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Abstract. The method for obtaining coumarone-indene
resins with methacrylic fragments (CIRM) was developed
with the addition of methyl methacrylate, using a light
fraction of coal tar and its fraction boiling within 423—
463 K. CIRM was obtained via radical cooligomerization
using 2,2-azobis (2-methyl-propionitrile) as the initiator.
The effect of the initiator amount, temperature and
reaction time on the yield, softening temperature and
molecular weight of CIRM has been established. The
structure of the synthesized CIRM has been confirmed by
IR and NMR spectroscopy. It is proposed to use CIRM as
a polymer component of bitumen-polymeric mixtures
(BPS). The effect of CIRM amount, temperature and time
on the main characteristics of BPS has been studied.

Keywords: coumarone-indene resin, coa tar, methyl
methacrylate, azoinitiator, IR spectroscopy, NMR
spectroscopy, bitumen-polymeric mixture.

1. Introduction

When building modern roads, petroleum bitumen
and polymeric additives are used as components of road
materials [1-3]. It is recommended to use eastomers,
thermoplastic and reactive polymers, as well as various
resins as polymeric additives [1]. The introduction of the
polymeric component into the composition of road
bitumen significantly improves the performance
characteristics of the coating, in particular adhesion to
mineral fillers, elasticity and reduces brittleness[4, 5].
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Over the past few years, the researchers of the
Department of Chemical Technology of Oil and Gas
Processing at Lviv Polytechnic National University have
been conducting studies on the possibility of using
petroleum [6-8], phenol formaldehyde [9] and epoxy [10]
resins as polymeric additives. A particular attention
should be paid to petroleum resins, because they are
synthesized from liquid by-products obtained after
hydrocarbon raw materials pyrolysis with the aim of
ethylene production [11-13]. Using the Cy fraction of
liquid pyrolysis products containing such unsaturated
hydrocarbons as styrene, vinyl toluenes, dicyclopentaiene,
indene, etc., petroleum resins with epoxy [14], carboxy
[15] and hydroxy [16] groups were synthesized.
Petroleum resins with various functional groups are used
as additives during oil tar oxidation to bitumen and for the
preparation of bitumen-polymer mixtures [17]. The joint
oxidation of tar and petroleum resins (PRs) was carried
out at 523K for 3 h with an air volumetric flow rate of
2.5 min™. The amount of PRs in the raw material mixture
was 1-10 wt %. The increase in the amount of PRs with
epoxy or carboxy groups raises the softening temperature
of bitumen, its ductility and adhesion [8, 17]. At the same
time, the penetration of bitumen, which characterizes its
hardness, decreases. The optimum amount of PRs in such
amixtureis5 wt %.

When preparing bitumen-polymeric mixtures, PRs
with epoxy, carboxy and hydroxy groups [17] have been
studied as polymer components. As in the previous case,
the amount of PRs in the mixture ranged from 1 to
10wt %. The introduction of PRs in bitumen makes it
possible to significantly increase the adhesion of
commercia bitumen to minera fillers, with the best
results achieved in the case of using PRs with carboxy
groups in an amount of 5wt % [17].

Good results in the creation of bitumen-polymeric
mixtures are aso achieved in the case of using phenadl-
formaldehyde and epoxy resins containing different
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functional groups [8, 9]. The disadvantage of such mixures
is the expensiveness of resins used. Therefore, the search
for the raw materials, which would give the opportunity to
obtain cheap resins (polymers), isill relevant.

It isknown [18] that a codl tar resinis a by-product
of coal coking. As a result of the coal tar rectification, an
indene-coumarone fraction (ICF) [19] and a light fraction
of coal tar (LFCT) are obtained. Both fractions contain
sufficient amounts of indene, coumarone, styrene and
other unsaturated compounds, and therefore they are used
to produce the so-called coumarone-indene resins (CIR)
which may be used as polymer components for the
creation of bitumen-polymer mixtures [20]. CIR with
functional groups, namely epoxy and carboxy groups, are
described by M. Bratychak et al. [21, 22]. Functional
groups in the CIR dtructure increase the adhesion
properties of the final products.

This work deals with the obtaining coumarone-
indene resins with methacrylic fragments (CIRM) on the
basis of LFCT.

2. Experimental

2.1. Materials

The raw materias for CIRM synthesis were light
fraction of coal tar (LFCT), produced at JSC
“Zaporizhkoks’  (Ukraine), and indene-coumarone
fraction based on it (ICF, 423-463 K). The content of the
componentsis described in[21].

