Polymerization, Copolymerization, and Isomerization
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ACH of the three topics which are the title of the

paper.could easily require an hour’s discussion.

However they have a rather direct bearing on
each other, and I shall discuss them primarily in re-
lation to ome another. First, it is always proper to
define the terms. Polymeri-
zation reactions are inter-
molecular combinations
which are functionally ca-
pable of proceeding indefi-
nitely and thus may theo-
retically lead to molecules
of unlimited size. Natural-
ly, copolymerization is the
same kind of reaction but
at least two members of the
same or different series of
compounds are involved.
Isomerization is a reaction
which effects a change in
physical or chemical prop-
erties without changing
the molecular formula.

Isomerization

J. C. Cowan

Although triglycerides
of fatty acids found in natural oils are not ordinarily
considered to be optically active unless they have an
asymmetric carbon in the fatty acid chain, a properly
substituted glyceride molecule does have an asym-
metriec carbon. In Formula I the asymmetric earbon
of the glycerol part is marked with an asterisk.

1 * 2
R'COOCH, ~GH~-CH, ~OCOR
1

OCOR
1
When R! and R® are different, the B-carbon of the
glycerol becomes asymmetric. I know of no example
in vegetable oils where this type of molecule has opti-
cal activity. Optically active monoglycerides can be
prepared from d-acetonyl glycerol (IT). Treatment
of IT with a fatty acid chloride, such as stearoyl chlor-

CHy= O /cH, CHy = o\ S X CHy = OH

1 s R-COCL, | /c\ LU

CH ~ 0 CHy CH — 0 CH, CH — OH

1 | |

CH,OH CH,0C0R GH, — OCOR
I m

ide, and subsequent acid hydrolysis give an optically
active monoglyceride. This monoglyceride on treat-
ment with a different fatty acid chloride, such as
palmitoyl chloride, gives an inactive triglyceride.
Treatment of III with an aromatic acid chloride does
give an optically active triglyceride (3).

For some time it has been known that dilute acid or
alkali will isomerize a 2-monoglyceride to a l-mono-
glyceride. However it was demonstrated recently that
the 1-monoglyceride is actually in equilibrium with
the 2-monoglyceride in the presence of dilute acid or

1 One of the Branches of the Agricultural Research Service, U. 8.
Department of Agriculture.
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alkali at room temperature. A 9 to 1 ratio in favor of
the 1-monoglyceride results (17).

GCH, — OH _ CH, -0~ COR
I nt l

CH — 0-COR CHOH

| |

CH, — OH CH,OH

If the conditions are more drastic, such as an alkaline
catalyst at higher temperatures, a random arrange-
ment of the fatty acid radieals is effected, which is
similar to the results of treating a triglyceride with
glycerol. Thus when a mole of additional glycerol is
reacted per mole of triglyceride, approximately 50%
of the hydroxyl groups are esterified.

CH,0COR  CH,OH CH,0COR  CH,OCOR
[ | | I
CHOGOR + OHOH ™ CHOH + CHOH

| | | I
CH,OCOR  GH,OH CH,0COR  CH,OH

The mole percentages of the reactants at equilibrinm
are approximately 13 free glycerol, 37 each of mono-
and diglycerides, and 13 triglycerides at the random
pattern expected (13). Results obtained with four
different amounts of glycerol are shown in Table I.

TABLE I

Mono- and Diglycerides from Cottonseed Oil
200°C. for 5 Hours

Hydroxyl Esterified, % 50 41 31 23
Mole %
Free glycerol...c.....ovueuns 12 22 34 46
Monoglyceride.. .o 87 (28)r ] 42 (39)2 | 42 (49)» |40 (62)
Diglyceride....... .| 87 (45) 27 {(44) 21 (44) |13 (386)
Trigiyceride...corennnal 14 {27) 8 (18) 3 (7) 0.5 ( 2)

