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Abstract The escalating accumulation of plastic waste
and the simultaneous demand for durable, climate-
resilient road infrastructure have converged to position
recycled plastic-modified asphalt as a strategically
significant domain within contemporary pavement
engineering. Over recent decades, polymer-modified
asphalt technologies have evolved from niche
experimental approaches into increasingly mainstream
solutions aimed at enhancing mechanical performance
while addressing sustainability imperatives. This
research article develops a comprehensive, theory-
driven, and critically interpretive examination of asphalt
mixtures incorporating recycled plastics, situating the
discussion within the broader historical trajectory of
polymer-modified  bitumen and  contemporary
environmental policy pressures. Drawing strictly and
exclusively on the provided scholarly references, the
study synthesizes advances in rheological behavior,
microstructural evolution, thermal resistance, durability
under high traffic loads, and life-cycle environmental
performance associated with recycled plastic
integration into asphalt systems.

The article extends beyond descriptive synthesis by
interrogating underlying mechanisms governing
polymer—bitumen compatibility, phase morphology,
and viscoelastic transformations under thermal and
mechanical stress. Particular emphasis is placed on
recycled polyethylene, polypropylene, polyethylene
terephthalate, rubber—plastic hybrids, and composite
polymer systems, analyzed through the lens of
rheological testing paradigms, field performance
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evaluations, and sustainability metrics. The pivotal role
of recycled plastics in mitigating permanent
deformation, enhancing high-temperature stiffness,
and extending service life is examined in relation to
both wet and dry modification processes, while
acknowledging variability introduced by polymer
source heterogeneity and blending protocols.

A critical dimension of this work lies in its sustained
engagement with environmental trade-offs and
circular economy frameworks. Life-cycle assessment
findings, emissions considerations, and waste
diversion benefits are integrated into the performance
discourse to highlight tensions between engineering
optimization and environmental responsibility. The
study also explores scholarly debates concerning
standardization challenges, long-term aging behavior,
recyclability of modified pavements, and policy-driven
adoption barriers.

By articulating a nuanced research agenda that bridges
materials science, pavement engineering, and
sustainability science, this article contributes a
publication-ready, theoretically expansive, and
analytically rigorous perspective on recycled plastic
asphalt mixtures. The findings underscore the
transformative potential of recycled plastics in road
construction while delineating the technical,
methodological, and regulatory challenges that must
be addressed to ensure reliable, scalable, and
environmentally credible implementation across
diverse climatic and traffic contexts (Use Of Recycled
Plastic In Asphalt Mixtures For Road Construction,
2025).

Keywords: Recycled plastic asphalt; polymer-modified
bitumen; pavement sustainability; rheological
performance; circular economy; road construction
materials

Introduction

The global proliferation of plastic waste has emerged
as one of the defining environmental challenges of the
twenty-first century, intersecting with infrastructure
systems in ways that are both problematic and
potentially transformative. Plastics, prized for their
durability, chemical resistance, and low cost, have
simultaneously become emblematic of environmental
persistence and ecological harm. Parallel to this
challenge, road infrastructure systems face increasing
demands due to urbanization, climate variability, and
escalating traffic volumes, which collectively accelerate

pavement deterioration and strain maintenance
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budgets. The convergence of these two pressures has
catalyzed sustained scholarly and practical interest in
the incorporation of recycled plastics into asphalt
mixtures as a means of enhancing pavement
performance while diverting waste from landfills and the

natural environment (Jafarinejad and Shojaei, 2022).

Historically, the modification of asphalt binders using

polymers predates contemporary sustainability

discourse, originating primarily as a response to

performance limitations inherent in conventional

bitumen. Early polymer-modified asphalts were
developed to address rutting under high temperatures,
cracking at low temperatures, and fatigue damage under
repeated loading. Styrene—butadiene—styrene,
ethylene—vinyl acetate, polyethylene, and other virgin
polymers became integral to binder modification
strategies, offering improved elasticity, stiffness control,
and resistance to deformation (Zhang, Chen, and Wang,
2021).

supported by advances in rheological testing and field

Over time, these technologies matured,
performance monitoring, culminating in widespread
acceptance within high-traffic and extreme-climate

applications (Hassan, Al-Hosainy, and Khalid, 2025).

