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Abstract. In this article, the aging process of domestic polymer additives used to produce polymer-bitumen binders
(PBB) materials was investigated. The importance of studying aging was due to the need to increase the durability of
road surfaces exposed to significant temperature and mechanical loads during operation. The RTFOT (Rolling Thin
Film Oven Test) method, model 20-25720, was used in the work to simulate accelerated aging of PBB. The study
examined various formulations using two grades of polypropylene, applied in an amount of 4%. The choice of this
formulation is justified by the fact that the obtained physical and chemical characteristics meet the requirements of the
standards ST RK 1126 and ST RK 1227 for polymer-modified bitumen (PMB). The final product received the BMP
grade, which confirms its compliance with regulatory requirements and suitability for use in road construction.
Analysis of the data obtained showed that polymer additives had a significant effect on the resistance of bitumen to
aging. In particular, changes in the structure and properties of PBB materials were identified, indicating an increase
in their resistance to thermal aging. The results of this study provided valuable data for further improvement of PBB
formulations aimed at increasing the service life and reliability of road surfaces.

Keywords: Bitumen, polypropylene, aging process, imitation, polymer additives, polymer-bitumen binders.

Anoamna. byn maxanada noaumep-oumym 6atinanvicmoipeviu  (II6B) mamepuanoapvin  onOipy  yulin
KONOAHBLIAMbIH  OMAHObIK NOAUMEPTL  KOCnanapovly mo3y npoyeci xapacmuipvliovl. T03yobl  3epmmeyoiy
MaybI30bLIbIRbL NATIOANANY Ke3iHOe atimapiblKmai memMnepamypanbly HCaHe MexanuKablK JHcyKmemeaepee Yulbipazam
Jic0N mocemOepiniy bepikmizin apmmulpy Kadxcemminicine 6atinanvicmol 601061, 20-25720 yneici RTFOT (Rolling Thin
Film Oven Test) aoici IIBF oscvinoam mosy moldenvoey yulin nanoaiauviiost. 3epmmey 4 % menwepinoe
KONOAHBIIAMbIH  eKi  COpmMmbl  NOIUNPONUNEHOI NAUOAIaHa OMbIpbin, pMypii Kypamoapovl 3epmmedi. Byn
MYACLIPHIMObL  MAHOAY ANbIHRAH  DUIUKATLIK-XUMUSALLIK  CURAMMAMALApObly,  NOAUMEPA]  MOOUPDUKAYUATAHEAH
oumymea (IIMB) apuanean KP CT 1126 scone KP CT 1227 cmanoapmmapuvinbly maianmapvina cauKec KeuyimeH
nezizoencen. Conzvl onim BMP mapkacvin anovl, O¥Yn OHblY HOPMAMUBMIK MAIANMAPEA CIUKECMISIH JcaHe JHCOl
KYPBLIbICHIHOA NANOANAHYEA HCAPAMOBLILIZbIH pacmatiovl. Aman avimkauoa, [IBB mamepuandapvinbiy Kypolivblmbl
Men Kacuemmepinoe o32epicmep aHbIKMAObl, OYi 01apObly MEPMUSILIK MO3V2ad MO3IMOLIIZIHIY JICOAPLLIAYbIH
xkopcemmi. Byn sepmmeyoiy namuoicenepi Jcon mocemoepiniy Kpizmem emy Mep3imi MeH CeHiMONiciH apmmulpy2a
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bazvimmanzan IIBB myoicvlpbimoapvin 00an api scemindipy yuin KyHowvl Oepekmep bOepeoi.

Tyitin ce30ep: bumym, noaunponunen, mo3y Hpoyeci, UMUmMayus, NOAUMEPIi KOCHANap, noaumep-oumym
batianblCmulpSLIUmap.

