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This paper investigates the rheological properties of C9 petroleum resin solutions,
synthesized through different oligomerization methods. The research focuses on the
behavior of resin solutions in terms of dynamic viscosity, shear stress, and shear rate
with temperature, specifically between 293 and 343 K. The study shows that the viscosity
of these solutions decreases with increasing temperature, which is typical of pseudoplastic,
non-Newtonian fluids. The temperature coefficient for the resins ranges from —0.009 to
—0.021 mPa-s/K, indicating that higher temperatures lead to a significant reduction in
viscosity. The study examines the relationship between temperature and the density per
unit viscosity, which increases in the observed temperature range. The density per unit
viscosity at 293 K ranges from 507.0 to 1012.1 kg/m?, and at 343 K, it ranges from 1083.7
to 2085.5 kg/m?. These variations reflect differences in molecular structures and their
influence on flow behavior under various temperature conditions. The flow index (n)
ranges from —0.187 to —0.078, underscoring the strong pseudoplastic behavior of the
resin solutions. The consistency constant, a measure of the material’s resistance to flow,
ranges from 2.1 to 5.55 Pa-s". These findings show that the viscosity of the solutions
decreases with increasing shear rate, further confirming the pseudoplastic nature of the
resins. These rheological characteristics indicate that C9 resins are suitable for use in
high-temperature environments and in applications requiring stable flowability, such as

paint coatings.
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Introduction

Hydrocarbon resins, also known as petroleum
polymer resins (PRs), are oligomeric products.
Hydrocarbon resins are derived from petrochemical
feedstocks. Their synthesis is based on the
oligomerization of unsaturated hydrocarbons present
in the liquid by-products of the pyrolysis of gasoline
and diesel fractions, in particular the C9 fraction
(422—473 K) [1,2]. The composition of such resins
depends on the nature of the feedstock, pyrolysis and
oligomerization conditions. Hydrocarbon resins are
widely used in anti-corrosive coating, alkyd-based
enamel, varnish, marine paint, offset ink, newspaper
ink and rubber compounding.

C9 resins are produced by catalytic
oligomerization [3], as well as high-temperature
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thermal and initiated oligomerization, low-temperature
emulsion and suspension oligomerization methods
[4,5]. The wide practical use of C9 resins is aimed at
modifying resins and ensuring compatibility with
plasticizing reagents [6,7].

Polymers (and oligomers) typically exhibit both
viscous and elastic properties, displaying viscoelastic
behavior [8]. It is clear from published studies that
fluid viscosity is sensitive to the measurement
environment. Therefore, it is essential to take the
temperature and pressure of the fluid into account
when studying them [9].

The results presented in ref. [10] demonstrate
that the incorporation of C9 petroleum resins into
modified bitumen leads to enhanced rheological
properties. This improvement implies superior high-
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temperature performance and greater stability, attributes
that are critical in the context of pavement engineering
applications.

Varieties of methods are employed to study
rheological properties, including capillary viscometers,
which provide high measurement accuracy and allow
for the study of liquids at different shear rates [8,11].
The operation of a capillary viscometer is based on
the theory of fully developed flow. The length-to-
diameter ratio has a significant impact on the capillary
action. The hydrostatic head promotes the movement
of the liquid through the capillary. The advantages of
capillary viscometers are accuracy, low cost, and high
shear rates. The disadvantage is the possible blockage
of the capillary due to the formation of bubbles.
Variable shear during flow changes the structure of
the liquid and causes heating at high viscosities [12].

The knowledge of the viscous stability of
hydrocarbon resin solutions in thermodynamic
deformation regimes will provide, in addition to the
practically necessary viscous characteristics, the basis
for the thermodynamic deformation. Additionally, it
will provide a basis for the development of a scheme
for the evaluation of group contributions to the
technical characteristics of the final products based
on hydrocarbon resins.

The aim of this work is to investigate the change
in the dynamic viscosity, shear stress and shear rate
of viscous flow of C9 resin solutions as a function of
temperature and resin synthesis methods.

