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Synthesis of petroleum resins in the presence of aliphatic N-substituted aminoperoxides of
general formula C(CH;);—O—0—CH,—N—R R, was investigated in this communication.
The effects of reaction temperature (393—493 K), reaction time (240—480 min) and
aminoperoxide concentration (0.032—0.096 mol/l) on the yield and characteristics of the
petroleum resins were studied. The correlation index (0.85—0.92, absolute value) for the
pair «yield—bromine number» confirmed that the oligomerization reaction proceeded on
monomer’s unsaturated bonds. It was found that the obtained resins were mainly styrene-
cyclopentadiene cooligomers. Depending on the initiator used, they contained 38.8—
40.41% styrene and 31.1—33.04% cyclopentadiene. The analysis of the experimental results
demonstrated that the most significant effect (correlation index of 0.75—0.88) on the yield
of petroleum resins had the reaction temperature. Compared with thermal oligomerization
(without initiator), the use of aminoperoxides allowed increasing the product yield (453 K,
360 min, 0.064 mol/1) by 4.6—18.3%. The yield of petroleum resins did not correlate with
the reaction time. Blending the obtained resins with petroleum bitumen increased the
composition stability in aggressive environments.
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Introduction

A significant number of liquid by-products
(about 35%) are produced in the process of ethylene
synthesis by diesel fuel pyrolysis. The following
pyrolysis fractions are used as raw materials for
oligomers (petroleum resins) production [1,2]:

— C4 fraction containing olefins to produce
polybutene resins;

— C5 fraction containing linear and cyclic
olefins to produce aliphatic resins (aliphatic
petroleum resins);

— C9 (C8/C9) fraction contains unsaturated
aromatics (styrenes and indenes) to produce aromatic
oligomers.

Aromatic oligomers are also known as
petroleum resins or hydrocarbon resins [3,4]. Due
to their excellent performance characteristics, these
products are applied in various industries as substitutes
for products of natural origin such as oils, rosin and
albumin as film-forming agents in lacquer paint and
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anticorrosive coatings [4,5] and bitumen modification
[6,7].

The petroleum resins can be obtained by ionic,
radical initiated, and radical thermal oligomerization
methods. Ion oligomerization is carried out at low
temperatures. Its disadvantage is a high color index
and an additional technological energy-consuming
stage of the catalyst separation from the reaction
mixture. Oligomerization using peroxide initiators is
widely used in the industry. It allows obtaining
oligomers (petroleum resins) with a high yield and
good properties. The petroleum resins are separated
by distillation from a solution of unpolymerized
fraction components. The aromatic petroleum resins
obtained based on the C9 fraction mainly consist of
styrene-cyclopentadiene cooligomers [2,4].

Catalytic oligomerization was investigated using
bentonite clay [8] and aluminum chloride [9]. The
main disadvantage of catalytic oligomerization is the
high color ratio and the need to separate the
heterogeneous catalyst.

@ ® This article is an open access article distributed under the terms and conditions of the Creative
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It was proposed to use the low-temperature
emulsion oligomerization of unsaturated
hydrocarbons of C9 fraction of diesel pyrolysis liquid
by-products [10,11]. It produces light hydrocarbon
resins, but the dicyclopentadiene in fraction C9 is
not involved in the reaction.

In several previous works [4,12,13], highly
thermostable initiators were used to initiate the C5
and C9 hydrocarbon fractions oligomerization.

The polymerization process temperature has an
essential influence on the stage of initiation of the
macroradical and the termination of the polymer
chain. As the polymerization temperature increases,
the polymerization rate increases, but at the same
time, the molecular weight decreases, and the color
of the cooligomer deteriorates [2,4].

Aminoperoxides, due to low decomposition
temperature, allow initiation of the process at low
temperatures, so their usage should enable the
production of cooligomers with higher molecular
weight and better color index. The search for effective
initiators of the process providing the high yield of
the target product and improving performance
characteristics of petroleum resins production is an
urgent problem. The relationship between the
oligomerization parameters of the C9 fraction and
the characteristics of hydrocarbon resins have been
determined in this work. This will optimize the
production of hydrocarbon resins and reduce their
cost.

