INDUSTRIAL
^ENGINEERING
CHEM ISTRY
P u b lis h e d b y th e A m e ric a n C h e m ic a l S o c ie ty

HA RRISO N E. HOW E, Editor

EDITORIALS
Greetings fro m Our President

H appy New Year

IT H gratifying regularity, presidents, of the V X /T l HAVE always been interested’ in reactions
have eacli year
' ' towards the New Year and w hat is called the
been able to report a year more successful than any Christmas spirit. Just why one must wait until the
th a t preceded. The past year has been no exception. page on the calendar pad m arked December 31 is lorn
T he membership of the S o c ie t y has in
off before taking a new hold on things and
creased, its journals have prospered, and
making decisions intended to improve con
the new National Charter has enlarged the
ditions is difficult to understand. Surely
scope of the S o c ie t y ’s work. N ot least
th at opportunity comes with every sunrise,
among the evidences of a healthy condition
and with every tick of the clock.
have been the increased activities of the
Nothing has been invented that has so
local sections and 'of the several divisions.
completely bound one to a time schedule as
M ost encouraging, however, has been the
the radio, but even there some progress has
been made in getting away from the hardsteady growth in the output of research and
and-fast rule which in earlier days brought
in the increased utilization of its results
annoying
interruptions in tiie m idst of a
by American industry.
C harles A. K raus
delightful musical number in order th at sta
P ast successes m ust not be allowed to lull us
into a state of complacency. Problems are increasing in tion identification might be given on the exact quarter
num ber more rapidly than they can be solved. Chemis hour.
If you are one of those who look to the New Year
try is a major factor in accelerating the tempo of change,
already rapid, in an ever-changing world. Every ma as the best lime to take a new stance and drive for
jor development in chemistry is followed by a train of better things, then lake into consideration some of the
social and economic readjustm ents whose influence is factors desirable if the New Year is indeed to be a
felt the world over. Improved conditions in our way of happy one; for instance, is it not lime to speak in softer
living, made possible through chemical research, too terms about American business? None of us can get
often fail of realization because of lack of understand along without the American businessman of the
ing on the part of those whose business it should be to better sort, and among the thousands there are very,
apply the results of research in furthering human wel very few whose records are such as to m erit con
fare. One of the great tasks of the chemical profession demnation. Beware of generalities, and reserve your
is to bring home to the intelligent layman, in whatever ill will only for those whose records clearly m erit it.
Neil Carothers some months ago, in discussing the
walk of life he m ay move, a clearer understanding of
the social and economic implications of modern chem functions of business, pointed out th at there are at
istry. I t is here th a t every member of our S o c ie t y is least five economic functions of great importance to us.
in a position to make a distinct and valuable contri The first is to produce goods without which we all die.
bution, not only to the cause of science, bu t to the The second is to find and invest capital without which
common cause of a better and happier world as well. industry cannot live. For every factory worker in.
W ith these thoughts in mind, I extend greetings to America, business has provided an average investment
all members of the A m e r ic a n C h e m ic a l S o c ie t y . of $8,000 in plant and equipment. T hat is the chief
M ay the coming year yield to each of you compensa reason why the American is the highest paid worker.
The third function of business is to find ways to
tions not measurable in terms of economic values alone;
m ay it yield a greater return through the joy of action produce new and better goods. The fourth is to keep
enterprise alive, and M r. Carothers points out that in
and the consciousness of accomplishment.
five years of the depression the factory industries alone
C harles A . K raus
' ' A m e r ic a n C h e m ic a l S o c ie t y
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paid out from surplus accumulated in prosperous years
nine billion dollars more than they received. The
fifth function is to create so great a How of goods that
out of earnings government, education, religion, recrea
tion, and charities m ay be supported.
So, in the New Year let us remember the dependence
of all of us upon American business and try to be more
helpful and less critical towards those who manage it.
This might be a good time, too, to decide to w hat de
gree we are civilized and how well we measure up to
some of the specifications such as those suggested by
George H. Ashley. He says th at certain attitudes
distinguish civilized man from others. He has an
insatiable and lifelong thirst for knowledge and wis
dom, for facts and more facts as a basis for what
he shall believe and do. He is keenly sensitive to
beauty; he has a will to work and a zest for living.
Indeed, a really civilized man is a glutton for work.
Linked to work is initiative and readiness to change.
A civilized man is honest; lie is sensible; has the
courage of his convictions; is unselfish and cooperative.
Finally, if there is such a creature, the all-round
civilized m an is or will be balanced. If we accept
these qualifications and endeavor to measure up to
them we will be so busy with self-improvement th at
we will have less time destructively to criticize others.
The New Year will give you the opportunity to escape
those things th a t have been something of a mental
hazard and go forth inspired by the idea th at you are
under new management, that you have decided to be a
doer instead of a wisher, and become a self-starter.
Changed conditions often have ju st such effects and
the slope of the curve for business in general the last
little while seems to indicate th at 1939 will offer more
to bring rejoicing in business than proved to be Ihe
case early in the year that has passed.
• And then this m atter of the Christmas spirit. Just
w hat brings it about we do not know, but it does sweep
other things aside and does grow and spread. It
softens everyone, even those who commonly glory in
being hardboiled, and while it is abroad people seem to
get on better with one another. B ut why should not
the same attitude prevail throughout the year? We
believe it would be helpful if it could be m ade to’ do so
and if each of us helped the other to prosper and be
happy during 1939, it could be kept alive.
Yes, it can be made really a “ H appy New’ Year!”
No trial installation is ever undertaken until all
reasonable work has been completed in the laboratory,
since it is an axiom of industrial research th at w hat
can be done in a test tube m ay be done on a large scale
bu t w hat cannot be done there cannot be done com
mercially.— F . B . J e w e t t
I t has been truly said th at you can't build a reputa
tion on w hat you are going to do.
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Government and Industry Cooperate
T N T H E SE days when industry, big and little, is so

frequently the target, it is a pleasure to note an
exception. The recent legislature of Louisiana passed
a constitutional amendment reducing the severance
tax on sulfur from §2.00 to $1.03 per long ton and in
stituting ad valorem taxes on unmined sulfur, with con
stitutional limitation. The people of the state of
Louisiana have now ratified this amendment, which is
a part of the “fair play to industry” program of
Governor Leche.
Since imposing the severance tax of $2.00 per ton,
the sulfur production of Louisiana in 1936 fell 23 per
cent belowr the previous year, while that of Texas in
creased 37 per cent. This did not escape the notice of
the Louisiana State Board of Commerce and Industry,
which in September, 1937, urged the Freeport Sulphur
Company to proceed with a $300,000 expansion pro
gram, originally planned for 1936, with the assurance
that the legislature would deal fairly with the tax
problem. The company responded, w ith the result
th at Louisiana production rose 88 per cent for the final
half of 1937 as compared with the first half. The con
struction program now nearing completion has been
expanded by a $120,000 new project at P ort Sulphur,
La. The Freeport Sulphur Company further waived the
constitutional exemption from ad valorem taxation of
sulfur in the ground.
A lesson may be drawn from this experience by many
other governmental administrations th at the trend set
in motion by excessive taxation may ultim ately result
in reduction of actual revenue through retarding in
dustrial activity, and bring writh it unemployment and
all the other factors in the vicious circle. We thus have
a unique example of give and take on the part of a
state and one of its industries. It is significant and re
freshing, and show's w hat can be done cooperatively
to improve business and increase employment. M ay
such examples be multiplied!

Old M aterials— New Uses

S

OM E of us have the habit of acquiring a little in
formation on a particular subject, failing to follow'
developments, and then being surprised when unex
pected uses are found for w'ell-knowTn products.
There has just come to our desk a publication giving
a review of the therapeutic uses of pectin, and we are
both interested and surprised by the large num ber of
articles dealing w ith this subject. It may be a confes
sion of not keeping up with the procession, bu t the use
of pectin in the treatm ent of w'ounds and burns wras new'
to us, as were other special uses for this m aterial which
we had ahvays associated with jelly making.
It begins to look as if the rhyme about an apple a
day m ay have some factual basis.

CHEMISTRY IN 1938
has been fugiting again, and its headlong
flight past the landmarks and events of the past
year has brought us in a surprised and breathless
state to the beginning of 1939. The time has
come to sight back along that trail, using those
events for guidance, much in the manner of the engineer who
focuses his transit on the outstanding characteristics of the
country through which he is passing. It is not our purpose
to indulge in prophecy, but rather to note in retrospect
some of the prominent events of 1938. Completeness is not
claimed, nor is an effort made to arrange the items in order
of their importance, for that is too much a matter of personal
opinion; in most instances only time and experience can really
determine the true worth of new discoveries.

poses to use chemical activity as a means of indicating busi
ness upswings. This resemblance is not strange when one
remembers that chemical industry produces about one-fifth
of all manufactures in this country and that it has invested
200 million dollars in shipping containers such as tank cars,
cylinders, and glass carboys.
In the absence of stability in politics, finances, and markets,
actual expansion was held somewhat in abeyance. Our own
survey made in midsummer showed that many companies
were prepared to launch substantial programs when the first
reliable signs of a business upturn might come.
American Cyanamid and Chemical Corporation has an
nounced plans for erection of a plant near Georgetown, S. C.,
for the manufacture of aluminum sulfate. Socony-Vacuum
and Sun oil companies are proceeding with a large plant to
operate the Houdry process for the cracking of petroleum, and
the Celanese Corporation of America proposes to invest an
additional ten million dollars in a plant to manufacture a new
type of rayon. Johns-Manville Corporation announced the
tentative opening of four new factories, one each in Virginia,
California, Indiana, and Maryland, and this expansion will
represent an investment of about four million dollars and an
expected employment of a thousand persons. Coming Glass
Works and Owens-Illinois Glass Company, producers of glass
fibers, announced the formation of a jointly owned but inde
pendent company, the Owens-Corning Fibreglas Corporation,
which took over the business of the parent companies in the
glass fiber field.
Muddled world affairs have made their impact upon the
chemical industry. Fundamental as it is to all industrial
progress, it is not surprising that countries bent on national
self-sufficiency should endeavor to establish production units
within their own borders. These, in turn, influence foreign
markets and policies; although as a by-product there may be
advances that can be adopted and utilized in the United
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Of primary interest was the recurring depression which was
more severe upon the chemical industries than that which be
gan in the autumn of 1929. On the whole, prices were not as
satisfactory, production was curtailed, and some plants had
more difficulty in maintaining operations at efficient levels
than in the immediately preceding years. Nevertheless
chemical industry continued to make a good record in the
satisfaction of man’s material needs, its employment and pay
rolls, its showing with regard to wages, and its yield of profits.
Its progress in consumption or production and net exports
were well ahead of other industries and an important part of
the chemical industry was in the front rank of all industries
in reduction in prices of products. (Charts, page 4.)
Though indicators are commonly used in chemical produc
tion, the idea of using chemical production as an indicator is
novel even though only in the business sense. In one of its
monthly surveys, the Guaranty Trust Company of New York
notes that since 1922 the trend of chemical output and gen
eral industrial output have been closely similar, and it pro
3
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States, the trend is not without its difficulties for the American
chemical manufacturer.
Announcements were made during the year that a number
of new enterprises would be initiated in Japan, including the
synthesis of camphor, and that there would be further expan
sion of the rayon industry; that country already leads the
world in the output of rayon staple fiber.
Czechoslovakia and Italy announced plans for the produc
tion of synthetic plastics with rubberlike characteristics, and
Italy has produced from the bark of the mulberry tree an ar
tificial textile called “Gelsofil.” A considerable increase in
the production of soap from cracked synthetic paraffin in

Germany was also undertaken. The Four-Year Plan which
leans so heavily upon applied science for its consummation
saw great efforts expended to develop further applications of
the German process for the recovery of elemental sulfur from
waste gases, the substitution of aluminum for other metals,
the use of thermoplastic resins in modified linotype machines
to replace type metal, the perfection of a pipe constructed
spirally of wood veneer laminated with phenolic resin (again
to replace metals), and an artificial fiber from fish albumin
and cellulose.
When the du Pont neoprene plant was incapacitated by an
explosion, one of the Buna synthetics, “Perbunan,” was im-
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(Refer to text, page 3)
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ported in modest quantities, and the trade had a better oppor
tunity to check the properties of this material against the
claims made for it. Some believe that the low cost of buta
diene, possible in the United States, may eventually make this
synthetic material with rubberlike characteristics an active
competitor of such American developed materials as neoprene,
Thiokol, and Koroseal. Others hold a contrary opinion, ex
pect to see the American products produced at a still lower
price, and maintain that, on a quality basis, they are in a
tenable position for many services. Prices have been low
ered on these American products, accompanying an increase
in volume of production. A notable step in the advancement
of the American synthetic rubber industry was taken when a
plant for the annual production of two million pounds of
Thiokol was opened at Midland, Mich.

5

Corporation, which greatly shortens the time required to con
vert the ripened viscose into thread.
The Brown Company has perfected a process and equip
ment for spinning alpha-cellulose filaments.
A novelty which may become commercial was announced
in London. It has to do with a new process by which a film
of gold less than 0.0001 inch thick can be applied. The
fabric is dipped in an organic compound of gold, such as tri-

IN DU STRIA L DEVELOPM ENTS

This year has been characterized by the development of
synthetic fibers. Among these, nylon deserves one of the
first places. This word, coined by the E. I. du Pont de Ne
mours & Company, Inc., is their generic name defined scien
tifically as synthetic fiber-forming polymeric amides with a
proteinlike chemical structure. Nylon is derived from coal,
air, and water or other substances. It is characterized by
extreme toughness, strength, and a unique property which
permits its formation into fibers and various shapes such as
bristles and sheets. Two patents have already been issued.
The importance of this discovery and its development cannot
be overemphasized. It is the product of group research car
ried out un; er the leadership of the late Wallace H. Carothers.
The developmental work closely demonstrates characteris
tics such as tensile strength, elasticity, uniformity of fiber,
and extreme fineness of filament which give assurance of
highly important applications. In the form of Exton bristles
it has been made commercially available in toothbrushes.
A plant is to be erected at Seaford, Del., and commercial pro
duction may be expected by the autumn of 1939.
Carbide & Carbon Chemicals Corporation placed on the
market a new vinyl-base yam called “Vinyarn.” It is still in
the developmental stage, and the producers are working out
several of the kinks inherent in any new development.
An expansion of the lanital process for making wool from
casein has been made by Gould and Whittier of the United
States Bureau of Dairy Industry. This new method differs
from that of the Italians principally in the lower sulfur content
of the product and the fact that it is possible to use more grades
of casein. The enthusiasm of some for this type of fiber is
somewhat offset by the opinions of others that none so far
produced is any better than damaged wool. Two Dutch
scientists have found that bacteria which are ordinarily able
to destroy proteins of the casein class can also destroy these
synthetic fibers. What would it profit a man to wear a suit
of the Italian cloth which is 50 per cent wool and 50 per cent
lanital if to the moth, as an attacking enemy, there must also
be added bacteria?
In addition to foreign artificial fibers from mulberry leaves
and fish albumin, there should be mentioned the Hofa thread
produced in Germany from wood fiber stock and viscose as a
substitute for jute, ramie, and similar fibers, and the Japanese
artificial fiber produced from the proteins of soybean cake.
The United States has also produced a fiber from soybean
protein at the Ford Motor Company’s plant and the Soybean
Regional Laboratories. (Illustration, page 7.)
New products from glass fibers, such as anode bags for
electroplating, packing fibers, and bottle-cap liners also made
their appearance.
The daily press has announced the perfection of a new de
vice for spinning rayon, credited to the Industrial Rayon

Courtesy, Science Service
F in e M e s h o f t h e N e w N y l o n S t o c k in g s
Contrasted with a hum an hair (the horizontal thin line in the center)
and a piece of No. 60 sewing thread (the heavy diagonal line).

alkylphosphine aurous halide, which breaks up into its con
stituent parts when slightly heated. The thin film of gold is
deposited on the fabric like a dye. It has been estimated that
gold fabric by this process would cost about $2.50 a yard, and
that the total amount of gold in a garment requiring 6 yards
would be less in bulk than a 10-cent piece.
The Potash Export Association, Inc., filed papers with the
Federal Trade Commission for exporting potash (potassium
chloride, potassium sulfate, sulfate of potash-magnesia, kainit,
and manure salts). The association is formed under the Ex
port Trade Act, which grants exemption from the antitrust
laws to an association solely engaged in export trade. Mem
bers of the association are American Potash & Chemical Cor
poration, United States Potash Company, and the Potash
Company of America. The formation of this association is
particularly interesting when we realize that the United
States was wholly dependent upon imported potash prior to
the World War, and is now not only supplied from domestic
resources but is in a position to export these compounds.
Experiments at the University of Minnesota in the use of
carbon dioxide for the preservation of certain fruits have
passed the experimental stage, and for the last three years
Minnesota growers have been shipping and selling straw
berries and raspberries to dealers in surrounding states with
considerable success. The berries are reported to be firmer in
texture, brighter in color, and far freer from mold than those
not gassed.
Ecusta Paper Corporation expects to produce cigaret paper
made from American raw materials in a mill near Brevard,
N. C. The site vras selected largely because of the adequate
supply of very pure water. The necessary flax is expected to
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come from the northern, western, and northwestern farming
areas. The problem of producing cigaret paper in the United
States has been frequently investigated, and it is to be hoped
that this new project, based upon the results of research over
the last five years, may be successful.
The Shell Development Company announced that for over
a year it has operated a small commercial plant in which
glycerol of the highest grade is synthesized from petroleum
gases. (Illustration, page 9.)
During the past year The Harshaw Chemical Company
produced large single crystals of salts for optical use. These
crystals are grown from the highly-purified molten salt and,
as a result, are exceptionally clear.
The Corn Products Company has begun commercial pro
duction of zein from the gluten of corn 0-dextrose and the
more common derivatives of d-glucose.
Ribose, a rare sugar which has become important to many
fundamental researches, has been produced by the National
Bureau of Standards at a cost of about two dollars per gram;
the prior cost was forty dollars.
Acetylene black, a new industrial product with excellent
heat-insulating properties, recently made its appearance.
The largest use for this material, which is very bulky and has
an apparent density of 1.4 pounds per cubic foot, is in dry
cells.
The patent for a new wrapping film which seems to have
the characteristics of cellophane plus a high degree of water
insensitiveness has been assigned to E. I. du Pont de Nemours
& Company, Inc. The film’s properties are due to a slight
etherification of the cellulose and there is a great possibility
that it may be used as a transparent wrapping for butter,
cheese, and other dairy products. Heretofore, continued
contact with moisture caused transparent films to lose their
water-repellent characteristics. The newly discovered ar

ticle can withstand immersion in water for a month without
degeneration of the waterproof layer.
Various applications of synthetic resins have proved ex
tremely interesting and novel. The United States Bureau of
Public Roads has installed more than two hundred reflectors
made of Lucite to test their effectiveness after dark in hazard
ous locations, such as curves. The Department of Agricul
ture has used the methacrylate resin to preserve biological
and agricultural specimens indefinitely in their natural color
and shape. Surgical splints (illustrated, page 10.) have
been made with the transparent Lucite which enable X-ray
photographs and periodic examinations to be made without
removing the supporting appliances, and “Vinylite” resins
have been used to make corrosion specimens of the distribu
tion of blood vessels in human organisms such as the kidney,
heart, and lung.
The University of Wisconsin and the United States Forest
Products Laboratory have cooperated in developing a process
for converting lignin into new and useful chemical products,
such as methanol and three new derivatives of p-hydroxycyclohexylpropane. The same organizations have produced
two promising processes for the preparation of sawdust mold
ing powders, differing mainly in the pretreatment of the saw
dust. The Forest Products Laboratory has extended its
method of minimizing wood shrinkage and swelling, through
the use of synthetic resins, to the treatment of plywood.
Men who go down to the sea in ships may tell wondrous
tales, but the men who go down to the sea with a test tube
produce wondrous products, for now magnesite is being made
from sea water and oyster shells. In November, 1937, Westvaco Chlorine Products, Inc., opened a plant at Newark, Calif.,
for production, among other things, of this refractory material.
Manufacturing of buffing and polishing compositions has
been speeded up by a development of A. D. Gaskin, of the
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Bruce Products Corporation. The new process, for which gum rosin from oleoresinous exudate of the living tree. Crys
patent applications have been filed, consists in holding the tallization of rosin is a serious problem in some industries,
mixture of grease and abrasive at a few degrees above its particularly in adhesive, core oil, soap, and paper-size manu
solidifying point and subjecting the mass to a shredding op facturing. The new rosin is prepared merely by gravity fil
eration under reduced pressure. This successfully removes tration in order to remove the semisolid mass which forms
the entrained air, a detriment under the old process, and the when the gum is allowed to stand and which would later con
mass is then forced through a die in a continuous stream, fol tribute to the crystallizing tendency of the rosin. Semiplant
lowed by an automatic operation which cuts the material into scale tests have indicated that commercial production is pos
the desired lengths.
sible, and application has been made for a public service patent.
An electrolytic process was announced by United Chro
Surface Combustion Corporation has developed a continu
mium, Inc., which, without the use of dyes or pigments, can ous metal-hardening process using ammonia in conjunction
be used to produce almost any desired shade or color on a me with carburizing gases. The method, called “dry cyaniding,”
tallic surface. All colors are produced in one plating bath, makes possible the formation of suitable cases at lower tem
the composition of which is not changed, for the color pro peratures than were heretofore used, and by variations in the
duced is a function of the plating time. As the amount of two gases a product of different nitride and carbide composi
plate increases, the color changes in repetitive cycles of violet tion is produced.
to blue to green to yellow to red. The finish of the plated
Commercial production of Oil of Mustard Artificial from
product is closely related to the finish of the base metal prior domestic raw materials was begun by the Edwal Laboratories,
to plating, duplicating the preliminary reflection or diffusion. and the same organization made available to quantity users
Variations of color are rendered possible by a prior plating of uric acid, potassium acid urate, chlorohydroquinone, formerly
another metal such as copper or nickel.
imported from Germany under the trade name “Adural,” and
During the latter part of 1937, a method of whipping cream o-phenylenediamine recently introduced as a photographic
was introduced by The Aeration Processes, Inc., which is developer.
based upon the fact that the whipped product is dependent
Treatment of a calcium bicarbonate water with 1 or 2
upon mechanical action only as a means of entrapping gases, p. p. m. of sodium metaphosphate, usually known as sodium
in the form of bubbles, within itself. In the commercial ap hexametaphosphate will prevent the precipitation of hun
plication, steel siphon bottles are charged with cream and dreds of pounds of calcium carbonate when the water is heated
nitrous oxide. The cream is discharged through a small or when moderate amounts of alkali are added to it. This
valve and, because the gas is less soluble in the lower pres method, developed by the Hall Laboratories, is known as
sure, instantly whips. That remaining in the bottle retains threshold treatment and is described in this issue.
its liquid form and the container, when emptied, is returned to
Impurities in liquid chlorine, though normally present in
the processing plant for
concentrations of about
re-use. Production has
0.2 per cent, may often be
deposited in the delicate
exceeded one million units
mechanism of water treat
annually and, according
ment chlorinators. The
to reliable authority, has
Pennsylvania Salt Manu
doubled production of
facturing Company has
nitrous oxide in this
successfully elim inated
country.
such impurities by scrub
Sulfur dioxide is now
bing the dried cell gas in
being used in a process
a fractionating column
which eliminates the time
with a descending stream
usually necessary to dry
of liquid chlorine. The
vegetables for storage.
impurities are absorbed
The process, developed
by the liquid chlorine
by E. F.-Hopkins, of New
which is collected at the
York S tate College of
base and automatically re
Agriculture at the Laurel,
distilled. The impurities
Miss., sweet potato starch
have been reduced to 0.01
factory, promises to elimi
per cent.
nate the necessity of con
Sodium silicate has been
verting sweet potatoes
used on an increased scale
into starch within 90 days
during the past year to im
of harvesting and to allow
prove the character and
storage of raw materials
size and to increase the
for continuous all-year
rate of formation of floes
operation. The vege
formed in the pretreat
tables are ground, satu
ment of -water. The sili
rated with sulfur dioxide,
cate is not in itself a co
and dehydrated by cen
agulant but is used to
trifugal means. The re
improve the flocculating
sulting pulp is given a
powers of the material
final low-temperature dry
used, be it alum, copperas,
ing and is either stored or
sodium alum inate, or
ground to meal.
ferric sulfate. The use of
The United States De
M o l d in g S o y b e a n P r o t e in P l a s t ic M a t e r ia l a t t h e U . S.
silica is expected to in
partment of Agriculture
R e g io n a l S o y b e a n I n d u s t r ia l P r o d u c t s L a b o r a t o r y ,
crease the pH range
U ebana, I I I .
announced the prepara
through which alum may
(Refer to text, page o.)
tion of a noncrystallizing
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be used as an effective coagulant; floes so formed are ex
pected to settle faster and thereby give a clearer effluent for a
fixed rate of flow.
Technologists in the oil industry have demonstrated that
silicate solutions, of sufficiently high concentrations, will pre
vent the swelling and dispersion of heaving shale. Substitu
tion of strong silicate solutions for water in the make-up of
drilling muds for oil well practice is expected to obviate the
difficulties encountered in boring through heaving shale.
Philadelphia Quartz Company has been active in these silicate
developments.
A means of detecting poisonous gas was indicated by a new
device developed by T. T. Woodson of the General Electric
Company. The apparatus works on the principle that a
vapor will absorb certain colors; for example, mercury ab
sorbs violet. A violet light is passed through a sample of
gas and onto a photoelectric cell. If mercury vapor is present,
part of the violet light is absorbed and the decrease in light
transmitted is detectable by the photoelectric cell, which ac
tuates a warning signal.
A new process of printing pigments on textile materials has
been developed by the Aridye Corporation, a subsidiary of the
Interchemical Corporation. The pigments are sold as a thin
paste and may be applied from regular printing rollers. Sub
sequent operations are only drying and curing; the steaming
and aging necessary in regular textile printing operations are
eliminated. Colors are light and wash fast, and this process
may find wide application in the textile field.
Last year the first successful use of Tetralin in this country
for the control of naphthalene crystallization in gas mains was
reported. Tetralin is a cheap solvent for naphthalene and
has a low vapor pressure. After introduction into the main
by atomizers, it condenses and dissolves the crystallized
naphthalene. It ha's been reported that as little as 10 grains
of solidified naphthalene will completely choke a foot of half
inch pipe.
Quartz springs or coils are now being used for extremely ac
curate weighings by the General Electric Research Labora
tories. Hairlike filaments of quartz, about 0.006 inch thick,
are softened by heat and then wound on a rotating brass
mandrel, which gives them the proper coiled form for weighing
purposes. The chemical inertness of quartz allows it to be
used for many purposes for which steel springs would not be
adaptable. (Illustrated, page 14.)
A method of sterilizing and preventing bacterial decompo
sition of food was introduced by the Westinghouse Electric
& Manufacturing Company. The process is a discovery of
Harvey C. Rentschler and consists in irradiating materials
with an ultraviolet ray of 2537 A. It has also found applica
tion in the operating rooms of hospitals as a means of decreas
ing postoperative infection.
The use of a quick-drying cement, the invention of Karl P.
Billner of Sweden, may have many interesting applications
for both military and commercial construction. Pillbox for
tifications dried and hardened in 4 hours; fortifications can
thus be completed overnight. An excellent method of pre
paring emergency structures such as levees and dykes in pre
flood areas is indicated.
Polaroid found adaptation as an active agent in reducing
the glare of electric lamps, for last year the first polarized in
candescent lighting lamp made its appearance.
Silver had more than its share of attention, and the Ameri
can Silver Producers’ Research Project was extended for an
other year. The research program was started in 1937 to
find new industrial outlets for silver. It sells for about six
dollars a pound and is cheaper than many metals used by in
dustry. Attempts are being made to apply silver to plate
used for food containers.
Silver tarnish has long bedeviled housewives, and a process
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said to obviate it has been developed by English scientists.
It consists of imposing on the surface of the silver a thin, in
visible coating of beryllium or aluminum oxide, either by
electrolysis or heat treatment.
A new method of extracting lithium compounds from spodumene was announced by the United States Bureau of Mines
and is expected to make available a cheap supply of this metal
for industrial purposes.
The School of Chemical Engineering Practice of Massa
chusetts Institute of Technology opened a field station at the
Parlin, N. J., plant of the Hercules Powder Company. Theo
retical work, carried on at the institute, will be complemented
with practice under plant conditions in the application of
theory in the solution of industrial problems.
American demand for vanadium increased greatly during
1936, and figures published during the past year showed that
vanadium production has been increased about 700 per cent,
while imports increased about 250 per cent.
Blue mold, a serious disease in tobacco seed beds, has been
controlled through the application of proper concentrations of
benzene vapor.
Research on olefins has been particularly active during
1938. The studies on the condensation of olefins with other
types of hydrocarbons by means of sulfuric acid, aluminum
chloride, and boron fluoride have been continued, and much
light has been thrown on the subject. Polymerization of
olefins by catalysis has also been studied, and of special in
terest is the preparation of a whole series of organoaluminum
compounds.
The sink-and-float process, announced by E. I. du Pont de
Nemours & Company, Inc., is used for the beneficiation of
coal and also for minerals when one or more of the components
has a specific gravity between 1 and 3. Parting liquids such
as pentachloroethane and tetrabromomethane are used to
make the separation. The process employs pretreatment
with an active agent solution which immunizes the material
from the heavy liquids. Development of the use of the active
agent solution together with heavy organic liquids constitutes
the chemical achievement which has made the process com
mercially valuable.
AM ERICAN CHEM ICAL SOCIETY

An event of first importance took place in the affairs of the

A m e r i c a n C h e m i c a l S o c i e t y when the incorporators of the
S o c i e t y under Federal Charter met in Washington on Janu

ary 7. They proceeded according to Public Act No. 358,
75th Congress, entitled “An Act to Incorporate the American
Chemical Society.” This status is enjoyed by very few or
ganizations in the United States, and it has conferred upon
the S o c i e t y a new dignity and certain new obligations.
Following an attempt made in Pennsylvania to deprive
chemists of the right to direct clinical laboratories, the Board
of Directors had a brief prepared which was submitted to the
attorney general of the state. The method that had been
adopted was to have the existing law so interpreted by the
State Board of Medical Education and Licensure as to make it
unlawful for anyone not having the M.D. degree, no matter
how well qualified, to direct such laboratories.
The S o c i e t y was much interested in the meeting held under
the auspices of the Public Health Service in October at Hot
Springs, Ark., attended by laboratory directors, serologists,
and others vitally interested in the program to wage a sus
tained and active campaign against syphilis. The purpose of
this assembly was to make progress in the evaluation, im
provement, and standardization of serological tests for
syphilis and to take such steps as might seem best to marshal
intelligent forces and prepare for the proper training of labora
tory personnel. Real progress should now be made against a
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disease so long entrenched, partly because of silence concern
ing it. There is much to be done in perfecting tests and de
veloping properly qualified directors to apply them. These
tests are chemical in nature and complex, and their proper
performance requires skill. The President of the S o c i e t y
appeared on the program and took part in the subsequent dis
cussion.
The S o c i e t y enjoyed another
successful year, whether measured
by increase in membership, construc
tive activities, or circulation of its
publications. Those interested may
find details in the minutes of the
Directors’ meetings and those of the
Council, and in the general accounts
of the national meetings held at
Dallas and Milwaukee, as well as the
programs before symposia, regional,
divisional, or local section meetings.
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the microscope is a practical utilization of the physical phe
nomenon of the deflection of electrons from matter. The
pattern made by the deflected electron is rendered visible by
the use of chemicals that fluoresce under electron bombard
ment.
The formation of a coherent self-supporting film from clay
minerals without the use of binders was announced by Hauser

PURE SCIENCE

One of the most interesting an
nouncements of the year in pure
chemistry was that of E. C. C. Baly
of the University of Liverpool, in
which he stated that carbohydrates
are produced on the surface of pure
nickel oxide when it is irradiated
with white light in the presence of
carbon dioxide. This duplicates
nature’s method of producing such
substances in every way except that
pure nickel oxide instead of chloro
phyll is used.
The synthesis of a group of ex
tremely light-sensitive compounds,
porphyrins, was taken as a decisive
step toward the ultimate synthesis
H y d r o l y s is U n it s f o r O r g a n ic C h l o r id e s , S h e l l D e v e l o p m e n t C o m p a n y
of chlorophyll, for these compounds
(Refer to text, page G.)
may be obtained by the degrada
tion of the green pigment of plants
and Le Beau at the Fifteenth Colloid Symposium of the
or the red pigment of blood.
Jean Perrin, noted French physicist, reported the detection A m e r i c a n C h e m i c a l S o c i e t y . The film has great commer
of spectral lines, believed to be from the ninety-third element, cial possibilities, for it resists practically anything with which
in minerals containing uranium. This is not the first time it comes in contact and has been used for insulating purposes
that a new element has been announced, but there is more in place of mica (sheets of any size may be produced), as a
than a possibility of the existence of this substance, for Enrico wrapping material for chemicals, and in textile and paper
Fermi, this year’s Nobel laureate in physics, produced in manufacture. (Illustrated, page 13.)
finitesimal quantities of a higher element by artificial radio
activity.
A lamp of unusual brilliance was introduced to America M EDICINAL C H EM ISTRY
by its Netherlands inventor, Cornelis Bol. It consists of a
Sulfanilamide continues its amazing progress as a curative
small tube containing mercury vapor, under more than 1,000 and is now finding new use in the treatment of blindness re
atmospheres pressure, surrounded by a quartz jacket through sulting from trachoma. The mystery of its action has not
which water under high pressure is circulated. The increased yet been solved, and during the past year two theories were
pressure changes the mercury vapor spectrum from the usu advanced as possible explanations. Davis, Harris, and
ally blue-violet to a white. Already in use for illuminating Schmeisser, of the University of Tennessee, believe that the
European airports, this lamp may find wide application in drug activates the cells responsible for the destruction of mi
croorganisms; E. K. Marshall, of Johns Hopkins University,
America.
The tabulation, classification, and indexing of x-ray dif stated that it was apparently justifiable to conclude that the
fraction characteristics of over a thousand chemical com drug’s effectiveness was due to a direct action on the infecting
pounds were published by Hanawalt, Rinn, and Freyel, bacteria.
Russell L. Cecil, of Cornell University Medical School, re
of Dow Chemical Company. It is expected that this method
of analysis will come into more general use for it is easy and ported that a new chemical relative of sulfanilamide being
tested in several New York City hospitals is yielding promis
rapid to use.
A supermicroscope that uses electrons instead of light rays ing results as a remedy against several types of pneumonia.
Perrin H. Long, a pioneer worker with sulfanilamide, pre
was perfected by two German scientists, E. Roska and B. von
Borries. Capable of magnifying a hundred thousand times. dicted before the Massachusetts Medical Society that some
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day nearly all infectious diseases may be brought under con
trol through compounds of sulfanilamide. He said that more
than a thousand have already been built on the basic formula
unit, and progress depends in a large degree upon the develop
ment of even more of these compounds.
Sodium sulfonyl sulfonylate has been used to cure distemper
in animals and so becomes apparently the first chemical effec
tive in the treatment and prevention of disease caused by a
filterable virus.
Another compound, a formaldehyde sulfoxylate derivative
of diaminodiphenyl sulfone, has been used on experimental
animals and found to be more effective than sulfanilamide in
combating bacterial infection. However, sufficient evidence
has not yet been obtained to warrant its application to human
ills.
Vitamin studies have produced several heretofore unknown.
Vitamins Li and L2 were discovered as an essential of foods
by three Japanese scientists, Nakahara, Inukai, and Ugami,
and a new vitamin D wras announced by Bills, Massengale,
Hickman, and Gray, of the research laboratories of Mead
Johnson & Co., and Eastman Kodak Company. E. A.
Doisy and associates, of St. Louis University, isolated a crys
talline compound with vitamin K activity, and another mem
ber of the B family, Be, was produced as chemically pure
crystals by Paul Gyorgy, of Western Reserve University.
E. S. Stern, of Columbia University, used intraspinal injec
tions of synthetic vitamin B as a means of treating inflamma
tory and degenerative diseases of the central nervous system;
Arthur J. Patek reported that the vitamin was a means of re
lieving cirrhosis of the liver, and other workers have stated
that vitamin Bi may be used to bring relief from the neuritis
usually accompanying leprosy.
Three different groups of scientists, in as many countries,
have successfully synthesized vitamin E. Priority, however,
must go to the Swiss; Karrer, Fritzsche, Ringer, and Salo
mon announced their success three days before L. I. Smith
and his associates at the University of Minnesota reported
their achievement. The vitamin, as a-tocopherol, has also
been synthesized by workers in England.

T r a n s p a r e n t S u r g ic a l S p l in t s o f L u c it e , M a d e
(Refer to text, page 6.)
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S. A. Komarov, of McGill University, obtained a new hor
mone, gastrin, which is an influencing factor in the produc
tion of hydrochloric acid in the stomach.
Cancer research has continued, and progress, not all re
ported as yet, has been made by many different workers.
Important in this field is the work of Lionel C. Strong, of Yale
University, who caused liquefaction of cancerous growths in
mice by inclusion of heptyl aldehyde in their diet.
Nicotinic acid, announced last year as a specific for the
cure of black tongue in dogs, was utilized for the alleviation
of pellagra in humans. The efficacy of this compound was
studied by J. D. Spies of Cincinnati, P. J. Fauts of Indian
apolis, and D. T. and S. G. Smith of Duke University.
A vaccine against yellow fever, which has proved effective
in applications in South America, culminated a seven-year
research program at the Rockefeller Institute for Medical
Research. Since the discovery of yellow fever in districts in
which there were no Aëdes aegypti, once the acknowledged host
of this disease, medical science has been seeking a successful
vaccine and a successful explanation of how yellow fever is
transmitted to man.
The relief of eye strain and fatigue for workers in industrial
positions requiring the continual use of critical visual judg
ment is indicated by experiments of the Westinghouse Elec
tric & Manufacturing Company. Daily doses of carotene
from which the body manufactures the vitamin A necessary
to regenerate visual purple, the light-sensitive substance in the
retina, have given relief and increased efficiency to the color
matchers in their employ.
Three German firms are reported to be manufacturing
synthetic ephedrine. The natural source of this material is
mahuang, normally imported from China, but war operations
have disrupted trade.
RELATIONS W ITH GOVERNM ENT

The year was interesting from a legislative point of view,
and many of the bills introduced brought chemical interest to
the hearings. The attempt to enact into law a proposal to
require the licensing of
patents failed.
Following some years of
effort, many public hearings
and much discussion, a new
Food, Drug, and Cosmetic
A ct, associated w ith the
name of the late Senator
Copeland, became a law, as
did the Wheeler-Lee Bill, in
vesting the Federal Trade
Comm ission w ith broad
powers relative to the con
trol of advertising.
During the past year the
United States concluded re
ciprocal trade agreem ents
w ith C z e c h o s lo v a k ia ,
E cuador, Bolivia, Brazil,
Canada, and Great Britain,
and a scheme for commer
cial operation with Soviet
R ussia was culm inated.
Some twenty trade agree
ments have now been com
pleted, and to date about
twelve hundred out of three
Courtesy, Modern Plastics
thousand rates in the tariff
by d u P ont
schedules have been lowered
by this process. Further
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more, much of the advantage to American industry obtained
through the principle of the flexible tariff has been lost.
In fact, the loss of such protection, coupled with the trend
of foreign affairs, has exposed the chemical industry to the
most severe competition. A part of this is caused by the
fact that today goods shipped abroad are not only in com
petition with foreign manufactures but actually with cer
tain governments which extend credits, adjust prices, and
in other ways aid their nationals in international compe
tition. Furthermore, several governments are actually in
business and determined to make their mark in international
trade.
The international tribunal, set up by the United States and
Canada, to decide the damage caused the State of Washington
by the smelter at Trail, British Columbia, announced its de
cision. An indemnity of S7S,000 was granted for injuries to
land since January, 1932. The Trail smelter is prohibited
from causing further damage by controlling the amount of
sulfur in the stack gases. The type of equipment to be in
stalled, the observation to-be made, and the data to be ac
cumulated are set forth in the report.

ratory of Chemistry was added to the California Institute of
Technology, and in North Carolina the State Department of
Agriculture added a laboratory for testing the basicity of fer
tilizers sold in the state. The Virginia Polytechnic Institute
has recently moved into its new fireproof chemical engineer
ing building erected for the exclusive use of that depart
ment. The Case School of Applied Science has a new chemi
cal engineering building which is nearing completion, as is
that for Purdue’s School of Chemical and Metallurgical
Engineering. Still other laboratories are being erected or
planned.
The last congress appropriated §4,000,000 for four regional
research laboratories for the United States Department of'
Agriculture, and soon the construction of the buildings will
be actively begun. The locations and directors of the four
laboratories are as follows:

ADDITIONAL RESEARCH FACILITIES

CHEMICAL AWARDS

The growing importance of research was emphasized by'
the substantial provision for increased facilities therefor. The
new research building of Abbott Laboratories, North Chicago,
111., was dedicated in October and culminated the efforts of
several years of planning. The building was designed to
house suitably a steadily growing scientific staff, striving to
develop new aids for the physicians’ use, and has been ar
ranged to function with maximum efficiency in surroundings
that reflect the importance of the work.
The Blaw-Knox Company, Pittsburgh, Pa., completed a
new research laboratory building for the development of new
products and the improvement of those heretofore manu
factured. General Motors Corporation has a new Buick
control laboratory at Flint, Mich.
The Crane Company, Chicago, 111., has a modem industrial
laboratory which demonstrates the application of scientific
and engineering principles to the solution of problems varying
from those dealing with the safety of the bath to the valve
equipment required for cracking gasoline. This laboratory
is a part of the Crane Company’s Division of Engineering and
Research.
The Hooker Electrochemical Company, Niagara Falls,
N. Y., completed the construction of a three-story office
building for the use of its research and development depart
ment. Both the interior and exterior are so arranged that
additions may be made at either end and still preserve the
architectural appearance.
The new research and development laboratory of Jones and
Laughlin Steel Corporation, Pittsburgh, Pa., was completed,
and the continued expansion of the research activities of
the Columbia Chemical Division of the _Pittsburgh Plate
Glass Company made necessary an addition to the labora
tory; the addition is considerably larger than the original
building. ■
A new research laboratory started operations in April at
the Wood River, 111., plant of the Shell Petroleum Corpora
tion.
The laboratory of the new Squibb Institute for Medical
Research, constructed at a cost of §750,000, was recently dedi
cated in New Brunswick, N. J.
The American Pharmaceutical Association also opened a
new research laboratory for establishing drug standards in its
national headquarters in Washington, D. C.
The new Metcalf Research Laboratory at Brown Uni
versity was dedicated on December 28. A new Crellin Labo

North
South
East
West

Peoria, 111.
New Orleans, La.
Philadelphia area
San Francisco Bay area

O. E. May
P . F. J. Lynch
P. A. Wells
T. L. Swenson

The chemical awards for 1938 included the following:
Acadfimio d’AgricuIture de France,
Gold Medal
American Institute Medal
American Institute of Chemists
Medal
American Institute of Chemists,
Student Medal
Chemical Industry Medal
Clement Cleveland Medal
Dexter Brackett Memorial Modal
Franklin Medal
Fritz Gold Medal
Garvan Medal
Gibbs Medal
Herty Medal
Hillebrand Prize for 1937
Levy Medals
Eli Lilly and Company Award in
Biological Chemistry
Messel Medal
National Academy of Sciences,
Public Welfare Medal
Nichols Medal
Osborne Medal
Perkin Medal
Phillips Medal
Pioneer Cup
Pittsburgh Award
Priestley Medal
Redwood Medal
Remington Medal
Richards Medal
Rumford Medal
Schoellkopf Medal
Leon P. Smith Award
Technical Association of the Pulp
and Paper Industry Medal
Washington Award

J. W. Turrentino
William Crocker
Frederick G. Cottrell
Prieth F. Benedict
J. V. N. Dorr
National Association of Science
Writers
J. R. Baylis
William Frederick Durand and
Charles A. Kraus
Frank Baldwin Jewett
Emma Perry Carr
Robert R. Williams
Charles E. Coates
Sterling Bright Hendricks
S. S. Kurtz, Jr., and A. L. Ward
Abraham White
Leo H. Baekeland
Willis R. Whitney
Phoebus A. Levene
C. O. Swanson
Frank J. Tone
S. Frederick KapfT
William J. Hale
Francis C. Frary
Marston Taylor Bogert
A. E. Dunstan
H. C. Christensen
Gilbert N. Lewis
W. W. Coblentz
Sterling Temple
E. Emmet Reid
C. B. Thorne
Frank Baldwin Jewett

No Nobel Prize in Chemistry was awarded in 1938.
Du Pont’s “Cavalcade of America” was awarded second
place for good taste in advertising as a result of a nation-wide
poll conducted among twenty-five national women’s organi
zations on their favorite radio program. The stories of
chemistry presented in each broadcast also received com
mendation and were voted one of the five air shows having
particular educational value for children.
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REQUENT an
nouncement made
during 1938 called atten
tion to our desire to pre
sent brief data concerning
new products that be
came commercially avail
able in that year. For
some time the A m e r ic a n
C h e m i c a l S o c i e t y has
shown in the Exposition
of Chemical Industries
the ou tstan ding new
products of the twoyear period. With no
exposition in 1938, in
formation has been so
licited from the chemical
industries and selections
have been made. Al
though doubtless incom
plete, we are nevertheless
pleased to present the
following list. When
added to achievements already discussed in this review,
the record appears impressive and indicates how consistent
is the advance of the industry from year to year.
A b o p o n S pf -c ia l . A borophosphate complex in powdered
form. It is completely soluble in water and, on drying from a
water solution, produces a clear transparent film. It is finding
considerable interest as a flameproofing agent, particularly for
cottons and heavy plush. Glyco Products Company, Inc.
A c e t o n y l a c e t o n e [CH3(CO)CH2CH2(CO)CH3]. A colorless,
water-soluble liquid having a boiling point of 191.3° C. and a
xylene dilution ratio with nitrocellulose of 1.8. A small per
centage of this liquid greatly reduces the viscosity of nitro
cellulose, cellulose acetate, and “Vinylite” resin lacquers—an
important factor in roll-coating inks. Being a 1,4-diketone, it
condenses with reagents to form ring compounds which are de
rivatives of furan, thiophene,.and pyrrole, and thus provides a
simple method for passing from open-chain to cyclic compounds.
It has a definite tanning effect on hides and skins. Carbide &
Carbon Chemicals Corporation.
A l l -A s b e s t o s I n s u l a t in g A m D u c t . A hard, strong asbes
tos core telescoped with a sliding fits into a corrugated asbestos
insulating jacket. Both the core and jacket are laminated from
asbestos fiber sheets. A new type of water-resistant, inorganic
adhesive was especially developed for the purpose, which makes
the finished duct structure strong, rigid, tough, heat resistant,
and moisture resistant. Advantages of the asbestos duct over
metal ducts are greater thermal insulation value and reduction of
noise; because of the latter property, smaller asbestos duct
systems may be operated with greater air velocities than are re
quired where metal ducts are used. Philip Carey Manufacturing
Company.
A m e h c o a t . Coatings for concrete, metal, and wood, made of
chemically inert synthetic organic plastics in solvents. To give
the finish body, inert pigments, such as finely divided silica, are
added. It may be applied by spray apparatus and is very resist
ant to corrosion. Amercoat Sales Agency.
A m in c o A b s o r p t io n C e l l s . Fused optical absorption cells
with true optical tolerances. The cells arc individually made
and are available in Pyrex, Pyrex with Corex D windows, or all
fused quartz. There are two standards of optical tolerance,
the standard and the high-precision. American Instrument
Company.
A m m o n iu m L a u r a t e A n h y d r o u s . A soft waxlike material,
melting at 42-4S0 C. Dispersions formed in hot water are stable
in the cold and have a pH of 7.7. It may be used as an emulsify
ing agent for oil in water emulsions, particularly where high per
centages of oils have to be emulsified in small quantities of water.
Glyco Products Company.
Ar-AMYLOLEAMiDE. An amber-colored light oil with a faint
fatty odor. Its Saybolt Universal viscosities are 439 and 59.1
seconds at 100° and 210° F., respectively. Sharpies Solvents
Corporation.
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A cream-colored wax with
a melting point of 5 2 53 ° C. Sharpies Solvents
Corporation.
A r a t o x e -2 7 0 . A finely
reduced mica for use as a
pigment in the manufac
ture of paints. The proc
ess of manufacture is con
trolled to give each flake
a high-diameter thinness
ratio of 10 to 1 and a
thickness not exceeding 2
microns. P a in ts m ade
with Aratone have good
weathering properties and
high resistance to ultra
violet rays, and are non
re a ctiv e to chem ical
fumes. Atlantic Research
Associates, Inc.
“ A v it e x ” F a t t y A lc o 
S u l f a t e s . A new

hol

group of textile softening
and fin ish in g ag en ts.
They leave materials free
from odor and discolora
tion, and have no harmful
' effect on the light fastness or on the shade of dyestuffs, a factor
of importance in finishing synthetic fiber materials. E. I. du Pont
de Nemours & Company, Inc.
B u t y l “ C a r b i t o l ” A c e t a t e (C H 3C O O C 2H.1O C 2IL O C . 1H s).

A useful solvent in formulations of nitrocellulose and synthetic
resin coatings, with a boiling point of 2 4 5 ° C. In fact, its boiling
point is so high that, if substances are present which are good sol
vents for this ester, it will be retained by the film and act as a
plasticizer. Though water insoluble, it is miscible with most
organic liquids and dissolves many oils, resins, and gums. Its
xylene dilution ratio with nitrocellulose is 1.8. Carbide & Car
bon Chemicals Corporation.
r -C a p r o ic A c id [CH3CH2CH2CH2CH2(COOH) ]. A colorless
liquid of characteristic odor boiling at 2 0 2 ° C. Though slightly
soluble in water, it is soluble in most organic liquids. Derivatives
of caproic acid have higher boiling points and lower water solu
bility than those obtained from the lower acids. Its esters are
important in the manufacture of flavors, perfumes, and essential
oils. It is a potential source of hexyl groups for the synthesis of
certain pharmaceuticals, rubber chemicals, and related products.
Carbide & Carbon Chemicals Corporation.
C a r e y “ F ir e f o il .” An asbestos laminated insulation board
which enables the commercial production of large panels suitable
for fire-safe bulkhead construction in ships. It has excellent
thermal insulating value, is hard, rigid, light, and strong, and
retains a large proportion of its original strength even after pro
longed soaking in water. It has already found a number of uses
other than in ship construction, including boiler and furnace cas
ings, oven walls, casings for air-conditioning units, interior build
ing partitions, and insulating linings for stacks. Philip Carey
Manufacturing Company.
2-CHLORO-4-f-AMYLPHENOL. A water-white liquid with a
pleasant odor, boiling at 2 5 3 -2 5 9 ° C. Sharpies Solvents Cor
poration.
CnROME L a c q u e r . A quick-drying lacquer, based on methyl
methacrylate plastic, for application to chromium metal decora
tion as protection against exposure and subsequent rusting. The
film produced is adherent, transparent, and nonchipping, and
does not affect the color or gloss of the metal. Sections of steel,
brass, copper, and chromium plate panels were coated with this
product, while adjacent sections were left uncoated. Subse
quent exposure for 8 months found the exposed metal surface
badly rusted whereas that protected by the lacquer was not
affected. E. I. du Pont de Nemours & Company, Inc.
C o e t h l o b l a k consists of 6 2.5 per cent ethylcellulose, 3 1.25
per cent carbon black, and 6.2 5 per cent linseed oil fatty acid.
Coethloblak is recommended wherever it is desired to color an
ethylcellulose product black. It has been used in nitrocellulose
lacquers, certain synthetic resins, oil paints, and alcohol finishes.
Binney & Smith Company.
C o p p e r P l a t in g . A high-speed process involving special
salts and anodes for the production of smooth, bright, heavy
coatings of cyanide-copper. They can be applied in one-fourth
the time required in present commercial practices. Other ad
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vantages are no pitting, no hydrogen and noxious fumes, simple
resins, waxes, and rubber; and as a solvent for dyes for carbon
control, installation in the usual plating equipment. The plating
paper, typewriter ribbons, etc. Glyco Products Company.
is used on steel and die castings, printing rolls, wire, and other
D iis o p r o p y l C a r b i n o l (2 ,4 -D im e t iiy l -3 -P e n t a n o l ), [(C H j)jparts where smooth adherent coatings of heavy bright copper are
(CH)2CHOH 1. A colorless liquid, boiling at 140 ° C. and melting
required. E. I. du Pont de Nemours & Company, Inc.
below —70° C., with a flash point of 49° C. Its weight per gallon
C o r e s in b l a k consists of 18 per cent carbon black, 32 per cent
is 6.9 pounds, and it is used as a solvent, organic intermediate,
resin, and 50 per cent solvent, and is used in making alkyd syn
and denaturant. E. I. du Pont de Nemours & Company, Inc.
thetic resin finishes. It produces jetness of color and blueness
D iis o p r o p y l K e t o n e (2 ,4 -D im e t h y l -3 -P e n t a n o n e ), [(C H j)^
of tone, and is compatible with a large percentage of the alkyds
(CH)2COj. A colorless clear liquid with a strongly camphoracommonly used. Binney & Smith Company.
ceous odor. Its boiling point is 123.7 ° C., and its weight per gal
C o s h e l l a c b l a k c o n sists of 64 p e r c e n t sh e lla c a n d 36 p e r c e n t
lon, 6.9 pounds. It is used as a lacquer formulator, softening
c a rb o n b la c k , a n d m ak e s p o ssible a d en se-co v erin g high-gloss
agent for nitrocellulose plastics, and denaturant. E. I. du Pont
with a minimum of gelling or bodying up. Binney & de Nemours & Company, Inc.
Product
mith Company.
D i m e t h o x y t e t r a g l y c o l [(CHsOCjH.OCjHdaOJ. This di
D a u e x T h e r m o p l a s ti c C o a tin g . A plastic coating for the
methyl ether of tetraethylene glycol is a stable, water-white
inside of containers, which is resistant to acids, alkalies, and
liquid boiling at 275.8° C. and is completely soluble in water.
some alcohols. Among the products which have been success
The presence of five ether groups in its molecule indicates a high
fully packaged are sulfuric acid, lactic acid, formaldehyde, con
solvent power for a large variety of substances. The low vola
centrated hydrogen peroxide, and a saturated solution of calcium
tility suggests its use as a plasticizer, and its chemical inertness
chloride. It is supplied in a refined form for food packaging and
makes it suitable as a neutral reaction medium. Carbide &
Carbon Chemicals Corporation.
imparts no odor, taste, or deleterious effect to such products.
Dewey & Almy Chemical Company.
D ip o ta s s iu m P h o s p h a t e . A 60 per cent solution of dipotas
D e f l u o r i t e . A specially prepared tricalcium phosphate for
sium orthophosphate with high humectant properties. It is
the removal of soluble fluorides from water. When present in
used as a wool lubricant and is available in inhibited and unin
hibited forms. Monsanto Chemical Company.
water, fluorides are responsible for a peculiar mottling effect on
tooth enamel. National Aluminate Corporation.
D i-ti-P ro p y la m in e . The pure compound boils at 109-110° C.
and has a specific gravity of 0.736 at 20 ° C. This amine exhibits
D e w P o i n t P o t e n t i o m e t e r , developed for use in determina
the interesting property of being completely miscible with cold
tion of moisture content of gases used in industrial metal heatwater but only moderately soluble in warm water. The critical
treating furnaces. The instrument consists of a polished metallic
temperature of miscibility appears to be about 5° C. It is of use
mirror, located in a small chamber in such a manner that it can
in chemical synthesis and corrosion inhibition. Sharpies Sol
be seen through a sight glass, and means for cooling the mirror
vents Corporation.
and reading its temperature. Gas to be tested is passed_ con
tinuously through the chamber; the mirror is cooled by a jet of
carbon dioxide, or some other gas, directed against its back.
When the dew point is reached, a spot of dew, definite and easily
observed, is formed at the center of the mirror. General Elec
tric Company.
¿YW'-Diamylstearamide. A light yellow oil with a slight
aminelike odor, a cloud point of 36° F., a pour point of 30° F.,
and Saybolt Universal viscosities of 123.5 and 42.8 seconds at 100°
and 210° F., respectively. It is completely soluble in mineral
oil. Sharpies Solvents Corporation.
Ar-D i-n-BuTYLA NiLiNE. This amber-colored compound has a
boiling range of 267-275° C., a specific gravity of 0.904, and a
slightly aniline odor. It is used in various chemical syntheses.
Sharpies Solvents Corporation.
D i b d t y l S e b a c a te . A stable, nonvolatile ester of over 99
per cent purity boiling at 344-345 ° C. (at 760 mm.). It is waterwhite and nonyellowing, ana differs from the older chemical
plasticizers in its greater plasticizing action, particularly at low
temperatures. It is miscible in most organic solvents, and leaves
no taste or odor, properties which permit use in a wide range of
coatings and finishes. Dibutyl sebacate is used for the plasticiz
ing of vinyl and acrylic resins and has shown promise in formula
tions with other natural and synthetic resins and with cellulose
derivatives. Resinous Products and Chemical Company, Inc.
tmsi/mi.-Af-Di-n-BuTYL-p-PHENYLENEDiAMiNE. An intermedi
ate for chemical syntheses, especially dyestuffs. Sharpies Sol
vents Corporation.
D i e th y l a m i n e . A colorless liquid with a strong ammoniacal
odor boiling at 55.5° C. and a specific gravity of 0.712 at 15° C.
It is moderately soluble in water and is used in chemical synthesis
and special corrosion inhibition applications. Sharpies Solvents
F l e x ib l e F il m o f B e n t o n it e w it h o u t B in d e r , D e v e l o p e d
Corporation.
by H a u ser and L e B eau
D i e t h y l a m i n o e t h a n o l ((CIHi)!N(CHsCH2OH)]. A color
(Refer to text, page 9.)
less, very hygroscopic liquid which boils at 162.2° C. and is com
pletely soluble in water or alcohol. It readily forms fatty acid
derivatives, which are excellent emulsifying agents in acid
D u r a f l e x E-71. A pure alkyd resin, developed'particularly
mediums, and salts soluble in water. Of potential interest are
for use in printing ink vehicles. It is distinguished by its low
the textile softeners made from its soaps. An alkylolamine, it
viscosity, good drying speed, adhesion to various surfaces such as
combines the properties of amines and alcohols. Like ethanol, it
glassine, tin, etc., good pigment wetting and stability, and mis
can be reacted through the hydroxy group to yield a series of
cibility with other ink-making liquids. Present evidence indi
derivatives which differ in that the resulting compounds contain a
cates a rather comprehensive range of service in the ink field,
tertiary amine group. Carbide & Carbon Chemicals Corporation.
which includes process printing, mar-proof inks, and special inks
D i e t h y l e n e G l y c o l M o n o l a t t r a t e (Acid). A light yellow
for food containers, hard and glossy surfaces, and overprint
oil, practically nonvolatile, nondrying and nonthickening, with a
varnishes. Resinous Products and Chemical Company, Inc.
titer of 13-14° C. and specific gravity (25°/25° C.) of 0.940. It
E pt L io n i t e . An abrasive with an increased percentage of
is insoluble in water and soluble in alcohols, esters, ethers, ke
crystalline aluminum oxide and greater friability. Subjected to
tones, hydrocarbons, waxes, resins, and, in certain proportions,
a roasting treatment during its manufacture, an etched grain
in oils It is readily emulsified in water by the addition of small
surface is produced which makes a stronger bond with the glue.
amounts of alkalies. It is suggested as an ingredient for paint
This product was developed to meet demands for a faster cutting
and varnish removersj in lubrication where great penetration
abrasive grain. General Abrasive Company, Inc.
without volatility is required j as a plasticizer and softener for
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E t h y l P r o p i o n a t e (CH 3CH 2COOC2IT5). A clear, colorless
water, and is soluble in alcohols, oils, and hydrocarbon solvents.
liquid with a boiling range of 95.0-98.5° C. and a flash point of
It is used as an emulsifying agent for oils and waxes. Glyco
54° F. Its weight per gallon is 7.24 pounds. It is 2.8 per cent
Products Company.
soluble in water at 20° C. and is soluble in alcohols, ethers, and
G l y c e r y l M o n o s t e a r a t e (Acid). A light-colored, aged and
hydrocarbons. It is used as a nitrocellulose solvent for lacquers
nonvolatile wax; it melts at about 53-55° C., and has a specific
and varnishes. E. I. du Pont de Nemours & Company, Inc.
gravity (20 °/20 ° C.) of 0.93. It is insoluble in water and glycerol
“ E x t o n ” B r i s t l e s . A new chemically developed bristling
but soluble in acetone, esters, waxes, resins, and oils. It does
filament for use in tooth and toilet brushes which lasts much
not discolor or precipitate when dissolved and aged in regular or
hydrogenated oils. The addition of small amounts of alkali,
longer than the natural hog bristle and is not softened by water
or saliva. It is made by forcing a plastic polymer through holes
soaps, or amines enables this product to be emulsified very readily
much as viscose rayon is made. The filaments can be formed into
in water. It has interesting possibilities for incorporation into
any length and diameter, and the stiffness can be controlled.
cooking oils and fats for food purposes. Glyco Products Com
E. I. du Pont de Nemours & Company, Inc.
pany.
G l y c o l D i a c e t a t e (CH3COOC2H4OOCCH3) .
This new ester solvent dissolves cellulose ni
trates, acetates, and ethers. It is a waterwhite liquid which boils at 186° C. and has a
xylene dilution ratio of 1.4. Its properties are
similar to triacetin. It is used as a solvent
for printing inks and lacquers, prevents blush
ing in airplane dopes, imparts suppleness to cel
lulose etner films, and is a resin solvent. It
shows promise as a nondiscoloring plasticizer
for ethyl- and benzylcellulose, as a perfume
fixative, and as a component of a solvent mix
ture for the refining of lubricating oils and for
removal of free fatty acids from oils and fats.
Carbide & Carbon Chemicals Corporation.
H y d r i o n . A pH unit, covering the range
from 1 to 14, contains five test papers and
fourteen buffered solutions. The test paper is
dipped into the solution to be examined, and
the color obtained is compared with standards.
For closer comparison, a similar strip is wetted
with the buffered solution having a pH nearest
to that indicated and the color obtained is com
pared. R. P. Cargille.
Courtesy, General Electric Company
I s o b u t y l A c e t a t e [CH3COOCH2CH(CH3)2].
A colorless liquid with a fruity odor. Its boil
F u s e d -Q u a r t z S p r in g U s e d in a Q u a r t z - F ib e r B a l a n c e
ing range is 113° C. to 116.5° C., flash point,
An ordinary lead pencil is shown a t the right for size comparison.
73° F., weight per gallon, 7.23 pounds, and
(Refer to text, page 8.)
solubility in water at 20° C., 1.4 per cent. It
is soluble in alcohols, ether, and hydrocarbons,
and is used as a nitrocellulose solvent for
F a t t y A m id e s. The large-scale production of oleic amide,
varnishes and lacquers. E . I. du Pont de Nemours & Company,
Inc.
castor amide, coconut amide, and sperm amide as pastes and solids
has been developed for commercial use as defoamers for adhesives,
I s o b u t y l U n d e c y le n a m id e (“Grasselli In-930”). This fly
in automobile polishes, and for leather, rubber, and paper treats
spray base is a synthetic organic insecticide of vegetable origin.
ment. National Oil Products Company.
It is used in combination with pyrethrum in the manufacture of
F a t t y A m in e s .. Coconut amine, oleic amine, and castor amine
household insecticides to increase their insecticidal efficiency. It
have been produced commercially for use in ore flotation as
replaces a substantial portion of pyrethrins previously required
selective collectors, as insecticide ingredients, textile finishes,
for an active base. E . I. du Pont de Nemours & Company,
rust-proofing metal surfaces, etc. National Oil Products Com
Inc.
pany.
I s o p r o p a n o la m in e s [(CH jCHOHCILLN ]. A mixture of
F a t t y E s t e r s . The commercial production in liquid form of
mono-, di-, and triisopropanolamines which is liquid at room tem
methyl oleate, butyl palmitate, ana isobutyl laurate has been
perature and forms stable, nondarkening soaps that are com
developed for textile lubricants for rayon, wool, and silk, and other
pletely soluble in hydrocarbons, such as mineral oil, naphtha,
industrial uses such as plasticizers for plastics and adhesives.
and gasoline. Because of their resistance to darkening, the
National Oil Products Company.
soaps may be used for permanently colorless cosmetics. The
FD-13 D e n a t u r a n t . This colorless liquid, soluble in ethyl
hydrocarbon solubility and color stability make them of special
alcohol, is used as an authorized denaturant for commercial ethyl
interest in dry cleaning soaps and soluble oils. Carbide & Carbon
alcohol. E. I. du Pont de Nemours & Company, Inc.
Chemicals Corporation.
“ F l e x o l ” P l a s t i c i z e r 3G0[(C7H hC00):C2H 4(C2H<0 )s] was
L a c q u e r f o r R u b b e r . A plasticizing resin combined with
introduced as a softening agent for natural and synthetic resins,
nitrocellulose used to give rubber a finish resembling metal. The
including the “Vinylite” type, and increases the elasticity of the
lacquer may be formulated to resemble brass, copper, bronze,
plasticized product without unduly reducing the ultimate
aluminum, or steel, and is applied by spraying. It is resistant to
strength’. It has a boiling point of 215° C. at 5 mm. and a very
the action of sulfur present in rubber. Maas & Waldstein Com
low water solubility, and its vapor pressure is lower than that of
pany.
dibutyl phthalate. It possesses great resistance to discoloration
L a m ic o id . A synthetic plastic resinoid product made by
under the influence of ultraviolet light and, in addition, has the
treating paper, wood, or fabric, with synthetic resins and then
property of increasing the flexibility of nitrocellulose films when
the temperature is lowered in the range 30 ° to 0 ° C. Carbide & laminating it into a dense homogeneous unit under heat and pres
sure. The sheets may be easily worked, cut, or punched, and
Carbon Chemicals Corporation.
find great use as a building material for walls, ceilings, and cabi
G a l v o C l e e n , R u s t S o lv . Rust Solv is a phosphoric acid
nets. It may also be bonded to a steel plate for use where resist
combination for use as a rust remover; Galvo Cleen is a com
ance to mechanical injury is wanted. Translucent Lamicoid is
pound of the same nature which is used in the treatment of
available for installations requiring a luminous surface. Mica
galvanized iron. The pretreatment forms a coating of unreac
Insulator Company.
tive zinc phosphates and allows an adhesive bond between the
treated metal and paint. This eliminates the weathering time
“ L o r o l ” A m in e . A clear, light red to deep yellow oily liquid
usually necessary before galvanized iron is painted. Nielco
with a slight ammoniacal odor. Its boiling range is 65° to 160°
Chemical Company.
C. at 8 mm. pressure, and weight per gallon, 6.7 pounds. It is
insoluble in water and soluble in most organic solvents and in
G l y c e r y l L a u r a t e . The lauric acid ester of glycerol. It is
acids. Its sulfate is insoluble. It is used as an intermediate
a light-colored liquid with a fairly high titer, is dispersible in
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and mineral flotation agent. E. I. du Pont de Nemours & Com
It is completely soluble in mineral oil. Sharpies Solvents Corpo
pany, Inc.
ration.
“ L o k o l ” A m in e H y d r o c h l o r id e (“DP-243”). The hydro
N i c o ti n i c A c id M e r c k . 3-Pyridinecarboxylic acid, CjH<N.chloride of “Lorol” amine, prepared as a 50 per cent solution in
water, is a brown jellylike substance with a slightly basic reaction.
H
Its weight per gallon is 8.0 pounds, and it is used as a flotation
C
agent, particularly as a “cationic collector” for nonmetallic
s
\
minerals. E. I. du Pont de Nemours & Company, Inc.
COOH, CjH jN 0 2, HC C—COOH. This white, odorless,
M a l o n ic A c id [CH2(COOH)2] is now available in commercial
with the following specifications: melting point, 134-5°
HC 01!
Suantities
ash on ignition, 0.01 per cent: color, snow-white; form, fine
crystals; insoluble in alcohol; slight odor. Howard S. Gable
V
Company.
crystalline powder melts at 234-236° C. and is soluble in 100
M e t h y l A c e t a t e (CH«COOCH3). A clear, colorless, volatile
parts of water at 25° C., soluble in alcohol, and readily soluble in
liquid, boiling at 55.5° to 57.5° C. Its flash point is 9.5° F.,
alkali carbonate solutions. This synthetic acid is identical in all
weight per gallon, 7.74 pounds, and solubility in water at 20° C.,
respects with the nicotinic acid isolated in 1912 by Suzuki from rice
25.6 per cent. It is soluble in most organic solvents and is used
and independently by Funk in 1911 from rice and yeast. Merck
as a nitrocellulose solvent for lacquers and varnishes. E. I.
& Company, Inc.
du Pont de Nemours & Company, Inc.
P e e r l e s s M a r k II. A carbon black with great strength and
M e t h y l P r o p i o n a t e (CH3CH2COOCH3). A clear, colorless
color and exceptional flow properties. Softer inks are possible
liquid, boiling at 78.0° to 79.5° C. Its flash point is 2S° F.,
at an equal loading, or greater loadings of the black can be ob
weight per gallon, 7.58 pounds, and solubility in water at 20° C.,
tained, a distinct step forward for the manufacturers of litho
6.6 per cent. It is soluble in most organic solvents and is used as
graphic, half-tone, and offset inks, as well as carbon paper and
a nitrocellulose solvent for lacquers and varnishes. E. I. du
typewriter ribbons. Binney & Smith Company.
Pont de Nemours & Company, Inc.
P e n a t r o l s . A group of two new wetting-out and penetrat
M o n o e th y la m in e . A colorless liquid with a strong ammoniaing agents. They are of interest to the manufacturers of paper
cal odor, boiling at 19° C. and having a specific gravity of 0.689
for removing ink from old paper, impregnating saturated papers
at 20 ° C. It is used as an intermediate in chemical synthesis and
(particularly latex-saturated papers), defiberizing lap pulp,
offers promise as a corrosion inhibitor for specific purposes. The
manufacturing of absorbing paper toweling, etc., cleaning felts,
fatty acid soaps are excellent emulsifiers and have the added de
wetting-out coating materials, and increasing the rate of water
sirable property of being odorless. The amine is completely
removal from the fiber on the Fourdrinier. Penatrols also find
water soluble. Sharpies Solvents Corporation.
use in the manufacture of textiles, leather, metal cleaning and
M o n o is o b u ty la m in e [fCH3)2CHCH2NH2],
A colorless,
pickling compounds, agricultural sprays, etc. Beacon Company.
strongly caustic liquid with an ammoniacal odor. Its boiling
P h e n y l " C e l l o s o l v e ” (Cdf5OC2H1OH). This new "Cellopoint (pure) is 68.0 ° C., melting point, —85.5° C., specific gravity
solve” derivative in the high boiling range is a water-white liquid
at 15.6° C., 0.739, flash point, 15° F. It is soluble in water,
with a faint aromatic odor, which boils at 245.2° C. Since it is
alcohol, ether, and hydrocarbons. It is used in the manufacture
partially soluble in water and contains both the ethanol and
of insecticides and as an organic intermediate. E. I. du Pont de
phenyl groups, it will dissolve nitrocellulose, cellulose acetate,
Nemours & Company, Inc.
and ethylcelfulose, and is a good solvent for various types of oils
M o n o -ti-P ro p y la m in e . A colorless liquid with a strong
and commercial resins. It is effective as a fixative for delicate
ammoniacal odor boiling at 49° C., and having a specific gravity
perfumes in soaps and cosmetics, is stable in the presence of acids
of 0.719 at 20° C. It can be used as a corrosion inhibitor, and
and alkalies, and is suitable as a plasticizer in lacquers and coat
its fatty acid soaps make excellent emulsifiers. The compound is
ing compositions for paper, leather, and cloth. The alcohol
completely water soluble. Sharpies Solvents Corporation.
group and benzene ring make it a potential intermediate for the
M y c o b e n . A mold and rope inhibitor for inclusion with the
synthesis of plasticizers, germicides, and pharmaceuticals. Car
bide & Carbon Chemicals Corporation.
ingredients used in bread making. The presence of this substance
effectively increases the amount of propionates present in the loaf
P i i e n y l d i e t h a n o la m in b [CsHsN (CH2CH2OH)j ]. A white
and causes an increased inhibitory effect on molds and rope.
crystalline solid melting between 56° and 58° C. and used as a
E. I. du Pont de Nemours & Company, Inc.
dyestuff intermediate. It may be condensed with aromatic
aldehydes, such as 2-chlorobenzaldehyde, or substituted for diN a l c i t e A. An organic zeolite-type exchange material for
methylaniline in the preparation of triphenylmethane dyes. On
removal of alkalinity, hardness, or sodium salts from water.
fusion with alkalies it yields indoxyl. Carbide & Carbon Chemi
It may be regenerated by salt and acid, separately or combined,
cals Corporation.
depending on the substance to be removed from the water.
It removes the positive metallic ions from solution. National
P. H. O. A phenol-indene-coumarone reaction complex of
Aluminate Corporation.
high solvent strength, with compatibility and high boiling range.
It acts as a solubilizer for resins, oils, cellulose, etc., and is also
N a l c i t e B. An organic exchange body for removal from solu
used as an antiskinning agent in oleoresinous varnishes. Neville
tion of negative ions. Acids passed through a bed of such mate
Company.
rial arc neutralized. It may be regenerated by either sodium
hydroxide or sodium carbonate. National Aluminate Corpora
P h o r o n e [(CH3) 2C :CII(CO) CH :C(CHa) 2]. A greenish yellow
tion.
solid with a geraniumlike odor, having the unique property of
melting to a yellow liquid at 28° C., or about room temperature.
N e o p r e n e T y p e G (Chloroprene Rubber). A distinctly new
It is a nitrocellulose solvent and resembles camphor in many
type of neoprene, superior in practically all properties to Type E
properties. Since it is an unsaturated ketone, phorone contains
neoprene, including much less odor. It is used for products
two double bonds which combine with reagents that would ordi
which must withstand action of oils, solvents, heat, narne, oxida
narily be expected to react only with the carbonyl group. It
tion, and sunlight. E. I. du Pont de Nemours & Company,
show's promise as an intermediate in the manufacture of rubber
Inc.
chemicals, plasticizers, flotation agents, and inhibitors. Car
N e o S p e c t r a B e a d s . A carbon black in pellet or bead form.
bide & Carbon Chemicals Corporation.
Carbon black is usually in a very fluffy state, but by a special
P l a s t i c a l k . A natural nonoxidizing plastic resin developed
patented process the physical form is changed without sacrificing
as a substitute for putty. It does not dry, crack, or shrink, and
any of the other properties such as color, grinding ability, etc.
retains its plasticity and adhesiveness. It may be used for ce
This type of beaded material is easy to store and to weigh off
menting glass to glass, metal, or wood, and for calking and other
without dusting. Binney & Smith Company.
adhesive purposes. Maas & Waldstein Company.
N e v i l l e 465 R e s in . A new synthetic resin with physical
P l a s t i k o n . A rubber sealing putty which is quite flexible,
properties similar to coumarone-indene resins but with entirely
does not crack upon long standing, and possesses good adhesion
different chemical properties. It retards the gelling of tung 0 1
to wood or concrete. B. F. Goodrich Company.
to a far greater extent than coumarone resin, and varnishes cooked
with this substance may be thinned 100 per cent by low-priced
P o l y c h l o r o p e n t a n e s . A chlorinated hydrocarbon contain
petroleum naphthas. It is available in neutral or faintly acidic
ing 65.4 per cent chlorine, corresponding approximately to the
tetrachloropentane developed for termite control work. Its
forms. Neville Company.
flash point is 198° F. and specific gravity, 1.385 at 20° C. Its
iV-OcTYLSTEaramIDE. A cream-colored wax having a boil
high chlorine content promises success in penetration-solvent
ing range of 242-246° C. at 1 mm. and melting at 40.5-42.5 O.
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applications, such as removing wax and asphalt from oil well
S e y m o u r B r i g h t N i c k e l P r o c e s s . An organic compound,
equipment. Sharpies Solvent Corporation.
new to the bright nickel-plating field, is used in producing an ac
tive bright nickel deposit from a standard Watts bath. The
P o l y m e r i n . A new combination resin finish which poly
brightener is sold as a separate solution for addition to the stand
merizes upon the application of heat. It may be applied to metal
ard plating bath and has a fairly wide operating range for pH,
work by either spraying or dipping, and finds application in high
temperature, and .current density. Seymour Manufacturing
speed coating operations. It is furnished in various colors and a
Company.
white similar to porcelain. The polymerization changes the
finish to a hard nonchipping coat. Interchemical Corporation.
S ilv a z . An intermediate alloy used in the manufacture of
steel. Its percentage composition is approximately: Silicon,
P o l y v i n y l A c e t a l P l a s t i c S h e e t , of high shock resistance
40-45; vanadium, 6-6.5; aluminum, 6—6.5; zirconium, 6-6.5;
for plastic glass. It has low susceptibility to temperature
balance, mainly iron. Silvaz is used as a final deoxidizer in steel,
changes and water, and possesses strong adherence, good clarity,
in place of aluminum, to obtain complete deoxidation and to con
and flexibility. Its adhesive properties render it suitable for use
trol grain size. Electro Metallurgical Company.
as a plastic cement for materials such as thermosetting resins
and metals. Monsanto Chemical Company.
S t a - T u f . A new paper which may be immersed, agitated,
P o l y v i n y l A c e t a l R e s in . A clear, transparent, thermo
boiled, and soaped in water and yet not disintegrate. It re
plastic resin for use in safety glass plastic, as a molding powder,
sembles parchment in toughness when it is dripping wet. H. P.
asa protective coating, and as a cement base. Monsanto Chemi
Smith Paper Company.
cal Company.
S t a y b e l i t e . A resin from the partially and completely hy
n - P r o p y l A c e t a t e (CH jCOOCH2CH2CH2). A clear, colorless
drogenated acid and nonacid constituents of rosin. Two grades
liquid with a boiling range of 96.0° to 102° C., flash point, 68°
are available, Aj and A». Both are pale and clear, and because
P., weight per gallon, 7.36 pounds. Its solubility in water at 20°
of their saturated condition the original color is retained to a re
C. is 1.8 per cent, and it is soluble in most organic solvents. It is
markable degree when exposed to air and light. Its esters have
used as a nitrocellulose solvent for lacquers and varnishes. E. I.
found use as modifiers for phenolic and alkyd resins, and Stay
du Pont de Nemours & Company, Inc.
belite has been used in adhesives and paper size. Hercules
7 1 -P ro p y l P r o p i o n a t e (CH jCH2COOCH2CH2CH i). A color
Powder Company.
less liquid with a boiling range of 118° to 122° C., flash point, 79°
S u lf a m ic A c id (H 0S02NH2) a n d I t s S a l t s . Sulfamic acid is
F., weight per gallon, 7.31 pounds. Its solubility in water at 20°
a strong mineral acid now available in commercial quantities.
C. is 0.6 per cent, and it is soluble in most organic solvents. It
It is a nonvolatile, nonhygroscopie, crystalline solid, melting at
is used as a nitrocellulose solvent for varnishes and lacquers.
205° C. with decomposition. It is moderately soluble in water
E. I. du Pont de Nemours & Company, Inc.
and slightly soluble in organic solvents. Its common salts are
R a y o n S iz e M. W. A derivative of a synthetic resin designed
extremely soluble in water. It is used for the removal of nitrites
especially for sizing viscose and acetate warps and the filling
(following diazotization reactions), in the production of azo dyes
yarns of crepe fabrics. Since it is a synthetic product, its prop
and lake pigments, in leather manufacturing, in cleaning com
erties do not vary, and it is free from the putrefactive nitrogenous
pounds, as an acidimetric standard in analytical work, and as an
substances found in casein, glue, and gelatin. Storage does not
intermediate for chemical syntheses.
affect its stability, and it may be used without added softening
Ammonium sulfamate (NH40 S 0 2NH2) is a white crystalline
compounds. E. I. du Pont de Nemours & Company, Inc.
solid, extremely soluble in water. The solution is stable when
boiled. It is used for flameproofing textiles and certain grades
R i b o f l a v i n M e r c k . Riboflavin (lactoflavin, ovoflavin, h e p of paper. It does not impart stiffening action or otherwise ad
atoflavin, vitamin Bj, vitamin G), 6,7-dimethyl-9-(l'-d-ribityl)versely affect the handle or appearance of treated materials.
isoalloxazine, decomposes at 280 °C.
Calcium sulfamate [Ca(S02NH2)2.4H20 ] is a white crystalline
solid, very soluble in water; its solution is stable on boiling.
Used for flameproofing paper, paper products, and textiles. It
H H H
does not cause stiffening or yellowing action and does not other
O O O
wise adversely affect tne handle or appearance. It does not
CH; C—C— C—CIROH
crystallize on the surface of treated materials. E. I. du Pont de
II II H
H I
Nemours & Company, Inc.
C N
N
/ \/w \
S u r f a x , S u r f a x W. O. Surfax is a combined wetting-out
CHjC C
C
CO
agent and detergent in powdered form which may be used in an
!
I
I
I
acid or alkaline medium. Surfax W. O. is an oil employed as a
CHjC C C NH
wetting-out and softening agent and has no detergent properties.
VC/ \ ✓ N X CO/
Both are used for textile purposes. E. F. Houghton & Com
pany.
II
T e c a . An acetate staple fiber having a crimpy or wavy form.
The crimp is inherent and tends to resist removal by such usual
efforts as tension, water, and heat. The crimp differs in this re
It is a practically odorless, fine orange-yellow crystalline powder.
spect from that in some of the other rayon staples. The charac
Twelve milligrams dissolve in 100 cc. of water at 27.5° C. to make
teristic of the fiber permits the production of yarns and fabrics
a yellow-green fluorescent solution. Synthetic riboflavin is identi
with woollike or worstedlike textures. Tennessee Eastman
cal in chemical properties and in biological activity with the
Corporation.
vitamin as isolated by various workers from natural sources.
Merck & Company, Inc.
T e n s o li z e d P l i o f il m . Regular Pliofilm is subjected to a
“RPA” No. 3 R u b b e r P e p t iz i n g A g e n t. A light yellow
special reduction treatment that increases the tensile strength
liquid which destroys the nerve of crude rubber without impairing
and does not alter the normal chemical properties. The resulting
the quality and reduces the viscosity of rubber cements. This
product is called “tensolized” Pliofilm and can be gaged to 0.0004
product was developed to improve the efficiency and economy
inch. Multicolored effects arc obtained by the lamination of
of rubber breakdown. In performance “RPA” No. 3 is similar
several different colored sheets. It is being used as ribbon,
to “RPA” No. 2 but is cheaper to use. It provides the most
drape, and costume material. Goodyear Tire & Rubber Com
economical method of plasticizing crude rubber. E. I. du Pont
pany, Inc.
de Nemours & Company, Inc.
T e t r a p o ta s s iu m P y r o p h o s p h a t e was developed for applica
S a n t o c u r e . A rubber accelerator with very delayed action.
tions where tetrasodium
This accelerator permits easier working of rubber stocks and is
of its lower solubility,
used principally in sponge'stock, footwear, and certain types of
grams in 100 grams 1
mechanical goods. Monsanto Chemical Company.
has a pH of 10.6. Because it prevents formation of insoluble
“hard water” soaps and has remarkable emulsifying values and
S a n t o x (SA 146). A soap antioxidant which prevents the
resistance to reversion to the orthophosphate, it is suggested for
discoloration of soap in sunlight and the decomposition of soap
incorporation in textile oils and soaps used to degum silk and boil
by oxidation. Monsanto Chemical Company.
off rayon. It can also be used for clarifying liquid soap. Mon
S. B. P a s t e . A silica black product for bonding gaskets used
santo Chemical Company.
in sealing oils and organic liquids in high-temperature work.
The applications of silica black have increased since its discovery
T i t r i m e t e r . A new all-purpose electrometric titration ap
in 1934, and commercial production has been started at Morgan
paratus for volumetric work. End points are measured by the
town, W. Va. Silica Black Products Company.
potential differences between electrodes placed in solution, and are
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indicated by an electric eye which flickers as the end point is
V ita m in E. M e r c k . Vitamin E (a-tocopherol), 2-methyI-2approached and blinks when the point is reached. It may be
hexadecyl-6-hydroxy-5,7,8-trimethylchromnne
used for acid-base, oxidation-reduction, and pH-conductivity ti
trations. Fisher Scientific Company.
T r i e th y la m i n e . A colorless liquid, boiling at 89° C. and
having a specific gravity of 0.733, is completely miscible in cold
water but only moderately soluble in warm water. The critical
temperature of miscibility appears to be about 16° C. Sharpies
Solvents Corporation.
T r it o n 720. A sulfonated ether for use as a detergent. It
possesses good cleaning qualities and is stable in hard water,
acids, and alkalies. It has found wide application in the textile
and cosmetic industries. Rohm & Haas Company.
H,
H,
U f o r m it e 430. A concentrated urea-formaldehyde solution
C
C
developed particularly as an adhesive for the manufacture of
CHsCIUCHCHîCIRCH.CHCH,
durable plywood. It is spread by roller on wood veneers which
are then assembled and inserted in a hot press. Curing for a few
minutes produces joints that are stronger than the wood itself,
that retain their strength after many months immersion in cold
distilling at 102-105° C. in a high vacuum of 10-s mm., is a red
water, and that repel mold and fungus. Plywood bonded with
dish yellow, highly viscous oil, soluble in most fat solvents and in
Uformite is being used in the manufacture of radios and furniture
the majority of vegetable oils. a-Tocopherol shows a maximum
and in utility plywood. Resinous Products and Chemical Com
absorption for ultraviolet light at a wave length of 2,980 A. The
pany, Inc.
molecular extinction coefficient for this wave length is 3,200 =*=
U r a m o n . A semigranular fertilizer compound, containing 42
100. The vitamin can be isolated from wheat germ, cottonseed,
per cent urea nitrogen, for use in mixed fertilizers where the
lettuce, and tomato oils through the crystalline allophanate, and
superphosphate is thoroughly neutralized. It is advantageous
has recently been synthesized from trimethylhydroquinone by
in the formulation of high-nitrogen grades and double-strength
reaction with phytyl bromide and with phytadiene. Merck &
mixtures, and is used as a source of nitrogen in special top-dress
Company,
Inc.
ing mixtures containing potash and phosphoric acid. One im“ Z e l a n .” This durable water repellent is a complex organic
ortant use is the direct application in orchards and citrus groves
chemical compound. Its essential components combine with
ecause Uramon leaves no residual harmful salts. E. I. du Pont
certain reactive groups of the textile fibers to give a finish that is
de Nemours & Company, Inc.

