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This paper investigates the production of hydrocarbon resins
by oligomerization in solution and suspension of the C9 fraction
of by-products from oil refining. The disadvantage of existing
technologies for oligomers by free radical oligomerization is the
use of high reaction temperatures. The application of N-replaced
amino peroxides as low-temperature initiators and a suspension
oligomerization technology can reduce the temperature and duration
of the reaction.

The correlation between oligomerization parameters and yield
and characteristics of oligomers has been established. Owing to
this, it will be possible to set optimal conditions and predict the
properties of the resulting products. The high values of the yield and
bromine number correlation in oligomerization in solution (-0.98
and -0.95) and suspension (—0.83 and —0.80) indicate the course of
the oligomerization reaction.

The main factor influencing oligomerization in solution is the
reaction temperature (correlation 0.80). The softening temperature
of oligomers is in the range of 349-353 K and does not depend on
the oligomerization conditions in the solution (correlation indicator
0.18).

Suspension oligomerization in the studied intervals does
not depend on temperature (correlation —0.08) and initiator
concentration (correlation 0.40). It is proved that in the studied
intervals of variables, the yield of oligomers depends on the duration
of the reaction (correlation 0.88). The color indicator of suspension
oligomerization products at the studied intervals varies slightly and
is 20-30 mg I,/100 ml.

The established optimal conditions make it possible to effectively
use oil refining by-products by synthesizing light oligomers.

Under the established optimal conditions, the product yield is
22.7 % with oligomerization in solution and 19.4 % with suspension
oligomerization

Keywords: petroleum polymer resin, tert-butyl piperidinomethyl
peroxide, 2- [41- (tert-butylperoxymethyl) piperazinomethylperoxy]-
2-methylpropane, suspension oligomerization, bromine number, oil
processing
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1. Introduction

By-products from the production of gaseous olefins ac-
count for a significant amount (30-35 %) of liquid pyrolysis
products (LPP), which are a complex mixture of various
hydrocarbons: olefins, aromatic, cyclic, vinyl aromatic, and
others [1]. Fractions with a narrower boiling point inter-
val [1-3] are separated from LPP. In particular, the Cqg
fraction (boiling interval, 423-473 K) contains unsaturated
aromatic hydrocarbons (about 60 %) and is used to produce
aromatic hydrocarbon resins (oligomers) known as petro-
leum polymer resins (PPR).

Such hydrocarbon resins are used as cheap synthetic sub-
stitutes for products of natural origin (vegetable oils, coloph-
ony, albumin), phenol-formaldehyde and indene-coumarone
resins, in paint and anticorrosive coatings [2] and anticorro-
sive compositions, for modification of bitumen [4, 5].

The qualified use of LPP, and in particular the Cq
fraction, is a prerequisite for ensuring the profitability and
waste-free nature of petrochemical production. Therefore,
the synthesis of hydrocarbon resins solves the issue of dis-
posal of by-products from oil refining industries and, at the
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same time, providing analogs of more expensive synthetic
products and scarce natural products.

Oligomers are received by cationic oligomerization in a
solution of hydrocarbon fractions using homogeneous and
heterogeneous catalysts [6,7]. Well-known initiators of
free-radical oligomerization are acyl peroxides, hydroper-
oxides, thermostable alkyl peroxides, oligoperoxides, ami-
noperoxides and silicon-organic peroxides [8]. The main
disadvantages of such technologies are significant energy
intensity due to the high temperature of the process and a
high color indicator of hydrocarbon resins.

An important task of petrochemical industries is to de-
vise new and improve existing technological processes for
the production of co-oligomers based on the hydrocarbon
fractions of LPP. Reducing the cost of materials and energy
resources in order to increase the yield of the product and
improve its physicochemical properties, as well as perfor-
mance. A relevant issue of PPR synthesis is the search for
new highly effective initiators, the use of which will reduce
the temperature and duration of the process. Nitrogen-con-
taining peroxides and, in particular, N-substituted amino
peroxides have been used as low-temperature initiators of




polymerization. The introduction of amino group alkyl per-
oxide into the molecule helps reduce the thermal resistance of
the compound. This pattern is explained by the participation
of an undivided electron pair of an atom of nitrogen in the re-
distribution of electron density on the oxygens of the peroxide
group, as a result of which the bond becomes less stable [9, 10].
The research results make it possible to establish the
main patterns of oligomerization of the hydrocarbon Cg
fraction initiated by amino peroxides with a cyclic substitu-
tion, define the optimal conditions, and expand the range of
oligomers in accordance with the needs of the industry.

