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Abstract. Synthesis of cooligomers with epoxy groups
was studied. They were synthesized by epoxidation of
unsaturated petroleum resins obtained by heterogeneous
catalytic oligomerization of liquid pyrolysis products Cqg
fraction. The degree of unsaturated bonds conversion and
the selectivity of epoxidation process were calculated. The
properties of epoxydized cooligomers were determined
and analyzed. The structurization of synthesized products
in the composition of composites with epoxy resn ED-20
was studied.

Keywords. petroleum resins, Cg fraction, heterogeneous
catalytic oligomerization, epoxidation, epoxydized
petroleum resins.

1. Introduction

The fractions of liquid pyrolysis products (LPP)
utilization is an actual problem having both economical
and ecological importance. Production of the
cooligomeric products (petroleum resins) from these
fractions, having a wide range of applications, is the most
reasonable way of their utilization [1]. Our approach
consists in synthesis of named products by heterogeneous
cataytic method. Silicasalumina materials including
natural and synthetic zeolites and various clays were used
as acid type catalysts. The catalysts were activated by the
acid before use. The activated natura clays such as
bentonite clay and palygorskite were found to be the most
effective ones among the studied catalysts[2].

The important feature of petroleum resins (PR)
obtained from Cy fraction of LPP by heterogeneous
catalytic method is their high unsaturation. The products
bromine number reaches 83.8 g Br,/100g when using
activated bentonite clay as a catayst [2, 3] and
73.8 g Br,/100g when using activated palygorskite [3].

Presence of unsaturated bonds in the mentioned
cooligomers enables their further modification to produce
functionalized products.

Oxygen-containing functional groups (carboxyl,
hydroxyl, epoxy groups, etc.) among the functionalized
oligomers products arouse considerable interest. Among
them oligomers with epoxy groups deserve speciad
attention. The reason of such attention to these materialsis
that the products made of them have universa
mechanical, electrical and physical properties. Besides,
these oligomers have good compatibility with various
polymer materials, facilitating properties of the latter ones.
The important property of oligomers having epoxy groups
is their ability to come to crosslinked state. Moreover this
transition proceeds at law temperatures (including ambient
temperature) and in arelatively short time.

Considering above said, the task was sa to
produce cooligomers with epoxy groups from the
petroleum resins previously synthesized by heterogeneous
catalytic oligomerization method.

Crosdinking of polymers is one of the main ways
of their structure modification that allows to facilitate a
number of operational properties: strength, cracking
resistance, resistance to solvents and high temperatures,
etc. [4]. The chemical structurization including carrying
out of chemical reaction between monomers or oligomers
in athin layer on a substrate is the most widespread. As a
result, branched and crosdinked polymers are formed. It is
known from literature [1] that PRs are used as additions to
polymer mixtures in case of protective coatings (including
anticorrosve coatings) based on them. The industrial
epoxy resins are the main component of the mentioned
composites. Products based on the epoxy resins are
notable for good physico-mechanical properties as well as
resistance to corrosve mediums [5]. Combination of
epoxy resins with various oligomers allows to facilitate
the properties of composites based on such mixtures
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compared to epoxy resin itsdf [6]. The composites
prepared from the industrial epoxy resins and unsaturated
oligomers with functional groups deserve special
attention. To produce composites with good physico-
chemical and mechanical properties as well as high
resistance to corrosion mediums, it is necessary that all
components were interlinked into a single three
dimensional polymer. The synthesized epoxydized
petroleum resins (EPR) suit well for this purpose. The
second part of the current paper is devoted to the issue of
preparing composites based on EPR and the industrial
epoxy-dianeresin ED-20 as well astheir structurization.

2. Experimental

2.1. Object of Research

The objects of our research were cooligomers
obtained from Cy fraction of diesel fuel pyrolysis liquid
products in the presence of heterogeneous catalysts of sili-
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Stopping of the chain mainly occurs by the
reaction (3), although transition of the chain to the
monomer (4) isalso possible:
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Knowing Cg fraction compasition, we can analyze
the nature of al possible unsaturated bonds present in the
final cooligomer product.