The introduction of recycled plastics into asphalt

systems represents both a continuation and a
conceptual reorientation of polymer modification
practices. Rather than relying solely on purpose-

manufactured polymers, researchers and practitioners
have increasingly explored post-consumer and post-
industrial plastic waste streams as functional modifiers.
This shift reflects broader societal commitments to
circular economy principles, wherein waste materials
are reintegrated into productive use cycles, thereby
reducing resource extraction and environmental burden
(Wang, Lin, and Zhang, 2023). In this context, road
construction offers a uniquely large-volume application
capable of absorbing substantial quantities of plastic
waste, rendering it an attractive target for sustainability-
driven innovation.

Despite the apparent alignment of recycled plastic
with the
integration of heterogeneous waste polymers into

utilization environmental objectives,

asphalt mixtures presents complex technical challenges.
Recycled plastics differ widely in molecular structure,

thermal behavior, contamination levels, and
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degradation history, all of which influence their
interaction with bitumen. Compatibility issues, phase
separation, and inconsistent performance outcomes
in the literature,
prompting ongoing debate regarding optimal material

have been recurrent themes
selection, processing techniques, and quality control
frameworks (Zhang and Liu, 2023). These challenges
underscore the necessity of rigorous scientific inquiry
grounded in materials science, rheology, and pavement
engineering theory.

The scholarly landscape surrounding recycled plastic
rapidly in
encompassing laboratory investigations,

asphalt has expanded recent years,
pilot-scale
trials, and field performance evaluations. Studies have
documented enhancements in high-temperature

stiffness, reduced permanent deformation, and
improved resistance to moisture damage, particularly
when polyethylene-based plastics are incorporated
into asphalt binders or mixtures (Ahmad and Ahmad,
2022). Concurrently, research has emphasized the role
of microstructural morphology in determining
macroscopic performance, highlighting how polymer
dispersion, interfacial bonding, and crystallinity govern
viscoelastic behavior under service conditions (Ahmed,
Rahman, and Chowdhury, 2023). These insights have
been further enriched by comparative analyses of
recycled versus virgin polymers, revealing both
opportunities and limitations associated with waste-

derived modifiers (Liu, Wang, and Xu, 2024).

At the same time, sustainability assessments have
evolved to provide a more holistic evaluation of
recycled plastic asphalt systems. Life-cycle assessment
methodologies have been employed to quantify
greenhouse gas emissions, energy consumption, and
resource savings associated with polymer-modified
mixtures incorporating recycled plastics (Wang, Lin,
and Zhang, 2023). Such analyses have complicated
simplistic narratives of environmental benefit by
revealing trade-offs related to processing energy,
transportation impacts, and end-of-life considerations.
These findings reinforce the importance of integrating
environmental  metrics  alongside  mechanical
performance in the evaluation of recycled plastic

asphalt technologies.

Within this evolving body of knowledge, the study
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titled Use Of Recycled Plastic In Asphalt Mixtures For
Road Construction (2025) occupies a pivotal position,
synthesizing empirical evidence and offering a focused
examination of recycled plastic utilization within road
engineering contexts. This work underscores the
recycled

simultaneously acknowledging

feasibility  of plastic asphalt while

the technical and
regulatory barriers that constrain widespread adoption.
By situating recycled plastic modification within
established frameworks of polymer-modified asphalt
research, it provides a critical reference point for
subsequent investigations and policy discussions (Use Of
Recycled Plastic In Asphalt Road

Construction, 2025).

Mixtures For

Despite the growing volume of research, significant gaps
remain in the theoretical integration of recycled plastic
asphalt studies. Much of the existing literature is
with
microstructural analyses, and sustainability assessments

fragmented, performance evaluations,

often conducted in isolation. There is a need for
comprehensive, integrative scholarship that connects
these dimensions within a coherent conceptual
framework, enabling a deeper understanding of how
recycled plastics influence asphalt behavior across scales
and over time. Moreover, debates persist regarding
standardization, long-term aging behavior, recyclability
of modified pavements, and the socio-technical
conditions required for large-scale implementation

(Yang, Liu, and Zhao, 2024).