2. Literature review and problem statement

The peculiarity of oligomerization of the Cg fraction
is that it contains (40-50 %) non-resin-forming hydrocar-
bons (xylene, ethylbenzene, and others). The fraction acts
simultaneously as a mixture of monomers and as a solvent of
monomers and oligomers. Technological industrial methods
of oligomerization of hydrocarbon mixtures are ion (catalyt-
ic) and radical (initiated and thermal) oligomerization in the
solution of the Cq fraction [2].

Paper [8] considers methods for obtaining petroleum
polymer resins using peroxide initiators. Technological fea-
tures of the process are the long-term oligomerization reac-
tion (360—480 minutes) at high temperatures (453-473 K).
It is also difficult to isolate the product by atmospheric and
vacuum distillation.

Study [11] considers the catalytic co-oligomerization of the
Cy fraction using a heterogeneous catalyst — bentonite clay. It
is shown that the target product is obtained with a high yield
at a low temperature (353 K) and the duration of the reaction
(3 hours). However, the resulting product is characterized by a
dark color (about 900 mg I/100 ml) and the need to launder
the catalyst from the reaction mixture. The use as a catalyst
of aluminum chloride on cation exchange resin in [7] makes it
possible to increase the temperature of softening of hydrocar-
bon resin without separating the catalytic complex.

Obtaining modified PPR bitumen coatings with epoxy
hydroxyl and carboxyl functional groups is considered in
work [4]. The use of an additional stage of the technological
process and the significant cost of modifying additives make
this method unprofitable.

Paper [5] reports the modification of asphalt with a
mixture of thermoplastic elastomer and oil polymer resin.
With an increase in the concentration of PPR obtained on
the basis of the Cy fraction, the softening temperature of the
composition increases, however, permeability and plasticity
significantly decrease.

A factor limiting the wider use of such hydrocarbon
resins is a high color indicator (up to 100 mg I,/100 ml
on an iodine-metric scale). A high indicator of the color of
hydrocarbon resins is associated with the involvement of cy-
clopentadiene and indene links in the oligomeric chain [2, 3].
These hydrocarbon resins, in addition to some inappropriate
physical and chemical characteristics for synthesis, require
expensive and sensitive catalytic catalysts and costly tech-
nological equipment.

To overcome the problem of significant energy intensity
of production and a high indicator of the color of hydrocar-
bon resins, methods of low-temperature emulsion and sus-
pension oligomerization are proposed [12, 13]. Hydrocarbon
resins obtained by emulsion oligomerization of the Cg frac-

tion are characterized by a narrow range of molecular-mass
distribution and a low color indicator (light oligomers), ac-
cording to their other properties, oligomers are comparable
to the products obtained by other methods [12]. Paper [13]
considers the emulsion oligomerization of the hydrocarbon
fraction in the aquatic environment using emulsifiers of the
first and second kinds. This method is characterized by a
low temperature of the process (303-353 K) and makes it
possible to get oligomers with a low color index. However,
it is characterized by the complexity of the separation of the
target product, namely the need to destroy the emulsion.

The peculiarity of low-temperature oligomerization is
that under the conditions of the process, a valuable com-
ponent of the fraction dicyclopentadiene (DCPD) does not
react to radical polymerization and is inactive in the pro-
cesses of copolymerization [14]. Reactive in such reactions is
its monomer — cyclopentadiene. The reaction of retro diene
synthesis by Diels-Alder — the monomerization of DCPD
with the formation of two active cyclopentadiene monomers
at 5 MPa and 180-240 °C was studied in [15].

The reactivity of vinyl toluene, a methyl styrene, and
allylbenzenes is close to the reactivity of styrene. The pres-
ence of the cyclopentene bond in the indene determines the
proximity of its reactivity to the reactivity of DCPD. For the
full use of reactive hydrocarbon fractions (dicyclopentadiene
and indene), post-oligomerization (T=453-473 K) in a solu-
tion of unproduced residues of suspension oligomerization is
proposed. At the same time, cyclopentadiene co-oligomers
with a higher color indicator are obtained [13].

To obtain hydrocarbon resins with high yields and proper
physicochemical properties, it is important to synthesize at
low temperatures for a short reaction time. Low-thermostable
amino peroxide initiators can allow this to be achieved. Tech-
nological parameters of the process contribute to the synthesis
of oligomers with better physical and chemical characteristics
than in the case of catalytic and thermal oligomerization, in
particular: color, unsaturation, and molecular weight.