A c e ta te R ay o n
Courtesy,
Tennessee Eastman Corporation

V a c u u m C e m e n t. A rubber-rosin compound developed for seal
ing airtight joints on vacuum furnaces. Application of heat re
duces the compound to a fluid state for easy utilization. Cooling
does not cause it to crack, and the cement may be removed and
re-used. It is not affected by mineral acids and has been adapted
as an adhesive for metal and glass joints. Westmghouse Electric
& Manufacturing Company.
“ V i s t a n e x ” P o l y b u t e n e . High-molecular-weight rubberv
hydrocarbons for rubber compounding, electrical insulating, and
wax plasticizing. This product has been made aval able on a
tonnage scale for non petroleum users by the Standard Develop
ment Oil Company through Advance Solvents and Chemical
~
ation.

highly water repellent and of great stability. It is used as a tex
tile finishing agent to impart lasting water repellency and spot
and stain resistance and as a softening agent. E. I. du Pont de
Nemours & Company, Inc.
Z e o - K a r b . A zeolite of carbonaceous origin which may be
run as a conventional sodium zeolite or as a hydrogen zeolite,
depending on the type of regeneration. When salt is used for
regeneration, the regular zeolite, which exchanges sodium ions,
is formed. When acid is used for regeneration, a hydrogen zeo
lite is formed which exchanges the hydrogen ion for the sodium,
calcium, and magnesium ions present in water. The hydrogen
zeolite has been used for the removal of sodium bicarbonate from
water. Permutit Company.

HYDRATE DEXTROSE
W. B. NEW KIRK

Corn Products Refining Company, Argo, 111.

A FTER the problems in con- A flow sh eet and pertinent inform ation pered. The process of temper
f \ nection with the manu concerning th e production of high-p u rity ing consists of treating the
burned bone black in the filter
facture of a high-purity
dextrose are given.
with a hot dilute solution of hy
anhydrous dextrose had been hydrate
T he process in general is th e production drochloric acid. After the tem
solved,1 efforts were turned
toward the production of a o f a raw sugar. T he raw sugar is m elted pering, the bone black is washed
superior hydrate dextrose suit and refined over bone black. T he process of free from the acid with hot water,
able for a rapidly growing drug refining to obtain th e m axim um bone black and the hot water is blown out
trade. This product could also efficiency in th e com bined process, in clud  before the liquor to be treated is
added. The first liquors through
be sold to particular customers
at normal sugar prices. A de in g raws and refined dextrose, is given. the bone black are sent to the
scription is given here of the tech M any developm ents in th e construction of melt tank. The purpose of this
nical improvements and of the eq u ip m en t of corrosion-resistant m etals is treatment is to remove the cal
steps in this manufacture as discussed. C onditions leading to specks cium oxide from the burned bone.
The corn sugar liquors are on the
finally developed.
The culmination of the work of foreign m atter in sugar are discussed and acid side and are about 5 pH.
These acid liquors would take up
was the building of a refined solutions given.
cerelose house in the plant at
calcium from the alkaline bone
Pekin, 111. The process follows, in general, that used to pro black and at the same time become partially neutralized.
duce refined cane sugar; that is, raw sugars are produced,
The lime salts in these liquors are detrimental because
melted, and refined. Figure 1 is the flow sheet of the process. they assist in the formation of gypsum haze and are harmful
to colors, the dextrose reacting with the lime to form a whole
THE operation starts with the melt which contains about series
of highly colored compounds. The neutralization of
97 to 99 per cent dextrose on dry substance. The sugar is the liquors
detrimental. Any liquors above 5 pH have
melted to 30-31 Bé. with sweet waters of this same channel a tendencyistoalso
decompose
and give all the products
and flows over fresh bone char which has been properly tern- of the reaction of dextrose inrapidly
alkalies.
All equipment encountered after filtration through the
i I nd . E ng . C hem ., 28, 760 (1936).

HEAVY BONE FILTERS
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PRESS SUPPLY PUMP
SPERRY BRASS PLATE FRAME CLEAN-U? PRESS
NOTE: Beyond t h i s s t e p a^ll e q u ip n e n t i s t o be n o n -c o rr o s iv e
RECEIVING AND PAN SUPPLY TANK
FINISHING PAN FOR 3 0 ° b 6 . REDUCED TO 3 8 .5 ° b £ .
COOLER
WHITE CRYSTALLIZES. RETAINING 20* SEED
MIXING TROUGH
4
STANDARD SIZE CENTRIFUGALS
WITH SCROLL AND 2 GUTTERS
________________________ 4_____________
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WASH WATER
REGULAR REFINERY CHANNEL
DRYERS
NEUTRALISER LIQUOR
COOLER
CENTRIFUGALS AND SWEETLAND FILTERS
WITH TANKS, PUMPS, ETC., COMPLETE
SCREEN
HOJPER
SWEET WATER
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LICHT BONE FILTERS
STD. MINGLES
SEWING MACHINE
RECEIVING TANK AND'PAN FEEDER
EVAPORATOR
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RECEIVER AND PAN SUPPLY TANK
FINISHING PAN
COOLER, HLDC.
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FIRST CRÏSTALLIZERS
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I
WASH WATER

FIRST RAV¡ CENTRIFUGALS
FIRST GREENS

-*MELT TANK WITH AGITATOR & PUMP
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CONVERTER FEEDER
CONVERTER, NEUTRALIZER,
CENTRIFUGAL, SWEETLAND, ETC.
S»M t
Water
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RECEIVING TANK & PAN FEEDER
EVAPORATOR TO 3 0 ° Bé.
RECEIVING TANK & PAN FEEDER
HEAVY R)NE FILTER
FINISHING PAN
COOLER IN BLDG. 48
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CENTRIFUGALS WITH MIXER BOX, SCROLL 4 GUTTER
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r

SECuND SUGAR FOR
SEEDING FIRST SUGAR

4

F ig u r e 1. F l o w S h e e t
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TH inS SUGAR

I

MELT TANK

H ydrate D ex tr o se M an ufacture
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HYDROL
PAN FE^D
J
TANK
FINISHING PAN TO 41°
COOLER Í"n NO. 48
3 rd CRYSTALLIZER
MIXING*TROUGH
3 rd CENTRIFUGALS
H WATER
HYl^iOL
FINISHING PAN
STORAGE TAKES

4
4
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R e m e l t P ro cess

(Above) D r y e r F l o o r , S h o w in g O n e o p t h e F o u r D r y e r s
w i t h A i r D i s c h a r g e in t h e F o r e g r o u n d a n d A ir F i l t e r
S u p p ly i n t h e R e a r
(Right) C e n t r i f u g a l
M a c h in e s , S h o w in g
t h e W a s h in g S y s te m
S ta r tin g w ith t h e
W a te r F ilte r an d
t h e O p e ra tin g D e 
v ic e M o u n t e d o n t h e
M o n ito r C a se w ith
th e T ra p p e r fo r th e
G u t t e r S p o u t C h a in
(Below) M i s t T r a p a n d G u t t e r C h a r g 
in g B u c k e t s o n t h e C e n t r i f u g a l
D isc h a rg e

{Above) V ie w A lo n g O n e o f t h e C e n t r i f u g a l P l a tf o r m s ,
S h o w in g t h e H ig h S p e e d H y d r a u l i c M a c h in e s
(Left) E v e r d u r
E v a p o ra to r f o r t h e
W h it e S u g a r S id e .

(Below) V ie w o f t h e V a le z P r e s s e s

r v » r fu T iT ,

T T /\T ./\n p i

bone black is made of either nonferrous alloys or cor
rosion-resistant ferrous alloys. The bone black liquor
is delivered to a brass Sperry press dressed with paper
in order to remove any bone black haze or dust which
may have passed the filters. The paper-filtered liquor
is delivered into the pan supply tank feeding a finish
ing pan made of Everdur. The pan is boiled blank to
about 39° B6. and delivered to the cooler.
The older batch coolers are replaced by a heat ex
changer with- copper alloy in contact with the liquors
and of such capacity that it is cooled from the pan
temperature to 120° F. as fast as it can be pumped
from the finishing pan. The cooler temperatures are
controlled by a thermostat. After being cooled to
120° F., the liquor is charged on to 30 per cent of a pre
viously cured batch to be used as foots.
All of the crystallizers on this white sugar are com
pletely lined with Everdur metal. The Everdur was
welded to the steel in small sheets and spot-welded in
between the welding seams. After welding, the shell
was tapped and the lining tested under pressure for
leaks in the welding. The cooling jacket on these crys
tallizers are in three sections to reduce the action of
channeling on the cooling water. The crystallizers
are also equipped with a cooling coil built according
to the Kilby design, which is an elliptical coil with
a shaft through one of the focuses of the ellipse. The
agitator arms are clad 'with nonferrous metals.
The spouts delivering the crystallizers to the mixer
box are made of Everdur. The mixer box is lined
with Everdur, and the mixing paddles and shaft are
covered with nonferrous material.
THE centrifugal machines are water-driven. The
water drive was preferred because of its lower main
tenance cost, over-all efficiency, and flexibility as
compared with either mechanical or individual elec
trical drive. The machines are designed to take ad
vantage of some of the newer developments in cen
trifugal operation. The water pressure has been
stepped up to 250 pounds per square inch in equip
ment capable of handling 500 pounds pressure. The
baskets are now driven at 1,350 r. p. m. and are de
signed to take care of a 6-inch load of sugar.
The drive on the mixer and conveyors has been
changed to individual motor drive with speed re
ducers; the open-type conventional drive, which is
a dirt producer, is thus eliminated. The conveyor
boxes and flights delivering the white sugar from
the machines to the dryers are made of Everdur
metal. The centrifugal machines are set on a high
mounting so that the conveyors and troughs can be
(Reading from top to bottom)
A t t r i t i o n o r Fuss M i l l s
Two close-set plates with projecting teeth revolve
in opposite directions and thus crack or tear the
corn to pieces w ithout injury to the germ
B u h r M il l s W h e r e T w o L a r g e S t o n e s
R ev o lv e o v er E ac h Ot h e r
H u m m e r S c r e e n in g E q u ip m e n t
B o t t o m o f t h e S t o r in g a n d B l e n d in g
H opper
The handwheels perm it the regulation of blending
operation

raised high enough from the floors to give ample room
for house cleaning.
The sugar is spouted from the centrifugal to the
conveyor in a completely enclosed spout, and the
conveyors are covered. This removes one of the
greatest hazards for dirty sugar. The liquor spout
from the casing contains a seal trap to prevent a mist
of sugar-laden air from being blown into the room;
this mist would cause sticky equipment and be a
source of dirt.
The wash equipment on the machines is the Hepworth washer with an automatic gutter trip to route
the greens and wash water properly. The white sugar
is delivered to dryers made of stainless-steel-clad metal
with lifting plates and plate supports of stainless steel
welded to the shell. This does away with any chance
that rivets may become loose or that rust may stain
the sugar.
Bronze centrifugal pumps are used throughout on
all light liquors, and bronze Kinny pumps with her
ring-bone rotors are used on heavy liquor.
The dryers are equipped with air filters to prevent
any dust from entering with the drying air. The
dryers work in tandem, with the air flow parallel
in both. The second-pass air, after passing through a
cyclone, goes to the first pass which acts as a dust
collector.
The dried sugar is blown with filtered air to a
separate screening and blending building where the
sugar is blended to ensure a uniform product in the
package, both as to screen size and quality. The
blended sugar is discharged into stainless-steel-clad
hoppers sufficiently large to hold a day’s production;
all the packing can thus be done on the day shift to
ensure proper light conditions for maintaining the
standard quality of the product. The sugar is re
blended and screened direct to the packing hoppers.
THE air from the transporting system is sent to Sly
separators. There is a dust-collecting system in the
receiving and packing rooms. This dust is collected
by a wet system. The light liquor goes from here to
the melt tank to dissolve the melt. The wash water
from this white system is also delivered to the melt
tank and thereby returns within the system. The
greens of 90 to 88 purity are mixed with the incom
ing starch-converted raw sugar.
This raw channel starts with the converter where a 10 0
to 12 ° B6. starch is converted with hydrochloric acid to an
apparent purity of 90 to 91. The converted material is
delivered to neutralizer tubs, neutralized to a pH of 4.8,
and delivered to large fat-separating centrifugals.

(Reading from top to bottom)
W o r k in g
t e r ie s o f

P la t f o r m o f O n e o f t h e B a t 
H y d r a u l ic C e n t r if u g a l s

S u g a r F il t e r s
T wo R ow s

of

S ugar D ry er

C r y st a l l iz e r s

21

INDUSTRIAL AND ENGINEERING CHEMISTRY

VOL. 31, NO. 1

V ie w o f t h e C e n t r if 
u g a l F l o o r S h o w in g
t h e Absence of B elts
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th rou gh
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M o u n t in g o f C o n 
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H o u s e k e e p in g

The fat-free liquor is delivered to Sweetland presses to remove
protein and cellulose materials. From the Sweetlands the
liquor is delivered to the bone black which has been previouslyused for the refined sugar channel and the heavy liquor from
the converter channel. The light bone liquor is evaporated
to approximately 30° BA and is delivered to the bone black
■which has been used previously for the white sugar channel.
The heavy bone black liquor is delivered to a finishing pan,
and then to a cooler and crystallizers.
The crystallizers are made of copper-bearing, corrosionresistant, steel plate with the top sheet covering an arc of
5 feet of the circumference and made of Everdur, lined as de
scribed for the white crystallizers. This is the portion of the
wall of the crystallizer in contact with humid air of liquors
at pH values favorable to rust formation. The crystallizers
have previously been partially filled with a mingled magma
of second sugar and first liquor. This magma forms the
seed foots for the first raw strike.
The liquor enters the crystallizer at about 40° BA and a
temperature of between 120° and 130° F., depending upon the
final temperature of the cured mass. The cured sugar is
centrifuged in the first raw machines, washed with white
greens, if necessary to obtain purities, and delivered to the
melt tank.
The first raw greens are diluted to 16-18° B6. and given a
mild conversion with acid sufficient to hydrolyze the reducing
disaccharides with linkages similar to maltose, but not suf
ficient to break up the polysaccharides with more stable
linkages. The conversion is an equilibrium phenomenon;

and more intense hydrolyzing conditions, sufficient to rupture
the more stable bonds, would be objectionable. More con
densation products would be produced and dry substance
would be destroyed and thus form organic acids which are
of greater detriment to the second crystallization than the
increased yield is worth.
The converted first greens are neutralized, filtered in Sweet
land filters over cloth, and delivered to the bone black which
has been used previously for the white and first raws and the
heavy second raw's. This makes five uses of the bone on
liquors of increasingly greater impurity load. The light
bone liquor is delivered to evaporators where it is evaporated
to about 30° B6. and delivered to the heavy bone which has
been used previously on the w'hite and first raws. The bone
black liquor is delivered to the finishing pan through the
cooler to the crystallizer, where it is charged on foots from a
previously cured batch. The liquor enters at about 41 ° BA
and 125° F. The final temperature on these crystallizers is
as low as possible with the water available. This sugar is
centrifuged and delivered to the mingler to be used as seed for
the first raw' crystallizers.
The second raw greens is delivered to the finishing pan, con
centrated to 42° BA, and charged into the third raw' crystal
lizers. After being melted, the sugar from these crystallizers
is used in liquors of similar purity.
R e c e i v e d October 21, 1938. Presented before the Division of Sugar
Chemistry a t the 96th M eeting of the American Chemical Society, Mil
waukee, Wis., Septem ber 5 to 9, 1938.

ULTRAVIOLET AIR SANITATION
Destruction of
Microorganisms
FREDERIC W. ROBINSON

Ilanovia Chemical & Manufacturing Company, Newark, N. J.

I

MPROVEMENT in our methods for sanitation, especially
of food and water supplies during the past half century,
has brought with it marked reduction in sickness and in
the death rate from diseases affecting the intestinal tract.
This steady improvement in health standards has perhaps
contributed to an almost entire neglect of sanitation in the air
we breathe. It is highly significant, therefore, to find from
authoritative statistics that as high as 85 per cent of the
deaths from infections and parasitic diseases are caused by
microorganisms whose normal portal of entry is the upper
respiratory tract.
The recent high rate of commercial development of airconditioning equipment and improved methods of air bac
teriology have served to focus attention on the subject of air

E f f e c t o f U l t r a v io l e t o n O r g a n is m s S p r a y e d
in t o t h e A ir o n O n e S id e o f L a m p B a r r ie r a n d
C o l l e c t e d f r o m t h e A i r o n t h e O t h e r s id e
Lamps alternately turned off and on.

sanitation. Perhaps it will serve to
prevent misconception of the subject
if the aims and purposes of ultraviolet
air sanitation are first defined. Air
sanitation is closely analogous to
water sanitation; its purpose is sub
stantially the same—to make the air
in confined spaces more safe under the
particular circumstances of its use,
and to guard against the possibility
that air-borne organisms may cause
clinical infections. Such applications
may vary greatly in their technical
details according to the type of
problem presented. Most cases will
fall into one of the following cate
gories.
Infection by Sedim entation
Inhibited
In hospital operating rooms the
primary objective is to reduce the
risk from pathogenic organisms set
tling from the air on the surfaces of
open incisions, on instruments, or on
the hands of the operating person- F l o o r S t a n d T y p e
nel from which they might be transo f L am p
ferred into open wounds. Protec
tion of perishable foodstuffs against contamination from
air-borne organisms is a further example.
Meleney (11), Hunt (8), Beck (2), Hart (6, 7), and others
have clearly recognized the lack of adequate air sanitation in
the hospital operating room. One may quickly determine
by exposing blood agar plates how many bacteria may be
expected to find their way by sedimentation on to an area of
any given size during any given time in the operating room.
Hunt (8) reported that in a modem operating room using
every reasonable precaution to ensure asepsis, but without
ultraviolet, considerable numbers of bacteria may be col
lected from the air by sedimentation. A 100-mm. blood
plate exposed for 1 hour and incubated for 36 hours showed
eighty-six colonies, seventy-six colonies, and seventy-eight
colonies, respectively, on successive days. In another case
thirty colonies were found. R. G. Urquhart (8) found an
average of forty-eight colonies in a series of exposures of 45
minutes each (Figure 1). These figures are in close agree
ment with conditions found in other institutions. Hunt
estimated, from a survey of other publications and from his
own experience, that 10 per cent expresses conservatively the
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F ig u r e 1. E f f e c t o f U l t r a 
v io l e t o n B a c t e r ia l C o n t a m i 
n a t io n o f A ir in a H o s p it a l
O p e r a t in g R oo m

Blood agar plates exposed an average
of 45 m inutes on operating and supply
tables.
Courtesy, Department of Surgery, State
of Connecticut Tuberculosis Sanatoria

(Above)
A . Four ultraviolet tubes, two positions
B. Four ultraviolet tubes, four positions
1. Supply table
2. Instrum ent table
3. Operating table
4. Operating room
(Numerals above circles indicate num ber of colonies)
(Right) Colony Counts (Average):
1. W ithout ultraviolet ray
2. W ith four ultraviolet tubes in two positions
3. W ith four ultraviolet tubes in four positions

average morbidity from operative wound infections at the
present time. Fortunately most of these are mild and super
ficial and last but a few days. Whether mild or severe, if
some of these infections may be prevented by better air sani
tation, the patient should have the benefit of this added pro
tection.
In a typical case (3) with a properly engineered installation
of four small ultraviolet fixtures using a total of 120 watts of
electrical current, a reduction of between 80 and 90 per cent
in the number of bacteria collected by sedimentation was
shown. No inconvenience to the operating personnel results;
the fixtures are mounted on the walls at ceiling height or
about 14 feet from the floor where the operating room is of the
amphitheater type, and the entire air contents of the room
thus come under the influence of the ultraviolet.
The quartz low-pressure discharge tubes used for this pur
pose emit approximately 95 per cent of their total ultraviolet
output in the wave length 2,537 A.., which is at the peak of the
bactericidal efficiency curve as shown in Figure 2.
It is important to use lamps of the filter-jacketed type.
The filter jacket screens out all radiations -shorter than
2,200 A. and by this means prevents the production of ozone
which otherwise would result.
The very purpose of air sanitation makes it necessary to
avoid excessive ultraviolet intensities. The amount of ultra
violet which may fall on the patient during the course of
the operation should be kept sufficiently low so that no reac
tion will be caused in the tissues exposed.
It is recommended that plain glass spectacles or cellophane

visors be issued to the operating personnel, either of which has '
been found to give adequate protection to the eyes.
Prevention o f Cross Infection
In infants’ nurseries, school rooms, and hospitals for con
tagious diseases the primary objective is to prevent cross in
fection through interchange of nasopharyngeal flora.
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for

B. coli (5)

In the study of diseases whose normal portal of entry is the
nasopharynx, it is difficult to determine the bacterial con
tamination of the air. In that case one should know the
total number of bacteria present in the air, and this, as Wells
(17) showed, may be many times greater than the number
which may be collected by sedimentation. In one experiment
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twelve out of fifteen plates
rem ained negative when
exposed for 15 minutes in
air containing twenty-five
B. coli per cubic foot. The
use of an air centrifuge or
other adequate method of
assay seems almost impera
tive, therefore, in studying
air contamination in rela
tion to respiratory infec
tions.
In m any cases in this
category, sanitation of the
air is rendered more diffi
cult by the fact that long
exposures of the eyes would
result in severe cases of con
junctivitis. This may be
prevented by the use of in
direct fixtures so arranged
that (a) the eyes are effec
tively guarded at all times,
and (6) adequate air sanita
tion is still provided.
In the M arlboro State
Hospital, Marlboro, N. J., a
group of patients has been
living 24 hours a day under
ultraviolet air sanitation for
4 months without the de
velopment of any subjective
symptoms. Several impor
tant studies in air sanitation
as applied to rooms under
more or less permanent oc
cupancy were reported by
Wells (15, 16) and Vonder
Heidt (14) which demon
strate that great improve
ment in air sanitation re
sults when ultraviolet is
employed in a well-designed
installation.
The technique of ultra
violet air sanitation in its
relation to isolation wards
for contagious diseases is
under study by McKhann
(10). He found that a light
barrier set up in the cor
ridor between wards may
be made practically imper
vious to air-borne bacteria
carried by ordinary venti
lating currents. McKhann
sounds a note of warning
which is important in all
air sanitation problems in
volving more or less per
manently inhabited rooms,
hospital wards, school
rooms, hospital reception
rooms, etc. He points out
that, since the ultraviolet
equipment must be so in
stalled as to protect the eyes
of those in the room (com
monly, indirect lighting fix-
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tures above eye level), the
radiation serves to dilute
the contaminated air with
sterile air, and thus reduces
but never completely elimi
nates the contamination so
long as infectors remain in
the room. With suitable
design, however, installa
tions with indirect lighting
of this type may be made
to show a degree of air
sanitation equivalent to
one hundred to five hun
dred or more com plete
turnovers of air per hour
(15). Widespread applica
tion of this principle in the
rooms where perishable food
products are packed , is an
obvious and logical antici
pation, but on the basis of
present knowledge there is
no basis for the belief that
foodstuffs other than clear
fluids may themselves be
effectively and economi
cally sterilized by ultra
violet. For the past ten
years it has been known
that by painstaking irradia
tion the growth of mold on
bread may be inhibited by
from 24 hours to several
days, but so far, buyers
have not been found will
ing to pay a premium for
stale bread. The process is
therefore definitely limited
by its lack of economic ad
vantage.
Sterilization of Air
Supply
Compressed-air systems
are employed, for example,
in the operation of bone
drills, in filling sterile bio
logical solutions into con
tainers, or in pum ping
milk.
Sanitation in AirC onditioned System s
In air-conditioned sys
tems there are two types
of cross infection to be
guarded against—th a t
which may arise within the
room where an infector is
located and the transfer of
air-borne organisms from
one room to another. The
ability of ultraviolet rays
to destroy bacteria was
determ ined m any years
ago. Downes and Blunt (4)
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made one of the earliest studies of this subject in 1877.
Barnard and Morgan (1) in 1903 showed that the most
effective rays were those between 2,265 and 3,287 À. wave
length. In 1922 Klemperer and Kempner (9) showed that
ultraviolet was able to free the air of bacteria; by eliminat
ing the possible effects of ionization and ozone, they were
able to show that this effect is due to a direct action of the
ultraviolet on the bacteria. In September, 1925, a patent
was granted to Napier {18) covering the withdrawal of air
from a room and destruction of bacteria in the air by ultra
violet before its réintroduction.
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borne bacteria, he may refer to the presentation of this subject
by Wells and Wells {17) whose experimental work laid a solid
foundation for the whole subject of air sanitation.
In conjunction with air-conditioning systems, ultraviolet
air sanitation offers profound benefits. Since, with the excep
tion of a few special cases, the economics of air conditioning
demands a recirculation of a large part of the air, usually 50 to
90 per cent, the possibility of distributing air-borne organisms
from one person to another can hardly be disregarded. In
fact, this has in some instances prevented the installation of
air-conditioning equipment.

I n s t a l l a t io n o f E q u ip 
m en t U sed to D estroy
A ir -B o r n e B a c t e r ia in
a M id w e s t e r n H o s p it a l

Obviously in the sterilization of air supply, where all of the
air is under control, it should not be difficult by the use of
quartz ultraviolet discharge tubes to ensure complete sterility
and to calculate the engineering design accordingly. In
inhibition of infection by sedimentation and in the prevention
of cross infection, however, since the bacterial contamination
arises largely in the same chamber (from the noses and
throats of the people in the room) in which the infected person
is confined, complete sterility of the air becomes a hypo
thetical concept and possibly is not essential.
While it is pertinent, therefore, to differentiate sharply
between air conditions where one or more sources of con
tamination are contained within the chamber, and other con
ditions where this is not the case, the problem remains always
to make the air in question as safe as possible for the purpose
it serves. This constitutes the whole problem as far as it
concerns us here.
Unfortunately many misleading and sometimes entirely
erroneous statements on this subject have been broadcast in
the public press, and ultraviolet sterilization has been held out
as a panacea in many and varied instances where its value is as
yet unproved. As early as 1914 the treatment of freshly
killed meat with ultraviolet was advocated by Monvoisin et al.
{13) in order to sterilize the surface, but up to the present time
no economic advantage of this process has been shown. Such
promiscuous statements are to be deplored, since they natu
rally tend to retard the sound application of a principle which
seems to hold great promise of benefit to the public health.
Living microorganisms have been captured even in the
stratosphere, and organisms characteristic of the respiratory
mucosa have been recovered from the air in an airtight metal
chamber 48 hours after inoculation. Should one be inclined
to doubt the possibility of clinical infection resulting from air-

By the use of adequately designed ultraviolet installations
mounted in the air ducts, satisfactory air sanitation has been
provided in railway cars {16). Here the rate of circulation
corresponds to twenty turnovers of air per hour. The rate of
destruction of bacteria is dependent upon the rate of circula
tion; if the total rate of circulation is conspicuously lower than
twenty turnovers per hour, some additional provision for
ultraviolet radiation in the room would be essential for ade
quate air sanitation.
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Tetraethyllead Susceptibilities
of Gasoline Doctor Treatment Caustic Wasliin
vs.

8

hydroxide solutions than the
higher boiling ones, the odor
*s elimin ated in larger
proportion than are the respective mercaptan compounds. At the same time,
sulfur compounds having a
harmful effect on the tetra
ethyllead susceptibility of the gasoline are removed.
Various investigators (I, 5, 6) reported that the addition
of certain sulfur compounds to gasoline lowered the octane
number and reduced the tetraethyllead susceptibility. Mer
captans decreased the tetraethyllead susceptibility, and di
sulfides decreased it even more than mercaptans. These ob
servations are significant in any comparison of doctor sweeten
ing with sodium hydroxide washing, for the sodium plumbite
plus sulfur treatment (doctor sweetening) converts mercaptans
into
disulfides which remain in the gasoline and depreciate the
ARGE quantities of tetraethyllead are being used daily tetraethyllead
susceptibility even more than the equivalent
by the petroleum industry for the purpose of increasing mercaptans. When
stock is washed with sodium
the antiknock value of gasoline. Inasmuch as differ hydroxide, mercaptansthearegasoline
dissolved
a greater or less extent
ent gasoline stocks require different amounts of tetraethylleadin the sodium hydroxide solution, areto thereby
removed from
to produce specific antiknock ratings, an investigation of the the gasoline, and are not converted into other gasoline-soluble
factors which affect the tetraethyllead susceptibility of gaso compounds which have an objectionable effect on the tetra
lines is of economic importance. One of the factors requiring
serious consideration is the influence of refining processes. ethyllead response of the gasoline.
Many observers have noted that the tetraethyllead suscepti
R elative Influence o f C austic W ashing and
bility of gasoline stocks decreases to a greater or less extent on
»
D octor Sw eetening
treatment with the conventional doctor solution (sodium
The present investigation was initiated for the purpose of
plumbite) and sulfur (1,6,6). This treatment is applied quite
generally at present for the purpose of eliminating the odor due comparing the tetraethyllead susceptibilités of caustic-washed
to certain mercaptans normally found in gasolines in relatively gasolines with those treated with sodium plumbite and sulfur.
small amounts. This treatment converts substantially all Accordingly, gasoline stocks were thoroughly scrubbed with
mercaptans in the gasoline, malodorous as well as those with sodium hydroxide solutions under controlled conditions so
out objectionable odor, into disulfides which remain in solution designed as to limit the cause of any observable change in
in the gasoline. A gasoline thus treated will pass the so-called octane value and tetraethyllead susceptibility to the caustic
doctor test. There is, however, a possibility that the doctor washing only. Corresponding samples of the gasolines were
test is much more severe than is justified on a
basis of intrinsic qualities of a gasoline.
—r-TPEATÇp
A gasoline containing, for example, 0.0007 per
r
G A SO LIN E
cent mercaptan sulfur will normally pass the
doctor test, while another containing but slightly
X0
IV
more mercaptan sulfur—namely, 0.0012 per
01
z
cent—wall generally not pass the test even
I£
tr
though the former sample may contain much
Ld
Id
£
i
hho
more total sulfur than the latter.
o
H
Î
The unfortunate feature of the so-called
doctor test when written into gasoline specifica
-y-1
tions lies in the fact that it necessitates process
r 3"
ing a product to meet an arbitrary test that
apparently is not adequately related to the
merits or intrinsic qualities of the product.
The lower boiling mercaptans possess objec
S
tionable odors, whereas the higher boiling mer
captans have progressively less objectionable
LEGEND
odors. Thorough washing of a mercaptan-cono
taining gasoline stock with sodium hydroxide
solution removes the mercaptans to a greater or
EN L A R G ED SK E TC H
5
less degree (2,3,4). And inasmuch as the lower
OF M IX ERS
F ig u r e 1. S ix -S t a g e C o u n t e r c u r r e n t C o n t in u o u s T r e a t e r
boiling mercaptans are more soluble in sodium
L. M . HENDERSON,
W. B. R O SS, AND
C. M . RIDGWAY
The Pure Oil Company,
Chicago, 111.

T h e experim ental evidence presented show s th at,
w hen gasolines are treated -»villi sodium p lum bitc
and su lfu r, th ey require m ore tetraethyllead to pro
d u ce a given octane value th a n do those treated
w ith sodium hydroxide alone and, sim ilarly, m ore
th a n do th ose w hich are thorou ghly scrubbed w ith
ca u stic and su bseq uently treated w ith sodium
p lu m b itc and sulfur. T he differences in q u an tity
o f tetraethyllead required are related qualitatively
to th e a m o u n t o f m ercaptan su lfu r rem oved by th e
ca u stic w ashing.
T h e decreased requ irem en ts o f tetraethyllead
accom p lished by efficient scrubbing o f gasoline
w ith sodium hydroxide solu tion s w ou ld resu lt in
large econ om ic savings to th e petroleum in du stry.
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treated with sodium plumbite under conditions which elimi
nated loss of volatile components. Other treatments were
made involving caustic washing followed by plumbite and sul
fur treatment.
P r o c e d u r e . The scrubbing of the gasoline was carried out in
an experimental six-stage countercurrent continuous treater as
shown in Figure 1. Fresh caustic solution (approximately 25
per cent of the volume of gasoline) was fed into tower 6 and thence
passed successively through five succeeding towers and drained
continuously from the bottom of tower 1. The gasoline was
charged countercurrently to the caustic solution, entering tower I
and passing through the remaining five caustic towers and then
to tower 7 in which it was scrubbed with water to remove traces
of caustic from the treated gasoline. All samples (of untreated
gasoline charged to the treater and of treated gasoline from the
treater) were taken by water displacement to eliminate loss of
the more volatile components of the gasoline. That such loss
was avoided is confirmed by tests showing that the Reid vapor
pressure of the gasoline going to and taken from the treater was
substantially unchanged in value. It was necessary that loss of
volatile material be avoided in order to limit any changes in oc
tane values of the gasoline to the treatment with caustic solu
tions only. On each tower a caustic recirculating pump was in
stalled to take suction from the bottom and force the caustic
along with gasoline through a mixer where intimate contact with
the gasoline was secured. From the mixer the liquids were car
ried back into the tower where the caustic solution settled from
the gasoline to the bottom of the tower while the gasoline rose
to the top and passed on into the mixer of the next tower.
Corresponding samples of gasoline were treated with sodium
plumbite (doctor) solution and sulfur in the following manner:
Precautions were taken at all stages to avoid loss of volatile hy
drocarbons. Two-gallon cans were cleaned thoroughly and
washed with caustic solutions and with water. Air in the can
was displaced by nitrogen. Successive portions of gasoline were
introduced into the can and removed until addition of a fresh
portion of gasoline showed no increase in pressure in the can on
shaking. This saturated the gas space in the can and eliminated
loss of light ends of gasoline to the vapor space. The sodium
plumbite solution (one and a half times the theoretically required
amount) wrns conducted into the can, followed by the gasoline
charge which was introduced by water displacement and was
chilled by being passed through a cold condenser before entering
the can. The cans were thus filled to within one inch of the top.
The calculated theoretical amount of powdered sulfur was added
and the can sealed tightly. The theoretical amounts of sulfur
necessary were calculated on the basis of the known mercaptan
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sulfur content of the gasoline and the conventional reactions in
volved in the well-known sodium plumbite and sulfur treatment.
The cans were then shaken by machine for 30 minutes; then they
were cooled in an ice bath for 45 minutes and water-washed in a
closed system, and a sample was withdrawn by water displace
ment for vapor pressure tests. If the vapor pressure tests showed
no loss of volatile components, octane values on the treated gaso
line were determined, both by the A. S. T. M .-C. F. R. Motor
method and by the Research method. Both methods of octane
rating were employed for the purpose of ascertaining whether the
treatment influenced the so-called antiknock sensitivity of the
gasoline as well as the conventional A. S. T. M. octane rating
of the sample. The octane determinations were made by com
paring samples of the differently treated products of a specific
gasoline stock against each other and against a reference fuel.
This gave reliable differences in octane values.

Experim ental D ata
Table I shows gravities, A. S. T. M. distillations, and total
sulfur values of the gasoline stocks used in this investigation.
The octane values and tetraethyllead (TEL) response ob
tained on each of these gasolines, before and after treatment
by the various procedures described above, are shown in Table
II and Figure 2. In order to simplify the table the samples
treated by different procedures are designated by letters; the
legend is shown at the bottom of Table II.
T a b l e I. I n s p e c t io n D a t a o n G a s o l in e S t o c k s
Sample No.
393
394
131
175
437
Gravity, ° A. P. I.
61.9
62.5
65.5
65.3
02.2
A. S. T. M . distillation, ° F.:
82
Initial b. p.
80
81
90
84
109
107
5% over
109
108
114
10%
116
120
120
118
131
20%
144
160
140
140
ICO
30%
188
164
184
168
109
214
200
193
40%
188
208
50%
237
236
216
212
228
60%
260
266
238
238
248
70%
282
293
270
266
208
80%
312
303
292
325
304
90%
347
356
343
338
328
95%
380
378
360
End point
407
390
388
386
379
Recovery, %
97.5
97.5
96.5
98.0
98.0
1.2
Residue, %
1.1
1.1
1.0
1.0
Loss, %
1.4
1.4
2.5
0 .8
1.0
Total sulfur, %
0.035 0.037 0.080 0.058 0.030

C a u s t i c a n d D o c t o r T r e a t m e n t s o f CHP“ a n d HP» C r o s s G a s o l i n e s f r o m M ic h ig a n ,
I l l in o is , a n d T e x a s C r u d e s
Tetraethyllead, /—A. S. T. M. Octane No.—* ✓
—Research Octane No.Tetraethyllead, -A. S. T. M. Octane N o.■Research Octane No.—
Bb
C
• D
Co./gal.
Bb
C
D
B
Cc./gal.
B C D
C
D
C H P Gasoline from Michigan Crude (Sample 131)
C H P Gasoline from Texas Crudes (Sample 393)c
.—A. S. T. M. Octane No.—. .—Research Octane No.—66.4
0.0
64.1
63.6
63.8
66.5
66.2
B
A
D
F
A
B
D
F
70.4
70.3
70.0
72.0
0 .5
71.8
71.5
73.4
73.2
1.0
73.8
75.9
75.2
75.5
0.0
61.4 61.5 59.2 61.4
61.8 01.7 60.5 61.8
75.3
78.2
70.0
75.8
1.5
78.8
78.0
60.4 66.4 63.4 66.3
67.5 67.0 63.8 67.0
0.5
77.0
2.0
77.9
77.6
79.6
79.4
79.0
1.0
69.1 69.6 66.0 69.5
71.4 70.7 68.0 71.0
82.0
SO.3 80.2
79.5
81.7
3 .0
81.0
70.4 71.4 68.7 71.6
1.5
73.5 74.1 71.0 74.3
2.0
72.0
73.4
70.5
73.3
75.7
76.4 73.9 75.9
H P Cross Gasoline from Texas Crudes (Sample 394)
75.0 76.4 73.0 76.5
3.0
78.0 78.8 76.0 79.0
A
B
D
A
B
D
C H P Gasoline from M ichigan Crude (Sample 175)
68.3
68.1
70.4
70.4
0.0
68.1
70.0
A
B
D
B
D
C
A
C
72.1
74.7
0.5
73.1
73.5
74.5
7 3 .S
76.2
74.6
77.6
78.2
1.0
75.7
77.3
62.4
60.4
62.6
60.0
61.9
0
.0
62.8
63.5
61.6
79.4
1.5
77.6
78.1
76.9
80.3
79.7
0.5
67.5 67.4 67.0 65.5
68.5 67.5 67.0 67.2
78.9
79.1
78.0
81.5
2.0
81.1
80.9
71.4 70.7 70.1 70.4
09.9 70.2 69.7 68.0
1.0
80.9
3.0
80.6
79.7
82.7
83.0
82.4
1.5
71.9 71.6 70.8 69.6
73.3
73.3
72.9
71.9
71.2
74 '.2 7Z.6 74.6
72.7
74.7
2.0
C H P Gasoline from Texas Crudes (Sample 393)c
3.0
75.5 76.3 75.7 73.2
78.0 78.0 77.3 77.3
-----A. S. T. M . Octane No.----C H P Gasoline from Illinois Crude (Sample 437)
B
D
A
C
E
D
B
C
B
C
D
A
A
0 .0
64.9
64.3
64.3
64.1
62.8
70.0
70.8
68.6
0.5
71.0
70.8
0.0
67.0 67.2 67.2 66.0
69.0 68.7 68.3 07.5
73.4
1.0
74.7
74.5
74.5
72.5
0.5
73.5 73.9 73.6 71.6
74.6
1.5
76.8
76.8
75.5
76.5
1.0
75.3 75.9 75.5 74.8
78.4
2.0
77. a
78.3
77.1
76.5
78.2 77.8 76.9
1.5
77.8
80.4
80.2
7 8 .S
3.0
79.4
79.1
2.0
78.9 79.4 79.1 78.0
82 '.i 82^8 &2.7 82^2
3.0
81.1
81.6 81.4 80.4
° C H P = gasoline from combination high-pressure refinery unit; H P =»
doctor-treated only with 100% excess sulfur but not corrosive to copper
gasoline from high-pressure refinery unit.
strip test; F = three-stage caustic washed.
b A =» untreated sam ple; B =* six-stage caustic washed; C «* six-stage
c These data represent independent treating and testing.
caustic washed plus doctor treatm ent; D = doctor-treated only; E =
T a b le II.
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F ig u r e 3. E f f e c t o f T r e a t m e n t o n T e t r a e t h y l l e a d
S u s c e p t ib il it y o f G a s o l in e s

Evidence that no volatile components of the gasoline were
lost in the respective treatments is afforded by the fact that
vapor pressures of the samples remained substantially un
changed :
Sample No.
393
394
393
131
175
437

A
9.9
11.2
9.4
11.3
10.5
9.0

- R e id V a p o r
B
C
9.9
9.8
11.2
9.4
9.2
11.3
10.4
10.*6
8.9
8.9

P ressu resE
D
9.8
11.0
9.2
9.2
11.3
10.0
8.8

F
11.3

mental sulfur to meet the doctor test, the tetraethyllead
requirement was materially less than that required when the
gasoline was sweetened only with plumbite and sulfur. Un
less otherwise stated, theoretical minimum amounts of ele
mental sulfur were used in the sodium plumbite-sulfur treat
ment. This theoretical amount of sulfur was calculated on
the basis of the mercaptan sulfur content of the gasoline and
the following equations which are generally accepted as
broadly indicating the reactions involved in the doctor treat
ment:
,SR
PbO + 2 RSH = Pb<
+ H20
n3R
ySR
SR
Pb<
+ S - PbS + |
XSR
SR

The data of Table II were plotted for each gasoline as illus
trated in Figure 2 for sample 131, and from these curves the
amounts of tetraethyllead re
quired to produce in each
gasoline A. S. T. M. octane
T a b l e I I I . E f f e c t o f T r e a t m e n t o n T e t r a e t h y l l e a d S u s c e p t ib il it y o f G a s o l in e s
values of 70 and 77, respec
—Cc. T E L /G al. to Give:-----70 A. S. T. M . 77 A. 8. T. M. % RSH % RiSj
Sample
tively, were determ ined.
Treatm ent
sulfur sulfur
octane
ootane
No.
Gasoline Stock
These tetraethyllead require
0.40
1.70
0.011
Nil
None
393
CH P from Texas crudes
1.72
6-stage caustic wash
0.002 0.002
0.46
ments are shown in Figure 3
6-stage caustic wash +
and Table III.
0.48
1.80
Nil
0.004°
doctor treatm ent
Nil
Doctor-sweetened only
0.50
1.98
0.009
The weight per cent of sul
0.11
1.35
0.013 Nil
None
fur present as mercaptan and
Cross cracked from Texas 394
0.10
1.21
Nil
0.004
6-stage caustic wash
crudes
as disulfides was determined
6-stage caustic wash +
doctor
treatm
ent
for each gasoline, before and
0Í21
Nii*
o.'óii
Doctor-sweetened only
l'.58
after treatment, with the re
0.011
0.40
1.70
Nil
None
393
CH
P
from
Texas
crudes
sults shown in Table III. It
0.002 0.002
1.54
6-stage caustic wash
0.40
6-stage
caustic
wash
-fis evident that the relative
1.54
Nil
0.004
0.40
doctor treatm ent
Nil
0.50
1.96
0.009
Doctor-sweetened only
effectiveness of sodium hy
Doctor-sweetened with
droxide solutions in removing
0.64
2.20
Nil
0.009
100% excess free S
mercaptans varies writh the
1.32
0.060
None
131
CH P from Mich, crude
0.022
3-stage caustic wash
1*11
gasoline stock. In the case
0.011
1.11
6-stage caustic wash
of a specific Cross cracked
Nil
Doctor-sweetened only
1.85
gasoline from a Texas crude,
Nil
0.046
0.96
175 None
CH P from Mich, crude
0.013 0.004
0.96
6-stage caustic wash
caustic washing alone was
6-stage caustic wash -fsufficient to render it sweet
Nil
0.016
doctor treatm ent
1.11
Nil
0.042
1.55
Doctor-sweetened only
to the doctor test. In the
0.016
1.33
Nil
0.17
None
437
case of the other gasolines,
CH P from 111. crude
0.12
1.17
0.003 0.002
6-stage caustic wash
the major part of the mercap
6-stage caustic wash +
0.14
1.33
Nil
0.006
doctor treatm ent
tans was removed to such
0.32
1.56
Nil
0.014
Doctor-sweetened only
an extent that, when subse
“ Unless otherwise stated, doctor treatm ents were carried out with the theoretical am ount of free sulfur re
quired
to
precipitate
PbS
from
m
ercaptans
in
gasoline.
quently treated with so
dium plum bite and ele-
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In certain instances a 100 per cent excess of elemental sul
fur was intentionally added to ascertain its effect on the
tetraethyllead susceptibility of the treated gasoline. It was
observed that this additional sulfur notably decreased the
tetraethyllead susceptibility of the gasoline and increased the
tetraethyllead requirement (Table III, sample 393). The
100 per cent excess sulfur in this case was not sufficient to
render the gasoline corrosive to the copper strip corrosion
test. This effect of excess sulfur is a matter of importance
inasmuch as plant operators are prone to add an excess of
sulfur in doctor treating to expedite the precipitation of the
lead sulfide.
Efficiency of C austic W ashing
In these experiments on caustic washing, four to five vol
umes of gasoline stock were washed with one volume of caus
tic solution containing 9.5 to 10 per cent by weight of sodium
hydroxide. This quantity and concentration were selected
as advantageous on the basis of previous investigations on in
fluence of volume and concentration on mercaptan removal.
Within limits, an increase in the number of stages in the
countercurrent extraction gave increased removal of mereaptans. In the particular equipment used in this investigation
5

1 I 1

ru - Ö Ü
0

J

70

i
”

o
(x O

x
O x _______ a -------------

---X X X o

O_______ n

X o xQ

0

1 60

3 50
o

x

^

cx

0

cx

o - C A U S T IC R EG E N E R A T E D B Y B O IL IN G FOR 15 M IN U T ES -

40j

X - C A U S T IC R E G E N E R A T E D B Y B O IL IN G A N D A I R
IN G F O R 15 M I N U T E S .

BLO W 

'■

R A T IO OF C A U ST IC V O L U M E TO G A S O L IN E V O L U M E - 1 4 .
o 20

A L L T R E A T S M A D E IN C O V ER ED G L A S S SEP A R A T O R Y FUNN E L U N DER N IT R O C E N W IT H IO ÍC A U 5 T IC ( N a O H ,1SO LUTIO N .

ft
*

N U M B E R O F C A U S T IC R E G E N E R A T IO N S

10
4

0

8

12

16

.

20

,

t 6
2

24

.

5 “

x
O

0

0

Z

“■ 4

X

Q

0

O R IG IN A L IN D U C T IO N P E R IO D S :
T R E A T S 0 - 1 0 - 8 . 2 5 HR.
T R E A T S 1 1 - 2 1 - 7 .7 5 HR.
T R E A T S 2 2 - 2 3 - 8 . 5 0 H R.

/
y

R A W ST O C K W A S H IG H - P R E S S U R E CRACKED]
G A S O L IN E FRO M T E X A S CRUOC.
1
0

N U M B E R O F C A U S T IC R E G E N E R A T IO N S
4

8

12

,

16

,

20

24

F ig u r e 6. E f f e c t o f C a u s t ic R e g e n e r a t io n
o n I n d u c t io n P e r io d o f C a u s t ic - T r e a t e d
G a s o l in e

and on two specific stocks, there was no appreciable increase
in mercaptan removal beyond the fourth stage (Figure 4).
After the caustic solution had passed once through the sixstage treater in contact with gasoline, it was regenerated by
boiling to hydrolyze the sodium mercaptides and to distill the
resulting mercaptans out of the solution. In a few instances
regeneration was accomplished by boiling and air blowing to
ascertain whether air blowing had any deleterious effect on
the regenerated solution. Apparently it did not.
The effectiveness of the regeneration of the spent caustic is
given in Figure 5, which also shows that the capacity of the
caustic to remove mercaptans from this particular stock re
mains substantially unchanged up to at least twenty-two re
generations. The gasoline stock here used was substantially
free from hydrogen sulfide. If hydrogen sulfide is present in
the gasoline, it is desirable to remove it prior to the applica
tion of the caustic intended for the removal of mercaptans.
The absence of hydrogen sulfide permits effective regeneration
of the sodium-mercaptide-containing caustic solution.
Influence o f C austic W ashing on In d u ction Period
o f Cracked G asolines
Treatment of cracked gasolines with fresh caustic solutions
in the concentration and quantities used in this investigation
tends to lower the induction period of the gasoline. It ap
pears to remove some natural inhibitor from the gasoline and
to become partially saturated with such inhibitors, inasmuch
as caustic solutions which have been used repeatedly after re
generation show decreasing effect on the induction periods of
the cracked gasolines, while the ability to remove mercaptans
shows very little change. The decreasing influence of the
successively regenerated caustic solution on the induction
period of the gasolines is shown in Figure 6. Inasmuch as
the gasoline stocks of Figure 6 possessed induction periods of
approximately 5.5 hours after being washed with caustic
solutions which had been regenerated twelve or more times,
the treated gasolines will require the addition of little or no in
hibitor to afford a commercially stable product. Gasolines of
low induction periods will require addition of some inhibitor.
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SURFACE-ACTIVE AGENTS
INTRODUCTION
F. E. BARTELL

University of Michigan, Ann Arbor, Mich.

S

URFACE chemistry has until recently been regarded as
energy; it is concerned with the consideration of surface-active
a subject to be discussed most profitably in the class
agents—that is, agents which are capable of doing work at
room and the fundamental research laboratory. The
interfaces—and with the direction of the changes of interfacial
comparatively recent contributions of Hardy, Langmuir, Har (or surface) energy effected by these agents.
kins, Adam, Ridenl, and others have been so productive of new
At the outset it seems desirable to emphasize the fact that the
theories and concepts that many research workers have turned
action of any given surface-active agent is specific. For example,
their attention to this field. In the future a study of surface
an agent which will make water “wetter” when water is brought
chemistry will not be limited to classical treatments of surface
into contact with organophilie material, may make the water
and interfacial tensions but will be rapidly extended to bear upon
“less wet” when the water is brought into contact with hydro
practical problems of every branch of applied science. Industry
philic material. The mere statement that a given substance is a
is just beginning to become surface conscious and to realize that
surface-active agent is, then, without significance unless infor
it is possible to place upon a scientific basis the development of
mation is furnished as to the precise nature of the surface or
products such as flotation agents, wetting agents, lubricants,
interface under consideration. We must know not only the
protective coatings, etc. An indication of the active industrial
nature of the solid concerned but also the nature of the liquid
interest in surface problems and of the diversity of processes
phase. Suppose, for example, that a surface-active agent is put
involved can be obtained from the papers on “Wetting and
into a beaker in which a solid is suspended in a liquid. It is
Detergency” presented at a symposium held in London under the
often assumed that a surface-active agent will affect all inter
auspices of the British Section of the International Society of
faces within the system in a similar manner. For example, it is
Leather Trades’ Chemists during February, 1937.2 Included in
assumed frequently that much adsorption of the agent will occur
the list were papers dealing with textiles, skin, hides and leather,
at the interface air-liquid and thus lower the surface tension of the
insecticides, fungicides, suspensions, pigments, paints and var
liquid against air, and that at the same time much of the agent
nishes, metals, solders, and ore flotation. Even that diverse
will be adsorbed at the interface solid-liquid and lower the inter
facial tension between solid and liquid. In many cases high
list does not begin to cover the field in which surface chemistry
may be of great importance. Surface chemistry is concerned
adsorption of agent at both sets of interfaces does occur, but it
with the magnitude of free surface energy existing at surfaces
does not necessarily follow that it will occur in all cases. In fact,
and with the magnitude of change of free surface energy which
the tendency of the agent to be adsorbed at a given interface
depends not only upon the precise nature of the agent but also
occurs as the surface environment becomes altered. Since every
upon the nature of the interface concerned.
homogeneous substance has a surface or interface, each and every
form of matter existing as a separate phase possesses interfacial
Surface-active agents are polar compounds and their activity
is dependent upon the ability of their molecules to become
energy and is thus capable of undergoing certain changes or of
oriented and adsorbed at an interface. The tendency to orient
doing certain work. When the substance is finely divided, or in
the form of a film, or in any form such that its specific surface
is dependent upon each of the phases in contact at the interface.
When carbon, as adsorbent, is present in water, we can predict
area is very great, it possesses correspondingly great free surface
that adsórbate ROII will give oriented adsorption
energy and is capable of doing work. The behavior of the sys
tem may be largely dependent upon the magnitude of the interfacial free energy or the change in this energy content, and a
Solid C
►ROH (aqueous solution)
knowledge of the surface chemistry of the system becomes highly
desirable.
A word of caution should be sounded to the effect that our
with the nonpolar R group oriented toward carbon and the polar
fund of knowledge relating to this field is still limited and that
OH group toward water. If silica were present as adsorbent,
known methods for obtaining additional knowledge are compara
however, a similar prediction could not be made with cer
tively few in number; some of them are not fully developed,
tainty. Were carbon present as adsorbent in nonpolar ben
others are time consuming and demand technical skill of a high
zene, we could not predict whether molecular orientation would
degree in their execution.
occur at the interface carbon-benzene. In this case both the
There are five different types of interfaces possible—gascarbon phase and the benzene phase have a higher affinity
liquid, liquid-liquid, gas-solid, liquid-solid, and solid-solid. The
for the R group than for the OH group, so that we could not
magnitude of the interfacial free energy of any system can be
predict with certainty whether any positive adsorption would
determined, provided measurement of interfacial tension can be
occur. To date but little is known concerning surface-active
made. Suitable methods are available for the measurement of
agents for organic liquid systems. It is hoped that in the near
the interfacial tensions of the systems gas-liquid and liquidfuture fundamental researches on adsorption from organic media
liquid. As yet no reliable methods are available for measure
will contribute constructive information along this line.
ment of the interfacial tensions at the solid interfaces (gas-solid,
The papers to be presented in this symposium treat of two
liquid-solid, or solid-solid). Attention may be called, however,
types of interfacial systems—namely, liquid against air and
to the fact that changes occurring in the free surface energy at
liquid against solid. Two papers (pages 32 and 35) place special
solid interfaces have been determined by measuring the adhesion
emphasis upon conditions encountered at liquid-against-air
tension of liquid-solid systems. Adhesion tension determinations
interfaces, and disclose new methods of approach which are now
involve the measurement of angles of contact formed between
being developed and used in the study of such systems. Three
liquid and solid systems; while such determinations may be of
papers (pages 40, 48, and 51) deal specifically with problems
considerable industrial importance, the methods as yet available
related to liquid against solid interfaces. These problems in
are on the whole so difficult and time consuming that they are
clude the formation of asphalt emulsions with solid emulsifying
not of general application.
, .
...
agents, depressors in ore flotations, preventatives of carbonate
The present symposium is not concerned primarily with the
scale formation, peptizing agents, and surface-active dyeing
measurement of interfacial energy or changes in interfacial
agents. The sixth paper (page 44) discusses the rapidly growing
interest in wetting agents, presents a discussion of the theory
i The six papers which follow (pages 32 to 57) were presented as a Sym
underlying the nature of surface-active compounds, and gives a
posium on Surface-Active Agents before a joint meeting of the Divisions of
classification of types of the better known wetting agents.
Industrial and Engineering Chemistry and of Colloid Chemistry at the 90th
It is hoped that this symposium will serve both to initiate and
Meeting of the American Chemical Society, Milwaukee, iWis., September 5
to stimulate interest in this comparatively new and important
to 9, 1938.
field.
* Published by Chemical Publishing Company of New York, Inc.
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IMPORTANCE OF BOUNDARY ENERGY
MEASUREMENTS IN INDUSTRY
E. A. HAUSER, J. M . ANDREAS,1
AND W. B. TUCK ER1

Department of Chemical Engineering,
Massachusetts Institute of Technology, Cambridge, Mass.

in the case of comparatively large masses of material, the
limitations of considering only the properties of the bulk of
the fluid can be demonstrated.
Consider a comparison of carbon tetrachloride and nbutyric acid. They have widely different physical and chemi
cal properties (11):

B oundary ten sion a t an in terface betw een a liq uid
and a gas or vapor (surface ten sio n ) or a t th e
boundary betw een tw o in com p letely m iscib le
liq uid s (iutcrfacial ten sio n ) is a m easure o f th e free
energy o f a fluid in terfa ce. T herefore it is a pre
d o m in a n t p r o p erty o fliq u id su rfa ces. O ur in creas
in g scien tific know ledge o f m olecu lar orien tation in
ph ase bou nd aries and th eir bearin g on a great
n u m b er o f in d u strial, biological, and oth er processes
and develop m ents, su ch as ore flotation , cm u lsificalion , sp u m ifica lio n , w ettin g and im p reg n a tio n ,
lau nderin g, p ig m en t dispersion , etc., as w ell as th e
co n sta n t discovery o f new d etergen ts, m ak es an a c
cu rate stu d y o f boundary ten sion s m ore and m ore
im perative.
T h e m o st co m m o n m eth o d s for th e d eterm in a 
tion o f boundary ten sio n s are briefly review ed and
their lim ita tio n s from th e p o in t o f view o f in d u s
trial ap p licab ility and reliab ility discu ssed . T h e
im p ortan ce o f stu d y in g possible ch an ges in
boundary ten sio n o f a sy stem w ith tim e and co n 
cen tra tio n o f so lu te (positive or n egative adsorp
tion ) is p oin ted o u t, w ith special reference to th e
efficiency and econom y o f th e d etergen t. A tten tio n
is draw n to an im proved “ p en d an t drop” m eth o d
(sta tic), and its-a p p lica b ility is d em on strated by
referring to a scries o f m ea su rem en ts o f scien tific
and in d u stria l in terest.

Density
M elting point, ° C.
Boiling point, 0 C.
Index of refraction
Solubility, %:
W ater
Alcohol
E ther

CCI«
1.595
-2 2 .6
76.8
1.463
0.08
Infinite
Infinite

n-Butyric acid
0.964
- 4 .7
163.5
1.398
Infinite
Infinite
Infinite

Yet, if a small volume of each liquid is allowed to fall in
drops from the tip of a medicine dropper, the average weight
of a falling drop will be approximately the same for both
liquids. Such behavior cannot be explained until it is realized
that a controlling factor in determining the size of these falling
drops is the energy required to form additional liquid surface.
The value of this surface energy is not readily deduced from
the properties of the main body of the fluid.
According to our present concepts, the molecules of a
liquid are in constant movement and they are held together
by strong cohesive forces. In the interior of the liquid these
forces are acting in all directions and balance one another.
However, a molecule near a boundary will experience an in
ward pull since the attractive forces of the molecules of the
external phase are, in general, less than the cohesive forces
acting between like molecules. In order to extend the surface,
additional molecules must be brought from the main body of
HEN it is necessary to describe a liquid, it is customary the liquid. In this process, work is done against the cohesion
to give its chemical composition and a few physical of the liquid and energy is stored in the molecules which are
properties such as the boiling point, freezing point, moved to the surface.
and density. A more detailed description may include valuesFor many years it has been customary to substitute for
for the viscosity, specific heat, thermal and electrical conduc “surface free energy” an equivalent “tension.” In general,
tivities, index of refraction, and optical rotation. If the liquid it is called a “boundary tension.” More specifically, it is
system consists of two or more liquid phases or of a solid termed “surface tension” when it refers to a gas-liquid
dispersed in a liquid, it is still common for the description to boundary or “interfacial tension” when it refers to a liquidbe given in terms of the over-all chemical composition and liquid boundary. In any case it has the unit of dynes per
the physical properties of the material taken in bulk. Such centimeter.
a description is grossly inadequate for many purposes, even
though the ratio of the phase volumes and the composition
Boundary Free Energy
and properties of each of the phases are accurately and clearly
stated.
Boundary free energy, or its mathematical equivalent
The properties which are commonly used to define pure boundary tension, is the outstanding property of liquid sur
substances are the properties of the main body of the material. faces. In the case of pure liquids which consist of a single mo
However in the case of colloids, it is not these properties winch lecular species, the surface tension will normally be independent
are of controlling importance. The properties of the phase of the age of the surface if the necessary precautions have been
boundaries or interfaces are vastly more significant. Even taken to exclude the presence of contamination and the ac
tion of external forces. Since the surface tension is a char
1 Present address, The Technicolor M otion Picture Corporation, Holly
acteristic property of a material, phenomena which depend
wood, Calif.

W
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upon the surface tension can be predicted when its value is
known. For example, a low surface tension favors the forma
tion of fine sprays or foams. A low interfacial tension favors
the stability of an emulsion.
The relations are much more complicated in the case of
solutions. It will usually be found that the boundary tension
varies with the age and history of the particular piece of in
terface which is being studied. If the attraction between
the molecules of the solvent is stronger than that between
solvent and solute, progressive autocleansing of the interior
of the liquid body will take place. When a molecule of the
solute reaches the surface in the course of its random motion,
it will not be subject to as strong an inward pull as are neigh
boring molecules of the solvent. Accordingly, the molecules
of the solute will concentrate at the surface, and the molecules
of the solvent will concentrate in the main body of the fluid
until a condition of statistical equilibrium is attained. This
will often require the lapse of a considerable period of time.
Accompanying this change in the composition of the phase
boundary there will be a progressive change in the value of
the boundary energy.
From these considerations it is evident that a knowledge
of the boundary energy of pure liquids and solutions is a
prerequisite to understand the behavior of finely dispersed
liquid systems. These are the systems which a colloid chemist
classifies as fogs, foams, and emulsions.
Practical Applications
Before considering the commonly used methods for measur
ing boundary energy, a few fields will be mentioned in which
problems occur requiring its study. Many additional in
stances of the application of a knowledge of boundary energy
to practical problems are found in the literature (2).
Beer brewing is one of the industries in which the chemistry
and physics of surfaces are of outstanding importance. An
empirical correlation between the surface tension and wetting
characteristics of the mashes and the degree of enzymatic
fermentation has been recognized in some breweries. Further
more, the palatability of beer and the quality of its head are

33

apparently linked with boundary energy. Beer contains
positively charged colloids, and the clarification of the brew
(coagulation of its proteins) depends upon colloidal reactions,
which take place at the interface where the beer contacts the
walls of the fermenting vessel. There is need for much further
work on the application of surface tension measurements to
the problems of the brewing industry.
The clarification of beer has an interesting analog which
is not generally appreciated. Blood contains negatively
charged particles. If these form a clot, there is danger of
embolism. Systematic studies of the stability of blood stored
in different containers has demonstrated that the time which
elapses before curds form is inversely proportional to the ease
with which the container walls are wet. It has also been
demonstrated that healthy blood vessels are coated with a
layer of low wettability. If the blood vessels become diseased,
wettability increases and causes concentration of blood cor
puscles at the interface. This may subsequently cause coagu
lation (10). The importance of these facts in determining
the technique of blood transfusion and the treatment for
embolism is self-evident.
Among the many fields in which surface tension is of di
rect importance is the manufacture of paints, varnishes,
sprays, insecticides, and commercial emulsions (4). Surface
tension is also a recognized factor in many problems of bac
teriology and biochemistry. In recent years a number of
valuable wetting agents have been discovered during the
course of boundary energy studies. Applications for these
have been found in the fields of detergents and ore flotation
reagents (13). A partial list of industries using colloids may
suggest to the reader new possibilities in the application of
surface tension measurements: adhesives, ceramics, dyeing,
leather tanning, lubrication, paper, printing inks, rubber
(latex), and soap.
M ethods o f D eterm ination
Of a large number of methods which have been suggested
for the determination of boundary energy, only a few have
received general recognition and application (5). The avail
able methods can be divided into
two groups, the so-called static and
the dynamic methods. The static
methods are designed to measure
the energy of motionless surfaces.
Among these are the capillary
height, the maximum bubble pres
sure, and the pendant drop meth
ods. Less accurate, but convenient
because of their speed, are the
methods based upon the formation
of a film of liquid and its exten
sion by means of a support which
has been caused to adhere to the
liquid, and those based upon the
spontaneous detachment of drops
from cylindrical supports (1).
The dynamic methods are based
on the fact that the frequency of
the periodic vibrations of fluid in
terfaces can be correlated with
boundary energy. Dynamic meth
ods include the measurements of
the wave length of ripples, the
oscillations of jets flowing from non
circular orifices, and the vibrations
of hanging or freely falling drops.
F ig u r e 1. E m p ir ic a l C o r r e c t io n C u r v e f o r t h e D r o p W e ig h t M e t h o d , D e v e l 
G enerally speaking, dynam ic
o p e d b y H a r k in s a n d B r o w n
methods
are not applicable to
Differences are shown in drop formation and drop shape derived from tips of different diam eter according
determining the boundary energies
to Edgerton, Hauser, and Tucker (ff)
R A D IU S OF T 'P
C UBE ROOT OF VOL. OF DROP

34

INDUSTRIAL AND ENGINEERING CHEMISTRY

VOL. 31, NO. 1

Therefore no complete mathematical theory exists which
permits the calculation of boundary energy from drop weight
measurements. The method has gained in importance since
F ig u r e 2. P l a t in u m
an empirical correlation between drop size and tip radius
R in g o f a d u N o O y
T e n s io m e t b r B e in g
(Figure 1) was developed several years ago (7). However,
L if t e d O u t o f t i ie
the
method is of doubtful value in studying the aging of the
S u r fa ce
surfaces of solutions.
The liquid is not pulled up
in perfect cylindrical shape
Undoubtedly, the most popular method is the du Noiiy
as called for by the m athe
ring
method. Although this method is simple and relatively
matical evaluation of this
method (8).
easy to use, it has serious disadvantages which make the re
sults questionable, at least as far as absolute values are con
cerned. It has been proved that the classical
mathematical theory cannot be correlated with
the actual mechanism (3). Furthermore, it is
not suited to the accurate study of aging sur
faces because a considerable disturbance of the
surface is unavoidable when the ring is lifted
from the liquid (Figures 2 and 3).
Another method to determine surface ten
sion is based on the resistance to lateral com
pression of surface films of insoluble substances
on liquids (1, 12). This procedure has already
proved to be of immense value in purely
scientific research and has materially increased
our knowledge of the arrangement of molecules
in the surface of a solution. The necessity of
extreme accuracy in the calibration of the
instrument, the need of avoiding even the
slightest contamination of the comparatively
large exposed surface, etc., make it rather
doubtful if this method can ever become of im
portance in industrial research.
The method of pendant drops has recently
been made practical by important changes in
the technique of measuring drop shape and by
F ig u r e 3. P l a t in u m R in g OF DU N o ÜY
the development of new methods for calculat
T e n s io m e t e r a t t h e M o m e n t OF CORing boundary tension from these measure
r e c t R e a d in g
The double conical shape of liquid is in contrast
ments. It is probable that it will become a
to cylindrical shape called for by m athem atical

of solutions, since the
surface which is being
studied is constantly
disturbed.
The capillary rise
m ethod is the only
primary method in use
at present, and all
other methods have
been calibrated by it in
the past. The basic
method as well as its
many improvements is
evaluation (S)
applicable to the study
ofj a wide variety of
materials, but it has several serious limitations. Its main
use is for the measurement of the boundary energy of pure,
nonviscous liquids which will wet the walls of the tube per
fectly. The capillary methods are unsuited to the deter
TEICCENTRIC
mination of values for liquid systems which show a change
of boundary tension with time, because there may be a con
siderable lag between the change in boundary energy and the
adjustment of the meniscus to the new equilibrium position.
Its greatest drawbacks from a practical point of view are the
difficulty of satisfactorily cleaning all the parts of the instru
OBJECTIVE
ment which come in contact with the liquid and the difficulty
LAMP
of obtaining and calibrating suitable capillary tubing. Some
F ig u r e 4. S c h e m a t ic D r a w in g o f P e n d a n t D r o p S e t u p
noteworthy improvements have recently been made which
facilitate the measurements (9), but the basic limitations re
main unchanged.
The maximum bubble pressure method
has the disadvantage that each tube must be
calibrated by measuring with it the known
HU1 *
' WW
surface tension of a standard liquid. Besides
this, the method does not seem to be appli
cable to the accurate determination of the
boundary energy of concentrated solutions,
since it is probable that the surface is dis
turbed during the formation and measure
ment of the bubble.
mmmm
One of the most commonly used methods is
the drop weight method and its variant, the
1. 10-second aging
2. 60-second aging 3. 120-second aging 4. 180-second aging
drop number method. This method involves
F i g u r e 5. C h a n g e s i n S h a p e o f
D r o p o f 0 .0 2 5 P e r C e n t S o d iu m
S t e a r a t e S o l u t i o n i n W a t e r a t 25° C.
a great number of undetermined factors.

i
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f
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A
■■■■■■■■
a

JANUARY, 1939

INDUSTRIAL AND ENGINEERING CHEMISTRY

most valuable method for the determination of boundary
energy-(S). The method of pendant drops has the out
standing advantage that the measurements are made with
out disturbing the interface which is being examined. This
is accomplished by making an accurate silhouette photograph
of the drop (Figure 4). The shape and size of the drop are
then determined from measurements made on the photograph
(Figure 5).
Since photographs of the pendant drop can be made at any
number of definite time intervals, the method is particularly
adapted to the determination of the rate of change of boundary
energy with time. Moreover, the method is well adapted
to the measurement of the boundary energy of liquids at high
or low temperatures as well as over an extended range of
pressures.
It is hoped that this new method will assist in furthering
the study of the surface properties of liquids. The importance
of boundary energy to a large number of industrial processes
and reactions is now being appreciated, and surface physics
may be expected to play an increasingly important role in
the scientific developments of the future.
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APPLICATION OF FILM BALANCE TO
SURFACE OF ORDINARY SOLUTIONS’
J . W . M C B A IN AND L . I I. P E R R Y
Stanford University, California

Doss (I) and McBain and Wilson (#) pointed out that the
film balance may be usefully applied to the study of clean
surfaces of ordinary solutions of soluble substances free from
insoluble contamination.
The purpose of the present communication is to describe
some of the many ways in which the film balance may be
used in studying these ordinary solutions and to give typical
results. Several characteristic properties have been dis
covered. It is evident that the surface of an ordinary solu
tion is very different from the familiar conception of a twodimensional adsorbed layer lying on unchanged solution. In
general, with solutions the film balance does not measure
force area or actual surface tension. Indeed, if the area of
the solution is changed not too fast or too much, no effect is
observable with the film balance. The surface of solutions is
deep, and surface tension is partially determined by mole
cules that are well submerged. The float on the film balance
used here dipped well below the surface; it consisted of a 1cm. strip of platinum-iridium, 11.5 cm. long and bent longi
NTIL recently the film balance has been used only for tudinally
into the shape of an inverted V; only the fold was
the study of insoluble films on water. Beginning with “Bakelized”
make that portion nonwettable. It was con
the original hydrophile trough of Pockels (4), it has been nected to thetosides
of the trough with flexible gold foil in the
developed by Langmuir, Adam, and others into a commonusual manner.
laboratory tool and is in extensive use for measuring the sur
In working with solutions, not only must contamination be
face pressures or force areas of insoluble films.
rigorously avoided, but the solution must be kept in a satu
rated atmosphere to prevent evaporation; otherwise the results
> Since this manuscript was subm itted, Doss published a valuable com
must be illusory'.
munication [Kolloii-Z., 84, 138 (1938)] stressing th a t the pellicle is formed
by slow activated adsorption, and th at it is connected with a tendency to
The following problems may be studied with the film bal
froth However the best frothing agent studied here, lauryl sulfonic acid,
ance:
produces a surface film that is soluble. Doss, like Ford and Wilson, as
M uch new and unsuspected inform ation
about th e surfaces o f ordinary solutions is
obtainable by applying th e film balance de
veloped for insoluble film s on water.
The results are w holly different from the
fam iliar conception o f a tw o-dim ensional
adsorbed layer lying on unchanged solu
tion. T hey rather correspond to an ap
preciable depth of surface and are su m 
m arized in the section en titled “Types of
Solutions Revealed by th e Film B alance.”
The film balance does n ot m easure the
ordinary surface tension of solutions.

