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Team Work

TEAM work in industry no longer means secret agreements,

conspiracy in the restraint of trade, price control, and
other such objectionable things. Today the much over-
worked word ‘‘codperation” explains more nearly what is
implied, and we do not hesitate to say that the chemical
industry seems not yet to have learned its meaning and the
benefits to be derived from its application.

During the last few months we have had a number of
instances of the lack of team work. Several years ago the
industry damaged itself through its unwillingness to work
with certain government bureaus in the same whole-hearted
manner as did other industries on such simple things as statis-
tics of inventories and market. Seemingly, we are just be-
ginning to learn the value of authoritative statistics, but there
are still some groups among chemical manufacturers which
are disinclined or actually refuse to supply data which would
make the resulting compilations of great value to them.
Complete data are valuable to all; incomplete practically
worthless. It will doubtless be a long while before the units
in the chemical industry are prepared to work together as do
those in the mining industry. The smelter operator who finds
a way to win more values from his ores is likely to be anxious
to show another smelter his results and how they were ob-
tained. Also witness the automobile industry. Perhaps
that is too much to expect of chemical manufacturers, but
there are plenty of fields in which team work will count heavily
without calling for the disclosure of confidential technical
information.

Our industry, or at least parts of it, has been guilty of a

ruthless price war, from which so far as we can see there has
been no advantage to those particularly concerned. True,
wise purchasers have made long-term contracts and have
laid in large supplies. However, in the alkali price war the
industries lost perhaps ten million dollars, and we are in-
formed that the principal aggressor in that unprofitable pro-
gram emerged from the conflict with contracts at the lowest
price and with the percentage of the total business enjoyed
reduced by approximately 25 per cent.
- Failing to learn from this demonstration, the alcohol in-
dustry has just put on a price war of its own. Rumor has it
that certain officials decided that the paramount thing was
to move stocks on hand regardless of costs. The low prices
quoted certainly would seem to be below costs figured ac-
cording to any rational accounting, and orders and contracts
at such bargains must certainly have moved the surplus.

Of course the price at which a manufacturer sells his prod-
uct is his own affair, but after all, no matter what the motive
may be, consideration for fellow producers should dictate
the fair policy of accurate cost determination and a faithful
adherence to a price schedule at least not below that cost.
Price wars are nearly always disastrous; if not immediately,
then in the long run. Unsettled conditions are made worse,
not better, and confidence is shaken by such an experience.
Ultimately even the consumer is left without benefit, since

the losses of today must be made up tomorrow or bankruptcy
will result.

Some of the competition which has characterized still other
phases of the chemical industry in the past year has been re-
grettable. We must not overlook the vital importance of
public relations which the industry has come to have. Hear-
ings before committees of state legislatures, attacks upon scien-
tific work, charges and countercharges can have lasting detri-
mental effect upon the consuming public and, if carried to the
extreme, will do far more harm than the loss of a little busi-
ness.

After all, what is now known as the chemical industry is
comparatively young. Maybe these experiences are a neces-
sary accompaniment of growing pains. The further applica-
tion of the scientific method with due reference to what others
have endured as recorded in the literature ought to dictate the
wisdom of whole-hearted team work.

Three choices present themselves. The industry might
unwisely attempt to fix prices and immediately run counter
to the law. It might engage in ruthless price-cutting and
bring about self-destruction. The better way is to cultivate
the middle ground and codperate within the law to the
benefit of all. Unfortunately this is difficult, especially in
view of the customary federal attitude of suspicion toward
all who endeavor to work together, even though the advan-
tages to be gained are mutual with the public. Progress
along this difficult but necessary course must be begun with-
out delay.

Looking Ahead

THE present disturbance in industry has been character-

ized by frequent statements of experts that we have
rounded the corner or that the bottom is being scraped, with
immediate promise of an upward turn. Some business men
have been misled by these over-optimistic opinions and have
refrained from taking matters as seriously as they deserved,
even postponing activities designed to change the course of
affairs. It is well, therefore, in considering the chemical
prospects of 1931 to exercise due conservatism. There seems
no basis for gloomy pessimism, while here and there we find
reason for at least mild optimism.

Inquiry among the representative establishments in indus-
try indicates that, so far as the staff is concerned—the operating
men and employees generally—a consistent effortis being made
to maintain it as nearly intact as possible. No drastic cutin
employment is contemplated, and the indications are that the
men who through training, experience, and industry have
made themselves valuable will continue to be retained.

While there will doubtless be fewer places for June gradu-
ates in research and control laboratories, nevertheless research
is proceeding in most establishments at full tide. Concerns
have finally realized that desirable work, often impossible to
undertake under the pressure of boom business, can be per-
formed to great advantage when business is quiet.
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Naturally, the demand for new equipment cannot be ex-
pected to be great in such times. However, reduced pro-
duction affords opportunity for replacements without dis-
turbance, which normally is out of the question. The use of
corrosion-resistant alloys in all manner of equipment, piping,
valves, ete., has made available to some branches of the in-
dustry devices with which products of greater purity and more
satisfactory yield can be made. Where outstanding econo-
mies and increase in efficiency can be expected, new equip-
ment is being placed with the immediate future in mind.

As for repairs, these are going forward on a considerable
scale. Buildings are being put in order or altered. Equip-
ment not to be replaced is being put in the best of condition,
and much painting is in progress. Frankly, in some cases a
part of this work is being done to retain valuable men on the
payroll. However, even this is an optimistic sign, indicating
a belief in the need ere long for these men in their old posi-
tions.

The very large building program initiated in 1930 has natu-
rally carried overinto 1931, during which year it may be com-
pleted. It is not likely, therefore, that any considerable
building will be begun later in the year to carry over into 1932.
What transpires in the interim must be left to dictate those
future decisions.

The favorable position of the chemical industry as compared
with others can suffer from two causes. Bankers can dis-
turb the structure if they force to be sold at any price the sur-
plus stocks of manufacturers who become temporarily weak-
ened. Any further price wars would be equally detrimental.
The latter is more likely to be hurtful than the former. Allin
all the prospects seem conservatively encouraging, and the
lessons being learned, if they are but remembered, will make
for a stronger industry in the immediate future.

The Chemical Exposition

THE week of May 4 will find the Thirteenth National Ex-
position of Chemical Industries established in the Grand
Central Palace in New York with as much space occupied as
on former occasions and with a number of new exhibits. The
exposition is more than an assembly of new and improved
equipment, chemical products, raw materials of the chemical
industry, and related items. Admittedly conducted as a com-
mercial enterprise, the exposition nevertheless has become es-
tablished as an important factor in the chemical life of America.
Those familiar with the history of the exposition and the con-
current development of American chemical industry agree
that the former has had a great influence upon the latter.
It is well to recall that in those early days it was the exposition
that served to emphasize the ability of our equipment manu-
facturers to provide the necessary devices with which to under-
take seriously large-scale production of needed chemicals.
It was to the earlier expositions also that manufacturers
brought the first fruits of their efforts to show how successful
they had been in a comparatively new and untried field.
Those responsible for the advance of our chemical industry
also came in numbers and found the opportunity to decide
major questions after conversation with their colleagues.
The exposition is not without an enviable record of services
rendered to the exhibitors. Orders approaching a quarter of
a million dollars have been known to be placed with exhibitors
during the exposition week, and some of the largest purchasers
came from foreign lands to see and to buy. The publicity
incident to the exposition’s activities has been dignified and
constructive, thereby adding its bit to our success in winning
the sympathy of the general public.
There has been the educational side. Students, accom-
panied by instructors, have attended, but far more should
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make the most of the opportunity. However, those who have
come—and the number has increased as we have gone along
—have been able to see in the compass of a week more per-
taining to their work than would be possible in weeks of
travel to the various plants and warehouses. The students’
courses have called forth the cooperation of well-trained
specialists, who have been glad to present discussions on
topics chosen by the director of the students’ courses to
produce a well-rounded program and leave the lasting im-
pression which comes from the receipt of valuable informa-
tion.

The event is important from many points of view. That
section of the public which comes in the evening cannot fail to
go away impressed with the fact that this industry, so little
known prior to 1914, is now fundamental to public well-being
and is conducted on a scale comparable with other commercial
enterprises. There will be stockholders interested in more
intimate details of the products of various concerns. There
are sure to be bankers and financiers, executives and econo-
mists, journalists and teachers, among the crowds of plant
operatives, technical men, and students. All are a part of
the great army of ultimate consumers whom we seek to
serve. &

The exposition is an occasion of moment. It is a biennial
opportunity to get abreast of new developments. It is one
of the yardsticks by which we can measure our progress.

Taxes

IN SCHEDULES of costs an item for taxes may frequently
be found toward the end of the column, and we view it
more as an indication of the completeness of the estimate
than as a matter of serious consequence. We know taxes are
necessary. We know they must be paid, but we pay altogether
too little heed to current trends in taxation and their direct
bearing upon industry and the cost of doing business.
Because of the publicity given to the federal budget and
expenditures, when the subject of taxes is broached we are
inclined to think of the income tax, or of customs, or some
other federal levy and leave out of consideration state, county,
and municipal taxes. Of late the only encouraging sign in
taxation has been the decrease, until 1930, in the federal budget,
and consequently in federal taxation. During the 1925-28
period the interest payments by the Federal Government
decreased 5.7 per cent, 5.2 per cent, and 7.1 per cent over
each preceding year. There was a decrease in total federal
expenditures, aside from public debt requirement, up to

-1930, but the commitments made by an overgenerous Con-

gress indicate a considerable increase from that time through
1932, for which estimates have been made. The actual ex-
penditures, after setting aside something over 100 million
dollars to meet the soldiers’ bonus, “adjusted compensation,”
maturities in 1944, are $3,994,152,487.09 for 1930, $4,014 -
941,900 for 1931, and $4,054,519,200 for 1932. The item for
soldiers’ relief, which appears as veterans’ administration
in the budget, will be almost one billion dollars in 1932.
And the end is not yet.

Substantial sums raised by taxation are distributed by
appropriations under the heading “loans.” The 500 million
dollars originally authorized for the Farm Board, all of which
and more will doubtless be used, are listed as loans. The
Shipping Board advances with a total authorization of 225
million dollars are loans. The 60 million dollars to relieve
drought sufferers are loans, and there are many more loans,
totaling nearly a billion dollars. Whether or not any serious-
minded person really expects any of these loans ever to be
repaid, so far as the current taxpayer is concerned they are
just as expensive as if known by any other name. In 1932
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the Post Office Department is expected to incur expenses in
operation in excess of income by 114 million, and the franking
privileges continue.

Recent figures showing where the tax dollar goes may be
" illuminating, the following estimates being from the National
Sphere of January, 1931:

1929-30 1931-32
AcTUAL ESTIMATED
Cents Cents
Public debt (war cost) 30.7 26.3
Veterans Bureau (war cost) 13.0 15.1
Navy Department (war cost) 9.4 8.8
{ War Department (war cost) 8.2 8.4
Pensions (war cost) 5.5 6.1
Highways, federal aid 231 3.1
- Rivers, harbors, and flood control 2.6 21
_ Public buildings 1.5 2.2
Postal deficit e 2.3 2.9
Federal Farm Board ° 3.8 2.6
Prohibition Bureau 0.4 0.3
Coast Guard 037 0.8
. Tax refunds 3.2 2.4
Administration, executive, and general 16.6 18.3
TOTAL $1.00 $1.00

It is interesting to note the source of federal revenue. It
is estimated that, in 1932, $2,250,000,000 will be raised by
taxation, divided between individual and corporation taxes;
$700,000,000 from miscellaneous taxes, largely upon tobacco;
and $600,000,000 through custom levies. It isin the $2,250,-
000,000 that we are most interested, for of that part paid by
individuals 97 per cent comes from somewhat fewer than 300,-
000 people who have incomes cf $10,000 or more, while of
the part paid by corporations more than 50 per cent of the
sum is paid by approximately 1000 corporations. These
statistics are interesting as explaining a certain apathy on
the part of our people toward mounting taxes. ‘Let the
Government pay,” “appropriated from the treasury,” and
similar expressions are made by those who feel that they have
little share in the expenditure, but who in the long run suf-
fer directly or indirectly from an unreasonable outlay of
public funds. If more people paid federal taxes, there would
be a wider interest in what is done by Congress and a de-
creasing opportunity to curry political favor at the direct
expense of a comparatively small fraction of our popula-
tion.

The mounting expense of doing business because of taxa-
tion unfortunately is not confined to what Congress may
regard as wise and expedient. Whereas the Federal Govern-
ment has seemingly made an effort to curtail expenses, and
certainly our executives have, though their vetoes have been
overridden, the states in large part seem to have spent out
of all reason. During the four-year period when the Federal
Government was steadily decreasing its interest payments,
the 48 states showed a very different trend. There were
constant increases by 13.6 per cent, 2.4 per cent, and 10.4
per cent over each preceding year. Only half the states in
1928 had revenues to meet their expenditures with a balance
available for debt-paying. The other half were adding to
their indebtedness. Most of these excessive expenditures
went into improved highways, into education, and similar
programs, often in compliance with popular demand, but
evidently without much thought of what it would mean in
the future. That, of course, is a favorite trick in the expendi-
ture of public money. The funds are raised by bond issues or
other contrivances and spent today, leaving posterity to pay.
Sir Ernest Benn states that in England the total liability per
capita, including national and local debts, in 1900 was $90,
whereas in 1930 it had reached $2500. While war debt is
largely responsible for this enormous increase, other consider-
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able factors are involved. The figures are something of a
warning to us concerning possible burdens in the near future,
if all of us as individuals do not take a deeper interest in
public appropriations.

Now, when states and communities find themselves spend-
ing so much more than they earn that bankruptey seems just
around the corner, all manner of devices are brought out for
increasing tax revenues. At the same time many individuals
are allowed to escape, with the result that business and non-
business license taxes in many states have taken the lead
over the general property tax as a method of obtaining
funds. Corporations not only must pay a variety of taxes
unknown to the average individual, but of late in some states
there have been plans to tax natural resources removed as
raw material for industry, particularly the chemical industry,
and this may be followed by still other means of requiring
business to carry a load which is rapidly becoming dis-
proportionate. :

As individuals we are interested more directly than we
often realize in the success of organized commerce. En-
thusiasm for an expensive local program, to be paid from taxes
and too frequently undertaken because of pride rather than
necessity, should be tempered by careful consideration of
what it eventually will mean. ‘Whole industries have been
compelled to leave communities and take up their work else-
where because of unreasonable taxation. You can legislate
and tax an industry out of existence. It is almost impossible’
to create one by the same means.

We repeat that we all pay taxes. The majority pay in-

« directly—so indirectly that they have no interest in ever-

increasing expenditures. The basis for correction of this
dangerous trend is in a wider distribution of the tax burden.

Institutes of Industry

THERE is much that is encouraging in the growing tend-
ency of the older established industries to turn to
science as a foundation for the future. Several have set up
institutes or have research laboratories supported by associa-
tions. Among these are leather, baking, laundering, dry
cleaning, meat packing, and the numerous associations that
have maintained fellowships in institutes and universities.
A newcomer is the Institute of Paper Chemistry organized
by the pulp and paper industry and established at Lawrence
College, Appleton, Wis. This institute takes graduate stu-
dents only. There were three students in February, 1930,
and the number has grown to the capacity of temporary
quarters. The institute is supported by a levy on the con-
tributing mills per ton of daily output. Its purpose is to
train men, to build up and maintain the best possible library
for the industry, so that an informational service may be made
valuable to the supporters, and to conduct research. At
present there are ten fellowships and more are in prospect.
Fifteen graduate students are to be admitted annually, so that
the maximum, exclusive of staff, at any one time will be sixty.
The course leads to the master of science degree in paper
technology, and ultimately to the degree of doctor of phil-
osophy. A new institute building is to be ready in the autumn
of 1931.

Institutes somewhat similar in organization and scope are
in operation in other parts of the world. This is the first of
the kind in the United States. There is no dearth of work
for it to do and there is great need in the industry for the
technically trained men who presently will come from its
doors, equipped to serve in such a manner as to repay ade-
quately for the support it has given to make the institute
possible. Which industry will be the next?
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Figure 1—Method of Mining Nitrate Ores with Power Shovels

Technology of the Chilean Nitrate Industry’

Location and Nature of Nitrate Ore Deposits

HE coastal range in northern Chile rises abruptly from
the ocean floor. Between this range and the lower
slopes of the Andes lies a desert, or pampa, varying in

elevation from 4000 to 9000 feet above sea level. The
nitrate-bearing lands lie mainly along the western side of
this desert on the eastern slopes of the coastal range, not in a
continuous strip, but intermittently over an irregular belt
some 400 miles long from north to south, and 5 to 40 miles
wide. The deposits actually worked are at elevations be-
tween 4000 and 7500 feet and are grouped in five main fields
inland from the ports of Iquique, Tocopilla, Antofagasta, and
Taltal.

- The sodium nitrate, along with other soluble salts, occurs
for the most part as a cementing material in the outwash
sands and gravels which form the eastern slopes of the coastal
range. At the lower edges of the slopes the nitrate deposits
in some places extend and merge with ordinary salt deposits
lying in shallow undrained basins.

The physical occurrence of the deposits is such as would
be expected from a surface deposition in mixed gravels, sands,
and clays, showing every variety of aggregate, hardness of
cementing, and grade of salt. Close study has shown some
degree of conformity of occurrence with surface features,
such as local drainage systems and severity of washing by

! Received January 22, 1031,

EpITOR'S NoTE—The text of this article will appear as a part of a
chapter on “The Chilean Nitrate Industry’” in a forthcoming American
Chemical Society Monograph written by members of the Fixed Nitrogen
Research Laboratory and edited by Harry A. Curtis. The discussion of
the technology of the industry and description of the Guggenheim process
as applied at the Maria Elena plant have been supplied by the Anglo-
Chilean Consolidated Nitrate Corporation, of New York.

the infrequent rainstorms, but on a smaller scale deposits
are quite erratic. Regardless of the primary origin, it
appears probable that the nitrate was collected in an inland
sea. Later, owing to tectonic movements and changes in
climate, this sea evidently deposited part of its nitrate along
the shore lines. Eventually the sea was probably drained
into the Pacific Ocean. But few deposits would be laid
down on the eastern shore because the drainage from the
Andes would redissolve the nitrate, or cover it with a thick
coating of alluvial débris. During the deposition of the ni-
trate, and continuing until today, the nitrate ore bodies have
been leached, transported, and concentrated or lost by the
occasional rainstorms or cloudbursts that fall on the nitrate
pampas.

In general the harder cemented material in the deposits
is overlaid by barren overburden of loose aggregate, which
varies in thickness from a few inches to several feet. The
thickness of overburden shows a general conformity with sur-
face features. The harder cemented material itself varies
in thickness within the same range as the overburden. Its
grade of sodium nitrate varies from almost nothing to almost
pure nitrate. It is usually slightly stratified or slabby. The
higher grade hard material (above 14 per cent) is not easily
distinguished from material of somewhat lower grade, as the
considerable quantities of other salts present much the same
appearance as nitrate. The higher grade hard material is
called “caliche;” the lower grade, ‘“‘costra.”

There is usually a fairly sharp separation between the
deepest hard material of commercial grade and a loose under-
burden, though occasionally the ore of commercial grade
shades off into both overlying and underlying hard, barren
material with no plane of separation.

The soluble salts which cement together the sands, clay,
and stones, in the mixture known as caliche are the nitrates,
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chlorides, sulfates, iodates, borates, and perchlorates of so-
dium, potassium, calcium, and magnesium. The chemical
analysis of the salts of a typical caliche is as follows:

%
Sodium nitrate........... Calcium sulfate........... 5.5
Potassium nitratc. NS Sodium iodate............ 0.11
Sodium chloride. . Sodium borate............ 0.94
Sodium sulfate..... Potassium perchlorate. .... 0.23

Magnesium sulfate

Depending upon the relative proportions of the sulfates pres-
ent, their double salts may occur as darapskite (NaNO;.-
Na,S504.H,0), glauberite (CaS04.Na,S0y), bloedite (MgSO4.-
Na,504.4H-0), or polyhalite (K.S0:MgS04.2CaS04.2H,0).
The occurrence of darapskite is rare, sodium nitrate usually
being present in caliche as a simple salt.

Proving of Ore Bodies

In a preliminary reconnaissance, test pits are sunk at
widespread intervals for a rough confirmation that the area
is commercially exploitable. In the more detailed examina-
tion, on the results of which the purchase price is based,
the area is covered with a sampling screen of test pits at 100-
meter intervals,

This part of the technology of Chilean nitrate has until
recently been in a very unsatisfactory state of advancement.
The older method consisted of sampling through a very
small pit, 8 to 12 inches in diameter, too small to allow either
an adequate sample or a record of the nature of the ore to
be made. The prime sample was then subject to sorting by
the sampler, who rejected pieces with the intention of making
it conform with his judgment of the ore that would be hand-
sorted from that mined from the area. Finally, the analyti-
cal method in ordinary use was inaccurate.

The great
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Notes made at the time of sampling record the depths and
characters of overburden, ore, and underburden. These,
combined with the laboratory returns, provide a complete
working picture of the test pit as a sample of the area to be
worked. This procedure, in spite of the generally erratic
character of the ore, has proved very accurate and practical.

For estimating the contents of a large area, a sample screen
of test pits at 100-meter intervals is fine enough for a high
degree of accuracy, as is indicated by probability considera-
tions and proved by actual mining operations over a large
area. Mechanical mmmg, however, as does every operation
of this nature, requires day-to-day scheduling of ore for as
much as a week ahead and a prediction of tonnage and grade
over relatively small areas. A supplementary sample screen
on a 20-meter interval thrown somewhat ahead of current
ore excavation is sufficiently fine to allow prediction of daily
tonnages and grades well within the limits of variation ob-
tained in any other operation in open-pit shovel mining in
spite of the notoriously erratic occurrence of nitrate ore.

Mining Methods

Until the development of the Guggenheim process, the
mining of nitrate ores had received very little expert atten-
tion, and a survey of current mining operations showed all
sorts of policies in mining, ranging from very poorly super-
vised, promiscuous high-grading of properties to careful,
well-supervised operations obtaining the best recoveries
consistent with the grade limit imposed by the extraction
process in use. Even in the last-mentioned cases, however,
the possibilities for development of improved mining methods
were not very great because of the restriction imposed by the
economical grade of ore.

Hanp MINING—

amount of both re-
connaissance and
control sampling
work done by the
Anglo - Chilean
Consolidated Ni-
trate Corporation
in the past few
years has put ni-
trate ground sam-
pling on a sound
engineering basis.
The accuracy of
the present
method for predic-
tion of tonnage and
grade has been
proved by the nor-
mal mine schedul-
ing sampling at the
Maria Elena plant
covering the more
-than 20 million
tons of ore that
have been mined to
date for that plant.

The present method, briefly, is the opening of regularly
spaced pits through the ore large enough for a man to work
in, and with vertical walls. The sampler cuts an even groove
about 2 by 4 inches and sectionalizes his samples according
to visually apparent changes in the character of the ore, with
no sample section greater than 50 cm. in depth. HEach sample
is ground entire, before reducing in amount; the reduction
of the sample is properly done, and the old inaccurate analyti-
cal method has been replaced by a rapid accurate method.

Partial View of Maria Elena Plant, Anglo-Chilean Consolidated Nitrate Corporation

The method then
in use, and still in
use for all plants
except the Maria
Elena plant, is
one of hand min-
ing and sorting.
Inonly a very few
instances among
Shanks process
operations is there
a preliminary
stripping of over-
burden. The
usual first opera-
tion is the sinking
of a 6-inch hole
through the ore
into the underbur-
den by.means of a
hand  drill, small
charges of explo-
sives, and spoons,
followed by the
springing of a
cavity in the un-
derburden large enough to hold the charge of black powder.
This large charge lifts the ore from the underburden and leaves
it broken into large blocks. There is then a secondary blasting
with dynamite, and a final breaking with heavy sledges to
about 8-inch pieces, the size shipped to the plant. The
broken ore is sorted and that judged of suitable grade stacked
for shipment. The stacked ore is loaded by hand into mule
carts, trucks, or rail cars, according to the equipment avail-
able and the accessibility of the body being mined.
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Power House

The work is done by two sorts of labor: drillers, who
sink the holes and do the primary blasting; and miners or
sorters, who do the secondary breaking, sorting, and stacking.

In the more careful and conservative hand mining, opera-
tions are usually arranged along a transportation line, re-
sulting in a sort of working trench face that advances across
the nitrate field. In the less
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for each working face consists of two electrically driven ex-
cavating machines especially constructed to meet the prob-
lems peculiar to nitrate mining; one a dragline for stripping
the overburden, the other a shovel for loading out the ore.
The breaking of the ore is done by a drilling and blasting crew;
the supplying of empty cars and taking away of loaded cars,
by the general mine transportation system.

The first operation is the drilling and blasting of all hard
overburden, followed by the stripping of overburden by
the dragline, which backcasts the overburden onto the ground
already exhausted. Other drilling and blasting crews then
go into the stripped area and break the ore. The shovel
follows and loads out the broken ore into 30-ton ore cars for
shipment to the plant. Operations proceed in this sequence
for the whole length of a working face, covering a strip about
13 meters wide and of the order of 1.5 to 2 km. in length.
Upon the completion of such a cut, the ore-car track is shifted
the width of a strip by the dragline and a new cycle begins.
These operations are shown schematically in Figure 1.

Power for shovel and dragline operation and for the elec-
trified transportation system is supplied from the central
Diesel power plant; air for drilling, from a central com-
pressor station. Mine explosives are now manufactured al-

most entirely at the explosive

conservative operations the
‘“eyes” are picked from a field,
resulting in no regularity of
development of the field.

The method of hand min-
ing briefly described above is
very crude and wasteful, but
recent developments in min-
ing practice make it entirely
out of date and it need not
be discussed further. The
modern operations in this
line, initiated at the Maria
Elena plant, are now being
incorporated in the Pedro
de Valdivia plant, which will
start production around
the middle of 1931, and will
soon be extended to a third
plant.

GuGGENHEIM ProcEss—As has been pointed out, Shanks
operators are prevented from attempting any radical de-
partures from the older method of hand mining, since the
minimum economical grade of ore that they can process is
around 15 per cent, and with their remaining reserves it is
requiring increasingly severe sorting to maintain a grade
better than this. With the development of the Guggenheim
process for treatment of nitrate ore, and the ability to proc-
ess low-grade ore profitably, it becomes possible to develop
and use mechanical methods of mining. After preliminary
tests made in the field late in 1925, the Anglo-Chilean Con-
solidated Nitrate Corporation introduced mechanical mining
methods into its operation and has since developed and ex-
panded them so that the ore supply of its Maria Elena plant is
now entirely mechanically mined ore. This operation ranks
in size probably among the first five, and certainly among the
first ten, shovel mining operations in the world.

Mining practice as developed for the Maria Elena plant
may be briefly described as follows: The nitrate field being
exploited is developed in a regular manner through a system
of semi-permanent main haulage lines, and supplementary
temporary movable haulage lines along the working face,
with their corresponding electric and air-supply lines for
traction, shovel, and dragline power and air drills. A unit

Power Plant

plant operated as an adjunct
to the mine. This plant in-
cludes the largest black-powder
plant in the world.

The general trend in all min-
ing practice has been toward
the mining of larger tonnages
of lower grades of ore because,
though large-scale equipment
is necessarily less selective
than small-scale equipment or
hand methods, the economies
in its use more than offset the
disadvantage of the decrease
in grade. This is the direc-
tion that the Chilean mining
developments have taken, the
average grade of run-of-mine
ore mined by shovel being 8
to 9 per cent. The inclusion
of lower grade ores that are not mined in ordinary hand-
mining operations and the avoidance of large losses of fines
so produced more than double the amount of nitrate that
is recovered from an area.

A major economy resulting from shovel mining is the re-
duction in labor per ton of nitrate produced to less than a

Leaching Vats
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sixth of that required for hand mining. The corresponding
reduction in capital expenditure for housing of labor more
than offsets the expenditures required for mechanical mining
and transport equipment.

Methods of Manufacture

SEANKS Process—The Shanks process for manufacture
of nitrate has been in use with only minor modifications for
about fifty years. Although a large part of Chilean nitrate
is still manufactured by the Shanks process it is inherently
an inefficient and expensive process and, since it is being
supplanted by a newer process, it will be described only
briefly.

In Shanks practice the run-of-mine ore is in 8- or 10-inch
pieces. This is commonly reduced in a single stage in small
jaw crushers to about 1!/ or 2 inches. The fine material,
minus !/ inch, is screened out, but in only two or three in-
stances is it processed in a filter plant, the usual procedure
being either to discard it entirely or to load it into the boiling
tanks on top of the coarse ore. The loading of the ore into
the boiling tanks is usually done from slam, bottom-dumping,
hand-push cars, though sometimes from belts.

Shanks leaching is carried out in steel boiling tanks set
up on columns about 10 feet high to allow the tailings to be
removed from' below.  The

INDUSTRIAL AND ENGINEERING CHEMISTRY

459

Unloading Bridges

The leached tailings are then drained until ready to empty,
discharged through the bottom ports by hand into small dump
cars, and hauled to the dump face. The time devoted to a

complete cycle of operations is about 36 hours.
In the Shanks method of leaching the mechanical action of
the boiling and the high tem-

usual sized tank holds 75 tons
of ore, is fitted with steam-heat-
ing coils, a false perforated bot-
tom to aid in leach liquor circu-
lation, and two or three ports at
the bottom of the tank for dis-
charge of tailings. The extrac-
tion is' countercurrent with
cross-downward  percolation,
the temperature and nitrate
content of the leach liquor in-
creasing from tank to tank in
the series.

After loading with ore, a tank
is filled with the depleted leach
solution returned from the
crystallizers. This solution is
boiled for 8 or 9 hours and at
the end of this time the tank
is made the head of a series
of three other tanks and hot saturated liquor is drawn off
to the crystallizing pans. The saturated liquor is displaced
by hot, less saturated liquor from the preceding tank in the
series. The tank then passes through the succeeding three
stages of leaching, is subjected to one or two washes circu-
lated on the tail-end tank only, and then to a water wash.

Shovel

Drilling Caliche for Blasting

—7 peratures tend to disintegrate
' the mass of the ore. The re-
sulting slimes are very detri-
mental to the leaching of the
nitrate, as they plug up the
pores of the ore, and to the
washing operations, since the
segregated slimes wash with
great difficulty. In order to
reduce the amount of slimes
formed, the crushing is made
-relatively coarse. - As a result
a considerable part of the ni-
trate is still-undissolved or en-
trained when the tailings are
discharged. At the optimum
size of crushing extraction is
poor, even though the fac-
tors of sliming and size of
e particles are balanced as well
as they can be. ;

In addition, the circulation of the leach liquors is unfavor-
able for good extraction, since in effect a closed cycle is
maintained only on the one head-end tank of the series, all the
weakest current liquor—that returned from the crystallizers—
being put on the fresh charge of ore. The remaining tanks
in the series theoretically amount to a washing cycle on
which the functions of a leaching cycle have been forced.
Further, it is universal practice to demand a heavy duty of
the leaching-tank volume; 50 tons of nitrate per year per
cubic meter of leaching volume being demanded in Shanks
practice, whereas the usual duty in the Guggenheim process is
only 8 to 10 tons per year per cubic meter, even though using
much lower grade ore. These are the main factors respon-
sible for the poor extractions obtained in spite of the high
temperatures used and the large amount of wash-water
advance allowed by the boiling and other rapid evapora-
tion.

The high cost of Shanks leaching is caused by the great
amount of fuel required, the poor extractions, and the small-
scale hand methods employed. The hot, nearly saturated
liquor is first run into a settling tank, where it is allowed to
cool a few degrees to its saturation temperature with respect
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Figure 2—Crushing Operations

to nitrate. In this cooling a small amount of chloride is
crystallized out. At the same time a coagulant, usually flour,
is added to aid in settling out the slimes suspended in the
liquor. When clear and cooled to the saturation point, the
liquor is run into shallow cooling pans and cooled to atmos-
pheric temperature. The mother liquor is drained off and
the cake of crystals allowed to drain for a day or two, then
shoveled over in the pan and allowed to drain some more.
While still carrying 7 or 8 per cent moisture, it is loaded out
of the cooling pans and piled on a drying floor, where it drains
and dries to its shipping moisture content of 2 to 3 per cent.
When ready to ship it is broken up, having hardened during
the drying period, the bags filled and sewed, and loaded into
railroad cars for shipment. All of these operations are done
by hand.

