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The Editor’s Point of View

IN AMERICA? A new year is upon us.

What of chemistry and chemists in America?
To the promotion of their welfare our Sociery stands
committed. Have we builded well for future achieve-
ment?

What seem to be the facts?

We have greater wealth than ever before; wealth
to endow -education and research in the pure science;
wealth to finance industrial research and its exploita-
tion.

Men of finance, industry, and commerce are be-
coming more and more research-conscious.

We have a broadening foundation of knowledge on
which to build; an expanding, inexhaustible territory
to be explored and cultivated.

We have a greater number of well-trained workers.

True, we have much to learn about the control of
wealth, whether of labor or of commodities. We have
not learned to achieve economic stability. But in
terms of living, every crest of the wave has been higher
and every trough less depressed. We are reassured
by the fact that our present condition is one of mal-
adjustment, not poverty; surfeit, not famine.

The man of business may be getting a dangerously
exalted estimate of the possibilities of research. He
will come to learn its limitations. His interest will
grow; the results will compel it.

In the early days of science there were those who
believed its domain to be narrowly bounded. Few
today do not see its horizons receding with every
advance.

Years ago we were told that there would soon be an
oversupply of men trained in chemistry. Some fear
that such fate is now wson us. But before these days
of doubt and uncertgw ty the schools were not keeping
up with the demand for men of good training. Today,
discouraging as iswthe immediate outlook for many,
the proportion of those who are idle is, to say the least,
no higher among chemists than among those in other
walks of life. We shall again have a scarcity of well-
trained men.

Science properly taught is as cultural as the hu-
manities. A foundation of training in chemistry and
the allied sciences is of value in all walks of life. It is

WHAT OF CHEMISTRY AND CHEMISTS

neither necessary nor desirable that all men trained
in science practice a scientific calling. The need is
for leaders in finance, industry, and commerce who
understand the possibilities and the limitations of
modern science.

What with our increasing wealth, the growing
appreciation of the value of research, our ever ex-

- panding knowledge, the increasing number of men of

power and initiative who are devoting their lives to
chemistry or its practical application, the future of
chemistry and chemists in America never looked
brighter,

L. V. REDMAN

* -
*

I I \HE BANKER—A FALLEN IDOL. In the
new National Museum at Washington, in a
corner not reached by all visitors, is a collection

of bronzes by Herbert Ward. This is a magnificent

group, depicting a few of the primitive people of

Africa, and includes “The Idol Maker.”” This shows a

workman in perfectly natural attitude with a block of

wood held over his knee, as he carves.

Most of us are idol makers, though we work in a
different medium and with a somewhat different
objective. The banker has long been an idol. He
dominates many a community and his advice has been
sought with the same appreciation of its value as that
given by the local judge and the minister of the church.
Few stop to wonder by what process of contact with
other people’s money our friend the banker came to
possess superhuman qualities. He has been treated
as if he possessed them, and from the way in which
in later years he has assumed knowledge superior to
others in the management of all manner of affairs it
would almost seem that he believed such to be the case.

We all know the danger of general statements.
And whatever may be said concerning the banking
fraternity as a whole, we recognize that there are to be
found individuals who, through all that has happened,
have remained sane and have displayed sound judg-
ment. Unfortunately, their number has been few
and there have been cases where circumstances be-
yond their control have placed some of these estimable
gentlemen in a very unwelcome light.
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“Consult your banker” has long been a formula
for meeting all manner of situations. Not so long
ago some one noted a placard in one New York bank
‘reading “‘before buying worthless securities elsewhere,
consult our list.” The English language is funny at
times, isn’t it?

The banks have had lists enough. The layman
finds it difficult to distinguish between banks, as he
has conceived them to be, and houses of issue and
so-called investment companies. The prospect of
quick profits through commissions has been too al-
luring. And now come famous bankers before con-
gressional committees, testifying to the soundness
of their institutions because, among other things,
they hold comparatively few of the questionable
foreign “‘securities.” These are in the hands of their
trusting customers. Somehow we remember the su-
perior air displayed by bankers toward those who
urged buying real estate in Florida, not for develop-
ment, but for the quick turnover and a profit. Has
the banker been a mere retailer?

While some bankers have interests so broad as to
make them really ineffective in any one line, others
manifestly fail to keep in touch with modern events.
A banker of some prominence in his locality accosted
a reporter friend of ours and told him that he had
just learned of an astounding development which he
thought the reporter should investigate at once, for
it would surely lead to a marvelous story for his paper.
It developed that the piece of news the banker had
just picked up was that Russia is working on a five-
year plan—and this, within the last three months!

When the prices of commodities fell sharply, it was
the bankers in many cases who urged retailers to
borrow to buy goods for stock. When, to their
amazement, commodity values sank still lower, these
same bankers became panicky, demanded their money,
and forced sales, which practically dumped merchan-
dise upon the market and helped further to demoralize
wholesale and retail trade.

On the boards of various corporations are to be
found representatives of the banking fraternity, and
in some cases these boards authorized enormous
bonuses for certain executives, already overpaid. The
payment of such bonuses has constituted a drain
upon funds which it is now recognized could be more
properly and profitably used in other directions, but
the movement for reform has started in other quarters.
These same boards have also authorized stock issues,
usually based on the prices established through specula-
tion on stock exchanges, rather than upon earnings
or increase in assets. Once issued, these stocks are
capital just as sacred as the original issues and remain
to become a burden or even an embarrassment when
business is curtailed. Dividends paid in stock may
easily fall into this class, and surely the enormous
fees paid in stocks to organizers and as commissions
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in the case of mergers and purchases constitute an-
other load for the corporation.

Our financiers are also responsible for the fallacy
under which many an industrial enterprise has been
launched and maintained—namely, the idea of a
permanent bonded indebtedness. In some cases ap-
parently no effort is ever made to pay bonds, and
everyone is supposed to be happy if the interest is
regularly forthcoming. It often happens that equip-
ment, to purchase which bonds were sold, is worn
out and discarded or becomes obsolete and inefficient,
but the bonds go on forever. The practice of writing off
equipment at the earliest date is quite foreign to some
of our commercial enterprises, and it is no wonder
that they find difficulty in maintaining themselves in
satisfactory condition in the circumstances of today.

Obsolescence is another handicap often promoted
by banking methods. There have been instances
where equipment should have been sold to make way
for better machinery but, since it stood as security
for certain bank loans, if sold the proceeds had to be
applied on the loan. In the absence of an appreciation
of things technical, the banker could not be persuaded
of the advantage to the industry involved in the
transaction, with the result that the old machines
had to be retained. It would be interesting to know
to what extent such a situation accounts for the con-
siderable number of obsolete plants which today
constitute millstones about the neck of industry.

And then there are the foreign loans. Before the
appearance of the articles by Garet Garrett which
were reprinted by the Chemical Foundation, Inc.,
keen observers returning from Europe gave us their
opinions on the use of American money in foreign
lands and made remarks about the sagacity of our
international bankers which it would be just as well
not to repeat here. Anyone who has not read these
discussions should do so speedily, for they touch
upon topics of vital interest to each one of us.

Long ago we indicated what a two-edged sword
such loans could be. Much of the money went into
equipping industries, the better to compete with
our own. The repayment of these loans may depend
upon trade, possible only with reduced tariff protec-
tion, leaving our own industries and their workers
to foot the bill.

But if any one thing irritates.the technical man more
than another, it has been the a¢pal opposition which
has developed in some places towazd technical advice.
Even some of our biggest banking institutions have
declined to keep permanently on their staff men ca-
pable of giving them sound technical reports. For the
sake of accounting they preferred to charge the cost
of such advice against each particular case and to call
in consultants accordingly. The result—that they
would overlook some of the instances where the
opinion was needed most—was inevitable. Even
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where given, the advice is not always heeded. Pub-
lished chemical advice apparently prevented some
fifteen million dollars in nitrate bonds being unloaded
upon the American public. We do not know whether
the failure to sell them is due to some pang of con-
science, which prevented unloading upon a gullible
public, or whether the customary buyers displayed
better judgment than the bankers.

In a western city one of the smaller banks, with but
twenty-seven vice presidents, stood creditor to the
extent of several thousands to a company dealing in
secondary metals. They had done business together
for years. A little while ago the company had not
been able to pay its temporary loans with the usual
promptness. Additional money was borrowed and
things went from bad to worse. The vice president
supervising such accounts was about to sell them out
for what he could get when a superior officer in the
bank thought of a firm of consulting chemists and
engineers. He asked them to look over the situation
and report the possibilities. A survey of the premises
disclosed very little activity in secondary metals
but a considerable volume in other recovered values.
They found that the sole chemist on the job had been
handicapped in his work, that the business began to
fall off with the advent of new alloys which they were
unable to unscramble, and that the miscellaneous
secondary merchandise to be seen everywhere had
been taken on in the hope of supporting the six family
partners depending on the business. For once a
bank took technical advice. The experienced chemist
was put in a building elsewhere. He was properly
supported in his work and given assistants. The
technic was rapidly perfected. The complex alloys
in the scrap ceased to give substantial difficulty,
and now the loan is being gradually discharged.

There is a great deal of this sort of thing going on.
Our banking friends delight in the statement of the
certified public accountant, which is a record of what
has happened, and from this they try to project what
may happen. They have not yet fully realized that it
is the chemical audit that can better tell the story of
where you are today and what your prospects may be
for tomorrow. They have yet to learn that the
attitude toward research is a better indication of the
endurance and future of a manufacturing company
than is its balance sheet.

The banker is very much like the rest of us. We
have made him an idol without considering how he
came to deserve a halo and now we are disappointed
in our own judgment. We realize that much of what
we have regarded as capital, as represented by pieces
of paper, will have to disappear, if it ever actually
existed, before we can really get down to a sound
working basis. If the financier and the business
manager, recognizing this unpleasant fact, will but
make the most of what technology offers, there not
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only will be ways out of many present difficult situa-
tions, but a defense will be created which can with-
stand any tendency to repeat our bitter experiences.

* *
.

the years have gone along, even those re-

luctant to see the facts have been compelled
to realize that Muscle Shoals can no longer be char-
acterized as a factor essential in national defense.
We even believe that a large number of those who
must make the final decision regarding the property
know that actually it is important only as a power
development, but such a sane consideration appears
unacceptable to those who claim to help the American
farmer. The last Muscle Shoals Commission has
unanimously reached the following conclusions:

1‘ IUSCLE SHOALS IN A NEW ROLE. As

1. It is economically feasible and desirable to use and operate
the Muscle Shoals properties for the following purposes:

(a) Primarily for quantitative production of types of
commercial fertilizer and/or fertilizer ingredients of
greater concentration than those which are now gen-
ally sold to the farmer.

(b) Cooperative scientific research and experimentation for
the betterment of agriculture.

(¢) Manufacture of chemicals.

2. It is the definite conclusion of the commission that the
foregoing public benefits can best be obtained by private opera-
tion under lease contracts through competitive negotiations.

Obviously, the commission has retreated to the last
line of trenches—namely, the position that concen-
trated fertilizer can be produced at Muscle Shoals,
either in a form or at a cost not possible with com-
mercial enterprises now operated. It should be noted
that the foregoing conclusions of the commission are
contrary to the opinion of the chief of the Bureau of
Chemistry and Soils and that his views have been
endorsed by the Secretary of Agriculture. In the
secretary’s memorandum of September 29, 1931,
addressed to the commission, he repeats the question:
“The commission would also appreciate a statement
of your general views as to the most practicable
use to which the Muscle Shoals project may be put in
the interest of agriculture.” The answer follows:
“An attempt to find a use for the Muscle Shoals project
in the interest of agriculture discloses the fact that the
objective which it was believed could be accomplished by
its operation has already been achieved by other means.
Prices of nitrogen fertilizers have been greatly reduced.
Ammonium sulfate, the world’s leading nitrogen ferti-
lizer, is now quoted at $23 to $26 per ton. Before
the World War the average price was $60 per ton and
in 1918 and 1920 it sold as high as $150 per ton.”

While much has been said and written regarding
concentrated fertilizers, there is still a great deficiency
of information as to their proper use. Notwithstanding
sincere efforts to create a large demand for them, it
remains limited. Concentrated fertilizers have not
met a ready sale, in spite of well-directed educational
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and sales campaigns conducted in behalf of such prod-
ucts as Nitro-phoska, Ammo-phos-ko, and Ammo-phos.
At any rate, the results in this country have been
disappointing, for the sales of Nitro-phoska, which
has been well advertised for several years, have not
exceeded 12,000 tons per year, as indicated by imports.
When it is remembered that the total domestic fer-
tilizer sales approximate 8 million tons per year,
it is evident that even this high-grade concentrated
fertilizer has enjoyed but a very small demand.
Furthermore, several of the larger domestic fertilizer
manufacturers have attempted to develop outlets
for moderately concentrated fertilizers, but the sales
have been small, despite the fact that the agricultural
experiment stations and colleges and the National
Fertilizer Association have whole-heartedly supported
the use of such plant foods. This experience leads
to the conclusion that a demand of any size for concen-

trated fertilizers is non-existent at the present time,

even in the territory adjacent to Muscle Shoals.

Our fertilizer industry without doubt could readily
increase the concentration of mixed fertilizers as much
as 20 to 25 per cent with economy to itself and to the
farmer, if there were sufficient demand. There is
supplied to the farmer the grade of goods which he re-
quests and which he knows best how to apply. As an
indication of this we cite the report of the Commissioner
of Agriculture of the State of Mississippi for the
year 1930. The state law requires a minimum plant
food content of 16 per cent. The report shows that,
for the year 1930, 89 per cent of the sales of mixed
fertilizers was of the minimum grade and that 95.7
per cent contained 18 per cent or less of plant food.

Another interesting point is that in many sections
of the country, more particularly in the large fertilizer-
consuming areas of the southeast, it is becoming
generally recognized that highly concentrated fertilizers
are not as efficient as the well-balanced fertilizers of
moderate concentration which have been used in the
past with more or less empiricism. The fact is often
overlooked that, in order to produce a fertilizer of high
concentration, such essential plant foods as calcium and
sulfur are generally omitted, whereas the ordinary
mixed goods based on superphosphate carry these
elements in adequate proportions. In Circular 91
of the Georgia Experiment Station, December, 1930, is
a report of yields of seed cotton, using comparable
quantities of complete fertilizers but varying the source
of phosphorus. Using ordinary 16 per cent super-
phosphate, the yield of seed cotton in pounds per acre
was 668, with diammonium phosphate, a concentrated
type, 507 pounds, and with monoammonium phosphate,
549 pounds. The relative yield for the last two named,
taking superphosphate as 100, is 76 and 82, respectively.
The circular goes on to report that, when limestone
was applied with the concentrated phosphate fer-
tilizers, the yields were markedly increased, indicating

Vol. 24, No. 1

that two factors—namely, calcium content and soil
acidity—are of extreme importance in fertilizer prac-
tice. Fortunately, ordinary phosphate available to-
day at bargain prices approaches very closely the ideal
phosphate fertilizer. In the effort to cut costs, vital
factors of plant nutrition must not be sacrificed. -

There has been much loose talk about cheap fer-
tilizers, and as we have frequently pointed out, there
has been a persistent effort to have the agriculturist
believe that, without subsidy other than that involved
in the transfer of the Muscle Shoals property, the
plant there could be operated to produce a really cheap
fertilizer in a quantity to affect American agriculture -
generally. At the present time ammonium sulfate,
which continues to be the world’s leading nitrogen
fertilizer, is offered at approximately one-third of the
average pre-war price. By-product ammonium sul-
fate, produced at the coke plants, brings in the neighbor-
hood of $14 or $15 per ton at the point of shipment.
These figures show that America is not at a disad-
vantage and this form of plant food is indeed offered
at bargain prices. It is difficult to see by what magic
procedure a new group is to enter into a business
now characterized by a world overproduction and
achieve even a small per cent of the advantages claimed
to be possible. We cannot see how a plant can be
economically operated on a business basis for the
purpose, nor does there exist any emergency or other
peculiar set of circumstances which would justify
the operation of Muscle Shoals at public expense.

As time has passed, the utter folly of the prior bills
and proposals urging the production of fixed nitrogen
at Muscle Shoals has been amply proved. The
latest recommendations, save for the second con-
clusion favoring private operation, are equally un-
sound. Even the commission reports that no ac-
ceptable bid has been received from private interests.
Notwithstanding the honest efforts of the commission
to evolve an acceptable solution, there continues to
be too much of politics, too much of tradition, and
too little common sense in the Muscle Shoals problem.

. *
.

HE AMERICAN CHEMICAL SOCIETY enters
upon the new year with confidence that its con-
structive program will move forward, notwithstanding
the difficult times. Our national officers are capable
of carrying their responsibilities. Local section officers,
in addition to ordinary duties, have unusual oppor-
tunities for service in furthering employment. En-
couraging news of such activities reaches us from many
localities and while new places are slow in developing,
specialists are being placed. Lists of our national,
divisional, and local section officers appear in each
issue of the Journal of the American Chemical Society.
Learn who these officers are. Support them in their
SocIETY activities.



1931 Passes imn Chemical Review

Right: First American Polash Mine.
U. 8. Polash Co., Loving, N. Mezx.

Below: Open-Pit Mining of Nelsonile
at Southern Mineral Products Co.
Ore milling building in background.

1931 stands out as a return to stark disagreeable
reality after pleasant dreams. Economic standards
reached during the past decade which we had all fatuously
believed to be permanent, have disappeared, leaving everyone
groping for something to replace them. Nothing tangible
has yet appeared in their stead, and the unwillingness and
inability of everyone to accept the necessity for general re-
valuation have seriously hindered efforts to achieve stability.
The uncertainty which this has fostered was reflected in
the instability of financial institutions and led to the with-
drawal of huge sums of money from normal investments and
business. Hoarding of cash in this way resulted in serious
reduction of employment, as funds for business purposes
were practically unobtainable, and this, with other factors,
brought on during the early fall what amounted to a banker’s
panic. This resulted from extraordinary cash withdrawals
throughout the country and left the banks generally with so
large a proportion of frozen assets as seriously to endanger the
country’s financial standing.
The formation, at the instance of President Hoover, of
the National Credit Corporation to act as a clearing house for
liquid capital between banks to save them in case of runs,
or threatened runs, accomplished much to restore confidence,

: ; TRIPPED of its many confusing details, the picture of

and averted, as many believe, consequences of the utmost

seriousness for all.

As this is being written, the restoration of confidence is
proceeding very slowly; hoarded funds are returning to the
banks and to normal investment channels, and there is
ground for hope.that the period of groping uncertainty may
soon be over. It would be unjustifiably optimistic to antici-

pate that we are going forward to any such
period of artificial prosperity as characterized
the years preceding 1930, but one may also
discount the dismal prophecies of others who see
nothing but thick gloom ahead for many years
to come.

ErreEcT oF DEPRESSION UPON CHEMICAL
INDUSTRY

Such a discussion as this of economic factors
is a strange introduction to a chemical review,
but it could not be omitted without detracting
from the coherence of the account of events.
It is impossible here to detail the contraction of
credits, the shrinking of investments, and the growth of fear
which have contributed to the economic unrest of the year,
but it is equally impossible to understand the effects without
at least a sketch of the underlying causes.

In the chemical industry as in all others we find a narrowing
of markets and a tightening of the belt in preparation for
eventualities. Under the circumstances it is to be expected
that fear of the huge expense involved in launching new
ventures has minimized the number of these pushed out of
development into production during the year, and that de-
spite every good intention many corporations have been
forced to reduce their pay rolls. Unemployment has been
both a result and a cause of this financial stringency.

Among chemists and chemically trained workers of what
might be considered professional standing, the extent of
unemployment, has been small compared with other groups,
presumably because the last decade has firmly implanted
the lesson of 1921 in the minds of executives. In 1921 re-
search departments were still considered more or less extrane-
ous to the real business of manufacture and sale of commodi-
ties, and consequently were jettisoned at the first indication
of a storm. In the period that followed, business battles
were won so consistently by the best research organizations
that this activity has now been closely integrated into an
essential position in corporate structures. At the same time
men with research training have risen to posts of responsibility
in corporate affairs so that research workers now have friends
at court in a way that they did not have before.

Consequently during the present disturbance, research has
occupied a preferred position, with insurance and other
essentials at the bottom of the list of slashes instead of near
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the top. While production and even sales forces suffered in
1930, research staffs were held practically intact well into
1931, and even then were pruned with great caution. Al-
though there have been exceptions to this rule, generally the
reduction of research forces has been a pruning process rather
than a deforestation. Under such circumstances one is
gratified to find that the membership of the AmMerICAN CHEMI-
cAL SocreTy shows a relatively low percentage of unemploy-
ment.

SpeciMENS oF SyLviTE MINED AT LoOVING,
N. Mex., 8y U. S. Porasu Co.

Whatever statistics one may gather, the fact of unemploy-
ment and consequent suffering cannot be wished away.
While the number of unemployed chemists is not great, the
average pertod of idleness for each is far above normal.
During normal periods the number of unemployed may be a
considerable proportion of the present figure and each of
them may anticipate an average period between employ-
ments of not more than one or two months, whereas in the
present situation the average interval of idleness is increased by
the same factors which reduce the number of unemployed,
to several times this length of time. In other words, the
present effect is multiplied in its consequences by the time
factor.

To assist in reémployment, local sections of the Sociery
are organizing and operating committees made up of the
unemployed themselves to assist in the problem of finding
and creating openings. The New York and North Jersey
Sections, where conditions are worst, are leading in this
movement.

Many anomalies have developed as a result of these condi-
tions. It is difficult to reconcile the efforts of employers,
particularly in the chemical industry, to adopt a 6-hour work-
ing day to allow more men to remain gainfully employed,
with the strike of some 35,000 textile workers in New England
against a reduction in pay. The 6-hour day, promulgated in
the chemical industry by the Manufacturing Chemists
Association, has been put satisfactorily into effect by a
number of leading chemical companies and has served to
stretch pay rolls over a greater number of workers. The
striking textile employees after weeks of futile negotiation
attempted finally to return to work only to find that demand
for their services had materially diminished, and that manage-
ments were reluctant to make any sacrifices to reémploy
them.

We have, too, the striking picture of one organization, the
Monsanto Chemical Company, raising wages when everyone
else was reducing payrolls, or grimly fighting to prevent
doing so. This corporation explained its move as a sub-
stantial acknowledgment of loyalty which it made for the
purposes of raising morale. It ismost unfortunate that others
did not, or could not, follow this lead.
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NEw COMMERCIAL VENTURES

Four new ventures launched into commercial reality against
the tremendous industrial inertia of 1931 justify special
comment. They stand out as clear indications of the courage
of their promoters.

The United States Potash Company, a subsidiary of the
Pacific Coast Borax Company, put into operation early in the
year its mine near Carlsbad, New Mexico. Thismine, the only
shaft mine operated for potash in America, yields sylvite
(potassium chloride) from a depth of 1200 to 1400 feet of
sufficient purity for sale as manure salt after simple grinding
and without concentration. The output of this mine has been
maintained at a rate of several carloads per day since early

‘spring. The deposit being worked is reported to be enormous

and apparently is in a similar formation to deposits found
farther south in Texas at a greater depth.

The Southern Mineral Products Company, a subsidiary of
the Vanadium Corporation of America, began production of
titanium oxide pigments and other chemicals at Piney River,
Va., in April. This plant operates on ore locally produced
and turns out high-grade pigment. The ore, nelsonite, is an
aggregate of ilmenite and apatite containing magnetite, and
is obtained from an open-cut mine. In addition to titanium
oxide the plant produces phosphoric acid and phosphates.

In November E. I. du Pont de Nemours & Company an-
nounced their new product, “Duprene,” a synthetic rubber.
This material is being produced at Deepwater Point, N. J.,
in commercial quantities. Its present field of usefulness
depends upon its resistance to water and hydrocarbon solvents
suggesting its utilization in hose, rubber valves, etc., for such
liquids. Further applications are to be expected. The
synthesis follows this line:

Acetylene —> monovinylacetate —> chloroprene (2-chloro-
1,3-butadiene) —> Duprene

The finished product contains chlorine and requires no sulfur
for vuleanization. The fundamental work on which this
development is based was initiated and conducted by and
under the direction of J. A. Nieuwland of the University of
Notre Dame. The results were published in the Journal of
the American Chemical Sociely for November, 1931, to which
the reader is referred for a full account of the chemistry of
the process. :

In connection with this development, it is interesting to note
that a small piece of synthetic rubber, believed to be the first
ever to be made from petroleum as a raw material, was
exhibited in the booth of the AMERICAN CHEMICAL SoCIETY at
the 1931 Chemical Exposition. The sample was prepared by
B. T. Brooks and was, chemically, rubber. Duprene is a
rubber-like synthetic rather than synthetic rubber.

The fourth commercial development of special interest was
the beginning of operations by the Standard Chromates
Company at Painesville, Ohio, manufacturers of sodium di-
chromate.

PATENTS

In the field of patents two developments are of special
importance, since they are designed to avoid the enormous
expense of litigation over patent rights. An agreement was
finally reached between the major contestants in the battle
royal of the oil-cracking patents, which, it is to be hoped, will
relieve this industry of much of the past burden of patent
suits, and the parties interested in developing the newer
synthetic resins have gotten together without serious litigation
in order to avoid it in the future.

Early in the year the Dubbs process was sold to the United
Gasoline Corporation, formed for the purpose by the Shell
Universal Oil Company, the Standard Oil Company of
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California, and the Universal Oil Products Company. The
Standard Oil Company of Indiana, the Standard Oil Company
of New Jersey, the Standard Oil Development Company, the
Texas Company, and the Gasoline Products Company
entered into an agreement with the United Gasoline Company
to avoid litigation in the future on oil-cracking patents.
Later the Gulf Refining Company and the Atlantic Refining
Company joined as signatories to the same agreement.
This followed the long litigation extending over a period of
several years between the Dubbs interest and other holders
of cracking patents. Just before the agreement was reached,
the Universal Oil Products Company, owners of the Dubbs
process, had won an important decision in a suit brought
against The Warner-Quinlan Company, a licensee of Uni-
versal, by the Texas Company, a fact of some weight in
forcing the agreement. The situation in the petroleum
industry, as a result of this agreement, is particularly favor-
able to further developments and progress. Although the
royalty agreements made involve a considerable sum of
money, it is highly probable that this will be materially less
than the cost of litigation. At the present time there are
approximately two thousand cracking units in the United
States, producing nearly two million barrels daily.

A similar situation of long and expensive litigation is
believed to have been avoided in the rapidly developing field of
synthetic resins of the phthalate and polybasic types by an
agreement between the General Electric Company, the E. 1.
du Pont de Nemours & Company, the American Cyanamid
Company, and the Ellis-Foster Company. This agreement,
in effect, binds the parties to reciprocal respect of one another’s
patents and applications bearing on this subject. The
objective was to avoid hampering the developments of these
useful resins by legal complications. The resins in question
are known as the glyptal, alkyd, and rezyl resins. The
contract on which agreement
was reached is too long, too
involved, and too private to
permit review here.

In maintaining the reputa-
tion acquired during recent
years, the Supreme Court of
the United States has invali-
dated two patents, among
others, of rather important
industries during the year.
United States Patent
1,529,461, covering the treat-
ment of fruit with borax to
prevent mold during transit,
was declared invalid on the
grounds of prior disclosure.
The method outlined in the
patent consists of the treat-
ment of fruit, particularly
citrus fruit, with a dilute so-
lution of borax, leaving a thin
film of this material on the
skin of the fruit to prevent
the growth of molds, par-
ticularly blue mold, which
take an enormous annual toll from citrus fruit shipments.

One of the patents upon which the Drylce Corporation of
America based its claim to a monopoly in the manufacture
and use of solid carbon dioxide for refrigerating purposes
reached the United States Supreme Court during the year
without disagreement between circuits, and in a somewhat
involved proceeding was declared invalid. The patent
in question covered the combination of an insulated con-
tainer, a perishable product, and solid carbon dioxide in a

Trrantum OxipE BurLping v PLANT oF SOUTHERN MINERAL
Propucts Co., PINEY RIVER, VA.
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particular manner to achieve unexpectedly high calorific
efficiencies in the use of this refrigerant. The elements of
the combination were admitted to be unpatented and un-
patentable. The Drylce Corporation of America had
brought suit against the Carbice Corporation, basing its
suit on the sale by the defendant of solid carbon dioxide
intended to be used in making the patented combination.
This suit reached the Supreme Court, and its decision rendered
in February of this year was to the effect that such a patent
on a combination of unpatented elements could not be used to
control the unpatented elements. Later a rehearing before
the Supreme Court was had on the same patent on a techni-
cality and it was declared invalid. This decision had been
largely discounted by others interested in solid carbon dioxide,
and 1931 saw a number of companies mature plans and actively
launch into the manufacture of the material.

The validity of the patents upon which the du Pont Com-
pany has endeavored to maintain a monopoly on low-viscosity
cotton for lacquer use has come into serious question during
the year, and a group has been formed, designated as the
Lacquer Trustees, to assist independent companies in fighting
suits brought against them on the basis of the du Pont
patents. In effect, this amounts to a war chest upon which
any contributor attacked may draw to assist in his defense.
Already the fund has been so used.

It is of special interest to note that the first patents on
plants were granted in 1931. Provision was made by law in
1930 for patents on asexually produced plant varieties, and so
far five patents of this kind have been issued. In order to
make the subject matter clear, two of these are illustrated in
color, a new departure in Patent Office practice.

Pure CHEMISTRY

In pure chemistry the completion of the periodic system of
ninety-two elements is prob-
ably the most significant de-
velopment. In 1930 Allison,
Murphy, and their co-
workers at the Alabama
Polytechnic Institute an-
nounced the discovery of eka-
cesium, atomic number 87,
by the use of a magneto-
optical method. The
method, based upon the long-
known effect of a magnetic
field on polarized light, is

~ new, and the results obtained
have not been checked by
others. In the meantime
Jacob Papish at Cornell Uni-
versity, using more orthodox
methods, announced in 1931
the discovery of element 87in
samarskite. A controversy
has already started on the pri-
ority of discovery. The Ala-
bama Polytechnic group has
also announced during 1931
the discovery of eka-iodine,

atomic number 85, in a number of halogen-bearing materials.

Whatever may be the ultimate award of credit to, or between

these investigators, there is in the situation much to stir the

imagination of a mere chemist. First, one is struck by the
accuracy of Mendeleeff’s theory, propounded sixty years ago.

Although subjected to the most searching investigation

during chemistry’s most prolific period, his generalization on

periodicity of properties of the elements has stood the test of
time, and with relatively slight modifications has received
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only the strongest confirmation in an era of refinement of
observation beyond the wildest dreams of Mendeleeff’s day.
One may take pardonable pride in a professional kinship
with a mind so powerful, and one also finds inescapable the
thought that great minds vault over inadequacies of human
limitations with an apparent ease that makes intricate equip-
ment seem unnecessarily burdensome.

The future, too, must engage one’s thought. Is it con-
ceivable that only 92 elements comprise the entire universe?
That no more remain to be found? Perhaps that is the
situation, but the inquiring mind refuses easily to accept it.
The theory of Sir James
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film sensitive to infra-red rays now allows photographs to be
taken in the dark.

Among the interesting confirmations of physical-chemical
theory has been the proof adduced by the medical profession
of the theory that coagulation of the protein of the brain is
closely bound up with insanity. Wilder D. Bancroft of
Cornell has maintained that from a physical-chemical point of
view insanity is caused by either a coagulation or a dispersion
of the brain proteins. It has been shown clinically that, in
certain instances where the brain proteins were coagulated,
the administration of sodium thiocyanate disperses the
coagulum and cures the
disorder. Coagulative

Jeans, eminent British

treatments have been

astrophysicist, offers solace
to those who would weep
for other elements to find
by suggesting that within
the fixed stars there may
be elements, whole periods
of them, of atomic weights
far greater than that of
uranium. This theory at-
tains plausibility by sug-
gesting that the gaseous en-
velopes of these enormously
hot bodies mask heavy
atoms by reducing their
emitted radiation below the
level at which we can de-
tect it. In other words, it
proposes a serious problem
in refinement of apparatus
to allow us to continue the
search and holds out the
possibilities of whole periods
of unknown elements.
Certainly the addition of
a single new element to
the list now immediately
calls for the discovery of
enough to complete a new
period.

The first sample of the
element, rhenium (atomie
number 75 and discovered in 1925), was exhibited at the Chemi-
cal Exposition in New York in May. Itisa source of consider-
able satisfaction to those of us who still rely on our own
senses rather than upon x-rays and modern physical concepts
to be able to see and feel actual specimens of newly dis-
covered elements.

In Europe the problem of depoisoning illuminating gas by
the elimination of its carbon monoxide content is receiving
more serious consideration than on this side of the Atlantic.
Refrigeration methods employed in separating carbon mon-
oxide from nitrogen to be used for ammonia synthesis have
been proposed for commercial gas purification, but the latest
suggestion comes from Franz Fischer, of Berlin, who has
demonstrated the ability of bacteria to convert a carbon
monoxide-hydrogen mixture into methane. Whether this
will ever become a commercial fact remains to be seen.
Certainly it presents interesting possibilities.

In the field of photochemistry new demands urgently
made by talking motion pictures have been met by vast
strides ahead in the science and art of photography. In-
creased speed of film allows the noisy Klieg lights-of the old
days to be replaced by silent incandescents giving a soundless
light far less objectionable to those exposed to it, and a new
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shown to be beneficial
where the insanity is of a
disperse type. Bancroft's
further theory states that
an anesthetization involves
coagulation of the brain
and nerve tissue.

Continually research is
developing the fact that
metals, even in minute
quantities, are essential to
normal life. During the
year McCollum and Orent,
at Johns Hopkins Univer-
sity, have determined that
magnesium is essential to
the normal diet. About
the tenth day on a dii-
free from magnesium, ex--
perimental rats went into
spasms, and most of them
died. The presence of
magnesium in the diet is
necessary, according to
these investigators, to the
proper functioning of the
adrenal glands.

An element essential in
life has been discovered,
but not identified, among
the proteins of milk by
; W. C. Rose and his
co-workers at the University of Illinois. Synthetic diets
containing all the twenty known amino acids stunted the
growth of white rats. The addition of milk casein made the
rats grow normally. A potent fraction of the milk casein has
been prepared and its effectiveness proved.

Investigators at the Toronto Hospital for Sick Children
have prepared white bread containing appreciable amounts of
vitamins B, D, and E without changing the appearance or
taste of the bread and at no advance in cost to the consumer.
This recalls the unsuccessful effort made some years ago by a
prominent baking company to market a white loaf containing
all the essentials of a complete diet.

A recent news dispatch from Germany reports that vitamin
D has been isolated from irradiated ergosterol by Adolf
Windhaus of Berlin. While infinitesimal dosages cure rickets,
the report says, a quantity of 50 milligrams is dangerously
large.

Ottar Rygh at the University of Upsala, Sweden, suc-
ceeded late in the year in crystallizing pure vitamin C.

Commercial application of the use of filtered radiation for
purposes of sterilization and creation of vitamin D are
proceeding in the hands of the General Foods Corporation on

Photo by Acme
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the basis of researches carried out under the direction of
George Sperti at the University of Cincinnati.

In the affairs of the AMERICAN CHEMICAL SOCIETY several
items are important as matters of record. In spite of the
widespread effect of the economic depression, the fall meeting
of the Sociery at Buffalo had a registration of 2057, which is
next to the largest registration at any meeting the Socrery
has held—the largest having been that at the Sesquicentennial
Exposition at Philadelphia in the fall of 1926 with a total
registration of 2249. The directorate of the Sociery was
enlarged to fourteen members. Few realize that the illus-
trious Thomas A. Edison, who died in October just before
success was achieved in his last project to make rubber from
golden rod, was a member of the  AMERICAN CHEMICAL
Sociery- for twenty-three years. -

Two new awards in American chemistry were made in
1931. The AwmericAN CHEMICAL SocIETY award, made
possible through the generosity of A. C. Langmuir, was given
to Linus Pauling, of the California Institute of Technology,
in recognition of his fundamental work in physical chemis-
try. The Jacob F. Schoellkopf medal of the Western New
York Section, A. C. S., was awarded Frank J. Tone, of the Car-
borundum Company for outstanding industrial achievements.

Prysics

The American Institute of Physics, with Karl T. Compton,
president of Massachusetts Institute of Technology, as

chairman of its governing board, was formed during 1931
through the codperation of the American Physical Society,

the Optical Society of America, the Acoustical Society, and
the Society of Rheology. One of the objectives of the newly-
formed Institute is to secure the publication of research
results in physics and abstracts of printed work in physics
published throughout the world. The Chemical Foundation,
Inc., has undertaken to handle the business end of the Insti-
tute’s publication program.
Robert J. van de Graaff demonstrated at a dinner of the
American Institute of Physics, held in New York, an electrical
machine for accumulating a charge of 1,500,000 volts, and

capable of enlargement to produce 50,000,000 volts. Although -

materially modified for the present purpose, this machine
operates on the same principle as that of the original static
electric machines, two large metal spheres being used to
accumulate charges at high potentials. With it van de
Graaff expects to be able to disintegrate atoms in the course

of research now being initiated at Massachusetts Institute of

Technology.

R. A. Milliken, Nobel prize winner in physics, announced
during the year a multiple crystal spectrometer for use with
x-rays developed by Dumond and Kirkpatrick at the Cali-
fornia Institute of Technology, with which it is possible to
photograph and measure the velocity of electrons. Milliken
stated that this machine, which consists of fifty quartz
spectrographs arranged in series, gives the first evidences
of a dynamic, as opposed to a static atom.

MISCELLANEOUS

H. C. Urey and G. M. Murphy of Columbia University
and F. S. Brickwedde of the Bureau of Standards announced
the separation of hydrogen into its isotopes.

Radium deposits were discovered at Echo Bay on Great
Bear Lake, 1200 miles north of Edmonton, Alberta County,
Canada. :

A new honorary fraternity in chemistry, Theta Chi Epsi-
Jon, was founded during the year at the University of Illinois.

Radium introduced into food and drink is said greatly to
prolong life, making another worry to be added to our ac-
cumulated store if we expect to live as long as our ancestors.
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Dr., Gable of the Detroit Institute of Technology has reported
that he regularly drinks radium high-balls, consisting of
fruit juices through which a small quantity of radon has been
forced, and he reports that this has helped him keep in fine
physical condition. It is, however, not recommended that
radium high-balls be drunk generally without specific control
and advice.

Intricacies of the prohibition laws have finally persuaded
the government-subsidized wine-grape industry of California
to modify its marketing policy of supplying grape juice to
the consumer and supervising its conversion into wine in the
home. The Vine Glo Corporation, marketing subsidiary
of Fruit Industries, Ltd., states that its grape-juice product will
now be marketed solely for use in soft-drink preparations.
It will be recalled that the Federal Farm Board recently
loaned Fruit Industries $3,500,000 to assist it in marketing
California’s grape surplus, and that the marketing corporation
has carefully supervised the grape juice through the fermen-
tation process in the home of the consumer. Now apparently
responsibility will no longer be shared by the corporation but
must rest entirely on the consumer himself.

Lyell M. Rader, who achieved fame shortly after the war
by finding the key to modern chemistry in the Bible, was
again in difficulties during 1931. Norman Rosie, of whom
nothing more is reported, sued Rader to recover a sum of
830,500 advanced to the latter to assist in the promotion of a
cracking process for manufacturing gasoline from crude oil.
It will be recalled that Rader was similarly sued in 1925 for
the return of a sum of money advanced on his claim to a secret
process for the manufacture of carbon black from Arkansas
lignite. Rader’s activities, which have consisted of alternate
chemical and evangelical campaigns, have brought him fre-
quently into prominence both as a religionist and as an alleged
inventor. Rader was responsible, according to his own ac-
count, for the discovery of a method of purifying T. N. T. by
the use of water melted from the snow obtained from the top
of the Alps Mountains, which process, he claimed, was of
enormous value to the Allies in winning the World War.

It should also be recalled that John F. Veale, one of the
group headed by “Doctor’” Walter von Hohenau, was ar-
rested in November and charged with unlawfully using the
United States mails in furtherance of a scheme to defraud.

“ Hohenau was the alleged genius who proposed to manufacture

hydrogen by completely breaking down water to this single
element, using the electric current derived from an ordinary
house-lighting socket. This adventurewas givenwidepublicity
through the NEws Eprtron some years past; and about two
years ago Hohenau, then operating in Germany, was arrested
on a charge of murder. The police, according to the report,
had been suspicious of Hohenau,. largely because of his
American activities, and had placed a guard in the laboratory
where he was supposed to be making inventions. It is stated
that the guard was killed in a quarrel, and Hohenau escaped,
only to be captured later. Veale is closely identified with the
Hydro-Production Corporation of Delaware and the famous
International Chemicals, Inc. The charges of unlawfully
using the mails were based upon letters written in connection
with stock sales and the operation of the two companies.
Unfortunately some $200,000 worth of stock in these enter-
prises was disposed of in Delaware and vicinity, notwithstand-
ing the sustained efforts of local business men and scientists
to prevent the mulcting of the citizens of their community.

The record of the sciences in the year just past is encourag-
ing, and with the opportunity afforded for the completion of
research projects and the initiation of new investigations there
is needed only a tendency toward normal business to bring
prominently into view during 1932 a number of new improve-
ments.



Symposium on Utilization of Gaseous
Hydrocarbons

Presented before the Division of Petroleum Chemistry at the 82nd Meeting of the American Chemical Society, Buffalo, N. Y., August 31 to
September 4, 1931.

ASEQUS hydrocarbons present an excellent potential

source of raw material for chemical manufacture.
Everyone is cognizant of this fact but few appreciate why
this potential source does not become a real source.

At least two important Teasons can be given for this failure
to utilize our gaseous hydrocarbons. First, most chemical
reactions involving gaseous hydrocarbons take place with an
evolution of heat. It is difficult to obtain the necessary heat
transfer in order to maintain proper temperature conditions.
Proper temperature conditions or the confining of the reac-
tion temperature within narrow limits arc absolutely neces-
sary in order to produce the pure products desired, instead
of a complex mixture.

A second reason is evident when we consider that even
though there is no great evolution of heat in certain reac-
tions involving gaseous hydrocarbons, nevertheless there is
great difficulty in operating these reactions under what
rmght be considered reasonable equilibrium conditions.
This is probably due to the fact that reasonable equilibrium
conditions necessitate reactions at very high temperatures
and high pressures. Satisfactory equipment to meet such
conditions has only recently been developed.

Lately there has been an attempt on the part of in-
vestigators in this general field to utilize pure organic com-
pounds rather than mixtures. This is apparently a step in
the right direction as shown by the increase of interesting
results obtained in this field.

It is believed that the papers in this symposium will clearly
substantiate the statements made above.

One peculiar economic feature of the general problem
should be noted.. The present large use for hydrocarbons
is as motor fuel; approximately 20 billion gallons are pro-
duced per year in this country. The next largest use for
these hydrocarbons that has been proposed is in the pro-
duction of solvents with only 200 million gallons per year
possible consumption. Between the two uses there should
be developed a third field before the oil refineries can afford
to spend the large sums necessary to utilize the hydrocarbon
gases. Two possibilities have recently appeared. One is
the use of hydrocarbons in the manufacture of synthetic
resins to be used in paints, varnishes, lacquers, and plastics.
The other is the use of hydrocarbon gases in the manu-
facture of new synthetic textiles—for example, the polymers
of glycol sebacate. D. B. Keyes, Chairman

Partial Oxidation of Hydrocarbons Gatalyzed by Oxides
of Nitrogen

C. H. Biss, Ozidalion Products Company, Jersey City, N. J.

HE use of the oxides

I of nitrogen to catalyze
the partial oxidation

of hydrocarbons with air has
principally been described
in articles by Layng and
Soukup (8), Smith and
Milner (4), and Bibb and
Lucas (2); and in patents
to the author (). The
process consists essentially
in mixing air and a gaseous
hydrocarbon together with a
relatively small amount of
oxides of nitrogen, heating the
mixture to a reaction temperature which may vary between
500° and 900° C., cooling the mixture, and condensing out
the aqueous solution formed from the fixed gases. The
fixed or exit gases may be processed again for additional
oxidation products by mixing with more air, with or with-
out the further addition of nitrogen oxides, or they may be
recycled in the original heating chamber. The proportions
of hydrocarbon, air, and nitrogen oxides; temperature;
velocity of the gases through the reaction zone, or the time

work of the past.

lished.

THE OXIDATION of methane to formalde-
hyde and methanol has been involved in most of the
However, considerable quan-
lities of formaldehyde can be oblained from
propane and other hydrocarbons by the process,
and, as has been described, phenol is the prin-
cipal oxidation product when benzene is used.
In this arlicle, operative condilions of a few
runs are described which show betler yields on
the hydrocarbons and oxides of nitrogen to
formaldehyde than have herelofore been pub-
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of heating; form of reaction
chamber; and the nature of
the hydrocarbon all have pro-
nounced effects on the results
obtained.

OXIDATION OF NATURAL
Gas

In addition to the simplest
method of partially oxidizing
the hydroecarbons of natural
gas, which consists in only a
single pass of the gaseous mix-
ture through the reaction zone
and the condensation of the oxidation products, the tail
gases were oxidized successively four times. In another
series of experiments the recycle principle was used whereby
the tail gases from the condensation apparatus were con-
veyed back to the inlet of the reaction zone and reoxidized.
In some experiments the recycle rate was over fifteen times
the amount of input into the system. A bleed-off of the
gases was, of course, necessary in order to maintain constant
pressure.
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SINGLE-PAsS TREATMENT

Using the first unit of a four-pass system as an illustration
of a single pass, the apparatus set-up was as follows: An
air blower supplied air under slight pressure which was con-
ducted through a drying chamber filled with anhydrous
calcium chloride and then through an orifice meter to measure
the rate of flow. From the meter the air was bubbled through
66 per cent nitric acid contained in a flask immersed in a
constant-temperature water bath, the temperature of the
bath determining the amount of acid picked up by the air.
From the acid flask the air was lead to a tee where it was
mixed with metered natural gas delivered from a gasometer.
The gaseous mixture was then passed through the reaction
zone, which consisted of a chrome-nickel steel tube of 2.2
cm. inside diameter, heated for 25 cm. of length in an elec-
tric furnace with automatic temperature control. The gases
from the reaction zone were immediately conducted to a
60-cm. aluminum condenser where an aqueous solution of
formaldehyde and methanol collected. The gases were
finally scrubbed in a glass tower filled with beads, down
the inside of which water was allowed to trickle, the gases
going in at the bottom and out at the top. The formalde-
hyde in both condensate and tower washings was analyzed
by the hydrogen peroxide method. The natural gas used
had the following composition, in per cent by volume:

Methane 80.40
Ethane 16.55
Illuminants 0.60
Carbon dioxide 0.10
Oxygen 0.45
Nitrogen 1.90

The amount of nitric acid consumed was found by weigh-
ing the acid flask before and after the experiment, making
correction for any change in the acid concentration due to
the passage of the air. Thermal decomposition of the acid
traveling through the reaction zone formed the oxides of
nitrogen which catalyzed the partial oxidation of the hydro-
carbons. In some of the runs silica tubes were used instead
of the chrome-nickel steel ones. No differences in catalysis
were noted, but the rate of heat transfer was greater with
the latter. It has been found that, in operating a reaction
tube of chrome-nickel steel on a large scale for manufactur-
ing oxidized oil at temperatures above 600° C., such alloys
do not materially change after operation of more than 7000
hours. For the purpose of computing yields of the process
at 760 mm. pressure and 0° C. temperature, thermometers
and pressure gages were placed in the gas and air meters,
and the room temperature and barometric pressure were
taken during each run. Thirty-one hundred cubic centi-
meters of natural gas and 7250 ce. of air per minute were
passed through this apparatus, the air bubbling through
66 per cent nitric acid at 22° C. just before it mixed with
the natural gas. The temperature of the furnace or the
outside of the reaction tube was held at 735° C. during the
run, which was continued for 2 hours. Forty-eight cubic
centimeters of condensate (specific gravity 1.052 at 15°
C., and containing 16.83 per cent formaldehyde) were col-
lected from the condenser, and 228 cc. of a weak formalde-
hyde solution, testing 1.005 specific gravity and 3.0 per
cent formaldehyde, were taken from the tower washer. The
amount of 66 per cent acid used was 13.5 grams, and the
total gas used was 372 liters. The total formaldehyde pro-
duced was 15.37 grams. This is equivalent to 41.3 grams
of formaldehyde per 1000 liters, or 6.42 pounds of 40 per
cent formaldehyde per 1000 cubic feet of natural gas. The
ratio of nitrogen dioxide to-formaldehyde by weight is 1:2.36,
or 1 pound of nitrogen dioxide to 5.9 pounds of 40 per cent
formaldehyde.
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Four-PAss TREATMENT

In the run just described, three more furnaces and reac-
tion tubes were attached to the apparatus with a condenser
and scrubber for each furnace so that, after each time the
gaseous mixture was passed through a reaction zone, it was
cooled by the condenser and scrubbed with water. Thus,
four condensates and four tower washings were obtained.
At the inlet of each of the three additional reaction tubes,
an air connection was made, and air, metered and charged
with the vapors of nitric acid, was forced into the main gas
stream, thus supplying the last three reaction zones with
auxiliary air and nitrogen dioxide. One constant-tempera-
ture water bath held all four acid flasks. The last three re-
action tubes were of silica (2 em. diameter) and were heated
for 45 cm. of length in automatically controlled electric
furnaces.