Experimental

The research was conducted using a variety of
hydrocarbon resins prepared by different methods
(Table 1).

The composition of these resins differs depending
on the method and temperature of oligomerization
[4,5]:

Resins I—III are styrene-cyclopentadiene
cooligomers obtained by high-temperature free-radical
oligomerization;

Resins IV—VII, which are obtained by low-
temperature emulsion and suspension oligomerisation,
contain units of styrene and its derivatives;

Resin VIII is a cyclopentadiene resin, obtained
from the C9 fraction, from which styrene and its
derivatives were previously removed.

The dynamic viscosity of 10% resin solutions
was determined using an Oswald viscometer with a
0.56 mm capillary diameter. The flow time was
measured at 6 different temperatures ranging from
293—343 K in increments of 10 K.

To maintain the desired controlled conditions,
the viscometer containing the solution was placed in
a water bath, where the temperature was kept constant.
Prior to commencing each new measurement, the
temperature of the solution was allowed to stabilize
within the water bath for a period of 10 minutes. The
flow time of the solution through the capillary of the
viscometer was determined by measuring the time
interval during which the volume of liquid between

Table 1
Production conditions and properties of hydrocarbon resin
Resin Production conditions Mole?cular Softemng
weight point, K
I Initiated oligomerization, ferz-butyl hydroperoxide as an initiator, 640 354
reaction temperature of 453 K, and reaction time of 6 hours
Initiated oligomerization, oligoperoxide (obtained by condensation of
I pyromelite dianhydride with polyethylene glycol-35 and tert-butyl 600 352
peroxymethanol) as an initiator, reaction temperature of 473 K, and
reaction time of 6 hours
I Thermal oligomerization, regction temperature of 453 K, and reaction 690 358
time of 8 hours
v Emulsion oligomerization, initiating system Sn stearate—hydrogen 670 356
peroxide, reaction temperature of 313 K, and reaction time of 3 hours
v Emulsion oligomerization, potassium persulfate as an initiator, 690 358
reaction temperature of 323 K, and reaction time of 3 hours
VI Suspension oligomerization, benzoyl peroxide (6 dosages) as an 500 348
initiator, reaction temperature of 353 K, and reaction time of 3 hours
VII Suspension oligomerization, tert-butylpiperidinomethylperoxide as an 505 347
initiator, reaction temperature of 323 K, and reaction time of 3 hours
Initiated oligomerization of fraction C9 after suspension
VIII oligomerization, isopropyl benzene hydroperoxide as an initiator, 650 354
reaction temperature of 453 K, and reaction time of 6 hours
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two marks on the viscometer moved under the
influence of gravity. Leakage time measurements were
conducted with an accuracy of 0.1 seconds. At each
temperature point, a minimum of three flow time
measurements were performed. The mean flow time
was employed to calculate the relative and dynamic
viscosity.

The density of the resin solution in gasoline
and the density of pure benzene at varying temperatures
were determined using the dilatometric method.

In the capillary viscometer, the pressure drop
created by the weight of the liquid column was
calculated as the product of the liquid density, the
height of the column, and the gravitational
acceleration. The shear rate was calculated as the ratio
of the volume flow rate of the liquid to the geometric
parameters of the capillary (capillary diameter (d) of
0.56 mm, and height of 32 mm). Shear stress was
calculated as a function of pressure drop and capillary
diameter [12,13].

Results and discussion

The rheological behavior of eight solutions of
hydrocarbon resins obtained by different methods was
studied. The temperature dependence of the density
change of the solutions was determined experimentally,
and the flow time of the solutions at different
temperature conditions was measured. The viscosity,
shear stress and shear rate were calculated from the
experimental data.