Monomer with methacrylic fragment was methyl
methacrylate (MMA) produced by VWR Prolabo
Chemicals (CAS: 80-62-6), density d2°= 0.935. Apart
from MMA the styrene was used as an additiona
monomer. It was dried before the experiments with solid
alkali and then purified by digtillation at 323 K under
residue pressure of 300400Pa. Its characteristics:

refractive index n?® = 15471 (literature value
n? = 15468); density d:° = 0.650 (literature value
d?° =0.9059) [23].

2,2 -Azobig(2-methyl-propionitrile)  as  0.2M
solution in toluene (AMP, purchased from Aldrich) was
the cooligomerization initator. Its characteristics:

d?® =0.858, n?’ =1.495.

Toluene was purchased from Aldrich. The
petroleum ether was a fraction with a boiling range of
313-343K, d:°=0.650.

Bitumen characteristics: softening temperature
319 K, penetration 70-10* m, ductility 63-102m, adhesion
to glass 47 %.
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2.2. Analytical Determination

The number-average molecular weight (M;) of the
synthesized CIR was determined using cryoscopy in
benzene. The softening temperature of CIR was
determined using a ring-and-ball method [24]. Penetration
[25], softening temperature [26], ductility [24] and
adhesion [27] were determined according to the
procedures described in the mentioned references.

2.3. Spectral Measurements

Infrared spectra of CIR with methacrylic fragments
were measures using Nicolet IR 200 (Thermo Electron
Co., USA) with Golden Gate ATR diamond crystal. Every
spectrum was recorded with 4 cm™ resolution. Samples
were prepared as powders or were dissolved in acetone.

'H and CNMR spectra were recorded at
400 MHz and 100 Hz, respectively, using Bruker Avance
Il 400 spectrometer (Poland) in deuterochloroform at
room temperature.

2.4. Synthesis Procedure

2.4.1. CIRM synthesis

LFCT or ICF cooligomerization was carried out in
metal ampoules by the capacity of 100 ml. The ampoules
were |oaded with theinitial fraction, monomer and initiator,
then blown with an inert gas, closed and placed into a
thermostat. After finishing the process the ampoules were
cooled to room temperature and the matter was precipitated
using petroleum ether. The precipitated product was dried
in avacuum oven a 313 K till the weight became constant.
The yield relative to the initial reaction mixture was
calculated according to theformula (1)

X :% 00 % )
where m. —weight of the resulted resin, g; my, — weight of
theinitial reaction mixture, g.

2.4.2. Preparation of bitumen-polymeric
mixtures

Bitumen was heated in a reactor till definite
temperature, then CIRM was added and mixed
(Re=1200) for a definite time.

3. Results and Discussion

3.1. Coumarone-Indene Resins
with Methacrylic Fragments (CIRM)

The studied LFCT and ICF contain indene,
coumarone and styrene [21].Under certain conditions they
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are capable of cooligomerization and formation of
coumarone indene resins. At the same time, it is evident
that concentration of such compounds is low, which
requires the addition of styrene to the initial mixture to
increasetheyield of resins[21, 22].

The effect of the reaction mixture composition on
the yield and characteristics of CIRM is demonstrated in
Table 1. When adding styrene to LFCT in the absence of
MMA, the CIRM yied does not exceed 5.1 % (CIRM-I).
The decrease in styrene and gradual increase in MMA
concentrations increase the CIRM yield to 25.5 % (CIRM-
V). At the same time the molecular weight of the
synthesized resins and the softening temperature decresse.
So, we may assert that using MMA it is unnecessary to
add styrene to increase the CIRM vyield.

The effect of initiator concentration on the yield and
characteristics of CIRM is represented in Table 2. The
increase in AMP concentration to 0.0407 mal/l positively
affects the yield of the resulting product (29.7 %, CIRM-
VII). Further increase in AMP amount to 0.0554 mal/l
practicaly does not affect both the CIRM yield and its
characteristics. Taking into account that a8t AMR concent-
ration of 0.0226 mol/l a sufficiently high yidd of CIRM is
achieved (CIRM-V), and the resulting resin has the highest
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molecular weight and softening temperature, such amount
of initiator was chosen for the future experiments.

One can see from Table 3 that at optimum AMR
concentration and reaction temperature of 353K, the
CIRM vyidd is 231% (CIRM-X) aready after 4h.
Increasing the reaction time to 6 h makes it possible to
obtain resn with 255% vyied (CIRM-V), which is
characterized by a molecular weight of 600 g/mol and a
softening temperature of 364 K. Further increase in the
reaction time to 8-10 h practically does not change the
resin yield and molecular weight.

