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Seba eie Acid
By H. Jones, B. Sc. (Tech.)

Plastics Division—The Geigy Company Limited Manchester (England)

Sebacic acid is the highest member of the séries of 
aliphatic dicarboxylic acids for which there is a pré­
parative method suitable for industry. The method com­
prises the alkaline fission of ricinoleyl compounds, which 
yield, at the same time, the équivalent amount of oct- 
anol-2. The acid provides an intermediate for the manu­
facture of interesting new products in the realm of 
synthetic materials such as plasticisers, synthctic re- 
sins, polyesters, polyamides, etc. As a component of 
thèse materials, it endows them with a reduced sensiti- 
vity to température of their physical properties (vis- 
cosity of fluids, modulus of elasticity of solids), improved 
water résistance and good Chemical stability; compared 
with shorter chain dicarboxylic acids and those from 
aromatic sources, sebacic acid plastics usually hâve a 
better rubber-like elasticity. The sebacyl group is of 
low polarity, due to the high ratio of methylene groups 
(-CH2-) to the polar carbonyl groups (>C=0).

The naine 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 séries of dibasic aliphatic 
acids, represented by the general formula HOOC(CH2)U 
COOH, the members of which are known from n=0 
(oxalic acid) to n=20 (the eicosane acid occurring in 
Japan wax1). In the case of sebacic acid, n=8, so that 
the acid may be regarded as a derivative of either of the 
hydrocarbons, octane or decane. Hence the naines, 1: 8 
octane dicarboxylic acid or decane-di-acid.

1S.Shiina, J. Soc. Chem. Ind. Japan 43, 173B (1940).

Chemistry of the Formation of Sebacic Acid

No simple method for the préparation of sebacic 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 easily lend them- 
selves to the usual sequence of reactions (end group 
oxidation, or chlorination, reaction to form cyanide with 
subséquent hydrolysis to carboxyl, 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 ail useful methods is 
castor oil; essentially is it the ricinoleyl residue from 
which sebacic acid is produced. Usually, the ricinoleyl 
compound in the form of castor oil (a glyceridc which

contains approximately 87-88 % of ricinoleyl, about 7 % 
of oleyl radicals and lesser amounts of linoleic, stearic 
and dihydroxystearic acid glyccridcs), or the frec acids 
from castor oil, are treated under conditions of high 
températures with caustic alkalis such as sodium hydro­
xide. This reaction has been known for about a Century, 
but rescarches in récent years2 hâve led to the clarifica­
tion of the course of the reaction which clearly proceeds 
in two stages:

CH3[CH2]8CH(OH) ■ CH2CH:CH[CH2],COOH

(I)

A. CH3[CH2]5CO-CH3 + CH2(OH)[CH2]8COOH

(II) (III)

B. CH3[CH2]5CH(OH) • CII3 + COOH [CH2]8COOH + H2 

(IV) (V)

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

Other préparative methods of sebacic acid are known, 
but are not practised commercially. Thus, the dry di­
stillation (pyrolysis) of ricinoleic acid (or its glyceride) 
is known3 to proceed as foliows :

CH3[CH2]5CH(OH)CH2 • CH : CH[CH2]?COOH 
l

CH3[CH2]5CHO + CH2: CH[CH2]8COOH
(VI) (VII)

The reaction between compounds (VI) (heptyl aldéhyde) 
and (VII) (undec-10-enoic acid) does not occur in the 
same manner as the interaction between methylhexyl 
ketone and co-hydroxy decanoic acid so that a separate 
oxidative reaction (nitric, bichromate, etc.) is necessary 
to couvert compound (VII) into sebacic acid. It is known 
also that the yieldÿ of undec-10-enoic acid resulting front

2 G.H. Hargreaves and L.N.Owen, J. Chem. Soc. 194-7, 753-6.
3 Bussy and Lecanu, C.R. Acad. Sei. 21, 84; J. Phartn. Chim. 8, 

321 (1845); Buis, Ann. Chim. Phys. 44, 77 (1855); F.Krafft, Ber. 
dtsch. chcm. Ges. 10, 2034 (1877), 11, 2218 (1878), and E.Neison, J. 
Chem. Soc. 27, 507, 837 (1874).
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the pyrolysis process are low, but the technique is of 
further interest since by reaction with hydrogen halide 
(e.g. hydrogen bromide) and subscqucntly with ammo- 
nia, amino-acids may bc synthesised which are of great 
interest in the field of polymer chemistry4.

4 F. P. 958,178.
5 C.I.O.S, File No.XXXIII—50, Synthetic Fibre Developments in 

Germany, Part IL, p. 743-5.
6 B. LO. S. Report No. 266, New Technical Applications of Acetylene,

and F. LA.T. Technical Bulletin, T-l, Manufacture of Sebacic Acid
in Germany.

