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Abstract

This paper presents methods for the production of nanoscale coke powders for
bitumen modification. The chemical vapor deposition (CVD) method enables
the production of nanopowders with particle sizes ranging from 14 to 30 nm at
temperatures of 1000-1200 °C. Bitumen modification was performed by adding
nanoscale coke powders, in accordance with the requirements of Kazakhstan
standard 1373-2013. The nanosized powders were obtained by CVD in an inert
nitrogen atmosphere with a specific surface area of 24.8 m?/g. Modification of
bitumen with nanoscale coke yields grades with high thermal stability, ensuring
optimal structural strength and durability of the pavement. Rheological studies
show that nanoscale coke acts as an active structure-forming agent rather than
an inert filler. The restriction of asphaltene mobility leads to a consistently
reduced phase angle (6) and the absence of a transition to a viscosity-dominated
regime. The samples are characterized by the lowest phase angle values across
the entire range of the complex modulus. This indicates the formation of a highly
developed elastic-viscous structure due to the presence of nanosized coke,
which promotes the formation of a percolating physical network and restricts
the mobility of the bituminous system. The observed behavior indicates the
dominance of the elastic component and the increased structural organization
of the resulting bituminous binders.

1. Introduction

terials and asphalt concrete mixtures is expected to
improve certain characteristics. The carbene groups

Recently, numerous studies have been published
on the use of coke as a modifier in road construction
materials [1-7]. Study [8] demonstrated the feasibili-
ty of using non-target fractions and high-sulfur cokes
as additives in the production of asphalt concrete
mixtures. Owing to its nature, coke possesses high
adsorption capacity, and its use as an adsorbent is a
promising area of research. Petroleum coke has been
identified as a high-molecular-weight, spatially cross-
linked, metal-containing, and polydisperse polymer.
Consequently, its use as an additive in bituminous ma-
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in the coke are high-molecular-weight substances,
while the carbides are a cross-linked three-dimen-
sional polymer, a significant portion of whose carbon
atoms are incorporated into condensed aromatic
structures. The addition of these compounds to bitu-
minous binders provides high tensile strength. New
bonds form between the rigid blocks of the cross-
linked polymer and the polydisperse system in the
bitumen. These bonds do not break at high tempera-
tures as the mobility of the macromolecules increas-
es, allowing the cross-linked polymer to become ir-
reversibly incorporated into the spatial structure of
the bituminous binder. This explains the reduced
bleeding of the bituminous binder with coke [9].
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Among nanomaterials, carbon nanotubes and
fullerenes have been proposed as modifiers for bitu-
men and asphalt concrete due to their unique phys-
icochemical properties, which enable the targeted
formation of the composition and structure of road
construction composite materials. A nanostructur-
ing modifier for asphalt concrete described in [10]
consists of bitumen uniformly dispersed in 0.2-10%
carbon nanotubes, 10-20% technical carbon, and
1-20% organoclay. The dispersion process was car-
ried out in a bath under ultrasonic irradiation for 10
min at 180 °C. The test results showed an increase
in the compressive strength of the asphalt concrete
from 5.6 to 8.6 MPa, which is explained by the nano-
structured system’s tendency to reduce free energy
due to a synergistic reinforcing effect. The disadvan-
tages of the nanomodifier are its high content in the
asphalt concrete mixture and the need for addition-
al ultrasonic treatment to ensure complete distribu-
tion of the modifier in the bitumen.

To prepare the ArmBit modifying nano-additive
for bitumens and asphalt concrete, the ArmCap
composition has been proposed, containing multi-
walled carbon nanotubes and nanodiamonds. This
modification is distinguished by the fact that the
bitumen directly absorbs the nanoparticles imme-
diately after their formation, which prevents their
aggregation for more than six months. Nanomodifi-
er with concentration of 0.005% in asphalt concrete
demonstrated improved physical and mechanical
properties compared to the regulatory document
requirements [11]. The action mechanism of the
nanomodifier is explained by the interaction of
long-chain bitumen molecules in the formation of a
strong spatial network. The addition of the modifi-
er to the asphalt concrete matrix initiates a specific
physical-chemical process of converting the surface
energy of nanoscale particles, which leads to the or-
dering and strengthening of the bitumen systems.