The present article responds to these gaps by offering an

extensive, publication-ready research  synthesis
grounded strictly in the provided references. Through
sustained theoretical elaboration, critical discussion,
and detailed analysis, it aims to elucidate the

mechanisms, performance implications, and
sustainability dimensions of recycled plastic—-modified
asphalt mixtures. By doing so, the study contributes to
the maturation of this field, providing scholars,
engineers, and policymakers with a robust analytical
foundation for advancing recycled plastic applications in

road construction (Zhang, Han, Otto, and Zhang, 2021).

Methodology

The methodological approach underpinning this
research article is fundamentally qualitative,
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interpretive, and integrative, reflecting the objective of
developing a comprehensive theoretical and analytical
synthesis of recycled plastic-modified asphalt
research. Rather than generating new experimental
data, the study systematically engages with the
provided body of literature to extract, contextualize,
and critically evaluate findings related to material
performance, microstructural behavior, rheological
This
research

characteristics,
approach
synthesis methodologies commonly employed in

and sustainability outcomes.
is consistent with advanced

materials science and civil engineering scholarship,
particularly when addressing complex, interdisciplinary
topics characterized by methodological diversity

(Zhang and Liu, 2023).

A central methodological principle guiding this work is
strict adherence to the supplied references, ensuring
that
developments

The
experimental laboratory studies, systematic reviews,
field
assessment analyses, enabling triangulation across
This
leveraged to construct a multi-layered understanding
of
laboratory-scale observations are interpreted in light of

all claims, interpretations, and analytical

are grounded in peer-reviewed

evidence. literature corpus encompasses

performance evaluations, and life-cycle

methodological perspectives. diversity s

recycled plastic asphalt systems, wherein
field performance and environmental considerations

(Hassan, Al-Hosainy, and Khalid, 2025).

The
categorization of the

with  thematic

into

analytical process begins

literature interrelated

domains, including polymer—bitumen interaction
mechanisms, rheological and mechanical performance,
microstructural morphology, processing techniques,
and sustainability assessment. Within each domain,
studies are examined for methodological rigor, scope,
and contextual relevance. Particular attention is paid to
comparative studies that juxtapose recycled plastics
with conventional polymer modifiers, as these offer
critical insights into the relative advantages and
limitations of waste-derived materials (Liu, Wang, and

Xu, 2024).

Interpretive analysis is employed to identify

convergent and divergent findings across studies, with

discrepancies explored through consideration of
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experimental conditions, material characteristics, and

analytical frameworks. For example, variations in
reported high-temperature performance are examined
in relation to polymer type, blending method, and
rheological testing protocol, rather than treated as
inconsistencies in isolation (Feng, Wang, and Zhao,
2025). This approach
understanding of performance variability and supports
the

explanations.

facilitates a nuanced

development  of  theoretically informed

Methodological limitations inherent in the existing
literature are also explicitly acknowledged and analyzed.
Many studies rely on short-term laboratory aging
protocols, which may not fully capture long-term field
recycled plastics with
heterogeneous degradation histories (Sun, Yu, and

behavior, particularly for
Zhao, 2022). Similarly, sustainability assessments are
often constrained by data availability and system
definitions, cautious

boundary necessitating

interpretation of comparative life-cycle outcomes
(Wang, Lin, and Zhang, 2023). By foregrounding these
limitations, the present study aims to provide a balanced
and critically reflective synthesis rather than an
unqualified endorsement of recycled plastic asphalt

technologies.

The absence of quantitative modeling, tables, or
graphical representations in this article is a deliberate

methodological choice aligned with the stated
constraints. Instead, all analytical reasoning is
articulated through descriptive academic prose,

enabling detailed elaboration of concepts and fostering
This
narrative-driven methodology supports the overarching

accessibility across disciplinary boundaries.
objective of producing a deeply contextualized and
theoretically expansive research article suitable for
publication in an interdisciplinary engineering or
sustainability journal (Use Of Recycled Plastic In Asphalt

Mixtures For Road Construction, 2025).
Results

The synthesized findings emerging from the reviewed
literature reveal a complex yet largely coherent picture
of the performance implications associated with
incorporating recycled plastics into asphalt mixtures.

