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OR many years inedible fats and oils played a
role in our economy characterized by the devel-
opment of few significant technical changes and

trends. Around the turn of the century there was con-
siderable technical and scientific interest in fats and
oils connected chiefly with
their use as candle materi-
als, lubricants, and textile
processing adjuvants. The
extent of this interest was
expressed by the publica-
tion and frequent revision
of the three-volume work
by Lewkowitseh (10). The
period was culminated by
the development of worka-
ble processes for separating
liquid and solid glyeerides
and more significantly for
separating ‘‘stearic’”’ and
‘“oleie”’ acids; the separa-
tion of these acids followed
the batchwise catalytic hy-
drolysis of the parent glye-
erides. These separations in
both cases involved remov-
al of the higher melting erystalline components from
the lower melting l1qu1d fraction; the actual separa-
tion was made by filtration under pressure. Distilla-
tion of the fatty acids was also practiced commercially.

Following this period, competition of petroleum
illuminauts and lubricants combined with the devel-
opment of a ready outlet for fats in the growing soap
industry to furnish little incentive for research and
development in the field of fats and fatty acids. Hence
it is not surprising that the period for several decades
up to about 1935 was characterized by few basic
changes in the processing of inedible fats and fatty
acids. This, of course, also resulted in the fact that
relatively few new produects derived from inedible
fats were marketed and that their field of utilization
remained static by comparison with the simultaneous
development taking place in other branches of the
chemical industry.

It should not be inferred from this that no progress
was made in fat and fatty acid handling and utiliza-
tion during the period, but rather that the progress
which took place was largely limited to improvements
of existing processes and to such improvement of the
products as could be achieved by mixing and blending.

In retrospect it is apparent that during the ’30°s a
number of technical leaders concluded that inedible
fats and oils could not continue their rightful place
in our economy without the development of improved
processes for commercially achieving better separa-
tions. One underlying reason for this thinking has
been enunciated very clearly by Potts (12), who
pointed out that the use of natural oils has frequentlv
forced manufacturers to use varying amounts of fatty
acids that are not only of no value for the specific
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purpose but in some cases are even detrimental to
the final produet. It will be realized that this same
statement ean be applied equally well to mixed fatty
acids of the type then generally available, and numer-
ous examples of this truth may be cited. Basically
two reasons may exist for removing those components
of a fat or fatty acid mixture which are undesirable
for a specific use. One the one hand, their removal
may be necessary to meet competition on a quality
basis while, on the other hand, their removal may be
economically advantageous.

Because of the mixed character of the glycerides
it was logical for the principal effort to be directed
first to separation of the fatty acids. Two basic meth-
ods for fractional separation of fatty acids appeared
to hold promise for commercial use. These, of course,
were fractional distillation and fractional erystalliza-
tion from solvents, each of which offers certain ad-
vantages and disadvantages.
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Of these two processes fractional distillation was
the first to be practiced on a commercial scale. The
first fractional distillation unit based on the patent
of Potts and McKee (13) went into operation in 1933
and was expanded by installation of a second unit in
1941 (8). Commercial fractional distillation has per-
mitted the production and marketing of relatively
pure (ca. 90% ) members of the series of saturated
fatty aecids since separation could be made based on
the number of carbon atoms in the chain. It has not
permitted separation of the unsaturated fatty acids
from those saturated acids having the same number
of carbon atoms. Thus, for example, palmitic and
stearic acids are readily separable by fractional dis-
tillation, but oleic and stearic acids are not.

In this respect the fractional erystallization of fatty
acids serves to complement their fractional distilla-
tion very well. Considerable information regarding
separation and purification of fatty acids by low tem-
perature crystallization was available by 1941. The
principal investigator in this country was J. B.
Brown (2).

The first fractional erystallization unit for purifica-
tion of fatty acids on a commercial scale went into
operation in 1942 (9). Published information (3)
indicates that solvent fractional crystallization has
found its prinecipal use in the separation of the sat-
urated acids from the more soluble unsaturated ones.
It is probable that the process also offers advantages
over the previously used graining and pressing opera-
tion for separating saturated acids differing in mole-
cular weight, for separating unsaturated acids differ-
ing in unsaturation and for separating glycerides by
virtue of differences in unsaturation.