The asphalt concretes in patents [12, 13] consisted
of crushed stone, sand, bitumen, and a carbon mod-
ifier. The 0.03—0.06% nanomodifier added to heated
bitumen at 130-140 °C. Mineral powder (MP-1) was
also added to the asphalt concrete mixture. Modifi-
cation result presents compressive strength of the
asphalt concrete at 20 and 50 °C increased to 3.9-4.3
MPa and 1.6-1.75 MPa, respectively. The strength
of the asphalt concrete mixture increases due to the
improvement of the modified bitumen’s structure by
carbon nanomaterials, which leads to the effective
transition of bitumen from a bulk to a film state.

Research [14] proposed the modification of
polymer-bitumen binders with carbon nanopar-

ticles, which well linked with polymers but also to
the surface of mineral components. Modification of
dolomite flour used as a mineral powder with 10%
carbon nanoparticles, 3% SBS polymer, and 4-10%
plasticizer made it possible to obtain an asphalt con-
crete binder with properties similar to those of poly-
mer-bitumen binders.

Paper [15] demonstrates that the simultane-
ous incorporation of SBS polymer and a suspension
based on diesel fuel and carbon nanotubes obtained
a modified bitumen binder with improved penetra-
tion and elasticity. Increasing content of the nano-
tube led to a decrease in ductility and a drop in elas-
ticity the optimal nanotube concentration is 0.016%.
The improvement in performance characteristics is
attributed to the participation of active carbon cen-
ters in the formation of a three-dimensional cross-
linked structure. To prevent agglomeration of the
nanotubes, the suspension was prepared using ul-
trasound, and diesel fuel used as a plasticizer.

The aim of the present study is to investigate the
modification technology for bitumen binders modi-
fied with high-nanocarbon materials to improve the
performance characteristics of asphalt concrete.

2. Materials and Methods

The carbon materials used in this study were ob-
tained from industrial petroleum coke at the Pav-
lodar Petrochemical Plant (Kazakhstan). The petro-
leum coke was produced by the coking of heavy oil
residues (tars). Form of material present solid car-
bon material.

Carbon nanomaterials were synthesized from
petroleum coke samples using chemical vapor depo-
sition (CVD). The coke samples were processed at
temperatures of 1000-1200 °C in an inert atmo-
sphere. The samples were heated to the specified
temperatures at a rate of 10 °C/min. A flow of inert
gas was fed into the reaction zone at a rate of 1000
ml/min. After reaching each set temperature (1000,
1100, and 1200 °C), the samples were held at that
temperature for 30 minutes. The samples were then
cooled to room temperature at a rate of 10 °C/min.
The nanostructure of the carbon material was char-
acterized using a JEM 100CX transmission electron
microscope at an accelerating voltage of 100 kV (in a
vacuum, at low temperature). In transmission elec-
tron microscopy, the electron beam interacts with
the sample, forming an image on a photographic
plate and a specialized camera. Sample preparation
was performed using the dry method.
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Fig. 1. Schematic diagram of the experimental set-
up for bitumen modification: (1) — cylindrical reactor;
(2) — electric furnace; (3) — temperature sensor (ther-
mocouple); (4) — stirrer; (5) — metal propeller; (6) —
stirrer speed controller; (7) — temperature controller;
(8) — digital display.

A laboratory setup was used to modify bitumen
with nanocoke. A schematic diagram of the setup is
shown in Fig. 1. The setup consists of a cylindrical
reactor (1) with a length of 20 cm and an internal di-
ameter of 15 cm. The reactor is heated using an elec-
tric furnace (2). The reactor is equipped with a ther-
mocouple (3) connected to a temperature controller
(7) for monitoring and maintaining the desired tem-
perature. The mixing speed of the bitumen—nano-
coke mixture is controlled by a stirrer (4) equipped
with a metal propeller (5) driven by a speed control-
ler (6). The heating power is regulated by adjusting
the supply voltage to the furnace through the tem-
perature controller, while the process temperature
is displayed on the digital display (8).

