rica has reduced her im port du ty  on calcium chloride from
1.20 colones per gross kilo to 0.04 colon per gross kilo. This re
duction has been made so th a t calcium chloride m ay be imported 
for use in road-making and Costa Rica industries.
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Scandinavian Letter
By C. H. A. Robak

H o k t b n , N o r w a y

T h e  E x p o r t  I n d u s t r i e s

D uring the first six m onths of 1924 N orway has exported 175 
million kroner of fish and fishery products, which is 70 million 
kroner more th an  during the same period last yety. M ost of it  has 
been herring and o ther fish, raw  and cured, b u t whale oil and its 
refined products also play an  im portant part.

The cement industry  can rejoice in good m arket conditions, 
particularly the factories in N orw ay owing to low value of the 
Norwegian krone. A large p a r t of the  Scandinavian cement is 
shipped to  th e  American republics, th e  U nited States as well as 
Brazil and Argentina.

Norwegian sodium nitrite  has been among those articles which 
have been suspected for dumping in the U nited States, and 
several weeks ago i t  was reported th a t  a  50 per cent customs 
increase had been laid on this chemical in conformity with the 
"flexible clause.” Recently, however, the U nited S tates T reas
ury  D epartm ent has informed one m anufacturer th a t the sus
picion has been found to  be w ithout basis. The sodium ni
trite  is produced in large quantities as a necessary by-product 
by the absorption of electric arc nitrogen oxides, and consequently 
the costs of production are extremely small in comparison w ith 
o ther processes for the m anufacture of this chemical.

The prices on D anish bu tte r have been rapidly increasing dur
ing the last week, m ost likely owing to the rise in sterling in 
Copenhagen. England im ports a  p a r t of her b u tte r from D en
m ark—-during the year of 1923-24, 91 million kilograms or 41 per 
cent of the to ta l im port. Danish exporters are a t  present a 
little  afraid of a  customs increase in Germ any and the U nited 
S tates. An American investigation commission has recently 
arrived in Copenhagen f or th e  purpose of examining the question 
of dumping, b u t it  is earnestly hoped th a t th e  suspicion will be 
considered groundless.

T he Finnish export of lum ber goods is in poor condition owing 
to  th e  embargo laid upon th e  wine im port as a consequence of 
the Finnish prohibition act, which has caused Spain to blockade 
the Finnish lum ber in return . Sweden is profiting on this situa
tion, robbing Finland of its old Spanish m arket.

G e r m a n  D u m p i n g  E x p e c t e d

A fter the Dawes plan is p u t into effect Germ any will no doubt 
m ake great efforts to  reconquer its old Scandinavian m arket, 
and th e  newspapers in these countries are very  busy w ith the 
question of the expected German dum ping policy. The possir 
ble effect of the G erm an competition on foreign m arkets is also 
discussed, and even the advisability of various precautions which 
can be taken  by the interested organizations in cooperation with 
the respective governm ent institutions in order to  m eet the 
situation.

E n g l is h  I n v e s t m e n t  tn  S o a p  I n d u s t r y

The English soap syndicate, Lever Brothers, has bought a stock 
m ajority  in th e  large Norwegian fat-refining and hydrogenation 
factories, De-No-Fa, which have consequently taken up the pro
duction of soaps for the Norwegian and foreign m arkets. The 
same syndicate has also bu ilt a  new soap factory in D enm ark, 
which recently has been p u t in operation.

M e e t i n g  o f  S c a n d in a v ia n  P a p e r  E n g i n e e r s

T he Society of Paper Technologists held its second annual 
meeting in Christiania, A ugust 27 to  29, a t  which one hundred fifty 
paper engineers were present from all th e  Scandinavian countries. 
Papers were presented on such subjects as high-pressure steam, 
application of X -rays in cellulose research, im portance of mi
croscopy in the  paper industry, recovering fiber from back w ater, 
cooking assays w ith sulfite cellulose, and properties of ro tary  pa
per as claimed by the newspaper printer.

Septem ber 25, 1924

Is  th e  Spanish M arket W orth Exploiting?—The consum ption 
of chemicals in Spain is now confined largely to  the textile, glass, 
ceramic, ferrous and nonferrous metallurgical, and vegetable by
products industries. T he U nited S tates a t  present does not 
occupy a very prom inent place as a  supplying country, bu t, with 
a  more favorable Spanish exchange, American exporters m ay find 
th a t the Spanish m arket offers opportunities th a t m erit both  
investigation and trade promotion.

W ashington Letter
M u s c l e  S h o a l s

The w ithdrawal by H enry Ford of his bid for Muscle Shoals 
came as a  decided surprise in most quarters. The reason assigned 
by M r. Ford  for th is action is th a t  “productive business cannot 
w ait on politics.” N o m atte r from w hat angle th e  proposition 
is regarded, the fact rem ains th a t by th is step the Governm ent 
has merely lost its lowest bidder for the M uscle Shoals properties. 
I t  is hoped th a t  this retirem ent of M r. Ford from the list of bid
ders will pave the way for concerted action by Congress, and th a t  
soon after it convenes in December i t  will take favorable action 
upon the recommendation m ade by the President in his message 
to  the Congress on December 6, 1923.

In  this connection we believe th a t the recom mendations m ade 
by th e  special com m ittee of engineers appointed by the American 
Engineering Council a t the request of the chairm an of the Senate 
Comm ittee on A griculture and Forestry  on April 5, 1924, should 
receive m ost careful consideration, since in our opinion they 
oiler th e  best solution to  this much discussed problem. Those 
recom mendations were:

We recom m end th e  im m ediate creation  of the  Jo in t C om m ittee of 
Congress " to  consider offers, conduct negotia tions, and  rep o rt definite- 
recom m endation ,”  as  advised  by  the  P res iden t in h is message to  the  Con
gress, D ecem ber 6, 1923.

We fu rth e r recom m end, owing to  th e  m any  conflicting s ta tem en ts  and  
m isinform ation  which have been d issem inated, th a t  a  technical com m ission 
n o t to  exceed seven in num ber be appo in ted  by  th e  P res iden t of th e  U nited  
S ta te s  to  analyze and  in te rp re t the  available d a ta  re la ting  to M uscle Shoals, 
th is  commission to  advise th e  Jo in t C om m ittee on technical questions.

W e fu rth er recom m end th a t  no nego tia tions for the disposal of th e  
M uscle Shoals p ro p erty  be closed pending th e  re p o rt of th e  Jo in t Com 
m ittee .

Such a  jo in t commission, if it would avail itself of the help of 
business men, engineers, and scientists, should be able, with th e  
d a ta  which have already been compiled and which are available, 
to  reach a  prom pt decision w ithout spending further tim e in  
hearings, investigations, or junkets. In  our opinion such a  
commission should be composed of engineers, scientists, and 
business men, who would deal w ith the proposition w ithout bias 
or prejudice. T he question m ust be settled on an engineering 
and scientific ra ther th an  on a political basis.

H e l i u m  S a v e s  L i v e s

The fact th a t helium was used in th e  U nited S tates Army 
Blimp, TC-2, which came crashing to  th e  earth  on October 10 
by  the prem ature explosion of a  bomb, is responsible for th e  
saving of the lives of four ou t of a  crew of five men. I t  will be 
recalled th a t th e  TC-2 went to  N ew port News to participate in 
the bombing maneuvers and while so engaged a bomb, carried 
beneath th e  basket and about to  be released from a low altitude 
a t a  ta rget below, prem aturely exploded. The explosion of the 
bomb broke the gas bag of the  ship, which came to the ground 
as the noninflammable helium w ith which it  was filled escaped. 
The crew had no tim e to  take to  their parachutes. Of the five 
men in the ship, three were badly shocked, one died, and a  fifth 
was seriously injured. T he full extent of the damage to the ship 
has no t been determ ined, b u t it  is certainly no t beyond repair, 
thanks to  th e  use of helium. If, on the o ther hand, hydrogen 
had been used, it  would have ignited and th e  entire ship would 
have been destroyed and all the crew killed.

This is the best dem onstration for helium th a t has yet been 
made, and, it  is hoped th a t Congress, when it  reconvenes in 
December, will lose no tim e in taking final action on the helium 
bill, which is now pending. As far as can be learned the popular 
and m ilitary dem and for helium is greater than  ever. The 
B ureau of M ines has sta ted  th a t we have sufficient helium re
sources to  supply all th e  needs of th e  Army and N avy. All 
th a t  is necessary, therefore, to  p u t our helium program into 
effect is for Congress to  enact legislation which will carry with 
i t  adequate funds for the conservation and production of helium.

U n i t e d  S t a t e s  C h e m i c a l  W a r f a r e  A s s o c ia t io n

T he U nited S tates Chemical W arfare Association was organ
ized a t  a  m eeting presided over by Brigadier General Amos A. 
Fries, chief of the Chemical W arfare Service, and held in W ash
ington, October 9, 1924. T he asso c ia tio n ’was organized to 
prom ote th e  efficiency of the national defense by maintaining 
th e  high standards and traditions of the chemical w arfare branch 
of the m ilitary establishm ent; by  fostering esprit de corps; by 
th e  dissem ination of professional knowledge; by  th e  exchange of 
ideas; by placing the Chemical W arfare Service to  the forefront
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of the m ilitary service through fostering and m aintaining close 
contac t between the chemists and chemical industry of the 
country  and the service.

In  carrying ou t its work, the association will be guided by the 
broad principle th a t  the interests of the Chemical W arfare 
Service are the interests of the Army, and the constant aim will 
be the upbuilding of the m ilitary policy of the country. In a 
word, the association will contend for w hat is sound and best for 
the interests of the service and those of the country.

F rank  B. Gorin, a  captain in the Chemical W arfare Officers’ 
Reserve Corps, and until recently connected w ith the Chemical 
Division of the D epartm ent of Commerce as a  dyestuffs expert, 
was elected national secretary of the association.

Membership in  the association will be of two kinds—active 
and associate. R egular and reserve officers, officers of the 
N ational G uard, and civilians interested in the Chemical W ar
fare Service and national defense are eligible for active member
ship, and firms or corporations m ay be adm itted  as associate 
members.

M e a s u r i n g  C o n s is t e n c y  o p  R u b b e r  S t o c k s

The B ureau of Standards has constructed a  plastom eter for 
studying the relative consistency of rubber stocks. The instru
m ent is similar to the M arzetti plastom eter except th a t the rubber 
is forced ou t under constant air pressure through a short capillary 
instead of through an orifice. The rate  of extrusion of the rubber 
is taken  as a measure of the consistency. Although this instru
m ent is no t adapted to  the absolute measurement of plasticity, 
it  is very convenient and useful for studying the ra te  of "setting 
up” of rubber stocks containing accelerators, and gives definite 
information as to  the tim e and tem perature a t  which such stocks 
m ay be processed.

T a r i f f  C o m m is s io n  F i l e s  A n s w e r  i n  N i t r i t e  C a s e

The Tariff Commission has filed a  brief in the C ourt of Ap
peals of the D istrict of Columbia in the Norwegian Nitrogen Prod
ucts case. I t  will be recalled th a t the Supreme Court of the D istrict 
of Columbia upheld the Tariff Commission in its refusal to  allow 
the Norwegian company to  see the cost production figures of 
American producers of sodium nitrite. The brief states th a t 
individual costs of production are trade secrets, th a t the grant
ing of a m andam us would destroy the flexible provisions of the 
Tariff Act, and asks the court either to  dismiss the appeal of the 
Norwegian N itrogen Products Company or affirm the judgm ent 
of the lower court.

C o n f e r e n c e  o n  E l e c t r o p l a t in g

For several years the American Electroplaters’ Society has co
operated w ith the Bureau of Standards in the investigation of elec
troplating solutions and processes. Their research committee 
has m et a t  the Bureau of Standards twice a year to discuss the 
progress and the plans for studies in this field. In  this way 
valuable suggestions and information have been gained, and the 
platers have been assisted in the application of the results of re
search to  industrial conditions.

A t these conferences it has been pointed ou t th a t  such work 
might be made more valuable and useful if a  larger number of 
those interested in plating were better acquainted with the m eth
ods, results, and applications of these researches. The committee 
therefore recommended th a t for some one of their meetings a 
general invitation should be extended to  all those interested. 
Accordingly, arrangem ents have been made for a meeting and 
conference a t  the Bureau of Standards a t  10:00 a .m . on Friday 
and Saturday, November 14 and 15, 1924, to  which all platers, 
chemists, superintendents, or other factory officials, dealers in 
platers’ supplies, and others interested in electroplating are in
vited. A t this meeting an opportunity will be given to  visit the 
laboratories, especially those devoted to  electrodeposition. 
There will be a discussion of the previous and current researches 
of the Bureau of Standards, especially on nickel deposition. Sug
gestions are also invited upon subjects for future researches, and 
methods by which the Bureau of Standards can cooperate w ith 
the E lectroplaters’ Society and with manufacturers to_ foster the 
acquisition and application of knowledge in the plating industry.

Each person who expects to  attend this conference is requested 
to  notify by post card Dr. William Blum, Bureau of Standards, 
W ashington, D. C., or the chairman of the research committee, 
Mr. R . L. Shepard, Charlevoix and H art Aves., D etro it, Mich.

E x a m in a t io n  o f  C o r r o d e d  O c e a n  C a b l e

The broken end of a telegraph cable connecting Seattle, Wash., 
and Alaska was examined by the Bureau of Standards to  deter
mine w hether the failure of the steel supporting wires was due

to corrosion in sa lt w ater or to erosion against the sea bottom . 
About four feet away from the broken end there was a kink in 
the cable. A t the kink the sharply ben t wires had become very 
thin. I t  is well known th a t corrosion proceeds much more 
rapidly in strained than  in unstrained m etal. I t  appears, there
fore, th a t the thinning down of the wires a t  the kink w'as caused 
by the accclerated corrosion of the ben t wires, and th a t probably 
a kink had also existed a t  the point where the cable broke. The 
appearance of the surface of the wires a t  the fractured end, as 
shown under the microscope, indicated th a t corrosion had taken 
place. A pparently the failure resulted from allowing a kink to  
form during the laying of the cable and no t by the erosion of the 
cable against some object on the sea bottom .

