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Sebacic Acid
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Sehacic acid is the highest member of the series of
aliphatic dicarboxylic acids for which there is a pre-
parative method suitable for industry. The method com-
prises the alkaline fission of ricineleyl compounds, which
yield, at the same time, the equivalent amount of oct-
anol-2. The acid provides an intermediate for the manu-
facture of interesting mew products in the realm of
synthetic materials such as plasticisers, synthetic re-
sins, polyesters, polyamides, etc. As a component of
thesc materials, it endows them with a reduced sensiti-
vity to temperature of their physical properties (vis-
cosity of fluids, modulus of elasticity of solids), improved
water resistance and good chemical stability; compared
with shorter chain dicarboxylic acids and those from
aromatie sources, sebacic acid plasties usually have a
better rubber-like elasticity. The sebacyl group is of
low polarity, due to the high ratio of methylene groups
(-CHy-) to the polar earbonyl groups (>C=0).

The name sebacic, like adipic, means “of, or belonging
to fat”, and is a reminder that both these materials were
originally obtained by the oxidation of certain fatty
materials. In the science of chemistry, sebacic acid is
a member of the homologous serics of dibasic alipbatic
acids, represented by the general formula HOOC (CH,),
COOH, the members of which are known from n=20
(oxalic acid) to n=20 (the eicosane acid occuiring in
Japan wax?). In the case of sebacic acid, n=328, so that
the acid may be regarded as a derivative of either of the
hydrocarbons, octane or decane. Hence the names, 1: 8
octane dicarboxylic acid or decane-di-acid.

Chemistry of the Formation of Sebacic Acid

No simple method for the preparatiou of sebacie acid
is available and certainly no syntbetic method is avail-
able to industry. The classical methods applied to the
hydrocarbons octane or decane do not casily lend them-
selves to thc usual sequence of reactions {end group
oxidation, or chlorination, reaction to form cyanide with
subsequent hydrolysis to earboxyl, etc.), on account of
the large number of reactions which can occur giving
rise to mixtures of different materials and also isomers.

Instead, the starting point for all useful methods is
castor oil; essentially is it the ricinoleyl residue from
which sebaeic acid is produced. Usually, the ricinoleyl
compound in the form of castor oil {a glyceride which

18.Sn1wNa4, J.Soc, Chem. Ind. Japan 43, 173 B (1940).

contains approximately 87-88 % of ricinoleyl, about 7 %
of oleyl radicals and lesser amounts of linoleic, stearic
and dihydroxystearic acid glycerides), ox the free acids
from castor oil, are treated under conditions of high
temperatures with caustie alkalis such as sodium hydro-
xide. This reaction has been known for about a century,
hut rescarches in recent years? have led to the clarifica-
tion of the course of the rcaction which clearly proceeds
in two stages:

CH,[CH,], CH(OH) - CH,CH: CH [CH), COOH

(I
A. CH,[CH,],CO - CH, + CH,(OH)[CH,],COOH
) (111)
B. CH,[CH,], CH(OI) - CH, + COOM [CH,],COOH + H,
(1) (V)

Beaction A proceeds at temperatures up to 200°C.
and leads to the formation of methylhexyl ketone (com-
pound II) and to w-hydroxy decanoic acid (compound
III). At higher temperatures, interaction of these two
compounds leads to the formation of capryl alcohol
(octanol-2, compound 1V) and to sebacic acid. Evidently
the oxidation of the hydroxy acid occurs at the cost of
the reduction of the ketone with the liberation of hydro-
gen.

Other preparative methods of sebacic acid are known,
but are not practised commercially. Thus, the dry di-
stillation (pyrolysis) of ricinoleic acid {or its glyceride)
is known?® to proceed as follows:

CH,[CH,), CH(OH)CH, -
}

CH,[CH,];CHO + CH, : CH[CH,], COOH
vI) (VID)

CH : CH[CH,],COOH

The reaction between compounds (VI} (heptyl aldehyde)
and (VII) (undec-10-enoic acid) does not oceur in the
same manner as the interaction between methylhexyl
ketone and w-hydroxy decanoic acid so that a separate
oxidative reaction (nitric, bichromate, etc.) is necessary
to convert compound (VII) into sebacic acid. Itis known
also that the yields of undee-10-cnoic acid resulting from

2 G.H.HarcrEeavES and L.N.Owen, J.Chem.Soc, 1947, 753-6.

3 Bussy and Lecanu, C.R. Acad. Sci. 21, 84; J. Pharm. Chim. &,
321 (1845); Buis, Ann. Chim. Phys. 44, 77 (1855); F.KRAFFT, Ber.
dtsch. chem, Ges, 10, 2034 (1877), 11,2218 (1878), and E.NEtson, J.
Chem. Soc. 27, 507, 837 (1874).
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polarity for the mixing with polymers, whilst the long
hydrocarbon chain between them gives the opposite
cffect. Fortunately, however, the choice of alkyl groups
(from the monohydric alcohol employed) is a means of
controlling the overall hehaviour of the sebacic acid
ester plasticiser. Thus, dimethylglycol sebacate mixes
with polymers of medium to high polarity (cellulose
nitrate, cellulose acetate, ete.) whilst the dibutyl ester
mixes with polyvinyl chloride and its copolymers. Di-
octyl sebacate is immiscible with cellulose acetate, it is
lowly miscible with cellulose nitrate and of good misci-
bility with polyvinyl chloride; with purely hydrocarbon
polymers it is highly miscible.