Modification of 100/130 road bitumen with na-
noscale coke powders in amounts of 0.1, 0.5, and
1% was performed using a propeller mixer at a rota-
tion speed of 750 rpm at a temperature 160 °C for
1 hour. The fatigue strength of the modified bitumi-
nous binders was evaluated using the Linear Ampli-
tude Sweep (LAS) test method according to AASHTO
T391-20 [16], based on the Viscoelastic Continuum
Damage (VECD) model per AASHTO TP101-14 [17].
The tests were conducted on a SmartPave 102e
dynamic shear rheometer using an 8 mm diameter
parallel-plate geometry at a temperature of 25 °C.

Measurements were taken at a fixed strain of 0.1%
in the frequency range from 0.2 to 30 Hz. The vibra-
tion frequency remained constant (10 Hz), while the
strain amplitude increased uniformly from 0.1% to
30% over a specified number of steps. In this way,
real-world cyclic loading conditions characteristic of
road pavement operation were simulated. The data
obtained were processed using the RheoCompass
software.

The J,, parameteris theirreversible component of
the modulus of compliance, equal to the specimen’s
deformation following a creep-recovery cycle, divid-
ed by the applied stress. The obtained parameters
J..3.2 kPa value is key for classifying the binder (ac-
cording to the Superpave method), as it determines
the binder’s resistance to residual deformation the
lower the J,,3.2 kPa value, the greater the resistance
to rutting. The recovery result R;,, in turn, indicates
the effectiveness of the bituminous binder modifica-
tion. The percentage change in J,, following a stress
change from 0.1 to 3.2 kPa measures the binder’s
sensitivity to increased load, with the requirement
that such an increase not exceed 75%.

The Multiple Stress Creep Recovery (MSCR) test
allows the assessment of a bituminous binder’s abil-
ity to resist deformation under repeated loading
and to recover its original shape after the load is
removed. This analysis is widely used in road con-
struction to evaluate the quality of bitumen and its
suitability for use in various climatic conditions. The
MSCR test helps determine how well bitumen will
resist aging and deformation under the influence
of loading and temperature fluctuations, ensuring
a longer service life for the pavement. The tests
were performed using a dynamic shear rheometer
equipped with parallel plates of 25 mm diameter
and a gap setting of 1 mm. The test temperature was
58 °C. The load levels of 0.1 and 3.2 kPa resulted in
20.32% and 9.93%, respectively. The test was con-
ducted for Class “V” heavy traffic in accordance with
AASHTO M 332-20 [18].

3. Results and Discussion

Chemical vapor deposition promotes the tran-
sition of carbon from an amorphous or weakly or-
dered state to a polycrystalline form with a high
degree of layer orientation. The most pronounced
increase in specific surface area by BET is observed
at a synthesis temperature of 1100 °C from 1.23 to
24.83 m?/g. This increase may be associated with the
formation of a more developed porous structure.
Surface area by the Langmuir method and t-Plot:
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a similar trend is observed for the surface area calcu-
lated by the Langmuir method (with a maximum of
36.25 m?/g) and the external surface area by t-Plot
(23.15 m?/g). The micropore volume according to
t-Plot is a positive value (0.000611 cm3/g), indicat-
ing the development of microporosity. The average
adsorption pore diameter according to BET (13.18
A) and BJH (20.71 A) may be a consequence of pore
expansion and openness. The average particle size
of the synthesized nanoparticles was approximate-
ly 30 nm. The overall morphology suggests that the
carbon nanomaterial is not highly ordered or graph-
itized, as evidenced by the relatively low contrast
and the appearance of more agglomerated and less
well-defined structures compared to highly crystal-
line carbon materials.

TEM analysis of coke-derived carbon nanoma-
terials revealed the formation of irregular layered
carbon structures with nanoscale morphological
features, indicating the successful generation of
carbon-rich nanostructured materials. In Fig. 2A
with 200 nm scale, the nanomaterial exhibits aggre-
gated flake-like particles with heterogeneous mor-
phology, suggesting the formation of disordered
carbon sheets and stacked domains typical of par-
tially graphitized carbon. Figure 2B with 50 nm scale
shows a higher magnification view of the particle

edge, where thin layered fringes and partially trans-
parent regions indicate the presence of few-layer
carbon nanosheets. These features suggest local or-
dering and the development of graphitic domains at
the nanoscale. Carbon nanomaterial provides fur-
ther evidence of compact nanostructured carbon
with denser lattice-like contrast and finer textural
organization, indicating increased structural or-
dering at smaller scales. The progressive transition
from agglomerated particles to layered edge struc-
tures and denser nanoscale ordering demonstrates
hierarchical carbon architecture. These observa-
tions confirm the formation of defect-rich, partial-
ly graphitized carbon nanomaterials derived from
coke, which are promising for advanced functional
material applications.