2 Percent by weight of fatty material.

Now isomerization in the glyceride molecule is not
limited to monoglycerides. Triglycerides can be readily
isomerized from a given configuration to a random
configuration. This isomerization is somewhat more
complex than the isomerization of a monoglyceride,
but concentration of a single pure triglyceride in the
isomerization mixture can be readily calculated. For
example, a fat containing 0.5 mole of linolenic acid
would have 0.125 mole of trilinolenin. If the acids in
a fat were only stearic and oleic acids, the amount of
the different glycerides present would be represented
by the expression S? 4 3820 - 3802 + O3, where S
and O are the mole fractions of stearic and oleic acids,
and 3520 is the amount of the distearoglycerides pres-
ent, ete. This type of isomerization is important in
industrial fats. The characteristics of shortening fats
can be considerably changed by treatment with an
ester interchange catalyst, such as sodium methoxide.
If this reacting system is fractionated without de-
stroying the catalyst, then a comparatively pure glye-
eride can be separated from a fat containing a mixture
of glycerides. Thus far, only necessarily slow low-
temperature procedures have been perfected (12) for
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effecting fractionation of triglycerides when the inter-
change reaction is progressing. If a rapid economie
method of segregation and exchange is found, a major
step in the conversion of fats to chemical raw materials
may be achieved. Uniform products are necessary for
building blocks in new materials or for new chemical
intermediates.

Tsomerization in fatty acids is a particularly diffi-
cult subject to study experimentally. Perhaps the best
illustration of that difficulty is the various inversions
which oceur when a simple fatty acid, such as oleic
and its trans isomer elaidic acid, undergoes chemical
oxidation. Oleic acid ean be converted to elaidic aeid
by use of eatalysts such as nitrous acid. The reactions
which actually occurred during the oxidation of oleie
and elaidic acids and the products formed were sub-
jeets of controversy for many years. The following
equations show a few of the changes that occur and
illustrate the ease with which configurations can
change (21):

R®-CH=CH ~R*,(Cig) 0* RPCH- CH—R*
KMnO,,0H~ [
m.p. 14°C. Ha0p Cis addition m.p.131°C. OH| OH
Cis addition
Inversion | NaOH dil.
R*-CH~CH-R* HNO, R3-CH-CH-R*
\/ \ \/
m.p.59.5°C. © m.p.55.5¢C.
Inversion NaOH dil. Gis | H0,
R’-—?H—GH—R‘ 0° KMnO,,0H R®~CH=CH-R* trans

Cis oddition

mp.95°C. OH OH m.p. 44° C.

R®,CHy(CH,),
R*,(CHg),CO,H

Naturally the cis-frans isomerization is still more
complex in the octadecadienoie acids. This problem
also resulted in some differences of opinion among
chemists. Indeed all the experimental problems have
not yet been solved. The following equations show
the different isomeric, conjugated octadecadienoic
acids which have been isolated and identified (18):

R-CH =CH:CH,-CH* CH-R* (Cis- 9, Cis~12~Octodecadienoic Acid)

NaOH | 200°

{ 3
R®-CHaCH-CH=CH-CH,-R* (Trans-10,~ R®CHy-CHe CH- CH=CH-R*(Cis~9,-
Cis-12) Trons=-1)
1, | Sunlight I, | Sunlight
R®-CH=CH-CH«CH-CH,R* (Trang~10,~ R®-GH,"CHCH-CH=CH-R* (Trons-9,~
Trons-12) Trans-1)
NoOH | 200° -H,0
RCHaCH-CH, CH=CH-R"* (Gis~9,~ R®-GH,"GHOH:GH,-CH * GHR" (Trans~9)
Trons—12) )
a“,(cnz),cogu -Hg0 HNO,

T ;
R®,CHy(GH), R®-GHy CHOH-CH, ~CH= CH-R* (Cl3~9)

Linoleic acid is converted by alkali at 200°C. to a
mixture of ¢is and trans isomers. The double bond
which moves presumably goes predominantly to the
trans form. Indeed, if any ecis, cis-conjugated linoleic
acid exists, it has not been isolated. The double bond
which has not moved in the alkali isomerization can be
converted to the frans form by iodine and sunlight.
These same isomeric 9,11- and 10,12-trans, trans
forms ean be obtained from ricinoleic and ricinelaidic
acids by isomerization and dehydration.
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Polymerization

