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Abstract: The article presents results of copolymerization of allyl ether of caprylic acid -
allylcaprylate with styrene in line with radical mechanism, the influence of the main factors - the
composition of primary monomers and initiator consumption on the process, as well as results of
studies synthesized copolymer as a viscosity additive in the composition of lubricating oils. It
found that samples of synthesized polymer compounds are on a par with industrial additives of the
polyalkylmethacrylate type on improving viscosity-temperature properties, but have higher
operational characteristics than industrial additives in terms of resistance to thermal effects due
to the stabilizing effect of styrene units. The study into samples of synthesized copolymers as oil
additives showed that depending on specific requirement, a polymer compound of any molecular
weight can be synthesized in high yield for use as viscosity additive for these oils.
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Introduction

Obtaining of basic oils with high viscosity
index is one of the urgent problems of present-
day oil chemistry. The higher the viscosity
index value which characterizes viscosity-
temperature properties of oils, the lesser the
viscosity of oils changes due to the effect of
temperature and can be considered valuable.
Viscosity-temperature properties of oils are
determined with due regard for their chemical
composition, purification degree, development
level of production technology and so on. It is
possible to obtain a required value of viscosity
index by changing the above-mentioned factors.
The simplest, economically profitable and
rational way of oils production with high
viscosity index is the use of petroleum oils -
viscosity additives comprising a small amount
of polymer compounds, i.e. it is possible to
achieve any result with the least material
expenses.

Oil-soluble polymers and copolymers of
polyisobuthylenes, polyalkylmethacrylates and
other vinyl monomers are used as viscosity

additives [1-4]. However, these additives meet
no requirements of modern techniques on
resistance to destructive effects.

The analysis of research works on the
synthesis and study of polymethacrylate
additives shows that obtaining of complex ether
polymers are more promising than hydrocarbon
type polymers, for they are obtained by simple
technology and improve viscosity-temperature
properties of oils more effectively. From this
point of view, to expand the feedstock of
monomers used for obtaining of viscosity
additives complex allyl ethers were synthesized
and certain researches were carried out to obtain
synthetic and petroleum oils by polymerizing
them with vinyl monomers [5-8].

The present paper explores results of
experiments performed to obtain viscosity
additives for petroleum oils using allyl
monomers - allyl ether of caprilic acid (octanoic
acid) - allylcaprylate.

As is known, allyl monomers are not
polymerized separately; however, they easily
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enter into copolymerization reaction. That's why
obtained monomers (allylcaprylate) were co-
polymerized with styrene. Styrene is one of the
cheap monomers of oil chemistry and inclusion

of styrene units into open chain polymer
macromolecule gives stability to copolymers to
thermal impacts.

Experimental part

Allylcaprylate is obtained by influencing
caprilic acid with allyl alcohol through the well-
known etherification reaction.

Caprilic acid (octanoic acid) and allyl
alcohol were taken as a reactive. Both acid and
allyl alcohol are included into etherification
reaction in a freshly distilled form. Physical and
chemical properties of an acid: mol. mass Mr =
144.2, melting temperature Tmer. = 16.63°C,
boiling temperature Ty =239.3°C/760 mm
(124°/10 mm), refraction coefficient nD =
1.4280, density d,*° = 0.99089 g/cm®, physical
and chemical properties of

CH3(CH2)6COOH + CH; == CH----- CH,OH

allyl alcohol: mol. mass Mr = 58.8, melting
temperature Tper. = -129°C, boiling temperature
Thoil- = 97°C, refraction coefficient nD = 1.4133,
density d4® = 0.854 g/cm’.

The reaction was  methodically
performed as follows. Calculated amount of
reagents, certain amount of toluene (to separate
water by azeotropic distillation), KU-2 cationite
in the amount of 1% of reaction mixture were
added to three necked flask supplied with Dean-
Stark apparatus and the mixture was heated at
110-120°C temperature by mixing till water
boiling:

----- » CH3(CH2)6COOCH; CH=CH; +H, O

Upon completion of the process, KU-2
catalyst was separated from the filtering system,
the product was washed off with hot water
distilled in vacuum after traces of toluene and
allyl alcohol were separated. Obtained allyl
ether was used in copolymerization with
styrene.