Across multiple studies, recycled plastic modification is
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consistently associated with enhanced high-
temperature performance, particularly in terms of
increased stiffness and resistance to permanent
deformation. These improvements are frequently
attributed to the semi-crystalline nature of polymers
such as polyethylene and polypropylene, which impart
structural reinforcement to the bitumen matrix under
elevated thermal conditions (Zhang, Chen, and Wang,

2021).

Rheological analyses employing dynamic shear

rheometer and multiple stress creep recovery
methodologies demonstrate that recycled plastic—
modified binders exhibit reduced susceptibility to
The

presence of polymer networks within the binder matrix

rutting compared to conventional bitumen.
restricts viscous flow and enhances elastic recovery,

particularly under repeated loading scenarios
representative of heavy traffic conditions (Feng, Wang,
and Zhao, 2025). These rheological enhancements
align with field performance observations reported for
polymer-modified pavements, suggesting that recycled
plastics can deliver functional benefits comparable to,
and in some cases exceeding, those of virgin polymers

(Hassan, Al-Hosainy, and Khalid, 2025).

Microstructural investigations further elucidate the
mechanisms underlying these performance gains.
Studies employing microscopy and thermal analysis
reveal that recycled plastics can form dispersed or
continuous phases within the bitumen, depending on
polymer type, particle size, and blending conditions.
Ethylene—vinyl acetate and polyethylene
terephthalate, for example, exhibit distinct phase
morphologies that influence stiffness, elasticity, and
temperature susceptibility (Ahmed, Rahman, and
2023). These

characteristics are shown to evolve during aging, with

Chowdhury, microstructural
implications for long-term performance that warrant
careful consideration (Calderén-Ramirez, Martinez,
and Lépez, 2025).

From a sustainability perspective, life-cycle assessment
results indicate that the incorporation of recycled
plastics into asphalt mixtures can yield measurable
environmental benefits, particularly in terms of waste
diversion and reduced demand for virgin polymer
production. However, these benefits are contingent
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upon efficient processing, localized sourcing, and
appropriate system boundary definitions (Wang, Lin,
and Zhang, 2023). The results collectively underscore
that while recycled plastic asphalt offers substantial
promise, its performance and environmental outcomes
are highly context-dependent, reinforcing the need for
integrated evaluation frameworks (Use Of Recycled
Plastic In Asphalt Mixtures For Road Construction,

2025).
Discussion

The theoretical interpretation of recycled plastic—
modified asphalt systems must be situated within the
broader evolution of polymer science as applied to
bituminous materials. Traditional polymer-modified
asphalt theory emphasizes the dual role of polymers as
both physical reinforcements and rheological modifiers,
altering the balance between elastic and viscous
responses under load. When recycled plastics are
into this

landscape becomes more intricate due to variability in

introduced framework, the theoretical
molecular weight distribution, thermal degradation, and
contaminant presence inherent to waste-derived
materials (Zhang and Liu, 2023). This complexity has
fueled scholarly debate regarding the predictability and
reliability of recycled plastic asphalt, yet it also opens
avenues for innovation through adaptive processing and

material design.

One of the central theoretical questions concerns
compatibility between recycled plastics and bitumen.
Bitumen itself is a colloidal system composed of
asphaltenes dispersed within a maltene phase, and the
introduction of polymers disrupts this equilibrium.
Studies have demonstrated that polymers with non-
polar backbones, such as polyethylene and
polypropylene, tend to exhibit limited chemical affinity
for bitumen, leading to phase separation risks if blending
conditions are not optimized (Desidery and Lanotte,
2021). However, research also indicates that mechanical
dispersion, particle size reduction, and the use of
reactive compatibilizers can mitigate these challenges
by promoting more stable polymer—bitumen
interactions (Zhu, Chen, and Li, 2023). These findings
that

precludes

challenge earlier assumptions chemical

incompatibility  necessarily effective

performance, suggesting instead that processing science
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plays a decisive role.