The reactions involved in heat polymerization of
drying oils have for the most part been clarified. Non-
conjugated linoleic and linolenic acids are isomerized
at the high bodying temperatures to conjugated de-
rivatives. These conjugated derivatives react with
noneonjugated derivatives to give dimerie products.
The original basis for the belief that this type of con-
densation occurred was the work done by Farmer (1)
on the polymerization of 1,4-pentadiene. This diolefin
isomerizes at relatively low temperatures to give 1,3-
pentadiene. The conjugated isomer reacts as a typi-
cal diene in the Diels-Alder reaction and reacts pre-
dominantly with the double bond of the unconjugated
isomer:

2CH, » CH - CHy- GH = CHy ——> GHy-CH * CH- CH = CH,

GHy = GH * GH, +
_CH
~
CHp “CHp +——CHp=CH " CH,-CH=CH,
]
CHy-CH_ o - P

Similarly the accepted mechanism for the polymeri-
zation of a dimerie fat product involves a shift of
double bonds and probably a cis-trans isomerization:

2R”-CH= CH-CH,~CH=CH-R*

R®-CH=CH-CH= CH-CH,R*
+
] 4
R®-CH=CH-CH,-CH=CH-R

(|3H2- CH=CH-R?

_CH_
R’-cI;H <|:H-CH,-R“
R’-cH\ _CH

cH? Dimer

For this reaction of linoleate Wheeler (25) has sum-
marized the evidence as follows:

1. In studies with methyl linoleate, conjugation
rapidly rises during heat polymerization to a fairly
low concentration, 5-7 percentage. Chances of col-
lision of a conjugated with a nonconjugated linoleate
are consequently much greater than chances of col-
lision between two molecules of conjugated linoleate.

2. Rate studies on mixtures of conjugated with non-
conjugated linoleate show that the two do react with
one another.

Studies with cis-frans-conjugated linoleates and
trans-trans-conjugated linoleates indicate that fur-
ther isomerization reactions may be involved. These
studies may be summarized as follows:

Cis~-Trans-Linoleate 4, Dimer — - First Order Reaction
Trans-Trans-Linoleate.A_, Dimer ~— Second Order Reaction

Apparently cis-trans-conjugated linoleate isomerizes
to trans-trams-conjugated before the diene reacts in
the Diels-Alder reaction. These data are in agreement
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with the information available on the Diels-Alder re-
action of simple conjugated olefins (10).

-

) 0
Cis cn,-cu-cn-cn-cu2+cn-c;o Apparent First Polymer
rder
Trons CHy~CH=CH-CH=CH,+ " Ranid Second Dimer
Order

Thus the polymerization of nonconjugated linoleate
may be summarized as a complex reaction involving
isomerization to cis-trans-conjugation, to trans-trans-
conjugation, and finally a Diels-Alder reaction pri-
marily between the nonconjugated Mnoleate and the
trans-trans-conjugated linoleate. Incidentally {ramns-
trans-nonconjugated linoleate does polymerize some-
what more readily than the cis-cis-nonconjugated
linoleate. The following schematic diagram summar-
izes the reactions which occur where N stands for
pentadiene-nonconjugated isomers, C stands for buta-
diene-conjugated isomers, and small ¢ and t denote
cis and trans forms:

Nee Net Ny

|

c

+Nvor C
Dimer

Although the diene part of an acyclic chain involved
in a Diels-Alder reaction apparently must be a trans-
trans form in order to react readily, the dienophile,
such as maleic or fumaric acid, can have either cis or
trans configuration. Consequently there is no apparent
choice between the nonconjugated linoleates regard-
ing reactivity as dienophiles. However conjugated
linoleates of cis-trans isomerism would be much more
active dienophiles than the nonconjugated forms.

The formation of trimeric fatty acids from dimeric
fatty acids most likely occurs by a reaction of the
dimer with a conjugated linoleate. However the un-
saturation as measured by iodine value suggests that
some other mechanism may be effective. The iodine
values of dimers and trimers from non-conjugated
linoleates are approximately equal, indicating that the
loss in unsaturation in going from dimer to trimer
was not comparable to the loss of unsaturation which
occurs when the dimer is formed (9).