Experimental

Hydrocarbon fraction C9 of diesel pyrolysis
liquid by-products was used as a raw material for
the petroleum resins production. It has the following
characteristics: density of 915 kg/m?; bromine number
of 115 g Br,/100 g; molecular weight of 102; content
of unsaturated compounds of up to 45%, including
17.85% styrene, 6.99% vinyltoluene, 18.00%
dicyclopentadiene and 1.25% indene.

Oligomerization of unsaturated hydrocarbons
of fraction C9 was carried out in thermostatic stainless
steel ampoules (100 ml). The raw material (fraction
C9) in the amount of 50 ml was mixed with the
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calculated amount of initiator and loaded into pre-
purged inert gas ampoules. After that, the ampoules
were sealed, placed in a thermostat, and
oligomerization was performed at the desired
temperature. Unreacted hydrocarbons were removed
by atmospheric distillation (pressure of 0.11 MPa
and temperature of 423 K); high-boiling
hydrocarbons and liquid oligomers were separated
using vacuum distillation (pressure of 3 hPa and
temperature of 453 K). In this case, the petroleum
resins were obtained with a softening temperature in
the range of 347—354 K.

The yield of the hydrocarbon resin was
determined by recalculating for the C9 fraction. The
bromide-bromate method allowed determining the
unsaturation (bromine number) of hydrocarbon
resins. Molecular weight was determined by the
cryoscopy method involving a benzene solvent. The
coloration of hydrocarbon resin was determined
visually by comparing the coloration of 10% of the
solution in benzene to the reference iodometric scale.
The softening temperature was determined according
to the «ring and ball» method.

Aminoperoxides of general formula
C(CH,;);—0—0—CH,—N—R,R, (Fig. 1) were
obtained by condensation of the respective primary
and secondary aliphatic amines with tert-
butylperoxymethanol (oxymethyl tert-butylperoxide)
when cooled to 268—263 K [14].

The thermodynamic properties of the
synthesized aminoperoxides were investigated using
the methods of thermogravimetry (TG) and
differential thermal analysis (DTA). Studies of the
thermal stability of aminoperoxides were performed
on a derivatograph «Derivatograph-1500 D» (Paulik-
Paulik-Erday system). Heating rate was 0.6 K/min,
and sample weight was 200 mg. Calcined alumina
was used as a standard. Heating was performed up
to 523 K. Sensitivity on the scale of thermogravimetry
was up to 200 mg, and sensitivity on the scale of
differential thermal analysis was 100 uV.

Studies of water and chemical resistance were
performed by studying a two-component mixture of
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Fig. 1. The structures of N-substituted aliphatic aminoperoxides. I — N-fert-butylperoxymethylene-N,N-dimethylamine
(active oxygen 10.88%); 11 — N-tert-butylperoxymethylene-1-amino-2-hydroxyethane (active oxygen 9.81%);
and III — 2- (zert-butylperoxymethylamino)-2-hydroxymethyl-1,3-propanediol (active oxygen 7.17%)

Synthesis of petroleum resins in the presence of aliphatic aminoperoxides
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bitumen: petroleum resin (10:1) in neutral and
aggressive environments. The coatings were formed
on glass plates pre-weighed on analytical balances
to the nearest 0.0002 g. These operations were
performed before the establishment of sorption
equilibrium. Then the samples were dried to constant
weight in a vacuum thermostat. The studies were
carried out in distilled water and 10% aqueous
solutions of hydrochloric acid and potassium
hydroxide.

Results and discussion

Analysis of TG and DTA curves shows (Fig. 2)
that the decomposition of the test compounds I and
IT occurs via two stages and is accompanied by the
appearance of a pronounced exothermic effect on
the DTA curve. Using the DTA curve, the thermal
effects that accompany the thermal decomposition
of the substance were determined. Based on the TG
curve data, the kinetic parameters of its destruction
at individual stages were established.

The kinetic characteristics of thermolysis were
found according to the TG curve based on the least-
squares method.