U

sumes th at the pellicle is monomolecular but, unlike them, further assumes
th at it does not dissolve while being collected and compacted by sweeping
towards the float.

1. Whether or not after (a) sweeping or (6) compressing,
the surface is “reversible”; that is, its original properties are
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F ig u r e 1. H y d r o f h il e B a l a n c e

spontaneously restored, with (c) the rate and (d) the time required
for complete restoration.
2. The extents to which the areas of a surface must be dimin
ished in order to produce, respectively, (a) any pressure at all,
(6) a pressure that does not disappear, (c) any desired pressure,
determining also (d) the rate of solution of a compressed film
at constant pressure or at constant area, (e) the initial and final
pressures, and (/) the minimum age at which such properties
are fully exhibited—that is, the age at which a free surface be
comes “mature.”
3. The maximum difference of surface pressure between an
aged and a fresh surface.
4. The minimum amount of solute which must be sprinkled
upon pure water to give (a) any pressure at all, (6) an initial
pressure falling to a final pressure which may or may not be
zero.

VOL. 31, NO. 1

towards the float and observe that this immedi
ately causes a displacement which has no tend
ency to vanish with time. Contamination
generally gives a far higher pressure than
those studied in this communication. Another
test is to move a barrier from 40 down to 5 cm.
(87.5 per cent compression of the surface) from
the float, and after equilibrium to note the
torsion required to restore the float to zero.
The operation is repeated as often as desired
(each time multiplying the collection of surface
film) by placing a second barrier on the float
side of the first, moving the first back to 40 cm.,
vertically removing the second, and after a
lapse of time bringing the first barrier again
to the 5-cm. mark (procedure VI). In the ab
sence of contamination all readings- of final
pressure are the same as the first one, and all of initial pres
sures are the same as the second one.
In the first procedure (I) both sides are freshly swept. To
begin the experiment, the sweeping is stopped on the smaller
surface which is thus allowed to age or mature undisturbed;
the large surface is swept continually until a maximum con
stant surface pressure is reached. This measures the time
required for recovery of the smaller surface and the maximum
difference of surface pressure between a swept and aged
surface. In many cases both of them are equal to zero.

Apparatus
The convenient film balance shown in Figure 1 was modi
fied as follows:
The trough was coated with twenty-five applications of thinned
Bakelite lacquer; each coating was baked for 30 minutes at 135°.
(Troughs of Vitreosil are also obtainable.) With some solutions
of very low surface tension it was necessary to superimpose upon
the Bakelite a thin coat of dicetyl along the edges of the trough to
prevent the liquid from running over the sides. The trough is
14 cm. wide, and 40 cm. were used, giving 560 sq. cm. on the
larger side. A bent glass capillary attached to a suction pump
was employed to bring the liquid always to the same level after
filling or sweeping. 1 he gold leaf connections to the float were
coated with dicetyl on their upper edge. The barriers were of
fused silica, 26 cm. in length and 1 cm. square, cut from thick
opaque Vitreosil plates and usually given a coat of Bakelite lac
quer which adheres better to this than to clear fused silica.
Other materials would be suitable but for the danger of chip
ping or cracking the Bakelite coating. Bakelite lacquer (not
varnish) was found by Krejci (3) to be the only impervious,
noncontaminating coating.
The steel torsion wire (which rusts and is imperfectly elastic)
was replaced by 0.13-mm. phosphor bronze and calibrated directly
with weights; one degree represented 0.0925 dyne per cm., and
readings were duplicable to 0.03 dyne per cm. The whole was
contained in a glass cabinet lined with cheesecloth dipping in
water, which maintained 95-100 per cent relative humidity.

Sw eeping
Before every experiment, the surfaces on both sides of the
float must be swept several times, sweeping away from the
float. The level of the liquid is kept slightly raised, and no
barrier is lifted until another has been brought up to it from
the float. The barrier is not brought to the very end of the
trough, but the contamination is sucked away. The last
barrier was left permanently in position, and the zero point
set on the torsion head. Each time before use the barrier
was cleaned in a Bunsen flame if it was not Bakelized; other
wise it was cleaned by being rinsed in distilled water and
shaken dry. Wiping with cloth supplies appreciable con
tamination. A test for contamination is to move the barrier

F ig u r e 2. R a te o f F a l l fro m I n i t i a l t o F in a l C h a ra c 
te r is tic S u rfa c e P re s s u re W hen a M a tu re S u rfa c e o f a
S o l u t i o n C o n t a i n i n g 2 G ra m s H y d r o c in n a m ic A c id p e r
L i t e r H a s I t s S u r f a c e R e d u c e d b y S7.5 P e r C e n t a n d I s
T h e n A llo w e d to S ta n d

In all subsequent procedures both surfaces are first swept
and then allowed to age or mature fully before the experiment
is begun. In procedure II the large surface is then swept
once, and the time required for the float to return to zero if it
is displaced by sweeping should be equal to the time required
in procedure I for the pressure to reach a maximum. Like
wise the initial pressure of procedure II should equal the
final maximum of procedure I.
Other procedures begin with compression of a swept or of a
mature surface.
Types of Solutions Revealed by F ilm B alance
Some liquids, like water, exhibit no effect upon the movable
float when the surface is expanded or contracted, swept or
compressed. Tins is true also of many solutions w'hose sur
face tension is well below or above that of water. In cases
such as these, surface tension does not affect the film balance
at all.
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In another group of solutions the float may be shifted by
sweeping or compression, but the effect disappears almost at
once. In other cases the result depends upon the concen
tration, only dilute solutions giving an observable effect.
In a third group of solutions marked effects of some com
plexity are produced. In many cases the most striking novel
effect.obtained is that, upon aging, the surface develops a
pellicle which can produce appreciable surface pressures upon
sufficient compression of the surface. Nevertheless, the twodimensional adsorbed pellicle requires a definite minimum
pressure for dissolving. The surface tension is therefore not
reversibly obtained from both sides, but a false equilibrium
may be produced. The same pressures are produced by
sprinkling solute on water.
Solutions of H ydrocinnam ic
(/3-Plienylpropionic) Acid
C r y s t a l s S p r i n k l e d o n 1.7 L i t e r s o f S w e p t , P u r e ,
C o n d u c t i v i t y W a t e r . Placing 0.10 gram of finely pow
dered crystals on 560 sq. cm. almost immediately produced
a pressure of 9.25 dynes per cm. on the float; this pressure
diminished even before all the crystals disappeared and in 10

MINUTES

F ig u r e 3. S u r f a c e P r e s s u r e s P r o d u c e d W h e n a t D if f e r 
e n t T im e s a f t e r S w e e p in g C l e a n t h e S u r f a c e Is R e d u c e d
an d T h e n A llo w ed to Stand

5

A

3

2

F ig u r e 4. M a x im u m P r e s s u r e s P r o d u c e d
S w e e p in g A w a y f r o m I t

1

on

0 .5

F loat b y

minutes had fallen to a final value 0.42 dyne per cm. which
could not be altered by hours of standing or any amount of
compression. The same final value was obtained when a
further 0.15 gram was added. This value of 0.42 dyne per
cm. is characteristic for hydrocinnamic acid and is the exact
pressure required to make its superficial pellicle dissolve.
(“Dynes per cm.” will be abbreviated to “dynes” in the fol
lowing account.)
N e a r l y S a t u r a t e d S o l u t io n (5 G r a m s p e r L it e r ) . Wien
this solution is studied as in procedures I and II, no effects
are observable on the float; the surface has the appearance of
being instantly reversible after the surface is either swept
or expanded, although the surface tension is actually 20
dynes below that of water.
Again if the surface is compressed to less than 52.5 per cent
of its original area, no effect is observed. But if the com
pression amounts to 55 per cent, not only is there an initial
pressure upon the float, but it does not return quite to zero
with time and remains at 0.03 dyne. A further series of
such slow compressions (procedure IV) gave for 57.5 per cent
an initial value of 0.39, falling to a final value of 0.18 dyne;
62.5 per cent, initial 0.60, falling to 0.26 djrne; 75 per cent,
initial 0.63, falling to 0.31 dyne if the surface is 20 seconds or
more old, the fall likewise requiring about 20 seconds; 77.5
per cent, initial 0.66, falling to 0.41 dyne; 87.5 per cent,
initial 1.26, falling to the characteristic 0.42 dyne in 90 sec
onds, further compression still giving the final 0.42 dyne.
From the foregoing paragraphs and from the additional fact
that compression of a freshly swept surface produces no effect
upon the float, it is evident that, whereas a freshly swept
surface carries no surface two-dimensional film or pellicle, a
pellicle forms within 20 seconds and is merely collected by
compression; it does not dissolve until a pressure is produced
and possibly not until the characteristic value of 0.42 dyne is
exceeded.
It is noteworthy that, when the compression is just suf
ficient for the purpose, the initial pressure may exceed the
characteristic final value of 0.42 and yet may fall to a final
value far below it. Much higher initial pressures may be
produced by quicker compression or other procedures, but the
final value appears to be the same.
Compression of the pellicle immediately gives a higher
pressure which spontaneously falls to 0.42. Four (or even
thirty) superimposed compressions of 87.5 per cent yielded
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HYIROCINNAMIC ACID
PROCEDURE I I I
B 7 .5 > COMPRESSION
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pressure, but with 85 per cent compression an initial pres
sure of 1 dyne falls within 2 minutes to the characteristic
final 0.42 value.
With 3 grams per liter again no effect of sweeping is ob
servable upon the float, but with 2 grams, 5 minutes are re
quired before the surface recovers or the float returns from
its initial maximum displacement of 0.28 dyne. Thirty
minutes are required for a solution of 1 gram per liter, the
maximum difference between freshly swept and equilibrium
surface being 0.4 dyne. Remarkably enough, this time is a
maximum at 1 per cent solution, because with 0.5 gram only
12 minutes are required, as shown by procedures I and II.
The effects are too small to measure for 0.25 gram per liter.
A solution of 0.25 gram per liter must be compressed 90 per
cent to show any initial or final effect upon the float, and
even 97.5 per cent compression is insufficient to bring the
final value up to the characteristic 0.42.
These and other characteristics for the hydrocinnamic acid
solutions are compiled in Table I. Some of the results are
illustrated by Figures 2 and 3.
It is remarkable and unexpected that a number of surface
properties cuhninate in the intermediate concentration of
1 gram of hydrocinnamic acid per liter; this shows that
several factors must be at work, some of which may be con
nected with the procedure of always beginning with sweep
ing, etc. It is clear that the organization of the surface of
this simple acid solution is complex. Many indications of
this are omitted because of lack of space; for example, the

GRAMS PER LITER

F i g u r e 5. I n i t i a l ( U p p e r C u r v e ) a n d F i n a l ( L o w e r
C u rv e ) S u rfa c e P re s s u re s P ro d u c e d W h en a M a tu re d
S u r f a c e o f H y d r o c in n a m ic A c id S o l u t i o n Is R e d u c e d b y
75 a n d b y 87.5 P e r C e n t o f I t s A r e a

initial pressures of 1.70, falling to the characteristic 0.42;
this showed the absence of insoluble contamination and the
presence of this curious semidenatured pellicle of hydro
cinnamic acid which is soluble under pressure exceeding
0.42 dyne but remains at this false equilibrium value for a
sufficiently compressed surface. It is sufficiently clear that
equilibrium force-area curves or surface tension cannot be
measured for solutions.
T a b l e I . N u m e r ic a l R e s u l t s f o r S u r f a c e s o f A q u e o u s
S o l u t io n s o f H y d r o c in n a m ic A c id
% Compression Required for:
----------------------*-----------------------x Time for Tim e of
Concn.,
Character C haracter Recovery
G ram / Initial
Final
after
Time for
istic
istic
Liter pressure pressure pressure Pressure Sweeping M aturity
55
0
20 sec.
5
52.5
77.5 90 sec.
4
2 min.
0
70
75
85
25 sec.
87.5
72.5
77.5
10 min.
0
40 sec.
3
2
10 min.
5 min.
6 min.
57.5
77.5
87.5
77.5
30 min. 30 min. 15 min.
1
42.5
85
15 min.
1 hour
0 .5
67.5
82.5
S7.5
90
> 97.5
0
0.25
> 97.5
O t h e r C o n c e n t r a t i o n s . A solution containing 4 grams
of hydrocinnamic acid per liter is like that with 5 grams, ex
cept that 75 per cent compression is required to produce an
initial 0.2S dyne falling to 0.01 dyne, or almost zero, in 10
seconds. Seventy per cent is required to produce any initial

HYDROCINNAMIC a c id
PHOCBDURB IV
GRAMS PER LITER

F ig u r e 6. E x t e n t s b y W h ic h M a t u r e S u r f a c e s o f
H y d r o c in n a m ic A c id S o l u t io n s M u s t B e R e d u c e d t o
G iv e A n y I n it ia l P r e s s u r e a n d A n y F in a l o r P e r m a 
n e n t P ressu re

initial pressure produced on a solution of only 2 grams per
liter by 87.5 per cent compression is twice that observed with
3, 4, or 5 grams per liter, but the same as for 1 gram per liter.
Such effects of concentration are illustrated by Figures 4 to 7.
Solutions of O ther Substances
The types of behavior encountered have no relation to the
nature or shape of the surface tension curve; for example,
both acetic acid and hydrocinnamic acid have practically
the same type of surface tension curve. But whereas the
surface of the acetic acid solution is instantly reversible on
sweeping and show's no surface pressure on compression,
those of hydrocinnamic acid solutions are instantly reversible
in the more concentrated range, require a long time at 1
gram per liter, and on sufficient compression show large
pressures which fall to the final false equilibrium value.
I n s ta n ta n e o u s ly a n d C o m p le te ly R e v e r s ib le S u r 
f a c e s . A solution containing 1 gram of acetic acid per liter
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of the two lower acids just mentioned, especially in view of
the higher final characteristic value.
Other Evidence th at the Surface o f a Solution
Is Deep
The Gibbs adsorption theorem

F ig u r e 7. T im e s R e q u ir e d f o r M a t u r e S u r f a c e s o f
S o l u t io n s o f H y d r o c in n a m ic A c id o f D if f e r e n t C o n 
c e n t r a t io n s t o F a l l t o t h e F in a l C h a r a c t e r is t ic
P e l l ic l e P r e s s u r e

or 5 grams of sulfuric acid per liter, like pure water, shows no
effects upon the float of the film balance, either upon sweeping
or compression, even when the surface of the acetic acid solu
tion has aged for 9 hours.
R e v e r s i b l e S u r f a c e s R e q u i r i n g T im e f o r C o m p l e t e
R e v e r s i b i l i t y . An example of this group is amyl alcohol of
which a solution containing 2.08 grams per liter was studied.
Sweeping away from the float had no effect on the float.
However, reduction of the surface by over 90 per cent pro
duced temporary pressure upon the float. This pressure was
not increased by further compression and vanished too quickly
for accurate measurement. Other such solutions were phenyl
acetic, a-naphthol acetic, indole acetic, and lauryl sulfonic
acids. When sprinkled on water they produced surface
pressures of 0.18, 1.27, 0.5, and 13.2 dynes per cm., respec
tively, which then vanished entirely.
I n c o m p l e t e l y R e v e r s i b l e S u r f a c e s . Surfaces (like
those of hydrocinnamic acid), which are incompletely re
versible and produce a pellicle of solute requiring definite
pressure to redissolve, include isobutyric, caproic, isocaproic,
and caprylic acids, as well as indole propionic and indole bu
tyric acids. Each produces a semidenatured pellicle upon the
surface. Indole propionic and indole butyric acids sprinkled
upon water produce initial pressures of 0.75 and 13.2 dynes
per cm., falling to final characteristic values of 0.08 and
0.42, respectively.
Isobutyric (1 Gram per Liter). Although the surface appears
perfectly and instantly reversible when swept away from the
float (leaving it unmoved), other procedures show that the
surface carries a pellicle even when only 30 seconds old.
When a surface of any age is compressed by 87.5 per cent, an
initial pressure of 2.6 dynes is produced, falling to the final
characteristic value 0.66 dyne per cm. within 12 minutes.
n-Caproic (1 Gram per Liter). The surface requires 30
seconds to mature; thereafter, upon compression (87.5 per
cent) an initial pressure of 2.4 dynes is produced which falls
to the characteristic final false equilibrium value of 0.31 dyne.
The latter is almost unchanged by further compression.
Isocaproic (1 Gram per Liter). The surface is mature after
1 minute, giving (87.5 per cent compression) an initial pres
sure of only 1.15 dines but a final characteristic value of
0.34 dyne.
n-Caprylic (0.875 Gram per Liter). The surface requires 1
minute to mature; 95 per cent compression then produces a
value of 4.5 dynes which falls to the final 0.45 dyne in 90
seconds. This rate of solution is much more rapid than that

when applied to type 3 surface tension curves, such as those
of lauryl sulfonic acid in water, just beyond the pronounced
minimum leads to the requirement that the pure water upon
its surface above unchanged solution must be nearly lju deep.
In at least one hundred instances the surface tension is greatly
lowered where the Gibbs theorem denies any adsorption upon
the surface. Similarly, Langmuir applied the Gibbs equation
to solutions of the fatty acids and interpreted them as carry
ing a constant monomolecular film of fatty acid exposed upon
the surface; hence the steady lowering of surface tension
must be due, not to these exposed molecules, but to others
submerged below them. The x-ray and electron beam re
fraction data of Trillat, Clark, Tausz, and others (6) indi
cate definite orientation extending to depths of between
5000 and 9000 A. in oil surfaces.
Surface Pellicle upon Solutions
Some explanation is demanded as to how a chemically
stable soluble substance can get into a condition where it
appears as a semidenatured film. Possibly it may be due to
the formation of a bi- or polymolecular leaflet upon the surface.
In the first place this would explain why it is not observed
until after the surface of the solution has been worked or com
pressed. In the cases so far studied, the area has to be re
duced to less than half before it appears. Rideal (5) showed
that when a monomolecular film of insoluble palmitic acid is
carefully compressed, such leaflets can be formed by forcing one
layer to ride upon another; corresponding parts of the mole
cules are presumably in contact with each other, either heads
to heads or, more likely, tails to tails.
In the case of soluble substances this would necessitate the
insoluble ends of one of the monolayers of the pellicle to be
presented to the water first, which would represent the bar
rier to be overcome before solution occurred. Some of these
substances in solid form dissolve very slowly. The difficulty
of reconciling this explanation with the experiments on pure
water surfaces may be only apparent in that the immediate
effect is to cause a sudden violent movement outwards from
the point of application and thus to set a deep layer of water
in corresponding movement which may serve to exert the
necessary compression.
The formation of such pellicles likewise explains why mov
ing bubbles accumulate too much solute.
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EFFECT OF SURFACE-ACTIVE AGENTS
IN DYEING
J. EDWARD SM ITH
E. I. du Pont de Nemours & Company, Inc., Wilmington, Del.
D iffusion Experim ents
The effect of technical lauryl sodium sulfate, representa
tive of anionic surface-active agents, on the degree of dis
persion of benzopurpurine 4B (C. I. 448) in solutions con
taining sodium chloride was estimated from diffusion meas
urements. Benzopurpurine 4B is a typical substantive color
for cotton that has been found by many workers to show
pronounced colloidal properties in aqueous solutions. This
dye is readily agglomerated in solution by inorganic salts;
the effect of dispersing agents as well as protective colloids
might be expected to be most pronounced with a color of this
colloidal type.
The benzopurpurine 4B used in these experiments was
purified by the method of Rose (12) as described by Lenher
and Smith (8). The technical lauryl sodium sulfate was ob
tained by the recrystallization of “Gardinol” WA from ethyl
alcohol. The dye solutions were prepared by two methods:
(a) the technical lauryl sodium sulfate and sodium chloride
were added to the dye solution at 25° C., and the solution was
aged for 18 hours; (b) the technical lauryl sodium sulfate and
sodium chloride were added to the dye solution at 25° C., the
solution heated to the boiling point, then cooled to 25° C.,
URFACE-active agents are used extensively in the dye and aged for 18 hours. The diffusion measurements were run
ing of textiles to promote penetration and level dyeing. by the Fiirth microdiffusion method (4) as described by
Compounds which give positively charged surface-active Lenher and Smith (7). The method depends on the meas
ions in solution promote level dyeing on cellulose materials, urement of the rate of free diffusion of the dye from its solu
primarily by their action as retardants for the dyeing rate. tion into water in a microdiffusion cell. The progress of
Products which give negatively charged surface-active ions the diffusion was observed with a microcomparator cali
in solution do not affect the rate of absorption of dyes by brated to 0.01 mm. The particle size of the dye in solution
cellulose to such a pronounced degree; however, the fatty was calculated by the Einstein equation (8):
alcohol sulfates were shown by Neville and Jeansen (11) to
act as retardants in the dyeing of wool. The mechanism by
which surface-active agents act as dyeing assistants has not where r = av. radius of micelles, cm.
been studied extensively. Boxser (1) concluded that the
R = gas constant
lowering of the surface tension of the dye bath is the chief
T = absolute temperature
influence of penetrants. Jacoby (5) found that Nekal
D = diffusion constant, sq. cm./sec.
N = Avogadro’s number
BX, an alkyl naphthalene sulfonic acid salt, increases the
n = coefficient of viscosity of solvent
solubility of benzopurpurine 4B at 20° G. but decreases the
solubility markedly at 80° C. Schramek and Velten (IS)
Hartley and Robinson (5) showed that Equation 1 may be
found that Nekal BX acts as a protective colloid for suspen applied
for the diffusion of dyes in solution in the presence of
sions of Indanthrene colors. Dhingra, Uppal, and Venka- relatively
large concentrations of inorganic salts. The dif
taraman (2) found that wetting intensity and protective col fusion constants
the calculated particle radii in the dye
loid action are unrelated for many surface-active agents. solutions are givenand
in
Table
I.
Valk6 (14 ) found that a number of high-molecular alkyl sul
fonic acid salts have very little effect on the aggregation of a
number of dyes for cotton and wool in salt solutions.
l f a t e o n t h e P a r t ic l e
There is a popular conception that surface-active agents T a b l Se izI.e oEf fBf ee nc tz oopfuLrap uu rr yinleS4oBd iu(Cm. SI.u448)
i n S o l u t io n “
act as leveling agents in the dye bath by a dispersing action
Lauryl
Sodium
on the dyes. In view of the known practical value of surfaceSodium
Chloride
Sulfate
Solution
Concn.
active agents as additions to the dye bath, it appeared ad
Concn.
Norm ality M ethod
T
D X 10«
r X 10»
vantageous to study more completely their function in the
Grams/liter
Cm.
Sq. cm. /tec.
°C .
dyeing process. The work to be described in this paper is
a
0.025
17.35
25
1.39
Í!Ó
0.025
14.19
a
25
1.71
limited to observations of the effect of surface-active agents
2.5
0.025
a
18.95
25
1.28
on the dispersion of dyes in the dyeing of cotton and in their
0.025
1.42
18.4
b
28
2
.Ï
0.025
b
21.4
26
1.16
removal from cotton. Observations of the effect of surface“ Dye concentration, 0.5 gram per liter: sodium chloride concentration,
active agents on dyes were made by diffusion, dyeing, and 0.025
iV.
washing experiments.
Products w hich ionize in w ater to give
either positively or negatively charged sur
face-active ions arc used in dyeing to pro
m ote penetration and a u niform distribu
tion o f color on textiles. N egatively
charged surface-active ions have little ef
fect on th e dispersion o f negatively charged
dye ions, w hile positively charged surfaceactive agents have a strong aggregating ef
fect on the dye ions. N egatively charged
surface-active ions are effective as dyeing
assistan ts, largely because o f their action
in prom oting w ettin g o f th e textile fibers.
Positively charged surface-active ions have
a strong retarding effect on th e dyeing rate
and fun ction as dyeing assistan ts from this
action.
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The data of Table I show that technical lauryl sodium sul studied by the general method used with benzopurpurine
fate at 1.0 gram per liter has a slight dispersing action and at 4B. In these experiments, dyeings were made for 5 minutes
2.5 grams per liter a slight agglomerating action on benzopur- at 140° F., the normal dyeing temperature, on 10-gram
purine 4B in solution. The effects observed are not believed skeins of unbleached, unboiled-out 40/2 cotton yarn. The
sufficient to be of fundamental importance in the dyeing dye baths contained 500 mg. of the standard color and sodium
process.
chloride in concentrations up to 0.9 N. The dye baths were
contained in porcelain pots and were prepared as follows: The
dye
paste was slurried in 25 cc. of water, and 25 cc. of 10 per
D yeing Experim ents
cent sodium hydroxide (by volume) were added. The color
Observations of the effect of surface-active agents on the was reduced at 48.9° C. (120° F.) by the addition of 2 grams
relative dispersion of benzopurpurine 4B in the dye bath were of sodium hyposulfite (Na2S20 4). After 15 minutes the sur
made by dyeing experiments. The method used
was based on the widely accepted fact that the
particle size of dyes in the bath has a marked
T a b l e II. E f f e c t o f S u r f a c e - A c t i v e A g e n t s o n A b s o r p ti o n
effect on the rate of absorption by textile fibers.
o f B e n z o p u r p u r i n e 4B (C . I. 448) b y C o t t o n a t 25 ° C .“
Data of Lenher and Smith (9) show that the rate
»
/---------% Absorption from Dye Bath at NaCl Concn. of
0.01 N 0.02 N 0.03 N 0.04 N 0.05 N 0.0G N 0.07 N 0.08 N
of absorption of dyes by cotton is increased by Surface-Active Agent
None
48.0 58.7 58.7 42.7 40.0 37.3 34.0 32.0
an increase in the sodium chloride concentration Lauryl
sodium sulfate
55.4 61.4 48.0 44.7 42.0 38.7 .35.3 26.0
as long as the particle size in the dye bath re Sodium
“ Alkanol” B
61.4 61.4 50.0 40.7 42.7 36.0 36.0 28.7
oleate
55.4 52.0 43.3 40.7 36.0 25.3
50.7*
mains below a critical region of 18 to 20 A.
° Concentration of surface-active agent, 2.5 grams per liter.
However, when the particle radius becomes
much greater than 18 to 20 A:, the rate of dyeing is
sharply decreased. For example, it was observed
that, during an arbitrary dyeing period of 1 hour at 25 °C., the face-active agent was added in solution; the bath was diluted
rate of absorption of benzopurpurine 4B increased with an in to a 400-cc. volume by the addition of water containing the re
crease in the salt concentration up to 0.025 N and then de quired amount of sodium chloride. The dye bath was aged
creased almost 45 per cent in the presence of 0.05 N sodium at 60° C. (140° F.) for 1 hour.
The cotton skeins were immersed for 15 minutes in boiling
chloride. From these observations it appeared advantageous
to study the qualitative effect of different surface-active agents water and run between squeeze rolls before entering in the
on the degree of dispersion of benzopurpurine 4B in the dye bath. The skeins were turned continuously by hand during
bath by observations of the effect of these agents on the rate the dyeing operation. On removing the skeins from the dyebatli, they were run quickly between squeeze rolls, air-oxi
of dyeing at varying sodium chloride concentrations.
The surface-active agents used in these experiments were dized, washed in hot water, soured in cold dilute acid, rinsed,
technical lauryl sodium sulfate, “Alkanol” B (the sodium salt and soaped with 0.25 per cent olive oil soap at the boil. The
of an alkyl naphthalene sulfonic acid), and sodium oleate. dry dyeings were evaluated for strength against dyeings of
The “Alkanol” B was freed of inorganic salts by recrystalliza known strength. The evaluations for strength were made by
tion from benzene. The sodium oleate was prepared by a comparison of the reflectance values of the dyeings with
adding the calculated quantity of sodium hydroxide to U. S. P. the spectrophotometer at a selected wave length.
The data giving the per cent Blue RS absorbed are sum
oleic acid. The technical lauryl sodium sulfate and benzo
marized in Table III.
purpurine 4B were purified as previously described.
Dyeings wrere made with 75 mg. of benzopur
purine 4B on 10-gram pieces of cotton pongee in
200 cc. of water containing sodium chloride in
T a b l e III. E f f e c t o f S u r f a c e - A c t i v e A g e n t s o n A b s o r p tio n
o f “ P o n s o l ” B l u e RS (C . I. 1106) b y C o t t o n “
concentrations varying from 0.01 to 0.08 N.
% Absorption a t NaCl Concn. of:----------------------- ■
The dye baths were in pint Mason jars which Surface-Active Agent .----------------------0 0.1 N 0.2 N 0.3 N 0.4 N 0.5 N 0.6 N 0.7 N 0.8 N 0.9 N
contained ten metal balls. The jars were agi None
81.6 84.4 85.4 85.6 81.0 79.6 69.6 61.0 55.4
tated by rotating in a Launder-Ometer for 1 hour Lauryl «odium sulfate 72.0
76.6 82.0 85.0 87.0 90.0 90.6 86.6 76.0 66.0 61.0
Alkanol" B
71.0 82.0 83.6 89.0 85.6 87.6 82.8 70.6 68.3 51.4
at 25° C. The absorption of dye was judged “Sodium
oleate
76.4 82.6 86.6 86.6 90.0 91.0 84.4 75.0 64.0 54.0
from an evaluation of the color present in the dye
“ Concentration of surface-active agent, 6.25 grams per liter. Each value ia an average
bath before and after dyeing with a Keuffel and of three dyeings.
Esser rotating sector spectrophotometer. The
absorption data are summarized in Table II.
Slight precipitation in the dye baths occurred in the pres
There is considerable variation in the amount of dye ab
sorbed at the lower concentrations of salt. However, the ence of 0.6 N sodium chloride; the precipitation became
data show clearly that in the absence of surface-active agents greater with increasing sodium chloride concentrations, both
the maximum rate of dyeing is obtained in the presence of in the presence and absence of the surface-active agents.
The data of Table III show that, in general, an increase in
0.03 N sodium chloride, whereas in the presence of the sur
face-active agents, the maximum rate of dyeing occurs at a the degree of absorption of dye occurs in the presence of the
0.02 N sodium chloride concentration. Unlevelness in the surface active agents. A decrease in the rate of absorption
dyeings in all of the series was first noted when the dyeing begins with a 0.5 N sodium chloride concentration in the ab
rate decreased. It is concluded that the added surface- sence of the surface-active materials and with a 0.6 N sodium
active agents cause aggregation rather than dispersion of the chloride concentration in the presence of the surface-active
benzopurpurine 4B in solution. Although the surface-active agents. Since the rate of absorption changes in much the
agents tended to agglomerate the dye, the color on series of same way in all of these series of dyeings, it appears unlikely
dyeings made in their presence was, as a whole, considerably that the surface-active materials act as dispersing agents to
more uniformly distributed than the color on dyeings made any large degree in these experiments. The increases in ab
sorption noted in the presence of the wetting agents might
without the added textile assistants.
The effect of surface-active agents in the application of a easily be due to their action in promoting rapid wetting of
representative vat color, “Ponsol” Blue RS (C. I. 1106), was the raw cotton by the dye liquor.

42

INDUSTRIAL AND ENGINEERING CHEMISTRY

VOL. 31, NO. 1

pint Mason jars. The detergent solutions were
agitated by rotating the jars for 30 minutes in
a Launder-Ometer; each jar contained ten
-% Color Removed in 3 W ashes--------------D etergent
Concn. W ater NaCl NallSO« NajHPO« NaiCOj NaaPO«
metal
balls to promote vigorous agitation. The
Grams/
washed dyeings were dried on a mangle. The
liter
At 50 C.
W ater
wash tests were made in duplicate. In each
66.6
45.8
32.2
55.2
58.1
0.25
Lauryl sodium sulfate
68.3
46.8
23.9
52.7
53.7
test of the effect of a detergent a parallel run
Lauryl sodium sulfate
49.4
36.4
18.2
2.5
34.1
40.9
was included omitting the detergent since the
C etyl pyridinium bromide 2.5
6.9
5.6
2.3
4 .5
5.6
W ater
64.4
43.7
16.7
47.9
50.8
agitation was known to vary from test to test.
Cetyl pyridinium bromide 0Ï25
10.4
8.3
8.3
18.7
23.9
The wash tests at the boil were carried out with
77.2
W ater
58.3
66.7
69.0
Olive oil soap
77.7
56.7
1 .0
64.1
63.8
2-gram strips of the dyed cotton submerged in
200 cc. of the detergent solutions; the solutions
At 100° C.
were contained in 500-cc. round-bottom flasks
% Color Removed in 1 Wash
fitted with reflux condensers. The solutions
W ater
90.9
75.6
61.1
80.7
82.0
81.6
Lauryl sodium sulfate
0.25
85.7
78.7
57.8
83.1
84.0
were
brought to the boil before the goods were
Cetyl pyridinium bromide 0.25
2 0 .0
24.9
25.8
Discolored
Olive oil soap
2 .5
86.7
77.7
82.6
80.6
83.3
entered; the goods were washed for 30 minutes
and removed from the boiling bath. The wash
tests were run in duplicate. The strength of
the dyeings before and after washing were evalu
T a b l e V. W a s h F a s t n e s s o f R e d 8BNL D y e in g s
ated by means of a spectrophotometer as
—% Color Removed in 3 Washes---------------Concn. W ater NaCl NallSO* NaiHPCh Na2COj NaaPO«
Detergent
previously described.
Grams/
A summary of the data from the wash tests
liter
is given in Tables IV to VI. The pH of the
A t 50° C.
detergent solutions obtained with a glass elec
W ater
19.3
16.0
4.8
16.0
12.9
0.25
Lauryl sodium sulfate
34.6
11.2
15.0
21.0
17.7
trode
is given in Table VII. The detergents
W ater
34.5
22.6
8.1
24.2
16.0
used
in
these tests were technical products and
27.4
11.2
L auryl sodium sulfate
2.5
None
5.6
11.2
contained
up to 5 per cent of sodium chloride
34.9
27.4
W ater
6.3
27.4
27.4
Cetyl pyridinium bromide 0.25
None None None
None None
and
sodium
sulfate incidental to the processes of
40.2
18.0
W ater
22.1
22.9
26.2
manufacture.
46.7
22.1
Olive oil soap
1.0
27.0
22.9
24.6
The effect of detergents which give both
At 1000 C.
positively and negatively charged surface-active
—^ Color Removed in 1 Wash
ions in solution on dyes of widely varying fast
81.8
W ater
53.4
35.7
63.3
62.5
65.7
81.8
Lauryl sodium sulfate
0.25
54.6
36.6
63.1
64.2
64.1
ness is given in these tests. The technical lauryl
None
Cetyl pyridinium bromide 0.25
1.7
5.2
Discolored
sodium sulfate and soap give negatively
1.0
76.0
59.5
Olive oil soap
6*1.7 66.7
64.3
_ _ _ _ _ charged surface-active ions; the cetyl pyri
dinium bromide ionizes to give a positively
charged surface-active ion in aqueous solu
ElTecl o f Surface-A ctive A gents on D ispersion of tions. The detergents were used at concentrations known
to exert excellent scouring action. The dyes are all azo colors
Dyes in W ashing Processes
containing sulfonic acid groups in the molecule; with the
The effect of surface-active agents on the degree of disper exception of Developed Red BFW, the dyes are water soluble
sion of dyes on cotton was studied by means of wash tests. and ionize in water solution to give negatively charged
It might be expected that a peptizing action of the detergent color ions. The dyes vary in wash fastness from very poor
on the dyes would be reflected in an increased
removal by detergent solutions compared with
water. Accordingly, a study was made of the
T a b l e VI. W a s h F a s t n e s s o f D y e s a t 100 ° C.
effect of olive oil soap, lauryl sodium sulfate, and
cetyl pyridinium bromide on the removal of a
*-------------- % Color Removed by 1 W ashDetergent
Concn.
W ater
NaCl NaiHPO* NaiCOa NaaPO*
number of representative azo colors of known
Gramf
widely varying washing fastness from cotton.
liter
Dyeings of approximately 1 per cent of
Direct Red BFW
“Pontamine” Fast Red 8BNL, “Pontamine” W ater
47.0
21.4
38.4
56.0
50.9
Lauryl sodium sulfate
48.2
0.25
50.9
42.3
43.7
52.7
Diazo Red 7BL (direct), “Pontamine” Diazo Olive
oil soap
1.0
48.2
39.3
40.2
45.2
50.0
Red 7BL (developed with /3-naphthol), “Ponta
Developed Red 7BL
mine” Diazo Red BFW (direct), and “Ponta W ater
48.2
23.2
37.5
42.8
35.7
Lauryl sodium sulfate
0.25
52.3
35.8
47.3
41.0
41.0
mine” Diazo Red BFW (developed with /3-naph Olive
oil soap
1.0
61.6
26.7
40.2
42.0
42.0
thol) on cotton broadcloth were washed at 50°
Developed
Red
BFW
and at 100° C. Since the pH of detergent baths W ater
9.9
3.3
5.1
5.1
6 .6
is known to have a considerable effect in the Olive
Lauryl sodium sulfate
0.25
2 .2
6.6
7.7
7 .7
5.5
oil
soap
1.0
6.7
14.4
5.1
11.5
bleeding of water-soluble dyes from cotton, the
wash tests were run in water alone and in solu
tions buffered with 0.02 N sodium acid sulfate
T a b l e VII. pH o f D e t e r g e n t S o l u t i o n s
and with 0.01 N sodium chloride, disodium
Detergent
Concn.
W ater
NaCl NaHSO« NajCOa NaaPO*
phosphate, sodium carbonate, and trisodium
Gram
s/
phosphate. Parallel experiments were carried
liter
out with the addition of the detergents.
W ater
6 .0
5.3
2.2
10.3
10.8
Lauryl sodium sulfate
0.25
10.6
10.5
2.5
10.9
10.6
The wash tests at 50° C. were made on Cetyl
0.25
3.1
3.1
pyridinium bromide
2.1
9 .4
10.3
2-gram strips of the dyed cotton submerged in Olive oil soap
1.0
8.9
8.9
10.7
10.1
200 cc. of the detergent solutions contained in
T a b le

IV. W a s h F a s t n e s s o f D i r e c t R e d 7BL D y e in g s
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for Direct Red 7BL to exceptionally good with Developed
Red BFW. The concentration of added buffer or sodium
chloride was held to a minimum in these tests, since the metal
ion concentration alone is known to be an important factor
in preventing the bleeding of dyes from textile fabrics.
Water alone in many instances removes as much color from
the dyeings of water-soluble colors as do any of the deter
gents. Inorganic salts, even at the low concentrations pres
ent in commercial laundering processes, retard the removal
of dye by detergent solutions considerably. The hydrogenion concentration in the bath is an important factor in the
removal of dye; acid solutions retard while alkaline solutions
accelerate the removal of color. Detergents which give
negatively charged surface-active ions tend to increase the
removal of the more wash-fast colors at low concentrations in
solution; at higher concentrations these detergents may re
tard bleeding of the dye, possibly as a result of the effect
of the metal ions obtained in solution on ionization of the
detergent. Cetyl pyridinium bromide, which gives positively
charged surface-active ions in solution, greatly retards and
in many instances practically prevents the removal of the
water-soluble substantive dyes from cotton in a detergent
bath. The cetyl pyridinium bromide is known to have
strong precipitating action on direct colors and probably acts
to restrain bleeding of the dyes, as do heavy metal salts.
Since the additions of the detergents do not cause any pro
nounced increase in the removal of the dyes from cotton, it is
inferred that the removal of the water-soluble dyes is pri
marily due to the solubility of the dyestuff in water rather
than to any peptizing action from the detergent.
D iscussion
The practical value of adding surface-active agents in dye
ing operations is widely recognized by textile processors. The
data of this paper show that the surface-active agents do not
act to disperse dyes either in the dye bath or on the textile
fibers. The greater part of all dyeing is carried out with
dyes which give negatively charged color ions in solution.
The anionic surface-active agents appear to have at most a
mild agglomerating effect on the dyes, possibly as an effect
of the positively charged metal ions obtained from these sur
face-active agents in solution. The cationic surface-active
quaternary ammonium compounds have a strong precipitating
action on negatively charged dye ions and are used to fix
water-soluble substantive dyes on cellulose fibers to bleeding
in water.
The results of Lenher and Smith (10) show that a number
of representative substantive colors are well dispersed in solu
tion at the temperatures used in dyeing; Valkd (IS) showed
that representative acid colors are in almost molecular solu
tion, even at room temperature, and that the leuco salt of
the vat color, Caledon Jade Green, is only slightly aggre
gated in the dye bath. It is apparent that the gain from a
dispersing agent for the dyes in commercial processes would
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be negligible. The swelling of textile fibers in contact with
water is essential in opening the intermicellar spaces for pene
tration of dyes; it is probable that the chief function of nega
tively charged surface-active ions in dyeing cellulose mate
rials is in promoting this swelling action by assisting in the
uniform and rapid wetting of the fiber surfaces. The posi
tively charged surface-active agents are known to retard
considerably the rate of dyeing on cellulose materials, and it is
probable that these products derive their effectiveness as
leveling agents from their action as retardants as well as from
their other surface-active properties.
The data of this paper show that aqueous solutions of sur
face-active agents have very little more effect than water in
removing water-soluble dyes from cotton. This observation
has a practical bearing in washing operations during textile
processing. Unpublished work of the author showed that by
the addition of inorganic salts, particularly magnesium or
calcium salts, to detergent solutions it is practically possible
to prevent the removal of a large number of water-soluble
dyes from cotton and rayon. For example, the removal of
benzopurpurine 4B in a wash test at 120° F. can be cut from
30 to less than 1 per cent, and the removal of “Pontamine”
Fast Red 8BNL from 24 to less than 1 per cent by the ad
dition of 0.01 N magnesium sulfate or calcium chloride to
the detergent solution. The use of magnesium or calcium
salts with synthetic detergents is of value in removing loosely
held surface-pigmented color and soil from dyeings in textile
processing without promoting extensive bleeding of the watersoluble colors.
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ESTERS OF SODIUM SULFOSUCCINIC ACID
C. R. CARYL AND W. P. ERICKS
American Cyanamid Company, Stamford, Conn.
in admixture with sodium sulfate or other diluent, or in solu
tion. Comparing Aerosol OT Dry with these other wetting
agents at equal concentrations of surface-active ingredients,
its wetting power is surpassed by none.
The Aerosol w'etting agents were developed in 1933 and are
covered by a patent issued to Jaeger (4) in 1936. The dis
covery of these esters of sodium sulfosuccinic acid and the
simple reaction for their production from maleic acid or
fumaric acid not only made these powerful wetting agents
commercially available, but also contributed to the theory of
surface-active compounds.

T his paper points ou t th e rapidly growing
in terest in w ettin g agents as evidenced by
th e increasing num ber o f articles in th e
various journals and presum es to add to
th is rising flood of literature since one of the
Aerosol w ettin g agents is th e m ost power
ful one, m easured by th e Dravcs test, th at
is com m ercially available.
A brief review is m ade o f th e theory o f
surface-active com pounds, from w hich it
is show n th a t w ettin g agents o f varying
characteristics can be synthesized, practi
cally to order.
A previously published classification of
m ost types o f w ettin g agents is sligh tly re
vised, and the characteristics o f th e prod
u cts in each group arc pointed ou t. Charts
are show n to com pare th e effect o f acid and
alkali on th e m ore im p ortan t m em bers of
several o f these groups.

C hem ical Structure of the M olecule
A number of factors characterize the chemical structure of a
wetting agent molecule. Ordinarily, such a molecule is com
posed of hydrophobic and hydrophilic groups. One part of
the molecule may consist of a straight or branched hydrocar
bon chain or chains, arid it can be an alkyl, aryl, or alkylaryl
group, etc., all of which are more or less strongly hydrophobic. To this part is usually attached a solubilizing group
such as—SOJ-I,—SO3II,—POJ-I2,—COOH, —OH, etc. (7),
which are more or less strongly hydrophilic. This discussion
deals principally with the aliphatic type of wetting agents.
Because of the dual nature of the molecule, it becomes
oriented at an interface. Langmuir (5) and others showed
that, if a minute quantity of fatty acid is placed on a water
HE increasing scientific and commercial interest in new surface under suitable conditions, it spreads as a monomoorganic compounds with wetting and detergent proper lecular layer. The thickness of the oil film of homologous
ties is clearly shown in the patent and journal literature. fatty acids increases in proportion to the number of carbon
Over a thousand patents have already been issued coveringatoms in the chain while the area per molecule remains the
new and old compounds which have wetting, penetrating, same. When the molecular cross section was found to be
emulsifying, or detergent properties. One company alone has independent of the chain length, it was concluded that the
taken out well over one hundred use patents. Almost every molecules are standing on end. A molecule of a fatty acid is
issue of the scientific and trade journals contains an article on composed of a long hydrophobic chain and a rather weak
these products. A complete review of the journal literature hydrophilic group, —COOH. This structure gives it a polar(6) shows only thirty-five references in the ten years 1916 to nonpolar character and places it in the class of surface-active
1926 but seventy-nine references for 1936 alone, and the end compounds.
is not yet in sight. Even the inability of a duck to float on
When we have recognized the similarity in molecular struc
“wetter” water has received national publicity (3), based on a ture of a fatty acid and a wetting agent, we may readily admit
motion picture taken by one of the authors and reproduced in that the molecules of a wetting agent on the surface of water
Figures 1A and IB.
will have a tendency to locate themselves in such a position
The present paper shows that the esters of the sodium sulfo- that their hydrophilic groups are directed downward into the
succinates as a group include the most powerful wetting water while their hydrophobic groups extend above the sur
agents yet described, when measured by the Draves test (2). face. In this position they serve to reduce the surface tension
This test measures the varying times that standard skeins of by modifying the unbalanced forces of molecular attraction at
cotton yarn require to sink in different concentrations of the surface of the water. The relation between wetting, dis
aqueous solutions of wetting agents (Figure 2). Aerosol OT persion, emulsification, and detergent action, and how they
Dry is the trade name for the dioctyl ester of sodium sulfo- depend on the interfacial tension and adhesion were de
succinate in its 100 per cent form:
scribed by Adam (1).
The obvious difference between a fatty acid and a wetting
CaHu— OOC— CH2
agent is the fact that the first is relatively insoluble in water
while the latter is soluble. There are several ways to solu
CiHu— OOC— C—SOjNa
bilize compounds which are similar in chemical structure to
IH
a fatty acid:
The following statements as to its wetting strength are based
1. Intensify the hydrophilic character of the solubilizing
(neutralization by alkali, replacement of —COONa by
on comparing it by the Draves test with over one hundred group
etc.).
other commercially available wetting agents. Aerosol OT —SO,Na,
2. Introduce additional solubilizing groups (for example, by
Dry is one of the few wetting agents that is sold in its 99 to 100 sulfonation).
per cent pure dry form; most wetting agents are offered only
3. Shorten the hydrocarbon chain.

T
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In addition, the
position of the
solubilizing group
must be such that
it will permit the
orientation of the
GRADUATE
molecule. Mole
cules with hydro
p h ilic g rou ps
placed in the
proper position
and balanced with
SKEIN OF GRAY
h y d r o p h o b ic
COTTON YARN
groups of proper
length will usually
exhibit w etting
properties. Ex
p e rie n c e has
sh o w n t h a t a
s tr a ig h t ch ain
should contain
from 12 to 18 car
bon atoms when
the hydrophilic
group is a —COONa or —S04Na
F ig u r e 2. D r a v e s T e s t
radical.
Soaps and pri
mary fatty alcohol sodium sulfates have similar aliphatic
structure but different solubilizing groups. As a conse
quence they possess both similar and different proper
ties. Soap is the most widely used detergent, but its emulsi
fying and wetting characteristics and its resistance to hard
water and acids are definitely inferior to those of the corre
sponding primary fatty alcohol sodium sulfates. In their
composition, soaps are salts of strong bases and weak fatty
acids. As a result they hydrolyze in aqueous solution and
show alkaline reaction. When an attempt is made to neu
tralize the soap solution by the addition of an acid, part of the
free fatty acid separates from the solution and the detergent
properties of the soap are then greatly impaired. Inasmuch
as the solubilizing group in a fatty alcohol sodium sulfate is
derived from an acid of much higher strength, its aqueous

F ig u r e 1A (Reading from top to bottom). A D u c k S w im m in g
o n O r d in a r y W a t e r . A 10 P e r C e n t A q u e o u s S o l u t io n
o f A e r o s o l OT Is P o u r e d in t o t h e T a n k . T h e D u c k Is
S in k in g in t h e S o l u t io n W h ic h C o n t a in s A b o u t 1 P a r t
o f A e r o s o l O T in 2000-2500 P a r t s o f W a t e r . T h e
O w n e r Is G o in g t o t h e R e s c u e o f t h e C o m p l e t e l y S u n k
D u c k - t h e W a t e r I s C lo u d y f r o m O il a n d D ir t f r o m
t h e D u c k ’s F e a t h e r s

F ig u r e IB . T h e D u c k o n t h e R ig h t Is U n a b l e t o F lo a t
in F r e sh W a t e r B ec a u se H e H as B e e n T ho ro u g h ly
W e t t e d w it h A e r o s o l OT; t h e D u c k o n t h e L e f t Is
U nw etted
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solutions are practically neutral and can be acidified in the
cold without visible decomposition. However, on heating,
the acid solutions of a fatty alcohol sodium sulfate also de
compose relatively easily. The above discussion shows that
the major drawbacks of soaps as detergents have been at least
partially overcome by the introduction to the trade of primary
fatty alcohol sodium sulfates.
It was later found that the wetting properties of fatty alco
hol sulfates are improved when the solubilizing group is lo
cated near the center of the aliphatic chain or on a branched
chain instead of at the end of the molecular structure of the
hydrophobic group into which th e—S03Na group, instead of
the —OSOsNa group, can be readily introduced. Organic
sulfonates, as a rule, are not easily affected by acids and
alkalies, and therefore their resistance to hydrolysis is superior
to that of the sulfates.
C lassification of W etting A gents
From the above considerations a wetting agent should pos
sess the following major properties:
1. High wetting power even in very low concentration.
2. Stability in dry form and in solutions, especially in acid
solutions where soap cannot be used.
3. Solubility in water and in organic solvents, especially in
nonpolar solvents.
4. Resistance to hard water.

These properties can be attained by properly selecting and
balancing a hydrophobic group with a hydrophilic group which
is not easily hydrolyzed and which gives the compound solu
bility in water without depriving it of its solubility in organic
solvents.
Wilkes and Wickert (8 ) presented a classification covering
most types of wetting agents, which greatly simplifies this
complex group of products. The following quotation is from
their article:

In group A are listed the various types derived from fatty
sources—specifically, soaps, fatty alcohol sulfates, and sulfated
fatty acid esters and amides. The polar or water-soluble group
ings in all these compounds is a primary one, located at the end of
the nonpolar portion of the molecule. In contrast, group B pre
sents the available types of the more truly synthetic surfaceactive compounds, including the secondary alcohol sulfates,
sulfated esters of higher alcohols and dibasic acids, and the
numerous alkyl derivatives of aryl or aromatic sulfonates. Each
of these types contains its polar group in a secondary position with
the nonpolar portion extending from it in two directions.

F ig u r e s 3

to
by

7. R e s u l t s o f T e s t in g W e t t in g A g e n t s
t h e D r a v e s M e t h o d a t 25° C.

Since the wetting agents of the Aerosol series are not in
cluded in Wilkes and Wickert’s classification, they are in
cluded here in a revised classification as type B -4 in group B ;
group C is also introduced to cover a large number of wetting
agents of miscellaneous chemical structure (Table I).
In general, each type of the many wetting agents in the
classification has its own characteristic properties. For ex
ample, types A-l (ordinary soap) and A-2 are characterized
by good detergency and high foaming power but rather low
wetting power. The best of type B - 1 have much higher
wetting power than any of the members of group A , but their
stability is inferior as compared to that of primary fatty alco
hol sulfates. Representatives of type B - 2 are not commer
cially available so far as is known to the authors, but labora
tory experience indicates that, although they have high wet
ting power, they are even less stable than representatives of
type B - 1. Some of type B - 2 decompose fairly rapidly in
aqueous solutions at room temperature and cannot be pre
pared in solid form without decomposition.
Type J5-3 contains such a large number of examples of com
mercially available wetting agents that it is difficult to gen
eralize as to their properties. Representative of this type is
Aerosol OS, which is resistant to acid and alkali and is there
fore included in the graphs for comparison with a representa-
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F ig u r e S (Left). W e t t in g P o w e r ok A e r o s o l
W e t t in g A g e n t s vs. t h e W e t t in g P o w e r W h ic h
t h e O t h e r C o m m e r c ia l l y A v a il a b l e P r o d u c t s
o f F ig u r e 9 W o u l d H a v e i f T h e y C o u l d B e
M a r k e t e d C o n t a in in g 100 P e r C e n t A c t iv e
I n g r e d ie n t s

F i g u r e 9 (Below). W e t t i n g P o w e r o f A e r o s o l
W e t t i n g A g e n t s tw. t h e W e t t i n g P o w e r o f
O t h e r C o m m e r c ia lly A v a i l a b l e P r o d u c t s a s
M a rk e te d

tive of type B-4, Aerosol OT. Aerosol OS is an
T
alkyl naphthalene sulfonate but is included in
the Aerosol series merely from commercial con
siderations.
W ellin g T ests by Draves M ethod
v ■■______
Commercially available wetting agents of
E
n
group B —namely, the two best of type B -1 (sulfated secondary alcohols in their 25 per cent
solutions), B -3 (Aerosol OS, alkylaryl sul
fonates), and the best of B -4 (Aerosol OT Dry)—
were tested by the Draves method for their
wetting power in neutral, acid, and in alkaline
solutions. The results are shown graphically in Figures 3 to 7. of Aerosol OT 100 per cent is compared with seven other
The slope and position of the curves depend not only on the commercially available wetting agents. The wotting powers
wetting power of each compound tested but also on its solu of these other seven are calculated as the wetting powers that
bility and its stability in the various solutions. The curves they would have if they contained 100 per cent of their active
are smooth lines drawn through at least five points; each ingredients.
Group A - 1, represented by soaps, is omitted since this
point represents the average of not less than five closely agree
article deals only with synthetic wetting agents. Type B -2 is
ing sinking times.
These graphs show that Aerosol OT is the most effective not included, since no representatives of this type are known
wetting agent, and that its wetting power decreases only to be commercially available.
Figure 9 shows the comparison between the
===== same products on a pound-for-pound basis, as
marketed. Factors mainly contributing to the
T a b l e I . C l a s s if ic a t io n o f W e t t in g A g e n t s
Relative W etting
outstanding properties of Aerosol OT are its
Power of Best of
Each Type as
highly effective wetting power, its stability in
Type
M arketed, %
Description
Form ula0
Group No.
solid
form and in neutral and acid solution, its
Soaps
COONa
12 R—
A
purity
(99 to 100 per cent), and its resistance to
2
3
F
atty
alcohol
sulfates
R— SO.Na
5
Sulfated fatty acid amides
R—CONHCiHiSOtNa
3
hard
water
and ability to disperse calcium and
0
Sulfated
fatty
acid
esters
R
—COOC:H<SO»Na
4
magnesium
soaps.
Secondary alcohol sulfates
25
H SO .N a
12 RR V'- -C
In alkaline solutions Aerosol OT, which is an
Sulfated esters of higher alco Not marketed
-OOC— CH ï
hols and dibasic acids
ester,
hydrolyzes readily, and its use at pH above
-OOC— h- O—SOiNa
9 is not recommended. Aerosol OS has excellent
À
wetting properties in alkaline solutions.
0
Alkylaryl sulfonates
R'- -Ar—SCiNa
100
Sulfonated esters of alcohols
Although various types of wetting agents have
R'- -OOC— CHj
and dibasic acids
been on the market for years, new industrial uses
-OOC— A- SOaNa
for them are still being found which are as unre
A
24
lated as stripping old wallpaper from the wall and
Miscellaneous
shampooing milady's hair; the total number of
« R « fatty alkyl group; R ' prim ary or secondary nonfatty alkyl group; Ar aryl
these diverse uses is amazing. In almost all cases
or arom atic group.
===== where water is used industrially, there is the pos
sibility that “wetter” water will do the job more
slightly in acid and considerably in alkaline solutions, owing efficiently, hence the almost universal applicability of the syn
to hydrolysis, whereas B -l-a loses its wetting power so rapidly thetic wetting agents.
in both acid and alkali that its curves cannot be plotted in
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S T A B L E IN A C ID & A L K A L I

SURFACE ACTIVITY OF SOLID EMULSIFIERS
J. M ITCHELL FAIN AND FOSTER DEE SNELL
Foster D. Snell, Inc., Brooklyn, N. Y.

70 per cent by volume of water could be dispersed in 30 per
cent by volume of kerosene when one gram of dry carbon
(best American carbon black) was used; a very viscous emul
sion, stable for several weeks, was formed. Bhatnagar (2)
used zinc hydroxide, aluminum hydroxide, and lead oxide for
making emulsions of water in oil. Bechhold, Dede, and
Reiner (1) carried out an extensive investigation on the use of
finely divided solids as emulsifiers. They found that the
formation of emulsions depended on: (a) the grain size of the
powder—the smaller the grain the greater was the emulsifying
power until an optimum was reached, after which small
grains had inferior emulsifying properties; (b) the quantity
of powder—the more powder there was available the more
globules that could be covered, provided the powder was
sufficiently fine. The solids investigated were zinc dust,
iron powder, clay, and kieselguhr; they were found to be as
efficient as yeast, hemoglobin, or egg albumin solutions for
emulsifying benzene, paraffin, nitrobenzene, isobutyl alde
hyde, carbon disulfide, and several other organic liquids in
water.
Thomas (18) pointed out that, in order for a powder to
serve as an emulsifying agent, it must be wetted to a certain
extent by both liquids. When a liquid does not spread over
a solid, the surface of the liquid joins the solid at an angle,
which within certain limits is definite. The angle between
the surface of the liquid and the solid-liquid interface is the
contact angle for the solid and liquid (5). When a liquid
completely wets a solid, the contact angle is zero. The dis
tribution of finely divided solids and colloidal suspensions
between two immiscible liquids was discussed by Reinders

F inely divided solid s, a ctin g as em ulsifiers, appear
in ih c in terface b etw een the tw o em u lsio n liq uid s,
and their d istrib u tio n m ay he d eterm in ed from a
con sid eration o f their co n ta ct an gles. T h e aq u e
ou s dispersion o f asp h alt w ith th e aid o f b en to n ite
is a large-scale in d u stria l a p p lication o f finely d i
vided solids as em ulsifiers. Its stu d y throw s lig h t
on their fu n d a m en ta l properties. T h e in crease in
h yd rogcn -ion con cen tration o f a b e n to n ite slip by
ad d itio n o f su lfu ric acid resu lts in increase in vis
cosity. P artial floccu lation or coagu lation o f th e
em ulsifier is fou nd necessary for o p tim u m ém u lsifi
ca tio n . T h e effect o f a w eak floccu latin g a g en t is
to co u n teract th e p ep tiza tio n o f th e solid su sp en 
sion and to force th e solid in to th e in terface. T h e
ju x ta p o sitio n o f th e b en to n ite gran ules, situ a ted as
th ey are in a th in layer around th e already em u lsi
fied asp h a lt particles, cau ses th em to serve as a
c u ttin g edge for th e su b d ivision o f new a sp h a lt fed
in to th e em u lsio n .
T h e add ition o f citric acid in sm all a m o u n ts to
an em u lsio n o f asp h a lt in w ater, w ith b en to n ite as
em ulsifier, su b sta n tia lly decreases th e tim e re
quired for p la stic flow. T h e ad d ition o f citric acid
to th e b en to n ite slip cau ses a red u ction in viscosity
u p to a certain p oin t, after w h ich th e viscosity in 
creases w ith in crease in th e a m o u n t o f citric acid
added. T h e ad d ition o f oxalic acid produces a
sim ila r effect on th e viscosity o f th e b en to n ite slip.
Tw o h yp oth eses to a cco u n t for th is a ctio n are d is
cu ssed . O ne is based on th e preferential ad 
sorp tion o f th e solid em ulsifier for th e organic
com p ou n d s by virtue o f their hydroxyl or carboxyl
groups; th e oth er is based on th e a ction o f th e or
gan ic acid in bringing in to so lu tio n th e iron oxide
con ta in ed in th e b en to n ite.

(U).

Let Sn — interfacial tension between solid 1 and liquid 2
Sn = interfacial tension between solid 1 and liquid 3
Sn = inteffa'cial tension between the two liquids, 2 and 3

When a powder of the solid is shaken with liquids 2 and 3,
the following cases must be considered:
I.

T

Sn > Sn + Sn

II. Sn > Sis + Sn
HE first extensive survey of insoluble emulsifiers was
III. Sn > Sn + Sn
made by Pickering (12) who found that the basic sulfate
IV. None of the three interfacial tensions is greater than the
of iron was the best, followed by those of copper and sum of the other two.
nickel. The basic sulfates of zinc and aluminum generally
first case the solid will remain entirely in liquid 3,
gave good emulsions at first; but aggregation of the par in Inthethesecond
entirely in liquid 2. In the third and
ticles seemed to occur, causing partial de-emulsification. fourth cases thecase,
powder
goes to the interface, tending to sepa
Other useful emulsifying agents were freshly precipitated cal rate the two liquids. When
none of the three tensions ex
cium carbonate and arsenate, lead arsenate, and various ceeds the sum of the other two,
the three phases meet at a
unheated fine clays. Pickering (18) believed that émulsi certain contact angle.
fication depended on the size of the particles constituting the
finely divided solids which act as emulsifiers appear in
emulsifier, and that when the particles became too big, they theAllinterface
the two emulsion liquids. Their dis
ceased to emulsify. Likewise, the size of the emulsion glob tribution maybetween
be
determined
from a consideration of the con
ules varied directly with the size of the particles of the tact angles.
emulsifying agent. He also pointed out that for emulsionsIf 1 in Figure 1 is a solid sphere at the interface between
of oil in water the finely divided solid emulsifier must liquids
2 and 3, the condition for equilibrium is
be more readily wetted by water than by oil.
Briggs (8) demonstrated that hydrous ferric oxide, arsenious
Sn — Sn -f- Sn co? 0
sulfide, and finely powdered silica promote emulsions of where 6 = angle of contact
benzene and kerosene in water. Schlaepfer (17) laid down
the rule that “insoluble particles, which are more easily If S n > S n , then cos 6 is positive and 6 is less than 90°. The
moistened by oil than by water, will have a tendency to fa solid will tend to be drawn into liquid 3; i. e., its equator is
cilitate the émulsification of water in oil.” He found that in liquid 2. If S n < <Si3, then cos 9 is negative and 6 is greater
48

JANUARY, 1939

INDUSTRIAL AND ENGINEERING CHEMISTRY

than 90°. The solid sphere will tend to be drawn into liquid
2.
If there are enough solid particles to fill the interface, the
tendency of the interface to contract will cause it to bend (6),
as shown in Figure 2, in the direction of the more poorly wet
ting liquid, which makes it easy for the latter to become the
enclosed phase. In order to behave in this way, a solid must
be easily dispersed in the outer liquid ; .its particles should not
tend to agglomerate in the liquid nor to stick together when
serving as a protective armor for the emulsified drops. It

should be possible, therefore, to predict whether or not a
given solid powder can stabilize an emulsion and also which
liquid will become the dispersed phase, if the angle of contact
of the interface and the solid is known.

Dispersion of A sphalt w ith B entonite
The aqueous dispersion of asphalt with the aid of bentonite
is a large-scale industrial application of finely divided solids as
emulsifiers. Certain features of the industry merit study for
the light they throw on the fundamental properties of solid
emulsifiers.
Bentonite, usually considered the result of devitrification
and partial decomposition of glassy volcanic ash, has been
found by R oss and Shannon {15) to be commonly composed
of montmorillonite and less often of beidellite, minerals re
sembling m icas. M ontm orilloniteis designated as
Al2O3.5SiO2.nH2O, with n varyin g from 5 to 8. Larsen and
W herry {10) named beidellite and assigned to it the formula
Al2O3.3SiO2.an2O, in which x is frequently equal to 4 and the
alum ina is replaceable b y other oxides. Ross and Shannon
{16) concluded th at this mineral consists of isomorphous se
ries of Al2O3.3SiO2.nH2O and Fe2O3.3SiO2.nH2O with n equal
to approxim ately 4 and with the w ater replaceable b y alkali
or alkaline-earth oxides.

(Mg,Ca)0.-

The colloidal properties of bentonite were attributed by
Wherry {19) to a felted texture and a micaceous structure, in
which the crystals have appreciable size in two dimensions,
but a thickness of colloidal magnitude and the property of
splitting up into still thinner plates. The statement of Davis
and Vacher (4) that a consideration of the behavior of the
gel of Wyoming bentonite leads to its classification as an in
organic, hydrophilic colloid appears to be justified.
The action of bentonite as a solid emulsifier does not depend
on surface tension lowering. When bentonite was shaken
with water, no permanent froth formed, which indicated that
bentonite was not adsorbed at the water-air interface. Sur
face tension measurements (4) by the capillary tube and the
drop weight and du Noiiy apparatus methods were the same
for distilled water as for water to which bentonite had been
added. These results indicate that bentonite does not ap
preciably change the surface tension of pure water.
The action of bentonite and of solids generally as emul
sifiers depends, according to Pickering {12), on the covering
of the droplet with small insoluble solid particles. The
mechanism of the action whereby the asphalt is subdivided
into particles has not been described. Kirschbraun (7) stated
that there is apparently some relation between the various
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emulsifying agents—for example, clays—and between the
bitumen and the clays, or combinations of clays, which widely
influences the nature of the emulsifying operation. The dif
ference in behavior results not only in variations in degree of
dispersion and amount of bitumen capable of being emulsi
fied, but also in the shape of the particles and the color of the
finished emulsion. For example, in using a clay combination
of five parts of bentonite to two parts of New Jersey clay, the
resulting emulsion is brown; on the other hand, by substi
tuting a different clay, such as Ohio fire clay, for the New
Jersey pottery clay or by omitting the New Jersey clay en
tirely, the emulsion is black and in the latter case the particles
are round. The emulsifying operation carried out in the
presence of the New Jersey clay produces particles more or less
ovoid and flat. On microscopic examination they appear
quite transparent. The brown color of any emulsion is due
to the finer particle size of the bitumen. The proportioning
of the clays affects the pH of the clay system, inasmuch as the
bentonite is alkaline and the New Jersey pottery clay is acidic.
Subsequent work {9) proved that similar variations in emul
sion ch aracteristics
could be obtained
0UTER LIQUID
merely by adjusting
the pH of the bentonite
with buffer salts with
out addition of other
clays. K irschbraun
and Levin {9) found
that the optimum pH
of bentonite for emul
INNER LIQUID
sifying
steam-refined
F ig u r e 2
Mexican asphalt with
a m elting point of
120° F. is 6.3. The acid nature of some binders and the alka
line nature of others make it necessary to adjust the pH of
the emulsion system as dispersion proceeds, in order to main
tain optimum emulsification.
Effect of pH on V iscosity
In order to understand more clearly the nature of the emul
sifying operation, the effect of pH adjustment on the viscosity
of a bentonite slip was studied. Dried crushed bentonite
was made up into a 10 per cent paste. Eighty-gram portions
of the paste were weighed out, and varying amounts of
0.690 N sulfuric acid added. Water was added and stirred in
to give a smooth slip of 5 per cent dry clay content. The
slip was screened through a 200-mesh copper sieve. The pH
was determined electrometrically with a quinhydrone elec
trode, and the viscosity with a Dudley pipet. The results
are as follows:
Cc. of 0.690 N
Sulfuric Acid
Added
6^5
1.0
2.0
4.0
8.0

Cc. of
W ater Added
80
79.5
79
78
70
72

pH
7.3
6.6
0.25
3 .8
2.55
1.95

Viscosity,
Seconds
55.0
50.2
58.0
61.6
03.8
124

Figure 3A illustrates the relation between pH and viscosity
for the bentonite slip whose hydrogen-ion concentration has
been adjusted with sulfuric acid.
At the optimum pH for emulsification of Mexican asphalt,
an increase in viscosity is noted over that of the unadjusted
bentonite. This increase in viscosity is probably the result
of flocculation of the bentonite particles.
Interfacial-tension lowering plays no part in emulsification
with bentonite. The amount of work required to produce an
asphalt emulsion is determined by the increase in surface area
of the asphalt particles and the asphalt-water interfacial ten-
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sion. Yet émulsi
fication with a
b e n to n ite slip
whose pH has been
adjusted to 0.3
gives an emulsion
of finer particle
size th a n one
whose pH has not
been a d ju s te d .
Increasing the
amount of work
done on the emul
sion will not alTcct
the size of the
asphalt
particles.
pH ADJUSTMENT
60
Additional
mixing
U1TH C IT R IC ACID
beyond the point
zo
where the smallest
o
particle size for
any definite set of
55
conditions is ob
tained will result
in
OO
only
in coalescence
in
of the asphalt and
SO“breaking” of the
60 C. pH adjustment with o x a lic acid a emulsion.
A con
sideration of the
factors involved in
the émulsification
55
process gives rise
to the hypothesis
that flocculation
of the bentonite is
responsible for the
50 2 J3 4I 5I 6I 1I 6
nature of the emul
HYDR0GEN-I0N CONCENTRATION (PH)
sifying operation.
F io u k e 3. E f f e c t o f H y d r o g e n At a pH of 6.3 the
I o n C o n c e n t r a t io n o n V is c o s it y
bentonite particles
o f 5 P e r C e n t B e n t o n it e S l if
are flocculated to
the proper degree
for optimum émulsification of steam-refined Mexican asphalt.
The effect of a weak flocculating agent is to counteract the
peptization of the solid suspension and to force the solid into
the interface. The juxtaposition of the bentonite granules,
situated as they are in a thin layer .around the already emul
sified asphalt particles, causes them to serve as a cutting edge
for the subdivision of new asphalt fed into the emulsion. The
appearance of the asphalt particles seems to confirm this
view. They are flat, as would be expected after comminution
by a material having a micaceous structure in which the
crystals have appreciable size in two dimensions but a thick
ness of colloidal magnitude. The edges are not smooth but
scaly, which indicates that mechanical tearing is involved.
The ovoid rather than the round shape is also probably due
to this cause.
Increased flocculation, as may be accomplished by the fur
ther addition of acids to the bentonite slip, does not result in
increase of asphalt particle size when the ratios of bitumen to
clay are low. When more bitumen is added, the particle size
tends to increase. The bentonite loses efficiency as an
emulsifying agent. Apparently the increased flocculation of
the bentonite granules causes them to agglomerate in rela
tively large masses. The number of separate cutting edges
is reduced.
In the absence of flocculation, subdivision of the additional
asphalt is not accomplished with the same violent tearing
action. The asphalt is subdivided into particles of larger
size. The edges are smooth.

m u

The necessity for adjusting the pH of bentonite to effect
optimum emulsification of asphalt is paralleled by the action
of colloidal ferric oxide which, as reported by van der Minne
(11), does not emulsify oil in water until it has been coagulated
to a certain extent. Briggs (3) also reported that moderate
flocculation of hydrous ferric oxide and of arsenious sulfide
were necessary for successful emulsification.
Finely divided solids, which have the ability to maintain
water-immiscible liquids in emulsified form in water, form
coatings over the dispersed particles and prevent them from
coalescing. Such properties of the emulsion as viscosity,
plasticity, mobility, and suspendability of the dispersed par
ticles are affected importantly by the emulsifier. Reaction
characteristics of the solid emulsifier are reflected in the
physical properties of the emulsion.
Kirschbraun (S ) discovered that the addition of citric
acid in very small amounts to an emulsion of asphalt in water,
with bentonite as emulsifier, substantially decreases the time
required for plastic flow. The apparent viscosity as measured
with a Gardner mobilometer decreased from 28 seconds when
no citric acid was present to a minimum of 9.5 seconds when
0.007 per cent citric acid was added. Further additions of
citric acid resulted in an increase in the viscosity. He found
that other acids, notably tannic, tartaric, pyrogallic, maleic,
phthalic, and pyromucic acids, as well as hydroquinone and
resorcinol, exhibit the same effect. From this he concluded
that the effect is due to the presence of hydroxyl and/or car
boxyl groups in the molecule.
In order to ascertain the role played by the solid emulsifier
in this phenomenon, additions of varying amounts of a 10 per
cent citric'acid solution were made to 80-gram portions of a
10 per cent bentonite paste. Water was then added to bring
the total up to 160 grams, which made the solid clay content
of each portion 5 per cent. The pH of each portion ivas de
termined electrometrically with a quinhydrone electrode and
the viscosity with a Dudley pipet. The results are shown in
Figure 3B and the following table:
Cc. of 10%
Citric Acid
Added
0 .2
0.4
1.0
5.0
20.0

Cc. of
W ater Added
80.0
79.8
79.6
79.0
75.0
60.0

pH
7.3
6.9
6.35
5.65
3.70
2.95

Viscosity,
Seconds
55.0
54.4
53.2
52.2
56.6
59.2

As in the case of the bentonite-dispersed asphalt, the ad
dition of citric acid to the bentonite slip caused a reduction
in viscosity up to a certain point, after which the viscosity
increased with increase in the amount of citric acid added.
The addition of oxalic acid to a bentonite slip is similar
in its effect to citric acid. Varying amounts of a 0.1151 N
oxalic acid solution were added to separate 80-gram portions
of a 10 per cent bentonite slip, except in one case where 30 cc.
of a 10 per cent oxalic acid solution was added to effect a
more marked lowering of pH than was possible with the more
dilute solution. Water was added to bring the total weight
in each case up to 160 grams; the solid clay content of each por
tion was thus exactly 5 per cent. The pH and viscosity of each
portion were determined with results shown in Figure 3C
and the following table:
Cc. of
Oxalic Acid
Soln. Added
5 (0.1151 AT
10 (0.1151 Ar)
20 (0.1151 Ar)
40 (0.1151 jV)
SO (0.1151 N )
30 (10%)

Cc. of
ter Added
80
75
70
60
40
50

pH
7.3
6.5
5.05
3.98
2.75
2.1
1.55

Viscosity,
Seconds
55.0
54.2
52.2
52.2
52.0
52.8
57.8

The explanation (8) offered for the action of citric acid in
lowering the viscosity of the emulsion'is that the adsorption of
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water by clay, bentonite, colloidal oxides, and similar emul
sifying agents is due to the attraction between the colloidal
particles of these emulsifying agents and the hydroxyl group
of water. In the presence of citric acid and in the absence of
flocculating concentrations of flocculating ions, the emulsi
fying agents selectively adsorb the citric acid in preference to
the water by virtue of the hydroxyl group possessed by the
citric acid, and consequently the water adsorption of the
emulsifying agent is reduced. This enables water that would
otherwise be adsorbed by the emulsifying agent to remain in
the intermicellar space of the emulsion system.
In lieu of the above or perhaps in combination with it,
the strictly chemical action of acids such as citric or oxalic as
opposed to that of acids such as sulfuric m ay be a factor in the
viscosity-pH relations. Small amounts of iron oxide present
in the bentonite are precipitated by sulfuric acid as insoluble
sulfates. The action of citric and oxalic acids is to dissolve
the iron oxide. As a result, the reduction in viscosity of the
bentonite slip is more than sufficient, frith small concentra
tions of the organic acids, to offset the increase in viscosity due
to the flocculating action of the hydrogen ions. W ith in
crease in acid content, the latter effect becomes increasingly
important and the viscosity becomes greater.
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SURFACE-ACTIVE PROPERTIES OF
HEXAMETAPHOSPHATE
G. B. HATCH AND OWEN RICE
Hall Laboratories, Inc., Pittsburgh, Pa.
B esides possessing definite su rface-active proper
ties o f its ow n, hexam elap h osp h ate has th e a b ility
o f form in g solu ble com plexes w ith m an y m u ltivalent cation s; their con cen tration is thereby re
duced to su ch an ex ten t as practically to elim in a te
their agglom erating a ctio n on n u m erou s colloid
sy stem s. Exam ples o f th ese properties are fou nd
in its action as a peptizing a g en t, as a depressor in
selective flotation , and in its effect u p on m on o
layers.
R ecently a m o u n ts o f hcxam etaph ospliate very
m u ch below those required for com p lete caleiu m
seq u estration have been fou nd effective in prevent
in g calciu m carbonate deposition up on m oderate
trea tm en t o f bicarbonate w aters w ith heat or alkali.