The data of a 2-hour run with the four reaction zones in
series are shown in Table I, and the condensates in Table II.

TasLe I. Resurts or 2-Hour Run

Natural-gas flow, ce./min. 3100
Air flow No. 1 unit, cc./min. 7250
Air flow No. 2 unit, ce./min. 3550
Air flow No. 3 unit, ce. /mm. 3550
Air flow No. 4 unit, cc./mi 3550
Temp. of all furnuccs, 2O 735
Temp. of acid bath, ° C. 22
Tota! natura] gas used liters 372
Total air used, liters 2148
Total 66% nitrio acid used, grams 32.0
TaBLE II. CoNDENSATE DATA
Vour.
Unit CONDENBATE Sp. Gr.® CH:0
Ce. % Grams
1 48 1.052 16.83 8.49
2 94 1.019 7.25 6.94
3 67.5 1.030 8.74 6.07
4 62.5 1.023 7.80 4.98
8iAt 15°.C.

Tower washings (1265 cc.) which were collected from the
four washing towers had a specific gravity of 1.003 and
tested 1.53 per cent, giving 19.41 grams of formaldehyde.

Thus a total of 45.89 grams of formaldehyde were ob-
tained. This is equal to 123.3 grams of formaldehyde per
1000 liters, or 19.1 pounds of 40 per cent formaldehyde per
1000 cubic feet of natural gas. The ratio by weight of nitro-
gen dioxide to formaldehyde is therefore 1:2.97, or'1 pound
of nitrogen dioxide gives 7.42 pounds of 40 per cent formalde-
hyde.

EXPERIMENT WITH PROPANE

A run was made on the first unit of the apparatus de-
seribed, using a gas containing about 90 per cent propane
instead of natural gas; results are shown in Table III.

TaeprLe III. Resurrs witih PropANE

Time of run, hours

9
Rate of gas ﬂow ce./min, 1700
Rate of air flow, ce. /mm 8500
Temp. of acid bath, ° C. 25
Temp. of furnace, ® C. 770
Total propane used, liters 204
Total acid used, grams 11.2
Vol. of condensate, ce. 96.5
Sp. gr. of condensate at 15° C. 1.043
Cr;-IzO in condensate, % 15.4
Vol. of tower wash, cc. 1105
CH:0 in tower wash %% 0.96
Total formaldehyde pruduced grams 26.1

From these data it is found that 127.9 grams of formalde-
hyde are produced per 1000 liters of propane for just a single
pass through the reaction zone. This is equal to 19.8 pounds
of 40 per cent formaldehyde per 1000 cubic feet. The
weight of nitrogen dioxide to formaldehyde here is 1:4.83,
or 1 pound of nitrogen dioxide gives 12.07 pounds of 40 per
cent formaldehyde.
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REcYCLE SYSTEM WITH NATURAL GAS
For this work a larger apparatus was made.

A chrome-nickel steel tube of 3.75 cm. inside diameter was
used for the reaction chamber; it was heated for a length of
60 cm. The outlet end was connected to a condenser made
of aluminum tubing. An aluminum tube of 6.5 cm. inside
diameter and 240 cm. length was used for a washing tower.
It was filled with aluminum rings, 1 cm. by 1 em., and connected to
a receiver located at the bottom of the condenser so that the gases
could pass through the reaction tube, into the top of the con-
denser and out of the bottom, into the bottom of the washing tower
and out of the top. The outlet of the tower was arranged with
a bleed-off to the atmosphere. The top of the tower was con-
nected to the recycle pump, the outlet of which was connected
to the inlet of the reaction tube, so that the gases could be circu-
lated from the reaction zone through the condenser and wash-
ing tower and back to the reaction tube again. The inlet of
the reaction tube was also connected to an acid flask for ad-
mitting air and nitric acid vapor into the system. The natural
gas and auxiliary air were put into the system at the inlet of the
recycle pump, since the pressure at this point was below atmos-
pheric pressure. By regulation of a valve on the recycle pump,
various rates of flow of gases could be made to circulate through
the apparatus. The bleed-off at the top of the tower discharged
gases to the atmosphere at a rate about equal to the total input
of air and gas. The Pur{;ose of the auxiliary air feed was to be
able to adjust properly the quantity of air passing through the
acid flagk, thereby controlling the amount of acid vapor to the
system. An integrating meter was placed in the natural-gas
line in order to check the total consumption of gas as computed
from the reading on the flowmeter. A detailed record of a run
" is shown in Table IV.

By using less gas than in the above experiment, a yield
as high as 50 pounds of 40 per cent formaldehyde per 1000
cubic feet of gas has been realized, or as much 40 per cent
formaldehyde as the original weight of natural gas.

COMMERCIAL ASPECTS

The question as to whether the single-pass method or the
recycle method would be used commercially depends to a
large extent upon the cost of the natural gas; with the single
pass, 6 to 7 pounds of 40 per cent formaldehyde could be
expected from 1000 feet of natural gas, with the exit gases
having a very high B. t. u. content. Using the recycle prin-
ciple, 30 to 40 pounds of 40 per cent formaldehyde could
be reasonably expected, with the exit gases being quite
dilute but still burnable as fuel. In the latter case, however,
it must be realized that plant capacity for a reaction zone
of given size is materially less than in the single-pass method,
and from a practical viewpoint it is a question of balancing
investment charges with raw-material costs.

Natural gas can be obtained in some localities as low as
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3 cents per 1000 cubic feet. Nitrogen oxides from the oxi-
dation of ammonia can be manufactured for 3 cents per
pound. The arc method for producing nitrogen oxides
can also be applied to the air going into the process, and
sufficient concentration of nitrogen oxides obtained to
properly catalyze the oxidation. Using a 3-cent gas and
assuming single-pass operation with 6-pound yield per 1000
feet, the gas cost would be 0.5 cent per pound of 40 per cent
formaldehyde obtained. Using likewise a 3-cent cost per
pound of NO: and taking a ratio of 1 to 9, which ratio can
undoubtedly be obtained in a commercial outfit, would give
a catalyst cost of 0.333 cent per pound of formaldehyde
produced, or a total raw-material cost of 0.833 cent per pound.
Using 30-cent gas and the recycle principle, and assuming
a yield of 30 pounds per 1000 feet of gas, the total cost of
raw materials would be 1.33 cents per pound. It might be
noted that with this process sufficient methanol is formed in
the reaction to stabilize the formaldehyde produced.

TasLe IV. Resurts wite NATURAL GAs

Duration of run, hours 2.5
Rate of flow of natural gas (uncor.) cc./min. 3560
Rate of flow of air, liters/min. 20
Rate of flow of recycle gases, liters/min. 144
Temp. of reaction tube outside,® ° C. 893
Temp. of reaction tube inside,® ° C. 790

. Temp. of acid bath, ° C. 38
Temp. of room, ° (o 20
Barometer, inches 30.2
Pressure of gas in meter, inches H20 2
Temp. of gas in meter, © C. 16
Total gas used (cor.), fiters 508.3
Sp. gr. of nitric acid at start 1.408
Sp. gr. of nitrio acid at stop 1.405
Total acid used, grams 55.1
Rate of bleed-off, liters/min. 22
Hi%hest pressure in system, inches Hg 2.37
Vol. of condensate, co. 264.6
Sp. gr. of condensate at 15° C. 1.048
Formaldehyde in condensate, % 14.33
‘Weight of formaldehyde, grams 39.74
Vol. tower wash, co. 3735
Sp. gr. of tower wash at 15° C, 1.003
Formaldehyde, % L= 15247
Weight of formaldehyde, grams 46.71
Total formaldehyde produced, grams 86.45

40% formaldehyde produced, grams 216.13

Formaldehyde per 1000 liters gas, grams 170.2
409 formaldehyde per 1000 cu. ft. gas, pounds 26.49
Weight ratio of NO: to CH20 1:3.23

@ 20 om. from exit end.
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This photograph (see
text, page 8) was taken
in total darkness in the
projection room of the
new research laboratory
of the Eastman Kodak
Company on the occa-
sion of the visit of a
group under the auspices
of the National Research
Council. :

The source of infra-red
radiation was a battery
of fifteen 1-kilowatt

lamps used in a booth,
the top of which was
covered with Wratten 87
filter. This filter trans-
mits no visible light but
does transmit very freely
in the region between
800 and 900 mpg. The
plate used had a very
high sensitivity to light
in this range and was
hypersensitized with am-
monia. The exposure
was one second at f/2.5.
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Chemical Utilization of Natural and Refinery Gases

Per K. Frorica AND PETER J. WiezevicH, Standard Oil Development Co., Elizabeth, N. J.

THE AVAILABILITY and cost of natural and
refinery gases are discussed. The reaclions of satu-
raled and unsaluraled hydrocarbons with respect lo
cracking, oxidalion, halogenaltion, addition, and
polymerization are dealt with in the light of recent
dala. With respect to relative reactivity of the
saturaled hydrocarbons, methane is much more restst-
ant than any of the others, as far as chemical changes
are concerned, so that violent treatment must be re-
sorted to in order to convert it inlo more desirable
producls.

This survey of possible methods for the ulilizalion
of gaseous hydrocarbons has shown that, with such
raw malerials, il is possible o prepare.a wide variety
of aliphatic, aromalic, and naphthenic compounds.
Of these, the olefins appear to offer the greatest possi-

HE aliphatic hydrocarbons of low molecular weight
available in this country in abundant quantities and at
low cost as natural gas, and to a more limited extent as

refinery gases, are continuing to attract the attention of
the research chemist as potential raw materials for the manu-
facture of a variety of chemical products. The total amount
of natural gas available daily in the United States has been
roughly estimated at 53 billion cubic feet. Its composition
varies considerably, ranging from nearly pure methane to
mixtures containing upward of 50 per cent ethane, propane,
and higher hydrocarbons in gradually decreasing amounts.
Refinery gases, produced in much smaller quantities than
natural gas, contain hydrogen and unsaturates in addition to
saturated hydrocarbons. The amounts of unsaturates
present vary according to the feed stock and also according
to cracking conditions, being greatest in gases obtained by
cracking oils at high temperature and low pressure. Varying
amounts of hydrogen sulfide and other sulfur compounds
may also be present, depending upon the source of the
material.

At present these gaseous hydrocarbons are chiefly used as
fuel. Compared with 13,000 B.t.u. coal at $4.50 per ton,
they have a fuel value of 17.3 cents per million B. t.u., corre-
sponding to 17.2 cents per thousand cubic feet of methane.
On the same basis, propane would be worth 42.6 cents per
thousand cubic feet. (This figure refers only to the calorific
value of the hydrocarbon and does not include charges in-
cidental to its recovery in the pure state from mixed gases.)
Although such a direct comparison with coal is not entirely
justified, since a gaseous fuel frequently demands a premium,
there are many cases where even these prices are too high.
For example, in some of the Texas and California oil fields
producers are looking for disposal of their natural gas at a
cost sufficient to pay for the piping and distribution, which,
over local areas, usually amounts to about 3 to 5 cents per
thousand cubic feet. In many instances there are no outlets
whatever, and consequently the gas is disposed of by burning
in the open air. However, in considering the gas as a raw
material for chemical processes, it must be borne in mind that
high freight rates and other factors in such remote localities
tend to offset the advantage of the lower raw-material
cost.

bilities for ulilizalion in chemical processes. These
unsaturales are readily available in refinery gases
and may be oblained in practically unlimiled quanti-
ties by cracking of the nalural-gas hydrocarbons.
There are at present a number of processes in opera-
tion for the manufacture of derivatives of olefins ob-
lained from both sources, the producls being used
chiefly for solvent purposes. Expansion in these
industries will undoubledly lake place as the market
for their products increases, and new processes will

- surely be developed. However, the. limilations in the

Naturally the oil industry is concerned with finding suitable -
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knowledge of the organic chemisiry of the lower
aliphatics and the practically complele lack of
physical data on their derivatives, will for some
time lo come continue fo handicap progress in this
Sield.

new outlets for these materials, but, so far, only little progress
has resulted in this direction, in spite of the efforts made
to convert them into more useful and valuable products.
The paraffins usually included in the term “gaseous hydro-
carbons” are methane (boiling point, —259° F., —161.4° C.);
ethane (boiling point, —127° F., —88.3° C.); and propane
(boiling point, —44.0° F., —42.2° C.). The pentanes (boil-
ing point from 28.0° to 36.1° C., or 82.4° to 97.0° F.) are
liquid at room temperature, and constitute an important
part of the light ends in motor fuel. The butanes (isobutane,
boiling point, —12.2° C., 10.0° I, and n-butane, boiling point,
—0.6° C., 30.9° F.) are on the border line, in that there is a
limit to the amounts which can be safely incorporated in
gasoline. The corresponding olefins have boiling points so’
close to the paraffins that they follow the same classification.
Although these olefins constitute an important part of
refinery products, in no case are they present in natural
gas.

The more important reactions which the natural-gas
hydrocarbons undergo may be classified as follows:

(1; Cracking
(2) Oxidation
(3) Halogenation

The unsaturated hydrocarbons are much more reactive, and
are, in addition, subject to:

(4) Addition
(5) Polymerization

Unfortunately the natural-gas hydrocarbons are very resist-
ant to chemical changes, so that violent treatment must be
resorted to in order to convert them into more desirable prod-
ucts. Methane, which is available in by far the largest
quantities, is worst in this respect. There is a marked in-
crease in reactivity in going from methane to ethane, while
the difference between ethane and propane is not nearly as
great, and butane is only slightly more reactive than propane.
This relationship may be illustrated by taking the ignition
temperatures given in Table I as a rough measure of the rela-
tive as well as actual reactivity of the lower paraffins. To ini-
tiate the combustion of methane in admixture with air, it
is necessary to raise the temperature to 695-742° C. While
ethane is ignited at 534-594° C., or an average of about
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154° C. lower than methane, the average ignition tempera-
tures for propane and butane differ only by 22° C.

TasLe I. Ienition TEMPERATURES OF HYDROCARBONS IN AIR®
HYDROCARBON IaNiTION TEMP.
2:C.
Methane 695-742
Ethane 534-594
Propane 514-588
n-Butane 489-569
n-Pentane 476-548

@ International Critical Tables, II, 173.

This great resistance to chemical changes of the gaseous
paraffins, as compared with most other organic compounds,
necessitates operation at temperatures where the products
of reaction, as a rule, are exceedingly unstable. It also follows
that the lower the hydrocarbon, the more difficult it becomes
to stop the reactions at a specific point and to isolate the de-
sired products. This has proved a most serious obstacle to
the chemical utilization of methane, and the same difficulty
is encountered even in:the case of propane and butane, al-
though to a lesser degree.

CRACKING

It has already been stated that the natural-gas hydrocar-
bons are remarkably stable to heat. Although free-energy
calculations show that methane becomes thermodynamically
unstable and tends to decompose to carbon and hydrogen at
about 500° C., practical experience has shown that it is
necessary to employ temperatures of 800° to 900° C., and
above, to secure reasonably rapid decomposition. As the
molecular weight increases, however, cracking takes place at
successively lower temperatures.

The simplest and oldest process for thermal decomposition
of natural gas is that employed in the manufacture of carbon
black. The most common practice is to supply the necessary
heat by incomplete combustion of the hydrocarbons. As
would be expected, the efficiency is exceedingly low, being
ordinarily between 2 and 5 per cent, depending upon the
composition of the gas and the specific method of operation.
By bringing the gas up to decomposition temperature by heat
from an external source, yields as high as 40 per cent (24) have
been obtained, and in this manner hydrogen is also produced,
as illustrated by the equation:

CH; = C 4+ 2H,

The main outlet for the various types of black is the rubber
industry, the daily production of this product in 1929 being
somewhat over a million pounds. Although the carbon-black
industry consumes more natural gas than all others put to-
gether (not including that used for fuel), the thermal decom-
position to elementary carbon is a wasteful degradation which
can hardly be considered an example of chemical utilization
of the raw material.

By using less severe conditions, it is possible to erack
selectively to unsaturated hydrocarbons, which may in
turn be used as the starting point in the manufacture of
various products. However, the great difference in reac-
tivity of the natural-gas hydrocarbons makes it difficult
to operate this type of eracking without previous separation.
Propane, for example, will reach its maximum conversion to
unsaturates long before methane begins to be attacked, and,
if an attempt were made to operate at the temperatures and
times of contact required for methane to decompose, the
primary cracking products from any propane present would
be entirely lost in secondary and tertiary reactions. In view
of this and considering the widely different nature of the
produects, it is better to discuss the cracking of the various
hydrocarbons separately.
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MeTHANE. The temperature required to activate methane
is so high that, when cracking first begins to take place,
it is very difficult to avoid complete breakdown. By careful
operation in the range of 800° to 1100° C., a certain amount
of ethylene and acetylene may be obtained, but the commer-
cial possibilities of this method cannot be judged on the
basis of the data available (75). Another alternative is
to crack at the much higher temperature of the electric are,
where the acetylene hydrocarbons formed are thermo-
dynamically stable and may be recovered in good yields by
rapid cooling of the reaction products. The results of recent
experiments have verified the claims made in a series of
patents to the I. G. Farbenindustrie (/6) by showing that
methane may be converted quantitatively into acetylene
when cracked in an electric arc using a recycling system.

EraaNe. The data of Pease and Durgan (30) show that
the equilibrium constant for the reaction

Csz == C1H4 + Hz

is equal to unity at about 800° C., and, since dehydrogenation
of ethane takes place at a good rate in the range of 800° to
900° C., it is possible to crack to high yields of ethylene.
Owing to secondary reactions, however, it is not practicable
to go to complete conversion without employing a recycling
system with removal of the ethylene between cycles.

PropANE. A rather detailed discussion of propane cracking
has recently been published by Schneider and Frolich (32).
The main initial reactions are dehydrogenation to propylene
and demethanation to ethylene:

C3H3 = CaHo + I‘Iz
C;Hs = C:H, + CH;

At lower temperatures the first reaction predominates,
while ethylene formation is favored by high temperature.
At 700° C. the two olefins are formed in equal amounts to
the extent of about 90 per cent of the propane cracked.
The remaining 10 per cent goes to various other products,
notably ethane.

ErrFect oF Procressive Cracking oN Probucts
FROM PROPANE

© (At 650° C.)

CoxrosiTioN oF Propuct
(ProrANE-FREE Basis)
10% Cracking 80% Cracking

TasrLe II.

%o V3
CiHs 24.7 12.8
CsHy 21.6 29.4
CH, 22.2 33.2
H: 24.7 16.9
Others 6.8 il
Total 100.0 100.0

As the cracking progresses with increased time of con-
tact, the initially formed propylene is rapidly consumed in
secondary reactions, some of which lead to increased pro-
duction of ethylene. This is illustrated by the data in Table
II, which show the difference in composition of the products
obtained by cracking propane to the extent of 10 per cent and
80 per cent at 650° C. In connection with the problem of
further utilization of the olefins, it may be mentioned that
the exit-gas mixture obtained by cracking, for example, 80
per cent of the entering propane at this temperature, can be
fractionated readily into two cuts, containing, respectively, 35
per cent ethylene and 56 per cent propylene. The corre-
sponding yields, based on the amount of propane actually
cracked, are 58 per cent for ethylene and 25 per cent for
propylene.

When carried out under the proper conditions, the cracking
of the lower saturated hydrocarbons proceeds smoothly
and without appreciable carbon formation. The process
is being operated commercially on large seale for the purpose
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of obtaining ethylene and propylene as raw materials for the
manufacture of various chemical products.

Burane. The reactions occurring in the cracking of butane
have been studied by Hurd and Spence (/8), who observed
considerable difference in the products obtained from the
two isomers. In the case of n-butane the major products
are propylene and ethylene, formed accordmg to the reac-
tions:

CJ‘LQ

AHXO

C:Hs, + CH;
C,H, + C.H,

With 22 per cent conversion at 600° C., the first reaction
accounts for 55 per cent of the butane cracked and the second
for 40 per cent. At higher temperatures, however, the ratio
of ethylene to propylene increases, and in this respect the
results resemble those already reported for propane cracking.
Isobutane gives chiefly isobutylene and propylene:

C4H1o —t C(Hs + H2
C(Hm = CsHo 'l‘ CH4

For the same conversion at 600° C., the unsaturates produced
consist of 51 per cent isobutylene, 39 per cent propylene, and
only 8 per cent ethylene. As before, an increase in tem-
perature favors formation of the lower olefins.

It is unfortunate that only a negligible amount of butylene
is formed from n-butane, for this isomer seems to be available
in preponderance. The writers have had experience with a
natural gas from eastern Texas which contained n-butane and
isobutane in the ratio 85:15. In refinery gases the ratio may
vary considerably, depending upon the operations involved.

OverFins. In general, the olefins are more stable to tem-
perature than the corresponding paraffins. This is rather
fortunate because the olefins are valuable raw materials for
the synthesis of various products, and it is therefore desirable
to obtain them in high yields in the cracking of paraffins
with the smallest possible loss to secondary products. How-
ever, on prolonged exposure to cracking conditions, the
olefins do react with the formation of products which can be
discussed more conveniently in connection with polymeriza-
tion reactions.

OXIDATION

An enormous amount of research work has been done on the
oxidation of the lower hydrocarbons for the purpose of obtain-
ing valuable oxygenated derivatives preferably alcohols. It
appears, however, that the initial oxidation products are so
susceptible to further reaction at the temperature of operation
that they are attacked by the oxidizing agent in preference
. to the original hydrocarbons, and, as a result of this, it is ex-
ceedingly difficult to obtain even moderately good yields.
Bone’s hydroxylation theory (2) postulates methanol as the
primary product when methane is oxidized in air. Although
there may be good reasons to believe that this is correct,
very meager data are available showing that methanol can be
produced by oxidation of chemically pure methane. Formal-
dehyde, representing the product of secondary oxidation
according to Bone, may, on the other hand, be obtained in
reasonable yields, provided the temperature is carefully con-
trolled. It is also possible, by oxidation of a hydrocarbon
such as butane, to obtain a mixture of a number of oxygenated
compounds, including a small amount of alcohols with a
lower number of carbon atoms. In general, the higher the
hydrocarbon, the better the oxygen efficiency or yield of useful
products, but at the same time the number of individual
products increases. Pease (29) has shown that a considerable
amount of olefins may be obtained by oxidation of butane
with air at relatively high temperatures.

In spite of the many attempts made to introduce direct

INDUSTRIAL AND ENGINEERING CHEMISTRY A 15

oxidation of gaseous hydrocarbons at ordinary pressure on a
commercial scale, it is questionable whether there are any
installations in operation at present. More promising
results seem to be obtained by operation at high pressure.
Lewis and Frolich (25) report results on oxidation of propane
with elementary oxygen at pressures of the order of 2000
pounds per square inch (136 atm.) and temperatures around
300-350° C., showing that more than 40 per cent of the
oxygen may be accounted for in the liquid organic oxidation
products. The composition of a typical product is given in
Table ITI. According to the explosive-limit determinations of
Cooper and Wiezevich (9), it should be safe to operate with
methane at a pressure of 3000 pounds (204 atm.) and tempera-
ture of 400° C. in the presence of less than 10 per cent oxygen.
This figure may be raised somewhat in going to the hlgher
gaseous hydrocarbons.

PnonUCT OBTAINED BY OXIDATION OF PROPANE WITH
OXYGEN

[At 2000 pounds per square inch (136 atm.)]

Tasre III.

R

Acetaldehyde and acetone
Methanol

Ethyl aleohol (95%)
Propyl aloohol (789%)
Formie acid g
Water 26.

100.0

LI
D=
o COoo

Total

Attempts have been made to oxidize hydrocarbons selec-
tively to carbon monoxide and hydrogen, as exemplified by
the reaction:

CH;y + */,0: = CO + 2H,

However, in view of the high cost of elementary oxygen
and the close temperature control required, it is questionable
whether any process of this type has met with success.  More
satisfactory results are undoubtedly obtained by oxidation
with steam:

CH4 + }Izo — CO + 3H2

This reaction goes very readily in the presence of a promoted
nickel catalyst (27), but requires a large heat input at a high
temperature level. It has been proposed to use the resulting
gas mixture for the high-pressure synthesis of methanol
(19),

CO + 2H, = CH;0H

but with the present oversupply of methanol there is little
incentive for expansion in this field. If hydrogen alone is
desired, the carbon monoxide may be reoxidized with steam at
a lower temperature by the use of a suitable catalyst,

CO + H:0 = H: + CO;

the carbon dioxide being removed by scrubbing in known
manner. It will be noted that 1 mole of methane yields a
total of 4 moles of hydrogen by these two reactions. Two
plants are now in operation in this country manufacturing
hydrogen by this two-step process for use in high-pressure
hydrogenation of petroleum products. The method may
therefore be expected to find wider use with the growth of this
industry.

HALOGENATION

Halogenation of the natural-gas hydrocarbons has met with
only limited success, although a great deal of research has
been done on reactions of the type:

CH; + Cl, = CH;Cl 4 HCI

The main objection seems to be the difficulty of limiting the
reaction to the introduction of only one chlorine atom per
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molecule of hydrocarbon, although this is largely a matter of
temperature control (4, 23). In view of the low cost of
chlorine and the ease with which the alkyl halides are con-
verted into other derivatives, such as alcohols,

RCI + H,0 = ROH + HCI

there should be considerable opportunities in this field. In
many cases good yields of methyl chloride were obtained in
the laboratory, but, when attempts were made to put the
process on a plant scale, failure was inevitable. | It seems to be
somewhat easier to control the chlorination of the higher hy-
drocarbons; and alcohols, ete., have been manufactured from
intermediates obtained by the chlorination of pentane on a
commercial scale (7).

At present it is found more economical to prepare methyl
chloride from beet-sugar residues. Carbon tetrachloride
is prepared commercially by the interaction of carbon di-
sulfide with sulfur dichloride, while chloroform is obtained
by treating carbon tetrachloride with steam (7).

Of the many outlets which have been proposed for the
lower alkyl chlorides, the addition of carbon monoxide to
form acid chlorides is of interest:

CH,Cl 4 CO = CH,;COCI

The writers have found thisreaction to proceed at 700-800° C.
with an efficiency of over 75 per cent, although the yields per
pass are limited. Various catalysts for this reaction have
been mentioned in a patent to the I. G. Farbenindustrie
(21).

ApDITION REACTIONS

Theoretically it should be possible to obtain a variety of
products by direct additions to the rather reactive unsaturates
already available in refinery gases, or formed by the cracking
processes discussed in a previous section. However, only
those reactions on which a reasonable amount of experimental
data are available will be discussed here.

CHLORINE AND CHLORINE DERIVATIVES. The direct addi-
tion of elementary chlorine to unsaturated hydrocarbons, as
illustrated by the formation of ethylene dichloride,

CzH4 = Cl: = CH\Cl;

proceeds so readily that products of this type can be manu-
factured without difficulty at low cost. The problem here
is to find suitable outlets for the chlorinated compounds,
either as solvents or as intermediates for use in the synthesis of
other derivatives.

It has'also been claimed in the patent literature (31, 36, 38)
that hydrochloric acid may be added to olefins, for example,
by the aid of pressure:

C,H, + HCl = C;H;Cl

There is no reason to doubt that such reactions can be made
to go almost quantitatively, and the indications are that it
will prove more economical to manufacture lower alkyl
chlorides in this manner than by chlorination of the paraffins.
The main problem here is to find uses for these materials
also.

Finally, it is possible to add hypochlorous acid to olefins, as
exemplified by the reaction: :

CH, L HOCI = 1 °On
it mé—a

This process has the advantage that the chlorine atom is
easily replaced by other groups to form new derivatives. The
reaction given above may, for example, be followed by hy-
drolysis to give ethylene glycol (10, 12):
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HOOH . HWCOH
HE a1 0= & om

In this manner ethylene glycol and a large number of other
derivatives of ethylene suitable as solvents and plasticizers
have for some time been manufactured commercially in this
country (11). :

One addition reaction, which has been claimed to be rela-
tively simple to effect, is the addition of phosgene to ethylene
with the resulting formation of chloropropionyl chloride
(28):

C.H, + COCl: = CH,CI-CH,COCl

Although a large number of experiments have been made in
this laboratory on such a process, no indications of any ap-
preciable amounts of the acid chloride have been found.

Warer AND ArcoHOLS. Thermodynamic calculations in-
dicate that it should be possible to produce alcohols by addi-
tion of water to the olefins. The low reactivity of such a
mixture should be no handicap, for the existing free-energy
data show favorable equilibrium conditions even at tempera-
tures as high as 400° to 500° C., provided pressures of several
hundred atmospheres are used. In spite of this, however,
and contrary to the claims of the patent literature, the re-
sults obtained by Swann, Snow, and Keyes (35) on the direct
hydration of lower olefins under high pressure show only
negligible yields. The writers’ experience in this field has
also been discouraging, in that the conversions obtained have
not approached anywhere near the calculated figures. On
the other hand, the production of alcohols may be carried out
successfully by adding water to olefins by way of their sul-
furic acid esters:

Cth + H2804 — CnH2n+l OSOIH
C.Hap1 OSO:H + H.0 = C,Hip OH + HySO4

By absorbing the corresponding olefins from refinery gases in
sulfuric "acid of the proper concentration followed by
hydrolysis with water, isopropyl and higher secondary
alcohols are manufactured commereially in large quantities by
this process. By treating the sulfuric acid esters with cal-
cium acetate, the corresponding acetates may also be pro-
duced directly by the process of Ellis and Cohen (I13), as
exemplified by the formation of isopropyl acetate:

2C:H;0S0:H + (CH:CO0):Ca =
2CH:COOC:H; + CaSO, + HiS0,

This process is also being operated on a commercial scale.
Isopropyl alcohol so formed may likewise be used as a start- .
ing material for preparing such compounds as propyl chloride -
(6), chloroacetone (6), acetone (37), ete.

It has been mentioned in previous sections that water may
also be added indirectly to give alcohols and glycols by hy-
drolysis of intermediately formed chlorine derivatives.

Acetylene has been successfully hydrated to acetaldehyde
(20), and this compound has been the starting point for the
preparation of numerous compounds, such as acetic acid,
acetic anhydride, acetone, etc. Acetic acid is prepared
commercially by this process, although the acetylene used is
obtained from ecalcium carbide rather than from hydrocar-
bons.

A recent development in this field is the production of acetic
anhydride from ethylidene diacetate (3, 26). Acetylene
first reacts with acetic acid to produce ethylidene diacetate,
which is then thermally decomposed in the presence of a
catalyst, yielding acetic anhydride and acetaldehyde:

C.H, + 2CH:COOH = CH;CH(OCOCHj):
CH;CH(OCOCH;): = (CH5CO).0 + CH,;CHO
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The acetaldehyde so produced is oxidized to acetic acid for
use in the process.

Acetals have been prepared by the interaction of acetylene
with aleohols (8) in presence of mercury catalysts, presum-
ably according to the equation:

C:H, + 2CH;0H = CH;CH(OCHj).

The yields are claimed to be in the neighborhood of 65 per
cent.

Anmonta.  Amines do not seem to be formed very readily
by direct addition of ammonia to olefins:

C.Hz, + NH; = C Hsyyq NH,

Although free-energy calculations indicate favorable equilib-
ria, and although good results have been obtained with
aromatic halides (17), only small yields were obtained in a
study of this reaction covering a wide variety of catalysts
. at pressures up to 3000 pounds (204 atm.). It may be, how-
ever, that the solution lies in the development of the proper
catalysts.

POLYMERIZATION

A great deal of attention has been given lately to the prob-
lem of hydrocarbon polymerization. Besides a prolific
patent literature on the subject, there have been a number of
publications dealing with the polymerization of olefins, as
well as the simultaneous cracking and polymerization of
natural-gas hydrocarbons. In general, it may be said that
the attempts to produce hydrocarbons of high molecular
weight by combined cracking and polymerization of the lower
ones have not as yet given as satisfactory results as might
have been desired. The reason for this is mainly the difficulty
experienced in controlling the process and stopping the reac-
tions at the desired point. At the high temperature required
for the initial cracking reactions to take place, the polymeriza-
tion products are decidedly aromatic in character, but un-
fortunately the reactions proceed beyond the stage of liquid
materials, and yield a heavy tar as the final product. The
highest yields of benzene and other products suitable as
motor fuel, obtained in a one-step process, are therefore
about 0.4 to 0.6 gallon per thousand cubic feet (54-80 cc.
per cubic meter) of methane and 1.5 to 2.0 gallons (200-268
cc.) in the case of propane. In view of the high temperature
of operation (700-1000° C.), and the necessity of employing
recycling with cooling and condensation of the heavily diluted
products in between cycles, it would be impracticable to oper-
ate such a process commercially at present.

A better method of attack is to crack and polymerize in
separate steps, because this makes it possible to choose the
most favorable operating conditions for each process. These
conditions are high temperature and short time of contact
for the cracking process, followed by long time of contact at
lower temperature for the polymerization. The best results
are obtained by polymerization under high pressure, after
the hydrogen formed in the initial cracking step has been
removed, for example, by selective oxidation over a suitable
catalyst. Depending upon the temperature and pressure used
in the polymerization, it is possible to vary the composition
of the product within wide limits, i. e., from typically aromatic
to a naphthenic character (74). By this method of poly-
merization, almost quantitative yields of liquid material
have been obtained from relatively pure ethylene, propylene,
and butylene. As another example, it may be mentioned
that the two-step process has given about 10 gallons of
product per thousand cubic feet of propane (1.34 liters per
cubic meter). On a carbon basis, this corresponds to 65
Versxon of the original propane to hquld hydro-
material some 80 per cent boiled in the gaso-
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line range, and, when this fraction was blended in gasoline

* to the extent of 20 per cent, the lowering in knock rating

was 75-85 per cent of that produced by an equivalent amount
of benzene. In spite of these results it is questionable whether
a process of this type could compete under the prevailing
market conditions.

Some interesting results on the polymerization of olefins
in presence of aluminum chloride have been reported by
Sullivan and others (34). Oils possessing good lubricating
properties were obtained in this way from olefins of high
molecular weight, but in the case of the gaseous olefins the
oils produced had unsatisfactory viscosity-temperature
relationships, making them unsuitable as lubricants.

Before leaving this subject it may be mentioned that di-
olefins are intermediate products in the formation of aromatics
by polymerization of the lower olefins at high temperature
(32). It has been found, for example, that ethylene may be
converted into butadlene,

2C,H, = C;H, + H:

with an initial efficiency of 70 per cent. Whether or not
reactions of this type will ever attain commercial importance
depends largely upon whether it will be possible to isolate
the diolefins before the reaction has had a chance to go beyond
this point. Cheap diolefins would be a suitable raw material
for the manufacture of rubber and other amorphous solids.
By subjecting mixtures of acetylene and ammonia to 250-
500° C., pyridine and other heterocyclic bases are claimed
to have been prepared (22, 33), indicating that during
the polymerization the nitrogen can be made to enter the
ring,
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Bright Annealing of Metals with Hydrocarbon Gases

E. G. o Corioris Anp R. J. Cowan, Surface Combustion Corporalion, Toledo, Ohio

HE problem of the bright

I annealing of metals is
essentially a chemical

one. Itis perhaps owing to the
fact that combustion and heat-
ing operations have in the past
been considered the province of
the power engineer or the me-
chanical engineer that certain
of the more involved chemical
problems attendant upon, or
arising out of, industrial heating
operations have not received
the attention that their eco-
nomic importance merits. It s,
of course, well known that
metals vary greatly in the ease
with which they combine
with oxygen at high tempera-
tures. Silver, for example,
may readily be heated at
high temperatures in an at-

THE CORROSION of malerial in general and
the corrosion of melals in particular has re-
ceived greal allention, owing lo ils obvious
economic imporlance. Allenlion for the most
parl, however, has been focused on the corrosion
of metals under almospheric conditions. Rela-
twely lillle thought has been devoled lo the corre-
sponding corrosion problem which occurs during
almost all high-temperature operations involved
in the preparation of melals for industrial pur-
poses. Typical of such operalions are those
of annealing, normalizing, forging, elc. Under
the condilions of these processes, corrosion or
ozidaltion proceeds far more rapidly than almos-
pheric corrosion and is of no less economic im-
porlance. In this paper the authors are con-
cerned with one aspect of the general problem—
the prevenlion of oxidalion of melals during the

during the annealing process.
In that paper the authors were
also able to prove experimen-
tally the fact that relatively
small amounts of methanol
vapor added to atmospheres
that were highly oxidizing
to brass would, however, com-
pletely prevent the formation
of oxide films on the metal
surface. The phenomena ob-
served could be accounted for
on the assumption that the
methanol vapor was acting as
an inhibitor to the oxidation re-
actions. The mechanism of this
inhibitory action was not de-
termined, but it is not improb-
able that it was brought about
by the selective adsorption of
the methanol vapor on the
metal surface.

mosphere that would rapidly  Process of annealing.

oxidize iron, without the oc-
currence of any appreciable amount of oxidation. To
the chemist, the more precise statement of these obser-
vations is that the free energy of formation of the oxides
decreases as the electromotive series of the metals is de-
scended. For these reasons some metals may be maintained
bright very easily during heat treatment, the only require-
ment being that no free oxygen shall be present in the at-
mosphere. This is generally accomplished by using raw
gas or the products of combustion in a muffle furnace. In
some cases steam is employed, and this generally has proved
moderately satisfactory for the bright annealing of copper.
In a previous paper by the authors (1) a general survey
was given of the reactions occurring between metal surfaces
and the gases available industrially for high-temperature
furnace operations. The difficulty of heat-treating copper-
zine alloys, usually included in the generic term ‘‘brass,”
was emphasized. At low temperatures the difficulties en-
countered are not great, but, as the temperature is increased
to desired annealing temperatures and where zinc begins
to volatilize from the surface, the difficulties are multiplied.
The volatilization of zinc seems to be coincident with the
liberation of occluded gases. These gases are oxidizing
to the metal and results in the formation of a scale on the
surface of the metal, consisting either of zinc oxide or a
mixture of oxides. Thus the metal becomes tarnished and
the problem of bright annealing is greatly complicated.
The usual method of approach to this problem has been
to employ various atmospheres that are commonly con-
sidered neutral or reducing in their action. In gas-fired
furnace technic the attempt has been made to use a purified
flue gas. To do this, it has been necessary to remove the
water vapor and carbon dioxide, since both of these are
highly oxidizing to heated brass. This leaves a nitrogen
atmosphere containing small amounts of carbon monoxide.
Such attempts have not succeeded in producing a bright-
annealed brass, owing primarily to the oxidizing gases liber-
ated from the metal itself. In a recent contribution on this
subject (2) the authors have presented experimental evidence
to show that neither pure nitrogen nor, in fact, pure carbon
monoxide will prevent the staining and scaling of brass
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In continuing the experi-

mental investigation of these

phenomena it has been found that under proper conditions

the bright annealing of metals, and particularly of brasses,

can be accomplished in an atmosphere of hydrocarbon gases.

The underlying phenomena which make this bright-anneal-

ing process possible are apparently not limited to hydro-

carbon gases but may be obtained by employing any gas

which will liberate hydrogen, or, in fact, hydrogen itself
under properly controlled conditions.

EXPERIMENTAL PROCEDURE

Brass wire of 18 gage was threaded through a laboratory
tube furnace on a reeling device that made it possible to
control the rate of travel through the hot zone. Hydro-
carbon gases were introduced along the furnace tubes at
particular points and made to flow in the desired direction
by controlling the pressure at various points in the tube.
The flow of gas, the temperature of the furnace, and the
speed of travel of the metal wire were controlled by the usual
methods. The wire employed was initially constant through-
out as to composition, hardness, and grain structure.

The hydrocarbon gases employed were methane (natural
gas), ethane, propane, butane, ethylene, and acetylene.
All of these gases behaved substantially alike so far as the
results pertinent to this investigation are concerned. Analy-
ses of the gases issuing from the furnace were made where
the information was necessary for the interpretation of re-
sults. In such cases a standard United States Steel gas-
analysis apparatus was employed.

REsuLTs

The initial series of experiments indicated that, unless
the furnace was heated to a temperature equal to or in ex-
cess of 1250° F. (676.7° C.), the brass wire could not be
made bright even in the hot zone itself. Perhaps it should
be mentioned that the wire could be satisfactorily annealed
at lower temperatures, but in such cases the surface was
always found to be badly oxidized or coated. It was also
found that, when the hydrocarbon gas was fed into the
furnace countercurrent to the movement of the metal, the

i
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surface of the metal was always oxidized, even though ob-
servation showed that it had been rendered bright in the
hot zone maintained about 1250° F. (676.7° C.). This
fact threatened to prove an obstacle to the practical opera-
tion of the process, since, if the gas were made to flow counter-
current to the work, the latter would tarnish as it advanced
to meet the inflowing gas. On the other hand, if the gas
were made to flow concurrent with the metal, air would be
drawn in along with the metal, giving rise to the probability of
tarnishing the surface as it cooled in the process of reaction.

However, as the temperature to which the hydrocarbon was
exposed before coming into contact with the metal was raised,
it was found that, if
the gas was exposed
to a temperature of
about 1250° F.
(676.7° C.) before
contacting with the
metal, no tarnishing
occurred. At this
temperature a pro-
nounced cracking of
the gas had occurred,
resulting in the pre-
cipitation of a small
amount of carbon
and the production
of hydrogen. The
amount of this crack-
ing, of course, was a
function of the hy-
drocarbon employed
and the catalytic ef-
fect of the tube walls.
It was observed fur-
ther that, unless this
cracking occurred,
a bright anneal could not be obtained. For example, a
glass muffle had so little catalytic effect on the decomposi-
tion of methane that in this case no observable cracking oc-
curred at 1250° I, (676.7° C.) under the conditions of the
experiment. Under this condition it was found that the
surface of the brass could not be rendered bright until a tem-
perature of 1450° F. (787.7° C.) was employed, at which
temperature an appreciable amount of cracking occurred. In
the case of acetylene, on the other hand, cracking occurred
at temperatures appreciably lower than 1250° F. (676.7° C.),
yet it was found necessary to subject the gas to this tem-
perature before the surface of the brass could be main-
tained bright.

These results appeared to indicate that, in order to ob-
tain a bright surface at a-temperature equal to or above
the desired annealing temperature of the brass, it was neces-
sary to accomplish two things. Some cracking of the hydro-
carbon must have taken place, and the gas itself must have
been exposed to a temperature of at least 1250° F. (676.7° C.).
When the gas was in such condition as to avoid tarnishing
the metal, it was then in a condition to bright anneal properly.
What is termed here the “bright-annealing reaction” has
distinctive and characteristic effect. It is very definitely
a reaction on the metal surface whereby the metal becomes
brilliant in luster and superior in appearance to its original
condition. When hydrocarbon gases are employed, this
reaction is only accomplished when the two criteria just
mentioned have been met.

MECHANISM OF BRIGHT-ANNEALING REACTION

In order to determine more precisely the mechanism of
the bright-annealing reaction, the attempt was made to de-

Ficure 1
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termine whether the phenomena observed were due to a
transient intermediate c¢ompound formed during the de-
composition of the hydrocarbon or to the formation of hy-
drogen alone. The results already described seem clearly
to indicate that the hydrocarbon itself was not responsible
for the bright-annealing reaction. - Accordingly a series of
experiments was conducted, using pure hydrogen alone
in place of the hydrocarbon gas.

Confirming results previously reported by the authors,

it was found that pure hydrogen does not produce a bright
anneal at the usual brass-annealing temperature of 1000°
I'. (537.8° C.). If a piece of brass be heated in such an
atmosphere and ob-
served during the
heating, it will be
seen to tarnish at
temperatures around
800° F. (426.7° C.).
There is no indication
of bright annealing,
short of 1200° F.
(648.7° C.). At this
point, however, the
reaction proceeds
rapidly, and a beauti-
ful metal surface is
produced. Below
this point the gas
seems to be inert.
This temperature
therefore must be
either the tempera-
ture at which the re-
action system must
be raised in order to
obtain a sufficiently
rapid reduction of
oxides, or else it must be the temperature at which hydrogen
must be brought to activate it so that the reduction of oxides
may proceed.

Now it is of some importance to be able to bright anneal
brass without raising the temperature of the metal itself
to 1250° F. (676.7° C.) or above. In many cases to do so
would result in an overannealed condition with a conse-
quent grain growth that would be objectionable for some
industrial purposes. That the temperature of 1250° F.
(676.7° C.) was not the minimum temperature which the
metal itself had to obtain in order that deoxidation might
proceed, was proved by the following results. When brass
is heated to a definite temperature, its structure reveals a
definite grain size corresponding to this temperature. By
this means it was found possible to approximate very closely
the temperature which the brass had attained on being passed
continuously through the heated muffle. A simple com-
parison of the grain size of the sample with the grain size
of similar samples subjected to known temperatures suffices
to accomplish this. Using this method, it was found that
brass could be bright annealed at lower temperatures—
800° to 900° F. (426.7° to 482.2° C.) in pure hydrogen if
the hydrogen itself were heated to 1250° F. (676.7° C.) or
above. These temperatures were obtained by passing the
metal through the hot zone at such a rate that it could
reach only the desired metal temperature. If the tempera-
ture of the hot zone, that is the temperature of the hydro-
gen, were less than 1250° F. (676.7° C.), the reaction did
not take place. The point to be emphasized clearly is that
apparently the metal oxides could be reduced readily at
temperatures below 1000° F. (537.8° C.) if the hydrogen
itself was at 4 temperature in excess of 1250° F. (676.7° C.),
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and that reduction apparently did not occur if the hydrogen
temperature was below 1250° F. (676.7° C.).

These results seem to contain considerable evidence that
the bright-annealing reactions were brought about by hy-
drogen in some particular condition or state of activation.
Further evidence of this fact was noted when ammonia was
substituted for hydrogen. The results obtained were quite
similar to those with hydrocarbon gases. The ammonia
dissociates somewhat more readily in the iron tubes em-
ployed than do the hydrocarbons. Nevertheless it was
found that not only must dissociation have taken place with
the consequent liberation of hydrogen, but that the products
of dissociation must have attained a temperature of ap-
proximately 1250° F. (676.7° C.) for the deoxidation of the
metal surface. Under these conditions, however, a very
satisfactory bright anneal can be obtained.

Certain recent work by other investigators (3) may have
a bearing on this problem. Taylor and his associates have
found that the adsorption of hydrogen on metal surfaces
does not follow a simple law but presents certain complexities.
At fairly definite temperatures, which apparently vary with
the condition of the metal surface, the amount of hydro-
gen adsorbed by the metal increases in a sudden and strik-
ing way. One explanation given is that at the critical tem-
perature some change has taken place in the hydrogen which
enables it to pack more closely on the metal surface. To
be sure, the observations made by Taylor et al. were at tem-
peratures very much lower than those with which the present
authors have dealt. This difference may possibly be ex-
plained by the different character of the metal surface em-
ployed in each case.