I — thermolysis occurs in 2 stages. Stage 1:
309—366 K, weight loss is 64.45%, k,~1.6-1072,
activation energy is 50 kJ/mol, preexponential factor
is 8.9-10°; stage 2: 367—405 K, weight loss is 29.55%,

5

k.~=2.2-1072, activation energy is 29 kJ/mol,
preexponential factor is 1.9-102.

II — thermolysis occurs in 2 stages. Stage 1:
315—371 K, weight loss is 33.15%, k,=0.9-1072,
activation energy is 60 kJ/mol, preexponential factor
is 1.2-107; stage 2: 372—402 K, weight loss is 48.75%,
k.~3.4-1072, activation energy is 74 kJ/mol,
preexponential factor is 1.9-108.

II1 — thermolysis occurs in 1 stage. 316—378
K, weight loss is 15.0%, k.,=0.9-1072, activation
energy is 39 kJ/mol, preexponential factor is 6.6-10°.

The decomposition of peroxides into free
radicals in the feedstock (hydrocarbon fractions) and
subsequent free radical reactions with their
participation depend significantly on the feedstock
composition. In the study of the influence of the
nature of medium on the kinetics of decomposition
of nitrogen-containing peroxides with a ferr-alkyl
radical, it was found [15] that as the polarity of the
medium increases, the rate constants of peroxide
decomposition increase accordingly. It was
established that the nature of the solvent significantly
affects the value of the preexponential factor, which
varies widely.

The investigated raw material for
oligomerization (fraction C9) contains mainly non-
polar solvents (benzene, allylbenzene,
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Fig. 2. Curves of thermogravimetry and differential thermal analysis of aliphatic aminoperoxides under study
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trimethylbenzenes, etc.). We consider it acceptable
to use the results obtained on the kinetics of
decomposition of aminoperoxide initiators in further
studies.

Aminoperoxide-initiated oligomerization of the
C9 hydrocarbon fraction was investigated under
following conditions:

— the reaction temperature of 393—493 K;

— the reaction time of 240—480 min;

— the initiator concentration of 0.032—
0.064 mol/1 (I): 0.032 mol/1 — 0.51%; 0.064 mol/1
— 1.03%; 0.096 mol/l — 1.54%; (11): 0.032 mol/1 —
0.57%; 0.064 mol/1 — 1.14%; 0.096 mol/1 — 1.71%;
(I1I): 0.032 mol/1 — 0.78%; 0.064 mol/l — 1,56%;
0.096 mol/l — 2.34%).

For comparison, thermal oligomerization
(without initiator) was performed (Figs. 3—5).

The reaction temperature has the most
significant effect (0.75—0.88) on the oligomers yield.
An increase in the process temperature from 393 to
453 K positively affects oligomerization. At the

initiator concentration of 0.064 mol/I, such an
increase in temperature provides an increase resin
yield of 23.1 to 34.5%, 19.2% to 30.0%, and 16.5%
to 20.8% for I, 11, and III, respectively. A further
increase in temperature from 453 to 493 K contributes
to a less significant increase in the petroleum resin’s
yield, and the properties of the resulting product
deteriorate. The molecular weight decreases (due to
an increase in the share of the breakage stage and
chain transfer), and the color index increases from
30 to 60 mg I,/100 ml (Tables 1—3).

The most effective aminoperoxide that provides
the highest product yield is compound I. The effect
of aminoperoxide Il on the course of the
oligomerization process is similar, but II provides a
more significant increase in the yield of the
cooligomer over the entire temperature range under
study. At the concentration of 0.032 mol/l with
increasing the temperature from 393 to 413 K, the
increase in yield is 3.5 %, and with increasing the
temperature from 473 to 493 K the increase in yield

—o— without initiator
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Fig. 3. The effect of reaction temperature on the yield of hydrocarbon resins
(reaction time 360 min, initiator concentration 0.032 mol/I)
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Fig. 4. The effect of reaction temperature on the yield of hydrocarbon resins

(reaction time 360 min, initiator concentration 0.064 mol/1)
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Fig. 5. The effect of reaction temperature on the yield of hydrocarbon resins (reaction time 360 min,
initiator concentration 0.096 mol/1)

is 3.15%. This indicates a broader decomposition
temperature range of the peroxide compound and
lower values of the effective decomposition rate
constant and confirms the results of thermolysis
kinetic studies. Aminoperoxide III does not give
oligomers with a high yield (within 14.5—23.6%).
This is due to the thermal stability of III in the
range of the studied temperatures. Compared with
thermal oligomerization, aminoperoxides allow
increasing the product yield (453 K, 0.064 mol/l) by
18.3%, 14.0%, and 4.6% for I, II, and III,

respectively. Characteristics of petroleum resins
obtained in the presence of aminoperoxide initiators
are shown in Tables 2—4.