GuceenaEmM ProcEss—The Shanks process is a high-
temperature process resulting in unavoidably high fuel costs.
The new process, usually called the Guggenheim process,

. is a low-temperature leaching process. It is based on an
investigation of nitrate ore-salt systems carried out several
years ago by the firm of Guggenheim Brothers. The process
was developed through the semi-commercial stage in a small
plant built for the purpose near Oficina Cecilia in Chile,
and finally incorporated in the Anglo-Chilean Consolidated
Nitrate Corporation’s ;plant inland from Tocopilla, originally
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called the Coya Norte, now the Maria Elena, plant. This
plant began production early in 1927, and has gradually been
developed to a demonstrated capacity of 600,000 tons of
nitrate per year. A similar plant with somewhat greater
capacity is now under construction. In view of these recent
developments the new process is of great interest as an im-
portant part in the technology of the industry.

In mechanical mining it is impracticable to ship completely
clean ore to the plant; some of the mixed burden or waste is
excavated and loaded with the ore. The ore of this barren
material, generally in the form of fines, is cleaned at the
plant as the first operation before crushing by passing it over
a grizzly, and subsequently cleaning the undersize of the
barren material by finer screening. The material rejected
in this way averages about 15 per cent of the tonnage shipped
to the plant. The ore itself varies in size up to blocks of
about 5 feet in maximum dimension.

The sequence of crushing operations is shown in Figure
2, and is largely that of standard large-scale crushing practice.
The run-of-mine ore is dumped by a rotary tipple into a
hopper from which a large pan feeder draws. The feeder
discharges over the cleaning grizzly into an 84 by 66 inch
Blake type jaw crusher, which does the primary breaking.
This is followed by secondary breaking in 30-inch gyratories,
cone and disk crushers in order. The final product is about
5/s inch size. The fine material, minus about 30 mesh, pro-
duced in crushing, is screened out by vibrating screens. The
coarse crushing-plant product is loaded into the leaching tanks
by means of a mechanical loading bridge. The fine product
is separately treated in a filter plant.

The filtering of nitrate-ore slimes has gone through con-
siderable development at the Maria Elena plant. A number
of types of slime filters have been put through large-scale
tests, and the outcome has been the installation of a modified
Moore type of filter as best comforming to the peculiar re-
quirements of this work.

Temborary Track

Temborary Track

fermanent Trock

/

Brictge ™!

| 8ridge®2

Rejects 8
k ;arg \ o=

Alter Aant Discharge
Hopper

Leaching Vals

Figure 3—Tailings Disposal System

The flow of filter-plant materials as finally developed is
as follows: Dry fines and mother liquor from the leaching-
plant cycle are mixed in a small screw mixer and the sludge
is fed directly to the filter tanks. The filtrate is returned to
the leaching-plant cycle. The cake, when formed, is washed
with a weak liquor originating in the leaching-plant washing
system and then discharged wet and pumped to the tailings-
disposal dump. Carried out in this way, this operation is
very simple and efficient. A very high duty is obtained from
the equipment and costs are better than is usual in this sort
of work.

The coarse ore is leached in large concrete tanks holdmg
about 7500 tons of ore each. The filling of the ore into the
leaching tanks is done by a mechanical loading bridge; the
emptying of the leached tailings by two unloading bridges
that empty a vat in 8 hours. The tailings feed by gravity
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quantity used as the displacement wash

in the filter. plant. The final operation
is the draining of the leached tailings un-
til ready for excavation by the unload-
ing-bridge buckets.

The crystallizing plant in the Guggen-
heim process consists of a series of shell
and tube heat interchangers in which the
warm, strong liquor is pumped counter-
current to the cold, depleted mother
liquor, in this way refrigerating the strong
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liquor and allowing the mother liquor to
be heated. The final refrigeration needed
by the strong liquor is done in a series of
shell'and tube ammonia refrigerators, The
remainder of the plant consists of an am-
monia-compressor plant with condensers,
and Dorr thickeners for thickening the

1o 8.5. Vat

Evap. Surge
Tower Tank

M.L.

-

crystallizing
Plant

sludge of nitrate crystals.

The warm, strong liquor is cooled in
the series of interchangers or recuperator

Figure 4—Leaching Operations

from the unloading-bridge hopper into the dump cars of
tailings-disposal convoys and are hauled electrically to the
tailings-disposal dump, which is a loop dumping face. In
this . way . tailings disposal is made a smooth cycle. The
general arrangement of the tailings-disposal system is shown
in Figure 3.

When a leaching tank is completely loaded with dry ore, it
is filled from below with a strong mother liquor originating
from the filter-plant filtrate, mother liquor drains from the
last tank in the series, and liquors bled from near the head
of the series. The liquor is then circulated downward on
the tank full of ore in circuit with heat interchangers in which
the liquor recovers heat from Diesel engine exhaust gas and
cooling water. When the temperature of the tankful of
ore and liquor has reached about 40° C., the circulation is
stopped and the tank is made the head of a series of four
tanks. Trom the head tank of this series a liquor nearly
saturated at 40° C. is pumped off and sent to the crystallizing
plant, which returns a depleted mother liquor at 35° C. This
depleted mother liquor is pumped over an evaporating tower,
then through the ammonia condensers, where it is reheated,
and finally onto the tail-end tank of the series. TFrom the
bottom of this tank it is pumped over another section of am-
monia condensers and back onto the sec-
ond vat in the series, then through heat
interchangers countercurrent with the
Diesel engine cooling water, back into
the third tank in the series, and so on to
the completion of the cycle. The general
scheme of leaching operations is shown in
Figure 4.
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tanks from about 40° C. to around 15° C.,
dropping some of the crystallized nitrate
into the cone bottoms of the tanks from
where it can be tapped off, but carrying much of it in suspen-
sion. In the series of ammonia refrigerators the strong liquor
is cooled from 15° to about 5° C., at which temperature it goes
to a Dorr thickener in order to settle out nitrate crystals held
in suspension, The clarified, cold mother liquor is pumped
back through the recuperator tanks, in which it is warmed
to about 35° C. At this temperature it is pumped over an
evaporating tower, then over a section of the ammonia con-
densers, and finally returning to the leaching cycle. A flow
sheet of the crystallizing plant is shown in Figure 5.

The thick sludge from the recuperator and refrigerator
tank cone bottoms and from the Dorr thickener is centri-
fuged, and the crystalline nitrate thus dried is ready for the
final stages of graining and packaging.

The crystalline centrifuge product is briquetted and melted
in a direct-fired combination reverberatory and shaft furnace.
The molten nitrate is pumped directly to spray nozzles which
are specially designed to deliver an evenly sized pellet. The
chilled grained nitrate is conveyed to storage bins feeding
either chrectly to cars for bulk shipment or to automatic
bagging machines delivering an evenly weighted package.
The purity of the final product is 98.8 per cent, that of the
ordinary Shanks product around 95.5 per cent.
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Figure 5—Flow Sheet of Crystallizing Plant
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Power-for all mining and plant operations is supplied from
a central Diesel engine plant. The waste heat from the
Diesels and from the graining plant furnishes all the proc-
ess heat with the exception of a small amount of auxiliary
heat for the granulating process. The fuel economy as
compared with Shanks operation is evident, since in that
process direct steam heat is employed to attain boiling tem-
peratures and the heat dissipated through boiling, radiation,
and from the crystallizing pans, together with losses in the
hot tailings, results in half the cost of Shanks treatment
being a fuel cost. Mechanization of operations has increased
the output per man employed in plant and service organiza-
tions over three times that obtained in Shanks operation, with
resultant economies in direct labor cost, in indirect labor cost,
such as welfare expense, etc., and in capital cost of housing
and public buildings. In addition to these two major econo-
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mies, other important savings are evident in the new develop-
ments as briefly outlined above.

Shipping

Almost all Chilean nitrate is shipped from the three major
North Chilean ports, Tocopilla, Iquique, and Antofagasta.
In the last two ports construction work to provide a harbor
sufficiently protected to allow alongside loading is nearly
completed, and plans have been drawn to construct a pro-
tected basin at Tocopilla. Until now, all North Chilean
ports have been open roadsteads and all shipping is still
done from wharf to ship’s side by lighters. With protected
basins making alongside loading of both bagged and bulk
nitrate practicable, and central control of production and
shipping, making large port handling equipment possible,
the shipping of nitrate should be improved considerably in
the near future.

Some Recent Engineering Applications of Rubber

J. R. Hoover and F. L. Haushalter

Tae B. F. Gooporica Cos, AKRON, OHIO

HE wide variety of demands made upon rubber as a
material of commerce seem paradoxical unless it is
fully realized that the term “rubber” as used in

industry connotes, not a single substance, but a vast range of
compositions, each designed to meet the engineering require-
ments of some particular service, and each representing care-
ful development on the part of the rubber technologist in
order to secure the desired physical and chemical character-
istics.

The rubber manufacturer has facilities for selecting and
blending with the basic material a variety of materials other
than rubber, for processing and vulcanizing rubber com-
pounds to meet specific requirements, and for combining rub-
ber in commercial articles with almost every other type of
structural material. ' These facilities, together with the rapid
strides being made continually in rubber technology through
research, are resulting in new applications of rubber and
rubber: structures to the needs of industry. Engineers are
constantly bringing more of their problems to the rubber
technologist, recognizing in rubber an engineering material of
fundamental importance, capable of being widely varied in
useful physical and chemical properties.

The efforts of rubber technologists to meet the needs of
various industries for materials and structures of unique
characteristics have resulted in a continual expansion of the
engineering applications of rubber. Some recent develop-
ments are described, with confidence that engineers will
visualize and suggest other new ways in which rubber may be
applied to the solution of industrial problems.

Rubber Bearings

The remarkable resistance to abrasion of soft, vulcanized
rubber, its resilience, its low coefficient of fnctlon when wet,
its non-compressibility, and its ability to absorb shock are
propertles which render it of outstandmg value as a bearing
material in certain kinds of service. The success of rubber
bearmgs depends, however, not only upon the properties of a
unique engineering material, but also upon the Vulcalock
process of bonding the rubber to a metal shell, and upon cer-
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tain fundamental features of design. The fluted construction
shown in Figure 1 and the spirally grooved construction used
in vertical guide bearings (Figure 2) both provide waterways
essential to continuous lubrication of the bearing and the
washing away of abrasive material. :

Years of continuous use have proved beyond all question
that rubber is better fitted for certain types of installation
than any other bearing material. Where lubrication by oil is
difficult or impossible, and where other bearings cut out owing
to sand or other abrasives, rubber bearings endure. There
are cases on record where they have outworn other bearing
materials, such as lignum vitae and babbltt by as much as
ten times.

The highest operatmg temperature ordinarily recommended
for rubber bearings is 150° F. Special bearings have been
designed, however, for use at higher temperatures, in places
where loads are not excessive and where it is possible to work
out a satisfactory holding device for the special type bearing
required. Another limitation necessarily imposed is that
rubber bearings are not serviceable in contact with oils.

‘While water-lubricated soft-rubber bearings are most widely
known for their outstanding performance in marine service;
they have also been applied economically to industrial uses.
The installation of rubber bearings, for example, provides the
simplest and by far the most effective solution of three prob-
lems of deep-well turbine-pump operation—cutting of bearings
and shaft by sand and grit, shaft vibration, and lubrication.
In one case a deep-well turbine pump was required to handle
water containing 25 per cent of sharp sand. After continuous
operation for 144 hours at a speed of 1150 r. p. m., the shaft had
worn only 0.004 inch and there was no trace whatsoever of
wear on the rubber bearing.

Cutter head and ladder bearings on suction dredges (Figure
3), subject to rapid wear and heavy strains, have been re-
placed by rubber without increasing the bearing size. Verti-
cal guide bearings of tremendous sizes are used in hydraulic
turbines (Figure 2). Bearings 2 feet in diameter and 6 feet
long are not unusual. Rubber bearings in this service have »
given years of continuous operatlon

Babbitt and bronze bearings in the centnfugal sand pumps
used by a large mining company required replacement after
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Figure 1—Rubber Bearing for 9-Inch Shaft Installed in 110-
Inch Screw Pump Built for City-of New Orleans, La.

The housing in which the bearing is carried is supported radially by
diffusion vanes, which also retard the whirling motion of the water as
. itileaves the 9-foot impeller. The load on the rubber bearing carrying
the impeller shaft is approximately four tons. The speed of the shaft

- is 83 r. p.m. View from suction side of pump.

an average of 4000 tons of fine sand (under 20 mesh) had been
handled, whereas rubber bearings, after 14,000 tons of the
same material had been pumped, were in perfect condition,
and the shaft showed very slight scoring.

Other applications of rubber bearings to the service of
industry include brine agitators, dredging pumps, various
horizontal and vertical centrifugal pumps, some of which
handle abrasives, cement slurry agitators, chemical tanks,
elevator boot shafts, mine tailing pumps, flotation agitators,
sand and gravel washers (where rubber bearings have outworn

Figure 2—Spirally Grooved Rubber Guide
Bearing for 31!/;-Inch Diameter Vertical Shaft of
a 32,000 Horsepower Hydraulic Turbine

metal 4 to 1), paper-stock agitators, wood-pulp grinders, and
other machinery where shaft scoring is a problem and where
water lubrication is available.

-The rubber casing guard recently developed for use on
rotary-drill pipe in the petroleum industry is another form of
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water-lubricated bearing; the principal difference in this case
being that the bearing is attached to the shaft.

The Anode Process

The rubber manufacturer has recently acquired a new
processing tool which enables him to fabricate high-quality
products of intricate shape at reasonable cost. If is possible
by the anode process (electrodeposition of rubber from latex
or ‘other aqueous rubber dispersions) to lay down uniform
coatings of soft, semi-hard, or hard rubber compositions upon
articles of intricate shape by a single, simple operation;
eliminating thereby numerous sheeting, cutting, and costly
hand-building operations. The thickness of the coatings
thus produced may be readily varied between 0.008 and 0.125
inch, although these are not the absolute limits. Likewise
soft-rubber articles of shapes difficult or impossible to mold
may be formed by this process with comparative ease.

The quality of anode rubber is outstanding in certain re-
spects. The tensile strength of vulcanized soft-rubber
compositions deposited from latex by the anode process is
usually well in excess of 4500 pounds per square inch, 5200
pounds per square inch being not uncommon, with ultimate
elongations in the neighborhood of 900 per cent. The aging
properties of such compositions, as measured by the Bierer
bomb, indicate considerable advantage over mill-mixed
compounds of similar composition, and this has been well
substantiated by the exceptional durability in actual service
of electricians’ gloves made by the anode process. In com-

Figure 3—Dredge Cutter Head, Weighing Approximately 10 Tons,
on 141/;-Inch Shaft Supported by Fluted Rubber Bearing

bining the qualities of flexibility, dielectric strength, uni-
formity, lightness in weight, tensile strength, aging qualities,
and resistance to tear and abrasion, anode gloves are superior
to gloves made by any previous commercial process.

One lot of twenty-six pairs of anode-process electricians’
gloves was tested by a large public utilities company. The
average thickness of the sides and between the fingers showed
much less variation than cement-dipped gloves. A tensile
strength of 5143 pounds per square inch was obtained for one
of these gloves, and a glove tested for dielectric strength
broke down at 26,200 volts. The most significant point,
however, was that of the 52 gloves tested, 52 passed the test.
Never before in the history of this company had any shipment
of gloves passed 100 per cent. Several companies have
adopted anode electricians’ gloves as standard.

Other soft-rubber articles being successfully manufactured
by the anode process include utility gloves for service in



Figure 5—Anode Rubber-Covered
Electroplating Rack in Service

contact with acids and other cor-
rosives, surgeons’ gloves, colored
branding labels, and various types
of tubing.

Probably of greatest interest to
chemical engineers is the value
of the anode process in laying down a uniform protective
coating of rubber upon articles designed to serve in contact
with corrosive liquids or gases. For example, smooth, seam-
less, uniform coatings, impervious to the corrosive effects of
plating and cleaning solutions, are being applied to racks for
electroplating (Figure 4), offering complete insulation on all
parts except the contact points. Anode-covered plating
racks, forming racks, plating-barrel hanger arms, washing
trays, and dipping baskets are being used successfully in gold,
silver, copper, brass, nickel, cadmium, and' zine plating
(Figure 5). Owing to the flexibility of the anode process, it is

possible to rubber-cover almost any
design of plating rack or other
metal part. s e
/+.. Numerous other types of metal
+ equipment have been coated with
* rubber by the anode process, in-
cluding fan blades, conoidal fans for
handling corrosive fumes and sus-
pended abrasive matter, spineret
tubes for the rayon industry, lamp
guards, rubber-covered metal parts
for airplanes, perforated metal and
_ screen for wet screening or for
- screening corrosive materials, acid-
dipping and rinsing baskets (Figure
6). Other applications will suggest
themselves to engineers confronted

Figure 4—Electroplating
Rack Covered with Rubber
by Anode Process

Figure 6—Perforated

Metal Acid-Dipping or roblems of corrosi rasi
Rinsing Basket, Covered by p s C.O osion, abrasion,
Klth Rubber by the Anode  OT insulation (Figure 7).

'0OCess

Absorption of Vibration and Noise

" Rubber is destined to find wide application as a vibration
insulator and shock absorber.  Uses of rubber by automobile
manufacturers already afford a background of experience
which gives rubber technologists confidence in projecting
their material into any other engineering problems where the
elimination of noise, shock, and vibration is important both
from the standpoint of human fatigue and the fatigue of
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metals and machines. Delicate instruments have been de-
vised for recording the fatigue of.occupants of automobiles.
There is every reason to believe that this work will be enlarged
and extended to other fields.

Engineers are studying how rubber may be applied to
machines to increase the life of parts subject to vibration
fatigue. It has been definitely proved that the application
of rubber shock insulators to the ends of springs (Figure 8)
on automotive trucks and busses appreciably reduces the
cost of maintenance on these vehicles. In thisservice rubber
absorbs shocks imposed upon the vehicles in striking road
obstructions.

The range of uses to which rubber shock absorbers may be
applied has been greatly extended by recent developments in
the technic of bonding rubber to metal. Bonds of rubber to
steel of 200 to 600 pounds per square inch or more are obtain-
able. Rubber is thus adhered to two or more steel plates in
the form of a mounting to suspend motors or other vibrating
machinery (Figure 9). The great advantage of such a
suspension is that the rubber may be used in shear rather than
under direct compression. It has been found that the shear
type mountings are more effective in dampening vibration
than mountings loaded in compression or pulled apart in
tension. About a dozen automobile manufacturers now sup-
port their motors at the frame by either two- or three-plate
rubber-to-steel mountings, the rubber being used in shear
rather than in compression or tension.

A recent application of the shear-type rubber mounting to
the base of a vibrating screen greatly reduced the vibration
transmitted to the floor of the building.

\ - vbbar Carered Portion

Figure 7—Some Products Covered with or Made from Anode
Rubber

(1) Anode-rubber-covered conoidal fan for handling corrosive fumes and
suspended abrasive matter

(2) Electricians’ glove by the anode process

(3) Fan blades covered with anode rubber

(4) Anode-rubber-covered lamp guards

(5) Screen and perforated metal, rubber-covered by the anode process

Rubber-to-metal plates are also being used as crankshaft-
vibration dampeners to reduce torsional vibration, replacing
the old-type frictional dampeners. It has been found that
the rubber dampener maintains its characteristics much
longer without adjustment than the other type, in its function
of decreasing variations in the angular velocity of the crank-
shaft.

Rubber is seeking a wider field of usefulness in eliminating
the necessity for lubrication between two mechanical parts in
relative rotatory movement. Pressed between two steel
sleeves, rubber has now replaced lubricated spring shackles
on some makes of automobiles. The mass of the rubber in
this application takes up the whole rotary motion produced
by the deflection of the spring (Figure 10). :

The same principle is being applied to the treads of cater-
pillar tractors in an effort to eliminate bearing pins, which are
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very difficult to lubricate properly on account of the severe
abrasive service to which they are subjected. The field of
application of such a torsional bushing may be very wide
indeed. The rubber compound used must have exceptionally
low permanent set, good aging qualities, and stress-strain
characteristics suited to each particular application.

Figure 8—Rubber Shock Absorber as Installed on
Rear End of Automobile Rear Spring, Replacing
the Customary Type of Spring Shackle

Rubber is fast replacing fabric webbings for automobile
body shims and hood cushion strips. The latter, in addition
to their function as noise eliminators, must incorporate a high
degree of resistance to heat and oil.

It has been demonstrated that a coating of rubber on the
blades of an automobile fan reduces the noise produced by
high air velocities. This undoubtedly will lead to other
similar applications.

The railroads are now applying rubber at the ends of
elliptical springs, at the tops and bottoms of coil springs, over
equalizer bars and journals, and at the center plates of the
trucks. A definite saving in maintenance cost has been
established, in addition to increased passenger comfort.
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Figure 9—Rubber Vibration Dampener between
Two Steel Plates, for Shear Mounting of Vibrating
Machinery

Transportation commissions in our large cities are turning
their attention to the elimination of street and subway noises
and the vibration of adjoining buildings. Rubber is a logical
material to use in the solution of such problems, for by proper
compounding and vuleanizing it is possible to provide rubber
slabs of the proper hardness to absorb vibrations of consider-
able amplitude and various frequencies, while maintaining
their physical properties with very little change over a long
period of years.
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The shock- and vibration-absorbing properties of sponge
rubber, as well as its value as a heat insulator, are being con-
stantly utilized in new ways. Sponge rubber finds extensive
engineering application in the automotive, aircraft, radio, and
refrigerator industries, and there are numerous general in-
dustrial uses. A mnovel and potentially important field for
sponge rubber is in expansion and contraction ]omts for
concrete highways.

Rubber in Contact with Heat and Oil

Although it is proverbial that heat and oil deteriorate rub-
ber quickly and seriously, the technologist has not been
deterred from seeking to produce a paradox. In recent years
outstanding advances have been made in the development
and application of accelerators, age resistors, and other
compounding materials. With this new knowledge at hand,
products embodying improved rubber compounds have heen
designed to withstand heat and contact with oils, greases, and
organic solvents, thus rendering available to industry the
unique properties of rubber in uses heretofore considered too
severe.

Technological development has produced air hose for
pneumatic tools which withstands the action of hot lubricat-
ing oil under high pulsating air pressure, and hose for handling
live steam under pressure. Improvements in gasoline and
distillate hose, car-washing hose, paint-spray hose, oil-suction
and discharge hose, gaskets, and packing are being made
continually, resulting in a steady increase in the durability of
these articles.

The thousands of miles of modern high-pressure natural-gas
lines illustrate the value in an industrial product of rubber
designed to resist oil.. Each pipe joint is sealed with the aid
of rubber packing rings which successfully resist the deterio-
rating action of condensates

£y
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Figure 10—Rubber Torsion Bushing Installed in a Spring Eye_

In the printing mdustry oil-resistant rubber lnkmg rollers,
rubber surface engraving plates, newspaper blankets, and
blankets for offset printing find wide usage.

Molded oil-resistant rubber, reénforced by fabric, is being
used in covers for automobile springs and universal joints,
serving to retain the lubricant and to exclude dirt, as well as
having a dampening effect upon vibration.

Braided metal jacket grease-gun hose, embodying the
flexibility of an oil-resistant rubber compound, has a bursting
strength of 10,000 to 12,000 pounds per square inch and
operates under working pressures in the neighborhood of
6000 pounds per square inch.

The rubber compounds used in conveyor belts have been
immensely improved in regard to heat resistance. Rubber-
covered conveyor belts are successfully handling hot cement,
sand, limestone, and coke.

Despite such improvements in the resistance of rubber to
service in contact with its natural enemies, heat and oil, there
is a great deal yet to be desired. Rubber manufacturers and
their technologists are keenly competing for leadership in this
field, a condition which assures further advances. :



Figure 11—Rubber-Lined Tanks, Pipe, and Fittings for Handling
Glacial Acetic Acid

Rubber as Chemically Resistant Engineering Material

The value of rubber-covered and rubber-lined equipment in
the chemical industry, and in other industries handling cor-
rosive and abrasive substances, lies in the reduction of main-
tenance costs. Various structural and plastic materials, such
as wood, brick, glass, asphalt, and various alloys, have been
used in the attempt to meet this fundamental problem of
chemical engineering,.

Recognizing the potentialities of his basic material, the
rubber manufacturer began several years ago to develop
special resistant compounds and methods for adhering rubber
to other structural materials, until at the present time it is a
well-established fact that rubber is the outstanding practical
material for resisting corrosion and abrasion in industrial
processes. Rubber, with its resistant properties and ease of
installation, has made possible the profitable manufacture of
certain chemical products which formerly could not be pro-
duced on an economic basis.

Many of the uses of rubber as a corrosion resistor are thus
common knowledge among chemical engineers. Rubber-
lined tanks, tank cars, and process equipment for storing,
handling, and transporting corrosive liquids have delivered
satisfactory service for years. Less widely known, however,
is the fact that some of the earlier limitations upon rubber for
such uses have recently been overcome by the application of
new knowledge to compounding technic.

The handling, in containers lined with a flexible rubber
compound, of glacial acetic acid, without appreciable dis-
coloration of the acid or damage to the rubber, is an achieve-
ment worthy of note
(Figure 11). Simi-
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Figure 12—Rubber-Lined Tank Car for Transporting 85 Per Cent
Phosphoric Acid

ing the liquid from contamination and the container from
corrosion. Certain rubber compounds have also been de-
signed to withstand the corrosive action of chlorine solu-
tions.

The development of a hard-rubber lining compound which
can be fully vulcanized at the temperature of boiling water
and the study of the practical problems involved in its
application have enabled one rubber manufacturer to line
with ebonite open tanks (Figure 13), towers, and other stor-
age and process equipment too large for railroad transporta-
tion or structurally unsuited to withstand steam pressures
of 50 to 75 pounds per square inch formerly necessary to
vulcanize hard-rubber linings. In many cases this process
will render economical the lining with hard rubber of
equipment which would otherwise have to be less effectively
protected.

Similarly, the development of soft-rubber linings which
vulcanize well in boiling water represents a technological
achievement, and renders rubber more widely available to
chemical engineers in the solution of their maintenance
problems.

Large pickling tanks are being successfully lined with
rubber. Such tanks usually contain sulfuric or hydrochloric
acid in 5 to 15 per cent concentration, and operate at tempera-
tures as high as 220° F. A brick inner lining protects the
rubber from the impact of heavy blows and serves as a heat
insulator, thereby materially increasing the life of the rubber
lining.

For service in steel pickling and plating tanks, where
damage by the gouging action or impact of falling metal
objects is a problem
and where the tem-

larly, 85 per cent water-
white phosphoric acid
is being stored and
transported in tanks
and tank cars (Figure
12) lined with a new
soft-rubber composi-
tion designed especially
to meet this particular
service.

The problem of
handling perishable
food products, such as
vinegar and milk, in
rubber-lined containers
is progressing rapidly,
the rubber serving the
purpose of a heat insu-
lator as well as protect-

Figure 13—Vulcanizing Hard-Rubber Lining with Boiling Water in a Large,
Open Steel Tank

The wood retaining wall was designed to enable the water level to be raised above
the top of the tank.

peratures are not
excessive, a rubber lin-
ing of special construc-
tion has been devel-
oped, comprising a
“sandwich” of ebonite
between two layers of
resilient soft rubber.
The soft-rubber layer,
bonded to the tank
structure, absorbs the
stresses caused by the
difference in expansion
coefficients between
metal and ebonite,
whereas the outer soft-
rubber layer absorbs
the shock of accidental
blows from within the
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tank. This construction can be applied in the field by vul-
canizing in boiling water, and is more easily repaired than
ordinary hard-rubber linings.

Ebonite finds a comparatively little known application as a
corrosion resistor in the polished coverings for bleach rods and
dye sticks which support delicate skeins of rayon fiber during
various processing operations.
This rubber must withstand im-
mersion in sodium sulfide solu-
tions at temperatures up to 200°
F., sodium hypochlorite bleach-
ing baths, and acetic acid sours,
without etching or cracking of the
polished surface.

soft or hard rubber by the Vul-
calock process have been of ser-
vice to many industries in con-
veying corrosive and abrasive
materials. The first rubber pipe
linings were applied to flanged
pipe; recent developments have
led to the manufacture of rub-
ber-lined pipe which can be cut,
threaded, and assembled in the
field. - The success of this con-
struction depends upon the use
of a special rubber-covered
metal washer inserted between
threaded metal flanges which are
screwed upon the ends of the
pipe.

Rubber-lined relinable valves operating on the principle
of the laboratory screw clamp are resulting in considerable
saving to the chemical industry, both in initial cost and
maintenance. The soft-rubber liner, replaceable by a simple,
rapid, and inexpensive operation, is so shaped that a minimum
of distortion occurs at the point of compression. Since the
liner is completely surrounded by the reénforc-
ing casting, pressures up to 100 pounds per
square inch may be: safely used. Rubber-lined
gate valves (Figure 14) have also been developed
to fit pipe sizes from 2- to 12-inch. Centrifu-
gal and pulsating pumps completely lined with
rubber, as well as rubber-lined air lifts (acid
eggs), are now available to industries produc-
ing, transporting, and handling corrosive ma-

Figure 14—Rubber-Lined
Gate Valve for Handling
Corrosive Liquids
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film being readily removable by the use of gasoline or benzene)
illustrate further uses for these coatings. ;

Certain limitations are necessarily imposed. Thermoprene
coatings, for example, are not exceptionally resistant to oil or
to severe abrasive service, nor are they recommended for use
at temperatures in excess of 180° F.. The character of corro-
sives to which they are resistant is in general the same as for
soft rubber, except that the coating films, being much thinner
than sheet rubber, are not intended to replace rubber linings
or coverings for immersion in corrosive liquids. :

A significant development is in progress on a hard-rubber
baking enamel designed primarily for industrial use in places
where exceptional corrosion resistance and a very hard, dur-
able film are required.

Removing the Aviation Ice Hazard

A novel and important development in rubber is the part it
plays in a new device for removing the ice which forms under
certain conditions on the leading edges of airplanes in flight.
Ice formation presents a grave menace to safety in flying and
to the maintenance of scheduled trips, as well as to the wide-
spread future use of commercial aircraft.

The most common meteorological condition under which
ice forms on a plane is that within a region containing minute
water droplets in the form of fog, mist, or cloud, when such a
region is at a temperature below the freezing point of water.
Over the New York-Cleveland airway dangerous ice accumu-
lations are encountered in fog, mist, or cloud, when the hu-
midity is 90 per cent or more, and within the temperature range
0° to —20° C. (2). A plane flying in such an ice-forming
region may be thrown completely out of control in less than
30 minutes by the vibrations set up, the additional weight
imposed, and the effects of the ice deposit upon the aero-
dynamics of the wings, struts, and wires.

It was with a view to preventing this hazard that the Daniel
Guggenheim Fund. for the Promotion of Aeronautics sup-
ported the fundamental work of Geer and Scott (1), which

terials.

Protective coating materials of both spraying
and brushing consistency are being manufac-
tured with a rubber isomer (thermoprene) as
their base. Such coatings, in addition to re-
taining the outstanding chemical-resistant prop-
erties of rubber, yield tough, durable, non-
brittle films, which adhere tenaciously to most structural ma-
terials. The thermoprene base is compounded with other in-
gredients, such as graphite or aluminum powder, to meet the
requirements of various types of service. The uses to which
such coatings are applied include the protection against corro-
sion of structural steel, interior walls and ceilings, pipe lines and
machinery in chemical plants, rayon plants, dye houses, laun-
dries, coke plants, and around pickling tanks, where acid or
alkali fumes or direct spillage are a problem. The protection
of magnesium alloys during shipment and of magnesium-alloy
parts in aircraft; the coating of metal parts in refrigerators;
priming coats for lacquer films and for “metal-to-metal
contacts;” the coating of wood, steel, and concrete tanks and
boxes; the protection of metal sheets subjected to flexing;
and the protection of machinery to be shipped overseas (the

Figure 15—Large Refrigerated Wind Tunnel in Which Part of the Aircraft
Research Dealing with the Formation and Removal of Ice Is Being Conducted

has been followed by intensive development under the spon-
sorship of one of the larger rubber companies, working in
cooperation with a leading commercial air transport company.
This program of research, at first conducted by the use of
miniature struts, wires, and wing sections suspended in a
small refrigerated wind tunnel; later using full-sized sections
in the largest tunnel of its kind in the world (Figure 15);
and finally on an actual plane in flight, has resulted in defining
the conditions governing ice formation on airplanes and in a
simple method for removal of the ice deposit. The latter
device embodies a “pneumatic leading edge,” consisting of a
thin rubber overshoe, with fabric reénforcement, containing
flat rubber tubes connected to an air pump.

