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B pabome npedcmasnensl pezyibmamsl ucci1e006aHUA RPOUECCOE NOJIYUEHUA Y2N1€8000-
POOHBIX CMOJI HA OCHOGE C6EMTIBIX NPOOYKIMOG RUPOJIU3A HAPMbL (NPAMOZOHHO20 OeH3Una) ¢ npe-
oenamu evikunanus 130-210 °C. Kamanumuueckaa nonumepuzayus 0AHHbIX PpaKuyuii aenaemcs
nepcneKmueHbIM NPOMbBIULICHHBIM HANPABICHUEM 66UOY 00J1ee HOIHO20 UCHOIb308AHUA MOHO-
Mepo6 npu ycioeuu peuwienus npoodiem 0e3aKmueaKkyuu Kamaiuzamopos. Imu npoodaemvl ya-
CMUYHO PeWalomca npu UCHOJIb306AHUL 20MO2EHHBIX KAMAIU3AMOPO8 U NPUMEHEHUU Mem 0008
cunmesa, He HPeOYCMAMPUSAIOWUX UCHONBb306AHIE KAMATUZAMOPA UU YOaieHue npooyKmos
odezakmueayuu Kamanuzamopa u3z noaumepa. bvinu paccmompenv pesynomameul noaumepusa-
YUU 8bIULEYROMAHYMOU (IpaKyuu HCUOKUX RPOOYKMO8 RUPOJIU3A 8 NPUCYMCIMEUU KAMalumuye-
CKOIl cUcCmeMmbl Ha OCHO8E MEMPAXIOPUOA MUMAHA U IKEUMOJIAPHOZ0 KOJIUYECMEA OUIMUNANIO-
MUHUIL XJ10pUOA, 4 MAKHCe 0ONOTHUMEIbHOZ0 AKIMUEHO20 MOHOMEPA — YUKIONEeHmMaoueHd, npu
memnepamype 20 °C. B pabome 6v11u ucnoib308ansl cnocoobl 003Upoeanus KaK Kamaiuzamopa,
max u akmuenozo monomepa. Iloxazano, umo nocmenennoe 003uposanHoe 0obasieHue peazeH-
moe 0aem 603MOICHOCIb RPOOOUNL HPOUECC NPU (0J1ee HUIKUX HeMnepamypax no CPAHeHUI0
C UHUYUUPOGAHHBIMU WU MEPMUYECKUMU NPOUECCamu NOAUMepu3Iauyuu, cmaduiuzuposanms
CKOpOCHIb peaKyuu Ha NEPEoil cCMaouu u 0ocmuub 60J1ee 6bICOKOI KOHBEPCUU CMOJ1000PA3YIOUUX
Komnonenmos. *H SIMP-cnekmpbi cmosl yKazviéaiom na (hpazmenmapnoe nooodue noayuaempix
cmon nonumepam Ha ocroege gppaxyuu Cs - Co. Ilonyuennvie cmonvt 061a0arom 6b1COKUMU H1EM-
nepamypamu pazmazuenus u HenpeoeivHocmuio. Couemanue IMo20 8apuaHma ¢ HOAHOIU 0e3akK-
mueayueii KOMROHEHM 06 KAMANUMUYECKO20 KOMNIEKCA NPU MEeXHUYeCKOl Peanu3ayuu 6blii-
oum npeonoumumesibHee 6bICOKOMEMNEPAMYPHBIX MeXHOa02ull. /laHnan pazpadomka moicem
Oblmb peanu3z08ana npu cO30AHUN RPOMBIULICHHBIX MEXHON02UI NOJIYUeHUs HehmenoaUMePHbIX
CMOJ1 HA OCHO8E CHAHOAPMHOZ0 eMKOCHHO20 000pY008aAHUA, a4 MAKIce npu papadbomke Henpe-
PbIBHOUL CXembl HPOU3B00CHEA.