October 20, 1921

New Petroleum  Sales System  in Czechoslovakia—The u n 
satisfactory conditions th a t have prevailed for the past three or 
four years in the Czechoslovak petroleum-refining industry have 
finally led to  an agreement among seven of the leading refineries a t  
Pardubice, Kralupy, Kolin, Schumperk in M oravia, Privoz, 
Bohumin (Oderberg), and B ratislava (Pressburg) to  establish a 
sales cartel. The object of this organization will be to  regulate 
the domestic trade of the different refineries by a common agree
m ent for the maintenance of a uniform price policy and a  more 
equitable distribution of the trade among the different establish
ments. This agreement foresees the establishm ent of contin
gents on domestic sales for different refineries, covering gasoline, 
kerosene, gas oil, lubricating oils, and paraffin, bu t does no t 
affect the domestic sale of petroleum asphalt, petroleum coke, 
American cylinder oil, American white vaseline oil, or naph tha
lene acids and soaps, which rem ain entirely free.

Canada’s Pulp and Paper Industry—A prelim inary report on 
the pulp and paper industry of Canada during 1923, which has 
recently been issued by the forest products branch of the D om in
ion Bureau of Statistics, shows a gratifying recovery from the 
unsatisfactory conditions prevailing in 1921. If a  to ta l of the 
value of the pulpwood exported, pulp m anufactured for export, 
and paper manufactured is considered as the net value of produc
tion, the output during 1923, which reached a  total value of $183,- 
226,218, exceeded th a t of 1921 and 1922 by 16 per cent and 20 
per cent, respectively, and was only 20 per cent under 1920, when 
the maximum ou tpu t for the industry was reached.

New R ussian-G erm an Petroleum  Contract—W hen the dip
lomatic breach between Germany and Russia occurred on M ay 3 
last, several German oil-importing concerns, led by the D eutsche 
Erdol Gesellschaft (headquarters in Berlin), were about to  sign a 
treaty  invoh ing delivery by Russia to Germany of a considerable 
bulk of petroleum products, chiefly gasoline and lubricating oils. 
The am ount of these products then mentioned approxim ated
40,000 tons of gasoline and 20,000 tons of other petroleum 
products, chiefly lubricants. The breach of trade relations 
between the two countries, which has now been repaired, held up 
the execution of this treaty . A bout the first of September, how
ever, the Russian commercial delegation in Berlin and the G er
man interests involved—-including, it is understood, the Deutsche 
Erdol Gesellschaft, the Deutsche Petroleum Aktien Gesellschaft, 
and Hamburg concerns such as Stern & Sormeborn, Schindler, 
and Albrecht, finally signed the treaty . I t  extends one year, 
from September 1, 1924, to A ugust 31, 1925, and no doubt is 
subject to  renewal. The conclusion of this trea ty  will doubtless 
affect imports of these products from the U nited States ac
cordingly.

India as a  Chemical M arket—The m arket for American chemi
cal products in India is capable of considerable expansion. T he 
1923 exports of chemicals and allied products from the United 
States to India am ounted to $1,885,571, an increase of about 
$500,000 over the 1922 figure. The American exporter will 
no t meet with much competition from local Indian manufacturers, 
bu t ra ther from exporters of other nationalities. The draw 
backs to  an extensive development of the existing chemical m anu
facturing industry of India are the lack of m any essential raw m a
terials; the absence of trained technical graduates; and the lim
ited domestic m arket which a t  present does no t w arrant large- 
scale production.

Esthonia Removes Duty on American Cement—A law of August 
22, 1924, removes the Esthonia du ty  on cement and similar sub
stances from the U nited States and other countries adm itting 
Esthonian cement free of duty. This law became effective 
ten days after publication in the Official Gazette, August 28. 
The regular duty  on these products is 0.006 gold franc per kilo.
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BOOK R E V IE W S

M etallurgical Analysis. By N a t h a n i e l  W r i g h t  L o r d  a n d  
D a n a  J . D e m o r e s t .  5th edition. 472 pages. M cGraw- 
Hill Book Co., Inc., New York, London, 1924. Price, 
$4.00.
T he new edition of this well-known tex t "has been enlarged 

to  include, in so far as possible, all of the chemical analyses which 
th e  m etallurgical chem ist is likely to  require except those of 
p a in t.1’ To th is end the old m aterial has been largely rew ritten 
and  chapters dealing w ith coal calorim etry, gas calorimetry, 
fire assaying, and electrom etric titra tions have been added. I t  is 
sta ted  th a t nearly all th e  m ethods have been used m any times 
in th e  au thors’ private laboratory, and their general excellence 
bears ou t this statem ent.

The arrangem ent of the book follows th a t of th e  earlier editions, 
there  being given in each chap ter a discussion of th e  problem as a 
whole, then  the method or m ethods of analysis, and finally notes 
on each method. This is helpful, no t only to  th e  beginner in 
metallurgical analysis, b u t also to  the analyst who has grown 
rusty  in the subject or desires inform ation concerning the appli
cations and the lim itations of the methods.

Very little  fault can be found w ith th e  m aterial. B ut few 
m isstatem ents were noted and these are no t of a serious nature. 
Some passages, however, m ight be improved, as, for example, the 
sta tem ent th a t th e  standards for the standardization of perm an
ganate  solutions are "pure iron wire, ferrous ammonium sulfate, 
sodium oxalate, and oxide of iron or iron ore in which the iron 
con ten t is known.” I t  is tim e th a t the  specification of iron 
wire and ferrous ammonium sulfate is discontinued. A nother 
hang-over from o ther days is th e  reduction m ethod for phos
phorus and th e  formulas M onOi9 and MomOjj for the reduction 
product. These should be modernized and m ade to  conform w ith 
th e  reduction m ethod which is given for molybdenum. F u rth e r
more, th e  time-honored and often time-wasting direction to 
transfer the precipitate and b u m  the paper in a  platinum  wire, 
should no t be given w ithout good reason.

This new edition should continue to  enjoy th e  deserved popu
larity  of th e  older editions among th e  teachers, students, and 
analysts wTho are interested in th e  analysis of m etallurgical 
materials.

G. E .  F. L u n d e l l

T he N atural H istory of Crystals. By A. E . H . T u t t o n .  xii +
287 pages. 15 X 22.5 cm. E . P . D u tto n  & Co., New York;
Kegan Paul, T rench, T rubner & Co., L td ., London, 1924.
Price, S5.00.
This book purports to  be a  s ta tem en t of the present s ta tu s  of 

crystallography w ritten  prim arily “ for th e  general reader more or 
less interested in  na tu ra l science.” I t  is a  rew riting of an  earlier 
work, entitled "C rysta ls” (London, 1911), into which has been 
incorporated some X -ray  diffraction results and a  glossary. 
One finds chapters dealing w ith the general na tu re  of crystals, 
how they  are m easured and how they  grow from solution, dis
cussions of isomorphism and m orphotropy, polym orphism, and 
enantiomorpliism , and of liquid crystals. The principal phe
nom ena of optical crystallography are  illustrated by detailed 
descriptions of experim ents m ade for the m ost p a r t upon quartz.

Crystallography as a  whole is entering upon a  period of revi
sion. This revision is quite as profound as th a t suffered by 
chem istry a fter the widespread acceptance of the concept of 
atom s, and is strikingly sim ilar to  it. H eretofore crystals have 
been trea ted  as essentially homogeneous and continuous entities. 
The m ajor im portance of the discovery of X -ray  diffraction lies 
in the  fact th a t  it  perm its us to pass ou t of th is early descrip
tive stage and to  look a t  crystals w ith profit from the inside 
outw ard. In  spite of the chapters on atom ic structure  and crys
ta l analysis, the  poin t of view of th is book is essentially th a t  of 
the descriptive crystallographer. Readers w ith a lim ited crys- 
tallographic experience who wish to  become acquainted w ith 
different kinds of accum ulated facts about crystals m ay read 
this book w ith profit. T he  au tho r does no t have th e  clear and 
simple sty le of writing which is the prime requisite of a  satis
factory  popular treatise. M any tim es it is difficult for even the 
practicing crystal scientist to  know exactly w hat is intended. 
As a  consequence it  is doubtful w hether persons w ith  no crys-

tallograpliic knowledge will find any appended glossary a suffi
cient key. The book cannot be recommended as an  introduction 
to  th e  newer crystallography. T he theoretical aspects of crys
tallography are rarely handled in a  clear-cut m anner and the 
w riter’s discussions of atom ic structu re  and crystal structure 
are no t dependable. Thus the doubtful sta tem ent is made th a t 
the Lewis-Langmuir hypothesis fits crystallographic facts better 
than  the Bohr-Sommerfeld atom  model, and one repeatedly en
counters the hypothesis of constant atom ic radii masquerading 
as one of the im portan t and firmly established laws of nature. 
N o t only is the section of crystal analysis very incomplete, but 
m any debatable or actually  incorrect structures are represented 
as if they  were known beyond possibility of doubt.

The book abounds in extraneous m atter, such as an account of 
the w riter’s ascent of M ont Blanc and repeated personal refer
ences. I t  is probably merely a  sublim ation of this same a ttitude 
which leads to a curiously exaggerated idea of the im portance of 
the au th o r’s country  and countrym en in the  developm ent of 
crystallography. Indeed, much of the book exhibits a provin
cialism which in days no t long past and coming from a different 
country  would assuredly have been m istaken for intentional 
nationalistic propaganda.

The volume is well prin ted  and contains m any excellent illus
trations.

R a l p h  W . G. W y c k o f f

The Science of M etals. B y  Z . J e f f r i e s  a n d  R .  S. A r c h e r .
460 pages. M cGraw-Hill Book Co., Inc., New York, London,
1924. Price, S5.00.
M etallurgical science advances so rapidly th a t i t  is a  burden 

to  keep up w ith periodical literature. Jeffries and Archer 
have digested th e  da ta  accum ulated in th e  p as t ten  years, classi
fied them  according to th e  basic principles involved, and w ritten 
a book about the principles which will no t only serve to  clarify 
them  for th e  older metallurgists, b u t will be of value to  college 
students starting  the study  of m etallurgy.

I t  covers the field from th e  modern space-lattice to  the old 
reliable phase rule, and includes practically all the im portant 
principles and theories. T h a t special stress is laid on the slip- 
iuterference theory of hardening, on th e  discussion of germina- 
tive conditions in grain growth, and on o ther points th a t have 
been largely clarified by th e  w ork of Jeffries himself, adds an 
interesting personal touch to  th e  book w ithout in  any way un
balancing it.

This is a  textbook ra th er th an  a reference book. The authors 
do no t a ttem p t to  present da ta  for their own sake, b u t only to 
bring ou t the  principles under discussion; hence the book sup
plements ra th e r th an  replaces such books as H o y t’s Metallog
raphy. Principles are discussed so thoroughly th a t the book 
is no t always easy reading b u t requires and deserves real study. 
The lack of desire to  present data , as such, extends to  an avoidance 
of references to  th e  literature—the only serious criticism the re
viewer would make. Since this is likely to  be widely read by 
students w ith no great previous knowledge of th e  subject, the 
opportunity  to  lead them  to  im portant articles should not have 
been lost.

A guarded phraseology is used in the extensive discussion of the 
amorphous m etal hypothesis, th e  so-called "cem ent” between 
crystals being sta ted  to  "sim ulate” an amorphous material. 
In  discussion of th e  freezing of tin  i t  is sta ted  th a t  supercooled 
vitreous amorphous tin  rem ains between the  crystals, bu t in 
o ther places "am orphous” evidently refers to  essentially crys
talline b u t slightly distorted m aterial. Since th e  whole m atter 
is one of definition, a  clearer definition and a  more consistent usage 
would seem w arranted.

W hether or n o t the reader can always agree w ith all of the 
au thors’ ideas, he will lay the book down w ith gratitude to  them 
for a  complete and im partial discussion of both the old and the 
new in m etallurgy. T h a t such  a book, dealing with pure theory, 
should have been w ritten  by representatives of industrial firms, 
and have been largely based on research done prim arily for in
dustrial purposes, is surely w’orthy  of comment. I t  m ay serve as 
a refutation of th e  recent sta tem ent by a  prom inent foreign metal
lurgist, th a t for fundam ental theory  American m etallurgists have 
to  go abroad.

H. W. G i l l e t t
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Regeneration from a Physico-Chemical Viewpoint. By J a c q u e s  
L o e b .  143 pages. McGraw-Hill Book Co., Inc., New 
York, 1924. Price, $2.00.
This work is a  contribution in an undeveloped field of research 

by a keen investigator, who realizes fully the possibilities of ad
vancing our knowledge of biology and physiology by utilizing 
and applying in his researches the fundam ental principles of the 
science of chemistry. The book is based on a num ber of papers 
which have previously been published in the Journal of General 
Physiology, and therefore m ay be considered as a short monograph 
in which the m ost im portant results of an extensive series of 
experiments on regeneration have been correlated and arranged 
in logical order or sequence.

The w riter for a num ber of years conducted an extensive series 
of quantita tive experiments on the regeneration of the plant, 
Bryophyllum calycinum, in which attem pts were made to  obtain 
quantitative measurements th a t would enable him to formulate, 
or establish, a  rationalistic correlation between the process of 
regeneration and m utilation of a  living organism. In  this 
new field of research he was extremely successful. By application 
of quan tita tive  methods of analysis to  the growing leaves and 
stems of th is plant, and w ith stric t guidance of all operations in 
accordance w ith the fundam ental law of mass action, the writer 
has revealed the process of regeneration as a purely physico
chemical phenomenon governed by forces strictly physico-chem
ical in character. In  o ther words, the mass relation, when ap
plied under the guidance of an  expert in this special field of re
search, has been made to render a real sendee in revealing a 
hidden rationalistic law regulating the natural phenomena of 
regeneration.

I t  has been possible for the w riter to  prove quantitatively on 
the basis of th e  mass relation in th e  growing plan t th a t equal 
masses of isolated leaves produce under equal conditions of il
lum ination, tem perature, etc., equal masses of shoots and roots 
in equal tim e; also, th a t  the flow of sap in this growing organism 
after m utilation is directed towards th a t p a rt where more rapid 
growth occurs. In  fact, th e  whole research has revealed many 
new facts of th e  greatest value and interest to  all workers in ter
ested in p lan t physiology and biochemistry. The method of 
a ttack  is extremely original and a rem arkable technic is shown in 
carrying ou t th e  various experiments described.