3. The aim and objectives of the study

The purpose of this study is to establish the influence of
the main factors on the course of oligomerization of the LPP
Cy faction. This will make it possible to define the optimal
conditions for obtaining hydrocarbon resins and reduce their
cost. That could make it possible to establish optimal condi-
tions for obtaining hydrocarbon resins and reduce their cost
by using more affordable initiators and reducing the number
of by-products of production.

To accomplish the aim, the following tasks have been set:

—to determine the influence of temperature and dura-
tion of the reaction and concentration of initiators on the
course of oligomerization in the solution of the Cg fraction;

—to determine the influence of temperature and dura-
tion of the reaction and concentration of initiators on the
course of suspension oligomerization of the Cq fraction.

4. The study materials and methods

4.1. Examined materials and equipment used in the
experiment

The object of this study is the oligomerization of unsat-
urated hydrocarbons of the Cg fraction, as a result of which



reaction-positive hydrocarbon resin is synthesized. The raw
material for the synthesis of hydrocarbon resins is the Cg frac-
tion of liquid products of the pyrolysis of diesel fuel obtained
at Karpatneftekhim LLC (Kalush, Ukraine): bromine num-
ber, 115 g Bry/100 g; density, 915 kg/m?. Along with hydro-
carbons incapable of polymerization (indan, toluene, trimeth-
ylbenzene, etc.), it contains a number of reactive monomers,
in particular, styrene — 17.7 %; dicyclopentadiene — 15.88 %;
vinyl toluene — 5.23 %; methyl styrene —0.36 %; allyl ben-
zene — 1.77 %; methyl indene — 1.0 %.

N-substituted amino peroxides of the general formula
C(CH3)3-O O-CH3-N-R{R;y were synthesized by conden-
sation of aromatic amines with ter¢-butyl peroxyl methanol.
The structural formulas of amino peroxides used to initiate
the oligomerization are shown in Fig. 1.

Fig. 1. Amino peroxide initiators with cyclic substituents:
a — tert-butyl piperidinomethyl peroxide;
b — 2-[4-(tert-butylperoxymethyl)
piperazinomethylperoxy]-2-methylpropane

Initiator (1) is tert-butyl piperidinomethyl peroxide:
active oxygen — 7.48 %, refractive index — 1.4522. Ther-
molysis occurs in 2 stages. Stage 1: 306—-383 K, weight
loss — 62.04 %, kef=0.8-10"%; stage 2: 384-400 K, weight
loss — 3.80 %, kef=9.8-10"2.

Initiator (2) is 2-[4-(tert-butylperoxymethyl) piperaz-
inomethylperoxy]-2-methylpropane (2): active oxygen —
9.65 %, refractive index — 1.4590. Thermolysis occurs
in 2 stages. Stage 1: 305-355 K, weight loss — 19.02 %,
ke=1.4-10"2; stage 2: 356-386 K, weight loss — 51.04 %,
ke=5.0-10"2,

Oligomerization in the solution of hydrocarbons of the
Cy fraction was carried out in metal thermostat ampoules
with a volume of 100 ml. The raw materials (the Cq fraction
of LPP of diesel fuel), in the amount of 50 ml, were mixed
with the calculated number of the initiator and loaded in
the ampoules previously blown with inert gas (argon). Con-
sequently, the ampoules were hermetically sealed, placed in
a thermostat, and oligomerized at the studied temperature.
Non-reacted hydrocarbons were removed by atmospher-
ic distillation (pressure, 0.11 MPa; temperature, 423 K),
high-boiling hydrocarbons and liquid oligomers were sepa-
rated using vacuum distillation (pressure, 3 gPa; tempera-
ture, 453). At the same time, PPR was obtained in the cube
with a softening temperature in the range of 347-354 K.

Suspension oligomerization was carried out in a three-
humped flask equipped with a rotary mixer. After loading,
the reagents were intensively agitated with a rotary mix-
er (mixing intensity, Re=10120) and simultaneously heated
to a given temperature. After the reaction was completed
and partially stratified, the reaction mixture was divided
into watering cans into the water and organic phases. The
organic layer was centrifugated (4000 rpm) and the oligomer
was separated. The resulting oligomer was dried in a drying
chamber (323 K). The liquid phase, obtained after centrif-

ugation, contained water residues and oligomerisate (oligo-
mer solution in unpolymerized hydrocarbon fractions). The
mixture was separated by atmospheric and vacuum distilla-
tion of the oligomerisate. Oligomers after centrifugation and
distillation were combined to calculate the yield.