The softening temperature of petroleum resins
obtained using aminoperoxide I is in the range of
347 to 353 K. A slight increase in the resin color
(darkening), more than 40 mg I,/100 ml is observed
when the concentration of I increases to 0.096 mol/1
and the oligomerization temperature to 493 K (Table 1).
Increasing the oligomerization temperature (from 393
to 493 K) and the initiator concentration (from 0.032

Table 1
Experimental data of the hydrocarbon resins characteristics obtained in the presence
of N-tert-butylperoxymethylene-N,N-dimethylamine (I)
Reaction Reaction Initiator concentration, | Bromine number, | Color index, | Softening point, | Molecular
time, min |[temperature, K mol/l g Bry,/100 g mg 1,/100 ml K weight
360 0.032 29.6 30 350 665
360 393 0.064 27.8 30 350 665
360 0.096 26.8 40 349 665
360 0.032 26.9 30 351 650
360 433 0.064 25.2 40 353 645
360 0.096 24.0 40 353 640
360 0.032 25.4 30 350 635
360 453 0.064 23.7 40 353 635
360 0.096 22.7 40 350 635
360 0.032 24.0 40 350 635
360 473 0.064 22.5 40 348 630
360 0.096 21.8 40 349 630
360 0.032 23.1 40 347 630
360 493 0.064 21.9 60 348 630
360 0.096 21.2 60 351 630
240 433 0.064 28.1 30 353 640
480 433 0.064 20.1 40 353 645
Correlation index

reaction time -0.49 0.19 0.00 0.06

reaction temperature —0.76 0.66 —-0.29 —0.94

initiator concentration —0.38 0.45 0.27 —-0.07
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Table 2
Experimental data of the hydrocarbon resins characteristics obtained in the presence
of N-tert-butylperoxymethylene-1-amino-2-hydroxyethane (II)
Reaction Reaction | Initiator concentration, [Bromine number, g| Color index, | Softening point, | Molecular
time, min |[temperature, K mol/l Br,/100 g mg I,/100 ml K weight
360 0.032 29.1 40 351 660
360 393 0.064 27.8 40 350 655
360 0.096 26.7 60 349 655
360 0.032 26.1 40 349 640
360 433 0.064 25.3 40 353 640
360 0.096 24.3 60 350 640
360 0.032 24.8 40 635 635
360 453 0.064 23.5 60 630 630
360 0.096 22.7 60 630 630
360 0.032 23.3 60 351 625
360 473 0.064 22.4 60 350 620
360 0.096 21.6 60 349 620
360 0.032 22.4 60 348 620
360 493 0.064 21.6 60 351 620
360 0.096 20.9 60 350 615
240 433 0.064 29.2 30 351 625
480 433 0.064 20.7 40 350 640
Correlation index
reaction time —0.52 0.15 0.02 0.18
reaction temperature —0.80 0.62 0.14 —0.95
initiator concentration —0.28 0.36 0.00 —0.12

to 0.096 mol/1) leads to a decrease in the oligomer
molecular weight (from 665 to 630).

Oligomers obtained in the presence of
aminoperoxide I exhibit a softening temperature in
the range of 348 to 352 K and a color index of 40 to
60 mg I,/100 ml in the entire range of temperatures
and concentrations of the initiator (Table 2). The
oligomer’s molecular weight is slightly lower than in
the case of use of I. It decreases from 660 to 615 with
increasing temperature from 393 to 493 K and initiator
concentration from 0.032 to 0.096 mol/1. The increase
in the process temperature has a more significant effect
on the molecular weight. In contrast, the increase in
the concentration of aminoperoxide practically does
not change the product’s molecular weight.

