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SOME PROBLEMS IN THE SYNTHESIS OF THE
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Industrial production of the mono-unsaturated fatty acid dimers has
been started only about 30 years ago. These compounds have appeard
to be very valuable intermediates for the manufacturing of the nume-
rous products of wide application. They are mainly used in the plastic,
synthetic adhesive, and paint industry. Metalic salts of dimerized fatty
acids are used as emulsifiers in the emulsion polymerization, and also
as the lubricant additives. Dimers in ester form are used as low vis-
cosity lubricants, and as stabilizers of the synthetic resin emulsions.
Polyester resins based on fatty acid dimers are used as raw materials
for the manufacturing of the temperature and chemical resistant la-
minates. Products of the reaction of isocyanates with the polyesters of
fatty acid dimers are very good raw materials for the manufacturing
of the polyurethane foams. Polyamides of dimers are used as the har-
deners of the epoxy resins.

Such wide application of the dimerized fatty acids is the result of
their unique properties and the manufacturing of these products under
the industrial scale [1-3].

Fatt acid dimerization consists in the union of the two molecules.
Irrespective of the method of dimerization reaction yields a mixture
of dimers, trimers and higher polymers. Composition of the reaction
mixture depends upon the type of raw material, the method of dime-
rization, and the process parameters (Table 1). Dimers (trimers) hig-
her polymers ratio has a primary effect on such physical properties
of product as viscisity, refractive index etc.

Unsaturated fatty acids, chiefly oleic and linoleic acids, are used as
raw materials in the industrial scale production.

According to M.J.A.M. den Otter ionic dimerization of oleic acid
consists in the interim formation of the linoleic and stearic acids from
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the two molecules of the oleic acid in the result of the hydrogen trans-
fer reaction. Then a molecule of the linoleic acid reacts with the anc-
ther moclecule of the same acid or with the molecule of the oleic acid.
Dimers containig the cyclohexene ring represented by the following
structures are formed:

These products may contain one or two ethylenic bonds.

Some examples of the dimerization of the oleic acid are given in
Table 2.

Products obtained in the dimerization process consist of monomers,
dimers, higher polymers and some products of side-reactions. These
are chiefly linear and cyclic hydrocarbons with straight and branched
chains and CO,. Dimerization process never precedes with the stechio-
metrical yield, and the yield depends upon the method of dimerization
and process conditions. Achieving the maximum yield at the lowest
higher polymer content is the main problem in search for the optimal
dimerization process conditions. An important problem is also achie-
ving products of defined structure. -

In the work carried out in the Institute of Industrial Chemistry
the dimerization of the technical grade oleic acid (Table 3) was per-
formed by ionic method with the natural acid-activated clay catalyst
containing less than 20%0 of oxides of trivalent metals (Al;03;, FeyOj).
Al,O3/Fey0O3 ratio varied from 7 to 9. Composition of the clay is given
in Table 4.

Dimerization process carried out at 180-260°C, under the pressure
of 10-20 atmospheres with, or without water was studied in our work.
After the process had been completed gaseous and volatile products we-
re released. Gaseous products ! contained:

CO, 16-20%0 by volume

CH==CH
CH*—I(CH®)P—CH \CH —(CH®)*— COOH
CH’—(CHS)*—\CH—Cé—(CHS)‘-—COOH

oL
CH=CH
CH—ICH? —cﬁ \CH —(CH’F—COOH

CH*— (CH®)>— CH— CH—CH==CH— (CH’F*—COO0H

1 Researches carried out in Analytical and Physicochemical Laboratory. Insti-
tute of Industrial Chemistry.
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Table 1
Type and structure of oleic and linoleic acid dimers relating to the method
of dimerization
Number of
Fatty acids Method of Dimer structure unsaturated Particular Reference
dimeriza- bonds in  dimer type
tion molecule  content, %
Oleic thermal 1. monocyclic: cyclobutane
and cyclopentane rings, 0 30
2. linear 1 40 5
3. linear 2 30
ionic monocyclic: cyclohexene
ring with saturated and
unsaturated side chains av. 2 6
radical linear with tow content
of cyclic products 2 about 100 7
Linoleic thermal 1. monocyclic: cyclohexene
ring with saturated and
unsaturated side chains 2 275
2. bicyclic: two cyclohexene
rings or one cyclohexene
and one cyclopentene ring 2 50.0 8
3. tricyclic: one cyclohexene
ring, others unknown 2 22.5
ionic 1. monocyclic: benzene ring
with saturated and unsa-
turated side chains 50 9
2. bicyclic with benzene 39
ring, structu- 2 11
3. tricyclic  re of others
rings unknown
radical linear ' 4 7 7

CO 1.8-3.9% by volume
O, 0.23-0.4% by volume
Unsaturated hydrocarbons with molecular weight of 70 and 96 vo-
latile products consisted of water, and straight and branched hydro-

carbons.