Annomayusa. B oannoii cmamve Obln UCCie008aH NPoyecc CMapeHusi omedecmeeHHbIX NOIUMEPHBIX 000ABOK,
npumMensieMblx OJisi NPoU3B00Cmeda NOAUMepHO-OumymHnblx escywux (IIBB) mamepuanos. Basicnocmv uzyyenus
cmapenus  Ovlia  00YCIO61eHA  HEOOXOOUMOCMbIO  NOGLIUUEHUA — 00208EYHOCIU — OOPONMCHBIX — NOKPBIMUI,
N006EP2AIOWUXCSL 3HAYUMENbHLIM MEMNEPAMYPHbIM U MEXAHUYECKUM HASPY3KAM 6 npoyecce sSKchiyamayuu. B
pabome 6vL1 npumenen memoo RTFOT (Rolling Thin Film Oven Test), modenv 20-25720, 0ns umumayuu yCKOPEHHO20
cmapenusi [IBB. B ucciedosanuu Oviiu  usyyeHvl pa3iuuHble peyenmypvl ¢ UCHOIb308AHUEM O8YX MApPOK
nonunponunena, npumensemuvlx 8 Konuwecmse 4%. Bvibop Oamnoeo peyenma o0b60cHO8aH mem, MO NOYYEHHblE
usuro-xumuueckue xapakmepucmuku coomsemcemeyrom mpebosanusim cmanoapmos CT PK 1126 u CT PK 1227 ona
noaumep-moouguyuposanuvix bumymos (LIMB). Hmoezosuiii npooyxkm noxyuun mapxy BMII, umo noomeepacoaem ezo
COOMBEMCmMaue HOPMAMUBHLIM MPEOOBAHUSM U NPUSOOHOCMb OISl NPUMEHEHUs. 8 OOPOJICHOM CMpOUmenbCmese.
AHnanu3z nonyueHHbIX OAHHBIX NOKA3AL, YMO NOJUMepPHble 006aABKU OKA3ALU 3HAYUMENbHOE GIUSHUE HA YCMOUYUBOCMb
6umyma Kk cmapenuio. B uacmnocmu, Ovliu 6visigeHbl UsMeHeHus 6 cmpykmype u ceovicmeax I[IBB mamepuanos,
KOmopvle c8UOemenbcmeosan 0 NOGbIUEHUU UX CONPOMUBTAEMOCIU mepmuieckomy cmapenuio. Pezynomamut
O0AHHO20 UCCTED08AHUS NPEOOCMABUIU YeHHble OaHHble OIS danbHeluie2o yiyywenus peyenmyp [IbB, nanpasnennvix
Ha y8enuueHue CpoKa CrysHcowl U HAOEHCHOCU OOPOICHBIX NOKPLIMUIL

Knroueevie cnosa: Bumym, nonunponunen, npoyecc cmapenus, UMUmayus, noaumepHoie 000aeKu, NOIUMEPHO-
bumyMHbLE BICYUIUE MANEPUATBL.

Introduction. Polymer aging is one of the key factors affecting the performance
characteristics of polymer additives in the production of polymer bitumen. Modern building
materials, in particular polymer bitumen, must have high strength and durability properties,
which requires a deep understanding of the aging and degradation processes of the additives
used. In this context, the study of domestic polymer additives, their resistance to aging and
interaction with bitumen is an urgent task that contributes to the development of high-quality
polymer bitumen production technologies (Yang et al., 2024). The purpose of this study is to
identify the aging processes of domestic polymer additives and assess their impact on the
properties of polymer bitumen. The purpose of the work is to analyze changes in the physical
and chemical properties of additives during aging, as well as to study the mechanisms of their
interaction with bitumen. An important aspect of the study is to determine the service life of
additives under operating conditions, which will increase the reliability and durability of PBB
materials. Based on the above, we can formulate the hypothesis of the study: polymer additives
resistant to aging will significantly improve the performance characteristics of polymer
bitumen, ensuring their durability and reliability under various climatic and operational factors.

The objectives of the study include:

1. Study of existing data on the aging processes of polymers and their effect on the properties
of PBB materials.

2. Conducting experimental studies to assess the properties of domestic additives in PBB
compositions under various aging conditions.

3. Determining the optimal conditions for storing and using polymers to increase their service
life and preserve their properties.

As a result of this study, new knowledge was obtained about the aging processes of polymer
additives, which contributed to the development of more efficient technologies for the production
of PBB materials and improving their quality.