G

T h u s th e add ition o f 2 p. p. m . o f h cxa m elap h osp h a tc to a w ater con ta in in g 200 p. p. m . o f calciu m
bicarbonate w ill obviate p recip itation w hen th e
w ater is treated w ith 500 p. p. in. o f sodium carbon
a te or is heated to 80° C. for o n e hour. T h is
“ threshold trea tm en t” w ith a m o u n ts o f h exa m eta 
p h osp h ate o f th e order o f I to 5 p. p. m . h a s proved
very u sefu l in th e prevention and rem oval o f car
bon ate scale in m an y in d u strial processes.
D ata are presented sh ow in g th e effect o f tem p era
ture and m cta p h o sp h a te con cen tration on th e ef
ficacy o f th is trea tm en t, and d em o n stra tin g h ys
teresis effects on calciu m carbon ate and m eta l su r
faces. In d ication s o f th e colloidul n atu re o f
threshold trea tm en t are discussed.

particular emphasis upon the peculiar ability of as little as
LASSY sodium metaphosphate, (NaPOa)*, commonly
1 or 2 parts per million to inhibit the precipitation of calcium
termed Graham’s salt or sodium hexametaphosphate,
carbonate.
was discovered in 1833 by Graham (S). For almost
a century it remained a scientific curiosity, and not until
Colloidal Properties
H all’s use of this glass}' form as a water-conditioning agent
Hexametaphosphate
has two properties which are of con
(4, 6) did it become commercially available. Though it is
siderable interest with respect to colloidal phenomena. It
still commonly known chiefly as a water-treating chemical,
possesses definite surface-active properties of its own at solidin the past few years numerous other uses for sodium hexa
aqueous solution interfaces, and it has the ability of forming
metaphosphate have been developed, ranging from the treat
soluble complexes with numerous multivalent cations, thereby
m ent of occupational dermatoses (8) to the tanning of leather
reducing their concentration to such low values as practically
( 14). This paper will be limited to the discussion of the be
to eliminate their agglomerating action towards various colhavior of hexametaphosphate as a surface-active agent, with
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loidal systems. In the applications of hexametaphosphate
in colloidal processes, use is made of both of these properties;
the two often act simultaneously in the same system.
Numerous investigators have used hexametaphosphate to
modify the properties of disperse systems of finely divided
solids in aqueous solutions. It exerts a peptizing and dis
persing action upon many solid materials, chiefly the heavy
metal salts and oxides. Thus Feldenheimer (2) employed
hexametaphosphate for the deflocculation of clays; Robinson
(11) used it to impart to drilling muds desirable properties,
such as high specific gravity with an attendant low viscosity,
and to prevent the deterioration of such properties through
the action of multivalent cations. In these two cases the
hexametaphosphate probably functions both by an actual
dispersing action upon the clay and by the sequestration of
multivalent agglomerating cations. Chwala (I) used hexa
metaphosphate as a peptizing agent for various solids;
Hall (5) employed it to deflocculate magnesium hydroxide
and thus decrease the viscosity and settling rate of milk of
magnesia.
Use has been made of the surface-active properties of hexa
metaphosphate in flotation. Some apparent anomalies in
the results of various investigations exist, since it has been
used both as an activator and a depressor; with the present
available data, the reason for this is somewhat obscure.
Keck, Eggleston, and Lowry (9) found hexametaphosphate
to activate the flotation of massive hematite when used with
unsaturated soaps or fatty acids, but to have little effect or
to act as a depressor with the saturated collectors. Rose
and MacDonald (12) used hexametaphosphate as a depressor
in selective flotation. They found that by using the proper

0.1

04
OtS
0.8
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F ig u k e 1. E f f e c t o f S o d iu m
H exam etaphosphate on th e
S e t t l in g V o l u m e o f C a l c iu m
P h o s p h a t e in S o d iu m O l e a t e
S o l u t io n s

concentration of hexametaphosphate it is possible to prevent
the flotation of a given mineral by soaps or fatty acids; since
the concentration necessary to accomplish this is determined
by the metallic constituent of the mineral, they are thus able
to obtain selective flotation with these collectors. They
ascribe this depressing action of hexametaphosphate to the
prevention of heavy metal soap formation upon the surfaces of
the mineral particles.
This prevention of the formation of heavy metal soaps
on the surface of mineral particles by hexametaphosphate is
illustrated by the effect of sodium hexametaphosphate1 upon
the equilibrium settling volume of tricalcium phosphate in
sodium oleate solutions (Figure 1). In these tests 2 grams of
calcium phosphate were thoroughly mixed with 15 ml. of
solution and allowed to stand, protected from vibration, until
there was no further change in the apparent volume occupied
by the solid. In the absence of the metaphosphate, the
i In all of the experimental work reported in this paper, the sodium hexa
m etaphosphate employed was a technical product supplied by Calgon, Inc.,
Pittsburgh, Pa.
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sodium oleate caused a considerable increase in the settling
volume; the calcium phosphate particles agglomerated and
were poorly wetted by the aqueous solution. This decrease
in wettability was evidenced by the tendency of these par
ticles to adhere to the liquid-air interface and to float if the
mixture was shaken in such a way as to introduce air bubbles
into the solution. The presence of hexametaphosphate in a
concentration of 0.5 per cent resulted in the deflocculation
of'the calcium phosphate, with a resulting decrease in the
settling volume, and entirely prevented the agglomerating
action of the sodium oleate. That the sodium oleate had not
reacted with the calcium phosphate in the presence of hexa
metaphosphate was shown by the foaming of these mixtures,
in contrast to those containing no hexametaphosphate; the
latter showed no true foam but rather a calcium soap scum
on the liquid surface. Not only will hexametaphosphate
prevent the formation of insoluble calcium soap on the cal
cium phosphate particles, but it will also remove that already
formed, as is shown by the reduction in settling height and
by the foaming of the mixtures of calcium phosphate and
soap solution upon the addition of sodium hexametaphosphate
to the extent of 0.5 per cent.
Calcium sequestration alone cannot explain this action of
hexametaphosphate in the prevention of calcium soap forma
tion on the surface of the calcium phosphate particles; there
is not nearly enough hexametaphosphate present to sequester
all of the calcium in the form of the soluble complex. In fact,
if such were the case, the solid would be entirely dissolved.
Nor can it be due solely to the formation of a simple calcium
hexametaphosphate surface, since all of the calcium in this
compound is not sufficiently tied up to prevent its reaction
with soap. Evidently the hexametaphosphate, or its cal
cium complex, is so strongly adsorbed on the calcium phos
phate surface that the reaction of the latter with soap is
prevented.
One of the great objections to the use of soap as a wetting
agent in many cases is its reaction with solid surfaces to form
organophilic heavy-metal soap films. Since hexametaphos
phate prevents the formation of such films, it greatly in
creases the applicability of soap as a wetting agent.
In contrast to the more common anions, hexametaphos
phate was found by Langmuir and Shaefer (10) to exert
pronounced effects upon certain monolayers, imparting ex
treme rigidity to these films. The effect is particularly pro
nounced on monolayers of divalent metal stearates at high
pH or of long-chain amines at low pH. Hexametaphosphate
has no action upon pure stearic acid films, nor does it increase
the rigidity of stearate films if present in sufficient quantities
to sequester all of the polyvalent metal ions. These investi
gators attribute the stiffening action to the formation of
cross linkages between the divalent metal atoms on the
lower surface of the film. A similar explanation is valid in
the case of the amine monolayers, since hexametaphosphate
is known to combine with this group at low pH values. In
their studies of monolayers, Langmuir and Shaefer also
found hexametaphosphate extremely useful in preventing
the disturbing effects of polyvalent cations present as im
purities; the action appeared to be due to the sequestration
of such cations. The ease with which stearate monolayers
are successively laid down on solid surfaces in the presence of
calcium offers a possible explanation for the formation of lime
soap deposits in detergent processes in which hard water
with no hexametaphosphate is employed.
Wilson (15) found hexametaphosphate to increase the rate
of penetration of tannin into hides and thus greatly increase
the rate of vegetable tanning. He also discovered that
hexametaphosphate alone is effective in tanning leather (1Ą)
and ascribed this action to its power of combining with amine
groups at low pH values.
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Inh ib ition of C alcium Carbonate P recipitation
Use of hexametaphosphate in the water-conditioning field
was first made by Hall and Jackson (6), who employed it as
a means of introducing phosphate into a boiler without en
countering precipitation in the feed lines. With a ratio of
calcium to sodium hexametaphosphate of approximately 1 to
14, the concentration of the calcium ion is reduced by com
plex formation to such an extent that it cannot be detected
by the usual précipitants, such as soaps, carbonate, phosphate,
silicate, and oxalate. Since the difficulty in washing with

F ig u r e 2. E f f e c t o f T h r e s h o l d T r e a t m e n t
o n C a l c iu m B ic a r b o n a t e W a t e r
W ater containing 290 p. p. m. calcium carbonate treated
with 300 p. p. m. sodium carbonate: (left) with no m eta
phosphate added, precipitation within 5 minutes; (right)
with 2 p. p. m. sodium hexam etaphosphate added before
sodium carbonate, no precipitation in 24 hours

hard water is due to the precipitation of calcium and mag
nesium salts, Hall (4) also found hexametaphosphate to be an
effective water softener for detergent operations. In these
applications of hexametaphosphate, amounts sufficient to
sequester all of the calcium in the form of the soluble complex
were used.
Rosenstein (IS) recently patented the use of the molecularly
dehydrated phosphates, such as metaphosphate and pyro
phosphate, for the prevention of the deposition of calcium
carbonate when the carbonate-ion concentration of a calciumcontaining water is increased, as by the addition of alkali.
Sodium hexametaphosphate, which is the most effective of the
commercially available molecularly dehydrated phosphates,
was first applied for this purpose by Rosenstein in preventing
precipitation of calcium carbonate when ammonia was added
as a fertilizing agent to irrigation water.
In this process, in contrast to the use of hexametaphosphate
for water softening, only a small fraction of the amount re
quired for complete calcium sequestration is employed. For
example, precipitation of calcium carbonate upon the addi
tion of 500 p. p. m. of ammonia to a bicarbonate water with
a hardness of 200 p. p. m. of calcium carbonate can be pre
vented by 2 p. p. m. of sodium hexametaphosphate; on the
other hand, actually to soften this water would require about
1,100 p. p. m. of sodium hexametaphosphate. The addition
of these small amounts of hexametaphosphate is also effective
in preventing calcium carbonate deposition resulting from a
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moderate increase in the carbonate-ion concentration of a
calcium bicarbonate solution by the addition of other alkalies
or of sodium carbonate, or by heating. Figure 2 illustrates the
effect strikingly. The term “threshold treatment” has been
applied to this process of the prevention of calcium carbonate
deposition by very small amounts of sodium hexametaphos
phate of the order of 1 to 5 p. p. m.
Although threshold treatment can prevent calcium car
bonate deposition, it does not soften the water measurably.
The precipitation of calcium soaps is practically unaffected
by the presence of threshold amounts of sodium hexameta
phosphate. Moreover, threshold treatment will not prevent
calcium carbonate precipitation upon the addition of excessive
amounts of alkali or of sodium carbonate or upon prolonged
boiling of a bicarbonate solution. Thus threshold treatment
is not applicable to detergent solutions. Neither can it be
used with orthophosphate to introduce the latter into a boiler,
since 1 to 5 p. p. m. of sodium hexametaphosphate is not
very effective in preventing calcium orthophosphate precipita
tion. There are, however, numerous industrial fields where
threshold treatment is applicable, such as the prevention of
calcium carbonate scale in cooling systems, heat exchangers,
feed-water heaters, and boiler feed lines, if temperatures are
not excessive. Afterprecipitation from lime-soda softened
waters also is inhibited. Moreover, this treatment has con
siderable value in combating corrosion in water lines, since
by its use the pH of a bicarbonate water may be raised with
out encountering the difficulty of calcium carbonate incrusta
tion of the lines. In field applications, threshold treatment
has shown the property not only of preventing calcium car
bonate scale, but of slowly removing that already present.
T em perature and C oncentrations of H exam eta
phosphate and C alcium Bicarbonate
Tests were conducted in order to determine efficacy of
hexametaphosphate in preventing the precipitation of calcium
carbonate resulting from heating bicarbonate waters, and
the effect thereon of temperature, calcium bicarbonate con
centration, and hexametaphosphate concentration. In these
tests calcium bicarbonate solutions, prepared from equiva
lent amounts of calcium chloride and sodium bicarbonate
contained in loosely stoppered glass bottles, were heated for
one hour in a water bath controlled to ±0.5° C., cooled,
filtered, and titrated with standard acid to the methyl orange
end point; the drop in alkalinity upon heating served as a
measure of the calcium carbonate deposition. The results of
individual determinations by this method were reproducible
to within about 10 p. p. m. of calcium carbonate, except for
untreated 600-p. p. m. water where the variation was about
double that encountered in the other tests; this behavior was
attributable to the instability of this water at room tempera
tures, since any precipitation occurring prior to heat treat
ment considerably affects the results. In general, the results
obtained from the waters treated with hexametaphosphate
were somewhat more reproducible than those for the un
treated waters, probably because of the greater stability of
these waters at room temperature. In all cases in which
zero precipitation was indicated by titration, this was con
firmed by visual examination of the water and bottle after
the heat treatment; it had been found that deposits so small
as to be within the limits of error of the titrations could rather
easily be detected visually.
The effect of variations in the concentration of sodium
hexametaphosphate upon the deposition of calcium carbonate
resulting from the heat treatment for one hour at 80° C. of
a calcium bicarbonate solution with a hardness of 600 p. p. m.
of calcium carbonate is given in Table I and Figure 3. From
these results it is evident that 2 p. p. m. of sodium hexameta-
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phosphate has just as much effect in inhibiting the deposition
of calcium carbonate as do higher concentrations; the results
even indicate that this amount is slightly more efficacious.
Although the differences are within the limits of experimental
error, in all cases in which parallel tests of 2 p. p. m. and higher
concentrations were made, the former was slightly more effec
tive. These tests were run under severe conditions where even
2 p. p. m. would not give complete protection against pre
cipitation, and it should not be inferred from these results
that less than 2 p. p. m. are unsatisfactory in all cases. Under
less severe conditions, smaller concentrations are often suffi
cient to prevent deposition entirely. If concentrations as high
as 10 or 20 p. p. m. are used, a nonadherent, flocculent pre
cipitate (apparently calcium hexametaphosphate) will be
formed. In practical applications no trouble has been en
countered with this calcium hexametaphosphate precipitate.
T a b l e I. E f f e c t o f H e x a m e ta p h o s p h a t e C o n c e n t r a t i o n
o n P r e c i p i t a t i o n o f C a lc iu m C a r b o n a t e b y H e a t T r e a t 
m e n t o f C a lc iu m B i c a r b o n a t e S o l u t i o n s
CaCOa Pptd.
CaCOa Pptd.
(NaPOa)x
(NaPOa)x
P . p. 7H.
P . p. in.
P. p. m.
P. p. m.
3.0
58
289
0
4.0
61
180
0.5
10.0
59
122
1.0
20.0
60
49
2.0

The effect of the calcium bicarbonate concentration upon
the calcium carbonate deposition resulting from heat treat
ment of the solution for one hour at various temperatures
from 40° to S0° C., and the effect of 2 p. p. m. of sodium
hexametaphosphate upon this precipitation are given in
Table II and Figure 4. From these results it is evident that
for each temperature there is a maximum calcium bicarbonate
concentration above which precipitation cannot be entirely
prevented by 2 p. p. nr. of the metaphosphate, and that this
T a b l e II. E f f e c t o f H e x a m e ta p h o s p h a t e u p o n
D e p o s i t io n o f C a lc iu m C a r b o n a t e o n H e a t i n g C a lc iu m
B ic a r b o n a te S o lu tio n s
---- CaCOjPptd., p. p. m.—
Conçu., (NaPOa)x,
. in. CaCOj p. p. m. 40° C. 50° C. 60° C. 70° C. 80° C.
0
0
100
2
0
19
0
7
0
150
6
14
38
02
’ 0
0
200
0
0
0
0
0
0
42
88
9
300
2
0
144
0
'28
75
400
2
6
0
0
0
0
220
02
500
22
*0
5
263
289
Î39
190
600
2
0
5
16
53
22
' 0
5
S
77
148
800
11
66
5
1,000
'O j ) i

0

< ji

0

ii.5

i5 9

maximum concentration for complete protection against depo
sition decreases with increasing temperature. It is also ap
parent that even where 2 p. p. m. does not afford complete
protection against precipitation, it still causes a marked re
duction in the amount of calcium carbonate deposited.
In industrial applications of threshold treatment, complete
protection against calcium carbonate deposition may be en
sured by maintaining the calcium bicarbonate concentration
below that value at which precipitation starts at the par
ticular temperature involved; this is accomplished in recircu
lating systems by adequate blowdown. In applications where
complete freedom from deposits is not essential, the system
automatically adjusts itself. Scale is deposited upon the
heated surface until the heat transfer is lowered to such an
extent that the hexametaphosphate can afford complete pro
tection; further deposition is then prevented.
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The more common constituents of natural waters, other
than calcium, magnesium, carbonate, and bicarbonate, do
not appear to exert much effect upon threshold treatment.
Sodium chloride or sodium sulfate in amounts upon to 2,000
p. p. m. or moderate amounts of silicate have no adverse

F ig u r e 3. E f f e c t o f C o n c e n t r a 
t io n o f S o d iu m H e x a m e t a p h o s 
p h a t e o n t h e T h e r m a l P r e c ip it a 
t io n o f C a l c iu m C a r b o n a t e
W ater containing calcium bicarbonate equiva
lent to COO p. p. m. calcium carbonate
heated 1 hour a t 80° C.

influence. The treatment will inhibit the precipitation of
magnesium carbonate but is not very effective in preventing
the precipitation of magnesium hydroxide.
A dsorption o f H exam etaphosphate on M etal and
C alcium Carbonate Surfaces
After exposure to threshold-treated waters, certain metal
surfaces exhibit a definite hysteresis with respect to scale
formation. When threshold treatment of the water is dis
continued, the rate of calcium carbonate deposition upon
these heated metal surfaces does not immediately return to
the normal value to be expected with the untreated bicarbon
ate water. This is illustrated by the data given in Table III,
which show the calcium carbonate deposition resulting upon
heat treatment of calcium bicarbonate solutions, prepared
from calcium chloride and sodium bicarbonate, for one hour
at 60° C. ± 0.5° in a copper container; this container was
thoroughly rinsed with distilled water between successive
runs. From these results it is evident that the dilute hexa
metaphosphate solution has affected the copper container in
such a manner that when it is refilled with a bicarbonate
water containing no hexametaphosphate, the calcium carbon
ate precipitation is much lower than is usual for such a water.
The normal deposition is not attained until a second portion
of the untreated calcium bicarbonate solution is heated in the
container.
T a b l e III. H y s t e r e s i s o f t h e E f f e c t o f T h r e s h o l d
T r e a t m e n t u p o n t h e D e p o s i t io n o f C a lc iu m C a r b o n a t e
on a C opper S u rfa c e
Successive
Kun No.
(NaPOi)*
CaCOi Pptd.
P . p. m.
P . p. m.
1
0
103
2
2
0
3
O
54
4
0
104

This hysteresis effect appears to be due to the adsorption
of hexametaphosphate, either as the calcium salt or as a
calcium complex, upon the copper surface. The presence of
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F ig u r e 4. I n h ib it in g E f f e c t o f
T h r e s h o l d T r e a t m e n t w it h 2
p. p. m . o f S o d iu m H e x a m e t a p iio s p h a t e o n t h e T h e r m a l P r e c ip it a 
t io n o f C a l c iu m C a r b o n a t e at
V a r io u s T e m p e r a t u r e s a n d C o n c e n 
t r a t io n s o f C a l c iu m B ic a r b o n a t e

calcium appears to be necessary for this hysteresis effect,
since it does not occur when the metal surface is heated in
contact with a distilled water solution of sodium hexametaphosphate; subsequent runs with calcium bicarbonate solu
tion give normal deposition of calcium carbonate under these
conditions. The adsorption of hexametaphosphate on both
copper and brass surfaces appears to be quite strong; even
treatment with 0.1 N hydrochloric acid does not destroy the
hysteresis effect. In tests in which glass containers were
used, no such hysteresis was observed after exposure to hexa
metaphosphate.
When threshold-treated waters are brought in contact with

calcium carbonate surfaces, the hexametaphosphate appears
to be adsorbed on them. As a result of this adsorption, when
waters stabilized against precipitation by threshold treatment
are passed over large areas of calcium carbonate surface, a
certain lag is observed before complete prevention of deposi
tion is attained. The first portions of water in contact with
the surface give considerable precipitation, but this gradually
decreases to zero as successive portions are passed over the
surface.
This adsorption of hexametaphosphate on calcium carbon
ate is illustrated by the results of experiments designed to
simulate conditions in the filtration of lime-soda softened

IN IT IA L V A L U E -

F ig u r e 5. I n h ib it in g E f f e c t
o f S o d iu m H e x a m e t a p h o s 
p h a t e u p o n D e p o s it io n o f
C a l c iu m C a r b o n a t e o n I n 
c r u s t e d F il t e r S a n d

P W E N O L P H T H A L E IN

£cc

a

Calcium bicarbonate water contain
ing (A) 50 p. p. m. or (B) 100 p. p. m.
of calcium carbonate was passed
through 100 grams of —14 +20 mesh
incrusted filter sand at the rate of
100 ml. per m inute.'

OF WA-TEft THROUGH S A N D —L IT E R S
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water through filter sand incrusted with calcium carbonate.
In these tests waters supersaturated with respect to calcium
carbonate were passed at a constant rate through a column
of washed and sized, incrusted filter sand obtained from a
municipal water purification plant, and the alkalinity of the
effluent was determined at definite intervals; the drop in
alkalinity served as an index of the amount of calcium carbon
ate deposition taking place. The results of such experiments
for a water containing 50 p. p. m. of calcium carbonate pre
pared from calcium chloride, sodium carbonate, and sodium
hydroxide, and for the same water treated with 2 p. p. m.
of sodium hexamctaphosphate are shown in Figure 5A . These
results show that, after the first few portions of the untreated
water are passed through the incrusted sand, the alkalinity
of the effluent becomes constant at a value appreciably lower
than that of the initial water; considerable calcium carbonate
deposition upon the sand is thus indicated. In the case of
the water containing 2 p. p. m. of sodium hexametaphosphate,
the drop in alkalinity, though considerable for the initial
portions of water passing through the incrusted sand, de
creases rapidly at first and then more gradually, until no drop
is observed; the deposition is then indicated to have fallen
off to zero. Upon saturation of the calcium carbonate surface
with hexametaphosphate, further deposition on it from the
water is prevented; the surface is apparently rendered in
active in relieving the supersaturation of the water with re
spect to calcium carbonate.
The first 100 ml. of untreated water passed through the
sand shows an abnormally high drop in phenolphthalein
alkalinity as compared with the value obtained when more
water has been passed through the sand. At the same time
the methyl orange alkalinity shows no such abnormality but
only a slight and gradual decrease. This suggests that the
high initial drop in phenolphthalein alkalinity may be due
to the release of some acidic constituent, perhaps carbon di
oxide, previously adsorbed on the filter sand.
When a water containing 100 p. p. m. of calcium carbonate
is treated with 2 p. p. m. of sodium hexametaphosphate and
passed through the incrusted sand, the initial alkalinity drop
and subsequent decrease of this drop are even more marked
than for the softer water, as shown in Figure 5B. In the
case of this harder water no tests were made in the absence
of sodium hexametaphosphate; for under such conditions the
water was too unstable, and precipitation occurred even before
it was passed through the incrusted filter sand. When 4
p. p. m. of sodium hexametaphosphate and a 50-p. p. m.
calcium carbonate water are used, the results are similar in
nature to those obtained with this water when treated with 2
p. p. m.; the chief difference is that the alkalinity drop
decreases to zero more rapidly. Preliminary experiments in
dicate that for this 50-p. p. m. calcium carbonate water, 1
p. p. m. of sodium hexametaphosphate is sufficient to prevent
deposition entirely, although the decrease in the alkalinity
drop to zero is slower than when 2 p. p. m. is used.
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When the usual stability test to determine the incrustant
or corrosive properties of a water (7) is applied to thresholdtreated waters, results open to somewhat misleading conclu
sions are obtained. In this test the change in alkalinity of
a water produced when shaken with finely divided calcium
carbonate is determined; a decrease in alkalinity indicates
the deposition of calcium carbonate from the water. In this
test, as generally employed, the ratio of the calcium carbonate
surface to the water volume is quite high and, as might be
expected, when fresh calcium carbonate is used, a threshold-

F ig u r e 6. S ta b iliz a tio n o f C a l 
c iu m B i c a r b o n a t e W a t e r C o n 
t a i n i n g 20 0 p. p. m. o f C a lc iu m
C a r b o n a t e b y 2 p. p. m. o f
S o d iu m H e x a m e t a p h o s p h a t e

treated water will show a considerable drop in alkalinity;
the amount of hexametaphosphate is insufficient to saturate
the calcium carbonate surface when adsorbed on it. If, how
ever, the same calcium carbonate is used repeatedly with
successive portions of threshold-treated water, the alkalinity
drop will decrease as the calcium carbonate surface approaches
saturation with respect to adsorbed hexametaphosphate. In
view of the usual high ratio of calcium carbonate surface to
water volume in this test (much higher than is generally en
countered in practice), a rather large number of portions of
threshold-treated water will be required before the alkalinity
drop will decrease to zero, although it will decrease to a low
value quite rapidly.
After exposure to threshold-treated waters, calcium car
bonate surfaces exhibit a hysteresis which is similar in nature
to that previously discussed for copper surfaces. When in
crusted filter sand, through which threshold-treated water
has been passed until no drop in alkalinity occurs, is exposed
to the action of a 50-p. p. m. calcium carbonate water contain
ing no hexametaphosphate, appreciable amounts of this
untreated water may be passed through the sand before any
deposition occurs. These hysteresis effects are sufficient to
compensate for slight variations in the rate of addition of the
hexametaphosphate; the necessity for very precise and costly
feeding devices is thus obviated, although they do not appear
strong enough to justify intermittent feed.
The rate of solution of calcium carbonate in distilled water
is considerably retarded by the presence of threshold amounts

Cross section of
Cross section after 9 months,
Surface after
original scale
showing attack at both surfaces
9 m onths
F i g u r e 7. E f f e c t o f W a t e r C o n t a i n i n g 2 p. p. m. o f S o d iu m H e x a m e ta p h o s p h a t e o n C a lc iu m C a r b o n a t e S c a l e i n P ip e L in e
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of hexametaphosphate, presumably as a result of the effect
of an adsorbed film of the latter on the surface of the calcium
carbonate. This retardation in the solution rate may be
shown rather simply by adding 5 grams of incrusted filter
sand (—12 +20 mesh) to 100 ml. of distilled water containing
phenolphthalein. When the water contains 2 p. p. m. of
sodium hexametaphosphate, the development of the pink
color is much slower than in its absence; ¡if 10 p. p. m. is
present, an even greater retardation in the color development
is observed.
<
M echanism
Colloidal suspensions of calcium carbonate can be prepared
with threshold amounts of hexametaphosphate as a protective
agent, but they do not exhibit great stability if they are very
concentrated. M ien a cold solution of calcium chloride,
equivalent to 400 p. p. m. of calcium carbonate, containing
2 p. p. m. of sodium hexametaphosphate, is treated with an
equivalent amount of sodium carbonate, a faintly opalescent
solution showing a strong Tyndall cone is obtained. Tf such
a solution is kept cold, no sign of precipitation will occur in
6 hours, although on standing 18 hours some crystallization
of calcium carbonate will be observed. If the solution is
slightly warmed, crystallization will occur much more rapidly.
Measurements of pH on 200-p. p. m. calcium carbonate
waters, prepared by mixing equivalent amounts of calcium
chloride and sodium carbonate, show considerably different
results when 2 p. p. m. of sodium hexametaphosphate is present
than in its absence as is apparent in Figure 6. Five minutes
after preparation the 200-p. p. m. calcium carbonate water con
taining 2 p. p. m. of metaphosphate shows a pH of 10.25, and
that containing no hexametaphosphate, a pH of 10.1. After
standing for 15 hours the pH of the former is 10.1 and of the
latter 9.3. After 5 days the values are 9.9 and 9.0, respec
tively, the threshold-treated sample still showing no visible
deposition. If the same amount of calcium carbonate was
formed in each case and the only difference was in its being
colloidally dispersed in the presence of the hexametaphosphate
rather than being precipitated, one should not expect such a
difference in pH, calcium carbonate having been removed from
true solution in both cases. If, however, the presence of the
hexametaphosphate in threshold amounts allowed the main
tenance of a high degree of supersaturation, such pH differ
ences would be expected. In the experiments with incrusted
filter sand, previously discussed, upon saturation of a calcium
carbonate surface with hexametaphosphate it became inactive
in relieving supersaturation with respect to calcium carbonate
of waters brought in contact with this surface. Thus it ap
pears that the function of hexametaphosphate in threshold
treatment may be to provide increased stabilization for a con
dition of supersaturation; deposition upon anj’ calcium car
bonate nuclei formed is inhibited by adsorption on it of
hexametaphosphate which thus prevents their growth beyond
colloidal dimensions.
When threshold-treated calcium bicarbonate solutions are
heated, as in the tests previously considered, the pH values
of the solutions remain near that of the phenolphthalein end
point; heating of the untreated bicarbonate waters results in
a decrease' in pH below this value in all cases in which ap
preciable precipitation occurs. Since the partial pressure of
carbon dioxide from a solution containing a given amount of
total carbon dioxide decreases with increasing pH, there is
probably considerably less carbon dioxide loss from the solu
tions containing threshold amounts of hexametaphosphate
thtm from the untreated. Determinations of phenolphthalein
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alkalinities indicate that little carbon dioxide is lost on heat
ing the threshold-treated waters, although such determina
tions might be affected if colloidal calcium carbonate protected
with adsorbed hexametaphosphate were present.
Scale Rem oval
In the industrial use of threshold treatment when it is ap
plied to a system which is considerably incrusted with calcium
carbonate deposits, not only is further deposition prevented,
but the old scale is slowly removed. Figure 7 shows two
samples of scale which were removed from a 14-inch line
carrying the effluent from a cold-process lime-soda softener at
a rate of 1,400 gallons per minute; one was taken before the
start of threshold treatment, and the other 9 months after
treatment with 2 p. p. m. of sodium hexametaphosphate was
started. The reduction in the thickness of the old scale by
threshold treatment is evident. The original scale was hard
and compact throughout. After treatment the scale was
soft and crumbly on both sides; in fact, before drying, this
material on the sides was more of a slime. It appears from
this sample that the hexametaphosphate, present in threshold
amounts, has worked in behind the scale, loosening it from the
metal surface as well as causing its disintegration on the side
in contact with the water. Scale removed by threshold treat
ment tends to come off as a granular sludge or in flakes, the
hexametaphosphate appearing to loosen the bonds between
the individual calcium carbonate crystals and between
the metal and the calcium carbonate, perhaps because of its
strong adsorption on such surfaces. Practical experience indi
cates that the rate of scale removal by threshold amounts of
hexametaphosphate increases with increasing temperatures
and water velocities.
In the preceding discussion the emphasis has been largely
upon laboratory studies of threshold treatment. Of the
various manifestations of surface-active behavior demon
strated by sodium hexametaphosphate, the use of from 1 to 5
p. p. m. of this substance to prevent the precipitation of
calcium carbonate from water after softening or upon heating
has found wide industrial use during the past 2 years. Some of
the results obtained in practice will be presented in the follow
ing paper by Rice and Partridge.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
R
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THRESHOLD TREATMENT
Elimination of Calcium
Carbonate Deposits from
Industrial Waters

OWEN RICE AND EVERETT P. PARTRIDGE
Ilall Laboratories, Inc., Pittsburgh, Pa.

W

HEN the system calcium oxide-carbon dioxide-water ing operation, is another variation of this problem which has
manifests itself in the chalk cliffs of Dover or the archi contributed no little to the troubles of water-works operators.
tecture of the Carlsbad Caverns, it arouses emotions Altogether, calcium carbonate has been a consistent nuisance
in the observer which may be more lofty but are no more tointhe engineer.
tense than those produced in an engineer by the unseen work
ings of this same system when it converts a 12-ineh into an
T raditional M ethods of P reventing and
8-inch pipe line or reduces the heat transfer in a heat exchanger
R em oving Scale
to 40 per cent of its design value.
The means employed to cope with calcium carbonate have
The tendency for calcium carbonate to come out of solution
in inconvenient places creates an operating problem wherever varied with the local conditions and the degree to which the
waters containing appreciable concentrations of calcium and engineer in charge regarded scale as a necessary evil. In
bicarbonate or carbonate ions are used industrially. In the some industrial plants, tannin or compounds containing tannin
power plant, the distillery, the oil refinery, and throughout as the chief constituent have been added to cooling water
the process industries in general, calcium carbonate scales in the hope that the calcium carbonate precipitated would be
form on the water side of condensers or heat exchangers in peptized sufficiently to prevent or retard the accumulation
just those regions where, for efficient operation, heat transfer of deposits. Some railroads have used tannin similarly in
should be least impeded. With regard to afterprecipitation, the attempt to prevent afterprecipitation in pipe lines carry
it is probably safe to say that nearly every pipe line following ing softened waters, and in injectors, boiler feed lines, and
a cold process lime or lime-soda softener and many of the feed water heaters on the locomotives. The concentration of
lines following hot-process softeners have accumulated cal tannin necessary to achieve satisfactory results is, however,
cium carbonate scale to an extent which has either increased high enough to make the treatment rather expensive and to
pumping costs, seriously reduced capacity, or pyramided introduce a definite color into the water, which may be ob
these undesirable effects. Incrustation of filter sand, distri jectionable if the water is to be used in some types of indus
bution systems, and domestic water heaters, following a soften trial processing or for domestic consumption.
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An alternative method of attack to colloidal treatment
with tannin is partial neutralization. In the case of cooling
water in industry, this usually takes the form of treatment
with sulfuric acid. In the water works, recarbonation is
employed. In both cases the usual price paid for freedom
from scale deposition is corrosion accelerated by the lowered
pH of the water.
Instead of continuous or semicontinuous treatment with
sulfuric acid to hinder scale formation, periodic removal of
scale with hydrochloric acid is practiced in both process and
power plants. In the choice between adequate time for dis
solution of the scale and the necessity for returning equipment
to service, the tendency is generally towards an incomplete
job. Careful supervision is essential to ensure proper wash
ing after the removal of the acid, and even where this is given
and where inhibitors are used to limit the attack of the acid
upon iron or steel surfaces, repeated cleaning must result in
appreciable corrosion.
Cooling water for the condensers of steam power plants has
been zeolite-softened in a number of instances in the effort
to obviate scale formation. The cost of this process, however,
precludes its use except where a cooling tower is employed in
which there is little loss of water by windage in addition to
the necessary evaporation loss. In such a system most of the
dissolved salts present in the make-up inevitably concentrate
in the circulating water. As a result, calcium carbonate scale
forms in time, although obviously much less rapidly than if
unsoftened make-up had been used.
The ultimate alternative to the various chemical methods of
combating calcium carbonate scale has been to let it form
D eposition o f ca lciu m carbonate from bicarbon
ate w aters used as cooling m ed ia in condensers or
h ea t exchangers is a w idespread in du strial problem ,
as is th e aftcrprecipitation o f calciu m carbonate in
fdlers and pipe lin es follow in g lim e and lim c-sod a
soften ers. To obviate form ation o f these deposits,
various m eth od s have been em ployed in th e past,
involving u se o f tan n in , partial n eu tra liza tio n w ith
acid, or recarbonation, or deposits have b een peri
odically rem oved by m ech an ical m ea n s or hy d is
solving th em in acid.
A new m eth od , developed w ith in th e p ast two
years, depends upon th e fact th a t sod iu m hcxam etap h osp liate, present in th e w ater to th e exten t
o f only a few parts per m illio n , w ill prevent precipi
tation w h en a h igh -b icarb on ate w ater is treated
w ith alkali or heated to a tem p eratu re n o t exceed
in g the boiling point. T h is threshold trea tm en t
has been applied su ccessfu lly to rem ove old deposits
as w ell as to prevent new ones in railroad, in d u s
trial, and m u n icip al w ater-soften in g p lan ts and
d istribu tion system s, and in pow er-p lant, d istil
lery, and oil-relinery condensers.
In o n ce-th rou gh system s a co n tin u o u s feed o f
from 5 to as little as 1 pound o f sod iu m h exam etap h ospliate per m illio n pou nd s o f w ater is em ployed.
W here cooling w ater is recirculated throu gh a
spray pond or cooling tower, an a m o u n t is in tro 
duced in th e m ak e-u p su fficien t to m a in tain a sim i
lar range o f con centration s in th e circu latin g w ater.
A n advantage o f th e threshold trea tm en t is th e
relatively h ig h p ll w h ich m ay he m a in tain ed in
order to decrease corrosion w ith o u t cau sin g pre
cip itation o f calcium carbonate.
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until it so seriously interferes with operations that mechanical
cleaning is undertaken. Such cleaning is a major item of ex
pense. In some cases it has even been found less costly to
install a new line than to remove the scale from an old one.
New S olution to th e Problem
Within the past two years a radically new and unusually
effective method of preventing the deposition of calcium car
bonate and of gradually removing old scale has been developed
on the basis of the discovery by Rosenstein (6) that a few
parts per million of glassy sodium metaphosphate, (NaP03)„
added to a- water high in bicarbonate and calcium would
prevent precipitation of calcium carbonate even when 500
p. p. m. of ammonia were added. This discovery was made
during the development of the use of liquid ammonia as a
fertilizer to be applied in irrigation water. According to
Rosenstein (4), where water was carried in closed lines, the
addition of the ammonia caused extensive precipitation of
calcium carbonate. In a search for some means of preventing
this deposition, two types of substances were investigated in
the laboratory. The first type comprised organic colloids,
such as hay infusion, tannin, various types of glue, albumen,
and caseinate. The second type included soluble substances
which might be expected to have surface activity, such as
citrates, urea, and the molecularly dehydrated phosphates.
When the various substances were systematically tested, more
or less positive results were obtained with all of them, but
only in the case of the molecularly dehydrated phosphates
were the results sufficiently startling to induce further in
vestigation. In the attempt to determine how much of these
substances was required, the surprising effect of minute
amounts was soon discovered. Immediate success attended
field trials with sodium hexatnetaphosphate, which is now
used regularly in concentrations of only a few parts per million
with the ammonia treatment.
Laboratory investigation (2) has since demonstrated that
precipitation of calcium carbonate is inhibited consistently
by the presence of 2 p. p. m. and in many cases by less than
1 p. p. m. of sodium hexametaphosphate, not only when
ammonia is added to a water high in calcium and bicarbonate:
ions, but also when the carbonate-ion concentration of such
a water is increased by treatment with sodium carbonate,
sodium hydroxide, or lime, or by heating.
The term “threshold treatment” which has been applied
to this use of metaphosphate has a double significance, since
the precipitation of calcium carbonate is evidently stopped on
the threshold of crystallization, and a concentration of 1
p. p. m. is on the threshold of satisfactory measurement. The
truly phenomenal effect of such vanishingly small concentra
tions of metaphosphate in not only preventing the formation
of new scale but even in removing old deposits of calcium
carbonate has been demonstrated in many applications, a
few of which are described in the following sections.
A pplications in Condenser Cooling W ater
Both figuratively and, in many cases, literally it may be
said that rivers of water flow continuously through the con
densers which are an essential part of distilleries, oil refineries,
and steam power plants. In each of these industries, threshold
treatment has proved effective and economical.
On ce -T hrough S ystem in D is t il l e r y . The Peoria, 111.,
plant of the Commercial Solvents Corporation was the pioneer
industrial plant in the use of the threshold treatment. The
available water supply, drawn from wells, is high in calcium
and bicarbonate ions, as indicated by the analyses in Table I.
The double-pipe mash cooling system in this plant is designed
to maintain certain final mash temperatures by automatic
regulation of the flow of cooling water. With the system
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thoroughly clean, the effluent water will have a temperature of
170-175° F. (77-80° C.). As scale develops, increasing the
resistance to heat flow, the water demand will progressively
increase, and the temperature of the water leaving the system
will drop. If much scale develops, it will be impossible to
cool the mash to the desired point. Much of this water is
used as feed in the boiler plant as well as for mixing fresh
mash, and any unnecessary lowering of final water tempera
tures means an accompanying loss in the over-all plant heat
economy.
T a b le

I.

C o m p o s itio n o f W e l l W a t e i i s
(In parts per million)
B
C
A
428
475
388
Bicarbonate (HCOi)
173
139
311
Sulfate (SO«)
21
36
28
Chloride (Cl)
15
14
10-12“
Silica (SiOt)
142
115
135
Calcium (Ca)
40-50“
40-50“
40-50“
M agnesium (Mg)
1-2“
<1“
<1“
Suspended m aterial
a Estim ated.

When threshold treatment with metaphosphate was started
on October 10, 1936, the temperature of the effluent water
was 160° F. (71° C.). With metaphosphate fed at a rate of
2.0 p. p. m,, the temperature slowly began to rise, indicating
that scale was actually being removed. Later on it was found
that metaphosphate fed at a rate of 1.6 p. p. m. was sufficient
to maintain surfaces in a scale-free condition.
A large percentage of the water pumped by the Commercial
Solvents Corporation plant is used for cooling and condensing
purposes. While the mash coolers are the most important
individual equipment protected against scale, all of the water
is actually treated in a central system as Figure 1 illustrates.
The metaphosphate treatment has eliminated most of the
difficulties encountered due to the inherent hardness of Peoria
well water.
R ec ir cu la tin g S y st e m in Oi l R e f i n e r y . In a large
Texas refinery, in spite of the relative softness of the water,
the surface condensers used for precooling the vapors on large
cracking stills used to scale up so seriously in 30 days that
it was necessary to close down a unit and either drill out the
tubes or cut them out and replace them with new ones. Since
adoption of threshold treatment for the cooling water system,
which contains about 3,000,000 gallons and circulates about
6,500 gallons per minute, the condenser tubes have remained
consistently clean in spite of the fact that the vapors enter
the condensers at approximately 430° F. (220° C.) and the
temperature of the effluent water averages about 170° F.
(77° C.). In addition, old scale left on the heads of the con
densers during previous cleanings is being removed by the
threshold treatment.
R ec ir c u la tin g S y s t e m in P o w er P l a n t . The water sup
plies available for cooling purposes at the Dawson, N. Mex.,
plant of the New Mexico Power Company, and the Walsenburg, Colo., plant of the Trinidad Electric Transmission,
Railway and Gas Company are similar in nature. Both are
moderately high in calcium and bicarbonate ions, as indicated
by the representative values in Table II. When used without
treatment, these waters deposit a hard, adherent scale which
microscopic examination and chemical analysis show to be
largely calcium carbonate in the form of calcite, together with
small amounts of magnesium hydroxide in the form of brucite
and with still smaller quantities of silica and iron oxide. In
the past in an effort to obviate the scaling of the condenser
at the Dawson plant, the make-up to the system had been
zeolite-softened. Although this retarded the rate of scale for
mation. it was still necessary to clean out about Vie hich of
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calcium carbonate twice yearly by treatment with 10 per
cent hydrochloric acid followed by brushing with wire brushes.
At the Walsen plant where raw water make-up had always
been used, it has been estimated that on a basis of cleaning
with acid and brushes every 270 days and considering the
progressive loss in vacuum between cleanings, S2.90 per day
could be allowed for any treatment which would prevent
scale formation.
The experiences with threshold treatment in these two
plants have proved most valuable, although as is usually the
case in any pioneering application, initial difficulties were
encountered in the process of establishing satisfactory operat
ing limits. To appreciate the respective results, the character
istics of the two systems must be clearly visualized. These
are compared in Table III. Before threshold treatment was
commenced, it was observed that the circulating water at
Walsen concentrated only about six times as a result of ap
preciable windage loss from the cooling tower; the windage
loss from the spray pond at Dawson was lower, allowing about
ten concentrations of the water.
Threshold treatment was started first at the Dawson plant
on May 18,1937, at the rate of 5 pounds of sodium hexametaphosphate per day, fed continuously to the circulating water
from a tank through a small orifice. Inspection after 2
months revealed that the scale which had been present was
starting to disintegrate, but an algae slime was developing.
Treatment with copper sulfate was commenced to eliminate
this trouble. Subsequently, each month from August through
November the condenser was cleaned because old scale break
ing off had so retarded circulation in many of the tubes as
to cause sludge accumulations with resultant loss in heat
transfer, although most of the tubes in both passes were
T a b le

II.

o f R aw W aters
C o o l in g
Dawson
Bicarbonato (HCOi)
217
Sulfate (SO<)
59
Chloride (Cl)
4
10
Silica (SiOi)
Calcium (Ca)
57
M agnesium (Mg)
10-15“
Suspended m aterial
1-2“
Soap hardness (CaCOi)
200
° Estim ated.

T a b le

C o m p o s it io n

for

C on denser
W alsen
173
14
2
3-4 “
130

III.

C h a r a c t e r is t ic s o f C o n d e n s e r C o o l in g
S ystem s
Dawson
W alsen
500,000
300,000
C apacity of system, gal.
R ate of circulation, gal./m in.
6,000-6,700 8 ,000 - 12,000
M ake-up to system , gal./day
60,000
75,000
Area of condenser surface, sq. ft.
6,370
10,400
Turbine rating, kw.
6,000
4,000

clean as far in from the intake end as could be seen. Figure
2 shows loose fragments of scale found lying in the condenser
head. The feed was increased to 10 pounds per day in Septem
ber. A sample of tube removed at the end of this month
showed how the old scale was being attacked. In cross section
the scale, which was about */« inch thick, showed two distinct
layers; the one next to the tube was darker than the one
above it. Longitudinal sectioning of the tube, as in Figure
2, revealed that the.lighter colored surface layer was heavily
pitted and could easily be scraped off with a knife; the
darker bottom layer was hard and brittle. Microscopic ex
amination revealed that both layers were essentially calcium
carbonate. Apparently the upper layer resulted from the
disintegrating effect of the metaphosphate on the surface
of the old scale.
A thorough inspection of the condenser on January 11,1938,
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F ig u r e 2. R e m o v a l o f S c a l e
f r o m C o n d e n s e r T u b e s by
T h r e s h o l d T r e a t m e n t 'w it h
S o d iu m H e x a m e t a p h o s p h a t e
(Above) Loose fragments of scale from
tubes found in condenser head after
several m onths of threshold treatm ent.
(Below) A ttack on scale by threshold
treatm ent. Note inside light-colored
friable layer on top of darker, very
hard layer visible a t sectioned edge.
Scale has been chipped off from right
portion and scraped with knife in
center.

showed the first pass to be completely clean to the metal,
as were most of the tubes in the second pass. Some twenty
or thirty of the nine hundred tubes in the second pass were
partially or completely stopped up by pieces of old scale or
debris from the circulating water across their inlet ends, with
resultant sludge accumulations in the tubes. Because of
the generally excellent condition of the condenser, the feed
of metaphosphate was reduced to 6 and then to 3 pounds
per day.
Five weeks later it was found that new scale was forming.
Tests on the circulating water reyealed the absence of sodium
hexametaphosphate. The feed was increased again to 10
pounds per day; after the condenser was cleaned early in
March, zeolite softening of the make-up was resumed, to
gether with the threshold treatment, to allow a comparison of
results with the Waken plant where raw water only was used.
A check at this time showed a heat transfer rate about 100
B. t. u./(square foot) (hour) (° F.) higher than had ever
previously been found with this condenser. At the conclusion
of a 90-dajr run the heat transfer had improved further by
20 B. t. u./(square foot) (hour) (° F.) and by the middle of
August had increased 10 B. t. u./(square foot) (hour) (° F.)
more. A tube removed at this time and sawed into small
pieces was clean except for a few small pieces of old scale that
still adhered in isolated spots.
About 2 months after threshold treatment was initiated
at Dawson, it was started at Walsen. Because of the ex
perience with disintegration of old scale at the former plant,
an attempt was first made to clean the condenser at Walsen
as thoroughly as possible by means of acid and wire brushes.
The initial rate of feed of 5 pounds per day was increased to
10 in September. When inspected on December 17, the tubes
actually contained less scale than at the conclusion of the
cleaning in July.
During January, 1938, the feed of metaphosphate was re
duced first to 6 and then to 3 pounds per day. By the end of
February new scale was found to be forming, and the feed
was increased to 7 pounds. On March 21, the condenser
was cleaned, the scale being removed easily. Periodic checks
since that date have shown that the heat transfer has in
creased progressively, demonstrating that no new scale is
forming, and old scale not removed by the acid cleaning is
coming off.
That the very small amount of sodium hexametaphosphate
used in threshold treatment of recirculating systems cannot be
indefinitely decreased was demonstrated forcibly by the forma
tion of new' scale at both Dawson and Walsen early in 1938,
following reduction of the feed to 3 pounds per day. While
the safe limit will vary with the characteristics of different

systems, it seems evident that under the conditions existing
in these two plants, between 5 and 10 pounds per day will be
required. On the basis of additional experience at a number of
other plants w'here freedom from condenser scale has been
secured by threshold treatment, it may be taken as a general
rule that from 1 to 2 pounds of sodium hexametaphosphate
•will be required per day per 1,000 kw. of plant rating. Be
cause of the seasonal shift in temperature, the requirements
wall tend to approach the lower limit during the winter and
the higher limit during the summer.
G e n e r a l C o n s i d e r a t i o n s i n R e c i r c u l a t i o n S y s te m s .
As pointed out in the previous paper (2), threshold treatment
obviates deposition of scale from cooling water by stabilizing
supersaturation with respect to calcium carbonate. The
amount of this substance w'hich can be held in solution de
pends chiefly upon the temperature attained by the water
and the time it is held at this higher temperature. Labora
tory tests demonstrated that when calcium bicarbonate
waters were heated for 1 hour at various temperatures from
40° to 80° C. (104° to 176° F.), treatment with 2 p. p. m.
of sodium hexametaphosphate completely prevented pre
cipitation at concentrations from three to four times those at
w’hich deposition occurred from the untreated waters. The
total calcium carbonate held in solution varied progressively
from 300 p. p. m. at 80° C. to 800 p. p. m. at 40° C.
Although in an actual recirculating system the W'ater during
each passage through the condenser or heat exchanger is at
an increased temperature for only a few minutes instead of an
hour, there will be a corresponding limit with respect to the
total load of dissolved calcium carbonate which can be carried
without deposition. This means that adequate blow'down
must be provided to limit the concentration of the circulating
w’ater. In a spray pond or open cooling tower the loss by
windage without additional blowdown will frequently be
sufficient, but in the more elaborate tow’ers, w’here the windage
loss is low, water must be blown down periodically from the
basin to limit the concentration. The resultant increase in
make-up required will be negligible, except w’here the water
supply is already scarcely sufficient. For example, in the
case of the Dawson plant previously discussed, the total make
up, comprising evaporation and windage losses, was 60,000
gallons per day, one-fifth of the capacity of the system. If
the circulating water without blowdown show’ed ten concen
trations, it would indicate that the actual removal of w’ater
by windage was 6,000 gallons per day, the remaining 54,000
gallons per day being required to replace W’ater lost by
evaporation. To reduce the number of concentrations to five
would require a blowdown of only 6,000 gallons per day,
or an increase in total make-up of only 10 per cent.
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A pplications on Softened W ater
Industry in general, and the railroads, municipal watersupply plants, and steam power plants in particular, precipi
tate thousands of tons of calcium carbonate every day in
lime and lime-soda softeners; however, since it is difficult to
force the reaction to completion, some hundreds of tons of
this same substance are simultaneously deposited by after
precipitation in filters, valves, and pipe lines. That this
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that valves in the boiler feed lines, which had been “frozen”
with calcium carbonate, could be closed normally. Further
inspection revealed that the air compressor jackets had also
been freed of old scale. On the basis of these results, threshold
treatment was extended to the entire water supply at this
and other large stations on the system, the metaphosphate
being added to the effluent from the softeners. Similar suc
cessful application of the threshold treatment has since been
made on a number of other railroads.

F ig u u e 3. I n c r u s t a t io n o f F il t e r S a n d w it h C a l c iu m C a r b o n a t e
200 grams of incrusted filter sand {left) contained actually 11 grams of sand right

signal defect of a softening process as effective and economical
as it is old could be eliminated by 1 or 2 p. p. m. of anything
seems unbelievable; yet that such is the case has been
proved in a number of plants during the past year.
R a i l r o a d S o f t e n i n g a n d D i s t r i b u t i o n S y s te m s . The
lines which distribute water from the cold-process lime-soda
softeners used by many American railroads are consistently
built oversize to allow for loss in capacity as afterprecipita
tion lowers the effective cross-sectional area. By this ex
pedient the' interval between expensive cleanings by me
chanical means or with inhibited acid is prolonged. At one of
the shops of a railroad which is noted for its attention to water
treatment, the distribution system had become seriously
scaled, particularly the feed water heater and the boiler feed
lines at the power plant. Threshold treatment of the water
going to the power plant was started in February, 1937, at
the rate of 4 pounds of metaphosphate per million pounds of
water.
After 2 months, examination of the feed water heater, which
was of the tray type, showed that the old scale previously de
posited had been removed. Two months later it was found

F ig u r e 4. C e m e n t a t io n o f
F il t e r S a n d a s a R e s u l t o f
A f t e r p r e c ip it a t io n o f C a l 
c iu m C a r b o n a t e i n F il t e r s

In addition to its use following lime-soda softeners, meta
phosphate is giving excellent results in the smaller, so-called
wayside treating plants of the railroads. Here it is added to
the water together with the softening chemicals. Precipita
tion is prevented, and as a result the water is discharged to
the locomotive tender and fed ultimately through the branch
pipes and injectors to the boiler without intermediate depo
sition of calcium carbonate. Trouble previously encoun
tered with clogged valves and injectors has been practically
eliminated. The very small concentration of metaphosphate
has no observable effect in the boiler itself, the calcium car
bonate precipitating as the usual sludge which is removed by
blowdown.
M u n i c i p a l W a t e r S o f t e n i n g P l a n t . The operator of a
municipal water plant using lime-soda softeners has always
faced a dilemma, the two horns of which were afterprecipita
tion and corrosion. By recarbonating the water following
the softeners, he could prevent afterprecipitation more or
less completely, but if he were successful in stopping all pre
cipitation, he was likely to be plagued by “red water.” The
usual practice has been, accordingly, to recarbonate only
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partially. As a result, the filter sand becomes incrusted with
calcium carbonate (Figure 3) or even cemented into a solid
mass (Figure 4).
T a b le

IV.

E f f e c t o f T h re s h o ld T r e a tm e n t o n A f te rp r e c ip ita tio n a t W a te r S o fte n in g P la n t*

/------Alkalinity-------v
Hardness
Pptn. on
Settled
Filtered
Period
filtered
filter sand
1933
66
33
103
33
1934
69
35
122
34
1935
66
38
139
28
42
1936
73
112
31
1937
69
39
108
30
76
1938, Jan.
51
118
25
Feb.
70
34
95
36
March
68
35
94
33
April
66
38
99
28
May&
67
38
99
28
June
67
66
106
1
July
104
69
69
0
72
Aug.®
73
103
-1
° D ata obtained from the Ohio State Board of Health.
b Threshold treatm ent with 2 p. p. m. was commenced at noon, M ay 25.
c D ata for first 25 days.

The municipal water plant at Delaware, Ohio, represents
a typical case in which partial recarbonation has been em
ployed to minimize afterprecipitation. Prior to May 25,
1938, when threshold treatment with 2 p. p. m. of sodium
hexametaphosphate was initiated, the drop in total alkalinity
through the filters varied between 28 and 36 p. p. m. of cal
cium carbonate. As indicated in Table IV by the monthly
average of daily determinations of alkalinity on the settled
and the filtered water, the afterprecipitation since the start
of the threshold treatment has been practically zero; pre
viously, in the course of a year approximately 33 tons of
calcium carbonate precipitated on the filter sand.
The change in the behavior of the water after the start of
threshold treatment is indicated in Figure 5 by the values for
total alkalinity of the water in the settling basin ahead of the
filters, in the storage basin following the filters, and in
the distribution lines in the city 3 miles from the plant. The
difference in alkalinity between the settled and the filtered
water prior to the start of treatment represents the normal
extent of afterprecipitation. As the treated water began to
accumulate in the storage basin, the difference decreased,
disappearing on the third day. The water from the city tap
showed a definite drop in alkalinity as compared to the
filtered water for 3 days after the start of the metaphosphate
feed, indicating that afterprecipitation had been occurring in
the distribution lines as well as on the filter sand; but by the
fourth day deposition of calcium carbonate had substantially
ceased throughout the system (Figure 5).
The filter effluent since the start of threshold treatment has
been harder than before by the amount of calcium carbonate
prevented from precipitating. If the incrustation and ce
mentation of the filter sand seemed a negligible disadvantage
compared to the advantage of a softer filter effluent, it would
be advisable to feed the metaphosphate following the filter
instead of ahead of it, thus obviating further precipitation in
the distribution system while gaining the softening effect
of precipitation in the filters.
The potability of water is in no way affected by threshold
treatment with metaphosphate. In fact, much larger amounts
of this substance than could possibly be ingested by the drink
ing of water treated in this manner are harmless.
Prevention of Corrosion
The tendency of natural waters to corrode pipe has long
been a concern of water-supply chemists. When attempts
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were made to minimize the attack by the controlled feed of
alkali to throw* down a protective coating of calcium car
bonate, it was found difficult to avoid both corrosion on the
one hand and undesirably extensive scale formation on the
other. Recent studies (1, 8) of the Langelier corrosion index
have demonstrated how narrow are the limits within which
such a treatment must be maintained.
Sodium silicate has been recommended particularly for
corrosion prevention; but when it is used in bicarbonate
w’aters, the increase in pH is likely to induce precipitation
of calcium carbonate, which tends to take down with it the
silica. The net result is undesirable scaling close to the point
of addition and lack of protection beyond this zone.

F ig u r e 5. E l im in a t io n o f A f t e r p r e c ip it a 
t io n o f C a l c iu m C a r b o n a t e in M u n ic ip a l
W a t e r S ystem b y T h r esh o l d T r e a t m en t

After start of treatm ent, alkalinities of filtered and of
city tap water approach and equal th at of settled water,
showing th at afterprecipitation has ceased.

Threshold treatment now* offers new possibilities in the
prevention of corrosion. By the addition of I or 2 pounds
of metaphosphate to a million pounds of bicarbonate water,
precipitation of calcium carbonate will be prevented when
alkali is added to raise the pH to 10 or even higher. Such an
increase in pH will, in itself, minimize corrosion. Where
controlled formation of a protective coating is to be attempted
in addition, there is the possibility of accomplishing this at
the higher pH level by feeding even more minute amounts of
metaphosphate, with the knowledge that deposition can be
stopped and slow removal of scale can be started at any time
by increasing the metaphosphate feed.
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Detergent Properties of
Ether Sulfonates
D

F. J. VAN ANTW ERPEN
60 East 42nd Street, New York, N. Y.

ETERGENTS generally available may be broadly flocculation. The dispersion of soil is important in detergent
classified as saponified vegetable oils or soaps, sulfo- action, for in this manner large particles are broken up.
nated esters, and sulfated alcohols. All three have limi Equally important, however, is the necessity of keeping the
tations; those of soap in hard water or acid solutions are welldispersed soil in suspension, for this greatly facilitates rinsing.
known. The sulfonated esters and sulfated alcohols (organic The superior detersives have, as a common characteristic,
synthetics) have greater adaptability than soaps in regard to great deflocculating power; although it would not be a direct
the physical conditions under which they can be used effec or total measurement of detergency, a comparison of defloccu
tively as detergents. Up to a certain point synthetic com lating power would indicate the relative soil-removing effi
pounds are efficient in hard water, but in water above 5 grains ciency of various types of cleansing agents. Tests of this
hardness it is necessary to keep the solution at about 120- nature were made by shaking finely divided carbon black in a
140° F. to prevent the precipitation of the mineral salts. dilute solution of the detergent and allowing the mixture to
stand 24 hours. The solution was then examined with a
photoelectric turbidimeter and the carbon number, expressed
as milligrams of suspended carbon per 100 ml. of solution, was
determined. The results shown in Figure 1 indicate that the
deflocculating power of the sulfonated ether is superior to
that of the other detergents tested.
A dsorption
If a scouring agent is highly adsorbed by textiles or shows
strong preferential adsorption, trouble is experienced because
excessive quantities of detergent are removed from the bath
and continuous operation becomes difficult to control. Ad
sorption becomes doubly serious in laundry operations, for
in a rinsing bath the molecules of a material showing such
properties will cling to the rinsed goods. In order to remove
the cleansing agent, additional washings would be necessary.
A comparison of adsorption rates is a fairly accurate estima
tion of the comparative costs to be expected in the use of
F ig u r e 1. D is p e r s io n o p C a r b o n
various synthetic organic soaps. Those showing the highest
adsorption would exhaust from a scouring bath in the shortSulfated alcohols and sulfonated esters have the unwanted
property of decomposing under certain conditions of moisture
and acidity to form sulfuric acid. On textiles which have ab
sorbed such compounds, this may prove to be inconvenient.
There are other limitations; the sulfonated esters cannot be
used successfully in strongly alkaline baths, while sulfated
alcohols are not effective in strongly acid baths.
Obviously there is room for improvement in the field of
synthetic detergents, and a recently introduced sulfonated
aliphatic ether may now be used under conditions which here
tofore have limited the efficiency of the other compounds.
As would be expected of an ether compound, the outstand
ing characteristic of this new substance is its stability under
diverse chemical conditions. It does not decompose in boil
ing acid or alkali, and in a commercial textile application it
retains detergent properties after 18 hours in a boiling 1 per
cent solution of potassium permanganate. It is adaptable
for use in hard water. A mixture containing 1 per cent cal
cium chloride, 1 per cent sulfonated ether, and 98 per cent
CONCENTRATION OF SOLUTION, %
water is quite clear even in the cold; other detergents are
F ig u r e 2 . A d s o r p t io n C u r v e s
precipitated by water of 10 grains hardness. Though sta
bility is the most important feature, tests and practical
trials have indicated superior detergent and deflocculating est time. Such empirical comparisons were obtained by
mixing a weighed amount of carbon with increasing amounts
properties.
The cleansing action of soaps is due largely to the fact that of detergent and noting the quantity required to produce a
particles of dirt are dispersed and subsequently held in suspen permanent froth. Figure 2 shows the results obtained with a
sion, and these simultaneous actions may be described as de sulfated alcohol, a sulfonated ester, and the sulfonated ether.
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The results obtained by the adsorption test which show a
lesser adsorption of the ether are borne out also by Figure 3
which illustrates the breaking strength of cloth after repeated
washings in the three synthetic detergents. Figure 3 does
not indicate that the sulfonated ether actually increased the
tensile strength of the fibers. The results must be inter
preted as showing that the pieces of cloth washed with the
ether compound retained the normal gain in tensile strength
usually present in a washed piece of goods. This increase of
strength, due to the alignment of fibers and the attendant dis
tribution of strain, is lost in the samples washed with soap,
sulfonated esters, and sulfated alcohols; for continued sorp
tion of detergent and precipitates of hard water soap have

Scouring Properties
The scouring properties ojf this new detergent are illus
trated by Figure 4 which shows skeins of wool which were
scoured in various baths of detergents and dyed with an oilsoluble dye. Each skein was given three baths in the treat
ment noted, consisting of an immersion of 3 minutes at 135° F.
and two 1-minute immersions at 120° F. The depth of
shade produced by the oil-soluble dye is an inverse measure
ment of the amount of oil left in the fiber by the various
treatments; the darker the shade, the less efficient the deter
gent. This trial was checked by a further experiment in
which 10-gram skeins of wool were subjected to the threebath scouring process, and the oil remaining in the skein was
removed by ether extraction. The tabulated results follow:
Sample
No.
1
2
3
4

SODIUM
10
NUMBER

20

30

40

OF LAUNDERINGS

F ig u r e 3. B r e a k in g S t r e n g t h o f C l o t h a f t e r
R e p e a t e d W a s h in g s in S y n t h e t ic D e t e r g e n t s

1. 0.5 per cent soda ash
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0.5% Soda Ash Plus Following
Detergent
%
0.25 soap
0.25 sulfonated ether
0.08 sulfonated ether
paste
0.25 sulfated alcohol

0.040
0.075

As Figure 4 and the table show, the ether is about three
times as effective on a pound-for-pound basis as is soap, and
these figures have been confirmed by actual practice in woolen
mills.
The salts of the sulfated alcohol and sulfonated esters
formed by the reaction with the calcium and magnesium com
pounds in moderately hard water are not soluble in cold solu
tions, and they are not as soluble in hot solutions as the corre
sponding salts of the sulfonated ethers. If present in low
concentrations, the salts of hard water act as a builder for

0.5 per cent soda ash -f- 0.25
2. 0.5 per cent soda ash -f- 0.25
per cent sulfonated ester
per cent sulfated alcohol
F ig u r e 4. S c o u r in g E f f ic ie n c y o f S y n t h e t ic D e t e r g e n t s

caused overlubrication and slippage of fibers. From Figure 3
it is apparent that as the washings increase, more and more of
the alcohol, ester, and soap detergents are taken up by the
fiber. In the case of the ether, repeated washings remove as
much detergent as is regained by the fabric; therefore, a
maximum saturation of textile is reached which limits lubri
cation and slippage. This is interesting from the standpoint
of health and comfort, because sulfated alcohols and sulfo
nated esters can hydrolyze to sulfuric acid under conditions
which a perspiring human would afford, and material left in
a washed piece of goods could cause irritation. The sulfo-.
nated ether does not decompose in this manner and therefore
may be a safer product to use for laundry operations. The
tests were carried out according to the methods developed by
Pauline Beery Mack, of Pennsylvania State College, and al
lowance for shrinkage was made by subjecting the same num
ber of threads to the pull of the strength test machine.

Grease Remaining
in 10-Gram Skein
Oram
0.039
0.027

Courtesy, Rühm &Haas Company
4. 0.5 per cent soda ash + 0.25 per
cent sulfonated ether

+ p r e c ip it a t io n
b e g in s

15

20

25

30

HARDNESS, GRAINS

F ig u r e 5. P r o p e r t ie s o f S y n t h e t ic D e t e r 
g e n t s in t h e P r e s e n c e o f H a rd W a t e r at
R oom T e m pe r a t u r e
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any detergent. As the hardness of the water increases, a
point is usually reached at which precipitation begins; this,
in a sense, is equivalent to titrating the detergent against the
hard water salts. The insoluble curds formed inactivate the
detergent and, through removal of calcium and magnesium
salts by precipitation of insoluble soaps, soften the water.
Figure 5, obtained by plotting interfacial tension against
grains of hardness, illustrates the properties of the common
synthetic detergents in the presence of hard water at room
temperature.
The change in interfacial tension is directly proportional to
the increase in activity of the detergent; the more the change,
the greater the increase. In common concentrations the in
terfacial tension is almost independent of the concentration
of detergent. For this reason the loss in activity due to the
formation of insoluble soaps is not immediately reflected in
the interfacial tension.
The sulfonated ether is not affected by strong acid solutions,
and it may be used as a scouring and leveling agent in electro
plating work. It has found application in the washing of
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fruit; and the chemical stability of this compound has given
it unique possibilities in the cosmetic industry, for small
amounts left in the pores of the skin should not decompose to
form irritating substances. It may, for instance, have value
as an acid soap for individuals who are sensitive to alkaline
compounds. Skin normally has a pH of 5.5, and dermatitis
is sometimes caused by the inability of the skin to regain this
condition after the use of an alkaline soap. The sulfonated
ether may be used in a slightly acid bath, and the small
amounts retained by the skin should cause no ill effects.
The possible applications of this newly developed com
pound are numerous, and it has already proved helpful in
overcoming many industrial problems in detergency.
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SURFACE ACTIVE AGENTS

Manufactured in America and Commercially Available
N ame

Aditex LU-1
Aerosol OS
Aerosol OT, MA, AY
Aliphatic ester sulfate
Alkanol B, HG, SA
Alkanol S
Alox 350, 152. S00, 600,
700
Amalgol
2-Amino-2-ethyl1.3-propanediol
2-Amino-3-hexanol
3-Amino-l-heptunol
2-Amino-2-isopropyl1.3-propanediol
2-Amino-2-mothyl1-butanol
3-Amino-3-methyl2-butanol
3-Amino-2-methyl4-heptanol
3-Amino-3-methyl4-heptanol
2-Amino-2-methyl3-hexanol
3-Amino-3-methyl2-pentanol
2-Amino-2-mcthyl1.3-propanediol
2-Amino-2-methyl1-propanol
5-Amino-4-octanol
2-Amino-l-pentanol
2-Amino-2-propyl1.3-propanediol
• Areskap

T ype

U se

I nd ustry

M anufacturer

Soluble terpene oils
Alkyl aryl sulfonate
Sulfonated esters of dicarboxylic acid
Oil ester sulfate
Sodium alkyl naphthalene
sulfonate
Sodium tetrahydronaphthalene sulfate
Complex methyl esters of
high-molecular-weight al
cohols, acids & lactones

Ivier boiling
Wetting & detergent
Wetting
Wetting
Wetting
Dispersing
Wetting agents for metals

Textile
Electroplating, pigment,
paper
All uses
Textile
Textile, paper, leather,
pigment
Metal processing
Lubricating

Hart Products Corp.
American Cyanamid&Chemical Corp.
Same
Onyx Oil & Chemical Co.
E. I. du Pont de Nemours &
Co., Inc.
Same
Alox Corp.

Detergent

Textile

John Campbell & Co., Inc.

Fatty acid salts of

General wetting & emul
sifying detergent

Monobutyl phenyl phenol Penetrant in textiles
sodium monosulfonate

1 Compiled by F. J. Van Antwerpen, Associate Editor,

I n d u s t r ia l

and

E n g in e e r in g C h e m is t r y .

Commercial Solvents Corp.

Fruit washing, embalm Monsanto Chemical Co.
ing penetrant
( Continued on page 67)
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N ame

T ype
Aresket
Monobutyl diphenyl so
dium monosulfonate
Aresklcno
Di butyl phenyl phenol so
dium disulfonate
Arylono
Sulfonated aromatic com
pound
Bonsapol
Sulfonatcd oils & solvent
Bctasol OT-A
Sulfonated ester of dicarboxylic acid
Bozetol
Sulfonated derivative of
castor oil
Cominol
Derivative higher sulfo
nated alcohol
Daconol
Alkyl aryl sodium sulfonate
Miscible terpene alcohols <fe
Dnintcx
hydrocarbons
Darvan
Polymerized organic salts
of sulfonic acids of alkyl
aryl type
Same
Daxad
Sulfonated ester of dicarDeceresol OT
boxylic acid
Degumtex MK-105
Derivative of higher sulfo
Dotanol
nated alcohol
Water-sol. sulfonated min
Dipex
eral oil
Fatty alcohol sulfate
Drcft
Fatty alcohol sulfate
Drcno
Duponol L-144 \VD, LS, Long-chain alcohol sulfates
ME, OS, WA, T, WS, SO
Sulfonated oils & solvents
Elcmite
Compound with sulfonated
Evencr 1, 25-2
oil base
Sulfated compound with
Extol
solvents
Condensation product of
Floex
higher fatty alcohol
Fatty alcohol sulfate
Gardinol LS, WA
Gardinol LS, special WA Long-chain alcohol sulfate
Hartex Oil K-40
Hartex Oil K-101
Hartex Oil L-33
Hartolein K-I22
Hartopene
Hornkem 1
Hornkem 3
Hymolit
Hytergen
Igepon AP Extra
Igepon T
Intramine

Sulfated oils & solvents
Sol. chlorinated solvents
Glycol soaps containing
buffered alkalies
Pine oil soap containing
buffered alkalies
Pine oil gel
Sulfonated natural mate
rials
Sulfonated natural mate
rials

Oleic acid ester of an ali
phatic compound
CnHrjCoNHC-ILSOaNa
Sodium salt of sulfonated
laurvl and myristyl collamide
Sodium alkyl phenylene sul
Invadine B, C, N
fonate
Phosphate salt
Kliersol
Long-chain alcohol sulfate
Lanaclarin LM
Lightning Penetrator X Sulfonated higher fatty al
cohol
Sulfonated oils & solvents
Loupene
Same
Loupole W-950
Mapro Degum & Scourer Sulfated fatty alcohol and
auxiliaries
Sulfated fatty alcohol
Maprofix
Same
Mapromin
Same
Mapromol

(Continued from page 66)
U se
Wetting, spreading
Emulsifying oils, fnts
Wotting
Wetting, detergent
Wetting
Wetting
Wetting, detergent
Antipitting agent
Wetting, penetrant
Dispersing

I ndustry
Insecticides
Mold lubricant ifc ponetrant, latex conditioner
Textilo
Textile
Leather
Textilo
Textile
Nickel plating
Laundry
Color, textile, paint

M anufacturer
Monsanto Chemical Co,
Same
Hart Products Corp.
Jacques Wolf & Co,
American CyaimmidifcOhemicnl Corp.
Hnrt Products Corp.
Commonwealth Color A
Chemical Co.
S. A. Day Mfg. Co., Inc.
Hercules Powder Co.
R. T. Vunderbilt Co., Inc.