The classical inethod of Kolbe, calling for the electro- 
lysis of e. g. potassium cthyl adipatc, has been examined 
several times in the hope of dcvcloping an économie 
method for the production of sebacic acid; but the se­
veral stages for the préparation of the half-cster sait, 
the large clectrical énergies required and the further 
hydrolysis réactions needed, hâve so far prevented com­
mercial exploitation of this particular synthesis:

2CzH6OOC[CH2hCOO -* C^OOCICHJgCOO^IL + 2CO2

This method was the subject of serions study in Ger­
many where, during the war, castor oil was not easily 
available as the starting point for the highly desired 
sebacic acid5. Unsuccessful also was the possibility of 
synthesing sebacic acid through the Reppe technique 
using acetylene®.

Manufacture of Sebacic Acid

The original method of the alkaline fission of ricinoleic 
acid or its derivatives (ester, salts, glyceridcs, etc.) has 
been the subject of many technical investigations in 
récent times. Always, the main object has been the 
development of industrial processcs with good yiclds 
and researchcs hâve been on the Unes of improving the 
reaction conditions since, from the point of view of plant 
design and good chemical engineering principles, it is not 
easy to heat castor oil, or ricinoleic acid soaps, at very

Figure 1. General view of sebacic acid plant showing: (a) Reactor 
House, (b) Capryl Alcohol distillation coluinn, (c) Pump Houses and 

bulk storage vessels

high températures and to keep the mass in a homo- 
geneous form. Also, capacious fusion pots are required 
since severc foaming of the highly viscous reaction mass 
occurs; rapid and even heating is required, since over- 
heating as well as slow heating is dctrimcntal. The pro­
vision of adéquate stirring for rapid movement and turn­
over of the thick soap mass is important. The design 
and choice of constructional material for the plant is 
clearly of the highest importance ; attention must be paid 
to the corrosive effects of alkalis at high températures.

Many methods are discusscd in the literature for the 
improvement of the reaction conditions, but chiefly the 
improvements dépend upon one or more of the following:

(a) The use of conccntrated aqueous solutions under high 
pressures and high températures’.

(b) The use of ricinoleyl alcohol as starting material .8
(c) Slow controllcd addition of alkali in order to mini­

mise foaming9.
(d) Carrying ont of the process in two stages:

1. to givc w-hydroxy dccanoic acid10,
2. oxidation of the latter to sebacic acid.

(c) Introduction of inert liquid diluents to minimise 
foaming and to facilitate stirring and homogeneity 
of the réaction mass, e. g. minerai oil9.

At the present time, sebacic acid is made on an in­
dustrial scale by two Companies in the U. S. A. and by 
one in the United Kingdom. The latter company arises 
by the collaboration of one of the American manufac- 
turers, The Hardesty Chemical Company Inc., with the 
Gcigy Company Limited, of Manchester, England. This 
is the so-called Geigy-Hardesty Company Limited, whose 
manufacture of sebacic acid and octanol-2 has just com- 
meneed in England. The process which is used is based 
upon that employed by the Hardesty Company in the 
U. S. A., but embodies certain refinements.

Esscntially, the process employed satisfies most of the 
chemical requircincnts already discusscd, but above ail, 
it can be stated that succcssful économie industrial pro­
duction is reachcd by the application of good chemical 
engineering principles. By these means, a plant is now 
in being which is the most modem in the world and is 
now providing, for the first time in Europe, thèse impor­
tant new Chemicals on a large industrial scale.

The style of the plant is shown by the illustrations 
(Figure 1).

After the reaction between the alkali and the ricinoleyl 
compound has been elfected, and the octanol-2 has been 
steamed out of the mass, the aqueous solution of the 
so-called “sebacic sait” is treated with acid, firstly to 
precipitate the remaining or unchanged monobasic acids 
and sccondly, to precipitate the sebacic acid itself. 
Aceording to the degree of purity required, further

’ U. S. P. 2,182,056 and 2,217,516.
8 U. S. P. 2,304,602.
9 U. S. P. 2,217,516 and B. P. 534,322.