Several forces tend to hold the ice, once it has formed, upon
the leading edge—the adhesion between the ice and the sur-
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face upon which it freezes,
the pressure of the atmos-
phere, and the aerodynamic
pressure due to the flight
speed of the plane. By ex-
panding or contracting the
surface of the new overshoes,
the ice deposit, being com-
paratively inflexible, is
cracked and its adhesion for
the surface destroyed. The
wind stream then lifts the
broken ice away from the sur-
face, completing the removal
process (Figure 16).
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This device, although still
in the stage of development,
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contribution to the safety
and dependability of commer-
cial flying, paving the way to-
ward increasing development
of our air-transportation fa-
cilities.

.+ uscs DErLATED

Other Engineering Applica-
tions

The ability to select and
i blend materials to produce
e, definite physical and chemi-

: cal characteristics in rubber
compositions, and to combine
i rubber with other structural

s materials, such as cotton

with many of the practical
details, such as'standardizing
the equipment for various
types of planes, details of
valves and COmpressor equipment, methods of attachment of
the overshoes, remaining to be perfected, has already proved
its worth on the leading edges of wings in actual air trials un-
der ice-forming conditions.

The weight of the rubber overshoes will not materially
affect the pay load of the protected plane. On the biplane
now used in tests, for example (Figure 17), the wing over-

Winp Overshoe

Figurc 17-—Pneumatic Rubber Overshoes for Ice Removal, Installed
for:Test on the Wings of No. 33 N. A. T. Blplane

shoes weigh but 0.526 pound per lineal foot, or a total weight
of 36 pounds for the 68!/, feet of covering. Strut shoes weigh
about 0.36 pound per foot, or a total of 12!/, pounds for the
34 feet to be covered. The weight of the wire coverings is
almost negligible (0.03 pound per foot, or a total weight of
less than 5 pounds). Thus the total weight of the pneumatic
overshoes for this plane is less than 53 pounds (not including
the air compressor), as compared with a pay load of 1000
pounds. On the newer type monomail plane the overshoe
weight will be reduced by 25 to 80 per cent, with the pay load
increased to 2500 pounds.

Flight tests have already demonstrated that the aero-
dynamics of the plane are not noticeably affected by the
weight, shape, or movement of the rubber overshoes. The
inflation and deflation of the tubes will be entirely automatic,
with a eycle of approximately one minute, rendermg it neces-
sary for the pilot, upon entering an ice-forming region, merely
to start the device functioning.

Thus it is expected that rubber will make an important

Figure 16—Sketch Illustrating Principle of Pneumatic Rubber
Leadlng Edge for Removal of Ice from Airplane Wings

and steel, has enabled rub-
ber technologists to design
products for useful service
under extremely varied con-
ditions. It is now possible to mold and vulcanize rubber
to automobile running hoards, securing excellent adhesion
which eliminates the creeping tendency inherent in cemented
mats. Improvements in the field of adhesion, notably the
Vulcalock bond, have made it possible to secure, not only the
outstanding advantages of rubber compositions, but also the
added mechanical strength or rigidity of other structural
materials.

Rubber is now replacing steel and Silex linings for ball mills
used in the wet grinding of clays, enamels, ores, and Portland
cement. Figure 18 shows the interior of a 7 by 18 foot ball
mill, lined with 1-inch thick slabs of rubber with a stiff backing
of fiber and fabrie, held to the mill shell by special grooved
manganese-steel retainer bars. This mill is used in the finish
grinding of Portland cement and is the result of a systematic
five-year development program on the part of a large rubber
manufacturer. The chief advantages of rubber over steel
linings are ease of installation, quietness of mill operation, and
increased mill capacity, the usual steel or Silex lining being
several times thicker than a rubber lining.

Self-healing cutting blocks embodying thermoprene as a
binder are successfully replacing the maple blocks used under
clicking machines for cutting out leather shoe and glove parts.
The thermoprene blocks have a longer useful life than wood

Figure 18—Interior of a 7 by 18 Foot Ball Mill
Lined with 1-Inch Thick Slabs of Rubber Held in
Place by Grooved Manganese-Steel Retainer Bars
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blocks and show less tendency to chip. Worn blocks can
readily be reworked, since the binder is thermoplastic.

Rubber serves the oil industry in many ways. Of special
interest are recent improvements in high-pressure rotary-drill
hose to meet the grueling conditions of deep-well drilling
service. Such hose, although of fairly large inside diameter
(2'/2 to 3 inches), will stand pressures of 6000 pounds per
square inch under test, and normally operates at pressures of
1000 pounds per square inch or more in deep drilling. One
hose served in the drilling of a 9000-foot California well (one
of the deepest on record), and remained in good enough condi-
tion for further service.

Figure 19—A Rubber-Covered Belt Conveying Crushed Ore,
Illustrating a Type of Abrasive Service in Which Rubber Is
OQutstanding

Rubber-metal pack-off rings of two kinds are utilized in a
new type of high-pressure, deep-well rotary-drill pipe joint
which is thus more effectively sealed against hydraulic leak-
age.

Improvements in oil-tanker suction and discharge hose to
prevent leakage at the nipples have reduced the fire hazard in
the vicinity of docks. The advances in adhesion bonds
between rubber and metal made this development possible,

In the printing industry hand-engraved rubber plates
comprising a metal backing adhered to frictioned fabric, &
layer of cushion rubber, a second fabric layer, and finally a
uniform surface layer of oil-resistant “engraving gum” have
contributed a new process for printing in brilliant colors, both
with water color and oil inks.
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The comparatively recent seamless, laminated, flat belt
construction, in which folded edges are eliminated, and which
utilizes in the rubber the latest advances in'compounding
technic, enabling the use of a close-woven hard duck without
danger of ply separation, has resulted in greater flexibility and
longer belt life in power transmission and conveyor service.
Transmission belts delivering greater horsepower with less
slip and practically no stretch are thus produced. Conveyor
belts made with this construction embody also a new method
for securing the rubber cover at the edges of the belt. A
striking example of the type of service in which such belts are
performing is the case of a high-speed loading belt used to dis-
tribute coal in the hold of a vessel. Coal from an inclined
conveyor drops vertically 60 feet, striking this horizontal
loading belt, which travels at a speed of 4500 feet per minute
and handles up to 2260 tons of coal per hour.

There are innumerable examples of the outstanding per-
formance of rubber belts in service. One installation 565 feet
long handled more than 39,000,000 tons of crushed copper ore
over a period of ten years of useful life, at a total belt cost of
less than 10 cents per 1000 tons (Figure 19). High-speed
projector belts are used to throw dolomite into blast furnaces.

Flat power-transmission belting of the new type, with its
improved flexibility, permits closer hook-ups and greater
driving efficiency than the older constructions containing
folded edges and longitudinal seams.

The combination of rubber with fabric in a unique way has
resulted in the development of multiple-drive V-belts, which

are coming into very wide usage, owing to their exceptional

efficiency and durability, for power transmission on both
horizontal and vertical short-center drives.

Conclusion

The wide range of new uses to which rubber is continually
being applied in the solution of industrial problems renders it
of fundamental importance as an engineering material. Let
engineers, confronted with problems of corrosion, abrasion,
noise, vibration, insulation, flexibility, resilience, or the storing
of resilient energy, point out the needs. New tools are at the
command of rubber technologists—a wider knowledge of com-
pounding, new processing methods, and new ways of combin-
ing rubber with other structural materials, enabling them more
effectively to apply their unique material to the varied re-
quirements of industry.

Literature Cited

(1) Geer and Scott, Natl. Advisory Comm. Aeronautics, Tech. Nole 345.
(2) Scott, J. Franklin Inst., 210, 554 (1930).

Liquefied Helium Produced after Lengthy Experiment

Liquid helium was produced for the first time in the United
States in the Bureau of Standards’ low-temperature laboratory
on April 3. Itis the most difficult of all gases to liquefy, the
boiling point of the liquid being —452° F., or only 7.4 degrees
above absolute zero. The extremely low temperature which this
represents will be realized when one considers that it is ap-
proximately 142 degrees below the temperature of liquid air. .

The process used in the production of liquid helium is an
extremely complex and difficult one. It involves the progressive
production of lowered temperatures by brine, carbon dioxide,
liquid air, liquid hydrogen, and finally by expansion of the
hydrogen to produce liquid helium. By “boiling”” the helium
under a high vacuum a temperature of —456° F. was obtained.

The establishment of fixed points on the temperature scale from
the lowest to the highest attainable temperatures is one of the
basic functions of the National Bureau of Standards. Natu-
rally, the greatest difficulty is experienced in setting up standards
at the two ends of the scale.

Such fixed points as the freezing and boiling points of water
and the freezing point of gold no longer present any particular

difficulties. But in only three other places in the world—
Leiden, Toronto, and Berlin—has helium ever been liquefied.
The successful production of liquid helium at the Bureau of
Standards will aid in the accurate establishment of another
low fixed point for the further extension of the international
temperature scale.

The success attending the experiment comes as the result
of many months of effort on the part of H. C. Dickinson, chief
of the heat and power division; F. C. Brickwedde, chief of the
low-temperature section; J. W. Cook; and R. B. Scott. These
men have worked far into the night on many occasions to over-
come the many obstacles caused by traces of impurities in the
gases and the necessarily limited information available on the
best method of carrying out the process.

The full significance of this accomplishment cannot, of course,
be predicted at the present time, but there is no question that
it is of the highest scientific importance. Many of the phe-
nomena of modern physics, such as some of the postulates of
Einstein and others, can be studied only at these extremely low
temperatures.
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Trisodium Phosphate—Its Manufacture and Use »

Foster D. Snell

130 CLIiNTON ST., BROOKLYN, N. Y.

In the manufacture of trisodium phosphate, phosphoric
acid is added to a solution of soda ash to form disodium
phosphate, with evolution of carbon dioxide. The solu-
tion is diluted and extraneous matter removed by filtra-
tion. Sodium hydroxide, added to the filtrate, converts it
to trisodium phosphate. This solution is diluted, filtered
hot, and crystallized. The crystals of trisodium phosphate
are separated from the filtrate, dried, meshed, and aged.
A spray-congealed product may also be prepared from the
clear trisodium phosphate solution. ;

Caking of the crystals may be avoided either by forma-

industry because of various applications of two proper-
ties. The salt in water hydrolyzes to give a solution
of reasonably high pH value, well buffered at that level
against neutralization. This pH value is higher than that of
soda ash and modified soda, the principal competitive alkalies.
The salt forms insoluble phosphates under conditions which
permit its use for removal of heavy metal ions from solution.
The manufacture of trisodium phosphate is essentially
the neutralization of phosphoric acid and subsequent crys-
tallization. For economic reasons it is desirable to neutral-
ize in two stages as follows:

Nazco:g + }IgPC)‘ = NazHPO4 + H?O + COz
NaeHPO4 + NaOH = N83PO4 + Hzo

THE tertiary sodium salt of phosphoric acid finds use in

The phosphoric acid may be of variable purity and concen-
tration. The process de-

tion of double salts in the product or by spray-con-
gealing.

The value of trisodium phosphate as a detergent is due
to its high pH value in solution, its ability to lower inter-
facial tension against oils or solids, and its marked power
of emulsifying oils. Trisodium phosphate is used as a
detergent in households, laundries, factories, hotels,
dairies, and garages. It is used as a water softener and
boiler compound because of its ability to precipitate cal-
cium and magnesium phosphates. It has many other
miscellaneous uses.

liberated. As the neutralization proceeds, steam is used for
heating the batch to boiling. Slightly more phosphoric acid
is added than that required to convert all the soda ash to
disodium phosphate. The solution is then boiled until
all the carbon dioxide has been eliminated. Since the pH
level at which the third hydrogen of phosphoric acid is
neutralized is higher than that at which the second hydrogen
of carbonic acid is converted to form sodium carbonate, it is
not to be expected that phosphoric acid can be neutralized
further than to the disodium stage with sodium carbonate.
Plant experience confirms this since, if just sufficient phos-
phoric acid is added theoretically to convert all the soda ash
to disodium phosphate, some remains unconverted in the mix.
The practically complete elimination of carbon dioxide
by boiling is insured by laboratory control. At suitable in-
tervals the batch is sampled. One portion of the sample is
. further boiled in the labora-

seribed in this paper is one used

-Phoaphoric Acid

tory; another is not. Both
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Figure 1) equipped with an’
agitator, 7000 pounds of 58 per :
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batch below the disodium
phosphate stage. This solu-
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1 Received December 9, 1930.

Flow Sheet for Trisodium Phosphate
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The diluted disodium phos-
phate solution is filtered
through a deeply recessed
plate-and-frame filter press
(left, Figure 1) and the filtrate
pumped directly to storage
tanks. This filtration is
carried out at 85-100°C. The

Mother L‘\o‘u or
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Figure 1—Tanks and Filter Press Used in Manufacture of
Disodium Phosphate

resulting clear solution of di-
sodium phosphate contains
14.5 per cent P,O5 and 13 per
cent Na,O. The press cake
is washed with water and the
dilute disodium phosphate so-
lution so obtained used as
make-up water for the first
stage of the process. The
cake from the press is waste.

Conversion to Trisodium
Phosphate

In order to convert di-
sodium phosphate to tri-
sodium phosphate it is
necessary to use sodium hy-
droxide. For this causticiz-

Figure 2—Caustic Pots

produce uniform crystals in
the crystallizing units. The
solution goes to the crystal-
lizers through steam-jacketed
pipes at an average tempera-
ture of 70° C. with a ratio of
phenolphthalein to methyl
orange end points of 0.527.
By analysis it shows 9.25 per
cent P.Os and 13.2 per cent
Na,;O. The crystallizers are
of the Swenson-Walker type
(Figure 3), water-cooled,
and are installed in banks
of three, each 24 feet long.
Four such banks in parallel
produce 175,000 pounds of
trisodium phosphate per 24

ing operation 1500 gallons
of disodium phosphate solu-
tion are pumped into a 4000-
gallon iron tank. To this are added appromnately 2800
pounds of sodium hydroxide in 300 gallons of water at 90° C.
(Figure 2). An additional 1000-gallon quantity of disodium
phosphate solution is then added. The evolution of heat by
reaction of disodium phosphate and sodium hydroxide neces-
sitates venting these tanks through the roof of the building
to carry off caustic spray. The boiling point of this liquor
is about 112° C.

As a control on the solution a sample is titrated to phenol-
phthalein and methyl orange end points. At this stage
an excess of sodium hydroxide over that for exact neutrali-
zation is desirable. The ratio of the reading using phenol-
phthalein to the total reading should lie between 0.51 and
0.54.

The solution of trisodium phosphate is next diluted with
mother liquor from the crystallizers to a specific gravity of
1.34-1.40 at 90° C. At that stage it contains 10.5 per cent
P,05 and 15 per cent Na,O. It is then filtered through a
press which is efficiently heat-lagged. This filtration re-
moves any precipitate introduced with the sodium hydroxide.
The trisodium phosphate solution must be kept hot through
this operation or it will freeze in the press.

Crystallization

The trisodium phosphate solution is then pumped to a
common feed tank, where the temperature is adjusted to

Figure 3—Swenson-Walker Crystallizer

hours. The liquor is fed to
the crystallizers through
a visible-feed Wier box at
the head of the machine to give volume control. In the
crystallizers the temperature is reduced from 60° C. to 30° C.
at a uniform rate.

The crystals discharge to a separating pan and are dried
in a centrifuge (Figure 4). The discharge liquor at 30° C. has
a specific gravity of 1.235 and contains 5 per cent P,O; and
7.1 per cent Na,O. In the crystallizers 70 per cent of the
trisodium phosphate has been separated as crystals and only
30 per cent left in the mother liquor. This liquor is stored
in a submerged sump for use in subsequent batches.

The crystals pass from the centrifuge to a rotary drier
(Figure 5). Warm crystals from the drier pass into a rotary
cooler and thence to a screen (Figure 6), where they are
screened and distributed to storage bins in four sizes—coarse,
medium, fine, and powdered. When screened the crystals
have cooled nearly to room temperature. After screening
they are aged 3 or 4 days by storage in piles.

The product then goes to packing and is placed in 125-
pound kegs, 200-pound bags, or 325-pound barrels.

Spray-Congealing

A spray-congealed grade is also produced. The clear,
filtered solution of trisodium phosphate is adjusted to a con-
centration approximating Na;P0,.12H,0, which will congeal
to a solid at room temperature. This liquid trisodium phos-
phate is pumped into the top of a spray chamber. A motor-
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driven atomizer discharges it and during a free fall of 70 feet
the liquid particles assume a spherical form and congeal.
Various sizes are produced by variation of temperature and
concentration of the liquid. The product collected on con-
veyor belts is screened to give a close classification as to size.

This globular form sells without premium as a competitive
grade for the package-goods trade.

Physical Properties

As with all crystalline products, one problem is that of
caking. In general, coarse crystals are produced because the
caking tendencies are less. Government specifications require
that at least 50 per cent of the product pass 10 mesh and be
retained on 100 mesh (5).

Figure 4—Centrifugal Drier for Trisodium Phosphate
Crystals

The introduction of other salts to form double salts with
trisodium phosphate tends to reduce this caking. At least
one manufacturer’s product contains sodium fluoride for
that purpose. Other double salts with sodium chloride,
sodium borate, sodium hypochlorite, etc., have been pro-
duced, a typical one having approximately the formula
5(NasP04,12H,0), NaCl (7). As might be predicted, the
electrometric titration ‘curve of this saline trisodium phos-
phate falls uniformly below that of normal trisodium phos-
phate.

It is highly desirable that the crystals have sharp, even sur-
faces. Caking can be predicted when crystal surfaces are
rough and uneven. Moisture absorption by trisodium phos-
phate does not start at room temperature until the relative
humidity is 60 to 65 per cent. At 100 per cent relative hu-
midity it is rapid, but in all cases is lower than with anhydrous
sodium carbonate.

Another method of obtaining desirable physical properties
has been to spray-congeal the product. This gives a smooth,
globular product with few points of contact, which is corre-
spondingly free-flowing. An offsetting dlsadvantage is that
a lower ratio of surface to mass causes it to dlssolve in water
more slowly than the crystalline form.
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Production and Consumption

The most recent production figures available are given in
Table I.

Table I—Production Figures for Trisodium Phosphate
AVERAGE VALUE

YEAR PRODUCTION VALUE PER ToON
Tons

1927 63,531 $4,524,595 $71

1929 82,045 5,008,815 61

A decline in average value in a period of generdlly advancing
pricesis indicated. The distribution of consumption in 1927
is shown in Table II.

Table II-—Consumption of Trisodium Phosphate in 1927

Pounds % of Tolal

New England 3,411,339 3.11
Middle Atlantic 34,253,088 31.21
East North Central 37,475,365 34.11
West North Central 11,336,824 10.32
South Atlantic and East South Centml 10,712,654 9.75
West South Central 464,890 0.42
Mountain 8,829,578 8.04
Pacific 3,349,751 3.04

Total 109,833,489 100.00

Imports in 1926 totaled only 664 tons as compared with
exports of 1000 tons, mainly to Canada.

USES
Detergents

A material may be valuable as a detergent if it possesses
one or more of the following properties: high pH value, well
buffered in fairly dilute solution; marked lowering of inter-
facial tension against oils and solids; marked emulsifying
power.

The relative pH values of solutions of several common
alkaline detergents are given in Table ITI. Itisevident thata
higher pH value may be obtained with a reasonable amount
of trisodium phosphate than with any detergent available
to the public other than sodium hydroxide. The comparative
practical value is not so clearly shown in terms of pH, a
logarithmic function, as in terms of Coxn.

Table III—Comparative pH and Cog Values of Alkaline Detergents
DETERGENT 0.033% SoLUTION 0.66% SoLUTION
pH C H

oo p CoH
Sodium hydroxide 11.85 0.0071 12.90 0.0794
Trisodium phosphate 10.80 0.0006 11.45 0.0028
Sodium carbonate 10.65 0.0005 11.20 0.0016
Sodium oleate 10.20 0.0002 10.20 0.0002
Modified soda 10.00 0.0001 10.00 0.0001

As a detergent the concentration used in practice does not
ordinarily exceed 1 per cent, a common figure being 1 ounce
per gallon of water.

The lowering of interfacial tension against oils or solids
by trisodium phosphate is not marked as compared with
other detergent alkalies. It is not sufficiently poorer, how-
ever, to react against its use.

For the emulsification of oils it has repeatedly been stated
that trisodium phosphate has remarkable properties. Ex-
perimental work to be published in detail later has shown that
it approaches in emulsifying power the properties of a colloidal
emulsifying agent. No satisfactory explanation of this emul-
sifying power is available.

Trisodium phosphate has almost entirely displaced borax
as a household detergent and is definitely displacing sodium
carbonate for that purpose. It is probably impossible to
estimate the number of manufacturers of household detergent
products having trisodium phosphate as a base. One large
manufacturer packs it without admixture and advertises on a
national scale. Another product sold similarly differs only
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in the addition of a fraction of a per cent of perborate. Others
are admixtures in almost any imaginable proportion with
high and low titer soaps, soda ash, and even with modified
soda. It is used in dish washing for everything from the
finest glassware and silver to greasy or burnt pots and pans.
In the proper concentration it is useful for cleaning painted
woodwork or walls, furniture, marble, tile, cement, linoleum,
rubber, wood floors, and shelving. When used in cleaning
woodwork it removes the oil film which gives the polished
effect. The wood must therefore be given an oil polish after
cleaning.

Figure 5—Jacketed Trisodium Phosphate Drier

As a laundry soap builder the use of trisodium phosphate
has been limited by its price. Tor this purpose the total
alkalinity available is utilized to a much greater extent than
in most uses of alkaline salts. The amount of trisodium phos-
phate required is therefore relatively high. Despite that
fact at least two widely distributed soap builders are composed
largely of trisodium phosphate. It has also been recom-
mended for fine laundering in the home.

It is sold directly in large quantities for use in factories to
remove oil and grease and other stains both from clothing
and from machinery. One peculiar detergent use of tri-
sodium phosphate is in the laundering of greasy overalls. The
basis of its unusual efficiency is believed to be the fact that
calcium soap is often used for bodying grease. The calcium
soap reacts with trisodium phosphate to form calcium phos-
phate and sodium soap and the latter then acts as a deter-
gent.

A large use is in institutions such as hotels and restaurants
where an antiseptic cleaner is necessary. Trisodium phos-
phate is superior to soap for antiseptic cleaning because it
thoroughly removes grease whereas soap often leaves a film
in which bacteria may grow. The cleaning of milk tanks,
pipe lines, pasteurizers, etc., with soap tends to leave a deposit
containing traces of milk. This antiseptic property of
trisodium phosphate is especially important in such places
where the presence of bacteria must be eliminated (10).
For germicidal purposes neither the pH nor the concentration
of the alkaline salt alone is the determining factor (7, 8, 9).

The cleaning of metals, particularly prior to electro-
plating, furnishes an important market. Any film of grease
or fatty acids is distinctly objectionable in this work. Unlike
household and laundry detergency, the use of sodium hy-
droxide is not necessarily objectionable. In this field, never-
theless, trisodium phosphate has found extensive use. It is
sold either alone or admixed with caustic soda, soda ash, and
80aps.
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As a cleaner in garages it is used on metal work aad running
gear. It is often recommended for use on car bodies, but
such use is not advisable. A nationally distributed radiator
cleaner is perfumed trisodium phosphate.

The effect of trisodium phosphate on the hands is one limi-
tation on its detergent use. To some it is non-objectionable,
while others find that it is harmful to the skin. Comparative
tests by measurement of the rate of hydrolysis of standard
hide powder do not indicate that its effect is much more serious
than that of other household alkalies and, as would be ex-

‘pected, its action is not at all comparable to that of sodium

hydroxide.

Many users of detergents lack confidence in trisodium
phosphate because it produces no suds. That probably
hinders its sale, particularly for household use, more than
any limitation in the efficiency of the product.

Water Softeners and Boiler Compounds

The hardness of water varies throughout the United States,
so that requirements for water softening are widely different
in different parts of the country. In general water is soft
around the margin of the country and becomes increasingly
harder as one goes inland. This hardness is due mainly
to calcium and magnesium carbonates and sulfates which
form insoluble compounds on reaction with soap. Chemical
water softeners react to precipitate these so that the full value
of the soap may be utilized. The efficiency of alkaline phos-
phates in precipitating calcium and magnesium phosphates
is high. =

Figure 6—Screening and Classification

In practice it is desirable to use a mixture of phosphate and
carbonate to get the maximum precipitation of calcium,
magnesium, and iron salts. If sodium carbonate is used
alone in a boiler operating at high pressures, an objectionable
concentration of sodium hydroxide may be built up (11).

The amount of trisodium phosphate required to soften 1000
gallons of any water may be estimated by multiplying the
number of parts per million of calcium carbonate hardness
by 0.021, except that a minimum of 4 pounds is usually
specified. One company furnishes a test solution, phenol-
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phthalein, to be sure that sufficient trisodium phosphate is
present to maintain the alkalinity above pH 8.0.

The use of trisodium phosphate as a boiler compound is
closely related to its use as a water softener. Its function
in boiler-water treatment is to precipitate salts which cause
scale formation. The conditions to be overcome in a boiler
are scale formation, corrosion, and foaming. Trisodium
phosphate will have no effect in preventing foaming or
corrosion, but properly used in a boiler compound will
prevent scale formation. Where this problem is the only
one to be met, treatment with trisodium phosphate may be
sufficient.

Bither as a water softener or in boiler compounds trisodium
phosphate is effective, but its use is justified only when in-
telligently preseribed. It is no more a wonder worker than
are other materials similarly recommended.

Miscellaneous Uses

As a paint remover, trisodium phosphate is used at about
1 pound to the gallon, in contrast with the use of 1 ounce per
gallon in cleaning. So applied it softens the paint readily
so that it can be removed with a scraper. It does not raise
the grain as caustic soda would. A closely related package-
goods business is its sale as paint-brush cleaner.

Another use of large crystals of trisodium phosphate is as
bath salts, although it is probably used less for this purpose
than sodium chloride and sal soda.

Trisodium phosphate is recommended as a cleaner for
the face and hands and as a shampoo, although the justifica-
tion for these uses is subject to question.
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Other uses include soaking of hides, stripping of color
from leather, clarification of sugar, and photographic appli-
cations. It is used to inhibit corrosion of steel (4). It has
been used for control of pH during perborate bleaching (6).
When added to chlorine bleach liquor, it increases its effi-
ciency as an ink eradicator against an iron tannate ink (2).
Added to loaf cheeses it is an alternate for trisodium citrate,
serves as an emulsifying agent, and does not give such a
salty taste to the cheese (3).

The claims for its virtues are so broad and numerous that
one manufacturer states, ‘““I'risodium phosphate is the uni-
versal cleaner.”

An enterprising advertiser offers a formula for a marvelous
cleaner which will sell itself. The information available on
payment of five dollars is a list of manufacturers of trisodium
phosphate. Perhaps this is the last word in using trisodium
phosphate to “clean up.”
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Cheaper Power for the Chemical Industry’

W. S. Johnston?

BosToN, Mass,

HE chemical industry probably uses as much steam and

I electricity per ton of finished product as any industry

in this country. Many of the manufacturing units
are small and widely scattered geographically, but others
are very large owing either to their own natural growth or
the amalgamation of a number of smaller ones. In any
case the expense of production reflects the cost of the steam
and electric services required. In the smaller and less modern
establishments the steam necessary for process is generated
locally in part of the manufacturing plant and the electricity
needed for driving the machinery is purchased from the
public utility serving that section.

The costs of both these services are doubtlessly much higher
than they might be under more favorable circumstances.
The boiler plant which makes the steam is probably of such
poor efficiency that were it actually known the plant would
be immediately and thoroughly renovated and modernized.
Owing to the characteristics of the electric load, the monthly
power bills are much higher than they should be. All of
which is directly attributable to the fact that the methods
of manufacture of the product and the machinery required
have been foremost in the mind of the management and have
received greater attention in the effort to decrease manu-
facturing costs to meet the keen competition of rival concerns.

The United States, if not the entire world, is in the midst
of an era of falling commodity prices. The downward trend
will probably continue for another decade, maybe longer,

1 Received January 24, 1931.
? Mechanical engineer.

provided world peace obtains. Upon the return of commerce
and industry to normal volumes, the world consumption of
goods will probably increase in proportion to the growth of
population, with no abnormal ratio of demand to supply.
Hence, in general, the price one obtains for one’s product is
likely to be less in the future than it has been in the past.
Those manufacturers that were hard-pressed to show a profit
heretofore will be facing a deficit unless production costs are
rigorously pared by using only the most modern facilities
in their establishments. With this thought in mind there
will be outlined some of the methods used by leading chemical
plants to effect savings by changing the method of developing
steam and electric services.

Efficient Steam and Electric Energy in Chemical Plant

Ten years or so ago a concern making a well-known and
widely distributed commercial fertilizer built a chemical
plant along conservative lines, but owing to the success of
their particular brand additional plant facilities were re-
peatedly needed. Over two years ago the establishment
found itself greatly handicapped in meeting price competition
by expensive steam costs to which had to be added the power
company’s charge for electrical energy. Steam was being
generated at 120 to 130 pounds in a number of small boiler
units, none of which was modern and efficient or suitable for
the increasing demands of the manufacturing departments.
At this pressure it was delivered to the autoclaves used for
digesting the chemical fertilizer and at lower pressures to
other manufacturing processes. At the same time electricity
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was needed throughout the plant for the mechanical opera-
tions of conveying, agitating, etc.

The management, with keen appreciation of the advantages
of high-pressure steam and the possibilities of by-product
power generation, besought the advice and assistance of
experienced power-plant engineers. An analysis of the manu-
facturing proc-
esses indicated
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are the conventional tubular heat exchangers and take the
steam they require for the respective extraction points on
the turbines. Thus, water is fed the boilers at 345° F,, while
the saturated temperature for 250-pound steam pressure is
406° I'. This recirculation of heat, taken out of the boiler
in the steam it produces, passed through part of the turbine

to transform some

that the auto-
claves could profit-
ably use steam at
a pressure of 250
pounds. Other
processes needed
steam at 125
pounds and still
others at as low as
40 pounds. The
annual quantities
of steam required i
at each pressure : i e
were determined, -
as was also the ; e
yearly electrical
power consump-

tion. TFrom these

data were com-

puted the hourly
quantities for the ;
expected future EN-
rate of production.

A study of the "
commercial steam
turbines available
on the market
revealed that all the electrical energy required could be
generated at the plant if the boilers were designed for 250
pounds pressure. At the same time it was found that the
turbines could be so built that the desired quantities of 40-
and 125-pound steam might be drawn off from their cas-
ings and delivered to process without interfering with the
required electrical output. There were purchased then
three boilers designed to develop a total of 260,000 pounds
of steam per hour at 250 pounds pressure and two 3000-kilo-
watt turbine generators. One boiler and one turbine were
considered as spare equipment to provide for normal out-
ages of the regular units and future growth of the demand for
service.

Owing to its location on tidewater, bunker oil delivered
by barge presented the most economical fuel at the existing
prices. As a provision against the loss of the price advantage
of oil, the plant and boiler units were designed for a quick
change-over to pulverized coal. More than 75 per cent of
the steam output of the boilers is delivered to process and
represents a loss from the power plant’s water system, which
has to be replaced. Water is purchased from two local
water companies, softened by the zeolite process, and thor-
oughly de-aerated in a closed heater to remove all dissolved
oxygen.

To conserve heat and secure maximum efficiency from the
boilers, two devices are employed. De-aeration of all the
boiler feed water requires it to be heated theoretically to
212° F.; actually it is necessary to carry the temperature
around 218-220° F. The heat in the exhaust steam from
the boiler-feed-pump turbines is used for this purpose, any
deficiency being made up by steam from the 40-pound extrac-
tion point on the turbine in service and reduced in pressure
by passing through a valve. The de-aerated water is then
further heated in the 40- and 125-pound heaters. The latter

Figure 1—Electric and Steam Lines Supplying Energy from a Modern Power Plant

of its energy into
electricity, and
returned to the
boiler in the feed
water, is known as
the regenerative
cycle. It is gen-
erally an effective
means of saving
fuel.
Since the water
is fed the boilers at
“such a high tem-
perature to secure
- greater thermal
FOT . efficiency in the
§ turbine room,
B there is no oppor-
= . tunity to add
; economizers to the
boiler units to
lower the tempera-
tures of the exit
gas. For this pur-
pose the designers
used air heaters,
another form of
heat exchanger
wherein the gases resulting from combustion give up part
of their sensible heat to raise the temperature of the air re- -
quired for combustion of the fuel. When it is recalled that
each pound of fuel requires about 16 pounds of air and
17 pounds of gases are produced, some conception may be
gained of the mass flows obtaining and the quantity of heat
units recirculated within the boiler units themselves.