The main source of cooligomers unsaturation
obtained from Cy fraction is dicyclopentadiene (IUPAC
nameis [5.2.1.0>%|deca-3,8-diene). It contains the strained
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caalumina nature. These cooligomers mainly consist of
styrene and dicyclopentadiene links as the main
unsaturated components of the Cg fraction are styrene
(19 wt %), dicyclopentadiene (18 wt %) and vinyltoluenes
(8 wt%). Besides these substances, a-methylstyrene
(<2 wt %), indene (<2 wt %), alylbenzene (<1 wt %)
and other unsaturated compounds are constituents of Cg
fraction. The total content of unsaturated substances in the
fraction is about 56 wt %. The main saturated component
of Cy fraction is xylene. The catalysts preparation and
synthesis of cooligomers were carried out by technique
described in our earlier papers[2, 3, 7].

Before further statement the nature of synthesized
cooligomers unsaturation should be analyzed considering
Cy fraction composition and heterogeneous catalytic
oligomerization mechanism.

Oligomerization on Bronsted active surface side
may be represented by the following scheme (e.g. for
styrene), where (1) — chain initiation, (2) — chain growth,
(3) —stopping of the chain.

0-i—0"¢H 2
A4

e
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ring, and two double bonds (norbornene and cyclopentene
ones) initsmolecule.

Thus, when oligomerization of dicyclopentadiene
(DCPD) occurs by norbornene bond the cyclopentene
bond remains:

When DCPD oligomerization occurs by the
cyclopentene bond the norbornene bond remains:

During DCPD oligomerization rearrangement of
growing carbocation, resulting in somewhat different links
formation, is also possible. But in case of heterogeneous
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catalysis such rearrangement is much less probable
compared to homogeneous catalysis.

In addition to above mentioned mechanisms of
DCPD oligomerization, which consist in oligomerization
by norbornene or cyclopentene double bond, another
mechanism of its oligomerization is possible, namely the
ring opening metathesis oligomerization with the opening
of norbornene ring.

In this case the cyclopentene double bond remains
and vinyl bond arisesinstead of norbornene one:

SN

In case of such mechanism of DCPD
oligomerization the number of double bonds is not
reduced and consequently the most unsaturated product is
obtained.

Oligomerization by both DCPD double bonds, that
is theoretically possible in a homogeneous catalytic
process, isimpossible in this case. Since active sites are
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fixed on the surface, DCPD molecule bound with a
surface active site by one unsaturated bond cannot interact
with other site by another double bond.

The other Cq fraction components such as styrene,
a-methylstyrene, vinyltoluenes, alyibenzene and indene
cannot be the source of unsaturated bonds in the middle
part of macromolecule. However, they (as well as
dicyclopentadiene) may be the source of unsaturation at
the end of cooligomer chain. Unsaturated bond arises at
the end of oligomer chain when it is detached from the
active site with proton detachment and active site
regeneration (see oligomerization scheme given above).
Regarding above said, it may be concluded that some part
of total unsaturation is caused by this unsaturated bonds at
the end of the cooligomer molecules. The contribution of
these bonds in total unsaturation is greater the cooligomer
molar weight issmaller.

Considering Cy fraction composition we can state
that cooligomer may involve the following double bonds,
depending on which the compound is at the end of
cooligomer chain.

Styrene

Alylbenzene

a-Methylstyrene

Indene Dicyclopentadiene

__ HaC,

HoC

05
'

When vinyltoluen link is at the end of PR molecule
everythingissimilar asfor styrene.

All possible unsaturated bonds, present in
molecules of cooligomer obtained from C, fraction, are
listed above. They determine PR unsaturation. Based on
Cy fraction composition it is evident that most of double
bonds bel ong to dicyclopentadiene and styrene links.

High bromine number values of PR, obtained by
heterogeneous catalytic oligomerization, indicate the
possibility of effective DCPD oligomerization by this
method. Besides, there is reason to assume that DCPD
oligomerization largely occurs by metathesis mechanism
with opening of the norbornene ring.