CONCLUSION®

As a result of this investigation a process for the bright
annealing of metals has been developed which is applicable
to industry. Apparently any gas which is not deleterious
to the metal, and which will serve as a source of hydrogen
may be employed. Pure hydrogen itself may be used, but
it has certain severe limitations. Not only is its explosi-
bility a drawback but its use increases the volatility of zinc
when the metal being annealed is brass. Comparative
tests indicated that there was a loss of 1.8 per cent of the
weight of brass sheets when annealed in a hydrogen atmos-
phere, as compared to a loss of 0.72 per cent under similar
conditions when the annealing atmosphere was methanol
and flue gases.
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Apparently hydrocarbon gases will prove the cheapest
and most available raw material for this bright-annealing
process. With their use it is possible to produce the desired
amount of hydrogen under suitably controlled conditions.
The ready availability and ease of handling of these gases
renders them particularly attractive for commercial opera-
tion. :

The details and the practical operation of this process
have been worked out, and it has been adapted to the bright
annealing of many different metals and alloys. The metal
is passed through a tube furnace in the form of wire or strip.
Seals are provided at each end of the furnace, and the hy-
drocarbon gas is admitted through inlets suitably situated
in the tube or muffle. The degree of anneal is determined
by the rate at which the metal is moved through the tube.
The temperature of the hot zone is maintained slightly above
1250° . (676.7° C.). Since brass is one of the most difficult
of the more usual industrial alloys to bright anneal, the in-
dustrial development of this process has been approached
with the peculiar requirements of brass in view. It has
been found, however, that all other metals and alloys investi-
gated respond in much the same way to the bright-anneal-
ing process. The details of operation vary with each metal,
but the essentials of the reactions are the same. TFigure 1
illustrates a type of furnace which has been developed for
the practical operation of this process. Steps are now being
taken to commercialize its applications.
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A corner in a modern
dye plant showing equip-
ment typical of that used in
the manufacture of vat dye-
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Thermatomic Process for Cracking of Gaseous Hydrocarbons

Rosert L. Moore, Thermatomic Carbon Company, Pittsburgh, Pa.

HE thermal decomposi-
tion of a gaseous hydro-
carbon, such as methane,

in the absence of air produces
carbon and hydrogen according
to the equation:
CH, (upon heat cracking)
Theoretically from every thou-
sand cubic feet of methane thus
treated 31.82 pounds of carbon
are formed as well as 2000 cubic
feet of hydrogen. In order to
create sufficient heat to carry
on this cracking, which is an
endothermic reaction, part of
the methane, or gaseous hydro-
carbon being used, must be
burned with air to heat the
system to cracking temperature.
The portion consumed for
this purpose depends on the
process used as well as on the
efficiency of operation. The
amount of carbon entrained
during the decomposing period
and the space velocity are also important factors. So much
has been written on the subject of this reaction that it hardly
seems necessary to elaborate further here (2, 3, 6, 8-11, 15, 18).
A typical chemical analysis of the natural gas being used at
the Sterlington, La., plant, and the resultant gas obtained
therefrom is as follows:

the cycle.

Vorume VoLuMme
NaTuraL Gas ResvrTant Gas
Yo %0
Carbon dioxide 0.4 0.9
Illuminants 0.7 1.3
Hydrogen ) 85.4
Carbon monoxide o 1.1
Methane 93.8 5.0
Nitrogen 5.1 6.3

A general arrangement of the equipment isseen in Figure 2 (23).

The furnaces being used at present are 14 feet in diameter and
25 feet high, and consist of a riveted-steel shell, insulated and
lined with refractory brick and filled with checkerbrick, similar
to a blast-furnace stove. The temperature range in the furnace
is from 900° to 1400° C. The process is intermittent, the
checkerbrick being first heated by a blast of natural gas and air
introduced at the bottom, after which the stack}is closed, and
natural gas is added from the top of the furnace for the de-
composing part of the cycle.

ng smoke from the furnace is passed through a cooler chamber
where water is sprayed countercurrent to the %as stream (20) to
cool the smoke sufficiently to allow it to be safely filtered through
the cloth bags in the collectors and yet not wet either the bags
or the carbon.

The collectors (22) comprise a battery of cotton bags enclosed
in a steel shell with hoppers underneath. The collectors are
built along the general principles of the dust collectors commonly
used by the powdered-coal and starch industries, and have been
highly successful. The smoke enters a bag throufff the bottom;
this open end of the bag is clamped tightly to a flange in a steel

late which separates the upper shell of the collector and the

opper. The upper end of the filter bag is shaken intermittently
by an air-hammer device. During this period the flow of gas
is shut off from the shaking bags, and the carbon falls from the
cloth into the hopper. The filtered resultant gas is piped off
from the top of the collectors. ¢ ;

After the carbon falls into the hoppers, it is then carried by
screw conveyors to the sifters. Just ahead of the sifters are

THE PROCESS may be described in four
parls—namely, (1) the cracking unils, consisting
of checkerwork furnaces, (2) the coolers, (3) the
carbon collectors, and (4) packing. The furnaces
being used al present are 14 feel in diameter and
25 feel high, and consist of a riveled steel shell,
insulated and lined with refractory brick and filled
with checkerbrick, similar lo a blasi-furnace stove.
The temperature range in the furnace is from 900°
lo 1400° C. The process is intermitlent, the
checkerwork being first healed by a blast of natural
gas and air inlroduced at the bottom, after which
the slack is closed and natural gas is added from
the top of the furnace for the decomposing part of

The smoke from the furnace is passed through a
cooler chamber where sufficient waler is sprayed
countercurrent lo the gas stream to cool the smoke
sufficiently lo allow it to be safely fillered through
the cloth bags in the collectors and yel not wel
either the bags or the carbon.
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magnetic separators which clean
out any metallic scale or rust which
might possibly come off the collec-
tor hoppers or conveyors. The
carbon 1s then air-floated through
fine-mesh wire screens. Large
rotors with rubber flippers at-
tached throw the carbon centrifu-
gally through the screening.
From the sifters the carbon falls
into the packing hoppers where it
is accurately weighed and packed
in 30-pound paper bags.

The above description is of the
process which produces the
Thermax brand of Thermatomic
carbon. This is the pioneer
“soft” carbon, having been pro-
duced commereially in Louisiana
since 1922 by the thermal decom-
position of natural gas. Re-
cently a new improved brand,
called P-33, has been put on the
market. This carbon is blacker
and finer than Thermax and is
also asoft carbon. Itismadeby
a process essentially the same as
Thermax, the difference being
that, in making P-33, a portion of the resultant gas is recircu-
lated and acts as a diluent for the natural gas being decom-
posed, thereby allowing the particles of carbon to be formed in
a more dilute atmosphere (4). This dilution principle is so
effective as to reduce the average particle size of P-33 to about
one-fifth that of Thermax.

In the study of the patent literature pertaining to the manu-
facture of carbon, one is struck by the fact that most processes
are described quite fully, and the product formed is merely
mentioned as a soot or a lampblack. The fact that the
carbons produced from hydrocarbons differ widely in their
physical properties and effect on rubber, paint, oils, ete.,
has led to the publication recently of several articles on the
subject (1, 5, 7, 12, 14, 16,17, 19). In these articles reference
is made to “Thermatomic carbon,” which, in all cases where
named, is what is now known as Thermax brand.

By the term “‘soft” carbon is meant one which, when added
to rubber in any appreciable quantity, does not increase the
modulus (tensile strength at either 300 or 500 per cent elonga-
tion) of the vulcanized rubber stock in a measure comparable
to that obtained with an equal quantity of channel carbon
black (13, 21). The term as used in the literature refers to
the influence of the carbon on the vuleanized stock and not
to either the carbon itself or the uncured rubber stock.
Tables I and II illustrate the difference in physical properties
produced in rubber by channel black and P-33 carbon.

Thermax has established itself in the rubber trade through-
out the world and is being successfully used in tires, inner
tubes, boots and shoes, hose, belts, and other mechanical
goods. It improves the working or processing qualities of
compounds containing large quantities of reclaim and, in
fact, has been added to reclaim itself for the same reason. It
is also being used in paints, automobile-top fabrics, carbon
brushes, and electrodes.

P-33 carbon, as previously stated, is blacker and has a
much smaller average particle size than Thermax. It imparts
practically the same stiffening effect to rubber as Thermax,



22 INDUSTRIAL AND ENGINEERING CHEMISTRY

but reinforces rubber
to a greater extent.
The ultimate tensile
strengths obtained
closelyapproachthose
imparted by using
equal loadings of
channel black. The
resistance to tear of
rubber stocks com-
pounded with P-33
carbon is high, and
because of thisand the
low modulus this new
product is finding con-
siderable use in high
quality heat-resisting
inner tubes, hose and
belt covers, tire car-
casses, and rubber
stoeks where high
concentrations of pig-
ment are desirable.
For example, equal parts of rubber and this carbon make a
resilient pliable stock suitable for many purposes in mechani-
cal goods. - One of the most important uses for P-33 carbon
has been in the newer types of lacquers and dipping enamels
for the automotive, electrical, and hardware industries. Be-
cause of its blackness and low oil absorption, it has been
possible to grind the carbon more easily and disperse it better

Ficure 1. SteErLINGTON, LA., PrAnT OF THERMATOMIC CARBON CoO.
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Thermax and P-33
are given in Table
II1.

The gas produced
by the Thermatomic
process is of especial
importance at the
present time because
of the interest in the
hydrogenation of pe-
troleum,thereforming
of natural and refin-
ery-still gases, as well
as the synthesis of am-
monia and methanol.
This gas can bereadily
produced at any loca-
tion desired from any
gaseous or liquid hy-
drocarbon and does
not present any new
problems in purifica-
tion. The fact that
the cracking units are long-lived and free from froublesome
complications of operation has been proved by nine years of
commercial production with natural gas in Louisiana where
over 100 million pounds of carbon and 12 billion cubic feet of
hydrogen have been manufactured.

TasLe II. STRESS-STRAIN DATA
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FIGURE 2. GENERAL ARRANGEMENT OF EQUIPMENT
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TasrLe III. ProperTiES OF THERMAX AND P-33 CARBON
THERMAX P-33
PHYSICAL
Specific gravity 1.80 1.80
Apparent gravity (bulking value), kg./cu. meter 481.5 356.1
. (Ibs./cu. n.y (30) (22)
Tinting strength,® % 50
Average particle size, micron 1.0b6 0.23¢
CHEMICAL
Moisture, % 0.25 0.25
sh, % : 0.05 0.15
Benzol extract (16 hours’ extraction), % 0.60 1,25

¢ Determinations made with Keuffel and Esser color analyzer at a
concentration of 2.5 parts carbon to 100 parts zinc oxide. (Cabots Certified
Carbon = 100%.)

b Average of 2000 counts at 1940 diameters magnification.

¢ Average of 1000 counts at 1940 diameters magnification.
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Conversion of Methane to Garbon Monoxide and Hydrogen

Cuarces O. Hawxk, Paur L. Goupen, H. H. StorcH, AND A. C. FIELDNER, Pillsburgh Experiment Slation,
Bureau of Mines, Pillsburgh, Pa.

A CYCLIC process has been developed for
converling methane, or gases conlaining methane,
to carbon monoxide and hydrogen by either of two
reactions with equally salisfactory resulls:

CH; + H,O0 —> CO + 3H:

The process is one in which the heat of reaction is
supplied lo the gases by the calalyst bed, healed

HE conversion of hydrocarbons, especially methane (in
natural or coke-oven gas), to carbon and hydrogen or
to mixtures of carbon monoxide and hydrogen consti-

tutes a problem which has already received considerable
attention in the industrial world. Methane, although
thermodynamically unstable at temperatures as low as
550° C., does not thermally decompose rapidly except at very
much higher temperatures (1100-1300° C.). The United
States Bureau of Mines has investigated the thermal de-
composition of natural gas in the presence of incandescent
carbon, in water-gas generators at high temperatures, with
and without the presence of steam (6). With the addition of
steam, this reforming process is satisfactory for the production
of fuel gas, but, for the conversion of methane to carbon
monoxide and hydrogen for synthetic purposes, it is compli-
cated by the appearance of side reactions whose end products
are tarry substances, mixtures of simpler liquid hydrocarbons,
and heavy members of the benzene series.

The reactions by which methane may be converted to
mixtures of carbon monoxide and hydrogen are as follows:

CH, + H,0 —> CO + 3H. (1)
CH; + CO; —> 2CO + 2H: )

Both of these reactions are highly endothermic. By
similar reactions higher hydrocarbons may also be decomposed

lo reaction lemperalure by blasting with an air-gas
flame. Calalysls can be prepared for this purpose
which are quile durable, and will consistently pro-
duce conversions near the calculaled equilibrium val-
ues.

Optimum experimental conditions have been de-
lermined for producing maximum conversions and
minimum conlamination by the products of side re-
aclions in the lemperature range 900° to 1100° C.

to give the same products. A consideration of the thermo-
dynamic properties of the methane reactions shows that, in
the case of methane and steam used in the proportions of
Reaction 1, the process must be carried out at temperatures
at least as high as 900° C. to obtain satisfactory conversions.
The free energy and equilibrium constants for this reaction at
various temperatures, calculated from free-energy data made
available by the work of Eastman (3) and Storch (8) have the
following values:

TR 1,073 1,173 1,273
AF —10,700 —16,722 ' —22,735
Kp 150.5 1.296 X 103 0.794 X 104

An approximate calculation of the concentration of the various
constituents in the equilibrium mixture at 900° C. shows the
methane content of the gas to be somewhere near 1 per cent,
which corresponds to about 96 per cent conversion of the
original gases. Reaction 2 approaches completion more
rapidly than Reaction 1, with increasing temperature; but
again an approximate calculation of the proportions of the
constituents of the equilibrium mixture at 900° C. shows that
the conversions to be expected are of the same order as in
Reaction 1, the conversion of methane in this case being about
98 per cent. Values for the free enmergy and equilibrium
constant calculated for Reaction 2 are as follows:
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R 1,073 1,173 1,273
AF —11,251 —18,112 —24,943
Kp 194.8 2.353 X 103 1.899 X 104

Aliphatic hydrocarbons of higher molecular weight are more
easily and more rapidly decomposed by these reactions than is
methane; but their decomposition is complicated by the in-
creasing ease with which heavier compounds crack to carbon
and hydrogen, a fact which in itself seriously complicates the
problem of recovery of all the carbon, besides rendering such
processes unsuitable for the application of solid catalysts.

The methane-steam reaction has formed the subject of a
number of patents (2, 7). Those processes in which no
catalyst is employed utilize the fact that at very high tempera-
tures methane and steam react on practically any refractory
surface, yielding carbon monoxide and hydrogen together with
more or less free car-
bon. In most of those
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methane and steam, the endothermic hydrolysis of methane
being thus partially counterbalanced by the exothermic
combustion of methane.

The difficulties involved in externally heating large catalytic
units for this process, in which the heat quantity required is
very great owing to the endothermicity of the reactions, make
it quite desirable to effect the heat transfer by internal heating
if possible. With this in view, it was decided to carry out the
present investigation in an apparatus in which the heat of
reaction was supplied to the gases by the catalyst bed, heated
to reaction temperature by direct blasting with a gas-air
mixture. It was found that satisfactory catalysts could be
prepared which were uninjured by this method of heating,
even when the gas was burned in a moderate excess of oxygen
on the catalytic surface. This permitted the development of
a cyclic process for
converting methane,
similar in operation to
the blue-water gas

process.

<

ArpArATUS USED

>+ Transite plate

Figure 1 shows the
apparatus. The work-
ing parts, with the ex-
ception of the satura-
tor which is made of
glass, are constructed
of standard pipe and

heet iron
cylinder

Natural
gas

S Transite plate

pipe fittings. All re-
movable connections
subjected to high tem-

processes which employ Saeiislon,
catalysts, the entire s 1
converter chamber is e - Firing port I8 e
heated externally by f',f"l”"n:"j; e /F®— =
some means, and a o - Air condenser 17
. p - Water condenser A ||

methz'me—steam mix- 1 W
ture is passed through 7 f
in a continuous stream. Ehaust 1" supply

Tischer and Tropsch = 7 ) M
(4) investigated the crf’—zﬁl = :
effect of a large num- o i
ber of catalysts on these : 1
reactions, and their 3 g 37
publication contains % UL
the most complete 8|’ \3%]:‘1‘”
general information  E 2
available on the charac- ¥ &l
teristics of the process. 5 | L. %q £1
Working at tempera- & &
tures between 860°and T ¥
1000° C., they reported
high conversions on
metallic catalysts at Figune 1.

high gas velocities
in a small externally
heated laboratory apparatus, using either carbon dioxide
or steam with methane. Kxperiments in which the gas
mixture was passed over hot coke did not result in such good
conversions. They reported that their best metallic catalysts,
composed of cobalt or nickel, and promoted with aluminum
oxide and carried on a refractory supporting material, were
not seriously injured by the presence of sulfur compounds in
the original gases. They found that the initial conversions
were higher than those obtained after their catalysts had been
in use for some time, but that this loss of activity soon ceased
(ostensibly when the catalysts had become saturated with
sulfur) and was succeeded by an apparenfly constant state
of activity for an indefinite period. They do not report
the presence of free carbon or other products of side reac-
tions.

A detailed report of both small-scale and pilot-plant investi-
gations on the catalytic hydrolysis of methane has been
recently published by Gluud, Klempt, Brodkorb et al. (5).
This work indicates that external firing may be employed, a
satisfactory heat-resistant material for the construction of
the reaction vessel being an alloy containing 20 per cent
nickel, 25 per cent chromium, and 55 per cent iron. The
experiments were, however, mainly concerned with the produc-
tion of a nitrogen-hydrogen mixture by the use of air, steam,
and methane as raw materials. The heat-transfer problem is,
of course, much simpler where some air is mixed with the

AppArAaTUs FOR CoNVERSION OF METHANE TO CAmrBON Mon-
oxIDE AND HYDROGEN

peraturesarelubricated
and made gas-tight
with a paste of pow-
dered graphite and
linseed oil. The only
unit parts deserving
special comment are
the converter and
saturator. The con-
- verter chamber is
shown in detail in Figure 2, and consists essentially of a section
of 4-inch (10.2-cm.) iron pipe, 20.5 inches (52 em.) long, inside
of which an alundum tube of the same length and 3 inches
(7.6 cm.) inside diameter is cemented with a mixture of
kieselguhr and sodium silicate. This refractory lining serves
to protect the iron casing from the influence of gases containing
free oxygen and carbon at high temperatures, which would
otherwise quickly convert it to a quite useless condition,
besides contaminating the catalysts with iron. The entire
converter unit is contained in a sheet-iron cylinder and
insulated with dry packed kieselguhr. It is so constructed
that it is easily separated from the rest of the line by removing
appropriate pipe connections at the ends, thus facilitating
emptying and recharging. A platinum-platinum-rhodium
thermocouple is used to measure the temperature at the top of
the catalyst bed; a compound two-junction couple of the same
material is used for the center and bottom. The junctions of
the top and bottom couples are, respectively, equidistant from
the top and bottom of the catalyst bed.

Water vapor is introduced with methane into the converter
in predetermined ratio by saturation at some definite tempera-
ture. This is accomplished in the saturator system as
follows:

110 volts a. c.

The water in the saturator can be vaporized at any desired
rate by adjustment of the energy consumg:ion of the heating
coil immersed in the water. Gas passing through the saturator
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carries with it water in amounts dependent on the rate of the
forced vaporization, this rate being so adjusted that the quantity
of water introduced is in excess of that required by the experi-
ment. The gas-steam mixture then passes into the condenser
tube, which contains a long roll of tightly rolled copper gauze.
This serves to break up the direction of gas flow, facilitating
condensation of excess water and helping to equalize the final
temperature of the gas. The apparatus is so adjusted that
water vapor continuously condenses throughout the length of
the tube, and, as the gas is always in contact with liquid water,
the mixture leaving the side tube at the top consists of gas satu-
rated with water at the temperature recorded at this point. Ex-
?erxence has shown that this method of saturation, when care-
ully controlled, will yield fairly duplicable results at tempera-
tures as high as 87° C. The actual amount of water intro-
duced was determined, when balance-sheet data were desired
by actual weight measurement; otherwise it was calculated
from the combined oxygen in the carbon monoxide, carbon
dioxide, and unchanged water in the exit gases. This method
of calculation gives values of the steam concentration which are
accurate to =2 per cent.

A complete operating cycle is as follows:

The catalyst is heated to reaction temperature by blasting
with a gas-air mixture, the direction of firing being periodically
reversed by the reversing valve systems f—h—k and g—i—j
until the entire mass is heated to a sufficiently uniform tem-
perature. The gas-air supply is then shut off, and the apparatus
purged of produets of combustion by introducing steam and gas
through an auxiliary saturating system, allowing the reaction
products of this operation to flow to the atmosphere. Con-
nections to the exit meter and gas holder are then opened, and
a gas-steam mixture blown through until the lower thermo-
couple records a temperature too low for the purposes of the
experiment. As the direction of the gas-steam flow is not re-
versed, the temperature at the top and middle of the converter
falls very rapidly, so that the reaction zone at the end of a “make”
period is not more than one-fourth as large as at the beginning.
The heating cycle is then repeated, and so on. Provision is
made to measure the excess water condensed from the exit gases
in the air and water condensers, and the gas formed during the
experiment is subsequently analyzed.

PREPARATION OF CATALYSTS

The catalysts were prepared by evaporating solutions of
metallic nitrates to dryness in contact with sized pieces of
porous highly refractory material. In this manner the pores
of the refractory were filled with the salt, which was then more
or less completely decomposed to the oxide by heating to
250-300° C. for several hours in an electric oven. The
individual pieces of refractory were approximately 3 mesh.
Two liters of such pieces constituted one charge of the con-
verter.

Reduction to the metallic state was accomplished after the
catalyst had been placed in the converter. The method was
simple, consisting merely of burning natural gas in contact
with the catalyst in a supply of air insufficient to produce
carbon dioxide and water, thereby furnishing a reducing
atmosphere. From room temperature to 700° C. the heating
and reduction were effected slowly by careful regulation of the
heating mixture; above 700° C. it was allowed to proceed
more rapidly, the final temperature of reduction being 1050°
to 1150° C. The entire process was usually completed in 4
to 4.5 hours.

The results to be discussed later do not include a study of
the effect of time and temperature of reduction on catalytic
activity, owing to the obvious difficulties involved in such a
series of experiments in which this method of heating 1s
employed.

INDIVIDUAL CATALYSTS. One-half pound (0.23 kg.) of nickel
nitrate (as Ni(NO;):6H:0) was dissolved in a small amount
of water, and the salt deposited on pieces of burned corundite
(a commercial refractory high in Al,O;) by evaporation. Tg-
nition and reduction were accomplished by the method just
described.
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One pound (0.45 kg.) of nickel nitrate on burned corundite.

Two pounds (0.9 kg.; of nickel nitrate on burned corundite.

One pound (0.45 kg.) of cobalt nitrate (as Co(NO;)»6H:0)
on unburned corundite.

One pound (0.45 kg.) of nickel nitrate and 2.6 (1.17 kg.) of
aluminum nitrate (as Al(NO;)s:9H,0) on unburned corundite.
The atomic ratio of nickel to aluminum was 1:2.

Nickel and aluminum nitrates on unburned corundite. The
atomic proportions of nickel to aluminum were 1:1.

One pound (0.45 kg.) of nickel nitrate on unburned corundite.

One pound (0.45 kg.) of nickel nitrate on burned alundum.

EXPERIMENTAL RESULTS

Because the method of supplying heat for the reaction pre-
vented the maintenance of either a constant temperature or a
uniform rate of change of temperature throughout the catalyst,
it was impossible to make a study of the effect of temperature
on the characteristics of the process. For this reason the
same approximate range was selected for all experiments, the
mean temperature in this range being considerably higher than
the minimum acceptable.value of 900° C. This inflexibility
narrowed the scope of the investigation to a study of the most
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favorable experimental conditions for obtaining uniformly
high conversions in the standard temperature range. It was
found that the nature of the reactions involved simplified this
phase of the problem very considerably and permitted the
standardization of experimental conditions, so that the greater
part of the data to be presented represents the best results to
be expected from the various catalysts under the operating
conditions adopted for this work.

The most important feature was the necessity for obtaining
stable catalysts. As previously stated, the best catalysts
were found to be mechanically and chemically sturdy to the
damaging influence of high temperature. Pittsburgh natural
gas was used as raw material throughout the investigation.
Its sulfur content is very low, hence the susceptibility of the
catalysts to the poisoning influertce of sulfur compounds is un-
known. It is very probable, however, in view of Fischer’s
results, that, even when this element is present in relatively
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TasLe I. Errectr oF WATER CONCENTRATION 0N NATURE oF REAcTION PrODUCTS
: NATURAL _ WATER
C TA Clo\hl;"IEAnl:rER TEMPE}‘:‘;’I‘\‘:‘RB GAs VoLUME Exir-G A I G A 5 CONCN' o
Al - N FIN / 8 ., 43 AS ANALYSIS 2 ! 2 B - LN’
Test LysT Center = Out Center Out Inlet® Exit COs: Ha COo CH,y CH;VLET aH:‘AL“mNz D:::Ex:) EMEENG
G e 2.C: O 2k Liters  Liters % % % % % % % % %
19 2 1055 1235 915 1035 B6S7bE =200 A0 sy o Siiog 7 B MR B 80 17.2 1.9 94.0 54
18 2 1115 1115 995 - 1065 56.7b 2256 0.9  69.7 25.0 1.3  80.9 17.2 1.9 95.0 57
20 2 1085 1265 910 1050 5B.7b 122860 2,07 72.1 . 23:0 1.4  80.9 17.2 1.9 94.5 60
30 5 1070 1065 800 820 98.9 363 0.9 70.8 23.3 3.9 80.2 17.6 2.2 85.7 .53
81 5. 1070 = 71070 = 735 910 Bl 314 oty ot 0f 23 1 =80 2 17.6 2.2 :
29 5 1025 1070 750 910 68:9 =t 273 0Eg s R0 16 H 2012 3T NEg D 17.6 2.2 g?.g gg
46 8 1135 1020 805 8755 101178 (405801 0% 71,6 402317 1574518350 14.9 152 93.3 56
47 8 1130 945 800 830 Q185 351 8510 ity 8y 1878 + 3,2 4830 14.9 1.2 87.3 69

4 The values for inlet-gas volumes in this and the following tables do not include steam volumes.

b Gas volumes not corrected to standard conditions.

large quantities in the reactant gases, it will be largely con-
verted to hydrogen sulfide and pass into the exit gases without
seriously injuring the catalysts.

In considering the properties of the reaction

CH, -+ H,0 —> CO -+ 3H,

it Is at once evident at any given pressure that, exclusive of
the possibility of changing the velocities of side reactions, an
excess of water in the reactants favors an increase in the frac-
tion of methane converted. In fact, it has been stated in the
patent literature (2, 7) that, under the combined influences of
excess water and reduced pressure, the quantity of methane
in the exit gases can be reduced to a very low figure. Ac-
cordingly, a series of tests was made at atmospheric pressure
in which the concentration of water vapor was varied over
rather wide limits. The results are presented in Table I.
The gas analyses as recorded were made with a Bureau of
Mines type of Orsat gas-analysis apparatus (1), and all gas
volumes were corrected for water vapor and reduced to
standard conditions except where otherwise specified. These
tests were made under similar experimental conditions (expect
for variation of the water concentration) with catalysts which
were highly active under favorable conditions. Three differ-
ent types of catalysts were used, all of which show that an
increase in the steam concentration causes a shift in the reac-
tion which results in the formation of increasing quantities of
carbon dioxide without increasing the fraction of methane
converted. The results with any given catalyst agree fairly
well among themselves as to the order of magnitude of this

oxide may be formed shows that in the presence of an excess of
water vapor two consecutive reactions may occur in the
following order:

CH, + H.0 —>- CO +- 3H, (1)
CO + H.0 —>- CO. + H, 3)

The relative velocities of these two reactions in the hot zone,
as well as the shift in the equilibrium of Reaction 3 upon pass-
ing through the temperature gradient at the exit of the reac-
tion vessel, are important factors in determining the amount
of carbon dioxide present. The most favorable conditions for
the hydrolysis of methane to carbon monoxide and hydrogen
are, however, obtained when the composition of the reactant
mixture is that required by Reaction 1.

The decreased conversion of hydrocarbons observed in
those tests in which the water concentration in the reactants
was high may be due to a decreased time of contact. For.
example, in tests 46 and 47 the rate of input of natural gas
was very nearly the same in both cases, but in test 46 the
steam concentration was 56 per cent, and in test 47 it was 69
per cent. This means that in the latter case the total space
velocity of the reactants (steam plus gas) was about 1.4 times
greater; or the time of contact in test 46 was about 40 per cent
longer. '

The results of representative tests on several catalysts
are presented in Table II.

A brief survey of these data discloses the fact that catalysts
prepared from nickel nitrate and a refractory supporting
material gave the most consistently high conversions. For

effect. The tests in which this relationship is shown to the example, catalysts 1, 2, 3, 7, and 8, used respectively in tests
Tasre II. ConvERsION oF NATURAL GAS-STEAM MIXTURES
(Comparative tests on catalysts)
SpacE  Natu-

VE- RAL WATER

rocrry  Gas CoNcN.
CONYVERTER TEMPERATURE OF De- IN

CaTa- INITIAL FINAL Gas VoLuME Ex1T-GAs ANALYSIS INLET-GAS ANALYSIS INLET com- INLET
Test Lyst Center Out Center Out Inlet Exit CO: H: COo Hy CHq s 2 Gas® ppsep Gas
2:C% =0, 20! o:C.: Liters Liters % % % % % % Yo % %
8 1 1145 o 960 54 * 70.8b 202.06 2.5 Al 22.0 4.3 e Seety e 362 88.0 %
18 2 1115 1115 995 1065 56.7b 225.3b 0.9 69.7 25.0 1.3 80.9 17.2 129 400 95.0 57
19 2 1055 1235 915 1035 56.7b 219.5% 0.8 71.2 23.7 1.5 80.9 17.2 1.9 488 94.0 b4
37 3 1140 1100 1005 1045 868 3114 2.6 68.7 26.1 0.8 80.9 1752 1.9 301 97.1 60
22 4 1080 1230 955 980 147.8 474 1.9 63.8 21.3 9.7 80.9 17.2 1.9 248 69.0 58
24 4 1190 1160 960 980 49.8 113.9 1.6 48.7 15.7 30.1 80.9 1722 1.9 284 31.3 53
27 5 1060 1030 810 910 124.6 486 2.4 67.4 21.0 3.0 80.2 17.6 2.2 197 88.4 58
31 5 1070 1070 735 910 81.6 314 2.4 72.0 21.7 3.1 80.2 17.6 2.2 262 88.2 58
33 5 1075 1080 745 920 73.6 279.5 1.8 69.7 21.2 5:1 80.2 17.6 2.2 333 80.8 55
B8 N=T 1100 1115 780 975 710 2888 1.4 70.9 23.9 1.4 85.7 13.0 1.3 425 94.3 57
43 8 1075 1035 740 830 398 1831 1.2 7.1 23.5 2.2 88.4 10.8 0.8 396 91.0 57

a Space velocity = ratio of volume of reactants passed through converter per hour to volume ocoupied by catalyst.

- b Gas volumes not corrected to standard conditions.

best advantage are 46 and 47, in which it was possible to make
very satisfactory balance sheets. In test 46 the volumetric
relations of natural gas to steam were 1:1.27, and in test 47
they were 1:2.2. The data from these tests show that an
increase in the partial pressure of water in the reactants is
followed by an increase in the carbon dioxide content of the
products. At the same time there is an apparent decrease
of the total methane converted under these conditions. A
consideration of the possible reactions by which carbon di-

8, 19, 37, 38, and 43, were prepared from nickel nitrate and
corundite or alundum, and produced high conversions not far
below the calculated equilibrium values. Practically no free
carbon appeared in the reaction products. It should also be
pointed out that the proportions of nickel to refractory were
varied quite considerably in this series of preparations which
would permit the preparation of large quantities of satisfac-
tory catalyst more cheaply than apparently is indicated by
the proportions in most of those used in this investigation.
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It is shown later that these catalysts are also quite durable.
The activities of the members of this particular series were not
at all affected by the differences in the chemical constitution
of the supporting materials used. The explanation of this
experimental fact was found by an examination of their
physical state after more or less extended use. The individual
particles had suffered no disintegration from being subjected
to high temperatures; and the surface of each was found to be
completely covered with a shining layer of metallic nickel.
This metallic film adhered to the refractory so tenaciously as
to leave the impression that it had been placed there by
fusion. The characteristics of this metallic film indicate that
in such catalysts the active surface is composed of metallic
nickel, and that any promoter effect of the carrier is only of
secondary importance, if of any importance at all. It is
undoubtedly true that these catalysts owe their physical
stability largely to the properties of the supporting material
but it is also evident that this effect is to be attributed to the
ability of the carrier to withstand distintegration at high
temperature.
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Cobalt catalysts (tests 22 and 24) were entirely unsatis-
factory in every respect.

Two catalysts of the type found most satisfactory were sub-
jected to durability tests, the results of which are presented in
Table III.

Tests 38, 39, and 40 were made with a nickel-corundite
catalyst over a period of several weeks. During the time
interval between tests the catalyst was not in any way
protected from oxidation by air at ordinary temperatures.
These tests show that within the limits of error of the experi-
ments there was no loss of activity. Tests 42, 43, and 46 were
conducted in a similar manner with a nickel-alundum catalyst,
which also completely retained its initial activity.

Little attention was devoted to the decomposition of
methane by the reaction:

CH, + CO,—>2CO + 2H,

It has already been shown that this reaction would be ex-
pected to proceed to approximately the same extent at
temperatures between 800° and 1000° C. as the steam reaction.

Tasre III. ConveRsioN oF NATURAL GAs-StEAM MIXTURES
(Durability tests on catalysts)

CONVERTER TEMPERATURE

Space NATU-
VEe- RAL WATER
rociry Gas Conen.
or De- IN

Cara- INITIAL FINAL Gas VoLuMe Ex1T-GAs ANALYSIS INLET-GAS ANALYSIS INLET com- INLET

Test 1ryst Center Out Center Out Inlet Exit CO2 Ha CH; CH: Hs N: Gas  rosep Gas
2 Cs 20t 20820, Liters  Liters % % %% % % % % % %
38 7 1100 1115 780 975 710 2888 1.4 70.9 23.9 1.4 85.7 13.0 1.3 425 94.3 57
39 7 1085 1100 745 925 603 2428 1.3 71.8 24,1 2.0 85.7 13.0 1.3 421 92.0 57
40 7 1130 1085 775 880 486 2023 0.9 68.6 24.5 1.8 85.7 13.0 1.3 406 92.6 . 57
41 8 1070 1015 765 865 502 2060 1.4 70.0 23.6 2.9 88.4 10.8 0.8 397 88.1 57
42 8 1090 1070 765 850 463 1960 1.2 71.8 23.2 2.3 88.4 10.8 0.8 409 90.5 57
43 8 1075 1035 740 830 398 1631 1.2 71.1 23.5 2:2 88.4 10.8 0.8 398 91.0 57
46 8 1135 1020 805 875 101.7 405 1.6 71.6 23.7 157 83.9 14.9 1.2 453 93.3 56

Catalysts prepared from nickel and aluminum nitrates were
not sufficiently stable to be of value. The results of tests 27,
31, and 33 plainly show this fact. A catalyst, similar to the
one used in these three tests but containing a larger proportion
of nickel, was highly active at first, comparing favorably with
nickel catalysts; but its loss of activity was so rapid and com-
plete that no results are recorded. When the reduced nickel-
alumina catalysts were examined, the surface of each particle
of refractory was found to be covered with an easily removable
gray film of finely divided material. It seems probable that
the rapidity with which these contact materials lost their
activity may have been largely due to the ease with which
the active nickel, or mixture of nickel and aluminum oxide,
may have been removed from the refractory surface by
the mechanical action of gases passing over it at high ve-
locity.

TasLe 1V. ConvensioN oF NATURAL Gas-Carson DioXipe
MIXTURES
TEsT
44 45 43
Catalyst 8 8 8
Converter temperature, ° C.:
Initial:
Center 1090 1105 1075
Out 1045 1035 1035
Final:
Center 785 790 740
Out 815 860 830
Inlet-gas volume, liters 463 506 398
Exit-gas volume, liters 1880 2082 1631
Exit-gas analysis:
CO: 3.8 3.5 1.2
H= 45.8 46.0 71.1
CO 45.3 46.9 23.5
CHy 3.5 252 2.2
Inlet-gas analysis: >
CH? 7 88.4 88.4 88.4
C:Hg 10.8 10.8 10.8
N: 0.8 0.8 0.8
Space velocity, inlet gas 377 382 396
Natural gas decomposed, % 85.8 90.9 91.0
CO: in inlet gas, % 52 52 :

H:O in inlet gas, % 5 i 57

Two tests were made, however, in which carbon dioxide was
substituted for steam, and the results are presented in Table
IV. A steam-gas test is included for comparison.

- These data need no discussion, as they merely substantiate
the conclusion drawn from theoretical considerations.
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Experiments with a heat-treated copper-beryllium alloy
containing about 2 per cent beryllium show that it compares
favorably with good steel in tensile strength and hardness. It is
said to possess high electrical conductivity, good casting qualities,
and sonority. It is also reported to be satisfactory as to elas-
ticity, resistance to fatigue, and non-corrosive properties. The
development of this alloy follows several years’ effort to produce
beryllium commercially. The cost in the past two years has
been reduced from $150 to $50 a pound.
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BeLT CONVEYOR FOR SALT

‘-‘ /I OVING materials from where they are to where

FiGure 1.

they are wanted, or straight-line production, has

been well developed in industry. Ideas and arrange-
ments of conveyors in one industry have been adapted to
problems in another industry, until today there is standard-
ized equipment for nearly every job.

In the industrial plant where chemicals are handled, or
in the chemical-preparation plant, there are many types
of conveyors used to handle materials. Kach type of the
most popular conveyors and its function and application to
the plant are subsequently described.

Berr CONVEYORS

The belt conveyor is especially well suited to the convey-
ing of large quantities of bulk materials, such as sand, coal,
ores, clay, and vari-
ous chemicals. This
type of conveyor
operates at a low cost
per ton, owing to its
small power-con-
sumption, and to the
relatively large ca-
pacity that results
from the continuous
delivery of material
ataspecificheltspeed.

The principal ele-
ments of this type of
conveyor are the con-
veying belt covered
with rubber or other
material, the
troughed multiroll
idlers over which the
belt moves on the
carrying run, the
straight rolls over
which the belt returns

=
T

Ficure 2. Bert CONVEYOR FOR WooD CHIPS
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Mechanical Handling
in the
Chemical Industry

E. J. BurNELL

Link-Belt Company, Chicago, Ill.

on the bottom run, the end pulleys, and the driving ma-
chinery. Belt conveyors are installed horizbntally or at
inclinations up to 20° or both horizontally and inclined;
but it should be borne in mind that steep inclines are to be
avoided, or the material will roll back and the belt carrying
capacity be reduced. When the material must be elevated
to a considerable height, the belt conveyor may be out of
the question, because of insufficient space within which to
make the grade.

The conveying belt may be from 12 to 60 inches wide,
may operate at speeds up to 600 feet per minute (or faster),
and may have its carrying-run supporting idlers spaced
from 3 to 5 feet apart, depending upon the capacity required,
the size of the lumps, and the weight of the material per
cubic foot. The return idlers may be from 9 to 10 feet
apart.

Today’s idler is equipped with tapered roller bearings and
with grease-seal reservoirs that need recharging only at
very infrequent intervals by a grease gun. Attention neces-
sary for maintenance is reduced to a minimum. Accurately
made, well-balanced, well-lubricated, free-turning rolls re-
sult in long life of the equipment. Grease seals are impor-
tant to keep the grease
in the reservoir and
to exclude dirt and
grit from the moving
parts.

The belt-conveyor
installation at plant of
a rock-salt company,
illustrated in Figure 1,
shows a reciprocation
feeder in the back-
ground delivering to a
belt conveyor, 30
inches wide, running
upward at a 20° angle.
The idlers for this con-
veyor are granitized to _
prevent the salt from
sticking o them.

The belt conveyor,
36 inches wide, shown
in Figure 2, runs over
the digester bins at
the plant of a pulp
and lumber com-
pany. This convey-
ing unit distributes
the wood chips to the
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digester bins. The chips are carefully screened
before discharging to the belt-conveyor system,
but this operation does not entirely remove all
the sawdust; the remaining sawdust has a tend-
ency to cling to the conveyor belt, and since it is
desirable to remove all the sawdust from the
chips before passing them on to the digester, it
was necessary to provide a special belt-cleaning
and collecting unit, mounted on the reversible
traveling tripper. This outfit consists of a
specia. cleaning brush and collecting screw con-
veyor, placed directly below the discharge pulley
of the tripper. The screw conveyor collects and
conveys the sawdust transversely to collecting
hoppers.

There are additional uses for belt conveyors
in handling of chemicals—for example, glass
cullet or sand, lime, cement, or any bulk ma-
terial.

ScrEw CONVEYOR

The screw conveyor is used to excellent
advantage in the conveying of small-sized ma-

FIGURE 4. DEWATERING ScREW CONVEYOR

terial in bulk, such as cement, grain, chemicals,
sugar, or similar materials.

Screw conveyors are low in first cost, being
exceedingly simple in construction and requir-
ing very little head room. In fact, the screw
conveyor can often be placed in close quarters
where other forms of conveyors will not work
efficiently. The conveying medium consists
of a spiral mounted on a central shaft or
pipe, and serves to push the material ahead in
an all-steel or wooden steel-lined trough in
which the spiral is rotated by suitable driving

machinery. From the top of the conveyor .

trough the ends of the 8-, 10-, or 12-foot sec-
tions of standard screw conveyor are supported
at intermediate points by means of hanger
bearings.

The diameter of the conveyor or spiral may
be as small as 3 inches and as large as 24
inches. The material is discharged either over
the end of the conveying trough, or through
gates fitted in the trough bottom where desired.

Sometimes there are several discharge open-
ings with no gates, with the result that the
material discharges through the first opening
until the height of the pile reaches and closes
the opening. The discharge will then be
through the next opening in the trough, and so
on, until the storage is full.

Screw conveyors are used for moving materials
horizontally or at inclines not exceeding about
10°. As a rule, their use is confined to the
lighter classes of service. When employed for
conveying abrasive materials tending to cause
rapid wear, the screw and trough should be
constructed of cast iron, manganese steel, or
heat-treated steel.

The screw conveyor is frequently used in sand
and gravel washing plants as a dewatering de-
vice. The screw has a scrubbing action on the
sand and keeps the loam and other foreign ma-
terial in suspension, to be carried away in the
overflow. Thus clean sand is secured for use
where the specifications and inspections are rigid.

Ficure 5. DisTRIBUTING ScrEw ConvEYOR FOR RED LEAD
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An example of this
type of installation is
shown in Figure 3.
Four of these screws,
12 inches in diameter
and 24 feet long, are
shown in action de-
watering sand. An-
otherinstallation of
these screws, showing
their construction, is
illustrated in Figure 4.
These are typical ex-
amples of this use for
SCrew Conveyors.

In paint plants the
screw conveyor has
proven very satisfac-
tory for handling batch
material. Figure 5
shows a distnibuting
conveyor, 6 inches in
diameter, in a dust-
sealed trough with
special dust-tight dis-
charge chutes, han-
dling red lead from the
elevator to the storage
bins over the furnaces.

At the plant of a
rubber company a screw conveyor is used for
handling shredded rubber, and Figure 6 pictures
how this is arranged to take care of a long storage
pile. A serew conveyor drive with overhead motor
mounting on a 9-inch helicoid conveyor is used for
distributing the shredded rubber over drying racks.
The special type of positive drive for this con-
veyor gives a positive, continuous flow of material
at a predetermined speed. The elevator drive is
shown in the background. ’

Screw conveyors are often used in special ways
for mixing and agitating materials. Figure 7
shows the slurry agitator tank used at a cement
plant; the insert pictures the ribbon screw con-
veyor used in the tank. Many similar installa-
tions are made in the chemical industry. Short
sections are often used for stirring, suci; as on a
cement mixer used in preparing mix for a concrete-
block plant.

There are many applications of this type
of conveyor that are in use, not only in the
chemical industries, but in many varied in-
dustries. Cottonseed-oil mills and cotton gins
are among the important users of this type of
CONVEYOT.

LeFr: FiGure 6. Screw CONVEYOR FOR
SHREDDED RUBBER

CenteEr: Ficure7. Rison Screw CONVEYOR
N CEMENT PLANT

Lower: Ficure 8. AprroN CONVEYOR FOR
LimMeEsTONE

AprroN CONVEYORS

Apron conveyors
for handling bulk
materials, such as
coal, sand, crushed
stone, ores, and other
heavy materials used
in production, are
usually constructed
with two strands of
roller chain traveling
on suitable tracks
on both the top and
bottom runs. Over-
lapping steel pans
tie the two chains
together and serve
as the apron on
which the materials
are conveyed. Sta-
tionary retaining
sides, or skirt boards,
are used to permit
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Rigar: Figure 9. Fricar CONVEYORS FOR
Hor Rerinery Coke
CenTER: FiGure 10. Drac CONVEYOR AND
ELeEvATOR FOR O1L DrRUMS
Lower: Ficure 11. TrorLLey CONVEYOR FOR
TirEes

a greater depth of material
to be carried.

Apron conveyors may be
installed either horizontally,
or at inclines up to about
25°. Owing to their sub-
stantial steel construction,
the pans withstand the shock
of dumping heavy masses
of material upon them. As
the conveyor operates at a
slow speed, usually from 10
to 100 feet per minute, the
maintenance cost is low.

The metal-mining field
especially requires a heavy
and very rugged and differ-
ent type of apron feeder,
as lumps up to 6 feet in
dimension and weighing a
ton or more are sometimes
dropped in the pans from
considerable height. To
meet such conditions, the

AND ENGINEERING CHEMISTRY

pans, chains, supporting
rollers, and sprocket wheels,
are all made of manganese
steel and are of very rugged
design.

The chains which operate
this type of feeder are con-
structed so that they cannot
articulate, bend, or sag be-
low horizontal chain centers
of the material-carrying run,
but are free to flex in the
opposite direction and bend
around sprockets. The
top-carrying run is the
non-sagging portion of the
feeder, and is the feature of
this type of feeder.

One of the many typical
examples of an apron-feeder
installation is depicted in
Figure 8. This steel apron
feeder or conveyor, with
width of 36 inches and pitch
of 12 inches, handles lime-
stone from the primary to the secondary
crusher.

FrigaT CONVEYORS

The flight or pusher type of conveyor was de-
veloped as a means of distributing non-abrasive
materials horizontally, or elevating up to ap-
proximately 45°. The material is received in
a trough, pushed along by flights attached to the
chain at intervals, and usually discharged
through openings in the bottom of the trough,
being provided with gates to be opened or closed
as the conditions require. In the early days
the flight conveyor was made only with one
strand of chain, the flight being fastened to it
centrally, and was usually made of malleable
iron with a thickened scraping edge, as well as
with wearing pads for sliding the flights on steel
tracks on the bottom run. In the flight con-
veyor the bottom run usually does the convey-
ing. :

The need for greater capacity was met by
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providing two strands of chain attached to the ends of the
flights. A further improvement is the use of rollers suspend-
ing the chains and flights, instead of permitting the latter
to drag on the bottom of the trough; the use of double
strands of chain with rollers at the articulation points to carry
the chains and flights is also an improvement.

The flight conveyor is not expensive in first cost, but
should be avoided for handling abrasive materials, such as
sand, etc., as the sliding or scraping action rapidly wears
the trough lining. The conveyor operates at speeds up to
150 feet per minute, and is suitable for either lumpy or small
materials.

F1cure 12. ELEVATOR CONVEYOR FOR SALT

The flight conveyors shown in Figure 9 are typical exam-
ples of the use of this particular conveying medium. It
shows one of three batteries, of two flight conveyors each,
for handling hot refinery coke from the stills to the quench-
ing cars at the plant of an oil company. There are many
other examples of this inexpensive but effective conveyor
for handling lumpy chemicals, fertilizer-plant materials (such
as charred bone), and even coal for the power house of the
manufacturing plant.

Drac CONVEYORS

Drag-chain conveyors are nothing more than two or more
strands of chain of suitable type, sliding in a trough and
carrying the material or package along. Such conveyors
are used a great deal for conveying sawdust and similar
materials.

The cast-steel drag chain is often used in conveying hot
or cold cement clinker, a very abrasive product. This type
of chain has broad wearing surfaces on the upper and lower
sides. When worn on one side, the chain’s usefulness can
be renewed by turning it over in the trough and using the
other side. The head of each link acts as a pusher for con-
veying the materials. Drag-chain conveyors should be
operated slowly to keep the wear to a minimum.

Another type of drag conveyor is that using rollers to take
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the load from the chain links themselves, when being dragged
through a trough. An example of this type of conveyor is
depicted in Figure 10, showing the metal drums being con-
veyed in the plant of an eastern oil company.
Promal is especially suitable for conveyor use. A de-
seription of this chain occurs in a later paragraph.