The polymerization of trienoic acid proceeds in a
manner similar to but not identical with that of the
dienoie. More isomeric forms are possible and the
products differ in structure, but the reactions in-
volved, i.e., isomerization to conjugation and from cis
to trams forms, are undoubtedly similar in nature. The
products differ in their structure because monocyeclic
dimers are formed from linoleates and bicyclic dimers
are formed from the trienoie acids, and incidentally
a monomeric cyclic derivative is obtained, or deriva-
tives which do not hydrogenate to stearic acid (24).
The polymerization reactions of the nonconjugated
trienoic acid are summarized in the following sche-
matic diagram:
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Gis - Gis-Cis-Normal Cis ~Trans -Isomeric
Linolenate Linolenate

J

Dienoically Conjugated Linolenates

+Dimer

L

Monocyclic Monomer

+Linolenate

Monocyclic Dimer

Bicyclic Dimer

Normal linolenate when heated to high tempera-
tures probably isomerizes to give cis-trans-nonconju-
gated linolenates and conjugated linolenates in which
both 2 and 3 double bonds are conjugated. These con-
jugated derivatives react with nonconjugated lino-
lenates to give a monocyclic dimer which rearranges
to give a bicyclic dimer. The dimeric product reacts
with the conjugated linolenate to give a trimer. Some
monomeric cyelic derivative is formed from the lino-
lenate containing either 2 or 3 double bonds in con-
jugation, whereas, in the polymerization of linoleates
without catalyst the dimeric products predominate,
trimeric products are much higher in the polymers of
the linolenates if any prolonged polymerization is
carried out (9, 19).

The eleostearates, or conjugated trienoic acids, be-
have somewhat similarly to the nonconjugated tri-
enoic, but the reaction is much faster. The reactions
whieh oceur in heat polymerization can be summarized
as follows:

_i;-Trong-T[gnr- a-Eleostearate ———

Trans-Trans-Trans-B-Eleostearate :

+ a or B-Eleostearate +Dimer

Monocyclic Dimer Teimer

— e

Bicyclic Dimer

Incidentally recent work has confirmed the 9,11,13-
cis-trans-trans-configuration for s-eleostearic acid and
9,11,13-trans-trans-trans-configuration for pB-eleo-
stearic acid (6). Also a monocyclic dimer containing
conjugated frams-trans bonds (8) and a monocyelic
monomer (24) have been found.

Ionic Polymerization. Boron trifluoride, hydrogen
fluoride, and other catalysts will polymerize unsatur-
ated fatty acids or esters to dimer, trimer, and prob-

-ably higher polymeric products. Ionic catalysts would

be expected to give different products from thermal
polymerization which involves a Diehl-Alder addition
reaction. However little information is available
on mechanism of fatty acid or ester polymeriza-
tion with these ionic catalysts. The properties of the
products and theoretical considerations suggest the
following reactions (11):
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R®-CH = CH-R*+ BF,-H,0——+BF,0H +R®-CH,-CH®
|
RIG $6 R4
n R°-CH=CH-R® H(CH -CH|-CH-CH®

| |
R4 n rR*

R® R®
| |
BF, OH® HCH-?H)—CH-?H-OH-PBFS
RYn  R*

n=1{tob
6
R = CHy(CH,),~CH = CH~CH,-

Tonic catalysts have not been used much in either
polymerization or copolymerization of drying oils be-
cause dark brown products are obtained. Consequently
they are not of general interest to the protective coat-
ing industry.?

Copolymerization

Copolymerization of fatty molecules with a variety
of materials has attracted a lot of interest commer-
cially during the past 20 years. This interest has been
primarily directed toward the preparation of new ma-
terials suitable for protective coatings. One of the
most controversial subjects in copolymerization is the
reaction of styrene with fatty products. Before pro-
ceeding to discuss this subject, T believe it would help
to briefly review the polymerization of styrene (2).