10 U.S.P.2,217,515.
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solution in alkali, carbon/earth decolorisation and pré­
cipitation are necessary. For the highest qualifies, rc- 
crystallisation from solvents, e. g. o-dichlorobenzene11, 
becomes désirable. The quality of the sebacic acid which 
arises varies from 98 % to almost 100 % purity aceording 
to the method of refinement employed. For most tech­
nical processes in industry a grade of 98 % minimum is 
satisfactory. A description of this grade is as follows:

11 F. D. Report No. 2136, 46, Über die Herstellung von Sebacinsäure.
12 Beilstein, Handbuch der Organischen Chemie, 4th Edition, II, 

718; Voerman, Reçu. Trav. Chim. 23, 272.
13 Beilstein, Handbuch der Organischen Chemie, 4th Edition, II, 

718; Beilstein, Handbuch der Organischen Chemie, 4th Edition, II, 
First Supplement, 293.

11 Beilstein, Handbuch der Organischen Chemie, 4th Edition, 
II, 718; Krafft et al., Ber.dtsch.ehern.Ges. 22, 818.

Purity (calculatcd as sebacic acid) . . . 98%min.
Colour (of 20 % w/w solution 

in 7 % aminonia)............ 200 Hazen max.
Crystallising point....................................... 131 °C. min.

Sebacic acid cornes into use as a white, free flowing 
powder having a mild fatty acid odour (Figure 2). It is 
very lowly water soluble (below 0.1 % at 20 °C.) but is 
soluble in alcohols, esters and ketones. In hydrocarbons, 
chlorinated hydrocarbons and ether, it is very lowly 
soluble.

The highest recorded melting point is 134.5 °C.12, 
whilst the degree of acidity is shown by its neutral 
reaction to helianthin and the values of its dissociation 
constants :

Kx = 2.6 x IO’5 and K2 = 2.6 x IO"8. 13

Its boiling point at 100 mm. is 294.5 °C.11
The aqueous distillate of capryl alcoliol (octanol-2) is 

separately refined by modern distillation methods (multi­
plate and high-renux ratios) and Icads to a high grade 
of alcohol used, inter alia, for the production of plasti- 
cisers (phthalate, adipate, sebacate, etc.) as anti-foam 
agent, in lacquers, in solvent processes and for synthe- 
tical processes calling for the introduction of C8-groups. 
The purpose of the distillation is firstly to remove the 
water and secondly to eliminate the small quantities 
of methylhexyl ketonc which arise to an extent pro­
portional to the dcgrec of reaction between methylhexyl 
ketone and co-hydroxy decanoic acid, which in practice 
is never, of course, 100 % complété. The boiling range 
of technical quality capryl alcohol is 173-180 °C., whilst 
with good refining the content of methylhexyl ketonc 
falls below 1 %.

Chemical Applications of Sebacic Acid

The properties of sebacic acid are the convcntional 
ones expected of carboxylic acids generally. Thus, the 
formation of salts, esters, amides, anilides and the like, 
proceeds normally in two stages aceording to whether 
one or two carboxyl groups are concerned in the reaction.

Outstanding, however, are the reactions which arise 
from the présence of two carboxyl groups, situated at 
the ends of a long alkyl chain, in the sense of the poly- 
functionality, the concept of which is due to Kienle, 
Carothers, et. al. The molécule can thus be combined 
with other reactants, on the onc hand to form dicsters, ctc..

Figure 2. Sebacic Acid produccd as fine, free flowing granules

by reaction with two molécules of a mono-hydric alcohol 
and, on the other hand, to form “polymeric” materials 
by reaction with di-, tri-, or higher functional materials 
such as glycols and other polyhydric alcohols, diamines 
and so on.

(a) l)i-esler Plasticisers

In the first case, reaction with monohydric alcohols 
gives rise to extremely useful esters. These are well 
established as high efficicncy plasticisers, since they com­
bine the essentials of plasticiser activity:

(1) The presence of two polar carbonyl groups in the 
ester structure which are conducive to good mixing 
or solvent power for synthetic resins and,

(2) The présence of a long normal hydrocarbon chain 
(-(CH2]8-) which is conducive to a low température 
coefficient of viscosity, a property which is inuch 
sought after in the fields of plasticisers and polymer 
chemistry generally, since the plastic materials madc 
therewith show a minimum change of physical pro­
perties with change of température.

Oftcn these factors work in opposition, since the two 
carbonyl groups of sebacic diesters givè the necessary
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polarity for the mixing with polymers, whilst the long 
hydrocarbon chain bctween them gives the opposite 
cffect. Fortunately, however, the choice of alkyl groups 
(from the monohydric alcohol cmployed) is a means of 
controlling the overall behaviour of the sebacic acid 
ester plasticiser. Thus, dimethylglycol sebacate mixes 
with polymers of medium to high polarity (cellulose 
nitrate, cellulose acetate, etc.) 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 normal séries of esters used as 
plasticiscrs, they show a lowcr vapour pressure and con- 
sequcntly give botter ageing compositions (Table 1).