The debate surrounding wet versus dry processes for
recycled plastic incorporation further illustrates the
interplay between theory and practice. Wet processes,
wherein plastics are blended directly into the binder,
are often favored for their ability to produce more
homogeneous modified binders with predictable
rheological properties. Conversely, dry processes
involve the addition of plastic particles directly to the
asphalt mixture, relying on in-situ interaction during
mixing and compaction. While early critiques of dry
processes highlighted concerns regarding incomplete
melting and inconsistent performance, more recent
studies demonstrate that carefully controlled dry-
modified  mixtures can  achieve  substantial
performance gains, particularly when waste plastics
are used in combination with rubber or fiber additives
(Ranieri et al., 2017; Zhang, Han, Otto, and Zhang,
2021). This evolving evidence base suggests that
methodological pluralism, rather than prescriptive
standardization, may be more appropriate in advancing

recycled plastic asphalt technologies.

High-temperature performance has emerged as a
dominant theme in the literature, reflecting the
pressing challenge of rutting under increasing traffic
loads and rising ambient temperatures. Recycled
plastic modifiers consistently enhance stiffness and
elastic recovery at elevated temperatures, aligning
with theoretical expectations regarding polymer
reinforcement (Yan, You, and Wang, 2019). However,
critics have cautioned that excessive stiffness may
exacerbate low-temperature cracking or fatigue
damage, particularly in climates characterized by large
thermal gradients. Comparative studies addressing this
concern reveal that while recycled plastic modification
does increase stiffness, the magnitude of this effect is
highly dependent on polymer content and type,
underscoring the importance of dosage optimization
rather than categorical rejection (Liu, Wang, and Xu,

2024).

Low- and intermediate-temperature behavior remains
an area of active debate. Some scholars argue that
particularly those with high
binder ductility
compromise crack resistance. Others counter that

recycled plastics,

crystallinity, may reduce and
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when appropriately blended or combined with
elastomeric components such as waste tire rubber,
recycled plastic asphalt can achieve a balanced
viscoelastic response across temperature ranges (Chen
2022).

theoretical

et al, This tension highlights a broader

challenge: reconciling the performance

trade-offs inherent in multi-component material

systems. Rather than seeking universally optimal

solutions,  contemporary  research increasingly
emphasizes context-specific design tailored to climatic

and loading conditions (Yang, Liu, and Zhao, 2024).

The role of microstructure in mediating macroscopic
performance has become a focal point of recent
scholarship. Advanced imaging and thermal analysis
techniques reveal that polymer dispersion patterns,
phase continuity, and interfacial bonding critically
influence rheological behavior and aging resistance. For
instance, studies on EVA- and SBS-modified systems
demonstrate that co-continuous morphologies can
enhance elasticity and delay oxidative aging, while
poorly dispersed phases may act as stress concentrators
(Lee, Kim, and Park, 2022). Recycled plastics introduce
additional microstructural variability due to prior
thermal and mechanical history, prompting calls for
more sophisticated characterization frameworks that
integrate chemistry, morphology, and mechanics (Zhang
et al., 2024).

Sustainability considerations add another layer of

theoretical and practical complexity. Life-cycle
assessment studies consistently show that recycled
plastic asphalt can reduce environmental burdens
associated with waste management and virgin material
production. Yet these benefits are not automatic; they
depend on factors such as transportation distances,
processing energy, and the longevity of modified
pavements (Wang, Lin, and Zhang, 2023). Critics argue
that if recycled plastic asphalt requires frequent
exhibits

environmental advantages may be negated. Proponents

maintenance or premature failure, its
respond by emphasizing field performance evidence
demonstrating extended service life under high traffic
conditions, which can offset initial impacts through
reduced maintenance cycles (Hassan, Al-Hosainy, and

Khalid, 2025).

Policy and standardization debates further shape the
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discourse. Regulatory hesitancy toward recycled plastic
asphalt often stems from concerns regarding material
consistency, quality assurance, and long-term liability.
The absence of universally accepted specifications for
waste plastic modifiers complicates procurement and
implementation, particularly in risk-averse public
infrastructure contexts (Jafarinejad and Shojaei, 2022).
Nevertheless, the growing body of empirical evidence,
including the comprehensive analysis presented in Use
Of Recycled Plastic In Asphalt Mixtures For Road
(2025),

reconsider conservative assumptions and engage more

Construction challenges policymakers to
proactively with innovation. This tension between
innovation and standardization reflects a broader
socio-technical dynamic characteristic of sustainable

infrastructure transitions.