4. 2. Methodology for determining sample property
indicators

The main characteristics of the properties of hydrocar-
bon resins, determined in our experiment, were chosen to be
the yield, degree of unsaturation, average molecular weight,
softening temperature, and a color indicator.

The yield of hydrocarbon resin was determined in terms
of the Cq fraction (deviation range, 2 %).

The unsaturation (bromine number) of hydrocarbon res-
ins was determined by the bromide-bromate method.

The temperature of softening was determined according
to the method of “rings and balls”.

The color of the hydrocarbon resin was determined visu-
ally, comparing the coloration of a 10 % solution in benzene
with the reference iodine-metric scale (IMS). The interna-
tional analog of it is the Gardner scale.

Molecular weight was determined by cryoscopy using
benzene solvent.

The oligomerization initiated by amino peroxide ini-
tiators in the solution was investigated under the follow-
ing conditions: reaction temperature, 393-493 K; reac-
tion duration, 360—480 min; concentration of initiators,
0.032-0.096 mol/I.

Suspension oligomerization was carried out under the
following conditions: reaction temperature, 318-353 K;
reaction duration, 30-240 min; concentration of initia-
tors, 0.032-0.096 mol/I; volume ratio, [fraction Cg]:[wa-
ter]=[1:3]; mixing intensity, Re=10120; stabilizer, — poly
vinyl alcohol (0.2 %).

5. Results of studying the oligomerization of
the Cq fraction

5. 1. The influence of temperature and duration of re-
action and the concentration of initiators on the course of
oligomerization of the Cyfraction in solution

At the studied temperatures, the reaction will occur
during both thermal and initiated oligomerization. Ther-
mal oligomerization (without an initiator) was investigated
to assess the influence of initiators on the course of the
oligomerization reaction in the solution. Graphical depen-
dences of oligomers’ yield on temperature, the duration of
oligomerization, and the concentration of initiators, built
on experimental points, are shown in Fig.2 (deviation
range, 2 %).

The use of amino peroxide initiators can significantly
increase the yield of oligomers within the entire temperature
interval (393-493 K) compared to thermal oligomerization.
The yield of oligomers with an increase in temperature for
thermal oligomerization increases from 13.5 to 17.0 %; when
using initiator (1) — from 16.3 to 22.7 %; (2) — from 17.2
t024.3 %.

The correlation of yield with reaction temperature for ther-
mal oligomerization is 0.84; when using initiator (1) — 0.80, and
for initiator (2) — 0.79. The correlation of yield with the dura-
tion of the reaction for thermal oligomerization is 0.50; when
using initiator (1) — 0.31, and for initiator (2) — 0.33.
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Fig. 2. Dependence of oligomers’ yield on the oligomerization conditions in
solution: @ — the dependence of oligomeric yield on reaction temperature
(reaction duration, 360 min; concentration of initiators, 0.064 mol /1);

b — the dependence of oligomers’ yield on the duration of the reaction
(reaction temperature, 433 K; concentration of initiators, 0.064 mol /1);
¢ — the dependence of oligomers’ yield on the concentration of initiators
(reaction temperature, 433 K; reaction duration, 360 min)

The oligomers, obtained by thermal
oligomerization, in comparison with prod-
ucts obtained using amino peroxides, are
characterized by lower yields and molecu-
lar weight (600—-630), which nevertheless
decreases with an increase in tempera-
ture (correlation —0.96). The color of oligo-
mers is 30-60 mg I5/100 ml and mainly
depends on the temperature of oligomer-
ization (correlation 0.77). The softening
temperature is in the range of 346—353 K.
The bromine number of oligomers naturally
decreases with an increase in yield (correla-
tion with reaction temperature —0.97). The
characteristics of synthesized oligomers are
given in Tables 1, 2.

When using amino peroxides (1)
and (2), characteristic is the oligomeri-
sate with a density value (930-945 kg/m?)
at oligomerization reaction temperatures
within the 433-493 K. However, the yield
curve of co-oligomers (Fig. 1) does not
show a sharp increase in the yield gain with
a temperature increase above 453 K.

The softening temperature of oligo-
mers is in the range of 349-353 K and
does not depend on oligomerization (cor-
relation is in the range of 0.13-0.27).