Literature review. In recent decades, the demand for transport has increased significantly, and
road infrastructure is facing challenges associated with increasing traffic. To address these
challenges, several technologies have been developed to improve the performance of materials
used in road construction. In particular, polymer modification of bitumen binders is not new, but
one of the most successful technologies created to improve the properties of asphalt concrete
mixtures (Yildirim, 2007; Lucena et al., 2004).

Bitumen is a hydrocarbon product obtained by refining crude oil by removing lighter
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fractions such as liquefied petroleum gas, gasoline, and diesel fuel (Lesueur, 2009). This
material is widely used in construction due to its water-repellent and thermoplastic properties.
Although bitumen is used for roofing, sealing, and insulation, its main use is in roads and hard
surfaces, which account for about 85 % of total bitumen consumption (Lu and Isacsson, 2002).

Polymers are macromolecules consisting of long chains synthesized from small monomers
through chemical reactions. Among the polymers used as modifiers, elastomers and plastomers
are the most common. Polymer-modified bitumens (PMB) are obtained by mechanical mixing or
chemical reactions of bitumen with one or more polymers in an amount usually amounting to 3%
to 10% by weight of the bitumen (Joohari & Giustozzi, 2020). In the case of mechanical mixing,
such mixtures are called simple, since chemical reactions between the bitumen and the polymer
do not occur, and the polymer acts as a filler that imparts special properties to the mixture. In the
case of chemical reactions, the mixtures are called complex, since interaction occurs between the
components (Boutevin, Pietrasanta and Robin, 1989).

The quality of the modification is determined by the ability of the polymer to improve the
performance characteristics of the bitumen when added in small quantities. Polymer modification,
in particular, is intended to increase the rigidity and elasticity of bitumen at high temperatures,
reduce its temperature sensitivity, improve the workability of the mixture and reduce the rigidity
of the material at medium and low temperatures (Karmakar & Roy, 2021). In addition, polymer-
modified bitumens must be stable during storage and resistant to aging (Bahia and Perdomo,
1996).

One of the most important factors affecting this material is aging, as it is associated with the
most common defects of bitumen mixtures, which are widely used in road construction. The
tendency of bitumen to aging has been known since its use in the road industry (Sun, Wang and
Zhang, 2014; Sarang et al., 2015). The aging process of the binder includes the loss of volatile
components, as well as oxidative and polymer reactions that change its composition and
physicochemical properties. These changes lead to an increase in the viscosity and rigidity of the
bitumen, which causes its hardening and reduced adhesion (Apeagyei, 2011; Wu et al., 2009;
Maharaj et al., 2018).

Due to chemical changes in the colloidal structure of bitumen, bitumen mixtures also suffer,
which can lead to problems such as particle delamination, deterioration in adhesion, reduced
fatigue strength and an increased likelihood of thermal cracks (Yan, Huang and Tang, 2017).
However, many studies focus on specific materials or technologies, making it difficult to identify
all the possibilities for studying ageing phenomena considering short- and long-term bitumen
performance and their impact on the durability of road surfaces.

Therefore, this paper provides a technical overview of the various studies concerning the
ageing processes of PMB materials. The types of ageing and the factors influencing this process
are considered, and how other mixture components and the use of polymer-modified binders can
change the ageing dynamics are examined. An analysis of the most frequently studied anti-aging
additives and their impact is presented.

Materials and research methods. The following materials were used to conduct the research:

1. Bitumen grade BND 100/130, provided by «Pavlodar Oil Chemistry Refinery» LLP
(Kazakhstan). Bitumen of this grade is characterized by high viscosity and is widely used for the
production of road surfaces, possessing the necessary characteristics for operation in various
climatic conditions. The main physical and chemical properties of bitumen BND 100/130 are
presented in Table 1 below.
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Table 1. Characteristics of road bitumen 100/130

Bitumen properties Results
Penetration (25°C, 100 gr, 5 sec, 0.1 mm) 111
Softening temperature according to RaB (°C) 46
Stretchability at 25 °C, cm 121
Fraass brittleness temperature, °C -26
Solubility, % 99.98
Paraffin content, % 1
Change in mass after heating, % 0.1
Change in softening temperature, °C 5
Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

2. Polypropylene grade PP H350 and PP H030 «Company Neftekhim LTD» LLP produces
polypropylene according to the National Standard of the Republic of Kazakhstan ST RK 3191-
2018. The material has improved the strength and performance characteristics of PBB materials,
such as crack resistance, elasticity and durability. Polypropylene (PP) is a thermoplastic material
based on propylene (propene). The physical and mechanical characteristics of PP H350 and PP
HO030 are presented in Table 2.