The physical and mechanical properties of bitu-
men samples modified with nanoscale coke pow-
ders are presented in Table 1. As the modifier con-
tent increases, the penetration value and softening
temperature of the bitumen samples modified with
nanoscale coke powders change non-monotonically.
Bitumen modified with 0.5% nanocoke demonstrat-
ed the maximum penetration value (80) and soften-
ing temperature (46.5 °C). In terms of physical and
mechanical properties. Obtained all samples meets
requirement to Kazakhstan standard 1373-2013.

Table 1. Physical and mechanical properties of bitumen binders

Parameters Nanocoke content, wt. % Kazakhstan standard
0 0.1 0.5 1.0 requirement 1373-2013

Penetration at 25 °C 80 76 80 74 71-100

Softening temperature, °C 45.5 47.7 46.5 47.3 Not lower 45

Fig. 2. TEM images of carbon nanomaterials.
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Under the Superpave system, bitumens are clas-
sified according to a nominal temperature range
known as the Performance Grade (PG). Since 2010,
the system has been supplemented with a test for
Multi-Stress Creep and Recovery, which determines
the traffic class suitable for a given bituminous bind-
er. Table 2 lists the requirements for bitumen per-
formance indicators by traffic category and intensity
according to the Superpave system. The suitability
of a bitumen for a specific traffic category is deter-
mined by the J,.3.2 index.

Table 3 presents the results of tests on modified
bitumens for creep and recovery under repeated
loading. The values of irreversible creep compliance
atlow (0.1 kPa) and high (3.2 kPa) J,, load levels char-
acterize the amount of permanent deformation that
remains after the load is removed. The lower the
value, the better the bitumen resists rutting. Com-
paring J,. at different load levels allows for an as-
sessment of the bitumen binders sensitivity to stress
changes. The percentage change in J,, between two
load levels reflects the bitumen sensitivity to load; a
high percentage indicates greater sensitivity to load.

The percentage of deformation recovery at low
(0.1 kPa) and high (3.2 kPa) load levels (R) reflects
the elastic component of bitumen behavior. The
higher the value, the greater the amount of elas-
tic deformation that is recovered. The percentage
change in R between the two load levels indicates
the extent to which recovery capacity decreases as
the load increases.

Among the samples of bitumen modified with
nanocoke, the bitumen with a 1% addition of nano-
coke present the lowest values of non-recoverable

creep compliance at low (0.1 kPa) and high (3.2 kPa)
load levels; however, the J,, diff value of the origi-
nal bitumen (20.41%) was slightly higher than that of
the bitumen modified with 0.5% nanocoke (19.43%).
Bitumen binders maximum R value under low and
high loads is observed with the addition of 1% nano-
coke, which is also confirmed by the minimum R
value of 79.62%. According to AASHTO M 332-20, a
J.:3.2 value in the range of 2.0-3.0 kPa™ corresponds
to the “S” grade as per Table 3 and is recommended
as a binder in road pavements for standard traffic.

Figure 3 shows the dependencies of shear strain
on loading time, which allow for a clear comparison
of the stability and strength characteristics of bitu-
mens with carbon additives. In the elastic range up
to 5% deformation, all curves rise almost identically,
indicating similar initial elastic behavior. However,
the modified bitumen with 0.5% nanocoke already
slightly outperforms the others at this stage, indicat-
ing the highest initial elasticity.

All specimens present similar linear behavior, in-
dicating similar elastic characteristics in the initial
loading phase. Figure 4 shows the sample containing
1% nanocoke exhibits the highest stiffness, a finding
also confirmed by the VECD parameter (a damage
modeling system for viscoelastic continuous media)
— model C, = 2.03. The addition of coal leads to a
significant increase in strength, particularly at a dos-
age of 1%. After reaching a maximum, all samples
droped in stress a sign of structural failure. The neat
bitumen and the 0.1% nanocoke additive degrade
slowly and uniformly, whereas the 0.5% and espe-
cially the 1% nanocoke additives lose strength more
abruptly, indicating increased brittleness value.