The dynamic viscosity varies from 0.39 to
1.77 mPa-s (Fig. 1). The viscosity of the resins studied
decreased with rising temperature. These findings
confirm the temperature dependence of viscosity, which
is typical of pseudoplastic non-Newtonian fluids. The
largest alterations in viscosity were observed in resins
1V and VIII, which demonstrated the greatest changes.
At 293 K, resin IV exhibits the highest initial viscosity
(1.77 mPa-s), which decreases to 0.71 mPa-s at

343 K. The correlation between temperature and
dynamic viscosity for different resins is in the range
of —0.95 to —0.99. The critical temperature (the
temperature corresponding to the largest change in
viscosity) is 303 K in all cases. The values of the
temperature coefficient when the temperature changes
from 293 to 343 K are shown in Table 2.

The density of 10% resin solutions in benzene
in the temperature range of 293—343 K varies from
1012 to 810 kg/m? (Fig. 2). In the temperature range
under consideration, the greatest variation in density
was observed in the case of a resin solution of
V (66 kg/m?), while the lowest value was recorded for
resin VII (38 kg/m?). A decrease in resin solution
density is invariably accompanied by a decrease in
viscosity. While the nature of this relationship is
consistent across all cases, the rate of change varies.

In the temperature range studied, the shear stress
of resin solutions exhibited a range from 1.11 to
1.39 Pa (Fig. 3). A decrease in shear stress is observed
with increasing temperature for solutions of all resins.
This is consistent with the fact that increasing the
temperature reduces the viscosity of liquids, resulting
in a decrease in the shear stress. The shear stress for
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Fig. 1. Resin solution dynamic viscosity as a function of
temperature

Table 2
Rheological properties of hydrocarbon resin solutions

Resin Temperature coefficient, Density per unit viscosity, m g Flow Consistency constant,
mPa-s/K 293 K 343 K index Pa-s"
I -0.011 909.1 1760.0 -0.129 3.49
II —-0.009 964.0 1832.0 —0.140 3.53
I —-0.009 1012.1 1958.0 —0.144 3.07
v —-0.021 507.0 1201.5 -0.111 2.70
A% -0.012 845.4 1529.1 -0.187 555
\%! -0.014 727.6 1620.9 -0.110 2.71
VII -0.014 783.3 2085.5 —-0.078 2.10
VI -0.017 539.3 1083.7 —0.143 3.29
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all series shows similar trends with a smooth decrease
within each series. Solutions VI and VII have the
lowest initial shear stresses, while solutions V and 1
have the highest initial shear stresses.

The resin solutions displayed a high elastic
response, exhibiting flow at a shear stress that was
three orders of magnitude higher than their dynamic
viscosity (Fig. 1 and 3).

In all cases, an increase in shear rate is observed
with rising temperature (Fig. 4), which correlates with
the dynamic viscosity. At 293 K, resin V demonstrates
the highest initial shear rate (1675.53 s7!), which
subsequently increases to 2298.79 s7! at 343 K.
Resin VII exhibits the highest shear rate at 343 K
(3660.38 s7!), representing the highest value among
all series. This indicates that this series exhibits the
highest fluidity at high temperatures. Resin IV
demonstrates the lowest shear rate (1166.30 s~ and
2016.31 s7' at 293 K and 343 K, respectively).

The viscosity of resin solutions decreases with
increasing shear rate (Fig. 5), indicating the
pseudoplastic nature of these fluids. The most
significant decrease in viscosity is observed in the
speed range of 2000—3000 s™!, where it decreases
from 1.07 to 0.50. The correlation between the shear
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Fig. 3. Shear stress as a function of temperature

rate and the resins solutions viscosity is —0.89.

The relationship between shear rate and shear
stress (Fig. 6) was found to be nonlinear for all
samples, thereby confirming their non-Newtonian
nature. The decrease in shear stress with increasing
shear rate indicates the shear thinning effect, which
is characteristic of non-Newtonian pseudoplastic fluids.
At high velocities (over 2000 s™'), the shear stress for
all samples approaches similar values, indicating a
decrease in their viscosity and more similar behavior.
Therefore, all samples can be classified as pseudoplastic
non-Newtonian fluids that exhibit liquefaction under
shear.