T . B. J o h n s o n

M arine S tructures: Their Deterioration and Preservation. By 
W i l l i a m  G. A t w o o d  a n d  A . A . J o h n s o n ,  el al. Report 
of the Com m ittee on M arine Piling Investigations of the Divi
sion of Engineering and Industrial Research of the N ational 
Research Council. 534 pages. N ational Research Council, 
W ashington, D. C., 1924. Price, $10.00.
These investigations were undertaken following very material 

loss in San Francisco Bay in the vicinity of the M are Island N avy 
Yard. A representative committee was formed and the report 
well illustrates the possibility of cooperative work on the p art of 
biologists, chemists, and engineers. The report will be of par
ticular in terest to  chemists, inasmuch as chemical compounds for 
preserving purposes constitute the principal line of defense against 
borers and because of the excellent work of the Chemical Warfare 
Service, which is reported in detail under toxicity tests, tests of 
the chlorine m ethod of protection, and the preservation of new 
wooden structures. Under this last section results obtained to 
date w ith a large num ber of compounds, m any of which have not 
heretofore been used in such work, are reported in detail.

From th e  Chemical W arfare Service report we find th a t, al
though all the im pregnated pieces gave much b e tte r protection 
against the m arine borer than  unimpregnated pieces, a group of 
eleven toxics is nam ed in the order of their efficiency, which are far 
superior to  m aterials heretofore used or to  o ther new compounds 
tried. The addition of 5 per cent of the specific toxics, such as 
chlorovinyl arsenious oxide, phenyl arsenious oxide, mercuric 
oxide, mercuric chloride, mercuric arsenate, cuprous cyanide, 
cupric o-nitrobenzoate, cuprous chloride, mercuric anilinate, 
mercuric benzoate, and crystal violet, are reported to  afford 
definite protection for piling against marine borers—something 
which engineers and those interested in wood preservation have 
not had a t  their command heretofore.

The book is copiously illustrated with maps, drawings, and 
charts, and because of the high cost of publication is priced a t ten 
dollars w ith certain  discounts to educational institutions. Those 
who m ay have been somewhat skeptical regarding the constructive 
work of Research Council committees will do well to  examine 
this exhaustive piece of work, which in some respects represents 
th a t type of investigation for which such an organization is 
especially fitted.

The S tructure of Crystals. By R a l p h  W . G. W y c k o f k .  A. C.
S. M onograph. 462 pages. The Chemical Catalog Co.,
Inc., New York, 1924. Price, $6.00.

This book contains much detailed information of value to  those 
engaged in the analysis of crystal structures by the diffraction of 
X-rays and to  those interested in the results of this analysis. 
I t  is the second treatise on the subject in English, and the first 
by an  American. I t  is similar in scope to  the treatise by Vegard 
in German; b u t it differs from th a t of the Braggs particularly  in 
point of view and treatm en t of subject m atter, and also in con
taining a greater am ount of detailed information. The au th o r 
stresses the necessity of using the results of the theory  of space 
groups in determining the exactness and uniqueness of the atom ic 
arrangem ent deduced for any crystal from diffraction d a ta  alone.

P a rt I  deals w ith the m ethods of crystal analysis. The com
pilation of useful results of the theory  of space groups and the 
explanation of stereographic and gnomonic projections should 
prove valuable to  those not acquainted w ith th e  m athem atical 
science of crystallography. The essential facts concerning the  na
ture, absorption, and scattering of X -rays as they enter into the 
diffraction of X -rays by crystals are presented. T he positions of 
diffraction images are derived and specified in term s of the 
geometry of the various types of crystallographic sym m etry; 
and their intensities also in so far as present knowledge perm its. 
The most im portant procedures for obtaining diffraction images 
are described, including m any useful details as to  technic. The 
nature of the information afforded by each procedure is critically 
examined.

The author outlines a  general, systematic, and exact method 
by which the unique arrangem ent of atom s in any crystal m ay 
be determined, provided each step can be carried through to  
completion. The procedures atid types of information m ost 
useful for the completion of each step are fully discussed.

In  P a rt I I  m ost of the available X -ray  diffraction m easure
ments are critically examined in the light of the general procedure 
arrived a t  in P a rt I. To these data  are applied in particu lar 
the tests for exactness and uniqueness provided by the theory of 
space groups. " I t  is a  consequence of th is mode of tre a tm en t 
th a t the data  of various investigators have been approached from 
a standpoint no t their own and th a t the responsibility rests w ith 
the present w riter in all cases for the form, and in m any instances 
for the substance, of the argum ents based upon these m easure
ments.” Some erroneous determ inations are revealed.

In  general, the  exposition is no t particularly lucid bu t the book 
is replete w ith illuminating diagrams and useful tables. R efer
ences are given throughout, and a very complete bibliography 
of the work on crystal analysis from 1912 to 1924 is appended. 
The painstaking labor involved in the collection and analysis of so 
much detailed information compels commendation.

R. A. P a t t e r s o n

Structural M etallography. By H . B. P u l s i f e r .  210 pages,
146 micrographs. The Chemical Publishing Co., Easton, Pa.,
1924. Price, $5.00.

Exclusive of the covers, th is little  book is only a half inch 
thick; bu t in the lattice parlance of the day, it is “ close-packed.” 
The author’s object is to  bring ou t in a  textbook to  accom pany a 
laboratory course in metallography, w hat the microscope can show 
in regard to  the structure of m etals and alloys. This is accom
plished in clear and readable fashion.

The author sticks to his text. The subject is m etallography. 
Equilibrium diagrams, physical testing, therm al analysis, th e  
effect of chemical composition and heat treatm en t are touched 
on merely as is necessary to  supplement the information given 
by the microscope. Y et the student will get an  amazing am ount 
of fundam ental up-to-date, and readily digested information on 
physical metallurgy aside from the stra igh t m etallography.

The secret of the readableness of the book lies in the fact th a t  
most of the story is told by the micrographs and th a t in m ost 
cases the text dealing w ith a given micrograph is on the same page 
with it.

M ost of the micrographs are by the au thor or his students, and 
the specimens were prepared by the minimum of polishing and 
the maximum of etching. Besides a  saving of time in preparation, 
this results in relief, which with the aid of slightly oblique lighting 
gives micrographs, in some cases a t least, more inform ative than  
when the specimen is prepared in orthodox fashion. Some
times they seem more difficult to  interpret, though the originals 
may suffer in reproduction, since the paper used, while giving 
acceptable reproductions, does no t give such brilliant ones as a 
paper better suited to the purpose.

Only etched specimens are included, so th a t micrographs of
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nonmetallic inclusions are om itted. M acrographs and sulfur 
prin ts are mentioned bu t not shown. The section on microg
raphy  of cast iron is a  b it sketchy, no micrographs of case-car- 
burized m aterials are shown, and those of alum inium are no t up 
to  the standard  of recent McCook Field work. Nevertheless, th e  
book is well balanced between ferrous and nonferrous alloys, and  
should serve very acceptably as an introduction to  the study  
of metallography and metallurgy.

A fair num ber of references and a list for collateral reading are 
given, in the la tte r of which the Transactions of the American 
Society for Steel T reating should have been included.

H .  W .  G iLU JTT

Food Analysis. By A. G. W o o d m a n .  2nd edition. 529 pages.
M cGraw-Hill Book Co., Inc., New York, London, 1924.
Price, $3.50.
W oodm an’s "Food Analysis,” of the In ternational Chemical 

Series, the first edition of which appeared in 1915, is now well 
known to  food chemists. In  preparing th is tex t for students the 
au thor has rendered a valuable service to  all who are studying 
foods and their adulteration  for the first time. In  the discussion 
under th e  heading In terpretation  of Results, and in the Notes 
which frequently accompany the  m ethods given, the beginner 
will find much information to  be found in no o ther tex t and 
usually acquired only through experience. T he book is also very 
useful to th e  experienced food analyst because of the m any 
references to  original sources of information cited.

The au tho r states in  his brief preface th a t in the second edition 
th e  p lan and scope of th e  book have remained unchanged. In  
the first edition the au thor purposely limited himself to  the pres
entation of typical methods, and in the second edition these have 
been changed, where necessary, to  conform to  the best practice, 
and th e  chapters on colors and on cocoa and chocolate have been 
rearranged and rew ritten.

Typographical and o ther errors are extrem ely rare. T he m ost 
unfortunate of the typographical errors is th a t  th e  same symbol 
used for the invert reading in the formula on page 261 also ap 
pears in th e  expressions for th e  tem perature  functions in th e  same 
formula. I t  is noted th a t the milk definition on page 134, al
though essentially correct, is no t accurately quoted. The 
Federal standard  for olive oil given on page 183 is obsolete, the 
au tho r apparently  being unaw are th a t U. S. D epartm ent of 
Agriculture, Office of the Secretary, Circular 19, to  which he re
fers, was. superseded in 1919 by Circular 136 of the same office. 
In  this connection it  is also observed th a t references to  Leach’s 
"Food Inspection and Analysis,” th ird  edition, are retained, 
although a  fourth edition was issued in 1920. The reference to  
M ethods of Analysis of the Association of Official Agricultural 
Chemists in the first footnote on page 257 should be M ethods of 
Analysis, A. O. A. C., 1920, instead of 1919. T he reference 
given in the first footnote on page 298 is in error. The reference 
to  page 427 a t  th e  top  of page 411 should be to  page 441 and the 
same error occurs on page 494. T he reference to page 158 in 
the first footnote on page 498 should be to page 160. Finally, it 
m ay be m entioned th a t  the value 7.83 given in the table on page 
384 for th e  alkalinity of th e  water-soluble ash of the pure juice 
from Baldwin apples is an  impossible one. This same value is 
given in the first edition, bu t the analyst responsible for the re
sults in this table m ust have failed in th is instance to  m ake the 
proper calculation.

O ther criticisms are on points upon which there m ay be a 
difference of opinion. T he reviewer is surprised to  find th a t the 
cryoscopic m ethod for the exam ination of milk is no t given and 
th a t in the discussion of th e  detection of w atered milk, pages 
134 to  139, no mention is m ade of the recent and im portan t work 
in the developm ent and application of th is method. Also in the 
discussion of alkali-treated cocoas, pages 337 to  338, reference 
m ight well have been m ade to  Bloomberg’s w ork reported in U. S. 
D epartm ent of A griculture Bulletin 666, under the  title  of 
"T he Effect of Alkali T reatm ent on Cocoas.” M inor points of 
criticism are the use of th e  word "body” for substance in a  few 
places, as on page 190; reference on page 353 to  standards of the 
Association of Official Agricultural Chemists, when, in fact, these 
are the standards recommended by the Jo in t Com m ittee on 
Definitions and Standards consisting of three members each from 
th a t association, th e  Association of American D airy, Food and 
D rug Officials, and the U. S. D epartm ent of Agriculture; the omis
sion of the word Federal before “Food and D rugs A ct” on page 
292; the too frequent use of loc. oil. in footnotes in place of the 
reference itself where this reference is no t given on th e  same page, 
as on pages 332 and 336, which causes unnecessary trouble in lo
cating the reference; and, omission of th e  place of publication, 
which is Journal of the Association of Official Agricultural Chemists, 
1, 506 (1915), in the second footnote on page 420.

T he revision of the chapters on Food Colors and Preservatives 
and on Cocoa and Chocolate, which includes rearrangem ent of the 
m aterial, has resulted in marked im provem ent in these chapters, 
and m any changes based upon progress made since the first edi
tion was issued have been made in the o ther chapters. This has 
resulted in an increase in th e  num ber of pages from 510 to  529. 
The revision has increased the value of the book and the second 
edition should receive the same cordial welcome accorded the first.

R . W. B a l c o m

The Chemical Engineering Catalog. 9 th  annual edition.
By F r a n c i s  M. T u r n e r ,  J r . ,  Technical Editor. 1082 pages.
T he Chemical Catalog Co., Inc., New York, 1924. Price,
§10.00. Leasing fee, $2.00 ($3.50 foreign).

T hroughout the nine years of its existence the Chemical E n
gineering Catalog has grown steadily, and from being a  national 
institution it  is rapidly becoming an international one. Each 
year has seen additions to  its useful features and similarly each 
year has made it  more and more an indispensable p a rt of the 
equipm ent of every chemical executive in w hatever industry he 
is located.

T he m ost im portant change in th e  make-up of the present vol
ume as compared w ith its predecessors has been the enlargement 
of th e  index. As an experiment, the eighth edition confined its 
index listings ra th e r strictly  to  those who catalogued their prod
ucts in its pages. This experiment, however, failed to  give users 
of the catalog the information they  desired, and consequently the 
present edition again contains the names of others than  space 
users. To th e  w riter’s knowledge there does no t exist anywhere 
else so complete a reference list of products and firms interested in 
and interesting to  th e  chemical engineer as th a t  contained in the 
266 pages of the index of this volume. I t  is copiously cross-in
dexed and is in every way possible complete and accurate.

N aturally , the  ease w ith which inform ation is available de
pends entirely upon the  w ay in which it  is indexed; yet even the 
best index is little  more th an  a  guide to  information elsewhere. 
I t  is notew orthy th a t  th e  tex t pages of the catalog are approach
ing nearer and nearer the ideal w ith respect to  the information in 
th e  form of performance da ta  and so on, as the users of space 
realize th e  need for it. T he present edition is particularly full 
of useful inform ation for th e  user and prospective user of the 
things it describes, and in th is w ay it  stands ou t from its prede
cessors as a real achievem ent of its publishers.

The wider use of the reference iist of books on chemical and 
related subjects, which is a regular feature of the catalog, has led 
to  its expansion. In  the present edition this list of books ap
proaches th e  completeness as a condensed book catalog th a t the 
main body of the catalog approaches as a condensed engineering 
catalog.

Certainly there are few engaged in any of the chemical or re
lated industries, in w hatever capacity, who can afford to leave 
this valuable work off their working book shelves.

Chemistry in Industry. A Cooperative W ork In tended to Give
Examples of the Contributions M ade to Industry  by Chemistry.
E dited  by  H .  E. H o w e , xii +  372 pages. T he Chemical
Foundation, Inc., New York, 1924. Price, $1.00.

W hen the papers of the first contest for the G arvan prizes in 
1923-1924 were received, it  became evident to  the Committee 
on Prize Essays of the A m e r i c a n  C h e m i c a l  S o c i e t y  that, while 
ab u n d an t research da ta  existed for the application of chemistry 
to m anufacturing processes, the story of the relation of chemistry 
to  industry  had  no t been told in a  form th a t would grip the popu
lar mind, nor was it  in places where i t  could be easily reached 
by the numerous students who wished to  write on th a t topic. 
"C onsequently it  was decided to  provide a t  least one reference 
book th a t would be of assistance, and this volume is the result. 
I t  is in reality  a  symposium to  which tw enty-one specialists in 
as m any industries have contributed chapters dealing with what 
chem istry has accomplished in their field of work, and noting 
several unsolved problems to  indicate a few of the m any oppor
tunities th a t aw ait the resourceful, well-grounded chemist.”