Table 2. Requirements for bitumen properties by traffic category and intensity according to the Superpave system

Cycling Load Requirement for J,,3.2, kPa™
S (standard) <10 million axles and standard traffic <4.0
H (intense) 10-30 million axles and low-speed traffic <2.0
V (very intense) >30 million axles or parking <1.0
E (extremely intense) >30 million axles and parking <0.5

Table 3. Test results for MSCR bituminous binders

Nanocoke Ro1, % Rsz % Rty % J,,0.1, kPa* J,3.2, kPat ], diff, % Cycling
content, wt.%
0 6.53 0.00 99.98 3.3487 4.0735 21.65 S
0.1 10.50 1.43 86.39 2.2045 2.7263 23.67 S
0.5 7.63 0.92 87.92 2.5124 3.0005 19.43 S
1.0 10.77 2.19 79.62 1.8052 2.1737 20.41 S
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The values of the C, parameter (Table 4) increase
from the initial bitumen sample 1.71 to the modified
samples, reaching a maximum for the bitumen with
a 1% nanocoke additive (C, = 2.03). This indicates an
increase in deformation resistance during the initial
loading stage, which can be interpreted as an im-
provement in the elastic properties of the bitumen
binder due to modification. This suggests that the
nanoparticles lead to the formation of a stiffer struc-
ture in the bitumen binder. During modification, car-

Table 4. Rheological characteristics of modified bitumens

bon nanoparticles with a high specific surface area
interact with asphaltene aggregates and the polar
components of bitumen, leading to the formation of
a more structured dispersed system. With sufficient
dispersion, the particles create a spatially distribut-
ed network of physical-mechanical contacts that fa-
cilitates stress redistribution and reduces their local
concentration in the asphaltene phase. This limits
the mobility of the dispersion medium, increases
the effective stiffness of the system, and enhances

Nanocoke content, wt.% Co C, G, o (slope) o/(1+a) Model error
0 1.71 0.115 0.414 2.48 0.713 0.31
0.1 1.71 0.110 0.414 2.55 0.718 0.23
0.5 1.86 0.137 0.392 2.54 0.718 0.42
1.0 2.03 0.128 0.404 2.59 0.721 0.38
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resistance to microcrack initiation during the ini-
tial loading stage, which is reflected in an increase
in the C, parameter. The C; parameter determines
how rapidly stiffness decreases as damage intensity
increases. For most bitumen samples, C, decreased
within a narrow range of 0.115 to 0.137. Bitumen
with 0.5% nanocoke present the highest value of
0.137; while this indicates high initial stiffness, this
material may lose it faster than others under cyclic
loading. The C, parameter values indicate a change
in the distribution of microcracks, making the failure
process slightly more stable in the later stages.

Thus, bitumen samples modified with nanocoke
present higher initial stiffness values (C,), which po-
tentially increases their resistance to deformation.
However, at the same time, the failure coefficient
(C,) increases, indicating a decrease in fatigue re-
sistance under prolonged loads. This is particular-
ly evident in the bitumen sample containing 0.5%
nanocoke, which shows the highest stiffness and sus-
ceptibility to damage. An optimal balance between
stiffness and resistance to fatigue failure is observed
in bitumen samples containing 1% and 0.5% nano-
coke, whereas bitumen with 0.5% nanocoke may be
effective under conditions of short-term high loads
but not for long-term loading.

Bitumen binder with nanocoke up to 1%, the for-
mation of new bonds between particles and asphal-
tene components increases. This limits the mobility
of the maltene phase and increases the modulus (C,)
at small deformations. However, excessive struc-
turing reduces the bitumen matrix’s ability for vis-
coelastic relaxation and stress redistribution. Under
conditions of prolonged cyclic loading, this leads to
a higher concentration of local stresses and accel-
erated microcrack development, which is reflected
in an increase in the C, coefficient and a decrease
in fatigue resistance. The behavior characteristics of
modified bitumens within the VECD model are pre-
sented in Table 5.

