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Abstract: Polyethylene terephthalate (PET) is one of the most widely produced synthetic polymers, extensively used in 

beverage bottles, food packaging, and textile fibers due to its excellent mechanical strength, transparency, and chemical 

resistance. However, the massive consumption of PET has generated an escalating global plastic waste crisis. Mechanical 

recycling remains the dominant strategy for PET waste management, yet it suffers from polymer degradation, 

contamination sensitivity, and limited recyclability. Chemical recycling has therefore emerged as a promising approach to 

close the carbon loop by converting PET waste into its constituent monomers or other high-value chemicals. In recent 

years, significant progress has been achieved in catalytic depolymerization strategies including glycolysis, methanolysis, 

hydrolysis, aminolysis, and hydrogenolysis. In addition, emerging approaches such as enzymatic depolymerization, 

solvent-assisted recycling, and tandem catalytic upgrading have further expanded the valorization potential of PET waste. 

This review provides a comprehensive overview of recent advances in PET chemical recycling, focusing on reaction 

mechanisms, catalytic systems, process intensification strategies, and product upgrading pathways. Special emphasis is 

placed on heterogeneous catalysis, green solvents, and integrated catalytic systems for converting PET into monomers 

such as terephthalic acid and ethylene glycol or into value-added chemicals including fuels, polymers, and aromatic 

compounds. Finally, current challenges and future research directions are discussed, highlighting opportunities for 

designing sustainable catalytic systems and scalable industrial processes for circular plastic economy. 
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1 Introduction 

The rapid expansion of plastic production has become a 

defining feature of the modern materials economy [1, 2]. 

Among commodity polymers, polyethylene terephthalate 

(PET) occupies a particularly prominent position due to its 

widespread use in packaging, textiles, and engineering ma-

terials [3]. Global PET production has exceeded 80 million 

tons annually, with beverage bottles and polyester fibers 

accounting for the majority of consumption [4, 5]. While 

PET offers excellent material properties such as high ten-

sile strength, thermal stability, and chemical resistance, its 

durability also contributes to long-term environmental per-

sistence once discarded [6]. 

The accumulation of PET waste has therefore become a 

major environmental challenge [7]. Large quantities of 

post-consumer PET are either landfilled [8], incinerated [9], 

or leaked into ecosystems [10], contributing to microplastic 
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pollution [11] and carbon emissions [12]. Mechanical re-

cycling is currently the dominant recycling strategy and in-

volves reprocessing PET waste through melting and 

remolding [13]. Although this approach is economically at-

tractive, it is fundamentally limited by polymer chain deg-

radation, contamination, and deterioration of material 

properties after multiple recycling cycles [14]. As a result, 

mechanically recycled PET often experiences “downcy-

cling,” restricting its reuse in high-performance applica-

tions such as food-grade packaging [15, 16]. 

Chemical recycling has emerged as a promising alterna-

tive strategy that enables the depolymerization of PET into 

monomers or other valuable chemicals [17]. Unlike me-

chanical recycling, chemical recycling breaks the ester 

bonds within PET, regenerating building blocks such as 

terephthalic acid (TPA), dimethyl terephthalate (DMT), 

and ethylene glycol (EG) [18]. These monomers can sub-

sequently be repolymerized to produce virgin-quality PET, 

thus enabling a closed-loop recycling system. Furthermore, 

PET can also be transformed into other value-added chem-

icals such as aromatic compounds, polyols, and fuels, ex-

panding the economic potential of plastic waste valoriza-

tion [19]. 

Over the past decade, advances in catalysis, reaction en-

gineering, and solvent design have significantly improved 

the efficiency and selectivity of PET chemical recycling 

processes [20]. Conventional depolymerization strategies 

include glycolysis, methanolysis, hydrolysis, and aminoly-

sis, each producing distinct chemical intermediates. In ad-

dition, emerging technologies such as hydrogenolysis, en-

zymatic degradation, and tandem catalytic upgrading are 

opening new pathways for transforming PET waste into 

high-value chemicals under milder conditions. 

Despite these advances, several challenges remain for 

the large-scale deployment of PET chemical recycling 

technologies. These challenges include catalyst stability 

[21], energy efficiency [22, 23], solvent recovery, product 

purification, and the handling of mixed plastic waste 

streams [24]. Addressing these issues requires a deeper un-

derstanding of reaction mechanisms, catalyst–substrate in-

teractions, and process integration strategies. 

This review provides a comprehensive overview of re-

cent developments in PET chemical recycling, focusing on 

catalytic depolymerization pathways, catalyst design, and 

process intensification. Particular attention is given to het-

erogeneous catalytic systems and integrated catalytic pro-

cesses that enable the efficient transformation of PET waste 

into monomers and other valuable chemicals. By highlight-

ing recent progress and identifying remaining challenges, 

this review aims to provide guidance for the development 

of sustainable and economically viable PET recycling tech-

nologies. 