Same
Flotation, emulsification
Wetting
Textile
Detergent
Textile
Wetting, detergent
Textile
Wetting, lubricant
Textile, rubber mold, lu
bricant
Washing of fine fabrics, Laundry
woolens
Shampoo purposes
W e t t i n g , emulsifying. Leather, textile, paper,
softening, detergent
felt cleaning
Wetting, detergent
Cleaning
Textile
Wetting
Detergent
Textile
Wetting
Paint, lubrication
Wetting, emulsifier, dis Textile
persing, finishing agent
Textile
Same
Textile
Textile
Textile
Textile
Textile
Pigments
Dry pigment, dry color
T extile
Textile
Textile
Textile
Textile, cosmetic

Dewey A Almy Chemical Co.
American Cyanamid &Chemical Corp.
Hart Products Corp.
Commonwealth Color A
Chemical Co.
Stanco, Inc.
Procter & Gamble Co.
Same
E. I. du Pont de Nemours &
Co., Inc.
Jacques Wolf & Co.
Hercules Powder Co.
Hart Products Corp.
Ross and Rowe, Inc.
Procter & Gamble Co.
Ii. I. du Pont de Nemours &
Co., Inc.
Hart Products Corp.
Same
Same
Same
Same
A. C. Horn Co.
Same
Hart Products Corp.
Same
General Dyestuff Corp.
Same
Synthetic Chemicals, Inc.

Bleaching, carbonizing,
neutral or acid baths
Textile
Textile
T extile
Textile
Textile
Textile
Textile
Textile

Ciba Co., Inc.
Hart Products Corp.
E. I. du Pont de Nemours <fc
Co., Inc.
Commonwealth Color &
Chemical Co.
Jacques Wolf & Co.
Same
Onvx Oil & Chemical Co.
Same
Same
Same

Detergent
Detergent
Detergent
Detergent
Dispersing agent for hy
drophobic particles
Dispersing & wetting of
hydrophobic particles
Detergent
Detergent
Detergent
Detergent, wetting, emul
sifying
Detergent, wetting, emul
sifying
Wetting
Regenerating lime soaps
Wetting agent detergent,
dyeing assistant
Wetting, penetrant
Wetting, detergent
Same
Detergent
Wetting, detergent
Wetting
Same
(Continued on page 68)
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N ame

T ype

Mercerol
Merpentine
Merpol B, C
Metso granular
Metso 22
Metso 06
Metso 99
Modinnl T
Modinal T

Sodium alkyl naphthalene
sulfonate product
Long-chain alcohol sulfate
Sodium metasilicato pentahydrate
Metasilicate compn.
Alkaline silicate
Sodium sesquisilicate hy
drate
Long-chain alcohol sulfate
Fatty alcohol sulfate

Monosulph
N. S. A. E.
Naccoleno F
Nacconol E
Nacconol EP
Nacconol NR
Nacconol NRL
Nacconol NRSF
Naccosol A
Nekal A, BX
Neomerpin N
Neomorpin VD
Neopen SS
Nopco 1440
Nopco 1935
Nopco 1967
Novonacco
Novonacco NN
Oleo Glyceryl Sulfate C
Oleo Glyceryl Sulfate 0
Onyxol 66
Orthosil, regular and spe
cial
Orvus WA

Highly sulfonated castor oil
Alkyl naphthalene sulfonic
acid ester
Modified alkyl aryl sulfo
nate
Sodium alkyl aryl sulfonate
Same
Same
Same
Same
Sodium alkyl naphthalene
sulfonate
Same
Naphthalene sulfonic acid
Sodium alkyl naphthalene
sulfonate <fc solvents
Sodium abietene sulfonate
Sol. pine oil
Sulfonated oil, vegetable
typo
Sulfonated alkyl hydrocar
bon
Modified sodium alkyl
naphthalene sulfonate
Modified alkyl naphthalene
sulfonic acid
Oil ester sulfate
Same
Same
Coned, alkaline cleaning
compounds
Fatty alcohol sulfate

Para Oil
Pemeko
Penatrol 60, 65
Penetrox
Pennsalt cleaners
Pentazicon T

Saponified oils

Pentogen
Phosphosol
Phosphotex
Radiactine
Rayon Scour A
Resolin NF
Rinfors L
Royox
Sandocarnit

Compound with sulfonated
oil base
Coned, alkaline cleaning
compounds
Sulfonated products of vege
table oils, fats, hydrocar
bons
Sulfated compound contain
ing solvents
Tetrapotassium pyrophos
phate
Tetrasodium
pyrophos
phate
Algin soap compound ,
Same
Same
Pine oil with soap

( Continued from page 67 )
I ndustry
U se
Textile
Wetting
Wetting, dyeing assistant Textile
Detergent, wetting, dye Textile
ing assistant
General cleaning
Detergent
Same
Detergent
Metal cleaning
Detergent
General cleaning
Detergent
Wetting, detergent, dye Textile
ing assistant
Wetting, detergent, emul Textile
sifier, finishing, dispers
ing, lubricating
Textile
Wotting
Wetting
Textile
Dry cleaning
Detergent
Fruit washing
Detergent
Nickel plating
Antipitting agent
Detergent, wetting, scour Rug cleaning
ing, dyeing assistant
Laundry
Detergent
Detergent of high water
.........
soly.
Wetting
Textile
Wetting
Textile
Electroplating
Wetting
Wetting
Textile, leather
Wetting, dispersing
Electroplating, textile,
pickling baths
Wetting
Textilo
Sanforizing process
Wetting
Textile
Wetting
Textile
Wetting, carbonizing
Textile
agent
Wetting
Textile
Wetting
Textile
Wetting
Textile
Metal cleaning
Wetting,
detergent, Textile, electroplating,
emulsifying, finishing, rubber
dispersing, lubricating
Wetting, detergent
Textile
Wetting
Textile
Paper, textile, leather,
Wetting, penetrant
metal cleaning
Wetting, detergent
Textilo
Metal cleaning
Leveling, penetrant
Textile
Detergent
Wetting, detergent, pene
trant
Wetting, detergent, pene
trant
Leveling agent
Detergent
Wetting agent
Detergent
Detergent
Wetting

(Continued on page 69)

Textile
All uses
All uses
Textile
Textile
Textile
Textile
Laundry
Textile

M

an ufacturer

Sandoz Chemical Works, Inc.
E. I. du Pont de Nemours &
Co., Inc.
Same
Philadelphia Quartz Co.
Same
Same
Same
E. I. du Pont de Nemours &
Co., Inc.
Procter & Gamble Co.
National Oil Products Co.
Onyx Oil & Chemical Co.
National Aniline & Chemical
Co., Inc.
Same
Same
Same
Same
Same
Same
General Dyestuff Corp.
E. I. du Pont de Nemours <fc
Co., Inc.
Same
Same
National Oil Products Co.
Same
Same
National Aniline & Chemical
Co.
Same
Onyx Oil & Chemical Co.
Same
Same
Pennsylvania Salt Mfg. Co.
Procter & Gamble Co.
Jacques Wolf & Co.
John Campbell & Co., Inc.
Beacon Co.
Hercules Powder Co.
Pennsylvania Salt Mfg. Co.
Merck & Co., Inc.
Hart Products Corp.
Monsanto Chemical Co.
Samo
Sandoz Chemical WorkB, Inc.
Same
Same
Same
Royce Chemical Co.
Sandoz Chemical Works, Inc.
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(Continued from page 68)

Ñ ame

Sandopan A
Sandozol N
Santomorsc
Sapamine A
Scourtex H-73
Silvatol I, II
Soapotol
Solhox
Solvadine NC
Sulfátate
Surfax WO
Tar Remover “P”
Tensol
Tergitol Penetrant 4, 7
Tergitol Penetrant 08
Tramolin
Trimethylol
aminomethane
Tritón M-25
Tritón W-30
Tritón S-18
Tritón 720, 812
Turkey red oil
Tytrovon RZB
Ultravon K, W
Ultrawet
Ultroil
Wetanol
Wetsit
Wolfco Scour W-932B
Wolfco Solvent
Xynomines
Yarmor 302
Yelkin T

T ype

Alkylated aryl sulfonate
Diethyl aminoethyl oleyl
amide acetate
Sulfated oils and solvents
Pine oil compound
Derivative of higher sulfonated alcohol
Compound with sulfonated
oil base
Alkylated aryl sulfonate
Sulfonated hydrocarbon
......

U se

I nd ustry

Detergent
Textile
Wetting agent
Textile
Wetting, detergent, pene All uses
trant
Leveling agent
Textile
Detergent
Textile
Detergent
Dry cleaning
Wetting, detergent
Textile
Wetting
Textile
Wetting
Textile
Wetting
Textile, paper, cosmetic,
leather
Wetting, detergent
Textile
Detergent
Textile
Dispersing, emulsifying Textile, cosmetic
W o t t i n g , dispersing, Textile, agricultural, rub
penetrant
ber, latex
Wetting, penetrant
Coned, soln. of alkalies,
acids, salts
Wetting
Textile
General wetting, detergency, émulsification
Wetting, penetrant
Textile
Wetting, penetrant, dis Textile, cosmetic
persing
Wetting, emulsifying
Lubricating
Detergent
Textile, cosmetic
Wetting
Textile
Detergent
Textile
Detergent
Textile
Wetting, detergent
Textile, laundry, agricul
tural spray, paint
Wetting
Textile
Wetting
Textile, cosmetic, paper,
leather
Wetting
Textile, paper
Detergent
Textile
Textile, laundry
Detergent
Wetting, detergent
Textile
Wetting
Textile, laundry

Compound with sulfonated
oil base
Sulfonated ether
Higher secondary alcohol
sulfate
Synthetic primary alcohol
sulfate
Sulfonated vegetable oil
Fatty acid salt of
Sodium salt of an organic
ether acid
Sulfonated aromatic ether
alcohol
Quaternary ammonium salt
Sulfonated ether
Sulfonated vegetable oil
S a l t o f high-molecularweight sulfoacid
Sulfonate of complex
stearyl alkyl compound
Aromatic monosodium sul
fonate
Sulfonated vegetable oil
Modified sulfated fatty acid
ester
Alkylated aromatic sulfo
nate
Emulsion of chlorinated sol
vents
Saponified vegetable fats
with solvents
Sulfonated fatty acid con
densates
Terpene alcohol, terpene
hydrocarbon, p i n e o i l
fraction
Oil-sol. organic phospha Wetting agent for oils
tide, chiefly lecithin

Textile, paint, leather

M

an ufacturer

Sandoz Chemical Works, Ino.
Same
Monsanto Chemical Co.
Ciba Co., Inc.
Hart Products Corp.
Ciba Co., Inc.
Commonwealth Color &
Chemical Co.
Hercules Powder Co.
Ciba Co., Inc.
Glyco Products Co., Inc.
E. F. Houghton & Co.
Hercules Powder Co.
Synthetic Chemicals Inc.
Carbide & Carbon Chemicals
Corp.
Same
Hercules Powder Co.
Commercial Solvents Corp.
Rohm & Haas Co.
Same
Same
Same
Hercules Powder Co.
Merck & Co., Inc.
Ciba Co., Inc.
Atlantic Refining Co.
Hercules Powder Co.
Glyco Products Co., Inc.
Jacques Wolf & Co.
Same
Same
Onyx Oil & Chemical Co.
Hercules Powder Co.
Ross & Rowe, Inc.

High-Temperature Application of
nitrocellulose lacquer has been the only deterrent to highsolids concentration, the breaking of that viscosity has elimi
Sharpies Solvents Corporation, Philadelphia, Pa.
nated the last obstacle. The resin accounts for only a small
part of the lacquer viscosity, and resin solutions are reason
HE finishing of automobile bodies is at present carried ably thin at high-solids concentrations. The use of nitrocellu
out by the following general procedure: (o) cleaning and lose lacquer as a protective coating material is a result of the
preparation of the metal, (b) application of the primer fol development of low viscosity nitrocottons, for the advent of
lowed by one or two coats of surfacer, and (c) at least fourVVsecond nitrocotton made the use of this fast-drying finish
coats of nitrocellulose lacquer enamel. The film thickness possible in the automotive industry. The high rate of motor
of the four lacquer coats may average about 1.5 mils or more. car production has been furthered by the rapid drying charac
By means of the new technique of high-temperature lacquer teristic of nitrocotton lacquers. With the use of low-viscosity
application, it is possible to spray the equivalent of four nor nitrocottons it became possible to spray lacquers at front 12
mal coats of black enamel in one double application. A dou to 18 per cent solids. Previously it had.not seemed possible to
ble application is considered as one vertical and one horizon decrease the nitrocotton viscosities further so as to permit the
spraying of higher solids. The reason is that the nitrocottons
tal sweep of the spray gun over the work.
The application of high-temperature lacquers to the finish below V, second do not seem to have desirable durability
ing of motorcar bodies is an accomplished fact. Not only properties.
By the application of heat to reduce the viscosity of lac
has this method of applying high-solids lacquer been found
experimentally possible on a laboratory scale, but the method quers, it is now possible to spray from 28 to 40 per cent solids.
This can be done, still retaining the working properties that
is actually being tested on a production basis.2
The purpose of applying heat to lacquer is the reduction of make the use of nitrocellulose lacquers desirable.
the viscosity to the point where relatively high concentration
Principle of H igh-T em perature Lacquer
of solids can be applied to surfaces. As the viscosity of the
The
idea of high-temperature lacquer is soundly conceived.
1 Present address, W yandotte, Mich.
It is based on the sound principle that the viscosity of nitro
1 Bogin and W ampncr, paper presented before 95th Meeting of American
cellulose solutions is sharply reduced at somewhat elevated
Chemical Society, Dallas, Texas, April 18 to 22, 1938.
HENRY H. NELSO N1
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Nitrocellulose Lacquers...
temperatures. In order to establish the extent of the vis
cosity change and its behavior at various temperatures, four
nitrocotton solutions of various viscosities were prepared.
Amyl acetate3 was used as a solvent, and all solutions were
20 per cent solids. Measurements were made by means of
the Saybolt Universal viscometer. The results obtained are
plotted on Figure 1.
The break in viscosity is sharp until the area 40° to 50° C. is
reached. At this point the drop tapers off somewhat but does
not tend to level out sharply. Owing to the limitations of
the equipment, no attempt was made to determine the tem
perature at which the viscosity of nitrocotton solutions
becomes practically constant. Although such a determina
tion might have some academic interest, it has no bearing on
the immediate problem. The break in viscosity observed at
70° to 80° C. is sufficient to justify the high-temperature
application of nitrocellulose lacquers.
Before passing judgment on the value of high-temperature
lacquer application, the following list of objectives or require
ments should be considered:
The finish must be equal in appearance to that obtainable
with the typical lacquer systems now in use.
The finish must dry sufficiently well to be rubbed within the
specified baking time (30 minutes at 1S0-225°F. or 82-107°C.).
It must be possible to rub the finish to a smooth glossy sur
face, free from excessive orange peel.
Film thickness should be about 1.5 to 2.0 mils.
The metallic types should be free from “color float” and
“mottling.”
The metallic lacquers must not show the objectionable “scal
ing” or two-color ring formation when the surfacer is cut through
with a rubbing block.
The desirable characteristics of lacquer surfaces must be re
tained. These are speed of drying, ease of rubbing, and ability
to perform quick repairs.
A fine surface orange peel is preferred to the large wave type,
but the film must be well leveled out.

It has not been the purpose of this work to devise production-scale equipment for the use of high-temperature lacquers.
The objective has been to demonstrate the feasibility of hightemperature application by means of laboratory panel work.
The actual adaptation of the technique to the production
line is rightly the task of the motorcar manufacturer in co
operation with his equipment suppliers.
A pplication of H eat to Lacquer
The method used in the laboratory for applying heat to the
lacquer is simply to heat the material container in a hot water
bath. The material container used was a quart capacity can
on which pressure could be applied. The material was con
ducted from the pressure can to the gun by means of a Ihiokol
tube about 4 feet in length. The water bath was heated by
bubbling live steam through the water for about 20 minutes
in order to reach a temperature in the material container of
from 80 ° to 90 ° C. At this temperature the material is ready
for spraying.
Application through the greater part of the experiments was
at pressures of 15 to 20 pounds on the material container
and about 85 pounds at the sprajr gun. The gun was a stand
ard model with a nozzle designed to carry high-solids mate
rials; otherwise every item was standard equipment and
readily available from vendors.
* Specifications for all amyl acetate in this report are A. S. T. M.
D 318-36; for all amyl achohol, A. S. T. M. D 3 19-33.

The panels used for the experimental work were of standard
automotive body-gage sheet steel, 18 X 30 inches. These
were thoroughly cleaned prior to the application of the first
coat. The primer used was representative of the common
metal body primers and was baked on. An oil base surfacer
was used which required baking at 180° F. (82° C.) for 20
minutes. The dry surfacer was water-rubbed with No. 320
wet or dry emery paper before the enamels were applied.
To gain some preliminary information on the utility of
high-temperature lacquer application, a standard type of
black lacquer was used. The solids in this lacquer were kept
constant while a wide variety of solvent formulations were
tried. Preliminary trials using high-diluent type lacquers
applied at 28 per cent solids indicated definitely that nitro
cellulose lacquers could be applied hot. As anticipated, the
viscosity of the solutions was greatly lowered, and normally
heavy-bodied lacquers could be sprayed at higher tempera
tures with ease. The viscosity was broken sufficiently to per
mit free atomization at the spray gun.
Form ulas
The initial work was done with standard lacquer-solvent
combinations. Good panels were made by holding the
spray gun fairly close to the work. Typical solvent formula
tions that gave satisfactory performance under ideal condi
tions were the following:
Amyl acetate
Amyl alcohol
Toluene
Amyl acetate
Amyl alcohol
Xylene
Toluene
Amyl acetate
Amyl alcohol
Xylene
Toluene
Butyl acetate
Butyl alcohol
E thyl acetate
Xylene
Toluene
Toluene
Butyl acetate
Amyl alcohol
Butyl alcohol
Amyl acetate

35%
10
55
35%
10
15
40
30%
5
10
55
25%
5
10
10
50
65.3%
19.6
2.5
2.6
10.0

Amy Jacctate
M ethyl isobutyl ketone
Amyl alcohol
Toluene
Amyl acetate
Axnyl alcohol
M ethyl isobutyl ketone
Butyl acetate
Union Solvent No. 8
Xylene
Amyl acetate
Butyl acetate
Amyl alcohol
Toluene
Union Solvent No. 8
Butyl acetate
Butyl alcohol
Isopropyl acetate
Anhydrous denatured alcohol
Toluene

20%
10
5
65
10%
10
10
10
40
20
20%
10
5
25
40
24%
10
10
4
52

All of these formulas can be used in high-temperature lac
quer formulation, and excellent panels can be made from
these volatile combinations in any laboratory.
The amount of solids employed throughout the work was
usually about 28 per cent by weight. A typical black lacquer
of the following solids composition was used as a standard :
Vi-second nitrocotton (dry basis)
E ster gum
Tricresyl phosphate

1 part
4 parts
10%

It is readily apparent to any formulator that this is not a
durable automotive lacquer. In addition, the high ratio of
resin to nitrocotton is favorable to the making of high-solids
lacquer solutions. Nevertheless, it was thought that in a
preliminary examination of the volatile constituents the
solids composition should be simple and standard throughout
the series. This formula proved to be an excellent starting
point for the work in hand.
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As was previously stated, these lacquers could be sprayed
in such a manner as to obtain good results. When a gun
technique was adapted that closely imitated conditions met
with on the production line, it was found that “dusting” or
overspray would be a major problem; that is, the dust from
the overspray did not flow out well. It was apparent that
a wet film was required and that an abundance of a slowly
evaporating true solvent would probably be needed to mini
mize “dusting” and to redissolve the overspray that must
inevitably be present. At this point it might appear to some
that the volatile material could be made more wet by the
addition of xylene. On the contrary, a slowly evaporating
true solvent is required. A solvent is needed that will not
only strike the work wet but will have the ability to redissolve
and to “reflow” the partially dried particles of lacquer over
spray.
It is true also that a high-solids lacquer applied extremely
wet will produce a high-gloss film with a deep, long, wavelike
orange peel; but the technique of production spraying is
such that the hot lacquer tends to be partly dry before it
reaches the surface to be sprayed. With heated lacquers there
is a high loss of volatile material between the gun nozzle and
the work. Therefore, a wet lacquer has partially “set” when
it hits the surface, and a highly volatile lacquer is dry. In
fact, it sets so dryly that it becomes hard immediately and
will not flow out further. This type of lacquer cannot be
rubbed to a smooth surface. The wet lacquer will reflow
particularly during baking, but it has set sufficiently to lack
excessive flow. When the baking is started, it is necessary
to have a high percentage of a high-boiling solvent present to
reflow the ragged surface left as a result of the high air pres
sures used. This reflow will be especially effective if the
remaining volatile material is a slowly evaporating, true
solvent entirely free from residual diluent. The presence of a
great deal of “trapped” heavy diluent at this point is likely
to invite sagging; in any event, it contributes nothing to the
flow. On the other hand, the presence of a considerable
amount of a high-boiling solvent is a definite advantage.
The presence of a true solvent keeps all the resin, nitrocotton,
and plasticizer ingredients in a common solvent, permitting
maximum leveling of a film free from structural imperfections.
The gradual evaporation of the true solvent will keep the
surface of the film open. Rapid loss of the solvent tends
toward “skinning” or sealing over of the surface. When the
trapped volatile material escapes, minute holes are formed
which arc referred to as pinholes. The presence of a slowly
evaporating true solvent will prevent pinholing from de
veloping in the film.
Excessive flow from the use of large percentages of highboiling solvents, though anticipated, has not been encoun
tered. The rate of evaporation between the gun and the sur
face is great. In fact, if no high-boiling solvent is present and
the volatile constituent is composed largely of diluent or
“low boiler,” the heated lacquer strikes the work hard and
dry. As the amount of “high boiler” is increased, the
lacquer gradually becomes wetter and tends to level out bet
ter. In fact, it is not impossible to spray a lacquer contain
ing 100 per cent high-boiling solvent and no other volatile
constituent except the alcohol originally in the wet nitro
cotton. Such lacquers are not at all unreasonable, and the
formulator, when designing lacquers for high-temperature
application, might give some thought to that idea. The exact
amount of high boiler to be used is directly related to the
problem of overspray.
If overspray is excessive and proper flow is not obtained,
the remedy is to increase the high-boiler content of the vola
tile material. On the basis of this experience, some improved
solvent formulations for use in high-temperature lacquer ap
plication can be suggested:

Isopropyl acetate
Amyl acetate
Xylene
Union Solvent No. 8
E thyl acetato
Amyl acetate
aec-Butyl acetate
Butyl alcohol
Union Solvent No. 8
E thyl acetate
Amyl acetate
Isobutyl acetate
Isobutyl alcohol
Union Solvent No. 8

30%
40
10
14
38%
20
25
5
12
38%
18
22
5
17
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Isopropyl acetate
Amyl acetate
Butyl alcohol
Toluene
Amyl acetato
E thyl acetate
Amyl alcohol
Toluene
Amyl acetate
Isopropyl acetate
Butyl alcohol
Amyl acetate
Amyl alcohol
E thyl acetate

30%
35
5
24
30%
45
6
20
20%
75
5
25%
6
70

Role o f D iluents
In view of the fact that the object of the entire program
is to spray the maximum amount of solids, there seems to be
but little justification for the presence of diluents which are
primarily used to lower the material cost. They may be,
and usually are, present as the vehicle for carrying the resins
into solution. In very thin lacquer solutions their presence
in high percentages does not add to the viscosity of the solu
tion. However, when the spraying viscosity is high, the
presence of diluents is somewhat detrimental in that the low
est viscosity in relation to the solids has not been obtained.
Under the cold method of lacquer application, the true
solvents played only a minor role in keeping the viscosity low.
Because of the high ratio of volatile to solids, the viscosity
was so low that the true solvent medium was present pri
marily to carry the nitrocellulose into solution. The sheer
preponderance of volatile material kept the viscosity down
■within satisfactory spraying limits. Under these conditions
a high amount of diluent could be used. The diluent did
serve to keep the costs per gallon at a low figure.
Since the diluents are not solvents for nitrocellulose, the
logical plan of attack, if maximum solids are wanted, is to
eliminate all or most of the diluent. A great many formulas
with varying percentages of diluent were tried. Considerable
evidence was found to support the use of 100 per cent true
solvents in high-temperature lacquer formulation. In fact,
it is difficult to find a strong argument supporting the use of
a diluent; the principal reason is probably convenience.
The resins are normally dissolved and carried in stock in a
coal-tar diluent. There seem to be no pressing reasons why
this practice should be discontinued. This is particularly
true if the final lacquer does not carry excessive amounts of
diluent. It might also be noted that in high-solids lacquer
technique there is no reason for adding additional diluent
when the consumer adds thinner prior to spraying lacquer.
C om position o f V olatile
High-temperature lacquer technique, therefore, does permit
a wide latitude of volatile formulation. Where a formulator
is not restricted to one group of materials, it will be found es
sential for all-round good work to have at least 50 per cent
of the volatile material as high-boiling true solvent. Under
controlled conditions, somewhat less can be used. As an ex
ample of the type of problem that is likely to be met, let us
examine the following experiment:
Lacquer A (a standard automotive lacquer) was made up
with the following volatile composition:
Diluent
Low- and medium-boiling solvent
Amyl acetate

30%
50
20

To this lacquer, 25 per cent by volume of the following thin
ner was added:
Toluene
E thyl alcohol
M ethyl ethyl ketone
B utyl alcohol
Amyl acetate

20%
10
25
10
35
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After heating and spraying, this lacquer gave a film that
had a dry and dusty surface. It was impossible to “wheel”
this down to an acceptable finish in spite of the fact that it
contained almost 30 per cent of a high-boiling solvent. This
result was obtained by holding the gun well back from the
work so as to duplicate the overspray conditions encountered
on the production lines. It might be well to emphasize that
it would have been possible to make a passable panel by
holding the spray gun close to the work. In spite of this,
every effort was made to duplicate the technique characteris
tic of production work and to base the observations on the
results obtained.
A second trial was conducted with the same black lacquer
enamel. Again the reduction was 25 per cent by volume.
The reducer was composed of 70 per cent amyl acetate and
30 per cent diluent. This panel, with the gun held back from
the work, received an excellent finish. Atomization at the
gun was good and the material was sufficiently wet to permit
flexibility in the gun technique. The lacquer required no
“babying” on the part of the operator.
The colored lacquers experimented with, gave no trouble
not readily solved on the basis of the experience gained during
the experiments with black lacquers. A great many tests
with a group of standard automotive lacquers were performed
with amyl acetate and other solvents as the thinners. This
method of attack was used to gain quickly preliminary in
formation that might be encountered in hot lacquer ap
plication.
On the basis of this work, a generalization can be safely
made: The higher the amyl acetate ratio in the entire vola
tile, the more satisfactory the final film will be. This was
carefully determined after carrying out the same spraying
technique that was developed under the subject of black
lacquers. In fact, with amyl acetate as the sole thinner it was
possible to obtain freedom from orange peel that was un
usual. The rubbing required was in many cases reduced to a
minimum. It is not necessary to reformulate most standard
lacquers for high-temperature application, but it would seem
that some effort should be made to put most of the highboiling solvents required into the basic lacquer. It may prove
difficult to sell a lacquer to the consumer which requires that
he purchase a high-price solvent. The automotive industiy
is so accustomed to cut-rate thinners that a mental resistance
to the new prices might be built up in the buyer’s mind,
although in spite of the higher cost per gallon there would
still be a saving due to the lowrer total volume of thinner
used. At any rate, it would seem logical for a lacquer pro
ducer to supply lacquers for high-temperature work contain
ing the maximum practical amount of high-boiling solvent.
In no other way can the manufacturer be assured that his
lacquers will always give reasonably good effects, even though
some off-grade thinners are occasionally used with his products.
To obtain a preliminary observation on the limits, if an}', of
high-boiling solvent that can be used in the base lacquer, the
following test wras carried out: A typical lacquer was formu
lated with amyl acetate as the sole solvent. The resins were
cut in amyl acetate as well as the nitroeotton. The entire
lacquer was then redueed to about 38 per cent solids, using
amyl acetate as the thinner. Heat was applied to the lac
quer, and a panel, 18 X 30 inches, was sprayed. This
panel had previously been prepared with a primer and a
baking surfacer properly sanded. It w'as possible to apply a
heavy, full film of lacquer with no evidence of sagging or of
the large wavy type of orange peel. Furthermore, there w'as
no indication of lifting of the undercoat by the lacquer. It
was entirely reasonable to expect that the high concentration
of amyl acetate in the film might possibly cause lifting of the
oil base surfacers. In no case, regardless of the solvent con
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centration, w'as lifting encountered during the spraying of
over two hundred panels with high-temperature lacquer.
It is apparent from these observations that there is no up
per limit to the use of a high-boiling solvent, such as amyl ace
tate. The formulator can employ all of the amyl acetate
that his cost schedule and manufacturing technique will per
mit. Perhaps the minimum of amyl acetate in the base lac
quer should be placed at about 50 per cent of the volatile
portion. This w'ill ensure a reasonably good performance on
the job in the event that some inferior thinners are used by
the consumer. A typical lacquer volatile v’hich might be
suggested is as follow's:
Amyl acetate
«ec-Butyl acetate
Isopropyl acetate
Butyl alcohol

’

50%
20
20
5

M etallic Lacquers
When the work on high-temperature lacquer application
w'as being planned, it w'as thought that the two extremes
would be represented by the black lacquers and the metallic
types. All the plain colors could be handled on the same
basis as the black lacquer enamel. It w'as rightly felt that
the metallic finishes W'ould offer considerable difficulty. Un
der the present method of low-solids application, special care
must be exercised in the spraying of metallics to prevent scal
ing or ring formation.
The phenomenon known as scaling is a two-color effect
which develops if the film is cut through during the rubbing.
This condition is encountered w'here excessive floating of the
aluminum particles has occurred, leaving a light layer of
aluminum near the surface with a deep layer just below. In
production, the spots that are inadvertently cut through by
the rubbing block must be touched up again. If excessive
floating occurs in the metallic lacquer, the touch-up spots
cannot be rubbed out properly. A two-tone effect will then
be visible, and the paint job on that motorcar will be rejected
by the inspectors. This is not a new situation and has been a
constant source of annoyance since the first use of metallic
finishes on motorcars. The work done at this laboratory on a
great variety of commercial metallic finishes showed defi
nitely that gun technique is still of primary importance in
spra}ing this class of finishes. In fact, it may not be possible
to produce satisfactory metallic finishes with one double ap
plication. It may be necessary to spray one wet coat followed
by several dr}' applications of the metallic lacquer.
This work has shown that it is necessary to use a high-boil
ing solvent that will permit wet spraying, just as w'as the
case with black and colored lacquers. The technique followed
was to apply a full wet coat, then finish by spraying dry into
the wet background. The operation can readily be accom
plished by holding the gun close to the work initially and draw
ing the gun away for the final applications. That technique
eliminates floating by causing the top layers of lacquer to be
partially set. The presence of the residual high-boiling
solvent adequately handles the overspray, as was demon
strated during the black lacquer work.
The use of high ratios of a good high-boiling solvent permits
greater flexibility of the gun manipulation. If the lacquer
has a rather large amount of a low-boiling solvent, great
care must be used or a dry, pebbly surface w'ill be obtained
that cannot be properly rubbed out. The high-boiling solvent
present is an assurance that the film will level out and that
the dr}' spray will be redissolved so as to permit satisfactory
rubbing of the surface. Through the use of amyl acetate, the
lacquer can be set partially so as to prevent flotation of the
aluminum particles to the surface. Because of the strong
solvent power and the slower evaporation rate of amyl ace
tate, the film can be reflowed. This process is especially eon-
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P a n e l 152. Green metallic, manufacturer C. Reduced in the
ducive to good leveling when the finish is dried by heat in the ratio
of 4 parts of enamel to 2 of amyl acetate. This was an
baking oven.
excellent panel in every respect.
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Some authorities with whom this subject was discussed
contended that high-boiling solvents in metallic finishes
would not prove feasible. Their theory was based on the
likelihood that a high-boiling solvent would keep the film so
wet that the aluminum particles would float to the top and
invariably give the two-color condition. Had this contention
proved correct, the application of metallic lacquers by the
use of high temperatures would have been impossible. It is
true that an improper and excessively wet application will
cause color floating of metallic lacquers so that gun technique
again must be relied upon for the best results. The exten
sive work done at this laboratory has conclusively shown
that with the proper gun technique the liberal use of amyl ace
tate permits more flexibility of action to the spray gun opera
tor. A dry solvent is dangerous, for poor work is sure to re
sult unless extreme care is exercised. A slowly evaporating
solvent permits the use of a technique that is consistent with
. present practice, and good flow will always be assured. The
spray operator will not be required to learn a new technique
if a sufficiently wet lacquer is used, but the lacquer must be
wet with true solvents and not slowly evaporating diluents.
It is, however, possible to use moderate percentages of slow
diluents in the presence of a solvent similar to amyl acetate.
A few examples of panels selected at random from the work
with the metallic type lacquers will illustrate the results ob
tained :
P a n e l 83.
Metallic brown, manufactured by B. Reduced
in the ratio 4 parts of enamel to 3 of the following thinner:
Isobutyl acetate
Isobutyl alcohol
Toluene
Union Solvent No. 8

35%
35
15
15

This material was difficult to spray, and showed the pinholing
effect and scaling.
P a n e l 84.
Metallic brown, manufactured by B. Reduced
in the ratio 4 parts of enamel to 3 of thinner:
Amyl acetate
Isobutyl acetate
Union Solvent No. 8

25%
50
25

This was a satisfactory panel in every way.
P a n e l 87. Metallic blue, manufactured by A. Reduced in
the ratio of 4 parts of enamel to 3 of thinner:
Amyl acetate
Toluene

70%
30

Amyl acetate
E thyl acetate
Union Solvent No. 8

40%
30
30

Amyl acetate
E thyl acetate

2 parts
1

This was a satisfactory panel.
P a n e l 88.
Metallic brown, manufactured by .4. Reduced
in the ratio of 4 parts of enamel to 3 of thinner. Amyl acetate,
100 per cent. This was an excellent panel without a single indi
cation of scaling. Dispersion at the gun was perfect.
P a n e l 133. Gun-mctal metallic, manufactured by B. Re
duced in the ratio of 4 parts of enamel to 3 of thinner:
This was a satisfactory panel.
P a n e l 140. Gun-metal metallic, manufactured b y B. Re
duced in the ratio of 4 parts of enamel to 3 of thinner: *
This panel had excellent leveling and was free from scaling.
P a n e l 141. Gun-metal metallic, manufactured by B. Re
duced in the ratio of 4 parts of enamel to 3 of thinner:
Butyl acetate
E thyl acetate

2 parts
1

This was rough and free from scaling, and had an orange peel
which was difficult to rub out.
P a n e l 149. Gun-metal metallic, manufacturer B. Re
duced in the ratio of 4 parts of enamel to 3 of thinner:
Isobutyl propionate
Amyl acetate

1

1 part

This was an excellent rubbing surface and was free from scaling.

R eductions and V iscosity
Up to this point the question of reductions and viscosity for
spraying has been avoided for the sake of simplicity. Present
spraying practice is almost universally based on reducing the
lacquers to viscosities of 18 to 22 seconds on the No. 4 Ford
cup. Many technicians insist that 18 seconds is the maxi
mum viscosity that should be used for best atomization at
the gun.
During the initial stages of the high-temperature lacquer
work, viscosity measurements were ignored. The crux of the
problem was to get the maximum amount of solids on the
surface being coated. No previous experience with highsolids lacquer existed. Therefore, if lacquers could be made
to spray at nearly 30 per cent solids, other attendant details
for control could be worked out later. Nearly all the pre
liminary work was done by reducing the lacquers in the ratio
of 4 parts of enamel to 3 parts of thinner. Considerable work
has been carried out on this basis with good results.
Since experience had been gained through the success of the
preliminary work, the use of rich thinners and reductions as
low as 4 to 2 and 4 to 1.5 were tried. These reductions, par
ticularly with amyl acetate, proved to be very satisfactory.
At this point it was thought that the maximum solids had
been reached and that some practical method for control of
the high-temperature spraying should be adopted. There
fore, viscosity readings on the No. 4 Ford cup were correlated
with the practical spraying results obtained. Viscosity read
ings were taken on the reduced lacquers at room tempera
tures in all cases. It would be difficult to obtain viscosity
readings on the hot lacquer, and the results would be of no
practical value; that is, although such information is of aca
demic interest, it could not be used as a means of control in
the paint room. Viscosity readings at room temperaturecan easily be taken, and they permit some control over thethinning operation. If a reading of GOseconds has been found
satisfactory, for spraying a specific lacquer, thinners can
readily be added until this viscosity is reached. There may be
times when several readings will be required before the proper
amount of thinner has been added. This is the general tech
nique for control employed at present, and once a viscosity
has been correlated with workability, there should be no fur
ther difficulty.
After spraying a great many test panels from a wide variety
of lacquer enamels, it was concluded that viscosities around
70 seconds represented the maximum practical viscosity.
With some lacquers, using amyl acetate as the only thinner,,
success was had in the 70-second range, but for most work
viscosities running from 60 to 65 seconds give good results.
This does not exclude the use of viscosities below 60 seconds.
Some excellent results were obtained in the 50-60 second
range. The following lacquers on which viscosity readings,
were made will illustrate these conclusions:
P a n e l 155. Gun-metal metallic, manufacturer B. The lac
quer reduced in the ratio of 4 to 2 with isobutyl propionate. Vis
cosity obtained in the No. 4 Ford cup was 67 seconds. The ma
terial did not atomize as freely as it should, but the final film
would be rated fair.
P a n e l 156. Gun-metal metallic, manufacturer B. Reduced
4 to 2 with amyl acetate. Viscosity with the No. 4 Ford cupwas 55 seconds. There was excellent atomization at the gun and
good leveling on the panel surface.
P a n e l 159. Gray metallic, manufaetuer D. Reduced 12 to4, or 33‘A per cent by volume, with butyl acetate. Viscosity
with the No. 4 Ford cup was 61 seconds. The spraying was un
satisfactory. There was bad flooding of the color, and thedried panel showed excessive pinholing and practically no flow..
This panel could not be accepted as being of any value.
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P a n e l 160. Gray metallic, manufacturer D. Reduced 4 to
Throughout this work the old idea of formulating for solvent
l'/i, 37.5 per cent by volume, with amyl acetate. Viscosity
balance
has been abandoned. It has been definitely estab
with the No. 4 Ford cup was 67 seconds. The spraying property
lished that the evaporation of volatile material from a film is
was excellent. Flow and leveling were good. After a light rub,
this panel presented a good appearance and did not show ring
initially rapid and that the end is greatly delayed. This is
formation or scaling on the spot rubbed through.
true regardless of the solvent or solvent blend used. Flow

Amyl acetate appears to have a marked effect on disper
sion at the gun nozzle. It cannot be demonstrated on paper,
but the operator observed this phenomenon. The finished
panels also show the results of better atomization when amyl
acetate is present in the lacquer.
Butyl acetate at a viscosity of 61 seconds with the No. 4
Ford cup failed to disperse properly and produced a poor
film. Amyl acetate at 67 seconds viscosity with the same
■cup produced a panel that required little rubbing. Isobutyl
propionate at 67 seconds with the No. 4 Ford cup produced a
panel that was satisfactory, but it seemed a little heavy at
■that viscosity for general use. Apparently, the slower evapo
ration rate of the amyl acetate serves the purpose of keeping
the film open sufficiently long to permit escape of the volatile
constituent. The presence of a true solvent at the end per
mits a general reflow of the film and keeps the film surface
from sealing over:
P a n e l 165. Black lacquer enamel, manufacturer A. Re
duced 4 to 1 with a thinner consisting of 70 per cent amyl acetate
and 30 per cent Union Solvent No. 8. The viscosity-with the
No. 4 Ford cup was 65 seconds. The results were good, but it
seemed rather heavy for the best spraying efficiency. The panel
leveled out and proved to be satisfactory.
P a n e l 166. Black lacquer enamel, manufacturer D. Reduced
4 to 1 with:
Toluene
E thyl alcohol
M ethyl ethyl ketone
Butyl alcohol
Amyl acetate

20%
10
25
10
35

Viscosity with the No. 4 Ford cup was 52 seconds. It was
sprayed dry with a fine orange peel. The surface was so hard
and rough that it was difficult to cut down with the rubbing
block. This material proved entirely too dry for production use.
P a n e l 167. Gray metallic, manufacturer A. Reduced in
the ratio 16 to 5 with amyl acetate. Viscosity with the Bo. 4
Ford cup was 82. This was too heavy for satisfactory spray
application.
P a n e l 168. Same material as used in panel 167. Reduction
was 16 to 6 with amyl acetate. Viscosity with the No. 4 Ford
■cupwas 67 seconds. This reduction resulted in an excellent panel
in every way. Little rubbing was required to bring up a good
surface.
, ,, ,
P a n e l 169. Gray metallic, manufacturer A. Reduction was
16 to 5 with:
Toluene
Ethyl acetate
M ethyl ethyl ketone
Butyl alcohol
Amyl acetate

10
m
'iD

Viscosity with the No. 4 Ford cup was 67 seconds. This was en
tirely too dry for satisfactory use.
P a n e l 170. Tan polishing lacquer, manufacturer A. Re
duced 15 to 6 with a thinner consisting of 75 per cent amyl ace
tate and 25 per cent methyl ethyl ketone. Viscosity with the
No. 4 Ford cup was 64 seconds. This panel turned out well, but
the use of 100 per cent amyl acetate would have given better
atomization at the gun nozzle.
.„
P a n e l 171. Tan polishing lacquer, manufacturer A Re
duced 15 to 7 with amyl acetate. Viscosity with the N o. 4 1- ord
cup was 72 seconds. This was a satisfactory panel. In spite ol
the relatively high viscosit^q atomization was adequate lor a
good panel to he made.

Because of the variation among competitive lacquers and
the slightly different conditions under which each is used, it
lias not been considered advisable to make exact formula rec
ommendations. The purpose of the work has been to establish the practicability of high-temperature applica
tion. Parallel with this objective, some general principles
have been established that may govern the use of solvents.

and leveling of a film are not functions of solvent balance.
Flow is due primarily to the nature of the residual volatile
constituent remaining in the film at the end of the drying
period.
It has been demonstrated that good performance in hightemperature lacquer work is based largely on the presence of
high-boiling solvents. The lower limit for satisfactory per
formance has been established at about 50 per cent of the
total volatile material. The upper limit is where the indi
vidual formulator feels he has achieved a sufficiently wet con
dition. It has been shown also that 100 per cent high boiler
can be used with excellent success in all high-temperature
lacquer work. Amyl acetate is an ideal solvent for hot
lacquer application in automobile finishing systems. This
is due to its low vapor pressure and its even rate of evapora
tion from the film. The use of amyl acetate will ensure a
wet film when the lacquer strikes the surface being coated.
This is important, as the lighter and more volatile solvents
vaporize from the hot atomized spray very quickly, and it is
probable that the low-boiling solvents are evaporated before
they strike the surface. Unless an adequate percentage of a
relatively slow-evaporating solvent is present, a dry film with
a dusty or sandy surface is likely to result. A ragged dry
film cannot be rubbed and polished to a smooth surface.
The presence of from 20 to 50 per cent of amyl acetate
in the volatile portion of any lacquer formulation will in
crease its flow and leveling properties. This is a general
statement and has been substantiated during the spraying of
about two hundred and fifty panels with lacquers of as many
different volatile combinations. It is not absolutely essen
tial to reformulate the present lacquers for high-temperature
lacquer applications. Present enamels may be used by thin
ning with thinners rich in high-boiling solvents. A great
many lacquers have been purchased on the market and used
with thinners containing as high as 70 per cent amyl acetate
and the balance diluent. A formulation that has been suc
cessful and is cheap consists of 25 per cent amyl acetate,
50 per cent sec-butyl acetate, and 25 per cent diluent.
Experimental work with a gun-metal metallic lacquer,
specifically designed for high-temperature work, clearly dem
onstrated that amyl acetate is of particular value for this
purpose.
The results may be summarized as follows:
Amyl acetate is valuable for the development of smooth
films requiring a minimum of rubbing for good results.
Amyl acetate does not cause the two-color effect frequently
observed when the lacquer film is rubbed through under the
high speed buffer.
Amyl acetate definitely aids the proper atomization of the
high-solids lacquers at the spray gun nozzle, and is of value
to redissolve and reflow the “dusty” first coat or overspray.
There is evidence to show that amyl acetate invariably
aids in breaking up metallic lacquers so as to obtain a uniform
distribution of the aluminum particles throughout the film.
The use of 100 per cent amyl acetate will aid in the produc
tion of lacquer films free from the two-color effect. This is
true when the proper gun technique is employed.
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FLOW PROPERTIES OF PAINTS
• Leveling •
R. W. KEW ISH AND D. F. WILCOCK
The Lowe Brothers Company, Dayton, Ohio

M

ANY paints have a rather high consistency after stand
ing undisturbed in the paint container for some time.
On vigorous stirring they become much thinner. After F lat w all p aints were m ade according to a
stirring is stopped, the paints gradually thicken. This
property of thinning under agitation and then thickening series o f variations in a basic form ula.
Leveling tests were carried ou t on th ese
when agitation ceases is called “thixotropy” {20).
Under vigorous agitation of a paint, a minimum consistency p ain ts, and th e flow properties of the paints
may be attained which does not become less even when agita were m easured on a plastom eter o f th e
tion increases. This minimum consistency is called the B ingh am and G reen type and on a new kind
“maximum fluidity” of the paint {13).
The leveling qualities of a paint apparently depend more on of thixotrom eter. T he leveling test sim u 
maximum fluidity and thixotropy than on any other physical lates th e conditions o f leveling in th e case
property.
of a brush-applied p ain t film . A new
m eth od of jud gin g exten t o f leveling is de
Leveling Process
scribed. Evidence is given for concluding
Waring {28) derived an equation relating width and depth th a t m easurem ents m ade w ith th e plas
of brush marks to surface tension and yield value of a paint. tom eter are indicative o f m axim u m fluidity.
If a paint had no yield value, then complete leveling would
be expected on the basis of the equation. McMillen found
that on long standing some paints develop yield values {16),
but if any paint possesses a yield value immediately after it
is subjected to a strong shearing action (stirring, brushing),
such a fact has not been demonstrated. McMillen {12) con must possess a relatively high fluidity under small shearing
cluded that the effects of yield value on leveling were rela forces immediately after brushing, and thixotropic changes
tively insignificant as compared with the effects of thixotropic must not be so rapid as to retard or prevent leveling before
changes.
gelation of the film begins. Pryce-Jones {22) expresses
similar views.
When a paint is brushed out, it is subjected to very high
rates of shear {17). Under these conditions it is probable
that much of the thixotropic structure is broken down, and
that the consistency approaches the maximum fluidity of the
paint.
The steps, then, in the brushing and subsequent leveling
of a paint film are:
1. The passage of the brush produces irregularities in the
film.
2. The force of surface tension acting against the con
sistency of the paint tends to level out these irregularities.
The available force decreases {28) as the extent of leveling
increases. The initial rate of leveling depends on the maxi
mum fluidity of the paint.
3. Thixotropic changes increase consistency, the initial
rate of increase being very rapid {14)- Hence, rate of level
ing decreases rapidly at first and then more slowly.
4. In some cases, before leveling has proceeded sufficiently
F i g u r e 1. S u r f a c e T e n s i o n - C o n c e n t r a t i o n
to
eliminate visible surface irregularities, the paint has reached
C u r v e s f o r P a i n t s o f S e r i e s 1 {Above) a n d o f
a stage in which no appreciable further leveling can take
S e r i e s 2 {Below)
place.
In this experimental study an attempt has been made (a)
Gamble (5) says that since the surface tension values of to check the essential correctness of this outline of the level
various paint vehicles are of the same order of magnitude ing process, and (6) to investigate in more detail the relative
and can be modified only slightly, the consistency charac effects of maximum fluidity and thixotropy on leveling. In
teristics of a paint are the prime factors in determining order to do this it is necessary to have: a method of deter
leveling properties. In order to exhibit good leveling, a paint mining maximum fluidity, a thixotrometer, and a reliable
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leveling test. If maximum fluidity and thixotropy can be
determined, then a reliable leveling test will show the part
that each plays in the leveling of a paint film.
Surface Tension Anom alies
Haslam and Grady (9) found that the surface tension of a
paint as measured by the du Noiiy tensiometer increased with
increasing pigment concentration. Figure 1 shows that
similar results were obtained by the writers with two series
of flat wall paints.

VERTICAL DI5PLACEMENT-MM.

F ig u r e 2. F o r c e - D is p l a c e m e n t C u r v e s f o r
P a in t H -7 7 2 ( d u Notir T e n s io m e t e r )
A . Constant rate of force increase
B. Final displacement under constant force #
C. Force-displacement for unpigmented vehicle

Obviously the explanation of these results should lie in
the existence of a yield value. A yield value would oppose
distortion of the surface with the result that the tension
at which the ring pulled away would be substantially higher
for a pigmented material than for the unpigmented vehicle.
The yield value would also oppose any downward movement,
so that if the vertical motion of the ring were observed with
increasing and decreasing tension, a type of hysteresis curve
should be obtained. Figure 2 shows that such a curve is
obtained, but that its shape depends on the manner and rate
of application of the load. These curves were obtained by
observing the motion of the end of the tensiometer arm,
reading the displacement by means of the eyepiece mi
crometer scale of a microscope. The broken line (curve A )
represents the movement when the pull on the ring was in
creased in equal steps and one minute was alloAed between
steps, simulating a uniform rate of increase of force. The
solid line (curve B ) represents the movement when the pull
was increased in equal steps, but time was allowed after each
step until no perceptible movement took place in 30 seconds.
Such a hysteresis curve is not obtained when surface tension
measurements are made on the unpigmented vehicle (curve
.
.
Because of the effect of rate of application
of . tension on
the hysteresis curve, a study was made of the vertical dis
placement that occurred with time under constant tension.
For a tension (30.1 dynes per cm., Figure 3, curve B) above
the surface tension of the unpigmented vehicle (28.2 dynes
per cm.) but below that of the paint (35.9 dynes per cm.), the
ring broke away when given sufficient time; but for a tension
(22.1 dynes per cm., curve A ) below the surface tension of
the vehicle, the ring approached some maximum displace
ment but did not break free. From this we conclude that the
hysteresis curves and the surface tension anomalies, such as
Haslam and Grady reported and as were pointed out above,
are due to viscosity effects and the short lengths of time
during which the surface tension measurements are made.
The hysteresis curves and the surface tension anomalies may
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or may not be said to be due to a yield value, depending on
the definition of yield value (11) that one wishes to accept.
P lastom eter
The plastometer used was similar to the original Bingham
and Green apparatus (2, 7), but was simplified in design to
facilitate the making of measurements and yet retain much of
the accuracy of the original instrument. Figure 4 shows the
general construction of the plastometer. Figure 5 shows
the details of construction of the water bath, the paint con
tainer, and the capillary mounting.
To determine maximum fluidity it is necessary to destroy
thixotropic structure. This can be done by high rates of
shear or by high shearing stresses since these imply high
rates of shear. Freundlich and Abramson (4) showed that
the viscosity of thixotropic materials is temporarily reduced
by passing them through a capillary viscometer. There are
two reasons for believing that thixotropic structure is tem
porarily destroyed during the passage of a paint through a
plastometer of the Bingham and Green type: (a) A paint in
which some degree of thixotropic structure has been built
up is subjected at the capillary entrance to very high shearing
stresses. (b) The results obtained with the plastometer are
reproducible and nearly independent of the time that the
paint remains undisturbed in the paint container before the
measurement is made.

MINUTES

F ig u r e 3. T im e - D is p l a c e m e n t C u r v e s
u n d e r C o n s t a n t L o a d f o r P a in t H -7 7 2
( d u N o ü y T e n s io m e t e r )
A . Load, 22.1 dynea per cm.
B . Load, 30.1 dynea per cm.

McMillen (12) found, 2 minutes after stirring, an apparent
viscosity of 565 dyne seconds per sq. cm. at a shearing stress
of 0.287 dyne per sq. cm. for a paint that leveled well. With
one of the paints studied (H-741, Figure 13A), the rate of flow
in the plastometer was 0.00681 cc. per second at a pressure of
695.5 grams per sq. cm. Assuming a viscosity of 565 dyne
seconds per sq. cm. as the viscosity of this paint in the undis
turbed state, then for a rate of flow of 0.00681 cc. per second
the shearing stress at the entrance to the capillary would be
211,000 dynes per sq. cm.
u8 fVrhr (Poiseuille equation)
8 VL
V = - r4i
where p pressure, dynes/sq. cm., and i = time required for
volume V to flow through a capillary of length L
and radius r
If S is the shearing stress at the walls of the capillary,
S = pr/2L
v ~
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F ig u r e 5. W a t e r B a t h , P a in t C o n t a in e r ,

Figure
4.
P la sto m eter

Substituting the Poiseuille equation in this equation,

and

C a p il l a r y M o u n t in g

tropic structure. Pryce-Jones (23) says that reproducibility
is an indication of an absence of thixotropy, which implies
that if paints are thixotropic, results with the plastometer will
not be independent of time. ]
Bingham and Green (3) and Green (5) found that the
apparent viscosity of a paint increases as shearing stress
decreases. This may mean that the property which we are
calling “maximum fluidity” decreases with decreasing shearing
stress, and that because of the small forces of surface tension
the maximum fluidities involved in the initial leveling of a
paint film are substantially higher than those measured in the
ranges of pressure ordinarily used in measurements made with
the plastometer. Bingham’s statement (1) that the same
flow curves were obtained with the plastometer for a given

This gives the shearing stress as a function of the viscosity.
Then at the entrance to tiie capillary,
c,

&

4 X 0.00681 X 565 „.......... ..
= 3.1410 X (0.0285)» = 211,000 dynes/sq. cm.

Results obtained with paint H-838 show that for this paint,
for the pressure used, measurements made with the plastometer are essentially independent of thixotropy. (Figure 14/)
shows that the paint is definitely thixotropic.) Since there
were decreases in effective pressure due to decreasing hydro
static head in the paint container, the rates of flow were
corrected to the rate corresponding to the initial effective
pressure (711.3 grams per sq. cm.) by use of the slope of the
flow curve obtained from previous measurements (Figure
13D):
ar

No.
1
2
3

= 0.0000347 (grams/sq.
. (cc-/sec')cm.)■
■

R ate of Flow
M easured
Pressure
Cc./sec.
G./sq. cm.
0.01606
711.3
709.4
0.01590
0.01574
707.6

Flow
Correction
Cc./sec.
0.00000
0.00007
0.00013

Time after
R ate of Filling Paint
Flow Cor. Container
M in.
Cc./sec.
4
0.01606
0.01597
19
0.01587
50

The slight trend in rates of flow with time are attributed to
an increase in resistance to flow at the capillary entrance
caused by increase in thixotropic structure. However, the
effect is so small that it may be said that the rates of flow are
essentially independent of thixotropy, and hence that the
maximum fluidity of the paint is being measured. [In con
trast to these views, McMillen (15) does not believe that a
material is subjected, in the capillary plastometer, to a high
enough rate of shear for a long enough time to destroy thixo

F ig u re

6.

P rin c ip le o f O p e ra tio n o f th e
T h ix o tro m e te r
Angle A, and hence the torsion of the wire, is kept prac
tically constant by moving the container.

material either when using a series of increasing pressures or
a series of decreasing pressures seems to imply that rate of
flow in a capillary plastometer is independent of thixotropy
over a wide range of shearing stresses. If this can be shown
to be so, then maximum fluidity is a function of shearing
stress.
T hixolrom eter
This thixotrometer is a departure from previous thixotrome
ter designs (5, 13, 18, 21, 25). The principle of operation
of the thixotrometer is shown in Figure 6. The thixotrome
ter differs from the falling-ball viscometer in three ways:
The driving force is supplied by the action of a horizontal
torsion wire rather than by density difference; the position
of the sphere is kept practically constant, the container being
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F ig u r e 7. T o r s io n W ir e M o u n t in g a n d S p h e r e

moved instead; and the
distances traveled by the
container are quite small—
of the order of 0.2 inch (0.5
cm.). The use of torsion
wire increases the accuracy
of the measurement when
small driving forces are
used and facilitates the use
of different driving forces.
By keeping the position of
the sphere constant, the
torsion of the wire and
hence the force acting on
the sphere is kept constant.

constant. (b) A considerable range of driving forces can
be conveniently used, (c) The sphere moves toward a region
not previously subjected to shear.
Pryce-Jones {2J+) says that thixotropic measurements should
be made at constant rate of shear. It might be possible to
construct stress-time curves at constant rate of shear by
making measurements with a series of driving forces and
selecting points at constant rate of travel from the curves ob
tained. [This assumes that constant rate of travel cor
responds to constant rate of shear, which may not be true.
Pryce-Jones {25) discusses this point in considerable detail. J
However, during the leveling of a paint film the force pro
ducing leveling decreases and the rate of shear also decreases.
The use of a constant stress and a decreasing rate of shear
(the method ordinarily used with the thixotrometer described)
is a better approach to these conditions than the use of a con
stant rate of shear and a necessarily increasing shearing stress.
Mention should be made that “elastic-recoil” effects
such as those described by Pryce-Jones {27) have been ob
served. In these cases when the force that had been acting
on the sphere was reduced to zero, the sphere moved back a
considerable portion of the
distance that it had trav
eled through the paint.

In assembling the thixo
trometer, the arm leading
from the sphere (Figures 6
and 7) is disconnected, and
F ig u r e 8. P a in t C o n t a in e r
the paint container (Figure
8) is placed in the water
bath (Figure 8) which is
already in position on the metal guides (Figures 7 and 9). The
sphere is inserted in the paint, and the arm is engaged in a clamp
on the torsion wire (Figure 7 ).
In using the thixotrometer the paint is stirred for a fixed length
of time with a mechanical stirrer. The paint is poured into the
paint container, and a stop watch is started the moment pouring
is begun. The thixotrometer is assembled, and the micrometer
(Figures 7 and 9) adjusted so that the arm is brought to a pre
viously determined zero position as observed on the eyepiece
scale of a microscope (Figure 9). At a fixed time after pouring,
the torsion setting is made. Underthe force due to torsion the
sphere moves through the paint. By means of the micrometer
the container is moved from time to time so that the arm is
brought back to the zero position. Readings of the micrometer
indicate the distances the container has traveled. These dis
tances and the corresponding times are recorded.
Dimensions of various parts of the thixotrometer are:
Container
Diameter 2s/s in. (6.7 cm.), length 3 in. (7.6 cm.)
Glass sphere
Diameter 0.86 in. (2.18 cm.)
Torsion wire
1° torsion = 12.6 dynes force on sphere

Most thixotrometers as well as this one measure change in
viscosity after the material has been subjected to shear. In
this thixotrometer thixotropic effects show up as a decrease
in the rate of travel of the container with time.
The thixotrometer has the following characteristics which
appear to be advantageous: (a) The driving force is
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and

W a ter B ath

Leveling T ests
The usual leveling test
{6, 19) consists in (a) pro
ducing irregularities in the
surface of the paint film,
usually by means of a metal
blade with a serrate edge
and {b) judging the extent
of leveling from the appear
ance of the surface after
drying. In these tests such
a blade was used (Figures
10 and 11), but in judging
the leveling, a cross sec
tion of the dried paint film
was examined under the mi
croscope.

F ig u r e 9. A s s e m b l e d T h ix o t r o m e t e r
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The blade used was made from a fine-tooth hack-saw blade with
thirty-two teeth to the inch (2.5 cm.). The blade was ground
down on emery paper and has the following dimensions: The
teeth are spaced 0.79 mm. apart, the width of the teeth where they
touch the paper is 0.315 mm., and the triangular openings through
which the paint goes are 0.263 mm. deep.
The paint is applied on paper which has been given a sprayed
coat of black enamel. The enamel presents a smoother surface
than the paper and gives in cross section a sharp black line by
which the paint may be easily distinguished from the paper.
The blade is drawn through the paint twice, the excess paint
being removed after each passage. The blade is then thoroughly
cleaned and drawn through the paint. This is repeated and the
painted strip is put aside to dry. After drying, it is mounted in
paraffin in which a considerable amount of carbon black has been
dispersed. Thin sections cut from the paraffin mounting may be
used in the preparation of microscope slides. These (or the
paraffin mounting after proper trimming) are used in making
photomicrographs by reflected light of cross sections of the film.
The photomicrographs (Figure 12) show the film as a series of
white ridges against a black background. In evaluating the ex
tent of leveling, the ratio of width to height of these ridges is
determined. This value was called the “spread ratio.” The
spread ratio increases with increased leveling.
P ain ts Studied
The paints studied had the following composition:
Pigm ent
Lithopone
Diatom aceous earth
Titanox C
Aluminum stearate

Ä

79.4
9.1
11.4
0.146

Vehicle
Raw linseed oil
Bodied drying oils
Thinner
Drier-nonvolatile

ttt

Num ber
H-745
H-746
H-747
H-748

VOL. 31, NO. 1
Num ber
H-749
H-750
H-751

Per Cent
39.1
36.9
34.6
32.3

Per Cent
30.1
27.9
25.6

3. V a r y in g A m o u n t s o f A l u m in u m S t e a r a t e . The pigment
volume percentages based on total volume and the percentages
of aluminum stearate based on the total weight of pigment were:
Pigm ent
Vol. %
32.13
32.14
32.16

% A1
Stearate

Num ber
H-767
H-76S
H-7G9

0.0

0.0366
0.0732

Num ber
H-770
H-771
H-772

% A1
Stearate
0 .1464'
0.292
0.584

Pigm ent
Vol. %
32.23
32.38
32.60

4. V a r y in g V is c o s it y o f B o d ie d D r y in g O il s U s e d in
V e h ic l e . The pigment volume percentage in all cases was

32.16. The paints and the bodies and acid values of the oils
used are given in Table I.
I.

T a b le

Num ber
H-835
H-836
H-837
H-838
H-839

B o d ie s

A c id V a l u e s o f O il s
o f S e r ie s 4
Seconds for
Body of Oil
Bubble to Reaoh
in GardnerFirst M ark on
H oldt Tube
Tube (25° C.)
U ntreated
46.4
Z2 +
54.0
Z360.5
Z3 +
Z4 —
70.7
and

in

P a in t s
Aeid Value
of Oil
1.64
11.15
10.00
9.55
9.39

8.4
25.5
65.2
0.92

Four variations in formulation were studied:
1. V a r y i n g P ig m e n t - V e h i c l e R a ti o .

pigment volume percentages were:
N um ber
H-738
H-739
H-740
H-741

Per Cent
40.0
37.5
35.0
32.5

The paints and the

Num ber
H-742
H-743
H-744

Per Cent
30.0
27.5
25.0

2 . V a r y in g P ig m e n t -V e h ic l e R a t io w it h C o n s t a n t
P ig m e n t -V e h ic l e -N o n v o l a t il e R a t io . For these paints the

pigment-vehicle-nonvolatile volume ratio was 1.54 to 1, and the
weight ratio 6.08 to 1. The paints and the pigment volume per
centages based on total volume were:

• > r -,

" ■• ■ f;

-v

W -7 Y

7 -3 4

H - T S O - ^ d

- T s r - id

F i g u r e 10

(Above). B l a d e M o u n t i n g a n d P a p e r H o l d e r

F i g u r e 11

(Below). P h o t o m i c r o g r a p h o f B l a d e ( X 25)

f o r L e v e lin g T e s t

F ig u r e 12. P h o t o m ic r o g r a p h o f L e v e l in g T e s t s
S e r ie s 2 P a in t s ( X 25)

fo r
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(X060

F i g u r e 14 (Left) . R e s u l t s
O b t a in e d w i t h t h e T h ix o t h o m e t e r f o r a F o r c e o f 630
D y n e s A c tin g o n t h e S p h e r e
A. Series 1 B. Series 2
C. Series 3 D. Series 4

0.6 0

0.50
0.40

tc 0.030

<o
I 0.30
oz

The oil used in H-835 was a
blend of untreated drying oils.
The oil used in II-836 was a
blend of the same composition,
heat-bodied at 585 0 F. The oils
of the higher viscosities were
successive samples obtained
from the heat-bodied oil by
blowing at a temperature be
tween 200 ° and 220 “ F.

LU

O.ZO

0.030

Two pints (0.9 liter) of each
of the members of the four
series of paints were prepared.
In each case one of the pints
was used in the various tests,
and the other was reserved for
settling tests and for a final
check.

§ 0.06 o

oJ
VUJ
vo

O
Z
LU

Q-

2 0.030

.0.005

oxz 0M

JO
MINUTES

1000
P R E S S U R E , CRAMS P ER SQ .C M .

F i g u r e 13 (Left) . R e s u l t s Ob
ta in e d w ith th e P la s to m e te r
A . Series 1 B. Series 2
C. Series 3 D. Series 4

R esults o f Flow
M easurem ents
Figure 13 shows the results
obtained with the plastometer
for series 1, 2, 3, and 4, re
spectively. In connection
with leveling, three points in
these sets of curves are sig
nificant:
1. In series 1 and 2, the
paints show a nearly regular
increase in viscosity (decrease
in rate of flow) with increas
ing pigment concentration.
2. The differences between
the various members of series
3 are slight.
3. The paint made with
the untreated oils (H-835)
in series 4 shows the lowest
viscosity (greatest rate of
flow).
The dimensions of the cap
illary used in these tests
were: effective radius, 0.0285
cm.; length, 7.427 cm. (series
1) or 6.952 cm. (series 2,
3,4).
Figure 14 shows for the
four series of paints the re
sults obtained with the thixo
trometer for a force of 630
dynes acting on the sphere.
The setting of the torsion was
made 10 minutes after the
container was filled. From
these results the following con
clusions are indicated:
1. T hixotropy increases
with increasing pigment con
centration.
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increasing viscosity will probably slow down the rate of
flocculation by decreasing the rate of thermal agitation of
the particles.
With the oil used in paint H-836, viscosity, acid value, and
oxidation were increased over the values of these quantities
for the raw oil; as a result, paint H-836 is less thixotropic
than II-835. With H-837 the decrease in acid value of the
oil (Table I) causes an increase in thixotropy, but with
H-838 and TI-839 increasing viscosity and oxidation are more
effective than decreasing acid value, and these paints are less
thixotropic than H-837.
The spread ratios for the various paints as determined in
the leveling test are:
Paint No.
H-738
PI-739
H-740
H-741
H-742
H-743
H-744
H-767
H-768
H-769
H-770
H-771
H-772
F ig u r e

15.

P h o t o m ic r o g r a p h o f L e v e l in g T e s t s
S e r ie s 4 P a in t s ( X 25)

for

2. Paints below a concentration of 30 per cent pigment by
volume are much less thixotropic than paints with higher
pigment concentrations. These results differ from those
obtained with the plastometer where the change from paint
to paint varied in a fairly regular fashion.
3. Thixotropy increases with increasing aluminum stea
rate concentration. The differences between successive mem
bers of the series are relatively greater than the differences
found with the plastometer.
4. Thixotropy is not a simple function of oil viscosity.
5. The thixotropy of paints made with untreated oils is
greater than that
of paints made
with heat-treated
or blow n o ils.
Here again there
is a marked differ
ence in these re
sults as compared
with the results
obtained with the
plastometer.
6. The initial
effect of blowing
I
5
10
15
a heat-bodied oil
TIME OF FLOW (MINUTES)
is to increase the
F ig u r e 16. R e s u l t s O b t a in e d
th ix o tr o p y of
w it h t h e G a r d n e r F l o w m e t e r f o r
S e r ie s 1
paints made with
the oil. Further
blowing of the oil gradually decreases the thixotropy of the
paints.
Conditions of better dispersion tend to decrease thixotropy
(26). In heat bodying an oil, polar-nonpolar type molecules
(good dispersing agents) may arise through the formation of
free acids or by oxidation. In blowing a heat-bodied oil,
acid value decreases, but polar-nonpolar type molecules may
be formed by oxidation.
Flocculation is one of the accepted causes of thixotropic
structure (10). Since a certain amount of motion is neces
sary to bring pigment particles into position for flocculation,

Av. Spread Ratio
G. 1
6.3
9.8
9.6
Complete spreading
Complete spreading
Complete spreading
14.1
15.2
14.1
10.9
13.8
9.5

P aint No.
H-745
H-746
H-747
11-74 8
H-749
H-750
11-751
PI-835
H-836
H-837
H-838
PI-839

Av. Spread Ratio
6.8
8.5
14.1
16.6
Complete spreading
Complete spreading
Complete spreading
17.5
13.7
15.6
13.8
15.7

The results show irregularities which may be eliminated
after further improvement of the test method. Nevertheless,
the following generalities are indicated:
1. Leveling becomes progressively better as pigment con
centration decreases.
2. At pigment concentrations of 30 per cent by volume
and below, complete leveling of the paints occurs. There
is probably a connection between this result and the fact
that the paints below this percentage are much less thixo
tropic than those above.
3. Increasing aluminum stearate concentration causes
poorer leveling. On the basis of the results obtained with
the plastometer, the difference in leveling over the entire
series would be expected to be no greater than the difference
between consecutive members of series 1 and 2. The results
obtained with the thixotrometer indicate that a considerable
difference should be expected.
4. The paint made with the blend of untreated oils levels
better than the paint made with the bodied oils (Figure 15).
5. No definite conclusion can be drawn with reference to
the effects of blowing the bodied oil.
Figures 16 to 19 show results’obtained with the Gardner
flowmeter for the four series of paints. The conclusions to
be drawn from these results are essentially the same as with
the leveling tests. In particular, a different type of curve
and a greater rate of flow is obtained with paint H-835 than
with other members of the same series.
Interpretation of R esults
Although paint H-835 is more thixotropic than the other
members of the same series, it shows better leveling in the
leveling tests. This demonstrates that both maximum
fluidity and thixotropy influence the leveling of a paint film.
It is a common experience that, contrary to the results of
the leveling test, paints made from untreated oils do not
level as well as those from bodied oils. Brush-outs of the
series 4 paints show that, within the width of the band
covered by the brush, there is little observable difference in
leveling. This is in agreement with the results obtained in
the leveling test. However, at the edges of the brush a
ridge is laid down along the path traveled by the brush.
With paint H-835 the size of this ridge is greater than it is
with the other paints (as a result of the greater maximum
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o

H-746

oe.

H-745-

a

i
1
5
10
15
TIME OF FLOW (MINUTES)
F ig u r e 17. R e s u l t s O b t a in e d
w it h t h e G a r d n e r F l o w m e t e r f o r
S e r ie s 2
I

2. The initial rate of
leveling of a paint corre
sponds to the maximum
fluidity of the paint. Subsequent leveling depends
upon the change of fluidity
with time.
3. In the leveling out
of surface irregularities in
a paint film, the effects of
maximum fluidity decrease
and the effects of thixotropy
increase wdth increasing size
of the irregularity within
F i g u r e 18. R e s u l t s O b t a in e d w i t h t h e
the size limits usually en
G a r d n e r F lo w m e te r f o r S e rie s 3
countered.
4. Thixotropy decreases
and maximum fluidity and leveling increase with decreasing
pigment concentration. Of the flat wall paints studied,
those which had concentrations below 30 per cent pigment
by volume were much less thixotropic than the paints with
higher pigment concentrations. Complete leveling in the
leveling test occurred at pigment concentrations of 30 per
cent and lower.

2

F i g u r e 19.

4
6
M IN U TES
R e s u l t s O b t a in e d w i t h t h e
f o r S e r ie s 4
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fluidity of this paint), and the ridge shows little tendency to
level out. Further, in the case of a stippled film the irregu
larities remaining in the surface are greater with this paint
than with the other members of the series. Obviously,
then, in the case of a small surface irregularity paint H-835
levels better than the other members of the series, but in the
case of a large irregularity it does not level as well.
Although initial rate of flow is dependent on maximum
fluidity, the total flow will depend on how' thixotropic prop
erties alter the consistency of the material. Since flow'
hinders the development of thixotropic structure, the slower
the rate of flow the more rapid will be the development of
thixotropic structure.
In the case of a paint applied to a horizontal surface, the
smaller a surface irregularity, the greater is the pressure
caused by surface tension, and the larger the irregularity, the
greater the hydrostatic pressure. Hence in passing from a
very small to a very large surface irregularity, the pressureproducing flow ranges from a higher to a lower and then to a
higher pressure. In the results obtained paint H-835 showed
better flow' than the other members of the same series under
conditions of higher pressure and poorer flow' under condi
tions of lower pressure. For higher pressures—for example,
with small (brush marks) or very large (Gardner flowmeter)
surface irregularities—since flow' took place rapidly, thixo
tropic changes had less effect than maximum fluidity, and
H-835 show'ed better flow. For intermediate pressures—for
example, wdth a not too large surface irregularity—because of
the smaller rate of flow', thixotropic changes increased the
consistency of H-835 to such an extent that the total flow'
was less than with the other members of the same series.
Conclusions
1. Maximum fluidity and thixotropy are the fundamental
factors involved in leveling.
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Protein Plastics
from Soybean Products
Plasticization
of Hardened
Protein Material1

GEORGE H . BROTHER A N D
LEONARD L. MCKINNEY

U. S. Regional Soybean Industrial
Products Laboratory, Urbana, 111.2

R

ECENT developments have made it possible to ap gested that the replacement of water molecules by some other
proach from new angles the problem of developing a polar molecules which would be water repellent would prob
protein plastic molding material. Earlier work in ably produce a material favorable for plastic development.
this line was confined to forming the water-plasticized softProtein materials, especially casein from milk and soybean
material to shape and then hardening it in formaldehyde solu treated with strong hardening agents such as formaldehyde
tions and drying. The incorporation in the water-plasticized (2), form thermoplastic material. This material requires a
soft material of weak or dormant hardening agents which softening agent or plasticizer in order to flow properly with
would become active after the object had been formed to heat and pressure. In the preceding study no attempt was
shape was the oflly alternative. Aside from other objections made to use anything except water.
and weaknesses which are numerous and serious, the product
In the trade the term “plasticizer” is generally used to de
does not come finished from the die in any of these processes note any material which util impart softness or pliability to
but must dry down to normal moisture content, with accom the plastic. It is also generally understood that there are
panying shrinkage and warpage. Also, the product is left three types of plasticizers, classed loosely and arbitrarily as
porous and readily absorbs water even from humid air. Con true plasticizers, softeners, and reactants. A true plasticizer
sequently, it has not been possible to develop a protein plastic is understood to be a nonvolatile solvent or dispersing agent
molding material up to the present time.
for the plastic material. It should not exude with pressing
Some protein materials, notably soybean protein and pro or with age; it should not evaporate or change its form, but
lamines such as zein from corn, possess a tendency towards should remain permanently and homogeneously distributed
plastic flow even at reduced water content (I). It W3S sug- throughout the material, preserving flexibility, resiliency, etc.,
in the material in direct proportion to the amount of plas
1 For previous papers in this series, see literature citations (/) and (S).
1 A cooperative organization participated in by the Bureaus of Chemistry
ticizer originally added—for example, tricresvl phosphate or
and Soils and of Plant Industry of the U nited States D epartm ent of Agri
dibutyl phthalate in nitrocellulose. On the other hand, a
culture, and the Agricultural Experim ent Stations of the N orth C entral
softener is a material which forms an intimate but mechanical
States of Illinois, Indiana, Iowa, Kansas, M ichigan, M innesota, Missouri,
mixture with the plastic and in this way modifies the proper
N ebraska, N orth D akota, Ohio, South D akota, and Wisconsin.
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ties of the plastic, such as castor oil mixed with nitrocellulose.
A reactant depends upon an actual chemical reaction or com
bination with the plastic or associated material to produce a
new material which has the properties desired. An example
is the combination of a fatty acid with a polyhydric alcohol
and a polycarboxylic acid to form a modified or plasticized
glyptal resin.
The object of the present investigation is to study the effect
on the formaldehyde-hardened commercial soybean “alpha”
protein of different types of commercially available plasticizers. The problem will be considered from two angles—
namely, improving the plastic flow and increasing the water
resistance. This will throw the agents considered into three
arbitrary classes, those producing plasticization, those failing
to produce plasticization, and water repellents. The first
group includes all those agents which, when mixed with the
formaldehyde-hardened soybean protein of reduced water
content, rendered the plastic more free flowing as judged by
behavior in the die and by appearance (Figure 1). The sec
ond group includes those agents which in even small amounts
exuded on pressing, and which either did not increase the
plastic flow by their presence or in some cases inhibited it.
The last group is composed of those agents which, in mixture
with the best plasticizing agent found (ethylene glycol),
might be expected to increase the water resistance of the
plastic. So far as plasticization is concerned, these agents
would be listed as nonplasticizers.
Experim ental Procedure

T a b le
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I.

