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ABSTRACT

This article examines the effect of two types of polypropylene (HO30 and H350) and petroleum
residue on the bitumen modification process. Bitumen modification is one of the key methods for
improving its physical and mechanical properties and enhancing the quality of road pavement.
Currently, bitumen modification is widely used in road construction, playing a crucial role in
improving its quality and energy efficiency. Studying the effect of polymers on the mechanical
stability of bitumen is a relevant issue in increasing the durability of road surfaces. During the
study, six different concentrations of polypropylene H030 and H350 were introduced into bitumen
samples, and their main characteristics were compared. The obtained results demonstrated that
polypropylene significantly alters the properties of bitumen, contributing to increased strength
and durability of road pavements. Furthermore, the addition of petroleum residue enhances the
rheological properties of the bitumen mixture, improving its adhesion. These studies provide
essential data for improving bitumen used in road construction. The research results indicate that
the use of polymer-modified bitumen increases the wear resistance of road surfaces, reduces crack
formation, and enhances resistance to climatic factors. This, in turn, extends the service life of
road pavements and reduces road maintenance costs. Long-lasting pavements help decrease
energy consumption for bitumen production and road construction. The obtained data expand the
possibilities for the effective use of polymer-modified bitumen mixtures in asphalt concrete
production. Thus, the compatibility of bitumen and polypropylene has been studied, and their
optimal compositions have been determined.

Keywords: bitumen, polypropylene, modified bitumen mixtures, petroleum residue, asphalt
concrete, energy efficiency.
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Introduction

Research aimed at improving the quality of
bitumen-based materials in road construction holds
significant importance. Modification of bitumen is
one of the key approaches to enhancing its physical
and mechanical properties and ensuring the long-
term durability of road pavements. Currently,

polymer-modified bitumen mixtures are widely
applied, as they improve thermal stability and
increase mechanical strength [[1], [2]].

Bitumen is a complex organic binder composed
of high-molecular-weight hydrocarbons and their
derivatives. Its key properties include softening
point, penetration depth, viscosity, plastic
deformation capability, and wear resistance. These
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parameters directly affect the quality of road
surfaces [[3], [4]]. However, neat bitumen has
several disadvantages; therefore, research is being
actively carried out to improve its properties
through various modifiers [5].

Among these, polymer modification occupies a
special place. Polypropylene is one of the
thermoplastic polymers frequently used in bitumen
modification. It is characterized by high mechanical
strength and chemical stability. Studies have shown
that the addition of polypropylene increases the
elastic modulus of bitumen, enhances its resistance
to cracking, raises the softening point, and reduces
penetration depth. These improvements make
polymer-modified bitumen suitable for use under
hot climatic conditions [[6], [7], [8], [9]].

Oil residues are also among the important
compounds used to improve bitumen. Heavy
fractions from oil refining reduce the viscosity of
bitumen, enhance its low-temperature
performance, and improve the homogeneity of the
mixture [[10], [11]]. The combined use of
polypropylene and oil residue enhances the elastic
properties of bitumen and contributes to its long-
term stability [12]. Such mixtures have been shown
to exhibit greater crack resistance while also
improving adhesion properties [13].

In recent years, research in this field has become
increasingly relevant. First, studying the combined
effect of polymers and oil residues aims to improve
the quality of road pavements under various climatic
conditions. Second, the use of recycled polymer
waste is considered an environmentally friendly
solution [[14], [15]]. In addition, current studies are
also focused on investigating compatibility with
nanocomposites and other functional additives
([16], [17]].

In this regard, the present study focuses on
identifying the effect of polypropylene grades HO30
and H350, together with oil residue, on the physical
and mechanical properties of bitumen mixtures.
Samples obtained at different concentrations were
comparatively analyzed in terms of softening point
and penetration depth. Moreover, the influence of
the obtained results on the rheological
characteristics of bitumen and asphalt concrete
mixtures was also examined [[18], [19], [20]].

The scientific novelty of this study lies in the
comparative analysis of the effects of polypropylene
grades HO30 and H350 on the properties of bitumen.
Furthermore, for the first time, the combined use of
polypropylene and oil residue has been
comprehensively studied in relation to improving
the structural stability and adhesion properties of

the mixtures. The research was carried out on
samples adapted to the climatic conditions of
Kazakhstan, and the results obtained have practical
significance for local road construction.

