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Abstract: This paper provides a systematic review of the current research status and application prospects of waste plastic modified asphalt (WPMA) technology. It begins by outlining the severity of global plastic pollution and the urgency of recycling waste plastics, emphasizing that its application in asphalt modification represents an effective pathway for high-value utilization. The article not only presents the current state of waste plastic recycling but also focuses on analyzing three preparation processes: wet process, dry process, and wet-dry composite process, along with a comparative evaluation of their advantages and disadvantages.
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1. Introduction
Plastics, polymerized from small molecular monomers, have become an indispensable fundamental material in modern society due to their low cost, ease of use, and versatile properties [1-2]. According to data from the United Nations Environment Programme, global plastic production reached approximately 353 million tons in 2019; meanwhile, research by the Organisation for Economic Co-operation and Development indicates that the total amount of plastics produced by humankind to date has reached 8.3 billion tons, of which less than 9% of waste plastic is recycled [3-4]. Currently, most waste plastic is still disposed of through landfilling, indiscriminate dumping, or incineration. These methods not only pollute water bodies and soil but also release harmful gases during incineration, exacerbating air pollution and posing threats to human health [5-6]. Plastic pollution has now become a global challenge. Driven by the principles of low-carbon environmental protection and the circular economy, the treatment of waste plastic is gradually shifting from traditional landfilling and incineration toward efficient resource utilization [7-10].
The application of recycled waste plastics in asphalt modification represents one of the effective pathways for their sustainable reuse. The incorporation of waste plastics can restrict the movement of asphalt molecules, thereby significantly enhancing the road performance of the base asphalt [11-12]. This approach not only helps improve the quality of asphalt and reduce the production cost of modified asphalt, but also effectively mitigates the environmental pollution issues caused by waste plastics, enabling high-value conversion of discarded resources. As a result, the use of waste plastics in asphalt has garnered widespread attention from enterprises and research institutions worldwide. Companies such as Total, Shell, and ExxonMobil have successfully achieved large-scale production of waste plastic modified asphalt and have carried out engineering applications in multiple countries [13].
2. Current Status of Waste Plastic Recycling
The primary methods for recycling waste plastics in China include closed-loop recycling, mechanical recycling, chemical recycling, and energy recovery [14-16]. Among these, chemical recycling pathways—particularly pyrolysis for producing oils and chemicals, as well as chemical degradation for obtaining monomers—are widely regarded as one of the most promising resource utilization approaches [17].
The pyrolysis behavior of waste plastics is closely related to their types. Polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC), and polystyrene (PS) primarily undergo radical reactions during pyrolysis. At high temperatures, they experience mechanisms such as C–C bond cleavage andβ-scission, ultimately yielding alkanes, olefins, and aromatic hydrocarbons in liquid form, along with minor amounts of solid carbon and low-molecular-weight gases [18-19]. In contrast, polyethylene terephthalate (PET) primarily undergoes decarboxylation reactions and intramolecular hydrogen transfer pathways, yielding ester and aldehyde compounds.
The yield of pyrolysis oil is significantly influenced by plastic types and process conditions, typically fluctuating between 20% and 90%. Among these, PVC and PET contain heteroatoms such as chlorine and oxygen, leading to the formation of chlorinated compounds, benzoic acid, and naphthalene derivatives in their pyrolysis oil. This results in generally low oil yields, typically below 25%. The elemental composition of waste plastic pyrolysis oil is dominated by carbon (80%–90%) and hydrogen (8%–15%), with a broad carbon number distribution (C5–C40). Pyrolysis oil from PE and PP primarily consists of normal alkanes and olefins, while PS pyrolysis oil is rich in monocyclic and bicyclic aromatics [20]. Additionally, the pyrolysis process produces solid semi-coke and pyrolysis gas primarily composed of methane and ethylene.
As one of the most recycled types of waste plastic, PET is currently recovered through chemical degradation methods such as hydrolysis, alcoholysis, and ammoxidation to isolate its monomers, enabling closed-loop recycling and high-value utilization [21-22].