P l a s t i c i z i n g A g e n t s f o r F o r m a ld e h y d e - H a r d e n e d
C o m m e r c ia l S o y b e a n A l p h a P r o t e i n
W ater
M axi
Absorp
mum Amount tion
Plasticizer
Am ount0 Used (24 Hr.)
Per cent Per cent Per cent
W ater b
10
10
Ethylene glycol
35
20
21
Ethylene eyanohydrin
30
20
27
Allyl alcohol®
+ 30 Too
volatile
Glycerol
25
20
27
Diethylene glycol
22
20
30
Propylene glycol
22
20
29
Furfuryl alcohol
22
20
14
Monomethyl ether of ethylene glycol®
20
20
22
Monomethyl ether of dicthylene glycol
20
20
30
Monoethyl ether of ethylene glycol®
18
18
25
Monoethyl ether of diethylene glycol
18
18
27
Trim ethylol propane
20
10
28
Sorbitol
15
10
24
o-Toluene sulfonamide, p-tolueno sulfonamide 15
10
15
Triethylene glycol
12
12
24
Dipropylene glycol
12
12
21
Triethanolam ino
+ 30
20
D isinte
grated
Morpholine®
+ 30
20
Disinte
grated
° The maximum quantity (=** 3 per cent) of agent th at will be taken up
by the hardened protein.
£» See citation (£).
c These test pieces were molded a t less than 300° F. (149° C.).

as protein or cellulose require agents of high dielectric constant
to produce swelling or plasticization. This is in accord with
the view that swelling is similar to the process of solution and
that swelling is the result of the combination of the molecules
The base material for this investigation was prepared in accord
of the fluid with the free valences of the gel lattice. Since form
ance with procedure described in a previous paper (2). One
aldehyde
protein is a multipolar colloid, agents of high spe
part commercial alpha soybean protein was treated with two
cific inductive capacity would be expected to have some swell
parts of 40 per cent formaldehyde solution adjusted to a pH of
ing action upon it. A number of such agents which were found
4.2 — 0.1 for 12 to 16 hours at room temperature. Excess form
aldehyde was then removed by washing with water, and the
to produce enough plasticizing action on the hardened protein
hardened protein was dried at 50° C.
to render it moldable under the
(122° F.) to a moisture content of 4 per
conditions of this test are listed in
cent. A moisture content of above 5
Table I.
per cent would produce blisters in the
material pressed under the conditions
The maximum quantity (=*= 3 per
Seventy com m ercially avail
of this test.
cent)
of the agent that will be taken
The test pieces were molded disks 2
able plaslicizers were tried
up by the hardened protein and not
inches in diameter and ‘/s inch thick.
w ith form aldehyde-hardened
exude under the pressing conditions
The plasticizing agent was thoroughly
mixed with the base powder ancl
of this test is listed under the head
soybean
protein.
T
he
polyallowed to stand 24 hours at room tem
ing “Maximum Amount.” It will
functional alcohols gave posi
perature. The disk was molded from
be noted that ethylene glycol heads
this mixture in a closed-type die at a
tive results as plasticizing
this
list. The greater the amount of
pressure of 4,000 pounds per square inch
agents; of these ethylen e
(281 kg. per sq. cm.) and 300° F.
this agent added, the lower is the
(l49° C.). In the case of samples
glycol was b est. T he prim ary
pressure required to mold, and the
containing an agent with a boiling
softer and more rubberlike the plas
m onohydric alcohols, esters,
point below this temperature, the temtic produced. Ethylene glycol is
erature used was somewhat below the
ketones, and oils gave the
Coiling
point of the agent. In order to
readily
soluble in water; yet when
m ost definitely negative re
obtain the maximum plasticizing ac
the
test
pieces made with it as the
tion, it is advantageous to employ the
sults.
plasticizing
agent were redried after
highest temperature possible without
Ethylene glycol im proved
the water absorption test and
decomposing the plastic.
The percentages of plasticizing agent
weighed, they were found to have
the plastic flow of the m ate
and water-repelling agents shown in the
lost
only 3 or 4 per cent. This indi
rial
apparently
as
a
plasticizer.
tables are calculated on the basis of the
cates
that only 15 or 20 per cent of
base powder. The water absorption
This m aterial m ay be ren
the glycol leached out of the material
on the disks was determined by the
dered therm osetting by h ea l
during the period of immersion in
method used in a previous investiga
tion (2). The test pieces were con
ing. E thylene glycol in 
water.
On aging, the glycol does not
ditioned at 50° C. for 24 hours and
exude
and
there is little chance that
creased
the
water
absorption
immersed in distilled water at room
it vaporizes; yet the plastic gradually
temperature (25° C., 77° F.) for 24
from 10 to 21 per cent. Oleabecomes harder and more resinlike.
hours; the gain in weight over the
nolic acid and alum inum
conditioned weight was reported as
This tendency 'can be hastened either
water absorption.
stearates, in m ixture w ith
by heating on calender rolls, which
ethylene glycol, reduced water
causes the plastic to lose its plasticity
A gents Producing Positive
after a short time and no longer to
P lasticization
absorption m ore than other
mill properly, or by heating in an
Whitby (9 ) showed a relation be
agents tried.
ovenfor 24 hours at 100° C. (212° F.)
tween dielectric constant and swell
after which the material will no longer
ing. In general, polar colloids such
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T a b l e II. A g e n t s T h a t G iv e N o P l a s t i c i z a t i o n w i t h
F o r m a ld e h y d e - H a r d e n e d S o y b e a n P r o t e i n

Alcohols
Propyl alcohol
Butyl alcohol
Tributyl alcohol
Diacetone alcohol
Octyl alcohol
Tetrahydrofurfuryl alcohol
Pentaerythritol
Mannitol
i-Gluconolaotone
Crude terpineol
Ester gum
Ethers
Dibutyl ether
Monobutyl ether of ethylene glycol
Monobutyl ether of diethylene glycol
Amines and Amides
n-Dibutylamine
n-Tributylamine
Diamylamino
Hydrofuramide
o- and p-ethyl toluene sulfonamide

Esters
Ethyl acetate
Methyl lactate
Butyl lactate
Ace tin
Diace tin
Ethylene glycol ethyl ether
acetate
Butyl stearate
Butyl acetyl ricinoleate
Glycerol monoricinoleate
Dibutyl phthalate
Tricresyl phosphate
Methyl abietate
Dihydromethyl abietate
Ketones
Methyl isobutyl ketone
Methyl n-amyl ketone
Fenchone
Oils

Castor oil
Soybean oil
Tung oil

be thermoplastic. This material could not be repressed. Even
soaking in water 24 hours failed to make it possible to repress
the material successfully. All this evidence indicates that there
may be a reaction between the hardened protein and ethylene
glycol. The latter promotes plastic flow better than any of the
agents investigated and possibly should be classed as a reac
tant. A reaction (8 ) between unhardened protein and a polyhydric alcohol has been claimed, but this is probably a some
what different reaction since the conditions of the present
study are quite different from those specified by the inventor.
Allyl alcohol is too volatile to be of practical importance as a
plasticizer, but it exerts a softening or plasticizing action on
the hardened protein. Furfuryl alcohol produced material
showing the lowest water absorption of any agent in this group.
However, it does not appear to furnish sufficient plasticizing
action on formaldehyde-hardened protein to be practical if
used alone, and it produces a somewhat discolored material.
A mixture of o- and p-toluene sulfonamide produced a ma
terial of low water absorption, but again this agent does not
plasticize sufficiently to produce a free-flowing plastic. The
sulfonamide plastic was very hard and resinlike. The same
is true of the plastic produced with both sorbitol and trimethylol propane, but with these the plastic flow was so poor
that high pressure (5,000 pounds per square inch) was required
to produce a plastic. Triethanolamine and morpholine pro
duced plastic products with very good flow properties, but
with such poor water resistance that they completely disinte
grated under the conditions of the test.
A gents Failing to Produce P lasticization
The relation between the dielectric constant of a material
and its power to produce swelling and softening in a polar
colloid is admittedly not exact; hence it was considered neces
sary to investigate possible plasticizers even though they have
low dielectric constants. The list of commercially available
plasticizers for synthetic resins and plastic material has been
extended until it now includes hundreds of possibilities. Up
to the present no method has been developed for selecting the
most suitable plasticizer for a specific plastic superior to the
old trial-and-error method (3). In the present investigation
this method was employed, but no attempt was made to cover
all possibilities. Representatives from a number of chemical
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groups were investigated, and the assumption was made that
their failure to produce plasticization is an indication that
other members of the same group would be equally unsatis
factory. These agents are listed in Table II and arranged ac
cording to their chemical classification. Under the conditions
of this investigation they were found to have no plasticizing
action on hardened soybean protein. In fact, if the majority
of them were added in sufficient amount (often 5 per cent or
more), they actually inhibited the plastic flow of the material
and rendered it granular and noncohesive when pressed.
Even an amount as small as 0.5 per cent exuded.
Although a number of polyhydric and polyfunctional al
cohols are listed in Table I which gave definitely positive
plasticization of the hardened soybean protein, the primary
monohydric alcohols without exception have to be listed in
Table II as giving negative results. Furthermore, although
the methyl and ethyl ethers of both ethylene and diethylene
glycol gave positive plasticization, both the butyl ethers of
these same glycols gave negative results.
Polyhydric alcohols such as mannitol, 5-gluconolactone, and
pentaerythritol are included in Table II for the probable rea
son that their melting points are so high that the plastic mass
was not heated high enough for them to exert possible plas
ticizing action. Positive results might be expected if this
difficulty were overcome.
A number of esters were tried, and all of them gave negative
results in regard to the plasticization of hardened soybean
protein. Since a few appeared to be compatible with the
plastic in small amounts, they were reserved for the next
group study. Under somewhat different conditions, tricresyl
phosphate had been found to be compatible with, and even
possibly to exert some action on casein, but under the condi
tions of this investigation no compatibility with hardened
soybean protein could be detected.
T a b le

III.

W a t e r - R e s i s t a n t A g e n ts

Am ount
Agent
Used
Per cent
Oleanolic acid
0 .2
Oleanolic acid
1.0
Aluminum tristearate
0 .2
Ursolic acid (crude ether extract)
1.0
Aluminum m onostearate
0 .2
Q uaternary pyridinium compound (du Pont)
1.0
1 riphenyl phosphate
1.0
Cyclohcxyl p-toluene sulfonamide
4 .0
Methylcyclohexanone
1.0
Aluminum distearate
0 .2
Sodium ursolate
0 .5
o-Cresyl-p-toluene sulfonamide
4 .0
Butyl phthalyl butyl glycollate
1.0
M etnvl phthalyl ethyl glycollate
1.0
Cyclohexanol
1.0
Glycerol m onostearate
1.0
Diglycol stearate
1.0
Diglycol oleate
1.0
Ursolic acid
0 .5
M onoacetyl oleanolic acid
0 .5
Diphenyl phthalate
1.0

W ater
Absorption
(24 Hr.)
Per cent
15
17
18
IS
19
19
22
22
22
23
23
23
24
24
25
26
27
29
29
31
35

The oils investigated exuded from the mixture 011 pressing,
and the incorporation of even small amounts produced ma
terial which showed increased water absorption. This was
probably because of the fact that even a small amount of oil
coating the particles of the plastic prevented them from flow
ing and properly sealing together. Polymerized soybean oil
prevented the flow of material to such an extent that it was
impossible to seal the granules together into a plastic; they re
mained as granules packed together by the pressing operation
and could easily be broken apart and crumbled in the hand.
W ater-R epelling A gents
In order to improve, if possible, the water resistance of the
plastic, certain agents known to be water repellents and others
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which showed a certain amount of compatibility towards
hardened soybean protein were investigated. Since none of
these agents showed any tendency towards plasticization, and
since only a small percentage could be incorporated without
exuding on pressing or rendering the plastic opaque, it was
decided to incorporate them in the best flowing plastic ma
terial found in this investigation. This was the hardened
soybean protein mixed with ethylene glycol. Into this as a
base, using 20 per cent ethylene glycol, were mixed the agents
in the amounts listed in Table III. Test pieces were prepared
as before and subjected to the water absorption test outlined.
Oleanolic and ursolic acids are sapogenins of widespread
occurrence as constituents of the protective coatings of vari
ous plant organs. Oleanolic acid is found in grape skins (6),
olive leaves, and clove buds; ursolic acid is found as a con
stituent of the protective coatings of apples (7), pears (4),
and cranberries (5). These sapogenins are readily obtained
by extraction with suitable solvents from agricultural waste
products such as grape, apple, pear, and cranberry pomace re
sulting during the commercial processing of these fruits.
The method of mixing (by hand with mortar and pestle)
was not very efficient. Consequently the molding powder was
not completely homogeneous. This probably accounts for
the apparent differences in aluminum tri-, mono-, and di
stearates.
The fact that some agents caused an actual increase in water
absorption over that of the base material alone is probably a
result of action similar to that of the oils already mentioned,
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which prevents the material from sealing into a solid piece.
On the other hand, the fact that oleanolic acid reduced the
water absorption by about 5 per cent, and several other agents
by a smaller but definite amount, indicates this to be a promis
ing line for further research.
Another obvious line of investigation is the modification of
the properties of the hardened protein plastic material by the
incorporation of compatible resins or commercial molding
compounds. In the past this has not been possible, but the
thermoplastic-hardened protein material used in the present
study is an ideal base for such an investigation.
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THE ALCHYMIST
By David Teniers, the Younger

(1610-1690)

L hrough the kind cooperation of Mr.
Richard Foster Howard, director of the Museum
of Fine Arts, Dallas, Texas, we arc again privi
leged to reproduce one of the very few alchemical
paintings by the younger Teniers.
The original, on wood, lD /i by 14Vs inches
in size, is signed in the lower right corner. It at
onetime belonged to the Marquis of Torre Tagli
of Lima, Peru, and is now part of a large private
collection in the United States, but has been on
exhibition at the Dallas Museum since May,
1937, as part of an anonymous loan.
We extend our thanks also to Mr. Ruther
ford J. Gettens of the Fogg Art Museum of Har
vard University, who first called this painting
(No. 97 in the series of Alchemical and Historical
Reproductions) to our attention.
This work of art quite completely meets the
description of one of Teniers' paintings, stated
in a census of his work to have at one time been
in the Royal Palace in Madrid.
D. D. B erolzheimer
50 East 41st Street
New York, N. Y.
(For complete list o f reproductions turn to page 124.)

COMPOSITION OF IRON BLUE .

ELMER R. IH NE1 AND
EUGENE W. KANNING

Indiana University,
Bloomington, Ind.

The data presented indicate th a t the precipitate of ferrous ferrocyanide form ed by th e reaction of sodium ferrocyanide and ferrous
su lfate is con tam in ated w ith adsorbed sodium ferrocyanide. T he
ratio o f th e tw o ferrocyanides in th e precipitate varies con tin u 
ously w ith th e concentration ratio o f th e reacting com pounds.
The com position o f th e iron blue pigm ents prepared in th e in vesti
gation depends up on th e m ethod of preparation o f the ferrous
ferrocyanides (“ w h ite pastes” ) and is affected som ew hat by th e
nature of th e oxidizing agent em ployed in the oxidation of th e fer
rous com pound to ferric ferrocyanide. From th e data presented,
it is possible to obtain som e in sig h t as to a definite control in th e
preparation o f uniform iron b lue p igm ents.

M

ANY reports concerning the composition of Prussian tion, ferrous ferrocyanide yields the complex salt, (KFe)Feblue precipitates have appeared in the literature in (CN)S.
In view of the conflicting data concerning the composition
recent years. For the most part, investigators have
of Prussian blue pigments and also that of the intermediate
assumed that the blue pigment, commonly called “iron blue/’
was composed primarily of complex compounds consisting of product, white paste, this investigation was undertaken to
ferric ferrocyanide and variable proportions of ions from which study certain factors which influence the production of the
the precipitate was produced. According to a number of precipitates and to attempt to explain the manner in which
investigators, the method of preparation is of some impor the primary precipitates are contaminated with the ions from
tance in producing a uniform pigment. This problem is of which they are prepared. The effect of the concentrations
considerable importance to the producers of iron blue paint and the temperatures of the solutions of the reactants in the
pigments and is of extreme interest from a fundamental stand precipitation of the ferrous ferrocyanides was investigated.
Experiments were carried out in an effort to determine the rela
point.
The simple compound, ferric ferrocyanide, Fe4[Fe(CN)8]3, tive effects of various oxidizing agents in the oxidation of the
is formed, according to Müller (5), only if the solutions of ferrous compounds to the blue ferric compounds.
ferric iron and ferrocyanide are of definite concentrations.
Preparation and A nalysis o f W hite P astes
In most cases the precipitate consists of a mixture of this
compound and KFeFe(CN)s. Woringer (9 ) states that the
The ferrous ferrocyanides were prepared by adding a solu
commercial iron blue is a complex compound, Fe'“ FeV tion of sodium ferrocyanide (in all the experiments, 10.5
[Fe3(CN)6]3, which is formed as the result of the mutual oxi grams of c. p. Na.tFe(CN)e.lOH20 dissolved in 50 ml. of dis
dation and reduction of the ferric and ferrocyanide ions. tilled water), which had been previously heated to the desired
Schmidt and Rassow (7) are of the opinion that iron blue is a temperature, to a solution of ferrous sulfate (the indicated
ferric ferrocyanide in which a part of the iron is replaced by weight of c . . FeS04.7II20 dissolved in 250 ml. of distilled
potassium and two molecules of water in intermolecular com water) which had also been brought to the desired tempera
bination. Davidson and Welo (I) state that the formulas for ture. During the addition of the ferrocyanide solution, and
the “soluble” and “insoluble” blues are KFe[Fe(CN)6] and also for 10 minutes following, the solution was agitated by
Fe4[Fe(CN)8]3, respectively. Justin-Mueller (4) suggests means of a mechanical stirrer. The mixture was then allowed
that the formula for the blue pigment is F e"'[F e'” ; (CN)«:- to cool to room temperature and stand for 2 hours to permit
Fe]3, ferric triferrocyanide.
the precipitate to settle. The film of solution above the pre
Concerning the composition of the intermediate product in cipitate prevented the oxidation of the ferrous compounds by
the production of iron blues—i. e., the ferrous ferrocyanides the action of the air. After settling, the precipitates were
(“white paste”)—Muller and Treadwell (6 ) state there are filtered through two layers of filter paper in a Buchner funnel.
three ferrous ferrocyanides, K2Fe"Fe (CNb, KiFe"¡[Fe(CN)6]3, The precipitates were washed free of the sulfate ion with dis
and Fe"2 Fc(CN)0, the solubilities of which increase in the tilled water, the filtrates and washings being collected in
order mentioned.
volumetric flasks. Precipitates of the white pastes were pre
Grove (2) concludes that the precipitate formed by the re pared by the addition of the Na4Fe(CN)6.10II20 solutions,
action of sodium ferrocyanide and ferrous sulfate possesses indicated above, to 250 ml. portions of solutions contain
the formula Fe2Fe(CN)6.2FeNa2(CN)6, unless there is a con ing from S to IS grams of FeS04.7H20. Concentrations of less
siderable excess of other sodium salts present; under such than 8 grams of ferrous sulfate in 250 ml. of solution produced
conditions the formula approaches FeNa2Fe(CN)3. In the colloidal precipitates which were difficult to filter even by
presence of potassium chloride at the time of precipitation, means of collodion membranes.
the formula will be FeK2Fe(CN)6. The products in the reac
The composition of the precipitates of the white pastes was
tion of ferrous chloride with sodium ferrocyanide, according determined by the analysis of the filtrate. This method of
to Itskovich and Shmulgan (3), is Fe2Fe(CN)6. Upon oxida procedure was found necessary since the precipitates were
tion this compound yields ferric ferrocyanide, Fe4(Fe(CN)6]3. readily oxidized by the action of the air and were insoluble in
Stender and Semenov (S ) report that upon electrolytic oxida- common reagents. The analysis of the filtrate consisted of
the determination of all the possible constituents present—
1 Present address, Sherwin-W illiams Com pany, Chicago, Til.
p
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i. e., ferric and ferrous iron, ferrocyanide,
and sulfate. By difference the exact amount
T a b l e I. C o m p o s itio n o f W h i t e P a s t e s
of each constituent in the white ferrous
NaiFe(CN)«
FeSO«.- FeSO«.Combined
ferrocyanide precipitates was calculated.
7HiO 7H ,0
with 1
in
Used in Fe(CN)«------Fe* +
Na+
FeiFe(CN)#
NfuFo(CN)#
Mole
Ferrous iron was determined volumetrically
Soln. Pptn.
in Ppt.
in Ppt.
in Ppt. in Ppt.
in Ppt. FejFe(CN)«
by titration with potassium permanganate.
Grams Grams
Grams
Grams
Gram
Grams
Orams
Millimoles
The sulfate content of the filtrate was de
Ferrous Sulfate and Sodium Ferrocyanide Solutions H eated to 55° and
18 8.4449
termined gravimetrically as barium sulfate.
4.5959
1.6966
0.5980
4.9147
1.9753
427.6
16 8.2855
4.5959
1.6646
0.6244
4.8220
2.0624
456.4
When present the ferrocyanide ion was
14
8.1648
4.5959
1.6403
0.6444
4.7516
2.1285
476.2
12 7.9217
4.5959
1.5915
0.6846
4.6103
2.2613
517.5
estimated by a volumetric titration with
10 7.7009
4.5959
1.5471
0.7210
4.4817
2.3815
561.1
8 7.2819
zinc sulfate solution. In all of the experi
4.5959
1.4629
9.7904
4.2378
2.6108
656.5
ments reported, the qualitative test for
Both Solutions H eated to 35° C. before Mixing
18 8.7760
4.5959
1.7631
0.5432
5.1074
1.7943
373.4
the ferrocyanide ion was negative.
16
8.7386
4.5959
1.7556- 0.5494
5.0856
382.1
1.8147
14 8.7013
4.5959
1.7481
0.5556
5.0649
1.8352
384.6
12 8.5055
Preparation and Analysis of Iron
4.5959
1.7088
0.5880
4.9501
1.9422
418.3
10 8.2319
4.5959
1.6460
0.6397
4.7682
2.1130
469.4
Blues
8 7.6259
4.5959
1.5324
0.7332
4.4391
2.4218
583.9
Both Solutions Heated to 25° C. before Mixing
The iron blue precipitates were prepared
18 8.9038
4.5959
1.7888
0.5221
1.7245
5.1818
356.2
by first precipitating the white pastes as
16 8.8498
4.5959
1.7779
0.5310
5.1502
1.7539
364.8
14
8.7958
4.5959
1.7671
0.5400
5.1190
1.7838
373.4
previously described and then oxidizing
12 8.5834
4.5959
1.7244
0.5751
4.9954
1.8996
409.1
10
8.2708
these ferrous ferrocyanides with various
4.5959
1.6616
0.6267
4.8134
2.0807
461.8
8
7.6831
4.5959
1.5435
0.7240
4.4713
2.3912
572.5
oxidizing agents, according to common
practice. The oxidation was carried out = ^ = ^ =
before the precipitates were filtered, by
the addition of the oxidizing agent with constant agitation ferrous sulfate from which the white pastes were produced
until an excess was present. The oxidizing agents employed and by varying the temperature during the precipitation. In
were sodium chlorate, potassium dichromate, and potassium all, eighteen different pigments were prepared and analyzed.
permanganate. After complete oxidation the blue precipi
In the analysis of the iron blue pigments, 1-gram samples of
tates were washed by decantation several times with water the dried material were boiled for about 5 minutes in a mixture
and then filtered by means of a Buchner funnel. After the of 50 ml. of water and 30 ml. of sodium hydroxide solution (2.5
precipitates were washed free of all soluble ions, they were normal). After standing on a steam bath for several hours
allowed to dry at 85° C., after which they were ground to a to allow the precipitates of ferric and ferrous hydroxides to
powder and again dried at the same temperature. Blue pig settle, the solutions were allowed to cool and were filtered
ments were prepared by varying the concentration of the quantitatively; the precipitates were washed free of soluble
ions. The precipitates were dissolved in hydrochloric acid
and treated with a slight excess of stannous chloride to reduce
the iron, and then titrated with a standard solution of potas
sium dichromate. This titration represents the quantity
of iron combined with the complex ferrocyanide ion. A
quantity of the filtrate was acidified with sulfuric acid and
titrated with potassium permanganate to determine the
amount of ferrocyanide ion present. Another portion of the
filtrate was analyzed for the sulfate ion. Small amounts of
this ion were found in all the pigments even though it should
have been completely removed from the precipitates by wash
ing. The filtrate from the separation of the hydroxides of
iron was also tested for ferricyanide, which was found to be
absent in all cases.
From the analyses of the blue pigments prepared according
to the described procedure, the composition is calculated on
the basis of total content with respect to each constituent ion.

F ig u r e 1.
w it h O n e

M il l im o l e s o f S o d iu m F e r r o c y a n id e C o m b in e d
M o l e o f F e r r o u s S u l f a t e U s e d in t h e P r e p a 
r a t io n o f t h e P r e c ip it a t e s
I. Ferrous sulfate heated to_ 55° and sodium ferrocyanide to 1 0 0 ° C.
II. B oth solutions heated to 35 C.; III. Both solutions heated to 2o C.

D ata and R esults
The data in Table I show the results of the analyses of the
white pastes prepared under the indicated conditions of con
centration of the reactants and the temperature of the solu
tions. In all the experiments reported, 10.5 grams of NaJ^e(CN)6.10II2O were used in the precipitation of the ferrous
ferrocyanides, which was insufficient to react with the ferrous
ion. Therefore, an excess of ferrous sulfate was found in all
the filtrates. The values in the second column of Table I, in
dicating the grams of ferrous sulfate used in the precipitation,
were obtained by subtracting the grams of ferrous sulfate
found in the filtrates from the ferrous sulfate contained in the
original solution. From the data indicating the composition
of the precipitates with respect to the ferrocyanide, sodium,
and ferrous ions in the precipitate, the proportion of sodium
ferrocyanide and ferrous ferrocyanide in the white pastes was
calculated and expressed as millimoles of the sodium salt
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combined with one mole of ferrous ferrocyanide. The curves
in Figure 1 show the millimoles of sodium ferrocyanide com
bined with one mole of ferrous ferrocyanide as a function of
the ratio of sodium ferrocyanide to ferrous sulfate used in the
preparation of the precipitates. Curve I represents the rela
tion for the precipitates prepared from the solutions of ferrous
sulfate and sodium ferrocyanide heated to 55° and 100° C.,
respectively; curve II, for those precipitates prepared from
the two solutions heated to 35° C.; and curve III, for those
precipitates obtained by mixing the two solutions heated to
25° C.
Table II gives the data obtained from the analyses of the
iron blue pigments prepared as previously described. The
blue ferric ferrocyanides were prepared by the oxidation of the
white pastes formed in the same manner as in the previous ex
periments on the determination of the composition of the
ferrous ferrocyanides. In all cases 10.5 grams of Na4Fe(CN)s10H20 were mixed with the various weights of FeS04.7H20
in forming the w’hite pastes. From the analysis of each of the
blue pigments produced, the data shown in Table II were
calculated. These data indicate the ratio of the ferric iron
(external iron) to the iron contained in the ferrocyanide com
plex (internal iron). The percentage oxidation by sodium
chlorate was calculated on the basis of the fact that, for com
plete oxidation, the ratio of external iron to internal iron
would be 1.3333. The curves in Figure 2 indicate the ratio
of external iron to the iron in the ferrocyanide complex as a
function of the ratio of sodium ferrocyanide to ferrous sulfate
employed in the preparation of the white paste.
T a b l e II .

C o m p o s it io n

of I ron

B l u e P ig m e n t s
FeSO*.Ratio,
7HiO
External
Iron in
Iron/Iron
in
External
in Complex Oxidation**
Soln.
Iron
Fe(C N )6------- Sulfate
Gram
Grams
Gram
Gram
%
Ferrous Sulfate and Sodium Ferrocyanide Solutions H eated to 55 0 and 100° C.,
Respectively
0.1346
0.0332
18
0.2289
1.7006
44.91
0.0232
10
0.2267
0.1346
1.6842
47.37
14
0.2250
0.1379
0.0146
1.6316
55.26
12
0.2178
0.1446
0.0123
1.5062
74.07
0.2077
0.1485
0.0106
1.3422
10
98.66
0.2016
0.1502
0.0082
1.3409
98.86
8
Both Solutions H eated to 35° C. before Mixing
0.2195
0.1251
0.0358
18
1.7546
36.81
1.7204
16
0.2178
0.1266
41.94
0.0309
14
0.2136
0.1280
0.0295
1.6641
56.38
12
0.1335
0.0233
66.62
0.2077
1.5558
0.2044
0.1407
82.09
10
0.0136
1.4527
0.1954
1.3411
8
0.1457
0.0113
98.83
Both Solutions H eated to 25° C. before M ixing
0.2372
18
0.0313
1.9324
10.14
0.1228
10
0.2351
0.1256
0.0290
1.8718
19.23
14
0.0272
33.72
0.1290
1.7752
0.2290
12
0.2189
0.1301
0.0250
1.6826
47.61
10
0.2139
0.1379
0.0212
67.33
1.5511
0.0122
1.4074
8
0.2066
0.1468
88.89
a The oxidation of the white pastes was accomplished by the addition of 2
ml. of II 2 SO 4 (sp. gr., 1.84) and 2 grams of NaClOa.

The data in Table III indicate the effect of the nature and
concentration of the oxidizing agent in the oxidation of the
white paste to,the iron blue pigment. Potassium permanga
nate, which is not included, wTas found to cause the oxidation
not only of the ferrous ion but also of the ferrocyanide ion.
C onclusion
From the data in Table I and the curves in Figure 1 it may
be concluded that the precipitate produced by the reaction of
sodium ferrocyanide and ferrous sulfate consists of ferrous
ferrocyanide combined physically with sodium ferrocyanide.
The ratio of sodium salt to the ferrous ferrocyanide appears to
vary continuously with the ratio of the reactants, which in-

F ig t jr e 2. R a t io o p E x t e r n a l I r o n t o I r o n in F e r r o 
c y a n id e C o m p l e x a s F u n c t io n o p R a t io o p S o d iu m F e r r o 
c y a n id e t o F e r r o u s S u l f a t e U s e d in t h e P r e p a r a t io n o p
W h it e P a s t e s
I. Ferrous sulfate heated to 55° and sodium ferrocyanide to 100° C.
II. Both solutions heated to 35° C.; III. B oth solutions heated to 25° C.

dicates a physical rather than a chemical combination. The
mechanism of the combination may be explained on the basis
of the coprecipitation of the sodium ferrocyanide with ferrous
ferrocyanide by the process of adsorption. The evidence on
behalf of adsorption occurring in the precipitation is sub
stantiated by the fact that the quantity of sodium ferro
cyanide combined with ferrous ferrocyanide increases as the
particle size of the precipitate decreases, the particle size de
creasing with an increased ratio of sodium ferrocyanide to
ferrous sulfate used in the preparation of the white paste.
This behavior is in agreement with the principles of adsorp
tion. The fact that the adsorption of sodium ferrocyanide by
ferrous ferrocyanide increased with increased temperature is
explained by the fact that the colloidal precipitate formed
[FeoFe(CN)c] is thermally irreversible. Since the sodium fer
rocyanide is not in excess in the solution from which the pre
cipitate separates, the adsorption rate is the controlling factor
and results in a permanent increased adsorption. Because
T a b l e I I I . C o m p o s it io n o f I r o n B l u e P ig m e n t s ® a s A f f e c t e d
b y t h e N a t u r e a n d C o n c e n t r a t io n o f t h e O x id iz in g A g e n t
Oxidizing
Ratio,
Agent per
External
25 Ml.
External
Iron in
Iron/Iron
Soln.
Iron
Fe(CN)«------- in Complex Oxidation
Gram
Gram
%
2 NaClOj
0.2128
0.1379
1.5432
68.52
4 NaClOa
0.2122
0.1379
69.17
1.5388
2 KîCrjO?
0.2177
0.1284
45.67
1.6955
4 KíCrsOr
0.2177
0.1284
1.6955
45.67
a The white pastes from which the iron blue pigments were prepared were
produced by mixing 10.5 grams of sodium ferrocyanide with 10.0 grams of
ferrous sulfate a t 25° C.
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of the irreversibility of the colloidal precipitate, the adsorbed
salt is not released on cooling.
The composition of the iron blue pigments, as shown in the
data in Table II, is dependent to a large extent on the com
position and nature of the white paste. The ratio of external
iron (the ferric cation) to the iron contained in the ferrocyanide complex decreases with an increasing ratio of sodium ferrocyanide to ferrous sulfate used in the preparation of the
white paste. This relation is shown by the curves in Figure 2.
The extent of the oxidation of the ferrous iron in the white
paste increases with an increased reactant ratio. This rela
tion may be the result of the fact that the particle size de
creases, which presents a larger surface of precipitate with
which the oxidizing agent makes contact.
The extent of the oxidation of the ferrous ferrocyanide is
definitely dependent upon the nature of the oxidizing agents
reported, as indicated in Table III. The excess of an oxidiz
ing agent seemed to have no effect on the product of the re
action.
From the results of this investigation, it seems possible
that iron blue (ferric ferrocyanide) pigments of consistently
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similar qualities can be produced, if the concentrations of the
sodium ferrocyanide and ferrous sulfate solutions used in the
formation of the white paste are carefully controlled. The
temperature in the formation of the white paste should be
kept constant for consistent results in the production of the
pigments.
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Surface Tension of Hydrocarbons
DONALD L. KATZ AND WILLIAM SALTMAN
University of Michigan, Ann Arbor, Mich.
HE surface tensions of D ata on surface ten sion o f saturated plain glass window. The gage
hydrocarbon liquids are ethane, propane, and n -b u la n e in the range was evacuated and partially
important in distillation
filled with hydrocarbons so that
processes {S), in heat transfer of 0° to 45° C. are presented. T hese data the liquid level was at the
data {IS), and in several other and those in the literature are correlated by appropriate place. The Jer
cases where petroleum is m eans of a general curve for surface tension guson gage was suspended in a
handled and processed {SI). o f norm al paraffins as a fun ction o f reduced constant-temperature bath with
L ittle inform ation has ap tem perature. A discussion of th e possi a glass window, and the rise
peared in the literature for the
of the meniscus in the capil
surface tension of hydrocarbon bility of using surface tension m easure lary above the liquid level in the
liquids in equilibrium w ith m en ts as criteria for critical tem peratures gage was measured with a cathetometer.
high-pressure vapors. Swartz o f petroleum hydrocarbons is included.
investigated the surface ten
The tube used in the experi
sion of crude oils containing dis
ments was calibrated with dis
solved gases under pressure {11,19). Considerable scattered tilled water. The capillary rise at seven different positions
data on the surface tension of various hydrocarbons have ap for the meniscus in the tube averaged 5.587 cm. in height, the
peared, but no correlation or presentation in suitable form average deviation being about 1 per cent. This average rise,
the density of water at 26.1° C., the temperature of the cali
has been given.
The authors determined the surface tension of ethane, pro bration, and the surface tension of water of 71.80 dynes per
pane, and butane in the range of 0° to 45° C. and at equilib cm. at this temperature gave a radius of 0.0263 cm. for the
rium vapor pressures. These data, along with those in the capillary.
The computation of the surface tension of the hydrocarbon
literature, were correlated to give the surface tension of the
normal paraffin hydrocarbons from ethane through octane, liquids from the rise of the meniscus in the capillary above the
from 0° C. through the critical temperature. The surface level in the gage was made by the usual formula corrected
tensions for the normal paraffin hydrocarbons were plotted as for the liquid in the meniscus, the density of the vapors, and
a function of reduced temperature, giving a single curve. A the rise of the liquid in the Jerguson gage around the capillary:
discussion of the prediction of critical temperatures from sur
face tension data on hydrocarbon mixtures, using the reduced
7 — ‘A r0 ( j 1 +
(dz — dr)
(1)
temperature-surface tension plot, is included.
where h = height of meniscus, cm.
Experim ental Data
g = gravitational constant, 980.6
r = radius of tube, cm.
The surface tensions were measured by the capillary rise
¿l = density' of liquid, grams/ce.
method {6 ,1 5 ,1 6 ). A glass capillary tube approxima tely 0.5
dr — density of vapor, grams/cc.
7 = surface tension, dynes/cm.
mm. in diameter was inserted in a Jerguson gage having a
T
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The rise in the meniscus on the outside of the capillary tube
may be computed by assuming that the surface tension of the
liquid on the inside of the capillary is the same as that on the
outside of the capillary and on the inside of the Jerguson gage.
Making this assumption and utilizing the same principle by
which the surface tension formula is derived, it can be shown
that the rise on the outside of the capillary equals the inside
radius of the tube times the height of the meniscus divided by
the inside radius of the Jerguson gage minus the outside radius
of the capillary tube. The outside radius of the capillary
tube was 0.397 cm. and the equivalent radius of the inside of
the Jerguson gage was 1.124 cm. These values give a correc
tion factor for the rise on the outside of the capillary tube of
0.0368, and this correction was applied to formula 1. Equa
tion 2 includes the corrections and was used in all computa
tions for measurements in the Jerguson gage:
y = 13.38 (h +. 0.009) (dr, - d v)
(2)

points being high as compared 'with data of Maass and co
workers was investigated, and no error or reason could be
found.
The correlation of surface tension data has often been made
by utilizing Ramsay’s and Shield’s equations (5). A plot of
surface tension times the two-thirds power of the molecular
weight over density as a function of reduced temperature did
not bring the data to a common curve. The success with
which other properties of hydrocarbons were correlated with
respect to the reduced condition suggested the plot of the sur
face tension vs. reduced temperature, the reduced tempera
ture being the absolute temperature of the surface tension
measurements divided by the absolute critical temperature
of the substance. Preliminary curves through data on Fig
ure 1 were used to obtain the surface tension as a function of
reduced temperature for octane, heptane, and hexane. These
data proved that these three normal paraffin hydrocarbons
could be represented by one curve within 0.1 dyne per cm.
Therefore, it was considered that the other hydrocarbons, if
measured in the pure state, might equally well fall on the
curve. A plot was made also of the logarithm of the molecu
lar weight vs. surface tension (lines of constant temperature)
which showed that there were irregularities in the data for
ethane, propane, and butane. Therefore the values of the
pure compounds were taken from an average curve of surface
tension vs. reduced temperature (Figure 2) and plotted against
temperature (Figure 1) and against the logarithm of molecular
weight. These points gave smooth curves from ethane through
octane on the latter plot, and it was concluded that the solid
curves of Figure 1 are the most probable values of surface ten
sion. The data reported by Rittman and Egloff (17) for the
fewer normal paraffin hydrocarbons below nonane are evidently
of no value because they scatter with rather large errors on the
plot. When the data on C10H22 through C16H3,, are placed on
the plot of molecular weight vs. surface tension, they show the
values to be slightly higher than would be expected. The
surface tension at the reduced temperatures as computed

observed reading

where h
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A few experiments using the capillary tube within the Jer
guson gage with distilled water proved that the corrections
made in the formula were correct.
The data and computations for ethane, propane, and bu
tane are given in Table I. The ethane contained less than 3
per cent of impurities of ethylene and propane, and the critical
temperature was observed to be close to 33.5° C. instead of
the 32.1° C. for pure ethane. The propane and butane were
the c. grade of natural products furnished through the cour
tesy of tho Phillips Petroleum Company and are greater than
99 per cent of the desired compounds, with slight traces of
close-boiling paraffin hydrocarbons. It was intended to run
the ethane and propane both to the critical temperature, but
only ethane reached the critical temperature. Because of
the fact that a constant-volume apparatus was used, the
true critical temperature could not have been reached un
less the exact amount of hydrocarbons necessary to give
the critical density at the critical temperatures
had been placed in the system (20). Therefore, .............
the reported 33.5° C. for the critical temperature
T a b l e I. S u r f a c e T e n s io n s o f H y d r o c a r b o n s
of ethane is based upon the change in the height
h+
of the meniscus from close to the top of the
0.009
—Tem p.h
dL
d v dL - d v 7
gage to the bottom of the glass within 1 ° C. de
D ynes/
cm.
Cm.
Cm. Q./cc. G./cc. G./cc.
K.
F.
0 c.
gree rise in temperature. The fogging effect is
based upon dropping the temperature a few
E thane. Critical Tem perature, 306.6° K.
0.4
32.7 273.5 0.646 0.655 0.416 0.047 0.369 3.24
tenths of a degree. The closeness of the criti
2.77
39.2 277.1 0.573 0.582 0.408 0.052 0.356 2.12
4.0
cal temperature is thus indicated.
50.2 283.2 0.470 0.479 0.394 0.062 0.332
10.1
1.40
0.074
0.304
0.336
0.345
0.378
2S9.1
60.8
16.0
The accuracy of the results may not be judged
66.7 292.4 0.280 0.289 0.366 0.082 0.284 1.10
10.3
73.4 296.1 0.203 0.212 0.348 0.095 0.253 0.72
23.0
directly by the accuracy of the measurements
80.6 300.1 0.094 0.103 0.318 0.115 0.203 0.28
27.0
made, owing to the possibility of slight con
Propane. Critical Tem perature, 369.9° K.
tamination at the surface. The accuracy of the
33.8 274.1 1.337 1.346 0.528 0.011 0.517 9.31
1.0
0.513 9.05
radius of the tube wras within ± 1 per cent. The
37.6 276.2 1.310 1.319 0.525 0.012
3.1
7.68
60.8 289.1 1.160 1.169 0.507 0.016 0.491
16.0
height of meniscus was measured to 0.01 cm.,
61.2 289.3 1.154 1.163 0.507 0.017 0.490 7.62
16.2
7.49
1.142
0.017
0.490
0.507
1.133
62.1 289.8
16.7
using the average of three values as given in
7.22
73.6 296.2 1.121 1.130 0.497 0.020 0.477
23.1
7.22
0.476
0.020
Table I. For small values of 7 , the percentage
1.142
1.133
0.496
75.2 297.1
24.0
6.88
0.468
0.022
1.099
0.490
300.2
1.090
80.8
27.1
errors may be rather large. For values of 7
0.024
0.461
0.485
86.9 303.6 1.067 1.076 0.484 0.024 0.460 6.63
30.5
6.15
0.999
304.1
0.990
87.8
31.0
above 10, the accuracy of the measurements is
95.0 308.1 1.017 1.026 0.478 0.026 0.452 6.21
35.0
about ± 3 per cent. However, a consideration
39.5 103.1 312.6 0.9S0 0.989 0.470 0.029 0.441 5.84
of these data along with those in the literature
71-Butane. Critical Tem perature, 426° K.
0.002 0.596 15.4
is necessary before final judgment of absolute
35.8 275.2 1.925 1.934 0.598 0.002
2.1
0.593 15.1
41.0 278.1 1.897 1.906 0.595
5.0
accuracy may be given.
0.587 14.3
50.4 283.3 1.817 1.826 0.590 0.003 0.582
10.2
57.2 2S7.1 1.772 1.781 0.586 0.004 0.579 13.9
14.0
13.6
62.2 289.9 1.745 1.754 0.583 0.004 0.574 12.8
16.8
Correlation of N orm al Paraffin
293.5 1.660 1.669 0.579 0.005
20.4
68.7
12.9
H ydrocarbons
0.576
0.006
0.570
1.682
1.691
296.4
73.9
23.3
0.575 0.006 0.569 1 2.S
74.8 296.9 1.673 1.682 0.572
23.8
12.8
0.006
0.566
1.674
1.683
78.8 299.1
26.0
The data of Table I and values in the literature
12.5
81.5 300.6 1.644 1.653 0.570 0.006 0.564
27.5
0.562 12.2
(3, 7, 9 ,12) are plotted on Figure 1. Discrepan
84.2 302.1 1.618 1.627 0.569 0.007 0.561
29.0
12.3
0.56S
0.007
1.642
1.633
302.7
85.3
29.6
cies between the data of the literature and the
0.561 0.008 0.553 12.2
3 4 .S 94.6 307.9 1.643 1.652
45.4 113.7 318.5 1.473 1.482 0.548 0.014 0.534 io!e
authors on propane and butane may be observed.
The reason for the authors’ butane and propane
p

.

0

0

Tr
0.893
0.905
0.925
0.944
0.955
0.966
0.979
0.742
0.748
0.781
0.782
0.784
0.801
0.803
0.811
0.821
0.823
0.834
0.845
0.646
0.652
0.665
0.674
0.680
0.689
0.696
0.697
0.703
0.706
0.709
0.711
0.722
0.74S
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from extrapolated critical temperatures of normal paraffin hy
drocarbons, extrapolating to 7210 K . for CisHw, gives values
higher than the general curve by only 0.3 dyne out of 27-29
dynes. The data on C^Hm and CeoHia (9) were also plotted
on curves similar to Figure 2, using the extrapolated critical
temperatures; the points fall 1.5 and 4.5 dynes per cm., re
spectively, below the general curve. However, both the
C-sIIm and C32Hes data (8) fall close to the isomeric paraffin
curve either by virtue of incorrect extrapolation of critical
temperatures or a decrease in the surface tension with in
creased molecular weight on the reduced plot. The results on
CeoHi-j would confirm the decrease for high molecular weight
compounds or indicate a sharp shift to a constant critical
temperature for molecular weights above about 600.
The general curve of Figure 2 and the extrapolated critical
temperatures of normal paraffin hydrocarbons were then used
to give the extrapolated surface tensions of compounds with
molecular weights of 140 to 300.
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F i g u r e 2. S u r f a c e T e n s io n
T e m p e ra tu re

F ig u r e 1. S u r f a c e T e n s io n

of

N o r m a l P a r a f f in s

vs .

R educed

O ilier Hydrocarbons
The isomeric paraffins fall about 1.1 to 1.3 dynes
below the general normal paraffin curve of Figure 2.
One curve represents the highly branched compounds,
isobutane (8), isopentane (0), 2,2,3-trimethyIbutnne
(7), 2,2-dimethylpcntanc (7), diisobutyl (0), etc.,
within 0.4 dyne and is included on Figure 2. The
heptane data (7) show clearly that the isomeric com
pounds such as 2-methylhcxane are only slightly below
the normal paraffin curve, while the increasing branch
ing lowers the values to the isomer curve for the com
pounds given.
The data for the olefins of lower molecular weight
(8, 12) are not in particularly good agreement on a re
duced temperature plot. The propylene data near the
critical temperature (28) and at low temperatures (12)
fall on the normal paraffin curve; the ethylene data
are 1.0 dyne lower, and the butylenes 0.5 dyne higher
in the regions in which data are available (12 to 22
dynes per cm.).
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F io im n 3. 8 un f a of, T k n m io n o f M i s c e l l a n e o u s
H y d ko pah bo n s

The acetylene dala (12) are 3.0 dynes higher than the nor
mal paraffin ourye,
The benzene data fall about 2 dynes higher than the toluene
data on a reduced temperature plot; on a plot of surface ten
sion vs. temperature the curves cross each other as shown on
Figure 3, Ethylbenzone and propylbenzene, using extrapo
lated critical temperature, check tho toluene data on tho
reduced plot. A curvo representing toluene on a reduced
basis is included on Figuro 2, as it appears to represent aro
mática closer than benzene.
Figure 3 was prepared to give the variation of surface ten
sion with temperature for a few miscellaneous hydrocarbons
other than tho normal paraffins. When these data are placed
on the reduced temperature plot, they follow the general curve
or a curve displaced above or below tho general curve at high
values of y and approaching it as the critical temperature is
reached.
SuiTaoe T ension as a C riterio» for C ritical
Tem perature
The excellent agreement of the surface tensions of normal
paraffins when plotted as a funotion of reduced temperature
suggested the possible use of such a plot for predicting the
critical temperatures of the hydrocarbons. If a single curve
would represent mixtures of paraffin hydrocarbons, the meas
urement of the surface tension at a given temperature of such
mixtures as mid-continent natural gasolines would establish
the reduced temperature and trence the critical temperature
from the temperature of the measurement. Similarly, the
various base oils might be represented by a series of curves.
The surface tension values at a definite temperature were used
in the form of parachors as means of identifying hydrocar
bons (14, S I). The first consideration in substantiating the
above proposal is the investigation of the behavior of the
critical temperatures of mixtures as compared to the surface
tension of the mixtures. The pentane-heptane critical tem
peratures (4) have additive properties on a liquid volume frac
tion basis. On a weight fraction basis the experimental criti
cal temperatures are 5® C. less than the additive values at
50 per cent concentration. A few experiments at room tem
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perature in the presence of air on the pentane-heptane sys
tem gave the pentane and heptane data of Figure 1. The
data on mixtures were not entirely consistent, probably as a
result of evaporation, but did give surface tensions about 0.2
dyne lower than the additive value at 50 volume per cent and
about 0.4 dyne less than the additive value at 50 weight per
cent. Within the accuracy of the data for pure compounds,
the surface tension measurement would give the critical tem
peratures of this system.
Data on a large number of solutions with two to five com
ponents show additive surface tensions on a weight basis to
hold or give surface tensions slightly above the experimental
values for similar substances (IS). These data are in the
same direction as the critical temperatures of the ethaneheptane system (10) as well as the pentane-heptane system.
The data (17) on the surface tension of cuts from Hemple
distillations of gas oils, along with the surface tension of the
blend, show the additive surface tensions to hold within the
same order of deviations on both the volume and weight per
cent bases. The critical temperatures of these fractions were
estimated by the method of Watson and Nelson (22), and the
surface tensions were then plotted on Figure 2 as a function of
reduced temperature.
The report on the critical temperatures of a gasoline and a
naphtha did not include surface tension data of the materials
(1). Using tho molecular weights of the fractions to estimate
the surface tensions from Figure 1, these points are also in
cluded on Figure 2.
A survey of Figure 2 shows that the isomeric paraffin line
is in good agreement with the estimated values for the gaso
line, naphtha, and fractions. This curve is probably the best
to use for paraffinic petroleum fractions. Further data are
necessary to show the applicability of this method for correlat
ing critical temperatures of petroleum fractions.
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Extraction of Hemicelluloses
from Plant Materials
QUANTITATIVE STUDY
E. YANOVSKY

Bureau of Chemistry and Soils,
U. S. Department of Agriculture,
Washington, D. C.

The course of extraction o f licm icellnloscs from beet
pulp, rice h u lls, and peanut shells was studied. Ex
traction l>y both acid and alkaline solutions was in 
vestigated. N orm al extraction curves were obtained
for rice h ulls and pean u t shells, but certain peculiari
ties (breaks in the curve) in t he behavior o f heel pulp
were noted on extraction w ith both acid and alkali.
That th is phenom enon is due to the presence of pectin
in b eet pulp is advanced as a probable explanation.

HE term “hemicellulose” was introduced into chemistry
in 1S9I by Schulze (7) who believed that the compounds
extracted by him from various plant materials were
either pentosans or hexosans, or combinations of both,
hater the presence of uronic acids was demonstrated in the
hemicellulose complex. That our knowledge of hemicellu
loses is still in its infancy can be judged from the definition
given by Norman (6) in 1937, who considered hemicelluloses
as “those cell-wall polysaccharides which may be extracted
from plant tissues by treatment with dilute alkalies, either
cold or hot, but not with water, and which may be hydrolyzed
to constituent sugar and sugar-acid units by boiling with hot
dilute mineral acids.” Until recently the hemicelluloses and
the pentose sugars xylose and arabinose have been of purely
theoretical interest. For the last decade or so, however, the
question of industrial utilization of farm wastes, which is
primarily cellulosic and hemicellulosic material, has engaged
the attention of industrial research chemists. The problem
of commercial extraction of hemicelluloses from plant material
has assumed greater importance; in later works—e. g., Hall,
Slater, and Acree (3) and Bryner, Christensen, and Fulmer
(2)—the optimum conditions for extraction had been sought
before the extracted hemicelluloses were studied.
This paper gives results of the extraction of three typical
farm and factory waste materials with various concentrations
of acid and alkali at several different temperatures.
T

M aterials and Procedure
The plant materials used for this work had not been subjected
to any preliminary purification. Beet pulp was obtained from a
beet sugar factory. It contained 9.3 per cent, moisture, 3.4 ash,
2.3 nonreducing sugar, and 9.6 crude protein (N X 6.25). The
rice hulls contained 8.25 per cent moisture, 21.3 ash, a trace of
sugar, and 2.1 per cent crude protein. Peanut shells contained
ll.S per cent moisture, 3.0 ash, 0.9 reducing sugars, 0.7 nonrcducing sugars, and 5.S crude protein. All materials were ground, and
the same supply of ground material was used throughout the ex
periments.
A weighed amount of plant material (usually 2 grams) was
mixed with measured amounts (usually 100 cc.) of acid or alkali
of known concentration in a 500-cc. flask. The flask was con
nected with a condenser (ground-glass joints) and kept immersed
in a constant-temperature bath containing either water or glyc
erol. An electrical or gas (o) thermoregulator was used to con
trol the temperature to ±0.5° C. At the end of the experiment
the mixture was filtered while still hot through a weighed Gooch
crucible. The asbestos for the crucibles had been digested with

about a 20 per cent solution of sodium hydroxide, then wit h about
20 per cent hydrochloric acid, and thoroughly washed with
water. The precipitate in the crucible was washed several times
with hot water (150-200 cc.). The filtrate is a solution of a
number of substances. Hawley and Wise (4) enumerate eight
different reactions which take place while wood is being treated
with dilute acid under pressure. In the present work the filtrate
was discarded. The crucibles with the residue from extraction
were dried at about 105° C. overnight. From the weight of the
residue the amount and percentage of extracted fraction were
calculated. Part of the residue was used for furfural det ermina
tion. The figure for pentosans thus obtained was computed to
original weight of the sample, and this permitted the calculation
of the percentage of pentosans extracted. Actual determination
of pentosans was made by the Ivrober method (1).
Prelim inary Experim ents w ith lleet: Pulp
The range of concentrations of acid and alkali used in the
following experiments extended both above and below the
concentrations ordinarily used for hydrolysis or extraction
of hemicelluloses. It is well known that, with increasing
concentrations of acid or alkali, the cellulose fraction of the
plant will be attacked by the reagent. It would therefore be
of interest, to know7whether a simple extraction curve would be
continuous or would break at a point where the acid or alkali
begins to act upon the cellulose of the plant. Table I and
Figure 1 show7the results of extraction of beet pulp with vari
ous concentrations of hydrochloric and sulfuric acids at 50°
and SO0 C. These data reveal a peculiarity common to all
four curves. At a certain concentration of the acid there is a
distinct break, a minimum is reached, and the curve slowly
rises again. With increase in temperature the breaking point
of the curve shifts towards lower acidity. The breaking points
are: sulfuric acid, about 4.6 N at 50° and about 0.7 N at
S0° C.; hydrochloric acid, about 2.3 N at 50° and about 0.3
N at 80° C. As will be shown later (Figure 4), at 100° C.
the break in the curve for the sulfuric acid extraction curve is
still perceptible (at 0.45 N acid), but it has entirely disap
peared in the hydrochloric acid curve.
The fact that the peculiarity in the shape of the extraction
curve w7as found in four distinct experiments greatly militates
against the possibility of experimental error. However, to
verify it still further, the same phenomenon has been found
in a somewhat different manner. If we choose an acid con
centration somewhere near the breaking point of the curve
and vary the time of extraction, starting with shorter periods
than those (3 hours) used in the above experiments and gradu-
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T a b l e I . E x t r a c t io n o p B e e t P u l p w it h A c id s
(2 grams pulp equivalent to 1.814 grams dry m aterial; 100 cc. acid; 3 hours)
/----------------------- Loss on Extraction----------------------- *
Norm ality
.--------- 50° C.----------*
,--------- 80° C.
*
Gram
Gram
%
%
Hydrochloric Acid Extraction
0.222
12.2
0.264
14.6
0
0.434
0.07
23.9
0.877
48.3
0.539
0.985
54.3
0.15
29.7
1.009
58.9
0.30
0.041
35.3
57.3
0.61
0.745
41.1
1.040
54.0
1.0
0.813
44.8
0.991
54.5
0.886
48.8
0.989
1.5
57.2
2.3
0.961
53.0
1.037
60.5
0.806
44.4
1.098
3.1
64.3
4.1
0.843
46.5
1.166
0.880
48.5
1.208
66.6
4.6
6.4
54. 1
0.981
1.266
69.8
8.7
1.181
65.1
Sulfuric Acid Extraction
14.6
0
0.222
12.2
0.264
0.773
42.6
0.06
0.378
20.8
23.9
47.9
0.12
0.434
0.868
0.994
54.8
0.512
28.2
0.28
0.602
33.2
1.032
56.9
0.45
59.3
0.668
36.8
1.070
0.70
56.4
1.2
0.742
1.023
40.9
54.2
0.984
1.8
0.795
43.8
51.4
0.863
0.933
2 .8
47.6
0.940
51.8
2.9
0.867
47.8
0.952
52.5
3.7
0.901
49.7
53.1
0.918
0.963
4.6
50.0
0.794
54.6
5.8
43.8
0.991
0.826
45.5
1.104
60.9
8.7

F ig u r e 1. E x t r a c t io n

o f B e e t P u l p w it h H y d r o c h l o r ic
S u l f u r ic A c id s

ally increasing the extraction time to periods beyond the usual
3 hours, we should obtain a smooth curve at first, come to a
break at about 3 hours, reach a minimum, and then observe
a gradual rise of the curve. In other words, we should obtain
a curve of approximately the same shape as those described
above. If, however, we choose an acid concentration some
where near the minimum after the break in the curve and
vary the time of extraction, the break should be observed at
the earlier stage of the extraction (below 3 hours). This
reasoning was verified by actual experiments, as shown in
Table II and Figure 2. For 2.4 N hydrochloric acid the
break in the curve occurred between 3 and 4 hours, as was
expected. The break for 4.2 N acid curve is at about 1.5
hours.
Correlation betw een the Break in th e Curve and
H em icellulose Extraction
The break in the extraction curves seems to occur at com
paratively low concentrations of acid and at comparatively low

F i g u r e 2.
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I n f l u e n c e o p T im e o n E x t r a c t i o n o p
B e e t P u lp

T a b l e I I . I n f l u e n c e o f T im e o n E x t r a c t io n o f B e e t P u l p
(1 gram pulp equivalent to 0.907 gram dry m aterial; 50 cc. acid; 50° C.)
,
Loss on E xtraction---------------------- ;
,------4.2 N HC1------>
,------2.4 N HC1------>
Time
Gram
Gram
Hours
%
%
46.4
0.496
0.421
54.7
1
0.504
55.6
1.5
0.462
5 i !3
50.9
2
0.465
47.4
0.430
2 .5
53! 8
0.431
47.5
0.489
3
54.7
0.429
0.496
47.3
4
0.441
48.6
4 .5
40.2
O'. 429
47.3
0.419
5
45.2
0.410
5.5
0.432
0.406
44.8
47 . ' 0
6
0.446
49.2
0.423
46.0
7

and

temperatures to justifyassumptionofa considerable chemi
cal action of acids on the cellulose of the plant material.
A possible explanation of this phenomenon is given later.
How does this break in extraction curves affect the ex
traction of hemicelluloses with acids? The answer is given
in Table III and Figure 3. When figures representing per
cent total loss are plotted with those for per cent total
pentosans extracted, approximately parallel curves are ob
tained. Therefore the break in the curve is apparently
due to a break in the values of hemicelluloses extracted.
Attention is called to the last column of Table III and
following tables. The calculated values for per cent
pentosans in the extracted material give an idea as to
the “purity” of extract with respect to pentosans.
These figures, however, have a direct meaning only in
alkaline extraction when the hemicelluloses are presumed
to be extracted as such. In acid extraction the figures
represent (for lower concentrations of acid) the per cent
of sugars and uronic acids in the solid material of the
extract. At higher concentrations of acid, decomposi
tion of both sugars and uronic acids takes place.
R e l a t io n b e t w e e n T o t a l a n d P e n t o s a n
E x t r a c t io n
(2 grams pulp equivalent to 1.814 grams dry m aterial; 100 cc. hydrochloric
acid; 3 hours; pentosans in original m aterial, 26.5 per cent on dry basis)
-Pentosans in—•» /—Pentosans—*.
Ëxtd.
Residue
Calcd.
% of
to
% of total Pentosans
original original pento- in Extd.
M aterial
Detd. weight m atenal sans
N orm ality Loss on Extn.
Grams
%
%
%
%
E xtraction a t 50° C.
43.1
12.7
6.9
19.6 74.0
1.0
0.826 45.5
0.968 53.4
10.3
4 .8
21.7 81.9
40.6
2.5
12.3
6.5
42.7
0.848 46.8
20.0 75.5
3.1
6.4
12.9
20.1 75.8
40.1
0.908 50.1
5.05
Extraction a t S0° C.
31.7
25.6 22.0
0.257 14.2
4 .5 17.0
0
20.7 78.1
41.7
0.899 49.6
11.5
5.8
0.08
40.4
10.0
4 .6
0.983 54.2
21.9 82.6
0.15
39.4
1.072
59.1
3.2
23.3
87.9
7.9
0.32
0.9S4 54.2
10.5
4 .8
21.7 81.9
40.0
1.0
11.3
5.3
21.2 80.0
39.8
0.967 53.3
1.5
38.1
1.037 57.2
10.9
4.7
21.8 82.3
2 .5
9.4
3 .8
22.7 85.7
38.3
1.075 59.3
3.1
T able III.
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Extraction o f B eet Pulp
W it h A c id s a t 100° C. In the usual laboratory practice
the pentosans are extracted with dilute boiling acids. To
approach the practical conditions of extraction, the experi
ments were repeated at 100° C. The results (Table IV,
Figure 4) show that the break in the curve is still noticeable
in the sulfuric acid curve for both total and pentosan extrac
tion, but for all practical purposes there is no break in the hy
drochloric acid curve. The results also show that 90 per cent
of the pentosans can be extracted by 0.15 Ar sulfuric acid or by
0.08 N hydrochloric acid, and that a considerable increase in
acidity is required to extract further quantities of pentosans.
After the percentage of pentosans in the extracted material
decreases somewhat (with figure for zero normality omitted),
it remains reasonably constant with further increase in acidity
of the extract.
W it h A l k a l i . Alkaline extraction of plant material is re
sorted to when it is desirable to obtain the hemicelluloses
rather than their decomposition products. Extraction with
sodium hydroxide at 50° C. (Table V, Figure 5) shows that
there is a distinct break at about 1.8 N alkali. All the figures
of Table V are averages for two well-agreeing experiments.
When the temperature was raised to 80° C. (Tahle VI, Fig
ure 5), the break in the curve for both total and pentosan ex
traction shifted to about 0.5 N alkali. Ninety per cent of the
pentosans are extracted with 1.1 N alkali, and considerable inT a b le

V. E x t r a c t i o n o p B e e t P u l p w i t h S o d iu m H y d r o x i d e

at 50° C.
(1 gram pulp equivalent to 0.907 gram dry m aterial; 50 cc. alkali; 3 hours)
Normality
Loss on E xtn.—>
Norm ality /■
—Loss on Extn.—■
.
Gram
Gram
%
%
12.2
3.6
0.533
0
0.111
58.8
0.256
28.3
4.5
0.566
0.09
62.5
0.262
28.9
5.9
0.574
0.18
63.3
0.605
0.271
29.9
7.5
60.7
0.36
0.75
0.339
37.3
9 .5
0.615
67.8
0.436
48.1
10.9
1.1
0.626
69.0
14.9
0.050
1.8
0.510
56.3
71.7
0.502
18.0
0.651
55.3
2.8
71.8

T a b l e IV. E x t r a c t i o n o p B e e t P u l p w i t h A c id s a t 100° C.
(2 grams pulp equivalent to 1.814 grams dry material; 100 cc add; 3 hours;
pentosans in original material, 26.5 per cent on dry basis)
/—Pentosans in—' ^—Pentosans ■
*
Residue
Extd.
Calcd.
% of
to
% of total Pentosans
original original pento- in Extd.
N orm ality Loss on E xtn.
Detd. weight material sans M aterial
%
Grains
%
%
%
Sulfuric Acid Extraction
27.2
6..4 24..2
26.3 20.1
23.5
00.012 0.427
41.2
16..1 GO..8
17.1 10.4
0.710 39.1
40.6
77..4
20.,5
6.0
12.2
0.916 50.5
0.025
39.0
22..8 86..1
3.7
9.0
1.059 58.4
0.059
38.1
89.,1
,6
23
2.9
7.6
1.124 62.0
0.12
37.6
24..3 91..7
2.2
6.2
1.174 64.7
0.26
38.3
94.
3
0
25.
1.5
4.2
1.185 65.3
0.45
37.8
24..3 91..7
2.2
6.2
1.167 64.3
0.87
37.7
24 .1 90..9
2.4
0.6
1.161 64.0
1.2
37.3
24.,6 92..8
1.9
5.6
1.195 65.9
2.2
37.6
25. 2 95,.1
1.3
4.0
1.216 67.0
2.9
37.3
24 .8 93..6
1.7
5.1
1.208 06.5
3.3
36.9
25..1 94 .7
1.4
4.5
1.236 68.1
4.3
36.8
25.,2 95..1
1.3
4.2
68.4
1.240
4 .6
36.9
96..6
25..6
0.9
3.1
1.258 69.4
5.8
69.5
1.260
9.4
Hydrochloric Acid Extraction
28.1
6.7 25. 3
26.0 19.,8
23.8
00.018 0.432
40.4
19.8 74..7
6..7
13.1
49.0
0.889
38.0
85..3
22.6
3.,9
9.6
1.080 59.5
0.032
37.0
2
90.
23.9
2.
6
7.5
64.6
1.172
0.080
37.0
24.5 92..5
6.0 2.1.,50 25.0
66.2
1.200
0.17
37.8
94. 3
4.3
66.2
1.200
0.32
37.5
5
9525.3
1.,2
3.8
67.4
1.222
0.06
37.1
2
96.
25.5
1..0
3.3
1.248 68.8
0.99
36.9
25.8 97. 4
0.,7
2.3
1.267 69.9
1.6
36.6
26.0 98. 1
0.,5
1.8
1.290 71.1
2 .4
36.3
98..1
1.6 0.,5 26.0
1.300 71.7
3.2

NORMALITY OF A IK A U

F i g u r e 5. E x t r a c t i o n o p B e e t P u l p w i t h
S o d iu m H y d r o x i d e
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Extraction o f R ice H ulls
W i t h H y d r o c h l o r ic A c i d . Beet pulp discussed so far rep
resents a factory by-product. It has gone through the dif
fusion batteries of the beet sugar plant and has been dried at
an elevated temperature. Both operations might have caused
some physical or chemical changes in the cellulose or hemicellulose of the material. The other two plant materials studied
here (rice hulls and peanut shells) are farm waste products
without any previous chemical treatment. Results of ex
traction of rice hulls with acid are given in Table VII and
Figure 7. The results show that rice hulls give smooth exT able

F ig u r e 6. E x t r a c t io n o f B e e t P u l p
S o d iu m H y d r o x id e a t 100° C.
T able

w it h

VI. E x t r a c t io n

o f B e e t P u l p w it h S o d iu m
H y d r o x id e a t 80° and 100° C.
(2 grams pulp equivalent to 1.814 grams dry m aterial; 100 cc. alkali; 3
hours; pentosans in original material, 26.5 per cent on dry basis)
-Pentosans in -P entosansExtd.
Residuc
Caled.
% of Pento
to
% cf total sans in
original original pento . Extd.
Norm ality Loss on Extn. Detd. weight material sans M aterial
Grams
%
%
%
%
Extraction a t 80° C.
22.3
4.2
29.4
0.259
14.3
26.0
15.8
0
20.6
10.2
32.4
0.912
50.3
16.3
61.5
0.09
14.8
5.8
20.7
34.0
60.9
78.1
0.18
1.105
4.2
62.1
11.0
22.3
84.1
35.9
1.127
0.36
10.2
85.3
36.8
1.119
61.7
3.9
22.6
0.75
89.4
23.7
67.7
8.6
2.8
35.0
1.1
1.228
1.7
24.8
93.6
35.5
1.266
69.8
5.7
1.8
1.334
7 3 .5 > 3 .7 ]
1 .0 ] 25.5 ) 9 6.2]
2 .8
.
4.4
1.324
73.0
1.2
25.3
95.5
3.6
1.344
74.1
3.4 c 0 .9 H 25.6 } 96.6 / 34.5
4.5
2.9
97.4
5.6
1.361
75.0
0 .7
25.8
74.4 \t> 3 .2 J 0 .8 J 25.7 J 97.0 J
7.5
1.350
1.362
75.1
9.5
1.343
74.0
a Average, 1.350 d Average, 0.9.
10.1
1.357
74. S b Average, 74.3.
e Average, 25.6.
14.9
1.362
c Average, 3.5.
/ Average, 96.5.
18.0
75.1
Extraction at 100° C.
23.5
26.3
19.9
6.6
24.9
28.1
0.427
0
23.3
11.7
44.1
32.0
0.664
36.6
14.8
0.014
15.2
57.3
33.9
0.812
44.8
20.5
11.3
0.033
82.3
12.6
4.7
21.8
34.6
0.082
1.143
63.0
2.9
23.6
S9.1
36.6
1.160
64.5
9.0
0.18
36.1
65.9
7 .8
2.7
23. S 89.8
0.34
1.195
92.5
35.5
6S.9
6.4
2 .0
24.5
1.250
0.70
70.2
5.5
24.9
94.0
35.5
1.273
1.6
1.1
71.2
4.1
1.2
25.3
35.5
1.292
95.5
1.8
73.3
Trace
1.330
2.9
3.4
1.338
73.8
Trace
74.4
1.350
Trace
5.5
75.3
1.366
Trace
7.1
1.376
75.9
Trace
10.5
76.1
Trace
1.381
10.6
76.4
1.386
Trace
17.3
1.394
76.9
Trace
20.6

crease in alkalinity is required to extract further quantities of
pentosans. The “purity” of the extract (last column of Table
VI) remains approximately constant throughout the process
of extraction. The break in the curve is still noticeable at
100° with 0.25 N sodium hydroxide (Table VI, Figure 6). At
100° C., 90 per cent of pentosans are extracted by 0.34 N so
dium hydroxide, as compared with 0.15 N sulfuric acid and
0.0S N hydrochloric acid (Table IV, Figure 4) at the same
temperature. The purity of the extract again remains con
stant.
The tables show that about 16.0 per cent pentosans were ex
tracted by water at SO°, and about 25 per cent at 100 0 C.

VII. E x t r a c t io n

R ic e H u l l s w it h H y d r o c h l o r ic
A c id
(2 grama hulls equivalent to 1.835 grams dry m aterial; 100 cc. acid; 3 hours;
pentosans in original m aterial, 20.9 per cent on dry basis)
-Pentosans in— -P entosansResidue
Extd.
Caled.
% of Pento
to
% of total sans in
original original pento Extd.
form ality Loss on Extn.
Detd. weight m aterial sans M aterial
Gram
%
%
%
%
Extraction a t 80° C.
0.092
5.0
21.7
0.3
1.4
0
20.6
0.6
0.123
6.7
18.8
2.1
0.08
20.1
10.0
31.3
12.4
0.15
0.155
8.5
20.0
18.3
2.6
30.6
6.2
0.32
0.253
13.8
17.1
14.7
29.7
44.9
12.4
10.9
52.2
0.61
0.350
19.1
10.0
57.1
21.2
1.00
0.389
10.9
8.6
12.3
58.9
58.0
0.419
9.5
7.3
13.6
65.1
1.5
22.8
61.0
24.9
6.9
5.2
75.1
63.1
2.5
0.456
15.7
3.2
26.4
0.485
5.4
4.0
16.9
80.1
64.0
3.9
0.508
27.7
3.6
2.6
18.3
87.6
66.1
0.534
29.1
5.1
2.0
1.4
19.5
93.6
67.0
6.4
96.2
0.548
29.9
1.1
0 .8
20.1
67.3
Extraction at 100° C.
0.122
0
6.7
22.3
20.8
0.1
0.5
1.5
0.03
0.188
10.3
3.3
15.8
19.6
17.6
32.0
0.08
0.293
16.0
15.6
13.1
7. S 37.3
48.8
0.394
11.4
57.4
0.17
21.5
8.9
12.0
55.8
0.32
0.431
7.1
66.0
23.5
9.3
13.8
58.7
26.4
0.66
0.485
6.7
4.9
16.0
76.6
60.6
0.513
28.0
5.3
3 .8
17.1
81.8
61.1
1.00
1.6
0.548
3.2
2.2
89.5
30.0
18.7
62.3
2.4
93.3
0.568
31.0
2.1
1.4
19.5
62.9
3.2
0.583
31.8
Trace
4.0
0.593
32.3
Trace
32.2
4.5
0.590
Trace
T able

of

VIII. E x t r a c t io n

o f R ic e H u l l s w it h S o d iu m
H y d r o x id e
(2 grams hulls equivalent to 1.835 grams dry m aterial; 100 cc. alkali; 3
hours; pentosans in the original material, 20.9 per cent on dry basis)
/—Pentosans in—- ,—PentosansExtd.
Residue
Caled.
% of Pento% of
total sans in
to
original original pento- Extd.
Norm ality Loss on Extn.
Detd. weight m aterial sans M aterial
Grams
%
%
%
%
E xtraction a t 80° C.
0
0.088
4 .8
21.8
20.8
29.2
0.082
0.535
26.9
9.1
19.0
1.9
6.5
0.702
17.2
38.3
28.1
9.4
0.18
17.3
3 .6
0.34
0.739
40.3
27.4
11.2
16.4
4 .5
21.5
0.70
0.819
44.6
23.8
13.2
17.3
7.7
36.8
0.867
47.3
49.8
22.0
1.1
20.0
10.4
10.5
0.972
53.0
1.8
0.934
2.9
50.9 ^ 16.4
0.962
52.4
3.4
14.6
0.948
51.7 „ 15.4
5.5
13.3
63.6
25.5
51.8 ° 15.4 b 7 .6
7.1
0.950
0.946
51.6
17.3
10.5
1.005
5 4 .8 , 16.2
17.3
Extraction a t 100° C.
00.014 0.119
6.5
22.6
21.1
0.234
23.4
12.8
20.4
2.4
3 .9
0 .5
18.2
0.334
24.3
9.9
0.033
19.1
1.8
8.6
0.0S2
0.602
32.8
8.5
27.0
13.4
18.1
2.8
42.1
10.2
0.18
0.773
28.6
4.3
20.6
16.6
12.4
0.34
0.816
44.5
27.7
15.4
26.3
5.5
25.3
13.2
0.70
0.880
48.0
16.0
7.7
36.8
0.934
50.9
1.1
21.3
10.4
20.4
10.5
49.8
54.4
0.998
16.3
24.8
1.8
7.4
64.6
13.5
1.024
55.81 12.21 d 5.9
5.5
26.6
71.8
15.0
1.005
54.8 j 14.5 j
10.5
a Average, 52.2. b Average, 15.9. c Average, 55.3. d Average, 13.4.
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tract increased with alkalinity of extracting solution. There
is practically no extraction of pentosans with water at either
80°or 100° C.
Extraction of P ean u t Shells
W i t h H y d r o c h l o r ic A c id . Peanut shells behave very
much like rice hulls on extraction with acid (Table IX, Fig
ure 9). The curves of Figure 9 are almost identical with those
of Figure 7 for rice hulls. Pentosans to the extent of 92.9 per
cent were extracted by 2.4 N acid at 100° and by 6.4 N acid
at 80° C. The purity of the extract increases with the in
crease in concentration of acid at 80° but behaves somewhat
irregularly at 100°.
T a b le

F ig u r e 7. E x t r a c t io n - o p R ic e H u l l s

w it h

H y d r o c h l o r ic A c id

traction curves for both total and pentosan extraction. Even
at 80° C. no trace of a break in the curve was noticed. The
extraction of pentosans both at 80° and 100° C. proceeds con
siderably more slowly than in beet pulp at corresponding
temperatures. Pentosans to the extent of 93.6 per cent are
extracted by 5.1 N acid at S0°, and 93.3 per cent by 2.4 N
acid at 100° C. It is interesting to note that the purity of
the extract increases with increase in concentration of the
acid. At 80° C. pentosans constitute 67.3 per cent of the ma
terial extracted with 6.4 N acid. For 2 A N acid at 100° C.
pentosans constitute 62.9 per cent of the extracted material.
W it h A l k a l i . The extraction of pentosans from rice hulls
with sodium hydroxide (Table VIII, Figure 8) is not as com
plete as with acids. Maximum extraction at 80° C. is 63.6
per cent of total pentosans at 2.9 N alkali and remains con
stant with further increase in alkalinity. At 100° C. maxi
mum pentosan extraction reaches the value of 71.8 per cent
with about 2.5 N alkali and remains constant on extraction
with stronger alkali. In both cases the “purity’' of the ex

IX.