2 Structure and Properties of PET 

Relevant to Chemical Recycling 

Polyethylene terephthalate is a thermoplastic polyester 

synthesized through the polycondensation of terephthalic 

acid (TPA) or dimethyl terephthalate (DMT) with ethylene 

glycol (EG). The polymer structure consists of repeating 

ester linkages connecting aromatic terephthalate units with 

ethylene glycol segments. This unique combination of aro-

matic rigidity and flexible aliphatic segments gives PET its 

desirable mechanical strength, thermal stability, and barrier 

properties. 

The chemical structure of PET plays a crucial role in de-

termining its depolymerization behavior. The ester bonds 

within PET chains are susceptible to nucleophilic attack by 

alcohols, water, amines, or hydrogen in the presence of 

suitable catalysts [25, 26]. As a result, PET can be depoly-

merized through several chemical pathways depending on 

the reacting nucleophile. For instance, glycolysis involves 

the transesterification of PET with glycols [27], while 

methanolysis uses methanol to generate dimethyl tereph-

thalate [3, 28]. 

Another important factor influencing PET recycling is 

its semi-crystalline structure. PET typically exhibits both 

amorphous and crystalline domains, with crystallinity 

ranging from 20% to 50% depending on processing condi-

tions [29]. Crystalline regions are more resistant to chemi-

cal attack because of strong intermolecular interactions and 

dense chain packing. Consequently, depolymerization re-

actions often occur preferentially in amorphous regions be-

fore gradually penetrating crystalline domains [30]. 

Additives and contaminants present in post-consumer 

PET waste also affect chemical recycling processes [31, 

32]. Plasticizers [33], colorants [34], multilayer packaging 

components [35], and residual food contaminants may in-

terfere with catalytic reactions or complicate product puri-

fication [36]. Therefore, pretreatment steps such as wash-

ing, sorting, and particle size reduction are often necessary 

to improve recycling efficiency. 

Understanding these structural characteristics is essen-

tial for designing efficient catalytic systems and reaction 
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conditions for PET depolymerization. Advances in catalyst 

design and solvent engineering have increasingly focused 

on improving polymer accessibility and facilitating ester 

bond cleavage under mild conditions. 

3 Chemical Recycling of PET 

3.1 Glycolysis of PET 

Glycolysis is one of the most widely studied chemical 

recycling methods for PET [37]. In this process, PET un-

dergoes transesterification with glycols—typically eth-

ylene glycol—resulting in the formation of bis(2-hydroxy-

ethyl) terephthalate (BHET), which can be repolymerized 

into PET or used as a precursor for other polymers [38]. 

The reaction mechanism involves nucleophilic attack of 

the glycol hydroxyl group on the ester carbonyl carbon of 

PET, leading to cleavage of the ester linkage and formation 

of BHET. Because PET is solid and relatively inert, cata-

lysts are usually required to accelerate the reaction and im-

prove selectivity. 

Traditional catalysts for PET glycolysis include metal 

acetates such as zinc acetate, manganese acetate, and cobalt 

acetate [37]. Among these, zinc acetate has been widely 

used due to its high catalytic activity and relatively low cost 

[27, 39, 40]. However, homogeneous catalysts present 

challenges in catalyst recovery and product purification. 

To overcome these limitations, heterogeneous catalysts 

have been increasingly explored [41, 42]. Solid catalysts 

such as metal oxides, layered double hydroxides, and zeo-

lites have demonstrated promising catalytic performance 

[21, 43–48]. For example, metal–organic frameworks 

(MOFs) and functionalized carbon materials have been 

shown to provide high catalytic activity and improved re-

cyclability. 

Process intensification strategies have also been investi-

gated to enhance glycolysis efficiency. Microwave-as-

sisted heating, ultrasonic irradiation, and supercritical gly-

colysis have significantly reduced reaction times and im-

proved BHET yields [49–51]. These approaches enhance 

mass transfer and polymer accessibility, enabling more ef-

ficient depolymerization. 

Despite these advances, challenges remain in optimizing 

catalyst stability, minimizing side reactions, and improving 

product separation processes [52, 53]. Continued research 

into advanced catalytic materials and reactor designs is 

therefore crucial for scaling up glycolysis-based recycling 

technologies [54]. 

3.2 Methanolysis of PET 

Methanolysis is another important chemical recycling 

pathway that converts PET into dimethyl terephthalate 

(DMT) and ethylene glycol [39, 55–61]. This process typ-

ically occurs in the presence of methanol at elevated tem-

peratures and pressures, often using metal-based catalysts 

[62]. 