Table 2. Characteristics of polypropylene

Polypropylene brand PP H350 | PP H030

Melt flow rate, g/10min 36.7 33
Scatter the yield indicator values within the party, %, no more than 8.4 4.6
The modulus of elasticity in bending, MPa, no less 1083 1187
Mass fraction of volatile substances, %, no more than 0.04 0.04
Tensile yield strength, MPa, no less 30.4 33
Elongation at yield point, %, no less 10 11
Cranule size, mm 43 43
The intensity of the smell, point, no more than 1 1

Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

3. Heavy vacuum gas oil of the H603 brand, provided by «Pavlodar Oil Chemistry Refinery»
LLP, was used to adjust the viscosity of the PBB mixture and improve its technological
characteristics. The addition of gas oil contributed to the improvement of the material fluidity and
also ensured uniform distribution of the components in the mixture. This made it possible to
achieve an optimal ratio of viscosity and plasticity, which is especially important for ensuring the
durability and stability of the material during operation under road surface conditions. The main
physical and chemical properties of heavy vacuum gas oil are shown in Table 3.

Table 3. Characteristics of heavy vacuum gaz oil

Density at 20°C, kg/m?3 905
Coking ability, % by weight. 0.3
Mass fraction of sulfur, % by weight 2
Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

The following methods were used to conduct the research:
1. To evaluate the aging processes of PBB materials, a RTFOT (Rolling Thin Film Oven Test),
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model 20-25720, was used. The method simulates accelerated aging of materials under the
influence of temperature and oxidation processes, bringing laboratory conditions closer to real
processes occurring during the production and operation of road surfaces.

The testing process was as follows: PBB mixture samples were placed in a thin layer in glass
cylinders, which rotated inside the oven at a temperature of 163°C for 75 minutes. During the test,
hot air was continuously supplied to the working chamber, which contributed to the active
oxidation of the bitumen mixture. After the tests, the samples were analyzed for changes in the
main characteristics, including viscosity, weight loss and elasticity.

This method made it possible to objectively evaluate the resistance of PBB materials to thermal
aging and identify key changes occurring in the structure and properties of the mixture during
operation.

The RTFOT test rig for aging PBB materials is designed to perform tests according to CT PK
1224-2003 with accelerated aging of bitumen by measuring the mass loss under the influence of
high temperature. Up to 8 samples of PBB mixture (placed in glass vessels) rotate inside the drum
at a temperature of 163°C at a speed of 15 rpm. At the same time, an air flow of 4000 ml/min is
supplied to the samples. As a result, the fractional composition of the PBB mixture changes,
which determines the process of its aging. The RTFOT rig is equipped with a door with a viewing
window, a temperature regulator with the ability to maintain a given mode, a fan and a control
thermometer.

The change in mass of a sample after aging is determined as a percentage change in mass using
the following formula:

M, — M,
M, — M,
where: A — change in mass of sample in jar after aging, %;

M, — mass of glass jar, g;

M, — mass of glass jar with bitumen before aging, g;

M, — mass of glass jar with bitumen after aging, g.

Eight samples were used for measurements. Two samples were used for calculations. The
results of the mass change of these samples should not differ from each other by more than 0.2%.
This requirement allows to minimize errors and guarantee the reliability of the results when
analyzing the resistance of PBB materials to aging.

2. Needle penetration depth at a temperature of 25°C: To assess the depth of needle penetration
at a temperature of 25°C (no less than 0.1 mm), tests were carried out in accordance with ST RK
1226-2003 using an automatic digital penetrometer from Infratest, model 20-20670.

The testing process was as follows: samples of the PBB mixture are placed in a special
container, where they are cooled to a temperature of 25°C. After reaching the required
temperature, a needle with a given load (usually 100 g) is slowly lowered onto the surface of the
sample. The depth of penetration of the needle is measured in millimeters and recorded. This
method allows for an objective assessment of the viscosity of PBB materials and their suitability
for various operating conditions.