Aminoperoxide III allows obtaining oligomers,
which are characterized by a softening temperature
in the range of 348 to 353 K and a molecular weight
of 640 to600. There is a characteristic significant
increase in the resin’s color index (60—80 mg 1,/100 ml)
observed at the oligomerization temperatures (473—
493 K).

Prolongation of the oligomerization time above
6 hours causes in all cases an increase in the yield of
resins and a slight increase in molecular weight.
However, it is accompanied by an increase in color.

It should be noted that the duration has a less
significant effect on the course of oligomerization
than the process temperature and the initiator
concentration. For comparison, thermal
oligomerization (without initiator) was performed.
Experimental data are shown in Table 4.

Achieving the maximum yield of the cooligomer
(17.8 wt.%) requires the temperature of 493 K with
the reaction time of 8 hours. The cooligomers
obtained under such conditions are characterized by
a low average molecular weight of 600 and a color
index of 40 to 60 mg I,/100 ml. Hydrocarbon resins
obtained by thermal oligomerization than those
obtained using aminoperoxides are characterized by
a better color index. However, it deteriorates with
increasing temperature to 473—493 K and lower
molecular weight (635—600).

The yield and physicochemical properties of
petroleum resins are interrelated. For example,
increasing the molecular weight medium and
narrowing the molecular weight distribution cause
an increase in the softening temperature of the
oligomers. The highest correlation index (0.85—0.92,
absolute value) is observed for the yield-bromine
number pair. It indicates the course of the
oligomerization reaction on monomer’s unsaturated

Synthesis of petroleum resins in the presence of aliphatic aminoperoxides
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Table 3
Experimental data of the hydrocarbon resins characteristics obtained in the presence
of 2-(tert-butylperoxymethylamino)-2-hydroxymethyl-1.3-propanediol (III)

Reaction Reaction | Initiator concentration, |Bromine number, g| Color index, | Softening point, | Molecular
time, min [temperature, K mol/l Br,/100 g mg 1,/100 ml K weight
360 0.032 29.9 40 351 640
360 393 0.064 29.2 40 351 630
360 0.096 27.7 40 349 630
360 0.032 27.4 40 349 625
360 433 0.064 26.2 40 352 620
360 0.096 25.0 60 350 620
360 0.032 26.2 40 348 620
360 453 0.064 25.1 40 351 615
360 0.096 23.9 60 350 610
360 0.032 24.9 60 349 610
360 473 0.064 23.9 60 350 610
360 0.096 22.9 60 353 605
360 0.032 24.0 60 348 605
360 493 0.064 23.2 80 350 605
360 0.096 22.5 80 350 600
240 433 0.064 28.3 40 349 610
480 433 0.064 23.1 60 350 625
Correlation index

reaction time —0.37 0.24 0.11 0.22

reaction temperature —0.83 0.78 —0.27 —0.91

initiator concentration —0.38 0.29 0.27 —0.21

Table 4

The hydrocarbon resins characteristics obtained by thermal oligomerization

Reaction time, Reaction Bromine number, | Color index, Softening point, K Molecular weight
min temperature, K g Br,/100 g mg 1,/100 ml ’
240 30.1 20 347 635
360 393 29.3 30 346 630
480 28.8 30 350 635
240 26.5 40 347 615
360 453 25.3 40 353 620
480 24.5 40 347 615
240 24.4 40 348 615
360 473 23.7 40 350 605
480 23.3 60 353 610
240 233 40 349 605
360 493 23.0 40 351 605
480 22.5 60 350 600
Correlation index

reaction time —0.21 0.41 0.40 —0.09

reaction temperature -0.97 0.77 0.40 -0.97

bonds. Furthermore, this confirms the actual determined. According to these data, the approximate
oligomerization reaction. composition of the obtained hydrocarbon resins was

According to the chromatographic analysis of established (Table 5). It was found that the obtained
the initial fraction C9 and the obtained distillates, resins are mainly styrene-cyclopentadiene
the conversion of resin-forming hydrocarbons was cooligomers.
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Table 5
The approximate composition of hydrocarbon resins
obtained by initiated cooligomerization of fraction C9 in
the presence of aminoperoxides

Component Aminoperoxide
I 11 111
Styrene 39.34 38.80 40.41
Allylbenzene 2.09 2.22 2.74
0. m. p-Vinyltoluene 8.32 8.62 7.72
Methylstyrenes 0.40 0.42 0.39
Cyclopentadiene 32.69 33.04 31.10
Inden 3.97 4.12 4.78

Based on the obtained experimental data, the
optimal oligomerization conditions have been
proposed (Table 6).