Experimental part

For the research, the following materials were
used: bitumen of grade BND 100/130 provided by
Pavlodar Oil Chemistry Refinery LLP (Kazakhstan).
BND 100/130 bitumen possesses high viscosity and
is widely applied in the production of road
pavements with properties required for operation
under various climatic conditions. Polypropylene
grades PP H350 and PP HO030 were supplied by
“Neftekhim LTD” LLP and prepared in accordance
with the National Standard of the Republic of
Kazakhstan, ST RK 3191-2018. Polypropylene (PP) is
a thermoplastic material based on propylene
(propene). This polymer contributes to enhancing
the strength, crack resistance, elasticity, and
durability of polymer-modified bituminous (PMB)
materials. Heavy oil residue of grade H603 was
provided by Pavlodar Oil Chemistry Refinery LLP and
used to regulate the viscosity and improve the
technological properties of PMB mixtures. The
addition of oil residue increased the fluidity of the
material and ensured uniform distribution of the
components within the mixture. This made it
possible to achieve an optimal balance between
viscosity and plasticity, thereby contributing to the
durability and stability of road pavements.

The preparation of polymer-bitumen
compositions is a multistage and complex process in
which a modified structure is formed as a result of
the physical and chemical interactions of the
components. In this study, the compositions were
prepared using a laboratory disperser unit.

Initially, the containers and equipment required
for the experiment were thoroughly cleaned and
dried to remove moisture residues. This step was
essential to prevent the influence of external factors
that could negatively affect the quality of the final
product. Before use, all vessels were checked to
ensure they were free of contamination and traces
of moisture.

At the next stage, the bitumen was poured into
a thermostable container and heated to the working
temperature range of 120-150 °C. Such conditions
reduce the viscosity of bitumen and allow better
mixing with the polymer.

The required amount of polymer was then
weighed in advance and calculated relative to the
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mass of bitumen. The polymer concentration was
selected depending on the modification level and
the expected properties of the composition.

The preheated bitumen was combined with the
measured polymer, and the mixture was stirred in
the laboratory disperser. This process was carried
out at 165-170 °C for up to 120 minutes. The mixing
time and speed were determined based on the
characteristics of the polymer used and the desired
degree of dispersion. The high-speed stirrer ensured
the uniform distribution of the components.

Once the mixture reached a homogeneous
consistency, an additional maturation stage was
carried out to strengthen the formation of
molecular-level interactions between its
constituents. During this period, the mixture was
maintained at 160-170 °C for a specified duration.

The polymer-bitumen compositions prepared in
this way were then subjected to standard testing.
The softening point, penetration depth, and other
characteristics were determined in accordance with
the Standards of the Republic of Kazakhstan (ST RK).
The compositions of the PMB mixtures are
presented in the table below (Table 1):

Table 1 - Composition of PMB: proportion of bitumen,
polypropylene, and oil residue

Sample 1 2 3 4 5 6 7
No

Bitumen (100 % (95.7 % (95.1 % [94.5 % |93.5 %| 93% | 92%
BND

100/130

PP HO30 0 4% 4% 4% 4% 4% 4%
/PP

H350
oil 0 0.3% | 0.9% | 1.5% | 2.5% 3% 4%

residue

Table 1 presents the percentage composition of
bitumen (BND 100/130), polypropylene (HO30 or
H350), and oil residue for each sample. These data
characterize the exact formulations of the initial
mixtures used in the study and form the basis for
subsequent physical and mechanical testing.

Regarding the methods applied in the research,
the penetration depth at 25 °C (with an accuracy of
at least 0.1 mm) was evaluated in accordance with
ST RK 1226-2003 wusing a digital automatic
penetrometer, model 20-20670, produced by
Infratest. According to the test procedure, PMB
samples were first heated to 150 °C, then placed into
a special container and cooled to 25 °C. A needle

with a defined load (typically 100 g) was slowly
applied to the surface of the sample. The
penetration depth of the needle was measured in
millimeters and recorded. This method makes it
possible to objectively evaluate the viscosity of PMB
materials and their suitability for various operating
conditions.