The optimal conditions for oligo-
merization in the solution initiated by
tert-butyl piperidinomethyl peroxide are
proposed — eaction temperature, 453 K;
reaction duration, 360 min; concentration
of initiator, 0.064 mol/1. Under such condi-
tions, an oligomer is obtained with a yield of
22.7 % and a color index of 40 mg I,/100 ml.

Table 1

Experimental data on the oligomerization in the solution of the Cq fraction initiated by tert-butyl piperidinomethyl peroxide

Rcacti(l)lll:ctyclr(npcra Rcactlorrrl1 iclllumtlon, Co?rfictril;trs:?r?o(l)jlthc Br(glrgnrrzl%rgi)rr;bcr Color, mg I,/100 ml | Molecular weight
393 360 0.064 28.7 40 630
360 0.032 27.6 40 625
240 27.4 40 610
433 360 0.064 26.8 40 620
480 24.3 60 625
360 0.096 25.7 60 620
0.032 26.7 40 620
453 360 0.064 25.7 40 615
0.096 24.7 60 610
360 0.032 25.8 60 610
240 26.0 60 610
473 360 0.064 24.7 60 610
480 25.1 60 610
360 0.096 23.9 60 605
0.032 24.9 60 605
493 360 0.064 24.3 80 605
0.096 23.6 80 600
Correlation with reaction temperature -0.84 0.78 -0.91
Correlation with the concentration of the initiator -0.41 0.29 -0.21
Correlation with reaction time —-0.26 0.16 0.15




Table 2

Experimental data on the oligomerization in a solution of the Cq fraction initiated by 2-[4-(tert-butylperoxymethyl)

piperazinomethylperoxy]-2-methylpropane

Reaction tempera- Reaction duration, | Concentration of the | Bromine number .
ture, K P min ’ initiator, mol /1 aBry/100 8 Color, mg I5/100 ml Molecular weight
0.032 25.7 40 640
393 360 0.064 24.0 40 630
0.096 22.8 40 630
360 0.032 22.6 40 625
240 22.8 60 625
433 360 0.064 21.2 40 620
480 14.5 60 620
360 0.096 19.3 60 620
0.032 20.1 40 620
453 360 0.064 18.1 40 615
0.096 16.7 60 610
360 0.032 17.4 60 610
240 21.0 40 615
473 360 0.064 15.7 60 610
480 16.7 60 610
360 0.096 14.5 60 605
0.032 15.9 60 605
493 360 0.064 14.0 80 605
0.096 12.6 80 600
Correlation with reaction temperature —0.87 0.77 —0.42
Correlation with the concentration of the initiator —0.31 0.29 —-0.08
Correlation with reaction time -0.35 0.16 —-0.10
The color of oligomers is 40-80 mg
I,/100 ml (10~12 with the Gardner scale). 40,0 19,0
The color value increases with increasing 19,0 17.0
oligomerization temperature. 18,0 15.0
The optimal conditions for the oligomeri- 17.0 % ’
zation in the solution of the Cg fraction with ¢ ' = 150 —
the use of 2-[4-(tert-butylperoxymethyl) pip- < 16,0 —=(1) s 110 ()
. e --(2) - —=—(2)
erazinomethylperoxy|-2-methylpropane were & 15,0 9,0
selected — reaction temperature, 473 K; dura- 14,0 7.0
tion of the reaction, 360 minutes; concentra- 13.0 5.0 : _
tion of the initiator, 0.064 mol/1. Under such " 318323 328 333 338 343 348 353 30 60 90 120 150 180 210 240
conditions, the yield of the oligomer is 25.6 %
with a color indicator of 60 mg I5/100 ml. Temperature K Reaction time, min
a b
3. 2. The influence of the temperature 20,2
and duration of reaction and the concen- 20
tration of initiators on the course of sus-
pension oligomerization of the Cy fraction 19,8
Suspension oligomerization was carried D\D 19,6
out at pre-established optimal values of mix- = 19.4
ing intensity and volume ratio dispersion = ’ ——(1)
phase — dispersion medium. Graphical de- 19,2 -=(2)
pendences of oligomers’ yield on the tem- 19
perature, the duration of suspension oligom- 18.8
erization, and the concentration of initiators 0,032 0,064 0,096

are built on experimental points shown in
Fig. 3 (deviation range, 2 %). The dependence
of the properties of synthesized oligomers on
reaction conditions is given in Table 3.