Styrene undergoes additional polymerization by a
free radical or ionic mechanism. Liet us direct our
attention to the free radical mechanism because it is
more important industrially and is directly related to
our subject. A typical initiator of polymerization is
benzoyl peroxide which dissociates to form benzoyl
and phenyl free radicals.

0
ég-az —— $o+9p—CO00 -I»CO2
Initiation

These free radicals react with styrene molecules to
give an adduct.

$C00¢+ CH, * CH—— $~COOCH,~CH*
| 1
4 ¢

This adduet is a free radical and reacts rapidly with
many styrene molecules to form a long chain.

¢COOCH2 —?H- +n CHz-cl;H —¢CO CHzcl‘,H U
$ ¢ ¢ /n+l

Propagation

Now this reaction, or propagation, is functionally ca-
pable of proceeding indefinitely as necessary by defi-
nition. However other reactions occur which cause
cessation of this propagation reaction. Cessation or

2At the Short Course it was disclosed that bodied oils of good color
obtained by polymerization with jonic catalysts are available com-
mercially.

Vor. 31

termination reactions in the polymerization of vinyl
compounds can occur in a number of ways. For ex-
ample, coupling or disproportionation may ocecur.

$G00 CHzcl}H)o+ $CO0 cuzc‘u>-————
¢ /m ¢ /n

$C00- (CH,CH\ - <chH;)-oco¢
BRL
¢ /n\¢ U/m

2 $C00 CHZCH>O——->¢COO CH20H>H+
1 I
$ /n ¢

$C00 (CHZ-CH CH=CH¢

Coupling

n

|
¢ /n-1

Disproportionation

Now cessation or terminating reactions can and do
occur readily with molecules other than the propa-
gating chains. Solvent molecules, such as benzene or
toluene, or modifiers deliberately added to reduce
molecular weight such as dodecyl mercaptan, and
molecules such as methyl linolenate can react to ter-
minate these growing chains. One major difference
between dodecyl mercaptan and methyl linolenate is
that the mercaptan acts primarily as a chain transfer
agent and the linolenate does not.

I ]
$-C-0 CHz-?l->0+R7SH—’¢-C-0 cuz-c':rb H+R'-Se
n

$/n ¢

R'-Se+n GHy*CH-¢—R-S- (CH,~CH\e
¢ /n

7
R'=CHog°

Butadiene and other conjugated dienes polymerize
readily with conjugated monomers such as styrene
and aerylonitrile. Incidentally nonconjugated vinyl
monomers also readily copolymerize with one another
but do not copolymerize readily with conjugated
monomers {2).

Now let us constder what is known about the co-
polymerization of styrene with fatty esters. Harrison
and Tolberg (15) recently reported on the polymeri-
zation of styrene with pure fatty derivatives and have
clarified most of the so-called mysteries of styrene co-
polymerization with fatty molecules. Styrene poly-
merization was initiated by benzoyl peroxide with a
number of pure fatty esters under comparable and
controlled conditions. Results are summarized in
Table I1. Methyl stearate and oleate behave as solvents
for the polymerization reaction with some transfer
reactions oecenrring which reduced slightly the molee-
ular weight. Slightly more methyl oleate was com-
bined in the polymer than methyl stearate, indicating
some difference in reactivity of the two esters toward
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TABLE II
Copolymerization of Styrene

Molecular No. of fatty esters
Solvent weight per molecule

Methyl stearate 39,000 0.64
Methyl oleate. 39,000 1.7
Methyl linoleate. 19,000 3.0
Methyl tt 10,12-octa-

decadienoate.........cccoiiiiiiiinniinno., 40,000 14.5
Methyl linolenate..........o.eveiiiiiiiiin, 13,000 1.1
Methyl alkali conjugated

linoleate, 33,000 12.1

49,000 | e

Benzene.... 28,000 | ...

free radicals. However methyl oleate appeared to act
as a chain transfer agent.

]
$-G-0 <CH2-<|.‘.H> o + R2GH = CHCH,R®

¢ /n l
0
$-C-0 (CHp~CH\H +R30H-CH(I:H-
¢ /n R

R®-(CH,)¢CO,H

In the styrene polymer from methyl oleate approxi-
mately 1.7 molecules of methyl oleate were present at
a molecular weight of 40,000. Consequently some
chains must have been terminated by a transfer re-
action shown in the above equations and other chains
initiated by a free radical formed from methyl oleate.