The adage th a t “ too m any cooks spoil the b ro th” is no t verified 
in th is volume, where each monograph pu ts in a clear, readable 
w ay the dependence of the industry  upon chemistry, and the 
principles th a t underlie its application to  production of articles 
of everyday use. T he ordinary m an in this latitude usually 
does no t go ou t to  see the sun rise, because he takes it  as a m atter 
of course, b u t on the Upper Yukon, above the Arctic Circle after 
a  half year of darkness, the inhabitants gather to  w atch the first



November, 1924 IN D U ST R IA L  AND  ENGINEERING C H E M ISTR Y 1205
sunrise in six months. So, too, many accept as a m atter of course 
the supply of their daily necessities and luxuries w ithout giving a 
thought to the brains th a t have striven in research and technical 
laboratories th a t modern demands m ay be met.

From  the opening chapter, on The Foundations of Chemical 
Industry, where we see the dependence of so many and varied 
processes on acids and alkalies, to the last chapter, on Chemistry 
in the Textile Industry , we are treated  to accurate yet a ttractive 
accounts of elaboration from raw m aterials to finished product 
of such diverse substances as rubber and steel, glass and gun
cotton, industrial gases and packinghouse products, alcohols and 
fertilizers, paper and nonferrous metals, synthetic resins and 
photographic films and papers, petroleum and perfumes, leather 
and synthetic flavors, coal-tar derivatives, and electrical appara
tus. One lays down this volume with a very clear appreciation 
of the basic service of chemistry in providing for our modern 
needs and comforts. F requent charts and diagrams, together 
with abundan t photo-engravings, help to visualize in a  brief 
glance the processes of the selected typical industries and their 
manifold products. Besides being of interest to the general pub
lic, this book m ay well serve as a  book of reference for collateral 
reading in the schools of the country.

As rem arkable as the m atte r of the volume is its price—one 
dollar a  copy—which the Committee on Prize Essays tells us is its 
actual cost, made possible by the cooperation and free service of 
the distinguished men who have contributed to  its pages.

G e o . L . C o y l e

Coal Carbonization. By H o r a c e  C. P o r t e r .  A. C. S. Mono
graph. 442 pages. The Chemical Catalog Co., Inc., New
York, 1924. Price, $6.00.

Our first conclusion on looking over th is monograph is th a t it 
is no t a  chemical monograph under any reasonable definition of 
terms. T he author, by his own profession on the title  page, is 
a chemical engineer and reveals himself as such in dealing w ith this 
unit operation of chemical engineering—namely, carbonization. 
This leads us to  rem ark th a t th e  book is considerably more valu
able than  if it  had dealt only with the chemistry of coal carboniza
tion. Indeed, in the present s ta te  of our knowledge, or rather, 
lack of knowledge, concerning coal, and the chemical changes 
which result when coal is carbonized, it would be difficult to  write 
a monograph on the chemistry of carbonization. A t any  rate, 
this phase of the subject is bu t briefly considered in th e  present 
monograph.

The bulk of this book is given over to  a  description of the me
chanical features and operation of by-product coke and coal gas 
plants. Of the fifteen chapters, five are devoted to  th is phase of 
the subject, and these five occupy nearly 70 per cent of the  text. 
The au thor does no t plunge into his main subject hastily, how
ever. F irs t comes an introduction by the Board of Editors 
and then  a  list of the A. C. S. monographs, published and  unpub
lished (for the inclusion of which the au thor is no t responsible); 
n e tt  an A uthor’s Preface in which the au thor assures us of his gocvd 
intentions and adm its th a t he has added a  few rem arks of an 
engineering tu rn  to  his elucidation of the chemical process of 
carbonization; next Professor P arr contributes a  graceful In 
troduction; we then  pass over a  Table of C ontents and  come 
finally to  C hapter I, which is labeled In troductory . In  fact, 
we do no t quite escape the feeling through th e  first seven short 
chapters th a t the au thor is still prefacing w hat he is going to  say  
presently.

A t C hapter V III, however, we realize th a t th e  prelim inary 
lecture is over and  we find ourselves a t  las t inside a  coke p lan t 
fence. F or the nex t 267 pages our guide fairiy keeps us on the 
run. We take a  glance a t  the coal-handling equipm ent and  ad 
mire the cradle-like affair which takes a  railroad car in  its  lap  and 
calmly rolls it  upside down to spill ou t the  coal. W e d im b  on the 
battery  to  w atch the charging and  we see the ovens opened and 
the red-hot coke pushed out. We peek in to  the ovens, and squint 
a t  the pyrom eters, and  would like to  ask  a  few questions, b u t <xxz 
guide hurries us along to  another p lan t w ith ano ther kind of ovens 
and still o ther p lants w ith still other ovens, un til we a re  a  little  
dizzy. W e knew th a t M r. Koppers and  M r. Semet-Sohray 
built ovens, b u t it  appears th a t so also did i l r .  P ie tte  and 
Mr. R oberts and  several O ttos, and  M r. P irca  and Mr. K3ons, 
and Mr. Foundation, and  a  dozen or so o ther gentlemen . W e 
learn, also, th a t heating up a  coke oven and  keeping it  h o t isn’t  
quite as simple a  m atte r as it  appears a t  first- Then, there  are a  
lot of by-products which m ust be condensed, cclltctiri, scrubbed, 
etc., b u t before we have tim e to  examine th is ectiip— very 
closely, our guide hurries us through a  6sxu=l o r so ga^-—.-.¿--g  
plants, and  finally we take- a  m ad rush p as t a  cam ber ©i litt le  krw- 
tem perature retorts, m ost of them  wrecks apparently .

And so we come to the end of the tour, a  little breathless, but 
glad th a t we went. On the whole it was a good trip . We saw 
much and heard much of interest. I t  would have been better, 
perhaps, to  have seen a little less and taken a  little  more tim e a t  
some points. There were times, too, when we surmised th a t our 
guide was not anxious to  linger for questioning, bu t th is was not 
often. We recommend the tour to  our friends, even to  our chem i
cal friends, bu t caution the la tte r to regard w ith indulgence the 
guide’s solemn assurance th a t this is to  be a  chemical excursion.

Hi A. C urtis

N e w  B o o k s

A bridged Scientific Publications from  th e  R esearch  L aboratory  of th e  
E astm an K odak Com pany— Vol. VII. 139 pp. K astm an  K odak  Co., 
Rochester, N . V.

Adaptability of Tile to H ospital R equ irem ents. Car;, II , GlirsTER. 8 pp.
Mellon In s titu te , P ittsbu rgh , Pa.

Annual R eport on E ssen tia l Oils, Synthetic  P erfum es, etc. A pril-O ctober 
1920, 144 pp . 1921, 119 pp . 1922, 155 pp. Schim m el & Co., M iltitz , 
G erm any.

Applied C hem istry fo r N urses. S t e i a a  G o o s t r a y  a n d  W a l t e r  C . K a k k .
2 31pp . Illu stra ted . T h e  M acm illan Co., New Y ork. Pricc, $1,75, 

B ritish D yestufls Industry , 1856-1924: T he D yeing of Artificial Silk, etc. 
W ith  7 volum es of p a tte rn  cards. B ritish D yestufls C orp., L td ., M anches
ter, England.

B ritish E ngineers’ A ssociation D irectory of M em bers and  T heir M anufac
tu res. 318 pp . C ontains nam es, addresses, telegraphic addresses, codes, 
and full details concerning B ritish m anufacturing  engineers, including 
practically every  known m anufacture . B ritish  E ngineers ' Association, 
London. Free d istribu tion .

C arbid und Acetylen als A usgangsm aterial fQr P ro d u k te  d e r C hem ischen 
Industrie . J . H . Vo ce l a k d  A. Schulze. 130 pp . O tto  Spam er, Leipzig. 
Price, paper, 5 goldm arks; bound, 0.50 goldm arks.

Carbonisation des Bois Lignites e t T ourbes. C h . M arili.b r . 347 pp.
Illu stra ted . D unod, Paris . Price, 39 fr.

Color Index. P . M . R o w e, E d ito r. 371 double pages. D . V an N o strand  
Co., New Y ork. Price, clo th , $35.00; fabrikoid , $40.00.

C onsistaccs d es V erm s e ta u tre s  F lu ides an  point de vue de leu rs  Applications 
industrie lles. A. R . M atth is . 78 pp . D unod, Paris . P rice , 10 fr. 

D iagnostische und  T herapeutische Irrtu m er und  d e ren  VerhUtung. In n  ere 
H edizin . J .  S c h w a l b e .  P a rt 15— V ergiftungen. II . Z a u c g e r .  225 
pp . Georg Thiem e, Leipzig. Price, $1.45.

D rying by M eans of Air an d  S team . Explanations, Form ulae, a n d  T ab les  fo r 
Use in  Practice. E . H a c s b r a k d .  T ransla ted  from  th e  G erm an by  A , C . 
W e i g h t .  85 pp . I llu stra ted . 3 rd  revised English ed ition . D . V an 
N ostrand  Co., N ew  Y ork. Price, $2,50,

L’Industrie  d es  P arfum s d ’a p rH  I ts  T heories de  la  Chim ie M oderne. 
N otations e t Form ule*. Les P arfum s N a tu re ls . L e i P a rfu m s Artificiels. 
>£. P . O t t o .  6 8 8  p p .  2nd edition, revised and  enlarged . I llu s tra te d . 
D anod , Paris. Price, 85  fr.

M anufacture of P a in t. A P ractical H andbook . J .  C * u ic jc sh a» k  S m ith . 
322 p p . 3 rd  revised an d  enlarged ed ition . I llu s tra te d . I) .  V an N os
tra n d  Co., N ew  Y ork . Price, $5.00.

M odem  Theory  an d  P rac tice  of Pum ping. A T rea tise  on  th e  A pplication of 
t i e  R eynolds-S tanton  Law  of Viscous Flow to  M odens Pum ping  P ro b 
lem s and  t i e  Flow  o f Liquid* th rough  P ipes . N o rm a *  S w ix m s . V A  
p p . Illu stra ted . D . Van N o itra n d  C o., N ew  Y ork , P rice , $10S /i.  

N ational P hysical L aboratory , C ollected R esearch es— Vol. ZV II, 1V22.
353 pp . H . M . S ta tionery  Office, L ondon . P rice , 17 *. 6 d .

T-.~ . -  j t  physica l Laboratory  R eport fo r th e  Y ear 1923. D e p artm en t of  
In d u s tria l R esearch . 228 p p . H . M . SA xiirsa ttj Office, 

London. Price, 13 s. 6  d .
Principles of E lectrochem istry . VoL I .  H . J zk x ju m  C r z k s t t o * ,  < 4 ip p .

d a s t r a t e d .  John  W iley ¿c S oas, Inc ., N ew  Yoric. P rice , $4X 0.
Properties o f M e d :- =  C arso n  S tee l with H ig h  M anga nes*  C o n te s t. P.. l>.

R eport N o . 61. R esearch  D e p ar tro e s t, W*x>Iwiefa. \Z  pp . K , M ,
Scatkm ery Office, London. Price , 1 s. 6  d ,

PnrEc Water Supplies. F. £ . T tr»zae*x aki> H- L. He* - 770 pp.
Illustrated. John W3ey it  Sons, Inc., New York. Price, $45 </>,

Hnhi<r ->-t' Handbook. T a i l 's  and Formula*. 7,'. G .
PxsnjcET P. W atxiss. pp. G , AHat»  Zc Cswisi, L id ,, London, 
P r k s ,  5 2 s .6 d -

S a e r i S c  Z e s e a r t i  and  H n m z a  "¡«e2are_ PiJ-XK U X  Sr*srA3rT H m : s .
x i i  Macrcillan Co., New Yoc5c. Price,

Segar Machinery. A J . W ,n  rv T x ix C 'i K  datnp-ure treatise dew>td 
ts  ih ; —. r and apparatus taed is  the a^isre can* and
£x=et sr=£:tr. 4-0 pp. illustra ted . I>, Van Nostr&sd Co., New York. 
Price. SS/O.
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G O V E R N M E N T  PU B LIC A TIO N S

N o tic e — Publications fo r  which price is indicated can be purchased from  
the Superintendent o f Documents, Government Prin ting  Office, Washington, 
D. C. Other publications can usually be supplied from  the Bureau or De- 
partment from  which they originate.

B ureau of F isheries
Iodine C onten t of Sea-Foods. D . K . T r e s s l e r  a n d  A. W . W e l l s .  A p

pendix I  to  th e  R ep o rt of th e  U. S. Com m issioner of F isheries for 1924. 
Bureau o f Fisheries Document 967. 12 pp . P ap er, 5 cents.

B ureau of Foreign and D om estic Commerce
N itrogen Survey. P a r t  IV — T he N itrogen S ituation  in  E uropean C ountries.

H .  A. C u r t i s  a n d  F . A. E r n s t .  Trade Inform ation Bulletin  2 7 0 .  P re 
p ared  as p a r t  of th e  investigation  of essential raw  m ateria ls  au thorized  
b y  th e  S ix ty -seven th  Congress. 49 pp . Issued  Sep tem ber 29, 1924. 

T he P e tro leum  In d u s try  of R ussia . W . A. O t i s .  Trade Inform ation B u l
letin  2 6 3 .  38 pp . Issued A ugust 25,1924.

W orld T rade  in  C hrom ite. H .  M .  H o a r .  Trade Inform ation Bulletin  252. 
P repared  as p a r t  of the  investigation  of essential raw  m ateria ls au thorized  
b y  th e  S ix ty -seven th  Congress. 33 pp . Issued  A ugust 11, 1924.

Bureau of M ines .
Explosives U sed  in  Ju ly , 1924. W . W . A d a m s .  Reports o f  Investigations 

2635. 7 pp . Issued  Septem ber, 192-$.
H azard s  of E lectric S parks and  Arcs in  C oal M ines. L . C. I l s l e y .  R e

ports o f Investigations 2626. 3 pp . I s s u e d  J u l y ,  1924.
M agnetic Recovery of C om bustib le in  B oiler P la n t R efuse . R u d o l k  

K u d l i c h .  Reports o f Investigations 2634. 2 p p . Issued  Septem ber,
1924.