E x t r a c t io n o f P e a n u t S h e l l s w it h
H y d r o c h l o r ic A c id
(2 grams shells equivalent to 1.764 grams dry m aterial; 100 cc. acid;
hours; pentosans in original material, 19.8 per cent on dry basis)
-Pentosans in—* Pentosans—*
Éxtd.
Residue
Caled.
% of Pento
to
% of total sans in
original original pento Extd.
Norm ality Loss on Extn.
Detd. weight m aterial sans M aterial
Gram
%
%
%
%
Extraction at 80° C.
0
0.105
0.0
0.2
20.9
19.6
1.0
3.3
0.08
9.4
18.9
0.160
20.9
0.9
4.5
9.6
0.15
0.181
1.1
10.3
20.9
18.7
5.6
10.7
0.32
0.203
19.2
11.5
17.0
2.8
14.1
24.3
0.01
0.259
14.7
18.3
4.2
21.2
15.6
28.6
1.00
0.303
17.2
17.2
14.2
28.3
5.6
32.5
1.5
21.3
12.4
7.4
0.376
15.7
37.4
34.7
2.5
0.463
26.3
10.6
7.8
12.0
60.6
45.6
3.1
0.499
28.3
7.0
12.8
45.2
9.7
64.6
3.9
0.540
7.3
14.7
74.2
30.6
5.1
48.0
0.602
5.1
34.1
3.2
4.8
16.6
83.8
48.7
0.4
1.4
0.629
35.7
2.1
18.4
92.9
51.5
Extraction at 100° C.
0
0.2
0.113
6.4
20.9
19.6
1.0
3.1
0.03
0.213
12.1
16.2
18.2
19.6
3.6
29.8
0.08
0.243
13.8
15.9
13.7
6.1
30.8
44.2
0.17
0.282
11.4
10.2
16.0
9.6
51.5
63.8
0.32
11.4
0.365
20.7
8.4
57.6
55.1
9.3
0.00
0.449
6.7
14.8
74.7
25.5
5.0
58.0
0.99
0.510
80.8
28.9
5.3
3 .8
16.0
55.4
1.0
17.2
0.578
32.8
3.2
2.6
86.9
52.4
2.4
18.4
0.628
2.1
1.4
92.9
35.6
51.7
3.2
0.659
37.4
Trace
4.5
0.667
37.8
Trace
6.0
0.669
37.9
Trace
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E x t r a c t io n o f P e a n u t S h e l l s
H y d r o x id e

w it h

S o d iu m

W it h S o d iu m H y d r o x id e . The extraction of pentosans
with alkali proceeds very slowly (Table X, Figure 10). Maxi
mum extraction at 80° C. was 39.5 per cent pentosans with
3.6 N alkali and remains constant with further increase in
alkalinity. The purity values increase with increase of alka
linity. At 100° C. maximum extraction of pentosans was
47.5 per cent, and this value seems to remain constant with
further increase in alkalinity. The purity of the extract in
creased with concentration of alkali. Within experimental
error water does not extract pentosans from peanut shells
either at 80° or at 100° C.
Probable E xplanation of Break in E xtraction
Curves
Inasmuch as the break in the extraction curves was noticed
for beet pulp only, it is safe to assume that this peculiarity is
not due to any extent to the action of acids or alkalies on the
cellulose fraction of the plant material. The cause of the
abnormality, therefore, is apparently due to the composition
of the beet pulp itself. It is well known that beet pulp con
tains a considerable amount of pectin. The presence of this
substance may account for the peculiar behavior of beet pulp
on extraction with acids and alkalies. It was noted during
the experiments that at the end of the extraction with lower
concentration of acids and alkalies the filtration of the mixture
and washing of the precipitate proceeded very easily. After
reaching the concentration corresponding to the breaking
point of the curve, however, the filtration and the washing of
the precipitate became extremely slow apparently as a result
of the swelling of the residue. The filtration improved again
after the concentration corresponding to the second break in
the curve had been passed. It is believed that the swelling is
due to jellying (caused by the pectin) of hemicelluloses or their
hydrolytic products. The formation of jelly interferes with
proper washing of the residue, which accounts for the higher
weight of the residue, the apparent decrease in total and pen
tosan extraction, and the irregular shape of the extraction
curves. Spencer (S ) showed the possibility' of jelly formation
under alkaline conditions, and therefore the above explanation

X.
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E x t r a c t io n

o f P e a n u t S iie l l s w it h S o d iu m
H y d r o x id e
(2 grams shells equivalent to 1.7C4 grams dry m aterial; 100 cc. alkali; 3
hours; pentosans in original m aterial, 19.8 per cent on dry basis)
-Pentosans in -PontosansResidue
Extd.
Caled.
% of Pento
to
total sans in
% of
original original pento Extd.
Norm ality Loss on E xtn.
D etd. weight m aterial sans M aterial
Gram
%
%
%
%
E xtraction a t 80° C.
0.2
0.103
5.8
20.8
19.6
3.4
0
1.0
15.5
18.2
0.09
0.273
21.5
1.6
8.9
10.3
0.18
0.305
17.3
21.0
17.1
2.7
13.6
15.6
19.2
20.5
16.6
3 .2
0.36
0.339
16.2
16.7
0.384
20.2
0.75
21.8
15.8
4 .0
20.2
18.3
1.1
23.0
18.9
14.6
5.2
0.405
26.3
22.6
18.4
13.7
0.450
25.5
6.1
30.3
23.9
1.8
12.1
0.491
27.8
16.7
7.7
38.9
2.8
27.7
0.512
3.6
29.0
16.9 \ 12. O'!
7.8^ 39.4^ 26.9')
0.521
29.5
4 .5
16.3 (, a 11.5 1 . 8 .3 ( 4 1 .9 1 , 2 8 A K c
28.6
5.9
0.505
i s . o r ■11.9 f 6 7.9 7 39.9 ( 2 7 .O f
0.486
27.6
17.2) 12.5)
7 .3 ) 3 0 .9j 2 6 .4 ;
7.5
° Average, 1G.8. b Average, 12.0. c Average, 7.8. d Average, 39.5.
* Average, 27.3.
E xtraction at 100° C.
0.114
21.0
19.6
0 .2
6.5
1.0
3.1
0
13.4
1.1
0.014 0.236
21.6
18.7
5.6
8.2
15.5
21.4
18.1
1.7
0.033 0.274
8.6
11.0
19.2
17.4
2.4
12.1
0.082 0.338
21.5
12.5
3.2
21.5
21.2
16.6
16.2
14.9
0.18
0.380
21.1
3.7
18.7
0.34
0.416
23.6
16.1
15.7
0.455
25.8
20.3
15.1
4 .7
23.7
18.2
0.70
0.482
19.9
14.5
5.3
27.3
26.8
19.4
1.1
30.1
IS .5
12.9
6.9
22.9
1.8
0.531
34.8
9.3') 4 7 .0 \ 27. 8\
0.589'), 33.4'), 1 5.S')1 10.5')
2.9
3.4
0.599 1[ , 3 4 . 0 !I 15.61
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will cover both the acid and the alkaline extraction. How
ever, some swelling and slow filtration were noticed in alkaline
extraction of rice hulls and peanut shells which might have
been due to gelatinizing action of alkali on cellulose. The
effect, however, was not sufficient to change the character of
the extraction curves. It is possible that the cellulose of the
pretreated and preheated beet pulp is gelatinized, under the
same conditions of treatment, to a greater extent than un
treated rice hulls and peanut shells. And this gelatinization
(as jellying in the case of acid) may account for the irregularity
of the alkaline extraction curves.
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RESEARCH IN THE ALUMINUM INDUSTRY

F a t ig u e T e s t in g M a c h in e s

FRANCIS C. FRARY
A NY business, to live, must make a
with the necessity of competing with
/A profit, if not this year, at least
all the other commercial materials, from
Aluminum Research Laboratories,
most years, and certainly on the
paper to steel, and wresting from them
New Kensington, Pa.
average, over a series of years.
piecemeal various portions of their
In some years many businesses fail to
markets. Without a real market the
do this, and some of them manage to linger on for a while in aluminum industry could not make a profit, and without a
this profitless condition. Unless, however, the}' can sell out profit it could not exist.
to someone who can do better or reorganize “under new
In order to displace any other material, this new metal must
management,” the sheriff will eventually get them. Their offer to the consumer a sufficient advantage to justify chang
employees will be out of a job and the owners will lose most or ing from the old and tried material to the new and untried one.
all of their investment. This need of profits must necessarily It must offer either distinctly better utility at the same cost
control the actions of all of the departments of a company. or a satisfactory utility at a decided saving. A manufacturer,
Research is no exception; the company must make a profit on with a plant and process operating with reasonable satisfac
the stockholders’ money which it spends on research and de tion and profit on a given material, cannot afford to risk
velopment. The problems and services of the research or changes unless the prospects of additional profits are suffi
ganization depend, therefore, upon the technical and com ciently tempting to justify taking the chance of some loss in
mercial situation in the industry. Research is naturally most case his judgment is faulty.
It is apparent that the result of this competition between
productive when backed by the resources and “know how” of
an integrated industry with a field of activity extending from metals depends on the properties and cost of the finished
the production of the raw material to the fabrication of the fabricated article delivered to the ultimate consumer, al
finished product. This might well be termed “straight-line” though the actual competitive material rnay be a sernifabricated product such as sheet, rod, tubing, castings, etc.,
research, to borrow a phrase from the automobile industry.
which is sold to the manufacturer of the finished article.
Therefore, while the problem of producing maximum utility
R ecent Com m ercial Developm ent of A lum inum
of the finished product at a minimum cost is the fundamental
The aluminum industry differs from the other metal indus one, the solution of it may turn upon the properties and cost
tries in that its commercial development has taken place of the semifabricated commodities which are in direct compe
within the last fifty years; therefore aluminum has no tradi tition with similar items made of other materials. In general,
tions of long service and widely known virtues to aid it in only the maker of semifabrieated products can use the crude
procuring or holding markets. When aluminum became an metal; if he is already successfully fabricating other ma
article of commerce at a price which enabled it to leave the terials, such as brass, copper, lead, tin, zinc, paper, cork, etc.,
jewelry business and go into more humble lines, it was faced he usually sees little or no reason for spending time and money
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and taking a risk in order to find out whether he could profit
ably use aluminum instead of his present raw material.
It was this situation which stared the original producers of
aluminum in the face when they finally had their process
working and had a few tons of the metal for sale, and which
forced them to invest time and money in the development of
fabricating plants and processes in order to convert their
metal into a salable form. The only other method which has
been successful in rapidly expanding the use of aluminum in
the metal-fabricating industry is the modern German one.
For economic reasons the use in Germany of certain competing
materials has been either forbidden completely or so hedged
about with restrictions and difficulties that the industry has
been compelled by governmental pressure to substitute the
aluminum produced by government-owned plants for other
metals which must be imported.
This competitive situation is also the reason why most of
the advances in fabricating methods and technique, new
alloys, finishing processes, etc., and fruitful investigations of
the basic problems of the industry have been accomplished by
the companies which produce the crude metal, with occasional
contributions by scientific laboratories operating under
government auspices. If research were conducted by com
panies which only fabricate and do not produce the crude
metal, they would work at a decided disadvantage. They
would be unable to determine whether anything done to the
metal prior to their receipt of it was involved in their diffi
culties, or what could be done by the metal producers to sim
plify their problems or facilitate their solution.
The problems in research and development in the aluminum
industry, therefore, divide themselves into two groups: (a)
improving the utility of the final product to the ultimate con
sumer and (6) reducing the cost of this finished product by
reducing the costs of both producing and fabricating the

VOL. 31, NO.

1

metal. Each of these groups contains some
problems which at first glance do not seem to
be obviously related to it, as well as the more
obvious type of problems.
Im proving U tility
In general, the utility of the final product
to the consumer depends upon its properties
and form. Thus, we have facing us the prob
lem of modifying and improving the properties
of the metal itself by surface treatment, me
chanical working, alloying, annealing, and
heat treating, so as to produce a wide range of
finish, hardness, strength, ductility, electrical
and thermal conductivity, etc. From the re
sults, the particular combination most suitable
to the purposes of an individual customer
must then be selected, in the hope that it may
present adequate advantages to induce the
customer to use it. Historically, the problems
of mechanical working and annealing and con
trol of impurities to produce a range of proper
ties were the first to be attacked and partially
solved. When the properties thus obtained
were found inadequate for many uses, alloy
ing was begun for the production of both cast
and wrought articles. Almost all of the alloy
development work has been accomplished
within the last thirty years. Thus, of the
twenty-seven standard aluminum casting alloys
now employed in large tonnages in this
country, only four were in use in 1915; of the
nearly twenty standard wrought products,
only pure aluminum and an aluminummanganese alloy were then in use. The
heat treatment of certain types of aluminum alloys was
also discovered about thirty years ago, and its develop
ment has gone hand in hand with the development of alloy
ing knowledge and practice. Upon the original require
ments of castability and high strength, experience superposed
the requirement of high stability under corrosive.conditions,
so that the zinc-bearing alloys originally employed have
gradually passed out of the picture to a great extent and
been replaced by alloys containing copper, silicon, and mag
nesium. Special finishes, such as oxide coatings, have been a
more recent but important development, adding resistance to
corrosion and abrasion, luster, reflectivity, and even color to
the finished article.
The original semifabricated products were sheet and sand
castings; they were soon supplemented by wire and rod;
later other semifabricated forms, such as foil, permanent-mold
castings, die castings, forgings, bronze powder, and extrusions
were added to the list. If aluminum was to be used, there
fore, the customer found himself faced with a choice from
among a variety of alloy compositions and tempers, as well as
a variety of semifabricated forms in which these alloys could
be furnished to him. Obviously, the chance of being able to
persuade him to use aluminum instead of some other material
could be greatly increased. However, it was necessary that
the salesman or engineer who had this job be adequately in
formed of the properties, virtues, and costs of these different
products, and be able to select and sell the one which would
best serve the individual customer without being prejudiced
or limited by the possibility that his company could not fur
nish the particular article.
The development of these varied products under one
management with the incentive of not only keeping the
specialized fabricating plants busy, but also providing an out
let for the metal, and thus keeping mines, alumina plants, and
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reduction plants busy, was undoubtedly the reason why the
United States early became the world’s greatest consumer
and producer of aluminum and aluminum products and still
retains this position.
A less obvious but important group of problems in this
class involves the development of technical information to
help the consumer to use the products of the industry more
economically and satisfactorily. This includes the accurate
determination of all the physical properties of all the different
commercial alloys in all their commercial forms and tempers,
and the effects of variations in composition and fabricating
practice upon such properties; it also involves a complete
study of the principles of engineering design applicable to the
use of aluminum structural products.
Structural and machine design information for steel has
been available in handbooks for years. Although the tensile
properties of some of the aluminum alloys are comparable
with those of steel, there is a large difference between them in
the modulus of elasticity—a figure which appears in most of
the design formulas. In view of this difference in a property
which is so important in steel design, much experimental work
w'as necessary to determine what formulas would represent
good practice with aluminum alloys. The higher cost of the
aluminum structural members introduced a pressure for
economy in their use which made a complete study of stress
distributions in structures and the refinement of structural
design imperative. Practical experience showed that the
principal reason for employing aluminum in structural work
w'as to reduce weight. Only by taking advantage of the
maximum w'eight reduction consistent with safety and ade
quate performance could the higher cost per pound of the
aluminum structure often be justified and the final result be a
net profit to the user. American producers have pioneered
in the experimental study of the elements of structural design
in aluminum and, as a result, have been able to publish a
comprehensive structural aluminum handbook. Its two
hundred pages of information on the design of aluminum
structures are based on the experimental investigation of
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stress distributions and load-carrying ability, and the correla
tion of experimental results with modified design formulas.
The resulting information on design refinement and the
stimulation of the demand for light and yet strong construc
tion, together with the alloy and fabricating developments of
the aluminum industry, have naturally reacted on the other
metal industries to stimulate them to similar competitive de
velopments—all to serve the ultimate consumer better.
Along a still different line, the problem of increasing the
sale of aluminum in pigment form has involved years of re
search on the properties of the resulting paint as a function of
the character of both the pigment and the vehicle. As a
result, the paint manufacturer can now' produce such paints
and vehicles and the consumer can purchase them with assur
ance of excellent results. Here again the manufacturer of the
finished product had little incentive to develop aluminum
pigment or its use, and only the broad policy of developing to
the full all outlets for aluminum could justify the continuous
heavy experimental expenditures necessary to develop alumi
num paint properly and demonstrate its advantages to the
customer, in competition with well-established paints made
from a variety of other pigments.
R ed ucin g C osts
No matter w'hat the merits of an aluminum product, its
sale is handicapped unless its price is competitive w’ith that
of the material it seeks to replace. Since market expansion
thus depends upon costs, it is obvious that an important part
of the research and development work must be directed to
wards reduction of the cost of both producing and fabricat
ing the metal, in the face of steadily increasing labor and tax
rates.
Naturally, the first point of attack is the rich ore, bauxite.
Although it occurs in tremendous quantities in subtropical
areas, local conditions are not usually favorable to the extrac
tion of the pure aluminum oxide from it or the conversion of
the oxide into the metal on the spot. Southern France is
probably the only notable exception, w’here bauxite, coal, and
water pow’er occur relatively close together. The expense of
transporting 4 tons of bauxite per ton of metal produced has
naturally focused research on processes of beneficiating the
bauxite at the mine so as to reduce the amount of impurities;
such methods have been worked out and are employed.
The common world-wide occurrence of clays and other
rocks containing from one-fourth to three-fourths as much
alumina as bauxite has been the incentive for a tremendous
amount of investigation, both inside and outside the industry,
in an attempt to reduce the cost of alumina by extracting it
from these leaner ores. Technological difficulties in chemi
cally extracting alumina of the necessary high purity from
such materials, at a cost which will compete with that of
alumina extracted from bauxite by the relatively simple
Bayer process, have thus far prevented the accomplishment of
any saving in this direction. The possibility of using somew'hat lower grade material by a smelting process, to produce
fused alumina and a ferrosilicon type of alloy as a by-product,
was unsuccessfully investigated here nearly forty years ago
by Charles Mi Hall and again much more exhaustively by
others about ten years ago.
Also the possibility of directly smelting more or less pure
alumina with carbon to form the metal or an alloy w'hich
could be subsequently refined lias been exhaustively'studied
on a small and a large scale; the electrolytic refining of alumi
num alloys in a molten cryolite bath wTas actually accom
plished commercially more than ten years ago. While the
refining process w’as important as a source of high-purity
metal, no other combination has yet been discovered which
can produce commercial aluminum at as low a cost as the
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Bayer process of alumina extraction and the Hall electrolytic
reduction of the oxide in a fused cryolite bath. The only
exception to this statement is the Pedersen alumina process,
where ferruginous bauxite is smelted with limestone to form
calcium aluminate and iron, and the alumina is extracted
from the slag with sodium carbonate and then reduced to
metal by the usual electrolytic process. This seems to be
commercially successful under Norwegian conditions and
possibly under some conditions in Russia.
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tice, have gone a long way towards reducing and controlling
the amount of this scrap and eliminating the unexpected
features of its occurrence in a given lot of metal. Without
this development some of the present important commercial
alloys could not have been produced at all, and others would
be too costly to meet competition in the market so that a good
share of the present market never would have been obtained.
The design, building, and installation of new, improved,
and larger furnaces, molds, mills, presses, etc., by the engi-

R a n g e o p T e n s il e a n d Y ie l d
S t r e n g t h s o p T y p ic a l C o m m e r 
c ia l A l u m in u m A l l o y s
Temper designations: 0 =» annealed; / / =
hard-rolled; W *= given solution heat treat
m ent but not aged; T = heat-treated and
aged. 2S is commercially pure (99 + per
cent) alum inum ; 3S, 4S. and 52S are nonheattreatable alloys; 53S, 17S, 24S, and 14S are
heat-treatable alloys.

It should not be thought, however, that the commercial
processes have remained in a stationary condition technologi
cally. This is far from being true. Continuous study and
experimentation have steadily improved both processes, in
creasing yields and permitting the use of larger and more
economical equipment, so that the world price of aluminum
has shown a steady and considerable decrease over the last
twenty years.
In most fabricated or semifabricated aluminum products,
the fabricating cost represents a large item, and a considerable
part of this cost is bound up with the problem of scrap produc
tion. In the earlier days (for example, even after the war)
unknown and therefore uncontrollable factors produced large
and varying amounts of finished and semifabricated products
which were unsalable and had to be scrapped because of
fabricating defects. Slivers and blisters in sheet, tubing, etc.,
and porosity, shrinkage cracks, and other defects in castings
took a large toll, not only in expense but in customer good
will; the industry did not know, when a given amount of
metal was put into process to fill a certain order, how much of
it would come out several weeks later in a form which would
be accepted by the customer.
The introduction of the stronger alloys into the processes of
fabricating wrought materials caused tremendously increased
scrap losses because of the cracking of these alloys under the
fabricating stresses at various points in the process. Surface
cracks which rolled out into slivers, edge cracking of slabs and
sheet (which required continual edge shearing, perhaps to the
point where the finished sheet was too narrow to meet the
customer’s specifications), “alligatoring” and splitting of the
strong alloy ingots in the initial stages of rolling, and the un
expected and uncontrollable appearance of blisters when the
partially or completely fabricated wrought products were an
nealed or heat-treated, caused scrap losses which might some
times run as high as 90 per cent of the ingot weight. These
resulted in delays in shipment and clogging of the mill with
scrap and additional material which must be rolled to replace
the scrap.
Fundamental research on alloy compositions and the influ
ence of minor ingredients, on segregation, gas absorption,
fabricating temperatures and other conditions, and on the
development of improved melting, casting, and rolling prac-

neering and development organizations in the fabricating
plants have been a continuous process that has been of great
importance in bringing strong aluminum alloys into their
present competitive position with respect to steel, brass,
bronze, etc. Therefore today there is no difficulty in ob
taining a satisfactory yield of finished strong alloy sheets or
plates weighing as much as a thousand pounds apiece from
correspondingly large ingots.
It is obvious that as the size and weight of the finished semi
fabricated articles increase, the risk of expense involved in the
occurrence of fabricating defects which may cause rejection
of the finished article increases tremendously; and hence an
excellent control of the fabricating processes and metal
quality from beginning to end is indispensable to the eco
nomical production of such articles.
Thus, it is clear that the research and development organi
zation is an agency neither of the sales department nor of the
operating organization; it is a staff group under the control of
the general company management and must serve both the
sales and operating departments, as well as the management
itself. Upon its shoulders rests much of the responsibility for
the future of the industry. It must understand and evaluate
the importance and the ramifications of changes and im
provements in practice anywhere in the company, and keep in
mind in its investigations the whole picture of the operations
of the industry and the requirements of present and potential
customers. Improvements in competing materials must be
watched and matched with corresponding improvements in
the aluminum base materials, if markets are to be retained.
New and improved fabricated and semifabricated forms must
be continually developed in order to enter new markets in
competition with older and established materials. Retaining
and expanding present markets and acquiring new ones are the
fundamental problem of the aluminum industry and hence the
fundamental problem of research in that industry. It is
evident that this problem can be most efficiently attacked
when the research organization is backed by the knowledge,
experience, and resources of all branches of the industry, from
the mining of the ore to the fabrication of finished products.
R e c e i v e d August IS, 193S. Presented before the meeting o f the Pittsburgh
Local Section of the American Chemical Society, Septem ber 15, 193S.

Oxidation of
Phosphorus to a Pentavalent Form
by Carbon Dioxide
Equilibria in the PhosphorusCarbon-Oxygen System
In ih e tem perature range 800° to 1,200° C. a
gaseous m ixture of phosphorus (P4) and
carhon dioxide containing m ore than 11.1
per cent phosphorus vapor quickly reaches
an equilibrium corresponding to the con
version o f about 80 per cent of the carhon
dioxide to carhon m onoxide. If less than
11.1 per cent phosphorus is present, prac
tically all elem entary phosphorus is ab
sen t at equilibrium in this tem perature
range, a m ixture of phosphorus pentoxide
and phosphorus telroxide being obtained.

P. H. EM METT1 AND J. F . SIIULTZ

Bureau of Chemistry and Soils, U. S. Department
of Agriculture, Washington, D. C.

The equilibrium in th e carbon m onox
ide-carbon dioxide-phosphorus p en loxid ephosphorus telroxide system is such that
w ith equal moJal q u an tities o f ih e p en t
oxide and telroxide present the ratio o f
carbon m onoxide to dioxide is about 1
to 2.In the presence of phosphate rock the
oxidation of phosphorus by carhon dioxide
to the pentavalent form in the above tem 
perature range is com plete; the product
form ed is calcium m etaphosphate.

URING the last few years a considerable amount of re oxide produced in the oxidation of phosphorus with carbon
search and development work has been carried on rela dioxide was dissolved in the quartz in the temperature range
tive to the production of elementary phosphorus by the above 800° C. in which it was necessary to work to obtain rea
reduction of phosphate rock with carbon in high-temperature sonable reaction rates. Porcelain tubes were adopted as a
electric furnaces by the reaction:
standard material of construction in the high-temperature ex
periments.
Ca3(P04)2 + 3Si02 + 5C = 5CO + 3CaSi03 + '/»P«
A flowr system was used in the equilibrium measurements.
It has been customary (8) either to burn this phosphorus-car Phosphorus vapor of a known partial pressure was obtained by
bon monoxide mixture in excess air to produce phosphorus passing nitrogen or carbon dioxide through a thermostated
of molten phosphorus. The form of the apparatus used
pentoxide and carbon dioxide or first to separate the phos isbulb
shown
in Figure 1:
phorus from the carbon monoxide by condensation and then
burn the former to phosphorus pentoxide. By the latter pro
Flowmeters for obtaining any desired combination of flow of
cedure ten volumes of carbon monoxide become available for pure dry nitrogen, carbon monoxide, and carbon dioxide are not
shown. The insulation on the tubes between the phosphorus
each volume of phosphorus vapor (P4) produced.
bath and reaction tube A was heated sufficiently to prevent con
It seemed worth while to investigate the possibility of oxi densation
of phosphorus as yellow phosphorus. The tubes were
dizing phosphorus with carbon dioxide instead of air. If this also kept entirely
shielded from light to prevent or retard con
version
of
yellow
phosphorus vapor to red phosphorus.
could be done, one might conserve the original carbon mon
The means adopted tor obtaining a sample of the oxides of phos
oxide in the mixture coming from the phosphorus furnace and phorus
formed is also illustrated. A porcelain tube, B, of s/ 8produce an additional ten volumes of carbon monoxide for inch
internal diameter, was ground at one end to fit into a ground
each volume of phosphorus vapor oxidized to the pentavalent seat in U-tube C. Another ground connection provided a tight
form. Accordingly a program of research was undertaken fit between the U-tube and the 1-inch (i. d.) porcelain reaction
A. When a sample of oxides was desired, the flow of gas
having as its primary object the determination of equilibria tube,
through the furnace was momentarily halted and tube B was
in the phosphorus-carbon-oxygen system and a study of the raised
into position. Its upper end extended to a point about
conditions influencing the rates of the various reactions that 2 inches below the center of furnace F. The gas flow' was then
resumed; the oxides of phosphorus condensed in B whereas the
might be involved.
carbon monoxide-carbon dioxide mixture passed on through the
U-tube and into a sampling bulb of 25-cc. capacity. The carbon
Apparatus and M aterials
monoxide-carbon dioxide mixture was analyzedon a standard
Bone and Wheeler gas analysis apparatus. The U-tube was kept
In the course of this work the apparatus underwent a con immersed
in a carbon dioxide-alcohol bath at —78° C. during a
tinuous evolution until its form and materials of construction run
to condense any volatile products that might be coming
were suitable for the measurements desired. Preliminary through the furnace.
some experiments broken porcelain was inserted into reac
experiments were carried out in a quartz reaction bulb packed tionIn tube
A by wedging a perforated porcelain plate (Gooch filter
with broken quartz, but it was found that all phosphorus pent- plate) crosswise
in the tube. It was possible with a little practice
D

1 Present address, Johns Ilopkins University, Baltimore, Md.

to insert such supporting plates with comparative ease.
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In the experiments on the reaction of phosphorus vapor and
carbon dioxide with phosphate rock, the latter was supported
on a porcelain plate in tube B instead of tube A. This facilitated
changing from one sample of phosphate rock to another and made
possible the removal of the product of reaction without disman
tling the main reaction tube.
In some experiments a phosphorus pentoxide tube, D, was in
serted at point E between the phosphorus bulb and reaction tube
A to provide a certain partial pressure of phosphorus pentoxide.
It was found impossible, however, to provide known partial pres
sures of phosphorus pentoxide in this manner because of the wellknown way in which the pentoxide changes over from a high to a
low vapor-pressure form (7). Estimates of the amount of phos
phorus pentoxide being put into the reacting system had to be
made, therefore, by periodic blank runs using nitrogen as a carry
ing gas.

In a given experiment the oxides of phosphorus collected in
tube B were washed into a beaker and dissolved without allowing
any contact of the hot oxides with air. The method of a n a ly sis
used for determining t he quantities of phosphorus pentoxide and
phosphorus tetroxide is detailed below:
Yellow phosphorus was dried in tube II by vaporizing moisture
from it into a vacuum. It was then distilled at low pressure (ap
proximately 100 mm.) in a stream of nitrogen (50 cc. per minute
at standard temperature and pressure) into bulb J , and from J
into bulb K. Tank nitrogen and carbon dioxide were used, the
former being freed of oxygen by passage over c. r. copper and
dried over phosphorus pentoxide in the usual fashion. The car
bon dioxide was merely dried, for analysis showed that it con
tained no more than 0.1 per cent noncondensable gas. The car
bon monoxide used was prepared by the apparatus described by
Thompson (S) and stored in steel cylinders at- 1,000 pounds per
square inch pressure. It was freed of iron carbonyl by passage
through liquid air. Phosphorus pentoxide for the equilibrium
runs was distilled in oxygen in an iron reaction tube at 800° C.
according to the method of Finch and Frazer (5). Phosphorus
trioxide was prepared by the method of Wolf and Schmager (II)
by the controlled combustion of phosphorus at 90 mm. pressure
in a 75 per cent oxygen-35 per cent nitrogen mixture. The
phosphorus trioxide was then converted to the tetroxide by heat
ing in a closed tube at 250° C. for 48 hours (9).
M ethods of A nalysis
Early in the experimental work it became evident that a
suitable method would have to be devised for analyzing mix
tures of phosphorus pentoxide and phosphorus tetroxide rap
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idly. A total phosphorus determination by the usual gravi
metric methods was too time consuming. After numerous
experiments the following procedure was adopted: The
samples of mixed oxides were dissolved in water and made up
to 100 cc. Aliquot portions were taken for determination of
total phosphorus and of trivalent phosphorus, respectively.
After one of the aliquots had been heated at 135° C. in an
autoclave for 1 hour, the total phosphorus was determined as
orthophosphorous (H 3 PO3 ) or orthophosphoric acid (H 3 PO3 )
by direct titration with sodium hydroxide in a solution satu
rated with sodium chloride. This time was sufficient to con
vert all of the metaphosphoric and pyrophosphoric acid to
orthophosphoric acid. Any phosphorus tetroxide present
reacted with water to form orthophosphorous
and orthophosphoric acids. Titration with
standard sodium hydroxide to yield the disodium
salts (phenolphthalein as indicator) thus gave
a value for the total phosphorus present as
phosphoric and phosphorous acids.
The method of analysis used for determining
trivalent phosphorus was that of Wolf and Jung.
(10). The solution to be analyzed was placed
in a 500-cc. flask fitted with a ground glassstopper and exactly neutralized.2 Then 50 cc.
of a 0.2 molal sodium bicarbonate solution
(saturated with carbon dioxide) and 50 cc. of
a 0.1 N iodine solution were added. (An ex
cess of at least 10 cc. of iodine above that
needed for the oxidation should always be
present.) After 45 to 60 minutes the excess,
iodine was determined by titration with a 0.1 W
standard arsenious acid solution (containing
sodium carbonate according to the procedure of
Treadwell and Hall, S A ) using a 0.5 per cent
starch solution as indicator. One cubic centi
meter of 0.1 N iodine solution is equivalent to
4.103 mg. of orthophosphorous acid.
The value obtained in this way for the triva
lent phosphorus together with the total pentavalent and trivalent phosphorus content ob
tained by the sodium hydroxide titration
made it possible to calculate the amount of
phosphorus tetroxide and of phosphorus pent
oxide in the sample of oxides. Separate experiments were
made on several occasions to ascertain whether or not any
of the lower oxides were present. Phosphorus trioxide was
shown to be unstable in the furnace at 1,000° C. so that5 No indicator can be used here as it will later react with the iodine.
Thus the quantity of alkali to neutralize the acids is determ ined on an
aliquot part, and th at same quantity is added a t this point.
T a b l e I. P e r c e n t a g e C o n v e r s io n o f C a r b o n D io x id e t o C a r b o n M o n o x id e in t h e P r e s e n c e o f E x c e s s P h o s p h o r u s .
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Tem p, of Pressure of Temp.
in Exit
of
of
Phosphorus Phosphorus of PjOs Furnace
Vapor
Bulb
Temp.
CO*
CO
Gas
B ath
Cc./m in. Cc./m in.
M m.
0 C.
0 C.
0 C.
%
Quartz Reaction Tube
a
1007
10
103
79.3
194.0
a
1008
5
79.0194.3
103
a
1095
99
5
78.6
193. S
a
1097
101
5
78.1
193.4
a
1022
10
78.4
193.5
101
Porcelain Reaction Tube
a
350
1003
45
79.7
a
1007
310
45
SO. 3
139.1
IS. 2
1009
is
320
35
78.1
322
IS .2
100S
15
35
77.9
139
IS .2
323
1006
20
30
73.3
13S.S
1005
S3.4
IS. 2
323
75
42.5
139
a Not attached.
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T a b l e I I . E q u il ib r iu m D a t a

for th e

Partial
Pressure of
Phosphorus
R un Flow
Flow in Entering Av. C
No. of COi of N 2
Gas
as CO
Cc./min. Cc./min. Mm.
%

202
203
205
198
199

200
201
209
133
134
135
136
161
162
142
143
150
151
154
155
168
169
172
173
137
138
139
163
164
144
145
140
141
152
153
156
148
149
158
170
171
146
147
159
160

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
25
25
25
25
25
25
25
25
25
25
25
12.5
12.5
12.5
12.5
12.5
12.5
12.5
35
35

40.0
41.9
3.2
8.9
8.9
9.4
0.7

8.8
8.8
8.8
8.8
21.2
21.2
9.2

25
25
25
25
25
25
25
25
25
25

12.5
12.5
15
15

9.3
9.2
9.2
9.4
9.4
9.5
9.5
10.9
10.9
18.8
19.0
19.0
21.5
21.5
9.2
9.2
9.0
9.0
9.4
9.4
9.3
9.3
9.3
9.3
10.4
10.4
9.0
9.0
9.3
9.3

55.05
51.75
56.10
25.15
25.50
25.50
25.80
28.15
17.35
17.20
17.00
14.65
26.90
26.90
8.70
10.35
12.35
12.45
12.35
12.50
13.10
13.10
14.40
14.55
28.30
30.00
30.10
45.10
45.15
11.95
11.90
18.45
18.65
21.50
21.55
21.75
10.85
10.95
12.20
14.60
14.45
20.05
19.85
32.70
32.65

S y st e m C a r b o n D io x id e - C a r b o n M o n o x id e - P h o s p h o r u s T e t r o jc id k -P h o s p h o r u s
P e n t o x id e

Av. C
as CO*
%

P as
PaOa
Mg.

P as
PaOxo
Mg.

Calcd. Yield of CO—From
From
P«Oa
P 4 O 10 Total
Cc.
Cc. Cc.

K* X 106 Obsvd. ofF ur- (PiO.HCO) K, (P«Oio) (CO)»
CO*
nace (PtOaXCOi) Av. (P*04)*(C0i)*
Cc.
0 C.

A . Oxidation Approach without Added Phosphorus Pentoxide
44.95
718.4
1037
266.6
481
1518
1650
48.25
315.5
660.0
953
1522
569
1553
830.4
43.90
265.5
1200
480
1680
1720
74.85
271.0
652
1132
391
1043
361.0
375.4
74.50
259.6
678
1053
375
1147
74.50
269.6
749
414.9
389
1138
1147
399.4
74.20
270.6
721
1112
391
1230
215.4
71.85
231.6
311
418
729
845
215.4
82.05
116.8
389
558
564
169
107.4
82.80
155
212.8
384
539
509
120.4
204.1
83.00
174
369
543
510
130.6
203.4
85.35
189
367
556
439
73.10
212.0
306
380
686
807
210.5
722
73.10
224.8
220.0
325
397
808
123.1
53
222
91.30
36.9
275
261
124.0
48.0
224
69
89.65
293
311
45.9
83
111
28
87.05
19.3
526
75.2
202.8
109
87.55
366
475
736
121
84.2
213.8
386
507
741
87.65
256.8
97.2
603
140
87.50
463
751
276.7
199
499
86.90
137.8
698
787
135.4
539
298.6
196
735
784
86.90
150.6
119
82.6
272
391
85.60
431
134
157.6
285
419
432
85.45
91.8
142.4
314
424
217.6
257
571
71.70
214
537
118.6
323
223.6
450
70.00
145.4
262
298
560
69.90
206.8
451
539
133
672
73.8
670
54.90 373.2
76.2
110
673
677
372.8
783
54.85
104.2
235
47
32.3
188
269
88.05
74
244
135.3
51.2
318
356
88.10
112
185
102.4
297
277
77.6
81.55
115.3
94
302
65.2
208
280
81.35
399
121.3
180
219
564
125.0
78.50
232
302
534
167.5
647
160.3
78.45
319
549
652
176.6
230
159.0
78.25
50.2
44
135
91
163
30.3
89.15
72.2
57
130
187
164
39.8
89.05
127
53.9
30
20.7
97
251
87.80
41
91
132
50.3
219
28.5
85.40
57.3
53
103
156
36.7
216
85.55
159
197
356
301
109.0
110.0
79.95
143
190
333
105.1
296
98.8
80.15
393
155
95.8
272.4
548
589
67.30
154
95.6
379
533
588
262.6
67.35

Phosphorus Pentoxide
461
1441
255.6
980
678.4
1390
38.25
61.75
814
467
258.8
1281
1231
563.2
45.30
54.70
1059
716
343
190.1
1000
495.8
42.75
57.25
642
354
996
954
444.4
195.9
45.50
373
260.8
323
696
905
224.0
69.80
30.20
20.0* 54.50
364
551
306.5
915
887
252.0
70.40
29.60
20.0*
542
881
300.7
339
856
234.8
71.50
28.50
20.0*
858
1175
2033
664
651.0
594.0
66.80
33.20
19.2
514
1040
285.0
526
866
61.45 364.0
38.55
19.5
474
871
496
970
274.5
61.25 328.0
38.75
19.5
447
872
235.2
425
878
61.00 309.8
39.00
20.1
994
468
544
1012
301.5
62.10 324.0
37.90
20.1
394
431
825
845
238.7
272.8
62.45
37.55
19.2
448
834
408
856
282.4
248.1
62.90
19.2 37.10
304
442
158
206
114.4
109.1
60.70
39.30
20.0*
304
249
553
551
168.8
172.7
64.25
36.75
20.0*
262
309
571
551
171.3
181.4
64.30
20.3* 36.70 81.90
634
169
465
408
257.8
117.4
18.10
11.4
706
511
403
195
283.0
134.8
82.05
17.95
11.4
394
198
535
733
296.2
136.8
82.45
17.55
11.4
734
992
258
380
406.9
178.6
83.10
16.90
11.4
104
397
406
293
162.3
71.7
81.95
18.05
9.3
322
437
407
115
178.6
79.8
81.90
18.10
9.3
« /Ai
J
r . m r i. u . t n f
flow during run and average fractional CO content of the exit gas.
* Tem perature of ^ » p h o r t U k’e n a lth a ’t^ermometer; 2= C. added lor stem correction.
186
187
188
189
192
195
196
179
180
181
182
183
184
185
193
194
197
174
175
176
177
190
191

25
25
25
25
50
50
50
25
25
25
25
25
25
25
12.5
12.5
5
25
25
25
25
25
25

39.9
39.9
39.6
39.6
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1004
1003
1004
1010
1003
1004
1012
1000
1003
998
1013
1005
1010
1007
1008
1017
1020
1009
1002
1007
1019
1005
1004
1007
1010
1009
1027
1012
1010
1005
1016
1008
1001
1006
1008
1021
1004
1010
1009
1011
1017
1013
1000
1018
1014

0.45
0.51
0.43
0.44
0.49
0.52
0.51
0.38
0.39
0.41
0.35
0.27
0.36
0.36
0.32
0.30
0.33
0.38
0.36
0.38
0.30
0.33
0.31
0.29
0.26
0.23
0.30
0.16
0.17
0.44
0.36
0.30
0.40
0.27
0.29
0.30
0.20
0.22
0.36
0.30
0.26
0.25
0.26
0.17
0.18

1008
1005
1004
1014
1002
1008
1010
1012
1008
1013
1014
1018
1012
1000
1008
1014
1016
997
1001
1008
1004
1010
1006

0.61
0.55
0.51
0.53
0.50
0.51
0.51
0.54
0.49
0.53
0.49
0.56
0.53
0.52
0.68
0.57
0.55
0.49
0.46
0.46
0.46
0.50
0.49

7.05
46

05

22
41

22 38

33
99

22
40
31

16 75

92

65
51

53

47

6 .3

108

INDUSTRIAL AND ENGINEERING CHEMISTRY

even with considerable inlet quantities of this oxide none
could be detected in the exit gases. The aqueous solution
of the phosphorus oxides gave negative tests for mono- and
divalent phosphorus by the method of Wolf and Jung (10).
Apparently the tetroxide and the pentoxide constituted the
only oxides of phosphorus present in the exit gases under
the experimental condition of the present work.

VOL. 31, NO. 1

E quilibrium in th e O xidation of Phosphorus w ith
Excess Carbon Dioxide
Wien a porcelain tube was substituted for a quartz reac
tion tube, the exit carbon monoxide content never corre
sponded to the complete conversion of the phosphorus to the
pentavalent form but to a conversion intermediate between
phosphorus pentoxide and. phosphorus tetroxide. It ap
peared probable, therefore, that for the reaction,
P,Oa + 2C02 = P,O10+ 2CO
(2)
an equilibrium was being obtained. Accordingly, the method
described in the present paper was devised for obtaining sam
ples of the phosphorus oxides at 1,000° C. as well as samples
of the gas for carbon monoxide and carbon dioxide analysis.
The results obtained are shown in Table 11.4 for partial pres
sures of phosphorus corresponding approximately to 10, 20,
and 40 mm. Table U B shows some results obtained when a
known partial pressure of phosphorus and an unknown partial
pressure of phosphorus pentoxide were being introduced with
known carbon dioxide or carbon dioxide-nitrogen gas mix
tures.
Table III presents various experimental attempts to obtain
an equilibrium approach to reaction 2 from the reduction
side. In all of them small flows of carbon monoxide ranging
from 1 to 5 cc. per minute in a carrying stream of 24 to 20 cc.
of nitrogen per minute were passed into the reaction tube to
gether with an unknown amount of phosphorus pentoxide.
Analysis of the oxides of phosphorus formed were carried out
in the manner described above. The carbon dioxide-carbon
monoxide analysis was obtained by a flow method. After
passage through the U-tube at —78° C., the exit gases were
sent first through a drying tube to remove any water vapor
that might be present, then through ascarite to catch the carbondioxide, then through a hot cupric oxide tube followed by a
drying tube and an ascarite tube. Most of the results appear

Fractional Conversion of Carbon Dioxide to Car
bon M onoxide in Presence of Excess Phosphorus
The first equilibrium experiments on the oxidation of
phosphorus with carbon dioxide were made at about 1,000° C.
using a quartz reaction tube. It was found that the phos
phorus oxidation yielded an amount of carbon monoxide cor
responding to complete oxidation of the phosphorus to the
pentavalent form. It was discovered, however, that the
quartz was reacting with the phosphorus pentoxide as fast as
it was formed. Accordingly, in the quartz apparatus under
the conditions leading to complete oxidation of the phos
phorus by carbon dioxide (to the pentavalent form), free phos
phorus pentoxide was not obtained, but a reaction product
consisting of quartz and phosphorus pentoxide.
In experiments in which an excess of phosphorus was pres
ent, it appeared that an equilibrium was definitely obtained
even in a quartz apparatus. Table I shows the results of a
number of experiments in which carbon dioxide-phosphorus
mixtures containing ratios smaller than 8 to 1 were passed
through a quartz reaction tube. The exit carbon monoxidecarbon dioxide gas generally contained about 80 per cent car
bon monoxide. Experiments are also listed in Table I that
were performed in the porcelain apparatus with a known mix
ture of phosphorus, carbon monoxide, and carbon dioxide to
gether with an unknown amount of phosphorus pentoxide.
The exit gas composition clearly shows that as long as excess
phosphorus is present, the exit carbon monoxide-carbon di
oxide ratio tends towards 80 to 20.
When, for example, 70 per cent carbon
monoxide-30 per cent carbon dioxide is
T a b l e III. E q u il ib r iu m D a t a f o r t h e S y s t e m C a r b o n D io x id e - C a r b o n M o n o x id e - P h o s p h o r u s T e t r o x id e - P h o s p h o r u s P e n t o x id e ( R e d u c t io n A p p r o a c h )
added, the conversion raises the carbon
V kT monoxide content to about 78 per cent;
Flow Flow Temp. Av.
Av. Temp.
Time /PiOioN
1/s / 1
C as C as
of
P as
P as
of
Run of
of
of
when, on the other hand the entering
CO j Furnace P<08 P O Run VP O / V
No. CO
N* P<Oio CO
gas is 85 per cent or more carbon
Cc./ Cc./
Mg.
min. m in.
° C.
Mg. M in.
%
%
monoxide, the exit percentage of car
60.4
107 5
328 67.05 32.95 1009 361.6
90
0.83
20
bon monoxide is lower than the entering.
0.72
108 2.5 22.5 354 41.90 58.10 1013 482.2 482.6
75
It appears from these and other data
24
64.0
110 1
331 30.95 63.05 1009 148.8
90
0.38
111 1
24
357 29.85 70.15 1011 40S.0 249.2 120
0.33
that the first step of the oxidation of
112 2.5 22.5 353 06.20 33. SO 1006 169.2
54.5
90
1.11
10.3 120
0.43
113 2.5 22.5 379 70.50 29.50 1009 283.2
phosphorus by carbon dioxide must
30.4 120
114 1
0.69
24
377 58.80 41.20 1015 128.0
proceed to some other oxide than the
37.1 115
0.74
115 1
24
378 57.25 42.75 100S 120.4
24
292 20.85 79.15 1012 128.3 208.7 105
118 1
0.65
pentoxide; otherwise the same equilib
75
124 1
24
337 17.40 82.60 1005 118.3 218.1
0.28
24
347 22.75 77.25 1007
32.6
49.6 122
128 1
0.36
rium percentage carbon monoxide in the
exit gases could not be obtained in both
a quartz and porcelain tube inasmuch as
phosphorus pentoxide has been shown to react rapidly and entirely reasonable and confirm the equilibrium values ob
practically completely at 1,000° C. with a quartz reaction tained from the oxidation side. The percentage carbon mon
tube. It seems probable that the oxide formed is phosphorus oxide in the first run on each day was, in general, lower than
that for the other runs and was viewed with suspicion. Us
tetroxide (PjOs) and that the over-all reaction is:
ually several determinations of carbon dioxide and carbon
P< + SCO. = SCO + P<Os
(I)
monoxide were made for each sample of phosphorus oxides.
Of these gas analyses only the first on each day was omitted.
If this is true, the equilibrium constant K p =
In calculating the equilibrium constants in the last column of
will be about 6 X 104 for, in the experiments in which an Table III, averages of the gas analyses for a given oxide were
exit ratio of carbon monoxide to carbon dioxide of 4 to 1 was taken.
obtained, the partial pressures of phosphorus tetroxide and
R eaction betw een P hosphorus-C arbon Dioxide
phosphorus would have been roughly equal as calculated by
and P hosphate Rock j
the known entering phosphorus content and the amount of
The
above
experiments
disclosed that an equilibrium ex
carbon monoxide formed. In the experiments listed in Table I
no attempt was made to analyze the mixture of phosphorus isted in the oxidation of phosphorus with carbon dioxide such
that a mixture of phosphorus tetroxide and phosphorus pentand phosphorus oxides obtained.
4

10

4

8
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oxide rather than pure phosphorus pentoxide was always ob
tained as a product; it became apparent, therefore, that if
this method of oxidizing phosphorus was to be of practical
value, some means had to be found for removing the phos
phorus tetroxide from the mixture of oxides. Separation of
the two oxides by distillation appears to be entirely impracti
cable because their vapor pressures are nearly equal and beIV. R e a c t io n b e t w e e n P h o s p h o r u s , C a r b o n
D io x id e , a n d F l o r id a P h o s p h a t e R ock “
Partial
Timo
Pressure of CO in
from
Flow Phosphorus
Oxide
Exit
Start
No.
CO j
Vapors
Gas
Remarks
Mm.
M in.
Cc./min.
%
50
18.9
25.5
30 . 198
24.9
Porcelain tube
75
50
18.9
Í99
50
18.9
25.5
B empty
100
25.4
345
200
50
18.9
19.2
29.7
50
395
19.2
28.4
50
420
19.2
26.7
Phosphate rock
50
445
19.2
26.7
in tube B
50
570
19.2
27.0
50
600
19.2
28.3
50
720
19.2
27.3
50
755
26.1
19.2
Porcelain tube
803
50
19.2
B empty
25.9
50
833
2ÓÍ
19.2
25.8
863
50
a Analyses before run, P 2 O5 = 31.1 per cent; analyses after run, P 2 O» —
C7.9 per cent.
T able

cause both oxides tend to go over readily to low vapor-pressure forms. Gas-phase oxidation of the tetroxide to pent
oxide is possible but proceeds rather slowly up to 500° C., as
some of the experiments cited below show. Oxidation of
phosphorous acids in solution at high pressure by oxygen or
steam in the presence of a catalyst is possible but entails some
difficult and expensive procedures. It was finally decided to
try the oxidation of phosphorus by carbon dioxide in the pres
ence of phosphate rock in the hope that the latter, like quartz,
would preferentially remove the phosphorus pentoxide from
the equilibrium of reaction 2 and thus enable the carbon di
oxide to oxidize completely all of the lower valence phosphorus
to the pentavalent form. The results are shown in Table IV.
The phosphate rock reacted completely to form the metaphos
phate, the product having practically an identical analysis to
that reported for the product of reaction of phosphorus pent
oxide and phosphate rock by Curtis, Copson, and Abrams (£).
The increase in the percentage of carbon monoxide in the exit
gas when the phosphate rock is present clearly confirms the
additional oxidation of the lower oxide of phosphorus by car
bon dioxide that takes place. No trace of trivalent phos
phorus could be detected by analysis in the glassy metaphos
phate product of the reaction.
M olecular W eight D eterm ination on llic High
Vapor-Pressure Form of Phosphorus Tetroxide
In connection with an experimental study of the properties
of phosphorus tetroxide West (9) reported some values for a
molecular weight determination. His experiments a ere
carried out on a sample of phosphorus tetroxide prepared from
the trioxide. The measurements of West were made at
1,400° C. by a Victor Meyer type of apparatus. Experiments
at 900° C. had failed to yield any expulsion of gas from the
apparatus, indicating that at 900° C. the vapor pressure ofthe form of tetroxide employed was less than one atmosphcie.
West’s results indicated a molecular weight of P sOk for the
tetroxide
In the present work samples of tetroxide were prepared by
the usual methods. Since one step in the preparation in
volves a sublimation at 200° C., it appeared possible to de
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termine the molecular weight of this low-temperature form
of the tetroxide. The apparatus used was essentially a Vic
tor Meyer apparatus arranged for operation at 100-200 mm.
rather than at atmospheric pressure. The sample of tetrox
ide sealed in a capsule in vacuum was brought to the desired
temperature (about 500°) in the Victor Meyer apparatus and
then broken with a magnetic plunger. The amount of
tetroxide used was determined by weighing the filled capsule
initially and subtracting the weight of the broken glass par
ticles of the capsule at the end of the run. It was also deter
mined by titrating the tetroxide washed from the apparatus at
the end of each run. In fourteen consecutive runs the ap
parent molecular weight of the tetroxide as judged from the
weight of the tetroxide and from the titration (shown in pa
rentheses) was as follows: 293 (272), 309 (263), 331 (286), 515
(271), 721 (678), 409 (439), 470 (301), 412 (393), 322 (313),
447 (280), 402 (299), 399 (295), 468 (366), and 337 (306).
Failure to collect all particles of the broken capsule, failure to
allow time for complete vaporization of the sample, and failure
to prevent diffusion of some of the tetroxide through the
surrounding nitrogen atmosphere to the cold part of the Vic
tor Meyer tube would all tend to cause the apparent molecular
weights to be too high. If the formula wrere P8Oir., the mo
lecular weight would be 504. It appears probable, therefore,
that the low-temperature form of the tetroxide is P40 8; un
fortunately time did not pennit sufficient work with the mo
lecular weights to make them conclusive.
K inetics of Phosphorus O xidation by Carbon
Dioxide
A few experiments were carried out with a view to obtaining
some knowledge as to the temperature coefficient of the oxida
tion of phosphorus by carbon dioxide, as to the dependence of
the rate upon carbon dioxide and phosphorus partial pressures,
and as to whether the reaction occurred in the gas phase or on
the walls of the reaction vessel. The results obtained are in
no sense comprehensive or final. Although much additional
work should be done, the experiments are cited here because of
the meagerness of experimental results in this field.
The reaction rate experiments had to be carried out at a
temperature sufficiently low to yield only relatively small per
centages of oxidation. Only in this way could one stay far
enough away from equilibrium conditions to make the results
significant from a reaction rate point of view. Temperatures
in the neighborhood of 700° to 800° C. were used. The re
sults are shown in Table V. The comparison of results with
and without a packing of cracked porcelain in the reaction
tube is also included.
T a b l e V. D e p e n d e n c e o p R e a c t io n R a t e o p P h o s p h o r u s
a n d C a r b o n D io x id e o n T e m p e r a t u r e a n d o n P a r t ia l P r e s 
s u r e s o f P h o s p h o r u s a n d C a r b o n D io x id e
Partial
Pressure of
CO
No. of
Flow
Flow Phosphorus
Formed
Runs Furnace
Vapor
of CO* of Ni
CO
per Min.
Averaged Temp.
Cc./min., Cc./min. Mm.
Cc.
0 C.
%
E m pty Porcelain Reaction Tube
9.2
1 .84
2
850
20
5
19.3
8.1
847
10
15
19.3
0.81
22
15
19.3
10.8
1.08
850
10
15
12.7
1.27
851
10
20.1
3
8.4
9.0
0.84
3
852
10
15
15
21.0
13.0
1.30
3
850
10
852
15
9.2
8.3
0.83
3
10
4
15
19.3
10.6
850
10
1.06
4 .0
821
20
5
19.3
0.79
2
821
19.3
4.7
0.47
3
10
15
2.5
803
21.5
1.25
1
50
Porcelain Reaction Tube Packed with Broken Porcelain
25
25
21.9
2.8
0.70
1
808
0.72
25
2.9
1
805
25
21.9
21.9
0.72
1
801
25
25
2.9
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M iscellaneous Observations
In the course of the experimental work numerous observa
tions were made that are not entirely explainable, and yet as
far as the authors know are not listed in the literature. A
few of them will be recorded here. They merit much more ex
tensive investigation.
Phosphorus tetroxide was distilled back and forth in a
stream of air through a furnace raised to higher and higher
temperatures, the time of contact in each case being about 10
seconds. Oxidation in the absence of a catalyst began at
about 350° C. but did not become complete with short times
of contact until about 500° C. was attained. The presence of
platinized asbestos accelerated the oxidation greatly.
In connection with preliminary molecular weight deter
mination of phosphorus tetroxide, it was noticed that when
carefully purified tetroxide was heated quickly in the Victor
Meyer apparatus, it invariably yielded an appreciable amount
of brilliant red product. This was true even when carefully
selected transparent crystals of the tetroxide were sealed in
tubes and used for the determinations. It was first thought
that traces of phosphorus were present and being converted
to red phosphorus. This theory was disproved by carrying
out partial oxidation of the tetroxide in oxygen before making
the molecular weight determinations. Eventually it was es
tablished that the red product was formed by the reaction of
traces of water vapor with the tetroxide. If the latter in the
course of preparation was sealed into capsules under condi
tions that excluded all traces of water vapor, molecular weight
determinations such as those presented above could be ob
tained without the formation of a red product.
A few experiments were carried out with a mixture of phos
phorus trioxide and carbon dioxide. The products of oxida
tion were again an equilibrium mixture of the tetroxide and
the pentoxide. The tetroxide itself is unstable so that if it is
passed through the reaction tube in a stream of nitrogen at
1,000° C. it decomposes, yielding an orange red product. No
analysis of the product was attempted.
Experiments showed that mixtures of phosphorus pent
oxide and phosphorus in nitrogen would react in the porcelain
tube at 1,000° C. Apparently the pentoxide is rapidly re
duced to the tetroxide under such conditions.
D iscussion and C onclusions
The equilibrium data on reaction 2 require further com
ment. It is well known that the molecular weight of gaseous
phosphorus pentoxide corresponds to the formula P4Oio. The
molecular weight of the tetroxide, on the other hand, appears
to be P408 for the low-temperature variety; it has been re
ported as PsOi6 for the high-temperature variety. Further
more, in the extremely short time of contact used in the pres
ent experiments (usually 5 or 6 seconds), it is possible that the
first products of oxidation, P 02 and P«04, might not have a
chance to polymerize to P40 8 or P80i6, whichever of these we
consider the stable molecular form at 1,000° C. It is also true
that the pentoxide might well be present at the end of a few
seconds time of contact as P20 8rather than as P4Oi0. It soon
became evident that the experimental data listed in Table II
would not conform to the equilibrium constant ^ p ^q ^ qq )!
corresponding to reaction 2. Accordingly, a series of equa
tions was written involving the molecules P 02, P20 4, P4Os, or
PsOis, on the one hand, and the molecules P20 5or P4Oi0on the
other. A calculation of the equilibrium constants for two
runs having differen t P4to C02ratios for these reactions showed
that very poor constants were obtained for those instances
in which either P 02, P40 8, or PsOi6 was assumed for the
tetroxide. The remaining possible react ions are :
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P20 4 C02 —•P2Os CO
(3)
2P20 4 + 2C02 = 2CO + P4O,0
(4)
The constants for reaction 3, together with some values for
reaction 4, are included in Table II. It is evident that the
best constant from these equilibrium data corresponds to re
action 3. This is not definite proof that P20 4 and PjOs ac
tually are present as the principal form of the oxides at the
exit of the heated zone of the furnace, but it is at least an in
dication that such is the case.
The usual methods of assuring that data correspond to true
equilibrium are difficult to apply in the present instance. If,
for example, one slows the rate of passage more and more,
one would expect to obtain constant values of the equilibrium
constant for rates of passage at and below those necessary to
permit the gas to equilibrate. In the present experiments two
factors made this procedure indecisive. In the first place,
the carbon monoxide balances calculated and shown in Table
IL1 indicate that when no P4Oi0was being admitted with the
phosphorus, a considerable portion of the entering phosphorus
was oxidized with the fonnation of carbon monoxide without
the appearance of the corresponding amount of the oxides of
phosphorus. Thus the carbon monoxide volumes equivalent
to the oxides actually collected (Table IIA) are much smaller
as a rule than the measured carbon monoxide. This factor
appears to be the more important, the smaller the rate of gas
passage. Hence, assuming that the pentoxide rather than
the tetroxide is dissolved to some extent in the porcelain, the
equilibrium constant might be lowered for the slow-flow ex
periments as a result of the removal of phosphorus pentoxide
and failure of carbon monoxide-carbon dioxide ratio to re
adjust itself rapidly enough to the final phosphorus pentoxidetetroxide mixture. The second disturbing factor arises from
the possibility that with longer times of contact the more
highly polymerized products P40 8, P8Oic, or P4Oi0may be pres
ent in increasing amounts. In such an event the carbon
monoxide-carbon dioxide mixture would strive to adjust itself
to conform to the constant for some of the reactions involving
these higher polymers. Hence, we cannot be assured that
final equilibrium is reached by merely slowing down the rate
of gas passage until no further change in the equilibrium con
stant occurs.
It appears that a better criterion for judging the attain
ment of equilibrium is the constancy of the “equilibrium con
stants” at a given total flow as the partial pressure of phos
phorus in the entering gas is changed. According to this
criterion, reaction 3 seems to represent the experimental data
best, as pointed out previously.
Even for reaction 1 it is difficult to specify the reactants and
products with any certainty. The tetroxide may be present
in any of the polymers of P 02as the gas mixture passes out of
the heated zone. The phosphorus is probably present as a
mixture of P4, P2, and P, though little is known about the rate
of equilibration of such a mixture. Accordingly we can say
merely that in the oxidation of phosphorus by carbon dioxide,
only about SO per cent of the dioxide is converted to monoxide
when the phosphorus is in excess, and the total oxidation
corresponds to about 50 per cent conversion of the phosphorus
to the tetroxide. Attention should be called to the fact that
the 80 per cent conversion of carbon dioxide to carbon mon
oxide effected by phosphorus (when the ratio of C02 to P4 is
less than 8 to 1 initially) is in agreement with the result ob
tained by Britzke and Pestov (I).
Attempts to approach the equilibrium constant from the re
duction side were partly successful in the case of the tetroxide-pentoxide equilibrium studies. Here, too, it must be
borne in mind, however, that in reduction one is probably
starting with P4Oi0. The tetroxide formed is likely to be in
the form of P4Os or P80i6. Accordingly, without some knowl
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edge of the equilibrium constants for the system P0r-Pi04P-iOs-PsOic and the system PtOny-PiOs one cannot specify with
certainty what “constant” for the reduction reaction should
be compared to the oxidation reaction. In Table III the data
for the reduction approach of equilibrium for reaction 2 are
given. Values for \^~Ki calculated from these data are in fair
agreement with the K 3 constants for the oxidation approach.
In Table III the carbon dioxide obtained from the reduction
approach exceeds in each case the amount equivalent to the
phosphorus tetroxide formed. The explanation of this dis
crepancy is not known. In some cases it can be attributed to
the formation of free phosphorus. However, in the runs with
less than 40 per cent carbon monoxide in the exit gas it does
not seem possible that this can be the explanation.
In view of the above facts it is difficult to specify an exact
equilibrium constant for the system carbon dioxide-phosphorus tetroxide-carbon monoxide-phosphorus pentoxide.
An exact determination can be made only if a reaction vessel
can be used that does not dissolve appreciable quantities of,
the pentoxide and allows sufficient time of contact to assure
getting the final form of the oxides of phosphorus into that
corresponding to true equilibrium at 1,000° C. For practical
purposes, however, one can safely say that in an equilibrium
mixture, when the ratio of tetravalent phosphorus oxide to
pentavalent oxide is 1 to 1, the ratio of carbon dioxide to car
bon monoxide will be about 2 to 1.
The data in Table V relative to the kinetics of the oxidation
of phosphorus are far from complete. Nevertheless, some
definite indications were obtained as to the dependence of rate
of the CO2-P 4reaction upon temperature, and upon the partial
pressures of carbon dioxide and of phosphorus vapor. Nu
merous comparisons in Table V show the variation in the
amount of carbon monoxide found when the carbon dioxideflow
changed from 10 to 20 cc. per minute, the total flow of nitrogen
and carbon dioxide and the partial pressure of phosphorus re
maining constant. A comparison of eight runs at 848-850° C.
and eight runs at 820-825° C. shows that the rate increases
between 1.65 and 1.72 times when the partial pressure of car
bon dioxide is increased twofold. The rate thus appears
to be proportional to (Pco,)n, where n is between 0.7 and
0.8. A comparison of twelve runs in which the phosphorus
partial pressure was varied indicates that a twofold in
crease in the partial pressure of phosphorus causes the rate
to increase about 1.51 times. The rate therefore appears
to vary as the six-tenths power of the partial pressure of
phosphorus.
The temperature coefficient for the reaction can also be esti
mated from the data in Table V. From the runs employing
10 cc. carbon dioxide per minute, one finds by calculation
from the usual exponential equation an energy of activation
of 68,000 calories, and from the runs employing 20 cc. carbon
dioxide per minute, an energy of activation of 76,000 calories.
These values are necessarily approximate. They appear to
be about the right order, however, to correspond to a bimolecular reaction with a rate that becomes appreciable only
above 800° C.
Runs to determine whether the oxidation of phosphorus by
carbon dioxide was a homogeneous or wall reaction are almost
entirely lacking. Three runs listed in Table V were performed
when the porcelain tube was filled with five hundred pieces
(4 to 6 mesh) to effect a five- to tenfold increase in surface
area compared to the wall area of the heated portion of the
empty tube. When due allowance is made for the slight dif
ferences in Pcoz, Ppt, and temperature in these runs com
pared to the runs with an empty porcelain tube, it appears
that the rates of reaction in the packed and unpacked tubes
are similar. This behavior would indicate that the first step
in the oxidization of phosphorus by carbon dioxide is prima
rily a gas-phase oxidation rather than a surface reaction,
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though too few runs were made to warrant definite conclusions
on this point.
The results of the present work make it evident that it is
impossible to oxidize phosphorus vapor to phosphorus pent
oxide without the formation of considerable phosphorus
tetroxide, unless we use prohibitively high ratios of CO2 to Pj.
This.conclusion is contrary to the numerous patents (6) that
have been obtained upon the oxidation of phosphorus to phos
phorus pentoxide by carbon dioxide. It is in partial agree
ment, however, with the work of Britzke and Pestov (I) who
concluded that the product of oxidation of P4 with C02 is
P4Os in the temperature range 800° to 1,800° C. The claim
of these latter authors that with ratios of C02to P4as high as
22 to 1 only P4Os is formed is at variance with the present ex
perimental results. The constant K„ of Table HR would in
dicate that more than 50 per cent of the tetroxide formed
would be converted to the pentoxide at equilibrium at about
1,000° C. It appears entirely practicable, however, to con
vert phosphorus vapor to pentavalent phosphorus in calcium
metaphosphate by the proposed method (4) of causing phos
phorus and carbon dioxide to impinge on phosphate rock.
Theoretically only ninety volumes of carbon dioxide would
have to be added to each hundred volumes of a phosphoruscarbon monoxide mixture containing 91 per cent carbon mon
oxide and about 9 per cent phosphorus vapor in order to con
vert all of the phosphorus to the pentavalent form in the pres
ence of phosphate rock. In practice it would be well to pro
vide a safe margin by using an amount of carbon dioxide
somewhat in excess of that theoretically required. The
method of recovering the carbon monoxide from the exit gas
would then merely entail removal of carbon dioxide by suit
able scrubbing systems. The carbon ¿dioxide for the oxida
tion could be regenerated by the water gas conversion reaction
with carbon monoxide, hydrogen being obtained as a final
product. The use of hydrogen so formed for ammonia syn
thesis or other commercial reaction is self-evident.
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Solubility of Nitrogen and Oxygen
in Liquid Sulfur Dioxide
RALPH W . DORNTE AND
C. VAUGHAN FERGUSON

General Electric Company, Schenectady, N. Y.

T he solubilities of nitrogen
and oxygen in liquid sulfur
dioxide have been determ ined
for the tem perature range
—60° to —20° C. These gases
are very soluble and have a
positive tem perature coeffi
cient of solubility so that the
gases are the m ore easily re
moved, the lower th e tem 
perature of the liquid. Evi
dence of the form ation of sul
fur trioxide from oxygen and
liquid sulfur dioxide has been
found in experim ents at 0°C .
This reaction, however, was
not catalyzed by water or
steel.

N CONNECTION with a study of some reactions in liquid
sulfur dioxide, solubility data for nitrogen and oxygen in
liquid sulfur were required. These data, however, were
not available in the literature. Qualitative information was
also desired on the extent of the reaction of oxygen with liquid
sulfur dioxide at low temperatures. The following experi
ments were undertaken to obtain this information.
The first static system, devised for the determination of
the solubility of nitrogen in liquid sulfur dioxide, had a large
free gas space which interfered with the establishment of
equilibrium. A satisfactory static system (Figure 1) was
finally designed so that only the partial pressure of the added
gas was indicated on a differential mercury manometer. This
construction eliminated the necessity of maintaining a con
stant temperature in the Dewar thermostat since the same
pressure of sulfur dioxide is present on both sides of the differ
ential manometer. The apparatus consisted of a gas buret,
a differential manometer, and two 10-cc. bulbs connected as
shown in Figure 1. The bulb on the measuring arm of the
system was graduated so that the volume of liquid could be
measured at a known temperature. An unsilvcred Dewar
tube containing acetone served as thermostat; a constant
temperature (±0.5° C.) was easily maintained by periodic
additions of small pieces of solid carbon dioxide. The por
tion of system containing the graduated bulb had a volume of
116 cc.
After the system was evacuated, exactly 1 cc. of liquid sul
fur dioxide was condensed in each bulb by holding the ther
mostat at —70° C. The stopcock connecting the two bulbs
I

was closed, and a measured volume of gas was introduced
into one side of the manometer from the buret. Equilibrium
was readily attained in 10 or 15 minutes by agitating the
liquid in the bulbs and by circulating the gas between the
buret and bulb. The rather large pressure correction due to
temperature differences on the system was determined in the
absence of sulfur dioxide, and it was assumed to be the same
in the presence of sulfur dioxide. This assumption is justi
fied since this correction was independent of the total pres
sure.
To ensure the absence of systematic errors which might
arise from a nonuniform gas phase in the static system, the
results were checked on a circulating system. The circulat
ing system involved the differential manometer and required
merely the addition of a circulating pump to one side of the
static system. A sylphon circulating pump1 caused the
added gas to pass through a precooling coil in the thermostat
and then to bubble through the liquid sulfur dioxide in the
graduated bulb. All pressure readings were taken after
the pump was momentarily stopped at top dead center. With
the pump in this position the volume of the system was 453
cc. The pressure correction due to temperature differences
on the system was rather small in this case. Equilibrium be
tween the added gas and liquid sulfur dioxide was established
in 5 minutes by circulation.
* Dornte, I nd . E nq. C hkm., 28, 26 (1936).
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F ig u r e 2. S o l u b il it y o p N it r o g e n
L iq u id S u l f u r D io x id e a s a F u n c t io n
T em perature

T able

I. S o l u b il it y
i° C.
-6 0
-5 0

o f G a s e s in L iq u id S u l f u r D io x id e
.----------- Nitrogen----------- . .
Oxvgen------------ ,
7 , static
7 , circulation
y, static y, circulation
expt.
expt.
cxpt.
expt.
,
Cc. (S. T. P.) at 1 atm./g. SO,----------------- .
( 2.24
( 0.12 1
2.86
1 1.97
( 0.59}
I 2.23
6.35
j
{ »;«*}
5.2
4.05

sioo
g 09

t 11•01

6.7

{241 8 }

3 0 1

The results for nitrogen and oxygen are shown in Figures
2 and 3, respectively, where the logarithms of the absorption
coefficient are plotted against the reciprocals of the absolute
temperature. From these plots the following equations arederived for the temperature variation of Kuenen absorption
coefficients:
For Ns: lo g -y = S.729 - J ^ g
For Os: log T = 9.710 -

F ig u r e 3. S o l u b il it y o f O x y g e n in L iq u id
S u l f u r D io x id e a s a F u n c t io n o f T e m p e r a -

in
of

Results
The preliminary results showed that Henry’s law satis
factorily represented the experimental results for the tem
perature range —60° to —20° C. and for the pressure range
10 to 70 cm. of mercury. The Kuenen absorption coefficient,
7, which is the volume of gas (cubic centimeters at standard
temperature and pressure) dissolved in 1 gram of the liquid
at the experimental temperature when the partial pressure of
the gas is 1 atmosphere, has been calculated from the ex
perimental data. The Kuenen absorption coefficients ob
tained from static and circulation experiments are recorded
in Table I.
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ture

From these equations the following values were calculated.
These extrapolated values are probably as reliable as the
experimental determined solubilities. The error in the ab
sorption coefficients does not exceed =t 10 per cent in the most
unfavorable case.
i° c .
-2 0
-1 0
0
10
20
30

Nitrogen
Oxygen
Ce. (S. T. P.) at 1 atm./g. SOt
25
47
87
50
150
98
183
260
435
331
600
575

Positive temperature coefficients for the solubility of
nitrogen and oxygen in liquid sulfur dioxide were not expected,
and special experiments also checked this result. The posi
tive temperature coefficient of solubility indicates that the
solution of these gases in liquid sulfur dioxide is an endother
mie process which involves about 8,000 calories per mole for
nitrogen and about 10,000 calories per mole for oxygen.
These thermal values assume that the heat of dilution of a
solution of nitrogen or oxygen in liquid sulfur dioxide is zero.
This assumption has no supporting evidence.
At the end of the oxygen experiments the sulfur dioxide
was allowed to evaporate at atmospheric pressure; the gradu
ated bulb was washed with water, and washings were tested
for sulfate. In one experiment oxygen at 20 cm. pressure
was bubbled through 4.8 grams of liquid sulfur dioxide at
0° C. for 4 hours; the total sulfur trioxide formed was about
1 mg., based on the amount of precipitated barium sulfate.
Similar experiments with 1 per cent of water or 20 sq. cm.
of steel, or with both present in the liquid sulfur dioxide did
not increase the formation of sulfur trioxide under the same
conditions. These experiments show that a very slow’ reac
tion of oxygen and liquid sulfur dioxide occurs at 0° C. but
that the rate is not readily measured under these conditions.
R
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Thermal Polymerization of Ethyl
Eleostearate and 9,11- and
9,12-Ethyl Linoleate
HE reaction of primary im JOHN S. BROD, W ESLEY G. FRANCE,
double bonds. The compounds
portance in the thermal
chosen were the ethyl esters of aAND WM. LLOYD EVANS
polymerization of drying oils
eleostearic
acid from tung oil and
The Ohio State University, Columbus, Oliio
is probably one of intermolecular
the 9,11- and 9,12-linoleic acids
attachment between two or more
obtained from the dehydration of
glyceride molecules at the double-bond systems of their un ricinoleic acid derived from castor oil. Their chemical
saturated acid chains. In order to study the manner in which formulas are as follows:
this intermolecular attachment of unsaturated acid chains
Ethyl eleostearate or 9,11,13-ethyl octadecatrienate:
occurs, it is advantageous to work with the monohydric alcohol
CH3(CH2)3C H =C H —C H =C H —CH=CI-I(CH5)7COOC2H5
esters of these acids, since di- and trihydric alcohol esters
9,11- and 9,12-ethyl linoleates or 9,11- and 9,12-ethyl octapermit the formation of complex linear and three-dimen decadienates:
sional polymers by interesterification. In the past decade
CH3(CH2)1CH2C H =C H —CH =C H (C H 2),COOC2H6
CH s(CH2),C H =C H — CH2—CH =C H (C H 2) jCOOC2H s
eonsiderable progress has been made towards the elucida
tion of the mechanism of this primary polymerization reac The mixed linoleic acids are found in several commercial syn
tion (<?, 9, 10, 12, 13, 15, 16, 17). Nevertheless, much more
systematic experimentation is necessary before the final goal thetic drying oils.
can be achieved.
Preparation of Com pounds
The purpose of this research was to investigate the highPurified
ricinoleic
acid obtained from castor oil was de
temperature polymerization of the monohydric alcohol esters
according to the method of Boeseken (1) by heating
of the principal acids of drying oils which contain conjugated ithydrated
with activated alumina and distilling in vacuo. The
linoleic acids thus obtained distilled at 202-208° C. under 0.5
mm. pressure, and at 228-234° C. under 16 mm. pressure.
I.5IOO ,1
A .R efractive Index |
n 20
D ♦
They were esterified by refluxing for 4 hours with absolute
T im e of P olym erization
ethyl alcohol containing 1 per cent concentrated sulfuric acid.
15000
After the reaction mixture was washed with salt water and
sodium carbonate solution in the usual manner to remove
m oo ♦
♦-----free acid, the ethyl linoleates were distilled at 100-110° C.
Ithyl fleostf arate
in a Hickman high-vacuum still (5). Only the clear colorless
1.4800
middle
portion was used in the later polymerization experi
------ments.
-----1
7
1.4700
T

Ethy1 9.11- and 9 I2-Lir oleate

Iodine values were determined hy the standard Wijs procedure
with a reaction time of 4 hours. In view of t lie known failure of
iodine values to give a correct indication of the number of double
bonds present in either compounds containing conjugated double
bonds or their polymers {15), the iodine values recorded should
be interpreted as indicating whether the relative degree of unsaturation has increased or decreased upon polymerization.
Diene values were determined by a modification of the method
of Ellis and Jones (J): Samples of 0.2-0.3 gram were refluxed
with 25 cc. of 1 per cent maleic anhydride in toluene solution,
and the excess maleic anhydride was titrated with 0.2 N potas
sium hydroxide. Recently boiled water was used. The diene
values were checked within 1 per cent.