Historically, methanolysis was widely used in early PET 

production processes because DMT could be purified 

through distillation and reused for polymer synthesis [58, 

63–65]. The reaction involves nucleophilic attack of meth-

anol on PET ester bonds, forming DMT as the primary ar-

omatic product [3, 66]. 

Industrial methanolysis processes often employ catalysts 

such as zinc acetate, cobalt acetate, or manganese acetate 

[67]. However, high reaction temperatures and pressures 

are typically required to achieve high conversion rates [68]. 

Recent research has focused on developing heterogene-

ous catalysts capable of promoting methanolysis under 

milder conditions [69]. Catalysts based on metal oxides, 

and supported metals have shown promising results [70, 

71]. Additionally, supercritical methanol has been explored 

as a solvent and reactant to enhance depolymerization effi-

ciency [68]. 

3.3 Hydrolysis of PET 

Hydrolysis involves the reaction of PET with water to 

produce terephthalic acid (TPA) and ethylene glycol [72]. 

Depending on the reaction conditions, hydrolysis can be 

classified into acidic, alkaline, or neutral hydrolysis. 

Alkaline hydrolysis is one of the most commonly studied 

methods because it proceeds relatively rapidly and pro-

duces terephthalate salts that can be converted into high-

purity TPA after acidification [73–75]. However, large 

amounts of inorganic salts are generated as by-products, 

posing environmental and economic challenges. 

Acidic hydrolysis uses strong acids such as sulfuric acid 

to depolymerize PET [65, 72, 76–78]. While this method 

can achieve high conversion rates, the use of concentrated 

acids raises issues related to corrosion and waste manage-

ment. 

Neutral hydrolysis, typically conducted under high-tem-

perature steam conditions, avoids the use of strong acids or 

bases but often requires more severe reaction conditions 

[79]. 
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3.4 Emerging Approaches: 

Hydrogenolysis and Enzymatic 

Recycling 

Beyond conventional depolymerization methods, 

emerging catalytic technologies have opened new path-

ways for PET chemical recycling. 

Hydrogenolysis involves the catalytic cleavage of PET 

ester bonds in the presence of hydrogen [80], producing ar-

omatic compounds such as terephthalic acid derivatives or 

aromatic hydrocarbons [81]. Noble metal catalysts such as 

Ru, Pd, and Pt have demonstrated promising activity for 

PET hydrogenolysis. 

Another rapidly developing field is enzymatic PET recy-

cling [82]. Enzymes such as PETase and MHETase have 

been discovered to selectively depolymerize PET into its 

monomers under mild conditions [82]. Advances in protein 

engineering have significantly improved enzyme stability 

and catalytic efficiency, making enzymatic recycling a 

promising sustainable alternative. 

3.5 Upgrading of PET-Derived 

Intermediates 

Chemical recycling not only regenerates PET mono-

mers but also enables the production of value-added 

chemicals. 

For example, terephthalic acid can be converted into ar-

omatic hydrocarbons, benzene derivatives, and polymer in-

termediates [83]. Ethylene glycol can be upgraded to fuels, 

solvents, or polyols [84]. BHET and other oligomers can 

serve as building blocks for polyurethanes and specialty 

polymers. 

These upgrading strategies expand the economic value 

of PET recycling and integrate plastic waste into broader 

biorefinery and chemical manufacturing systems. 

4 Conclusion and Outlook 

Chemical recycling has emerged as a promising strategy 

for addressing the growing accumulation of polyethylene 

terephthalate (PET) waste and enabling a circular plastics 

economy. Unlike mechanical recycling, chemical recycling 

breaks the ester bonds in PET and regenerates valuable 

monomers such as terephthalic acid, dimethyl terephthalate, 

and ethylene glycol, which can be reused to produce virgin-

quality polymers or other high-value chemicals. Significant 

progress has been achieved in recent years in developing 

depolymerization pathways including glycolysis, meth-

anolysis, hydrolysis, and aminolysis, as well as emerging 

approaches such as hydrogenolysis and enzymatic degra-

dation. Advances in catalyst design—particularly hetero-

geneous catalysts, ionic liquids, and porous materials—

have improved reaction efficiency, selectivity, and catalyst 

recyclability. 

Despite these advances, several challenges remain for 

large-scale implementation, including catalyst stability, 

high energy consumption, and the complexity of mixed 

plastic waste streams. Future research should focus on 

developing robust and cost-effective catalytic systems 

[85], improving energy efficiency through process inten-

sification, and integrating depolymerization with down-

stream upgrading processes. With continued advances in 

catalysis, reaction engineering, and waste management 

infrastructure, chemical recycling is expected to play a 

critical role in transforming PET waste into valuable re-

sources and advancing a sustainable circular plastics 

economy. 
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