P roduction  of Explosives in th e  U nited  S ta te s  du ring  th e  C alendar Y ear 1923. 
W ith  N otes on M ine A ccidents D ue to Explosives. W . W . A d a m s .  Tech
nical Paper 358. 32 pp . P aper, 5 cents.

T en th  Sem iannual M otor G asoline Survey. N . F . L e J e u n e  a n d  B. A. 
L a n d r y .  Reports o f Investigations 2636. 3 pp . Issued  Septem ber,
1924;

T h e  C ost of A ccidents in  M eta l M ines as  M easu red  by  Com pensation 
In su ran ce  P rem iu m s. B. O. P i c k a r d .  Reports o f  Investigations 2625. 
9 pp . Issued  Ju ly , 1924.

T he R esistance  of C oal-M ine E n trie s  to th e  Flow  of Air. J .  W . P a u l ,  
G .  E .  M c E l r o y ,  a n d  H .  P .  G r e e n w a l d .  P a r t  I — T he R esistance  of 
U nobstruc ted  E n tries. Reports o f Investigations 2621. 3 pp. Issued
Ju ly , 1924.

Bureau of S tandards
D evelopm ent of a  M ethod  for M easu rem en t of In te rn a l S tress  in B rass 

T ubing . R . J . A n d e r s o n  a n d  E. G. F a h l m a n .  Technologic Paper 257. 
Paper, 5 cents.

Sim plified P rac tice  in  th e  M arine  F ield , O rganization of th e  A m erican 
M arine  S tan d ard s  C om m ittee and  I ts  C onstitu tion  and  R u les. Paper, 
5 cents.

S pectra  and  C ritical P o ten tia ls  of F ifth  G roup E lem en ts . A. E . R u a r k ,  

F . L . M o h l e r ,  P. D . F o o t e ,  a n d  R .  L . C h e n a u l t .  Scientific Paper 
490. 24 pp . P ap er, 10 cents.

U nited  S ta te s  G overnm ent M as te r Specification fo r A sphalt for U nsurfaced  
B uilt-U p Roofing. Circular 168. 10 pp . P aper, 5 cents.

Sam e. For B attlesh ip  L inoleum . Circular 191. 6 pp . P ap er, 5 cents. 
Sam e. F o r th e  C onstruction  of B uilt-U p Roofing, T ype 3ACS. Circular

172. 3 pp . P aper, 5 cents.
Sam e. F o r th e  C onstruction  of Built-U p Roofing, Type 4ACS. Circular

173. 3 pp . P aper, 5 cents.
S am e. F o r th e  C onstruction  of B uilt-U p Roofing, Type 3TCS. Circular 

175. 3 pp . P ap er, 5 cents.
Sam e. For H ectograph  R ibbons. Circular 187. 3 pp . P aper, 5 cents. 
Sam e. F o r R ed  In k . Circular 184. 2 pp . P aper, 5 cents.

Congress
R eorganization  of th e  Executive D epartm en ts. R ep o rt of th e  Jo in t Com 

m ittee  on R eorgan ization  c rea ted  under th e  Jo in t R esolu tion  adop ted  
D ecem ber 17, 1920, as am ended  b y  resolu tion  app roved  M ay  5, 1923. 
P resen ted  by  M r. M apes, from  th e  Jo in t C om m ittee  on th e  R eorganiza
tion  of th e  A dm in istra tive  B ranch  of th e  G overnm ent, Ju n e  3, 1924. 
House Document 356. 52 pp .

D epartm ent of Agriculture
A ntineuritic  V itam in in  Pou ltry  F lesh  an d  Eggs. R a l p h  H o a g l a n d  a n d  

A. R .  L e e . Journal o f Agricultural Research, 28 (M ay  3, 1924), 461-72.
H ow  the  U nited  S ta te s  C an M ee t Its  P re se n t an d  F u tu re  Pulp-W ood R e

q u irem en ts. E . H . C l a p p  a n d  C .  W . B o y c e .  P repared  in coôperation 
w ith  the  A m erican P ap er and  Pu lp  A ssociation an d  th e  C om m ittee  on the 
P e rp e tu a tio n  of th e  P u lp  and  P ap er In d u s try  in  th e  U nited  S ta te s . De
partment B ulletin  1241. 100 pp . Paper, 15 cents. Issued  Ju ly  29,1924.

Som e M odifications of th e  P icric Acid M ethod  fo r Sugars. J .  J .  W i l l a m a n  
a n d  F . R . D a v i d s o n :  Journa l o f Agricultural Research, 28 (M ay  3 ,1924), 
479-88.

T he  C hem ical Com position of E d ib le  V iscera from  M eat-P roducing  Animals. 
W. C. P o w i c k  a n d  R a l p h  H o a g l a n d .  Journal o f  Agricultural Research, 
28 (April 26, 1924), 339-46.

Geological Survey
O bservations on  th e  R ich  Silver O res of Aspen, Colorado. E . S. B a s t i n .  

Bulletin  750-C. Contributions to Economic Geology, 1923-24. P a rt I, 
pp . 41-62. Pub lished  Sep tem ber 19, 1924.

P ow er R esources of Snake  R iver be tw een  H un ting ton , O regon, and  Lewis
ton, Id ah o . W . G. H o y t .  W ater-Supply Paper 520-C . 25 pp . P ub
lished Sep tem ber 2, 1924.

Q uicksilver in  1923. C. P . R o ss . W ith  a  S upplem entary  Bibliography.
I .  P . E v a n s .  M ineral Resources o f the United States, 1923. P a r t  I, pp. 
35-46. Pub lished  Sep tem ber 29, 1924.

S la te  in  1923. G. F . L o u c n L i N  a n d  A. T . C o o n s .  M ineral Resources 
o f the United States, 1923. P a r t  I I ,  pp . 49-61. Published Septem ber 
25, 1924.

S urface W ater Supply of th e  U nited S ta te s  1919-1920. P a r t  X II— North 
Pacific Slope D ra inage  B asins. (C) Low er C olum bia R iver Basin and 
Pacific Slope D ra inage  B asins in  O regon. N . C. G r o v e r ,  F . F . H e n -  
s h a w ,  a n d  G .  L. P a r k e r .  P repared  in coôperation w ith th e  States 
of Oregon and  W ashington . W ater-Supply Paper 514. 204 pp . Paper,
25 cents.

Navy D epartm ent
F uel. R ep rin t of C h ap te r 38 of th e  M anual o f  Engineering Instructions, 

B u reau  of Engineering. 39 pp . P ap er, 10 cents.
In s tru c tio n s  fo r th e  C are an d  O peration  of D istilling P lan ts . B ureau of 

E ngineering. 46 pp.
In s tru c tio n s  fo r th e  O peration , C are, an d  R epair of C ondensers. Reprint 

of C h ap te r 15 of th e  M anual o f  Engineering Instructions, B ureau of 
Engineering. 30 pp . P ap er, 5 cents.

In s tru c tio n s  fo r th e  O peration, C are , and  R epair of D istilling P lan ts . Part
2—Low P re ssu re  V acuum  Type. F o r  the  Use of E n listed  M en in Prepara
tion  for A dvancem ent to  th e  R atings  of M ach in is t’s M ates, Enginemen, 
and  W ate r T enders. N avy Education-Study Courses, B ureau  of N aviga
tion. 16 pp.

In struc tions fo r th e  O peration , C are, and  R epair of M ain  Propelling Ma
chinery. Section  IV— D iese l E ngines. R ep rin t of Section IV , C hapter 
7, of th e  M anual o f Engineering Instructions. 22 pp. P aper, 5 cents.

Public H ealth  Service
D ig est of C om m ents on P harm acopeia  of U nited  S ta te s  of America (9th 

D ecennial R evision), an d  N ational Form ulary  (4th Edition, Calendar 
Y ear 1921). A. G. D u M e z .  Bulletin  137. 283 pp. Paper, 30 cents. 
Also House Document 222.

Tariff Commission
B arium  D ioxide. R ep o rt of th e  U nited  S ta tes  Tariff Commission to  the 

P res iden t of the  U nited  S ta tes  on differences in costs of production of 
barium  dioxide in the  U nited  S ta te s  and  in com peting  foreign countries, 
as ascerta ined  p u rsu a n t to  th e  provisions of Section 315 of T itle  I I I  of 
th e  T ariff A ct of 1922. W ith  A ppendix P roclam ation  by th e  President. 
9 pp . P aper, 5 cents.

C ensus of D yes an d  O th e r S yn thetic  O rganic C hem icals, 1923. T ariff In
form ation Series 32. 198 pp . P aper, 25 cents.

Sodium  N itrite . R ep o rt of th e  U n ited  S ta te s  T ariff Commission to the 
P residen t of th e  U n ited  S ta te s  on differences in costs of production of 
sodium  n itr ite  in th e  U nited  S ta tes  an d  in com peting foreign countries, 
as ascerta ined  p u rsu a n t to  th e  provisions of Section 315 of T itle  I I I  o 
th e  T ariff A ct of 1922. W ith  A ppendix Proclam ation  by  the  President. 
22 pp. P ap er, 5 cents.
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M A N U FA C T U R E R S’ TEC H N IC A L PU B LIC A TIO N S

N otice— A n y  publications mentioned, under this heading will be sent free, un 
less otherwise noted, to readers o f  T h i s  J o u r n a l ,  on request to the firm  issuing
the publication. When writing for any o f these items k ind ly  mention I n d u s t r i a l

a n d  E n g i n e e r i n g  C h e m is t r y .

Ainsworth Im proved B alances. Bulletin  A-16. Includes illustra tions and 
descriptions of various types and  the ir p a rts . Prices. 16 pp. 31/« X 
8 l/ i  in. W m . A i n s w o r t h  &  S o n s , I n c ., 2151 Law rence S t., D enver, Colo.

A lberene S tone  L aboratory  E quipm ent. Illu stra ted  folder listing applica
tions and  uses of th is  stonew are for laborato ry  equipm ent. 8 1/* X 11 in. 
A l b e r e n e  S t o n e  C o . ,  223 E a s t 23rd S t., New York* N . Y.

Apparatus for M easu ring  Conductivity of E lectrolytes. Catalog 48. This 
up-to -date  edition  carries com plete specifications, prices, and  description 
of operation  of various in s trum en ts  and  accessories. B ibliography. 
3 2  pp. 7*/«  X  1 0 l/ t  in . L e e d s  &  N o r t h r o p  C o . ,  4 9 0 1  Sten ton  Ave., 
Philadelphia, Pa.

Bellevue F u rnaces fo r T rea ting  S teel. Catalog 4. Em braces various 
types of equ ipm ent for m etal hea t-trea tin g  and  fire-brick tiling. Illus
tra tions, descriptions, and  diagram s. Also features o ther m iscellaneous 
p roducts. 8 8  pp. 9  X  12 in. B b l l e v u e  I n d u s t r ia l  F u r n a c e  C o., 
D etro it, M ich.

Brown P yrom eters. Comprehensive Catalog 12. F ea tu res com plete line of 
indicating and  recording instrum ents. D iagram s and  m any  in te resting  
d a ta . C h art reproductions. 88 pp . 8 X 101/* in . B r o w n  I n s t r u 
m e n t  C o., 4509 W ayne Ave., Philadelphia, Pa.

C ast-Iron  E nam eled  P roducts . Bulletin  229. Describes and  illustrates 
equipm ent for b o ttle rs  an d  soft d rink  and  sirup  m anufacturers. Speci
fications an d  prices. 8  pp. 6  X 9  in. T h e  S t u a r t  &  P e t e r s o n  Co., 
B urlington, N . J .

Cenco P hysical A pparatus and  In s trum en ts . Catalog “F ,”  123. This 
com prehensive volum e cat ries illustrations, descriptions, and  deta ils  of 
operation  of th e  thousands of item s needed in the  physical an d  chem ical 
field. Prices. Indexed. C loth. 428 pp. 8 X  11 in . C e n t r a l  
S c i e n t i f i c  C o., 460 E a s t Ohio S t . ,  Chicago, 111.

Colormix. H andbook  illustra ted  in color, covering uses of th is concrete 
hardener, w aterproofer, an d  dustproofer. In te resting  exam ples showing 
harm onious decorative effect. 16 pp. 7l/ i  X 10l/< in* T h e  M a s t e r  
B u il d e r s  Co., C leveland, Ohio.

DeLaval M ethod  of Oil Purification . Catalog 105. C ontains illustra tions 
of equ ipm ent used in  purifying lubricating , transform er, and  sw itch oils. 
Typical insta llations. 56 pp. 8 X 11 in . T h e  D e L a v a l  S e p a r a t o r  
C o., 165 B roadw ay, N ew  Y ork, N . Y.

Dodge P ow er T ransm ission  M achinery. Catalog D-20-A. C om prehen
sively covers various types of couplings, clutches, hangars, etc. Indexed. 
291 pp . 6 X  9 in . D o d g e  S a l e s  &  E n g i n e e r in g  C o.. M ishaw aka, In d .

Dorrco D iaphragm  Pum ps. Bulletin  13. Illu stra tions, details of con
struction , an d  directions for operating different ty p es  of equ ipm ent. 20 
PP. 7 1/* X 10l/ j  in . T h e  D o r r  C o., 247 P a rk  Ave., N ew  Y ork, N . Y.

Fire Brick. U p-to-date  catalog containing m uch in teresting  inform ation 
on where th is fire clay is found, how i t  is m ade in to  fire clay shapes, brick 
cem ent, furnace linings, etc. Illustrations and detailed  diagram s. T ables. 
61 pp. 4 lA  X 6 */« in- A. P . G r e e n  F i r e  B r ic k  C o., M exico. M o.

G arrigue Equipm ent. Illu stra ted  catalog covering details of construction, 
insta llation , and  operation  of com plete equipm ent for m anufac tu ring  soap 
specialties, refining anim al and  vegetable oils, garbage and  packing
house by -p roduct recovery, etc. D iagram s. 86 pp. 8 X  l l 1/« in. 
W i l l i a m  G a r r i g u e  C o., 360 No. M ichigan B lvd., Chicago, III.