3. Ring and ball softening temperature: To determine the softening temperature using the ring
and ball method (°C, not lower), an automated Infratest device was used, which complies with the
standards of ST RK 1227-2003.

The testing process was as follows: samples of the PBB mixture were preheated to remove
moisture to a temperature 80-100°C above the expected softening temperature, but not lower than
120°C and not higher than 180°C. The dehydrated PBB material was filtered and thoroughly
mixed to remove air bubbles, after which it was poured in excess into two rings. After cooling
under ambient conditions, the excess PBB material was cut off with a heated knife.

Rings with PBB material and steel balls cooled to (5+£1)°C were placed in a water bath at the

A=

-100%
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same temperature. The water temperature increased at a rate of (5.0+0.5)°C per minute. The test
continued until the ball was immersed in the PBB material and touched the lower plate, recording
the softening temperature of the material. Strict adherence to the heating rate ensured the accuracy
of the test.

Results and discussion. The composition of the studied PBB mixture includes bitumen grade
BND 100/130, polypropylene grade HO30 or H350, as well as vacuum gas oil in concentrations
of 0.3%, 2.5% and 4%. The detailed formulations of the PBB mixture samples are presented in
Table 4.

Table 4. Composition of PBB mixture samples

Bitumen BND 100/130 95.4 % 93.5% 92%
PP H030 / PP H350 4% 4% 4%
Vacuum gas oil 0.3% 2.5% 4%
Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

The figures show the results of tests of PBB materials using 4% concentrations of polypropylene
(PP HO30 and PP H350) and different concentrations of heavy vacuum gas oil. The tests were
conducted to evaluate the softening point (by the Ring and Ball method) and the depth of needle
penetration at a temperature of 25°C before and after aging by the RTFOT method.

The Figure 1 shows the results of the softening temperature change for PP H030 before and
after aging: the softening temperature before aging was 65°C at the minimum gas oil
concentration (0.3%) and gradually decreased to 61.8°C at the maximum gas oil concentration
(4%). After aging, an increase in the softening temperature is observed for all concentrations,
which may indicate an increase in the hardness of the mixture after aging. For example, at a gas
oil concentration of 0.3%, the softening temperature increased from 65°C to 72.8°C, and at 4% -
from 61.8°C to 66.2°C.
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68 66.2
66 65
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64 62.2 61.8
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60
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0.30% 2.50% 4%

e hefore after

Figure 1. Softening temperature of PBB materials before and after aging
Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

Thus, aging affects the change in the temperature characteristics of PBB materials, which must
be taken into account when analyzing their thermal stability.
The Figure 2 shows the softening temperature change results for PP H350 before and after
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Figure 2. Softening temperature of PBB materials before and after aging
Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

Polypropylenes (PP HO30 and PP H350) show different reactions to the addition of gas oil
and the aging process. For PP H030, the addition of gas oil leads to a decrease in the softening
temperature before aging, but after aging, the softening temperature increases significantly,
indicating its resistance to thermal aging. At the same time, for PP H350, a decrease in the
softening temperature before aging is also observed, but after aging, the softening temperature
decreases, indicating lower resistance to aging compared with PP H030.

The following two figures show the results of measuring the depth of needle penetration into
PBB materials before and after aging.

The Figure 3 shows the results of the needle penetration depth for polypropylene H030
before and after aging. Before aging, the needle penetration depth varied from 39.6 mm at the
minimum gas oil concentration (0.3%) to 54.5 mm at the maximum concentration (4%). This
indicates an increase in the plasticity of the material with an increase in the gas oil content.
After aging, the needle penetration depth decreased for all concentrations, indicating an increase
in the rigidity of the PBB mixture after thermal aging. For example, at a concentration of 0.3%,
the penetration depth decreased from 39.6 mm to 40 mm, and at 4% - from 54.5 mm to 36.35
mm.