The softening point (°C, minimum value) was
determined using an automated device by Infratest,
in accordance with ST RK 1227-2003. According to
the test procedure, PMB samples were preheated to
a temperature of 80-100 °C above the expected
softening point but not lower than 120 °C and not
exceeding 180 °C to remove moisture. The
dehydrated PMB material was filtered, carefully
stirred to eliminate air bubbles, and then poured in
excess into two rings. After cooling to ambient
temperature, the excess material was trimmed with
a heated knife. The rings containing PMB material,
along with steel balls cooled to (5 + 1) °C, were
placed into a water bath. The water temperature
was then increased at a rate of (5.0 + 0.5) °C per
minute. The test continued until the steel ball
penetrated the PMB material and touched the
bottom plate, at which point the temperature was
recorded as the softening point. Strict control of the
heating rate ensured the accuracy of the test.

The ductility of bitumen was tested using a
digital ductilometer, model 20-2356, in compliance
with ST RK 1374-2005. Samples were prepared
according to ST RK 1288-2004. Special “figure-eight”
shaped molds were used, into which bitumen
preheated to 150-180 °C was poured. The molds
were then subjected to temperature conditioning.
During testing, the samples were stretched in a
water bath at 0 °C or 25 °C at a rate of 50 mm/min.
The elongation length at break was recorded in
centimeters. Each test was conducted on three
parallel samples, and the arithmetic mean value was
calculated. If the difference between results
exceeded the allowable norm, the test was
repeated. In cases where the sample did not break
at an elongation of 1000 mm, the result was

recorded as “>100 cm.”
Although standard testing methods were

applied in this study, the influence of ecological
factors, economic efficiency, and the probability of
phase separation on the obtained results was not
considered. These aspects represent the limitations
of the study and require further in-depth
investigation in the future.
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Results and Discussion

In bitumen  samples modified  with
polypropylene (PP H350) and oil residue, the
penetration depth decreased with increasing
concentration. This indicates an increase in bitumen
hardness, meaning the transition of the material to
a softened state at elevated temperatures slows
down. In particular, for samples containing 1.5% and
2.5% oil residue, the penetration depth sharply
decreased, reaching values of 31.4 mm and 47.5
mm, respectively.

The softening point generally showed an
upward trend, indicating that the combined addition
of polypropylene and oil residue improved the
ability of bitumen to retain its shape at high
temperatures.

In the sample with 4% oil residue, the softening
point reached 66.2 °C, remaining at a relatively
stable level compared to the initial value of 66 °C.
This demonstrates enhanced thermal stability and
strength of the bitumen.
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Figure 1 - Thermal Stability and Structural Changes of
PMB Based on PP HO30

In bitumen  samples  modified  with
polypropylene (PP H030) and 3-4% oil residue, the
penetration depth increased from the initial 39.6
mm to 54.5 mm. At the same time, the softening
point decreased from 65 °C to 61.8 °C.

Although the polypropylene content remained
constant (4%), it was found that variations in the
concentration of oil residue had a significant impact
on the physical and mechanical properties of
bitumen.
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Figure 2 - Thermal Stability and Structural Changes of
PMB Based on PP H350
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Figure 3 - Ductility of PMB mixtures (a - Bitumen + PP
H030 + oil residue; b - Bitumen + PP H350 + oil residue)

As shown in Figures 1 and 2, all samples
exhibited significant changes compared to the
control sample (neat bitumen). This confirms the

— 100——
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combined effect of polypropylene and oil residue on
the structure of bitumen.

While polypropylene increases the viscosity of
bitumen and helps to maintain its softening point, oil
residue partially balances this effect. Bitumen
modified with HO30 is sensitive to the concentration
of oil residue: the softening point decreases slightly,
but the penetration depth is initially higher. In
contrast, H350-modified bitumen demonstrates
greater stability and hardness at elevated
temperatures, which makes it more suitable for
roads subjected to heavy loads.

The ductility of bitumen samples modified with
polypropylene (grades H030 and H350) and oil
residue was evaluated at 25 °C. The results are
presented in Figure 3.