Samples of resins are entirely soluble in white
spirit. The combination of resin with petroleum
bitumen in a ratio of 1:10 increases the softening
temperature of the composition relative to the original
petroleum bitumen by 6—12 K. In aggressive
environments (acidic (10% hydrochloric acid) and
alkaline (10% sodium hydroxide) and in neutral,

water), the bitumen:petroleum resins compositions
are relatively stable for 30 days (Fig. 6).

Bitumen:petroleum resin composition is
characterized by higher stability in the studied media.
In alkaline medium and water, the change in mass
of the composition is 0.0072% and 0.0080% (30 days)
which is 1.94 and 1.96 times less than the change in
mass in bitumen (0.0139% and 0.0157%,
respectively). In an acidic environment, the
bitumen:petroleum resin sample changes its mass
2.83 times less than bitumen.

Conclusions

Our study has confirmed the possibility of
obtaining hydrocarbon resins by oligomerization of
C9 fraction initiated by N-substituted
aminoperoxides. Comparing the methods of obtaining
hydrocarbon resins using aminoperoxide initiators
and without initiators, it should be noted that the
petroleum resin yield and physicochemical properties
at lower temperatures (30—50 K) are similar to
industrial ones and the products of thermal
oligomerization predominate in quality. The
synthesized hydrocarbon oligomers meet the
requirements for resin oil-based synthetic paint. It

Table 6

Optimal conditions for oligomerization of fraction C9 initiated by aliphatic aminoperoxides

. . The reaction time, [The initiator concentration,|  The reaction .
Aminoperoxide . Yield, wt.%
min mol/l temperature, K
I 360 0.064 433 31.5
11 360 0.064 453 30.5
111 360 0.096 473 23.4
0.016 m
0.014 P Aesi=de=1.  —@=Dbitumen in water

0.012

== bitumen in HCI 10%

0.01

==fe=Dbitumen in KOH 10%

0.008

0.006 -

0.004 -

==& bitumen:petroleum resin in
water

The sample mass change.% wt.

0.002

=f==Dbitumen:petrolewn resin in
HCI 10%

==fe==bitumen:petroleum resin in

0 5 10 15 20
Duration of tests. days

KOH 10%

Fig 6. Resistance of bitumen and bitumen:petroleum resin compositions in different media
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was established that the product yield depends on
all process conditions. There is no single decisive
parameter of the process. However, it is possible to
identify the parameters that have the most significant
impact on the reaction course. The correlation of
oligomerization parameters and characteristics of
hydrocarbon resins was calculated. It was found that
the main factor influencing the yield of hydrocarbon
resins is the reaction temperature (correlation index
of 0.75—0.88). Specifically, it was established that
the yield of petroleum resins does not correlate with
the reaction time. In particular, the color of
petroleum resins depends on the stage of isolation
and drying of the product. Blending the obtained
hydrocarbon resins with petroleum bitumen increases
the composition stability in aggressive environments.
The process conditions provide cooligomerization
of hydrocarbon fraction C9 initiated by
aminoperoxide I, N-fert-butylperoxymethylene-
N,N-dimethylamine, (concentration 0.064 mol/1) at
433 K for 360 min. Under such conditions, the yield
of hydrocarbon resin is 31.5%.

REFERENCES

1. Rahmatpour A., Meymandi M.G. Large-scale production
of C9 aromatic hydrocarbon resin from the cracked-petroleum-
derived C9 fraction: chemistry, scalability, and techno-economic
analysis // Org. Process Res. Dev. — 2021. — Vol.25. — No. 1. —
P.120-135.