KuaroueBsble ciioBa: HeTSIHBIE CMOJIBI, JKUAJKUE MPOIYKTHI MUPOIN3a, TUITUKIONEHTAIUeHOBEIE (ppak-
UM, [TUKJIOIICHTAIUCH
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The paper presents the results of studying the processes of obtaining hydrocarbon resins
based on light naphtha (straight-run gasoline) pyrolysis products with boiling temperature of 130-
210 °C. Catalytic polymerization of these fractions is a promising industrial direction due to more
complete use of monomers, provided that the problems of catalyst deactivation are solved. These
problems are partially solved by using homogeneous catalysts and applying deactivation methods
that do not involve removing the catalyst deactivation products from the polymer. The results of
polymerization of the above-mentioned fraction of liquid pyrolysis products in the presence of a
catalytic system based on titanium tetrachloride and an equimolar amount of diethylaluminum
chloride, as well as an additional active monomer - cyclopentadiene, at a temperature of 20 °C were
considered. The work used dosing methods for both the catalyst and the active monomer. It is shown
that gradual dosed addition of reagents makes it possible to carry out the process at lower temper-
atures compared to initiated or thermal polymerization processes, stabilize the reaction rate at the
first stage and achieve higher conversion of resin-forming components. *H NMR-spectra of resins
indicate fragmentary similarity of the obtained resins to polymers based on the Cs - Cq fraction.
The obtained resins have high softening temperatures and unsaturation. The combination of this
option with complete deactivation of the components of the catalytic complex during technical
implementation seems preferable to high-temperature technologies. This development can be im-
plemented in the creation of industrial technologies for the production of petroleum polymer
resins based on standard tank equipment, as well as in the development of a continuous produc-
tion scheme.
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final temperature is determined by the choice of the
consumer or the decision of the manufacturer, with a
typical range of 180-210 °C. There are technical possi-

INTRODUCTION
Petroleum resins (PR) have traditionally been

the object of research due to their demand in various
industries: the paintwork materials industry as film-
forming agents [1], sealants [2], adhesive components
[3], the rubber and tire industries as softeners and com-
patibilizers [4], in the road industry to improve the
properties of binders [5], for the production of cryogels
in demand in the conditions of the Far North [6]. The
nomenclature of petroleum resins is extensive and is
primarily determined by the choice of fractions in-
cluded in liquid pyrolysis products [7] with boiling
points ranging from 40 to 210 °C. In general, the initial
temperature of the fractions of liquid pyrolysis prod-
ucts used to produce the so-called light PR is deter-
mined by the boiling point of the Cs fraction, while the
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bilities to combine or divide fractions of liquid pyroly-
sis products depending on market requirements, which
leads to a significant expansion of the range of petro-
leum resins. Finally, various initiators [8], catalysts [9],
catalytic systems [10, 11]), thermal initiation [12] can
be used to produce resins. Resins can be modified with
derivatives of unsaturated carboxylic acids [13], halo-
gens [14], hydrogenation [15, 16], oxidative methods
[17, 18], nitration [19] and can be used as other resins
in polymer composites [20].

The choice between initiated and catalytic
methods for obtaining polymerization products is de-
pendent on the composition and structure of the mono-

W3B. By30B. Xumust u xuM. texHogorust. 2025. T. 68. Beim. 4



mers included in the fraction. In general, the use of cat-
alytic polymerization methods is indicated when a sig-
nificant number of diene monomers are present,
whereas the choice of radical initiation of the process,
including thermal and initiated polymerization meth-
ods, is mainly applicable to monoolefins, particularly
those of the styrene series, which most fully represent
the fractions Cg - Cig, Co.

The presence of diene and styrene type comon-
omers in the fraction in close concentrations, which are
difficult to separate either technically or for economic
reasons, leads to solutions that implement the resin
production process in several stages.

The authors of the article [21] showed on the
basis of plant data that by changing the operating pa-
rameters of the depentanizer within acceptable limits,
it is possible to obtain working fractions with different
ratios of reactive monomers, during the polymerization
of which hydrocarbon resins of various types can be
obtained. It was also established [22] that dicyclopen-
tadiene fractions after complete or partial distillation
become extremely active, as a result of which the yield
of petroleum polymer resin increases. This occurs as a
result of the decomposition of dicyclopentadiene
(DCPD) with the formation of cyclopentadiene (CPD).
This reaction is reversible and over time, reactive cy-
clopentadiene is converted into a dimeric product.

Thus, it seems logical to develop technical so-
lutions at the stage of depentanization of pyrolysis
products, or to implement options for partial recycling
of DCPD and CPD, which are used to compound high-
boiling fractions. The first option does not require cap-
ital investments for installing additional equipment,
but changing the operating mode of the columns par-
tially affects the component composition of the mate-
rial flows. The second option for separating DCPD and
CPD from fractions Cs and Cy does not affect the oper-
ation of the depentanizer, but requires the creation of a
DCPD decomposition section.