OVERHEAD TROLLEY CONVEYORS

The overhead trolley conveyor saves floor space, makes
ceilings or roof trusses pay dividends, and travels irregular
paths as conditions may demand. This type of conveyor
often turns obsolete plant layouts into straight-line methods
without costly rebuilding. Its main features, besides flexi-
bility, are low power consumption, initial cost, and mainte-
nance. ;

A typical example of this type of conveyor (Figure 11)
is the two-plane trolley conveyor for handling cured tires
from the factory building to the warehouse of a tire and
rubber company. This company uses this type of conveyor
for handling parts and material going into the manufacture -
of tubes. Foundries use trolley conveyors for handling cores
from maker through the ovens to the molder.

CHAINS AND BUCKET ELEVATORS

The centrifugal-discharge bucket elevator usually con-
sists of malleable iron buckets spaced at intervals on a strand
of chain, and operates at a speed of 200 to 300 feet per minute.
The material is delivered into a boot, from which it is scooped
up by the buckets, elevated, and discharged or thrown by
centrifugal force, while passing over the head sprocket, into
a chute usually leading to a bin or distributing conveyor.
Although one of the earliest types, it is still an ideal bucket
elevator for nominal capacity, for handling material that
does not have very big lumps, and where operation is inter-
mittent.

The perfect-discharge bucket elevator uses two strands of
chain and has its bucket attached thereto at intervals. This
type operates more slowly than the centrifugal type and has
a pair of idler sprockets on the return side just below the
head wheels to deflect the chains and completely invert
the buckets, thereby effecting a perfect discharge. Be-
cause of the slower pick-up and discharge, the perfect-dis-
charge elevator results in less breakage of friable lumps in
the material elevated. When used on an incline, the deflec-
tor sprocket may be omitted.

The continuous-bucket elevator is made with steel buckets
fastened continuously and very close together on one or
two strands of chain or on a rubber or canvas belt. The
flanged front of each bucket forms a chute for the discharge
from the succeeding bucket, thus effecting a clean discharge
at slow speed. This slow speed, with the use of a loading
leg, permits the feeding of the material directly into the
buckets, avoiding the wear and strain of digging through
an accumulation of crushed stone, ore, or other material
of a bulky or gritty nature in an elevator boot, thus reducing
breakage of the material elevated and prolonging the ele-
vator’s life.

The bucket speed is usually about 100 to 150 feet per
minute. The continuous-bucket elevator has a greater first
cost than either of the others, but it has a greater capacity
at a slower speed. More buckets are required than with
the two former types, and the chain and driving machinery
must be heavier to carry the greater load and to handle the
same quantity in a given time. The continuous bucket-
elevator was developed to fill the need for a better elevating
unit than the centrifugal-discharge type, and is used in
quarries or other places where a volume of heavy materials
must be handled.
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A typical elevator installation is shown in Figure 12;
the 10 X 6 inch monel-metal buckets on a belt elevator
are used for handling salt at a western salt plant.

Promal chain, which is especially suitable for conveyor
use, was developed by the Link-Belt Company of Indian-
apolis and for the past four years has proved a very superior
metal for chains. Promal is a specially processed malleable
iron, the process employed transforming it into a material
of radically different microstructure and physical properties.
This metal has many excellent characteristics which make
it extremely satisfactory for use where cast chains are used
on conveyors, or elevators where abrasive materials are
contacted. Cement mills, fertilizer plants, chemical plants,
sand and gravel plants, and coal mines, as well as pulp and
paper mills, have been the proving ground for chains made
of Promal. Everyone of them has obtained from one and
a half to five times the wear from Promal chains that they
have from chains made from the best available iron,

Some of the physical properties of this metal are:
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Yield point, 1bs./sq. in.

Ultimate strength, lbs./sq. in. 70,000
Fatigue strength, lbs./sq. in. 33,000
Elongation, % in 2 inches 10 to 14

Modulus of elasticity 26,000,000
Coefficient of thermal expansion, inch 0.0000109
Specific gravit; 7.35

170 to 190

Average Brinell hardness

CONCLUSION

While only touching upon the wide field of application and
citing few specific examples of installations in the chemical
industry, some idea is given of the extent to which mechani-
cal handling enters into the expediting of deliveries, enlarging
handling capacities, and reducing production costs.

Good engineering must extend to every detail of a convey-
ing system, and must especially consider the nature and size
of the material to be handled, whether it is sticky or abrasive,
and the manner in which the material is to be fed to and
discharged from the system.

Recervep August 11, 1931,

Power and Fuel Gas from Distillery Wastes

C. S. Borurr AnD A. M. BusweLy, Stale Waler Survey, Urbana, Il

ISTILLERY wastes in
the main always have
been a liability. Meth-

ods of salvaging them for
use as stock food or fertilizer
base have been investigated
and some are used by dis-
tilleries today. Methods of re-
covering the organic acids and
glycerol have also been studied.
The use of this material as a
binder for fuels and for other
purposes (9) has also been
proposed. None of these pro-
cedures, however, has netted a
substantial profit.

The sanitary disposal of beer-slop wastes is a serious
problem. Usually they are about 20 times as heavy as
normal sewage and contain a very high percentage of organic
matter. The literature indicates that treatment plants
handling sewage which contains a moderate amount of this
waste will operate with difficulty (6).

Danok (8) suggested a pure culture method of decompos-
ing such wastes. He states that the success of his method
depends on the use of a sterile waste and a pure culture of
specific bacteria. A British patent (1) outlines a process
for the aerobic or anaerobic decomposition of such wastes
by the addition of “betaine-destroying organisms.” Neave
and Buswell (7), in 1928, reported studies on the anaerobic
stabilization of slops from an alcohol plant. In their batch
experiments they found that slop diluted 1 to 4 still inhibited
bacterial growth, but that when it was diluted 1 to 9 with
sewage and inoculated with sewage sludge it fermented
smoothly at 77-81° F. (25-27° C.), with the formation
of carbon dioxide and methane, but with the destruction
of only 55 to 65 per cent of the solids in 73 days.

Hatfield (4), after studying the rate of settling and gasifi-
cation of Commercial Solvent beer-slop waste, reported
that when diluted with 6 to 13 parts of sewage the solids
were easily settled out. He found that the sludge was
readily digested with sewage solids and that it produced

sewers.

HOT DISTILLERY wasles conlaining 3 to
4 per cent solids and 0.2 per cenl organic acids
may be fermented thermophilically {o produce
fuel gas (a mizture of methane and carbon di-
ozide) at very low cost.
volume of 1,500,000 gallons of this waste, 3,600,-
000 cubic feel of gas could be produced. A
gasification of 58 to 72 per cent of the organic
matler is accomplished in 2 lo 6 days.

A stable inoffensive sludge (residue) is formed,
as well as a liquor thal can safely be drawn lo

the same quality and quantity
of gas as the organic matter from
sewage.

The settling of beer-slop waste
with sewage, however, removes
only about 30 per cent of the
total waste load, leaving the rest
to be handled by activated sludge
or trickling filter units. The
supernatant liquor from a set-
tling tank being treated with 1
volume of beer-slop to every 9
volumes of average sewage would
still be 2 to 3 times as strong
as average settled sewage.
This would place an excessive
load on the activated sludge or trickling filter units. “The
cost of treating such a strong waste,” Hatfield says, “makes
its recovery as a by-product within the industry necessary
and advisable.” At the time of Hatfield’s studies the Com-
mercial Solvent Corporation was fermenting corn mash.
The residue from this fermentation (1,250,000 gallons a day)
had a total solids content of 11,196 p. p. m. Hatfield calcu-
lated the population equivalent of these wastes to be about
800,000. Since that time the Commercial Solvents Corpora-
tion has used rye and the solids content of its waste has
been materially increased.

From an average daily

Gas Y1eLps FRoM FERMENTED WASTES

On the basis of related studies (2) by the writers, it was
thought advisable to see what gas yields could be obtained
by the fermentation of the undiluted Commercial Solvent
waste. As the temperature of the raw waste ran from
194° to 203° F. (90° to 95° C.), it was decided to try a thermo-
philic digestion. Such fermentations have long been recog-
nized as much more rapid than those conducted at ordi-
nary mesophilic temperatures. Table I gives an analysis
of the waste used in this investigation. About half the
solids were found to be filterable. This waste is much
heavier than that used in the mesophilic studies by Neave
and Buswell (7) and by Hatfield (4).
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Anaerobic fermentation tanks (1 to 2 gallon capacity)
were constructed with tubes for feeding and withdrawing
liquor, residue, and gas. The gas was collected in gasome-
ters and analyzed frequently. These fermentation tanks
were started by adding liquor and sludge from a thermo-
philic tank in which an active culture of gasifiers had been
developed. All tanks were operated at 127° I. (53° C.).
The fermentation tanks, after they were well started, were
fed at different rates. For example, one tank was fed at
the rate of one-half its volume of waste per day (tank volume
= twice the volume of waste), and another at the rate of
one-third its volume of waste per day (tank volume = 3
times volume of waste). These experiments extended over
seven months. The first three months were devoted to a
determination of the rate at. which the sour slop liquor
could be fed to the fermentation vessels without inhibiting
the bacterial action. The data submitted were obtained
from a subsequent uninterrupted 4-month run.

TasLe I. Awarnysis or Cowvercian SonveExt BEeer-Srop
WasTE
g‘ ............................................... 4.5-5.3
oAl B0 lida D D I e e e e 28,000-40,000
Volatileimatterip: Dt Gt s 26,000-36,000
Volatile acids (as acetic), p. p. m 1,800-2, 400
Ammonia nitrogen, p. p. M.......00en.n. 14-88

Total nitrogen, p. p. m.
, 5-day, p. p. m..
Oxygen consumed p. D.

1,400-1,900
17,000
10,000-20,000

Tem?erature of waste as drawn, ° F 194-203
Total solids:
AR S AR e S s e 10
Protein: (Org N EA0,28) ) e e e e 32
Fats and oils, Z ................................... 8
Total oatboby rates (less cellulose) as glucose, %...... 21
Undetermined (crude fiber, etc.), % . ..ovveviveninnn.n 29
Figure 1 and Table IT summarize the gas data. By feed-

ing slops at the rate of 1 volume a day to a tank of twice
this volume, 14 volumes of gas per volume of slop, in other
words, 7 volumes of gas per unit of tank volume, can be
obtained daily. If, on the other hand, the tank has a 4-
volume capacity, giving the waste a longer detention period,
16.8 volumes of gas may be recovered each day from 1 volume
of waste fed. If the same volume of waste is fed each day
to a tank 6 times this volume, giving the waste a detention
period of 6 days, 18 volumes of gas, or 3 times the fermen-
tation tank volume per day, can be recovered. The gas

- recoveries for the different tank volume to waste volume
ratios are given in Table II.

Tasre II. Gas Propuction DATA Anp RELATED CALCULATIONS
YiELD
oF Gas INTEREST,b
(Volumes AMORTIZA-
per TION AND
Tank REPATR
Volume CHARGES PER
TANK er ANALYsIS OF Gas® 1000 cu. CHARACTER OF
Vorume Day) CHd CO: B.t.u. rr.Gas REsIDUAL WASTE
Times
volume
of waste % % Cents
2 7.0 55 43 550 2.34 Sludge fairly stable;
overflow liquor
unstablec
5.2 =5 {5y i 3.15 Liquor unstabled
4 4.2 58 40 580 3.90 Liquor unstablee
3.0 58 40 580 5.46 Liquor fairly stable,

but contains only
10 per cent of
original  solids;/
sludge stable

@ Contains 0.1 to 0.5 per cent H: and 1 to 3 per cent Na.

b Figured at 12 per cent on the investment.

¢ Organio matter gasified = 589 total added.

d Organio matter gasified = 63%, total added.

¢ Organio matter gasified = 679% total added.
J Organic matter gasified = 729, total added.

Heukelekian and Rudolfs (5) reported that they can feed
thermophilic sewage digestion tanks at a rate as high as
77 pounds of volatile matter per day per 1000 cubic feet
of tank capacity (23.5 grams per day per 19-liter tank).
From this digestion they were able to recover 1.2 volumes
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of gas per tank volume per day (Table 11I). This has been
considered a very rapid digestion. The writers have been
able to feed 930 pounds of volatile matter per day per 1000
cubic feet of tank capacity and to recover 7 volumes of gas
per unit of tank volume per day. With the lower rate of

s
|

5
I
.

o

VOLUMES OF GAS PER DAY PER VOLUME WASTE FED PER DAY
T T
—_—

Yt A St R C R
VOLUME OF FERMENTATION TANK
OR DETENTION TME (ars)
Ficure 1. ProbucrioN oF FueL Gas
FrROM BEER-SLop WaAsTE. Based on
continuous feeding experiments.

feeding, whereby the waste is more thoroughly stabilized,
an average of 3 volumes of gas per unit of tank volume
can be recovered.

ComPARATIVE RATES oF THERMOPHILIC DIGESTION
oF Fresu SEwWAGE SoLips AND BEERrR-SLop WASTE
RATE oF FEEDING

(Volatile Matter per
1000 cu. ft. Tank

VoLuMEes oF Gas
RECOVERED PER TANK

MATERIAL Volume per Day) VoLuME PER Day
Lbs.
Sewage solids (5) 77 122
Beer-slop waste {g?g {; 8

The gas from a tank having a volume twice that of the
waste fed each day contains 55 per cent methane and hence
has a B. t. u. of 550, which is about the same as that of
coal gas (Table II). The gases from the fermentations
carried out in larger tanks (4 to 6 times the volume of waste)
contain a little higher percentage of methane (58). This
difference in methane content is due to the fact that the
volatile organic acids, which tend to remain high in a tank
that is being fed at a high rate, are decomposed if held longer
in the digestion tank. These acids give a higher ratio of
CH; to CO. (8).

Gas Propuction CosTts

On the basis of 50 cents a cubic foot, a 1000-cubic foot
concrete digestion tank would cost $500. Such a tank
should last from 10 to 20 years. This investment, at 12
per cent, would mean a yearly cost of $60, or 16.4 cents per
day per 1000 cubic feet of tank capacity. The 12 per cent
should easily take care of interest, amortization, and repairs.

On this basis a tank of twice the volume of the waste to
be treated, and capable of delivering 7 times its volume
of gas per day, would yield gas of 550 B. t. u. at a cost of
2.34 cents per 1000 cubic feet. In a tank having a volume
3 times that of the waste (Table IT) more gas will be formed
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per unit of waste, but less gas per tank volume (5.2 volumes
of gas per tank volume). This gas could be produced at a
cost of 3.22 cents per 1000 cubic feet. If the industry
wanted to stabilize the waste and reduce the putrefactive-
ness to such an extent that the sludge could be drawn into
a lagoon or fill and the liquor run into the sewer or river,
it would be compelled to build a tank 6 times the volume
of the waste. Then 3 volumes of gas per tank volume
would be produced at a cost of only 5.48 cents per 1000
cubic feet.

TasLe IV. ComparaTivE Costs oF CoAr, NATunraL GAS, AND
DiceEsTOR GAS FrROM BEER-SLop WASTE

FueL CosT pER 1,000,000
B.T. U

Cents

Soft coal (12,000 B. t. u.) at $1.50 perton............... 6.2

Natural gas (1000 B. t. u.) at 15 cents per 1000 cu. ft.... 15.0
Digestor gas:

From tank, twice volume of waste................... 4.2

From tank, 6 times volume of waste................. 9.4

On a heat value basis the smaller tank would partially
stabilize the waste and produce gas at a cost of 4.2 cents
per 1,000,000 B. t. u. The larger tank would stabilize the
waste and still deliver the fuel gas at a cost of only 9.4 cents
per 1,000,000 B. t. u. These costs compare favorably with
those of heat from soft coal, as well as with those of heat
from natural gas piped from the southwestern states to
Peoria, IIl. The cost of 1,000,000 B. t. u. of heat from soft
coal having 12,000 B. t. u., at $1.50 per ton is 6.2 cents
(Table IV). A gaseous fuel always has a decided advantage
over a solid fuel.

The B. t. u. of gas from the fermentor could be readily in-
creased by washing the gas with water (with or without
alkali) under pressure, which would remove much or all
of the carbon dioxide. This carbon dioxide could be re-
covered for synthetic purposes or for the production of dry
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tank was very fibrous and contained only 70 per cent mois-
ture after having drained 8 hours on sand. After a 3-day
drying (indoors) it had a moisture content of 51 per cent.
The dried sludge possessed only a slight odor. The sludge
had a 1-day biochemical oxygen demand (B. O. D.) of
only 615 mg. per 1 per cent of volatile matter. Rudolfs
and Fischer (/1) state that a sludge of a 1-day B. O. D.
of 1000 to 1500 mg. per 1 per cent of volatile matter is ready
to be drawn and will not create a nuisance. The sludge
as drawn produced only 44 cc. of gas per gram of volatile
matter in 24 hours at 52° C. This is a lower volume than
that noted for most well-digested mesophilic sewage sludges
(10).

The overflow liquor from this tank (2-day capacity) was
too unstable to be drawn into the open air. It had an average
B. O. D. of 5700 p. p. m. and contained 2000 p. p. m. of
volatile organic acids.

Sludge drawn from a tank having a volume 6 times that
of the daily volume of waste (6-day capacity) was very
stable. It was not as fibrous as that from the smaller tank
(2-day capacity). After an 8-hour draining on sand it had
a moisture content of 84 per cent, but after a 3-day drying
(indoors) this was reduced to 66 per cent. Its 1-day B. O. D.
per 1 per cent of volatile matter was 357 mg. As drawn
it had only a slight sewage sludge odor, and after drying this
had entirely disappeared. The liquors from this tank still
had a high 5-day B. O. D. (3000 p. p. m.). Its organic
content (volatile matter) was 3200 p. p. m., but the volatile
organic acids were only 200 p. p. m. This overflow liquor
contained but 10 per cent of the original organic matter of
the waste, and was so stable that it could be run into the
sewer without jeopardizing the operation of the treatment
works. This additional load would still keep the organic
content of the combined waste within that of normal sewage.

In addition to the routine here reported, the fairly stable

TasLe V. Errect oF Various DigestioN Tives (TAng CApAciTY) ON STABILITY OF WASTE®

ORIGINAL
Beer-SLop
WasTe

Percentage of organic matter gasified

B A R S e e T R L R P SRR S
g‘otnl solids, p. p. M. ... ...
Total volatile solids, p. p. m.
Settleable solids, p. p. m.....
Volatile acids (as acetic), p. p. m
AMmMOnia NItrOZeN, Pu Do IDecvs s ol s bibrersfita siainla aiole v ioboreivie hints
Totalinitrogen;ip. p:imic iy abaiis i Smtine
Oxygen consumed, p.g. b1 Vg g et S 3
Immediate (30-min.) O: demand, p. p. m.....

BEOSD I 5-day, pipim e s e e
B0 D Aoy, Do Do I ceih se vls tiatsisiars niaiake el +5os s oreralazatetetols 6,000
1-day B. O. D{ lgg. of Oz per % volatile matter............. 2,000

Co. gas per gram, volatile matter in 24 hours................
Ce. gas per gram, volatile matterin 10 days.................
Moisture in sludge after draining 8 hours, %.
Moisture in sludge after drying 3 days, %. ...
OOy A draWN e s e i S s atn s st

Odor afer: 3 daYB s e o <o s s ntalea ey v e s S LAt
Volumes of sludge drawn per 100 volumes of waste fed.......

@ Average representative analysis.

ice. The residual gas (methane) could be burned or used
in synthetic reactions.

WASTE STABILIZATION

Table V gives representative sanitary chemical data col-
lected during a 7-month small-scale continuous feeding ex-
periment on the gasification and stabilization of Commercial
Solvent beer-slop waste.

The sludge and overflow liquor from a tank having a volume
twice that of the waste fed per day (2-day capacity) was
still somewhat unstable, although 58 per cent of the organic
matter had been gasified. The sludge drawn from the

Fros TANK, 4 TiMES
Vor. or WasTe
(4-Dax CaraciTy)

Froum TANK, 6 Times
VoL. or ASTE
(6-Day Caracity)

Froy Tank, Twice
Vou. or WasTE
(2-Daxy Caracrry)

58 67 72
Sludge Liquor Sludge Liquor Sludge Liquor
8.0 7.5 7.9 7.8 8.2 8.0
45,000 5,000 . 40,000 4,000 35,000 4000
39,000 4,200 33,000 3,600 28,000 3200
650 255 200
2,000 2,000 1,000 1,600 300 500
650 650 650 600 750 600
3,000 1,000 3,000 1,000 5,000 850
10,000 3,000 R 1,300 R 1000
120 150 230
7,900 5,700 4,600 3,700 3,200 3000
2,400 1,800 1,500 1,500 1,000 1000
615 454 357
44 T 28 avh
148 Srers 83 G
70 Rt 80 S 84
51 686
Bad BE5AEs Moderate Z Slight
Moderate Slight g Humus
23 22 Saie 21

fibrous sludge could be drawn from a 2-day capacity tank
and only the overflow liquor from this small tank given
further treatment. This method would require a much
smaller total tank volume for the complete treatment of the
waste, as the sludge drawn would amount to 23 per cent of
the volume of the original waste fed. The volume of the
tank for the final 4-day detention of the 6-day period could
be proportionately decreased.
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Development of Dakota Lignite

VI.

Effects of Blending and Mechanical Pressure on Coking of Lignite

A. W. GauGeg, J. R. TAyLoR, AN C. W. ULMEN, Division of Mines and Mining Ezperiments, University of North

NE of the characteristic
O properties of Dakota

lignite is that destruc-
tive distillation produces a
residue consisting of a powdery
char instead of the adherent
coke obtained under similar
conditions from most higher
rank coals. If a commercially
successful process of manu-

Dakota, Grand Forks, N. D.

PRECARBONIZATION of Dakola lignite
al 450° C. eliminates most of the carbon dioxide.

Carbonizalion of the char from precarbonized
lignite mized with Skelly pelroleum pitch and
cerlain bituminous coals yields a firm coke.

Mechanical pressure during carbonization has
a marked effect on the structure of the solid residue.

Addition of aluminum chloride hydrate greatly
atids the formation of a coke residue.

temperatures. Thus, at 815° C.
the gas distilled from Dakota
lignite contained 30 per cent car-
bon dioxide, as against 43 per
cent at 550° C. and 62 per cent
at 400° C. (7). It must be re-
membered, however, that the ab-
solute yield of carbon dioxide
was higher at the higher tem-
peratures, the variation in per-

facturing a suitable domestic
coke from lignite could be
devised, the development of the vast deposits of North
Dakota would be stimulated by additional market outlets.
The University of North Dakota, as part of its work in de-
veloping the mineral resources of the state, has been engaged
in a study of the carbonization of lignite under different
conditions  for a number of years. This paper briefly pre-
sents some of the data obtained during the past three years.

Gauger and Salley (2) demonstrated that addition of cer-
tain inorganic materials—notably AlClL:6H,0—to the lig-
nite before carbonization influenced the process so markedly
that an adherent solid residue, which they termed pseudo-
coke, was obtained instead of the usual powdery char. The

work has since been extended to a study of the effect of blend-

ing lignite, both raw and partially carbonized, with certain
organic materials for the purpose of producing a domestic
coke and a suitable combustible gas.

Ordinarily the distillation of lignite yields a gas rich in
carbon dioxide. It was observed in some other experimental
work that carbon dioxide is given off from lignite at com-
paratively low temperatures, from which the senior author sur-
mised that it might be possible to remove a large portion of
this noncombustible gas by precarbonization at some tem-
perature below that of ordinary low-temperature carboniza-
tion. A study was made of the effect of temperature on the
yvield and composition of gas from the destructive distilla-
tion of lignite. These experiments were carried out in an
apparatus consisting of an aluminum retort, tar condenser,
and gas holder with continuous-sampling device. The set-
up was essentially the same as that described by Gauger
and Salley (2).

The results which were obtained are represented graphi-
cally in Figure 1. Inspection of this figure indicates that
at approximately 450° C. the ratio of carbon dioxide to total
combustible gases is at a maximum. That temperature
was, therefore, selected as the desirable precarbonization
temperature. No attempt was made to distil at tempera-
tures in excess of 550° C., previous experiments in the School
of Mines having demonstrated that the gases contained a
lower percentage of carbon dioxide at the more elevated

centage being due to the much
more rapid increase in quantity
of combustible constituents with temperature.

ErrFECcTS OF BLENDING

The lignite was crushed to 0.5-cm. size and precarbonized
for 1 hour at 450° C. in an iron retort. The residue was
ground to pass a 14-mesh sieve and kept in sealed Mason
jars until required. Table I gives the proximate analysis
of the original lignite and the char (450° C.), calculated to
the dry basis. Mixtures were made of this char and dif-
ferent tars and pitches, the method of mixing being varied
to suit the material. In every case an attempt was made
to insure thorough mixing. '

TAasLE I. ProxmMATE ANALYSES oF LieniTE Anp CHAR oON

Dry Basis
VoraTiLe  FIxep B. T. U.
Marrer  CarBON Asu PER LB.
Ori%insl lignite 45.3 47.9 6.8 11,040
450° char 19.0 67.7 12.4 12,110

The mixture was then formed into briquets in a cupel
machine and carbonized in an aluminum or nichrome retort,
depending upon the temperature of carbonization. After
retorting, the residue was examined and the gas analyzed.
No attempt was made to obtain tar yields because of the
difficulty in separating the tar from the water with any de-
gree of accuracy.

The following materials were tested for effect upon coking
of lignite char:

1. Bituminous coal-tar pitch.

2. Skelly pitch, consisting of a petroleum residue deseribed by
Rittman as “Bituminous Coal from Petroleum.” The proximate
analysis was volatile matter 45 per cent, fixed carbon 51 per cent,
ash 4 per cent (5).

3. Illinois bituminous coal, received from S. W. Parr of the
University of Illinois. This coal swells and blisters badly on
carbonization.

4. Red Diamond coal mined in Tennessee.

5. Blue Diamond coal mined in Kentucky.

6. Gold Edge coal mined in eastern Kentucky.

7. Wheelwright coal, a gas coal mined in West Virginia and
used by the local gas company.



January, 1932

8. Pocahontas coal from West Virginia.
9. Various pitches obtained from wheat straw.

Brruminous CoAL-TAr Prrca. The results with bitumi-
nous coal-tar. pitch were not very satisfactory; hence it
was discarded after the early experiments.

e

bood 2

Z

1, /
Vi
A

X (@7

__4/ T,
400" 450° 300° 0*
Distillation Temperature, ° C.
Ficure 1. EFrrFECT OF TEMPERATURE.
oN Gaseous COMPOSITIONS

Ce. Gas per 1000 Grams Dry Lignite

SkrLLy PrrcE. The results with Skelly pitch indicated
a wetting of the surface of the lignite char particles by the
pitch during the carbonization; hence experiments were
carried out to determine the most favorable mixture and the
effect of aluminum chloride on the coke structure. The best
results were obtained when 25 grams of lignite char were
mixed with 1.25 grams AICl;:6H.0 and 3 grams of pitch.
Amounts below that quantity of pitch gave inferior cement-
ing of the particles, and amounts above seemed to have no
added effect on the hardness of the resulting coke.

Comparison of the results with earlier results obtained
in this Jaboratory indicates that the proportion of AlCly-6H,0
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Brrominous Coars. In order to obtain comparable re-
sults, the six mixtures were made up in the same proportions.
Fifteen grams of lignite char, 10 grams of the bituminous
coal, and 8 grams of water composed the mix of the first
series. ,

Illinois bituminous gave a friable soft coke with very
little cementation of the lignite and the bituminous. Red
Diamond, Blue Diamond, and Gold Edge gave practically
the same structure. All were hard, lustrous, of relatively
dense structure, and gave the characteristic metallic ring.
However, the porous structure of true coke was not very
pronounced. Wheelwright coal showed -considerable evi-
dence of coking, which was accompanied by a slight swell-
ing. The blend with Pocahontas gave a true coke struc-
ture. The resulting coke showed considerable swelling,
and the porous structure was very pronounced. A micro-
scopic examination seemed to indicate that the blending
was complete and that the coal and char are completely
miscible.

In order to determine the effect of aluminum chloride
hydrate on the carbonization and subsequent coking of the
different blends, a second series was made with the follow-
ing mix: 15 grams lignite char, 10 grams of the coal to be
blended, 1.25 grams of AlCL;:6H.0, and 8 grams of water.

The cokes resulting from the blend plus aluminum chloride
hydrate are all of a harder denser structure than the blends
alone. This is particularly noticeable in the case of the
Pocahontas-lignite blend where the difference is very pro-
nounced.

The apparent complete blending of the Pocahontas and
lignite gave a coke structure that was worthy of further
study. A series was run, varying the amount of Pocahontas
in the blend in order to determine how little Pocahontas
could be added and still have the characteristic coking.
The mixes used were:

Mix Liaxite CHAR PocaHoNTAS  WATER

Grams Grams Grams
A 15 10 8
B 16 9 8
C 17 8 8
D 18 7 8
E 19 6 8
F 20 5 8

Ficure 2. REesUE FroyM Coking LigniTe CHAR, WITH AND WITHOUT BINDER

required to produce & firm cokelike structure can be cut
down materially (from about 20 per cent to about 4 per cent)
by the admixture of 10 per cent Skelly pitch. Figure 2
shows the chars resulting from the following mixtures:

A. Lignite char alone. :

B. Lignite char, 25 grams; Skelly pitch, 3 grams.

C. Lignite char, 25 grams; Skelly pitch, 3 grams; AlCls-
6H;0, 1.25 grams.

Figure 3 shows photomicrographs of five of the resulting
chars. The letters below the photographs correspond to
the letters in the above table showing the mixes. All were
magnified approximately 15 diameters. The first three
mixtures showed considerable evidence of swelling and gave
a good hard-coke structure. D, E, and F showed no evi-
dence of swelling and, though blending was evidenced, there
was apparently not enough binder to make the characteristic
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Ficure 3. ProromicroGrAPHS OF LiGNITE CHAR-PocAHONTAS CoAL COKES

hard porous coke structure. Mix C, which has the ratio
of non-coking to coking of 68:32, compares very favorably
with the 70:30 ratio as found by Lander and McKay (3).

Table IT gives the analysis of the gas from the carboniza-
tion of three of the above blends.

TasLe II. Gas Data

VoLuMme oF Gas: Cavrcu-

Per 100 LATED

Zrams Per ton THER-

blended blended aavL

Brexp CO: In. O: H: CO CHy coal coal  VALUE
B.t.u./

Ces Cu. ft, cu. ft.

A 2.3 0.5 2.0 72.5 11.9:11.2 33,300 10,699 409
B 2.1 0.8 1.5 67.8 14.0 13.1 33,200 . 10,624 409
F 2.8 0.3 0.5 62.2 13.3 11.8 32,800 10,196 370

Although the volume data in Table II cannot be taken
as quantitatively exact because of leakage in the retort,
the results are in close enough agreement to indicate that
the carbonization of lignite char with Pocahontas coal gives
a gas of high enough heat value to be easily carbureted to
the standards set for city gas. The carbon dioxide content is
worthy of particular note. The carbon diexide content
of the gas from high-temperature carbonization of raw lig-
nite is from 20 to 30 per cent. By precarbonization of the
lignite, this has been reduced so that the gas from the blend-
ing of lignite and bituminous contains as little as 2.0 to 3.0
per cent carbon dioxide. This reduction greatly increases
the heat value and reduces the inert content of the gas.

The proximate analysis of the coke resulting from Blend
A 18 as follows:

B. T. U. PER LB.
13,060

Asu
10.82

Frxep CArBON
86.01

VoraTiLe MATTER
3.16

WaEAT-STRAW PrrcEEs. Wheat straw constitutes one
of the abundant waste materials produced in North Dakota.

Since it is composed largely of cellulose fibers, resins, and
lignin, the manufacture of a binder for coking lignite from
it seemed entirely feasible. In order to disintegrate the
straw, the following treatments were used:

Heating with caustic soda solution under pressure.
Heating with sodium sulfite solution under pressure.
Heating with steam under pressure.

Destructive distillation.

The tar liquors were separated from the disintegrated
fibers and then concentrated into a pitch. Mixtures were
made up with ground precarbonized lignite in the cupel
machine and then carbonized at 525° C., in an aluminum
retort. The results obtained with the pitch from treat-
ment of straw with chemical reagents were entirely unsatis-
factory in so far as the physical structure of the solid resi-
due was concerned. On the other hand, the pitch obtained by
treatment of straw with steam under pressure, as well as by
destructive distillation, proved to be very effective in coke
production. The most favorable mixture proved to be 80—
84 per cent precarbonized lignite, ground to 30 mesh, and
16-20 per cent straw pitch, either with or without a small
amount of AlCl;:6H.0 added as catalyst.

The best results were obtained with the pitch from de-
structive distillation of straw, but this does not appear to
be economically feasible because of the low yield (4-10 per
cent) of the weight of straw. Since the steam digestion pro-
duces a disintegrated cellulose fiber that can be used in the
manufacture of insulating and pulp board, such an industry
would furnish a by-product which could be used in coking
lignite.

ErrEct oF MECHANICAL PRESSURE ON CARBONIZATION

Experiments indicated that the pressure of briquetting
had a favorable influence on the coke structure. Because
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of this fact, studies were made of the effect of mechanical
pressure during the carbonization process on the structure
of the residue.

The apparatus used consisted of an iron pipe, 12 inches (30.48
cm.) long and 1 inch (2.54 ¢cm.) inside diameter, with iron plungers
in each end. The prepared lignite was placed between the
plungers which were compressed in a Riehle testing machine.
The iron pipe was placed within an electric furnace whose tem-
perature could be controlled by means of a rheostat. A thermo-
couple was placed on the outside of the iron pipe and consequently
registered temperatures slightly above that of the lignite.

The lignite used in the pressure-heat treatment was previously
dried on a hot plate and ground to various sizes. The prepared
lignite, amounting to about 30 grams in each test, was placed
between the two plungers, and the sample then given a pre-
liminary compression at a pressure usually greater than that used
while heating. After the preliminary compression, the coal
was heated slowly and a proper pressure maintained by means
of the adjusting wheel. Heating was continued until reaction,
as evidenced by evolution of volatiles, almost ceased. This
required about 75 minutes and occurred at a temperature of about
540° C. The pipe and plungers were then removed and cooled.
The coal product was forced out of the pipe. The briquetting
pressure was recorded, as well as.the coking pressure and tem-
perature.

On heating, the coal did not show indication of much evolution
of gas until about 100° C. was reached, when moisture and gases
were expelled. This caused a release of the resistance of the
coal to the pressure, and the faces of the machine were then
brought close enough together to maintain the desired pressure.
The evolution diminished until about 380° C. was reached,
when there was a sharp increase of softening and expulsion of
gases. This continued until about 450° C., when reactions began
to cease, and there was not much loss of pressure owing to con-
traction of the coal mass. About 1 hour and 45 minutes were
required to reach a temperature of 500° C.

During the course of these experiments, the effects of the
following variables on the final solid residue were studied:
preliminary pressure, pressure and temperature of carboniza-
tion, particle size, blending with tars and coking coals, and
previous treatment of the lignite. In general, the tests were
successful, not only in producing a coherent solid residue
but also in giving some information as to the nature of lig-
nite and its relationship to other coals. The results dem-
onstrated that Dakota lignite contains compounds from
which (under conditions that are possible in nature)
high-rank coals may
form.

In the first tests, the
ground lignite was bri-
quetted at an initial
pressure of 5000 pounds
per square inch (351.5
kg. per sq. em.). The
briquet was then car-
bonized under varying
conditions in an at-
tempt to obtain a satis-
factory product. The
results of the experi-
ments indicated that a
high initial briquetting
pressure was essential,
and in all the later
tests a preliminary
pressure of 20,000 pounds per square inch (1406 kg. per sq.
cm.) was used.

The carbonization conditions were varied to determine
the values necessary to give a suitable product. It was
found that a balance could be reached between the tem-
perature and pressure necessary to obtain a good produpt;
the coking pressure could be reduced to some extent by in-
creasing the temperature, and vice versa. By using a maxi-
mum temperature of 600° C., a suitable coke was formed with

FI1GURE 4. PHOTOMICROGRAPH OF LiG-
~ITE CARBONIZED UNDER MECHANI-
CAL PRESSURE

INDUSTRIAL AND ENGINEERING CHEMISTRY 39

a pressure of 636 pounds per square inch (44.7 kg. per sq.
cm.). However, pressures below this did not produce hard
coke even though higher temperatures were used. With a
temperature of 670° C., and pressure of 382 pounds per
square inch (26.9 kg. per sq. cm.), a soft product was ob-
tained. These results indicate the importance of pressure
in the coking of lignite and point toward a method of using
the coking constituents which are not effective otherwise.
The best coke obtained had been carbonized under a pres-
sure of 1920 pounds per square inch (135 kg. per sq. em.)
and a temperature of 600° C. The homogeneous bitumen-
like appearance of the fractured surface is illustrated in
Figure 4, which is a photograph of a magnified view of the
sample. Temperatures of 530° and 550° C. gave excellent
products which were very hard and had the appearance of a
semi-bituminous coal. :

The size of the lignite particles had much influence on the
nature of the product. The smaller-size particles gave the
best structure. With a lignite ground to 10 mesh and a
pressure ranging from 636 to 1920 pounds per square inch
(44.7 to 135 kg. per sq. cm.), no satisfactory coke was ob-
tained, although with 20-mesh lignite very good products
resulted under similar conditions. This may be explained
by the fact that the coarse grains do not pack as tightly as
finer particles, and the tar vapors have more chance to escape.

In the majority of tests the lignite used had been dried
over a hot plate, thereby losing the largest portion of the
moisture. A small amount of moisture was purposely left
in the coal, as it might aid the coking reactions and packing
of lignite particles. In some experiments steam-dried lig-
nite prepared by the Fleissner method (4) was ground and used.
The product obtained was unsatisfactory and crumbled in
removal from the apparatus. In all instances the cokes
were inferior to those of air-dried lignite in which the same
conditions, such as particle size, temperature, and pressure,
were maintained. These tests indicate the destruction of
some of the coking constituents in the steam-drying process.

The blending of various materials was studied in a series
of tests. Tars and coking coals were added for the purpose
of determining their relative effects. In two tests lignite
tar was added to lig-
nite in the amount of
about 3.2 per cent.
With a temperature of
382° C. a soft coke was
formed, while a tem-
perature of 636° C.
gave a good coke. The
products, however,were
not perceptibly better
than those of lignite
alone, treated under
the same conditions.

Tests were made to
determine the nature
of the cementation in
the pressure carboniza-
tion. There was a
possibility that the
lignite tar permeated the pores within the mass and was not
altered appreciably. This was not true, however, for, upon
grinding and recoking a sample, it did not form a coherent
coke, indicating that the coking constituents were broken
down in the previous treatment.

A mixture of char with 6.25 per cent of Pocahontas coal
produced a very good coke under ordinary conditions of
pressure carbonization. Figure 5 shows the glossy well-
cemented surface resembling that of a high-rank coal. This

Lienrte  CHAR-Poca-
HONTAS CoAL BLEND CARBONIZED
UNDER PRESSURE

Ficure 5.
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small amount of the coking blend was sufficient in this method,
whereas a value of about 20 per cent would be necessary
to produce the same grade of coke with heat treatment
alone.

TasLE III. Pressure CARBONIZATION OF LIGNITE

COKING:
Sam- ——CoONSTITUENTS — Lignite Pres- Tem-
PLE Lignite Pocahontas pitch sure perature Results®
Grams  Mesh Grams Mesh Lbs. 2:C:
20 100 10 1920 450 Soft coke
21 100 10 636 450 Friable
22 100 20 1920 530 Very good
23 100 20 382 450 Soft
24 100 20 1272 550 Fair
25 100 1920 550 Quite good
27 30 1 636 600 Good
28 30 1 382 670 Soft
29 30 3 382 670 Quite firm
30  (Lignite
char) 1272 500 No good
31 40 20 o & 0-636¢ 500 Poor
32 70 14 30 285 1920 500 Good coke
33 35 20 T R s 1920 600 Good
36 100 14 e o 0-1272¢ 500 Fair
37 Portion of lignite pre-
coked by same method 1920 900 Undesirable
38 28b 1412 28 = 1920 550 Very good
39 500 14 10 285 636 500 Poor
45 30 14 3 2B 636 550 Very good
46 30 14 3 28 o 636 650 Very good
47 Steam-dried lignite < 1272 500 Broken-top
. hard
48 30 14 2 28 636 800 Fair

@ Sample 20 was subjected to a preliminary pressure of 5090 pounds per
square inch (358.9 kg. per sq. cm.) before carbonizing; all the others to pre-
umi‘},”&', pressure;of, 20,000 pounds per square inch (1406 kg. per sq. cm.?.

ar.

¢ Intermittent.

A variable pressure was used in several experiments to
determine the effect upon the coke formed. It was thought
that, by varying the pressure during the coking, a better
coke would result. In one test the pressure was applied
between 0 and 500 pounds per square inch (35.2 kg. per
sq. em.) during the heating period with a briquetting pres-
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sure of 15,000 pounds per square inch (1054.5 kg. per sq. cm.).
The result was an inferior product which easily crumbled.
Another test was made with a pressure ranging from 0 to 1000
pounds per square inch (70.3 kg. per sq. em.) in cycles of
about 2 minutes. A fair coke was formed, but it was in-
ferior to others formed under the same conditions, except
for variation in pressure—namely, 15,000 pounds per square
inch (1054.5 kg. per sq. em.) preliminary pressure, a tem-
perature of 500° C., but with constant coking pressure of
1000 pounds per square inch (70.3 kg. per sq. cm.)

The results of the pressure-carbonization tests on lig-
nite, including variation of conditions, additions of binding
materials, and their effects are given in Table III. The
proximate analysis of a sample of coke made under favorable
conditions from lignite alone was as follows:

Moisture, % 4.9
Ash, % 10.4
Volatile matter, % 18.4
Fixed carbon, % 66.3
Thermal value, B. t. u. per lb. 11,676
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A Fierp oF DAHLIAS
AT
Cupany, CALIF.

as a source for commercial levu-
lose, but the plant resembles
somewhat the Jerusalem arti-
choke. The dahlia is a satisfac-
tory source of inulin, a unique
sugar which finds a place in di-
agnosis and which assumed great
importance during the World
War.



Commercial Production of Levulose

II. Conversion of Jerusalem Artichoke Juices

Jack W. EicHINGER, JR., AND erés H. McGrumpery, wita J. H. BuceANAN AnDp R. M. Hixon
Department of Chemisiry, Iowa Slale College, Ames, Ia.

HEN the study of the
preparation of levu-
lose (2) from the

Jerusalem artichoke (Helianthus
tuberosus) was undertaken at
Towa State College very little
information on the conversion of
the inulin and other levulose-
yielding carbohydrates to levu-
lose was available. Work on
the hydrolysis of pure inulin
had been reported, but this was
of no value as the process
adopted required the direct con-
versionof all the polysaccharides,
rather than the preliminary
isolation of the inulin.

A limited investigation of this
problem had been reported by
Jackson, Silsbee, and Proffitt (),
who concluded that the resultant
of the reactions occurring during
the conversion process follows substantially the course of a
unimolecular reaction. They reported a number of velocity
constants for various conditions of acidity and temperature.
(Concentration of juice was not given.) These workers ob-
served that the velocities vary widely with the composition
and concentration of the juice. For thisreason their published
constants are of little practical value.

lime are presenled.

DETERMINATION OF VELOCITY CONSTANTS

In accordance with the usual procedure, a quantity of
juice was heated and kept at the desired temperature. The
required quantity of acid was added and portions were with-
drawn from time to time for polarization. Clarification was
accomplished by means of a solution of normal lead acetate,
as recommended by Jackson, Silsbee, and Proffitt (), using
the following method:

Support flasks of 500 cc. capacity in a constant-temperature
bath and equip them with stirrers. Place 360 cc. of juice in a
flask and allow it to heat up to the temperature of the bath
(80° C.). Add 40 cc. of 0.9495 N hydrochloricacid. Attheend
of 5 minutesremove 10 cc. of the mixture with a pg)et and add to

10 ce. of 0.2 saturated N lead acetate solution. Cool the sample
rapidly to room temperature and filter through a small filter

paper.

This procedure gave a very satisfactory clarification and
the solution was readily polarized in a 100-mm. tube. At
appropriate intervals other samples were withdrawn, clarified,
filtered, and polarized.

Jackson showed that velocity constants for the rate of
conversion of Jerusalem artichoke juices may be computed
by means of the familiar equation for monomolecular reac-
tions:
1R B

0.4343 ¢ R — Rw

Table I gives the data obtained and the constants com-
puted for two runs. The constants, 0.0137 and 0.0135, are
typical of the checks obtained in other duplicate runs and

K

THE FACTORS controlling the conversion
reaction of Jerusalem artichoke juices have
been determined. The decomposilion of levulose
under conditions of high acidily and temperalure
has been studied, and the limiling conditions
have been ascertained. Resulls of conversion
experiments run under varying condilions of
concenlration and acidily are here presented.

Normalily-pH data for different concentra-
tions of juice treated with varying quantities of
sulfuric and hydrochloric acids have been deler-
mined. The amount of sulfuric or hydrochloric
acid required lo convert a juice of any concenlra-
tion from 4 to 40 per cent total solids in 1 hour
at 80° C. has been calculated. Enough dala
for similar calculations for other periods of
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indicate the precision to be ex-
pected in data of this type.
Although the individual con-
stants may vary as much as
four units in the second sig-
nificant figure, the averages agree
very closely.

TITRATABLE ACIDITIES OF RAW
AND CONVERTED JUICES

In the work of Jackson and
his associates the amount of
acid used was designated as the
‘‘apparent’’ acidity, or the
acidity which would have been
produced in pure water. In
their words, “a portion of the
acid in each instance was ren-
dered ineffective by inorganic im-
purities.’’ Several titrations
were made to test the sound-
ness of this assumption, the re-
sults of which are given in Table II.

TasLE I. Vevociry ConSTANTS FOR RATE oF CONVERSION OF
ArticHOKE JuickE (14.4 Per Cent ToraL Sorins) wira 0.095
N HCI at 80° C.

ROTATION Bo—Ro 1 Bt —Ra
RUN  Tivz OpsErvEp Rt —Rew “C0R: — R~ 0.43431°°°R — R o
Min.
0 +2.2 1050 S
5  +1.5 9.3 0.03152 0.0145
20 —0.4 7.4 0.13077 0.0150
45 —-2.5 5.3 0.27572 0.0142
1 85 —4.9 2.9 0.53760 0.0146
120 —-5.8 2.0 0.69897 0.0135
190 —6.7 131 0.95861 0.0117
315 —-7.8 0.2 1.69897 0.0125
@ —-7.8 o o SR SN e
Average .. a1 e e e S 0.0137
0 +2.0 9 17 et A s S
20 —0.4 7.3 0.12345 0.0143
50 —2.9 4.8 0.30553 0.0141
2 85 —4.4 3.3 0.46826 0.0127
115 —5.6 2.1 0.66455 0.0134
185 —6.8 0.9 1.03253 0.0129
285 —7.5 0.2 1.68574 0.0136
@ -7.7 S A R, e
Average .. A By Lz S D A e O G 0.0135
TasrLe II. NormariTiEs DerermiNep BY TITRATING WITH
Stanparp NaOH Sorution
TorAL 2
Sovrips AcipiTY
By aotual By
Raw juice Acid added Total titration  difference
%
7.2 0.0143 0.0950 0.1003 0.1020 0.0073
14.4 0.0238 0.0950 0.1188 0.1088 0.0100
18.0 0.0306 0.0950 0.1256 0.1212 0.0044
26. 0.0445 0.0950 0.1395 0.1292 0.0103

The data in Table I1 show that the actual titratable acidity
of a converted juice is practically equal to the initial acidity
of the raw juice plus that of the acid added. If it is true
that a more concentrated juice has a lower velocity constant
than a less concentrated juice at the same acidity, it is neces-
sary to look to factors other than the titratable acidity for
the explanation.
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CoNVERSION WITH HYDROCHLORIC AcCID

Velocity constants were obtained for the rates of conver-
gion of artichoke juices with hydrochloric acid at 80° C.
(Table III). Two series of determinations were made.
In the first the acidity was held constant while the con-
centration of the juice was varied. In the second the acidity
was varied and the concentration held constant. The pH
values of the converted juices were obtained by means of
the quinhydrone electrode in the usual manner.