The correlation of product yield during
suspension oligomerization with reaction
temperature is — 0.08; the correlation with
the duration of the reaction — 0.88; the cor-
relation with the concentration of the initi-
ator — 0.40.

Initiator concentration, mol/l

c
Fig. 3. Dependence of oligomers’ yield on suspension oligomerization conditions:
a — the dependence of oligomers’ yield on reaction temperature (reaction duration,
180 min; concentration of initiators, 0.032 mol /1);

b — the dependence of oligomers’ yield on the duration of the reaction (reaction
temperature, 353 K; concentration of initiators, 0.032 mol /1);
¢ — the dependence of oligomers’ yield on the concentration of initiators (reaction
temperature, 333 K; reaction duration, 180 min



The color indicator of suspension oligomerization prod-
ucts in the studied intervals varies slightly and is 20—-30 mg
I,/100 ml (7-8 on the Gardner scale).

The decrease in the bromine number of hydrocar-
bon resins correlates with an increase in yield (-0.83
and —0.80).

Amino peroxide initiators (1) and (2) demonstrate a
similar effect on the course of suspension oligomerization in
the studied temperature and concentration intervals. The
optimal conditions for suspension oligomerization: reaction
temperature, 333 K; reaction duration, 180 min; initiation
concentration, 0.032 mol/l. Under such conditions, light

oligomers are obtained with a color of 20 mg I5/100 ml at the
oligomer yield of 18.9-19.1 %.

According to the chromatographic analysis of the initial
Cy fraction and the obtained distillates, the conversion of
resin-forming hydrocarbons is calculated and the approx-
imate composition of the obtained hydrocarbon resins is
established (Table 4).

According to the above results (Table 4), with the oligomer-
ization of the Cg fraction with amino peroxide initiators (oligo-
merization in solution), the products obtained are mainly
styrene-cyclopentadiene co-oligomers. Suspension oligomeri-
zation products are co-oligomers of styrene and its derivatives.

Table 3

Experimental data on the suspension oligomerization of the Cq fraction initiated by amino peroxides with cyclic substitution

Reaction tempera- Reaction .duration, Copc.er.ltration of the | Bromine number, Softening tempera- Molecular weight
ture, K min initiator, mol /1 gBry/100 g ture, K
(1) tert-butyl piperidinomethyl peroxide
0.032 36.3 354 515
318 180 0.064 33.4 348 510
0.096 32.3 348 510
0.032 32.2 352 515
333 180 0.064 35.1 347 505
0.096 34.8 350 510
30 0.032 45.6 360 520
60 0.032 41.3 363 525
353 120 0.032 36.0 358 520
180 0.032 35.4 357 520
240 0.032 35.4 358 520
180 0.096 33.8 351 515
(2) 2-[4-(tert-butylperoxymethyl) piperazinomethylperoxy|-2-methylpropane
0.032 36.3 354 515
318 180 0.064 33.4 348 510
0.096 32.3 348 510
0.032 32.2 352 515
333 180 0.064 35.1 347 505
0.096 34.8 350 510
30 0.032 45.6 360 530
60 0.032 41.3 360 525
353 120 0.032 36.0 358 520
180 0.032 35.6 353 520
240 0.032 35.7 359 525
180 0.096 31.2 352 520
Correlation with reaction temperature 0.33 0.68 0.21
Correlation with the concentration of the initiator —-0.36 -0.71 —-0.31
Correlation with reaction time -0.79 -0.60 -0.23
Table 4
Approximate composition of oligomers
) | @ 0 | @
Component - — - - - —
Oligomerization in solution (453 K) Suspension oligomerization (333 K)
Styrene, % 40.73 38.95 72.24 71.92
Cyclopentadiene, % 31.19 33.40 0.53 0.68
Allylbenzene, % 2.78 2.76 4.31 4.02
Vinyl toluene, % 7.36 6.92 9.20 8.68
Methyl styrene, % 0.39 0.54 1.54 1.67
Indene, % 4.74 4.57 1.73 1.20
Neind. hydrocarbons, % 12.81 12.86 10.45 11.83




6. Discussion of results of determining the effect
of oligomerization conditions on the properties of
hydrocarbon resins

Our data on the influence of temperature, duration, and
concentration of the initiator complement and summarize
experimental studies into the oligomerization of hydrocar-
bon fractions, in particular [7, 8, 12, 13]. The initiators of
the process of oligomerization of hydrocarbon fractions of
Cy LPP proposed in this work have not been used until now
and have ensured the process under milder conditions, in
particular, lower values of temperature and reaction time.