Table 2 - Statistical data processing of the properties of
polypropylene-modified bitumen

Parameters PP HO30 PP H350
Softening point 65.0-61.8 66.0-62.2
(°C, minimum)

Standard 1.8 2.0
deviation (°C)

Confidence 1.7 1.9
interval (95%)

Penetration 39.6-54.5 69.2-42.9
depth at 25 °C

(accuracy 0.1

mm)
Standard 5.5 10.1
deviation (mm)

Confidence 5.2 9.8
interval (95%)

Ductllltzrzt 25 °C, 710 716

Mean value 8.2 11.3

Standard 1.2 3.1
deviation

Confidence
interval (95%) 7.5-8.9 9.8-12.8

Adhesion 0.87 0.92
coefficient of oil

residues

Standard 0.03 0.04

deviation

Confidence 0.84-0.90 0.88-0.96
interval (95%)

According to the results, the ductility of the
original bitumen measured at 25 °C showed a high
value (83 cm). In the modified mixtures, ductility
values decreased significantly. This can be explained
by the increase in hardness of the material and the
limitation of its plastic deformation capacity as a

result of polypropylene penetrating the bitumen
structure. In the samples with grade H030, ductility
was in the range of 7-10 cm, while in the mixtures
based on H350 it was somewhat higher-ranging
from 7 to 16 cm. This indicates that polypropylene of
grade H350 possesses a better structure-forming
ability and tends to distribute more uniformly within
the bitumen matrix. As a result, mixtures based on
H350 provide a more optimal balance between
elasticity and strength. However, the decrease in
ductility reflects a limitation of the plastic properties
of bitumen, and therefore, future research should
aim to identify compatible combinations of
modifiers to improve this parameter.

The statistical data processing of the properties
of polypropylene-modified bitumen is presented in
the table (Table 2).

The data presented in Table 2 include the mean
values, standard deviations, and 95% confidence
intervals for the softening point, penetration depth
at 25 °C, and adhesion coefficient of oil residues in
bitumen samples modified with polypropylene.
These results provide a quantitative basis for
comparing the changes in the physical properties of
the mixtures.

For each parameter, standard deviations and
95% confidence intervals were calculated to
evaluate the reliability and stability of the obtained
results. The data comparatively characterize the
influence of PP HO30 and PP H350 on the properties
of bitumen. According to the results, mixtures based
on polypropylene grade H350 demonstrated higher
thermal stability, although they showed greater
variability in  penetration depth, indicating
fluctuations in their properties. However, additional
statistical methods (such as the t-test or ANOVA)
were not applied to assess statistical significance.
Therefore, future research should include a deeper
statistical analysis of the results.

The reuse of polymer waste increases
environmental efficiency, as it reduces the
accumulation of plastic waste and transforms it into
useful products for the construction sector. Oil
residue, as an industrial by-product, can also be
utilized, thereby reducing the environmental
burden.

From an economic perspective, the application
of polymer-bitumen mixtures reduces maintenance
costs by extending the service life of road
pavements. Moreover, with improved energy
efficiency, expenditures on fuel and energy in
bitumen production and road paving processes are
also reduced.

— 101/
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Conclusions

The data, presented in this study, include the
mean values, standard deviations, and 95%
confidence intervals for the softening point,
penetration depth at 25 °C, and adhesion coefficient
of oil residues in bitumen samples modified with
polypropylene. These results provide a quantitative
basis for comparing the changes in the physical
properties of the mixtures.

For each parameter, standard deviations and
95% confidence intervals were calculated to
evaluate the reliability and stability of the obtained
results. The data comparatively characterize the
influence of PP HO30 and PP H350 on the properties
of bitumen. According to the results, mixtures based
on polypropylene grade H350 demonstrated higher
thermal stability, although they showed greater
variability in penetration depth, indicating
fluctuations in their properties. However, additional
statistical methods (such as the t-test or ANOVA)
were not applied to assess statistical significance.
Therefore, future research should include a deeper
statistical analysis of the results.

The reuse of polymer waste enhances
environmental efficiency by reducing the
accumulation of plastic waste and transforming it
into useful products for the construction sector. QOil
residue, as an industrial by-product, can also be
utilized, thereby reducing the environmental
burden.