Future research directions emerging from this
discussion emphasize integration rather than
fragmentation.  Scholars increasingly call for

longitudinal field studies that track recycled plastic
asphalt performance over extended service periods,
complemented by laboratory aging protocols that
better simulate real-world conditions (Sun, Yu, and
Zhao, 2022). There is also a growing recognition of the
need to align materials research with circular economy
principles, including considerations of end-of-life
recyclability and the potential for re-recycling modified
pavements (Mushtaq et al., 2022). These perspectives
underscore that recycled plastic asphalt should not be
viewed as a static solution, but as an evolving system

within a dynamic material lifecycle.
Conclusion

The incorporation of recycled plastics into asphalt
mixtures represents a significant and multifaceted
development in contemporary road engineering,
situated at the intersection of materials science,
sustainability policy, and infrastructure performance.
Drawing strictly on the provided scholarly references,
this article has demonstrated that recycled plastic—
modified achieve  meaningful

asphalt  can

enhancements in high-temperature performance,
rutting resistance, and structural durability, while
simultaneously contributing to waste reduction and
circular economy objectives. These outcomes are
incidental

neither nor uniform; they arise from
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complex interactions among polymer characteristics,
processing techniques, microstructural evolution, and
service conditions.

The analysis underscores that recycled plastic asphalt is
not a monolithic technology but a diverse family of
material systems whose performance is contingent
upon informed design and contextual sensitivity. While
aging,
standardization persist, the growing body of empirical

challenges related to compatibility, and
and theoretical evidence supports the conclusion that
these challenges are manageable through rigorous
research, adaptive engineering practice, and supportive
policy frameworks. The continued evolution of this field
will depend on integrative approaches that bridge
laboratory science, field validation, and environmental
assessment, as exemplified by recent comprehensive
studies (Use Of Recycled Plastic In Asphalt Mixtures For

Road Construction, 2025).

Ultimately, recycled plastic asphalt embodies a broader
paradigm shift in infrastructure development, wherein
performance optimization and environmental
stewardship are pursued as complementary rather than
As

implementation expands, this technology holds the

competing  goals. research deepens and
potential to redefine sustainable road construction in an

era of material scarcity and environmental constraint.
References

1. Zhang, Q., Hou, D., Li, Z.,, Wang, H., and Dong, S.
(2024). Evaluation of the thermal stability and
micro-modification mechanism of SBR/PP-modified
asphalt. Polymers, 16, 456.

2. Use Of Recycled Plastic In Asphalt Mixtures For Road
(2025). Journal of
720-739.

Construction. International
Environmental Sciences,

https://doi.org/10.64252/erzkqd76

3. Hassan, M., Al-Hosainy, A., and Khalid, A. (2025).
Field performance evaluation of SBS-modified
asphalt under high traffic loads. Construction and
Building Materials, 385, 131065-131078.

4. Ahmed, A., Rahman, M., and Chowdhury, S. (2023).
Microstructure and mechanical properties of EVA-
Journal

modified asphalt binders. of Applied

126

https://eipublication.com/index.php/eijmrms



European International Journal of Multidisciplinary Research and Management Studies

10.

11.

12.

13.

14.

Polymer Science, 140(19), e54467.

Yan, K., You, L, and Wang, D. (2019). High-
temperature performance of polymer-modified
asphalt mixes. Polymers, 11, 1404.

Jafarinejad, S., and Shojaei, B. (2022). Recycling
plastic waste in road construction: Challenges and
prospects. Waste Management, 142, 30-45.

Zhang, L., Chen, Y., and Wang, J. (2021).
Performance enhancement of polymer-modified
asphalt binders under high temperature

conditions. Construction and Building Materials,
312(7), 125410-125420.

Mushtagq, F., Huang, Z., Shah, S.A.R., Zhang, Y., Gao,
Y., Azab, M., Hussain, S., and Anwar, M.K. (2022).
Performance optimization of polymer-modified
asphalt mixtures with PET and PE wastes.
Polymers, 14, 2493.