Through the combined use of the regenerative cycle and
preheated air, it was calculated that about a 9 per cent
saving in fuel was effected at the annual output of steam and
electricity for which the plant was designed. Like economy
may be secured at other plants in a similar manner.

As to the operation of the power house in conjunction
with the manufacturing plant, the use of 250-pound steam
in the battery of autoclaves cuts down the time cycle re-
quired for digesting. Steam at both 40 and 125 pounds is
extracted from the turbines, after performing some useful
work in generating electrical energy, and delivered through
the piping system to the various departments. Electricity
is distributed over a number of feeders at the generator volt-
age to all points on the property. Any two of the three
boilers will supply all the steam required up to the maximum
output for which they are designed, but not much more be-
cause the maximum is already pretty high. The turbine
generators, however, have carried continuously more than
3500 kilowatts each. Apparently the manufacturer de-
signed them with ample margin of capacity.

This chemical manufacturing establishment has at its
disposal a power plant designed precisely like a public
utility’s central station, with the same inherent high degree of
economy of operation and reliability for continuity of service.
In fact, the power-plant services are less likely to be inter-
rupted through outages of its machinery than are the manu-
facturing departments by reason of the failure of the process
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Figure 2—Sectional Side Elevation of Boiler Unit in Dyestuffs Plant
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equipment. The use of an automatic combustion-control
system coordinates fuel and water feed to the boilers with
the steam demand. Changes in the electrical load are taken
care of automatically. Thus the human factor is eliminated
ag much as possible to avoid errors and decrease the expense of
operating personnel.

The power plant is now supplying the manufacturing de-
partments with services costing about 20 per cent less than
formerly. The saving is practically entirely due to modern
equipment and by-product power generation, though some
is attributable to more economic use ‘of these services in
process work,

Dyestuffs Plant Increases Its Power Efficiency

Another establishment making intermediates, dyestuffs,
and finished chemicals found it difficult to carry the winter
load, with its increase of steam for heating and of electricity
for lighting, in addition to its normal load of these services
for manufacturing only. The original power plant was well
laid out, but its burden became greater than it could carry.
The boilers were fired with buckwheat No. 3 anthracite from
overhead bunkers through a traveling weigh hopper and scale
upon hand-operated stokers. This method required a fireman
for each of the four boilers, who had to work hard to keep
up steam under heavy loads in barring the fires and shaking
the grates. The two turbine generators, each of 300 kilo-
watt capacity, were carrying full load and the remaining
power requirements were purchased from a public utility.

After an analysis of the situation, the engineers retained
determined that an addition could be built to the existing
power-plant building to house a large high-pressure boiler
unit and a turbine generator could be-set in an available
space in the turbine room. Thus, the cost of the new struc-
ture required for modern equipment was minimized.

Similar analysis of the load indicated that the boiler unit
should develop a maximum of 100,000 pounds of steam per
hour, while at least 1500 kilowatts of electrical capacity
would make some provision for future growth. An examina-
tion of manufacturing requirements revealed that steam was
used at 125 and 400 pounds pressure for process work., It
was then decided to purchase a boiler of the 400-pound
class with a superheater to give steam at a total temperature
of 725° F. and a high-back-pressure turbine generator taking
steam of the above characteristics at the throttle end and
exhausting at 125 pounds pressure while developing up to
1500 kilowatts at full load. The boiler purchased is actually
good for 488 pounds working steam pressure, as it was found
that a boiler built for this pressure costs but little more than
one for 400 pounds.

As the buckwheat size of anthracite had been successfully
used as fuel by this plant for many years and it had a certain
price advantage over other available fuels, it was decided to
continue its use and equip the boiler unit with a mechani-
cally driven stoker especially designed to burn it economically
at high combustion rates. The stoker selected permitted the
use of preheated air delivered under forced draft.

A sectional side elevation of the entire boiler unit is shown
in Figure 2. Attention is directed particularly to all the
latest features contributing to high efficiency. The front
and rear arches are designed to assure the complete combus-
tion of the fuel at minimum maintenance cost, being water-
cooled tubes carrying refractory blocks. The side walls are
similarly water-cooled, with bare tubes above the throat
of the furnace to absorb the radiant heat of the fuel bed. The
temperature of the waste gases of combustion is reduced to
the lowest permissible point by passing them through both
an economizer and air preheater, thus returning large quan-
tities of heat to the boiler proper in the feedwater and the
air required for combustion.
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The forced draft under the stoker was expected to blow
some of the smaller particles of fuel into the gases and they
would be carried out the stack with resultant loss of com-
bustible. To permit these small particles to drop out of
the gases at convenient points, a hopper was built under the
third pass of the boiler, another under the economizer, and
a cinder catcher interposed between the latter and the pre-
heater. The “blow-over” or “fines” thus captured are re-
turned to the furnace and will account for about 1 per cent
additional efficiency. The siftings of fine fuel dropping
through the grate of the stoker are collected and, if found
high in carbon, are disposed of similarly. The heating sur-
faces of the boiler and economizer are kept clean by hand-
operated steam soot blowers.

The efficiency of such a compact boiler unit is unquestioned.
Every known device has been incorporated in it to utilize
the available heat in the fuel fired. The ash discharged
at the rear end of the stoker is very low in combustibles.
Daily operating efficiencies of 85 per cent are customary,
with but a normal amount of work, care, and supervision.

The turbine generator is also a very efficient unit. Ixcept
for a small portion delivered to one of the manufacturing
departments at 400 pounds pressure, the boiler steam is taken
by the turbine and its pressure is reduced to 125 pounds while
generating electrical energy. Thus the latter is a by-prod-
uct of the process of supplying the manufacturing plant
with 125-pound steam. If the demand for steam at this
pressure is greater than the amount of the exhaust from the
turbine because of the limitations imposed by the electrical
load, any deficiency can be made up by passing steam directly
from the boiler through an automatic reducing-pressure
valve to the 125-pound system. This procedure does not
make for better efficiency, but provides flexibility to meet load
conditions. If the temperature of the lower pressure steam
is too high for process purposes, it is decreased by desuper-
heaters. : :

It is evident from the foregoing that the boiler feed water
is all make-up except for the exhaust steam from a couple
of air compressors supplied from the 125-pound system and
any drips that may be returned. The exhaust steam is con-
densed in a de-aerating heater and any deficiency of steam
for de-aeration is made up by passing 125-pound steam
through a reducing-pressure valve decreasing it to a pound
or two. Although the use of the reducing valve does not
add to the plant efficiency, it is an expedient to secure com-
plete removal of all dissolved oxygen in the feed water and
thus avoid internal corrosion of the boiler and economizer
parts.

River water polluted by manufacturing wastes from es-
tablishments upstream is the source of the boiler feed. With
an hourly demand of possibly 85,000 pounds of water, it was
not considered practical or economical to install evaporators.
The water is pumped quite a distance from the river to a
large pond on the property. Alum is used for coagulation.
Pressure filters remove the solid particles. Then the water
is passed through zeolite softeners before being heated in the
de-aerator. The operation of the water-treating and heating
equipment is closely watched to prevent any lapses in the
functioning of the system with possible disastrous results
in the boiler and furnace water wall tubes.

Now as to results at this establishment. There is ample
and sufficient steam at several pressures for all normal re-
quirements in the manufacturing departments and for heating
buildings in general. The maximum electrical load at present
is about two-thirds of the capacity of the turbine generator.
The older generators have been retained as stand-by units.
The original boilers will be remodeled and furnaces modern-
ized to provide for spare low-pressure steam capacity in the
future as it may be required.
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The new boiler unit has effected a 15 per cent reduction in
the annual fuel costs. The non-condensing turbine generator
is supplying electric energy at a fraction of the former costs,
because it is developed as a by-product of the steam supply
service and is very much cheaper than purchased power.

Conclusion

There have been described above the most modern facilities
for the generation of steam and electric services possessed by
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two chemical manufacturing plants. They are ready now to
meet any production schedule imposed by the management
within their capacities. The cost of production per unit of
finished product cannot but reflect the savings effected by
making their own steam and electricity at the minimum
expense. It is hoped other companies in the industry may
find herein an incentive to do likewise and reap similar
benefits.

California Desert Soda’
Plant of the Natural Soda Products Company at Keeler, Calif., on Owens Lake

G. Ross Robertson

UNIVERSITY OF CALIFORNIA AT LOS ANGELES

ANKIND, in quest of sodium carbonate, usually has
M to wrest it from common salt. California, pre-
ferring to be unusual, snatches hers from the des-
ert. And there is plenty to be snatched.” Folks in humid
regions may thank Ernest
Solvay for their soda; the

watershed of the high Sierra Nevada. More recently the
city of Los Angeles, in need of water, diverted the Owens
River into its famous Mulholland aqueduct. Owens Lake,
robbed of a normal supply, shrank greatly, and deposited
vast amounts of commercially
valuable salts. In the burning

golden state thanks Providence, SAN FRANCISCO
freak geography, and a blazing
sun.

About 200 miles north of Los
Angeles, and far inland, lies the
arid county of Inyo. This deso-
late area seems to have been
a playground in past ages for
extreme geological uprisings and
earthly contortions. As a re-
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inland desert, shut off completely
from sea breezes by the tower-
ing barrier of the Sierra, the nor-
mal evaporation from a lake is
about 4 feet. annually, while the
rainfall is but 2 inches. Quite
obviously the lake lost the
race.

Salt Accumulations
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sult, Inyo County boasts the ARES ‘ During the several thousand

highest eminence in the United efh years in which Owens Lake re-

States, Mt. Whitney, 14,500 feet SEARLES ) Q:_"p ceived water without drainage
LAKE S

above sea level; and the lowest
and hottest hole in the United
States, Death Valley, 300 feet
below sea level.

When Nature twisted up Inyo
County, she made several errors
from the drainage engineer’s
standpoint, and left a few sinks
without outlet to thesea. From
the chemist’s standpoint this
was an excellent idea. A hun-
dred million tons or more of so-
dium and potassium salts were

0 LOS ANGELES

SALTON
% SEA
SAN DIEGO

to the outside, minerals predomi-
nating in sodium and potassium
must have delivered an abnor-
mally alkaline charge to the
streams. Owens and Searles
lakes, accordingly, are practi-
cally devoid of the alkaline earth
metals common to salt seas.
The sodium and potassium com-
ponents, attracting carbon di-
oxide from the air, undoubtedly
assisted in the elimination of
calcium and magnesium ions

«+-BORAX FIELD

trapped before they could escape
to the ocean.

Desert Lakes

Owens Lake (Figure 1), almost at the foot of Mt. Whitney
and 11,000 feet below that snowy peak, is the storehouse
where sodium carbonate in particular was collected. To
the south and east are Searles Lake and its great potash in-
dustry; Panamint Basin, unused; and finally Death Valley,
once an important source of borax, now a tourist stamping
ground during certain well-chosen months of the year.

Twenty years ago Owens Lake covered 100 square miles,
and received a large part of its water supply from the east

1 Received February 10, 1931,

Figure 1

from the streams which even-
tually were concentrated to form
Owens Lake brine.

Rough estimates of recent date indicate possibly 35 million
tons of sodium carbonate available in Owens Lake. This
ought to take care even of industrial Los Angeles for quite
a spell. There are perhaps 2 million tons of potential borax
and 4 million tons of available potassium chloride. Or, if
somebody can juggle the phase rule cleverly, let us say nearly
5 million tons of potassium sulfate, which is better yet. The
borax-potash reserves only mildly interest the Owens Lake
producers, since their rivals down at Searles Lake have a brine
somewhat richer in the valued components. Sodium sulfate
and chloride, totaling over 50 million tons, do not arouse even

a ripple of commercial enthusiasm.
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Figure 2—Plant of the Natural Soda Products Company, Showing Carbon Dioxide Kilns to the Right

These colossal tonnages lead to the estimate that Owens
Lake is the second largest soda reserve in the world. First
place seems to be conceded to the Magadi deposit of British
East Africa.

Several corporations have leased rights on Owens Lake,
and have developed plants of somewhat similar type, prin-
cipally for the manufacture of soda ash and closely allied
carbonate products. At least three of these plants are in
active operation, and one, located at Keeler, Calif., on the
northeast shore, has had a long term of successful develop-
ment. The technic described herewith applies principally
to the Keeler plant.

Life in the Desert

Keeler is a nice place to live if you like that kind of a
climate. The mid-day temperature in July and August oc-
casionally falls a trifle under 95° F. in the shade. Nor-
mally it varies between 100° and 110° F., with occasional
spurts to 114° F. To be sure, the altitude is nearly 3700
feet, but that doesn’t seem to do any good. The company
physician says the climate is healthful, but when he gets a case
of pneumonia he must get the patient out of the district
promptly.

Life for the townspeople is somewhat drab and plain.
If there is a tree, a rosebush, or a lawn in town, the writer
confesses that he missed it. A few desert shrubs of sorry
appearance hang on for dear life, proving that the region is
not totally anhydrous. The magnificent Owens Valley
highway not far to the west leads easily to the oranges and
rose bushes. Accordingly, Keeler is said to have one of the
highest ratings on concentration of automobiles in the United
States.

Rain is just a rare nuisance to which nobody feels accus-
tomed. The visitor notices a thousand tons of sodium bi-
carbonate stored out under the open sky. A board fence
surrounds it, probably so that it will not blow away; but
the scant rainfall does not warrant the expense of a roof.

Changes in Lake Brine

The extraction of sodium carbonate from Owens Lake brine,
like that of potash from Searles Lake, is beset with complica-
tions due to the number of constituents present. Further-
more, the tactics of the Los Angeles water department have
added still more to the complexity of things by causing

changes both in concentration and relative proportion of the -

ionic constituents due to crystallization in the lake bed. Two
analyses, one of April, 1918, the other of 1930, lead one to

sympathize with the chief chemist in his desire to standardize
his process:

1918 1930
To by wt % by wi.

Na:COs 4.16 9
NaHCO; 0.88 1.2
Na:B4O7 0.27 1
Na:SO4 1.76 3
NaCl 4.27 16
KCl1 0.51 1.5

The 1930 column shows only rounded-off values, there
being no uniformity in analyses taken from different parts of
the lake, nor at different seasons from any one location.
Moreover, the expression of composition as complete salts
does not represent conditions strictly as they are. For ex-
ample, pending a study of pH values, one might guess that
the borate exists largely as metaborate ion, BO,~, rather
than the tetraborate, B;O;——. If such be true, one would
then have to adjust the tabular values for carbonate and bi-
carbonate to suit.

In view of the fact that the plants are taking out carbonates
from the lake and returning the undesired sulfate and chloride,
one might wonder if the analytical changes from decade to
decade might not be thus accounted for. Desert experts do
not feel, however, that the industry has had an appreciable
effect; rather the shifts in proportions have been due to ir-
regular crystallization from more or less natural causes.

At Keeler both solid and solution are used as raw material.
The solid is “trona,” or native sodium sesquicarbonate,
Na,C0;.NaHCO;.2H,0.

Ancient Soda

Trona, though little known in common technology, is by
no means new in the chemical world. Probably the ancient
“nitrum,” “natrum,” and ‘“natron” soda preparations of
early civilizations consisted largely of this substance. Such
crude natural soda was known at Fezzan, Egypt, and in
various locations in India, Persia, and Hindustan.

The word ‘“‘trona” is but another of the various corrup-
tions of the original word. After further vicissitudes of
language, it has finally landed in the atomic weight table as
“natrium” and is tagged “Na.” To add to the rhetorical
complication, the potash interests of Searles Lake have named
their bustling little desert town “Trona.” This is interesting
in view of the fact that sodium carbonate is one of the prin-
cipal things the potash people throw away in their process.

The Mineral Trona

Trona seems to be the solid phase which is produced natu-
rally from many desert-lake brines upon solar evaporation.
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Slow natural crystallization often yields it in beautiful
large crystals resembling colemanite (calcium borate). More
often it crystallizes rapidly in less attractive form. It may
be seen at the present time widespread over vast acreages of
the Owens Lake bed, as illustrated in Figures 3 and 4. In
this form it resembles dirty snow which has survived periods
of partial thaw and refreezing. It is not by any means pure
sesquicarbonate.

Figure 3-—Shoveling Trona on Owens Lake

This material is calcined at Keeler, and then shows a
variable purity value, ranging around 70 per cent. Hundreds
of tons of the product are shipped monthly to the San Fran-
cisco industrial district, where it is converted into crude
caustic soda. Apparently the economy in buying crude trona
outweighs the advantage of higher purity available in the
purified product, particularly where the ultimate product of
caustic soda goes into the oil-refining trade.

Plant Operations

Both natural trona and brine are employed. First the
lake brine is allowed to evaporate in solar ponds, or “vats,”
until its concentration attains a value favorable for blending
with trona (Figure 5). The trona, which by this time has
been shoveled up into windrows and hauled in with narrow-
gage dump cars, is dissolved in fresh water to a suitable con-
centration, and is mixed with brine in proportions dictated
by the season and temperature.

Although Keeler is torrid in July, it is frost-bitten in winter.
It is thus frequently necessary to heat the brine before it runs
the gauntlet of the plant. By the partial use of natural crys-
tallized carbonate, the alkali content is run up high enough
to render the isolation of bicarbonate efficient. On account
of the scant water supply, it would hardly be feasible to
attempt purification of the trona alone without recourse to
the large supply of brine. Furthermore, the process of crys-
tallization of bicarbonate is favored in the presence of foreign
salts.

The obvious advantage gained by blending is found in a
uniform brine composition for plant use. A standardized
plant technic is thus attained. The dilution of the lake brine
with the second component also reduces the silicate content,
which is otherwise difficult to keep out of the final product.

A quantity of blended brine is kept on hand at all times
in emergency storage, ready to enter the carbonation towers.
These towers are merely very tall, open wooden tanks. Car-
bon dioxide bubbles through the brine until so large a fraction
of carbonate ion has been converted into bicarbonate that
further passage of gas is not rewarded with a corresponding
value in precipitated product.
duced in its familiar form as a fine granular mass.

The thin sludge of bicarbonate in brine is filtered and the
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solid washed on a rotary Oliver filter, as seen in Figure 6.
The bicarbonate is blown off upon a belt conveyer leading to a
kiln drier.

Sources of Carbon Dioxide

The carbon dioxide required in the process is made by cal-
cination of the native dolomite mined in the hills near Keeler.
Flue gas, naturally suggested as an economical substitute, has
too low a percentage of carbon dioxide to drive the desired
reaction to a sufficient extent. Examination of the carbona-
tion equilibrium shows a critical dependence upon gaseous
concentration: :

H,0 + CO; + CO;~~ = 2HCO; ™

Inasmuch as carbon dioxide is but slightly soluble in water,
and perhaps less soluble in brine, it is of great importance
to keep its concentration at maximum value if a high yield
of bicarbonate is to be obtained. Ten cubic feet of flue gas,
carrying about 10 per cent of carbon dioxide, would hardly
replace 1 cubic foot of pure carbon dioxide. There is not en-
tire agreement, however, among the rival producers in this
matter.

The Keeler plant, therefore, continues to use dolomite.
Thousands of tons of an equimolal mixture of CaO and MgO—
or their weathered products—are piled up on the desert
landscape. This material awaits somebody with a bright
idea of what to do with it.

Carbonation Efficiency

Theoretically the plant needs no supply of carbon dioxide
beyond the capital stock, as long as it markets carbonate
rather than bicarbonate. The carbon dioxide which is ab-
sorbed in the bicarbonate intermediate is shortly expelled and

Figure 4—Natural Trona Bed, Ready to Harvest

returned to the start of the process again. Losses are inevit-
ably serious, however, in the absorption and expulsion of so
inert a reagent as carbon dioxide. In practice the plant
during one cycle wastes about half of the gas which in theory
would be the constant stock-in-trade of the process.

Semi-Carbonation

Certain other experts in the desert soda industry, object-
ing to the excessive waste of carbon dioxide in the bicarbon-
ate process, prefer Nature’s method—viz., carbonation to
the sesqui stage only—at high brine concentration and not
too high temperature. Thus they are enabled to prepare
artificial trona itself in the plant. Since the liquor is not
heavily carbonated in this scheme, it is possible that flue
gas would carry the reaction far enough, with obvious
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economy. This planisnotfavored
at Keeler, however, on account
of the relatively high solubility
of sesquicarbonate in processed
brines.

Light Soda Ash

The sodium bicarbonate at
Keeler is partially dried, care be-
ing taken not to expel any im-
portant amount of carbon dioxide.
It is preferably stored in this form
during times when production of
soda ash would outrun shipments.
The bicarbonate is now calcined
in a large rotary kiln and the car-
bon dioxide recovered. The resi-
due is “light soda ash,” a product
acceptable to some industries, and
thus ready for shipment. Analy- ALy
sis of one of the Owens Lake FURNACE
commercial products gave the fol- |
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granulated grade of quick-cooking
tapioca.

The light ash is melted at
about 850° C., and the fused
liquid poured in a small stream
into a blast of compressed air.
The atomized product is blown
out from 10 to 20 feet in a room
well lined with fire-proof material.
An attendant stands on a balcony
above this holocaust. He was
asked what the place was like in
summer, with the thermometer at
112° F. in the shade outside.
The expected answer was ob-
tained.

The globular sodium ‘carbon-
ate is ground, yielding a dense
powder which is favored particu-
larly in the glass industry. In
fact, ground globular ash is the

GRINDER
] densest carbonate obtainable in

BINS Bivs the market.

lowing typical analysis: screens [ L) et Part of the soda ash is rendered
dense by the water process, in

% Birs the manner familiar in the East.

Na:COs 98.16 The light soda ash is hydrated
N 0500 SToRRa s slightly, perhaps to the mono-
ﬁﬁgo. 8‘23 hydrate. Calcination of the hy-

Si0: 0.25 b b el drated cake, with resultant ex-
dspesn b Shioe g Gawr | piwr e ey pulsion of water vapor only,
MgCOs Trace Figure 5 vields a somewhat granular ash

Since the desert soda does not figure in food or medicinal
products, the above impurities raise no question.. In fact,
the borate content makes the desert ash just so much more
valuable to the glass manufacturer, a principal consumer.

Dense Soda Ash

The expulsion of steam and carbon dioxide from the bi-
carbonate in the standard process leaves the alkali in a
fluffy, dusty condition. It is of low density, not readily
compressed, and objectionable to people who have to shovel
and;dump the product. These mechanical difficulties lead to
the conversion of the Keeler product largely into a more
condensed form, known as ‘“globular dense ash.” This
novel product emerges in pellet form, suggestive of the finely

Figure 6—Oliver Filter Handling Sodium Bicarbonate

; that is popular with some con-
sumers. , The Keeler plant offers no less than ten grades of
soda ash, differing principally in form or state of division.

Marketing Problems

Carbonate products from Owens Lake are consumed
largely in the Los Angeles and San Francisco industrial dis-
tricts. On account of the long, high barrier of the Sierra
Nevada Mountains, it is necessary to haul the product down
into southern California before there is access to the coastwise
rail service to San Francisco. Fortunately there is a narrow-
gage railway with terminus at Keeler, built long ago to serve
mining interests of eastern California and Nevada. This
connects with the newer broad-gage Southern Pacific line
which was built in the Owens Valley to handle the aqueduct
job.

The distribution of soda ash on the Pacific coast runs ap-
proximately on the following schedule:

%
Glass industry 55
Soap 25
General chemical manufactures 10
Miscellaneous, including household 10

A detailed report on saline waters and deposits of the Cali-
fornia deserts has been given by Gale (). References to
other papers are given more recently (2). :

Acknowledgment

The writer wishes to thank David B. Scott and John E.
Skelton for assistance in the preparation of this manuseript.

Literature Cited

(1) Gale, U. S. Geol. Survey, Bull. 580-L (1914).
(2) Robertson, INp. ENG, CuewM,, 21, 520 (1929).



482

INDUSTRIAL AND ENGINEERING CHEMISTRY

Vol. 23, No. 5

Figure 1—Plant of Shawinigan Chemicals, Ltd., Shawinigan Falls, Que., First Producers of Synthetic Acetic Acid in America

Acetic Acid and Cellulose Acetate in the

United States'

A General Survey of Economic and Technical Developments

OST people are ac-
M quainted with acetic
acid in the form of
vinegar. Probably few of
them realize that acetic acid
is also an industrial chemi-
cal produced in a variety of
ways from the most dissimi-
lar materials, and vitally
necessary for the production
of such apparently unrelated
commodities as lacquer sol-
vents, white lead, and one
type of regenerated fiber.
Acetic acid is closely re-
lated both chemically and
economically to wood and
molasses, which are its chief
ultimate parent substances
today. For its immediate
ancestors it has acetate of
lime, alcohol, and acetalde-

Everett P. Partridge

1440 EAsT PARK PLACE, ANN ARBOR, MICH.

This survey is an attempt at a general view of the
acetic acid industry in the United States and of the
cellulose acetate industry as it affects the consumption
of acetic acid. The survey is divided into five parts
dealing, respectively, with (1) the general developments
affecting the manufacture of acetic acid since 1914;
(2) the general technology of the various processes used
or proposed for the manufacture of acetic acid; (3) the
production of acetic acid and its consumption in
various industries during 1929; (4) the general develop-
ment of the cellulose acetate industry in the United
States; and (5) the manufacture of cellulose acetate as
it affects the consumption of acetic acid and acetic
anhydride.

While this survey cannot pretend to be a compre-
hensive record of all technical developments or a com-
plete economic study of the wide ramifications of acetic
acid in industry, it is hoped that it will prove valuable
both as a general summary for the person acquainted
with the industry and as an introduction for the person
without previous information on the subject.

tives in the United States in
the past ten years, is a story
involving the most diverse
aspects of our civilization.
Physical chemistry thumbing
its nose at Prohibition, over-
production riding on the back
of supersalesmanship to a
most discomforting fall,
deadly competition between
the principles of chemical de-
composition and of chemical
synthesis in the production
of materials, with chemical
engineering and “ordinary
practice’”’ in continuous com-
bat along the whole front, all
contribute their very serious
or equally comic portions to
the composite picture, which
is sketcheld rapidly in the
following survey.

hyde, which may eventually be joined by methane, methanol,
carbon monoxide, carbon dioxide, or what not, as the organic
chemist and the chemical engineer join forces to extend the
domain of chemical synthesis. The other family relationships
are badly scrambled, for while acetic acid may be the son of
acetate of lime, he is the father of sodium acetate, who in turn
begets acetic anhydride, who has only to take up water in
the production of cellulose acetate to reproduce acetic acid.
And nobody ever could certify whether the egg or the hen
came first in the ethylidene diacetate cycle.

The story of acetic acid, its source materials and its deriva-

1 Received March 12, 1931.

GENERAL DEVELOPMENTS SINCE 1914

Before the World War the world’s supply of acetic acid
and of acetone was derived almost entirely from acetate of
lime. Approximately half of this material came from the
United States and Canada (20), while a large part of the
other half was produced within what is now Czechoslovakia.
Approximately 40 per cent of the American production was
exported (15), largely to Belgium (/7). Most of this went
from Antwerp up the Rhine into Germany. The total
capacity of wood-distillation plants in the United States and
Canada in 1914 was estimated at 5274 cords per day (11),
but records from a private source set the figure about 500 cords
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lower; as shown in Table I, the United States production of
acetate of lime for that year was 166 million pounds.

War Emergency Developments

Within a year after the start of the war, the available stocks
and current production of acetate of lime had been fully
utilized, and the British Government was searching desper-
ately for other sources of acetic acid and acetone, particularly
the latter, which was indispensable in the manufacture of
cordite. This emergency was father to a number of develop-
ments, such as the fermentation of kelp on the Pacific Coast
by the Hercules Powder Company to produce calcium acetate
for acetone manufacture (1), the fermentation of corn by the
Fernbach and Weizmann processes to produce acetone and
butanol, a large increase in the production of acetic acid from
alcohol by the quick vinegar. fermentation process, and the
production of acetic acid by synthesis from acetylene.

Both the Weizmann process and the fermentation of alcohol
were to figure prominently in the post-war development of
solvents. The distilleries at Terre Haute, Ind., in which
the Weizmann process was operated for the British Govern-
ment during the latter part of the war, subsequently became
the Commercial Solvents Corporation, and the process,
originally intended to supply acetone, became the source of
butanol and hence of butyl acetate, with acetone in the
role of by-product severely limiting the manufacture of ace-
tone from acetate of lime. The quick-vinegar fermentation
plant of the U. S. Industrial Chemical Company was pro-
ducing the equivalent of 70,000 pounds of 100 per cent acetic
acid per day in 1918, which was converted into calcium acetate
for the manufacture of acetone (20). With the develop-
ment of nitrocellulose lacquers after the war, this plant
found a new outlet in the production of ethyl acetate.

SynrHETIC ACETIC Acip—The synthesis of acetic acid
from acetylene was perhaps more significant than any of the
wartime developments previously mentioned. It was first
worked out in Germany, and is deseribed in the Wunderlich
patents of the Consortium fiir elektrochemische Industrie
from 1907 on. Considerable conflict between these patents
and those of Griinstein, dating from 1910, enlivened the
technical press in Germany during and after the war. The
fundamental process in each case was the conversion of

Table I—Statistics
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This Canadian plant located at the power and carbide
developments at Shawinigan Falls, Que. (Figure 1) was
intended to supply the desperate need of the British munitions
manufacturers for acetone. Starting in December, 1915,
with what was available in the German patent literature, a
group of Canadian chemists headed by H. W. Matheson car-
ried the process from the laboratory to the first carload of
production in fourteen months.

During most of the first year acetone was the final product
desired. As acetone became available from plants using
fermentation processes, and as the demand for cellulose
acetate dope for airplane wings increased, the Canadian plant
was switched late in 1917 to the production of acetic acid.
When the United States entered the war in 1918, the capacity
of the Canadian plant was 800 tons of 99.8 per cent acetic
acid per month. A second plant to double this capacity
was at once built for the United States. At the close of the
war the production at Shawinigan Falls was equal to half of
the United States production of acetic acid from calcium
acetate (27).

Post-War Developments

The end of the war meant an immediate decrease in the
manufacture of war supplies. This, coupled with the general
deflation of 1921, did not offer a particularly cheerful out-
look either to the producers of synthetic acetic acid or to the
wood distillers, both of whom recognized the inevitable com-
petition for peacetime markets. Severe competition was
postponed by the rapid increase in industrial activity in the
United States subsequent to 1921. The development of
nitrocellulose lacquers, the start of cellulose acetate produc-
tion, and the application of chemical engineering to the prob-
lems of supplying bootleg liquor, all created new markets for
acetic acid in addition to the general expansion of old markets
on the advancing wave of prosperity. This period lasted
well into 1929, when the wave at last collapsed into foam.

In the meantime the Shawinigan interests had pooled
their experience with the resources of the Carbide and Carbon
Chemicals Corporation and the du Pont organization in
establishing the jointly owned plant of the Niacet Chemicals
Corporation at Niagara Falls, N. Y., for the synthetic pro-
duction of acetic acid in the United States. This plant went

for Calcium Acetate

U. S. PRODUCTION® A{gﬁii' AVERAGE VALUE PER POUND
YEAR 5 : IMPORTSH EXPORTSD PRODUCTION -+
P Made an for IMPORTS — : 2
Total R oReined S9E o Production Imports Exports
1000 1bs. 1000 lbs. 1000 1lbs. 1000 1bs. 1000 1bs. 1000 Ibs,
1909 141,478 $0.015
1914 166,084 2,562 163,522 0.013
1919 168,956 15,046 153,910 0.017
1921 61,316 5,868 55,448 0.013
1922 27,596 $0.021
1923 161,556 16,988 144,588 21,952 0.033 0.037
1924 23,166 0.032
1925 163,446 18,142 145,304 22,038 0.024 0.031
1926 157,078% 4,934 18,588 143,400 $0.031 0.034
1927 156,280 18,248 138,032 6,894 11,634 151,600 0.029 0.033 0.035
1928 132,098% 9,006 11,172 130,000 0.035 0.033
1929 140,518b 24,374d 116,144¢ 24,584 102 165,000 0.040 0.041 0.064

4 From Census of Manufactures, except as otherwise noted.
b From Bureau of Foreign and Domestic Commerce,

¢ Preliminary report, Census of Manufactures.

d Estimated by difference.

acetylene to acetaldehyde in the presence of a catalyst of
mercuric oxide. The acetaldehyde was subsequently purified
and oxidized to acetic acid. A German plant is said to have
been in operation two or three years before the outbreak of
the war (20), although Marshall (25) claims that the plant
of the Canadian Electro Products Company, which was built
during 1916 and started production in January, 1917, was
the first venture on a commercial scale.

into production in 1927 with a capacity estimated at 3000
tons of acid per year, and is said to have commenced expan-
sion of its facilities in 1929 to give a production capacity of
15,000 tons per year. As business gradually improves
in the coming months it is probable that Niacet will make a
determined effort to operate at capacity and the severest
competition may be anticipated between synthetic acetic
acid and that derived from calcium acetate. Since the 1930
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tariff revision raised the duty on acetic acid of less than 65
per cent strength from 0.75 to 1.37 cents per pound and
retained the duty of 2 cents per pound on acid above this
strength, the importations from Canada will probably be
supplanted to a considerable extent by domestic production.