G lassw are fo r L aboratory  and  Scientific Purposes. Catalog 21. F ea tu res 
illustra tions, descriptions, and  prices of th is  equipm ent. 197 pp . 6 X
9 in. G r i e b e l  I n s t r u m e n t  Co., Carbondale, P a .

Laboratory A pparatus B lue Book. 1924 catalog com plete w ith illustra tions, 
descriptions, and  prices on apparatu s  and supplies for use in  laboratories. 
Indexed. C loth. 333 pp . 7l/< X  101/* in. R e y n o l d s , T e s c h n e r  &  
V o l k  C o., I n c . ,  41 V e s e y  S t., N e w  Y ork, N .  Y.

M ueller L aboratory  Equipm ent. Catalog “ E ,”  in loose-leaf binder, deals 
with d ifferent types of cocks, fittings, valves, e tc ., m ade in rough nickel- 
pla ted , finished brass, an d  finished b rass n ickel-p lated . Illu stra tio n s . 
8 l/ i  X 11 in. M u e l l e r  Co., D ecatur, III.

M unning Equipm ent. Illustrated Catalog 10. Covers com plete line of 
electroplating  and  buffing ap p ara tu s; also miscellaneous supplies for all 
industries. In te res ting  descriptions an d  helpful d a ta . 275 pp. 7*/* X
10 i n .  A . P .  M u n n in g  &  C o . ,  M a t t a w a n ,  N .  J .

N ational T anks. General Catalog 24. Includes m ining and  chem ical 
tanks an d  cyanide p lan ts  m ade of fir an d  redwood. C on ta in s detailed  
description, diagram s, and  o ther in te resting  inform ation . Indexed. 
116 pp. 6 1/« X 9 */j in . N a t io n a l  T a n k  & P ip e  C o., 151 Colum bia 
B lvd., Portland , Ore.

N ugent’s Oiling D evices. Series of loose-leaf bulletins dealing w ith  oil 
filters, tan k s  and  reservoirs, and  m any  o th e r oiling system s, to g e th e r w ith 
detailed d iagram s, illustra tions, etc . 6 X 9 in. Wm. W . N u g e n t  & C o., 
Chicago, 111.

Okonite. H andbook dealing w ith  insulated  wire and  cable. C ontains 
m uch in teresting  and  helpful inform ation  including valuable  electric  wire 
com puter w ith  d irections for use. C lo th . 104 pp . 6 l/ 4 X 9 V<in. T h e  
O k o n i t e  Co., Passaic, N . J.

Recovery of S epara ted  Sludge Acid. Catalog 5, showing insta llations of 
th is  system , and  giving useful and  in teresting  d a ta  an d  ch arts . 16 pp . 
C h e m i c a l  C o n s t r u c t i o n  C o . ,  50 E a s t 42nd S t., N ew  Y ork , N . Y .

Reliance M otors for D irect C urren t. Bulletin  2014, describing and  illus
tra tin g  various p a rts  of th is  T y p e  " T ”  heav y -d u ty  equ ipm ent. T ypical 
installations showing uses and  applications. D iagram s. 32 pp . 8 X 
10‘/ j  in. T h e  R e l i a n c e  E l e c t r i c  &  E n g i n e e r i n g  C o., C leveland, Ohio.

Sawyer Specialty Scales. B ooklet illustra ting  and  describing th e  p rin 
ciples of the ir different ty p es  for determ ining in  advance  th e  accu ra te  
con ten ts  before filling barrels, bags, d rum s, o r o th e r con tainers  in which 
fluid or bulk  m ateria l is shipped. 15 pp. 7 1/* X 10>/i in . S a w y e r  
S p e c i a l t y  S c a l e s  C o . ,  I n c . ,  Jacksonville, F la .

Spencer P roducts . B rochure effectively illustra ting  and  describing 
microscopes, m icrotom es; also o th e r scientific optical in s tru m en ts  and  
accessories. D iagram s and  prices. Indexed. 119 pp . 8 1/* X 11 in. 
S p e n c e r  L e n s  C o., Buffalo, N . Y.

S tandard  Chem icals fo r All In d u s trie s . H andy  booklet alphabetically  
listing these products. C ontains In te rn a tio n a l A tom ic W eights T ab le  a nd  
o ther helpful inform ation . 16 pp . 3 1/* X 6 in . J o h n  C. W i a r d a  & C o., 
I n c . ,  Brooklyn, N . Y.

Stickle S team  Specialties. G eneral catalog very  com pletely covering 
steam  traps  for high and  low pressure, therm ic vacuum  valves for heating  
system s, as well as m uch o th e r equ ipm ent where steam  engineering is of 
im portance. D escriptions, illustra tions, tab les, etc . C lo th . 256 pp . 
6V4 X 91/4 in. S t i c k l e  S t e a m  S p e c i a l t i e s  C o., Indianapolis, In d .

Strom  B earings. Bulletin  3. Includes tables on th e  tolerances for S trom  
bearings together w ith fitting allowances and  o th e r helpful d a ta  re la ting  
to  th e  correct m ounting  of these bearings on shafts, e tc . 59 pp . 4 l/a  X 
7 l/ i  in . T h e  U. S. B a l l  B e a r i n g  M p o .  C o., Chicago, III.

Super C entrifugal Force. Loose-leaf bulletin  fea tu ring  various types of 
centrifugals. C ontains inform ation  on th e ir  construction , opera tion , and  
purpose. Illustrations, cross sections, and  d iagram s. B lueprin ts. 
S h a r p l E S  S p e c i a l t y  C o., 2300 W estm oreland S t., Philadelphia, Pa .

The G lass Lining. An equ ipm ent and  service m agazine for th e  da iry  
industry . Vol. 1, N o. 1. C ontains m any in te resting  item s an d  illus
tra tions dem onstra ting  th e  service th is  com panys’ equ ipm ent is ren d er
ing in the field. M any  useful d a ta  for equipping farm  buildings, etc. 
20 pp . 8 1/« X 11 in. T h e  P p a u d l E R  Co., 217 C u tle r B ldg., 
Rochester, N . Y.

Useful Tables of W eights and  M easu res. H andy  booklet, pocket size, 
giving helpful and  in te resting  d a ta . ’ Includes m icrophotographs of 
forgings. 40 pp. 3 l/ j  X 6 1/« in. M b s t a  M a c h i n e  C o., P ittsb u rg h , P a .

Valves and  A sbestos P ack ed  Cocks. Catalog 6. C ontains illu s tra tions , 
specifications, and  details of construction  of various types. Indexed. 
C loth. 6 lA  X 91/4 in . P r a t t  &  C a d y  C o., I n c . ,  H artfo rd , Conn.

Valves and F ittings. Catalog S . Profusely illu stra tes m any  d ifferent 
types of valves knd fittings for all pressures an d  purposes. Specifications 
and prices. A lphabetical index. C lo th . 535 pp . 51/« X  8 in . T h e  
K e l l y  &  J o n e s  C o., 2509 P a rk  Row B ldg., N ew  Y ork, N . Y .

Valve Specialties. Catalog 21, describing and  illu s tra ting  a u to m atic  valves 
for high and  low-pressure steam  and  w ater service. Indexed. 176 
pp. 5 X  9 in. G o l d e n - A n d e r s o n  V a l v e  S p e c i a l t y  C o., P it tsb u rg h , 
Pa.

W edge Optical P y rom eters. Illu stra ted  booklet describing the  construc
tion  and  operation  of these ins trum en ts . 16 pp . 6 X 9 in . A m e r i c a n  
K r E U G E R  &  T o l l  C o r p . ,  522 F if th  Ave., New Y ork, N . Y .

W eller Chain and  Sprockets. Catalog 35-B, illustra ting  and  describing 
th is equipm ent. D etailed  d iagram s an d  o th e r specifications. Price  
list. 40 pp . 7 l/ t  X  10 in . W e l l e r  M a n u p a c t u r i n q  C o., Chicago, III.
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1920 1921 192419231922
INDUSTRIAL CHEMICAL PRICES 

A verąge P r i c e  P e r  H undred Pounds oi' 
Twenty R e p re s e n ta t iv e  Heavy Chem icals

M A R K E T  R E P O R T —O CTO BER, 1924
[ S u p p l i e d  b y  D r u g  &  C h e m ic a l  M a r k e t s ]

W f  H IL E  dem and for industrial chemicals has shown an im
provem ent during the past m onth, the betterm ent has 

taken place somewhat hesitatingly. Increased operations are 
reported in  m a n y . consuming industries, b u t conservatism has 
been the guiding light in all transactions. Orders for manu- 
facturered goods are generally for im m ediate delivery, and 
m anufacturers who have orders on their books to keep their plants 
busy for two or three m onths consider themselves fortunate. 
However, orders are reported more numerous and the to ta l 
volume has been increasing during the past few months. W ith 
the season for booking 1925 contracts a t  hand, chemical m anu
facturers will soon be more active, and the next m onth should 
bring forth a  fairly good idea of the outlook for chemicals in 1925. 
Owing to  the nearness of the national election, buyers have 
been inclined to  postpone consumption estim ates and signing 
contracts for 1925 delivery until the  presidential choice has been 
made. Although competition has been keen, price movements 
have been few and confined mainly to  chemicals of foreign 
origin.

In terest in alkalies has been chiefly in speculation as to  next 
year’s prices. Announcement of prices is due soon, and from 
present indications i t  appears unlikely th a t  they will not be lower 
th an  present prices. M akers report a  steady seasonal increase 
in shipments in caustic soda and soda ash for domestic consump
tion. E xport business has been flat, however. The situation 
in bleaching powder and  liquid chlorine is one of firmness this 
year, in  contrast to  the competition and price cutting  of a year 
ago when prices dropped to  S1.25 for bleach. M any consumers 
covered themselves for 1924 a t  these below-manufacturing-cost 
prices. This year stocks have been controlled b e tte r and aided 
by cool w eather during th e  season of small consumption. M anu
facturers, therefore, will no doubt hold a t  present levels to  m ake 
up in a  wray for the  lean 1924. Liquid chlorine prices will also 
be about 50 per cent higher th an  last year b u t as it  will apply 
to  all consumers little  objection is anticipated. M ineral acids, 
especially sulfuric, have been moving in larger volume. Carboy 
business is sta ted  to have increased considerably, indicating 
increased ac tiv ity  am ong consumers. Among th e  organic acids, 
formic is selling a t  lower levels. Oxalic is quiet and unchanged.

Barium  chloride and carbonate continue weak under slow 
demand. Ammonium chloride of German origin has been in 
good dem and owing to lower selling prices. Arsenic dem and 
has naturally  been flat a t  this season of the year. Occasional 
sales are reported and prices down to 6 l/ t  cents have been re

ported. A ntim ony products have taken  on a  stronger tone 
owing to  th e  rise in m etal due to  the war in China. Ammonium 
sulfate is in lim ited supply owing to  small production a t  the 
coking ovens. Calcium acetate is holding a t  3 cents a  pound. 
C opper sulfate for industrial purposes is in only fair demand 
w ith prices unchanged. Copper carbonate dem and is improving 
owing to  its increased use as a w heat sm ut killer. Formaldehyde 
is gaining strength  since the recen t advance in methanol. Com
petition in G lauber’s sa lt is less evident and  prices have become 
firmer. W ith lead m etal prices higher, lead salts are advancing.

Caustic potash has advanced to  7 1/* cents following the for
m ation of an  export selling association in Germany. Compe
tition  in  potassium  perm anganate has resulted in lower prices 
for both  im ported and domestic m aterial. Domestic material 
is now quoted down to 123/ 4 cents a pound for U. S. P. material 
a t  th e  works. Potassium  prussiate is quiet a t  17V2 cents for 
the yellow'. R ed is firm a t  3S cents. Sodium acetate  is slightly 
stronger on decreased supplies. Im ported sodium nitrite  has 
advanced to  9V< cents. Sodium prussiate is being offered for 
1925 delivery and  prices have been reported a t  87/a cents on 
contracts. T in  salts and tin  oxide have been reduced owing 
to  the decline in th e  m etal. Zinc and copper cyanides have 
been advanced.

Among th e  fine chemicals th e  bromides have been the most 
active. Dem and for bromides is expected to increase materially 
owing to  their use in th e  m anufacture of an  "anti-knock” for use 
in autom obile engines. Supplies are very scarce w ith domestic 
production taken  up and  lim ited offerings from abroad. Ethyl 
alcohol has been advanced 5 cents per gallon following the recent 
rise in domestic grain m arkets. Silver n itra te  is higher.

D em and for dyes and interm ediates has been showing a  steady 
im provement, though buying is confined to  moderate quantities. 
Prices have apparen tly  reached their lowest levels and little 
cutting  is taking place since sellers have learned th a t lower prices 
do no t produce increased buying. Aniline oil has been in greater 
demand though rubber mills have been th e  largest consumers. 
Increased dem and for o-nitrotoluene has created a temporary 
shortage and  higher prices. D iethylaniline and ethyl benzyl 
aniline have been advanced owing to  higher costs of alcohol. 
Para-phenylenediam ine has been in demand for fur dyeing. 
Among th e  crude coal and coal-tar by-products, benzene is 
holding the greatest a tten tion . Pyridine is scarce bu t demand 
is slow. Phenol is firm w ith supply keeping abreast of 
dem and.