In some cases a combination of steps can be used
to attain an end which is otherwise unattainable. The
first process proposed for the commerecial preparation
of a purified monoethenoic acid (oleic) is an example
of such a combination (15). The desired results were
obtained by alteration of the polyunsaturated aeids
in tallow or grease by hydrogenation, followed by sep-
aration of the saturated acids either by ecrystalliza-
tion or pressing methods.  The unsaturated acids re-
sulting from such treatment are essentially mono-
ethenoic in nature. A modification of this approach
to the preparation of commercially pure oleic acid has
been described by Goebel (5). This worker reduced
the content of polyunsaturated components to very
low levels by their selective polymerization in the
presence of steam, which serves to minimize decar-
boxylation.

Improvements in low temperature crystallization
processes now make it commercially practicable to
prepare a purified grade of oleic acid directly from
stocks containing other unsaturated acids. It is ad-
vantageous in the use of this process to prepare oleic
acid and to combine it with a selection of raw mate-
rial containing relatively low proportions of polyun-
saturates.

Another process offering theoretical possibilities for
use in preparing pure fatty acids and monoesters is
liquid-liquid extraction. Although considerable work
in this field has been reported, ecommercial application
of the technique seems to have been confined largely
to operations upon glycerides. Still another process
for purifying fatty acids, the practical possibilities
of which may not yet be fully realized, is based on
the use of urea complex formation.

A unique solvent method for purifying the solid
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saturated acids has been described by Jenness (7).
In this process the subdivided solid acids are washed
with a solvent which removes unsaturated acids and
other soluble impurities. The process is used commer-
cially to prepare stearic acid of about 97% purity.

Turning now to the oils themselves, we find that
the early literature in fat chemistry records many
painstaking attempts to isolate pure triglycerides
from fats even though Berthelot (1) pointed out 100
years ago that they were probably composed of mixed
triglycerides rather than mixtures of simple triglye-
erides. As a result of considerable research in the
field, chiefly by Hilditeh and eo-workers, we now un-
derstand why these endeavors were so fruitless despite
the undoubted skill of those early investigators in
carrying out fractional crystallizations. Because of
the random or nearly random distribution of the fatty
acids in most cases, the natural fats are extremely
complex and pure simple triglycerides are not present
in more than small percentages unless the fat contains
one fatty acid to the extent of more than 67%, a con-
dition found in very few natural fats.

Nevertheless solvent extraction proeesses have been
used to separate semi-drying oils, such as soybean oil,
into drying and non-drying fractions on a commer-
cial basis (4). They have also been used to segregate
nonglyceride materials in natural fats into fractions.
Most notably in this respect they have been used
to segregate a vitamin fraction from fish oils and to
““upgrade’’ tallow by segregation and removal of color
bodies and other impurities (11). Although a wide
variety of solvents have been proposed, only two ap-
pear to have been used to any extent commercially.
They are furfural (4) and propane (11).

Some separation of glycerides can also be achieved
by the use of molecular distillation techniques. Be-
cause of the limitations of fractionation obtainable
and the extremely heterogeneous character of most
natural fats, this process has generally found its use
confined to segregation of nontriglyceride materials
present in fats. For example, it may be used to con-
centrate and isolate vitamins, monoglycerides, and
the like.

Summarizing separation processes, it is obvious that
if industrial needs can be satisfied by the segregation
of a selected group of triglycerides from an oil, such
segregation can undoubtedly be achieved more eco-
nomically by application of one of the above processes
to the oil, rather than by splitting the fat, purifying
the fatty acids, and resynthesis of the glycerides. On
the other hand, it is well to keep in mind other fac-
tors before coming to a final decision regarding the
relative merits of the several processes usually availa-
ble for achieving desired results. For example, solvent
segregation of glycerides has usually been proposed
for use in fractionating an oil or fat so that a portion
of it could compete with an oil or fat more favorably
situated economically because of its different chemical
constitution. The economic premiums for oils having
specific properties are tending to disappear however,
because of increasing scientific knowledge which is
leading to increasing interchangeability among fats
and oils. Moreover, when a segregated product is to
be used in competition with synthetic products on a
quality basis, it may be required to have properties
which will prove difficult to attain by a relatively
simple operation from mixed triglycerides.

The chief reason for the development of processes
for commercially preparing fatty acids and glycerides
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of greater chemical homogeneity is in order to find
outlets in the chemical industry. It is therefore well
to turn for a moment to the consideration of trends
in this area.

Fatty acids as such can undergo two basic types
of reaction. These are earboxyl modification and chain
modification whieh can be used to produce important
products shown below. In some cases the significance
of these compounds lies chiefly in their value for use
as intermediates for further synthesis.