Table 1. Molecular Weight of Diesters of 2-cthylhexanol and 
the Weight Ageing Losses from Polyvinyl Chloride Compounds 

made with the same esters

Adipate 
(D.O.A.)

Phthalate 
(D.O.P.)

Sebacate 
(D.O.S.)

Molecular weight of ester . 370 390 426
% loss on ageing of Poly­
vinylchloride compounds . 9.6 2.0 1.1

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

Table 2. Effect of température on the Modulus of Torsional 
Rigidity of the plasticiscd Polyvinyl Chloride Compounds 

dcscribed in Table 1

Plasticisers 
used in

P. V. C. Com­
pounds

Modulus of Torsional Rigidity 
kgs/cm2, at.

Ratio of
Values at
-40 °C. 

and
+ 60 °C.-40°C. -20°C. 0°C. 20°C. 40°C.60°C.

Di-2-cthylhe- 
xyl Adipate 
(D.O.A.) ... 955 240 74.1 26.9 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-cthylhc- 
xyl Sebacate 
(D.O.S.) ... 1410 183 151 61.7 26.3 15.9 89

The viscosity-tempcrature properties of plasticiscrs 
based on sebacic acid are of considérable interest in 
plasticiser technology. The customary portrayal of these 
properties is on either the Ubbelohde or A.S.T. M. 
viscosity charts, which plot the double logarithm of the 
viscosity against T°A. Figure 3 shows the effect of the 
sebacic acid rcsiduc in a séries of octyl esters commonly 
used as plasticiscrs.

Figure '3. Viscosity characteristics of 2-cthylhcxanol 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 tempéra­
ture than is the case with esters from other acids.

For thèse reasons of attractive viscosity properties, 
synthetic diesters of the type of D.O.S. are finding 
favour in other fields, e.g. as hydrocarbon replacements 
in the production of low température grcases15.

(b) Polymerie Applications of Sebacic Acid

The polyfunctionality of sebacic acid is best applied 
in the production of the following matcrials for industry : 

(1) Synthetic rcsins of the alkyd or polyester type, pro- 
duced by reaction with glyccrol, pentaerythritol, tri- 
methylolpropane, etc. These are used as such, or 
modified with long chain fatty acids (lauric, palmitic, 
ricinoleic, etc.) in surface coatings and in the floor 
covering industry.

(2) Synthetic matcrials, also of the alkyd type, made by 
reaction with dihydric alcohols 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. 
Thèse matcrials constitute the group of so-called 
“nonmigrating” plasticisers.

(3) Synthetic rubbers made by the reaction of sebacic 
acid with sclccted glycols, the products being capable 
of cross linking either by poly-iso-cyanates (the Des- 
modurs and Vulkollan of the LG.) or with organic

15 E.M.Bried, H.F. Kidder, C.M. Murphy, and W. A. Zisman, 
Ind. Eng. Chem. 39, 484-91 (1947); D.C. Atkins, Jr. H. R. Baker, 
C.M.Murphy, and W. A.Zisman, ibid. 39, 491-7(1947); G.M. Hain, 
D. T. Jones, R. L. Merker, and W. A. Zisman, ibid. 39, 500-6 (1947); 
A.S.T.M. Symposium on Synthetic Fabricants, Spécial Tech. Publi­
cation No. 77, etc.
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peroxides (“polyester rubber” of the Bell Telephone 
Labs).

(4) Synthetic libres 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, intcresting 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 aceount 
of the reduced incidence of amide groups, to give pro­
ducts of better résistance to hydrolysis. By the 
choice of diamine, suitable combinations arise for 
use in rayon manufacture, wliilst partial admixturc 
with terephthalic acid in the Terylene séries also 
gives intcresting new polymers applicable as plastic 
materiais, as distinct froin textiles for which the 
ethylene-glycol terephthalic acid ester is itself most 
suitable after drawing and Crystallisation.

Conclusion

It will thus be seen that the commercial availability 
of sebacic. acid lias given a great assistance to synthetic 
materiais to which the acid itself or its derivatives eon­
tribute properties not hitherto obtainable.

Sebacic acid is so far unique, since it is probably the 
highest molecular weight polyfunctional Chemical which 
is commercially available between the a- and co-reaction 
points of which there is a long normal alkyl chain 
~[CU2]8-. It is unique also because it is not so far 
seen as dérivable from either synthetic means or from 
Petroleum sources. Since it dérivés from an agricultural 
product (castor oil beans), it is based on a raw material 
which a ri s es eaeh year and is not dépendent upon 
rapidly diminishing resources in the earth. It is a bril­
liant example of the use of chemurgical methods (Che­
micals from agriculture) assisting the modern synthetic 
industries.