From an economic perspective, the application
of polymer-bitumen mixtures reduces maintenance
costs by extending the service life of road
pavements. Moreover, with improved energy
efficiency, expenditures on fuel and energy in
bitumen production and road paving processes are
also reduced.
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’Kon KypbiNbICbIHbIH, SHEPrUA TUIMAINIriIH apTTbIPyFa apHanfaH
nonumep-6MTym Kocnanapbli

1 Cbisgbik A.F., ! Celitenosa I'.)K., 2 liocosa P.M., ! YXakmaHosa E.A.,  lon6aesa 3.

1 /1. H. lymunee amoiHOarsl Eypasus ¥ammelK YHueepcumemi, AcmaHa, Kazakcmat
2 Topalirbipos yHusepcumemi, Masnodap, Kazakcmax

TYRIHAEME

Makana kengi: 6 mameip 2025
CapanTtamagaH eTTi: 4 KeipKyliek 2025
KabbingaHapl: 26 kapawa 2025

Byn maKkanaga noauvnponuaeHHid, eki Typi (HO30 keHe H350) meH MyHai KangplKTapbliHbIH,
6uTyMmabl MmoguduKaumanay npoueciHe acepi KapacTbipbliagbl.
OHbIH, GU3MKANbIK-MEXaHUKANbIK KAacUeTTepiH aKCcapTy apKbl/ibl O KabblHAAPbIHbIH, canacbiH
apTTbIPYAbIH,  MaHpI3abl TacingepiHiH, 6ipi 6onbin  Tabbliagpl.
MoaMOUKALMANAY KON KypPbIbICIHAA KEHiHEH KO/MAAHbI/IbIM, OHbIH, CanacblH YXaHe 3Heprus
TUIMZINITIH apTTbipyAa MaHbI34bl pen aTkapaabl. MonumepnepgiH, GUTYMHbIH, MeXaHUKanbIK
TYPaKTb/IbIFbIHA SCEPiH 3epTTey Ko KabblHAAPbIHbIH, 6EPIKTIriH apTTbipyaa 63eKTi Macese 60bin
oTblp. 3epTTey bapbicbiHaa 6utym yarinepive HO30 kaHe H350 noaunponuneHaepiHii, 6 Typai
KOHLLEHTPAUMACHI  eHri3inin, onapAplH, Herisri KepceTKiwTepi CcanbiCTbipbiAAbl.
HaTMXKenep MOAUMPONUAEHHIH, BUTYM KacueTTepiH auTap/blKTail ©3repTin, oA XKabbIHbIHbIH,

Butymabl moaudukauusnay

Kasipri TaHga 6utymabl

AnbiHFaH
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6epiKTiri MmeH y3ak mep3imainiriH apTTbipyfa biknan eTeTiHiH KepceTTi. COHbIMEeH KaTap, MyHaMu
KaNAbIFbIHbIH, KOCbIYbl BUTYM KOCNACbIHbIH, PEOIOTUABIK KAaCUMETTEPIH KaKcapTyFa MYMKIHAIK
6epin, OHbIH, aAre3uACbIH »KOFapbliaTTbl. Byn 3epTreynep oA KypblabICbIHAA KOALAHbINATbIH
6UTYMAbI }KAKCapTy YWiH MaHbI3abl aepekTep bepeadi. 3epTrey HaTuKenepi KepceTKeHaew,
noaumepnik  moauvobukaumanaHFaH OWUTYMHbIH, KONAAHbIIYbl KON KabblHAAPbIHbIH, TO3yfa
TO3IMAINIMIH apTTbipaZbl, *KApbIKWAKTapAblH, nakga 60nyblH asaiTagpl KaHe KAMMATTbIK
dakTopnapra Tesimainirin KywewTeai. byn e3 KeseriHae KON TOCEMiHIH KbI3MET €Ty Mep3imiH
YNFANTYFa XKOHE XKOA KOHAEY LWbIFbIHAAPLIH a3alTyFa MyMKIHAIK 6epeai. ¥3aK meps3imai Tecemaep
BUTYM eHAjpiciHe KaHe KON canyFa }KYMCanaTblH SHEPIUA WbIFbIHAAPbLIH a3aiTyFa KeMeKTeces;.
AnblHFaH MmanimeTTep achanbT6ETOH OHApicCiHAe nonvmep-moguduKaumuanaHFaH butym
KOCManapblH TUIMAI NalkganaHy MyMKIHAIKTepiH KeHeWTegi. Ocbinaiwa, 6GUTym MeH
NOAUMNPONUAEHHIH, YANeciMainiri 3epTTenin, onapapiH, OHTalAbl Kypamaapbl aHbIKTaN4b!.