In the presence of methyl linoleate and linolenate
the rate of polymerization of the styrene is drastically
redueced and the molecular weights achieved were sub-
stantially lower.

Styrene in methyl linoleate and methyl linolenate
attained molecular weights of 19,000 and 13,000, re-
spectively. These are approximately one-half and one-
third that attained in methyl stearate and oleate.
Consequently these two polyunsaturated esters are
effective chain terminating agents. The mechanism
of the termination is not known, but it may occur as
follows:

$--0- <CH2-(l7H o+ R®-CH=GCH-CHy-CH=CH-R*—

0 ¢ /n
9 "
$-G-0- [GH,-CH H + R-GH=CH-CH=CH-CHe
¢ /n

We have formed here a conjugated diene which is a
free radieal ; it ean couple readily to terminate another
chain; it ean reaet with peroxide-derived free radicals
to reduce initiation and rate of polymerization. It
might react to abstract a hydrogen from another mole-
cule to form a conjugated diene. This last reaction
may oeceur to a minor extent because some methyl
linoleate is apparently incorporated in the chain; i.e.,
3 molecules of methyl linoleate per polymer chain.
However only 1 molecule of methyl linolenate was
found per polymer chain, indicating that termination
is the primary reaction and probably the only reaction
~with a growing chain.
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With pure esters of trans-trams- and cis-trans-octa-
decadienoic acids, copolymerization of the styrene
with the conjugated ester resulted with molecular
weights comparable to styrene polymerization in a
solvent medium. Twelve to 14 ester groups were com-
bined in the chains of styrene. The conjugated esters
reacted at the rate of about 1 mole for every 15 moles
of styrene. This behavior could be represented as fol-
lows where n=15:

0
1]
-C-0/CH,-CH O+R5‘CH'CH'CH'CH'GH 'R‘-—’
¢ 27§ ’)
$

n

0 i
¢~-C-0- [CHy-CH\-HC-CH=CH-CHe
| |

$ /n CH,
L
Naturally this new free radical could continue to re-
act with both styrene and conjugated fatty esters until
transfer or termination of the free radical occurs.

This information helps to explain the results of co-
polymerization with fatty esters. Little or no poly-
merization oceurs in unmodified drying oils because
free radicals are destroyed by linoleic and linolenic
esters. A polymerization of styrene can be initiated
in an unmodified vegetable oil provided enough cata-
lyst is nsed and a relatively low molecular weight is
desired.

Oxidized or blown oils show a much greater ten-
deney to copolymerize because the linoleate and lin-
olenate contents are reduced, some of the double bonds
have been shifted to conjugation, and a high percen-
tage of hydroperoxides are found in the blown oil.
This greater potential supply of free radicals natu-
rally might reduce molecular weight but would in-
crease the amount of total polymer formed. Bodied
oils from nonconjugated oils probably would copoly-
merize to a limited extent because these bodied oils
have some conjugated esters, reduced linolenic and
linoleic content, and substantially more polymeric es-
ters. The latter would behave more like methyl oleate

°
5 ! 4
R -CH=GH-CH2-(|}H-CH-R
CH-C:O
| o
CH-G=0

[]

e | °,

5 L L.t
R -?H-CH-CHZ-?H-CH-R
CIIH———?H
0sC C=0
\o/l

R*-GH-CH=CH-CH-CH,R"

(l}H-——OH
|
0=C C=0
\0/
Fia. 1.
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and stearate and enter into the polymerization to a
limited extent.

This copolymerization of styrene with conjugated
esters as first demonstrated and visualized by Hewitt
and Armitage (16) was expected because both are
conjugated monomers, Vinyl acetate and similar non-
conjugated monomers do not readily copolymerize
with conjugated monomers, and vinyl esters would
not be expected to copolymerize with conjugated
esters.