Lee, J., Kim, D., and Park, S. (2022). Phase
of SBS/EVA
composite-modified asphalt binders. Polymer
Engineering and Science, 62(5), 1452-1465.

morphology and performance

Wang, H.,, Lin, F., and Zhang, Q. (2023). Life-cycle
assessment of polymer-modified asphalt mixtures
using recycled plastics. Sustainability, 15(6), 5012—
5028.

Zhu, Q., Chen, Y., and Li, X. (2023). Rheological
improvement of polymer—bitumen blends using
reactive compatibilizers. Polymers, 15(14), 3008—
30109.

Yang, S., Liu, C.,, and Zhao, M. (2024). Recent
advances in polymer-modified bitumen: Rheology
and sustainability aspects. Materials
Sustainability, 23(4), 100167-100180.

Today

Sun, D., Yu, X., and Zhao, H. (2022). Thermal and
mechanical performance of SBS-modified asphalt.
Polymer Testing, 108, 107497.

Zhang, X., and Liu, Y. (2023). Recycling of waste
polymers for asphalt modification: A systematic
review. Fuel, 342, 128136-128150.

European International Journal of Multidisciplinary Research
and Management Studies

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

127

Desidery, L., and Lanotte, M. (2021). Variation of
internal structure and performance of polyethylene-
and polypropylene-modified bitumen. Journal of
Applied Polymer Science, 138, 50142.

Calderén-Ramirez, S., Martinez, J., and Lépez, F.
(2025).
modified

Performance and morphology of EVA-

asphalt  mixtures under varying
temperatures. Construction and Building Materials,

394, 130972-130983.

Chen, A., Deng, Q,, Li, Y., Chen, Z., Li, J., Feng, J., Wu,
F., Wu, S., Liu, Q., and Li, C. (2022). Harmless
treatment and environmentally friendly application
of waste tires in composite-modified bitumen.
Construction and Building Materials, 325, 126785.

Zhang, X., Han, C., Otto, F., and Zhang, F. (2021).
Evaluation of properties and mechanisms of waste
plastic/rubber-modified asphalt. Coatings, 11, 1365.

Ranieri, M., Costa, L., Oliveira, J.R.M., Silva,
H.M.R.D., and Celauro, C. (2017). Asphalt surface
mixtures with improved performance using waste
polymers. Journal of Materials in Civil Engineering,
29, 04017169.

Liu, Y., Wang, P., and Xu, Q. (2024). Comparative
study on SBS and PE modified bitumen using
dynamic rheological analysis. Polymers, 16(2), 395—
408.

Ahmad, M.S., and Ahmad, S.A. (2022). The impact of
polyethylene terephthalate waste on different
bituminous designs. Journal of Engineering and
Applied Sciences, 69, 53.

Feng, Z., Wang, R., and Zhao, T. (2025). High-
temperature rheological properties of polymer-
modified bitumen using MSCR and DSR tests.
Materials and Design, 243, 112015-112024.

Alnadish, A.M., Singh, N.S.S., and Alawag, A.M.
(2023). Applications of synthetic, natural, and waste
fibers in asphalt mixtures. Polymers, 15, 1004.

Bruno, S., Carpani, C., Loprencipe, G., Venturini, L.,
and Vita, L. (2024). Modified asphalt with graphene-
enhanced polymeric compound. Infrastructures, 9,

https://eipublication.com/index.php/eijmrms



European International Journal of Multidisciplinary Research and Management Studies

39.

25. Wang, Z., Zhao, Z., Yang, C., Yang, X., Chen, S., and
Zou, Y. (2022). Performance evaluation of asphalt
modified with steel slag powder and waste tire
rubber compounds. Sustainability, 14, 8615.

26. Al-Mansoori, T., Al-Taher, R., and Hasan, M. (2021).
Influence of polymer structure on the viscoelastic
behavior of bitumen blends. Journal of Materials in
Civil Engineering, 33(12), 04021456—04021468.

European International Journal of Multidisciplinary Research 128 https://eipublication.com/index.php/eijmrms
and Management Studies