The temperature coefficient indicates the extent
to which the dynamic viscosity changes in response
to a one—degree temperature increase [13]. All resins
exhibit negative values of the temperature coefficient,
indicating a reduction in viscosity with increasing
temperature from 293 K to 343 K. Resins Il and 111
demonstrate the lowest temperature coefficient, with
a value of —0.009. These resins exhibit enhanced
stability in viscosity across a broad temperature range,
rendering them suitable for use in a diverse range of
temperatures. Resin IV exhibits the greatest reduction
in viscosity, with a coefficient of —0.021, indicating a
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pronounced temperature—dependent effect on this resin
solution.

It was observed that an increase in temperature
from 293 K to 343 K resulted in an increase in
density per unit viscosity for all resins. This trend is
consistent with a decrease in viscosity with increasing
temperature (Fig. 1). The highest value of density per
unit viscosity at 343 K was observed for resin 111
(1958.0), indicating its high stability at this
temperature. The lowest value for the change in density
per unit viscosity was observed for resin VIII (1083.7—
539.3=544.4), which indicates greater stability of the
rheological properties of this resin, and thus greater
stability in industrial conditions.

The flow index (n) determines how shear stress
varies with shear rate. Resins with a lower n value
show a stronger dependence of viscosity on shear
rate. All samples have a value of n<1, which indicates
their pseudoplastic behavior.

Styrene resin IV and cyclopentadiene resin VIII,
which exhibit the most significant viscosity alterations
in response to temperature fluctuations, can be utilized
in applications where rapid adjustments to rheological
characteristics are necessary, particularly in paints and
coatings designed for high-temperature environments.
Styrene resin V has the highest consistency and is
recommended for use in environments with high shear
stress, such as in rubber compounds or bitumen
modifiers. Styrene-cyclopentadiene resin 11 is produced
by thermal oligomerization and exhibits high
temperature stability, rendering it suitable for use in
conditions requiring a stable viscosity, such as in anti-
corrosion coatings and marine paints.

Conclusions

The dependence of the change in dynamic
viscosity of hydrocarbon resin solutions on temperature,
solution concentration, and method of their synthesis
has been studied. It was found that with increasing
temperature the properties of resin solutions approach
those of non—Newtonian fluids, which is confirmed
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Fig. 6. Shear stress as a function of shear rate

by their pseudoplasticity. It was determined that the
dynamic viscosity of resin solutions is contingent upon
the temperature and composition of the solution.
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PEOJIOTTYHI BJIACTUBOCTI PO3YHMHIB
HA®TOIIOJIIMEPHUX CMOJ C9