Tasre III. Conversion 0F8 (;\:)RE'ICHOKE Juices wita HCI AT

ToTAL SorLips rH (Quin-
1IN Juice APPARENT VELOCITY HYDRONE KLECTRODE
(REFRACTOMETER) NORMALITY CoONSTANT AT 25° C.)
%
7.2 0.095 0.1680 1.68
14.4 0.095 0.0136 2.80
18.0 0.095 0.0053 3.19
26.1 0.095 0.0015 3.83
14.4 0.0475 0.0009 4.10
14.4 0.0950 0.0136 2.80
14.4 0.1425 .0890 2,09
14.4 0.1900 0.2310 1.55

The first four figures in column 3 show a hundred fold
increase in the velocity constant for a juice of 7.2 per cent
total solids, as compared with a juice of 26.1 per cent total
solids, the apparent normality being constant. This vast
difference shows that values of the veloclty constants are
worthless unless the concentration of juice is specified.

When the concentration of juice was held constant and
the apparent acidity varied, it was to be expected that the
velocity constant would increase with the acidity.
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Ficure 1. VEevrocrry Constant—pH Curves (80° C.)
® Hydrochlorio acid ® Sulfurio acid

A study of the pH values obtained indicates definitely
that the reason for the differences in the velocity constants
for different concentrations of juice at the same apparent
normality is to be found in the buffer action of certain con-
stituents of the raw juice.

CONVERSION WITH SULFURIC ACID

For the conversion of artichoke juices on a large scale of
operations, sulfuric acid has a number of advantages which
should not be overlooked. In addition to being the cheapest
of all acids, it is precipitated out as the insoluble calcium
sulfate when the converted juice is neutralized with hydrated
lime. Thus it does not add to the dissolved impurities as
some other acids do.

Table IV gives the results of eight velocity constant de-
terminations made with varymg strengths of sulfuric acxd
and varying concentrations of juice.

TasrLe IV. CONVERSION OF ART(I:CHOKE Juices wita HaSO; AT
80° C.

ToTAL Sorips PH (Quin-

N Juice APPARENT VELOCITY HYDRONE KELECTRODE
(REFRACTOMETER) NORMALITY CONSTANT AT 25° C.)
o
14.4 0.0573 0.0013 3.92
14.4 0.1147 0.0109 2571
14.4 0.1720 0.0513 1.95
14.4 0.2294 0.1270 1.61
30.8 0.1560 0.0107 2.77
30.7 0.2364 0.0433 1.94
30.8 0.3150 0.0973 1.45
30.5 0.3940 0.2170 1.23
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Ficure 2, ARTICHOKE JuicEs TREATED wiTH
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The constants in lines 2 and 5 of Table IV are practically
identical. The pH values corresponding to these constants
are the same, although one juice contains 14.4 per cent total
solids and 0.1147 N acid, while the other contains 30.8 per
cent total solids and 0.1560 N acid. This suggests the possi-
bility that the velocity constant depends only upon the
pH of the mixture of acid and juice.

DECOMPOSITION OF LEVULOSE DURING CONVERSION

Approximately 12 grams of levulose (prepared in this
laboratory) were dissolved and diluted to 200 cc., placed in
one of the conversion flasks in the water bath, and brought
up to 80° C. Then 10 cc. were removed and polarized.
One cc. of 23.6369 N sulfuric acid was added to the rest
of the 6 per cent levulose solution, and polarizations were
made at the intervals shown in Table V. For the next run
approximately 24 grams of the same levulose were dissolved
and diluted to 200 cc. and 2 cc. of the 23.6369 N sulfuric acid
were added after 10 cc. of the original solution had been re-
moved and polarized. This run was repeated at 90° C.
The results are given in Table V.

TasLE V. DEecomposITION OF LEVULOSE SOLUTIONS

TiMB RorATION
Minutes 2V
6 PER CENT SOLUTION AT 80° C. AND PH 1.31
0 —11.4
15 —11.4
37 —11.4
120 —11.4
195 —11.4
12 PER CENT SOLUTION AT 80° C. AND PH L.12
0 —-22.0
15 —22.0
45 —22.0
80 —22.0
130 —21.7
12 PER CENT SOLUTION AT 20° C. AND PH 1.12
0 —-21.0
15 —18.9
30 —18.3

The data in Table V show that at temperatures up to
80° C. and pH values down to 1.12 the amount of levulose
destroyed in 60 minutes is insignificant. The conversion
experiments reported so far in this work indicate that it
will never be necessary to exceed these conditions in prac-



January, 1932 INDUSTRIAL AND ENGINEERING CHEMISTRY 43

TasLe VI. Errect or CONCENTRATION OF JuiceE on PH

ToTAL Sorips H2S04« ApDE HCI AppED
1N Juice Sol. A Sol. B Sol. C Sol. A | Sol. B Sol. C
% Ne pH Ne pH Ne pH Ne pH Na pH Nea pH
4.8 0.1016 1.62 0.1916 1.31 0.0479 2.36 0.0768 1.60 0.1536 1.16 0.0384 2.54
8.85 0.0958 2.07 0.1916 1.42 0.1437 1.61 iee 5 A e S o~
12.8 0.0977 2.62 0.2894 1.29 0.1916 1.61 0.1536 1.56 0.2304 1.13 0.0768 3.09
16.7 0.1916 1.87 0.2875 1.40 0.2396 1.57 Fits o 5
19.9 0.1916 2.16 0.3833 1.27 0.2875 1.54 0.2304 1.49 0.3072 1.07 0.1536 2.48
23.0 0.2875 1.71 0.3833 1.32 0.3354 1.46 (s i T
25.5 0.3833 1.45 0.2875 1.90 0.4791 1.23 0.3840 1.00 0.2304 2.08 0.3072 1.35
34.2 0.4791 1.43 0.3833 1.79 0.4312 1.59 e 5 1 i

@ Normality.

tical work, as juices of any concentration may be completely
converted at pH values above 1.12 in 60 minutes or less.

CONVERSION AS A Funcrion or pPH

Plotting pH values (Figure 1) against the corresponding
velocity constants for various concentrations of juice and
acid at a temperature of 80° C., both sulfuric and hydro-
chloric acids being used, shows that the velocity constant
is a function of pH only for each acid. The fact that the two
acids form separate curves is presumedly to be attributed
to the relative influences of the negative ions.

CoNVERSION ProcEss CONTROL

In connection with the semicommercial production of
levulose at Iowa State College, it was desired to convert
batches of juice in‘exactly one hour, regardless of the con-
centration of the juice. The velocity constant required for
99.9 per cent conversion in 60 minutes may be computed
as follows:

1 1000

K = om0 %% 1T

= 0.115

At 80° C. a constant of 0.115 is obtained at pH 1.5 when
sulfuric acid is used, or at pH 1.75 when hydrochloric acid
is used (Figure 1).
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Ficure 3. ArticHOKE Juices TREATED wiITH
HyprocHLORIC AcID

To make it possible to produce any desired pHjvalue in
a juice of any given concentration, a number of experiments
was performed. A series of juices was made up, various
proportions of acid were added, and the pH values were
measured by means of the quinhydrone electrode. The re-
sults are presented in Table VI and in Figures 2 and 3.

The normalities corresponding to pH values of 1.5 were

obtained by interpolation from the curves of Figure 2. Plot-
ting these normalities against the corresponding concentra-
tions of juice gave a straight line. Accordingly, the amount
of acid required to produce a definite pH is directly propor-
tional to the concentration of the juice, as measured by the
refractive index.

By interpolation and extrapolation, the amount of acid
required to produce pH 1.5 for a juice of any concentration
may be computed. Table VII shows the values for ap-
parent normality thus obtained. The data for hydro-
chloric acid were treated in the same manner. Column 3
of Table VII gives the apparent normalities required to pro-
duce pH 1.75 by the use of hydrochloric acid. The apparent
normalities are those that would have been produced in
pure water.

TasLe VII. AppaArent NormArLiTY oF Acip REQUIRED FOR
99.9 Per CenT ConvErsioN 1N 1 Hour AT 80° C.

ToraL APPARENT NORMALITY ToTAL APPARENT NORMALITY
Sorins Ha HCI Sorips HiS0q HCl
%o %
4 0.120 0.058 23 0.332 0.238
5 0.131 0.087 24 0.343 0.248
6 0.142 0.077 25 0.354 0.257
7 0.153 0.086 26 0.365 0.267
8 0.164 0.096 27 0.376 0.276
9 0.175 0.105 28 0.388 0.286
10 0.187 0.115 29 0.399 0.295
11 0.198 0.124 30 0.410 0.305
12 0.209 0.134 31 0.421 0.314
13 0.220 0.143 32 0.432 0.324
14 0.231 0.153 33 0.443 0.333
15 0.2 0.162 34 0.454 0.343
16 0.254 0.172 35 0.465 0.352
17 0.265 0.181 36 0.476 0.362
18 0.276 0.191 37 0.487 0.371
19 0.287 0.200 38 0.498 0.381
20 0.298 0.210 39 0.509 0.390
21 0.309 0.219 40 0.521 0.400
22 0.321 0.229

COMPOSITION OF JUICE

The juice for the experimental work reported in this
paper was prepared from dried artichoke chips by means
of a small diffusion battery of 6 to 8 cells. The battery
was operated in the usual manner, so that fresh water came
in contact with the most nearly exhausted chips, while the
concentrated juice passed through the fresh chips. In some
cases juice was obtained by a similar process, using beakers
in a water bath. The juice was usually made up fresh for
each experiment. The only necessary precaution was to
see that the chips were completely exhausted before being
discarded. As concordant results were obtained through-
out the work, it is evident that minor differences in compo-
sition, such as would be met in the day-to-day operation
of a commercial plant, are of no consequence.

A quantity of juice (19.6 per cent total solids) was pre-
pared by soaking dried artichoke chips in hot water for 45
minutes and pressing them in a small screw press. This
produced a juice of different composition because some of
the soluble material remained in the pulp. According to
Table VII, an apparent normality of 0.292 with sulfuric
acid should produce a pH of 1.5 and a velocity constant of
0.115. The pH was found to be 1.29 and the velocity con-



44 INDUSTRIAL AND ENGINEERING CHEMISTRY

stant was 0.234, With either sulfuric or hydrochloric acid
the resulting pH value was found to be practically 0.2 of a
unit lower than for juice obtained in the ordinary manner.

The data presented in this paper cannot be expected to
apply to any juice having a composition greatly different
from those of the juices used in the work here reported.
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Available Phosphoric Acid Content of
Ammoniated Superphosphate

Frank G. KeeNEN, Ammonia Depariment, E. I. du Pont de Nemours and Co., Inc., Wilminglon, Del.

EARLY two years ago
| \-l it was found that am-
moniated superphos-
phate exhibited analyticalirregu-
larities not existent in unam-
moniated phosphates. The in-
vestigation of these peculiarities
and subsequent vegetation tests
under the direction of the United
States Department of Agricul-
ture and several state agricul-
tural experiment stationsled the
Association of Official Agricul-
tural Chemists in October, 1930,
tentatively to adopt a modified
method of analysis for available
P;0; in fertilizers. The signifi-
cance of this change with respect to industrial ammoniation
technic and factory data on the reversion of phosphates under
the proposed method were practically unknown.

This paper contains data on: (1) Comparative analyses
of ammoniated materials under both official and propeosed
methods; (2) influence of temperature, length of storage,
moisture, and degree of ammoniation on the rate and ex-
tent of phosphate reactions in ammoniated superphosphates;
(3) effect of mixture grade (ratio of ammoniated super to
total weight) on the analytical determinations of insoluble
P;0s; (4) results of factory tests to determine mechanical
aspects of significance in the addition of larger amounts
of ammonia; (5) correlation of previously derived theoreti-
cal equations and data with present results.

elevated lemperalures.

RECENT LITERATURE

The patent and journal literature up to 1930 has already
been reviewed (6). The calcium phosphates formed by
ammoniation reactions were shown by Jacob et al (4) to
be hydroxy or basic compounds of characteristics different
from those of the naturally occurring rock phosphates.
Ross and Jacob (10) reported that preliminary pot and field
tests indicated these basic phosphates to be at least 75 per
cent efficient (water-soluble phosphates, 100 per cent ef-
ficient). Comparative analytical behavior, with respect to
solubility in neutral ammonium citrate solution, of all types
of phosphatic fertilizer materials was determined by Jacob
et al (5). Haskins (2), Salter (11), Buie (1), and Parker
(9) described experiments on the agricultural availability
of the less soluble forms of calcium phosphates. Salter (12)
also showed the citrate solubility of calcium phosphates to
be strongly influenced by the presence of other soluble cal-
cium compounds, and suggested the addition of ammonium
oxalate to the citrate solution as a means of obtaining con-

THE EFFECT of temperature and time of
slorage, of motsture conlent, and of grade of
mized fertilizers on the availabilily of the phos-
phoric acid in ammoniated materials has been
delermined. Comparative data were oblained by
both the official method of analysis and the pro-
posed method lentalively adopled in Oclober,
1930, by the Association of Official Agricultural
Chemists. The rale at which ammoniated prod-
ucts reach final equilibrium can be varied from
12 months at low temperalures to 5 days at
The moisture content is
also of importance in delermining this rate.

sistent results. Howes and
Jacobs (8) indicated the effect
of increasing the acidity of
citrate solutions, as well as of
changing the citrate phosphate
ratio, on the insoluble P;0;
found in ammoniated materials.
Technical phases of the am-
moniation process, including dia-
grams and photographs of fac-
tory installations, have been pre-
sented (7, 8).

PrLan oF INVESTIGATION

Previous work (6) had re-
> sulted in fairly definite conclu-
sions as to the chemical reactions in ammoniated super-
phosphates. Little was learned of the controlling factors,
however, beyond the general knowledge that temperature
and moisture are the most important. The 3-year industrial
development of the process resulted in widely varying methods
of handling and storing ammoniated goods, which brought
about correspondingly discordant results. A final note of
uncertainty was added by the proposed change in analyti-
cal control method. It was not known whether the limit-
ing factor of ammonia addition would remain the reversion
of phosphate or would become a mechanical problem inci-
dental to the introduction of larger amounts of ammonia.

The first requisite in obtaining information on these prob-
lems was small-scale, controlled, storage equipment which
could duplicate factory conditions and at the same time
accelerate the reactions. This apparatus was developed.

Two major series of experiments were made, one using
ammoniated superphosphate alone and the other a 4-8-4
mixed fertilizer in which the superphosphate was ammoniated
to compositions corresponding to the unmixed samples.
The procedure involved ammoniation of a 50-pound batch
or materiai and immediate placing of 4 to 6 one-pound sam-
ples in the storage equipment. The samples were removed
individually at the desired time intervals and analyzed.
Most of the 50-pound batch was cooled, bagged in ordinary
fertilizer bags, and stored in a relatively open shed. Sam-
ples of the cooled material, as well as that from the storage
apparatus, were analyzed again at intervals of about 2
months to determine the stability of the products. The
storage tests were made over periods of from 1 to 30 days
at 60° C. and 80° C. with ammoniated superphosphate con-
taining between 2.5 and 5.5 per cent N.

The official methods of analysis consist essentially in ex-
tracting a water-washed 2-gram sample of superphosphate
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with 100 ce. of neutral ammonium citrate at 65° C. for 30
minutes. The proposed method requires the use of a 1-
gram sample and extraction with neutral citrate for 1 hour
at 65° C. All the experimental batches were analyzed by
both methods.

The factory operating problems in connection with higher
ammoniation were found by experiments in several typical
fertilizer mixing plants. The fine cooperation and free
exchange of information between the fertilizer industry
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and industrial, state, and federal research laboratories
have been primarily responsible for the rapid and success-
ful growth of the ammoniation process.

STORAGE TESTING EQUIPMENT

Anhydrous ammonia was added to the fertilizer materials
in a small drum mixer which had been used for the past
21/, years in the experimental work. The storage tests
were made in an apparatus similar to that described by
Schucht (13), consisting of an oil-filled thermostat and sev-
eral containers. The containers were short sections of a
4-inch iron pipe with a head welded in one end and fitted
with a removable piston. The piston was a section of smaller
iron pipe with welded oversize head fitting close to the 4-
inch container. A 1- or 2-pound sample of fertilizer was
introduced in the container placed upright in the oil bath.
The piston was inserted and putty was pushed into the annu-
lar space between piston and cylinder walls to prevent loss
of moisture from the sample. From 3 to 4 pounds pressure
per square inch was applied to the piston in most of the tests
by merely placing bags of lead shot on top of it. In a few
cases 15 to 20 pounds per square inch was obtained by hang-
ing the shot bags from the end of a 3-foot horizontal bar
passing across the top of the piston. Increasing the pres-
sure beyond about 3 pounds did not significantly affect the
reaction.

MATERIALS

The same commercial source of superphosphate was used
for the entire 6 months of the tests and the four shipments
of superphosphate involved closely approximated the follow-
ing average analyses: moisture, 7-8 per cent; total P:0s
18.7 per cent; insoluble P»0s, 0.25 per cent; free acid, 34
per cent. The potassium chloride and sulfate of ammonia
used in the 4-8-4 mixture were obtained from stock piles in
a fertilizer mixing plant. No organic nitrogenous material
was used in the mixtures, as previous experiments had shown
this to have no specific influence on the ammoniation reaction.

The 4-8-4 mixtures were made on the basis of 4 per cent
nitrogen. Typical formulas were: 4-8-4 (4.5 per cent N
Super)—22.5 pounds super; 5 pounds ammonium sulfate;
4 pounds potassium chloride; 17 pounds sand; 1.1 pounds
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anhydrous ammonia. 4-8-4 (3 per cent N Super)—22.5
pounds super; 6 pounds ammonium sulfate; 4 pounds po-
tassium chloride; 17 pounds sand; 0.8 pound anhydrous
ammonia. Duplicate batches were made of practically
all series to avoid freak data and minimize sampling and
analytical errors.

Facrory EXPERIMENTS

Early in the development of ammoniation it was realized
that the addition of ammonia to superphosphate must be
carried out in the present plant equipment with very little
addifional capital expenditure and with no decrease in the
hourly production. Experiments were recently made in
five widely separated fertilizer mixing plants to determine
the maximum amount of anhydrous ammonia that could
be mechanically introduced under the above criteria. Small-
scale experiments had shown (6) that the chemical absorp-
tion limit was 5 to 5.5 per cent nitrogen, but it required
5 to 8 minutes in a relatively tightly enclosed mixer for ccm-
plete absorption of the maximum quantity using anhydrous
ammonia. The use of an aqueous solution such as ordinary
aqua ammonia (25-30 per cent NH;) made it possible to
add an equivalent amount of ammonia in a shorter time,
but the water so introduced caused excessive dampness in
the mixture when more than about 2.5 per cent N was so
added to the superphosphate. Increasing the ammcnia
concentration of such solutions, of course, obviates this
difficulty, but more than 35 per cent NH; concentration
produces pressures which demand the same type of equip-
ment as anhydrous (100 per cent) ammonia. As the re-
version of phosphate has been found to be practically inde-
pendent of the moisture content of the goods as long as it
lies in the region of 6 per cent water or above, the limit of
ammoniation with concentrated ammonia solutions is on
the same basis as anhydrous ammonia (reversion of P:Os).
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The factory tests included mixed goods and cured and
fresh superphosphates from Tennessee and Florida rock
sources. The mixers were ordinary rotary batch machines
of the Sturtevant or Stedman type. It was found that
3.5 per cent N (4.25 per cent NHj) was an average maximum
limit of ammoniation with anhydrous ammonia. The limit
is sharply defined for a given material and attempts to intro-
duce more than this amount of ammonia within a reasonable
time (3 to 4 minutes) resulted in excessive losses. The
condition of the superphosphate and the presence of other
ingredients in mixtures had relatively little effect upon this
limit, although it varied as much as 0.5 per cent N between
different plants.

The fresh superphosphate was appreciably dried and
granulated by the ammonia treatment. Although interest-
ing possibilities of development along this line were indi-
cated, addition of ammonia stopped the action of the free
acid resulting in a phosphate availability somewhat lower
than that from cured super. The highly ammoniated mixed
goods were comparable to present ammoniated materials
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in physical characteristics, but with even less tendency to
cake and generally drier condition.

A recording thermometer buried in the pile of highly
ammoniated goods showed a tendency in mixed goods to
rise 2° to 4° C. the first 24 to 36 hours in the storage pile.
No such tendency was noted in straight ammoniated super-
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temperature to 40° C. or below brings in another factor—

combination of free water into hydrates stable at ordinary

temperature. Detailed observation of results in various

fertilizer plants during the past three years has shown that

final equilibrium, in goods ammoniated sufficiently to show

significant reversions, was not reached for over 6 months
at 25° to 30° C. :
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From a correlation of factory and experimental
results, the following rates of reaction have been set
up for average mixed fertilizers containing more than
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stable product obtained in 1 week at 80° C., in 1
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to 12 months below 40° C. As rates of reaction are,
almost entirely dependent upon free moisture con-
tent at temperatures below 60° C., these figures are
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estimates in the low temperature region. Water in
superphosphate is of two kinds, chemically combined
(hydrate) and free. All of the free and an indefi-
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phosphate. The ammoniation temperatures, using 3.5 per
cent N, were on the order of 90° C. for straight superphos-
phate and 70° C. for mixed fertilizers. The difference in
behavior previously mentioned is thought to be due to this
variation in initial temperatures.

Undoubtedly the present equipment is not the best for
highly efficient ammonia absorption. However, it allows
the introduction of quantities which under present price
schedules and analytical methods are most advantageous.
Development will occur along these mechanical lines only
when more favorable conditions warrant it. Although the
data here presented cover the entire range of possible am-
moniation, commercial and agronomic interests at present
will be concerned only with superphosphate containing not
more than 3.5 per cent or possibly 4 per cent N.

INFLUENCE OF TEMPERATURE AND MOISTURE

Most of the results obtained in this study can best be
presented as graphs. Those in Figures 1 to 8, based on a
few of the typical test runs in the small-scale storage ap-
paratus, show the change in insoluble P,Os content as related
to the temperature of storage and extent of ammoniation.
The serial number of the batch (M-1, M-2, ete.) is followed
by the nitrogen content of the superphosphate introduced
as anhydrous ammonia. The data in all graphs are on the
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same superphosphate basis. All analyses of 4-8-4 mixtures
were multiplied by 2.2, as only 23 pounds of the total 50-
pound batch was superphosphate.

The difference in rate of increase in insoluble P;O5 at 80°
and 60° C. is obvious from a comparison of Figures 1 to 8.
The change in time required to reach equilibrium from 5
days at 80° C. to 28 days at 60° C. is probably entirely de-
pendent upon temperature, as free moisture (dampness)
was clearly present at each temperature. Reduction of the

nite amount of the hydrate water are obtained dur-

ing the usual analysis by drying 5 hours at 100°

C. Hydrate water has no influence on ammonia re-
action. Consequently to accurately define the status of an
ammoniated superphosphate it would be essential to know
the free moisture at 25° to 30° C. Since no satisfactory
method for determining this exists, arbitrary limits of total
moisture (obtained at 100° C.) are the only guides to set
up for control purposes.
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FIGURE 5. SUPERPHOSPHATE STORED AT 60° C. (140° F.)

The ratio of free to combined water depends entirely upon
the temperature. Samples stored at 80° C. were always
moist to the touch, even though analyses showed only 3 to
4 per cent water. Sixty-degree samples were appreciably
drier but still damp, and at 40° or below the same material
was dusty. This indicated hydrates ranging in stability
from decomposition at 40° to 80° C. Past experience has
indicated that ammoniated material containing over 6 per
cent moisture is in what might be termed a normal state of
hydration and also has some free water. Such a product,
if highly ammoniated, will show slow reversion at 25° to 40° C.
during the first 6 months. On the other hand, mixtures
containing less than 6 per cent water may remain unchanged
for a year at low temperatures.

From what has been said it is possible to set up certain
plant operations to obtain minimum insoluble P,O; with
maximum ammonia absorption. As the starting points
on the graphs were dooled products, it obviously is highly
beneficial from the standpoint of insoluble P:0; to cool am-
moniated goods soon after introduction of the ammonia.
The same graphs, however, just as clearly show such prod-
ucts to be far from equilibrium mixtures and could be com-
pared with super-saturated solutions. Low temperature re-
sults in stability for appreciable lengths of time only if ac-
companied by dryness (no free moisture present). De-
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sirability of cooling products, therefore, must be judged
mainly on the probable free moisture content after cooling,
if stability of product is considered. :
Another factor influencing the stability of cooled goods
is the initial temperature of ammoniation. During the
experiments it was noticed that superphosphate ammoniated
to over 5 per cent N, and thereby reaching 90-100° C., was
more stable at atmospheric temperatures than material am-
moniated to only 3.5 to 4 per cent in which the temperature
reached only 70-80° C. To substantiate this, a batch was
ammoniated to 5 per cent N in two steps and the tempera-
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ture never allowed to rise above 70° C. This product lost
nearly 3 per cent available P,Os (official) in 4 months at
25-30° C., whereas a corresponding 5 per cent N product
ammoniated at 90-100° C. lost only 0.4 per cent available
P,0;s in the same time. Under the proposed method, the
low temperature batch lost 2 per cent P,Os and that at higher
temperature only 0.2 per cent P.Os.

It seems advisable, therefore, to avoid cooling during
ammoniation, and even soon after, if such moisture is present.
Cooling after a few days storage at elevated temperatures,
piling ammoniated goods in small open piles, or anything
to facilitate loss of free moisture and cooling, however,
probably would delay the reversion reactions at least 6 to
8 months. Centers of large warm storage piles containing
enough ammonia to cause reversion show higher reversions
than the surfaces of the same piles after a few weeks, but
the surface material after a year would probably be identi-
cal with the center.

INFLUENCE OF GRADE OF MIXTURES

The grade of mixture (ratio of superphosphate to total
weight) has practically nothing to do with the rate and ex-
tent of reversion, except that low-grade mixtures have lower
temperatures for a given degree of ammoniation and less
temperature effects will be noticed. The influence of grade
upon the analytical factor, however, is extremely important.
It has been established that the insoluble P.O; found in an
ammoniated superphosphate is directly proportional to the
ratio between weight of superphosphate in the sample and
volume of citrate solution. The use of a constant-size sam-
ple for all mixtures containing from 8 to 16 per cent P:0s
inherently alters this ratio and results in different values
for insoluble P:O; in the same superphosphate.

Figures 9 and 10 present the necessary data for predicting
the insoluble P,05 in any mixture that contains only ammoni-
ated superphosphate as the source of P;0s. They also show
that it is possible to add more ammonia per pound of super-
phosphate in low-grade goods than in high grades, owing
to the analytical factors mentioned. For example, in Figure
9 a superphosphate ammoniated to 3.5 per cent N and stored
hot for a week or two would show 5.4 per cent insoluble
P.0; under present official methods of analysis. If this
ammoniated superphosphate were cooled soon after mak-
ing, it would contain only 3.4 per cent insoluble P;Os. Such
a product mixed to a 4-8-4 grade or a 4-8-4 mixture ammoni-
ated to a corresponding degree would show after long storage
2.7 per cent insoluble P.O; in the superphosphate, or if cooled
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about 1.0 per cent. All cooled materials, indicated on the
graphs by dotted lines, represent the minimum insoluble
P,0s that could normally be obtained. The heavy lines
signify equilibrium products after long low temperature
storage (below 40° C.) or short high temperature storage
(above 60° C.).

The practical application of the graphs in Figures 9 and 10
should be carried out with the following factors in mind.
Small piles of material (under 500 tons) would probably
approach the classification ‘‘cooled.” Large piles (over
500 tons) would, at least below the surface, fall into the
classification of ‘“stored hot.” Moist goods (over 6 per
cent H,0) would also approach “stored hot” data rather
than ‘“‘cooled,” because cooled moist material will show
gradual reversion the first 6 months. The probable time
of analysis must also be considered. Goods over 6 or 8
months old would show similar reversions, regardless of
size of piles or storage temperatures unless the material was
especially dry.

The vertical line at 3.5 per cent N, besides serving as an
example of a selected composition, divides the practical
from the theoretical areas. As already shown, 3.5 per cent
N is the maximum mechanical limit of ammonia absorption
with anhydrous ammonia in present plant equipment. Be-
cause of economic as well as mechanical factors, therefore,
it will probably be several years before material ammoniated
to the area in the right of the line (about 3.5 per cent N)
will be a common article of commerce.

CHEMICAL REACTIONS

Briefly, the ammoniation reactions, discussed in detail
elsewhere (6), were:

C&HJ(PO(): + NHa = CS.HPO4 + NH(H:PO( (1)
2CaHPO; + CaSO.2H.0 + 2NH; =

C&a(P04)2 + (NH4)zSO4 + 2H20 (2)
NH¢H2PO‘ + C&SO(‘2H20 + NH: =

CaHPO; + (NH,).SO: + 2H,0 (3)

Gypsum is the constituent which fundamentally causes
reversion by reacting with the ammonium phosphates.
Therefore the rate and extent of reversion are controlled by
those factors which affect the gypsum reactions. Free mois-
ture obviously contributes an acceleration to the reactions,
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as it enables more extensive solution of the gypsum. Fur-
thermore, its presence decreases the stability of the am-
monium phosphates. Elevated temperature, in addition
to furnishing more free moisture through hydrate decompo-
sition, increases the solubility of gypsum and greatly in-
creases the rate of ammonium phosphate decomposition.

A superphosphate ammoniated at temperatures below
70° to 80° C. will contain most of its ammonia as phosphate
compounds and the gypsum is only slightly involved. Conse-
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quently this product cooled will not be stable in the presence
of free moisture and will show gradual reversion. The other
extreme, a product ammoniated at 100° C., will have under-
gone probably 50 per cent of the potential gypsum reactions
within an hour or less. This product when cooled is much
nearer the final equilibrium point. Hence the driving force
of the reactions is less and a comparatively stable product
results.
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The fact that gypsum is of fundamental importance in
the reversion reactions was again checked by storing am-
moniated triple superphosphate (product from phosphoric
acid and phosphate rock) at 80° C. for a week. Triple super-
phosphate ammoniated to 6.0 per cent N changed in insoluble
P,0; from 2.9 to 4 per cent, whereas a similar ratio of am-
monia to calcium phosphate in ordinary superphosphate
would have shown a change of from 6 to 9 per cent insoluble
P,0s. '

SUMMARY

The relationship between degree of ammoniation and re-
version of P,Os in superphosphate fertilizers has been de-
termined according to the present official and proposed
method of analysis. The influence of time and tempera-
ture of storage, of the presence of ordinary ingredients in
complete fertilizer mixtures, of moisture content, of physi-
cal conditions, etc., upon this relationship has been investi-
gated.
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1

It was established and verified by industrial results dur-
ing the past two years that 30 pounds of anhydrous ammonia
was the maximum that could be added to a ton of mixed
fertilizer (8-10 per cent P,O; grade) without encountering
excessive reversion of phosphate under official analytical
control. This meant that 2 to 2.5 per cent of nitrogen
added as ammonia to the superphosphate in such mixtures
caused a reversion of approximately 0.5 per cent P;0s.

Vol. 24, No. 1

The data in this paper indicate that under the proposed
analytical methods 40 to 45 pounds of anhydrous ammonia
can be added to a ton of mixed fertilizer (8-10 per cent P»Os
grade) with not more than 0.5 per cent reversion of P,0s.
This is 3 to 3.5 per cent nitrogen added to the superphosphate.

Factory tests have also shown that mechanically 40 to
45 pounds of ammonia is the practical limit using present
machinery and methods of handling in the average fertilizer
factory. The rate of ammonia absorption beyond this
amount is greatly reduced, with consequent decreased ton-
nage production per hour.

The time for an ammoniated superphosphate to reach
equilibrium at a given temperature has been found to be:
1 week at 80° C. (176° F.); 1 month at 60° C. (140° F.);
4 months at 50° C. (120° F.); 6 to 12 months below 40° C.
(100° F.). These rates assume the presence of 6 per cent
or more moisture in the material. Less water greatly de-
creases the rate and products containing 3 per cent of moisture
have been found unchanged for over a year at ordinary tem-
peratures. The presence of more or less water than the
average 6 to 7 per cent apparently influences the rate of re-
action (reversion) but not the extent. This point is being
further investigated.
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METHOD)

The stability of products cooled immediately after am-
moniation has been found to be dependent upon (1) the
initial temperature or ammoniation temperature, and (2) the
presence of free moisture (as distinct from hydrate moisture).
Cooling material initially over 80° to 90° C. with a moisture
content less than 6 per cent results in a product apparently
stable for over 6 months. If the moisture content is more
than 6 per cent, reversion will occur within 6 months. Prod-
ucts with average moisture content (6-8 per cent H.0),
ammoniated at temperatures below 70° to 80° C. and cooled
suddenly, show reversion within three or four months. After
storage for a week at temperatures above 70° C. subse-
quent cooling, it is thought, will result in a product stable
for an indefinite period.

The insoluble P.O; in ammoniated superphosphate mixed
to any grade of mixed fertilizer (8-16 per cent P,Os) can be
estimated from graphs in Figures 9 and 10. The ‘“stored”
condition in these graphs represents maximum and the
“cooled”” designates the minimum soluble P;0s. The history
of the sample being considered will determine to which class
it belongs.

The application of the chemical equations previously
worked out (6) to new data has been discussed.

The physical condition of superphosphate is still further
improved with the application of 4 per cent or more nitrogen
as anhydrous ammonia over that obtained using 2 per cent
nitrogen. Less caking is found, apparently owing to vapori-
zation of more water from the surface of the particles in the
hot, highly ammoniated materials.
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‘Identiﬁca'tion- of Diolefins in Lower Fractions
from Vapor-Phase Cracked Gasoline

S. F. Birca anp W. D. Scorr, Anglo-Persian 0il Co., Ltd., Meadhurst Laboratories, Sunbury-on-Thames, England

produced by high-temperature cracking, is generally so

small that identification of individual diolefins can
be accomplished only after careful fractionation by special
methods. The method generally adopted for the separation
of the lower members has been the addition of bromine,
followed by the separation of the tetrabromides from admixed
dibromides derived from the olefins. Thus butadiene and
piperylene were isolated from oil-gas condensate in this way
by Armstrong and Miller (1) while Brame and Hunter (2)
similarly identified piperylene in the fraction boiling between
42-47° C. from cracked Russian kerosene (Cross plant).
The method has the advantage that the original hydrocarbon
can readily be regenerated from the solid tetrabromide by
treatment ‘with zinc dust in alcoholic solution, as well as
from the accompanying isomeric liquid tetrabromide. Un-
fortunately, although this method of identification is per-
fectly satisfactory for butadiene and piperylene, both of which
form easily crystallizable tetrabromides, it is useless for
isoprene, cyclopentadiene, and the dimethyl butadienes, all
of which give liquid tetrabromides. No doubt, by fractionat-
ing the mixed di- and tetrabromides obtained by brominating
a narrow-cut gasoline fraction and by treating the high-
boiling portion containing the tetrabromides with zine dust in
alcohol, it would be possible to concentrate the diolefins
present, but some means of identifying them would still be
necessary.

T HE diolefin content of cracked distillates, even of those

Previous WoORK

Ostromisslenskii (9) succeeded in estimating the isoprene
present in a mixture of butenes, pentenes, and benzene by
shaking with concentrated hydrochloric acid for 6 hours
and fractionating the carefully washed and dried product.
The isoprene content was determined from the weight of
the fraction boiling from 130-140° C., which was 86 dichlor-
p-methylbutane in a fairly pure condition. While this
method would no doubt give satisfactory resultsif the isoprene
content were comparatively high, it would be useless for the
pentene fraction from the average cracked gasoline. Fur-
thermore, it again does not provide a method of identification.

Cyclopentadiene was isolated from oil-gas condensate by
Etard and Lambert (6); their method depended upon separat-
ing the dicyclopentadiene, formed on standing, by fractiona-
tion. Cyclopentadiene has also been isolated from coke-
oven benzene and from the benzene produced on the dis-

tillation of lignite (8). This method of isolation involving
polymerization followed by depolymerization is very con-
venient for separating and preparing cyclopentadiene free
from other hydrocarbons, but it does not afford a very good
method of identification when only traces are present.

Recently it has been shown that the conjugated hydro-
carbons can be estimated quantitatively by a very simple re-
action. It has long been known that quinones, azo esters,
and various unsaturated aldehydes react with conjugated
hydrocarbons with the formation of various ring compounds.
Diels and Alder (3) describe the preparation of acid anhy-
drides by the addition of maleic anhydride to conjugated
hydrocarbons [see also Farmer and Warren (7) and Diels and
Alder (4)]. Most of these addition products are formed with
the greatest ease, generally by allowing the diolefin and maleic
anhydride to react in benzene solution at ordinary tempera-
tures. The reaction which involves the addition of one mole-
cule of the diolefin to one of the maleic anhydride can be ex-
pressed as follows:

¥

—C// CH——CQ -—C/ \}JH——CO
bl
2 X

The products are characterized by their perfect crystalline
form. Table I shows the melting points of the anhydrides
derived from the lower members of the conjugated hydrocar-
bon series.

TasLe I. MerLTiNG POINTS OF ANHYDRIDES
MEevTiNG PoINT
DioLEFIN Anhydride Acid
20 *C.
Butadiene 103-104 166
Isoprene 6364 P
Piperylene 62 pid
Cyclopentadiens 164-165 177-179 ;
A1 Cyclohexadiene 147 Not affected by boil-

ing water

The anhydrides and acids have been isolated for each of
the dimethylbutadienes by Diels and Alder (5).
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The ready formation of these anhydrides appeared to give
an excellent method for identifying diolefins and possibly
even for estimating them in cracked distillates.! The quanti-
tative estimation appears to be possible for the cyclic hydro-
carbons which react with maleic anhydride instantaneously
with evolution of heat, but the addition with the straight-
chain diolefins is a slower process. Butadiene, isoprene, and
piperylene all react slowly in the cold, but the maleic an-
hydride appears to act as a catalyst for the polymerization
of isoprene and piperylene, small amounts of a rubber-like
polymer always being formed. The same phenomenon has
been observed with several of the dimethylbutadienes, certain
of these giving good yields of the addition product, while
others give large amounts of polymer (aa dimethylbutadiene
gives only polymerized products according to a private com-
munication from F. L. Warren).

LowERr FrAcTIONS

The examination of the lower fractions of comparatively
close boiling range, derived from the compression gasoline
from a high-temperature cracking unit and the corresponding
gasoline itself (yellow naphtha), showed that butadiene,
piperylene, isoprene, and cyclopentadiene were all present
and easily separated. Preliminary attempts to isolate the
corresponding derivatives derived from the dimethylbutadiene
fraction have, however, so far been unsuccessful, probably
owing to the complex nature of the fractions examined.
The ease with which the cyclopentadiene derivative separates
is remarkable; in fact, so great is the heat of formation that,
unless the fraction is carefully cooled after the addition of the
maleic anhydride, boiling takes place. The procedure adopted
was as follows:

The fraction boiling over a 4° C. range, in which the diolefin
had been concentrated by fractionation, was carefully dried
with calcium chloride, filtered into a dry bottle, and cooled in
ice, and several grams of finely powdered maleic anhydride were
added. The quantity added is determined by the fraction under
examination, but for identification purposes it is better to have
an excess of the diolefin. The bottle was then closed with a
rubber bung and vigorously shaken, and the anhydride slowly
dissolved. The rest of the procedure then depended upon the
diolefin present. The cyclopentadiene derivative, even if present
in small amounts, soon crystallizes out, while, if the quantity
present is fairly large, considerable heat is evolved, and the bottle
must be cooled inice. Although separation occurs in a short time,
it is advisable to leave the whole overnight in order to ensure
that this is as complete as possible. Both piperylene and iso-
prene are polymerized by maleic anhydride, so that the fraction
containing them is left in ice for several days before working
up. The concentration of butadiene was so low in the fractions
examined that it was necessary to complete the action by heating
to 100° C. under pressure for 8 hours. This was carried out in a
small enameled autoclave. -

The cyclopentadiene derivative, cis-endomethylene-3,6-
tetrahydrophthalic anhydride,® was very insoluble and was
easily filtered off. It chiefly occurred in the fraction boiling
from 40-44° C. After recrystallization from petroleum ether,
it melted at 164° C., and mixing with an authentic specimen
did not lower this melting point. (Analysis gave 65.76 per

1 Recently a patent taken out by the I. G. Farbenindustrie A.-G., British
‘Patent 352,164 (July 9, 1931), claims the use of maleic acid or its anhydride
for the purification of crude benzene from coke ovens or gas plants. The
treatment as described is carried out by adding from 0.3-10 per cent
(generally 1-3 per cent will suffice) to the crude benzene and, after refluxing
for 2 hours, distilling off the purified material. It is suggested that the resi-
due, which contains methylene tetrahydrophthalic anhydride may prove
useful for the preparation of resin esters.

2 This constitution was suggested by Diels and Alder (3), but Farmer and
Warren (7) have been unable to confirm this structure.
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cent carbon and 4.82 per cent hydrogen; CoHsO; requires
65.85 per cent carbon and 4.88 per cent hydrogen.)

Cyeclopentadiene was also obtained when the high-boiling
residue, obtained on distillation of the compression gasoline,
was fractionated, and the fraction boiling between 60° and
80° C. at 25 mm. pressure, which possessed a strong odor of
dicyclopentadiene, slowly distilled over iron filings. The
cyclopentadiene in the distillate was identified by means of
the maleic anhydride condensation compound.

The piperylene derivative, -cis-6-methyl- A'-tetrahydro-
phthalic anhydride, occurred in the same fraction as the cyclo-
pentadiene but could only be isolated by evaporation of
the residual hydrocarbons. The addition product then crys-
tallized out and was purified by recrystallization from ben-
zene and petroleum ether (boiling point 60-80° C.); it melted
at 62° C., and a mixed melt with an authentic specimen
showed no depression. (Analysis gave 65.0 per cent carbon
and 5.86 per cent hydrogen; CyH;,O; requires 65.06 per cent
carbon and 6.02 per cent hydrogen.) The isoprene deriva-
tive, cis-5-methyl- A‘-tetrahydrophthalic anhydride was iso-
lated in a similar manner from the fraction boiling between
33°and 37° C.; it melted at 64° C. There was no depression
of the melting point when admixed with a genuine specimen.
(Analysis gave 65.01 per cent carbon and 6.00 per cent hydro-
gen; CoHyo0s requires 65.06 per cent carbon and 6.02 per cent
hydrogen.)

The butadiene addition product, cis- A*-tetrahydrophthalic
anhydride, was obtained by heating the gasoline fraction boil-
ing below 20° C., consisting mainly of butanes and butenes,
with maleic anhydride for 8 hours in a small enameled auto-
clave at 100° C. A quantity of rubber-like polymer was
formed at the same time, from which the butadiene derivative
was freed by crystallization from benzene and petroleum
ether (boiling point 60-80° C.). The impure anhydride
melted at 88° C., but after two recrystallizations the melting
point rose to the correct temperature, 104° C. The pure
material did not depress the melting point of a genuine speci-
men. (Analysis gave 63.12 per cent carbon and 5.22 per
cent hydrogen; CsHsO; requires 63.02 per cent carbon and
5.26 per cent hydrogen.)

The viscous oil, which remained after all the hydrocarbon
and solid material had been removed from the treated cyclo-
pentadiene-piperylene fraction, very slowly deposited further
crystals of the cyclopentadiene derivative upon long standing.
The oil left when these crystals had been removed by filtration
was distilled under reduced pressure. Practically the whole
passed over between 138° and 142° C. at 3 mm. pressure.
The distillate on hydrolysis gave an acid which would not
crystallize. Upon standing for several months, a further
quantity of the cyclopentadiene derivative separated from
the distillate, but the main portion could not be induced to
solidify. Analysis showed that it was probably a mixture
of the anhydrides derived from piperylene and isoprene. Its
chief interest lay in the ease with which it distilled, indicating
thereby a possible method for separating the liquid anhy-
drides obtained by the treatment of the higher fractions now
awaiting investigation.
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Effect of Chemical Treatment on Wood
Permeability

ALFRED J. StAMM, Forest Products Laboralory, Madison, Wis.

NE of the primary ob-
jects in developing the
previously reported

physical methods for study-
ing the capillary structure of
wood (4, 6, 6, 7, 8) has been
to obtain a means of quantita-
tively investigating the effect of
chemical and physical treatment
on its permeability. Data ob-
tained from such measurements
should be of value in developing
means of increasing the permea-
bility, which, in turn, might be
of value in the impregnation of
resistant woods with preserva-
tives and in the impregnation
of chips with chemicals in

chemical pulping processes. conditions.

RELATED INVESTIGATIONS

Other investigators have become interested in the same
problem. Johnson and Maass (I) found that treatment
with pulping liquors in general increases the subsequent
permeability of wood to water. Scarth and Spier (3), measur-
ing the permeability of wood, found that untreated heart-
wood sections of red spruce (it was not stated whether these
were seasoned or unseasoned) gave a flow of only 1 ce. of
water in 22 hours, under the conditions selected. When the
sections were boiled in water the permeability increased, the
flow becoming 20 cc. for the same length of time. Treatment
with lignin solvents gave a flow of 10 to 80 cc. in the same time.
These investigators state that the increase in rate of flow
caused by boiling the wood in water is due to the removal of
hemicelluloses. This, however, seems highly improbable.
Even with unseasoned wood, in which the air content is rela-
tively small, it is still sufficient to affect the permeability
markedly (5, 6). The boiling process, which removes a large
percentage of the residual air, can readily account for the
twenty fold increase in permeability. The rates of flow ob-
tained with the chemically-treated sections, from which
some air undoubtedly is removed during treatment, should be
compared with the rate of flow obtained with the water-boiled
specimens rather than with the unboiled. The largest in-
crease in permeability obtained on this basis with the lignin
solvents used was about fourfold. As different amounts of
air may be removed in different solvents, quantitative com-
_parisons of the increase in permeability are impossible.

Neither the simple experimental method used by Scarth
and Spier nor the much more complicated method of Johnson
and Maass, which was designed to duplicate as nearly as
possible commercial pulpinz conditions, is adequate for ob-
taining data that can be used in calculating the dimensions
of the effective capillaries and the changes in these dimen-
sions. Such measurements can be made, however, by using
methods previously reported (5, 6, 7, 8).

This paper, supplementing earlier ones, is a preliminary
report in which the possibilities of increasing the permeability
of wood are demonstrated and some of the theoretical infer-
ences are pointed out.

DOUGLAS FIR specimens 1 foot (30.48 c¢m.)
long and thin Sitka spruce seclions were lreated
with chlorine gas, followed in some instances by
a lreatment with ammonia gas or ammonia water.
Permeabilily measurements, using the previously
developed differenlial pressure-drop hydrostatic-
flow apparatus, and measurements of the effec-
live opening diamelers, using the method for
overcoming the effect of surface lension, show
that the lrealment opens the capillary structure,
presumably as a resull of solvent aclion on the
lignin of lhe pil membranes thal constilule
the major resistance 1o flow. Permeabilily
increases ranging from lwofold to one hundred
and lhirly fold were obtained under varying
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FINE CAPILLARY STRUCTURE OF
Woop

A brief description of the fine
capillary structure of wood will
help toward an understanding
of the effect of chemical treat-
ment on permeability.

The fiber cavities that make
up the major part of the void
volume of wood are closed at
both ends, the only communica-
tion from fiber cavity to fiber
cavity being through the pores
in the membranes of the
bordered pits. It is the size,
as well as the number, of these
fine openings in the pit mem-
branes that controls the per-
meability of wood to hydrostatic
flow. Each softwood fiber with an average length of about
0.3 em. and a diameter of approximately 0.003 ¢m. has from
30 to 300 pits connecting it with adjoining fibers, and there
are from 50,000 to 100,000 such fibers in a square centimeter
of cross section.

Figure 1 shows a photomicrographic section of a typical
softwood cut across the fibers. A bordered pit connecting
two adjacent fiber cavities is shown in cross section. The
openings in the adjacent cell walls, which are almost cir-
cular, are separated by a membrane that is a continuation
of the middle lamella, the cementing material between the
fibers. The pit membranes, particularly those of softwoods,
have a slight central thickening called the torus. Sometimes
the pits are aspirated, that is, the torus is held against one
of the seats of the cell wall opening, making the pit act like a
closed valve.