Thus, it can be concluded that aging makes the PBB mixture harder, especially at high gas oil
content, which is evident from the significant decrease in penetration depth at 4%.
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Figure 3. Needle penetration depth before and after aging
Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

The Figure 4 shows the PP H350 needle penetration depth results before and after aging: before
aging, the needle penetration depth varied from 35 mm at the minimum gas oil concentration (0.3%)
to 42.9 mm at the maximum concentration (4%). An increase in the penetration depth is observed
with increasing gas oil content, indicating an increase in the plasticity of the material. After aging,
the needle penetration depth varied from 34.15 mm to 44.75 mm. This shows that after aging, the
PBB mixture became more plastic, especially at the maximum gas oil concentration (4%), where the
penetration depth increased from 42.9 mm to 44.75 mm.
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Figure 4. Needle penetration depth before and after aging
Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)
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These results show that the addition of gas oil increases the plasticity of PBB materials before
aging, which is confirmed by the increase in the depth of needle penetration with increasing gas
oil content. However, after aging, the material becomes harder, as evidenced by a decrease in the
depth of needle penetration for all gas oil concentrations. At the same time, polypropylene H030
demonstrates more pronounced changes in hardness after aging compared to polypropylene H350,
which indicates its greater sensitivity to the aging process.

The results of experiments on bitumen oxidation at different concentrations of polypropylene
with molecular weights of 30 and 350, combined with vacuum gas oil at a high temperature of
163 °C, are shown in Tables 5 and 6. These tables illustrate the changes in mass and consistency
of the mixtures before and after the RTFOT procedure.

Table 5. Results of RTFOT oxidation at 163°C in the presence of polypropylene
with a molecular weight of 30

Ne 4% polypropylene 30 and 4% polypropylene 30 and 4% polypropylene 30 and 4%
0.3% vacuum gas oil 2.5% vacuum gas oil vacuum gas oil

Mass |Mass after|Change in| Mass |Mass after|Change in| Mass |Mass after|Change in

before |RTFOT, g| mass, % | before |[RTFOT, g| mass, % | before |RTFOT, g| mass, %

RTFOT, g RTFOT, g RTFOT, g
1] 1896 189 | M;-031 | 1939 | 1925 | M;-0.72 | 2005 | 200.4 | M;-0.04
2 [ 1923 192 [ My-0.15 | 191.7 192 | M-0.15 | 2015 | 2004 | My-0.04

Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

Table 6. Results of RTFOT oxidation at 163°C in the presence of polypropylene
with a molecular weight of 350

Ne 4% polypropylene 350 4% polypropylene 350 4% polypropylene 350
and 0.3% vacuum gas oil and 2.5% vacuum gas oil and 4% vacuum gas oil
Mass [Mass afterj Change in| Mass | Mass after |Change in| Mass | Mass after | Change
before |RTFOT, g| mass, % | before | RTFOT, g | mass, % | before RTFOT, in
RTFOT, g RTFOT, g RTFOT, g g mass, %
1 193.3 193.2 | M;-0.05 191.7 191.5 M;-0.1 190.9 190.9 M;-0
2 195 195 M>-0 195 195 M>-0 194.9 194.9 M>-0

Note - compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

PBB samples with a molecular weight of 350 are more resistant to aging compared to PBB
samples with a molecular weight of 30.

A preliminary comparative economic analysis of the developed PBB compositions was carried
out (Table 7). The cost estimation was based on average market prices for bitumen BND 100/130,
polypropylene grades HO30 and H350, and an approximate value for vacuum gas oil. The total
cost of 1 ton of PBB mixture based on PP H350 was about 5 900 tenge higher than the mixture
with PP H030. This is mainly due to the higher price of the H350 polymer. However, considering
its better thermal aging resistance and potential to extend pavement service life, the use of PP
H350 may be economically justified for long-term applications, especially in heavily loaded road
segments.
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Table 7. Comparative cost estimation of PBB mixtures
with different polypropylene grades

Component PP H030-based PBB PP H350-based PBB

(KZT/t) (KZTH)

Bitumen BND 100/130 (95.5%) 114 000 114 000

Polypropylene (4%) 40 800 46 704

Gas oil (2.5%) estimated 5000 5000

Total cost per 1 ton of mix 159 800 165 704

Note — Gas oil cost estimated based on open market data (approx. 200 KZT/t). Bitumen price averaged at 114.000

KZTh.