The implementation of the process of modify-
ing the compositions of light fractions is a probable and
acceptable, but the requirements of reproducibility of
physico-chemical and technical characteristics require
the organization of control over the composition of raw
materials due to its constant change due to the course
of the CPD dimerization reaction.

The method of introducing the catalyst has a
significant effect on the synthesis of PR [23]. Polymer-
ization of the styrene fraction (150-200 °C) at 60 °C
with a single introduction of the AlICl;—acetone—buta-
nol-water complex leads to a resin yield of 26.7%.
Fractional introduction of the catalytic system leads to
a more complete conversion of the monomers, with a
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resin yield of 69.6% based on the initial raw material,
with a T of about 100 °C and a color of mg I/ 100 ml.
In the presented work, the process of copoly-
merization of the C, fraction with cyclopentadiene un-
der the action of TiCl, and the TiCl, - Al(C2Hs).Cl cat-
alytic system has been considered and the influence of
several methods of introducing CPD and a catalyst on the
yield and characteristics of resins has been evaluated.

EXPERIMENTAL PART

The Cy fraction with an unsaturated hydrocar-
bon content of 52% was used as a feedstock (JSC An-
garsk Polymer Plant). Dicyclopentadiene with
99,0% purity (Akros Company). Titanium tetrachlo-
ride with 99,6% purity (Ecotech Plant). Nitrogen,
purity 99,996% vol. Diethylaluminium chloride, 20%
solution in heptane (Tomskneftekhim LLC).

Cyclopentadiene (comonomer) with a base
substance content of 94-97% was obtained by DCPD
distillation in a nitrogen atmosphere and added to the
C, fraction. The total amount of CPD used was 12%.

The process was carried out in a glass reactor
in a nitrogen atmosphere at 20 °C. A single catalyst
loading was carried out at 10 °C and then the tempera-
ture was maintained at 20 °C for 180 min. Titanium
tetrachloride was deactivated by adding propylene ox-
ide at a molar ratio of 1:4. The resin yield was deter-
mined by sampling after distilling off volatile compo-
nents at a temperature of 150 °C for 0.5 h at 10 mBar.

Polymerization with TiCls — Al(C2Hs)2Cl sys-
tem was carried out using a method similar to the one
described above for polymerization under the action of
TiCla.

Polymerization using TiCl4

In the first series of experiments, options for
the synthesis of petroleum r resins with a one-time
loading of the catalyst into the Cq fraction were consid-
ered. In this section of the work, the TiCl, catalyst was
used.

Fig. 1 shows graphs of the dependence of the
PR yield on time with a one-time addition of a catalyst
and various methods of adding CPD.

It follows from the graphs shown in Fig. 1 that
polymerization, regardless of the method of loading
the catalyst and the comonomer, is mostly completed
in 60 min. In the variant of the process without the ad-
dition of CPD, the yield was about 27%, which corre-
sponds to the conversion of 52% of all unsaturated
components of the fraction, including the least reactive
monomers.

Carrying out processes with dosing or one-
time loading of cyclopentadiene into the Cy fraction
leads to a significant increase in the polymerization
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rate. The resin yield reaches 40-42% in 60 min, reach-
ing 43-46% by the end of the process. Obviously, when
considering the above options for loading reagents, the
increase in the yield of petroleum resin (16-18%) is
mainly determined by the amount of reactive monomer
added, but exceeds the additive result.

The results of polymerization of the Cq fraction
with the dosed addition of a catalyst and CPD are
shown in Fig. 2.