The permeability of a pit depends primarily upon its con-
dition. If the pit is not aspirated, the permeability is a
function of the porosity, the area, and the thickness of the
membrane. If it is aspirated, the permeability further
depends upon how close the valve seat fits and whether or
not it is cemented in a closed position with resinous material.
The greater permeability of sapwood over that of heartwood
(7, 8) is probably due to far less aspiration of the pits and
clogging of the membranes with resin in sapwood than in
heartwood.

ExPERIMENTAL PROCEDURE AND RESULTS

The fact that practically the entire resistance to the flow
of liquids through wood is in the pit membranes, which are
composed of lignin (2), immediately suggests that the per-
meability of wood might be increased through the use of
lignin solvents. Since it would be commercially desirable to
increase the permeability of resistant woods only, it is im-
portant to use a means of solvent treatment that is as effective
as possible in completely penetrating the wood.

A gaseous treatment of the partially seasoned wood seemed
the most promising method. Chlorine reacts with lignin
to form a compound that is soluble in dilute alkali or am-
monium hydroxide. The procedure adopted was to pass
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chlorine gas, which had been humidified by bubbling through
water, longitudinally through the specimen. Glass adapters
with hard rubber flanges for clamping to the ends of the speci-
men served to conduct the gas. The discharge tube was
dipped into a beaker of oil so that the rate of passage of the
gas could be observed from the rate of bubbling. With the
type of connection used, leakage made it impossible to apply
chlorine pressures greater than a few atmospheres. Improve-
ment of the clamping device may -permit greater pressures.
The chlorine-gas treatment was in some cases followed by a
similar treatment with ammonia gas and this, in turn, by a
treatment with steam.

Measurements

Vol. 24, No. 1

attempts to cause rupture of the pit membranes mechani-
cally will be made, using high pressures, freezing, and perhapsa
combination of freezing and high pressure.

Chlorine treatment of the long specimens of Douglas fir,
followed by soaking in ammonia water, was less effective in
uniformly opening the structure than it was with the thin
Sitka spruce sections. The permeability increase for the
center section was appreciably less than that for the section
cut from the intake end, showing that the effectiveness of the
treatment falls off toward the middle of the specimen. When
ammonia gas was passed through the specimen, instead of
soaking it in ammonia water, the opening of the capillary

structure was more

were first made upon
transverse sections of
Sitka spruce 1 to 2
cm. thick (3 to 6
fiber lengths). The
chlorine and the am-
monia gas passed
through these sec-
tions readily and uni-
formly. The uni-
formity of the colora-
tion of the wood
(orange from the
chlorine and black
from the ammonia)
made the uniformity
of the penetration
evident. Little
radial or tangential
penetration of the
gas occurred, the
colored discharge
surface having prac-
tically the same di-
mensions as the intake surface. After treatment for the
periods indicated in column 2 of Table I, the sections were
soaked in distilled water for 2 weeks, with frequent changes
of the water. To facilitate the replacement of air by water
the soaking was done in a vacuum desiccator to which suction
was applied intermittently. Measurements of the per-
meability were then made, using the previously developed
differential pressure-drop hydrostatic-flow apparatus (5,
6, 7), and of the maximum effective opening diameter, using
the method for overcoming the effect of surface tension
(4, 6).

Table I shows the results of measurements on thin, treated,
transverse sections of Sitka spruce. The 2-hour chlorine treat-
ment caused a considerable increase in the permeability and
in the maximum effective capillary radius, while the shearing
strength of the section seemed to be only slightly reduced.
With the prolonged chlorine treatment, followed by a treat-
ment with ammonia gas, the permeability and the maximum
effective radius were further increased, but the shearing
strength was enormously reduced.

Table II gives the results from a longitudinal treatment
of specimens of Coast Douglas fir 1 foot (30.48 cm.) long.
After the treatment test sections were cut from the ends
and center of the specimens. These were soaked in distilled
water and subjected to the same vacuum treatment as the
Sitka spruce sections. The results for specimen 3 show that a
physical pressure treatment of the partially soaked specimen
in an autoclave has no effect upon the permeability. Building
up the pressure to 5 kilograms per square centimeter and
suddenly releasing it does not cause rupture of the pit mem-
branes, as is made evident by the fact that the permeability
and the maximum effective radii remain unchanged. Further

Ficure 1.

Cross SectioN oF Sorrwoop. Aspirated bordered pit connecting
two adjacent fiber cavities (X 2000) is shown.

nearly complete
throughout the speci-
men. With both
forms of treatment,
radial penetration
and tangential pene-
tration were negli-
gible. Longitudinal
penetration was far
less uniform over the
cross section of the
specimen than for the
thin Sitka spruce sec-
tions. The specimen
treated by soaking in
chlorine water, in-
stead of being sub-
jected to the gas,
showed a smaller in-
crease in permeability
and in the maximum
effective capillary
radius, which dimin-
ished even more to-
ward the middle of the specimen than with specimen 3. This
should be expected, as the penetration of chlorine water was
not greater than !/g inch (0.32 cm.) radially and tangentially
and was far from uniform longitudinally. Treatment of un-
seasoned wood in this manner might have been much more
effective, as the chlorine could then diffuse quite readily
through the sap.

The maximum effective capillary radii presented in both
Table I and Table II, in general, show a decrease in the
effective radius with an increase in thickness of the test
section (7, 8). This is due to the fact that the effective path
through a number of pit membranes in series will approach
an average value as the number increases, because of the de-
creasing probability that all those in series contain pores of
maximum size.

It is of interest to calculate what the increase in perme-
ability would have been if the average effective capillary radii
had increased at the same rate as the maximum. These
values are given in Table III. The calculated permeability
increase for the thin Sitka spruce specimens does not greatly
exceed the observed permeability, showing that the average
effective capillary radii increase almost at the same rate
as the maximum effective capillary radii. With the longer
Douglas fir specimens the calculated permeability is a number
of times greater than the observed value, indicating that
the greater part of the increase in the capillary radii is confined
to the more effective capillary paths. The same conclusion
can be drawn from the fact that the coloration of the Douglas
fir specimens caused by the chlorine gas is not uniform over
the operative cross section of the specimens, indicating
that the penetration and subsequent chemical action followed
largely the capillary paths of least resistance.
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TaBLe I. Errecr oF CHEMICAL TREATMENT OF THIN TRANSYERSE SECTIONS OF SITKA SPRUCE ON PERMEABILITY TO WATER AND
Maxmmum EFrFectiveE CAPILLARY Rapne
EXTRAPO- PerME-
LATED ABILITY
PRESSURE- ¥OR UNIT PRESSURE
Dror DimENsIONS 70 OVER- MAaxIMUM
THICKNESS Rario PER CM. COME EFFECTIVE
EFrecT ON OF P MERCURY  SURFACE CAPILLARY
SEcTION TREATMENT STRENGTH SECTION P PreEssure  TENSION Raprivs
Cm. Ce./hr. Kg./em.? Cm.
1 Untreated 1.130 0.004 0.0172 13.0 11.3 X 10-¢
2 Untreated . R 1.885 0.0025 0.0179 17.0 8.6 X 10-¢
3 Chlorine 2 hours, steam !/2 hour Slight reduction 1.215 0.120 0.552 5.0 20.4 X 10-¢
4 Chlorine 2 hours, steam !/2 hour Slight reduction 1.800 0.075 0.512 7.0 21.0 X 10-¢
Chlorine 8 hours, let stand 2 days in contact with
chlorine gas, steam for !/: hour, ammonia gas 1
hour, steam for !/2 hour Total destruction 1.090 0.550 2.28 3.5 42.0 X 10~¢

@ Qperative cross section of differential pressure-drop hydrostatic-flow apparatus = 2.08 om.?

drop hydrostatic-flow apparatus = 3.73 X 1079,

4
Standard capillary constant, ’-;T' of differential pressure-~

TasLe I1. Errecr or CHEMICAL TREATMENT OF Coast Doucras Fir SpEciMens 30.48 cy. LonG on PeErMEABILITY TO WATER AND
Maxmunm EFrective CAPILLARY RApn®
ExTRAPO- PERME- 0
LATED ABILITY
PRESSURE- FORrR UNIT PRESSURE
Dror DrvensioNs 10 OVER- Maximum
THICKNESS RaTIO PER CM. COME EFFBECTIVE
SpECI- oF TeEsT = LOCATION OF SECTION P2 oF MERCURY SURFACE  CAPILLARY
MEN TREATMENT SECTION IN SPECIMEN Py PrEssure  TENSION Raprus
Cm. Ce./hr. Kg./em.? Cm.
Untreated 0.940 0.0034 0.0164 43.6 34 X 10~
Untreated 1.362 0.0025 0.0174 59.8 25 X 10~¢
2 Untreated 0.930 0.0033 0.0157 40.0 37 X 10~
3 5 kg./om.? pressure applied to partially soaked 0.975 (1) End 0.0031 0.0163 43.6 34 X 10~¢
specimen and suddenly released 5 times 1.425 2) Next to end 0.0022 0.0161 71.7 21 X 10
0.908 3) Center 0.0037 0.0172 40.0 37 X 10-¢
1.400 4) Center 0.0022 0.0158 73.7 = 20 X 107
4 Chlorine 6 hours, let stand overnight in contact 1.495 Intake end 0.0155 0.1190 27.4 54 X 10~
with chlorine, soaked in ammonia water, and put 1.009 Next to intake end 0.0175 0.0905 17.6 84 X 10~
through pressure treatment of 3 0.945 Center 0.0155 0.0753 18.3 81 X 10~
1.428 Center 0.0100 0.0732 30.2 49 X 10~
5 Same as 4 except that ammonia was passed through 1.043 (1) Intake end 0.022 0.1180 17.6 84 X 10~¢
specimen for 1 hour instead of soaking in am- 1.515 2) Next to intake end 0.014 0.1090 28.8 51 X 10-¢
monia water before pressure treatment 1.020 3) Center 0.018 0.0838 21.1 70 X 10-¢
1.450 4) Center 0.012 0.0893 33.7 44 X 10-¢
0.910 §5) Next to discharge end 0.018 0.0842 21.1 70 X 10~¢
1.445 6) Discharge end 0.012 0.0890 32.3 46 X 10-¢
6 Soaked in chlorine water for 1 week and put through 1.445 (1) End 0.009 0.0668 37.3 40 X 10-¢
pressure treatment of 3 .980 22) Next to end 0.012 . 06! 24.6 60 X 10-¢
1.500 3) Center 0.008 0.0462 42.2 35 X 10-¢
0.975 (4) Center 0.008 0.0400 26.7 55 X 10-¢

A1)

s 4
a Qperative cross section of differential pressure-drop hydrostatic-flow apparatus = 1.54 em.? Standard capillary constant, lr' of differential pressure-

drop hydrostatic-flow apparatus = 3.73 X 1072

TasLE III. CoOMPARISON OF ACTUAL INCREASE IN PERMEABILITY
wiITH INCREASE EXPECTED IF AVERAGE EFFECTIVE CAPILLARY
Rapir INCREASED AT SAME RATE As Maxiva ErrFective CAPIL-

LARY Rapn
RaTio or
ErrFEC- Cavrcu-

TIVE CALCU- LATED TO

OpservED CAPIL- LATED OBSERVED

PERMEA- LARY PeERMEA- PERMEA-

Speci- Sec-  BILITY _RADIUS _ BILITY BILITY

Woob SpECIES MEN TION INCREASE INCREASE INCREASE INCREASE

Times Times Times
normal normal  normal

Sitka spruce 3 32.1 2.60 46.0 1.43
Sitka sgruce 4 28.6 2.44 35.7 1.25
Sitka spruce e e D 132.7 3.72 191 1.44
ouglas fi 4 1 7.26 2.57 43.7 6.02
Sonty Doss i 2 5.52 2.47 37.5 6.75
3 4.59 2.38 32.3 7.03
£ 4.47 2.33 29.5 6.60
las fir 5 1 7.20 2.47 37.5 5.20
Connk Dot 2 6.65 2.43 35.0 5.27
3 5.11 2.06 18.1 3.55
4 5.44 2.09 19.3 3.55
5 .13 2.06 18.1 3.53
6 5.43 2.19 23.1 4.25
fir 6 1 4,07 1.90 13.1 3.22
A 2 3.69 1.77 9.8 2.66
3 2.82 1.756 7.8 2.76
4 2.44 1.62 6.9 2.83

An extension of these measurements, including measure-
ments of the ratio of the effective capillary length to the
effective continuous capillary cross section, using the recently
developed electrical conductivity method (7, 8), is contem-
plated. Undoubtedly more favorable methods of treating
and treating conditions can be found for opening the fine
capillary structure of wood than the few methods of treatment
and conditions thus far tested.

SUMMARY

Treatment with chlorine gas and treatment with chlorine
aas followed by a treatment with ammonia open the fine capil-
lary structure of wood enough to increase its permeability:
to water. Using a drastic treatment a permeability increase
of one hundred and thirty fold was obtained with a thin
section, but under such treatment the strength of the wood
was almost totally destroyed. Milder treatment caused
a smaller increase in permeability without greatly affecting
the strength. Longitudinal treatment was found to increase
the permeability several fold at a distance of 1 foot (30.48 ¢m.),
from the treating end.
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X-Ray Study of Rubber Structure

MarsHALL F. AckeN, WiLLiam E. SINGER, AND WHEELER P. DAvEY, Pennsylvania Slate College, State College, Pa.

INCE the outstanding
S properties of rubber are
those of a colloidal gel, it
would seem reasonable at first
sight to picture it as having the
two-phase structure found for
ordinary jellies. The chemical
data in the literature do not seem
to be in entire accord with such
a simple picture, and even the
published x-ray work on
stretched rubber is capable of
more than one simple interpre-
tation. It has therefore seemed
worth while to carry out addi-
tional x-ray experiments of a
somewhat different type on the
ultimate structure of rubber.

Review or Previous WORK

It will facilitate the discus-
sion of the new data presented
here if the results of work so far reported in the literature are
first outlined briefly. These results! may be classified in
the following manner: the existence and mutual transforma-
tion of -different polymers in rubber; and data concerning the
physical structure as determined from x-ray diffraction
patterns.

Ex1sTENCE OF PoLyMERS IN RuBBER. The existence of two
different constituents in rubber was assumed by many of the
early workers in the field. The first workers include Govi
(10) who in 1867 assumed that rubber is analogous to a solid
foam. His work was shortly disproved, however, by Thomas
(25) and later by Hehesus (15). Theories based on the
presence of two constituents in rubber have been set forth
by many workers, including Malock (20), Fessenden (7),
Breuil (2), Chaveau (4), Schwarz and Kemp (24), and Chene-
veau and Heim (5). There have also been many attempts to
separate the constituents of rubber. Weber (27) and Caspari
(3) were the first to attempt the fractionation of rubber into
hydrocarbons of different properties. This has been success-
fully accomplished by Duclaux (6), Feuchter (8), and Pum-
merer (23). These hydrocarbons were shown to have the
empirical formula Cs;Hs, but exhibited entirely different
degrees of polymerization. The more soluble polymers have
been designated as alpha rubber, and the more insoluble
resinous forms as beta rubber. It is doubtful if any sharp
dividing line can be drawn between different groups of
polymers. In recent years a number of investigators, includ-
ing Pickles (22), Lunn (19), Freundlich and Hauser (9), Van
Rossem (26), Park (21), Hauser (11), and others, have
conducted investigations on the structure of rubber, based on
the properties which it would possess if it consisted of such
polymers. Further experiments by Bary and Fleurent (1) and
others have been interpreted as showing that these polymers
are mutually transformable, that in ordinary rubber there is
an equilibrium value for the relative amounts of the various
polymers present, and that this equilibrium can be disturbed
by aging, heating, etc.

1 Excellent reviews of the work on the composition and structure of rub-
ber have been published by Hauser and Bary [Rubber Age (N. Y.), 283,
685-8 (1928)], and by G. L. Clark [Indian Rubber World, 79, 559 (1929)].

The present summary is limited to those articles which seem to have a
direct bearing on the present work.

IT IS SHOWN by a-ray diffraction methods
that a time interval is required lo build up a fiber
structure in siretched rubber.
types of explanation for this effect are poinfed
oul, and serious objections fo three of these are
mentioned. The most probable explanation seems
{o be thal time is required either to squeeze oul
unfavorably oriented molecules to the inlerfaces of
Jibers made up of favorably oriented molecules;
or lo pull oul, in the direction of fiber-orientation,
langled portions of molecules. Such a piclure
would cause the easily sireiched, favorably
oriented molecules to assume the role usually
played by the more solid phase of a gel, and would
cause the less favorably oriented molecules (or
portions of molecules) lo play the part ordinarily
played by the liguid phase of a gel.
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From the foregoing data it
will be seen that there is much
evidence in favor of the existence
of analogous substances in rub-
ber whose physical properties
differ to a considerable extent.
For information regarding the
structure of these substances
in ordinary rubber, it is neces-
sary to turn to x-ray data.

X-RaY DETERMINATIONS. X-
ray experiments by Katz and
Bing (16, 17, 18) showed in 1925
that, when a beam of x-rays from
a pinhole slit impinges on
normal unstretched rubber, the
only diffraction is that char-
acteristic of amorphous sub-
stances; 1i.e., the diffraction
pattern shows only diffuse uni-
form rings of low intensity.
They found, however, that,
when the substance was sufficiently stretched, the diffraction
rings changed in intensity from point to point so that they
tended to appear as small areas or “diffraction spots,” thus
giving diffraction patterns characteristic of fibrous materials.
These diffraction spots disappear when the tension on the
rubber is released, or when the rubber is heated.

Hauser and Mark (13) confirmed the work of Katz and
Bing, and showed that excessive elongations (1000 per cent)
do not change the positions of the diffraction spots but do
increase their intensity. The percentage of elongation in the
rubber at which the diffraction spots appear depends upon the
rate of stretching (14). If raw rubber is stretched slowly
enough, diffraction spots will not appear even at 500 per cent
elongation.

Hauser and Mark at first explained these results by assum-
ing that unstretched rubber is made up of two types of ma-
terial, one of which is ““dissolved’” in the other. These may be
thought of as being the two groups of polymers mentioned by
Bary and Fleurent (). It was further assumed that, in the
unstretched rubber, crystalline aggregates or fibers of the
higher polymers (beta rubber) exist, but that they are swollen
and distorted by the presence of the lower polymers (alpha
rubber) and do not therefore give rise to a diffraction pattern.
By quickly stretching the rubber, however, the alpha rubber
is expelled, leaving the regularly oriented cystalline aggregates
of beta rubber which are responsible for the x-ray diffraction
pattern.

Later Hauser (12) modified this theory somewhat by as-
suming that rubber consists of long helical parallel chains of
isoprene molecules which unwind during stretching. The
“coiled-spring”’ type of molecule would not give a diffraction
pattern, but in the stretched position the symmetry would be
such as to give a diffraction pattern. This theory does not
necessitate the postulation of a number of polymers in rubber
despite the chemical evidence, but, on the other hand, it does
not require that such a postulate be abandoned. It would
seem to be a corollary to such a picture that, when a strip of
rubber is stretched, not only is it necessary to pull out some of
the helical molecules into straight chains, but it would be
necessary to push aside the other molecules to the fiber inter-
faces in order that the straight chains should not be warped.

Four rather obvious
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The regularly oriented straight chains would then be capable
of giving rise to the observed diffraction patterns.

If this last theory is correct, it would be expected that a time
interval would be required after stretching before rubber
could show evidence of crystallinity. This interval would
represent the time required for those molecules which were
not oriented along the direction of stretch to leave the oriented
fibers and travel to the fiber-boundary. It is the purpose of
the present work to demonstrate the presence or absence of
this time interval, thus bringing one step closer a tenable
picture of the structure of rubber. ;

APPARATUS AND EXPERIMENTAL PROCEDURE

AprrARATUS. A schematic diagram of the apparatus used is
given in Figure 1.

A Coolidge x-ray tube, 4, was used with a molybdenum target
operating at a potential of 30,000 volts. After passing through
the shutter system, S and S’l, the K-beta radiation from the
molybdenum target was filtered out with a zirconum filter, F.
The x-ray beam was further defined by the holes, S; and Ss,
which were 1.6 mm. (}/is inch) in diameter. Scattered radia-
tion from the holes was eliminated by allowing the beam to

ass through a 6.4-mm. (!/s;inch) hole in the screen S;. The
Eeam was diffracted by the rubber specimen, R, and the pattern
was obtained on the film, P. The rubber was fastened between
a fixed support, M;, and a movable support, M,. The latter
was held under tension by the spring, &, and was moved up
and down by the action of the cam, C, which had a throw of
30 mm. (13/3s inches). The cam was so designed that the
rubber was stretched rapidly to a position of maximum elonga-
tion and was held in this manner for one-half of a revolution of
the cam, after which it was allowed to return rapidly to its
original position, and the cycle was then repeated. A com-
mutator, 0, containing 21 segments, was mounted on the same
shaft as the cam, and the two brushes, B; and B,, in contact
with it were mounted at 90° to each other. These brushes and
the windings of an electromagnet, E,-were connected in series
through a Exed resistance, 23, to a 110-volt source of potential
as shown. By connecting together a portion of the segments
of the commutator in the proper manner, the shutter, S, could
be operated by the electromagnet in synchronism with the
stretching of the rubber, so that the shutter was opened only
when the rubber was in a position of maximum elongation.
Also, by connecting different members of the commutator seg-

110V D.C.PLUG\

F1cure 1. ScHEMATIC DIAGRAM OF APPARATUS
ments together, the shutter could be held open for different
lengths of time, and the phase relation of this time to the stretch-
ing cycle could be controlled. The shaft on which the cam and
commutator were mounted was turned by a motor, M, having
a variable speed control, V. The motor was connected to the
shaft through a worm and gear arrangement, G; and G, which
reduced the speed of the shaft to one-fiftieth of that of the motor.
The motor had a maximum speed of 1200 r. p. m., thus giving
a maximum of 24 stretches of the rubber per minute. By
means of the variable speed control, a minimum of approxi-
mately 4 stretches of the rubber per minute could be obtained.
The variable speed control consisted of a number of lamp re-
sistances, Ry, Rs, Ry, Rs, Rs, Rz, which could be connected in the
motor circuit as shown in Figure 1. ; ;
Since previous work has shown that the intensity of the inter-
ferences is very markedly affected by the rate of stretching, it
was desired to maintain a constant rate of stretching during
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all of the experimental work. By maintaining a constant rate
of stretch, however, the time range over which the rubber could
be held in a position of maximum stretch would be seriousl
limited. Therefore an automatic switching arrangement, W;:
was devised which consisted of a forked piece of copper fastened
to the reciprocating shaft, M,, operated by the cam, C, in such
a way that during the period of maximum stretch 1t would
make contact between the mercury wells indicated in Figure 1.
This in turn altered the resistance in the motor circuit, thus
changing the speed of the motor and hence the time of maximum
stretch. The switch, W, slowed down the motor speed to any
desired value at the instant when the rubber hag reached a
Eosxtion of maximum stretch. This speed of the motor was
eld at this value so long as the cam, C, held the rubber in a
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position of maximum stretch, but at the end of this period the
switch broke contact and the motor resumed its original speed.
When the rubber had again reached the position o% maximum
stretch, the cycle was repeated.

Procepure. The samples of rubber used were 25 mm. long,
8 mm. wide, and 1.5 mm. thick. The ends were protected
from abrasion by thin rubber facing strips, which were held in
position on the sample by means of brass clamps. These
clamps were attached directly to the ends of M; and M, of
Figure 1. The length of the rubber strip between the clamps
was kept constant. It was somewhat more than 6.4 mm.

Rapid reproducible stretching was obtained by means of
the cam, C, of Figure 1, which was shaped so that the rate of
stretching and.the rate of relaxation were equal. In all of the
work the time of stretching was 0.6 second. Since the
amount of stretch was 30 mm. (420 per cent), the rate of
stretching was approximately 50 mm. (i. e., 700 per cent) per
second.

The rubber was held in a position of maximum stretch for
180° of each revolution of the cam. By means of the switch,
W, of Figure 1 the time during which the rubber was held at
maximum stretch could be varied from 1.2 seconds to ap-
proximately 11 seconds.

The total time of exposure varied with the particular kind
of rubber in use and with the percentage of elongation. With
the kind of rubber used in the final experiments, 1 hour and
45 minutes were found to be sufficient. Since the shutter was
open only a fraction of the time in most of the experiments,
the total time of the run varied in length. The exposure
was made at various parts of the cycle in order to determine
what the time interval was (if any) between the time of
stretching and the beginning of the fiber state. This is
illustrated diagrammatically in Figure 2.

A large number of preliminary experiments was made, us-
ing ordinary vulcanized “inner tube” rubber. This was
found to be unsatisfactory for the present purposes, partly
because of the very great elongation necessary to obtain a
diffraction pattern, and partly because of the presence of
diffraction spots caused by the orientation of the MgCO; used
as a filler in the rubber. Pure rubber was likewise found to
be unsatisfactory, owing to fatigue on continued stretching.
The rubber which was used in the final experiments was
vulcanized to give it the necessary toughness, but it contained
only small amounts of inorganic fillers and had not been sub-
jected to prolonged mechanical treatment, and therefore
gave good diffraction patterns without excessive elongation.
ITts composition was as follows: :
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e 50“';‘ succeed in pushing away any conflicting molecules, thus giving
Mierad cubbar 5.0 a perfect alignment. The authors find this explanation hard
T 5 b to accept because the nearer they are to perfect alignment,
ZnOfe ase the less are the forces tending to produce further alignment of

It had been milléd on warm rolls for about 20 minutes.

INTERPRETATION OF RESULTS

It was found that an elongation of 380 per cent, maintained
continuously (Figure 2a) gave a faint fiber diffraction pattern
in 1 hour and 45 minutes. Then the stretching mechanism
was operated so that the rubber was held at 380 per cent
elongation for 11 seconds during each cycle, and the x-ray
shutter was held open during the whole 11 seconds for each
cycle (Figure 2b). No fiber diffraction pattern was found,
although the total exposure time was made to total up to
1 hour and 45 minutes as before. No fiber diffraction pattern
was found for a similar cyclic stretching of 400 per cent. A
continuous stretch of 420 per cent gave a comparatively
strong fiber pattern, in 1 hour and 45 minutes, and a weaker
fiber pattern was obtained (film 100) with a cyclic stretching
of 420 per cent when the x-ray shutter was held open for 11
seconds after stretching, the total exposure time being still
1 hour and 45 minutes. Then the rubber was stretched
cyclically 420 per cent, and the shutter was kept open only 1.2
seconds after the end of each stretching cycle. No certain
evidence of a fiber pattern could be found on the film, even
though the total time of actual exposure was 1 hour and 45
minutes. This does not mean, of course, that no fibering
had occurred during the first 1.2 seconds after stretching. It
does mean, however, that any possible fibering was extremely
small in amount when compared with the results of film 100
(see above). In other words, these x-ray methods showed
that a time interval was required to build up the fiber struc-
ture. This result was consistent with the longer time re-
quired at 380 per cent elongation.

It remained to determine roughly the curve representing
the rate at which the fiber structure was built up under these
experimental conditions—namely, a cyclic stretch of 420 per
cent attained in 0.6 second. This was done by setting the
commutator connections (O of Figure 1) to open the shutter
for approximately 1.5 seconds during each cycle, and by
predetermining the time interval between the completion of
the cyclic stretching and the opening of the shutter (Figure 2¢).
The total time of actual exposure of all the photographic
films was kept at 1 hour and 45 minutes, so that the original
negatives could be compared to show the relative intensities of
the fiber patterns. Figure 3 is a schematic diagram showing
the growth of the fibrous condition in the rubber with the
duration of stretch.

There are at least four obvious explanations for the experi-
mental facts of Figure 3. One of these has already been
given—namely, that time is required for the transfer of un-
favorably oriented molecules out to the boundaries of fibers
made up of favorably oriented molecules. It hardly alters
the mechanics of this simple picture to assume molecular
chains which are twisted like a tangle of twine. Such a
modified picture merely substitutes portions of the molecule
which is being stretched, for separate molecules which have to
be squeezed out of the way. A second possible explanation
would be that the time lag is inherent in the process of produc-
ing an orientation in those molecules which have become
stretched. The first explanation assumes molecules whose
ends are aligned in the direction of stretch, but whose middles
are pushed out of line so that true orientation requires time.
The second explanation assumes molecules whose ends are
not aligned in the direction of stretch and assumes that after
a time interval the ends, along with the rest of the molecule,

the ends. Because' of the length of the molecules, these
forces should be much smaller than the forces in the first case.
Although the authors do not assign any high degree of
probability to the correctness of this second explanation, still
it cannot definitely be thrown out. It seems preferable in-
stead to regard it as a variant of the first of the proposed
explanations. A third explanation would be that the time
lag is inherent in the mechanics of stretching the favorably
oriented molecules themselves. So far, such an explanation
offers considerable difficulty to the authors, partly because it
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seems hard to picture the mechanism of a time lag in stretch-
ing a simple spiral, and partly because such a picture does not
lend itself to the real purpose of a theory; that is, it does not
suggest new data and new lines of attack. The fourth
explanation is that fibering is delayed merely because of the
temporary temperature rise which accompanies the stretching
of rubber. The amount of experimental work necessary to
confirm or dispose of this explanation is very great, and it will
be some time before it can be completed. There are, however,
data which make an explanation based on temperature seem
highly improbable. Using a thermocouple of fine wire
(B.S. No. 30) with a very fine junction imbedded in the rubber
strip, it was not found possible to demonstrate experimentally
a temperature rise of more than 1° C. even when the rubber
was stretched 480 per cent. (This stretch is to be compared
with a stretch of 420 per cent in the x-ray experiments.) An
equal drop in temperature was measured upon relaxing the
rubber strip. Additional evidence against any explanation
based on temperature is found in a calculation of the maxi-
mum possible rise in temperature due to stretching. A
force-elongation curve was plotted for the rubber strip under
investigation, using short-time forces. The work of stretching
420 per cent was found graphically. This work was expressed
in calories. By the aid of the specific heat of rubber (I. C. T.
data) and the mass of the rubber strip, the temperature was
calculated which the rubber would have attained if all the
mechanical work had been converted into heat and if there
had been no heat losses from the surface. This gave a
maximum possible temperature rise of 5.2° C. It is hard to
believe that such a small temperature rise could seriously
reduce the intensity of the diffracted beams of x-rays.
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Alkyl Amines as Solvents

F. W. Berestrom, W. M. Gikey, AnDp P. E. Lunag, Department of Chemistry, Stanford Universily, Calif.

HE alkyl amines, whose
I production has hitherto
seldom exceeded the
scale of the laboratory, have been
much less useful commercially
than the more readily available
aromatic amines, such as aniline.
Nevertheless, some attempts
have recently been made to pre-
pare the aliphatic amines on a
larger scale, and it seems evident
that their increased availability
will stimulate research to dis-
cover new uses to which they
may be put. It is hoped that
the present paper will be of some
value in this connection, since
the solubilities of over 250
organic compounds in seven of
the aliphatic amines have
been determined qualitatively
at room temperature (4). The data so obtained will allow of a
comparison between the solvent properties of the amines
and will permit the prediction of solubility relationships in
amines with which the authors have not worked.

EXPERIMENTAL METHOD

It was hoped at the beginning of this work to make fairly
accurate determinations of the solubilities of purified organic
compounds in all of the lower aliphatic amines, but this
proved to be such a task that the greater portion of the solu-
bilities reported were carried out in a semi-quantitative
manner at room temperatures (25° = 5° C.). Accordingly,
the experimental method adopted was rather simple.

The organic compounds listed in Table I, after drying in a
vacuum desiccator (the liquids were not so dried), were put into
individual small stoppered test tubes. These were properly
labeled and numbered, weighed to 0.01 gram, and then placed on
the laboratory table in front of test-tube racks in which were
placed the same number of tubes—empty, stoppered, and corre-
spondingly numbered. (It was advisable to number the stoppers
on one set of test tubes to prevent mixing.) Into each of these
latter tubes was introduced from a micropipet 0.50 or 1.00 cc. of
amine that had been dried over liquid sodium potassium alloy,

THE DETERMINATION of the solubilities
of over 250 organic compounds in seven of the
aliphalic amines al 25° = 5° C. has permitled
the arrangement of these amines, ethyl alcohol,
diethyl ether, liqguid ammonia, and waler in
the following order of decreasing solvent ability,
where the parentheses include compounds of
approxzimalely equal average value as solvenls.
The order wilhin the parentheses is without
significance: (n-bulylamine, iso-amylamine, ben-
zylamine, liquid ammonia at —33° C., ethyl
alcohol, elhyl ether), (dielhylamine, di-n-propyl-
amine ?), (Iriethylamine, di-n-butylamine), and
(fri-n-bulylamine, waler).
are thus the best solvenls, and the terliary amines
of high molecular weight, the poorest.

and redistilled. The tubes con-
taining the amines were always
kept tightly stoppered except
when solute was IlJ)(zirlg added.

Then a few milligrams of each
organic compound were introduced
into the correspondingly num-
bered tube containing the amine,
If these first additions dissolved
in the course of a few moments
(during which time the tubes
were gentlfy shaken), further small
portions of the organic compounds
were introduced, and this process
was repeated until the saturation
point was reached. This was in-
dicated by the failure of the last
portion to dissolve completely.
The stoppered tubes containing
the organic compounds were re-
weighed, and these values, sub-
tracted from the weights of the
same tubes before the experiment,
gave the data from which the
solubilities in Table I have been
calculated.

The primary amines

Obviously, the method can give results only of a very
rough quantitative character. It has therefore been thought
best to designate the compounds as slightly soluble, moder-
ately soluble, etc., these designations corresponding approxi-
mately to the solubility limits indicated in the table of ab-
breviations.

The solubility table prepared in this manner contained
a number of inconsistencies, and there were also a few results
that were obviously in error. A knowledge of the regularities
in the solvent power of the amines generally permitted these
discrepancies to be picked out at a glance. As an example,
it was found that triethyl- and tributylamines were poorer
solvents than the corresponding primary or secondary amines.
Therefore, if a substance was listed as more soluble in the
tertiary amine, the determination was suspected to be in
error, and was accordingly repeated. Furthermore, the lower
amines were generally distinctly better solvents than the
higher amines of corresponding complexity. Thus, a com-
pound was usually definitely more soluble in diethyl- and
di-n-propylamines than in di-n-butylamine, although there
were cases where the solubility was not markedly different
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in the three solvents. n-Butyl-, isoamyl-, and benzylamines
did not differ very greatly as solvents. With these relation-
ghips in mind, it is felt that most of the inconsistencies of
the table have been eliminated.

At the conclusion of the solubility experiments, there gener-
ally remained a very small amount of undissolved solute.
If the amount present was too small, more substance was
added and the test tube was warmed, the effect of tempera-
ture on the solubility being noted. (This was not done in
all cases.) Crystals were often deposited when the warmed
solutions were cooled.

A few solubilities in diethylamine were determined quanti-
tatively in the following manner:

A Pyrex tube 20 mm. in diameter and in the form of the
letter H constituted the solubility cell. One leg of the H was
sealed off at the bottom and closed at the top with a small ground-
glass cap. It was through this opening that the dried amine
and solute were introduced. In the connecting limb of the
H was fused a sintered Pyrex-glass filter plate. The bottom of
the other leg of the H terminated in a male ground-glass joint
which fitted a corresponding joint on a small graduated receiver
(a short length of Pyrex buret, closed at one end). The whole
apparatus was rocked for about an hour in a thermostat (at
25.0° C.) with the empty leg above the leg containing the di-
ethylamine. At the end of this time the tube was rotated to
allow the saturated solution to flow through the filter into the
graduated receiver. The volume of the solution was read, the
solvent evaporated off, and the tube weighed. This weight,
less the weight of the same tube when empty, gave the amount
of substance (or of its reaction product with diethylamine) that
had dissolved. From this data was calculated the weight of
material contained in 100 cc. of saturated solution, these figures
appearing in the diethylamine column of Table I.

The abbreviations used in Tﬁble I are as follows:

Arprox. SovL'y
RanNGeE PER 100

ABBREVIA-
TION CC. OF SOLVENT
Grams
ins " Insoluble or extremely slightly soluble
88 Slightly soluble (0% to 10)
8 Moderately soluble 10* to 40
vs Very soluble 40* to 70
v+ More than vs 570+ to 100)
es Extremely soluble . 100 * and above)
miso Miscible (in methylamine column only)
® Miscible in all proportions
n Not soluble to an appreciably greater extent
in hot solvent 5 5
x More soluble in heated amine, orystallizes
on cooling G
m More soluble in heated amine (in some cases
because of chemical reaction)
P Sef&rates into two liquid phases
r Solute reacts chemically with solvent. Re-
action is rapid enough to be apparent.
All acidio substances react more or less
rapidly with amines. (The letter, r, has
been omitted in these cases)
a Swells
Numerals Numerals appearing in diethylamine col-

umn indicate number of grams of solute
(or of its reaction product with diethyl-
amine) per 100 cc. of solution

EXPLANATION OF SOLUBILITY TABLE

Since isoamylamine was available in rather limited quan-
tity, solubilities in this'liquid were estimated qualitatively,
that is, without weighing the amount of added solute.

The solubilities of substances forming highly colored solu-
tions (trinitrotoluene, trinitrobenzene, and most of the dyes)
could be estimated only qualitatively because of the difficulty
of determining the saturation points.

The solubilities of a few compounds (sugars, polyhydroxy-
phenols, quinones, and some acids) that appear to undergo
a slow reaction with the solvent may not be altogether cor-
rect.

For purposes of comparison there have been included the
solubilities in methylamine determined by Gibbs (8, 6),
the solubilities in ethyl alcohol and in diethyl ether taken
from Van Nostrand’s Chemical Annual (2) and from the
Chemiker-Kalendar (3), and the solubilities in liquid am-
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monia at —33° C., as given in Franklin’s monograph on
nitrogen compounds (6).

Blank spaces (where leaders are used) in the table indicate
lack of experimental data.

REACTIONS WITH AMINES

Generalities concerning the solubility behavior of classes
of organic compounds will be unnecessary, since this infor-
mation may be obtained with a little effort from Table I.
Therefore, the following remarks will be confined to a dis-
cussion of some compounds that appear to react chemically
with the amines.

Acips. Many of the listed acids react immediately with
the amines at room temperature, but the reaction is often
hindered by the low solubility of the acid (succinic, malic,
maleic, and malonic acids). Monochloroacetic acid reacts
with the amines with the liberation of heat. Primary and
secondary amines appear to attack the chlorine atom of
the acid at higher temperatures.

Cork. Cork stoppers are slowly attacked by the vapors
of the more readily volatile amines. The vapors of n-butyl-
amine appear especially destructive even at room tempera-
tures.

Dyes. Solutions of the dyes in the amines are not always
the same color as the solid dyes. Thus, crystal violet forms
colorless or nearly colorless solutions in all of the primary
amines investigated.

EstErs, AukyL Hanipes, Fars. The esters, alkyl halides,
and liquid fats, in so far as investigated, are miscible with
the amines in all proportions, and usually with no apparent
immediate reaction. Undoubtedly, reaction would occur
in all cases with lapse of time. Benzylamine reacts fairly
rapidly with ethyl iodide, ethyl oxalate, and n-butyl stearate.
The fats appear to be slowly ammonolyzed by the amines,
in all probability with the formation of glycerol and a sub-
stituted acid amide.

Nitro Compounps. Nearly all mononitro compounds
dissolve in the amines (that is, in the amines investigated
in the present work) to form colorless or light yellow
solutions. An exception is p-nitrophenylhydrazine, which
forms a reddish brown solution in n-butylamine. 2,4,6-
Trinitrotoluene and 1,3,5-trinitrobenzene dissolve in the
primary and secondary amines to form deep red or reddish
brown solutions. Solutions of a similar color, but less in-
tense, are formed in triethylamine, but the latter may well
have contained traces of diethylamine (a possible test for the
purity of tertiary amines?). The solutions of these two
polynitro compounds in tributylamine were colorless or light
yellow.

2,4-Dinitrotoluene dissolves in n-butylamine with a blue

color which fades to yellow or pale green on heating. The
return of the blue color on cooling indicates a reversible
reaction whose equilibrium point depends upon the tempera-
ture. )
The solution of m-dinitrobenzene in n-butylamine is orange
red at room temperatures and yellow at the boiling point
of the solvent. The color change is reversible. Picric acid,
3,5-dinitrobenzoic acid, 4,4’-dinitrodiphenyl, and 2,4-dinitro-
phenol dissolve in the amines to form yellow solutions.

Puenors. The polyhydroxyphenols often appear to under-
2o a slow reaction with the amines in the cold. The increased
solubility of some of these compounds on heating may be
ascribed in part to chemical reaction with the solvent (salt
formation?).

Sucars. The slow rate of solution of glucose and sucrose
in n-butyl- and isoamylamines possibly points to a slow
chemical reaction between solvent and solute. Thus, fruc-
tose is known to react with liquid ammonia (11).
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TaBrE I. SorusiLiTIES oF ORGANIC COMPOUNDS IN ALIPHATIC AMINES
(At 25° + 5°C.)

o &)
o o o}
= z o Zi E % &
o . A Z S 2 2 | - £
oo} fas} A - e Z_ 2 - 2] oz} |
e ,A, Z et = il = = = S Q bt
He e el R O gl O REE0 iy il
3  ©d o Vo S & S -z $] Z
1 Acenaphthene s o R T U et asx 58 15 8X 8X 8 88X 8 8 ins
2 Acetaldehyde S mise .. G i e 5% & i VE
3 Acetamide 8 vs 88X ins s ins ins 8 8 V8
4 Acetanilide : vs s8 i 11 88X vs 88 X 8 8
5 Acetic acid RN % vs g i :
8 Acatoacatiolesler it o e @ 2! S @ s © ©
7 Acetone @ @ @ 2% 4
8 Acetophenone @ X4 5S¢ ® A5 g @ s @ 2 s
9 p-Acetophenylene diamine o o co i ins o soiBSX 88X o 88X ¥ia 4
10 p-Acetotoluide 88 8 St B8 o 58 (& S 88X 88X &5 88
11 Acetylene e s e e S L Lt h el e s 8 s 8 ¥
12 Acetylene tetrabromide’ 8 @ i T i 2P = o e 12 . 8
13  Acetylsalicylic acid vs 88 Aveass ) 8 s vs 8 88 v8 s 3
14 Agar-agar o S D B 3 4 ey e = insn ins
15 Alanine 88 ins o o A 5 he: S o insn = s
168 =Aldold s e g e e e el Heress R A AT S @ 8 5 © T ®
17 Alizarin v S5 B b A
18 Allyl alcohol 1 © © 5 @ 1% 7 i s o5 (& iy
19 1-Aminoanthraquinone 88 88 St L) ss 8s ssm 88 88X ssm 88
20 p-Aminobenzoic acid 8 88 ii3: 108 ins insn 88 ins insn  ss 88X
2 m=Aminophenol e i s e o o ST 8 8 s VB 88 L) ] ss Vs 8 =
22 o-Aminophenol 88 88 EEEEVS ins 8 vs+  BX ssn ) 8 V8
23 Aminosulfonic (sulfamic) acid s i oy i a0 Saioul MRTY ¥ 7 88X <F ot
24 Ammonium benzoate e o g 88 5 5% vsr 3G 5 vsr i V8
25 Ammonium citrate e ¥ v B8 g
28 Ayl aleohol (180) s s e sl ey e ® @ @ @ o © 8
27 n-Amyl formate @ @ ® S @ £04
28 Anethole e @ ® ® o G i ooy o ! i 88
29 Anhydroformaldehydeaniline 88 88 J. aissn 88X ins  ss 88 88X 88X 88X Fi
30 Aniline blue e i s Ty ins Gl ) ins ins 88 88 i
81 Anthracene............cciouiiveeoeinariiocroaneesces .. B8 58 T 88X B BSX 88 88X 88X Bsx ins
32 Anthranilic acid s 8 SRR ins sex 8 88 83 [ 8 o
33 Anthraquinone 88 88 88 i A A5 88x T e 88X b ins
34 Atoxyl e s s oins ins .. 88 ins ins £ ins A
35 Azobenzene 83 8 Vs V8 vsXx vs vs v8 8 vs 8 8
36 Azoxybenzene ............. et e s\l TR e ey 8 8 es 5 ¥ Ve “ es i
37 Beeswax £ e o 8 s 7 s 8 ssm 8 ssm
38 Benzalacetophenone ss V8 ey i ) TP BEX % 2 3
39 Benzaldehyde @ @ misc @ . L 3 o e 5 s es
40 Benzamide 8 vss brorern B8 ins 8 8 88 ins 8 8 V8
41 Benzene .......... S A G B s R A e e R e AT e ® @ o @ e i @ @ ® i @ 8
42 Benzidine 8 88 it B8 88 LAl 88X ins sX 8 e
43 Benzil v8 v8 vs v8 88 sx es 88 88 es es 8
44 Benzoic acid 5 v8 vs vs 88X 88X ey | 8 88p 8 8x va-4-
45 Benzoic sulfinide (Saccharin) 88 ins r e S g St 88 55 o
46 Benzoil....... oottt 5 P o LR VS e EL . A o
47 Benzophenone - s s vs es es Peiteiles v+ sx es es 8
48 Benzyl acetate @ @ @ 5 @ 5 @ 8
49 Benzyl alcohol @ = ® 5 S © i ®
50 Borneol v8 vs 5 es 8
515 o-Bromoacetanilide. . i os o it i S s = V8 5 i % . 55 o s i
52 Bromoaniline V8 Vs Viines eRX. vs4  esx ve+ vs 88X vs V84
53 romcamphor s vs s VE+X 8 Ve SVBX VB sax vs v8
54 Bromocresol green S5 et ST ins SRR 8sn  ins 8 8
55 1-Bromonaphthalene L @ o ® o i ®
56  p-Bromonitrobenzene ... . ... i.iiiiiaiiiiiiiiiiia. 8 8 e} e m s
57 o-Bromotoluene s = o = i @ @ ®
58 p-Bromotoluene s 8 es 27X es o 5
50 n-Butyl alcohol @ 2 = = 568 i @ ® )
60 tert-Butyl alcohol S = @ o AL s S
81- n-Butylioyanidels i cs i e Go iUt el U T @ 8 4 @ @ P s @ 8
62 n-Butyl ether ® @ 2 @ @ @ @ ©
63 n-Butyl formate © @ @ ol @ e
64 n-Butyl stearate e o o @ — i @ @ @ @ rss 5
65 Caffeine 88 88 Ras 2 .. BBX i S 88X o 88
66 Calciumacetate ....... ..o ittt ins S .. Insn 3 A s
87 n-Calcium butyrate 3 f o ) i veinsn o
68 Calcium formate ins A < % S i i fis o5 insn =5 3
69 d-Camphor es vs o es es = es Vs V8X es es v8
70 Carbon disulfide ® ® e ) e ey 5 @ b s T
710 Caseln oo Do o Tl S S e G et s iR S o o Feo 108 ins s ins ins ins ins ins fish
72 Cellulose ins  ins S ina ins Seicins ins ins ins  insa  ins
73 Cellulose acetate o o e 88 ins ins es ins ins 8 8 es
74 Cellulose nitrate e % e ins St 88 ins 8 Vs 8
75 Cerulein 2 i vs = 85 e 3 A = ol i oy
7685 Cetylaloohol ol iuiat i s e s s i o SR n oSS R R s vBX = s SnaTeN Seames 2 25 ins
77 Chloroacetic acid (mono) 8 8 =% SrxX VEXD . 8X BSXr  B8D v8 BSrm V8
78 Chlorodiphenyl 8 8 .. ve+ vstx .. vs vs 85X V& vs 5
79 hloroform © @ wr @ e 35 e o . i . AT
80 Cholesterol BEXiE & B o A is5: vt s i vs4 o ins
81 ¢ Chromotropio:salt: o o e L o Tl 0o e Fie % s 5 o .. insn oy 3 < 75 :
82 Cinchonine 88 88 S iF WA ao . B8N S . BSX 5a ins
83 Cinnamic acid s vs s 88 % e 88 83X 8 8SX B
84 Coconut oil e Ve NE; L @ s = = @ @ @ :
85 Copal A 202 2 A e s B o' M7, insn a7 88
86 Crystal violet.......... e e e v s h e o o eseaing ins o ins ins 8 B 8
87 Cyclohexanol x s 8 o ® iy . e W o e -
88 o-Dianisidine (bianisidine) 8 vs S B8 ins 5 8x 88 ins 8 8
80 Diazoaminobenzene ES v8 AT AT S = i - i es Pz vs
90 p-Dibromobenzene 8 o 40 ve+4X 3 VBX vs sX v8 ve+ © ss
91 2,3-Dibromopropyl alcohol ....... e T S g SN GU R @ S @ 5 e an i 5 s s A
92 Dichloramine-T it o e vsr 8T VS vsr 88r r ver vatr r
93 Dichlorobenzene es vs 5 53 esx ~o.. 8 ves VB+X esx es 88
94 ichlorogallein S 52 B o e . oe oia i — v 8
95 Dichlorohydrin = = .o ® o an o s £ S = P
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TasLe I.  Soruririties oF Orcanic ComMpounDs 1N ArtprATic AMINES (Continued)

(At 25° = 5° C)
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‘U'aBLE I. SoruBILITIES OF ORGANIC CoMPOUNDS IN AvrtpHATIC AMINES (Coneluded)
(At 25° = 5° C.)
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p-Nitrotoluene 8 8 .. vstx s i% 2 X vax
193 3-Nitro-4-toluidine vs AT S e Y - . VBX 88X o a8
194 Nitrourea v8 V8 ins . i Ve o ¢ 2 vs
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212 o-Phenylenediamine vs vs 5 S RE iais BX e Al 8X A vs
213 Phenylglucosazone ss 55 o 35 i 2 8X itk i va o va
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283 Wax, carnauba e i seit 88 S5 3 : o : 25
284 Wax, Japan o 7 755 ve s s o = = s e 53
285 m-Xylene v8 vs @ o % 7 e roi w : o
286711,8,5-Xylenol L it il vl vl ues Sat aaTalee e T e aA e # A AV B 8 o es vs+ o es V8 vs es es 5
287 Xylose (crude) ins ins s es P Satien: B s i s i
288 Zinc stearate o e esnT AR ins 13 vs? S8 ins 8? 8 5
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Surrur. Sulfur is crystallized, apparently unchanged,
from hot solutions of the tertiary amines. Primary and
secondary amines at first dissolve sulfur, then react chemi-
cally with it, possibly in the manner that sulfur reacts with
liquid ammonia (10). Here a portion of the sulfur appears
to be reduced to ammonium sulfide or polysulfide, while
a corresponding amount is nitridized (“oxidized”) to sulfur
nitride, N.S..