Table 5. Behavior characteristics of modified bitumens
within the VECD model

Nanocoke  Strength Behavior during o/(1+a)
content, wt.% a Violation

Smooth

0 Low Degradation 0.713

0.1 High Sharper Decline  0.718
Smooth

0.5 Medium Degradation 0.718

1.0 Highest Sharpest Decline 0.721

The addition of nanocoke increases the strength
of bitumen by raising its peak stress and modulus of
elasticity. Based on the analysis results, the sample
containing 0.1% nanocoke is shown to be the opti-
mal option in terms of the combination of load-bear-
ing capacity, plasticity, and damage resistance. This
composition demonstrates high peak stress, a low C,
value indicating slow failure, and the smallest model
error, confirming its stability.

The introduction of nanocoke into bitumen slows
down the degradation of the bitumen structure.
The modified compositions present higher fatigue
durability. This is due to the improved distribution
of particles within the binder volume without the
formation of large agglomerates, which could act as
stress concentrators. Coke particles are character-
ized by high adsorption capacity and retain a great-
er amount of bitumen on their surface than other
known additives. Carbenes and carbides in the coke
composition are rapidly reduced after thermal treat-
ment and return to their original state. Nanocoke in
bitumen change internal structure and resistance
to microcracks. It is supposed that nanocoke parti-
cles in the asphalt concrete mixture form a dense
and strong skeletal network, increasing compressive
strength at high temperatures.

Nanocoke, like other carbon-based fillers (carbon
nanotubes, graphene, carbon black), enhances the
elastic component of bituminous material, promotes
the formation of fractal or percolating networks at
the microscale, and manifests itself in a decrease in
the phase angle 6, especially during the transition
from the viscous to the elastic regime.

Figure 5 shows, in the Van Gurp-Palmen plot, a
downward shift of the 6 curve compared to unmodi-
fied bitumen and an expansion of the region where &
is consistently below the baseline. This indicates the
formation of an elastic-viscous structure caused by
interactions between nanocoke particles and with
the bitumen matrix, which enhances the material’s
structural integrity and elastic properties.

Literature data [19, 20] indicate that the prima-
ry mechanism of the bitumen-nanocoke reaction
involves nanocoke actively adsorbing resins, polar
aromatic oils, and heteroatomic compounds (S, N,
0) without chemical bonding, but forming a spatial
network. Here, nanocoke acts as a hub for asphal-
tene aggregation, forming an "asphaltene-nano-
coke-asphaltene" framework, increasing the shear
modulus and thermal stability. In our case, at high
temperatures, radical stabilization is also possi-
ble on the nanocoke surface, reducing the rate of
oxidative degradation. The Van Gurp-Palmen plot
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toward smaller phase angles and the appearance of
a 6 plateau indicate the formation of a stable spa-
tial structure of bitumen due to the adsorption-as-
phalt and surface-radical interactions of nanocoke.
The Van Gurp-Palmen plot is a structure-invariant
representation of viscoelastic properties, where
the curve shape directly reflects the presence of
asphaltene nanoaggregates and network structures
formed by nanofillers. Changes in phase angle, such
as a decrease in phase angle and the appearance
of bends, are interpreted as the result of increased
intermolecular and interfacial interactions in the bi-
tumen system.

4. Conclusion

Nanocoke particles were synthesized by chemical
vapor deposition in an inert nitrogen atmosphere at
1100 °C for 30 minutes. The synthesized nanoparti-
cles had sizes ranging from 14 to 30 nm, a BET spe-
cific surface area of 24.8 m?/g, a Langmuir method
surface area of 36.2 m?/g, and an average BET ad-
sorption pore diameter of 13.1 A.

Bitumen was modified with nanocoke samples,
and the physical and mechanical properties of the re-
sulting bituminous binders were evaluated in accor-
dance with standard requirements. Bitumen modi-
fied with 0.1-1% nanocoke met the requirements of
Kazakhstan Standard 1373—2013 with respect to its
main physical and mechanical characteristics.