Maleic Anhydride. Drying oils modified with maleic
anhydride have enhanced drying properties and are
used extensively. ILike many reactions with fatty
esters, the reaction is not simple and straightforward.
Oleic acid will react with maleic anhydride to intro-
duce a group at the 8, 9, 10, and 11 positions. The
maleic anhydride group in each of the four derivatives
is attached to a carbon atom which is not part of a
double bond (7).

R®-CH,~CH= CH-CH; R CH=CH —

0=C_ C=0
N

R®-CH=CH -Gy~ CHg- R
GH = CH,
0+C_ C=0
\o/

R®, GHy-(GH,),

Linoleic acid however does not behave in a similar
manuner. Apparently, under the conditions of the
polymerization, some isomerization of the linoleic acid
or its adduet occurs so that a typical Diels-Alder prod-
uct is obtained. (See Figure 1.)

The major product of the reaction is not a mono-
meric adduct but is a polymerie adduct involving at
least 3 moles of maleic anhydride and 2 molecules of
linoleic acid. The unsaturation as measured by iodine
valune dropped from approximately 170 to 28, and most
of the data on chemiecal properties of the nonvolatile
adduct agree with the following structure:

o)
o.?/ \?-O
CH~———CH

S { | 4
R -CH-CHz-?H-CH-CHz-R
CH-C<0
/O
CH-C=0

5 | .
R -CI;H-OH lGH'?H'CH-R
?H———CH

|
O'C\O/C=O

Thus maleic anhydride can react to combine two glye-
eride molecules, containing linoleic radicals, and act
as a bodying or thickening agent (22).
Cyclopentadiene. Cyclopentadiene is another ma-
terial used to improve the properties of drying oils.
As normally used, dicyclopentadiene is mixed thor-
oughly with the oil and heated to about 250°-270°C.
The dicyclopentadiene decomposes at about 170°C.

VoL. 31

to give cyclopentadiene which then reacts with un-
saturated fatty acids to give a modified fatty acid
derivative.

SH—CH—CH,

ch <O
L e p==2¢h cH
NeH—~CH-—C CH——CH

CHe
R®-GH=CH-CHyCHACH-R*+ Gl “CH  RP-GH———CH-GH,~CH=CH-R*

o — i
CH——CH CH-CHy=CH

' ® !
CHomam—CH

This monomeric adduct could readily react with an-
other molecule of eyclopentadiene at the double bond
in the 5-membered ring A. Because the resulting ad-
duct would have no double bond in the 5-membered
ring A, it would probably be comparatively stable and
not readily decompose to give cyclopentadiene even
after 2 cyclopentadiene molecules have added on to
the fatty acid. Similarly, the third and fourth mole-
cules of cyclopentadiene, which add to the double bond
in the ring previously formed, give a stabilized mole-
cule because the ring is saturated. At 250°-270°C.
where most commercial copolymers are formed, the
conjugated fatty acid derivatives would undoubtedly
react with the adduet, as shown in the following
equation:

Rs-(I:H - ?H-cnz-cH-cn-R‘m-cn-cn-cn-cu-cn,_—n‘
CH~CHy~CH l
CH=====CH
R°-CH CH-CH,-CH=CH-R*
(:JH-CHz-(:;H
CH CH
RP-CH ('BH-CHz-R4
S

The average number of cyclopentadiene groups con-
necting the fatty acid molecules in a copolymerized
oil would be determined by the amounts of e¢yclopenta-
diene which was eombined with the oil. In commerecial
practice brittle films are obtained if too great an
amount of cyclopentadiene is used (14, 23).
Qlyceride Polymerization. Polymerization of a dry-
ing oil by heat or catalytic means proceeds primarily
through the formation of dimeric and trimeric fatty
acids by intra- and intermolecular condensations of
the fatty acid radicals. These condensations form di-
merie, trimerie, and higher combinations of glyceride
molecules. Undoubtedly side chains grow during the
polymerization which, if carried out long enough, re-
sults in a three-dimensional gel containing some linear
or branch molecules of lower molecular weight (4).
‘With oils containing reactive conjugated acids in high
percentages, such as tung oil, viscosity increases rap-
ildy at bodying temperatures, and gelation oceurs in a
short period—12 minutes. With oils containing less
reactive nonconjugated fatty acids but in high per-
centages, such as linseed oil, the viscosity increases
somewhat more slowly at bodying temperature, but
viseosity does increase rapidly just before gelation
which may occur in 6-12 hr. With oils containing
lower percentages of these less reactive nonconjugated
fatty acids, such as cottonseed oil, the viscosity in-
creases slowly, and gelation without autoxidation is
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diffieult to achieve. When an additional molecule
enters into the polymerization, such as maleic anhy-
dride, the polyunsaturated acid radicals are combined
with maleic anhydride to form di-, tri-, and polyglye-
erides. In general, the addition of maleic anhydride
and cyclopentadiene speeds the reaction so that vis-
cosity changes occur more rapidly.