Analyzing the data presented in Table 4, we note
that the decrease in the reaction temperature to 343 K
leads to the decrease in both resin yield and molecular
weight, as well. At 363K the resin yield dlightly
increases, the softening temperature decreases and
molecular weight increases in comparison with those
values observed at 343 K. This can be explained by the
fact that at high temperature (363K) a rapid
decomposition of the initiator and an acceleration of
radicals recombination occur. Under these conditions, not
all monomers are capable of oligomerization, resulting in
the decrease of the CIRM yield. The optimum tempe-
rature, at which the highest yield is achieved, is 353 K.

Table 1
Effect of thereaction mixture composition on CIRM char acteristics
Composition of theinitial mixture, g CIRM characteristics
Yiedreativetothe .
LFCT Styrene MMA CIRM initial mixture Softening My,
symbol g % temperature, K g/mal
452 9.09 0 CIRM-I 28 51 - -
452 727 187 CIRM-II 38 7.0 - 840
452 3.64 5.61 CIRM-I11 43 134 382 700
452 182 7.48 CIRM-IV 95 174 375 670
452 0 9.35 CIRM-V 139 255 379 600
Notes: reaction temperature 353 K, time 6 h, AMP concentration 0.0226 mol/I.
Table 2
Effect of AMP concentration on CIRM characterigtics
Compoasition of theinitial mixture, g CIRM characteristics
Yidd relativeto the Softenin M
AMP, mol/| LFCT,g | MMA,g CIRM symbol initia mixture 9 m
g % temperature, K g/mal
0.0097 452 9.35 CIRM-VI 51 9.3 365 540
0.0226 452 9.35 CIRM-V 139 255 364 600
0.0407 452 9.35 CIRM-VII 16.2 29.7 337 510
0.0554 452 9.35 CIRM-VIII 16.0 29.3 341 490

Notes: reaction temperature 353 K, time 6 h.
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Table 3
Effect of reaction timeon CIRM char acterigtics
_ CIRM characteristics
Time, h CIRM symbol Y|elcg relative to the initial r’r;}oxture Softening temperature, K M, g/mol
2 CIRM-IX 10.1 185 318 470
4 CIRM-X 12.6 23.1 328 500
6 CIRM-V 13.9 255 364 600
8 CIRM-XI 13.9 255 321 590
10 CIRM-XII 138 25.3 325 650
Notes: reaction temperature 353 K; AMP concentration 0.0226 mol/l. Composition of the initial mixture, g: LFCT — 45.2;
MMA —9.35.
Table 4
Effect of reaction temperature on CIRM characteristics
CIRM characteristics
Temperature, K CIRM symbol Yidd g;elanve totheinitial r(;r);xture Softening temperature, K M, g/mol
343 CIRM-XIII 8.6 15.8 367 510
353 CIRM-V 13.9 255 364 600
363 CIRM-XIV 10.1 185 359 720

Notes: reaction time 6 h; AMP concentration 0.0226 mol/l.

In general, analyzing the results shown in Tables 2-
4 it can be concluded that in the case of the use of LFCT
and MMA and the use of AMP as an initiator, the
production of indene-coumarone resins containing
fragments of MMA should be performed under the
following conditions:

—reaction temperature 353 K;

—reactiontime 6 h;

— concentration of AMP in the reaction mixture
0.0226 mol/l;

—MMA content in the reaction mixture 9.35 g.

The resulting resin (CIRM-V) is characterized by
yield of 25.59%, softening temperature of 364 K and
molecular weight of 600 g/mal.
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Composition of theinitial mixture, g: LFCT —45.2; MMA —9.35.

The same synthesis conditions were used to abtain
resins based on ICF (CIRM-XV). The initial mixture
composition is: ICF 189.0g; MMA 37.4g; AMP con-
centration 0.0226 mol/l. The resulting resin (CIRM-XV)
is characterized by the yield of 26.4%, softening
temperature of 359 K and molecular weight of 530 g/mal.

S0, the characteristics of both synthesized resins
aresimilar.