It was established that the bituminous binder
containing 0.1% nanocoke is optimal in terms of fa-
tigue stability and lower model error. A nanocoke
content of 0.5 wt.% may be suitable for applications
subjected to high short-term loads; however, it is

less suitable for long-term cyclic loading conditions,
as confirmed by the experimental results. Bitumen
modified with 0.5% nanocoke retains its structure
better under large deformations but is inferior in
strength is suitable for elastic operating conditions.
Bitumen containing 1% nanocoke possesses an opti-
mal balance between strength and resistance to fail-
ure and is the most promising for durable pavements
and this content optimal in terms of creep resistance
and stiffness. Bitumen modified with 1% nanocoke
powder can be recommended for the construction
of Class | and Il highways in regions of Kazakhstan
with a sharply continental climate. This will ensure
increased shear stability and resistance to rutting
under extreme summer temperatures and high axle
load from heavy-duty vehicles.

Funding

This research was funded by the Science Commit-
tee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan, grant No. BR24992915
“Development of technologies for producing high-
strength asphalt concrete based on elastomeric,
polymer-bitumen binders and plasma-chemical pro-
cessing of liquid carbon-containing waste”.

References
[1]. X.Yan, D. Wu, K. Hu, W. Zhang, J. Xing, et al., The
modification mechanism, evaluation method, and
construction technology of direct-to-plant SBS
modifiers in asphalt mixture: A review, Polymers
15 (2023) 2768. DOI: 10.3390/polym15132768

Eurasian Chemico-Technological Journal 28 (2026) 127-135


https://www.mdpi.com/2073-4360/15/13/2768

Yerdos Ongarbayev et al.

135

[2].

[3].

(4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

M. Hashami, Y. Ongarbayev, Y. Tileuberdi, Y.
Imanbayev, A. Zhambolova, et al., Integration
of Coke and CNMs with Bitumen: Synthesis,
Methods, and Characterization, Nanomaterials 15
(2025) 842. DOI: 10.3390/nan015110842

G.K. Shambilova, R.M. Iskakov, N.K.
Shazhdekeyeva, B.U. Kuanbayeva, M.S. Kuzin,
et al., Environmentally sustainable and climate-
adapted bitumen-composite materials for road
construction in Central Asia, Infrastructures 10
(2025) 345.DOI: 10.3390/infrastructures10120345
Y. Tileuberdi, Y. Ongarbayev, Y. Imanbayey,
A. Yermekova, F. Behrendt, et al., Studying
Characteristics of Natural Bitumen of Oil Sand with
Comparison to Heavy Crude Qil, ES Materials and
Manufacturing 22 (2023) 1035. DOI: 10.30919/
esmm1035

Y. Amirbayev, A. Yelshibayev, A. Nugmanova
Characterization of asphalt bitumens and asphalt
concretes modified with carbon powder, Case
Stud. Constr. Mater. 17 (2022) e01554. DOI:
10.1016/j.cscm.2022.e01554

P. Kuznetsov, Z. Ismagilov, L. Kuznetsova, B.
Avid, X. Fan, E. Mihkailova, The Composition and
Properties of Soluble Products from the Coal
ThermoSolvolysis with Hydrocarbon Residues and
Blends as Solvents, Eurasian Chem.-Technol. J. 24
(2022) 183-190. DOI: 10.18321/ectj1431

E. Zhuravleva, N. Zhuravleva, E. Mikhaylova, Z.
Ismagilov, M. Shashkov, P. Dolgushev Determina-
tion of Polycyclic Aromatic Hydrocarbons in Coal
from the Kuznetsk Coal Basin by Means of GC/
MS and GC/GC-FID, Eurasian Chem.-Technol. J. 24
(2022) 103-114. DOI: 10.18321/ectj1322

L. Wang, Y. Yang, Y. Ou, P. Tang, C. Liu, et al.,
Preparation of formed coke product as a coke
substitute using a solid waste fuel: Trimethyl-
benzene improvement on coal tar pitch, Fuel 346
(2023) 128275. DOI: 10.1016/j.fuel.2023.128275
S. Eskandarsefat, P. Caputo, C.O. Rossi, R.
Vaiana, C. Sangiorgi, Advanced Characterization
of Bituminous Binders: Comparing Industrial
and Paving-Grade Bituminous Binders, Eurasian
Chem.-Technol. J. 23 (2021) 45-57.DOI: 10.18321/
ectj1033