PRODUCTION OF ACETIC ACID

The rapid development of cellulose acetate in the United
States in recent years and the great interest in the special
properties of this material have led to much speculation
concerning its future. As a necessary corollary there has
been an equal amount of discussion concerning acetic acid
and acetic anhydride. A survey of the methods of pro-
duction and an estimate of the economic situation with
respect to acetic acid is accordingly presented here. Addi-
tional details and patent abstracts on acetic acid manu-
facture are given in a series of articles by Mullin and Hunter
(81).

Commercial Methods of Producing Acetic Acid

Three general primary methods of producing acetic acid
are in use today. The oldest is the fermentation method,
well known to anyone who has had a cherished jug of cider
go to vinegar. The next method is the destructive distilla-
tion of wood, which may also be applied to other cellulosic
materials such as corncobs, straw, kelp, or peach pits. The
newest method is chemical synthesis, in which acetylene and
ethylene are at present the most important building blocks.

Aceric Acro BY FermeENTATION—The production of
vinegar as such lies outside of the scope of this discussion.
A considerable amount of acetic acid is, however, produced
for industrial use by the quick-vinegar fermentation process.
Tall vats filled with beechwood shavings as a contact surface
and a support for the ferment are used in series. A dilute
mixture of alcohol and vinegar is introduced at the top of the
first vat and trickles down over the shavings countercurrent
to the natural convection of air sent up by the heat of the
oxidation reaction. The air enters through a perforated
false bottom and passes from the top to a scrubber, which
removes alcohol and acetic acid. The liquor leaving the
bottom of the tank is richer in acetic acid than the entering
liquor, and is introduced at the top of the next vat. The
temperature is maintained at approximately 30° C. by con-
trolling the rate of air flow. The maximum concentration
of acetic acid obtained is limited by its effect on the ferment
which cannot live in a concentration of more than 13 or
14 per cent. Acetic acid and alcohol are distilled from the
final liquor, and used with additional alcohol in the manu-
facture of ethyl acetate.

Woop-DistiLLATION INDUSTRY—Descriptions of the usual
type of wood-distillation plant have been given by Hawley
(I8, 19) and a rather complete article on the operation of
the Stafford process has been published by Nelson (33).
Further description of the technology prior to the recovery
of acetic acid will not be given here, since the developments
have been largely in the mechanical equipment. The recent
chemical engineering developments in the recovery of acetic
acid will be mentioned, since they appear to offer definite
advantages in cost reduction and improvement of product.

Until very recently none of the wood distillers produced
acetic acid directly. The calcium acetate obtained by neu-
tralization of pyroligneous liquors was recovered and was
largely sold to other concerns, which converted it into ace-
tone or acetic acid. Increasing competition encouraged the
search for more economical and more efficient methods, and
various processes for obtaining acetic acid directly from the
pyroligneous liquors were proposed. Of these the Brewster,
the modified Brewster, and the Suida processes are now in
commercial operation in the United States.
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Brewster Processes. The original Brewster process (3)
depends upon the extraction of acetic acid from the pyro-
ligneous liquors by means of ethyl ether, which has a boiling
point well below that of acetic acid. A recovery of 98 or
99 per cent is claimed for a countercurrent extractor without
agitation, but with a type of packing designed to give inti-
mate contact. By distillation of the ethyl ether solution
acetic acid of 65 to 70 per cent strength is obtained. Some-
what more concentrated acid may be recovered by adding
various hydrocarbons to the ethyl ether used for extraction
in order to decrease the solubility of water in the ether, but
more solvent is required in this case. The availability of
isopropyl ether in commercial quantities as a result of the
developments of the Carbon and Carbide Chemicals Cor-
poration made possible an improved modification of the Brew-
ster process. The same degree of recovery is obtainable,
but practically water-free acid is produced, owing to the fact
that isopropyl ether dissolves but very little water and with
the addition of certain other substances forms a constant-
boiling mixture with this water. The steam consumption for
the modified Brewster process is approximately half that
for the original Brewster process, because no fractionation
is necessary. The poorer partition coefficient with isopropyl
ether is a slight disadvantage, but the higher boiling point of
this substance materially reduces solvent loss, particularly
in warm climates where difficulty used to be encountered in
condensing ethyl ether with the water supply available.

The original Brewster process is reported to have been in
use at one 220-cord wood distillation plant in New York, at
two plants totaling 184 cords capacity in Pennsylvania, and
on approximately 110 cords capacity at a plant in Tennessee.
The Brewster process has been used in England, and it is to
be included in a large plant now being built in TU. 8. S. R.
The process has also been used for the recovery of acetic acid
from the carbonization of peach and apricot pits on the West
Coast. Themodified process has been applied to the reconcen-
tration of the dilute acid obtained in the production of cellu-
lose acetate, an installation having been made recently at the
Tubize-Chatillon plant at Rome, Ga. The modified process
may be applied abroad as well as in the United States, but at
present this will require the exportation of the requisite iso-
propyl ether from the United States.

Suida Process. The Suida process is also an extraction
process, but a solvent with a boiling point well above that
of acetic acid is used. The extraction may be carried out
with the acetic acid in either the liquid or the vapor phase,
associated with water, methanol, and other impurities (40).

The first plant to adopt the Suida process in this country
was the Forest Products Chemical Company, at Memphis,
Tenn., which uses high-boiling wood oils from its own opera-
tions as the solvent, and carries out the extraction from
a superheated vapor phase. The acetic acid is subse-
quently separated from the solvent by vacuum distillation
with an over-all recovery of 95 or 96 per cent. Steam con-
sumption during a test run was found to be 0.565 pound per
pound of feed (23).

While the Suida process is theoretically capable of pro-
ducing glacial acetic acid, up until early 1930 the Forest
Products Chemical Company was marketing acid of about
80 per cent strength. This material had a yellow color,
but was not contaminated with oil as rumored by various
interested parties. Changing market conditions following
the depression late in 1929 necessitated rearrangement of
the process to produce a practically water-white product of
higher concentration.

The present arrangement of the Suida process is indicated
in the flow sheet of Figure 2. The chief changes from the
previous set-up described by Krase (23) are the replacement
of the 10-plate upper vacuum column by one with 29 plates
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and the insertion of a reboiler between
the upper and lower vacuum columns.
The original 10-plate upper column
gave very little rectification. The
product was drawn from the condenser
at the top and only enough reflux was
carried to hold back the oil. The prod-
uct contained any water that was not
removed from the oil in the dehy-
drating column below the scrubbing
column.

The new 29-plate upper vacuum
column is equipped with condensers of
large enough capacity to carry a fairly
heavy reflux. The temperature in the
reboiler between the upper and lower
columns is maintained by a Foxboro
controller at a high enough level to
revaporize most of the reflux from the
upper column, so that only high-boil-
ing material is allowed to pass back to
the lower column.

The small amount of condensate
from the top of the upper column
carries about 15 per cent acid and is
returned to the pyroligneous storage
tanks for return through the process.
The product, practically water-white
and containing 90 to 95 per cent
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ing the height of the column, since the
oil-acid mixture from the scrubbing
columns is superheated with respect to
the vacuum column and the acid vapor
is flashed off in the latter.
Considerable development work is
still being done in this country on the
Suida process. It is being installed in
the new plant of the Crossett Chemi-
cal Company at Crossett, Ark., affili-
ated with the Forest Products Chemi-
cal Company, and some existing wood-
distillation plants are said to be con-
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Figure 2—Flow Sheet of Acid Department of American Installation of the Suida Process
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as specified in their British Patent 327,444, granted April
3, 1930.

The wood-distillation plant of the Ford Motor Company at
Iron Mountain is unique in many respects, among them its
production of ethyl acetate by a direct process. Pyroligneous
acid liquors freed from tars are fed to a continuous de-alco-
holizing still from the bottom of which a 15 per cent acetic
acid is obtained. This is treated with ethyl alcohol and sul-
furic acid to produce ethyl acetate (33).
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Figure 3—Composition of Liquid on Plates of Vacuum Frac-
tionating Column in Suida Process Installation at Forest
Products Chemical Company

Brewster’s scheme of using relatively low-boiling extracting
solvents and Suida’s system of using high-boiling solvents
represent two general viewpoints which have been illustrated
by many patents on various materials. Recent developments
along these lines are given by Guinot (16), who favors the
use of amyl, butyl, and ethyl acetates, and by Nasakin
(32), who describes a new solvent prepared from crude wood
alcohol and coal tar.

Comparison of Various Processes. The relative merits of
the various systems cannot be discussed here exhaustively
for lack of specific information. A few points may be men-
tioned, however. In the Brewster process the methanol must
be removed before extraction with the solvent and, either
before or after the removal of methanol, the pyroligneous
acid must pass through a primary distillation to remove
soluble tar. There is some loss of acid in this step, and the
recovered methanol is higher in esters, particularly methyl
acetate, which represents another loss as far as acetic acid
is concerned. The Suida process as operated in Europe is
subject to this same loss, as the methanol is removed before
the extraction step. In this country, however, as indicated
in Figure 1, the methanol is carried through the scrubbing
columns, and the vapors, practically free from acid, are
condensed and fed to the crude-alcohol column. The per-
centage of esters in the crude methanol is approximately
half that obtained when the methanol is removed preceding
extraction.

In the Brewster and similar processes using extracting
liquids soluble in water, the water must be put through an
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exhausting column to recover solvent. In the acid-recovery
step, the solvent must first be distilled out of the acid-solvent
mixture, and then the residual acid is put through a fractionat-
ing column to yield a portion of finished acetic acid and a
residue containing higher acids which must be worked sepa-
rately. The recovery of a clean distilled solvent for re-use
may or may not be an advantage, depending upon conditions
and costs. In the modified process using isopropyl ether
the production of glacial acetic acid directly is a distinct
advantage.

In comparison with the extraction processes using low-
boiling solvents, the Suida process has a simpler cycle.
Pyroligneous acid, free from soluble tar, goes directly to the
primary stills, the vapors from which pass up through the
serubbing column (Figure 4) against the flow of the extract-
ing oils. The alcohol-water mixture from the top of the
scrubbing columns goes to the alcohol-recovery system, while
the oil-acid mixture from the bottom of the serubbing columns
feeds into the vacuum column, which yields directly a con-
centrated acid. The oil, stripped of acid, is withdrawn from
the bottom of the vacuum column through a cooler and is
returned to the top of the scrubbing column.

The Suida process has the advantage of utilizing wood
oils produced within the wood-distillation plant. The cost
of oil is low, about $4 per ton of 100 per cent acid recovered,
without crediting the fuel value of the oil. It is claimed
that the process utilizing isopropyl ether requires less steam
than either the original Brewster or the Suida processes.

The chief objection which has been raised against the Suida
process is the possibility of contamination of the recovered
acid with oil. It is claimed, however, that the product
from the process as operated in this country has always been
completely miscible with water in all proportions. The
quality of the present product is indicated by the following
analysis made by a prospective customer:

% by wl.

Total acid (as acetic) 91.9
Impurities:

HCI Trace

S0s Trace

SO2 Trace

Formic acid 0.78
Sodium salts method on anhydrous acid:

Acetic acid 99.15

Formic acid : 0.85

Acids of higher molecular weight (as

propionic) Trace

Sample clear, slightly yellowish in tone, no odor of butyric in sodium
salts.

This is supported by a customer’s analysis of a tank-car
shipment, which showed:

% by wt.
Total acid (as acetic) 93.95
Reducers (as formic) 1.02
Aldehydes (as acetaldehyde) 0.039
Sulfates 0.000
Chlorides 0.000
Specific gravity, 15.5° C. 1.067
Miscibility with water Complete
Miscibility with benzene (1:1) Complete

It is said that the Suida process is being used in Europe for
the re-concentration of weak acid from cellulose acetate plants
for re-use in the process.

CueMicAL TrearMeENT OF Woop—Instead of destructive
distillation of wood to obtain acetic acid, it is possible to
produce it by chemical treatment. One interesting experi-
ment is reported by Mahood and Cable (24), who fused saw-
dust with soda ash and obtained yields of from 17 to 20 per
cent of acetic acid. Little has been done along this line on
an engineering scale, however.

SynTHESIS FROM ACETYLENE—The process developed at
Shawinigan Falls involved several steps for the production of
glacial acetic acid. Acetylene was produced from calcium
carbide by reaction with water in large generators. This
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acetylene was passed through a dilute solution of sulfuric
acid in Duriron kettles equipped with agitators to maintain
the catalyst of mercuric oxide in suspension. The acetalde-
hyde and excess acetylene leaving these kettles were separated
in refrigerated condensers. The aldehyde was then rectified
to 99.9 per cent purity, and was oxidized to acetic acid in
aluminum-lined iron kettles, using air and a catalyst of man-
ganese acetate. The 98 per cent acetic acid obtained was
*then refined to 99.8 per cent purity in copper stills and alumi-
num columns. An electrolytic process with caustic soda as
electrolyte was used for preparing the mercuric oxide catalyst
from metallic mercury. Mercury was recovered from the
spent catalyst.

The development and use of the process under the pressure
of war conditions was marked by several explosions and a
number of cases of mercury poisoning, but the hazards were
rapidly reduced and little difficulty has since been encoun-
tered.

Several descriptions of the process at Shawinigan Falls were
published shortly after the war (20, 25, 27, 36), but little is
known concerning the technical improvements since that
time.

OreER PossiBLE SyntHETIC PrOCESsEs—Although acety-
lene from carbide has been the chief raw material for the syn-
thesis of acetic acid, anumber of processes have been proposed
utilizing other substances such as methanol and carbon
monoxide or methane and carbon dioxide.

Figure 4—Scrubbing Columns in Suida Process Installation

involve the use of high temperatures and high pressures, and
vield a mixture of products, including acetic acid and ace-
tone, from which these compounds must be separated. In
the licht of recent progress in high-pressure synthesis, these
processes cannot be dismissed carelessly, particularly in
view of the low cost of the raw materials in comparison with
acetylene from carbide. There is also the possibility of deriv-
ing acetylene from methane for use in the existing process for
acetic acid.

The Hale and Haldeman (17) and the Zeisberg processes
(44) are of specific interest in this country from the standpoint
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of both industrial alcohol and acetic acid. The first step
in each process is the dehydrogenation of ethanol to acet-
aldehyde. In the Hale and Haldeman process there is an
immediate oxidation of the acetaldehyde to acetic acid.
Tthyl acetate is obtained as a by-product. In the Zeisberg
process the acetaldehyde is converted to ethyl acetate by a
Cannizzaro condensation. Butyl alcohol is obtained as a
by-product. This process is now being operated by the
du Pont Company.

Economic Considerations

The information generally available concerning the capacity
of existing plants and the cost of production of acetic acid
by various processes is sketchy, as such data generally are.
Such bits of information as the writer has been able to glean
from the published articles and such estimates as he has been
able to obtain from reputable sources are included in the
following discussion. Personal guesswork by the writer has
been carefully suppressed, but he is not responsible for the
accuracy of [other persons’ estimates. Wherever possible,
sources have been indicated.

[
AT 77)

////‘V7 / AVERAGE TOTAL CAPACITY
—— ‘

v,

>

0

Y
4

-
ELPACITY SHOT Doy

W

| |
CAVERAGE CAPACITY OPERATED

/000 cord's of wood fay

~N

Capacity of Wood-Distillation Plants

1922 1923 1924 1925 1926 1927 1928 1929 1930

Figure 5—Average Capacity of the Wood- Dlstillation Industry in
the United States, 1922-1930

From statistics of Department of Commerce

DistiLLATioN oF Woop AND OTHER CELLULOSIC MATE-~
riALs—The total capacity of all the wood-distillation plants
in the United States has descreased from 5400 cords per day
in 1922 to 30002 cords per day in 1930, as shown in Figure 5,
according to annual averages of the monthly reports of the
Department of Commerce. Since 1925 the decrease has been
slow but regular. For the years 1926 to 1929, inclusive, the
capacity shutdown averaged 440 cords per day. The general
slump in business is reflected in the increase of the average
shutdown figure to 900 cords per day in 1930. Of the capacity
operated in 1929 and 1930, between 16 and 17 per cent used
millwood as raw material and the remainder cordwood.

Production, import, and export statistics from government
sources are shown in Table I for calcium acetate. The
production in the United States shows a slight irregular
trend downward since 1914. Imports have been increasing
since 1926, with a big jump in 1929, when exports simul-
taneously dropped practically to zero. In Table IT are shown
some statistics obtained from a private source on the pro-
duction, sales, and exports for the United States and Canada
together, as well as separate figures for Canada since 1925.
While these figures do not agree in some cases with those in
Table I, the discrepancies are generally small and tend to
even out over successive years. The last column of Table
IT is an estimate at the amount of calcium acetate consumed
directly in the production of acetate solvents, particularly
ethyl acetate. The rapid increase in recent years has been
attributed both to the growing demand for nitrocellulose

2 The Department of Commerce reports do not include a few plants,

An estimate from a private source places the 1930 capacity of wood distilla~
tion plants at 3700 cords per day.
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lacquers and to the use of ethyl acetate as a raw material
for the large-scale production of illicit alcohol.

Table II—Statistics for Calcium Acetate
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Shasdiige 28 Estp. APPROX. AMT.

SRRl SHE U.S. USED FOR PRODUCTION

YEAR % 4 3 Ex- ETHYL ACETATE AND

U. S. and Can- U.‘ S.and Can- PORTS OTHER SOLVENTS IN
Canada ada Canada  ada
1000 1000 1000 1000 1000 1000
1bs. Ibs. dbs, 1bs. Ibs. 1bs.

1914 | 156,000 146,100 54,400 1,985
1915 | 153,950 193,100 23,000 2,475
1916 | 147,200 137,700 16,700 6,700
1917 | 167,100 176,500 14,930 7,530
1918 | 166,900 154,700 12,900 5,580
1919 | 122,750 105,500 22,000 5,075
1920 | 139,000 88,900 16,140 6,400
1921 61,600 59,850 10,200 3,455
1922 | 106,900 146,100 22,220 9,850
1923 | 141,800 134,000 17,100 5,750
1924 | 118,000 106,500 20,450 11,750
1925 98,300 3,230 97,950 4,450 | 24,750 19,420
1926 | 104,200 5,800 | 103,100 5,275 | 19,600 20,780
1927 | 150,600 8,940 | 143,500 7,855 | 14,500 31,500
1928 | 141,200 9,110 | 166,550 10,740 | 16,180 45,250
1929 | 148,750 10,170 | 141,500 9,245 1,540 39,000
1930 6,890 4,865 10,575

The production cost of acetate of lime cannot be figured with-
out a number of arbitrary assumptions concerning the other
products simultaneously produced by a wood-distillation
plant. At the time of writing, acetate of lime is quoted at

2 cents per pound, a considerable drop from the peak of 4.5-

cents maintained during 1929 and the first four months of
1930, and from the average level of above 3 cents per pound
since 1922. In view of the installed capacity for synthetic
acetic acid in this country and Canada, it is doubtful whether
acetate of lime will ever reach 3 cents again. Instead of the
price of acetic acid being dependent on the price of ace-
tate of lime, as in the past, it is probable that from now on
the price of synthetic acetic will determine the price of
acetate of lime.

Methanol has been the second stand-by of the wood dis-
tillers, but this, as well as acetate of lime, is being attacked
by synthetic chemistry. The production of synthetic meth-
anol in 1927 was half a million gallons against nearly 6 million
gallons of “refined” methanol from wood distillation; in
1930 synthetic methanol had climbed to 10 million gallons while
“refined”’ methanol was 5.5 million gallons (6). Furthermore,
the one use for which the product from wood was preferred, the
denaturing of industrial alcohol, has been nearly wiped out
by the recent official adoption of alcotate as a denaturant.
Methanol from wood must compete on a price basis in the
remaining fields, and it is probable that the steady price
decline of the last ten years will be continued as a result of the
rapidly increasing production of the synthetic product,
which is now quoted at somewhat under 40 cents per gallon
in tank-car lots at the works.

The way out for the wood distiller may lie in the adoption
of extraction processes for the direct production of acetic
acid from pyroligneous liquor, in the intensive cultivation
of the domestic market for charcoal, and in the fuller ex-
ploitation of uses for wood oils. One of the most progressive
firms in the country, the Forest Products Chemical Company,
of Memphis, Tenn., has done all three things with such success
that an affiliated plant is now being built in spite of the un-
attractive prospects generally facing the industry. It has
been said that, if the wood distiller could sell his charcoal as a
package product for domestic use, he could afford to give away
his methanol and acetate of lime. Although the last two
products probably never will be given away, the wood dis-
tiller probably must face a diminishing revenue from them
from now on.

SyntHETIC PrROCESSES—The manufacture of acetic acid
by synthetic processes has been established in Germany,
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Switzerland, France, Great Britain, Canada, and the United
States, and the total capacity has increased markedly in
recent years. The Niacet Chemical Corporation at Niagara
Falls, N. Y., and the Shawinigan Chemicals, Ltd., at Shawini-
gan Falls, Que., are the only concerns at present affecting
conditions in the United States. The capacity of the latter
is unknown, possibly 40 million pounds per year. During
1929 the carbide plant at Shawinigan Falls was enlarged,
probably as a forerunner to an increase in the acetic acid
plant. The present capacity of the Niacet plant has been
estimated as 30 million pounds per year. Both Shawinigan
and Niacet produce acetic acid from calcium carbide by way
of acetylene and acetaldehyde.

Since the American Cyanamid Company probably has the
largest production of carbide at the lowest cost of any concern
on this continent, the production of acetic acid by this method
must have been considered by this organization. The Union
Carbide and Carbon Corporation, the other important pro-
ducer of carbide, through the Carbide and Carbon Chemicals
Corporation, has an interest in Niacet and supplies the
acetylene used by the latter. In the South the Federal
Carbide plant of the Swann Corporation might be a base
for the possible future production of acetic acid for southern
cellulose acetate plants. It seems probable, however, that
any further development of synthetic acetic acid in the United
States will be postponed for several years, for two reasons:
first, the probability of only a slow acceleration of general
industrial activity, and second, the certainty of very persistent
competition from the wood distillation industry.
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Figure 6—Production, Shipments, and Stocks on
Hand for Acetate of Lime, 1922-1930

From statistics of Department of Commerce

Theplant cost of production for acetic acid at Niagara Falls
including plant overhead but excluding containers and sales
and administrative expenses, is estimated to be from 5 to 5.25
cents per pound. The cost at Shawinigan Falls is probably
about the same. Since, with acetate of lime at its present
level of 2 cents per pound, the converters can sell glacial
acid at 6.25 to 7 cents, importation of Canadian synthetic
acid is practically barred by the import duty of 2 cents per
pound on acid above 65 per cent strength, and profit at
Niagara Falls is reduced to a narrow margin.

Both the wood distiller and the producer of synthetic
acetic acid from carbide are open to the danger of competition
from newer and cheaper synthetic processes. One of the
possibilities is the oxidation of ethanol to acetic acid. The
ethanol may be derived from fermentation, or by synthesis
from ethylene. The conversion of ethylene directly to acetic
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acid has not yet been made commercial. The production
of ethanol as the intermediate compound is, however, now in
operation.

The cost of ethanol made from ethylene may be taken
roughly as 16 to 18 cents per gallon—that is, 3 cents per pound.
The oxidation of this ethanol to acetic acid has little if any
cost, as the increase in weight of product over alcohol con-
sumed is sufficient to bear all manufacturing charges, so that
we can assume 3 cents as the cost per pound of acetic acid.
In this connection should be cited the Hale and Haldeman
patents (17) and the alcohol oxidation process of the Holz-
verkohlungsindustrie as carried out in the new plant of British
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industrial depression, and may be postponed in view of the
probable excess of acetic acid production for several years to
come, it remains a possibility for the future. The Commer-
cial Solvents plan was to utilize distillery slop from their
butanol-acetone production for fermentation to acetic acid.
Farm wastes, such as corncobs, might also be used, as indi-
cated by the work of Fred and Peterson (10), who found that
they could obtain acetic and lactic acids by fermentation
of a sirup produced by the hydrolysis of corncobs with dilute
sulfuric acid. On the basis of laboratory results, they calcu-
lated a yield of 300 pounds of acetic and 320 pounds of lactic
acid per ton of corncobs.

Table III—Statistics for Acetic Acid

Av. VALUE PER POUND
IMPORTS?
URAR ; Ex- i PRODUCTION IMPORTS
Less than More than o . : Less than More than EXPORTS
Total % 65% Dilute Glacial 65% 65%
1000 lbs. 1000 Ibs. 1000 Ibs. 1000 1bs.
1923 701 37 664 $0.031 $0.111 $0.129 $0.120
1924 1,575 372 1,203 0.073 0.120
1925 2,421 362 2,059 0.027 0.099 0.080 0.113
1926 8,023 6,027 1,996 0.048 0.117
1927 10,552 6,767 3,785 0.115 0.097 0.052 0.120
1928 18,221 12,163 6,058 298 0.053 0.120 $0.140
1929 29,235 21,410 7,825 0.104 0.105 0.060 0.093

@ From Bureau of Foreign and ‘Domestic Commerce.
b Less than 1,000,000 Ibs. annually exported since 1922,

Industrial Solvents, recently completed in Great Britain as a
subsidiary of the Distillers Company (2). This plant is to
produce acetone and butanol as well as acetic acid. Since
all three of these commodities have previously been imported
into Great Britain in large quantities, the new plant capacity
of 6 million pounds of acetone, 3 million pounds of butanol,
and 20 million pounds of acetic acid per year will have a
significant effect upon international trade.

In the United States acetic acid from alcohol may possibly
threaten that from carbide if ethanol from fermentation is
forced to seek new outlets as the result of competition from
synthetic methanol. Since the production cost of the latter
has been estimated at 20 cents per gallon with water gas
at 25 cents per 1000 cubic feet (12), and since the actual
present cost is probably 18 cents or less, such competition
seems inevitable; in fact, it may be said to have arrived last
year, when the price of methanol dropped to the level of
denatured alcohol and began to make large inroads on its
use as an antifreeze (6). The recent entrance of the U. S.
Industrial Alcohol Company into the manufacture of cellu-
lose acetate may indicate future diversion of their alcohol
production to the manufacture of acetic anhydride, through
acetic acid or acetates, for use in their new process for cellu-
lose acetate. It may be said here that industrial alcohol by
fermentation does not face a very rosy future in its custom-
ary markets, as synthetic methanol has definitely arrived,
and synthetic ethanol is an accomplished fact, 5,000,000
gallons having been produced in 1930. The entrance of
U. S. L. into new fields of activity is evidence that this con-
cern has been planning for the future.

FERMENTATION PROCESSES FOR ACETIC AcID—As men-
tioned previously, U. S. Industrial Chemical Company was
making large quantities of acetic acid by the quick-vinegar
fermentation process at the end of the World War. This
plant has lately been producing approximately 10 million
pounds of acetic acid per year, all of which was utilized in
the manufacture of ester solvents.

Recently announcement was made that the Commercial
Solvents Corporation expected to produce acetic acid for
their own use in the manufacture of butyl acetate (13).
While this development has been retarded by the general

Export negligible in 1929.

The fermentation of cellulosic materials to acetic acid is
said to give a plant cost of 4 cents per pound. If distillery
slop can be utilized satisfactorily, this process will mean the
complete and profitable utilization of all by-products in the
Commercial Solvents operations. Concerning the utiliza-
tion of farm wastes in general there is considerable doubt,
except in cases where these wastes are already concentrated
at some point, since the collection charges are likely to prove
rather high.

The fermentation of sugar to produce a mixture of one-third
acetic and two-thirds propionic acid has been proposed.
According to W. A. Bridgeman, of the Wilbur White Chemical
Company, Owego, N. Y., the mixed acids can be produced at
a cost not to exceed the present market price for acetic acid.
Production on a commercial scale is to be tried in the near
future.

There is also always the possibility that a ferment may
sometime be discovered which will take molasses to acetic
acid in one step and give good yields under the limitations
imposed by industrial conditions.

Prospects for Future Development

It is highly improbable that the wood-distillation industry
will disappear before the attack of synthetic chemistry, at
least for a good many years. Certain large concerns in
which the distillation of wood is tied in with lumber opera-
tions seem likely to persist without too severe difficulties.
It is probable, however, that the smaller operators will gradu-
ally drop out as the increasing cost of wood and the restricted
return from methanol and acetate of lime gradually squeeze
their margin of profit.

As a result of the increased capacity for synthetic acetic
acid, it seems probable that the price of this commodity
will fix the price of acetate of lime, rather than the reverse,
which has heretofore been true. The much greater flexi-
bility of the synthetic process will enable its users to follow
fluctuations in demand more rapidly than the wood distillers.

The possibility of synthetic production of acetic acid from
other materials than carbide must be kept in sight. It is
not likely, however, that high-pressure syntheses will invade
this field on a commercial scale until there is a greatly in-
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Table IV—Production Statistics for Acetic Acid and Acetic Anhydride
(From Census of Manufactures)
U. S. PRODUCTION Av. U. S. PRODUCTION Av.
XIALUE OF VIALUE OF
YEAR ATERIAL MATERIAL
S Made and 2 Made and <
Total Aconsumed For sale PSII:RSII\'I‘!E Total A ] For sale FPOERRS:;E
1000 1bs. 1000 Ibs. 1000 1bs. 1000 1bs. 1000 1bs. 1000 lbs.
DILUTE, AS VARIOUS STRENGTHS GLACIAL AND ANHYDRIDE
1909 $0.023
1914 0.018
1919 42,249 9,191 33,058 0.041 21,927¢ 1,468 20,459¢ $0.142¢
1921 23,530 1,081 22,449 0.031 15,544 3,448 12,096 0.090
1923 20,470 1,438 28,032 0.031 32,663 3,043 20,620 0.111
1925 29,825 1,103 28,722 0.027 37,1094 240 36,8694 0.0994
1927 56,990 10,762 46,228 0.050 38,944 8,740 30,204 0.106
DILUTE, AS 100 PER CENT ACID GLACIAL ONLY
19274 41,400 10,918 30,481 0.116 15,815 0.097
19296 72,431 19,526 52,905 0.104 13,349 0.105

¢ Revised values published in preliminary report for Census of Manufactures for 1929,

b Preliminary report for 1929.

¢ Separate figures for acetic anhydride in 1919 show a total production of 1,794,985 1bs., of which 1,213,861 1bs. were produced for sale with an average

value of $0.47 per lb.

d Separate figures for acetic anhydride in 1925 show a production for sale of 2,088,567 1bs., with an average value of $0.28 per Ib.

creased potential market for acetic acid. The oxidation of
alcohol seems to offer the most promising development for
the immediate future. This process has already been ap-
plied on a large scale in England and supplies a large part
of the acetic acid consumed in that country.

While fermentation may be used by certain concerns under
special conditions, it is not likely that there will be any
general trend toward the production of acetic acid by this
method.

As the cost of ethanol by fermentation may be considered
at present as practically the equivalent of the cost by synthesis
from ethylene—that is, 18 to 20 cents per gallon—we can
consider 3 cents per pound as the manufacturing cost of
acetic acid on the basis of present prices; hence, a selling
price of 5 cents per pound for glacial acetic acid is perfectly
within reason. As the cost of ethanol drops this price of
acetic acid will likewise follow.-

PRODUCTION AND CONSUMPTION OF ACETIC ACID
DURING 1929

Industrial activity and general prosperity in the United
States increased rather steadily from 1922 to 1929 and then
collapsed suddenly. The year of 1929 was decidedly above
the average, but since it is the last year for which anything
like complete information is available, it will be used here for
analysis of the production and consumption of acetic acid.

