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ABSTRACT 
This article examines the effect of two types of polypropylene (H030 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 
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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 H030 
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 H030 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 H030 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 

No 

1 2 3 4 5 6 7 

Bitumen 

BND 

100/130  

100 % 95.7 % 95.1 % 94.5 % 93.5 % 93% 92% 

PP H030 

/ PP 

H350  

0 4% 4% 4% 4% 4% 4% 

Oil 

residue  

0 0.3% 0.9% 1.5% 2.5% 3% 4% 

Table 1 presents the percentage composition of 

bitumen (BND 100/130), polypropylene (H030 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 using 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. 

Figure 1 - Thermal Stability and Structural Changes of 

PMB Based on PP H030 

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. 

Figure 2 -  Thermal Stability and Structural Changes of 

PMB Based on PP H350 

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 
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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 H030 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 H030 PP H350 

Softening point 
(°C, minimum) 

65.0-61.8 66.0-62.2 

Standard 
deviation (°C) 

1.8 2.0 

Confidence 
interval (95%) 

1.7 1.9 

Penetration 
depth at 25 °C 
(accuracy 0.1 

mm) 

39.6-54.5 69.2-42.9 

Standard 
deviation (mm) 

5.5 10.1 

Confidence 
interval (95%) 

5.2 9.8 

Ductility at 25 °C, 
cm 

7-10 7-16 

Mean value 8.2 11.3 

Standard 
deviation 

1.2 3.1 

Confidence 
interval (95%) 

7.5-8.9 9.8-12.8 

Adhesion 
coefficient of oil 

residues 

0.87 0.92 

Standard 
deviation 

0.03 0.04 

Confidence 
interval (95%) 

0.84-0.90 0.88-0.96 

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 H030 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. 
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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 H030 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. 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. 
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ТҮЙІНДЕМЕ 
Бұл мақалада полипропиленнің екі түрі (H030 және H350) мен мұнай қалдықтарының 

битумды модификациялау процесіне әсері қарастырылады.  Битумды модификациялау 

оның физикалық-механикалық қасиеттерін жақсарту арқылы жол жабындарының сапасын 

арттырудың маңызды тәсілдерінің бірі болып табылады.  Қазіргі таңда битумды 

модификациялау жол құрылысында кеңінен қолданылып, оның сапасын және энергия 

тиімділігін арттыруда маңызды рөл атқарады. Полимерлердің битумның механикалық 

тұрақтылығына әсерін зерттеу жол жабындарының беріктігін арттыруда өзекті мәселе болып 

отыр. Зерттеу барысында битум үлгілеріне Н030 және Н350 полипропилендерінің 6 түрлі 

концентрациясы енгізіліп, олардың негізгі көрсеткіштері салыстырылды.  Алынған 

нәтижелер полипропиленнің битум қасиеттерін айтарлықтай өзгертіп, жол жабынының 

https://doi.org/10.31643/2027/6445.21
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беріктігі мен ұзақ мерзімділігін арттыруға ықпал ететінін көрсетті. Сонымен қатар, мұнай 

қалдығының қосылуы битум қоспасының реологиялық қасиеттерін жақсартуға мүмкіндік 

беріп, оның адгезиясын жоғарылатты. Бұл зерттеулер жол құрылысында қолданылатын 

битумды жақсарту үшін маңызды деректер береді. Зерттеу нәтижелері көрсеткендей, 

полимерлік модификацияланған битумның қолданылуы жол жабындарының тозуға 

төзімділігін арттырады, жарықшақтардың пайда болуын азайтады және климаттық 

факторларға төзімділігін күшейтеді. Бұл өз кезегінде жол төсемінің қызмет ету мерзімін 

ұлғайтуға және жол жөндеу шығындарын азайтуға мүмкіндік береді. Ұзақ мерзімді төсемдер 

битум өндірісіне және жол салуға жұмсалатын энергия шығындарын азайтуға көмектеседі. 

Алынған мәліметтер асфальтбетон өндірісінде полимер-модификацияланған битум 

қоспаларын тиімді пайдалану мүмкіндіктерін кеңейтеді. Осылайша, битум мен 

полипропиленнің үйлесімділігі зерттеліп, олардың оңтайлы құрамдары анықталды. 

Түйін сөздер: битум, полипропилен, модификацияланған битум қоспалары, мұнай қалдығы, 
асфальтбетон, энергия тиімділігі. 
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АННОТАЦИЯ  
В данной статье исследовано влияние двух марок полипропилена (Н030 и Н350) и нефтяного 

остатка на процесс модификации битума. Модификация битума является одним из важных 

способов улучшения его физико-механических свойств и повышения качества дорожного 

покрытия. В настоящее время модификация битума широко применяется в дорожном 

строительстве, играя важную роль в повышении его качества и энергоэффективности. 

Изучение влияния полимеров на механическую стабильность битума является актуальной 

задачей в повышении прочности дорожного покрытия. В ходе исследования в образцы 

битума были введены шесть различных концентраций полипропилена Н030 и Н350, после 

чего проведено сравнение их основных характеристик. Полученные результаты показали, 

что полипропилен существенно изменяет свойства битума, способствуя повышению 

прочности и долговечности дорожного покрытия. Кроме того, добавление нефтяного остатка 

улучшает реологические свойства битумной смеси, повышая её адгезию. Эти исследования 

предоставляют важные данные для улучшения битума, применяемого в дорожном 

строительстве. Результаты исследования показали, что использование 

полимермодифицированного битума повышает износостойкость дорожного покрытия, 

снижает образование трещин и улучшает его устойчивость к климатическим факторам. Это, 

в свою очередь, увеличивает срок службы дорожного полотна и снижает затраты на его 

ремонт. Долговечные покрытия позволяют сократить энергозатраты на производство 

битума и укладку дороги. Полученные данные расширяют возможности эффективного 

применения полимермодифицированных битумных смесей в производстве 

асфальтобетона. Таким образом, изучена совместимость битума и полипропилена, 

определены их оптимальные составы.  
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