TyliiH ce3dep: 6UTYm, noannponuaeH, moandukaumanaHFaH BUTYmM Kocnanapbl, MyHal Kanabifbl,
achanbTOETOH, aHeprus TMiMmainiri.
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AHHOTALMUA
B naHHOM cTaTbe UccnefoBaHo BAMAHUE ABYX Mapok noaunponuneHa (H030 u H350) n HedTAHOTO

ocTaTKa Ha npouecc mogudukaumm 6utyma. Moamndukauma 6UTyma ABNAETCA OAHUM U3 BaXKHbIX
cnocoboB ynyyweHna ero PpU3NKO-MexaHUYECKNX CBOMCTB U MNOBbIWEHUA KayecTBa JOPOXKHOIO
NoKpbITUA. B HacToswee Bpema mogudukauma 6UTyma LUIMPOKO MPUMEHSAETCA B AOPOXKHOM
CTPOUTENbCTBE, UrPas BaXKHYI PONb B MOBLIWEHUW ero KayecTBa U 3HeprosdpdeKTUBHOCTU.
M3yyeHne BAMAHUA NONMMEPOB Ha MEXaHUYECKY CTabUNbHOCTb BUTYMa ABNAETCA aKTyaslbHOW
33f,a4eil B NOBbILEHUM MPOYHOCTU AOPOXKHOIO MOKPbLITUA. B Xxome uccneposaHua B obpasupl
6uTyMa 6b11M BBEAEHbI WECTb Pa3NIMYHbIX KOHLEeHTpaumii noaunponuneHa HO30 u H350, nocne
4ero NpoBefEeHO CPAaBHEHWE MX OCHOBHbIX XapaKTepuCTUK. MonyyeHHble pesynbTaTbl MOKasanu,
YTO MONUNPONUIEH CYLLECTBEHHO M3MEHAeT CBOMCTBA OWTyMa, CrMOCO6CTBYA MOBbILEHUIO
NPOYHOCTM U AONTOBEYHOCTU LOPOKHOIO NOKPbLITUA. Kpome Toro, sobasneHve HepTAHOro ocTaTka
yAy4yliaeT peonornyeckme cBoOMCTBa BUTYMHOM cMecH, NOBbILWAA e€ aaresunto. 3TM uccneaoBaHuA
NpefoCcTaBAAOT BaKHble JAaHHble ANA yaydlweHus 6uTyma, MpUMEHAemoro B AOPOXKHOM
cTpouTenbCTse. Pe3synbTatbl nccnepoBaHmnA nokasanu, 4TO ncnonb3osaHue
noAMMepMoaNGULMPOBAHHOMO BUTYMa MOBBILAET M3HOCOCTOMKOCTb [OPOXKHOTO MOKPbITHSA,
CHUKaeT obpasoBaHue TPeLmH U YNyULIaeT ero YCTOMYMBOCTb K KIMMaTU4Yeckum daktopam. 370,
B CBOIO ouepenpb, YBEAUYMBAET CPOK CYKObl JOPOKHOIO NOAOTHA U CHUMKAET 3aTpaTbl Ha ero
PemoHT. [loNroBeyHble MOKPbLITUA MO3BO/AIOT COKPATUTb 3HEprosaTpatbl Ha MNPOWU3BOACTBO
6utyma u yknagKy goporu. onyyeHHble AaHHble PaCWMPAIOT BO3MOXHOCTU 3PGEKTUBHOIO
NPUMeEHeHUA  NOAUMePMOANPULMPOBAHHBIX  BUTYMHbIX  Cmecedi B MpOU3BOACTBE
acpanbtobeToHa. TakMum 06pasom, M3y4eHa COBMECTUMOCTb bUTyma W noaunponuneHa,
onpeaeneHbl UX ONTUMaNbHbIEe COCTaBbI.
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