2.2. Technique of Cooligomers
Epoxidation

4 g of cooligomer sample were dissolved in 17 ml
of toluene. The prepared 20 % solution was loaded into
the reactor and thermostated to the temperature of 303 K.

After establishing the process temperature required quality
of oxidant was added to the reactor drop by drop. An
oxidant mixture of the following composition: peracetic
acid — 16.6 wt %, hydrogen peroxide — 21.0 wt %, acetic
acid — the rest, was used. Besides, the mixture contains
small amount of water. In this case the peracetic acid is
the main reactant. The choice of this oxidant is motivated
by the fact that it is produced commercialy with the brand
name “ Dezosept Forte’ and is rather cheap. Moreover this
product is adapted for transportation and long storage. The
oxidant was added in such amount to provide 15 % molar
excess of peracetic acid relative to the number of
unsaturated bonds of PR. After the oxidant addition the
reaction mixture was kept under intensive stirring for
1.5 h. The reaction conditions (temperature of 303 K and
duration of 90 min) are the optimal conditions of cooli-
gomers epoxidation, obtained from LPP Cg fraction [8].
After the end of the process the reaction mixture
was transferred to a separating funnel where the water
layer was separated. Then the organic layer was washed
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four times with fivefold excess of water. For the first time
washing was carried out with addition of small amount of
soda (NaCOs) to neutralize acids. After each washing the
mixture was separated in the separating funnel into water
(bottom) and organic (upper) layers and the water layer
was poured out.

The epoxydized cooligomer was precipiteted from
the solution by the petroleum-ether. The precipitated product
was dried in the exiccator at room temperature and residual
pressure of 1.3-3.9 kPa to the constant weight.

2.3. Determination of the Epoxydized
Cooligomer Properties

The cooligomers colour was determined
comparing 10 % cooligomer solution in benzene with
standard iodine scale Unsaturation (bromine number
(BN)) was determined by iodometric back titration
according to the common technique [9]. The epoxy
number (EN) of epoxydized cooligomers was determined
by back potentiometric titration with the base by the
technique givenin [10].

2.4. Structurization of Epoxyoligomeric
Compositions

The composites on the basis of epoxydized
cooligomers were prepared by mixing of EPR 30 %
benzene solution with industrial epoxy resin ED-20 until
homogeneous state. Then the hardener was added and the
mixture was stirred. After that the obtained mixture was
applied onto glass plates. Polyethylenepolyamine (PEPA)
was used as a hardener. Its amount in all composites was
16 g per 100 g of resin (or mixture of resins). The
composites structurization was carried out at room
temperature over a period of 1-5 days. After films
structurization the gel-fraction content was determined.

The gel-fraction content in composites based on
EPR and ED-20 was determined by the extraction of
ground samples with 1,4-dioxane in the Soxhlet extractor
for 14 h, asdescribed in [11].
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3. Results and Discussion

3.1. Synthesis and Properties of
Epoxydized PR

Eight samples of PR, having high unsaturation and
obtained under conditions allowing to achieve high yields
[3], were chosen for epoxidation.

The chosen PR samples epoxidation was carried
out under conditions and by the technique given above.
During the process the reaction, that may be schematically
represented as follows, proceeds:

R R o) Ry Re
1 2
HO, // . //
| + 0—X o + HO/\CH
CH 3
R R 3
3 4 Ry Ru

Colour, resdual bromine number (BNg) and epoxy
number (EN) were determined for the obtained products.

By the value of cooligomers bromine number
before epoxidation and residual bromine number (BNg) of
epoxydized cooligomers, the degree of unsaturated bonds
conversion was calculated (X):

X=BN- BN

R X100% (1)

By the values of BN and BN it is possible to
calculate the value of epoxy number under condition of
complete conversion of unsaturated bonds into epoxy
groups (ENgy):

_MEG

ENg, = - 40

(BN- BNR)—@(BN- BNR)

. (2

Having determined the true value of EPR epoxy
number, and taking into account the ENgy value, the
epoxidation process selectivity (S may be calculated:

s=-N_400% @3

BN
The definitions and calculation results are given in
Table2.