0 20 40 60 80 100120140160180
t, min

Fig. 1. Dependence of the PR yield (Y, %) on the method of syn-
thesis, 2% TiCla, 20 °C: 1 — one-time loading of the catalyst, dos-
ing of CPD for 120 min; 2 — one-time loading of the catalyst and
CPD; 3 — one-time loading of the catalyst (without CPD)
Puc. 1. 3aBucumocts Boixona HIIC ot ciocoba nmpoBeneHus CHH-
te3a, 2% TiCls, 20°C: 1 — ogHOpa3oBas 3arpy3ka KaTaan3aTopa,
3areM posupoBanue LI1/] B reyenue 120 MuH; 2 — ogHOpazoBas
3arpyska karanmuzaropa u LI1/]; 3 — ogHopa3oBas 3arpy3ka kara-
nmu3aropa (6e3 LIIT]T)
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Fig. 2. Dependence of the PR yield (Y, %) on the method of syn-
thesis, 2% TiCls, 20 °C: 1 — dosing of the CPD and catalyst into
the fraction for 120 min; 2 — one-time loading of the CPD and
metered loading of the catalyst for 120 min; 3 — dosing of the cat-
alyst (without CPD) for 120 min
Puc. 2. 3aBucumocts Beixona HIIC ot crocoba npoBeieHust CHH-
te3a, 2% TiCla, 20 °C: 1 — no3uposanHas 3arpyska LIT1/] u kaTta-
n3aropa Bo ¢pakmmio B TeueHue 120 MuH; 2 — omHOpa3oBas 3a-
rpy3ka LI1/] n mo3upoBaHHAas 3arpy3ka KaTaln3aTopa B TeUCHHE
120 muH; 3 — no3upoBaHHas 3arpy3ka karainmzaropa (6e3 LIIT/I) B
TedeHue 120 Mux

Dosing of the catalyst results in a higher yield
of the product compared to a single loading. Without
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adding CPD, the process ends with a yield of PR of
about 25% (Fig. 2, curve 3). Adding cyclopentadiene
to the fraction leads to an increase in the resin yield by
10% (Fig. 2, curve 2), and simultaneous dosing of the
catalyst and CPD leads to a polymer yield of 54%.

Thus, a single loading (Fig. 1, curve 3) and
dosed loading (Fig. 2, curve 3) of equal amounts of cat-
alyst do not have advantages over each other in terms
of resin yield.

With a single full addition of cyclopentadiene,
an increase in the resin yield of 10-12% is achieved,
while with dosing — by 16-18%. Thus, with the por-
tionwise addition of TiCls, the yield of PR reaches
41%, and dosing cyclopentadiene for 120 min with a
total process time of 180 min leads to a yield of PR
equal to 47%. Simultaneous dosing of the catalyst and
cyclopentadiene to the fraction allows achieving the
maximum yield of resin compared to other solutions
(Fig. 2, curve 1). Obviously, the determining factor for
achieving the maximum yield of petroleum polymer
resin is the addition of active monomer. And although
dosing increases the duration of synthesis by 1.5 times,
the increased yield and quality of the product pays for
the costs.

Table 1
Characteristics of the obtained PR (2% TiCla, 20 °C)
Tabnuya 1. Xapakrepucruku noaydennsix HIIC (2%
TiCls, 20 °C)

Production| Yield, | Color |Molecular|,, . o
methods * | % mass| ** | weight BN T sott, °C

1 60 200 610 84 115

2 41 150 610 62 97

3 29 600 560 70 100

4 47 150 650 76 105

5 44 200 560 73 107

6 32 610 470 61 100

Ipumedanns: *CrnocoOsr moxyuenus: 1 — no3uposanue LITT/]
n xarammsatopa B Co; 2 — ogHOpasosas 3arpyska LI1J] B Co,
3aTeM J03UPOBAaHUE KATaIH3aTopa; 3 — MO03MPOBaHHE KaTalu-
3atopa B Co (6e3 LII1/]); 4 — omHOpa3oBas 3arpys3Ka KaTanm3a-
Topa B Cy, 3aTem no3uposanue LII1/[; 5 — oqHOBpeMeHHas 3a-
rpy3ka Il u xatamuszaropa B Co; 6 — omHOpa3oBas 3arpyska
karanu3aropa B Co (6e3 LIIT[])

**[Tokaszarenu: et — 1BeT 50 % -ro pacTBopa Mo HOIOMeET-
pudeckoi mkane, mr I/ 100 r KI; BY — 6Gpomuoe uuciio, T Bra/
100 r HIIC, Tpasm, °C — Temmepatypa pa3mardenust cMosl, °C
Notes: *Production methods: 1 — dosing of CPD and catalyst
into Co; 2 — one-time loading of CPD into Co, then dosing of
catalyst; 3 — dosing of catalyst into Co (without CPD); 4 — one-
time loading of catalyst into Co, then dosing of CPD; 5 — sim-
ultaneous loading of CPD and catalyst into Co; 6 — one-time
loading of catalyst into Co (without CPD);