On account of the higher molecular weight of the
sebacate esters in the normnal series of esters used as
plasticisers, they show a lower vapour pressure and con-
sequently give better ageing compositions (Table 1),

Table 1. Molecular Weight of Diesters of 2-ethylhexanol and
the Weight Ageing Losses from Polyvinyl Chloride Compounds
made with the same csters

Adipate | Phthalate [Scbacate
(D.0.A)! (D.0.P) [(D.0.5)
Molecular weight of ester 370 390 426
% loss on ageing of poly-
vinylehloride compounds . 9.6 2.0 1.1

The polyvinyl chloride compounds consisted of 65 parts of
poelymer and 35 parts of diester used as plasticiser; the ageing
was carried out for 100 hours at 82.5°C.

Table 2. Effect of temperature on the Modulus of Torsional
Rigidity of the plasticised Polyvinyl Chloride Compounds
described in Table 1

Plasticisers Modulus of Torsional Rigidity Ratio of
used in kgsfem?®, at Valu;zéat
P.V.C.Com- - and :
pounds | _gq0c | 99oC. 0°C. 20°C. 40 oc.ls0°c. + 60 °C.
Di-2-ethythe-
xyl Adipate .
(D.0.A) ... | 955 | 240 |74.1126.9 |13.2 | 6.61| 145
Di-2-ethylhe- ’
xyl Phthalate

(D.O.P.) ... [ 5890 | 1700 | 188 38.9 | 15.9 |10.0 589

Di-2-cthylhe-
xyl Sebacate
(D.0.S)) ... | 1410 183 | 151 [ 61.7 | 26.3 |15.9 89

The viscosity-temperature properties of plasticisers
based on sebacic acid are of considerable interest in
plastieiser technology. The customary portrayal of these
properties is on either the UpBELOHDE or A.S5.T.M.
viscosity charts, which plot the double logarithm of the
viscosity against T°A. Figure 3 shows the effect of the
sebacic acid residuc in a series of octyl esters commonly
used as plasticisers.
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Figure 3. Viscosity characteristics of 2-ethylhexanol esters

Plastics made from esters of sebacic acid in combi-
nation with P. V.C. and synthetic rubbers show a smaller
change of physical properties with change of tempera-
ture than is the case with esters from other acids.

For these reasons of attractive viscosity propertics,
synthetic diesters of the type of D.0.S. are finding
favour in other fields, e.g. as hydrocatbon replacements
in the production of low temperature greases?s.

(b) Polymeric Applications of Sebacic Acid

The polyfunctionality of sebacic acid is hest applied
in the production of the following materials for industry:
(1) Synthetic resins of the alkyd or polyester type, pro-

duced by reaction with glycerol, pentaerythritol, tri-
methylolpropane, etc.. These are used as such, or
modified with long chain fatty acids (lauric, palmitic,
ricinoleie, etc.) in surface coatings and in the floor
covering industry.

(2) Synthetic materials, also of the alkyd type, made by
reaction with dihydric aleohols such as 1: 2 propyl-
enc glycol which give rise to highly viscous liquids,
so-called “polymeric plasticisers”, which arc the most
recent innovations.in the plasticiser fields since, on
account of their high molecular weight {10-50,000),
they are non-volatile and do not diffuse from the
polymers with which they are used as plasticisers.
These materials constitute the group of so-called
“nonmigrating” plasticisers.

(3) Synthetic rubbers made by the reaction of sehacic
acid with selected glycols, the products heing capable
of cross linking either by poly-iso-cyanates (the Des-
modurs and Vulkollan of the I.G.) or with organic

8% 15, M. Briep, H.F.KippEer, C. M. Murpny, and W.A.ZIsSMAN,
Ind. Eng. Chem. 39, 484-91 (1947); D.C.Arkins, Jr. I R. BAKER,
C.M.MurruyY, and W. A. Zrsman, ibid. 39, 491-7(1947); G.M. Hain,
D.T.Jongs, R. L. MERKER, and W.A. ZISMAN, thid, 39, 500-6 (1947);
A.8.T.M. Symposium on Synthetic Lubricants, Special Tech. Publi-
cation No.77, cte.
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peroxides (“polyester rubber” of the Bell Telephone

Labs).

Synthetic fibres of the polyamide type; whilst adipic
acid used with hexamethylene diamine, gives rise
to the now well known Nylon of the American du
Pont coneern, interesting variations are being pro-
duced on an industrial scale using sebacic acid in
place of adipic acid. The effect is to give products
of a slightly more rubbery character and, on account
of the reduced incidence of amide groups, to give pro-
ducts of better resistance to hydrolysis. By the
choice of diamine, suitable combinations arise for
use in rayon manufacture, whilst partial admixture
with terephthalic acid in the Terylene serics also
gives interesting new polymers applicable as plastic
materials, as distinet from textiles for which the
ethylene-glycol terephthalic acid ester is itself most
suitable after drawing and erystallisation.
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Conclusion

It will thus be seen that the commercial availability
of sebacic acid has given a great assistance to synthetic
materials to which the acid itself or its derivatives con-
tribute properties not hitherto obtainable,

Schacic acid is so far unique, since it is probably the
highest molecular weight polyfunctional chemieal which
is commercially available between the ¢- and w-reaction
points of which there is a long normal alkyl chain
—[CH,jg—. It is unigue also because it is not so far
seen as derivable from either synthetic means or from
petroleum sources, Since it derives from an agricultural
product (castor oil beans), it is hased on a raw material
which arises each year and is not dependent upon
rapidly diminishing resources in the earth. It is a bril-
liant example of the use of cheruurgical methods (che-
micals from agriculture) assisting the modern synthetic
industries,