Synthesized allylcaprate ether had the
following physical and chemical properties: Mr
=184, nD = 1.4276, d,*° = 0.909 g/cm®.

Styrene was used as a chemical reagent in
distilled form; its physical and chemical
properties were as follows: Mr = 104.15, nD =
1.5465, d*°= 0.909 g/cm®, melting temperature
Tmer. = -30.06°C, boiling temperature Tyl =
145°C.

Copolymerization was performed in
solution medium (hexane or heptane) with the
presence of dinitrile of azo-(bis)-isooil acid as
an initiator using radical polymerization
mechanism. The effect of copolymerization
condition on the properties of copolymer was
studied and the results given in Table 1.

The composition and structure of
synthesized compounds were studied using IR-
and NMR-spectroscopy methods.

Thermal resistance of synthesized
copolymer was determined by reduction of
viscosity depending on the probation occurring
in 5% of solution in Turbin "L" oil using known
technique [10].

Results and discussion

As Table 1 shows, the main factors
influencing the process are the composition of
primary monomer and amount of an initiator
(Table 1). The rise of styrene in monomer
mixture from 5% to 25% causes the increase in
the yield of copolymer from 25.0% to 91.3%
and molar mass from 3000 to 8000. This is
explained as being due to the fact that styrene
has a high polymerization property and the rise

in its amount in monomer mixture causes the
process acceleration and the rise in yield and
molar mass. Allyl monomers are not
polymerized  separately, i.e. form no
homopolymers and enter into polymer chain due
to copolymerization. Thus, amount of allyl
monomers must not be higher than 50 mol%
and when the amount of it exceeds the given
value the yield of copolymer and molar mass
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decrease. The increase of initiator amount from
0.3% to 1% raises the yield of copolymer,

however causes the decreases of molar mass
and this is typical for radical polymerization.

Table 1. Copolimerization of allylcaprylate with styrene

Copolymerization condition Character of

copolymerization

Amount of styrene Molar

inmonomer  |JAmount  of| Duration of | Temperature| Yield, mass| mass
mixture, mass % [initiator, % |process, hour (°C) %

5 1 4 75 25.0 3000

10 1 4 75 53.4 4000

15 1 4 75 60.8 5000

20 1 4 75 85.5 7000

25 1 4 75 91.3 8000

20 0.3 4 75 50.1 9000

20 0.5 4 75 71.2 8000

20 0.7 4 75 77.3 7500

20 1 4 75 83.4 7000

20 1 3 75 77.8 7000

20 1 6 75 79.9 7100

20 1 4 65 76.5 7200

20 1 4 85 81.5 7000

Temperature changes in the range of 65-
85°C and increase of polymerization duration do
not influence the process sharply while an
amount of initiator taken less than 1% causes
the decrease in yield and increase in molar
mass. That's why reaction conditions that
provide the high vyield and molar mass
parameters can be selected as follows:

e

H-—CH

COOR n

temperature 75 °C, process duration 4 hours,
amount of an initiator for monomer mixture -
1.0%. The structure of synthesized copolymer
was studied by IR- and NMR-spectroscopy
methods and according to results obtained the
following schematic general formula was
proposed for obtained copolymers:

H—CH—

n+m

here n = 8-19, m = 18-34, R - caprilic acid radical

Synthesized copolymer was studied as
viscosity additive for lubricants. The impact of
viscosity-temperature  properties of H-12A

petroleum oil on copolymer density with molar
mass of 8000 was studied and the results given
in Table 2.
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Table 2. Impact of copolymer density on viscosity-temperature of H-12A oil

i Kinematic viscosity of oil o
Densﬂyg;‘;;o(;olymer, concentrated at 100°C, Viscosity index (V1)
mm?/sec
0 3.11 89
0,5 3.67 104
1 4.22 114
2 5.53 132
3 6.29 134
5 8.03 136
7 9.09 136

As Table 2 shows, rise in the density of
oil copolymer from 0.5% to 5% led to the
increase in viscosity index (V1) from 89 to 138.
Further increase in density (7%) did not cause
the increase of viscosity index and that was
general regularity of concentrating oils. In
considering that the demand VI for concentrated
oils with viscosity of 8+0.5 mm?/sec at 100°C
must not be less than 125, according to Table 2,
we may obtain oil with required properties by
adding 5% of copolymer into H-12A oil.