Acetic Acid Available for Use

In calculating the amount of acetic acid available for use
during 1929, the writer has considered the production and
imports of calcium acetate and of acetic acid for the last
quarter of 1928 and the first three quarters of 1929. During
this period the demand for acetic acid was intense and the
conversion of acetate of lime to acetic acid or directly to
ethyl acetate was following close on the production of acetate
of lime, the stocks of which were almost negligible, as in-
dicated in Figure 6. Imports of acetate of lime and of acetic
acid rose sharply in 1929, as indicated in Tables I and III,
and in Figure 7, while exports of both of these commodities
were practically zero. :

The writer has weighted the figures for the two years in
the ratio of 25 per cent for 1928 and 75 per cent for 1929 in
calculating the amount available for consumption during the
latter year. On this basis the United States production of
acetate of lime was 138 million pounds, which is equivalent
to approximately 69 million pounds of acetic acid. The
mported acetate of lime on the same basis amounted to

somewhat over 20 million pounds, equivalent to 10 million
pounds of acetic acid. The writer has estimated that the
imports of acetic acid shown in Table III amounted to
approximately 18 million pounds on the 100 per cent basis.
The production of synthetic acetic acid in the United States
was probably at the estimated capacity of 6 million pounds.
The amount produced by fermentation processes for industrial
use was approximately 10 million pounds. The total amount
of acetic acid, as such, or in the form of calcium acetate,
available for consumption in the United States during 1929
thus is estimated at 113 million pounds on the 100 per cent
basis.
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Figure 7—Imports and Exports of Acetic Acid and Acetate of Lime,
1914-1929

From statistics of Department of Commerce

In comparison with these figures, the Census data for
1929, given in Table IV, show a dilute acid production,
calculated to the 100 per cent basis, of somewhat more than
72 million pounds and a glacial acid production for sale of
more than 13 million pounds. The amount of glacial acid
made and consumed in the same establishments is not given,
but aside from the reclamation of glacial acid in cellulose
acetate plants this figure is probably small, and the operations
in connection with cellulose acetate should not be considered
since they form a cyclical process in which acid is diluted and
reconcentrated continuously. The difference between the
nearly 86 million pounds of acid shown in the Census data and
the 95 million pounds previously estimated for the synthetic
and fermentation products and the production from domestic
and imported acetate of lime may be attributed to the direct
use of considerable amounts of the latter material in the
manufacture of ethyl acetate.
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Consumption of Acetic Acid in Various Industries

The consumption of acetic acid during 1929 in various
‘ndustries is estimated in Table V.

Table V—Consumption of Acetic Acid in the United States
during 1929

PRODUCTION OF EQUIVALENT CONSUMP-

INDUSTRY SPECIFIED TION OF ACETIC ACID OR
e CoMMOoDITY CALCIUM ACETATE
1000 1bs. 1000 lbs. 100%, acid

Solvents:

Amy] acetate 1,900 87042

Butyl acetate 44,100 22,8004

Ethyl acetate 83,000 41,0005
Cellulose acetate 7,000 7,600¢
Textile dyeing 15,000
Chemicals and dyes:

Lead acetate 8,000 3,000

Sodium acetate 5902 430

Acetic anhydride 4,000

Other substances 500

White lead * 320,000 1,400
Leather tanning 2,000
Miscellaneous uses and

unused production 14,400

@ Theoretical equivalent.

b Theoretical equivalent 48 million 1bs. See text.

¢ Combined in cellulose diacetate, 3.4 million Ibs.; lost during recovery
from dilute acetic acid liquors, 4.2 million Ibs., based on 10 per cent loss on
41.5 million 1bs, Approximately half of this entered the process as acetic
anhydride.

SoLvenTs—It is evident that the manufacture of solvents
comprised the 'argest market, and that ethyl acetate alone
accounted for twice as much acetic acid as any other com-
modity. The item for acetic acid used in the production of
ethyl acetate is uncertain, owing to the enthusiastic use of
this substance for conversion to bootleg alcohol, and to its
manufacture by processes not involving the intermediate
production of acetate of lime or acetic acid. The figure of
41 million pounds is, however, believed to be conservative.
The annual production of ethyl acetate has increased tre-
mendously since 1929, as shown in Table VI and Figure 8,
reaching a value of 83 mill'on pounds for 1929. This has
been due largely to two influences very prominent in American
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Figure 8—Production of Solvent Acetates in the
United States, 1919-1929

From statistics of Department of Commerce

life—the development of nitrocellulose lacquers and the well-
known but not very well-respected Eighteenth Amendment.
It has been estimated by persons connected with the industry
that when the Government clamped the lid on the diversion
of ethyl acetate late in 1929, as high as 50 per cent of the
production was being expeditiously converted into alcohol
by bootleggers who remembered their chemistry. There is

Table VI—Statistics for Solvent Acetates

U. S. PrRoDUCTION® ApPrOX. TOTAL | Av. VALUE PER GALLON
¢ PRODUCTION -
YEAR IMroORTSH ExpPoRrTSC o
Total ‘zﬁl‘gﬁ :’23 For sale Iﬁzggﬁs Production® Importh
Gal. Gal. Gal, Gal, Gal. Gal,
AMYL ACETATE
1909 204,000 $2.17
1914 180,200 2.58
1919 125,692 29,589 96,103 125,000 3.65
1921 88,688 23,334 65,354 88,000 2.29
1923 440,976 191,083 249,893 3,660 444 000 3.98 $2.62
1925 168,251 30,768 137,483 2,850 171,000 3.02 2.52
1926 375,0006 260,000b 750 375,000 2.09b 3.42
1927 316,578 97,702 218,876 42 316,000 1.98 3.50
1928 594,000% 75 50,000 1.77b 2.74
1929 262,825 81,631 181,194 42 80,000 180,000 1.75 1.91
BUTYL ACETATEd
1923 252,706 188,908 64,608 3.00
1925 2,078,926 1,208,436 870,463 1.81
1927 4,220,490 1,878,479 2,342,011 1.54
1928 4,085,0005 2,825,0005 727,500 1.34b 0.97
1929 6,006,081 1,618,313 4,378,768 1,065,000 7,000,000 1.28 0.92
ETHYL ACETATE
1919 770,739 416,346 354,393 0.96
1921 1,016,677 496,292 520,385 4 0.61 2.00
1922 2,150,0005 1,573,0006 27 0.64
1923 3,091,024 561,236 2,529,788 3,630 0.87 3.22
1924 3,630,00056 2,575,0005 34 0.93% 1.16
1925 4,021,653 1,114,441 2,907,212 1,700 0.83 1.26
1926 5,820,000 4,290,0006 115 0.69b 0.78
1927 6,638,147 2,031,245 4,606,902 500 0.80 0.78
1928 7,810,0005 5,850,0000 15 65,000 0.81b 2.25
1929 11,065,326 488,941 10,576,385 10 15,000 11,000,000 0.82 7.40

¢ From Census of Manufactures, except as otherwise noted.
b From Bureau of Foreign and Domestic Commerce.

¢ Estimated from combined totals for amyl, butyl, and ethyl acetates on assumption that exports of butyl acetate were negligible.

In 1928, 841,564 lbs.

of amyl, butyl, and ethyl acetates, valued at $141,240, were exported; in 1929, the total was 698,367 lbs., valued at $156,241.

d No separate data prior to 1923,
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no way of determining what happened to the acetic acid left
behind. A lot of it probably went down the sewer, but some
of it undoubtedly found its way back into circulation in
various forms.

Table VII—Statistics for Lead Acetate

U. S. PRODUCTION® Av. VALUE PER POUND
Im-
YEAR
Made and  For PORTSD Produc- 2
Total consumed  sale tion Imports
1000 1000 1000 1000
Ibs. bs. Ibs. Ibs.
1909
1914
1919 5,131 047 4,184 $0.132
1921 2,846 2,102 744 0.121
1922
1923 5,506 4,273 1,233 0.120
1924
1925 6,864 4,363 2,501 0.144
1926
1927 3,017 0.131
1928
1929 385 $0.079

¢ From Census of Manufactures.
b From Bureau of Foreign and Domestic Commerce.

Determination of the amount of acetic acid, as such or as
calcium acetate, consumed in the manufacture of ethyl
acetate during 1929 is further obscured by the fact that the
latter substance is manufactured directly from pyroligneous
acid at the Iron Mountain plant of the Ford Motor Company,
and also probably by the catalytic dehydrogenation of alcohol
(44), as well as by the older methods involving the reaction
of acetate of lime or acetic acid with alcohol. The writer
has estimated from data on the published description of the
Iron Mountain operations (83) that ethyl acetate equivalent
to 7 million pounds of acetic acid was produced in this plant
during 1929, and has neglected the amounts of acetic acid
recovered from ethyl acetate or produced by the catalytic
dehydrogenation of alcohol during 1929. By subtracting
7 million pounds from the 48 million pounds of acetic acid
equivalent to the total 1929 production of 83 million pounds
of 85 per cent ethyl acetate, an estimated consumption of
41 million pounds of acetic acid is obtained for the ethyl
acetate industry during this year.

The amounts of acetic acid consumed in the manufacture
of amyl acetate and butyl acetate during 1929 are shown in
Table V as the theoretical equivalents of the production of
these substances.

CeLLULOSE AcETATE—The estimated production of cellu-
lose acetate during 1929 was 7 million pounds (43). Accord-
ing to Mullin (29), an average of 350 parts of glacial acetic
acid and 400 parts of acetic anhydride are used to produce
150 parts of primary triacetate, which is subsequently hy-
drolyzed to approximately the acetyl content of diacetate.
To produce 7 million pounds of celanese 19.2 million pounds
of glacial acetic acid and 21.9 million pounds of acetic an-
hydride were required. These figures are greatly in excess
of actual consumption, however, as but 8.4 million pounds
of acetic acid actually were contained in the product, and
41.5 million pounds of acetic acid in the form of a dilute
solution of approximately 25 per cent concentration were
sent to recovery processes for conversion back into glacial
acid, anhydride, or acetates. Even if as high as 10 per cent
loss during recovery is assumed, the actual consumption due
to loss was only 4.2 million pounds, and the total consump-
tion of acetic acid and anhydride by the cellulose acetate
industry during 1929 was equivalent to 7.6 million pounds
of acetic acid.

The recovery processes used and the economic significance
of the acetic acid recovery problem in the cellulose acetate
industry are discussed in another section of this survey.

TexTiLE DyEING—The writer has been unable to obtain
any estimates from authoritative sources concerning the
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quantity of acetic acid used in dyeing and printing textiles
during 1929, although it is generally known that this industry
is one of the major markets for dilute acid. A guess of 15
million pounds has been made, but this should not be used
as a basis for further calculations.

CuemIcALS AND Dyrs—Estimation of the consumption of
acetic acid in the chemical and dye industry is complicated
by the lack of data and by the complex inter-relationships
of the products which may be the raw materials for the pro-
duction of other substances. Incomplete data from the
Census of Manufactures are available for the production of
lead acetate, sodium acetate, and acetic anhydride in recent
years. These have been used with several assumptions.

From the incomplete information concerning lead acetate
in Table VII, it has been assumed that the total production
of this substance during 1929 approximated 8 million pounds,
which is approximately equivalent to 3 million pounds of
acetic acid. 5

The data for sodium acetate in Table VIII give little basis
for an estimate of the production during 1929. Sodium
acetate is used extensively in the manufacture of acetic
anhydride, and is derived in large quantities from the dilute
acetic acid obtained in the manufacture of cellulose acetate.
It has been assumed that the 592,000 pounds produced for
sale during 1929 represent the use of sodium acetate for all
purposes other than the production of acetic anhydride,
which has been listed separately. The amount of acetic acid
equivalent to this amount of sodium acetate is approximately
430,000 pounds.

The on'y Census figure for acetic anhydride in recent years
is a production for sale of 2 million pounds during 1925,
given in footnote d of Table IV. Since the consumption of
acetic anhydride in the manufacture of cellulose acetate has
already been included under the estimate for this industry,
an estimate of the amount of anhydride used for all other
purposes is needed. This has been placed as equivalent to
4 million pounds of acetic acid. A further item of 500,000
pounds of acetic acid has been included for other chemical
uses not involving acetic anhydride.

Table VIII—Statistics for Sodium Acetate

U. S. PRODUCTION?S Av. VALUE PER LB.
AR Mad oep o 1
2 Total adeand For PORTS roduc- m-
consumed sale tion ports
1000 1000 1000 1000
1bs. bs. s, 1bs.
1919 2,260 64 2,196 $0.075
1921 312 0 312 0.052
1922 342 $0.049
1923 2,472 1,366 906 620 0.066 0.051
1924 103 .055
1925 860 46 814 495 0.059 0.038
1926 753 0.057
1927 1,855 1,113 0.043 0.054
1928 1,401 0.046
1929 592 875 0.056 0.048

6 From Census of Manufactures.

b From Bureau of Foreign and Domestic Commerce.

¢ No statistics available for exports, amount exported probably small.

Warre LEap—The production of white lead in the United

States has been rather steady for a number of years, as
indicated in Table IX. At the time of writing the 1929
figure was not available, but it has been estimated as 320
million pounds. Approximately 0.0044 pound of acetic acid
on the 100 per cent basis is used per pound of white lead
produced, according to one large manufacturer; hence the
consumption of acetic acid in the industry during 1929 has
been calculated as 1.4 million pounds. It is estimated that
on the average 0.004 pound of acetic acid on the 100 per
cent basis is consumed per pound of white lead produced by
the Old Dutch process, while ithe quick processes show a
higher consumption of 0.006 to 0.0064 pound of acid per
pound of white lead.
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Table IX—Statistics for White Lead
U. S. PRODUCTION® AVERAGE VALUE PER POUND
YEAR < IMPORTS ExPoRrTSb
Total ];{;;iﬁ;l?_g For sale P:?;i:c- Imports Exports
1000 Ibs. 1000 1bs. 1000 1bs. 1000 lbs. 1000 1bs.,
1909 247,972 162,703 85,269 $0.046
1913 279,270 207,626 71,644 0.052
191 :
1921 334,949 211,081 123,868 10,321 0.073
1922 9,722
1923 301,083 160,056 140,127 10,344 0.088
1924 10,109
1925 342,132 199,202 142,930 0.099
1926 12,478
1927 331,617 188,312 143,305 12,095 0.084
1928 12,953
1929 320,000¢ 196 11,815 $0.097 $0.078

@ From Census of Manufactures, except as otherwise noted.
b Statistical Abstract of United States, white and sublimed lead.
¢ Estimated.

Learner TANNING—No specific information concerning
the amounts of acetic acid used in leather tanning could be
obtained from inquiries. The use of acetic acid in this
industry appears to be decreasing, however. A figure of
2 million pounds for the consumption during 1929 is probably
adequate.

MisceLLANEOUS Uses ANDp UNusep Propucrion—Under
this item have been included the 14.4 million pounds difference
between the sum of the preceding amounts and the 113 million
pounds total production of acetic acid available for consump-
tion during 1929. Since there was a strong demand for acetic
acid during 1929, it is probable that very little of the produc-
tion was unused. The amount exported was negligible.

Probable Trend of Consumption

The great demand for acetic acid during 1929 has been
interpreted in some quarters as indicating a rapidly expanding
market for this commodity. Particular attention has been
called to the rapid increase in the production of acetate sol-
vents and of cellulose acetate as indicating the need for greater
production of acetic acid. Before analyzing the situation in
these two industries, the remaining ones listed in Table V
may be briefly noted. The use of acetic acid and of acetic
anhydride derived in one way or another from acetic acid in
the production of chemicals and dyes will probably increase
more or less steadily, but slowly. The consumption of acetic
acid in the production of white lead and in the dyeing and
printing of textiles will be practically stationary, while the
use in leather tanning seems to be on the decrease. Some of
the small miscellaneous uses may show sudden activity, but
it is improbable that any new large outlet for acetic acid will
be developed among them. Altogether, there will probably
be a slightly expanding market due to activity in the produc-
tion of organic chemicals and dyes.

The acetate solvents accounted for something like 64.7
million pounds of acetic acid or 57 per cent of the total amount
available during 1929. When the data for 1930 are in, how-
ever, there will be a sad shrinkage both in the total amount
and the percentage. If it is true that large amounts of ethyl
acetate were diverted into bootleg channels during 1928 and
1929 and that this diversion was effectively plugged late in
1929, the market for acetic acid has been decreased very
severely by this one effect. In addition, the decrease in
business activity has been particularly marked in the auto-
motive industry, the greatest single market for lacquers
using acetate solvents. It is now expected that recovery
from the depression will be slow. I:seems certain, therefore,
that the consumption of acetic acid in the production of
acetate solvents for several years will be well below the peak
established in 1929.

With the acetate solvent industry rather definitely out of
the picture for a few years as an expanding market for acetic

acid, the cellulose acetate industry remains the only hope
for an increased consumption of this commodity. Cellulose
acetate appears to be in the early stages of a period of rapid
growth, but certain technical developments raise a question
as to whether the consumption of acetic acid and acetic
anhydride from the present sources of supply will increase in
proportion to the amount of celanese an i plastic produced.
The ‘ndustry has such promise, both from the standpoint of
the use of cellulose acetate and from the standpoint of radical
technological developments, that it will be discussed more at
length.
GENERAL DEVELOPMENT OF CELLULOSE ACETATE
INDUSTRY IN UNITED STATES

The first commercial production of acetate fiber is cred-
ited to the Lustron Company, which operated a small
plant in South Boston for a number of years on the basis of
the investigations of H. S. Mork and A. D. Little. This
plant, which had a capacity under 500,000 pounds per year,
was subsequently absorbed by the Celanese organization.
The latter concern, established during the war as the American
Cellulose and Chemical Manufacturing Company and now
the Celanese Corporation of America, started production of
acetate fiber in its plant at Amcelle, near Cumberland,
Md., in 1925. During the middle of 1929 the plant of the
American Chatillon Corporation at Rome, Ga., began
operation, followed closely by the acetate fiber plant of the
Du Pont Rayon Company at Waynesboro, Va., in December,
1929. The acetate fiber plant of the Viscose Company
at Meadville, Pa., began to produce during 1930. During
this same year a radically new process was announced by the
U. S. Industrial Alcohol Company. At the same time the
Tennessee Eastman Corporation was planning to build a new
acetate fiber plant which is expected to start production in
the fall of 1931. With the inclusion of the capacity of this
first Eastman unit, the 1931 capacity for the production of
acetate fiber in the United States is estimated to be at
least 30 tons per day. This figure represents the capacity for
spinning yarn. The capacity for the manufacture of cellu-
lose acetate undoubtedly is somewhat greater, owing to the
use of this material as a plastic, the amount so used during 1929
having been estimated at between 0.5 and 1 million pounds.

There is no doubt concerning the rapid development which
has taken place in the manufacture of cellulose acetate. The
United States production has risen from less than 0.5 million
pounds in 1924 to somewhat more than 7 million pounds in
1929. In spite of the industrial depression, the increase in
production continued during 1930, the amount for this year
being estimated at more than 10 million pounds. The im-
portant question of the future trend of this industry has been
discussed in countless Pullman symposia during the past two
years without being settled even tentatively; at the present
time, however, it seems to be definitely going somewhere.
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Properties of Cellulose Acetate

Cellulose acetate has certain properties which make it
desirable as a synthetic fiber and also as a plastic. Its ad-
vantages have, however, been somewhat overworked by its
enthusiastic admirers. Itis probably not the ultimate paragon
of synthetic fibers, even though it does lose a smaller percent-
age of its strength when wetted than viscose.

Cellulose acetate was first brought to general attention
during the World War by its use as a varnish for airplane
wings. The-chief properties which led to its extensive appli-
cation in this field were its low hygroscopicity and its slow
rate of burning. Other properties which have been exploited
to advantage are its greater stability against light and heat
than nitrocellulose, its low specific gravity, its high dielectric
strength, and its elasticity. Certain of these properties are
especially important from the viewpoint of synthetic fiber,
while others affect the use of cellulose acetate as a lacquer or
a molding plastic.

Prorerries As A SyNtHETIC FIBER—One of the chief
objections to rayon has been its low strength when wet.
Owing to its small tendency to absorb water, acetate silk
shows a much smaller percentage decrease in strength on
wetting than any other type of synthetic fiber. The actual
wet strength of average commercial acetate yarn is, however,
very close to that of average commercial viscose yarn, while
the latter shows an appreciably greater dry strength. Both
the Viscose Company and the Du Pont Rayon Company have
produced and sold as a standard brand millions of pounds of
viscose yarn with wet strengths from 15 to 30 per cent higher
than the wet strength of any acetate yarn at present on the
market. More than 60 per cent of the yarn produced by the
Viscose Company during 1930 fell in this class. In addition,
there are on the market standard Tubize yarns of nitrocellulose
origin and standard Bemberg yarns of cuprammonium origin
with wet strengths greatly exceeding the highest wet strength
yet obtained with cellulose acetate. In view of these facts,
the argument that acetate fiber loses a smaller percentage of
its strength on wetting has relatively little significance.

Acetate fiber takes up approximately one-half as much
moisture as other types under given conditions of tempera-
ture and humidity, the actual amount of water being a func-
tion of the degree of esterification. While the change in
specific volume of synthetic fibers on wetting is not of pri-
mary importance, the fact that acetate fiber swells less than
other types gives it some advantage.

The extensibility of acetate fibers is definitely greater than
that of other types. Thisis an advantage in fabrics subjected
to irregular stresses, since it prevents or largely reduces bag-
ging and wrinkling. It also makes acetate silk easier to
handle in dyeing.

The difficulty encountered from the first in dyeing celanese
has been overcome by the development of special dyes, and
what was once its greatest handicap now bids fair to be its
most valuable property. While a large part of the early
trouble was due to the difficulty in obtaining even wetting,
it was not until 1922 that the first new dyes especially de-
veloped for use on celanese were available. Since that time
there has been a rapid increase in the quality and quantity
of dyes for celanese. Since, in' general, the dyes for other
fibers do not affect celanese, and many of those developed
for celanese have no effect on other fibers, a great field for
cross-dyeing has been opened up and is being exploited more
and more extensively. The ability to cross-dye mixtures of
acetate fibers with other materials has probably been the
chief factor up to the present time in maintaining the price
level of acetate. The ability to cross-dye one woven design
in such a fabric in a practically infinite number of color
combinations has made it possible for the textile mills to
reduce their inventories materially.
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It has been the opinion in some quarters that the use of
celanese would be limited largely to those cases in which
cross-dyeing was desired. It seems probable, however, that
the ability to spin a fine-denier product rapidly will give
celanese a much broader field of use. The trend appears to
be toward finer filaments, since these result in softer fabrics,
with better appearance and feel and better covering power.
In the fine-denier range, celanese can compete more nearly
on a price basis with viscose than in the range of coarser
filaments, since with decrease in filament size the rate of
spinning for viscose must be materially decreased. Mullin
(39) has even stated his opinion that celanese yarn can now
be produced at a lower total cost than any other synthetic
fiber. While this is doubtful, it is certain that costs are being
reduced in the production of celanese, while in the manu-
facture of viscose, owing to the longer period of commercial
operation, costs have already been pared close to the mini-
mum. As acetic acid becomes cheaper any difference in
production cost between acetate fiber and other synthetic
fibers will tend to disappear.

ProprerTIES AS A Fim or Prastic—While cellulose acetate
has gone a long way since its wartime use as an airplane-wing
dope, its use as a lacquer or a molding plastic is still young.
Its property of non-inflammability has led to one impor-
tant field of use, the manufacture of 16-mm. safety film for
home movies. Cellulose acetate film has not yet been able
to obtain a foothold in the commercial movie field. Its
higher cost and the alleged warping of the wider commer-
cial film have more than offset the safety considerations in-
volved.

The stability of cellulose acetate to sunlight and heat have
led to attempts to use it in place of celluloid in safety glass.
Thus far, however, this application has been limited by the
poorer adhesion and greater brittleness of the acetate sheets
available. Since the value of safety glass depends upon
perfect adhesion between the glass sheets and the film of
plastic between them, acetate will have no extensive use in
this field until the problem of obtaining such adhesion is
solved. It is reported, however, that in Europe considerable
quantities of Usines du Rhoéne acetate are used in the manu-
facture of safety glass. Furthermore, whereas nitrocellulose
gradually discolors in sunlight, the acetate sheets obtainable
up to the present show a slight haziness. There is a good
field open for industrial use where the ability of glass made
with acetate to stand up continuously at 100° C. would far
overbalance the very minor disadvantage of the haze. Cellu-
lose acetate sheet will stand a temperature of 100° C. for
several hundred hours with no decrease in flexibility. One
limited but rather interesting utilization of the heat resistance
of cellulose acetate has been in the manufacture of art shades
for electric lights.

The relatively small tendency of cellulose acetate to absorb
water gives it a high dielectric strength under ordinary hu-
midity conditions. The work of A. C. Walker at the Bell Labo-
ratories indicates that at the same moisture content a number
of cellulose esters have the same dielectric strength as pure
cotton, so that it is incorrect to speak of high dielectric
strength as an inherent property of cellulose acetate. From
the practical standpoint, however, the greater insulating
ability of cellulose acetate under service conditions is causing
its use not only as thread for the woven fabric covering the
rubber insulation on electric wiring, but also as an insulating
lacquer and as a molding plastic for parts of electrical equip-
ment.

As a molding material, cellulose acetate has certain ad-
vantageous properties. It may be extruded with extremely
thin walls, thus reducing cost. It is tough, water-resistant,
and light-proof. Owing to its translucence, a small amount
of pigment gives a good depth of color, while its ability to
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Figure 9—Chemical Relationships in the Production and Use of Acetic Acid

stand heat again serves it well. In fact, its chief claim to a
place in the strenuous commodity competition of the plastics
field is its easy thermoplastic production of a mottled, trans-
lucent, or nearly transparent product which is resistant to
ordinary heat and is not attacked by water, as are the casein
plastics. Acetate plastic is more susceptible to attack by
acid and alkali than nitrocellulose, but it is not affected by
alcohol, while both stand hydrocarbons quite well.

No single plasticizer for cellulose acetate comparable to
camphor in the case of nitrocellulose has yet been found, and
several combinations of varied materials have been used (39).
The development of acetate lacquer has been hindered by
the problem of finding compatible plasticizers and solvents
which were at the same time desirable from both the technical
and economic standpoints. While acetone appears to be the
ideal solvent for cellulose acetate, it absorbs water readily,
causing blushing, and it is highly inflammable.

Uses of Cellulose Acetate

The single quantity use of cellulose acetate at present is in
celanese, while the production of safety film probably ranks
first among the other applications. Lacquers for airplane
surfaces have been in use since the war, but represent only
a small outlet for the material, which seems bound to decrease
with the trend toward all-metal planes. Cellulose acetate
lacquers for insulating purposes probably have more of a
future. Molding powder for the production of anything from
phonograph records to cups and saucers has recently been
placed on the market, and thin, transparent cellulose acetate
wrapping which can be sealed by heat is just about to arrive.
There is a tentative market of some importance in safety
glass. New applications in molded articles present the most
probable line of development, although there is a large possible
market in commercial movie film which may some day be
tapped.

MANUFACTURE OF CELLULOSE ACETATE

It is not the purpose of this survey to go into the technical
details of cellulose acetate production. In the first place,
little significant information is available outside of the patent
literature which is sufficiently extensive, cryptic, and con-
tradictory to render it meaningless to anyone not having direct
contact with the industry. Since this survey is interested
primarily in the possible future markets for acetic acid and
acetic anhydride, attention will be confined to the present prac-
tice and future possibilities in acetylation and in the recovery
of acetic acid or anhydride.

Present General Practice

Acetylation of cellulose is generally carried out at present
by the use of acetic anhydride with sulfuric acid as a catalyst
and glacial acetic acid as a solvent for the triacetate produced.
A rather large excess of acetic anhydride is required in acetyla-
tion, since each mol of anhydride reacting with a hydroxyl
group produces a mol of acetic acid as well as introducing an
acetyl group into the cellulose, and since the moisture in the
cotton, amounting generally to 5 per cent, reacts with an
equivalent amount of anhydride to produce acetic acid.
Mullin (29) has estimated, probably from the patent litera-
ture, that 350 parts of glacial acetic acid and 400 parts of
acetic anhydride are used on the average to produce 150 parts
of primary triacetate from 100 parts of cotton cellulose. The
cotton cellulose, as customarily used, contains about 5 per
cent moisture, since thoroughly dried cotton does not acetyl-
ate readily or evenly.

To produce acetone-soluble secondary acetates, the solution
of primary triacetate in glacial acetic acid containing excess
anhydride is diluted gradually with water until the glacial
acid and anhydride have been converted to acetic acid of
90 to 95 per cent strength. This solution is allowed to ripen
for 10 to 12 hours, or until control tests indicate that the



496

cellulose acetate has hydrolyzed to the degree desired, which
corresponds roughly to the diacetate. The solution is then
poured into an excess of water, precipitating flocculent cel-
lulose acetate and producing a dilute solution of acetic acid
of from 15 to 45 per cent strength, probably averaging about
25 per cent.

In making 1 pound of dry cellulose acetate product some-
what less than 0.5 pound of acetic acid has actually been used,
but expensive anhydride and glacial acid equivalent to 5
pounds of the latter have been converted into dilute acid.
The recovery of glacial acid or anhydride from this dilute
solution is absolutely essential from the economic standpoint.
Even with the best recovery methods in use today, the cost
of this operation remains an undesirably large fraction of
the total plant cost of cellulose acetate.

The Brewster or modified Brewster extraction processes
have been applied to the reconcentration of the dilute end
liquor to glacial acetic acid. These processes have already
been mentioned under the discussion of the technology of
acetic acid production. It seems probable that the modified
process using isopropyl ether as the extracting medium will
be preferred in the United States, where supplies of this
material are available in quantity at a satisfactory price.
It is claimed that the steam consumption in the process
using isopropyl ether is approximately half that required
in the original Brewster process. There are several processes
in use for the production of acetic anhydride from the dilute
end liquors. :

Propucrion or Aceric ANEYDRIDE—The oldest process for
the manufacture of acetic anhydride, which is still used in most
plants in this country, involves a number of steps. The dilute
acid is first concentrated to approximately 60 per cent strength
with the simultaneous removal of cellulosic impurities. It
is then neutralized with soda ash and evaporated to dryness,
producing anhydrous sodium acetate. This is either sold
to a chemical manufacturer in return for anhydride or is
used in the manufacture of anhydride directly at the plant.
The latter course is followed where the volume of operations
will justify the investment in equipment. A plant to recover
20,000 pounds of anhydride per day will, however, require
an investment of about $400,000. The operating cost on
this scale is said to be nearly 75 per cent of the cost of acetic
anhydride.

The manufacture of anhydride from sodium acetate in-
volves the use of sulfuryl chloride, sulfur dichloride, or a
mixture of sulfur dichloride and liquid chlorine. These
chlorine products are cheap at present, which somewhat bal-
ances the expense of the extensive plant required.

The second process for the production of anhydride re-
quires the preliminary manufacture of glacial acetic acid.
This is vaporized and passed over a catalyst such as sodium
metaphosphate at from 400° to 800° C. Acetic anhydride
and water are produced, and separation is effected either by
refrigeration or fractional distillation under reduced pressure
(28, 8). This process is said to be in operation in Germany
on a commercial scale, and is reputed to be very good when
it is good, but somewhat inclined to be temperamental.
The cost of plant is only about 60 per cent of that for the
process using sodium acetate, but under present conditions
it is believed that the over-all cost of anhydride by the old
process is less than that of anhydride obtained by the catalytic
decomposition of acetic acid.

The third process involves the intermediate production of
ethylidene diacetate from acetic acid vapor and acetylene.
The ethylidene diacetate is then decomposed ‘into acetic
anhydride and acetaldehyde (22, 87). It is understood that
this process has been in operation on a commercial scale at
the Waynesboro, Va., acetate plant of the Du Pont Rayon
Company. :
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As a fourth process for the production of acetic anhydride,
it would appear that the old German method of bringing
acetyl chloride into reaction with glacial acetic acid may yet
offer the most favorable procedure for the immediate future.
Acetyl chloride and acyl halides in general are now easily
obtainable through the improvements announced in publica-
tions recently appearing in the Journal of the Chemical
Society. Even with glacial acetic at 6 cents per pound, acetyl
chloride cannot cost over 10 cents per pound, and with acetyl
chloride and acetic acid brought together, the resulting acetic
anhydride would not cost over 11 cents per pound. Most
interesting indeed are the developments that may be antici-
pated in-this direction as the cost of acetic acid gradually
drops below 6 cents, leading, at the 3 cent mark, to an esti-
mated manufacturing cost for acetic anhydride of 8 cents per
pound. This fourth and most ancient of the processes may
become the most important of all. At no time during any
of the steps is a temperature much above the boiling point
of acetic acid necessary for the operation, and thus practi-
cally all side and decomposition products are avoided.