Currently, the resource utilization of waste plastics is gaining increasing global attention. Achieving efficient utilization through recycling and energy conversion has become the primary approach for waste plastic management. Among these, technological pathways such as chemical degradation for producing monomers and chemicals, pyrolysis for generating oils, aromatics, and carbon materials, have emerged as key research focuses in both academic and industrial circles. However, the overall recycling rate of waste plastics remains low, and the disposal of substantial solid waste generated during chemical recycling processes remains a significant challenge. Utilizing waste plastics for asphalt modification offers a promising solution for their high-value utilization. Under high-temperature conditions, waste plastics can swell within asphalt and form a three-dimensional network structure, significantly enhancing the high-temperature performance and viscoelasticity of the base asphalt. Compared to other modifiers, waste plastics are not only cost-effective but also enable large-scale absorption of plastic waste, offering a sustainable resource utilization pathway for waste plastics and their recycled derivatives. Consequently, this technology has garnered extensive attention from scholars worldwide and has been applied in numerous engineering projects and practical implementations in countries such as China, the United States, and Australia.
3.  Preparation Process of Modified Asphalt from Waste Plastics
3.1 Wet Process
Tsering Lhamo et al. [23] prepared modified asphalt by blending waste plastic pellets into asphalt and subjecting it to high-speed shear at 185°C and 4500 r/min for 60 minutes. Rheological testing confirmed enhanced high-temperature deformation resistance. Maharaj R [24] and Yan K [25] et al. observed through dynamic shear rheology testing that waste plastic addition significantly alters asphalt rheological behavior. Huang Chunlei et al.[26] processed waste plastic at 160°C and 10,000 r/min for 60 minutes. Combining dynamic rheology and Brookfield viscosity tests, they demonstrated that waste plastic enhances asphalt's elastic response and high-temperature stability.
However, waste plastic-modified asphalt also faces storage stability issues. Polacco G[27] and Sabbagh A B[28] noted its poor thermal storage stability. Through microscopic observation and polymer-modified asphalt storage stability tests, Zhao Ke et al.[29] found that waste plastic particles were uniformly dispersed before thermal storage but exhibited significant phase separation afterward. Regarding low-temperature performance, Yang Xiwu et al.[30] prepared polyethylene/polypropylene-modified asphalt by shearing at 170°C for 8–10 minutes and observed a decline in low-temperature properties. Xiong Zijia et al. [31] reached similar conclusions after 30 minutes of shear at 170°C and 3000 r/min, noting that polyethylene partially improves low-temperature performance while polypropylene has a detrimental effect. Research by Lai Zengcheng et al. [32] at 180°C and 4000 r/min shear for 20 minutes further demonstrated that increasing recycled plastic content enhances high-temperature performance and viscosity but reduces low-temperature performance.
Regarding optimal blending ratios, Köfteci S et al. [33] proposed that the optimal waste plastic content is 3%; Sun Yanwei et al. [34] recommended controlling polypropylene content between 2% and 4%; while Ao Qingwen et al. [35] suggested that the appropriate polyethylene particle content is 6% based on penetration, softening point, and elongation tests. On the other hand, VS Punith [36] examined the mixture perspective, finding that waste plastic increases asphalt viscosity and enhances aggregate-asphalt interface bonding, thereby improving deformation resistance. Yang Xiwu et al. [37] also demonstrated through static splitting strength tests that waste plastic effectively extends the fatigue life of asphalt mixtures. Bai Yufeng et al. [38] investigated the performance of modified asphalt and its mixtures with varying waste plastic content. Results indicated that the comprehensive performance of modified asphalt was optimal at a waste plastic content of approximately 5.5%.
The wet process for modifying waste plastics with asphalt involves high-speed shear blending of waste plastics and base asphalt at elevated temperatures. This allows plastic particles to fully swell and disperse within the asphalt, forming a stable composite binder. Consequently, the asphalt exhibits significantly enhanced high-temperature performance, elasticity, and fatigue resistance. However, this process also presents notable drawbacks: the modified asphalt exhibits substantially increased viscosity, leading to reduced workability during construction and susceptibility to phase separation during storage. This necessitates the addition of stabilizers or continuous agitation to maintain homogeneity. Additionally, the elevated production temperatures and energy consumption increase process complexity and cost.