Table 1

Propertiesand synthesis conditions of cooligomer s chosen for epoxidation

PR synthesis conditions PRyied, PR properties
Catayst Temperature, K | Duration, h wt % BN, gBr»/100g | Colour, mgl,/100ml M
ABC 373 3 29.9 68.5 150 550
ABC 393 3 351 78.0 280 571
ABC 413 3 453 75.1 500 742
ABC 373 1 235 79.6 130 707
ABC 393 1 27.9 838 160 678
AP 373 3 24.4 718 150 661
AP 393 3 29.6 69.8 220 701
AP 413 3 389 73.8 260 722

Notes: ABC — activated bentonite clay; AP — activated palygorskite.
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Table 2
PR epoxidation processindicator sand properties of obtained EPR

Colour, BNk, EN, ENgy, X, S

mgl,/100ml gBr,/100g % % % %
20 26.3 104 10.6 61.56 96.10
25 28.8 7.9 12.3 63.08 64.56
60 32.6 7.8 10.6 56.56 73.78
15 284 8.7 12.8 64.35 68.07
20 39.0 6.7 11.2 53.44 60.23
15 27.3 9.5 111 61.96 85.77
20 24.3 105 114 65.21 91.97
25 33.9 6.8 10.0 54.06 68.37

The obtained epoxydized cooligomers are the solid
crystalline light-yellow products. The colour of the EPR is
about the order of magnitude lower than the colour of the
PR which they are obtained from (see Table 1). Such
lightening of EPR compared to initial PR indicates the
reducing of the double bonds number in cooligomer, i.e.
epoxidation process passing.

The epoxydized cooligomer bromine number
remains sufficiently high. So, while in case of the
epoxidation of cooligomer obtained by initiated oligo-
erization the residual bromine number does not exceed the
value of 9.5 gBr,/100g [8], in our case it ranges from 24.7
to 39.0 gBr,/100g depending on the source PR properties
determined by its production conditions.

The values of double bonds conversion degrees,
calculated by BN and BN values range from 53.4 to
65.2%. Thus, about half of unsaturated bonds remains
unreacted. PR obtained at high temperatures has higher
unsaturation. Besides, in case of these cooligomers
epoxidation the unsaturated bonds conversion degree is
less than in case of epoxidation of PR obtained at lower
temperatures. So, those unsaturated bonds, which content
is increased due to the PR synthesis temperature rise, are
worst epoxidizable. Probably, unsaturated bonds of certain
types are badly epoxydized (or cannot be epoxydized at
al) because of their structure features. Most likely,
unsaturated bonds of styrene, vinyltoluene, a-methyl-
styrene, alylbenzene and other similar links on the
cooligomer macromolecules ends are epoxydized easily.
Difficulties are possible in interaction with unsaturated
bonds of dicyclopentadiene having strained rings in its
structure.  So  such unsaturated bonds are badly
epoxydized. Besides, the steric hindrances caused by
neighboring groups may take place when epoxidizing the
unsaturated bonds in the middle part of the chain, whilein
case of vinyl and alyl groups epoxidation there are no
such hindrances at the ends of the chain. Such
considerations explain why double bonds conversion
degree is 81.4 % [8] in case of PR epoxidation obtained
from Cy fraction by initiated cooligomerization, since

dicyclopentadiene links are absent in such cooligomers
composition.

The epoxy number of EPR obtained by us ranges
from 7 to 10 % that is approximately equal to EN values
of products, production of which has been described in
[8]. Comparing the EN values of our EPR with the EN of
cooligomers synthesized by initiated cooligomerization in
the presence of initiators with epoxy groups [12, 13] we
can state that EN of our cooligomersis at the average 1.5~
2.5 times higher.