By virtue of their recovery processes for the production of
acetic anhydride, the larger cellulose acetate plants are the
chief producers of this material. The Dow Chemical Com-
pany is probably the chief manufacturing concern aside from
the cellulose acetate plants. The 1930 capacity of several
plants has been roughly estimated as follows:

Pounds per day
15,000 to 25,000
20,000
20,000

10,000
8,000

Dow Chemical Company
Celanese Corporation

Viscose Company

Du Pont Rayon Company
Tennessee Eastman Corporation

If the dilute end liquors from a cellulose acetate plant are
converted entirely into glacial acetic acid, more of this mate-
rial will be produced than can be consumed in acetylation.
Similarly, if the dilute acid is converted entirely into anhy-
dride, an excess of this material will be obtained. A recovery
plant to produce glacial acetic by the modified Brewster
process, with subsequent catalytic conversion of part of this
into anhydride, is one solution to this situation. The ethyl-
idene diacetate process is another, since the aldehyde pro-
duced simultaneously with the anhydride may be readily
converted into glacial acetic acid.

Proposed Processes

The necessity for reclamation of large amounts of dilute
acetic acid in the present processes for the manufacture of
cellulose acetate has led to many attempts at modification
of the acetylation step. Among these have been the use of
non-aqueous precipitants for cellulose acetate, such as
benzene, carbon tetrachloride, and ethyl ether. The recent
availability of ethyl ether in increased quantities has re-
ceived interest in its use as a precipitant. Attempts at
direct partial acetylation, using only acetic acid and no an-
hydride, have been made since the early days, but thus far
have not proved satisfactory.

AceryvATioN witH KETENE—One of the radical changes
proposed is the use of ketene for acetylation. According
to the Nightingale patent (84), cellulose is acetylated by
treatment with ketene dissolved in a neutral solvent such as
ether, benzene, or gasoline, in the presence of zinc chloride
or other catalysts. Ketene adds on directly to a hydroxyl
group forming an acetyl group. If this process can be made
to work on a commercial scale, there is a definite prospect
for it in this country. Xetene is produced by the pyrolysis
of acetone (35, §), which is available at less than half the
cost of acetic anhydride. According to Nightingale (35),
approximately quantitative yields of ketene may be obtained,
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although Hurd and Fallyn (21) obtained only 35 to 40 per
cent yield in laboratory apparatus. Clarke and Waring
(6) used a negative catalyst said to have increased the yield
to 80 per cent. It is probably not safe at present to assume
an actual maximum yield of more than 55 per cent, owing to
the polymerization and decomposition inherent in pyrolytic
processes. Iven with this yield it should be possible to pro-
duce ketene at not much more than the cost of acetic anhy-
dride, while acetylation with ketene would eliminate the costly
recovery systems now required to handle large amounts of
dilute acetic acid. One of the chief difficulties in the use of
ketene as an acetylating agent is the extreme difficulty in
controlling the very active reaction.

In addition to its direct use in acetylation, ketene may be
used to produce acetic anhydride by its reaction with acetic
acid. It might therefore be applied to the manufacture of
anhydride as part of the recovery system of a cellulose acetate
plant using the present process of acetylation, although the
economics of such a system seem rather doubtful. Also, since
the pyrolysis of acetone yields one mol of methane for each
mol of ketene, and since methane may be cracked to acetylene
for the production of acetic acid, another possible tie-in with
existing processes is possible, though not probable.

Liquip Surrur Di1oxipe As A SoLveNT—A development
fully as radical as that of acetylation with ketene, and one
which has already been applied on a commercial scale,
is the use of liquid sulfur dioxide as a solvent in place of
glacial acetic acid. This is the basis of the new process of
the U. S. Industrial Alcohol Company, recently announced.
The use of acetic anhydride or acetyl chloride in a reaction
medium of liquid sulfur dioxide, with or without glacial
acetic acid, and in the presence of the customary catalysts,
such as zinc chloride or sulfuric acid, is described in the
patent (4). :

This new process has been called the greatest develop-
ment in cellulose acetate since Cross and Bevan. It is
difficult to estimate its possibilities, but it is now in commer-
cial production on a small scale. Definite information
concerning it probably will not be available for some time,
but the replacement of glacial acetic acid by liquid sulfur
dioxide should reduce production costs materially.

Summary

The development of processes for acetylation which may
render unnecessary the present expensive recovery of large
quantities of acetic acid from dilute solutions has considerable
significance for both the acetic acid industry and the manu-
facturers of acetic anhydride. These processes have been
developed in an attempt to cut the production cost of cellu-
lose acetate. If successful, they will simultaneously tend
to reduce the market for acetic acid and acetic anhydride.
The only possible way of postponing the eventual successful
introduction of these new methods of acetylation is to lower
the production cost of acetic acid and acetic anhydride for
use in the present methods. Whether the efforts along this
line will manage to keep ahead of the use of ketene as an
acetylating agent or of sulfur dioxide as a solvent during
acetylation is a matter for conjecture.

GENERAL CONCLUSIONS

The preparation of this survey has led the writer to the
conclusion that it will be at least three years before the
consumption of acetic acid in the United States reaches or
materially surpasses the high value established in 1929.
This conclusion is based on the expectation that general
industrial activity will increase slowly from the low level
during 1930, and on the belief that neither in the acetate
solvents industry nor in the manufacture of cellulose acetate
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is there likely to be an increase in the demand for acetic acid
similar to that which was created in recent years by the growth
of ethyl acetate and butyl acetate. As a result of the prob-
able decreased market for acetic acid in the next few years
and of the increased capacity for its synthetic production
since 1929, rather strenuous competition is to be expected
between the synthetic product and that derived from wood
distillation. In the latter industry there will be some casu-
alties, but the industry will not disappear rapidly as has
been prophesied in some quarters. By development of the
markets for wood oils and charcoal, and by the substitution
of direct processes for acetic acid in place of the old method of
producing acetate of lime, it is probable that a capacity of at
least 2000 cords per day may be able to survive the com-
petition of synthetic acetic acid and synthetic methanol.

On the other hand, the producers of synthetic acetic acid
from acetylene have none too bright an outlook ahead of
them. They are faced with the immediate problem of
capacity exceeding the probable market and the threat of
future development of fermentation processes or of cheaper
synthetic processes when consumption catches up with pro-
duction capacity. It seems improbable that there will be
any large increase in the production of acetic acid by fer-
mentation, though the possibility of recourse to this method
of manufacture will undoubtedly be held as a club over the
heads of the present producers using other methods. At
present the dehydrogenation and oxidation of ethanol seem
to offer the greatest hope for cheaper acetic acid.

The most important of the diverse chemical relationships
mentioned in the introduction to this survey are indicated
diagrammatically in Figure 9. These, however, include only
processes in actual commercial operation, or rather definitely
in prospect for such operation. The place of acetic acid in
the chemical industry of the future is a subject for prophets
only.
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Burning Characteristics of Smokeless Powder

I—Burning Temperature'

A. M. Ball

HERCULES EXPERIMENTAL STATION, WILMINGTON, DEL,

are several which are functions of the kind of powder

used. Whether or not a change from one powder to
another will tend to increase or decrease the amount of ero-
sion in a gun barrel may be estimated from a comparison
of the powders with respect to burning temperature, com-
position of gases evolved, and rate of burning. A powder
with a high burning temperature should produce more ero-
sion than one with a low burning temperature, because it
should heat the inner surface of the barrel to a higher tem-
perature, especially in rapid firing such as occurs in machine-
gun operation. At the higher temperature the metal is
softer and consequently can be worn away more rapidly by
the friction of projectiles and by jets of hot high-pressure
gas escaping around the projectiles; it is also more subject to
chemical reaction with the combustion gases.

The effect of the composition of the combustion gases is
shown in their chemical reactions with the metal of the barrel,
especially with a thin skin at the surface of the bore. Oxidiz-
ing gases should tend to oxidize metals that are subject to
oxidation, and reducing gases should tend to carburize metals
subject to carburization. The question of smoke is also
related to the composition of the products of combustion.

The rate of burning has at least three effects. A ‘‘fast”
powder (one that burns rapidly) will develop a higher maxi-
mum pressure, because it will be changed to gaseous prod-
ucts before the projectile gets as far as in the case of a
“slow” powder; hence it burns in a smaller volume. A
fast powder will come closer to developing its burning tem-
perature, because the cooling effect of the metal about it
will be felt for a shorter time during the burning. A fast
powder will permit more gas to escape around the prOJectlle,
especially when a streamline or boat-tail projectile is used,
because the pressure behind the projectile will be much
higher in the time before the projectile takes the rifling,
thereby tending to seal the bore. The gases from a fast
powder will emerge at the muzzle cooler than from a slow
one, because much of the work on the projectile is done by
expanding gases after the powder is all burned. If the powder
is fast enough, the gases are cooled below the ignition point
of their combustible constituents before they reach the air,

j. MONG the causes of erosion in small-arms barrels

1 Received January 23, 1931.

and the blast is flashless. The erosion of a fast powder will
be greater near the breach and less near the muazzle, so that
the accuracy of the barrel should remain high for a greater
part of the life of the barrel, although the total life of the
barrel may be shorter.

This paper is concerned with the calculation of burnmg
temperatures and the composition of the gases evolved.

From the literature (1) we find that attempts have been
made to arrive at the burning temperature in the following
ways:

Expertmentally: (1) By measuring the throw of a ballistic
galvanometer connected with a platinum, platinum-rhodium
thermocouple placed in a constant-volume bomb.

(2) By dilution of an explosive until the temperature of the
explosion is just enough to melt a thin platinum wire, the burning
temperature of the diluted explosive being fixed at just above the
melting point of platinum.

By calculation: (3) From the heat of burning of the powder
and the specific heats of the gases.

(4) From the pressure measured in bomb experiments and
the specific volume, by Abel’s equation of state

i
e

PO VO
273-% Lo
This equation can be written

P (V — aL) = nRT,

Method of Calculation

in which L is the weight of charge and f = Ty is the

burning temperature.

Most calculations have been made by the third method,
which combines convenience and reliability to the greatest
extent of the four methods. In outline, the process is to
determine the heat developed by burning the powder in some
sort of calorimetric device, analyze the gaseous products,
and correct the gas composition and the heat of burning to
the figures obtained in an ideal burning, where the powder
burns in a constant volume with no heat losses, by means of
known heat data and the water-gas equilibrium. The cor-
rected heat of burning is equal to the integrated specific
heats of the gases up to the burning temperature, Calcu-
lations based on the heat of formation of the powder are but
a special case of this method, because the heat of formation
is originally calculated from a calorimetric value. Such
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a calculation of burning temperature contains all the as-
sumptions of a direct calculation from the calorimetric value,
and in addition there is a greater risk of computational error
on account of the greater length of the calculation.

When powder burns in a closed container, there are formed
gases at the burning temperature which satisfy the water-
gas equilibrium at that temperature. That is, the com-
position and temperature of the gases are related by Equa-
tions 1 and 2 below. The cooling process starts immediately.
During the first part of this process the gases give off heat to
the walls of the container and react to satisfy the water-gas
equilibrium, and later also the methane equilibrium. There
comes a time, however, when the rate of reaction becomes so
slow that it cannot keep up with the cooling. After this
the gases are not in equilibrium proportions with respect to
their temperature, and the reaction is said to be frozen. Dur-
ing this second part of the cooling, heat continues to be given
off by the gases, but their composition does not change much.

For the purpose of calculation, we shall assume that the
cooling process follows a different course. Consider that
the powder burns as before, but that the reaction freezes
‘at the burning temperature, so that the gases first cool to
the original temperature of the powder and then react at
that temperature to form the gases found in the analysis.
As the initial and final states of the actual and the assumed
courses of cooling are the same, the heat effect is also the
same by the principle of conservation of energy. -Diagram-
matically:

AcTUAL ASSUMED

Powder at atmospheric temperature Powder at atmospheric temperature

Step 1. Gases at burning tempera- Step 1. Gases at burning tempera-
ture satisfying water-gas equi- ture ‘satisfying water-gas equi-
librium librium

Step 2. Heat Qi and gases at Step 4. Heat Qs and gases at origi-
intermediate temperature where nal powder temperature and

reaction freezes and in equilibrium composition same as after step 1
at final composition
Step 3. Heat Q: and gases in final

state, water condensed

Step 5. Heat Q4 and gases in final
state, water condensed

Q=‘Qx+Q2=Qa+Q4

is the heat measured in the calorimeter; the gases in the final
state have the composition ascertained in a gas analysis made
on the cooled gases. The corrected heat of burning is Q.

The gases formed when powder burns are hydrogen, water
vapor, carbon monoxide, carbon dioxide, and nitrogen. The
nitrogen is assumed to be inert. The other four gases react
according to the equation:

Hg + COz =3 Hzo + CO

This is the water-gas reaction. Its equilibrium constant

_ (CO) (H:0)
K = ) (con £
is related to the temperature:
log K = f () 2

In Equation 1 the expression (CO) means “the concentra-
tion of carbon monoxide;” but as the total number of mole-
cules is unchanged when the gases react, we can use in place
of concentration the number of molecules of carbon monoxide
produced by one unit weight of powder, or the partial pres-
sure of carbon monoxide, provided that we do it consistently
throughout the calculation. We have chosen to let the
parenthesis represent the number of gram-molecules per
gram of powder for our calculation:

A carbon balance gives us:

(CO) + (CO,) = (CO) + (CO.) + (CHY) ®)
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where the primed quantities are those found in the gas analy-
sis and the unprimed refer to products first formed in the
burning. Similarly a hydrogen balance gives:

2 (H:0) + 2 (Ho) = 2 (H:0') + 2 (H') +4 (CHy) (&)
and an oxygen balance:
(CO) + 2 (COy) + (H0) = (CO) + 2 (COY) + (H.0') (5)
Step 4 gives us:
S Codt =0 (6)

where C. is the specific heat of a gas at constant volume.
The integration is performed between the original powder
temperature and the burning temperature:

Q= 05 =104 = 97.[(COs0) i= (COz); + 57.5 [(H,0') — (H:0)]
429 [(CO’) — (CO)] + 189 (CHY) + 10.5 (H,0") (@)

where 97 is the heat of formation of carbon dioxide, 57.5
is that of gaseous water, 29 is that of carbon monoxide, 18.9
is that of methane, and 10.5 is the heat of vaporization of
water—all in large calories per gram-molecule at constant
volume and temperature 20° C.

For the determination of @ we may work in a vacuum, in air,
in inert gas, or in an excess of oxygen. The last method is
simplest because no hydrogen, carbon monoxide, or methane
is formed, and gas analysis can be eliminated if the composi-
tion of the powder is known. The nitrogen, instead of form-
ing nitrogen gas, becomes liquid nitric acid. To cover this
the equations are changed as follows:

(CO) + (CO.) = (CO,’) = atoms C in 1 gram powder
(Hzo) + (Hz) = (Hgol) + 1/2 (HNO:;’) = 1/2 atom H
in 1 gram powder (4a)
(CO) + 2 (CO:) + (H,0) = atoms O in 1 gram powder (5a)
Q — Qs = 68 (CO) + 68 [(Hs) — (N,)] + 40.2 (HNO;')
(HNO;’) = atoms N in 1 gram powder (7a)

(3a)

Where the constituents of the powder are known, Q can
easily be calculated from the heats of combustion of the
constituents; otherwise it may be determined experimentally
by the use of a good oxygen-hbomb calorimeter, such as the
Emerson or the Parr.

Table I—Heat Data for Various Constituents of Powders

HeAT
NITRO- OXY- o
CONSTITUENT CArBON HYDROGEN STy SR %%::
TION
Atom/  Atom/  Atom/ Atom/ Atom/
gram gram gram gram gram
Nitrocellulose:
13.28% N 0.0212 0.0259 0.0095 0.0366 2,332
12.97% N 0.0216 0.0268 0.0093 0.0365 2.370
12.58% N 0.0221 0.0278 0.0090 0.0363 2.418
12.149% N 0.0226 0.0289 0.0086 0.0361 2.474
11.29% N 0.0246 0.0312 0.0080 0.0357 2.576
Nitroglycerin 0.0132 0.0220 0.0132 0.0396 1.698
Dinitrobenzene -0.0357 0.0238 0.0118 0.0328 3.94
Starch 0.0370 0.0618 o 0.0309 3.96
Dinitrotoluene 0.0385 0.0330 0,0110 0.0220 4.46
Diethyl phthalate 0.0529 0.0816 Chchis 0.0176 6.54
Vaseline, CnHazn 0.0714 0.1428 QiS5 SPaoee 11.04
sym-Diethyldiphenylurea 0.0635 0.0746 0.0074 0.0037 8.48
Diphenylamine 0.0710 0.0650 0.0060 AP 9.10

In Table I the heat data for dinitrobenzene, starch, dinitro-
toluene, and diphenylamine are taken from International
Critical Tables and recalculated to Calories per gram at
constant volume. The value for nitroglycerin in the Criti-
cal Tables is correct, but the units are wrong. Comparison
with other sources shows that the value given there is the
heat of formation in calories per gram, but it is labeled
“heat of combustion in calories per gram-molecule.” Our
figure is calculated from the Critical Tables value. The
remaining heats of combustion were determined in the
Hercules Experimental Station laboratory with an Emerson
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calorimeter, using 300 pounds (20 atm.) of oxygen. In each
case, the bomb was filled three times with oxygen at 80
pounds (5.4 atm.) and released before finally filling to
300 pounds (20 atm.), in order to eliminate the correction
for nitrogen in the air originally filling the calorimeter. The
other data are calculated from the formulas of the substances.

A number of samples of powder have been made up and run
in the calorimeter to determine whether their heats of com-
bustion are the same as the sum of the heats of combustion
of the constituents; in other words, whether there is an
appreciable heat effect of manufacture of the powders.
These samples showed that it is justifiable to neglect the heat
effect of manufacture. Therefore, in these calculations the
heat of combustion of a powder is taken as the sum of the
heats of combustion of the constituents.

Typical Calculation

A burning-temperature calculation is given here on a
powder containing nitroglycerin, diphenylamine, and nitro-
cellulose of 13.28 per cent nitrogen content.

HEAT oF

OM- Hypro-  Oxy- Ni1TRO-
CONSTITUENT BUSTION CARBON GEN GEN GEN
Cal.,/ Atom/ Atom/  Atom/ Atom/
% gram gram gram gram gram
Nitrocellulose 79.50 1.858 0.0169 0.0206 0.0291 0.0076
Nitroglycerin 20.00 0.340 0.0026 0.0044 0.0079 0.0026
Diphenylamine 0.50 0.046 0.0004 0.0003 GUTEs ARG
100.00 2.244 0.0199 0.0253 0.0370 0.0102

To facilitate calculation we tabulate the values of K and the
JC.dt figures for the various gases in Table II. The values
of K are computed from Saunder’s equation (3):

Tog K — 2290

-+ 0.11 log T — 0.0006397 + 10.14 X
107872 + 23

The /° C.dt values are calculated from Eastman’s equations
2):

Hy:Cp = 5 -4 0.00028 T + 22 X 10-% 72

N,, CO: C,, = 6 6 -4 0.000606 T + 13 X 10~% 7?2
C0O.:Cp = 7.70 + 0.0053 " — 83 X 1078 72

HO C, = 8.22 4 0.00015 T + 134 X 102 7?2

The 7 in these equations is Kelvin temperature and, where
¢t is Centigrade temperature, is related to Centigrade by the
equation ¢ 4 273 = T.

Table II—Values of /' Cy dt and K

1 x Ha CO, N2 CO; H:0 K
2C; Cal. Cal. Cal. Cal.
2000 11.21 11.52 21.53 17.97 5.4
2200 12.56 12.91 2427 20.80 6.1
2400 13.97 14.34 27.04 23.91 6.9
2600 15.43 15.83 2984 27.29 7.6
2800 16.97 17.38 32.66 31.01 8.6
3000 18.56 18297 35.52 35.05 9.6
3200 20,22 20,64 38.35 39.42 10.8
3400 21.95 22.35 41.21 4418 12.4
3600 23.76 2414 43.91 49.39 14.3
3800 25.66 25.99 46.67 55.03 16.6
4000 27.64 27.92 49.36 61.08 19.4
We write down immediately:
éCO) + (CO,) = 0.0199 (3a)
CO) + 2 (CO:) + (H:0) = 0.0370 (5a)

From this we get (H:0) in terms of (CO):
(H,0) = 0.0370 — (CO) — 2[0.0199 — (CO)] = (CO) — 0.0028
(H,0) is obtained similarly in terms of (CO):

(H,) = 0.0127 — [(CO) — 0.0028] = 0.0155 — (CO)
Q — Qs = 68 (CO) -+ 68 [0.0155 — (CO) — 0.0051]

+40X00 (7a)
0 =1 170=“fC,dt
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Assume a burning temperature of 3300° C. Let X =
(CO). By Equation 1 and Table II:

X (X — 0.0028)

LS S (0:0199"—5X) (00155 —-X)
(CO) = X = 0.0135
(CO) = 0.0064
(H:0) = 0.0107
(EL) — 0.0020
N = 0.0051

Multiplying these numbers of mols by the integrated
specific heats from table we have, for two temperatures:

¢ = 3300° C. t = 3200° C,

CO :0.0135 X 21.45 = 0.290 X 20.64 = 0.278
C0,:0.0064 X 39.78 = 0.254 X 38.35 = 0.246
H,0:0.0107 X 41.80 = 0.447 X 39.42 = 0.422
H, :0.0020 X 21.09 = 0.042 X 20.22 = 0.040
N, :0.0051 X 21.45 = 0.109 X 20.64 = 0.105
ZSCodt = 1.142 1.091

To the nearest 50° C.,‘ therefore, the burning temperature
of this powder is 3300° C. :
The total number of mols of gas formed per gram of powder

is 0.0377. Consequently, the percentage of carbon monoxide
in the gases as formed from the burning powder is (%
or 35.8 per cent, etc.

In the same way calculations have been made for a number

of powders as shown in Table III.
Discussion of Data

It must be borne in mind that these specific-heat data
and the water-gas equilibrium constants were determined
at lower temperatures (to 2500° K.) and have been extrapo-
lated about 1000 degrees. Other calculations have been
made using different heat data and with correspondingly dif-
ferent burning temperatures. The value of such calculations s,
therefore, in giving not so much the actual burning tempera-
tures as the differences in burning temperature due to differ-
ences in composition. The actual burning temperatures are
no better than the heat data from which they are derived, but
the difference between two burning temperatures calculated
from the same heat data is much better, as is shown by the
fact that different writers give almost the same values of
the differences. We cannot say with certainty that the
burning temperature of a single-base powder made with
nitrocellulose of 13.28 per cent nitrogen content is 3000° C.,
but we can say with a fair degree of certainty that the in-
clusion of 20 per cent nitroglycerin in the powder raises the
burning temperature 300 degrees, and that 5.50 per cent
starch added to the powder lowers the burning temperature
200 degrees.

Table III shows that a 20 per cent nitroglycerin powder is
only 10 per cent hotter than a single-base powder of the
same nitrogen content. If the nitroglycerin powder is made
of lower nitration nitrocellulose, this difference decreases
until a single-base powder of 13.28 per cent nitrogen nitro-
cellulose has actually a higher burning temperature than a
20 per cent nitroglycerin powder containing nitrocellulose
of 12.00 per cent nitrogen. The burning temperature of a
nitroglycerin powder can be decreased also by the addition
of deterrent materials, or fuels, which are low in oxygen con-
tent and high in carbon and hydrogen. Such substances
nearly always will produce powders having a larger gas volume
when used in quantity sufficient to bring the temperature
down to the level of the single-base powder. This is demon-
strated by powder No. 16, a 30 per cent nitroglycerin powder
which has 0.0418 mol of gas as contrasted with 0.0392 for
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Table III—Burning Temperatures and Composition of Various Powders
CoMPOSITION OF POWDER CoMPOSITION OF POWDERS
0 0 (GAS AS BURNED =
No. /] t Gas Nitro- Nitrogen Nitro- Diphenyl-
co CO, H,0 H: N; cellulose élel[llllxllt;:e- glycerin  amine Deterrent
°C. Mol/gram % %o % %o % % % % %o %

1 2.366 0.966 3000 0.0392 41.4 13.2 24.7 8.7 12.0 99.50 13.28 0.50

2 2.304 1.047 3150 0.0384 38.8 15.1 26.8 6.5 12.8 89.50 13.28 10.00 0.50

3 2.242 1.127 3300 0.0376 35.8 17.0 28.4 5.3 13.5 79.50 13.28 20.00 0.50

4 2.177 1.209 3450 0.0368 32.4 19.3 30.2 3.7 14.4 69.50 13.28 30.00 0.50

5 2.113 1.283 3550 0.0359 28.1 22.5 31.1 2.8 15.3 59.50 13.28 10.00 0.50

6 2.271 1.089 3200 0.0382 37.2 15.7 28.0 6.0 13.1 79.50 13.00 20.00 0.50

7 2.308 1.040 3100 0.0389 38.6 14.4 27.2 7.2 12.6 79.50 12.60 20.00 0.50

8 2.344 0.990 3000 0.0394 39.9 13.2 26.4 8.6 11.9 79.50 12.14 20.00 0.50

9 2.434 0.952 2850 0.0410 41.0 12.2 25.6 10.2 11.0 79.50 11.29 20.00 0.50
10 2.418 1.084 3200 0.0392 40.9 13.8 25.1 6.9 13.3 68.50 13.28 20.00 0.50  Dinitrobenzene 11.00
11 2.331 1.029 3100 0.0392 30.2 13.8 27.0 v e 12.3 74.00 13.28 20.00 0.50  Starch 5.5
12 2.400 1.013 3100 0.0392 41.5 12.6 24.9 8.1 13.0 72.00 13.28 20.00 0.50  Dinitrotoluene 7.50
13 2.376 1.086 3200 0.0392 39.1 13.6 27.3 42 12.8 77.96 13.28 20.00 0.50  Vaseline 1.54
14 2.392 1.042 3150 0.0392 40.6 13.0 26.0 79 12.5 75.90 13.28 20.00 0.50 Diethyl-

phthalate 3.60

15 2.390 1.055 3150 0.0392 40.1 13.0 26.4 AT 12.8 76.90 13.28 20.00 Centralite I 3.00
16 2.577 0.999 2950 0.0418 41.9 9.3 25.1 11.5 12.2 65.00 13.28 30.00 Vaseline 5.00

powder No. 1. Consequently, nitroglycerin powders, even
when brought to the same temperature level as single-base
powders, should shoot on a lower charge than the single-
base powders. This is, indeed, found to be the case.
Sometimes a deterrent is placed in the outer layers of the
powder grains. In this way the effective burning tempera-
ture is lowered just as much as though the deterrent were dis-
tributed uniformly through the grain. In addition, the
layers of the powder grains containing the deterrent burn com-
paratively slowly, so that while they are burning the pro-
jectile has opportunity to move into the bore and take the

rifling. As soon as the deterrent is all burned off, the powder
burns as rapidly as if no deterrent had been used. As
the projectile is at that time in the barrel, the volume in which
the powder burns is greater, the pressure in the gun being
correspondingly lower. That is the explanation of the be-
havior of the so-called progressive burning powders.
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Organic Bases for Gas Purification’

- R. R. Bottoms

THE GIRDLER CORPORATION, LoulsviLLg, Kv,

HE problem of removing objectionable impurities from
fuel gas and from industrial gases has existed from the
very beginning of the gas industry. The two principal

impurities occurring in industrial gases are carbon dioxide
and hydrogen sulfide, with smaller quantities of carbon
monoxide, sulfur dioxide, hydrocyanic acid, carbon disulfide,
and mercaptans. Since hydrogen sulfide is especially ob-
jectionable owing to its toxicity for both animal and vege-
table life, its corrosive action on structures, gas lines, meters,
holders, and household and other equipment, it is advisable
to remove this impurity completely, no matter for what use
the gas is intended. Carbon dioxide is not objectionable
in fuel gases except as a diluent, and then only when the
percentage is relatively high. But in gases intended for
use in chemical processes or in gases to be liquefied, as in
the production of helium, or when fractional distillation is
used for the separation of gases, the complete removal of
carbon dioxide becomes necessary.

Existing Methods for Removal of Carbon Dioxide and
Hydrogen Sulfide

Both carbon dioxide and hydrogen sulfide are acidic, are
active chemically, and are highly soluble in water. Such
characteristics have made it a relatively simple matter to
remove these compounds from other gases. Hydrogen
sulfide reacts quantitatively with iron oxide and by this
means can be eliminated. This reaction forms the basis
of the so-called dry process for eliminating hydrogen sulfide
from manufactured gas.

1 Received March 14, 1931,

Both carbon dioxide and hydrogen sulfide are soluble in
water and can be removed from other gases by counter-
current serubbing with water under pressure, but the large
volume of water required, the large, and therefore expensive,
equipment, and the expense of circulation make it uneconomi-
cal. Both compounds react with alkalies and also with
neutral alkaline carbonates to form pyrolytically unstable
compounds. This fact forms the basis of the usual method
of liquid purification of gases. In the case of carbon dioxide
this reaction with an alkaline carbonate produces an unstable
bicarbonate:

Na;CO; + CO; + HaO == 2NaHCO;

This reaction proceeds to the right at low temperatures and
is reversed at a temperature approximating the boiling point
of the solution. With hydrogen sulfide this reaction becomes

Na,CO; + HoS+==NaHCO; + NaHS

which also goes to the left at the higher temperatures.

This process is usually carried out as a continuous process,
absorbing the impurities from the gases in some type of
tower or contact apparatus and releasing the absorbed gases
in another part of the apparatus. With carbon dioxide
it is necessary to heat the solution to a high temperature—that
is, approximately 110-120° C.—in order to drive off the carbon
dioxide and re-form the neutral carbonate. In the case of
hydrogen sulfide the gas is absorbed in one part of the ap-
paratus and blown with hot air in another part releasing the
hydrogen sulfide and re-forming the neutral carbonate

Alkaline bicarbonates, especially sodium bicarbonabe"
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are not very soluble in water, consequently highly concen-
trated solutions cannot be used. A solution containing
about 8 to 10 per cent of sodium carbonate or 15 to 20 per
cent of potassium carbonate may be used for carbon dioxide
removal, but for hydrogen sulfide removal, in order to pre-
vent the excessive formation of thiosulfates, solutions
stronger than 3 per cent are not economical. For this reason
it is necessary to circulate a relatively large amount of solu-
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Figure 1—Equilibrium Pressure of Hydrogen Sulfide over 50

Per Cent Water Solution of Triethanolamine

Since 100 per cent saturation is arbitrarily assumed as the volume ab-
sorbed at about 30° C. with hydrogen sulfide vapor pressure of 760 mm.,
when the temperature is below 30° C. as above, the solution will be more
than 100 per cent saturated.

tion in the system for the removal of a given amount of acidic
gases. For the removal of carbon dioxide, the large amount
of steam necessary to heat the solution for driving off this
gas often renders this process entirely uneconomical.

Investigation of Organic Nitrogen Bases for Gas
Purification

An experimental study of the problem of the economic
removal of carbon dioxide from natural gas preparatory to
its liquefaction for the separation of helium was started by
the author several years ago and culminated in the discovery
(1) of the use of a class of compounds that has proved to be
highly efficient for the removal of both carbon dioxide and hy-
drogen sulfide from gases. This study covered practically the
entire field of the organic nitrogen bases and disclosed the fact
that certain amines and amino compounds have the property
of absorbing carbon dioxide and hydrogen sulfide, forming
pyrolytically unstable carbonates and hydrosulfides which,
when heated to a temperature above 50° C., decompose
and liberate the carbon dioxide and hydrogen sulfide and
release the free base in its original form.

This reaction is quite different from that involved in the
absorption of these gases by means of neutral alkaline car-
bonates, inasmuch as bicarbonates are formed only in small
amounts and the free base is regenerated instead of simply
the neutral carbonate.

The reaction involved in this process is thought to be as
follows:

2RNH, 4+ CO; + H.O == (RNHQ)szCOJ
With hydrogen sulfide this reaction is thought to be
2RNH, + H.S == (RNH,),H,S

Practically the whole field of organic nitrogen bases has
been investigated with a view of obtaining data on the most
satisfactory of the amines to be used for the separation of
gases. To be suitable for this purpose a compound should
have the following characteristics: (1) high specific absorption
capacity for the acidic gases; (2) high boiling point, and
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consequently low vapor pressure to prevent loss of absorbent
by vaporization; and (3) a high degree of stability of the
molecule in order to prevent decomposition of the base and
loss of absorbent through this means.