1.4600
Ethyl Oleate ------

1.4500
1.4400
600

m- ;

—

500 /

<?

!
UJ

400

—

L

—-.....
.earat e

!! toO

500

1

MM.

16

!2

20

1
----—♦
----—1

Ethyl 1,11 ■a nd 9,12Lin oleate
_ ----■Ethyl 01 eate

200
100

ti.Average Molecular w eignt
T im e o f P olym erization
i
i
i - ..—i--------1-------16
8
12
H ours o f H eating a t3 0 0 °C .

20

F ig u r e 1. E f f e c t o f P o l y m e r iz a t io n P e r io d o x (A ) R e 
f r a c t iv e I n d e x a n d o n (if) A v e r a g e M o l e c u l a r W e ig h t

The following constants were determined: n2° 1.4663, df°
0.8796, acid value < 1, saponification value 182.0 (theoretical,
181.9), iodine value 105, diene value 28. These data indi
cate that the mixed ethyl linoleates used in these polymeriza
tion experiments contained from 30 to 50 per cent of the 9,11' linoleic acid.
a-Eleostearic acid which had been prepared by saponifica
tion of tung oil was twice recrystallized from 90 per cent alco
hol and esterified in the above manner. The ethyl eleostea
rate distilled between 105° and 115° C. in the Hickman still,
the portion retained for the polymerization experiments being
the clear colorless middle fraction. Its constants were:
114
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I.

C o n st a n t s D e t e r m in e d a f t e r V a r io u s T im e s
E thyl Oleate
E thyl Linoleate
Ethyl Eleostearate
Heating
Time at
Mol.
Mol.
Mol.
„20
*,20
„20
300°
W t.
Wt.
Wt.
11 D
nD
71 D
0 min.
295
1.4663
1.4503
315
1.5052
310
5 min.
1.4916
440
10 min.
1.4501
1.4667
1.4881«
490
1.4672
1 hr.
1.4500
380
1.4868
510
5 hr.
1.4503
1.4703
500
1.4868
505
1.4512
330
1.4722
10 hr.
570
1.4877
480
12 hr.
1.4730
560
1.4880
500
1.4740“
520
20 hr.
1.4892«
465
« These data were checked by making duplicate runs with esters con
taining 0.02 per cent hydroquinone as an antioxidant.

1.5052, d20 0.8936, acid value 1, saponification value 183.3
(theoretical, 183.1), iodine value 152, diene value 66.
At all times during their preparation the esters were kept
under a blanket of carbon dioxide. Also, both they and
their polymers were stored under carbon dioxide in the dark.
n *d
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was given off and some foaming occurred. When a high
vacuum had been attained, the only distillation which
took place between room temperature and 160° C. was in
exactly the ranges in which the pure unpolymerized esters
distilled—namely, between 100° and 115° C. The amounts
of distillate and residue were determined by weighing the
still when empty, when filled, and after distillation. The
data obtained on the polymerized mixtures, the distillates,
and the residues are summarized in Table II and presented
graphically in Figure 2.
In order to ascertain how much the development of free
fatty acid in the polymerized mixture was affecting the re
fractive index, the 12-hour ethyl eleostearate polymer was
washed with alkali according to the method of Jamieson (6').
The removal of the free fatty acid by this treatment resulted
in a drop of the refractive index from 1.4945 to 1.4922.

Ultrnm icroscopic Exam ination
Ten per cent solutions of both pure ethyl eleostearate and
its
10-minute polymer in absolute alcohol were examined in
Polym erization Experim ents
the Cardioid ultramicroscope. No moving particles could
For orientation purposes samples of commercial tung oil be detected, although the low viscosity of the solutions and the
and a dehydrated castor oil were
large difference in refractive index
heated in open Pyrex test tubes
between solute and solvent provided
at 300° C. The refractive index
the most favorable conditions pos
of the tung oil dropped, and gela
sible for the detection of any par
tion occurred in 8 to 9 minutes;
ticles of colloidal dimensions which
A com parison has been m ade
the refractive index of the dehy
might have been present in the
of
the
polym
erization
o
f
ethyl
drated castor oil increased, and
solutions.
esters of eleostcaric acid from
gelation developed in approximately
Lung oil and the m ixed 9,1190 minutes.
9,11- and 9,12-Ethyl Lino
and 9,12- linoleic acids w hich
Two cubic centimeter samples
leates
of each of the esters in sealed Pyrex
occur in dehydrated castor
flasks evacuated to 0.5 mm. of
The fact that polymerized monooils. The purified esters were
mercury were heated in a nitratehydric
alcohol esters of unsaturated
polym erized at 300° C. for va
nitrite bath at 300° =*= 5° C. for
fatty acids remain liquid, regard
rious lengths of tim e up to 20
periods of 10 minutes to 20 hours.
less of the time of polymerization,
hours, after w hich the m on o
Ethyl oleate, obtained by alcomakes it possible to study the
holysis of olive oil, was included in
changes which take place at their
m er was separated from the
the series as a control. The ethyl
double bonds for polymerization
polym
er
by
high-vacuum
dis
eleostearate turned deep yellow
times corresponding to and greater
tillation.
within 10 minutes at 300° C.;
than that necessary for gelation of
In both cases after poly
the mixed ethyl linoleates became
the triglycerides.
m erization the m onom er was
yellow only after 12 hours of heat
Thermal polymerization of the
ing. Ethyl oleate did not change
mixed 9,11- and 9,12-ethyl linole
not identical w ith the original
in appearance. The constants de
ates is accompanied by a gradual
ester, w hich indicated that
termined after the different times
increase in refractive index (Table
som e isom erization occurred
I and Figure 1/1). In this respect
are summarized in Table I and
as well as polym erization.
it closely resembles the polymeri
graphically presented in Figure 1.
M olecular w eight determ ina
zation of pure 9,12-ethyl linoleate
Molecular weights were determined
which was studied by Steger and
by the Rast camphor method ac
tions in cam phor indicate that
van Loon (17). For example, they
cording to the procedure outlined
the polym ers were dim ers.
found that 9,12-ethyl linoleate
by Kamm (7). Approximately 20
In both cases an apparent
which had been polymerized at
mg. of the material and ten to fif
equilibrium betw een m ono
300° C. for 14 hours had a refrac
teen times its weight of resublimed
m er and polym er was reached
tive index (n2„) of 1.4747. Figure
gum camphor were used. Deter
1/1 shows that after 14-hour poly
minations on the pure ester and
after about three-fourths of
merization
at 300° C., mixed 9,11
duplicates indicated that the results
the w eight of original ester
and
9,12
esters
have a refractive
are accurate to within =*=10 units.
had polym erized. The tim e
index of 1.4737. This is a striking
The polymerization of larger
required to reach this equilib
agreement which indicates that
amounts of the esters was repeated
rium was considerably greater
both the 9,11- and the 9,12-linoleunder the same conditions as the
ates probably polymerize to the
above, and the unpolymerized ma
than that required for th e
same product. This may be ac
terial then separated from the poly
corresponding triglycerides to
counted for by the assumption
mer by high-vacuum distillation.
gel at the sam e tem perature.
that the first step in the poly
As the pressure was reduced in
merization of 9,12-ethyl linoleate is
the still at room temperature, a
an isomerization to the 9,11 isomer,
small amount of volatile matter
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T able II.

Heating
Time
0
1 hr.
12 hr.
20 hr.
0
10 min.
1 hr.
12 hr.

20 hr.

Fraction

Per
Cent

Mol.
W t.

Original eater

100

Distillate
Residue

74
26

308
380
340
600

Distillate
Residue

26
74

D istillate
Residue

26
74

Pure ester

100

Distillate
Residue

40
60

Distillate
Residue

28
72

Distillate
Residue

30
70

Distillate
Residue

25
75

3Î5
' 680
520
315
580
306
490
510
310
570
500
340

G10
465
280
540

P o l y m e r iz a t io n

at
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300° C.

Acid Diene
d’ °
Value Value
Mixed 9,11- and 9,12-Ethyl Linoleates
1.4663
0.8796
28
1.4672
1.4646
1.4765
1.4730
1.4610
870
15
1
1.4794
936
30
0.3
1.4740
1.4610
1.4800
E thyl Eleostearate
1.5052
0.8936
1
66
1.4890
1.4885
1.4905
950
1.4868
1.4795
9Î3
31
1.4915
1.4880
1.4805
15
1.4945
30
1.4892
1.4804
925
1.4954
977
37

Wijs
Iodine
Value
(4 H r.)“
105

120
75

Appearance
Thin, colorless oil
Colorless oil #
Same as original
Viscous, faint yellow
Colorless
Same as original, turned yellow on standing
Pale yellow, viscous
Same as original, turned am ber on standing
Viscous, yellow

152
103
77, 63

56

Thin, colorless oil
Yellow
Same as original
Yellow
Deep yellow
Same as original
Viscous, yellow
Yellow
Same as original, turned yellow on standing
Viscous, yellow
Yellow
Same as original, turned am ber on standing
Viscous, yellow

* Theoretical iodine values for ethyl esters of 18-carbon unsaturated fatty acids are: 1 double bond 82, 2 double bonds 165, 3 double bonds 249.

and that in botli cases the polymer of 9,11-ethyl linoleate
is finally formed. Such a theory of isomerization of isolated
double bonds to conjugated positions preceding polymeriza
tion is not new (IS).
It is well known that compounds containing conjugated
double bonds polymerize more readily than isomeric com
pounds in which the double bonds are isolated. Conse
quently the 9,11-ethyl linoleate would be expected to poly
merize more readily in the mixture, so that the unreacted
monomer should be chiefly 9,12-ethyl linoleate. This was
found to be the case, as shown by the constants in Table
II of the monomeric distillate from polymerized 9,11- and
9,12-ethyl linoleates. The distillate had practically the
same refractive index as pure 9,12-ethyl linoleate (n ™ 1.4608)
and, as shown by its negligible diene value, no longer con
tained conjugated double bonds.
The residual polymer of the mixed ethyl linoleates was
chiefly a dimer. The higher molecular weight found for the
12-hour polymer may have been due to copolymerization of
some decomposition products with the ester polymer. In
agreement with this possibility is the observation of Steger
and van Loon (17) that the mean molecular weight of the
polymer building unit, which they determined from saponifi
cation values, is 340 after 14-hour polymerization at 300° C.
The lower molecular weight of the polymer after 20-hour
polymerization is difficult to reconcile with this hypothesis,
however, unless the decomposition products of lower molecu
lar weight are split off from the polymer molecules upon
continued heating at 300° C.
The three possible types of dimer of 9,11-ethyl linoleate
which could result from intermolecular attachment at the
double bonds contain four-, six-, and eight-membered rings,
respectively. A study of these possible structures by means
of Mack’s molecular models (11) showed that the six-membered ring is the only one which is likely to be formed; that
is, dimerization of 9,11-ethyl linoleate probably occurs by a
modified Diels-Alder type of reaction (8).

E thyl Eleostearate
The rapid change in the constants of the monomeric dis
tillates from the constants of pure ethyl eleostearate (Table
II) indicates that some isomerization takes place simul
taneously with polymerization, and that both occur rapidly
at 300° C. The type of isomerization which occurs is uncer
tain, although it undoubtedly involves the three conjugated
double bonds in ethyl eleostearate. The changes in refrac
tive index, density, and iodine value which had occurred
after 1 hour at 300° C. are in accord with those which would
be expected to take place if isomerization to the ester of 5butyl-l,3-cyclohexadiene-6-caprylic acid occurred as Rossman suggested (12). However, the diene values are not in
RiT ractive In d ex -T im e o f Polym eriz atior
| Ethyl 9,11-and 9,12-Linoleate
1.4800 .. .....
1
1
------ ♦
^-Polymer
■
— t
i
1.4700
I v-~fvi i xtu re
-t
^ |r-Monorr er — —
— J_____L
i
i--------11-------nD

20

1.4600

R efractive jn d ex -T im e o f P olym erization
Ethyl Eleostearate

1.5000

1.4900% -

r*

1.4800 t _ U _ A

7

4

~r

i-

M ixture

y "

8

12

H ours o f H eating a t 300°C.

D im e r

I

M onomer
16

20

F ig u r e 2. E f f e c t o f P o l y m e r iz a t io n o n R e f r a c t iv e
I n d e x o f P o l y m e r s , M ix t u r e s , a n d M o n o m e r s

agreement with this hypothesis. For the cyclic isomer postu
lated still contains conjugated double bonds and should have
the same diene value as the original ethyl eleostearate, as
suming that maleic anhydride reacts with a substituted 1,3-
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cyclohexadiene as readily as with conjugated double bonds
in a straight chain. Even if this assumption is not justified,
the problem of explaining the continued decrease in the diene
value to zero still remains. Apparently some unknown
change takes place in the unpolymerized monomer upon con
tinued heating which does not appreciably change the refrac
tive index and does not cause the double bonds completely to
disappear, but which does destroy the conjugation of the
double bonds or prevent their reaction with maleic anhydride.
Molecular weight determinations showed that the residual
polymer of ethyl eleostearate was, at most, dimeric regard
less of the time of polymerization. The small increase in re
fractive index of this dimer with time is paralleled by an in
crease in acid value. The drop in refractive index of the
dimer which resulted after an alkaline wash shows that the
gradual change in constants of the polymers upon prolonged
heating is at least in part due to the formation of free acid
by pyrolysis of the ester linkage. Consequently the con
stants of the 10-minute polymerization residue should prob
ably be taken as most characteristic of the ethyl eleostearate
dimer.
Since ethyl eleostearate contains three conjugated double
bonds, the possible types of dimers which could be formed by
intermolecular attachment at the double bonds contain four-,
six-, eight-, ten-, and twelve-membered rings. Construction
of all these possible forms with Mack’s molecular models
(11) and consideration of ease and probability with which
the rings could be formed show that in this case also only the
six-membered ring is likely to be formed without excessive
strain due to deformation of bond angles or steric interference
of peripheral hydrogen atoms. This dimeric structure con
taining a six-membered ring would be formed in the manner
of a modified Diels-Alder reaction as first suggested by Kappelmeier (8):
CH3(CH2)3CH=CH—CH-CH—CH=CH—(CH2),COOC2H5
c h s(Ch2)3c h = c h —1 h 'X 'nch(C h2)ic o o c 2h 5
\ : h=C h
The theoretical molecular refraction for this formula is 186.2;
that calculated for the 10-minute dimer is 186.4. If the
dimer contained a twelve-membered ring as suggested by
Rossman, its molecular refraction should be 185.6, according
to his calculations. However, the other observed data on the
ethyl eleostearate dimer and the evidence from the construc
tion of molecular models shows that Rossman’s hypothesis of
dimerization is untenable. Eisenlohr’s values for atomic re
fractions (8) were used in the Lorenz-Lorentz formula for
calculating the molecular refraction; no increment was as
sumed for the cyclohexene ring structure. Rossman also
used Eisenlohr’s values with the additional assumptions that
the two pairs of conjugated double bonds in the ring would
show no exaltation, and that the twelve-membered ring
structure would have an increment of —0.6.
The data in Table II show that in polymerization of both
9,11- and 9,12-ethyl linoleates and ethyl eleostearate, the ratio
of monomer to dimer becomes constant when approximately
25 per cent monomer and 75 per cent dimer are present.
This corresponds to a molar ratio of 2 monomer to 3 dimer.
This apparent equilibrium is not reached until after almost 1
hour of heating at 300° C. in the case of ethyl eleostearate
and about 5 or 6 hours in the case of the ethyl linoleates.
In both cases the time required for equilibrium between
monomer and dimer to be attained is much longer than the
time required for gelation of the corresponding triglycerides.
If the percentage of polymer in the polymerized mixture
is plotted against time of polymerization, at the time corre
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sponding to gelation of tung oil (8-9 minutes) approximately
50 per cent of the ethyl eleostearate has polymerized. Simi
larly, approximately 50 per cent of the mixed ethyl linoleates
had polymerized in the time (1.5 hours) required for gelation
of the dehydrated castor oil. This is in agreement with the
results of Steger and van Loon (Id); they found that, by
conversion of both gelled tung oil and gelled linseed oil to
their ethyl esters and subsequent separation of monomer from
polymer, approximately 50 per cent of the acid chains in the
glyceride molecules had polymerized through intermolecular
attachment at the double.bonds. Fifty per cent polymer
corresponds to two monomeric acid chains to each dimeric
acid chain. In other words, gelation of polymerized drying
oils occurs when approximately half of the acid chains have
united to form dibasic acids by intermolecular attachments at
the double bonds, or before the maximum possible number of
intermolecular attachments have occurred. Not all the
glyceride molecules need be united in one complex threedimensional structure at gelation; there may be consider
able amounts of unpolymerized or low polymers of glyceride
molecules which are completely enmeshed by the larger threedimensional polymers in a brush-heap manner, so that the
gel structure as a whole is semirigid.
The fact that no particles could be detected upon ultramicroscopic examination of ethyl eleostearate polymer in
alcohol solution showed that no high polymers or colloidal
aggregates of ethyl eleostearate had been formed. This is in
agreement with the molecular weight evidence that only
dimers were formed.
These results are consistent with the modern theory of
polymerization of the esters of unsaturatcd fatty acids as
recently outlined by Bradley (2). The entire unsaturated
systems of drying-oil fatty acids offer only one potential
point of intermolecular attachment or, in other words, have a
polymeric functionality of only one. Consequently monohydric alcohol esters can result in the formation of only dimers
(dihydric alcohol esters in linear polymers), whereas only
tri- and polyhydric alcohol esters (e. g., drying oils) can form
the complex three-dimensional polymers necessary for film
formation.
C onclusions
1. Polymerization of mixed 9,11- and 9,12-ethyl linoleates
yields a product which is chiefly a dimer, although some
higher polymers may also be formed. An apparent equilib
rium between monomer and polymer is reached after about 5
hours of polymerization at 300° C.; the equilibrium propor
tions of 26 per cent monomer and 74 per cent polymer corre
spond to a ratio of two molecules of monomer to three mole
cules of dimer. The unchanged monomer at equilibrium is
composed chiefly of 9,12-ethyl linoleate, the proportion of the
conjugated ester present being much less than in the original
mixture. Polymerization of 9,12-ethyl linoleate probably first
involves isomerization to 9,11-ethyl linoleate which then
polymerizes to a dimer.
2. The polymer of ethyl eleostearate is exclusively di
meric and probably contains a six-membered hydroaromatic
ring. Equilibrium between the monomer and dimer of ethyl
eleostearate is reached in slightly less than an hour at 300° C.;
the equilibrium proportions are 27 per cent monomer and 73
per cent dimer, which correspond approximately to the ratio
of two molecules of monomer to three molecules of dimer.
During polymerization, some isomerization of ethyl eleo
stearate occurs also, probably to a cyclic form. At equilib
rium the unchanged monomer consists chiefly of the isomeric
form of ethyl eleostearate. Although equilibrium is reached
in the amount of monomer present in the polymerized mix
ture, some change in this monomer continues to take place
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Action of Mineral Acids on
Primary
Nitroparaffins
C onvenient and econom ical procedures
have been developed for the preparation of
acetic, propionic, butyric, and isobutyric
acids in good yields from the correspond
in g prim ary nitroparaifins by refluxing
th em w ith 85 per cent sulfuric acid. Ilydroxylam ine acid su lfate is a by-product of
the reaction. Propionohydroxam ic acid
has been prepared from 1-nitropropane and
concentrated sulfuric acid in fair yield.

ECENT researches at Purdue University (5) have made
available the nitro derivatives of methane, ethane, pro
pane, butanes, pentanes, and other hydrocarbons. An
interesting reaction common to the primary nitroparaifins is
their conversion to fatty acids and hydroxylamine salts by
the action of mineral acids and water. The action of a num
ber of acids on primary nitroparaifins has been studied.
Sulfuric, hydrochloric, and orthophosphoric acids were tried,
and conversions to fatty acids obtained in each case. If the
mineral acid is volatile, such as hydrochloric, the mixture
must be heated under pressure. If the acid is a strong oxidiz
ing or reducing agent, it causes the destruction of the hydrox
ylamine. Sulfuric acid was found to be the best of those
studied. It gives rapid reaction rates and good yields of
both the fatty acid and of hydroxylamine. It is convenient
to use and is cheap. Only the experiments with sulfuric acid
will be described, and the examples will be limited to those
giving approximately optimum results.
Previous to this investigation the reaction of primary nitroparaffins with mineral acids had been studied by several
R

1 This article is the eighth in a series on the subject of syntheses from natu
ral gas hydrocarbons. The others appeared in I n d u s t r i a l a n d E n g i n e e r 
i n g C h e m i s t r y , 23, 352 (1931); 27, 1190 (1935); 28, 333, 339, 117S (1936);
29, 1335 (1937); 30, 67 (1938).
1 Present address, Commercial Solvents Corporation, Terre Haute, Ind.
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investigators. Meyer and associates (9, 10, 11) studied the
action of sulfuric acid on nitroethane and obtained acetic acid
and hydroxylamine sulfate. Preibisch (18) showed that sul
furic acid converts nitromethane to carbon monoxide and
hydroxylamine sulfate. Donath (2) and Mel’nikov (8) also
studied this reaction; the latter found that carbon dioxide
and ammonium salts are formed simultaneously. Worstall
(17) investigated the action of sulfuric acid on 1-nitroheptane,
obtaining the expected heptanoic acid.
The action of hydrochloric acid upon primary nitro com
pounds was studied by Meyer and Locher (10), who prepared
formic, acetic, and propionic acids; by Werner (15), who pre
pared acetic acid; by Zublin (IS), who prepared butyric
acid; by Henry (6), who prepared succinic acid from conitrobutyronitrile; by Gabriel and Koppe (8), who prepared
benzoic acid from phenylnitromethane; and by Worstall
(16), who prepared caproic, heptanoic, octanoic, and nonanoic acids from the corresponding primary nitroparaifins.
Geuther (4) reported that phosphorous acid converts
nitroethane to acetic acid and ammonium phosphate.
Bamberger and Rust (1) showed that hydroxamic acids,
RCH(OH) :NOH, are formed as intermediate products in the
conversion of primary nitroparaifins to fatty acids. They
obtained yields of hydroxamic acid of only about 2 per cent.
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Nenitzescu and Isacescu (12) proposed the following series
of steps as representing the mechanism of the reaction:
RCH:NOOH + HC1 — >- RCHC1NH(:0)0H
RCHClNO(blue) — >- RCHCLNOH
RCOOH + NIROH.HCI
Junell (7) found the rearrangement of nitroethane to acetohydroxamic acid in 1 N hydrochloric acid at 69.85° C. to be a
first-order reaction with k equal to 0.0025 per minute.
Because of the time and expense involved in making ali
phatic nitro compounds, these men worked with small quanti
ties of material. Except in a few cases they did not give the
yields obtained. Optimum conditions for carrying out the
reaction are not to be found in the literature. In view of
these facts, it was felt that a study should be made in which
special attention would be paid to these points.
Acids from N itroparaifins3
A c e t ic A c id f r o m N i t r o e t h a n e . A mixture of one mole
of nitroethane and one mole of 85 per cent sulfuric acid was
charged into a 500-cc. three-necked flask equipped with a
reflux condenser, mechanical stirrer, and thermometer. The
thermometer was adjusted so that the bulb was in the reaction
mixture. Agitation was started and the mixture boiled
vigorously for a few minutes. As the boiling subsided, the
mixture was heated again just enough to keep it boiling for
8 hours, during which time the temperature rose to 117° C.
It was then analyzed:
Conversion to acetic acid, 88 per cent; yield, 90 per cent
Conversion to hydroxylamine, 86 per cent; yield, 88 per cent
Conversion to ammonia, 7 per cent

Conversions and yields are based on the amount of nitroparaffin introduced and the amount of nitroparafiin con
sumed, respectively.
More concentrated sulfuric acid may be used and similar
conversions obtained in less time. However, because of the
exothermic nature of the reaction, it is not advisable to mix
the two reactants and heat them as described above. Rather
the sulfuric acid should be dropped into the boiling nitroparaffin at such a rate that a vigorous reflux is maintained.
Even when 85 per cent sulfuric acid is used, a pan of cold
water is kept at hand so that if the reaction becomes too
vigorous the mixture may be cooled by immersing the flask in
cold water.
P r o p io n ic A c id f r o m 1 -N i t r o p r o p a n e . Propionic acid
was prepared from 1-nitropropane by the method described
for acetic acid. The mixture of one mole of the nitroparafiin
and one mole of 85 per cent sulfuric acid was heated, with
stirring, to 120° C. and the source of heat was removed. The
temperature rose to 128° C. and the mixture boiled vigorously
for a few minutes. It was then heated sufficiently to main
tain a gentle reflux for 8 hours, the temperature rising to
140° C. The reaction mixture was analyzed:
Conversion to propionic acid, 92 per cent; yield, 96 per cent
Conversion to hydroxylamine, 88 per cent; yield, 91 per cent
Conversion to ammonia, 6 per cent
P r o p io n o h y d r o x a m ic A c id f r o m 1 -N it r o p r o p a n e . One
mole of 1-nitropropane and one mole of 100 per cent sulfuric
acid were mixed at room temperature and carefully heated to
60° C.; the temperature was watched, and the mixture
cooled at any indication of rapid heating. When there was
no tendency for the temperature to rise above 60° C., it was
maintained”at 50-60° C. for 16 hours, then heated to 100° C.,
and held at 95-100° C. for 5 hours. The mixture was cooled
' The processes described in this article are covered by U. S. P atent
2,113,812, assigned to the Purdue Research Foundation.
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and poured over crushed ice, the sulfuric acid was neutralized
with calcium carbonate, the calcium sulfate was filtered out,
and the filtrate was concentrated at reduced pressure, such
that the temperature of the boiling solution was about 60° C.
When the volume had been reduced to about 500 cc., the mix
ture was filtered again and the filtrate allowed to evaporate
at room temperature. The last of the solvent was removed
in vacuo. The resulting sirup.was seeded with crystals of
propionohydroxamic acid. This caused the entire mass to
solidify. The weight of the crude propionohydroxamic acid
was 39 grams (44 per cent of the theoretical). This was re
crystallized from ethyl acetate yielding 21.4 grams of prod
uct melting at 92.5° to 93.5° C., the reported melting point
of propionohydroxamic acid.
B u t y r ic A c id f r o m 1 -N i t r o b u t a n e . Equimolecular
quantities of 1-nitrobutane and 85 per cent sulfuric acid were
mixed and heated to 140° C. with stirring. The temperature
rose to 145° C., and the mixture began to reflux. After a few
minutes when spontaneous boiling had subsided, the mixture
was heated to maintain a reflux for 2 hours. The temperature
rose to 158° C. during this period. Analysis of the mixture
gave the following results:
Conversion to butyric acid, 91 per cent; yield, 94 per cent
Conversion to hydroxylamine, 85 per cent; yield, 88 per cent
Conversion to ammonia, 7 per cent
I s o b u t f r ic A c id f r o m 1 -N it r o t s o b u t a n e . Isobutyric
acid was prepared from 1-nitroisobutane using the above
method, the temperature rising from 137° to 154° C. during
the 8 hours it was kept boiling:
Conversion to isobutyric acid, 90 per cent; yield, 90 per cent
Conversion to hydroxylamine, 86 per cent; yield, 86 per cent
A nalytical Procedure
The following analytical procedure was adopted so. that
the yields obtained in a large number of experiments could be
determined without actually isolating the products. At the
end of a reaction period the mixture contained (a) the un
reacted nitroparafiin, (b) the fatty acid, (c) hydroxylamine as
a salt of the mineral acid, (d) a small amount of ammonia as
the salt of the mineral acid, and (e) the mineral acid, free and
in the form of salts. This mixture was steam-distilled. The
first portion of the distillate contained the unreacted nitroparaffin and a portion of the fatty acid. Separate experi
ments showed that when the aqueous layer became as great
as the oil layer, substantially all of the nitroparaffm had been
distilled, and at this point receivers were changed and the dis
tillation continued until the distillate was no longer acid to
litmus. The amount of fatty acid in each portion of the dis
tillate was determined by titrating with standard alkali.
Neutral red was used as the indicator for this titration since
the nitroparaifins, especially nitroethane and 1-nitropropane,
are acid to phenolphthalein. The unreacted nitroparaffm
in the first portion of the distillate was simply measured in a
graduate if it was more than 5 cc. in volume. If less than 5
cc., it was determined by adding an excess of standard alkali
and back-titrating with standard acid, using thymolphthalein
as the indicator. The presence of the neutral red in the deter
mination of the fatty acid in this portion did not interfere
with the thymolphthalein end point.
The hydroxylamine in the residue from the steam distilla
tion was determined by Raschig’s method (14) which de
pends on the reduction of ferric ion to ferrous ion by the
hydroxylamine and a subsequent determination of the ferrous
ion by titration with a standard solution of potassium per
manganate. The ammonia present was not always deter
mined but, when it was, the hydroxylamine in an aliquot of the
residue was destroyed by adding hydrogen peroxide and heat
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ing to 40-60° C. This oxidized the hydroxylamine to nitric
acid, and the ammonia was determined by making the mix
ture basic, distilling into a measured quantity of standard
acid, and back-titrating.
Separation and Purification o f R eaction Products
At the end of the refluxing period in the experiments de
scribed, the reaction mixtures consisted of two layers, an
upper crude fatty acid layer and a lower crude hydroxylamine
acid sulfate layer. Attempts to obtain normal hydroxylamine
sulfate directly from the reaction of 0.5 mole of sulfuric acid
with 1 mole of nitroparaffin always resulted in less than 50
per cent conversion of the nitroparaffin to fatty acid, leaving
the salt in the form of hydroxylamine acid sulfate. Several
methods were used for separating the products from one
another. Separation of the layers by means of a separatory
funnel was not satisfactory, since each layer was saturated
with the other component. Seeding the mixture with a
crystal of hydroxylamine acid sulfate and filtering, using a
fritted glass funnel, gave somewhat better results. Still
better separations were obtained by extracting with ligroin.
By repeated extractions all of the fatty acid was removed
from the mixture, but the method was not the most desirable
because it contaminated the fatty acid with ligroin. The
most satisfactory separation was made by vacuum distilla
tion. The fatty acid was distilled from the mixture at a pres
sure of not more than 10 mm. of mercury, and the tem
perature of the residue was not taken above 140° C. This
gave nearly complete separation.
After the separation by any of these methods each prod
uct was purified. The fatty acid was simply and easily
purified by rectification. Since hydroxylamine acid sulfate
is very hygroscopic, it was converted to the normal sulfate
by one of the following methods: (a) The crude material
was dissolved in water and the excess acid neutralized with
calcium carbonate or calcium hydroxide. When the mixture
reacted basic to methyl orange it was filtered, the precipitate
was washed with water, and the filtrate and washings were
evaporated. Successive crops of crystals were filtered off
until the last of the filtrate had evaporated. (6) The acid
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sulfate was treated with about five times its weight of 95
per cent ethanol. This threw out a white precipitate of the
normal sulfate which, after filtering and washing with several
portions of alcohol, was quite pure. A considerable amount
of hydroxylamine sulfate remained in the alcohol. In either
case the salt was recrystallized from hot water, giving pure
hydroxylamine sulfate.
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Patent Litigation in 1938
NELSON LITTELL
Hammond & Littell, New York, N. Y.
O REVIEW of patent litigation for the year 1938 can
hope to cover more than a few of the outstanding de
cisions which are of general importance or which indi
cate general trends in the field.
From the records contained in the Official Gazette of the
United, States Patent Office, 239 patents were adjudicated in
the Federal Courts between November 1,1937, and November
1, 1938. Of this number, 92 were held valid and infringed,
and 147 were held invalid.
When it is remembered that the idea of monopoly is essen
tially abhorrent to the common law and that it is only by vir
tue of strict compliance with the patent statutes that one is
able to secure a monopoly in the form of Letters Patent for
invention, the number of adjudicated patents which are sus
tained represents a fair percentage of success in the attempts
on behalf of the public to secure and sustain the patent
monopoly. As only about one per cent of the patents
granted are involved in litigation, it can be stated that only
N

those patents as to which there is serious doubt of validity
or infringement are ever passed upon by the courts.
Any system of administering justice in a field so compli
cated as that involved in the weighing of questions of in
ventions over prior progress in the field of science can, at
most, hope only to do a rough justice, and it is believed that
the present system works admirably to this effect. When
only 38 per cent of the adjudicated patents are upheld, it
cannot be said that the patent system holds out too great a
reward to the inventive genius of the country.
It should not be forgotten in the antimonopoly agitation
that patents are often the most important asset of the indi
vidual or the small business in struggling against the advan
tages, resources, and established position of the bigger com
petitor. Any legislation designed still further to limit and
restrict the patent monopoly will probably take more away
from the public, the individual inventors, and small business
than it can hope to take away from the larger business enter
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a. Goodyear, 9 Wall. 788, 799, 800; Gamewall Fireprises. In many instances the larger business enterprises Company
Telegraph Company v. Brooklyn, 14 Fed. 255). So far
can thrive without the patent monopoly, and it is often only asAlarm
appears, its legality has never been questioned. * * *
by virtue of the patent monopoly that an individual can start
As the restriction was legal and the amplifiers were made and
in business or that a small .business enterprise has any oppor sold outside the scope of the license, the effect is precisely the
same as if no license whatsoever had been granted to Transformer
tunity to survive.
And as Pictures Corporation knew the facts, it is
The following cases in which decisions were handed down Company.
in
no
better
than if it had manufactured the amplifiers
during 1938, we believe, are fairly illustrative of the trend of itself withoutposition
a license. It is liable because it has used the
decisions and of the elucidation of some of the important invention without license to do so.

points of patent law which were made during the year.

Licensing
The patent infringement suit which received most publicity
was probably the case of General Talking Pictures Corpora
tion v. Western Electric Company, Inc., et al., originally de
cided by the Supreme Court on May 2, 1938, by a decision of
Justice Butler, with Justice Black dissenting (82 L. Ed. 843).
A petition for rehearing was granted on May 31, 1938, and a
second decision affirming the original decision was rendered on
November 21, 1938.
In this case the Western Electric Company had given The
American Transformer Company a nonexclusive license under
the patents in suit to manufacture and sell patented ampli
fiers for radio amateur, experimental, and broadcast recep
tion only. The American Transformer Company affixed a
notice to the amplifiers sold by it stating that the amplifiers
were licensed only for radio amateur, experimental, and broad
cast reception. But it sold the amplifiers to the General
Talking Pictures Corporation for commercial use in motion
picture theaters, a field which the patent owners had reserved
for themselves. The General Talking Pictures Corporation
contended that the licensed sale of the amplifiers gave the
right to use them in all fields and that the restrictive notices
were ineffective once the amplifiers had been sold in the or
dinary channels of commerce. Justice Black thought that
this contention should prevail, and that to sustain a patentee’s
right to restrict the use to which a patented product could be
put would give an undue extension of the monopoly. The
majority of the Court held otherwise, however, saying in the
original opinion:
Petitioner puts its first question in affirmative form: “The
owner of a patent cannot, by means of the patent, restrict the use
made of a device manufactured under the patent after the device
has passed into the hands of a purchaser in the ordinary channels
of trade and full consideration paid therefor.” But that propo
sition ignores controlling facts. The patent owner did not sell
to petitioner the amplifiers in question or authorize the Trans
former Company to sell them or any amplifiers for use in theaters
or any other commercial use. The sales made by the Trans
former Company to petitioner were outside the scope of its license
and not under the patent. Both parties knew that fact at the
time of the transactions. There is no ground for the assumption
that petitioner was “a purchaser in the ordinary channels of
trade.” * * *
There is here no attempt on the part of the patent owner to
extend the scope of the monopoly beyond that contemplated by
the patent statute. * * *
There is no warrant for treating the sales of amplifiers to peti
tioner as if made under the patents or authority of their owner. ***
Petitioner, having with knowledge of the facts bought at sales
constituting infringement, did itself infringe the patents embodied
in the amplifiers when it leased them for use as talking picture
equipment in theaters.

and in its opinion on rehearing:
The question of law requiring decision is whether the restric
tion in the license is to be given effect. That a restrictive license
is legal seems clear (Mitchell v. Hawley, 16 Wall. 544). As was
said in United States v. General Electric Company (272 U. S.
476, 489), the patentee may grant a license “upon any condition
the performance of which is reasonably within the reward which
the patentee by grant of the patent is entitled to secure.” The
restriction here imposed is of that character. The practice of
granting licenses for a restricted use is an old one (see Rubber

This case is of importance to any patent owner, particu
larly to the owners of chemical product patents, because it re
affirms the already established principle that he can license
an invention capable of general use to one licensee for use in
one field and to another licensee for use in another field, or
can license one field and reserve other fields exclusively for
himself. The criticism that this is an illegal extension of the
monopoly is not well founded because, if the monopoly ex
tends to these various fields, the patentee has absolute con
trol within the fields of the monopoly and he can under the
present status of the law either grant or refuse the right to use
the invention in the entire field covered by the patent or in
any portion in which he pleases.
Assume that the patent covers a chemical product. When
sold for use in the medicinal or pharmaceutical field or for
toilet purposes—for example, in soaps and shampoos—the
product may have a high value. When sold for ordinary in
dustrial uses, the product may have a low value and retail for
only a few cents per pound. The patentee, who may be en
gaged in manufacture in the pharmaceutical field, may wish
to retain this field for himself and license someone else to
manufacture and sell in the lower priced industrial field. Yet
if the licensee for the industrial field is permitted to disregard
the restriction in his license and to invade the higher priced
field, he can do untold injury to the patentee’s business, which
is often in products advertised at high cost for use by the gen
eral public. The licensee in the industrial field can do such
injury to the premium market of the patentee that the paten
tee, if restrictive licenses were not possible, might prefer not
to license others at all. Thus the use of patented products
might be restricted instead of expanded, if the construction
sought by the infringer and by Justice Black had been made.
C ontributory Infringem ent
Another decision of the Supreme Court which is of substan
tial importance is that in the case of Leitch Manufacturing
Company, Inc., v. The Barber Company, Inc. (82 L. Ed. 276).
The patent in suit (No. 1,684,671) covered a process of using
a bituminous emulsion to form a film on the surface of newly
constructed concrete road to retard evaporation of moisture
during curing. The Barber Company, Inc., did not grant
written licenses under its patent. It had adopted a method of
doing business which was the equivalent of granting a written
license with the condition that the method covered by the
patent could be practiced only with emulsions purchased from
it.
In the suit against Leitch Manufacturing Company, which
had sold the unpatented bituminous emulsion to a road con
tractor who used it in a process which infringed the patent,
there was no proof that the Leitch Manufacturing Company
had actually been engaged in an act of contributory infringe
ment. There was no proof that it had connived with the
road contractor to bring about the sale and the direct in
fringement, or that it had in any manner contributed to the
infringement other than to sell to this particular road con
tractor the road emulsion which it was free to sell as an un
patented composition of matter. The Supreme Court held,
under the rule previously announced in the Carbiee Case, that
“every use of a patent as a means of obtaining a limited mo
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nopoly of unpatented material is prohibited. It applies
whether the patent be for a machine, a product, or a process.
It applies whatever the nature of the device by which the
owner of the patent seeks to effect an unauthorized extension
of the monopoly.” The Court also held that the attempt of
The Barber Company to enforce the monopoly of its process
patent in this way was an attempt to secure a limited mo
nopoly on an unpatented product and that the Bill of Com
plaint should be dismissed.
This decision was followed by the Circuit Court of Appeals
for the First Circuit in the case where the American Lecithin
Company brought suit against J. C. Ferguson Manufactur
ing Works, Inc., on the Working patent (No. 1,781,672),
covering the use of a small percentage of lecithin in choco
late to prevent or retard “graying” of the chocolate [94
F. (2d) 729].
The J. C. Ferguson Manufacturing Works was not a manu
facturer of chocolate but supplied the lecithin to manufac
turers of chocolate for use therein. The lecithin itself was an
old and unpatented material. The suit was for contributory
infringement although there was no proof of any actual con
niving on behalf of the J. C. Ferguson Manufacturing Works
to bring about the infringement. The Court held that the
plaintiff could not prevent the sale of lecithin, an unpatented
commodity, under the guise of a suit for contributory in
fringement:
Under the law as it now stands it seems clear that a patent on
a process, a product, or a “composition of matter,” may not be
extended under the doctrine of contributory infringement, to
monopolize the sale of unpatented staple material, used in such
product, process, or composition. Broad expressions as to con
tributory infringement used in earlier cases relied on by the
plaintiff must now be read with the Carbice and Leitch cases in
mind.”
A still further extension of the doctrine contained in the
Leitch Case is found in American Lecithin Company v.
Warfield Company (23 F. Supp, 326), in which the District
Court for the Northern District of Illinois held that the
owners of the Working patent could not maintain a suit
against a direct infringer. This decision, however, involves
an undue extension of the doctrine propounded by the
Supreme Court in the Leitch Case and is aptly illustrative
of what frequently happens in the growth of the law. The
Supreme Court will frequently define a certain doctrine which
is then extended by the lower courts much beyond the scope
originally set forth in the decision of the Supreme Court.
Eventually these extensions of the doctrine overreach them
selves and a new case involving the same point will reach
the Supreme Court, whereupon the extensions of the doctrine
will be corrected and the doctrine put in its correct position.
This will no doubt happen to the undue extension laid down
by the District Court in the case of American Lecithin
Company v. Warfield Company.
These decisions should not be construed as having destroyed
the doctrine of contributory infringement, but they do indi
cate that contributory infringement will not be assumed from
the mere proof of sale of an unpatented commodity which
might be used in a patented process or composition of matter.
They also make it clear that the owner of such a patent must
be prepared to prove actual contributory infringement—that
is, some conniving on behalf of the seller to bring about the
infringement. Otherwise, the owner must be content to sue
for the actual infringement of his patent. Such suits are
necessarily against a potential customer rather than a com
petitor. These decisions tend to promote competition and
to stop the illegal use of patents to restrain competition, but
should not be interpreted as putting any restriction on the
enforcement of the monopoly within the legal confines of the
patent.
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Clear and D istin ct Claim s
Two other decisions during the year bring up a fundamental
aspect of patent law which is frequently overlooked in the
solicitation of patents.
In the case of General Electric Company v. Wabash Ap
pliance Corporation (82 L. Ed. 912) and in the case of Na
tional Carbon Company, Inc., v. Western Shade Cloth Com
pany [93 F. (2d) 94], the sufficiency of the claims in suit to
define the invention with that degree of definiteness and cer
tainty required by the patent statutes was involved.
In the case of General Electric Company v. Wabash Ap
pliance Corporation, the Pacz patent (No. 1,410,499) in suit
related to tungsten filaments for incandescent lamps. The
patentee had undertaken to remedy the defects of offsetting
and sagging which existed in prior tungsten filaments. A
typical claim in suit read:
A drawn filament for electric incandescent lamps or other de
vices, composed substantially of tungsten and made up mainly of
a number of comparatively large grains of such size and contour
as to prevent substantial sagging and offsetting during a normal
or commercially useful life for such a lamp or other device.
The Court held:
We need not inquire whether Pacz exhibited invention, or
whether his product was anticipated. The claim is invalid on
its face. It fails to make a disclosure sufficiently definite to sat
isfy the requirements of Rev. Stat. Sec. 4888,35 U. S. C. A. Sec. 33.
That section requires that an applicant for a patent file a written
description of his discovery or invention "in such full, clear, con
cise, and exact terms as to enable any person skilled in the art or
science to which it appertains * * * to make, construct, compound,
and use the same; * * * and he shall particularly point out and
distinctly claim the part, improvement, or combination which he
claims as his invention or discovery.” We may assume that
Pacz has sufficiently informed those skilled in the art how to
make and use his filament. The statute has another command.
Recognizing that most inventions represent improvements on
some existing article, process, or machine, and that a description
of the invention must in large part set out what is old in order to
facilitate the understanding of what is new, Congress requires of
the applicant “a distinct and specific statement of what he claims
to be new, and to be his invention.” (Merrill v. Yeomans, 94
U. S. 568,570, 24 L. Ed. 235,236.)
In the suit of National Carbon Company, Inc. v. Western
Shade Cloth Company, the patents involved were those of
Chaney (Nos. 1,497,543 and 1,497,544). Typical claims re
lied on in the suit were as follows:
As a new article of manufacture, adsorptive carbon having a
retentive value for chlorpicrin in excess of 20 per cent of its
weight.
As a new article of manufacture, adsorptive carbon having a
retentive value for chlorpicrin of approximately 40 per cent of
its weight.
The Court held all of the claims of this type in suit to be bad
for defining only the function and not the structure of the ac
tivated carbon and for attempting to maintain a monopoly
on any carbon which would produce a similar effect, regardless
of whether it was the same type of carbon invented by Chaney
or not. In commenting upon the necessity for clear and dis
tinct claims, the Court said:
In this situation it appears advisable, if not necessary, to ad
vert to some elementary principles. Specifications of the patent,
including the description and the claims, constitute a contract
between the public and the patentee, under which the public,
through the Government, agrees that, in consideration of the
inventor’s disclosure of his teaching and his grant of the right to
. use the same after his monopoly expires, he shall be protected in
his exclusive use during the life of the patent. The object is to
place the patent fully within the knowledge of the public; to
define the actual creation the public has undertaken to protect.
It is the part of the claims to define the exact boundaries beyond
which no member of the public may pass without invading the
exclusive rights of the patentee. * * *
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In the present case the product is defined solely in terms of the
Considering all the factors involved, I am of the opinion that
function of the product. The patentee claims merely an article
the plaintiff has allowed an unreasonable time to elapse without
which has a retentive value of not less than 20 per cent and reach
taking advantage of the Disclaimer Act (35 U. S. C. A. Sections
ing preferably 40 per cent, and a life service of 225 minutes.
65, 7l) and the patent has therefore become void. See Ensten v.
Thus, to give effect to the claim would be to grant monopoly
Simon Ascher & Company, 282 U. S. (445) 455, 51 S. Ct. 207, 75
upon any carbon, whatever its composition, its structure, or the
L. Ed. 453.
manner of its manufacture which has the claimed adsorbent power.

Other claims of the Chaney patent not in suit probably de
fined the invention more accurately, but the claims in suit
were held invalid. Since the patent monopoly is essentially
the only type of private monopoly sustainable under our law,
it clearly behooves the patentee to make sure that its claims
not only are descriptive of his invention, but that the claims
define the invention with the particularity and distinctiveness
required by the statutes.
Unfortunately a great many patents are solicited by persons
who have had little or no actual experience in patent litiga
tion. They are never reviewed during the preparation of the
patent application, or its prosecution, by any person who has
actually cut his teeth on problems of patent litigation and the
interpretation of patent claims by the courts. It is, therefore,
somewhat remarkable, considering the fact that patents are
often not solicited with a view to their ultimate litigation, but
merely for the immediate object of securing a patent, that so
many of the patents fare so well in the courts. As guardians
of the public, the courts must see that the patentee, in order
to enforce his monopoly, has complied with all those requisites
prescribed by the patent statutes to entitle him to a legal
monopoly in the face of the doctrine that monopoly is ab
horrent to the common law. This does not mean, however,
that the courts are loath to sustain the monopoly if the
statutory requirements have been met by the patentee.
D isclaim er S tatutes
During the year the pitfall of the disclaimer statutes claimed
at least one additional victim. Under the disclaimer statutes
as construed by the Supreme Court in the case of Louis H.
Ensten v. Simon Ascher & Company, Inc. (282 U. S. 445), the
failure to disclaim a claim of a patent held invalid, or to take
other steps to re-establish the validity of the claim, for an un
reasonable period after the decision holding the claim in
valid, may render the entire patent invalid.
The case of Chipman Chemical Engineering Company,
Inc., v. Reade Manufacturing Company, Inc. [98 F. (2d)
198] also involved the disclaimer statute. The plaintiff had
brought suit on March 2, 1932, on patent No. 1,694,205,
drawn to a weed killer comprising a chlorate of an alkaline
earth base in combination with common salt. In this prior
suit, claim 7 was held valid and infringed and the other claims
were held invalid. On January 26, 1933, the holding of in
validity was sustained on appeal, but plaintiff did nothing
further with reference to the invalid claims until September
29,1934, a period of twenty months and two days. The plain
tiff then moved [56 F. (2d) 1048] to punish the defendant for
contempt for continued infringement of the valid claim. The
Court in the instant case held:

This holding was affirmed by the Circuit Court of Appeals, so
that the patentee lost his valid claim through failure to dis
claim the invalid claims promptly.
Specific Applications o f General Process
The cases of Celanese Corporation of America v. Essley
Shirt Company, and Trubenizing Process Corporation v.
Jacobson et al. [98 F. (2d) 895 and 899] involve, respectively,
the Dreyfus patent (No. 1,903,960) and the Liebowitz
patents (Nos. 1,968,409 and 1,968,410) covering the “Tru
benizing” process for the production of shirt collars. The
Dreyfus patent was granted on April 18, 1933, on an applica
tion filed December 15, 1925. It disclosed a fabric and sheet
material made by uniting, under proper conditions of tem
perature and pressure, woven, knitted, or other fabric com
posed of or containing filaments of thermoplastic cellulose de
rivatives. The object of the patent was to give relatively
increased impermeability to the united layers of fabric;
there was no reference to the making of shirt collars. One of
the claims in suit read:

A composite sheet material comprising a plurality of fabrics, at
least one of which contains yarns comprising a thermoplastic
derivative of cellulose, which fabrics have been united into a
single sheet of relatively increased impermeability by the appli
cation of heat and pressure.

The Liebowitz patents were granted on July 31, 1934, on
applications filed in 1932 and 1933. These patents related
particularly to the production of semisoft shirt collars. A
typical claim read:
A moisture-permeable stiffened article of apparel comprising
two or more plies of textile fabric having their opposed faces ad
hesively united with a binder of cellulose derivative elements ar
ranged to provide open spaces between said elements.

In the second of these suits, the Court held the claims of the
two Liebowitz patents invalid because they were anticipated
by the fabric described in the Dreyfus patent winch was made
in the same way as the Liebowitz fabric, but had no reference
to the specific problem of making semisoft shirt collars.
In the first of these suits the Court held that collars manu
factured under the Liebowitz patents were an infringement
upon the claims of the Dreyfus patent. Dissenting opinions
were filed in each case by Learned Hand. Petitions for writ
of certiorari to the Supreme Court were denied.
These two decisions illustrate how a patent taken out on a
general piece of research may dominate a later specific appli
cation of that work to a particular product never contem
plated by the original patentee.
R

e c e iv e d
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60. Chemist in His Laboratory, Rijckaert
(1465)
Vol. 28, 1936
61. Faust and Mephistopheles, Jacomin (129)
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63. The Alchymist, Wright (280)
64. The Metal Workers, Tomb of Rckhmi-Re' (413)

65.
66.
67.
68.
69.
70.
71.
72.

Der Alchimist, Duxa (572)
Distillation, Brunswig (677)
Brand and the Discovery of Phosphorus
(788)
De Goudzoeker, Steen (914)
The Dissolution, Gillray (1037)
The Explosion, Sorgh (1197)
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Rumford Stove, Gillray (166)
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Alchemist Lecturing on the Elixir of Life,
Scott (459)
The Alchemist, Isabey (554)
Parting Laboratory, Deutsches Museum
(710)
The Alchemist, Rabinovitch (776)
Der Alchimist, Schmidt (945)
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Alchymist, Wijck (933)
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SU PER

LITTLE LESSONS
WILLSON
IN SEPARATION
TOUGH

R E S IS T A N C E
" ’ FREEDOM

FRO M

TO

LENSES

IM P A C T

DISTO R TIO N

No . 2
of a series

Clear comfortable vision is just as essential to your
Eye Safety Program as is the tough protective quality
of your lenses and W illson FLAT SUPER-TOUGH
Lenses provide both to the highest degree.
Because they are Uniformly heat-treated," W illson
Flat SUPER-TOUGH Lenses provide maximum pro
tection against Industrial Hazards, whether chips of
steel, splashes of molten metal, chemicals or dust.
Because they are FLAT, W illson SUPER-TOUGH
Lenses are free from aberration and distortion.
All W illson Flat SUPER-TOUGH Lenses are indi
vidually tested before shipment, and meet require
ments which are far more severe than Federal Speci
fications.
W hether clear or W illsonite, the cool green scientific
lens for glare protection, W illson Flat SUPER-TOUGH
Lenses are used in a great variety of styles of W illson
Safety Goggles and Spectacles.
Identify them by these trademarks stamped on every
genuine W illson SUPER-TOUGH Lens—
Clear SUPER-TOUGH
W i n —W illsoniic SUPER-TOUGH
(Shades A, B, and C)
Complete Willson Catalogue on Request

BUT THE
DINGS
TYPE I.R.
WILL!

■■

DOUBLE
PRODUCTS
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IN C O R P O R A T E D

R E A D IN G .P A ..U .S .A .

e s ta b lis h e d 1870

GOGGLES
R ESPIR A T O R S
H ELM ETS

Three stage Dings Type I.R .
H igh In ten sity M agnetic Sepa
rator rem oving biotite, ilm enite an d iron o f abrasion fro m
feldspar.

ODAY, It’s possible to positively and econom ically re
move m in u te quantities of such feebly m agnetic Im 
purities as iron oxides, garnet and m ica, thanks to Dings
Super H igh Intensity M agnetic Separation. Dings solved
th is problem w ith th e Type I.R. Separator—a separator
w hich w ill lick your tou gh est separation or concentration
problem .
T he type I.R. com bines th e forces of m agn etism and
gravity to give m axim um separating power. M aterial
enters th e separator at th e top and flows down on to rotating
rolls w hich are highly intensified by a powerful primary
m agnet. T he first roll attracts a considerable portion of th e
m agnetic substances and discharges it to th e side. The
partially purified m aterial passes on to succeeding rolls
w hich in turn effect separation. T h is u n it is built in as
m any stages as are necessary to bring about com plete
purification of th e m aterial—a H erculean task m ade easy
the Dings way!
For less difficult separation problem s and for crusher pro
tection, D ings builds separators best suited to th e job. Sub
m it your separation problem to Dings engineers. They can
help you.

T

tc ic o
H E L P C H E M IC A L E N G I N E E R S S P E E D
P R O C E S S E S This 20-page catalog gives valuable data
on sizes, pressure-capacity tables, and suggested applications o£
Spraco full-cone, hollow-cone and flat spray nozzles. Together
with Spraco 2-fluid and atomizing nozzles, this equipment has
been successfully applied in mixing, washing, rinsing, coating,
painting, aerating, evaporating and moistening processes of all
kinds. In hundreds of plants, Spraco nozzles make processes
faster, products more uniform. Consider the application of spray
methods to your
process. Write for VXS®lisMZ
the Spraco catalog.
SPRAY ENGINEERING
J S L COMPANY

116 CENTRAL

ST.

M

SOM ERVILLE, MASSACHUSETTS

DINGS
M A G N E T IC
SEPARATOR CO

7WC/V£T/C$£Pi/MTfOi

S E P A R A T IO N H E A D Q U A R T E R S SINCE 1899

sa
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M 1SC R O M E 3
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M IS C R O M E 4

(13% CR)

M IS C O " B "

(24% CR — 12% N I)
M IS C O " C "
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— 9%

CR

NI)

M IS C O " 1 8 -8 "

(18% CR—8% NI)
M IS C O " 1 8 -8 M o ."

(18% CR—8% N I—
3% Mo.)
M IS C O " H N "

(65% NI — 15% CR)
M IS C O M E T A L
(J5 %
—

NI 15% CR)

M IS C O " N "
—

(20% N I 10% CR)
Carbon content and
Rtabillzing addition* as
indicated by service
requirement*.

Heat and Corrosion Resistant

CASTINGS
MISCO produces many unusual castings and struc
tures for use at high temperature:—centrifugally cast
headers and manifolds for instance—Recently Misco
perfected a process by which special shapes such as
I-beams, channels, and tees are cast centrifugally—
A 900 pound stainless steel valve stem—A complete
fractionating tower for a large oil refiner. These are
some of the jobs which have established Misco as a
leader in an industry. If it can be made in a stainless
or heat resisting alloy Misco can make it.

MEMBER
A L L O Y CASTING
RESEARCH INSTITUTE

M IC HIG A N STEEL CASTING COM PANY
One of the World’s Pioneer Producers of Chromium-Nickel Alloys
19 8 5 G U O IN STREET, D E T R O IT , M I C H I G A N

L aM O T T E c h e m i c a l
CONTROL SERVICE
covering

pH Control. . . Boiler Feed Water Control
Chlorine Control . . . Soil Testing Units
Apparatus for Water Analysis
The LaM otte Research D epartm ent in coopera
tion with authorities in all industries has de
veloped standard routine tests and standardized
outfits that are accurate, inexpensive and easy
to operate.
Hundreds of operators have come to us with
their problems and we have gladly supplied
definite data concerning the application of
tests to their specific operations. There is no
charge or obligation for this service—simply
write us, outlining the nature of the operation
involved.

LaM OTTE

C H E M IC A L P R O D U C T S CO.

O riginators o f P ractical A pplication o f p H C ontrol

414 L ight S t.

B altim ore, M d.

=\

M/sco " C " fractionating tou-er built for E. B.
Badger & Sons Co., Boston, Mass. Shell centrifugally cast. Bubble trays, caps, and fittings
cast in stationary molds.
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G E N E R A L O FFIC E S: B A Y CITY, M IC H IG A N
DISTRICT O FFICES
N e w Y o rk , P h ila d e lp h ia , P ittsb u rg h , C le v e la n d , C h ic a g o ,
A g e n t s in O th e r P rin c ip a l C itie s

HOLES/ HOLES,

Moisture
is Easily
Controlled
with
the Rapid
and Accurate
Moisture
Teller

HOLES

" N E W A R K 'S " Specialty is H O L E S

£0 x 250

20 x 120

When you buy Newark’s largest
Woven Wire Screens you get
“ACCURATE HOLES,” 4" x 4 ',
surrounded by accurate rods
varying from l/ t " to 1* diameter.
When you buy the world’s finest
wire cloth you get Newark’s
400-mesh—160,000 accurate holes
per sq. in. Each hole is .0015* x
.0015" surrounded by accurate
wire of .001" diameter.
And when you buy the best
Metallic Filter Cloth obtainable
you get a “NEWARK” Cloth
composed of accurate and de
pendable holes, surrounded by
accurate and dependable metal.
Six typical examples are shown
at the left.
NEWARK manufactures highest
quality wire cloth in all meshes,
weaves, and sizes, of all malleable
metals, for every purpose. Also
Filter Cloth; Testing Sieve
Shakers; Screens; Testing Sieves;
Riddles; Sifters; Fruit Testing
Sieves, etc. Also SPECIAL
w o v e n WIRE PRODUCTS to
customers’ specifications— com
plete— fully controlled through
the entire process. Write us your
needs.

N E W A R K W IR E C LO TH C O M P A N Y
354-368 V e ro n a Ave., N e w a rk , N . J .

Sales Representatives: Chicago, Boston, D etroit. Havana,
H ouston. Los Angeles, San Francisco. J ulsa.

n Plants and Laboratories of sugar,
alt, textile, foundry, chemical, food,
obacco, rubber and ceramic inustries.
Available with automatic adjustable
emperature control.
W rite fo r Literature

tarry W. Dietert
Co
D etroit, M ichigan

30 R oselaw n Ave.
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T O M O D E R N C H E M I C A L 1“
LIM E S E R V I C E

. . . .

N ew E fficiency

For

GRANULAR MATERIALS

of B etter Screen Analysis
Stokes O scillating G ranulators (A utom atic
Screen) are used for
1. Dried crystal m asses.
2. Processing filter press cake . . . before
and after drying.
Breaking
dow n m aterials caked in sto r
3.
age . . . fertilizers, crystal products, etc.
4. Preparing w et m ixtu res f o r drying.
D. R educing large flakes or sh eets f r o m a t
m ospheric d ru m
dryers or flakers
. . . detergents,
b r e a k f a s t and
baby foods, w axes,
nap h th alin e, etc.
6. Also f o r breaking
up com pressed
slugs f r o m deb u lk in g o p e ra 
tions.
These m achines are com pact, rugged, con
tin u ou s in operation. T hey produce gran
ules o f im proved screen analysis, in large
q u an tities and at low costs. B u ilt in several
sizes and available in special m etals. W rite
for details. Send som e of your m aterial for
laboratory test and recom m endations.
F . J . S T O K E S M A C H IN E C O M P A N Y
5922 Tabor Road

O lney P. O.

P h ilad elp hia, Pa.

Representatives in N e w York, C h ic a g o , C in c in n a ti, St. Louis
Pacific C oast R epresentative: L H . Butcher C o m pany, Inc.

in B l e a c h in g / N e u t r a l i z i n g ,
Oxidizing, Causticizing,
Cleaning R a w M aterials, Pro
viding a Flux or a Binder . . .
and M a n y D irect C hem ical
Reactions, as W e ll as W a ter
Softening
No

matter what you

chemical

lim e,

just

com bination

the

physical

dem and

M a rb le h e a d

properties

of

of your

assures

you

chemical

and

n eed ed

for

highest

efficiency.
M a rb le h e a d ’s pure, high calcium activity
provides the energy to do your jo b speed
ily , thoroughly and at lowest cost.
Y ou can d ep en d upon M a rb le h e a d to be
consistently uniform , to h elp you maintain
fixed proportions in your form ulae, to aid
in assuring uninterrupted production. T R Y
A

C A R under your own plant conditions

and convince yourself.

Samples, analyses

and b o o k le t “ M o d e rn Chem ical L im e ” on
request.
TRY A

CAR

YOUR

NOW

OW N

IN

PLANT

•

P U LV E R IZE D
Q U IC K L IM E

•

“ C h e m ic a lly P u re ”

•

PEBBLE L IM E

•

LU M P L IM E

H YD R A TED L IM E

MARBLEHEAD LIME COMPANY
C hicago, Illino is

Kansas C ity , M issouri

MARBLEHEAD
CHEM ICAL

LIM E
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DRACCOH
PNEUMATIC JL~

How Many of the
lOAdvantaqes
CONVEYORS I Ü

G I V E YOU 5 w

D R A C C O

Pneumatic Conveyors offer any Chemical

Plant 1 0 possible advantages.

The number that you can

benefit b y depends upon materials handled, distances, and
many other factors— but the surprising thing is that nearly
all installations e n jo y most of the follow ing 1 0 advantages:
(1 ) control of dust when transporting pow dered material,

(2 ) continuous autom atic ope ra tio n , (3 ) lo w maintenance
cost, (4 ) labor saving, (5 ) im proved w o rkin g co n d ition s,
(6 ) low er cost of material due to receiving same in b ulk,

(7 ) saving in cost o f packaging, (8 ) no loss o f material in
h andling, (9 ) no contam ination, (1 0 ) no interfering w ith the
existing m achinery.
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PHOSPHORUS
OXY CHLORIDE

POCl

3

[PHOSPHORYL CH LO RID E]
. . . Ma d e

in

our

N ia g a r a

FALLS PLANT UNDER METHODS
SO M E T IC U L O U S T H A T TH E
HIGHEST STANDARDS OF PURITY
ARE ASSURED.
. . . SHIPPED FROM N IA G A R A
FALLS IN LEAD-LINED DRUM S
OR LEAD-LINED TANK CARS.
. . . SPECIFICATIONS AND HAN
DLING DATA GLADLY SENT TO
INTERESTED FIRMS OR INDIVID
UALS.
WE HAVE BEEN DEVOTING OUR
RESOURCES AND TALENT TO
THE PREPARATION OF PHOS
PHORUS AND ITS COMPOUNDS
FOR MORE THAN FORTY YEARS.

OLDBURY
ELECTRO-CH EM ICAL

You Can't Beat the DRACCO Way

CO M PAN Y

Write for Bulletin N? 526
N o matter what the nature of your conveying problem may be
you are requested to consult D R A C C O Engineers. They have over
20 years of practical experience to draw upon and can give you
sound constructive advice. You should have a copy of Bulletin
N o . 526.
•

For Further Information W rite

•

DRACCO CO RPO R ATIO N
Successors to The Dust Recovering & Conveying Co.

4 0 5 5 E. 116th St., Cleveland, O . • N ew York O ffice, 130 W . 42nd St.

PNEUMATIC CONVEYORS • DUST COLLECTORS

Plant and M ain Office:
NIA G A R A FALLS, N EW YORK
J^ew Torl{ Office:

22 EAST 40TH ST.,

NEW YORK CITY

Phosphorus and Phosphorus products. Sodium
chlorate. Potassium perchlorate. Oxalic acid.
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PROFESSIONAL DIRECTORY
A S S O C IA T E D
E X P E R IM E N T A L L A B O R A T O R IE S
6 9 M eserole A v e.

F R O E H L IN G & RO B ER TSO N , IN C .

Research

Brooklyn, N . Y.

Inspection Engineers and
Chemists

Design and Construction of Special
Apparatus and Instruments
J. Greenspan, Ph.D.

Consulting Physical Chemist

B O O T H , G A RR ETT & B LA IR
A n a lytica l and Consulting Chemists
Announce the.Installation of a
H igh Temperature Electric Furnace
For Fusion Points of Coal Ash, Refractories, etc.
Capable of reaching 43 5 0 °F .
The O ldest Commercial Laboratory In America.
228 South Ninth Street'
Philadelphia, Pa.

B E N J A M IN T. B RO O KS

SK IN N ER & S H E R M A N , Inc.

Established 1881

Richmond

Analyses

Engineering
V irg in !.

Physical Tests ;
Bacteriology

24 6 Stuart St.

FRANK H . M A R K S

Boiton, M a n .

FOSTER D. S N E LL , IN C .

A tto rn .y at Law— Chemical Engineer

Chemists— Engineers

Chemical Patents--------- Practicing in the

Every form of Chemical Service

Patent O ffic e and Courts.
1 6 0 N . LaSalle St.

305 Washington Street

I V A N P. T A S H O F

PEASE L A B O R A T O R IE S , IN C .

Attorney and Counselor at Law

Biological, Chemical and
Sanitary Investigations

Chemical Engineering and Development

Brooklyn, N . Y.

Chicago

Patents
Specialist

Since 1 9 1 2

1 1 4 East 32nd Street

39-41 West 38th Street, N ew York, N . Y.
Tel. Wisconsin 7-8671

N ew York, N . Y.

EDW ARD T H O M A S

H A R R Y PRICE

A ttorney-A t-Law

Chemical Patents

G U S T A V U S J. ESSELEN, IN C .
Chemical Research and Development

Registered Patent Attorney

4 2 0 L e x in g to n A v e n u e
N e w Y o rk C ity

A p plying the Principles of M odern Science
to Industrial Business and Legal
Problems

n the Protection of Inventions Relating to
the Chemical and Metallurgical
Industries
Munsey Bldg.,
Washington D . C.

Chemical Patent Problems
Woolworth Bldg.,

N ew York, N . Y.

Established 1891

8 5 7 B o y ljto n Street

Boston, Mass.

T H E W ESTPO R T M I L L
S A M U E L P. SAD TLER & S O N , IN C .

'The Research of Today Is the
Industry of Tomorrow”

F. B. Porter
B.S. Ch.E., Pres.

Consulting and A n a lytica l Chemists
Chemical Engineers
Special and Umpire Analysis

R. H . Fash
B.S. Vice-Pres.

THE FORT W O R T H L A B O R A T O R IE S
Consulting, A n a ly tic a l Chemists and
Chemical Engineers

Small and Large Research Projects
Legal Testimony and Patents
2 10 S. 1 3th St.,

W hen you have propositions in the Southwest
consider using our staff and equipment to save
time and money.
Fort W orth, Dallas, Houston and San Antonio

Harvey A . Sell, Ph.D.

Specialists in Chemical and Metallurgical Patents
and Applications Involving Processes and Products.
Ex-Examiners in Chemical Divisions
U . S. Patent O ffice
7 2 4 9th St., N . W .
Washington, D . C.

W A N TED !

Laboratories and Testing Plant o f
THE D O R R C O M P A N Y , IN C .
Chemical,Industrial,Metallurgical andSanitary Engineers
Consultation— Testing— Research— Plant Design

Philadelphia, Pa.

"N oth ing Pays Like Research”

FOSTER & C O D IE R

Westport, Conn.

Descriptive brochure, "Testing That Pays Dividends”
upon request.

Earl B. Putt, B.Sc.

SEIL, PUTT & RUSBY
incorporated

C onsulting Chemists
Specialists in the analysis of
Foods, Drugs and O rganic Products
1 6 E. 34th Street, N ew York, N . Y.
Telephone— Ashland 4 3 4 3 -4 3 4 4

B ack Jou rn als of th e A m erican C h em ical S ociety
IND USTR IAL AND EN G INEERING
CH EM ISTRY

1-Inch Card,
$4.40 per Insertion
•

2-Inch Card,
$8.80 per Insertion

1, Nos. 1, 6, 7, 11 and 21 @ .25 each
2, Nos. 1, 3, 6, 7, 8, 11, 17 and 19 @ .75 each
2, Nos. 2, 4, 5, 9, 10, 12, 13, 14, 15, 16, 18, 20, 21, 22,
23 and 24 @ .50 each
3, Nos. 1, 2 ,4 ,6 ,7 , 8, 9,10,11,12,13,14,15,16,17,18,
19, 20, 21, 22, 23, 24 and Index @ .25 each
4, Nos. 1, 2, 5, 8, 9, 15, 16, 17, 22 and 24 @ .25 each
5, Nos. 1,6,10,11,12, 13,14,15,16,17and24@ .25each
30, Nos. 5 and 6 @ .50 each

Industrial Edition—Vol. 27, No. 11 @ .25 each
28, Nos. 1, 3 and 4 @ .25 each
29, No. 3 @ .25 each
R . AM ER. CHEM . SO CIETY
Analytical Edition—Vol. 6, No. 3 @ .50 each and No. 6@ .25 each JO UVol.
58, Nos. 2 and 3 @ .25 each
8, No. 1 @ .25 each
Address all packages to the American Chemical Society,
News Edition—Vol. 5, No. 6 @ .25 each
20th and Northampton Streets, Easton, Pa., and pay trans
6, No. 1 @ .25 each
portation charges. Express collect packages will be refused.
CHEM ICAL ABSTRACTS
Be certain that your name and address appear thereon. Also
send memorandum to Charles L. Parsons, Secretary, Mills
Vol. 1, Nos. 12, 13, 14, 16 and 22 @ $1.00 each
Building, Washington, D.C. Journals must be received in good
Vol. 1, Nos. 2, 3, 15, 17, 18, 19, 20, 23 and Index @ .75 each
1, Nos. 4, 5, 8, 9, 10 and 24 @ .50 each
condition. This offer is subject to withdrawal without notice.
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There are WAYS
io buv
ADVERTISING SPACE
O

HAPHAZARD WAY

@

b y rumor,
guesswork,
and
h a sty judgm ent

"T h e

AUDITED W A Y
b y the facts
presented in

ABC REPORTS

T

IME was w hen buying advertising space seem ed like groping
in the dark. W ith no facts to serve as guide through the
m ysteries o f circulation, you had to rely on rum or and hearsay.
Y ou had to pick your papers by guess-work . . . and hope for the
b est results as far as sales were concerned.
T h at day is past. D iscerning advertisers now buy space w ith
as sound a basis o f fact as they buy a ton o f coal or a dozen of eggs.
T h e source o f th is en lig h ten m e n t is th e A .B.C . report— th e co m p lete
official, a u d ited report o f circu lation facts. A.B.C. reports reveal and analyze
N E T PAID CIRCULATION— how large it is, w here it is, how it w as secured.
It is your in su ran ce th a t you w ill get w h at you pay for. It protects th e
buyer and th e h o n est pu blisher. It is m ade possible by over 2000 pu blishers,
advertisers and advertising agen cies. T ogether they provide you w ith th is
in su ran ce policy. U se it. It co sts you n o th in g . It m ay save you m u ch .
W e w ill be glad to give you a copy o f our la test A .B.C . report, con tain in g
th e facts by w hich you can ju d g e th e value o f th is paper.

INDUSTRIAL and ENGINEERING CHEM ISTRY
Published by the American Chemical Society

A d v ertisin g D ep a r tm e n t

332 W est 42nd S tr ee t, N ew Y ork

A.BC. Circulation = 19,227 „at paid June 30, 1938

Atl A. ft • C.
Puhlioatinn

A J B .C .= A u d it B ureau o f C irculations = FACTS as a yard stick o f ad vertisin g value
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the Book everybody is talking about

1

CORROSION RESISTANCE
OF
METALS
and
ALLOYS
B y R. J. M cK ay a n d R ob ert W orth in gton
"

*

*

=

A. C. S. Monograph No. 71

of service to all who have to do with m etals

The thought and data of m odern corrosion knowl- sion is included as well as data from test and ex
edge have been consolidated under one plan perience on m odern corrosion problem s,
and in one easily understandable unit, m aking This book fills in the gap betw een m odern works
accurate com parison betw een different m etals on the corrosion of individual m etals on the one hand
and betw een different corrosion conditions pos- and on specific theories of corrosion on the other,
sible. A concise outline of the theory of corro- and summarizes the vital points of such treatise.
490 P ages
64 d iagram s
346 ta b les
12 p h otogra p h s
$7.00

R E IN H O L D P U B L IS H IN G C O R PO R A T IO N , 330 W est 42nd S t., N ew Y ork , U .S .A .

A L P H A B E T I C A L L I S T OF A D V E R T I S E R S
Alberene Stone Corp. of V a...............................
Aluminum Co. of America..................................
Aluminum Ore C o.................................................
American Potash & Chemical Corp.................
Associated Experim ental,Laboratories
Atlas Powder C o....................................................

54
43
47
52
62
39

Badger & Sons Co., E. B .................................... 9
Baker Chemical Co., J. T v................................. 1
Baker & Co............................................................. 55
Baker Perkins Co.................................................. 56
Barnsdall Tripoli Corp........................................ 55
Bausch & Lomb Optical Co............................... 66
Blaw-Knox C o........................................................ 19
Booth, G arrett & Blair
........................... 62
Brooks, Benjamin T ............................................. 62
Buffalo Forge C o..................................................11-12
......... 20
Buffalo Foundry & M achine Co
Buffalo Pumps, Inc............................................... 35
Carbide & Carbon Chemicals Corp................. 44
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INDUSTRIAL AND ENGINEERING CHEMISTRY

AN ELEMENT
of

COMMON GOOD

A com pany learns m uch in pro

ducing and marketing millions
of Ions of SULPHUR ★ ★*
helping it enter the channels of trade to be converted to myriad
uses ★ ★★ observing the part it plays in the production of
fertilizers and insecticides... in the conversion of forests into pulp
and paper... in the preparation of metals for enam eling, plating
and tinning ... in the manufacture of food products, paints, textiles,
glass, fuels and lubricants. For SULPHUR is an elem ent that helps to
convert the unusual and rare articles of yesterday into com m on
place necessities. Today it is rayon, plastics and lacquers. Tomorrow
it m ay be a new fiber, a new m edicinal or a new process of utilizing
farm products. Industrial and chem ical ingenuity devises new
products, new applications and all in one w ay or another owe
allegiance to this common elem ent, which in the form of sulphuric
acid is the grandsire of chem ical industry. As before, Texas Gulf
plays its part by continuing to improve its facilities for producing
and marketing SULPHUR and by its researches to make it more
w idely applicable.

to the New York World's Fair will have an oppor
tunity to learn about SULPHUR at an interesting educational
display in the Hall of Industrial Science.

V is ito r s

EXAS75E .45th
(sUEEp^ULPHUR
( (Ö.
Street
New York C ity
Mines: Newgulf and Long Point,Texas
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OF

ACCURATE CHEMICAL
ANALYSIS
The B & L Type H Microscope
T

h e

value o f microscopy as a starting point

for chemical analysis is accepted. In quali
tative or quantitative w ork it often provides
a basis for a simplified analysis w ithout any
sacrifice o f accuracy.
Particularly adapted to this type o f w ork is
the B & L Type H Microscope. Several differ
ent models and a wide range o f accessories not only for bright field but also dark field and
polarized light are available, filling every microscopical requirement in a w ide variety o f
fields (see chart). For complete description o f all models, send for B & L Catalog D -185.
W rite Bausch & Lomb Optical Co., 608 St. Paul St., Rochester, N. Y.
Identify or
D istinguish
X
X

Measure
X
X
X
X
X
X

Analyze
or Count

Textile Fibers
P aper Fibers
X
Dust Particle Size
X
Yeast
X
X
Bacteria
X
X
Chocolate Particle Size
X
Colloids
X
X
Soil Constituents
X
X
M ould in Tom atoes
X
X
X
B otanical Drugs
A dulterating o r Foreign M aterials in Food Products
X
X
Abrasives
X
X
X
X
Pigm ents
X
Metals—Innum erable applications include «rain size, case depth, structure, identification, plate thickness, etc.

BAUSCH S- LOMB
..» .W E

M AKE

OUR

O W N

IN S U R E S T A N D A R D IZ E D

G LASS TO

P R O D U C T IO N

FOR YO U R

G L A S S E S IN S IS T O N

B & L

O R T H O G O N LENSES A N D B * L F R A M E S . . .