Organic impurities, which condensated out with water vapour, are
easily biodegradated and do not need any preliminary chemical treat-
ment. Obtained product was separated from the catalyst on a pressu-
reless fliter. Filtrate consisted of a mixture of dimers and monomers.
Its characteristics was following:

Solidifying point,

Viscosity at 25°C,

19-25
240

20
cP

at 45°C, cP
at 80°C, cP

90
25
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Table 3

Composition of the oleine used in the
dimerizetion process

Fatty acid %> by weight

Cs 0.1

Cio 0.1—0.2
Ci, 0.2
Cis:o 1.7—1.8
Cis i1 0.7—0.8
Cis 22 0.2—0.3
Cis 0.2—0.4
Cis 2o 7.7—8.2
Cis 1 5.4—5.6
Cis 23 0.6

C,, 1.2—1.6
Cinto 1.5—2.5

L SN 68.9—69.4
Cis 2, 6.0—6.5
Cis '3 1.0

Cis 23 2.0—2.2
Unidentified matter 6.8—0.9

Table 4

Composition of clay used in dimerization process

Main components %> by weight
SiO, 61.1—65.5
AL O, 15.4—17.1
Ignition losses
(including water) 11.5—14.9
Moisture content (at 105°C) 3.0—9.0
pH of 29, solution 3.9—5.8

Monomeric acids were eliminated by the thin film distillation. They
Consisted of C,g-Cyy, saturated and unsaturated fatty acids with high
content of various types of isomers. These acids can be dimerized with
the yield of 12%, and dimers with quite different properties than oleic
acid dimers are obtained.

In the course of the experiments we have succeded to assess the
effect of several factors, which have an important influence on the di-
Merization of the oleic acid.

Water content has a possitive effect as well on the catalyst activi-
ty as on the protection of rew material against decarboxylation. Water
shows also the stabilizing effect on the degree of polymerization. Ap-
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plication of the clay catalyst with less than 20% of the trivalent metal
oxides enables to obtain products with low trimer content.

Dimerization carried out within the higher range of temperature
produced an effect of an increase of the raw material reaction, but
simultanously the decarboxylation process took greater part, giving an
increase of the trimer and unsaponifiable matter content. Carrying the
process within the low range of temperatures gave an increase of the
time of the reaction and a decrease of yield. One the first method of
the fatty acid dimerization was the thermal polymerization. Actually
this method is modified by the application of the catalyst and elevated
pressure. Fatty acid dimers can be also obtained by ionic method car-
ried out in the presence of an acid-activated silica-alumina catalyst
and, by the combination of these two methods.

Typical thermal polymerization consists in the prolonged heating of
the fatty acids at 250-350°C in the atmosphere of an inert gas. In the
result, of the reaction a mixture of polymers of various moleculare
structure is obtained. Final product contains more than 30% of higher
polymers.

Among the ionic methods of fatty acid dimerization a method with
montmorillonite type clay catalyst is mostly used. In this method fatty
acids or their esters are heated at 250°C for several hours in the pre-
sence of the catalyst clay and water, under the pressure of 15 atmo-
spheres.

Pressure in the autoclave depends upon the process temperature
and water content.

Characteristics of the technical grade dimers obtained under the

Table 5

Physicochemical properties of dimers prepared from oleine and from
recycled fatty acids

Dimers prepared

: ared
Dimers prepar from recycled fatty

from oleine

acids
acids
Acid value 170—190 148—158
Saponification value 192—200 162—190
Iodine value 80—100 41—75
Monomer content, %, 8—8 13.5—18.5
Unsaponifiable matter
content, %, 0.5—1.5 1.5—4
Viscosity, cP at 25°C 5500—8500 14700—24000
35°C 1400—2100 2800—4300

80°C 200—300 300;;55Q -
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optimal conditions from the technical grade oleic acid and from the re-
cycled fatty acids is shown in Table 5.