Some of the compounds tested. were the ethanolamines,
propylamines, and hydrazines, nicotine, aniline, and quinolin,
and a great number of other amines and amino alcohols,
both chain and cyclic, including prlmary, secondary, and
tertiary amines, as well as monoamines, diamines, triamines,
etc.; and ccrtam heterocyelic nitrogen bases. It was found,
howevcr, that the lower members of the alkylamines are too
volatile to be as economical as some of the others, while cer-
tain amines, such as aniline and other benzene derivatives,
are not sufficiently basic to form carbonates, and some of
the carbonates of other nitrogen bases, notably guanidine
and piperidine, are not decomposed upon boiling the solution
and consequently are not so adaptable to this process as
some others. The following compounds were found to have
the characteristics necessary to make them useful in this
process:  benzylamine, diaminopropanol, diethanolamine,
diethylaminoethanol, dihydroxypropylamine, hydrazine hy-
drate, piperidylethanol, phenylhydrazine, triethanolamine,
tetrahydro-o-toluidine, cyclohexylamine.

The ethanolamines (diethanolamine and triethanolamine)
were found to be the most satisfactory compounds for immedi-
ate use; the first consideration being that they have a high
specific absorption capacity, and the second that they are
commercially available at a reasonable price and possess all
the other properties necessary for this purpose.

Absorption Characteristics of Ethanolamines

The ethanolamines were discovered by Wurtz (3) in Ger-
many and investigated by Knorr (2). These compounds
have been available, however, only in very recent years.
When this material became commercially available, larger
quantities were obtained by the author in order to make a
more thorough investigation of their properties and absorp-
tion characteristics.
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Figure 2—Equilibrium Pressure of Carbon Dioxide over 50 Per Cent
Water Solution of Triethanolamine

Commercial triethanolamine and diethanolamine are
viscous, hygroscopic liquids with a slightly ammoniacal
odor. The formula for triethanolamine is N(CH.CH,OH)s;
for diethanolamine, HN(CH,CH,0H),. The physical proper-
ties are listed below.

TRIETHANOLAMINE DIETHANOLAMINE

149.15 105 1
Specific gravxty. at 20°/15° C, 1.12 101
Boiling point, ° C. 277 at 150 mm, 271 at 760 mm,
Vapor pressure at 20° C., mm. Hg <0.0001 0.0002

Molecular weight

Solubility in water Completely Completely
Weight per gallon 9.35 9.2
Alkalinity, 1 cc. = cc. normal acid 7.53 10.44
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Since the ethanolamines are relatively weak bases, as
compared with inorganic alkalies, when they react with carbon
dioxide and hydrogen sulfide the.compounds formed have a
definite dissociation pressure which varies with every con-
centration of the absorbed gases and with the temperature.
This relationship is shown graphically in Figures 1 to 4. These
charts show the relationship between the amount of carbon
dioxide and hydrogen sulfide absorbed in a 50 per cent solu-
tion of the bases and the partial pressure of the absorbed

gases over such solutions at different temperatures. One
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Figure S—E%uillbrium Pressure of Hydrogen Sulfide over 50 Per
ent Water Solution of Diethanolamine

hundred per cent saturation as shown on these charts is
arbitrarily taken as the amount of gases absorbed when the
hydrogen sulfide or carbon dioxide partial pressure is 760 mm.
and the temperature 30° C. One hundred per cent saturation
for triethanolamine corresponds to 50 volumes of carbon
dioxide or hydrogen sulfide per volume of 50 per cent solution,
while 100 per cent saturation for diethanolamine corre-
sponds to 70 volumes of carbon dioxide or 100 volumes of
hydrogen sulfide per volume of 50 per cent solution.

In practical operation for the absorption of carbon dioxide
and hydrogen sulfide, a 50 per cent water solution of these
ethanolamines has been found to be satisfactory. Since
these ethanolamines are mono-acid bases, theoretically 1 mol
of the amine should absorb 0.5 mol of either carbon dioxide
or hydrogen sulfide. This theoretical absorption, however,
will be realized only when the partial pressure of the carbon
dioxide or hydrogen sulfide is equal to 1 atmosphere and the
temperature of the solution is 30° C. Where the partial
pressure of the impurity is lower than 1 atmosphere, the
amount of gas absorbed will be correspondingly less than
theoretical, as shown in the charts.

When absorbing carbon dioxide and hydrogen sulfide from
gaseous mixtures, the volumes absorbed per volume of
circulated solution can be calculated from these charts.
For example, suppose it is desired to remove the carbon di-
oxide from 1000 cubic feet of gas per minute when the amount
of carbon dioxide equals 20 per cent of the total gas, and the
gas is treated for this absorption at atmospheric pressure

and 35° C. Calculations based on Figure 2 show that if a

gas carrying 20 per cent carbon dioxide (152 mm. partial
pressure) at 35° C. is in complete equilibrium with a 50
per cent solution of triethanolamine, the solution will be
74 per cent saturated or will hold in combination 37 volumes
of carbon dioxide for each volume of solution circulated.
It would therefore be necessary theoretically to circulate
for this amount of gas about 41 gallons of solution per minute.
Calculation will show that if sodium carbonate were used
for the same purpose it would require the circulation of 125
gallons per minute. Consequently much larger equipment
and higher operating costs would result.
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Type of Equipment

The type of equipment developed for carrying out the proc-
ess of gas separation by the use of ethanolamines is shown
schematically in Figure 5. In the installations that have
been made, the absorber consists of a standard bubble-type
absorber tower, containing from 12 to 24 bubble trays fitted
with a number of bubble caps. The gas enters the base,
passes up under the caps, and the solution is pumped into the
top, flows down over the trays, and absorbs the impurities
as it proceeds on its way down the tower. With this arrange-
ment countercurrent scrubbing is accomplished and the
liquid leaves the absorber at the base, where it is in con-
tact with the gas carrying the greatest amount of impurity.

The installation shown in Figure 5 has been based on
conditions where the gas is treated at pressures above at-
mospheric. In such gas the pressure in the tower is suffi-
cient to force the liquid through the outlet of the tower,
through the heat interchangers and piping, to the top of the
reactivator tower. For this reason, a standard type of
liquid-level controller is shown.

In order to conserve as much heat as possible, heat
exchangers are provided for heating the outgoing solution
from the absorber with the hot reactivated solution which
is being returned to the absorber. After the solution is
heated in the heat exchangers, it is passed to the middle of
the reactivator, which is similar in construction to the ab-
sorber, being fitted with bubble trays. As it passes down the
reactivator tower, the solution increases in temperature
and is scrubbed by the steam generated in the base of the
reactivator tower and, since countercurrent conditions ob-
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Figure 4—Equilibrium Pressure of Carbon Dioxide over 50 Per
Cent Water Solution of Diethanolamine

tain, by the time it reaches the bottom is completely stripped
of the absorbed carbon dioxide or hydrogen sulfide. The
heating and boiling of the solution at the bottom of the
reactivator is accomplished by means of low-pressure steam
contained in the pipes as shown. The impurities, saturated
with water vapor at the temperature of the feed plate of the
reactivator, pass up the column and into the reflux condenser
at the top, in which the water vapor is condensed and passed
back to the top plate of the reactivator. This refluxed
water covers the upper three or four plates of the reactivator
tower and scrubs out any entrained absorbent that might
otherwise be carried away by the escaping impurities. After
reactivation the solution is pumped through the heat ex-
changers and cooler and then completes its circuit at the top
of the absorber tower.

This arrangement gives us a continuous process for the
removal of carbon dioxide or hydrogen sulfide. Owing to
the high specific-absorption capacity of the ethanolamines
for these impurities, the size of the equipment is smaller
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than would be necessary if other known reagents were used.
The carbon dioxide and hydrogen sulfide are removed com-
pletely and much less steam is required for reactivation than
if sodium carbonate were used. This results in much greater
economy in separation of carbon dioxide and hydrogen sulfide
than has previously been possible.
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Figure 5—Apparatus for Absorption of Carbon Dioxide and
Hydrogen Sulfide by Means of Ethanolamines

Stability of Ethanolamines

Although the ethanolamines are stable at low tempera-
tures, when the pure compounds or the water solutions are
heated to above 150° C. some decomposition is noticed.
The author believes that with proper design and operating
control direct firing with gas might be made satisfactory.
However, the use of steam undoubtedly simplifies the heating
problem. Low-pressure steam heating gives positive tem-
perature control and eliminates possibility of overheating,
which might cause some decomposition of the reagent.

In order to obtain maximum economy, it is desirable to
prevent loss of the reagent in operation. There is no evi-
dence of any deterioration of the ethanolamines under ordi-
nary operating conditions. Experience has shown quite
definitely that, if suitable precautions are taken to guard
against leakage, the loss from pumps, fittings, etc., will be
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negligible. Ethanolamine is a very penetrating substance
and will pass through pinholes and other places in the equip-
ment that would not disclose any leakage when used with
other liquids. With proper engineering practice this source
of waste may be reduced to a minimum and the loss of the
reagent kept so low that its replacement becomes a very
small item of expense in the operation of a plant.

Strong mineral and organic acids must be completely
eliminated from the gases to be treated, since such acids
produce stable salts of ethanolamine and thus destroy its
activity for the absorption of hydrogen sulfide and carbon
dioxide. Strong alkalies, such as caustic soda, potash, and
lime, also have a damaging action on ethanolamine solutions.
Aldehydes, mercaptans, unsaturated and aromatic hydro-
carbons, tar and tar acids, ammonia, and hydrocyanic acid
have no effect whatever on the absorptive capacity of the
ethanolamines.

Sulfur dioxide, being a stronger acid than either carbon
dioxide or hydrogen sulfide, is absorbed by solutions of the
ethanolamines, forming sulfites, but these sulfites are not
so completely decomposed by heat as the carbonates and
hydrosulfides. For that reason it is not recommended
that the ethanolamines be used for the removal of sulfur
dioxide, and when this substance is present in the gas being
treated it is advantageous that it be removed by scrubbing
with water previous to the passage of the gas into the ethanol-
amine solution. Whereas the strong alkalies when in contact
with hydrogen sulfide and oxygen rapidly form thiosulfates
in solution, the ethanolamines are not sufficiently basic to
permit the rapid formation of thiosulfate under the same con-
ditions. Some thiosulfate is formed under this condition,
but the reaction is so slow that the solution is not harmed.

Applications

The application of this process is particularly indicated
in the removal of carbon dioxide from natural gas, from hydro-
gen for use in ammonia synthesis and the hydrogenation
industries, in the separation of hydrogen sulfide from natural
gas, refinery gases, coke-oven gas, and manufactured gas.
The greatest economy is obtained where the gas occurs at
pressures higher than atmospheric, inasmuch as such high
pressures tend to increase the partial pressure of the im-
purities, giving much better equilibrium conditions in the
absorber, and a low rate of circulation of solution is required
to remove the impurities.

Literature Cited

(1) Bottoms, U. S. Patent 1,783,901 (1930).
(2) Knorr, Ber., 30, 918, 1492 (1897).
(8) Wurtz, Ann., 121, 227 (1862).

New Motion-Picture Films Depict Story of Steel

‘“The Story of Steel,” from the mining of iron ore to the manu-
facture of finished steel products, is depicted interestingly in
a series of educational motion pictures just released for free
circulation by the United States Bureau of Mines. These
motion pictures, which constitute a notable addition to the bu-
reau’s extensive collection of films that visualize the workings

of American mineral industries, have resulted from extensive'

revision of a picture prepared several years ago. They have
been produced by the bureau in codperation with an industrial
concern, and are available on both 35- and 16-mm. width of
stock upon application to the Pittsburgh Experiment Station,
U. S. Bureau of Mines, Pittsburgh, Pa.

Film 143, 2 reels, “Mining and Metallurgy,” shows the geo-
graphical and geological location of the iron ore deposits; trans-
portation of ore from mine to blast furnace by boat and railway;
reduction of the ore in the blast furnace to pig iron or molten iron
for further processing; and pouring of ingots, weighing 2'to 4 tons.

Film 144, 1 reel, “Rails, Rods, and Plates,” shows the method
of making these and other hot-rolled products from the ingots.

Film 145, 1 reel, is titled “Wire Products.” First the rods
are rolled to a smaller diameter and then, after exposure to acid
and other baths, are cold-drawn through tapering holes of suc-
cessively smaller diameters until ready for making into wire
products. :

Film 146, 1 reel, “The Manufacture of Pipe,” includes heating
and rolling 2- to 4-ton ingots; cutting into lengths; and rolling
to a suitable length, thickness, and width for the desired pipe.
The edges are beveled and the skelp is rolled to a circular cross
section.

Film 147, 1 reel, “Sheets and Tin Plates,” shows primarily
the process of rolling a suitable-sized bar flat, doubling it, re-
heating and rerolling and redoubling until the pack is 8 sheets
thick. After this pack is rolled down to the proper thickness,
it is trimmed, and the sheets are tinned or galvanized.
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Manufacture and Characteristics of Laminated Glass'

Willard L. Morgan

TRIPLEX SAFPETY GLASS CoMPANY OF NORTH AMERICA, CLIFTON, N. J.

AMINATED glass is a sandwich consisting of a layer

I ' of plastic between two sheets of glass to which the

sheet of plastic has been caused to adhere by the com-

bined effect of heat, pressure, and the application of special

materials. Both plate glass and drawn sheet glass are used.

Nitrocellulose has been used chiefly as the plastic sheet, al-

though in Europe cellulose acetate has been utilized to a small

extent. For use as a window, the plastic must be as trans-

parent as possible, but new developments in decorative novel-
ties utilize sheets carrying colored designs.

While laminated glass is a quarter of a century old, its de-
velopment on a large scale is a matter of the last few years.
The idea of laminated glass apparently originated with Woods
(4) in 1906, although the first practical safety glass was made
by a Frenchman, Benedictus, in 1911. Benedictus has stated
(1) that, in brooding over an automobile accident in which an
acquaintance had been seriously cut by flying glass, he sud-
denly remembered having once dropped a flask in which a
lacquer solution had evaporated. While the flask cracked,
all the glass particles remained fastened to the dry lacquer
film. In safety glass we depend upon security from the dan-
gers of flying glass splinters by reason of the fact that, while
the glass will crack, all pieces will remain adherent to the plas-
tic, which also operates to absorb the breaking force.

After developing several methods for producing laminated
glass (2), Benedictus found that he secured best practical
operation where a film of gelatin was used on the interior glass
surfaces to secure adhesion of the celluloid. The gelatin,
however, was not used as an ordinary wet glue, but in a form
dry to sight and touch
which became adhesive

public wasrapid. Amory L. Haskell was very much impressed
with the life-protective value which laminated glass offered to
the motorist, and as a result of his determination to bring this
safeguard to the American people the Triplex Safety Glass
Company of North America was incorporated under license
from the British concern, who in 1923 had secured the world
rights from the French Triplex concern. At the present time
the plant at Clifton, N. J., is the largest of its kind in the
world. Previous to the last three years England had been
the major producer of laminated glass, but the United States
is now leading by a considerable margin. At present there
are at least eleven concerns in this country interested in the
production of safety glass.

It has been variously estimated that from 33 to 65 per cent
of all injuries received in automobile accidents are caused by
flying glass. Consequently, while the idea that there was a
non-shatterable glass required considerable sales education
at first, the rapid adoption of this glass by the automotive
companies has caused a rapid growth in the industry asindi-
cated by the figures from the production of Triplex glass

alone. :
PRODUCTION OF TRIPLEX GLASS IN UNITED STATES
Square feet

1926 1,153
1927 50,000
1928 2,000,000
1929 6,642,000
1930 (first 6 months) 3,215,000

Owing to the severe slump in the automobile market start-
ing late in 1929, the complete production for 1930 for the in-
dustry will show a decrease. However, 85 per cent of the
laminated glass used in
this country during

due to thermoplastic
flow under heat and
pressure (3).

The major portion of
all laminated glass has
been made by this proc-
ess, although other
methods are in use.
In France it was made
by the Société du Verre
Triplex on a small scale
previous to the World
War, but it was not un-
til the war that any
considerable market
was found forit. Dur-
ing this period it was
used for such things as

1930 was manufactured
under the Triplex proc-
ess. At theend of 1930
it was estimated that
4,900,000 cars were
equipped with safety
glass in at least the
windshield. This is
18.5 per cent of all the
car registrations for
1930. This has grown
from a usage in ap-
proximately 80 cars in
1926.

The automobile in-:
dustry, in spite of its
present importance, is
not the only outlet for

airplane and automo-
bile windshields, bullet-
proof glass for tanks,
glass for submarines, battleship-bridge windows, and eye
blanks for gas masks and aviators’ goggles. In 1912 a British
group took over the manufacturing and sales rights for Great
Britain and its colonies from the French concern and the Tri-
plex Safety Glass Company, Ltd., was organized. Successful
production was established in 1914. After the war the market
in the automotive industry offered the most promise of devel-
opment. Adoption of safety glass by the British motoring

! Received March 30, 1931.

The Triplex Safety Glass Company Factory at Clifton, N. J.

laminated glass. The
present article, in addi-
tion to discussing the
production of this glass, will summarize the development work
leading into new fields of utilization. The production methods
outlined below refer to standard-quality laminated glass such
as that used in windshields, windows, and deflectors of the
ordinary automobile.

Triplex Manufacturing Operations

Glass sheets are cut to size by means of metal templates.
Each piece of glass is wiped on one side by hand with a clean-



Finishing Edges of Deflectors

ing solution and is placed on a conveyor, which carries it
through a washing machine with a series of revolving brushes,
and thence into a drier. Emerging from the drier, the glass
sheets are sprayed with a dilute solution of gelatin by means
of an automatic device which moves a spray nozzle back and
forth at right angles to the direction of motion of the conveyor.
A very uniform coating of a special gelatin approximately
0.00001 inch thick is given the glass by this treatment. The
gelatin dries substantially on contact with the warm glass as
it passes along the conveyor. :

The celluloid sheets, cut to size and previously carefully
examined on dark and light backgrounds for dirt and surface
imperfections, are placed on the glass and carried through
other automatic spraying apparatus, where the celluloid is
sprayed first on one side and then on the other with a mixture
of plasticizers and high-boiling solvents to soften the surface
slightly. The other glass is then laid on top and operators
examine the loose sandwich of two glass sheets with the sheet
of celluloid for any possible dirt inclusions, which are removed
before clips are applied at the edge.

The problem of eliminating small dirt specks and of main-
taining the slight haze
of the plastic at a
minimum calls for
constant vigilance and
extraordinary clean-
liness and precaution in
manufacture of both
the laminated glass and
the celluloid plastic.
For thisreason the glass
conveyors are covered
from the washing opera-
tion to the assembly
operation. All spray
operations are in closed
chambers.

From the point at
which the washed glass
sheets emerge from the
drier to the point at
which the assembled
sandwiches pass to the
pressing operation, the
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are contained in a long room constantly supplied
with fresh air which has been filtered and washed.
This room is vacuum-cleaned twice daily. Such
precautions are necessary to reduce the contami-
nation from dust particles.

The conveyors carrying the assembled sand-
wiches travel between two lines of hydraulic
presses. Girlslay up two sandwiches in each press
between sheets of heavy paper and press these,
first with a relatively low pressure followed by high
pressure, the presses being operated from two sepa-
rate pressure lines. Both surfaces of each press
are steam-heated, the temperature being con-
trolled by means of a Tagliabue controller on the
steam line. Single-platen presses have largely
been supplanted by those with double platens.
Any irregularity in the platens is a source of
trouble, since it places a strain on the glass. Some
presses, however, are built with one surface very
slightly convex, so that pressure is applied first
along the center of the glass in order to squeeze
any bubbles to the sides as the pressure is in-
creased.

The pressing of laminated glass, depending upon
the thickness of glass and the plastic used, is generally
carried out at from 200° to 260° F. for from 6 to 20 min-
utes, with final pressures ranging from 150 to 350 pounds
per square inch. Under these conditions there is a thermo-
plastic flow of the celluloid sheet. The surfaces are bonded
to the glass, this action being aided by the use of the gelatin
coating on the latter and the softening of the celluloid surfaces
by means of the solvents sprayed on before assembling where
such sprays are used.

The pressed sandwiches are transferred back to the con-
veyor line, which carries them to the sealing and finishing
operations. FEach sandwich has the celluloid removed ap-
proximately 1/ inch in from the edge so as to form a slot,
which is then filled with a waterproofing pitch to seal the
edge against atmospheric moisture. With some glass a spe-
cial transparent waterproof coating is applied directly to the
edge. Straight edges are then ground on a Weber automatic
machine, and curves and corners are finished by hand grind-
ing. Minor scratches in the glass surfaces are polished out,
the finished pieces are inspected, and then they are wrapped
and sealed for shipment.

Salvage Operations

Since the layer of
celluloid in laminated
glass prevents the use
of rejects and scrap as
cullet, salvage opera-
tions are mainly con-
fined to therecovery of
satisfactory areas of
large rejected pieces, .
such as windshields, by
cutting into smaller
pieces, such as deflec-
tors. Both glasssheets
of a rejected piece are
first cut to the dimen-
sions of the new pieces
made and the plastic is
then cut by the inser-
tion of a razor blade in
the crack in the glass.
Methods are also in use

processing and workers

Salvaging Rejected Windshields by Cutting Deflectors from Satisfactory Areas

for reclaiming the raw
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Ordinary Glass vs. Laminated
The girl in the front seat almost severed her jugular vein.
riding in the rear seat was uninjured because the Triplex tonneau shield
merely cracked.

The passenger

glass sheets depending upon the destruction of the plastic
layer.

Major Problems in Production of Laminated Glass -

There are a number of general problems which require con-
tinuous attention if satisfactory laminated glass is to be pro-
duced. The most important of these are the elimination of
dirt inclusions; the securing of good, permanent adhesion;
the selection of a plastic; and the control of the laminating
process so that the safety glass will not develop color, brittle-
ness, or bubbles and be as free of haze as possible. As cellu-
loid is quite hygroscopie, it is also essential that the glass
edges be protected from the separating action of rain and hu-
mid conditions by a waterproof seal which must be equally
efficient in cold and warm weather.

The constant battle against dirt has already been men-
tioned. The other problems involve more directly the efforts
of the research and control laboratory.

The problem of satisfactory adhesion has been fairly well
settled in different ways by several processes for glass made
with celluloid. Instead of coating the glass sheet with gela-
tin, some processes spray a thin layer of pyroxylin solution on
the glass, or use casein or albumin as an adhesive. The patent
literature is full of references to the use of other special sub-
stances for this purpose. Likewise, a number of methods

Bullet-Proof Glass, Showing Results of a Single Shot at Close Range

have been cited for the treatment of the celluloid sheet with
softeners before assembly. Alcohol has been used for this
purpose, while acetone, amyl acetate, castor oil, and many
other substances and mixtures have been specified. Im-
proved adhesion has also been attempted by artificial roughen-
ing of the inner surfaces of the glass by grinding, sand-blast-
ing, or chemical treatment. :

The plastic used in laminated glass has always been a prob-
lem. While great improvement has been made in the proper-
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ties of celluloid sheets for this purpose, no two batches are
precisely alike and the material must be checked constantly
to insure satisfactory service from the finished product. The
chief disadvantage of pyroxylin is its tendency toward dis-
coloration under service conditions. However, the properties
of the improved celluloid now used in laminated glass are such
that no discoloration is noticeable after a year of ordinary
service, but after two years there may be a very slight, though
not objectionable color. A temperature of 120° T. is the
approximate service limit for laminated glass containing
celluloid.  On the other hand, cellulose acetate, while resistant
to temperatures up to the atmospheric boiling point of water,
has the disadvantage of a tendency toward brittleness, more
haze, and considerably higher cost. As yet none of the syn-
thetic resins have appeared in commercial laminated glass
use, probably because of their tendency to become brittle and
lose their adhesion on exposure to ultra-violet radiation.

Close-Up of the Windshield of Laminated Glass

Further Developments

" The manufacture of laminated glass is showing markedly
the current trend toward mechanization. While the above
description may indicate fairly simple manufacture, high re-
jections for many months of 60 per cent and over have
attended any new independent enterprise in the field. Each
handling of a piece of glass by a worker introduces a certain
amount of dirt, breakage, cracks, chips, and particularly
scratches. The spraying of glass automatically leads to more
uniform adhesion, fewer bubble rejects, and, because of the
better uniformity, less breakage in pressing. Consequently,
each hand operation that can be replaced by machine results
in higher yield and cleaner and better product. In the Triplex
plant today less than one-half the workers handle three times
the production of two years ago. As a consequence rejec-
tion is now kept at a very small minimum. Further mecha-~
nization, such as handling of celluloid sheets and assembly,
can be expected.

The use of cellulose acetate as the plastic in laminated glass
will probably develop, particularly for such industrial uses as
require greater resistance to heat than celluloid affords.
The cellulose acetate industry is still in an early stage, and
material with improved properties at reduced cost may be
available within a few years. It does not appear that cellu-
lose acetate will displace celluloid for ordinary laminating
purposes, such as automobile glass, until the acetate is im-
proved by more satisfactory plasticizers.

“In addition to its use in private automobiles, taxicabs, and
busses, laminated glass is now finding an expanding market
in railway service, where it is used for the windows in loco-
motive cabs, in club and parlor cars, and in street-railway
cars. It is also being employed industrially for machine
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guards and windows on special test equipment. The uses
developed during the war in the naval and air services also
continue, and considerable multiple-layer laminated glass 1
to 11/4 inches in thickness is used as bullet-proof glass.

All of these applications are based on the safety feature
of laminated glass. A new field is now being developed, how-
ever, in which this feature is secondary and the emphasis is
upon the artistic effects which may be obtained by using color
and design in the sheet of plastic. Table tops, tray bottoms,
mirrors, wall paneling, soda fountains, display signs and
novelties, art placques and silhouettes designed in mirror, and
many other products of extremely attractive appearance have
already been placed on the market. Celluloid can now be
printed satisfactorily in four colors, with future prospects of
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additional variety if desired, so that marbles and grained
and inlaid woods can be secured which rival the natural
materials. The opportunities for new and striking artistic
effects through the medium of laminated glass are numerous
and future development of the industry may be quite as
much along this line as along the established one of insur-
ing safety.
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Energy-Emission Data of Light Sources for
Photochemical Reactions'

C. E. Greider

RESEARCH LABORATORY, NATIONAL CARBON ComPANY, INc., 1280 WEesT 73rD St1., CLEVELAND, OHIO

IGHT sources, in the

I | ordinary meaning of

the term, are now be-
ing used for many purposes
other than the production of
visual light. Physicians and
clinical workers make use of
them for various therapeutic
purposes, laymen for health
maintenance, while technical
workers use light sources for a wide variety of photochemical
and analytical reactions influenced by radiation in various
parts of the spectrum.

In order to determine the effectiveness of a given source
of radiation for a specified purpose, it is not sufficient to
measure its intensity simply in the broad bands of the spec-
trum designated as ultra-violet, visual, or infra-red, since
many of the effects of radiation are produced by relatively
narrow portions of these bands. As an example, the activa-
tion of ergosterol to form vitamin D is brought about only
by ultra-violet of shorter wave length than about 3100 A.
Since this in many sources constitutes only a small fraction
of the total ultra-violet and may be practically absent in
some sources which contain appreciable amounts of ultra-
violet of longer wave length, a determination of ultra-violet
intensity tells nothing of the value of a light source for this
purpose.

The evaluation of a source of ultra-violet or visual light for
any of its various purposes may be obtained from measure-
ments of the intensity and distribution of energy throughout
the spectrum. When the response curve of a reaction under
consideration is known, the effectiveness of a given source
can be determined directly from its spectral-energy distribu-
tion curve by determining the intensity in that range of the
spectrum to which the material responds. When the response
curve is not known, information regarding it can be obtained
by comparing the effectiveness of two different sources whose
spectral-energy distribution curves are known.

at the present time.

light.

1 Received March 4, 1931. Presented before the Division of In-
dustrial and Engineering Chemistry at the 81st Meeting of the American
Chemical Society, Indianapolis, Ind., March 30 to April 3, 1931,

Data are presented giving the amount and spectral
distribution of the radiant energy from a number of
typical carbon arcs, most of which are in common use
This information is ‘essential
for the selection of the most suitable light source for
a reaction involving the use of ultra-violet or visual
It also illustrates the wide variety of types of
spectral-energy distribution that can be obtained from
different types of carbon arcs.

Light Sources

The sources commonly used
for the production of visual
light, as well as ultra-violet
and infra-red, fall into two
classes. The first is repre-
sented by incandescent solids,
which show an essentially con-
tinuous spectrum of which the
commonest illustration is the ordinary tungsten-filament lamp.
The second is the discontinuous or line spectrum caused by the
thermal or electrical excitation of gas molecules, commonly
produced by an arc or other electrical discharge.

Both types of radiation are found in the carbon arc. The
crater or electrode tip is heated to incandescence and shows
the typical continuous spectrum of an incandescent solid,
while the arc stream, between the two electrodes, gives off the
characteristic line or band spectrum of the molecules and
atoms present in the arc. The relative amounts of the two
types of radiation can be varied at will in accordance with the
purpose to which the arc is to be put; thus, the radiation
from the crater of the plain or projector carbon is almost
all the continuous spectrum of the incandescent solid, while
from a true flame arc it is practically all of the second type.
In this case the incandescent solid electrodes produce only a
very small fraction of the total ultra-violet and visual light,
most of which comes from the arc stream between the two
electrodes. The difference between the two types of arc is
clearly shown in Figure 1, A and B.

An arc between two pieces of pure carbon will show, in
addition to the radiation from the electrodes themselves,
certain lines and bands, chiefly in the violet and near ultra-
violet, characteristic of the carbon arc in air. This distribu-
tion of energy can be modified by incorporating other mate-
rials in the carbon which are vaporized by the arc and add
their characteristic spectrum to that of the carbon itself.
Such materials may be distributed throughout the electrode,
but are more commonly concentrated in the center or core.
The flame carbon arc thus offers a very versatile source of
radiation, for by changing the nature of the material in its
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core the distribution of energy can be changed within wide
limits at will.

Until recent, years arcs have been used principally for the
production of visual light, and therefore most of the com-
pounds utilized as flame materials have been those which
would add most to the visual light emitted by the arc. More
recently the demand for various types of ultra-violet radia-
tion has led to the development of arcs which meet the
different, special demands in this field.

Experimental Procedure

The energy-distribution curves reported herein were ob-
tained by the use of two monochromators, or spectroradi-
ometers, together with a separate thermopile calibrated in
terms of absolute energy units and screens of known spectral
transmission. The first monochromator, of which the optical
parts are of crystalline quartz, is calibrated to measure radia-
tion over the range 2300 to 7000 A. which includes most of
the ultra-violet. and visual light. Its operation has been
previously described (3, 8). The second is an infra-red spec-
troradiometer made by the Gaertner Scientific Corporation
of the type of the Wadsworth constant-deviation spectro-
scope. This was used for the range 6000 to 18,000 A. The
operation of this instrument is essentially the same as that
of the spectroradiometer for the ultra-violet and visual with

INDUSTRIAL AND ENGINEERING CHEMISTRY

509

A—D. c. projector carbon arc B—Sunshine flame arc

Figure 1

which region quite satisfactory agreement is shown by the two
methods of measurement. :

It is believed that the range of wave lengths chosen covers
the entire region of interest to either biological or technical
workers. The short-wave-length limit of 2300 A. in the ultra-
violet is fairly close to the limit of transmission of air, which,
except in very thin layers, may be taken as approximately
2000 A Furthermore, commercially available sources of

ultra-violet do not emit appreciable amounts of
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energy of shorter wave length than 2300 A. On
the long-wave-length side infra-red radiation of
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longer wave length than 14,000 A. is completely
absorbed by even a relatively thin layer of water.

VAR

Its spectral distribution is of relatively little im-
portance for most purposes, although its total

N

amount may be significant as indicating the
amount of heat given off by the light source. - -

B

Discussion of Results

ONE SQUARE REPRESENTS
2500 MICHOWATTS PER 5@ CM.
AY ONE METHR D{STANCE

Figure 2 shows the energy-distribution curve
for a typical high-intensity carbon arc such as.is

used in searchlights and in motion-picture pro-
jection . and photography: On this is super-

e

posed the energy-distribution curve for nor-
mal sunlight (8). The radiation from the arc
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Figure 2

an additional correction for the variation in the

as measured is the radiation from the positive
crater only, as in most applications of.thi};

14000

e

reflecting power of the gold mirrors throughout
the region measured.

Both these instruments give relative energy-
distribution curves only. By means of a pro-

TR PGY DISTRBUTION CURVE,
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cedure that has been described elsewhere (8) they
are converted into curves expressed in absolute

energy units. Briefly, this consists in isolating
by means of suitable screens the amount of energy

in wave bands corresponding to those covered by
the spectroradiometer for any given light source,
measuring this in absolute units by means of a

galvanometer and thermopile, and correlating the
corresponding areas under the energy-distribu-

ONE [SQUARE REPRESENTS
260 MIKROWATTS| PIR SQ.C,
AT bHE METER| DISTANCE
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