2. Collin G., Mildenberg R., Zander M. Hydrocarbon resins.
— New York: Wiley & Sons, Incorporated, John, 2008. — 191 p.

3. Zohuriaan-Mehr M.J., Omidian H. Petroleum resins:
an overview // J. Macromol. Sci. C. Polym. Rev. — 2000. —
Vol.40. — No. 1. — P.23-49.

4. Synthesis of petroleum polymer resins by initiated
oligomerization of the C8/C9 gasoline pyrolysis fraction /
Dumskii Y.V., Butov G.M., Cherednikova G.F., Dumskii S.Y. //
Pet. Chem. — 2014. — Vol.54. — No. 1. — P.69-71.

5. Effect of C9 petroleum resins on improvement in
compatibility and properties of SBS-modified asphalt / Nie X.,
Hou T., Yao H., Li Z., Zhou X., Li C. // Pet. Sci. Technol. —
2019. — Vol.37. — No. 14. — P.1704-1712.

6. Petroleum resins for bitumens modification / Grynyshyn O.,
Bratychak M., Krynytskiy V., Donchak V. // Chem. Chem.
Technol. — 2008. — Vol.2. — No. 1. — P.47-53.

7. Modification bituminous binders petroleum resin (based
on C9 fraction) / Chigorina E.A., Razinov A.L., Kina Y.A.U.,
Ryabenko V.S. // Orient. J. Chem. — 2015. — Vol.31. — No. 4. —
P.1853-1857.

8. Catalytic cooligomerization of styrene and dicyclopen-
tadiene: yield and properties dependence on reaction mixture
composition / Gnativ Z., Nylukyshyn I., Pikh Z., Voronchak T.,

Rypka A. // Chem. Chem. Technol. — 2014. — Vol.§. — No. 2. —
P.165-170.

9. Yang J., Cao Z., Qi Y. Polymerization of C9 fraction
from ethylene cracking catalyzed by Al**-loaded styrenic cation
exchange resin // Asian J. Chem. — 2014. — Vol.26. — No. 19. —
P.6658-6664.

10. Fuch U.V., Dzinyak B.O., Subtelnyi R.O. Study of
emulsifier nature effect on the process of hydrocarbon fraction
cooligomerization in the emulsion // East. Eur. J. Enterprise
Technolog. — 2015. — Vol.4. — No. 6(76). — P.54-57.

11. Subtelnyy R., Kichura D., Dzinyak B. Correlation
between the emulsion oligomerization parameters for C9 fraction
and the characteristics of hydrocarbon resins // East. Eur. J.
Enterprise Technol. — 2021. — Vol.3. — No. 6(111). — P.6-11.

12. Dzinyak B. Cooligomerization of C9 fraction
unsaturated hydrocarbons initiated by organic peroxides // Chem.
Chem. Technol. — 2014. — Vol.8. — No. 2. — P.183-188.

13. Dzinyak B., Melnyk S. Initiated by organic peroxides
cooligomerization of unsaturated hydrocarbons of C5 fraction —
by-product of ethylene production // Chem. Chem. Technol. —
2016. — Vol.10. — No. 2. — P.173-178.

14. Fedorova V.A., Donchak V.A., Puchyn V.A. Syntez
azotsoderzhashchykh peroksydnykh soedynenii // Izv. Vuzov
Khim. Khim. Tekhnol. — 1988. — Vol.31. — No. 11. — P.28-31.

15. Doslidzhennya kinetyky termichnogo rozpadu
azotvmisnykh perekysnykh spoluk z tret-alkilnym radykalom /
Dzumedzei M.V., Kucher R.V., Turovskyi A.A., Koshovskyi B.I.
// Ukr. Khim. Zhurn. — 1971. — Vol.39. — P.1142-1145.