3.2. Spectroscopic Investigations

To confirm the structure of the synthesized resins
we used IR— and NMR-spectroscopy (Figs. 1 and 2-3,

respectively).
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Fig. 1. IR-spectraof CIRM-V (@) and CIRM-XV (b)
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Fig. 2. H NMR spectrum of CIRM-XV
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Fig. 3. 13C NMR spectrum of CIRM-XV

Analyzing the IR spectra of CIRM-V and CIRM-
XV (Fig. 1), we observe their identity. The presence of
methacrylic fragments in the synthesized resins is
confirmed by the stretching vibrations (ve=o) of the carbo-
nyl group at 1725 cm™* (Fig. 18) and 1724 cm™* (Fig. 1b).
Moreover, we observe stretching vibrations at 3428 and
3427 cm™ (Figs. 1la and 1b, respectively), which are
typical of the carbonyl group in esters. The presence of
—CH3 group in —-C—O—CHj3; is proved by symmetric
deformation vibrations at 1386 cm™. The group C-O-C,
which is a part of the methacrylic fragment, is confirmed
by asymmetric stretching vibrations at 1145 and 1143 cm'™.
The presence of the indene fragment is proved by
asymmetric stretching vibrations at 2950 cm™ of CH,
group, which is directly bounded with the benzenering in
the indene molecule. The fragments of coumarone
included in the structure of CIRM-V and CIRM-XV are
proved by stretching vibrations at 1190 and 1189 cmi* of
C—O-C group in the coumarone molecule. The benzene

rings that can correspond to the styrene, coumarone and
indene molecules are proved by the presence of stretching
vibrations within 1592—1434 cm™*, as well as deformation
vibrations at 752, 696 and 692 cm™ of CH group in the
substituted benzene rings. The residues of azoinitiator,
which are part of the resulting resins structure, are proved
by stretching vibrations of-C=N group at 2377 and
2358 cmi™.

The fragment of the methacrylate group CHz—O in
'"H NMR spectrum (Fig. 2) is confirmed by protons
signals at 3.54-3.65 ppm, as well asin *C NMR spectrum
by chemical shifts at 45.23 and 52.04 ppm (Fig. 3). The
CH3 group, which is found both in the methacrylic
fragment and in the residues of azoinitiator, is proved by
protons in the region of 0.79-0.87 ppm (Fig. 2) and by
chemical shifts at 29.04 and 33.33 ppm (Fig. 3). The
indene fragments that correspond to CH, group (Fig. 2)
are confirmed by protons in the 1.67-1.88 ppm region.
The presence of arométic rings in the structure of CIRM-XV
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was proven by protons in the region of 6.6-8.0 ppm
(Fig. 2) and chemical shiftsin the region of 116-132 ppm
(Fig. 3). The presence of-C=N group is confirmed by a
chemical shift at 120 ppm (Fig. 3).

So, coumarone-indene resins with indene, couma-
rone, styrene and methacrylic fragments are produced via
copolymerization of LFCT and ICF using AMP as the
initiator.

3.3. Bitumen-Polymeric Compositions

To create bitumen-polymeric mixtures (BPS), we
used bitumen, the characterigtics of which are givenin Sub-
section 2.1. CIRM-XV was used as a polymer component.

It was necessary to determine the effect of polymer
component amount, the temperature and time of BPM
preparation on its characteristics. The results are shown in
Tables5-7.

Bitumen without the addition of CIRM-XV was
studied for the comparison (Table 5). The amount of resin
was 1, 2, 3 and 5 wt % relative to the total BPM amount.
The introduction of resin from 1 to 5 wt % virtually leads
to a dight increase in a softening temperature but
penetration and ductility decrease. At the same time, the
adhesion of the formed mixtures increases significantly.

Michael Bratychak et al.

From Table 5 it can be concluded that the best
results related to adhesion are achieved with CIRM-XV
amount of 1wt%. Under these conditions, the
characteristics of the resulting mixture practically coincide
with the characteristics of bitumen without a polymeric
component, except the adhesion, which is twice higher.

The next step was to study the effect of the process
time and temperature on BPM characteristics. We observe
that BPM prepared for 0.5h (Table 6) have the same
characteristics, compared with that prepared for 1 h. The
exception is adhesion, which is 96 % (cf. 90 % for 0.5 h).
Further increase in the process time leads to the increase
in the softening temperature, but at the same time the
ductility decreases and the adhesion of the formed BPM
decreases sharply. This indicates that 1 h is the most
favorable time to prepare BPM.

The effect of temperature on BPM characteristics
are demonstrated in Table 7. Increasing the temperature
up to 483K improves the softening temperature, but
worsens penetration and ductility. On the other hand, the
temperature of 443 K does not alow to receive BPM,
which would be characterized by a sufficient adhesion.