**Indicators: color — color of 50% solution on iodometric
scale, mg 12/100 g KI; BN — bromine number, g Br2/100 g PR;
Tsoft., °C — resin softening temperature, °C
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Fig. 3. Dependence of the PR yield (Y, %) on the method of syn-
thesis, 2% TiCls — Al(C2Hs)2Cl (1 : 1 mol), 20 °C: 1 — one-time
loading of CS, dosing of CPD for 120 min; 2 — simultaneous one-
time loading of CPD and catalytic system; 3 — one-time loading of
catalytic systems (without CPD)

Puc. 3. 3aBucumocts Bbixoaa HIIC ot crioco6a mpoBeieHus CHHTE3a,
2% TiCla— Al(C2Hs)2C1 (1 : 1 momb), 20 °C: 1 — ogHOpa3oBast 3a-
rpy3ka KC, nosuposanue LII1/] B reuenne 120 mun; 2 — omHOBpe-
MeHHas1 ofjHopa30Bas 3arpy3ka L{[1/] u katanuriuueckoil cucTemsl;
3 — omHOpa3zoBast 3arpy3ka KaTanmuTraeckoii cucremsl (6e3 LITTT)

0 20 40 60 80 100120140160 180
t, min

Fig. 4. Dependence of the PR yield (Y, %) on time for various synthe-
sis methods, 2 % TiCls — Al(C2Hs)2Cl1 (1 : 1 mol), 20 °C: 1 —dosing
of the CPD and the catalytic system for 120 min; 2 — one-time CPD,
dosing of the catalytic system for 120 min; 3 — portion loading of the

catalytic system to the Co fraction (without CPD)

Puc. 4. 3aBucumocts Bbixosa HIIC oT BpeMeHU npH pa3ianyHbIX CIO-
cobax npoBeneHus cuuresa, 2 % TiCls— Al(C2Hs)2Cl (1 : 1 mMonb),
20 °C: 1 — no3uposanue LII1]] 1 KaTaIUTHIECKOH CHCTEMBI B TEUE-
uue 120 muH; 2 — ogHOpasoBas 3arpyska LI/, mo3upoBaHue kata-

JIATHYIECKON CHCTEMBI B TedeHne 120 MuH; 3 — MOpIMOHHAS 3arpy3Ka

KaTaJMTHIeCKO! chcTeMsbl K (paxuun C9 (6e3 LITTI)

It is obvious that the properties of the obtained
resins (Table 1) can vary to a certain extent with
changes in the process conditions: the molecular
weight is in the range from 450 to 650 g/mol, the color
of the product reaches 200 mg I. / 100 g KI. The ex-
pectations that the dosing of cyclopentadiene and cata-
lyst leads to the formation of the most unsaturated res-
ins were also confirmed.
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Polymerization using the TiCls — Al(CzHs).Cl
catalytic system

Further, polymerization of the Co fraction us-
ing the catalytic system (CS) TiCl, — Al(CzHs).Cl,
taken in an equimolar ratio, was carried out using sim-
ilar methods.

The dependences of resin yields on the time of
synthesis for various methods of applying CPD and the
catalytic system are shown in Fig. 3, 4.

The graphs shown in Figs. 1 and 3 and illustrat-
ing the processes of synthesis of PR with a one-time load-
ing of the TiCl, catalyst and the TiCl, — Al(C;Hs)-Cl cat-
alytic system, respectively, are similar. Polymerization
mostly ends after 60 min, then the increase in resin
yield is insignificant. It should be noted that the use of
a catalytic system (Fig. 3, curve 3) without the addition
of a CPD leads to a noticeably lower PPR yield com-
pared with the use of TiCl, (Fig. 1, curve 3). The option
with simultaneous single loading of all reagents, in-
cluding CPD, also does not give an advantage when
using the TiCls — Al(C;H5s)2Cl catalytic system. The PR
yield is also lower compared to using TiCl..

However, in the case of CPD dosing, the use
of a catalytic system allows for a higher resin yield
compared to the use of a TiCl, catalyst. The increase in
resin yield is noticeably higher than the amount of CPD
added, both in the first (Fig. 1, curve 1) and in the sec-
ond (Fig. 3, curve 1) cases. It is possible to talk about
the specific interaction of the CPD with the catalytic
system with the formation of active intermediate mon-
omers. From the analysis of curves 1-3 of Fig. 3, it
clearly follows that an increase in the reactivity of the
C, fraction with the addition of CPD leads to an in-
crease in product yield by 19%, and dosing of CPD for
120 min increases the yield of PR by 37%.