Courtesy of Drug &  Chemical Markets
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FIRST-HAND PRICES FOR GOODS IN ORIGINAL PACKAGES PREVAILING IN  THE NEW  YORK MARKET 

IN O R G A N IC  C H E M IC A L S
O ct. 1 O ct. 15 Jan . 1924

Oct. 1 Oct. 15 J an . 1924 Sodium  A ce ta te .................... .05 .05 .05
Acid, Boric, c ry s t. bbls............ . .lb. • 09H • 09M .11 B icarbonate ................. .100  lbs. 2 .2 5 2 .2 5 2 .2 5

H ydrochloric, com m 'l 20° ..lb . •01}i .0 1 X ■ 0 1 X B ich rom ate ................... .06% .0 6 % • 07%
H ydrofluoric, 30% , bbls.... . lb . .07 .07 .07 Bisulfite, pow d............. ......... lb. .04 .04 • 04%
H ydriod tc , 10% U. S. P ..,..lb . .73 .73 .73 Brom ide..................................... lb. .38 .38 .24
N itric , 42°, cbys. c/1 wks,. .lb . .00 .06 ■ 0 6 X C h lo ra te ......................... ......... lb. . 0 6 ^ .0 6 % .0 6 %
Phosphoric, 50% , t e c h . . . . .lb. ■ OS .08 .08 C yanide, 9 6 - 9 8 % .. . . .22 .22 .23
Sulfuric, C . P ...................... . . lb . .09 .09 .09 F luoride, tech ............... ......... lb. .08% .0 8 % .09

66° tk s. wks................ 14.00 14.00 15.00 H yposulfite, bbls....... . 100 lbs. 2 .5 0 2 .5 0 2 .7 5
Oleum , 2 0 % ................ . ton 18.00 18.00 18.00 N itra te , 9 5 % ............... . 100 lbs. 2 .4 0 2 .4 0 2 .5 2

Alum, A m m onia, lu m p ............ ...lb . .03 H • 03H • 03H N itr i te ............................ .09 .09% .0 8 %
P otash , lu m p ........................ , .lb. * .03 * .03 * .03 P russia te, yellow ......... ......... lb. . 0 9 ^ • 09% .1 1 %

C hrom e.......................... , .lb. .05  H • 05 M ■ 05 X P hosphate  (disod.), tech ..... lb. '  .03% • 03% .0 3 %
Soda, g ro u n d ........................., .lb. .04 .04 .04 Silicate, 40°................. . 100 lbs. .80 .80 .80

A lum inium  Sulfate  (iron-free). ..lb . • 02M .02% ■ 0 2 X
■ 10H

.........lb. .03%
.10

.03%

.10
.04
.1 1 %Am m onium  C arbonate , p w d .. . .lb . .09 .09 S tron tium  N itra te ............... ......... lb.

B rom ide................................... . lb .44 .44 .33 B rom ide......................... ......... lb. .41 .41 .33
C hloride, w hite g ran .......... .lb. .07 H ■ 07 X ■ 0 7 X Sulfur, flowers...................... .100 lbs. 3 .0 0 3 .0 0 3 .0 0

A m m onia, an h y d ro u s ................. .lb. .30 .30 .30 C rude, m in e s ............... long ton 14.00 14.00 14.00
A m m onia W ater, d rum s, 2 6 ° .. .lb . ■06X ■ 0 6 X ■ 0 7 X Tin Bichloride, 50%  soln.. ......... lb. .13% .13% .1 3 %
Arsenic, w h ite ................................ .lb . .07 .07 -1 3 X O xide............................... .52 .52 .51
Barium  C h lo ride ......................... .to n *74.00 *74.00 *85.00 Zinc Chloride, U; S. P .................. lb. .27 .27 .25

N itr a te ..................................... ,1b * • 07}*» *■07 ¡4 * .0 8 X Oxide, bbls.................... ......... lb. .08 .08 .0 8 %
B ary tes, w h ite ..............................
B leaching Pow d., 35% , works

.to n 33 .50 33 .50 33 .50 O R G A N IC C H E M IC A L S

........................................... 100 lbs. 1 .90 1 .90 1.25 A cetanilide, U. S. P ., bbls. ......... lb. .32 .32 .32
Borax, c ry s t., bb ls ........................ ,1b. .05  X ■05X ■ 0 5 X Acid, Acetic, 28 p. c ............ ,100 lbs. 3 .1 2 3 .12 3 .3 8
Brom ine, pure , w ks...................... .lb. .39 .39 .29 G lacial.................... , 100 lbs. 11.01 11.01 12.78
Calcium  Chloride, fused, f. o. b. Benzoic, U. S. P .......... ......... lb. .72 .72 .72

N . Y ........................................ .ton 24 .30 24 .30 24 .30 Carbolic, c ry s t., U. S. P .,
Chlorine, liquid , cyl. c/1............. .lb. • 05M ■05X .0 4 K d ru m s ..................... ......... lb. .25 .25 .30

‘C opper S u lfa te .......................100 lbs. 4 .6 5 4 .6 5 4 .6 5 50 to 110-lb. tin s ........ ......... lb. .27 .27 .32
Iod ine, resu b lim ed ....................... lb 4 .4 0 4 .4 0 4 .5 5 C itric, crystals, k e g s .. .........lb. .46 .46 .48
Lead A ceta te , w hite c ry s ta ls .. . .lb. • 14H • 14M .14 Oxalic, c ry s t., bbls., w k s .. .lb . .09% .09% .12

N itr a te ..................................... .lb. .12 .12 .12 Pyrogallic, rcsublim ed ......... lb. 1 .50 1 .50 1 .55
R e d ................................... 100 lbs. 11.00 11.00 11.40 Salicylic. U. S. P ......... ......... lb. .35 .35 .35
W hite  (C a rb .) ....................... .10 .10 .0 9 X T annic , U. S. P ., bbls. .........lb. .83 .83 .83

Lim e, live and  h y d ra ted , b b l . . .lb . •01H •01K • 01K T arta r ic , c ry s t., U. S. P . . . . lb . .29 .29 .33
O yster shell............................ ,1b. • 03H •03K ■03X Acetone, d ru m s.................... ..........lb. .17 .17 .25

Lime A c e ta te ................ .. 100 lbs. 3 .0 0 3 .0 0 4 .0 0 Alcohol, denatu red , com plete, .gal. .52 .57 .48
M agnesium  C arbonate , te c h .. . .lb . .08 .08 .08 E th y l, 190 proof, bbls.----- gal. 4 .8 8 4 .9 3 4 .8 3
M agnesite, calc ined ...................... ton 55 .00 55 .00 55 .00 Amyl A ceta te ........................ ----- gal. 3 .5 0 3 .5 0 4 .6 5
Phosphorus, yellow ...................... ,1b. .37  M .37 H .35 Cam phor, J ap , refined, cases... .lb. .67 .68 .87

R e d ........................................... .lb. —  ■ — * .7 5 C arbon Bisulfide, c /1 ......... ..........lb. .06 .06 .06
P las te r of P aris , te ch .................. bbl. 3 .3 0 3 .3 0 3 .3 0 T etrach lo ride ............... ......... lb. .06% • 06% .1 0 %
P otassium  B ich rom ate ............... ,1b, .09 ■ 0 S X • 0 9 H Chloroform, U. S. P ., d ru m s___lb. .35 .35 .35

B ro m id e ,......... •...................... .lb . .38 .38 .26 Creosote, U. S. P ................. ......... lb. .45 .45 .40
C arbonate , calc., 80 -85% . .lb. * .05  X * .0 5 X * .06 Cresol, U. S. P ...................... ......... lb. .22 .22 .25
C hlora te , c ry s t...................... .lb . * .0 0 X * .06  H * .0 7 H D extrin , c o rn ......................... 100 lbs. 4 .6 2 4 .6 2 3 .6 4
H ydroxide, 8 8 -9 2 % ........... * .07 * .07 X * .0 6 X Im ported  p o ta to ........ ......... lb. .07% .08 .0 7 %
Iodide , bulk , U. S. P .......... .lb . 3 .75 3 .7 5 3 .7 5 E ther, U. S. P ., 100 lb s . . . . ........ lb. .13 .13 .13
N itr a te ..................................... • 06K .0 6 « .0 6 H Form aldehyde, bbls............ ......... lb. .09% .09% .1 0 %
P erm angana te , U. S. P . . . . .lb. ■ 1 3 X • 12JÍ .14 Glycerol, dynam ite , drum s .19 .19 .16%
P russia te , r e d ........................ * .38 *.3S * .4 2 M ethanol, pure, d ru m s---- -----gal. .77 .77 .92

Y ellow ............................. * .1 7 X * .1 7 X * .2 2 M ethylene Blue, m ed........ ......... lb. 2 .2 0 2 .2 0 2 .2 5
S a lt C ake, b u lk .............................. ton 19.00 19.00 24 .00 Petro latum , light am ber. . .04 % .04% • 04%
Silver N i t r a te ................................ .oz. • 47K • 4 7 H .44 Pyrid ine .................................. 4 .2 5 4 .2 5 3 .7 5
Soda A sh ,58% , bgs. Ici N . Y. 100 lbs. 1.94 1.94 1 .94 S tarch , corn, pow d............... 100 lbs. 3 .97 3.97 3 .2 2

C austic , 76% , Id . N . Y . 100 lbs. 3 .66 3 .6 6 3 .66 P o ta to , J a p ................... ......... lb. 1 .06 .06 .06

* R esale o r Im p o rte d  (not an Am erican m ak er’s price). S ago................................. , , lb. • 03% .03% .05

Courtesy of Drug &  Chemical M arkets
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O ct. 1 Oct. 15 Jan . 1924

Beeswax, pure , w h ite ............... . . lb . .40 .40 .36
C asto r Oil, N o . 3 ............................ lb. .16M .1 6 K .14
C eresin, ye llow .................................lb. .09 .09 .08
C orn Oil, crude, tan k s , m ills---- lb. .09 . 1 0 ^ .10
C ottonseed Oil, crude, f. o. b.

m il l . ............................................ lb. .08% .09 . 0 9 ^
Linseed Oil, raw , lc / I ............... -gal. 1 .00 1.06 .90
M enhaden  Oil, c rude , m ills . . . .gal. .50 . 5 2 ^ .50
N e at's-fo o t Oil, 2 0 ° ..................... .lb . .17M .1 7 H .17  M
Paraffin, 128-130 m . p ., re f.........lb. .05  K .05J4 .04
Rosin, " F ”  grade, 280 lb s .........bbl. 6 .3 5 6 .7 5 5 .8 0
R osin Oil, first r u n .......................gal. .40 .40 .43
Shellac, T . N ........... ......................... lb. .62 .62 .63
Sperm  Oil, b leached w inter,

3 8 ° ................................. ...........gal. .89 .89 .84
S tearic  A cid, double p re s se d .. .  .lb . .12  H • 12K .12
T allow  Oil, acidlesa........................ lb. .11% .12 H .10
T u rp en tin e , sp irits  o f ..................gal. .87 .88 .94

M E T A L S

A lum inium , N o . 1, in g o ts ............lb. .27 .27 .28
A ntim ony , o rd in a ry .............100 lbs. 11.25 11.25 10.00
B ism u th .............................................. lb. 2 .2 0 2 .2 0 2 .7 5
C opper, e lec tro ly tic ....................... lb. .13 . 1 2 ^ .13

L ak e ............................................ lb. .13% .13% .13
L ead , N . Y .............................. 100 lbs. 8 .0 0 8 .0 0 8 .0 0
N ickel, e lec tro ly tic ......................... lb. .29 .29 .29
P la tin u m , refined, s o f t ................. oz. 118.00 118.00 122.00
Q uicksilver, f la sk ............75 lbs. ea. 72 .00 71 .00 60 .00
Silver, fo reign .................................. oz. .69% .71 .64%
T i* ........................................................ lb. .49% A S H .47
T ungsten  W olfram ite .........p e r u n it 8 .5 0 8 .5 0 8 .5 0
Zinc, N . Y ................................100 lbs. 6 .5 5 6 .5 7 6 .7 0

F E R T IL IZ E R M A T E R IA L S

A m m onium  S ulfate, wlcs.. .100 lbs. 2 .5 0 2 .5 5 2 .9 5
Blood, d ried , f. o. b . B alt......... u n it 4 .0 0 3 .7 5 4 .3 0
B one, 3 an d  50, g round, ra w .. .to n 33 .00 3 1 .00 25 .00
C alcium  C yanam ide , u n it of

A m m onia ........................................ 1 .80 1.80 2 .2 5
F ish  Scrap , d ried , w k s...............u n it 5 .0 0 4 .8 0 4 .7 5  & .10
P hosphate  R ock, f. o. b. m ine:

F lo rida  Pebb le , 6 8 % ...........ton 2 .2 5 2 .2 5 3 .2 5
F lo rida , 7 0 % ..........................ton 2 .5 0 2 .5 0 3 .5 5
F lo rida , 7 4 -7 5 % ...................ton 3 .7 5 3 .7 5 4 .5 0
T ennessee, 7 2 % .................... ton 5 .5 0 5 .5 0 5 .5 0

P otassium  M u ria te , 8 0 % ......... u n it .68 .68 .68
Sodium  N itra te , 9 5 % ..........100 lbs. 2 .4 0 2 .4 0 2 .52
T ankage , h igh-grade, f. o . b.

C h icago ................................... u n it 3 .6 5  & .10  3.,85 & .10 3 .6 5  & .10

»i<I$oÜ

C H E M IC A L S

C ru d e s

A nthracene, 8 0 -8 5 % ..................... lb. .75 .75 .75
B enzene, p u re , ta n k s ...................gal. .25 .25 .20
N ap h th a len e , f la k e . ................ .... .lb . .05 .05 .06
Phenol, d ru m s .................................. lb. .25 .25 .30

C ru d e s  (Concluded)

T oluene, pu re , ta n k s  .
X ylene, 2° d is t. range, 

d ru m s ..............................

I n te r m e d ia te s
Acids:

C lev e 's ..............
G a m m a ........................
H ....................................
M e tan ilic .....................
M onosulfonic F .........
N aph th ion ic , crude. 
N evile  & W in the r's .
P ic ric .............................
S u lfan ilic .....................
T ob ias’ .........................

A m inoazobenzene.............

A nthraqu inone , sublim ed.
B enzaldehyde, te c h .............

U . S. P ............................
B enzidine B ase .....................
B enzidine S u lfa te ................
D iam inopheno l.....................
D ian isid ine .............................
¿ -D ich lorobenzene ..............

G  S a l t .............
H ydroquino l.

»«-N itroanilinę.

N itrobenzene (Oil M irb a n e ) .