The data presented in Table 8 reflect the results of statistical processing of the softening
temperature, penetration depth, and mass change for bitumen samples of grade BND 100/130
with different gas oil concentrations (0.3%, 2.5%, and 4%). The bitumen samples were studied
under two conditions: with PP H030 and PP H350 additives. For each gas oil concentration, the
average values, standard deviations, and 95% confidence intervals were calculated.

Table 8. Static data processing
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PP HO030 71.1 3.8 3.7 37.1 2.2 2.1 0.2 0.1 0.2
PP H350 68 10.6 10.4 41.4 5 4.9 0.04 0.01 0.01

Note — compiled by the authors on the basis of (Seitenova, Syzdyk, Dyussova, Konkanov and Dzheksembaeva, 2025)

The analysis shows that both the softening point and the penetration depth are dependent on
the gas oil concentration and the additive type (PP HO030 or PP H350). Higher gas oil
concentrations generally result in softer bitumen (higher penetration depth) and a lower softening
point. The mass change values show that gas oil concentrations have a limited effect on the
stability of the material, especially for PP H350, where the mass change remains quite low across
the different concentrations. The confidence intervals (95%) show that the greatest variability in
the results is observed at a gas oil concentration of 4%, especially for the softening point for PP
H350.

The results show that the addition of gas oil and polypropylene to bitumen has a significant
effect on its thermal stability and plasticity. Increasing the gas oil concentration reduces the
softening temperature and increases the depth of needle penetration, indicating a softer material
before aging. However, after aging, a decrease in the softening temperature and penetration depth
is observed for all samples, indicating an increase in hardness and deterioration in the thermal
stability of bitumen compositions.

The changes are particularly noticeable for PP H030. The reduction in softening temperatures
and penetration depth for this polymer after aging indicates its lower resistance to thermal effects
compared to PP H350. In the case of PP H350, a decrease in penetration depth is also observed
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after aging, but its effect is less pronounced. This indicates that PP H350 demonstrates better
resistance to aging and may be preferable for use in conditions requiring the preservation of
material properties after long-term use.

The obtained results indicate that PBB compositions with the addition of polypropylene and
gas oil undergo changes that can affect their performance characteristics, especially after aging.
It is important to take these changes into account when developing and using polymer-modified
bitumen materials to increase their durability and compliance with standards such as ST RK 1224-
2003.

These results are important for understanding how different concentrations of polypropylene
and gas oil affect the durability of PBB compositions. Such understanding may be useful in road
construction and other applications of bitumen materials where strength, thermal stability and
wear resistance of the material are key indicators.

Conclusions. The conducted studies have shown that the addition of polypropylene grades
HO030 and H350, as well as vacuum gas oil to bitumen has a significant effect on its physical and
mechanical properties, both before and after aging. Before aging, a decrease in the softening
temperature and an increase in the depth of penetration of the needle with an increase in the
concentration of gas oil are observed, which indicates an increase in the plasticity of the material.
However, after aging, a decrease in the softening temperature and a decrease in the depth of
penetration occur, which indicates an increase in hardness and a deterioration in the thermal
stability of the PBB material.

The changes in the properties of mixtures with polypropylene grade HO30 are particularly
noticeable, demonstrating more pronounced changes after aging compared to H350. This
indicates that polymer additives have different effects on the resistance of materials to aging.

Depending on the climatic zones of the Republic of Kazakhstan, formulations with PP H350
are more suitable for hot, arid regions due to better thermal aging resistance, while PP HO30 may
be preferable for colder zones requiring enhanced initial plasticity. The results can also guide the
selection of formulations for highways, where durability is critical, versus urban roads, where
flexibility may be prioritized. Future studies will aim to assess the long-term durability of the
developed PBB compositions, including resistance to fatigue cracking, UV and ozone aging,
freeze-thaw cycles, and moisture susceptibility, to ensure comprehensive performance evaluation
under real operating conditions. Thus, the results of the study confirm that polymer-modified
bitumen compositions with the addition of vacuum gas oil require careful selection of components
to ensure durability and thermal stability under operating conditions.
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