3.2 Dry Process
Zhang Zhiyong et al. [39] prepared modified asphalt mixtures by directly incorporating waste plastic pellets into aggregates at specific ratios. Their research revealed significantly enhanced high-temperature stability and resistance to permanent deformation, though water stability decreased. Using dry processing methods, Li Chunguo [40] and Wu Jun et al. [41] confirmed through rutting tests and freeze-thaw splitting tests that waste plastic-modified asphalt mixtures exhibited improved high-temperature performance and water stability. Small beam low-temperature bending tests further indicated enhanced low-temperature crack resistance. Wu Zhengguang et al. [42] focused on waste polyethylene-modified asphalt, noting that this plastic significantly enhances high-temperature performance and water stability but reduces low-temperature performance. Lin Husen [43] prepared waste plastic modified asphalt mixtures with varying plastic content using a dry method. Findings showed that both high-temperature rutting resistance and water damage resistance significantly improved with increasing plastic content, ultimately determining 8% as the optimal content. Gao Chong et al. [44] prepared mixtures using PE particles at 5% of aggregate mass, also demonstrating improvements in high-temperature rutting resistance, water damage resistance, and low-temperature crack resistance.
Although the dry process effectively avoids the poor storage stability issues associated with wet-modified asphalt, it still faces several challenges: waste plastic particles exhibit poor dispersion uniformity within the mixture and insufficient adhesion to the asphalt, which may adversely affect the final road performance. Furthermore, due to the high mixing temperature of the asphalt, waste plastic particles are prone to localized melting and softening, potentially causing deformation of the mixture during service and compromising its long-term performance.
3.3 Combined Wet and Dry Process
Li Yafei et al. [45] demonstrated that asphalt mixtures modified with recycled rubber powder using a combined dry-wet process, while not entirely resolving the inherent issues of either dry or wet methods, effectively increased asphalt viscosity and significantly improved high-temperature performance. Simultaneously, it exhibited plasticizing and toughening effects under low-temperature conditions, enhancing the mixture's low-temperature crack resistance and water stability. However, while this composite process delivers superior road performance compared to either dry or wet methods alone, its high construction costs limit practical application. Tian et al. [46] prepared waste plastic-modified asphalt mixtures using both dry and wet methods. Analysis of Marshall test and rutting test results revealed that mixtures produced via the wet method exhibited superior rutting resistance compared to those from the dry method. Safeer H et al. [47] reached similar conclusions by comparing the comprehensive road performance of waste plastic-modified asphalt mixtures produced under both processes, further confirming the wet process's superiority in high-temperature performance and fatigue resistance.
4 . Conclusion
Global waste plastic production is massive yet recycling rates remain low. Utilizing it for asphalt modification represents an effective pathway to high-value utilization, aligning with circular economy principles. This approach has garnered widespread international attention and been implemented in numerous engineering projects.
The wet process employs high-speed shear to fully swell and disperse waste plastics within asphalt, forming a network structure that significantly enhances asphalt's high-temperature performance, elastic recovery, and fatigue resistance. However, its key drawbacks include poor storage stability (prone to segregation) and high construction viscosity. The dry method offers simple operation and low cost, eliminating segregation concerns while effectively improving the mixture's high-temperature rutting resistance and water damage resistance. However, it faces issues such as uneven plastic dispersion, insufficient adhesion to asphalt, and localized melting during high-temperature mixing, which may compromise long-term performance. The combined wet-dry method delivers the most optimal comprehensive performance, simultaneously enhancing high/low-temperature properties and water stability. Yet, its excessive construction cost remains the primary barrier to widespread adoption.
The type of waste plastic (PE, PP, PET, etc.) and its incorporation rate are key factors influencing modification effectiveness. The optimal incorporation rate must be determined experimentally based on plastic type and process, generally ranging between 3% and 8%. Modification effects typically manifest as significant improvements in high-temperature performance, rutting resistance, and elasticity. However, opinions diverge regarding its impact on low-temperature performance (most studies suggest it reduces low-temperature performance, though this can be mitigated by selecting specific plastics or employing composite processes).
Challenges to large-scale adoption include raw material complexity, uncertain long-term durability, lack of standardized processes, and insufficient environmental risk assessment. Future research should focus on developing intelligent sorting technologies, optimizing composite modification schemes, establishing standardized specifications, and conducting full-life-cycle environmental assessments. These efforts will ultimately advance the green, standardized, and industrialized development of waste plastic modified asphalt technology.
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