Dimers obtained from the recycled fatty acids had higher viscosity,
lower iodine value and higher unsaponifiable matter, monomer and
trimer content. These properties indicate on the lower quality of these
products.

Faty acid dimers obtained from the technical grade oleic acid in a
single-stage process consisted of:

Monomers less than 5%,

Dimers more than 85%,
Trimers less than 10%b.
CONCLUSIONS

Single-stage dimerization of the oleic acid, carried out by ionic me-
thod with the activated clay catalyst containing less than 20% of triva-
lent metal oxides, enables to obtain the low viscosity dimers with the
iodine value similar as for the raw material. Dimer to trimer ratio does

not exceed 0.1.
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B. Rybczynska, W. Siemaszko

PROBLEMY SYNTEZY DIMEROW KWASOW TLUSZCZOWYCH
JEDNONIENASYCONYCH

Streszczenie

Dimery kwasoéw tluszczowych jednonienasyconych, obok dimeréw kwaséw
wielonienasyconych, znajduja coraz szersze zastosowanie przemystowe. Zaleznie od
metody ich otrzymywania charakteryzowaé si¢ beds r6zng budowa. Przeprowadzo-
no badania otrzymywania dimer6w metodg jonowa z uzyciem naturalnego glino-
krzemianu aktywowanego kwasem. Chemizm tego procesu jest zlozony. Podstawe
stanowi reakcja przeniesienia wodoru. W wyniku reakecji powstajg dimery zawie-
rajagce pierScien cykloheksenowy w czasteczce. Obok dimeré6w powstaja produkty
dalszej polimeryzacji — trimery i produkty ubocznych reakcji, weglowodory linic-
we i cykliczne z lancuchami prostymi i rozgalezionymi. Weglowodory dajg sie
oddzieli¢ od dimeré6w w czasie przebiegu procesu technologicznego, natomiast od-
dzielenie trimeréw jest sprawg trudng. Zastosowane warunki syntezy pozwolily na
maksymalne obnizenie zawarto$ci niepozgdanych trimeréw.

BE. Pubuunvexa, B. Cemawxo

JIPOBJIEMBI CMHTE3A JVMMEPOB MOHOHEHACBHIIIEHHBIX 2KUMPHBIX
KMCJIOT

Pe3omMme

JIMepbl MOHOHEHACBLIMIEHHBIX XMPHBIX KMCJIOT HaXO4AT, HaApAAy € JAMMepaMu
TIIOJIMHEeHAaChINEeHHBIX KUCJOT, Bce 6onee mMpoOKoe INPUMEHEHMe B IIPDOMBIIIJIEHHOCTH.
OHM XapaKTepU3YIOTCH Pa3HOM CTPYKTYPOJ, B 3aBUCUMMOCTM OT MeETOJa MX IIOJyde-
Husa. IIpoBOAMIMCHL WMCIEZOBAHMA II0 HOJYYEHMIO JAMMEDPOB MOHHBIM METOJOM IIPH
MCIIOJIL30BAHMY IPMPOAHOTO aJjIOMOCUJIMKATAa AaKTUMBUMPYEMOro KMCJI0TON. XMMu3M
9TOro mnpomnecca ciaoXubni. OCHOBOM ABJAETCHA PeakKlMa IepeHoca BOAOPOAA. B pe-
3yJIbTaTepeakuuy o00pa3yrwoTca AMMEpPBI Ccojepzkaluye IMKJOTeKCEeHOBBbIe KOJIbIIO B
mosiekyne. Hapany ¢ aumepamMu o6pasyloTca NPOAYKTHI JAaJIbHEMIIEN IoJmMepu3a-
LM — TPUMEDPb! M NPOAYKTHI NMOBGOYHBIX peakIpii, JMHENMHbIEe M LMKJMYecKue yrie-
BOMOPOABICIIPAMBIMM M Pa3BETBJIEHHLIMM LENAMA. YTJIEBOAOPOALI MOTYT OTAEJIATHCA
OT AMMEpPOB B XOJe TEeXHOJOTMYECKOro IIpolecca, OTJeJIeHMe JKe TPUMEPOB 3aTPYA-
HUTeNnbHO. IIpMMeHeHHbIe YCJOBUS CUHTE3a IMO3BOJMJIM MaKCHMMAJBHO CHU3UTH CO-
IOepXaHue HeXKeJlaeMbIX TPUMEPOB.