Nanostructuring modifier for asphalt concrete:
Russian Patent No. 2412126. D.N. Kondratyev,
V.V. Goldin, N.F. Merkelen. Published 02/20/2011.
Bulletin No. 5. (In Russian)

V.M. Gotovtsev, A.G. Shatunov, A.N. Rumyantseyv,
V.D. Sukhov, Nanotechnologies in the production
of asphalt concrete. Fundamental Research 1
(2013) 191-195. (In Russian)

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

Composition of a mixture for asphalt concrete:
Russian Patent No. 2561435. L.A. Urkhanova, N.I.
Shestakov, S.L. Buyantuev. Published 08/02/2015.
Bulletin No. 24. (In Russian)

Composition of asphalt concrete: Russian Patent
No. 2592509. L.A. Urkhanova, N.l. Shestakov,
A.P. Semenov, N.N. Smirnyagina. Published
07/20/2016. Bulletin No. 20. (In Russian)

S.N.A. Jeffry, R. Putra Jaya, N. Abdul Hassan,
H. Yaacob, M.Z.H. Mahmud, Z.H. Al-Saffar, The
influence of nano-carbon from coconut shell ash
as modifier on the properties of bitumen, Road
Mater. Pavement Des. 23 (2022) 770-786. DOI:
10.1080/14680629.2020.1809502

R. Ahmad, S. Kaushal, M.M. Abdelnaby, A.l
Abdelbary, M. Essalhi, et al.,, Synergistic
mechanochemical and thermal treatment for
enhancing the structure and textural properties of
petroleum coke-derived carbon materials, Diam.
Relat. Mater. 162 (2026) 113318. DOI: 10.1016/j.
diamond.2026.113318

AASHTO T391-20 Standard Method of Test for
Estimating Fatigue Resistance of Asphalt Binders
Using the Linear Amplitude Sweep. American
Association of State Highway and Transportation
Officials (AASHTO). Washington, D.C, USA. 2021.
AASHTO Designation: TP 101-14 Standard Method
of Test for Estimating Damage Tolerance of Asphalt
Binders Using the Linear Amplitude Sweep.
American Association of State Highway and
Transportation Officials (AASHTO). Washington,
D.C, USA. 2014.

AASHTO Designation: M 332-20. Standard
Specification for Performance-Graded Asphalt
Binder using Multiple Stress Creep Recovery
test. American Association of State Highway and
Transportation Officials (AASHTO). Washington,
D.C, USA. 2023.

G. Pipintakos, A. Sreeram, J. Mirwald, A.
Bhasin. Engineering bitumen for future asphalt
pavements: A review of chemistry, structure and
rheology, Mater. Des. 244 (2024) 113157. DOI:
10.1016/j.matdes.2024.113157

X-L. Hu, W-B. Luo, X. Liu, M. Li, Y-J. Huang, J-L.
Bu, Temperature and frequency dependent
rheological behaviour of carbon black filled
natural rubber, Plastics, Rubber and Composites:
Macromolecular Engineering 42 (2013) 416—420.
DOI: 10.1179/1743289813Y.0000000060

Eurasian Chemico-Technological Journal 28 (2026) 127-135


https://www.mdpi.com/2079-4991/15/11/842
https://www.mdpi.com/2412-3811/10/12/345
https://www.espublisher.com/journals/articledetails/1035
https://www.espublisher.com/journals/articledetails/1035
https://www.sciencedirect.com/science/article/pii/S2214509522006866?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214509522006866?via%3Dihub
https://ect-journal.kz/index.php/ectj/article/view/1431
https://ect-journal.kz/index.php/ectj/article/view/1322
https://www.sciencedirect.com/science/article/pii/S0016236123008888?via%3Dihub
https://ect-journal.kz/index.php/ectj/article/view/1033
https://ect-journal.kz/index.php/ectj/article/view/1033
https://www.tandfonline.com/doi/full/10.1080/14680629.2020.1809502
https://www.tandfonline.com/doi/full/10.1080/14680629.2020.1809502
https://www.sciencedirect.com/science/article/pii/S0925963526000294?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0925963526000294?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S026412752400532X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S026412752400532X?via%3Dihub
https://journals.sagepub.com/doi/abs/10.1179/1743289813Y.0000000060