U. S. P ........
Schaeffer’s S a lt.

T olidine, base .
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gal. .26 .26 .22

gal. .50 .50 .50

.lb. .96 .96 .96

.lb. .70 .70 .70
1.00 1.00 1.00
1.45 1.45 1.65

.72 .72 .75
.lb. .60 .60 .60
.lb. 2 .3 0 2 .3 0 2.30
.lb. .62 .62 .62
.lb. 1 .05 1.05 1.10
1b .25 .25 .26

.20 .20 .20

.90 .90 1.00
.lb. 1 .15 1 .15 1.15
.lb. ■ .16M .16M .16H
.lb. .22 .22 .24
.lb. 1 .00 1 .00 1.00
.lb. .70 .70 .75
.lb. 1 .50 1 .50 1.5«

.80 .80 .82
.lb. .70 .70 .7#
.lb. 3 .8 0 3 .8 0 3.89
,1b 4 .6 0 4 .6 0 4.69
.lb. .17 .17 .17

.58 .58 .50

.35 .35 .39
.lb. .18 .18 .19

.19 .19 .19

.48 .48 .48

. 55 .55 .55
1 .40 1.40 1.40

.lb. .09 .09 .10

.lb. 1 .25 1.25 1.00

.lb. .26 .26 .26

.1b .35 .35 .35

.lb. .76 .76 .76
.78 .78 .78
.70 .70 .74

.lb. .10 .10 .10

.lb. .75 .75 .75
.09 .09 .10
.45 .45 .55

. .96 .96 .96
.lb. 1.30 1.30 1.45
.lb .30 .30 .25

.50 .50 .55
.lb. 1 .40 1 .40 1.40
.lb. 2 .2 5 2 .25 2 .25

.60 .60 .60
.lb. .62 .62 .62
. lb. .30 .30 .30
.lb. .95 .95 .95
.lb. .31 .31 .31

.14 .14 .14
.lb. .75 .75 .85
.lb . .88 .88 .88

.45 .45 .50

Courtesy of Drut St Chomieal UafhtU



helpful data and 
convenient tabular 
matter o f  interest 
to the engineer.

Fig. 510 '

T aber S  L type 
D ouble Suction 
Centrifugal Pump.

A sk  for B u lletin  
No. 3 0 - A  

W rite  to

TA BER PU M P CO.Buffalo.N.Y.
Builders o f  R o ta ry  and  C entrifugal Pumps.
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Assaij Crucibles and Meialluixrical Clat] Goods 
Bearincj the Dixon Name

D I X O N
Assay Crucibles 
Wonder Cupels 

Scorifiers 
Muffles 

DIXON-Made
There are none b e tte r for your metallurgical labo
ratory .

D IX O N  experience in the m anufacture of m etal
lurgical graphite and clay products dates back 
nearly a  century.
Because of this, experience takes the place of guess
work and the D IX O N  name on metallurgical clay 
and graphite goods is your guarantee.

L et your next order of crucibles, cuples, 
scorifiers, muffles, be D IXO N-M A DE.

W r ite  fo r  B o o k le t  N o , 146-A

Joseph Dixon Crucible Co.
Jersey City, New Jersey

E s ta b l is h e d  1827

ö x $ < N

t h i s
jB u l l e t i

Illustrates an excellent 
line o f  centrifugal pumps, 
and in addition, contains

1

Uniform Quality of Product 
Demands Uniform Temperature

You can’t expect accurate results 
from your process work, if you guess 
at the temperatures being carried or 
even attem pt to regulate them by 
hand.

Where exacting specifications must 
be met, or the quality of your product 
must be kept up to a fixed standard, 
you cannot afford to take chances.

SARCO
Temperature Regulator
will relieve you o f  all d o u b t or worry.

Once set, i t  will au tom atica lly  m a in ta in  the 
correct tem p era tu re  o f  steam , ho t w ate r or a gas 
burner.

T he Sarco T em p era tu re  R egu lato r is en
tirely  self-contained and  needs no 
outside a ttach m en ts  or operating  
m edium  such as com pressed air, 
w ater pressure o r electricity . So 
simple and com posed o f  so few p a rts  
th a t  th ere’s no danger o f i t  g e tting  
o u t of order.

Sold on 30 day s’ free tria l and  re
tu rnab le  if  it  doesn’t  m eet our full 
guarantee.

Tell us your requirem ents and  we 
will respond w ith  p ractical recom 
m endations. W rite  for B ooklet 
No. D-88.

SARCO COMPANY, INC.
6 Park Place, New York City

B o s to n  D e t r o i t  C le v e la n d  B u ffa lo  
C h ic a g o  P h i la d e lp h ia

P e a c o c k  B ro s ., L im i te d  -  M o n tre a l
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“U. S.” Products Include
Cast Iron Pipe and Fittings M iscellaneous P roducts

BELL AND SPIGOT
For Water and Gas M ains and Plant Connections

FLANGED
For Steam  M ains and Industrial Installations

SCREW JOINT
For Oil Pipe Lines and Well Casing

FLEXIBLE JOINT
For Under Water Installations

HIGH PRESSURE
For Fire Protection

SEWER SOCKET
For Culverts

GAS PRODUCERS
Heavy D uty—M echanically Operated

HEAVY CASTINGS
Chemical—Machinery—Hydraulic

SUGAR HOUSE CASTINGS
Evaporators—Vacuum  Pans

CAST IRON SERVICE PIPE
For House Connections

CAST IRON COLUMNS
Building Service

CONDENSERS
Barometric

United States Cast Iron Pipe & Foundry Co.
General Office: Burlington, New Jersey

Philadelphia: 1421 C hestnu t St. 
P ittsb u rg h : H en ry  W . O liver Bldg.

N ew Y ork: 71 B roadw ay 
San F rancisco: M onadnock Bldg.

SA LES O F F IC E S :
Chicago: 122 S. M ichigan Blvd.

S t. Louis: S ecu rity  Bldg. 
B irm ingham : 1002 American T ru s t Bldg. 

D allas: M agnolia Bldg

M inneapolis: P lym outh  Bldg. 
C leveland: 1150 E . 26th St. 

Buffalo: 957 E . F e rry  St. 
K ansas C ity : In te rs ta te  Bldg.

Type "D” 
Belt-Driven

C R O W E L L
P a te n te d

Vacuum Pumps 
A ir  C o m p r e s s o r s  

Positive Pressure Blowers

A R E i B E S T
Econom ical in  floor space and  pow er. M ade 

in ten  s tan d a rd  sizes from  2 to  400 cu. f t. per 
m inu te  capac ity , for pressures up  to  30 lbs. or 
a  vacuum  of 29" to  30*.

STAND ARD of QUALITY for OVER FO RTY  YEARS

Crowell Manufacturing Co.
319-21 Franklin Ave. Brooklyn, N.Y.

WÍJ-

L 482. NUTTING PHOTOMETER AND TWIN COLLIMATOR
C om plete O u tfit as shown above . . . .  $1100.00

THE OUTFIT 
COMPRISES:

N utting  Photom eter 
and Twin Collimator, 
A djustable S u p p o r t  
for Absorption Tubes, 
2 A b s o r p t i o n  Tubes, 
Illum inating Sphere, 
W avelength Spectro
m eter F itted  with Eye- 
slit.

THE GAERTNER 
SCIENTIFIC

Type “D ” 
with  

Motor Drive
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TH E R E  IS A “PER FEC T SCREEN ” 
th a t will DO IT BETTER!

Catalog No. 46-N lists over A Thousand 
“perfect” grades—A  Thousand Open- 

ings—with a variety of weights 
and weaves for every opening.

SEN D  FOR YOUR COPY 
of CATALOG 46'N  

Free to  all users of Screens.

T H E  LUDLOW 'SAYLOR W IR E  CO.
630 South Newstead Ave. St. Louis, Mo.

Fine G r i n d i n g  in 
One Operation

i

A surprising num ber o f m ateria ls can be reduced to 
40 or even 100 m esh fineness in one operation  

w ith  the W illiam s “ U niversa l” type. A t the  various 
lan ts o f the  U niversal P o rtlan d  C em ent Co. 23 
am m er mills o f this type are used to  reduce 3" 

hard  lim estone to  95%  20 m esh. T hese m achines 
have been in use 15 years and have delivered a un i
form product because of the p a ten ted  ad justm en ts  
which allow “ take u p ” for wear.
Shale, gypsum , talc, clays, and  sim ilar softer m ateria ls 
can be reduced to  finenesses up  to  100 m esh depend
ing upon the m ateria l. F irs t cost as well as up-keep

“ P u lv e r i z in g ^ ' phosphate  rock to GO m esh fineness w ith  large percentage of 200 n a t u r a H y  J0w because the fineness is ob ta ined  
m csu goods« t . 1« ■ j . .

Tennessee Illinois P hosphate  Co., CentreviMe, Tenn. W i t h o u t  t h e  a i d  O l a i r  s e p a r a t o r s ,  s c r e e n s  O r  l i k e

"O u r experience w ith  y ou r pulverizers has been exceedingly good. H ave 4 of re tu rn  system s. D escribe YOUT W O rk and  le t US
them  a t  o u r F o r t  D odge, Iow a, p la n t."  - . s e n d  r l e t a i k

U niversal G ypsum  Co., C hicago, 111. b c u u  u c i a u a .

W illiams Patent Crusher & Pulverizer Co., 817 Montgomery Street, St. Louis, Mo.

W illia m s  “ U n iv e rs a l”  ty p e  g r in d e r  In  P i t t s b u r g h  P l a n t  o f th e  
U n iv e rs a l P o r t l a n d  C e m e n t  C o.

C h ic ag o  
37 W . V an  B u re n  S t.

N ew  Y o rk  
15 P a rk  R ow

S a n  F r a n c is c o  
415 5 th  S t r e e t

m m s m

PATENT CRUSHERS GRINDERS SHREDDERS
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ACETONE, C. P.
Conforms to the stringent specifications of the United States P har

macopoeia and British W ar Departm ent. 
AVAILABLE FOR IMMEDIATE SHIPMENT IN TANK CARS OR DRUMS 

a t a price no higher than  m aterial of inferior quality.

USES
Paint and varnish removers.
Solvent for celluloid, nitrocellulose and cellulose acetate.
Extraction of digestive ferments, oil, oleoresinous materials, etc.
Manufacture of chloroform and iodoform.
Manufacture of moving picture films, celluloid and waterproof belt cements.
Absorbent in acetylene cylinders.
Denaturant for Ethyl Alcohol.

COMMERCIAL SOLVENTS CORPORATION
SALES OFFICES

New York, N. Y. 10a Featherstone Bldgs. Terre H aute,
17 E. 42nd S t. H igh Holborn, W .C.l, Indiana

London, England  
Plants—Terre H aute, Ind. and Peoria, 111.
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xamme

P R O D U C E R S

HIGH GRADE 
BRIMSTONE

of the w orld’s 
foremost authorities 

have written this book on 
Colloid Chemistry for you—

An authoritative survey of the whole field of colloidal 
behavior— 

A masterly summary of present-day inform ation'in this 
field— 

A complete, well-rounded work explaining every phase of 
the theory of colloidal behavior as so far developed, and 
describing in detail the applications of colloid chemistry 
in industry, agriculture, geology, medicine, etc.— 

The work of 34 of the world’s leading authorities in this

THE UNION SULPHUR COMPANY 
Frasch Building

33 Rector St. New
M IN E S : Calcasieu Parish, Louisiana,

The Theory and Application of

Colloidal Behavior
C ontributed  b y  34 of th e  forem ost au tho ritie s  in  each division of th e  sub jec t

Editor: ROBERT H. BOGUE
D irector of R esearch for th e  P o rtlan d  C em ent A ssociation; form erly  Associate 

Professor of C hem istry , L a faye tte  College
International Chemical Series.

T w o  v o lu m e s  ( n o t  »o ld  « e p a r a te ly ) ,  850  p a g e s ,  53^ x8 , i l lu s t r a t e d ,  p er  
s e t  $ 8 .0 0  n e t ,  p o s t p a id .

T he books bring to  th e  chem ist and  chem ical engineer a  reliable, au th o rita tiv e  
and com plete s ta tem en t of th e  principles of colloid chem istry  a n d  shows how the  
science has been d irec tly  applied  in  various fields. I ts  g rea t value ¡9 th e  fact 
th a t  i t  is w ritten  by  th e  m en who have helped in th e  developm ent of th e  th eo ry

MIXING LIQUIDS
H undreds of m anufacturers 

are now using

“ HY-SPEED”
Portable Electric M ixers with

YOU WILL FIND IT WORTH WHILE 
TO LOOK UP THE CHAPTERS ON

Because any  tank  can be 
used for mixing.

Individual mixers can be 
s ta rted  by snapping switch 
when needed.

No overhead shafting, 
/  belting, exposed gears, s ta rt-

; /  ing boxes, installation  ex-
y  pense or large electric bills.

ijjr “ P u s h - P u l l”  propellers
also mix b e tte r and  faster.

W rite  fo r  new  catalogue show ing  d ifferen t 
models and prices

WHY NOT MAIL THIS COUPON TODAY
M C G R A W - H I L L

M c G ra w -H ill  B ook  C o ., 370 S e v e n th  A v e n u e , N ew  Y o rk  
You m ay  send me on 10 days’ approval B o g u e ’s C o llo id a l  B e h a v io r  [ 
$8.00 n e t  p o s tp a id .  I  agree to  rem it for th e  books o r re tu rn  them  I 
postpaid  w ithin 10 days of receipt.

S igned ..........................................................................      I

A ddress............................................................................................................................... J
Official P o s itio n ..............................................................................................................  |

N am e of C o m p an y .....................................................     |
(Books sen t on approval to  re ta il p u rchasers  in  th e  U .S. and  C an ad a  1 

only.) C hem -11-1-24 *

Telephone 
Columbus 0 7 6 5

C ab le  A ddress 
** S p e e d  H q"

4 7 V e s t  6 . r S t NevYork.NY

Vaccu-Filters and Bottle F illers," "Portable Pum ps, 
" H y-Speed” M ixers, Etc.
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Dependable Speed Reduction
assured by

Cleveland
WORM GEAR
REDUCTION UNITS

A C levelan d  W orm  G ear R ed u c tio n  U n it,
(S in g le  ty p e — o n ly  tw o  gears) d riv in g  a 50,000 lb . 
D raw  B en ch . M o to r  SO H .P .— 400 to  1200 R .P .M .—  
sp e e d  re d a c tio n  43 to  1.

It is Cleveland Experience th a t  h as m ade  
the W orm G ear a p ractical speed reduction  
u n it  for the continuous tran sm issio n  of 
power. T h is experience is available  to  you 
through  an  engineering sta ff of pioneers in 
w orm  gearing in th is  country.

C atalogue will be sen t, or a nearby repre
sen tative will call, on request.

The Cleveland Worm & Gear Co.
“ America’s Pioneers in Worm Gearing”

1500 E. 40th St. Cleveland, O.

Information Service—  

Machinery, Equipment 
and Supplies

Members o f the American Chemical 
Societyy who may desire information 
concerning any special class or make 
o f machinery, equipment or supplies 
used in chemical or metallurgical 
operations, are invited to communicate 
with the

A M E R I C A N  C H E M I C A L  S O C I E T Y
I N F O R M A T I O N  D E P A R T M E N T  

19 East 24th  St., N ew  York