Received 23.02.2022

CHUHTE3 HA®TOITIOJIMEPHHUX CMOJI ¥
IMPUCYTHOCTI ATIOATUYHNX AMIHOITEPOKCHUJIB

P.0O. Cyomeavnui, /I.b. Kiuypa, b.0. [pinakx

B naniit po6oti nocnimkeHo cuHTe3 HadTOMONIMEPHUX
CMOJI y TIpPUCYTHOCTI anipatnyHux N-3amillleHUX aMiHONepOoK-
cumiB 3aranbHOi popmymn C(CH;);—O—0O—CH,—N—R|R,. doc-
JIiIKeHOo BIUIMB Temnepatypu peakuii (393—493 K), vacy pe-
akiii (240—480 xB) Ta KoHIeHTpallii amiHonepokcuay (0,032—
0,096 Mob/N) Ha BUXIZ i XapaKTepPUCTUKKN HADTOTOTIMEPHUX
cmot. [Mokasuuk kopesitii (0,85—0,92 3a MomyieM) rmapu BUXin—
OpOMHe YMCIIO MIATBEPIXKYE Mepedir peaklii ojliromepu3saiiii 3a
HEHaCMYEeHUMU 3B’sI3KaMu MOHOMepiB. BcTaHoBeHO, 1110 o1ep-
kaHi HaTomoJiMepHi CMOJIM € B OCHOBHOMY CTMPEH-LIMKIIO-
MEHTaAiEHOBUMU KOOJIiroMepaMu. 3ajie>KHO Bil BAKOPUCTAHOTO
ininiaTopa Bouu mictsathb 38,8—40,41% crupeny i 31,1—33,04%
uMkioneHranieHy. Ha mincraBi aHanizy ekcriepuMeHTalIbHUX
TAHUX BCTAHOBJICHO, 110 HAWOULIBII iCTOTHWI BIUIMB (iHIEKC
kopedsii 0,75—0,88) Ha Buxig HaTOBUX CMOJI Ma€ TeMIleparty-
pa peaxiii. Y MopiBHSIHHI 3 TepMiuHOIO ojliroMepu3auicio (0e3
iHiniaTopa) iHiLilOBaHHS aMiHOMEPOKCUIAMU A03BOJISIE MiIBU-
Ty Buxia nponykty (453 K, 360 xB, 0,064 monb/n) Ha 4,6—
18,3%. Buxin HadTOmosiMepHUX CMOJ HE KODPEJIIOE 3 4acoM
peaxiii. 3MillyBaHHS oliepXKaHUX CMOJI 3 HapTOBUM OiTyMOM
MiABUILLYE CTIMKiCTh CKJIay B arpeCUBHUX CEPEIOBUILIAX.

KmouoBi caosa: ¢pakuis C9, HadTononiMmepHa cmona,
iHiIiaTop, CTUPOJ, aMiHOTIEPOKCHI, OJTirOMEepPU3allisl.

R.O. Subtelnyy, D.B. Kichura, B.O. Dzinyak
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SYNTHESIS OF PETROLEUM RESINS IN THE
PRESENCE OF ALIPHATIC AMINOPEROXIDES
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Synthesis of petroleum resins in the presence of aliphatic
N-substituted aminoperoxides of general formula
C(CH;);70—0—CH,—N—R|R, was investigated in this
communication. The effects of reaction temperature (393—
493 K), reaction time (240—480 min) and aminoperoxide
concentration (0.032—0.096 mol/I) on the yield and characteristics
of the petroleum resins were studied. The correlation index (0.85—
0.92, absolute value) for the pair «yield—bromine number»
confirmed that the oligomerization reaction proceeded on
monomer’s unsaturated bonds. It was found that the obtained
resins were mainly styrene-cyclopentadiene cooligomers.
Depending on the initiator used, they contained 38.8—40.41%
styrene and 31.1—33.04% cyclopentadiene. The analysis of the
experimental results demonstrated that the most significant effect
(correlation index of 0.75—0.88) on the yield of petroleum resins
had the reaction temperature. Compared with thermal
oligomerization (without initiator), the use of aminoperoxides
allowed increasing the product yield (453 K, 360 min, 0.064 mol/I)
by 4.6—18.3%. The yield of petroleum resins did not correlate
with the reaction time. Blending the obtained resins with petroleum
bitumen increased the composition stability in aggressive
environments.

Keywords: C9 fraction; petroleum resin; initiator; styrene;
aminoperoxide; oligomerization.
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