1. PropucTs OBTAINED BY CARBOXYL GROUP REACTIONS

a) Acid halides

b) Salts— organic and inorganic

¢) Nitrogen derivatives
Nitriles — amides — amines — quaternaries

d) Alcohols, aldehydes, and hydrocarbons

e) Esters
Monohydrie, polyhydrie, polyoxyethylene, polymeriza-
ble

II. PrRODUCTS OBTAINED BY CHAIN MODIFICATION

From Saturated Acids
a) Substitution
Halogenated Products
a-Sulfonates
From Unsaturated Acids
b) Addition :
Hydrogenated Products
Halogenated Products
Hydroxylated Products — m~no- and di-
Oxidation Products — peracids, epoxides, ete.
Ozonolysis — to cleavage products
Sulfurization, Sulfation and Sulfonation
Nitrogen Derivatives
Aromatics
Polymers, homo and hetero
Diels-Alder type Adducts
¢) Isomerization
Isomers obtained by:
Elaidinization
Double Bond Shift

On the other hand, a number of the derivatives
listed find their principal outlets as such. Among
these might be listed such important ones as the salts,
esters such as monoglycerides, which have their prin-
cipal use as emulsifiers in shortening and margarine,
and the epoxides which are used as plasticizing sta-
bilizers.

Not all of these products have practical value in
the usual sense, but many of them do; and the remain-
ing ones have practical significance in that they are
promising intermediates. Quite a few of the more
important ones, notably epoxides and polymerizable
esters, such as the vinyl esters, have been added to
the list in the last decade although not always in the
sense that they are entirely novel compounds. In some
instances their inclusion in the list indicates that com-
merecial methods have been developed for preparing
compounds which only a few years ago were in the
class of laboratory curiosities. It is to be expected
that further additions to the list will occur at an ac-
celerated rate as a result of increasing research.

It will be noted, of course, that all of the reactions
can be performed upon unsaturated acids while the
saturated acids only lend themselves to carboxyl modi-
fication and chain substitution or isomerization reac-
tions. In the hands of a research chemist the unsat-
urated fatty acids are more mutable and over the
long term will therefore probably tend to be more
valuable. It should also be kept in mind that satis-
factory commereial processes are available for convert-
ing unsaturated fatty compounds to the corresponding
saturated ones but that the reverse is not feasible on a
commercial seale.

Vor. 31

The development of satisfactory household deter-
gents has stimulated the search for new uses for fatty
acids in the chemical field. The economic pressures
resulting from inereasing production of tall oil fatty
acids, a by-produet of paper manufacturing, coupled
with the growing amounts of animal fats available
from the expanded livestock industry have accelerated
the pace of this search.

It is hardly possible, as yet, to foresee what effect
the recent and rapidly growing use of inedible animal
fats in animal feeds may have upon their considera-
tion for such other purposes as chemical raw mate-
rials. At present however it appears probable that
decreasing consumption of fats in soap production
both in the United States and abroad will combine
with an inereased produection of inedible fats of sev-
eral types to assure continued availability of fats for
chemical conversion. It is well to remember that the
extremely low prices for fats which have character-
ized the past several years were symptomatic of a
“‘sick’” industry, which was to be regarded as a poor
base for extensive development.

It would not be proper to conclude this paper with-
out referring to the paramount importance of con-
tinued and further development of improved analyti-
cal methods. Such methods are the tools essential to
the research chemist in his efforts to develop the con-
stant stream of new products which our eompetitive
world requires; they are also essential to the produec-
tion man for controlling the quality of the produects
being made and used in the fat industry.

The relatively recent development of the ultraviolet
spectrophotometric method for precise study and de-
termination of the unsaturated acids has been a great
step forward, particularly the development of a miero
method (6). The use of the infrared spectrophoto-
meter has also been found of great value for the study
of cis- and trans-isomers (14).

At present however anything like a precise deter-
mination of fatty acid constitution according to chain
length still ealls for a quantitative fractional distilla-
tion which requires considerable time. Some recent -
work using chromatographic methods indicates a pos-
sible way out of this dilemma.

Improved methods are urgently needed for study
of glyceride composition, fatty acid composition ac-
cording to chain length, and for fatty acid reaction
products, such as those produced by many chemical
reactions and biochemical processes.