REACTIONS IN THE ALKYLAMINES

The numerous researches of Franklin, Kraus, and their
co-workers (6, 7) have demonstrated the scientific value
of liquid ammonia as a solvent in which chemical reactions
may be carried out. With the expectation of finding in
the alkylamines higher-boiling solvents in which many of
the same reactions could be effected, it was shown that 2-
n-propylquinoline was synthesized in n-butylamine almost
as readily as in liquid ammonia (Z). The reaction is ex-
pressed by the following equations:

O/ ,O C,HsBr
\/C—CHa C—— H °
O;j{c—cmcmcm

In the first stage of the reaction, solid potassium amide is
dissolved by a n-butylamine solution of quinaldine to form
potassium quinaldine, which is rapidly converted to 2-n-
propylquinoline (and potassium bromide) by the action of
ethyl bromide. It is therefore possible to utilize the alkyl-
amines as solvents for chemical re-
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amine, isoamylamine, benzylamine, ammonia at —33° C.,
ethyl alcohol, diethyl ether), (diethylamine, di-n-propyl-
amine?), (triethylamine, di-n-butylamine), (tri-n-butylamine,
water). The order of arrangement within the parentheses
is without significance.

The conclusion may therefore be drawn that the primary
amines are the best solvents, and that the amines of lower
molecular weight are usually better solvents than the higher
amines of the same type. Diethyl- and di-n-propylamines
would appear to be of about equal solvent ability, judging
from the limited number of experiments with the latter
solvent.

The substitution products of water (ethyl alcohol and
diethyl ether) are about equally good as solvents for the
compounds examined, while the substitution products of
ammonia (primary, secondary, and tertiary amines con-
taining the same alkyl radicals) differ considerably among
themselves. TFranklin (5) and Hurd (9) have made com-
parisons of the chemical properties of these substitution
products of water and of ammonia.

Methylamme probably will prove to be superior to the
other amines as a solvent when more experimental data are
available. Liquid ammonia at room temperatures should
prove a slightly better solvent than either n-butyl- or iso-
amylamine.
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actions. TaBLE II. CoMPARATIVE SOLVENT POWER
Solvent H:0 C:HiOH (C:Hs):0 NH: (CiHs)sNH (C:Hs):N
ins, 144 68 57 40 100 96
COMPARISON OF SOLVENT POWER gﬁ:“r&f 2 s &, oz e 0
- otal solubilities : 26
OF A:S’HNESD EETﬂlL ALCOHOL’ Total determinations that ares, vs, vs-+, es, % 13 56 55 59 40 24
IETHYL LTHER, AND
A X Solvent (C:H7):NH C(HoNH:; (CiHs):NH (CiHs):N CsHuNH: CeH;CH:NH:
MMONIA ins, ss 29 64 90 115 64 57
8, V3, vs+, es 22 108 38 21 97 71
. . Total solubilities 51 172 128 136 161 128
In view of the relatively small Total determinations that
are 8, vs, vs+, es, % 43 63 30 15 60 56

number of compounds listed in Table
I, and because of the qualitative
nature of the solubility determinations, it is not possible to
make an accurate intercomparison of the solvent power of the
amines, alcohol, ether, ammonia, and water. This is addi-
tionally true because of the many gaps in the table which were
not filled because it was thought that the missing solubilities
could be predicted from the observed regularities in the
solvent ability of the amines. Nevertheless, a rough idea
of the relative value of these liquids as solvents may be
gained in the following manner: The compounds listed in
Table I have been divided into two classes—substances
of definite solubility (s, vs, vs+, es) and substances of
low solubility (ss, ins). The comparison is then made be-
tween the percentages of the compounds examined that
are of definite solubility. (Liquids and mixtures, such
as paraffin and lanolin, have been excluded in this compari-
son.)

The liquids of Table IT may be arranged in the following
approximate order of decreasing solvent power: (m-butyl-
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New Resins of the Phenolphthalein Series

N. D. Zeuinsky Anp B. W. MAxsorow

Laboralory of Organic LClwmislry, 1st University, Moscow, U. S. S. R.

HE problem of this research was to find new resins
from phthalic anhydride and from phenol. As the
first object for research, phenolphthalein was chosen,

since it is the simplest and most accessible condensation
product of those two substances. Up to the present, it
has been known that phenolphthalein, when heated above its
melting point (250° to 280° C.), yields a dark brown resin,
soluble in alkalies, with a red coloration characteristic of the
sodium salt of phenolphthalein. This solubility may be ex-
plained in two ways: either the conversion into a resin does not
proceed fully; or the resin hydrolyzes under the influence of
alkalies with the formation of the initial product. Because
of its property of becoming colored under the influence of alka-
lies, its insufficient chemical resistance, and the dark color
of its film, phenolphthalein, fused as a resin, has found no
practical application. Kienle (3) tried to condense phenol-
phthalein with glycerol and formaldehyde; the product with
glycerol is half liquid and cannot be regarded as a resin.
The condensation product with formaldehyde (although like
Bakelite in its properties) has no technical and, more im-
portant, no economic advantage over Bakelite.

STuDY OF PHENOLPHTHALEIN ESTERS AND ETHERS

The structure of phenolphthalein ethers and esters is as
follows:

CsH.OR, C:H.O0CR;
. CsH.OR» CiCHOOCR¢
Csé \O CeH,
6

These derivatives have very unusual properties; the esters,
with the exception of a few which will be referred to later, show
all the properties of the so-called pseudoresins, described by
Eibner (1) and others. In a freshly fused condition, they are
resin-like, transparent, lichtly colored substances, which after
a certain length of time become partly or wholly crystalline
and therefore strongly resemble the natural resin, elemi, or
the esters of abietic acid.

While not going into the possible theoretical explanation of
the conversion of resins into the crystalline state, it is neces-
sary only to mention that the rate of conversion for different
esters is different. It is, for instance, very slow for phenol-
phthalein benzoate, being evidenced only by a slight tur-
bidity of the resin surface a few months after its preparation;
and it is very rapid for phenolphthalein acetate or butyrate.
Complete turbidity of the whole mass occurs a few days after
its preparation.

In general it was possible to establish that the rate of con-
version is in direct ratio to the molecular weight of the ether

or ester radical, and is more rapid for esters than for ethers.
In order to check this regularity, a series of esters and ethers
were prepared: phenolphthalein acetate, butyrate, benzoate,
phthalate, salicylate, benzene sulfate, toluene sulfate, stea-
rate, palmitate, methylate, ethylate, benzylate, toluylate,
glycolate, ete.

The methods employed were the usual ones for obtaining
phenol esters. Phenolphthalein methylate and ethylate were
obtained by the action on phenolphthalein, in alkaline solu-
tion, of an excess of dimethyl and diethylsulfate, the mixture
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being vigorously shaken; phenolphthalein acetate was ob-
tained by boiling phenolphthalein with acetic anhydride;
the butyrate, benzoate, phthalate, salicylate, benzene sulfate,
toluene sulfate, stearate, and palmitate, by heating the dry
phenolphthalein sodium salt with an excess of the correspond-
ing arylchloride. The purification of the esters was achieved
by first passing steam through the products of the reaction,
then shaking the product with dilute alkali (1 per cent solu-
tion), with water, and finally drying at a temperature near
100° C.

From the above-mentioned series of ethers and esters, the
phenolphthalein toluylates are noteworthy because of their
exceptional properties, including complete stability. While
phenolphthalein benzoate (nearest the toluylate in chemical
character) is a substance with two clearly expressed forms—
one being resin-like after fusion, and the other crystalline
after recrystallization—the phenolphthalein toluylates are real
resing, and to modify them or to isolate a crystalline part by
the usual methods was found to be impossible. Phenol-
phthalein benzylate after fusion remains a long time without
change, but if it is dissolved in hot acetone or benzene, and
then cooled, white crystals are precipitated, which may be
collected and purified. If a dense solution of phenolphthalein
benzylate (resin) is made in acetone, benzene, or benzene with
alcohol, ete., with or without a plasticizer or oil, this solution,
when poured into a glass or on a metal surface, forms a
lacquer film which in a short time becomes turbid, owing to
crystallization. Phenolphthalein toluylate behaves quite
differently. Lacquer films of the latter resin made with al-
cohol-benzene, drying oil, etc., do not become turbid and
remain transparent and brilliant.

PrYSICAL PROPERTIES OF PHENOLPHTHALEIN TOLUYLATES

Phenolphthalein toluylate from m-toluyl chloride melts,
according to the method of Ubbelode, at 67-83° C. (depending
upon the degree of purification); that from o-toluyl chloride
melts at 70-85° C. The saponification value of the m-toluyl-
ate, after boiling 1 hour with an alcohol solution of potassium
hydroxide, is 70-88; its acid value is about 2. Toluylates,
after evaporation of the solvent, form almost colorless films;
these are brilliant, solid, waterproof and, still more important,
have exceptional resistance to solutions of alkalies and acids.
Thus it may be rightly said that the non-crystallizing ethers of
phenolphthalein represent a new and, at the same time, a
very fine type of synthetic resin. The authors gave this
resin the name of “alkalite,” because of its high resistance
to alkalies. Its industrial value is evident if alkalite is
compared, in respect to its resistance to alkalies, with already-
known natural and synthetic resins, paraffing, asphalts,
ete.

In Table I are shown the results of tests on various mate-
rials. The resistance to alkalies was determined by soaking
a piece of the sample, having a measured surface, in a 10 per
cent solution of caustic soda (5 ce. of alkali per square centi-
meter of surface) with a subsequent titration of the alkali
with a 0.1 N solution of potassium permanganate after a defi-
nite length of time. If before the first titration the sample
went to pieces, the titration was not effected. The quantity
of potassium permanganate per square centimeter was taken
as the measure of solubility of the sample in alkali. This
method with potassium permanganate has been tested and
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TasLE I. RESISTANCE OF DIFFERENT MATERIALS TO ALKALIES

MATERIAL TiME KMnOq
Days Ce.

Ceresin, commercial (80%) 7 2.75
Ozocerite from Cheleken (70-72%) 7 2.64
Ozocerite from Fergana 7 1.99
Ozocerite from Dagage 7 2.41
Para 7 2.64
Asphalt from Syria 7 3.40
Gilsonite 7 1.19
Carbolite F@ 7

Carbolite Gb 7. 6.16
Bakelite No. 251¢ (extra hard) T

Idytold 10

Glyptal (stage C) (¢

Leikoritee 7

Pertinax/ 10 23.36
Phenolacrolein resin 10 25.67
Congo copal éagero) 7 1.61
Congo copal (warlée) 7 3.61
Dammar 7

Kauri 7

Phenolphthalein toluylate 1 7 1.57
Phenolphthalein toluylate 2 7 2.90
Phenolphthalein benzylate 7 0.53
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TiME KMnO« TiME KMnOq TiMmE KMnO:
Days Ce. Days Ce. Days Ce.
16 1.92 26 4.35 55 4.89
16 2.12 26 5.14 55 5.74
16 2.21 26 4.46 55 4.98
16 1.50 26 3.32 55 4.20,
16 2.64 26 4.09 55 3.84
16 1.46 26 3.64 55 4.43
15 6.17 32 2.76 58 4.43
Complete destruction
16 13.05 26 14.12 55 14.95
Complete destruction
Complete destruction
Complete destruction
Complete destruction
20 27.84 45 26.72
20 29.64 45 33.62 b5 S
15 5.22 32 4.85 58 7.88
15 ‘Went to pieces
Went to pieces
Went to :{)ieces
15 5.01 2 3.36 58 4.10
16 2.90 26 5.01 55 5.67
15 4.57 32 3.01 58 5.24

2 Phenol-formaldehyde resin formed in presence of sulfonic acids produced from petroleum acid sludge.
b Cresol-formaldehyde resin formed in presence of fatty and sulfonic acids produced from petroleum acid sludge.

¢ Phenol-formaldehyde resin as made by Bayer Co. 5 2
d Phenol-formaldehyde resin formed in presence of hydrochloric acid.
¢ Phenol-formaldehyde resin formed in presence of milk acid.

/ Laminuted material prepared from sheet paper impregnated with solution of phenol-formaldehyde resin.

has proved reliable in the laboratory of the Section for the
Study of Materials at the All-Union Electrotechnical Institute
in Moscow. Details of this method are givern in the work of
Florensky and Andrianow (2).

As may be seen in Table I, the majority of the materials
were destroyed by alkalies even before the first titration,
i. e., before 7 days had passed. Ceresin, ozocerite, paraffin,
asphalt, Congo copal (‘“‘agero”), and the phenolphthalein
toluylates gave the best results. Therefore, in resistance to
alkalies, phenolphthalein ethers may compete with the
natural resin, copal. The authors hope to be able to prepare
other non-crystallizing phenolphthalein ethers and to perform
similar tests on them in the near future.

CHEMICAL CONSTITUTION OF PHENOLPHTHALEIN ETHERS

The first analysis of phenolphthalein benzylate (melting
point 153.5° C.) showed 80.23 per cent carbon and 5.54
per cent hydrogen; if the formula were C3Hy0y4, the analysis
would be 81.93 per cent carbon and 5.22 per cent hydrogen;
and if the formula were C3HosOs, the analysis would be 79.07
per cent carbon and 5.43 per cent hydrogen. The first
analysis of meta-phenolphthalein toluylate (melting point
67° C.) showed 80.34 per cent carbon and 5.69 per cent
hydrogen; if the formula were C3sHz:04, the analysis would be
82.13 per cent carbon and 5.70 per cent hydrogen; and if the
formula were C;Hsi0Os, the analysis would be 79.41 per cent
carbon and 5.51 per cent hydrogen. Therefore, by their com-

position these ethers are a mixture of phenolphthalein deriva-
tives with a closed and an opened anhydride chain.

They are monomers, as is seen from their molecular weight
determined by the cryoscopic method in benzene:

Mol. Wt. Mol. Wt.
Benzylate 1 490 Toluylate 1 500
Benzylate 2 472 Toluylate 2 543
V. 481 Av. 521
CuHa2s04 408.2 CisH220 528.2
CuH20s 516 CusHuOs 546.2

Therefore, phenolphthalein toluylate should be classified
as a resin-monomer; monomers are seldom' to be found
among synthetic resins. The reason for the resinous con-
dition of such compounds probably lies in the fact that, with
the growth of the molecule, the rate of orientation of the
molecule in a crystal lattice diminishes, and that, when the
molecule reaches a certain size in relation to its structure
and form, the compound practically does not crystallize.
In the series of phenolphthalein ethers, beginning probably
with phenolphthalein toluylate, the absence of the crystal-
lization capacity is noted, and it is very likely that higher
phenolphthalein esters will give resins still more perfect.
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Management of Research

Commencing a Series of Articles to Consider the Funclions of Laboralory Organization and the
Coordinalion of Laboratory and Plant Effort.

Scope of Research Management
C. E. K. MEEs, Direclor of Research and Developmenl, Eastman Kodak Company, Rochester, N. Y.

HE function of management in rela-
tion to industrial research may be
divided into three sections:

15

(1) The provision of the necessary staff,
equipment, and supplies.

(2) A decision as to what investigations are
to be undertaken and the allotment of problems
to the staff.

(3) The utilization of the results obtained.

SELECTION OF RESEARCH STAFF AND
EquipMENT

The selection of the research personnel
and the provision of the necessary equip-
ment unquestionably comes within the scope
of management. In a small laboratory the
director himself will select his entire staff,
will handle the personnel problems as they
arise, and with the aid of perhaps one assist-
ant will control the purchase of supplies and the provision of
facilities. In a large laboratory it will be necessary for him to
delegate much of this work, selecting personally only the
senior members of the staff and handing over to assistants
all the purchasing and control problems. If he is wise, how-
ever, the director will certainly keep in touch with the greater
part of the research staff and will not leave personnel prob-
lems too much to other people. The art of management is
primarily the art of managing men.

In the management of a research laboratory it is very de-
sirable to avoid over-organization and red tape. The men
working in such laboratories are of a very independent and
critical type of mind
and are extremely
impatient of bureau-
cratic methods. It
is undoubtedly a
great mistake to
allow research work
to be directed by
administrators who
have no real sym-
pathy with the
results of the
work and who at-
tempt continually
to standardize and
regulate things
which, in them-
selves, are incapable
of standardization
and regulation. It
is an advantage for
the scientific worker
to have the adminis-
trative burdens of
the laboratory ar-

C. E. K. MEEs
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ranged for him so that when he wants ap-
paratus or assistance, or when he wants
materials prepared, or lantern slides made,
he can get them by simple request. Order
and regularity are also an advantage. Regu-
lar hours of work are really better than ir-
regular hours in the long run, and there is no
disadvantage in having a proper system of
conducting conferences, discussion, ete. But
too much administration is as bad as too
little, and there is a good deal of danger that
the office. which should be the servant of the
investigator, may become the master. :

SELECTION AND ALLOTMENT OF
INVESTIGATIONS

In discussing the scope of management in
relation to the direction of the research itself,
the main consideration must be the effect of
any plan of management upon the results produced. This
may seem quite obvious, but in management of all kinds
it is not uncommon to find that the plan tends to be re-
garded as an end in itself rather than as a means to an
end, and in research the end, and the only end, is results.
The only justification for the work of an industrial research
laboratory is its production of new and improved products,
methods, and processes, and the management which produces
the largest amount of new products, methods, and processes
at the lowest cost is ipso facto the best management.

Since the production of results in research is a purely
psychological process, it follows that the management of re-
search will depend
upon the psychology
of the research
worker. Research
workers are of many
different types, and
an elastic outlook
on the part of the
management is a
dominant factor in
the production of
the best results.
However efficiently
a laboratory may be
organized and how-
ever energetically
the staff may en-
deavor to produce
results, if they do
not have the in-
spiration to make
the discoveries
which should follow
applied research
effort, the labora-
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tory will be sterile. Results in research cannot be obtained
by hard work alone; moreover, elaborate planning, which is
such an important factor in modern production, can easily
be a disadvantage in research, The situation is perhaps an-
alogous to that of war. To go to war without a plan is quite
fatal. To go to war with a rigid plan which cannot be changed
as fresh circumstances arise may also be fatal. One of the great
disadvantages of the immense complexity of modern mobiliza-
tion for war is that, once mobilization has commenced, it
must be carried through on the lines laid down regardless of
changes which may arise in the conditions, since to make any
change is impossible
until the operation is
complete. Rigidity
of plan must be
avoided at all costs
in the organization
of industrial re-
search. The man-
agement must not
onlybe able to adapt
its methods to the
psychology of the
workers, but it must
also be able fto
change its plan of
research as the work
develops and as dis-
coveries are made.
This mobility in-
volves a manage-
ment in exceedingly
close touch with the
practical research
worker, so that his
psychology may be
understood and so that the plan of work may be modlﬁed
as events develop.

And we thus come to the ideal organization of research,
which may be stated in a few words: ‘“‘getting good research
men and letting them do what they want to.”” In practice this
limit of disorganization cannot be achieved in an institution of
any size. All the research men will not be equally good. All
of them cannot direct their own work, and a laboratory
in which all the workers were free to do whatever they
wanted would probably end in confusion, marked by a
considerable amount of individual disagreement. We must
therefore introduce some form of departmental organization,
so that the different fields of work are to some extent de-
limited. The actual planning of the research work may then
be entrusted to the department head, who is necessarily a
thoroughly qualified investigator in close touch with the men
under his control.

" One of the great problems of the research director will
be the desire of the management for definite plans, prefer-
ably accompanied by accurate estimates of the cost of the
work, their conception being that research can be charged
ahead with the same precision as construction or production.
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This is not true, but the director may have to make con-
cessions to the management and produce such plans and esti-
mates. Both he and the management are fortunate if that
is not the case. A general plan of research is valuable;
a detailed plan has in all probability much less value. A
general estimate of cost may be of use; a detailed estimate is
merely an invitation to the laboratory accounting depart-
ment to fake its fizures when they do not agree with the
estimate. It is perfectly reasonable that the management
should desire to know what each piece of work will cost in
order that it may consider whether the work shall be started,
but in practice such
estimates have very
little value because
therate at which the
work will be done
cannot be foreseen
exceptinthevaguest
way. The financial
administration of
the research labora-
tory really amounts
to no more than
allocating a certain
amount of money to
research, and leav-
ing it to the re-
search director and
his staff to spend
that money to the
best advantage. If
a piece of work for
which men have
been engaged and
for which funds
have been allocated
proves promising, it is generally desirable to transfer more
men to it and to spend more money. If it seems to get
less promising as the work is done, it is usually better to
diminish the expenditures and transfer the men to other
fields. The general rule for research is the same as that for
any other form of gambling—“Cut your losses, and let your
profits run.” Research is essentially a speculation, but it
differs from most speculations in that the odds seem to be

- weighted heavily in favor of the speculator, so that if industrial

research is undertaken with competent men and is allowed
to carry on in the face qf dxﬂiculty and failure, profit is al-
most inevitable.

UrinizaTioN oF ReEsuLnts

When a piece of work has been completed, the utilization
of the results will often offer a serious problem for the manage-
ment of the laboratory. The methods by which the manage-
ment of a laboratory can ensure the most efficient use of the
results obtained will depend very much upon the organization
of the industry itself, and the whole subject of the application
of research will no doubt be dealt with later in the series.
REecerveD July 13, 1931
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Logical Divisions of a Research Organization

Francis C. Frary, Aluminum Company of America, New Kensington, Pa.

hard and fast scheme of dividing

or grouping the personnel of a re-
search organization which would be
generally applicable. The types of
problems to be solved, the size of the
organization, its scope, and relation
to other technical units in the same
company, and especially the training
and ability of the men available, de-
termine the divisions which it is logi-
cal to make. The whole problem is
one of best utilizing the available man
power for the purpose in hand.

In general, if the organization is
large enough, certain service divisions,
as distinguished from research divi-
sions, ‘arise naturally. Thus, the ac-
counting division and the library, in-
cluding filing and abstract service, are
naturally differentiated from the rest
of the organization at an early stage of .
development. In some cases, a separate division for repairs,
maintenance, and construction develops naturally, while
in others such functions will be taken care of by the plant
organization to which the research unit is attached.

As the organization grows, it is probably wise in most cases to
develop an analytical laboratory as a separate service division,
manned and staffed by specialists, and prepared to do most
of the necessary analytical work more economically and
satisfactorily than the individual research men could do it for
themselves. This group will include in its functions the de-
velopment and simplification of suitable rapid and reliable
analytical methods for the control of the quality of the com-
pany’s products and raw materials, as well as for process
control. Itwillalso
supervise and check
the plant labora-
tories, if the com-
pany islarge enough
to have several of
them, and repre-
sents the company
in questions where
. analytical results
are involved.

Similarly, if there
is much physical
testing, a separate
division of special-
ists for this work
may become desir-
able. Its general
functions resemble,
in its field, those of
the analytical
group. They in-
clude research on
testing methods and
on the physical
properties of the
company’s products
and raw materials.

IT IS impossible to lay down any

. Francis C. Frary
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Other engineering functions may also
be assigned to this group, unless there
are s0 many that it seems desirable to
separate the engineering from the test-
ing work. !
In some cases, separate sections for
botany or geology, or for either physics
or physical chemistry, may be desir-
able. There will, of course, be one or
more chemical research divisions, de-
pending on the type and variety of
the chemical problems studied. The
old grouping of organic and inorganic
may suffice in some cases; in others,
special groups will have to be consti-
" tuted to handle certain types of prob-
lems, such as electric furnace research,
“ rubber, paint, textiles, paper products,
dyes, pharmacology, etc. A separate
division for semiplant-scale develop-
ment may be advisable in some cases;
a group for such work must, in any
event, be provided in one or more places in the organiza-
tion, if manufacturing processes are to be studied and im-
proved.

Metallurgical research, when included in the program,
will be separated from the chemical work, if in sufficient
volume to justify it. Metallographic service work, alloy
development, metal-working processes, etc., may be included
here. In smaller organizations, it is customary to include
the physical testing of metallurgical products in this group,
although in larger organizations a separate testing division has
advantages. =

Patent work, if carried out in the research unit, requires.a
separate and highly specialized group. If this work is han-
dled by outsiders,
one Or more mem-
bers of the research
organization should
be assigned the duty
of cooperating with
the patent attorneys
or patent depart-
ment, and acting as
“‘contact men.’”’
They represent the
patent group in the
technical staff to see
that patentable in-
ventions are not
lost, and that the
attorneys get proper
technical advice and
assistance. Most
inventors and re-
search men have
rather vague
notions of patent
matters, and con-
siderable study and
pains are required
to insure that the
company is properly

Photo by Bachrach



685 INDUSTRIAL AND

protected in its enjoyment of the results of its research and
development work.

In this analysis I have assumed that the research department
is attached to a manufacturing company, or similar organiza-
tion, and that its problems are basically chemical and me-
chanical, in the broad sense of these terms. If the unit is in-
dependent, or in the consulting field, or primarily interested
in medicine or some other line, much of what has been said
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may not fit the case. On the whole, however, we may say
that the divisions of a research organization must be deter-
mined on a common-sense basis by its management, taking
into consideration its size, type. and scope, and that the extent
of subdivision will have to be decided by the circumstances in
each case.

Receivep May 14, 1931,

Principles of Research Laboratory Management
G. W. Trompson, National Lead Company, Brooklyn, N. Y.

of this subject as expressed in

the title, there are certain
fundamental principles with reference
to industrial research organizations
which first should be discussed, and
there are certain assumptions to be
stated. To justify the formulation of
any principles of management in a re-
search laboratory, we must assume that
the laboratory is an established affair
or, at least, is accepted as becoming an
established affair. There is no need to
discuss principles of management in a
research laboratory that is organized
for ‘one or a few specific objectives;
nor is it worth while to discuss prinei-
ples of management unless they can be
applied on a long-time basis. Further-
more, there can be no principles of
management really worth stating unless
the laboratory is a fairly large one and employs such a number
of men that some subdivision of work and real organization are
required. There is one other very broad essential—namely,
that a research laboratory be recognized as an important
part of the business organization by which it is supported.

A research laboratory searches for knowledge, particularly
in its own field. Two things are important in this connec-
tion: one is an insatiable thirst for knowledge; the other
is ample library and record facilities where this knowledge
can be sought, orderly assembled, and stored away. There
are continuous demands made upon the research laboratory
for information in regard to the products manufactured
and their uses. Purely commercial men can hardly be ex-
pected to have this knowledge in accurate form, and they
must rely upon the research laboratory to give it to them
in that form and to correct from time to time the erroneous
opinions which are apt to be developed where lack of ac-
curate knowledge exists. A thorough search and orderly
assembly of available knowledge is also a necessary require-
ment in all research projects.

It cannot be expected, of course, that every member of a re-
search laboratory will have, to the same high degree, a thirst
for knowledge, but this should be the mainspring back of
the workers in a good research laboratory. A thirst for
knowledge is essential, as otherwise there will not be built
up that power of anticipating answers to inquiries which
often come, as it were, from a clear sky. A thirst for knowl-
edge, resulting in its acquisition and assembly, will always
tend towards keeping a research laboratory ahead of the
game. It will be seen from this that it should be made up
largely of men who are students, who like study, and who
are not afraid to put many weary hours, extending through

BEFORE taking up a "discussion

G. W. TrOoMPSON

months and sometimes years, on prob-
lems confronting them. Thisis the dis-
tinction between a commercial labora-
tory and a research laboratory. The
pressure of commercial demands upon
the former do not permit much time to
be given to research study. Quick re-
sults must be obtained from them. In
a research laboratory, while there must
be a certain willingness to be driven
and to report promptly knowledge al-
ready acquired, there must also be an
unwillingness to be driven unduly on
problems requiring study and careful
investigation.

An industrial research laboratory is
presumed to exist to satisfy commer-
cial needs. It must contribute some-
thing to industry, and especially to the
particular industry supporting it, to
justify its existence. There is this dis-
tinction, therefore, between an industrial research laboratory
and those laboratories engaged in pure research. The latter
may contribute to industrial needs, but that is not their
main purpose. An industrial research laboratory must con-
tribute to the commercial needs of the industry. Undoubt-
edly, in many industrial research laboratories true pure
scientific research is carried on. It is, however, usually
limited to the field of the industry. Otherwise it is question-
able whether it can be justified. This close relation exist-
ing between the commercial needs of an industry and its
research laboratory may at times present difficulties. What
the selling or producing parts of an industry may demand
of a research laboratory are possibly unreasonable both as to
substance and form. The question may be raised as to
whether expenditures for research are justified unless re-
sults are obtained which are of immediate commercial ad-
vantage. Sometimes, although fortunately less now than
in days gone by, demands have been made on the research
laboratory by those in charge of commercial problems for
reports in forms that result in obscuring the truth. Natu-
rally, the research laboratory cannot conform to such.de-
mands, for it is essential in research work that there be a
devotion to truth as it is seen. The old question as to what
constitutes truth is unsolved as much here as elsewhere.
In view of these difficulties we must presume that the re-
search laboratory has confirmed itself, in the minds of those
in control of commercial operations, as being an important
part of the organization, and that it is depended upon for
help, truthful information, and an earnest endeavor to supply
the organization’s needs, patiently, arduously, and devotedly.

With this picture (not by any means ideal) of the kind of
research laboratory of which the principles of management
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are to be discussed, we come now to the real subject of the
paper. It will be treated under several heads:

Personnel organization,

Organization of records.

Organization with reference to field covered.
Methods of handling research problems.
Laboratory planning.

Organization of finances.

PERSONNEL ORGANIZATION

Every research laboratory, of the kind which is being
discussed, finds it necessary to employ a large number of
persons having nothing to do directly with research. These
are the ones engaged in clerical and mechanical work. If
the scope of the work planned is extensive, it may be neces-
sary to employ men for the designing of machinery and
apparatus, and even for the building of such machines in
their initial form. The main and important work of the
laboratory, however, is done by chemists, physicists, and
engineers. Each of these is selected with a presumption of
ability for certain particular lines of work. Very often,

however, it is found necessary to try a new employee on

different kinds of work before determining that for which
he is most suited. Occasionally it is found that a man,
presumed by the information available to be the best suited
for a certain class of work, turns out after a time to be un-
able to solve the problem confronting him. In such a case
the man must be transferred to other work, and someone
else put on the problem; or else his services are no longer

required. Usually such a man will relieve the management-

of responsibility and find other work himself because of the
discouragement he has suffered. Such a case is no direct
reflection upon the individual; it illustrates the point that
not all of us are equally
equipped to do the same
kind of work. Sometimes
the trouble with such a
man is due to the fact that
his education has told him
more of what he cannot
do rather than having sug-
gested to him ways and
means whereby things can
be done. Parenthetically,
that knowledge which tells
persons what cannot be
done is the most injurious
form of learning.

The head of a research
laboratory cannot be ex-
pected to know the personal
abilities and limitations of
all of his associates. He
has to work through heads
of departments and take
their opinions. At thesame
time he ought to be con-
tinually cognizant of the
success or failure of the
various workers in the
organization. Thereshould
be that esprit de corps be-
tween the members of the
organization which results
in proper recognition of
good workers, without
overlooking delinquen-
cies.

RESEARCH LABORATORIES, NATIONAL LEAD Co., BroOKLYN, N. Y.
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ORGANIZATION OF RECORDS

Of the utmost importance is the proper preservation of
records and their proper filing and indexing. These records
begin with every sample as it comes to the laboratory or
arrives in the course of research work, whether it be for ana-
lytical work or work that does not depend upon prior analysis.
These samples should be carefully identified as to their origin,
date, right number, from whom received, and the purpose
for which received. The samples themselves differ as to
the length of time they should be kept. Some should be
held permanently. I am referring of course to the surplus
left after examination. There is nothing more exasperating
in the research laboratory than to find that samples have
been thrown away on which valuable work has been done,
and to which reference is found in the records. Attempts
have been made by certain methods of marking to insure
the saving of such samples, but beyond this it is difficult
to go, and, in spite of such a system, important samples
are often lost. Sometimes the trouble comes from imper-
fect marking or improperly attached labels.

The same is true in handling the records. It is hard to
distinguish between the papers that should be kept and
those which, after a certain period of time, can be discarded.
There must be distinction made, however, as otherwise
what is kept may become so voluminous as to make it difficult
to find what is wanted. While the library is not necessarily
a part of the recording system, it is important that the li-
brarian be substantially in charge of the recording system.
Very often he is requested to make a library study of a cer-
tain subject that leads to a study of the records. In other
words, records are depositories of knowledge. They come,
therefore, in the same category as the library.

The form in which records are kept depends largely upon
their scope. Preferably all
of the papers on a certain
subject should be bound to-
gether in one or more flex-
ible binders so as to be kept
together and not be sub-
ject toscattering. My own
preference is for the letter
size sheet which can be
filed unfolded. The old
foolscap size is usually an
annoyance.

Since the library is in-
cluded as a part of the rec-
ords, the following re-
marks may be appropriate
here. The library should
be a study wherein anyone
in a laboratory can read.
The members of the force
should be permitted to take
books to their desks, cards
being left in the library as
to where they are; and with’
some restrictions they
should even be permitted
to take these books home if
desired. The library should
cover everything relating
to the field of the indus-
try that can be obtained.
There should be a sufficient
number of general books on
every branch of chemistry
and physics. Al journals
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relating to the industry, with few exceptions, should be
available. Some of these should be bound at the end of the
year and the others should be stored, at least for a period
of time. Trade journals of course ought not to be kept
more than a short time.

ORGANIZATION WITH REFERENCE TO F1ELD COVERED

Obviously, if the field is large enough, it must be sub-
divided into several divisions, and the work under each
head still further subdivided. The director of a laboratory
cannot be expected to have as much knowledge in each of
the fields comprised by the industry as those heads under
him should possess. He may have some form of knowledge
based, perhaps upon long experience, which is invaluable
when passing upon the work and recommendations of heads
under him. He must have a knowledge sufficient, in reference
to each of these heads, to enable him to give some guidance
to the work they are doing or projecting and to be at all
times ready to discuss their problems with them. Some-
times it may be desirable for the head of the laboratory to
have men working directly under him doing work of which
he sees the importance and which, because of his personal
interest, he wishes to handle directly. This is perfectly
proper, providing the men working for him come to him fre-
quently and fully understand his objectives. Sometimes
it will be found, however, that employees so engaged might
work far better under the direction of a lower head. The
question of how many heads should exist under the manager
depends upon the laboratory and the capacity of the heads
under him. It may be better to have only two or three
heads and let them subdivide the work. There is no hard
and fast rule relating to subdivision. It ought not, however,
to be carried so far as to destroy the unity of the whole.
Certain policies must be determined by the manager of the
laboratory or must have been determined through long asso-
ciation with the work without formal statement on his part.
Variations of these policies should and will, in every properly
organized laboratory, come in for review.

MeTHODS OF HANDLING RESEARCH PROBLEMS

Sometimes one man may have assigned to him a great
many problems, or he may have one problem only, which
may be large or small. Every research problem has its ob-
jective, and very often, if the objective is properly stated,
the problem is more than half solved. There may be, how-
ever, a series of objectives evolved in the course of the study
of the main objective. We therefore see that problems
subdivide themselves and represent a process of evolution.
First a project is laid out and assigned to one man, with or
without assistants. His study should first involve a care-
ful review of the literature and work already done in the
laboratory. Then work is started. After a certain amount
has been finished, a preliminary report is presented which
indicates the next step or steps to be taken. In fact, it is
quite usual that a number of separate consecutive steps
are found to be involved. Each of these is an outgrowth
of the original project. It is doubtful whether, in the de-
- velopment of the study of a research problem, any-logical
order prevails. If logic does prevail, it is probably noted
after the fact. The important thing, however, whether
logical or not, is the proper laying out of research projects.
Each one should be carried to such a point that it would indi-
cate some other research project, unless indeed, as is un-
usual, the matter is completely and satisfactorily solved.
Let me emphasize the thought that is here outlined: every
research problem passes through a state of evolution, and
each step becomes an individual offspring of the original
project and deserves a certain amount of identification by
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a separate report. What its progeny may be should also
be indicated. L

LABORATORY PLANNING

The laboratory is the housing and may be the home of
research operations. It must be laid out with regard to the
field covered by the research. Just how elaborately it shall
be built and equipped depends upon the money available
and the purpose which those authorizing the expenditure
of money may have in mind. All of us are familiar with the
imperfect and inexpensive equipment used by the early
chemists. We do not want a research laboratory to be de-
pendent upon such facilities, and yet the question may
properly arise as to:how far research laboratory expenditures
should go in providing expensive edifice and expensive equip-
ment. I really have no opinions on this subject; “hand-
some is as handsome does,” and I am sure that all real re-
search workers are better pleased by proper room and facili-
ties than they are by fanciful decorations. The building
should house a suitable library. It should provide general
office space and telephone connection between departments.
It should have a room for the receiving of supplies and
preparation of samples; and refuse should be delivered
daily to this room. The question of subdivision is a de-
batable one. Much space is often lost by such subdivision.
Those rooms assigned for certain men to work in may be
unavailable for other use. For this reason, although I may
be wrong, I have resisted the idea of subdivision. A cer-
tain number of private offices are necessary. One of these
private offices, perhaps, can be used for relatively large
gatherings, if desirable. But to divide the main floors where
research is being done, into separate rooms simply for the
purpose of segregating the workers and their work does not
appeal to me. Certain subdivisions must be made where
offensive gases or vapors are given off, and where such can-
not be properly drawn away, but beyond this the utility
of space is often impaired by walls and corridors.

ORGANIZATION OF FINANCES

An industrial research laboratory may work under the
budget system or without it. No matter which system
is followed, occasional expenditures must be covered by
special authorization. Both systems have their disadvan-
tages. Budget systems imply previous knowledge of work
to be done during a coming year which is hard to foresee.
Without the budget system there is an implication of confi-
dence in the economical operation of the laboratory. What-
ever system is adopted, there should be a careful record
made of the expenditures for salaries, supplies, rent, insurance,
etc., and these expenditures should be classified with as
much detail as can be reasonably expected. By this classifica-
tion one is able to compare expenses from year to year, and,
if increases are noticeable, a check can be made to see whether
such increases are. justifiable. A complicated system of
accounting is unnecessary. The purchase of apparatus and
supplies should not be made without the approval of the
manager or others in authority, when expenditures exceed
a’certain stated amount for any one item or group of closely
related items. Economy must be exercised. The man in
charge of purchases must be continually on the alert to de-
termine whether apparatus ordered cannot be supplied by
a transfer rather than by purchase.

Where a given research problem has been studied arduously
for a sufficient length of time without practical results,
consideration should be given in conference as to whether
further expenditures are justified, for how long, and for how
much.
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CONCLUSION

A research laboratory is an organization made up of human
beings with all the advantages and limitations which that
involves. In my opinion, the more really human are the
members of a research organization, the more successful
it will be. Or, to put it another way, the less it operates
along the lines of discipline, such as we think of in connection
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with the army, the more successful it will be. The enthusiasm
of a worker must never be dampened, although properly
it may ve directed. He should always be encouraged when'
he shows a thirst for knowledge. All that may be necessary
is tactfully to guide his thirst for knowledge to the particular
problems on which he should be working.

RECEIVED August 29, 1931.

Flow of Petroleum Lubricating Greases—I

M. H. Arveson, Standard 0il Company of Indiana, Whiting, Ind.

that the actual lubrication

of rubbing surfaces must be
accomplished by a fluid film if
satisfactory results are to be
obtained. Not so generally rec-
ognized is the fact that, when
greases are employed, the lu-
brication must be accomplished
by a fluid film, rather than by
the soap structure itself. Asa
rule, greases are used as a matter
of convenience in handling and
application, rather than for any
peculiar lubricating properties.
Many mechanisms are con-
structed so that oil lubrication
would ‘be either impractical or
extravagant. For this reason
the lubricant used must possess
those characteristics which per-
mit it to be held in containers
which are not liquid-tight, and
to feed to the surfaces only when
actual motion occurs. The consistency requirements of differ-
ent mechanisms are almost as varied as the mechanisms them-
selves. In the past no basic data of sufficient completeness
have been available which would permit accurate estima-
tion of the needs of any particular case.

IT HAS long been recognized

graphical form.

IMPORTANCE OF RATE OF SHEAR

The viscosity of a lubricating oil is its most important
property, being fixed if the temperature and total pressure
are fixed. (Variation with total pressure is very small in
the normal range.) The analogous property of a grease,
termed the “apparent viscosity,” is not fixed under the above
conditions but varies with the rate of shear. Table I shows
the rate of shear in a simplified case of a film between a 2-
inch (5-cm.) journal and concentric with its bearing when
the speed and clearances are as specified. :

TasLeE I. RATE oF SHEAR IN CONCENTRIC BEARING
(Speed, 1800 r. p. m.)
CLEARANCE RATE OF SHEAR
Inch  (cm.) Seconds ™!
0.01 (0.025) 18,800
0.001 (0.0025) 188,000
0.0001 (0.00025) 1,880,000

In the simple case of a material flowing through a tube of
1/e-inch (0.32-cm.) bore at a rate of 3 cc. per second (0.4
pound per minute), the rate of shear is approximately 1000
seconds~!. It appears then that an extremely large range

1 The term grease is used throughout in the restricted sense of a soap-
thickened mineral lubricating oil.

PETROLEUM lubricaling greases' are dis-
pensed and used as lubricants under a variely
of conditions in which the faclors determining the
flow characlerislics are of primary imporlance.
Based on a novel principle, a viscomeler which
predetermines the rale of shear, and which is
especially designed for the purpose of measuring
the flow characteristics of lubricants, is described.

The dala at 77° F. (25° C.) on several worked
cup greases and a pulp otl are presented in
The large range of rale of shear
reported (0.08 to 132,000 reciprocal seconds) covers
the complele practical range of use.
others, the following conclusion is drawn: The
apparent viscosily of greases decreases with in-
creasing rales of shear in a manner charactertstic
of lhe particular soap used, approaching in the
limit a value higher than, but of the same order
of magnitude as, the oil in the grease.

of rate of shear is involved in the
use of lubricants. In dispensing
and in feeding from cups and
boxes the rate of shear involved
is usually in the comparatively
low range from 0-1000 seconds —?
and in the lubricating film from
1000 seconds! to indefinitely
large values.

The foregoing shows the im-
portance of providing an instru-
ment capable of producing vari-
ous rates of shear over a very
large range. The numerous con-
trol instruments, though very
useful in their fields, are not
suitable for this research because
of their restriction to a narrow
range of rate of shear, usually
very low in magnitude. Inmost
cases it 1s impossible, in the ab-
sence of other data, to translate
the data from such instruments
to absolute units because of the
complex function of rates of shear involved. Particularly
illustrative are the Saybolt tube, with its variable head, and
the A. S. T. M. cone penetrometer, with its double-taper
cone. The MacMichael and Stormer instruments come a
little nearer to being applicable to the problem but are only
suitable for use on thin greases, and cover only a compara-
tively narrow range in rate of shear.

The use of applied pressure on liquids and plastics in capil-
lary-tube viscometers to effect various rates of flow is well
known (2, 6). Pressure-viscosity data have been obtained
on a variety of compositions, including paints, lacquers,
emulsions, and gels of many kinds (I, 2, 6). It is the com-
mon experience of workers in this field that, when these:
methods are applied to lubricating greases, certain difficul-
ties are frequently encountered. Grease lumps and dir
pockets alter the rate of flow, and blow holes occur in the
charge. These occurrences are evident only from the fact
that the data do not check a previously determined value.
Bulkley and Bitner (5) managed to circumvent the difficulty
of irregular flow by attaching a perfectly horizontal cali-
brated capillary through a trap to the metering capillary
and noting the'rate of movement of a mercury plug therein.
Their instrument has the further advantage that the same
sample can be used repeatedly.

Among

CONSTANT-SHEAR VISCOMETER

To avoid the above difficulties and to effect greater pre-
cision and ease of operation, a method, believed to be novel,
has been developed, consisting simply in fixing the rate of
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flow (with a given capillary, therefore the rate of shear)
and measuring the resultant pressure at the entrance to the
capillary. This principle is illustrated diagrammatically
in Figure 1.

When a piston, P, is driven mechanically at a constant rate
into a cylinder, C, the sample, S, is forced downward against
the mercury bed, Hg, and out through capillary O mounted in
the removable support, D. Mercury is displaced through a
duct to the gage until equilibrium is reached, at which time all

GAGE
e

Ficure 1. PrincrpLe oF Con-
STANT-SHEAR VISCOMETER

the flow is through the capillary. The rate of efflux (or the rate
of flow in centimeters per second) is thus predetermined by the
speed of the piston and the bore of the cylinder, and the pres-
sure may be read as frequently as desired. This gives a con-
tinuous direct means of observing the conditions existing in the

capillary.

The following definite advantages were expected and all
have been realized when pressures were determined on the

mercury bed:

1. Passage of air bubbles and grease lumps can be detected
and the data interpreted accordingly. A !

2. A large number of observations at equilibrium are possible
and are the only readings required during the run.

3. One capillary can be conveniently
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cylinder 7, forcing the oil out of cylinder through duct J, through
pressure block K into viscometer L, forcing disk M downward.
The mercury from the hed about capillary N' moves through
duct O, then through the pressure block, P, to the manometer
at R until equilibrium is reached. The sample between disk
M and capillary support N —1 is forced out through the capillary,
N —3 (see small detail). The method of mounting the capillary
N —3 is shown. The glass capillary, 8, is ground to a shoulder
as shown at 2, and cemented into place at 4 in the support, 1.
The bottom of the support is threaded so that the whole acts
as a bolt to be fastened into position. The top opening in the
viscometer is closed by a plug, X, consisting of two parts, 1 and
2, separated on the flat face by a rubber washer. The vis-
cometer is in a thermostat, V, controlled by mercury regulator
T. The bath liquid was thoroughly agitated. Oil was first
used as the liquid, but this was found to be unsatisfactory. A
15 per cent soluble oil emulsion was used with excellent results.
The heat transfer was satisfactory, and no corrosion of the steel
occurred.

The pressure blocks, K and P, are constructed so that gages,
S, and manometers both function with the Bridgman plug in the
back position, while only the gages function when the plug is
in the forward position. The plugs are operated by two valve
wheels as shown Q.