However, unlike the results of studies reported in [8, 12],
our data on the impact of conditions on the course of oligo-
merization of the Cg fraction initiated by amino peroxides
suggest the following:

—the determining factor that affects oligomerization in the
solution is the reaction temperature; the impact of the duration
of the reaction and the concentration of initiators is negligible;

—under the investigated oligomerization conditions in
the suspension, an increase in the temperature of the re-
action to 353 K does not affect the yield of the oligomer,
which allows the process to be carried out at a temperature
of 303 K (Fig. 3, a);

— increasing the concentration of initiators of suspension
oligomerization from 0.032 to 0.096 mol/l has a minimal
effect on the yield of the oligomer, which allows the process
to be carried out at a concentration of amino peroxides of
0.032 mol/1 (Fig. 3, ¢);

—at the optimal values of the intensity of agita-
tion (Re=10120) and the volume ratio of the Cq fraction:wa-
ter (1:3), the determining factor influencing the yield of the
oligomer is the duration of the reaction.

In comparison with work [8], the use of low-thermostable
initiators did not contribute to a decrease in the temperature
of oligomerization in the solution.

Yields of about 20 % are achieved at oligomerization
temperatures in a solution of 413-433 K, with suspension
oligomerization of 333 K (Fig. 2, a). The reduction in the
cost of the product is achieved with suspension oligomeri-
zation due to a decrease in temperature (by 120-140 K) and
duration (by 180 minutes) compared to industrial technolo-
gy of free radical oligomerization in solution.

With similar values of the temperature interval reported
in [12], a comparable yield of the product is obtained without
the use of cost emulsifiers. In suspension oligomerization,
there is also no stage of destruction of the emulsion.

The results of studying the effect of the temperature and
duration of the process on the initiated oligomerization in
the solution of the Cq fraction confirm that the increase in
reaction temperature has a positive effect on the course of
the reaction, in particular, the density of oligomerisate and
the yield of oligomers increase, but, at the same time, the
physical and chemical properties of synthesized resins dete-
riorate. A decrease in the bromine number of the oligomeri-
sate indicates the loss of >C=C< bonds in the reaction mass.
Naturally, the color deteriorates and the bromine number
decreases. The decrease in molecular weight is characteristic
of the processes of radical oligomerization (Tables 1, 2).

An increase in the oligomerization temperature in a solu-
tion above 453 K is impractical. This conclusion is drawn on
the basis of the fact that at higher temperatures, the increase
in the yield of hydrocarbon resins practically stops but, at
the same time, the physical and chemical characteristics of

synthesized oligomers (color, molecular weight) deteriorate
significantly. The color indicator (due to oxidation process-
es) increases and the molecular weight decreases (due to
the increase in the proportion of the breakaway stage and
the transfer of the chain). The temperature has a significant
effect on the course of oligomerization in the solution. A
clear dependence of the change in the yield of oligomers on
temperature is observed only for initiated oligomerization.
This can be explained by the fact that the method of thermal
oligomerization under the conditions of the reaction does
not make it possible to effectively involve all resin-forming
components of the fraction in the process.

The continuation of oligomerization in a solution longer
than 360 minutes causes in all cases an increase in the yield
of co-oligomers (Fig. 2, b) and a slight increase in molecular
weight but is accompanied by an increase in the color indi-
cator (Tables 1, 2). The duration of oligomerization has a less
significant impact on the course of co-oligomerization than
the temperature of the process and the concentration of the
initiator. Based on our studies, 360 minutes were chosen as
the optimal duration of the co-oligomerization reaction.

In the case of oligomerization in solution, amino peroxides
make it possible to obtain oligomers with high yields and are
characterized by a significant increase in yield throughout
the studied temperature range (393-493 K). This can be
explained by their low value of the effective decomposition
constant at the first stage of thermolysis. The lower value of
the initiator decomposition constant (1) indicates the higher
thermal resistance of the compound and its ability to generate
methyl radicals for a longer time. At the same time, initia-
tor (2) is characterized by a higher value of the effective con-
stant (ke=1,4-102 s1). However, due to two peroxide groups
in its structure, it makes it possible to receive oligomers with
higher yields than in the case of using initiator (1). Initia-
tor (1) ensures a stable increase in the yield of the oligomer
in the entire studied temperature interval at concentrations
of 0.032 and 0.064 mol/1; this corresponds to the growth, re-
spectively, of oligomer yields (Fig. 2, ¢). At the concentration
of initiator (1) of 0.096 mol/l and a temperature of 413 K and
above, there is a sharp increase in the density of oligomerisate,
but the corresponding bromine numbers and oligomers’ yields
change slightly. This can be explained by the formation of a
significant number of liquid oligomers, which separated at the
oligomerisate distillation stage.