P.O. Cyomeavnuii, 1.I. basimcokuii, b.O. /Binax

B paniit po0OOTi DOCIiIKEHO PEOJIOTiYHi BJIACTUBOCTI
po3unHiB HadTomomiMepanx cmon C9, cCMHTE30BaHUX DPi3HU-
MU METOIaMU oJliromepu3allii. PO3IJIsIHyTO TOBEAIHKY PO3UYMHIB
CMOJI 3 TOYKM 30py AMHAMIYHOI B’SI3KOCTi, HAIIPY:KE€HHS 3CYBY
Ta WIBUAKOCTI 3CYBY SIK (DYHKIIil TeMIlepaTypu, 30Kpema B
nmiamasoHi 293—343 K. BcTtaHoBieHO, 10 B’SI3KiCTh LUX
PO3UMHIB 3MEHIIYETHCSI 3 MiJABUILEHHSIM TEMIIEPaTypH, IO €
TUMOBUM JJIsI TICEBAOIIACTMUHMX, HEHBIOTOHIBCBKUX PiIWH.
TemmepaTypHuil KoeillieHT IS CMOJI 3HAXOAUTHCS B MeEXKax
Bix —0,009 no —0,021 mIla-c/K, mo BKa3ye Ha Te, IO MiABU-
LIEHHST TeMIepaTypu MPUBOAUTH 10 BUPAKEHOTO 3MEHIIEHHS
B’SI3KOCTi. PO3riIsiHyTO 3B’SI30K MiX TeMIIEpaTypolo i TyCTH-
HOI0O Ha OJVHUIIIO B’SI3KOCTI, KA 3pOCTA€ B JOCTIIKYBAHOMY
TeMIlepaTypHOMY Hiara3oHi. ['ycTMHa Ha OOMHMIIO B’SI3KOCTI
npu 293 K konusaetbest Big 507,0 mo 1012,1 xr/m?, a nipu
343 K — Big 1083,7 no 2085,5 kr/m?. Lli Bapiauii BKa3yioTb Ha
BiIMiHHOCTI B MOJICKYJISIDHMX CTPYKTypax Ta iX BIUIMB Ha ITO-
BEIiHKY IOTOKY 3a Pi3HMX TeMIIepaTypHUX YMOB. [Hmekc Teuii
(n) 3miHtoeTees Bim —0,187 mo —0,078, i BKa3dye Ha TiceBHO-
TUIACTUYHY TTOBEAIHKY pO34MHIB cMOJ1. KOHCTaHTa KOHCUCTEHIIT,
sIKa € MIpOoIO OIOpYy MaTepiajly Tedii, 3HaXOOUThCS B Jiama3oHi
Bim 2,1 mo 5,55 Ila.c". Lli pe3yabTaTu AEMOHCTPYIOTH, IO
B’3KiCTh PO3YMHIB 3MEHILYETHCSI 3i 30UILIICHHSIM IIBUIKOCTI
3CYBY, LIO JOJATKOBO MiATBEPIKYE MCEBAOILIACTUUHY MPUPO-
ny cmout. Lli peosoriyHi XxapakTepuCTUKMA BKa3ylOTh Ha Te, IO
cmonu C9 mpupatHi 1isi BUKOPUCTAHHSI y BUCOKOTEMIIepa-
TYpHUX CEpeIOBHUIIAX i B KOMIIO3UIIisSIX, 1[0 BUMAralmTh CTa-
OLTbHOI TEKY4YOCTi, TAKUX SIK JIAKO(apOOBi IMTOKPUTTSI.

KimouoBi cioBa: peosorisi, B’SI3KiCTb, IIBUIKICTh 3CYBY,
HaTpyXeHHs 3cyBy, cMmosia C9, po3uuH, ojiromep.
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This paper investigates the rheological properties of C9
petroleum resin solutions, synthesized through different
oligomerization methods. The research focuses on the behavior
of resin solutions in terms of dynamic viscosity, shear stress, and
shear rate with temperature, specifically between 293 and 343 K.
The study shows that the viscosity of these solutions decreases
with increasing temperature, which is typical of pseudoplastic,
non-Newtonian fluids. The temperature coefficient for the resins
ranges from —0.009 to —0.021 mPa-s/K, indicating that higher
temperatures lead to a significant reduction in viscosity. The study
examines the relationship between temperature and the density
per unit viscosity, which increases in the observed temperature
range. The density per unit viscosity at 293 K ranges from 507.0
to 1012.1 kg/m?, and at 343 K, it ranges from 1083.7 to
2085.5 kg/m?. These variations reflect differences in molecular
structures and their influence on flow behavior under various
temperature conditions. The flow index (n) ranges from —0.187
to —0.078, underscoring the strong pseudoplastic behavior of the
resin solutions. The consistency constant, a measure of the
material’s resistance to flow, ranges from 2.1 to 5.55 Pa-s". These
findings show that the viscosity of the solutions decreases with
increasing shear rate, further confirming the pseudoplastic nature
of the resins. These rheological characteristics indicate that C9
resins are suitable for use in high-temperature environments and
in applications requiring stable flowability, such as paint coatings.

Keywords: rheology; viscosity; shear rate; shear stress; C9
resin; solution; oligomer.
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