A detail, W, of the Bridgman tube connections is shown.
The block has a duct, 3, a plain portion, 1, into which 4 is fitted,
and a threaded section, 2, to hoHi plug 8. Between head 4 and
plug 8, two copper washers, 6, and a rubber washer, 7, are
placed. Tension on the rubber seal is furnished by plug 8.
When pressure is built up in the system, it applies to the full
end surface of 4, producing a force which is transmitted to the
rubber washer, 7, and causing pressures higher than the internal
pressure, thus maintaining a seal. For further comments on
Bridgman’s developments in high-pressure construction, see his
original discussion (3).

No trouble of any kind has been experienced with the
seals. The system is absolutely tight. The eight speeds
of the piston differ by approximately equal logarithmic steps,
making it possible to cover an extremely large range in rate
of shear with a given capillary on one sample. The speed
of the piston covers the entire practical experimental range,
since the time required for a full stroke for the highest speed
is 4 minutes, and for the lowest, 6 days. Each one of the
equilibrium pressures was determined in ascending order,
so that the manometer readings might be obtained without

operated over a large range of efflux
rates.

4. No blow holes occur.

5. A source of constant pressure over a
large range is not required.

6. The capillaries are readily interchange-
able.

7. The pressure differential across the
capillary is measured directly.

=

B
H =
H-

When the rate of shear is to be in-
creased by reducing the radius of the
capillary, the pressures required to pro-
duce the specified rate of flow increase
very rapidly. This, coupled with the fact

that plugging of the capillary causes the
rapid development of high pressures, ne-
cessitated rugged construction. The de-
sign was for 20,000 pounds per square
inch (1400 kg. per sq. cm.) on the pis-
ton, and pressures of that magnitude have

been developed in use.

* As shown in Figure 2, a synchronous
-motor, A, drives an 8-speed transmission,
B, which in turn drives a pair of worm
gears, C, functioning as nuts drawing for-
ward the screws, F, attached to the head,
G, riding on the rails supported by plates D
and E. The piston, H, constructed on

I

the Bridgman principle (3) is attached to
head G, and in operation is forced into

Ficure 2. ScuemATic DRAWING OF CONSTANT-SHEAR VISCOMETER
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Ficure 3. TRANSMISSION AND PRESS 1N FINAL ASSEMBLY

disturbing the mercury system. When the pressure be-
came too high for the manometer, it was blocked, and the
proper gage was used.

MEeTHOD OF CALCULATING AND CoORRECTIONS—It is un-
necessary to give in detail the mathematics used. The
apparent viscosity is the value calculated from Poiseuille’s
equation, which, when analyzed as shown, gives the stress
at the wall and the rate of shear:

apparent viscosity, poises
pressure, dynes per cm.?
radius of capillary, cm.
length of capillary, cm.

rate of efflux, cm.? per second
stress, dynes per cm.?

rate of shear, seconds™!

where 7«

S e

wmnnn

L
v/
F

7]

The symbols are those conventional in the science of rhe-
ology. The dimensions required were determined in the
conventional manner.

The measurements were entirely in the viscous region.
Furthermore, the kinetic-energy corrections were negligible
and no correction was made for end effects. Corrections
have been made for the capillary head when required.

It was found that, as the pressures increased, a decrease
in the viscosity of oils occurred, owing to the development
of heat in the capillary. Sufficient data were obtained to
permit corrections for this effect over the lower ranges. The
percentage of decrease was proportional only to the pressure
observed and amounted to 10 per cent at observed pressure
of 300 pounds per square inch (21 kg. per sq. cm.)

The data are given graphically and were obtained on
worked greases (60 strokes in the A. S. T. M. grease churn)
at one temperature, 77° F. (25° C.).

APPARENT VIscOSITY, A’ FUNCTION OF RATE OF SHEAR

Figure 5 is an apparent viscosity-rate of shear diagram
of a series of cup greases (calcium soaps of mixed fatty
acids in mineral oil) containing the same oil, but varying
amounts of soap. Interpolating from this figure, a plot
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(Figure 6) was prepared which shows lines of
constant shear for the relation between the
apparent viscosity and the percentage of
soap. Figure 7 is an apparent viscosity—
rate of shear diagram of the data on two cup
greases and a pulp oil (aluminum oleate soap
in mineral oil), all containing a paraffin oil of
lower viscosity than that in the greases shown
in Figure 5.

It must be emphasized that the charts are
logarithmic. The extreme variations in ap-
parent viscosity should be noted. For in-
stance, the apparent viscosity of grease VI
(Figure 5) was 100,000 poises at a rate of
shear of 0.1 second~!, and only 8.4 poises at
100,000 seconds~?, as compared with the oil
having a constant viscosity of 1.2 poises, at
the fixed temperature 77° F. (25° C.).

The agreement between capillaries (indicat-
ing the absence of slippage at the junctions)
may be noted from a study of the points for
the several capillaries, although there seems
to be some evidence that slippage occurred
at the lower rates on capillary 3. With
the harder greases difficulty was experienced,
owing to failure of the mercury to deform the grease,
which allowed the latter to enter the gage connection
and interfere with the necessary rapid transfer of pres-
sures. The expedient adopted was to read the pressures
above the disk M, with and without the capillary in posi-
tion. The use of the first pressure value gave the upper,
and the difference gave the lower limit of pressure required
to force the grease through the capillary. In later work on

Ficure 4. ViEw oF BatH. Shows viscometer, controls, poten-
tiometer, and manometers. Expansion valve from ammonia
compressor at upper right.

other hard greases, the simple expedient was used of in-
creasing the depth of the bed and measuring the pressures
directly on the bed. The upper- and lower-limit values are
shown by split points in the diagrams, the curve being drawn
intermediate in a' manner indicated by thorough study of
the conditions involved.

The upper-limit value would be the one obtained in a pres-
sure-viscometer of the fixed-pressure type. The spread
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between the split points shows the inaccuracies that may be
thus encountered and definitely stresses the importance
of obtaining the pressure at the entrance to the capillary
whenever possible when plastics are concerned. The mer-
cury bed described makes this possible.
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in the same region. In order to demonstrate that these
diagrams represent, as the variation of one property, several
characteristics described by the rather vague terms of body,
consistency, toughness, tenderness, false body, etc., com-
monly used in the trade, the following experiments are de-

scribed: The pulp oil, when placed in a beaker

1000

AR and tilted, will flow very easily, while the No.
\‘&\\ 0 cup grease will not. This is represented by

o \”\.\ that portion of the curve at very low rates of

10,009 > < shear; e. g., S = 0.1. The cup grease is said
Jaild = “\ oo to have more body. If the two samples are
g \ \\ + NO.I CAR stirred very slowly with a rod, the same will be
e N \ §\A\ said to be true to a lesser extent. The rate of
> SURvE 20 S0 shear is somewhat higher; e. g., S = 1 to 4.
2 I\ \ \ \\;\ s If now the two samples are stirred vigorously,
3 \ \ R v\\\v\\ e il the pulp oil will offer as much, if not more, re-
S 100 g \ N7 \\ e sistance than the cup grease. The cup grease
5 ~<\~ ~ is said to be tender while the pulp oil is rela-
g N > \\,\\\ tively tough. This involves a still higher
g ) L S rate of shear; e. g., S = 300 to 1000. Oc-
S \ \‘\\::‘:t‘% casionally the term “false body” is used as

; NM::\J:::;EEK synonymous with “tenderness,” though it is

o PETROLIEUM OIL_IN' GREASHS ABOVE S e et usually used in a similar connection when

ot 2 g foco 10900, 109000 10000 worked and unworked consistencies are in-

RATF_ OF SHEAR—-SECONDS"

F1Gure 5. APPARENT ViscosiTy—-RATE oF SHEAR DIAGRAM OF SERIES OF

Cupr GREASES

LimitiNg VALUE OF APPARENT VISCOSITY

A survey of Figures 5 and 7 serves.to demonstrate beyond
any doubt that, as the rate of shear increases, the apparent
viscosity of the grease approaches some limiting value, higher
than, but of the same order of, magnitude as that of the oil
in the grease. This may seem obvious, even in the absence
of the data, but does not seem to be universally accepted.

To illustrate, certain investigators were surprised to find
that, while the initial torque of ball bearings freshly filled
with the proper grease was dependent on the consistency—
in other words, on apparent viscosity at low rates of shear—
the torque and rise in temperature at equilibrium condi-
tions were primarily dependent upon the viscosity of the
oil in the grease. These findings are obvious in light of the
diagrams given.

In general, the a.pparent viscosity at low rates of shear
governs the dispensing and feeding characteristics of the
lubricant, and diagrams such as TFigures 5 and 6 may be
used to predict what changes would be effected by certain
changes in the grease. For example, if a certain piece of dis-
pensing equipment used on grease III (Figure 5) required
pressure of 200 pounds per square inch (14 kg. per sq. em.)
at the drum, and it was desired to change to grease IV, and
the rate of shear was known to be approximately 100 sec-
onds~!, the pressure required for grease IV could be calcu-,
lated as follows:

145

5 X 200 Ibs. per sq. in. = 560 lbs. per sq. in.

(39.4 kg. per sq. cm.)

The values 145 and 52 are the apparent viscosities of greases
IV and III, respectively.

The similarity in shape of the curves fortunately makes
the accurate estimation of the rate of shear unnecessary in
this type of problem where a change between greases of one
class is involved. In the above example if the rate of shear
should have been either 40 or 400 seconds™!, the pressures
required for grease IV would be 630 and 475 pounds per
square inch (44.3 and 33.4 kg. per sq. em.), respectively.

The pulp-oil curve in Figure 7 was included to illustrate
that different kinds of soap may produce different trends

volved.

With the lower and upper ranges of rate of
shear fixed by the requirements of use, that
grease having the lowest apparent viscosity at intermediate
ranges of rate of shear at the temperature of operation will
be the most economical of power in bath-type lubrication.

Is Teere ONE GENERAL RELATION FOR EAcr KiNnp oF
Soap?

A close examination of the curves in Figure 5 suggcsts
that they may all be part of one general relation, which is
characteristic of each class, and involves, besides the rate
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Ficure 6. ApPARENT . Viscosity—PeEr CENT Soap DiAGRAM.
Rate of shear as parameter.

of shear, factors characteristic of the oil and soap. It is
impossible to set up this relation at the present time, but,
as additional data are accumulated, it is expected that such
general relations may be evolved which will be characteristic
of greases of a given type.
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A study of the application of equations for plastic flow
published by Bingham (2), Buckingham (4), de Waele (8),
Williamson (9), Reiner (?), and others, and the equations
presented by Peak and MacLean before the Society of Rhe-
ology in December, 1930, but as yet unpublished, has been
made, but is too involved for complete discussion at this
time. It was not found possible to fit any of these equa-
tions to the data. The Williamson equation gave qualita-
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CONCLUSIONS

1. A viscometer has been developed which has proved
very useful in obtaining data on the flow of greases in capil-
laries over a very large range of rate of shear. The range
reported is from 0.08 to 132,000 seconds—1.

2. The apparent viscosity of petroleum lubricating greases
at any given rate of shear increases with increasing concen-

tive agreement but could not be fitted accurately. Empirical trations of soap in a manner shown by the figures.
equations have been found to fit some of the
data and will be published later. 100
CONCEPTION OF GREASE STRUCTURE S| ficor Lol abze 373
! .2 17 N
In the course of this work it was noticed w0 \‘ o 4 u3ow oum

that lime-soap greases, which can be worked Yo, <
to substantially constant consistency in the § e A
A. S. T. M. grease churn, could be forced .- \Co Mo
through the capillary of the viscometer without Bip “V\ro ‘Koo
any noticeable additional loss in consistency. § SN R g
This was true even when very high rates of = \\~ B

R N VSA
shear were employed. Further, the curves  ° %
expressing the relation between the apparent é \ N
viscosity and the rate of shear (see Figures & :\\\\\\
5 and 7) are obviously members of a definite < ==t
system which could not well exist if actual D
severing of elements of the structure occurred. TR N SRE ASESHABOVE
This behavior suggests that the structure of =

ol oJ 100,000 1,000,000

a lime-soap grease may consist of the interlacing
of flexible solid members, which may be in
themselves deformed or merely separated by
the shearing action, but which are not actually
ruptured. In other words, any shearing action merely dis-
torts the individual members and reduces the average amount
of interlacing, which accounts for the tendency toward work-
ing to a constant consistency representing the condition of
maximum possible deformation of the members under that
particular shearing condition. If, furthermore, the members
be elastic, they will tend, after severe deformation, to assume
their previous forms. This, in general, explains the fact
that a worked grease approaches a limiting value at very
high rates of shear—the lowest conceivable limit being at
least slightly above the viscosity of the oil—but resumes
its worked consistency immediately upon issuing from the
capillary. Elasticity of the members surrounded by a vis-
cous medium would also explain the tendency of worked
lime-soap greases to increase in consistency on aging.

The common soda-soap greases have much longer and
coarser structures than do the lime-soap greases, as is evi-
denced by their fibrous nature, opacity, and tendency to
leak oil in storage. On working, these greases do not give
constant penetrations in 60 strokes in the A. S. T. M. grease
churn, but work down to very thin, less fibrous, products.
It appears then that the individual structural members of
these greases differ in size, shape, and structural strength
from those of the lime-soap greases and are apparently
actually ruptured on working.

Though quite distinet, this conception does have points
of similarity with the conception of pseudoplastic flow pro-
posed by Williamson (9). :

Ficure 7.

00 000 0,000
RATE OF SHEAR, SECONDS™

APPARENT ViscosiTY—-RATE oF SHEAR DIAGRAM OF SEVERAL
Greases. They contain an oil common to all.

3. The apparent viscosity of greases decreases with in-
creasing rates of shear in a manner characteristic of the
particular soap used, approaching in the limit a value higher
than, but of the same order of magnitude as, the oil in the
grease. :

4. The diagrams of the type illustrated may be used to
predict the behavior of greases in use.

5. The nature of the apparent viscosity—rate of shear
diagrams suggests that one general relation for each type
of grease may exist. Additional data are required to sub-
stantiate this.

6. None of the equations for plastic flow to be found in
the literature appear to be applicable to the data obtained.
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Detergency of Alkaline Salt Solutions
: I-—Initial and Available Alkalinity

Foster DEE SneLy, 130 Clinton Street, Brooklyn, IN. Y.

THE PRIMARY field of delergency of alkaline
salt solulions is as builders with soap. A wvery
dilule soap solution is mainly crystalloidal. In
more concenlraled solulions, such as 0.1 per cent,
which are more effective cleaners, a reasonable
amount of the soap is present in the form of colloidal
micelles. By a qualitative application of the law of
mass aclion, the effect of a soap builder would be
lo cause the formation of more colloidal micelles,
which probably explains the increased delergency
when such builders are added. Another function of
the builder is lo neutralize acidic ingredients com-
monly present in dirt. Since the pH of a neulral
commercial soap is 10.2 in a 0.1 per cent solution,
anything more acidic than that ts acid {o the soap
solution. Some soap builders—nolably silicales—
have negative radicals which, under suilable condi-
lions, are also colloidal.

For the purpose of discussion, the dirl difficult to
remove is considered to consisl of microscopic and
submicroscopic parlicles coaled with oil. These are
too small for a delergent solulion lo displace the oil
film and, therefore, behave like oil droplels. Im-
portant factors are welling power, deflocculaling
power, and emulsifying power. Methods previously

cial use, experience dictates that an alkaline agent be

added. In the laundry industry this is known as a
soap builder. The widespread use of such builders and the
relatively unsatisfactory results when a builder is not used,
indicate the importance of such added alkalies.

Commercial soap builders are salts of sodium hydroxide
with weak acids. In a few cases the hydroxide itself is used.
By far the most common soap builders are the salts with car-
bonic acid. These are either the commercial normal carbon-
ate, known as soda ash, or variable mixtures with the bicar-
bonate, known as modified sodas. Other important builders
are trisodium phosphate, sodium silicates varying in alkali
content, and borax. Caustic soda itself is popular in some
sections. Admixed with soda ash it is known as Special
Alkali. There are numerous proprietary compounds on the
market composed of mixtures of these salts, with or without
addition of soap.

r I YO OBTAIN the highest efficiency from soap in commer-

NATURE OF SOAP SOLUTIONS

15 An aqueous soap solution may be primarily crystalloidal
| lor colloidal, according to concentration. In very dilute
1‘solutions it is mainly crystalloidal, but in more concentrated
| ' solutions heavily hydrated ionic micelles or aggregates are

| formed which exhibit the osmotic effect of an ordinary colloid.
- | Although soap in aqueous solution may be called a colloidal

electrolyte, this state is in equilibrium with neutral colloidal
| particles, that is, aggregates of molecules, simple molecules,
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used for evalualion of delérgency are reviewed.

The compounds studied have decreasing lolal
alkalinities, as shown by pH or Cox values on
0.033 per cent solutions, in the following order:
sodium hydrozide, sodium orthosilicale, sodium
melasilicale, irisodium phosphale, sodium silicale
1:1.58 (anhydrous), sodium carbonale, sodium
silicale 1:3.86 (anhydrous), modified soda, and
borax. They have decreasing available alkalinilies
above pH 10.0, as shown by electromelric tilrations
of 0.66 per cent solulions, in the following order:
sodium hydrozide, sodium orthosilicale, sodium
melasilicale, sodium silicate 1:1.58 (anhydrous),
sodium carbonale, alkaline (risodium phosphale,
sodium silicale 1:3.86 (anhydrous), modified soda,
and boraz.

For rational comparison of the relalive value of
soap builders, it is essential that the pH be lranslated
inlo Co}z.

The conclusion reached is thal, owing lo the
necessity of neulralizing acidic dirl, a buffered
builder is essenlial. This rules oul sodium hydroz-
ide. The most effeclive builders, so far as alkalinily
is concerned, were found lo be sodium orthosilicale
and sodium melasilicate in that order of preference.

and simple ions, the amount of each changing with varying
conditions.

Soap solutions are alkaline, owing to hydrolysis. For
most concentrations the amount of hydroxyl ion present is
approximately 0.001 &V, but in very dilute solutions, although
hydrolysis increases, the alkalinity decreases. Even in the
presence of excess fatty acid over that equivalent to the alkali,
a soap solution remains alkaline so that the other product
of hydrolysis must be an acid soap, separating as a finely
suspended solid. Excess alkali remains almost entirely in
the free condition, showing that basic soaps are not formed.
The degree of hydrolysis increases rapidly as the homologous
series of fatty acids is ascended. Under laundry conditions
hydrolysis occurs to the extent of -about 10 per cent. An
acetyl sulfonic acid soap, in which hydrolysis is impossible,
behaves in most respects like potassium stearate, so that the
major properties of soap solutions are believed to be due to the
soap itself rather than to any products of hydrolysis.

The law of mass action may be assumed to hold qualita-
tively in soap solutions, since the addition of common ions
to the solution has the effect of producing more colloidal ionic
micelles. Such an effect has been obtained experimentally,
although the stages which may occur in going from the ionic
to the colloidal condition are problematical. When a common
ion is added to an ordinary salt solution, the effect may be
followed semi-quantitatively, and, since the cause and effect
are similar in colloidal solution, parallel equilibria are sug-
gested. ‘



January, 1932 INDUSTRIAL AND ENG
The following representation of the equilibrium in a so-
dium palmitate solution is intended to indicate as many of
the factors concerned as possible. Sodium palmitate is se-
lected for illustrative purposes. The reactions and equilibria
with the oleate and stearate are believed to be parallel. In
a sodium palmitate solution the negatively charged palmitate
cluster contains more than simple palmitate ions. The free
fatty acid combines with sodium ion or soap molecules to
some extent, forming acid soaps of varying composition
which may coéxist in solution with free sodium hydroxide:

Nat
s ;
ﬁa,‘Py (in which x < y)

(NaP)=——=NaP—==P- + Na*
it +
His -+ OH- === H{0)
I I
}:r[P NaOH
NaHP,

The ionic micelle is thought to contain some colloidal undis-
sociated soap, so that the micelles of sodium and potassium
soaps are not identical as they would be if made up simply of
the negative ion. A formula for the ionic micelle of sodium
palmitate may be written (NaP)x(P~)a(H:0)n, indicated
above as Na.P; (x<y).

The addition of sodium hydroxide as such, or as the product
of hydrolysis of a salt, drives back the ionization of both
sodium palmitate and water, and the whole equilibrium
changes in the direction of forming more colloid. The de-
tergent action of a solution is demonstrably improved k;e/
increase in the colloidal material present, presumably becau
it serves as a protective colloid in stabilizing the suspension |
of particles of soil. Since hydrolysis detracts from these
properties, it is common laundry practice to add materials
which will decrease the amount of hydrolysis. When such
alkaline materials are not used, the slight amount of alkalinity
in the soap solution is neutralized immediately by acidic
materials present in the dirt, so that the equilibrium is dis-
placed in the other direction, and the colloidal properties of
the solution are decreased.

While the chief purpose of adding alkali in laundry practice
is to increase the washing power of the soap, the salts em-
ployed also have detergent properties of their own, using the
term in a broad sense. It has been the purpose of this study
to compare solutions of the salts used as laundry soap builders,
first with respect to their alkalinity as soap builders, and
second with respect to their detergency as supplementary
washing materials in addition to soap.

DETERGENT ACTION

The removal of dirt from soiled fabric or from other sur-
faces is a complex procedure involving a number of different
factors, both physical and chemical. In the study of the
efficiency of any one detergent or combination of detergents,
it is desirable to determine the nature of those factors, and
then to examine the detergent with respect to each separate
factor.

First, the nature of the dirt to be removed must be con-
sidered. Since it is impossible to subject dirt as it exists on
soiled fabric to chemical analysis, its exact nature must re-
main a matter of conjecture. A number of investigators
(1, 4, 12) have assumed the existence of “‘clean” dirt, that-ls,
small solid particles, as of carbon black or graphite, which
become embedded in the soiled surface and are free of grease.
It is probably true that small solid particles of dust, soot, ete.,
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do become embedded in soiled fabric, but it is more probable
that the majority of these particles are covered with a light
film of greasy matter which would cause the particles to ad-
here to the soiled surface. A large part of the average dirt
film probably consists of grease, varying according to the
manner in which the surface was soiled. This grease is com-
posed of unsaponifiable oil, saponifiable oil, and free fatty
acids in varying proportions.

When solid particles covered with an oil film are of com-
paratively large size, the oil film is first displaced and emulsi-
fied and the clean particles then suspended in solution or re-
moved mechanically. Where very small particles are present
and covered with an oil film, the whole particle is probably
suspended as a unit. It would not be necessary to emul-
sify separately the small amount of oil film on these particles,
since the whole particle incased in oil would not be larger
than an oil droplet in emulsion, and would act as such. It
is probable that a large part of the solid dirt is present as tiny
particles such as this.

The first essential of a detergent is wetting power. This/,
property enables the detergent to wet the small particles or||
to replace an oil film on a larger particle with a film of its|
own. Thorough wetting must precede any other detergent:
action and may be considered a function separate from other

\ detergent activity. Thus, it has been shown (15) that tri-

| sodium phosphate can remove greases from fabric by virtue

| of its wetting power when it is unable to form an emulsion

‘tof those greases. A detergent should have deflocculating

| power in order to break up aggregates of particles of solid
dirt. It should also have emulsifying power in order to
disperse the oil or oil-covered dirt particles. Finally, alka-
linity should be present in the detergent solution in an amount
sufficient to neutralize the free acidity of the dirt.

MzeTHODS OF DETERMINATION OF DETERGENCY

Various methods of measuring the efficiency of various
detergents have been proposed and tried out. It has been
very difficult to find any one method that would take into
account all of the factors involved, so that most of the work
in this field has been carried out on one or another of the
separate functions of a detergent. The different methods
have been summarized by McBain (11) as follows:

(1) Measurement, of surface tension against air by capillary
tubes or by drop numbers or by bubbling or by measuring the
amount of froth produced under definite conditions.

(2) The measurement of surface tension against oil or paraffin
oil or benzene by drop numbers or measurement of emulsifica-

tion.

(3) Measurement against carbon or other powders by
measuring rate of sedimentation or protective action in filtration.

(4) Protective action as measured by gold numbers.

(5) Direct-washing experiments with specially soiled clothes
under controlled conditions of true temperature and concentra-
tion.

Measurement of surface tension against air has been used
by many investigators because of its ease and simplicity.
This value, however, cannot’ be assumed to represent the
wetting action of the detergent against greasy dirt since the
interface in that case is between the detergent solution and
an oil. The interfacial tension of a solution against air
may determine the amount of suds which that solution will
produce, but the actual value of suds in washing is open to
question. Measurement of interfacial tension against a
liquid immiscible with water should give results more closely
related to actual washing power. Determination of this value
by the drop-number method was first used by Donnan (3).

Measurements of the power of suspending inert dirt by
filtering suspensions of carbon black (12), or by shaking clean
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ALKALINITY OF SOAP-BUILDER

~NaOH SOLUTIONS

In order to substantiate the theory that
it is necessary to neutralize acidic ma-
terials in solid fabric, tests were made in
a power laundry on the wash solutions
in normal use. A sodium carbonate
builder was used in this laundry in con-
junction with the soap. Samples from
the first four wash waters through which
the clothes were passed in the course of the
ordinary laundry procedure were taken
before and after contact with the soiled
clothes. These samples were titrated to
the phenolphthalein end point, and the
results calculated to the alkalinity at the
beginning and end of each operation.
The difference between these two values
was then estimated and this difference
taken to be a measure of the acidity
neutralized. The amounts of acidity
l I neutralized per liter in the first four washes

1 2 %) 4 S5 6

Ficure 1.
(0.66 per cent) and common soap builders at 25

graphite with a soap solution and observing an end point of
suds between froth and solution (1) gave variable results.
A more successful method of this type is that developed by
Fall (4) in which he suspended manganese dioxide in a soap
solution, and then determined the amount of manganese
dioxide in a fixed volume of stable suspension by titration.
This assumes that clean manganese dioxide is representative
of the properties of normal dirt.

The gold-number method has apparently been employed
by only one investigator (5). According to this method the
minimum quantity of colloid required to protect a fixed
volume of red-gold sol from precipitation on the addition of
a definite amount of sodium chloride was determined. Pro-
tective action toward red-gold sol is not very closely related
to deflocculating or emulsifying power.

Direct-washing tests on specially soiled fabrics are de-
scribed by Heermann (7). Recent tests with the same type
of procedure under carefully controlled conditions have been
carried out by Rhodes and Brainard (13). The difficulty en-
countered with this method has been in finding a suitable
artificial soiling material, and a variety of substances have
been tried for the purpose (8). A subcommittee of the
American Oil Chemists Society is working on the develop-
ment of a standard method for direct washing tests at the
present time (2, 9, 14). Their soils are carbon black and
burnt umber. Tests of this kind under carefully defined con-
ditions are valuable as a correlation of data obtained by the
other methods.

In this study the alkaline properties of the salt solutions

have been measured, first in order to show their effectiveness
in repressing hydrolysis of soap solutions, and also as an indi-
cation of their detergency. For determination of wetting
power, the measurement of interfacial tension against an oil
has been chosen as the most accurate and convenient method.
Results from these determinations may also be considered
‘as indirectly indicating the emulsifying power. For direct
determination of emulsifying power, a method has been de-
vised wherein the ability to suspend small particles coated
with oil is measured. Finally, practical washing tests with
a specially constructed washing machine have been carried
out as a check on the results obtained by the other determina-
tions.

7 8 were as follows:

ErecrromeTRIC TrTRATIONS ExPrESSED As PH. Soap solutions
2 C

Moles per liter

First wash 0.0050
Second wash 0.0024
Third wash 0.0022
Fourth wash : X 0.0009
Total acidic materials neutralized 0.0105

This is not an accurate measure of the actual amount of
acidic materials present in the dirt of an ordinary laundry
load, since the washing solution used in this laundry cannot
be assumed to have entirely removed all such materials.
These tests show definitely, however, that there is a consider-
able amount of acid to be neutralized by the detergent solution
under laundry conditions. One purpose of using an alkali in
addition to soap is therefore evident.

Since the salts used as soap builders are uniformly salts of
strong bases and weak acids, the alkalinity produced in solu-
tion is buffered. The concentration of alkali when the salt
is first dissolved does not represent the total alkali available
for reaction with acid, since further hydrolysis occurs as re-
action proceeds. In measuring the alkalinity of these salts,
therefore, two separate factors must be considered—the initial
concentration of hydroxyl ion and the total amount of alka-
linity available for reaction. The initial alkalinity has been
measured by pH determinations and the total alkalinity by
electrometric titrations.

Soap concentrations, as ordinarily used in the power
laundry, vary between 0.1 and 0.15 per cent. For sodium
palmitate this corresponds to 0.0036-0.0054 N, and the nor-
malities are very nearly the same for sodium oleate or stea-
rate. The amount of builder used in proportion to the soap
generally varies according to the strength of the builder. In
general, a strong builder, referring to a salt giving alkalinity
buffered at a relatively high level, is used in equal amounts
with soap, a moderately strong one in the proportion of 2
parts of soap to 1 of builder, and a weak one in the proportion
of 3 parts of soap to 1 of builder. This indicates that a strong
builder is considered to have sufficient detergent properties
so that it may replace some of the soap. The weakest
concentration, a 0.033 per cent solution, has been chosen
for these determinations as being most representative of
general laundry practice and as the fairest basis for com-
parison.

Solutions of the following salts, having approximate
compositions as noted, were prepared:
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Sodium metasilicate, Na;0:810::9H;0; sodium silicate,
Na,0:1.585i0; (anhydrous); sodium silicate, Na,0:3.865i0,
(anhydrous); trisodium phosphate, Na;PO4:12H,0; sodium
carbonate, Na,CO;; modified soda, Na,CO;:NaHCO;; borax
Na,B,0;:10H:0.

The pH values of these solutions at 25° C. are presented in
Table I. The values for similar solutions of sodium hydrox-
ide and of sodium oleate are included to show comparative
figures for a highly alkaline material and for soap alone.
Sodium oleate was chosen as the standard soap for several
reasons. It can be prepared in a substantially pure condition
by mixing chemical equivalents of oleic acid and sodum hy-
droxide, with due allowance for the small amount of free
hydrocarbons in the oleic acid. When so prepared, the solu-
bility in water is satisfactory so that it may be measured out
from a cold solution, and even in reasonably concentrated
solutions it will not gel when cold. Its properties are, in
general, those of a commercial soap, with due allowance for
its greater detergency below the titer values of stearic acid
and palmitic acid. Values are given both for the builder
solutions alone and for mixtures of the builder and soap.

IniTIAL CONCENTRATION OF ALKALI IN SOLUTIONS OF
BuIiLDER
(At 25° C., with and without soap)

0.033% SoLN. oF
BUILDER

TasLE 1.

Same + 0.1%
SOLN. oF Sor

Con
pH (X 10-3)

Sodium hydroxide 11.85 7.10 11.9  7.94
Sodium metasilicate 11.2 1.60 11.3  1.99
Alkaline trisodium phosphate 10.8 0.63 11515551526
Sodium silicate 1:1.58 (anhydrous) 10.7 0.50 11.0 1.00
Sodium carbonate 10.65 0.45 11.0 1.00
Sodium silicate 1:3.86 (anhydrous) 10.1 0.12 10.4 0.25
Modified soda 10.0 0.10 10.3 0.19
Borax 9.35 0.022 9.8 0.063
Sodium oleate 10.2 0.16 o

While pH values are a convenient form of expressing hy-
drogen-ion concentration, these values are apt to be mislead-
ing for comparative purposes. The pH value is a logarithmic
function so that the actual difference in concentration of hy-
droxyl ion, represented by 0.1 unit of pH, is not constant.
Thus the difference in actual concentration of hydroxyl ion
between a solution of pH 10.1 and one of pH 10.2 is less than
one-fourth as much as the difference between a solution of
pH 10.8 and one of pH 10.9. For comparative purposes,
therefore, the pH values have been calculated to Con values,
assuming pH 7.0 at 25° C. = Cor 1.0 X 1077, and these are
included in Table I. Calculation to Cox in this way shows
the wide difference between all of these salts and sodium hy-
droxide, which is not so clearly shown by pH values.

The electrometric titrations shown in Figure 1 illustrate the
behavior of the builders on reaction. These titrations were
carried out with the hydrogen electrode, and, since 0.033
per cent solutions are so dilute as to give results of question-
able aceuracy, the solutions were made up to a concentration
of 0.66 per cent. While the actual concentrations of hydroxyl
ion were higher than those occurring in laundry practice, the
results serve for comparative purposes. Figure 2 gives the
corresponding results in terms of Con. The curve for sodium
hydroxide could not be shown in that case, as it is so far off
the scale.

The author believes that the usefulness of a soap builder
in the wash wheel continues only so long as it maintai.ns an
alkalinity in the solution greater than that corresponding to
a pH of 10.0 or a Cor of 0.0001. This is based on the fact
that the soap solution alone has a pH of 10.2, so t}%at_;, to be
effective, the builder should not decrease the glkah_mty. A
comparison of the different builders after reaction with vary-
ing amounts of acid is shown in Table IT in terms of Cox. ; Ac-
cording to this table, sodium silicate (1:1.58) would retain its
effectiveness against acidity for the longest time in the wash
wheel, although the concentration of alkali produced by it

‘anhydrous basis.
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is never as strong as that produced under the same conditions
by metasilicate. This comparison is not strictly correct
because silicate (1:1.58) and silicate (1:3.86) were taken on an
Allowing for that, sodium metasilicate is
by far the best soap builder of those considered up to this
point, aside from sodium hydroxide.

TasLe II.

(After reaction with varying amounts of acidio materials from fabrics)
MoLEs Acipic MATERIAL REMOVED

ConceNTRATION OF Hyproxyr IoN

0.0005 0.001 0.0015 0.002
Sodium metasilicate 0.008 0.007 0.0043 <0.0001
Alkaline trisodium phosphate 0.003 <0.0001 R e
Sodium silicate (1:1.58, anhydrous) 0.002 0.0008 0.6002 0.0001

Sodium carbonate 0.0006  0.0001 <0.0001
Sodium silicate (1:3.88, anhydrous) <0.0001 Eirtiat e
Modified soda <0.0001

Borax < 0.0001

Caustic soda is the strongest alkali of the materials used as
builders, and it is popular for that reason in some sections.
Its chief disadvantage is the harmful effect on fabrics that re-
sults when it is not thoroughly neutralized or rinsed out be-
fore drying. It must also be used carefully, since only very
dilute solutions are safe for the cleaning of fabrics. Any
danger to fabrics is greatly reduced when buffered salts are
employed, and materials of this sort are preferred by many

.03

Na,0:158Si 0,
azl i ‘z

) COH-~

|
0005 .002
Moles of Allgali - 00

Ficure 2. Ecrectromerric TrrrRaTIONS EXPRESSED AS Cop.
Soap solutions (0.66 per cent) and common soap builders
at 25° C.

0015

laundries even when their effectiveness is not as great, as in
the case of modified soda. The ideal soap builder would be
one which would be potentially strongly alkaline, but at the
same time buffered so as to yield all of its alkaline strength
only on reaction. From consideration of the three grades
of sodium silicate examined in comparison with the other
salts, it seemed that a silicate with the highest possible ratio
of Na»0 to Si0, would most nearly approach this specification,

From work of Harman (6) it is indicated that the ortho-
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silicate, having a ratio of Na,O to SiO; of 2:1, exists in solution,
although he was unable to obtain it as a dry salt. - Since the
Na,O content in this compound is higher than in the meta-
silicate, the alkaline strength would be greater although buf-
fered in the same way. Harman’s results also showed that
the pH of a solution of the 2Na,0:Si0, salt was only slightly
higher than that of a solution of the 1:1 ratio salt, so that the
initial concentration of hydroxyl ion would not be dangerously
high. Sodium orthosilicate therefore appears to be a ma-
terial which will furnish practically the greatest amount of
alkalinity compatible with safety for use as a soap builder.

A solution corresponding to a 0.033 per cent solution of so-
dium orthosilicate was made up from sodium metasilicate and
sodium hydroxide, and its alkalinity measured in the same
way as with the other solutions. The initial pH was found
to be 11.3 as compared with 11.2 for sodium metasilicate.
The corresponding Con values are 1.99 X 10~3 for ortho-
silicate, as compared with 1.60 X 1073 for metasilicate. The
titration curve is included in Figures 1 and 2 for a 0.66 per
cent solution, and shows the distinct superiority of this solu-
tion over that of the metasilicate in total alkalinity above the
pH 10.0 level.

While a considerable volume of data has been published
on sodium silicates, the information available on the silicates
with high sodium oxide content is meager. A definite com-
pound with the formula Na,SiO; was inferred to exist from
data on solutions. During the course of the present experi-
mental work, Kracek (10) published work on sodium silicates
in which he described the preparation of sodium orthosilicate
in crystalline form. From the data on its alkalinity in solu-
tion it is probable that such a salt, available at a price within
the range of the other builder compounds, would be superior
for laundry use.
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CONCLUSION

A primary consideration in the selection of a salt to be used
for increasing the detergency of a soap solution is the alka-
linity produced by it on hydrolysis. Comparison must be
made on the basis of the total alkaline strength available after
reaction has proceeded to some extent, as well as on the basis
of the initial hydroxyl-ion concentration before reaction.
Based on the consideration of both of these factors, a sodium
silicate having a Na,:Si0O, ratio of 2:1 would be the most ef-
fective addition agent. Aside from that, the most efficient
material available on the market is sodium metasilicate, hav-
ing a Na,0:Si0, ratio of 1:1.
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Distribution of Organic Phosphorus in Wheat

JonN S. ANprREWS AND C. H. BAILEY, Research Laboralories, General Mills, Minneapolis, Minn.

HE increasing recognition of the importance of wheat

I embryo as a source of vitamins makes desirable a

method for determining the germ content of com-
mercial germ samples.

A process now available, which consists of handpicking
a weighed sample and weighing the fractions obtained, gives
_an approximation only, as commercial germ contains widely
varying quantities of adhering bran and endosperm. Os-
borne and Mendel (6) attempted to overcome this difficulty
by grinding samples of germ from which the oil had been
extracted and separating the constituents by sifting. Ex-
amination of the fractions obtained made it possible to esti-
mate the relative purity of the samples.

Another method is based on the quantity of material
removed by extraction with ether. Wheat embryo con-
tains as much as 16 per cent of these ether-soluble substances.
Consequently samples having materially smaller proportions
may be suspected of containing parts of the wheat kernel
other than the germ. This method, however, gives only
approximate values, owing to the variability of the crude
fat (ether extract) content in different types of wheat embryo.
In addition, the presence of bran, which contains appreciable
amounts of ether-soluble material, detracts from the re-
liability of the results.

In order to develop a method that will permit a more
accurate estimation of the purity of germ samples, several

of the constituents of bran, germ, and endosperm have been
quantitatively determined. This has led to an extensive
consideration of the phosphorus-containing compounds in
the various portions of the wheat berry. These compounds
include phytin, phospholipoids, nucleic acid derivatives,
and the inorganic phosphorus'combinations. Phytin and
phospholipoids are the subject of this preliminary paper.

The literature on the analysis of phosphorus-containing
materials in wheat products, particularly bran, is extensive.
J. B. Rather has shown that the phosphorus in the phytin ac-
counts for 88 per cent of the total phosphorus in bran (7).
Averill and King (Z) report an equally high value for the
phytin content of bran.

The phospholipoid content of various wheat products
also has been widely studied. Sullivan and Near (8), who
investigated the phosphorus content of ether and ether-
alcohol extracts of several mill products, found a very small
amount of lipoid phosphorus in proportion to the total
phosphorus. These investigators point out the fallacy of
applying the term “lipoid” to ether extraction residues,
showing that ether alone does not remove all the lipoid
materials. Guerrant (8) used a microcolorimetric method
to study the phospholipoid content of seeds. His results
show the efficiency of various mixtures of alcohol and ether
for the removal of phospholipins.
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PryTIN CONTENT OF BRAN AND EMBRYO

Coarse fifth break “scalpings” which had been passed through
the bran duster and represents the purest product that can
be commercially prepared was used in these studies. The
analysis for starch (official A. O. A. C. method) placed the
quantity of this constituent at 11.3 per cent, which is con-
sidered to be equivalent to about 16 per cent of endosperm
material. This bran was ground to less than 40-mesh size
and dried for 24 hours at 60° C. at a pressure of 3 mm.

The germ used was obtained in the form of whole, un-
flaked wheat embryos and was specially purified in the
laboratory. After extraction with water, the settled resi-
due was found to contain almost undetectable quantities
of bran. Staining with iodine and examination under the
microscope indicated a very small proportion of endosperm
material. This germ, the estimated purity of which was
placed at between 90 and 95 per cent, was ground to pass a
40-mesh sieve and dried in vacuum at 60° C.

Of several methods available for the determination of
phytin, that proposed by Heubner and Stadler as modified
by Averill and King (Z, 4) seemed most satisfactory. A
hydrochloric acid extract of the product under examination
was titrated with a standard solution of ferric chloride,
resulting in the formation of an insoluble precipitate of iron-
phytic acid complex. Addition of an excess of the ferric
chloride was indicated by ammonium thiocyanate. The
formation of a precipitate hinders an accurate determina-
tion of the end point. Accordingly, a modification to give
a check on the values obtained was introduced. The phytin
precipitate was removed by filtration and washed thor-
oughly and its phosphorus content was determined. The
two values thus obtained are in satisfactory agreement.
The procedure was as follows:

Extract 25 grams of bran and 30 grams of germ by shaking for
3 hours with 2 per cent hydrochloric acid solution (25 ml. of
acid solution for each gram of material). Centrifuge, to throw
down ' the suspended material, further clarify the extract by
filtering through Filter-cel. Free the Filter-cel from traces
of iron, which would react with the phytin in the extract, by
treating with concentrated hydrochloric acid, washing free of
chloride, and drying at 100° C. in & vacuum oven. ;

Take 25 ml. aliquots of the bran extract for analysis and dilute
to 85 ml. with water. Add 1 ml. of 3 per cent ammonium thio-
cyanate solution and carry out the titration by slow addition from
a capillary buret of the standard ferric chloride solution (con-
taining 0.001954 gram of iron per ml. of solution). When the
end point is nearly reached stop the titration and let the solu-
tion stand for 5 minutes. Filter off the precipitate. The
titration is concluded without the obscuring effect of the bulk
of the precipitated phytic acid.

Titration values ranging from 6.0 to 6.13 ml. of ferric
chloride solution were obtained from six replicate determi-
nations. These correspond to 1.39 to 1.42 per cent phytin
phosphorus, or 4.93 to 5.04 per cent (average 4.99 per cent)
phytin in bran.

Germ extract samples of the same size were similarly
analyzed. Four replicate determinations gave values rang-
ing from 2.35 to 2.45 ml. of ferric chloride. These are equiva-
lent to 0.545 to 0.568 per cent of phytin phosphorus, or 1.93
to 2.02 per cent (average, 1.98 per cent) phytin in germ.

The phytin precipitate from 25 ml. of either the bran or
the germ extract is too small for a macro phosphorus deter-
mination. Accordingly, 75 ml. aliquots of the bran extract
were diluted to 200 ml. and the phytin was precipitated by
the addition of a slight excess of ferric chloride solution.
The precipitates were filtered off and thoroughly wasbed
with 0.05 per cent hydrochloric acid solution, after which
the organic material was destroyed by the Kjeldz?.hl meth'oq.
Phosphorus determinations were made by_ twice precipi-
tating with ammonium molybdate and weighing as mag-
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nesium pyrophosphate. The phytin precipitate was found
to contain 1.415 per cent phosphorus. The filtrate and
washings were evaporated and the organic material was
decomposed. The phosphorus content was 0.155 per cent.
In the same way aliquots of the original bran extract were
found to contain 1.61 per cent phosphorus. The phosphorus
content of the original bran was 1.646 per cent.

Analysis of the germ and 200 ml. of the germ extract
gave the following values: total phosphorus in germ, 1.244
per cent; phosphorus in extract, 1.004 per cent; phytin
phosphorus, 0.597 per cent.

Liroip PHOSPHORUS

The choice of an extracting medium for the removal of
the lipoid phosphorus was based on Guerrant’s results (3).
Accordingly, 25 ml. of a mixture of 80 per cent absolute
alcohol and 20 per ecent anhydrous ether were employed for
each gram of material under examination. The procedure
was as follows:

Extract 120 grams of finely ground and dried bran and 60
grams of similarly treated germ with the alcohol-ether mixture
by intermittent shaking for 48 hours. Clarify the resulting
extracts bi; centrifuging. Take aliquots for analysis. Pre-
gare the phosphorus-containing solutions for the determination

y evaporation of the solvent and destruction of the organic
material by kjeldahlization.

The extract from the equivalent of 50 grams of bran con-
tained 0.01415 gram and that from 24 grams of germ con-
tained 0.01705 gram of phosphorus, equivalent to 0.0283
per cent and 0.071 per cent of lipoid phosphorus.

A lipoid determination of each wheat product was made
by evaporating the solvents from 50 ml. aliquots of the ex-
tracts and weighing the oven-dried residues. The bran ex-
tract yielded 0.1496 gram and the germ extract, 0.4056 gram,
corresponding to 7.48 per cent and 20.28 per cent of lipoid
material. These values indicate the high efficiency of the
solvent mixture.

DiscussioN oF PHOSPHORUS IN BRAN AND GERM

The analytical values for the distribution of phosphorus
compounds in bran and germ are given in Table I.

TasLE I. DistriBuTiON OF PHOSPHORUS IN CONSTITUENTS OF
WaeAT BRaN AND GERM
BraN GERM
Part of Part of
PHOSPHORUS Found total P Found total P
% % % %
Total 1.646 R 1.244 Fon
Phytin 1.415 85.96 0.597 47.98
Lipoid 0.028 1.7 0.071 5.70
Other 0.203 12.33 0.576 48.3
Extracted by 2% HCI 1.61 97.8 1.004 80.71

“Other phosphorus” includes at least two types of phos-
phorus compounds, inorganic and nucleic acid derivatives.
Collison’s results (2) indicate low concentrations of inorganic
phosphorus in values corresponding to those for lipoid phos-
phorus. The other type of phosphorus, that contained in
the nucleic acid derivatives, has been less thoroughly investi-
gated from the standpoint of quantitative occurrence. Os-
borne (5) first estimated the amount of this phosphorus-
containing material in wheat germ by defermining the
quantity of purine bases produced by hydrolysis. His
value, 3.56 per cent nucleic acid, equivalent to 0.317 per
cent phosphorus, cannot be applied to the germ sample in-
vestigated here, as in all probability Osborne’s sample was
different. Also there is no evidence that the results of his
method accurately express the concentration of nucleic acid
derivatives. The absence of a satisfactory method necessi-
tates the omission of analytical data for the nucleic acid
phosphorus at this time.
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PrYTIN CONTENT OF ENDOSPERM

Although the investigation on the distribution of phos-
phorus-containing compounds here reported was confined
chiefly to the bran and embryo, the phytin phosphorus con-
tent of the endosperm received some attention. In their
studies on the phytin content of foodstuffs, Averill and King
(1) included several wheat flours. In some instances they
report phytin phosphorus contents as high as 0.36 and 0.346
per cent. Approximately 25 per cent of the ash of com-
mercial patent flours can be considered as phosphorus.
Assuming that all the phosphorus is originally combined as
phytin, the ash content of these two flours should be approxi-
mately 1.4 per cent. This value is several times higher
than that (0.40 per cent =) reported by the manufacturers
of the flour in question.

A sample of second middlings, representative of a pure
commercial endosperm, examined in this laboratory, con-
tained 0.35 per cent of ash. By titrating an extract, follow-
ing the method as modified by Averill and King, the amount
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of phytin present is too small to be detected. Assuming
that all the phosphorus present is combined as phytin, nearly
0.32 per cent of phytin should have been found. As the
titration method shows the presence of such quantities, it
becomes evident that only a very small proportion, if any, of
the phosphorus in the endosperm occurs in the form of phytin.

L1TERATURE CITED

(1) Averill, H. P., and King, C. G., J. Am. Chem. Soc., 48, 724
(1926).

(2) Collison, R. C., J. Biol. Chem., 12, 61 (1912).

(3) Guerrant, N. B., J. Am. Chem. Soc., 48, 2185 (1926).

(4) Heubner, W., and Stadler, H., Biochem. Z., 64, 422 (1914).

(5) Osborne, T. B., and Harris, I. F., Conn. Agr. Expt. Sta., Rept. 25,
365 (1901).

(6) Osborne, T. B., and Mendel, L. B., J. Biol. Chem.,