Increasing the concentration of initiators ensures an
increase in the yield of hydrocarbon resins but negatively
affects their molecular weight. The relatively low molecular
weight of the products obtained can be explained by the fact
that amino peroxides participate in the stage of chain trans-
mission. This property of amino peroxides is associated with
the structure and reactivity of the molecules themselves, as
well as the reactivity of polymeric radicals. The transfer of
the chain occurs through the cleavage of the hydrogen atom
of the methylene bridge [10].

The color of oligomers obtained using initiators (1)
and (2) practically does not change with an increase in
temperature and oligomerization time. The color and tem-
perature of softening significantly depend on the conditions
of oligomerisate distillation. With increasing temperature
and duration of distillation, the temperature of softening
increases and the resin is darkened.

The use of suspension oligomerization makes it pos-
sible at low temperature values (333 K) and reaction du-
ration (180 minutes) to obtain light products with a low



color index (20-30 mg I,/100 ml) and comparable yields
and properties. Unlike [8] and oligomerization in a solution
using amino peroxides, where products with a color index
of 60-80 mg I,/100 ml are obtained, this result (light col-
or) makes it possible to expand the use of these oligomers
as film-forming agents in a variety of paint and varnish
composite materials. This becomes possible due to the low
temperature of the suspension oligomerization process and
the lack of oxidation reactions.

The results of our studies, in particular the optimal
conditions for suspension oligomerization that were estab-
lished, demonstrate the possibility of conducting the process
under milder conditions compared to industrial analogs of
oligomerization in the solution. The use of the studied amino
peroxide initiators in the suspension oligomerization of the
Cy fraction will reduce the cost of hydrocarbon resins by
reducing energy costs.

The quantitative and qualitative composition of the Cg
fraction may vary depending on the processing technology
and characteristics of petroleum products. Therefore, a
limitation of this study is that the absolute numerical values
may differ when using, in particular, the pyrolysis products
of the gasoline fraction. The properties of hydrocarbon
resins also significantly depend on the conditions of separa-
tion (distillation) from the reaction mixture.

Dicyclopentadiene does not oligomerize at the tem-
peratures of the suspension process. To involve it in
oligomerization, an additional post-co-oligomerization
step (453-473 K) is required, the product of which will be
a cyclopentadiene oligomer, which is characterized by an
increased color index. Further development of this study will
be attempts to involve dicyclopentadiene in low-temperature
free radical oligomerization initiated by amino peroxides, in

particular, with the use of additives of anionic emulsifiers of
the second kind.

7. Conclusions

1. It has been established that in the studied intervals of
variables, the yield of hydrocarbon resin during oligomeriza-
tion in the solution depends on the temperature of the reac-
tion. The main factor influencing the yield of hydrocarbon
resin during oligomerization in suspension is the duration
of oligomerization. The optimal conditions for the oligomer-
ization in the solution of the Cg fraction were selected: when
initiating by tert-butyl piperidinomethyl peroxide, the reac-
tion temperature is 453 K, the reaction duration is 360 min-
utes, the concentration of the initiator is 0.064 mol/l. Under
such conditions, the yield of the oligomer is 22.7 %. When
using 2-[4-(tert-butylperoxymethyl) piperazinomethylper-
oxy|]-2-methylpropane, the reaction temperature is 473 K,
the reaction duration is 360 min, the concentration of the
initiator is 0.064 mol/l. Under such conditions, the yield of
the oligomer is 25.6 %.

2. Our studies confirmed the possibility of obtaining
hydrocarbon resins with suspension oligomerization of the
Cy fraction using amino peroxides with a cyclic substitution
as initiators. The structure of the amino peroxide initiator
does not affect the yield of the product during low-tem-
perature suspension oligomerization. This is due to the low
thermal stability of amino peroxides in the studied tem-
perature range. Optimal conditions: reaction temperature,
333 K; reaction duration, 180 min; initiator concentration,
0.032 mol/I. Under such conditions, the yield of the oligomer
is 19.1 %.
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