Another factor, which is of some theoretical impor-
tance in the polymerization of drying oils, is the for-
mation of intrapolymers or dimer acids in the same
glyceride molecule. The interesterification reactions
which occur at high temperatures of bodying appar-
ently reduce substantially any effect which these intra-
polymers may have on the properties of the products
(5). The interesterification leaves only a very small
percentage of intrapolymers in the bodied oil (20).
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Utilization of Inedible Animal Fats
DALE V. STINGLEY, Armour and Company, Chicago, lllinois

major uses for animal fats were discovered. Edible

fats were used as food, and those deemed inedible
were consigned to the soap kettle. It is even more
remarkable though, just how vitally important the
small percentage of the to-
tal production of animal
fats that found its way into
industrial usage was to the
rise of industrial civiliza-
tion,

Prior to the development
of the petroleum industry,
animal fats were almost
without exception the sole
source of lubricants for mo-
tive power and machinery,
including metal working
oils. Animal fats also, in-
cluding whale oil, were de-
pended upon as the main
source of illumination, and
today, as in the past, most
of these uses, plus the many
additional applications of
more recent development,
give animal fats a top priority rating as essential raw
materials.

Sources and raw materials for inediblée animal fats
have been discussed in a previous lecture, but, to
avoid all possibility of misunderstanding, the term
“‘inedible animal fats’’ refers to fats and oils that
are not suitable for human consumption. They are
derived principally' from cattle and swine. In this
country this is a legal rather than a technical defini-
tion since the U. S. Department of Agriculture is the
deciding authority and, except for a small production
of animal fats produced and consumed locally within
the various states, all edible animal fats are processed
in government-inspected plants.

IT is a remarkable fact that for centuries only two

Dale V. Stingley

In general, inedible animal fats are referred to in
the trade as ‘‘tallows™ (predominately beef fats) or
‘‘greases’’ (predominately hog fat), with recognized
grade names based on titer, free fatty acid content,
M.I.U., and color standards.

A listing of the accepted grade names and specifica-
tions commonly employed is given in Table I1 of the
paper by Kraybill in this supplement.

In our modern industrial system the key to our
enormous productivity has been standardization. Nat-
ural fats and oils vary somewhat in quality and com-
position so the above standards were set up many
years ago to establish a uniform trading basis. Unfor-
tunately these standards, as originally established,
were based on the requirements of the soap industry
and are now in many cases too broad and indefinite
to meet the needs of the modern industrial user. As
a result, individual companies have in many cases set
up their own purchase specifications in an attempt to
obtain materials suitable for their needs or, in other
cases, depend upon standardized products such as
fatty acids, hydrogenated oils, lard oils, and other

- refined materials to guarantee the uniformity they

require.

The need for standardized products and for fat
products with modified chemical or physical proper-
ties is the reason for the existence of a sizeable indus-
try which takes erude inedible animal fats, further
processes them, and, in turn, supplies these materials
to industrial users. In general, these secondary proces-
sors employ eommercial grades of tallows and greases,
but in many cases their needs are best served by more
stringent specifications, with the result that they must
be selective in their sources of raw materials.

URRENTLY our annual production of inedible
animal fats is very close to 2,700,000,000 1bs., and

it is to be expected that this figure will continue up-
ward since, as our population increases, there will be
a greater need for meat with a consequent rise in the