The epoxidation selectivity isdlightly lower thanin
case of epoxidation of PR obtained by homogeneous
catalytic, initiated or thermal oligomerization [8]. And the
PR synthesized by us at higher temperature are
epoxydized with lower sdectivity. The main side
reactions, occurring along with the basic one, are the

hydrolysis of epoxy groups:

R1 R, O/H Ry R>
\ OH
o H ——»
+ OH
R2
Rz Ry R4

and their acidolysis by acetic acid present in the oxidation

system composition and produced from peracetic acid

during the epoxidation process.
HsC

H3C
R; R >$O R
1 2 2 —
o Rq o
\
(0] + H — »
RS OH
R3 R4 R4

In particular, the stage of EPR solution washing
with large excess of water contributes to the hydrolysis
reaction. Consequently, besides the epoxy groups and
unreacted double bonds, the little amount of hydroxyl and
ester groups appears in EPR composition. Proceeding of
these reactions decreases the epoxidation process
selectivity.  And the most strained epoxy groups
hydrolyze most readily. The most strained epoxy groups
appear as a result of cyclopentene and norbornene double
bonds of cyclopentadiene links epoxidation. Thus, high
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content of double bonds in PR contributes to the
epoxidation selectivity decrease.

3.2. The Structurization of EPR and the
Composites Based on EPR and Epoxy
Resin ED-20

The further task of our research was the
preparation of composites based on the industrial epoxy-
diane resin ED-20 and EPR obtained by us, as well as
their struturization studying.

For this purpose we chose the epoxydized
cooligomer obtained by PR epoxidation from Cy fraction
in the presence of the activated bentonite clay as a catalyst
at oligomerization temperature of 373 K and duration of
1 h. This epoxydized resin was chosen because it has an
epoxy number approximately equal to the average EN
value for al EPR obtained by us (see Table 2). Besides,
this epoxydized cooligomer has a very light colour that
enables their use in coatings of any colour, including
decorative coatings of light colours.

Table3

Composition of the epoxy-petr oleum
resn composites

Composites p o jm|v|v |w

designation

Weight ratio 100/ | 90/ | 80/ | 50/ | 20/ o/

ED-20/EPR 0 10 20 50 80 | 100
The sructurization was studied a room

temperature over a period of 1-5 days. The kinetics of
composites hardening was monitored by the content of
gel-fraction in it. The research technique is given above.
The obtained resultsare givenin Fig. 1.
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Structurization duration, days

Fig. 1. The reationship between gel-fraction content and
structurization process duration for composites
with different ED-20/EPR weight ratio

Taras Voronchak et al.

As can be seen, the composites II-1V have higher
gd-fraction content compared to the composite |
containing no EPR. The gel-fraction content in the
composite VI consisting only of EPR and the hardener is
less than 1 wt% even after 5 days. In case of the
ED-20/EPR ratio equal to 20/80 (composite V)
structurization goes slower compared to composites I-1V,
and the gel-fraction content does not exceed 29 wt %. The
composites I-1V structurization goes rapidly and is almost
completed during the first day. The further growth of gel-
fraction content occurs very inessentially and practically
stops after the second day of structurization. Thus, it may
be stated that the Structurization duration of 2 daysis quite
enough for structurization of the composites I-1V.
Obtained results allow to draw the following conclusions.
The EPR addition to ED-20 definitely increases the gel-
fraction content in the composite but this happens only to
a certain limit. The higher the EPR content, the lower is
the gel-fraction content, and when EPR content in the
composite is too high the gel-fraction content becomes
lower than in case of composite | containing no EPR.
Thus, the composite II has the highest gel-fraction
content, the compoasite 111 has very close but a little lower
gel-fraction content, and when the ED-20/EPR ratio is
50/50 (composite 1V) the gel-fraction content is already
significantly lower. So, the presence of EPR at the
ED-20/EPR ratio up to 50/50 promotes the ED-20 resin
structurization. But in case of the ED-20/EPR ratio of
20/80 the ge-fraction content dramatically decreases
compared to the ED-20 dructurization. Thus we may
conclude that the EPR molecules interlink each other
badly (they almost don't interlink). The results obtained
for the composites VI and V indicate this fact. But the
EPR molecules interlink with the ED-20 molecules very
well. When the EPR content becomes higher than its
content in the composite 1V, the number of EPR
molecules which cannot interlink with the ED-20
molecules increases, and these excessve EPR molecules
dissolve during extraction, i.e. compose a sol-fraction.

Hardness of the composites I-V after 10 days of
structurization at room temperature was determined with a
pendulum device M-3.