Table5
Effect of polymer component amount on BPM char acteristics
BPM composition, wt % Softening temperature, Penetration at 298 K, Ductility at 298 K, Adhesion, %
K 0.1 mm cm
Bitumen 100.0, CIRM-XV 0.0 319 70 63 47
Bitumen 99.0, CIRM-XV 1.0 320 68 60 96
Bitumen 98.0, CIRM-XV 2.0 320 69 58 95
Bitumen 97.0, CIRM-XV 3.0 321 67 55 94
Bitumen 95.0, CIRM-XV 5.0 320 66 56 95
Notes: temperature 463 K, time 1 h.
Table 6
Effect of preparation time on BPM char acteristics
A Softening temperature, Penetration at 298 K, Ductility at 298 K, .
Preparation time, h K 0.1 mm om Adhesion, %
05 319 69 65 90
1.0 320 68 60 96
20 321 68 55 10
Notes: BPM composition, wt %: bitumen 99.0 and CIRM-XV 1.0; temperature 463 K.
Table 7
Effect of prepar ation temperature on BPM char acteristics
Preparation temperature, K Softening temperature, Penetration at 298 K, Ductility at 298 K, Adhesion, %
K 0.1 mm cm
443 319 69 64 28
463 320 68 60 96
483 321 66 53 94

Notes: BPM composition, wt %: bitumen 99.0 and CIRM-XV 1.0; time 1 h.
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Thus, on the basis of the conducted studies it can be
stated that the introduction of CIRM-XV into the bitumen
leads to a significant increase in the adhesion. The optimum
amount of CIRM-XV is 1wt%. The process temperature
should be 463K, process time 1 h. The obtained BPM has
practically twice the higher adhesion, compared with
bitumen without a polymeric component.

4. Conclusions

Coumarone-indene resins containing methacrylic
fragments (CIRM) were obtained via cooligomerization of
the light fraction of coal tar (LFCT) or itsindene-coumarone
fraction boling within 423-463 K with the addition of methyl
methacrylate. 2,2-Azobig2-methyl-propionitrile) was used
as the initiator. The highest CIRM vyidd reative to LFCT
was achieved at 353 K for 6 h with theinitiator concentration
of 0.0226 mal/l. The resulting CIRMs are characterized by
the yidld of 25.5 %, the softening temperature of 364 K, and
the molecular weight of 600 g¢/moal. The presence of metha
crylicfratlgmentswas confirmed by the IR absorption band at
1725 cm™, which corresponds to the dtretching vibration of
C=0 group in esters, and CHs-O group in the 'H NMR
spectrum, confirmed by protons signals at 3.54-3.65 ppm, as
well asin C NMR spectrum by chemical shiftsat 45.23 and
52.04 ppm. Regarding the possibility of using synthesized
resins as polymeric additives to bitumen-polymeric mixtures,
it was found that the addition of 1% CIRM to the mixtures
does not substantialy affect the softening temperature, pene-
tration and ductility, but doubles the adhesion to glass.
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OJIEP)KAHHS IHAEH-KYMAPOHOBHUX CMO.T
3 JIET'KOI ®PAKLIi KAM' THO-BYT'LIbHOI CMOJIN
3. IHAEH-KYMAPOHOBI CMO.IH 3
METAKPUJIATHUMHU ®PATMEHTAMUA

Anomayin. 3 euxopucmannsm ne2koi @paxyii kam' sHo-
8Y2ibHOI cMONU ma ompumanol Ha it ocHosi ¢pakyil, wo euxunae
3a memnepamyp 423-463 K, 3 dodasannsm memuimemaxpuiamy
DPO3POONEHO  MemOO 00ePIHCAHHA  [HOEH-KYMAPOHOBUX CMON 3
memaxpunamuumu gpaemenmamu (CIRM). CIRM ompumaro 3a
PAOUKATIBHOIO KOONI2OMEPUIAYIEIO 3 BUKOPUCAHHAM AK THIYIamop
2,2’ -az00ic(2-memun-nponionimpury). Bemanoeneno enmus Kino-
Kocmi iniyiamopa, memnepamypu ma mpuealocmi peakyii Ha
6uxio, memnepamypy pos3m’ sikuiennss ma monexynsipry macy CIRM.
Cmpyxmypy cunmeszosanux CIRM niomeepooiceno 19— ma AMP-
CHEKMPOCKONIUHUMU OOCTIOHNCEHHAMU. 3aNPONOHOBAHO BUKOPUCTNO-
sysamu CIRM sk nonimepry cxknadogy 6imym-nonimepuux cymiwieti
(BIIC). Busueno enmus xinvkocmi CIRM, meunepamypu ma
mpusanocmi Ha ocHosHi xapakmepucmuxu BIIC.

Knrouoei cnoea. inden-xymaponosa cmona, Kam' sHo-
8yeiibHa cMona, Memuimemaxkpuiam, azoiniyiamop, 14-cnexmpo-
ckonis, AMP-cnexmpockonis, 6inym-nonimepHa cymiu.