The influence of molar mass of
synthesized copolymer on viscosity-temperature
properties of H-12A oil was studied. Oil was
concentrated and studied with copolymer at

100°C till kinematic viscosity reached 7.5-8.5
mm?/sec. Results were summarized in Table 3
and all samples used to concentrate oil met the
requirements for VI value. However, with the
reduction of molar mass it is necessary to
increase the amount of copolymer in oil content
to achieve the required value of viscosity of oil
and this is not economically effective. The
increase in molar mass causes decreases
resistance of copolymer in oil content to
destructive effects. Molar mass value of
copolymer to be used as a viscosity additive is
selected relevant to a certain demand put for
resistance of concentrated oil.

Table 3. Influence of molar mass of synthesized copolymer on viscosity-temperature
properties of H-12A oil

Characteristics
copolymer concentrated oil
. Kinematic viscosity at . .
0,
molar mass density,% 100°C, MM2/C viscosity index
10000 4.0 7.6 136
9000 5.5 7.9 133
8000 6.0 7.8 130
5000 9.0 7.9 128
3000 10.2 7.6 125
Polyalkyl methacrylate
10000 4.1 8.1 138
According to Table 3, examined samples Thermal resistance of synthesized

are in the same level with industrial viscosity
additive - polyalkylmethacrylate for improving
viscosity-temperature properties of H-12A oil.

copolymer samples was studied in comparison
with known viscosity additives
polyisobuthylene and polyalkylmethacrylate by
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heating their 5% solutions in turbine "L" oil at
200°C for 12 hours. It was determined that
synthesized copolymer exhibits higher operating
characteristics than polyalkylmethacrylate type
industrial additives due to its resistance to
thermal effects. For oil concentrated with
copolymer the reduction of viscosity due to
destruction is 7.0-7.5%, and this indicator is into

the range of 9.5-11.4 and 13.7*17.9% for
polyisobuthylene and polyalkylmethacrylates,
accordingly. These results show that the
inclusion of cyclic aromatic fragment in styrene
molecule into copolymer increases resistance of
obtained macromolecular compound to thermal
effects

Conclusion

Copolymers  of allyl ether -
allylcaprylate of caprilic acid with styrene were
obtained by means of radical copolyemrization.
Also, the composition of primary monomers and
amount of initiator - the main factors that
influence the process were determined. It
revealed that the rise in the styrene amount of
monomer mixture caused the increase in yield
of copolymer and molar mass. This was
explained as being due to the fact that styrene
had a high polymerization property and the
increase in its amount in monomer mixture led
to the process acceleration and increase in yield
of molar mass. The amount of allyl monomers
in copolymer of more than 50 mol% reduced the
yield of copolymer and molar mass. The
increase of initiator amount from 0.3% to 1%

raised the vyield of copolymer, however,
decreased the molar mass and this is believed to
be typical for radical polymerization.
Synthesized triple copolymer samples were
studied as viscosity additives to petroleum oils
and it found that depending on the demand may
use these oils as viscosity additives by
synthesizing any high molar mass copolymers
with high yield.

Since synthesized copolymer samples
are in the same level with polymethacrylate
industrial additives in terms of improving
viscosity-temperature properties of oils, the
results showed their higher operating indicators
in terms of thermal resistance and this case must
be explained by stabilizing effect of styrene
units.
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ALLILKAPRILAT-STIROL BIRGO POLI'MERI'N_I'N.SINTEZ.I' Vo SURTKU YAGLARINA
OZLULUK ASQARI KiMI TODQIQI

C.S. Hamidova, L.K. Kazimzada, E.I. Hasanova, E.U. Isakov, S.S. Babayev
AMEA akad. O. Quliyev adina Asqarlar Kimyas: Institutu

AZ1029, Baki sah., Boyiiksor sossesi, mahallo 2062 Tel.: (+9912)5149612
e-mail: c.hamidova@mail.ru