~
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0,5 -
0,4 -
0,3 -
0,2 -

0,1

Hardness, relative units

0,0

1 1 v v

I
Composite

Fig. 2. Hardness of the epoxy-petroleum resin
composites
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The obtained results indicate that the composites
prepared with EPR addition to the industrial epoxy-diane
resin ED-20 (composites II-V) have an appreciably higher
hardness compared to the composite containing no
epoxydized PR. And the dependence between hardness
and EPR content in the composites has an extremum. The
increase of ED-20/EPR ratio from 100/0 to 90/10 results
in hardness increase of 40.6 %, the increase of the ratio
from 90/10 to 80/20 leads to hardness increase of 33.6 %,
and its increase from 80/20 to 50/50 has no longer any
effect. Further increase of the EPR content leads to the
composite hardness decrease. Thus, in case of such
structurization conditions and such amount of hardener
(16 g per 100 g) a composite with the highest hardness
may be obtained when the ED-20/EPR weight ratio ranges
from 80/20 to 50/50. Generally, the EPR addition to
ED-20 allowed to increase the composite hardness almost
by 88 % compared to the structurized ED-20. Decreasein
hardness of the composites having the ED-20/EPR ratio
more than 50/50 is obviously explained by low cross-
linking degree of such composites (see Fig. 1).

4. Conclusions

The cooligomers, synthesized from Cg fraction by
the heterogeneous catal ytic method developed by us, have
high unsaturation and thus may be epoxydized to obtained
epoxydized products. In case of mixture containing
peracetic acid use as an oxidant the unsaturated bonds
conversion of 65 % with the selectivity of more than 90 %
may be achieved. The epoxy number reaches 10 % in this
case. The epoxidation conditions. temperature 303 K and
duration 1.5 h are mild that suggests the low energy
intensity of this process. It may also be concluded, that the
epoxidation of cooligomers synthesized by heterogeneous
catalytic oligomerization allows to obtain the products
with both rather high epoxy number and high residual
unsaturation.

The obtained EPR may be used for preparation of
the composites with the industrial epoxy-diane resin
ED-20. The EPR addition to the ED-20 resin appreciably
increases the gel-fraction content in case of EPR/ED-20
weight ratio no more than 50/50.

In view of the fact that the EPR addition makes the
end composite cheaper, the high content of EPR is
desirable. However the composite must have good
hardness and gel-fraction content. Considering the gel-
fraction content and hardness determination results, the
composite IV, having EPR/ED-20 weight ratio 50/50,
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may be said to be the most preferred. The preferred
structurization duration is 2 days.
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CHUHTE3 TA BJACTUBOCTI EHOKCHIBMICHUX
KOOJIITOMEPIB, OTPUMAHHUX HA OCHOBI
HA®TOMOJIMEPHUX CMOJI, CAHTE3OBAHUX
METOJ0OM I'ETEPOT'EHHOKATAJITUYHOI
OJIITOMEPU3ALIT

Anomauia. Busueno cunmes Koonicomepie i3 enoKCUOHUMU
2Pynami 8HACIOOK eNOKCUOYBAHHS HEHACUYEHUX Hagmononimep-
HUX CMOJL, OMPUMAHUX 2€MepPO2eHHO-KAMANIMUYHOIO KOOAi20MepU-
sayicto  @paxyii Cy piokux npodykmig niponizy. Pospaxoeano
CMYniHb KOHBEPCII HEHACUYeHUX 36 A3Ki@ ma CeleKmUGHICnb
npoyecy  enokcudysamms. Busnaueno ma  npoananizoéano
871aCMUBOCII  enOKCUOOBAHUX Koogicomepia. [locnioceno npoyec
CMPYKIMYPYB8AHHS CUHINE308AHUX NPOOYKMIE ) CKIA0i KOMNO3uyill i3
enoxcuonoro cmonoio EJ-20.

Knrouoei cnosa:. nagpmononimepni cmonu, gppaxyis Cy, 2e-
mepo2eHHo-KamanimudHa onicomepusayisi, enoKcuoy8amHsl,
enoKCUO0B8ani Haphmononimephi cMonu.