When dosing the CPD and the catalyst (Fig. 4,
curve 1), the resin yield increases almost linearly dur-
ing 120 min, reaching a maximum value by 180 min,
while with a one-time loading of the catalyst and dos-
ing of the CPD for 120 min (Fig. 3, curve 1), the pro-
cess is almost completed in 60 min.

The characteristics of petroleum polymer res-
ins obtained using the TiCls — AI(C2Hs).Cl catalytic
system are presented in Table 2.

When considering the results presented in Ta-
ble 2, it can be concluded that the use of CPD as a re-
active comonomer makes it possible to increase the
yield of PR by an amount significantly exceeding its
additive. The choice of the synthesis method, which
consists in the dosed administration of both the cata-
Iytic system and the CPD, allows to achieve a signifi-
cantly higher yield than can be expected when calcu-
lating according to the additive scheme.
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Table 2
Characteristics of the obtained PR
(2% TiCls — Al(C2Hs)2C1 (1:1 mol), 20 °C)
Tabnuya 2. XapakrepucTuku noay4yennsix HIIC
(2% TiCls — Al(C2Hs)2CI (1 : 1 mous), 20 °C)

Production| Yield, Molecular o

methods * | % mass | €017 " weight BN ** 1 Tsor, °C
7 64 150 680 73 110
8 57 200 640 72 100
9 48 250 420 67 95
10 58 150 770 72 97
11 40 250 510 76 100
12 21 600 330 64 100

[Tpumeuanus: *Crnoco6sl nomyuenus: 7 — gozuposanue LII1/]
u KC B C9; 8 — onnopazosas 3arpy3ka LII1/] B Co, 3aTem 103u-
posanue KC; 9 — nozuposanue KC B Co (6e3 LII1T); 10 — on-
Hopazosas 3arpyska KC B Cy, 3arem nozuposanue LI1J]; 11 —ox-
HoBpemenHas 3arpy3ka LIIT/] u KC B Co; 12 — onHOBpeMeHHasI 3a-
rpy3ka KC B Co (0e3 LITT[T);

**[Tokazarenu: nBet — 1BeT 50 % -ro pacTBopa Mo HoJIOMeT-
puueckoit mmkane, mr I2/ 100 r KI; BY — 6pomuoe uuncio, r Bra/
100 r HIIC; Tpasm, °C — Temnepatypa pasmsardeHust cMoisl, °C
Notes: *Production methods: 7 — dosing of CPD and KS in Co;
8 — one-time loading of CPD in Cs, then dosing of KS; 9 — dos-
ing of KS in Co (without CPD); 10 — one-time loading of KS in
Co, then dosing of CPD; 11 — simultaneous loading of CPD and
KS in Co; 12 — simultaneous loading of KS in Co without CPD);
**Indicators: color — color of 50% solution on iodometric
scale, mg 12/100 g KI; BN — bromine number, g Br2/100 g PR;
Tsoft., °C — resin softening temperature, °C

The resins obtained by dosing the catalytic sys-
tem and CPD are significantly lighter than those with-
out CPD. An increase in molecular weight is also ob-
served, which is associated with increased activity of
CPD in polymerization processes. Probably, this is also
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associated with a slight increase in the bromine number
of resins when using CPD, a diene series modifier.

CONCLUSION

1. The influence of the method of carrying out
the polymerization process of the Co fraction: the addi-
tion of a catalyst/catalytic system, cyclopentadiene as
an active comonomer, on the yield and characteristics
of the petroleum polymer resin have been studied. The
possibility of obtaining light unsaturated oligomeric
products at a temperature of 20 °C with a yield of up to
60-64% and softening point in the range 95-115 °C has
been shown.

2. When using the TiCls — AI(C2Hs).Cl cata-
Iytic system, the resin yields in optimal dosage options
have been exceed the results obtained when using
TiCla. The type of catalyst generally has little effect on
the characteristics of the resulting petroleum polymer
resins.

3. The use of cyclopentadiene for modification
of Cg petroleum polymer resins at a temperature of 20 °C
allows additional copolymerization of monomers with
low reactivity. This allows increasing the yield of res-
ins to 60-64%, i.e. achieving close to 100% conversion
of unsaturated compounds included in the initial frac-
tion of liquid pyrolysis products.
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