Moaqgalada kapril tursusunun allil efirinin - allilkaprilatin stirolla birga polimerinin padikal mexanizmi tizra
birga polimerlagmasinin, prosesa asas amillorin - ilkin monomer garisiginin va inisiatorun tasirinin va birga
polimerin siirtkii yaglarmin torkibinda ozliiliik asqart kimi tadgiginin naticalori verilmigdir. Miiayyon
edilmigdiv ki, sintez edilmis birga polimer niimunalori yaglarin ozliiliik-temperatur xassalorini
yaxsilasdirmaga gora polialkilmetakrilat tipli sonaye asqarlart ilo eyni saviyyada oldugu halda, termiki
tasirlara qarst davamliliglarina gora onlardan daha yiiksak istismar gostoricilarine malikdirlor ki, bu hal isa
stirol manqalarvn stabillasdirici tasiri ilo izah olunmalidir. Sintez olunmugs birga polimer niimunalarinin
neft yaglarina ozliliik asqarlart kimi todqiqi gostormigdir ki, talabatdan asili olaraq istonilon molekul
kiitlaya malik yiiksak ¢iximli birga polimerlar sintez edarak, bu yaglara ozliiliik asqart kimi istifado etmok
olar.

Acar sozlor: kapril tursusu, allil spirti, allilkaprinat, stirol, birga polimer, ozliliik asqari, neft yaglar

CHHTE3 COIIOTUHMEPOB AJ/VIH/IKAIIPHIIATA CO CTHPOJIOM H HCC/IIE/IOBAHHUE
HUX B KAYECTBE BA3KOCTHBIX ITPHCA/IOK K CMA30YHBIM MAC/IAM

LI I'amuoosa, JI.K. Kazumsaoe, 3.U. I'acanoea, 3. Y. Hcaxos, C.C. babaes

Hncmumym xumuu npucadox um. akao. A.M. Kynuesa Hayuonanvnoti AH Azepbaiiosxcana
AZ1029, baky, beroxwopckoe wocce, keapman 2062. Ten .. (+9912) 5149612
e-mail: c.hamidova@mail.ru

B cmamve npeocmasnenvi pesynomamol Uccied008anus cONOIUMEPUIAYUY ATIUI08020 IPUpPA KANPuioeou
KUCIOmMbl - QIAUIKANPULAMA CO CIMUPOIOM NO PAOUKATLHOMY MEXAHUSMY, GIUAHUSL COCMABa cmecel
UCXOOHBIX MOHOMEPO8 U pacxo0a UHUYUAMOpPA HA Npoyecc, a maxdce pe3yibmamsl UCCIeO008aAHUs
CUHME3UPOBAHHO20 CONOIUMEPA 8 KAYECBe 6A3KOCMHOU NPUCAOKU K CMA30UHLIM MACIAM. Y CMAHOBeHO,
4Ymo 00pasyvl CUHME3UPOBAHHBIX NOIUMEPHBIX COCOUHEHUU NO VAVHULEHUIO GA3KOCMHO - MEeMNEPAMYPHbIX
CBOLICME HAXOOAMCS HA 0OUHAKOBOM YPOGHE C NPOMBIUACHHBIMU NPUCAOKAMU NOJUATKUIMEMAKPUIAMHO20
muna, Ho umerom 0ojee 8biCOKUe IKCNIYAMAYUOHHBIE XAPAKMEPUCUKY, YeM NPOMbILULEHHbIE NPUCAOKU 1O
YCMOUYUBOCMU K MEPMUYECKUM B030CUCMBUIM, YMO 00VCIOGNIEHO CMAOUIUUPYIOWUM  Oelicmeuem
cmuponvubix 38enbes. Hccnedosanue obpazyos CUHMESUPOBAHHBIX CONOIUMEPOS G Kayecmee Npucaoox
NOKA3AN0, YMO 6 3A6UCUMOCIU OM KOHKPEMHbIX Mpebo6anHull, npeovasisieMblX K MAciam, Mo2ym Ovlimb
CUHME3UPOBAHbl NOTUMEPHBIE COCOUHEHUS. C PA3TUYHOU MONEKYIAPHOU MACCOU U BbICOKUM GbIXOOOM OJis
UCHONBL30BAHUS UX 8 KAYECMEE GAZKOCMHOU NPUCAOKU K MACIAM.

Knwuesvie cnosa: kanpunosas Kuciomad, aIIUI0SbIE CRUPM, QLIUIKARPULAM, CHUPOTL, CONOIUMED,
8A3KOCTHHbBLE NPUCAOKY, HepmsHble MACA.
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