In conclusion, it may be stated that our brief and
limited examination of the history of the inedible fat
and fatty acid industry shows the existence of a num-
ber of trends. Undoubtedly a considerable proportion
of these will persist into the future. First, and prob-
ably most significant, is the ever-increasing role which
research is playing in the maintenance of old uses and
the development of new ones. An example of the for-
mer is the role played by research in maintenance of
the use of fatty acid soaps as emulsifiers in the manu-
facture of synthetic rubber. Research has even come
to be essential in developing uses for fats in which no
substantial modification of the fat is required. An
outstanding illustration of this is the recent develop-
ment of the use for inedible fats in animal feeds. This.
use was dependent upon the development of satisfac-
tory antioxidants for stabilizing the fats and also upon
subsequent nutritional research.

Somewhat as a result of the increasing impact of
research it can be expected that increasing attention
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will be given to the manufacture of products with
increasing chemical homogeneity, ¢.e., more nearly
pure compounds. At any rate it will be necessary to
know more about the nature of any impurities present
in the materials. This will be essential in order to
profitably produce competitive products. This indus-
try should realize that customers will not continue
indefinitely to buy a product which is contaminated
with an unwanted and undesirable component.

Indications are that the development of diversified
markets will tend to lead fatty acid producers and
processors into a much greater variety of manufac-
turing and processing operations. In fact, it seems
probable that the industry as a whole will largely as-
sume the characteristics and become a segment of the
chemical industry.

Economic Trends in Fats and Oils
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HE subject of this discussion has been entitled
‘“‘Economie Trends in Fats and Oils,”” but I
would like to re-phrase it slightly to ‘‘ Economie

Trends and Problems in Fats and Oils.”” The reason
is simple for the economic trends in this or any field
lead inevitably to problems
which must be solved, and
the solution of these prob-
lems ecreates new trends,
which lead to still other
problems. It is the rela-
tionship of economie trends
to the problems we face
that T would Iike to stress.
In its most simple form
we have here a six-part
question :
1. What is the relationship of
economic trends to the

problems of the research
laboratory?

2. What are the basie char-
acteristics of the fats and
oils economy ?

3. What are the economie de-
velopments which have
brought us today’s situa-
tion?

4. What are the future economie developments likely to be?

5. What are the urgent problems which need solution?

6. What are the solutions?

It is the first fivé of these questions with which
we are concerned in this discussion. The sixth I
leave to you.

The primary purpose of any review of economic
trends is to establish an objective base for judging
the future. From an analysis of the historical proces-
sion of events we try to project future developments
and opportunities and anticipate future problems.
These things are of obvious concern to those respon-
sible for long-range planning of production facilities,
to the laboratory research man, and to others engaged
in market development work. Over the years there
have been many shifts in our fats and oils economy
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which have developed into industry problems of ma-
jor magnitude. Research and market development
work has played a major role in easing or solving
these problems. But research to improve old prod-
ncts, to develop new processes or produets, or to de-
velop new outlets is usually a long and costly process.
To the individual firm particularly the element. of
time is important, and the early recognition of the
implications of economiec change is most desirable.

Economic-Research Relationships

The problems arising out of economic change can
perhaps be well illustrated by an example from the
edible fats and oils field. Many years ago lard and
other animal fats were largely unchallenged in the
food fat field. Cottonseed had little or no cash value
as late as the Civil War and was usually disposed
of by burning. But from research new cottonseed
produets were developed, numbers of crushing mills
increased, and cottonseed became of major importance
in the southern economy. At first.cottonseed oil was
blended with animal fats, such as edible tallow or
stearine, and marketed as a lard substitute. But, with
research leading the way, succeeding years saw im-
proved refining methods and the development of hy-
drogenation, resulting in an all-vegetable shortening.
Advertising and promotional efforts increased, and
in time the all-purpose shortening with the special
built-in characteristics demanded by consumers was
developed. Such shortenings were primarily made
from vegetable oils, and although supplies of lard
continued to be consumed as produced, the value of
lard relative to vegetable oils declined consistently
for 30 years prior to World War II (Figure 1). In
turn, this situation stimulated vigorous research into
lard-quality improvement, and after more than 20
vears of intensive study a lard shortening was pro-
duced which was equal to or superior in all respeets
to the finest all-vegetable shortenings. As a result,
lard is now extensively used as a raw material for
all-purpose shortenings, and thé downward trend in
the value of lard relative to vegetable oils may have
been halted.



