
Journal of Research in Applied Chemistry 

Volume 7, Issue 2, July- December 2024 

73 Page 73-80 © MANTECH PUBLICATIONS 2024. All Rights Reserved 

 

 

Chemical Recycling Of Plastics: Innovative Strategies and 

Technologies 

 
Neelam Sharma 

Assistant Professor 

Department of Chemistry 

Eastern Frontier Institute of Technology, Assam, India 
Email: Neelam.Sharma321@Gmail.Com 

 
 

Dr. Sanjay Kumar 

Associate Professor 

Department of Chemistry 

Horizon College of Science, Rajasthan, India. 
Email: sanjay.kumar654@gmail.com 

 
 

Abstract 

The growing concern over plastic waste has sparked interest in chemical 

recycling as a promising solution to reduce environmental impacts. Chemical 

recycling involves the breakdown of plastics into their monomers or other 

valuable chemicals through various chemical processes, enabling their reuse 

in the production of new materials. This paper explores the innovative 

strategies and technologies involved in the chemical recycling of plastics, 

highlighting advancements, challenges, and future directions in the field. Key 

technologies such as pyrolysis, gasification, catalytic depolymerization, and 

enzymatic recycling are discussed in detail, providing insights into their 

mechanisms, efficiencies, and applications. The role of policy and industry 

collaboration in advancing chemical recycling is also examined. The paper 

concludes by identifying the potential for scaling up these technologies to 

achieve a circular plastic economy. 
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INTRODUCTION 

Plastic pollution has become one of the most pressing environmental challenges of the 21st 

century. The exponential rise in plastic production and consumption, combined with 

inadequate waste management systems, has led to significant environmental degradation. 

 
Traditional recycling methods, such as mechanical recycling, are often limited in their ability 

to handle complex plastic materials, leading to the accumulation of non-recyclable plastic 

waste. In response, chemical recycling has emerged as a promising alternative, offering the 

potential to convert plastic waste back into valuable chemicals and feedstocks, which can then 

be reused in the production of new plastics or other materials. 

 
This paper provides an in-depth review of the innovative strategies and technologies in the 

chemical recycling of plastics, focusing on the processes, advantages, challenges, and future 

outlook. 

 
CHEMICAL RECYCLING TECHNOLOGIES 

PYROLYSIS 

Pyrolysis is a thermochemical process in which plastic materials undergo decomposition in 

the absence of oxygen at elevated temperatures. The process is highly versatile and can be 

adapted to a wide range of plastic types. The primary products of pyrolysis are liquid oil, gas, 

and solid char. These by-products can be used as fuels or as feedstocks for producing new 

plastics. 

 
Pyrolysis offers a promising solution to the growing plastic waste problem, as it can process 

mixed plastic waste, including contaminated materials that are typically non-recyclable 

through mechanical recycling methods. 

 
Pyrolysis operates at high temperatures (typically between 350°C to 800°C), where plastics 

are broken down into smaller molecules. The reaction takes place in a sealed chamber to 

prevent oxygen from entering, which ensures that combustion does not occur. The efficiency 

of pyrolysis is influenced by several factors, including temperature, the type of plastic 

feedstock, and the presence of catalysts. Catalysts can be used to enhance the breakdown of 

complex polymers, increase yields of valuable products, and reduce energy consumption. 
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Table 1: Comparison of Pyrolysis Products from Different Plastic Types 
 

Plastic Type Liquid Yield (%) Gas Yield (%) Char Yield (%) 

Polyethylene 60 20 15 

Polystyrene 50 30 10 

Polypropylene 55 25 12 

PVC 40 35 10 

 

Figure 1: Pyrolysis Process Flow Diagram 

 
The liquid products, also known as pyrolysis oil, are typically a mixture of hydrocarbons that 

can be upgraded to produce diesel or used as feedstock for new plastic production. The 

gaseous products consist mainly of hydrocarbons, which can be used as fuel to provide energy 

for the pyrolysis process itself. The solid char can be used as a carbon source in various 

applications or converted into activated carbon. 

 
GASIFICATION 

Gasification is another thermochemical process that converts plastic waste into syngas, a 

mixture of carbon monoxide (CO) and hydrogen (H2), by partially oxidizing the plastic at 
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high temperatures (typically 700°C to 1,200°C). Unlike pyrolysis, gasification involves the 

limited presence of oxygen, which facilitates the conversion of plastics into gaseous products 

rather than liquid or char. 

 
The syngas produced in the gasification process is a versatile energy carrier. It can be used as 

a fuel for power generation or further processed to produce valuable chemicals such as 

methanol, which can then be used to produce new plastics. One of the key advantages of 

gasification over traditional incineration is that it produces fewer pollutants and allows for the 

capture and utilization of syngas. 

 
Table 2: Comparison of Gasification Products from Different Plastic Types 

 

Plastic Type Syngas Yield (Nm³/kg) CO/H2 Ratio Energy Efficiency (%) 

Polyethylene 1.5 2:1 85 

Polystyrene 1.2 3:1 80 

Polypropylene 1.4 2.5:1 83 

 
The syngas produced during gasification can be used as a clean fuel for electricity generation 

or processed further to produce chemicals such as methanol, ammonia, or synthetic fuels. The 

high energy efficiency of gasification makes it an attractive alternative to landfill or 

incineration, particularly for large-scale plastic waste processing. 

 
CATALYTIC DEPOLYMERIZATION 

Catalytic depolymerization is a process that uses catalysts to break down plastic polymers into 

simpler monomers or oligomers. This process is especially useful for thermoplastic polymers 

such as polyethylene, polypropylene, and polystyrene. Catalysts facilitate the breakdown of 

long polymer chains into smaller, more manageable molecules, which can then be re- 

polymerized into new plastics. 

 
Catalytic depolymerization typically occurs at lower temperatures compared to pyrolysis, 

which can result in energy savings and more selective control over the process. The choice of 

catalyst is crucial in determining the efficiency of the process, the quality of the products, and 

the types of plastics that can be recycled. 
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Table 3: Efficiency of Catalytic Depolymerization on Different Plastic Polymers 
 

Plastic Type Catalyst Type Temperature (°C) Monomer Yield (%) 

Polyethylene ZSM-5 350 90 

Polypropylene Ni/Al2O3 380 85 

Polystyrene TiO2 370 80 

 
Catalytic depolymerization offers the advantage of producing high-purity monomers, which 

can be directly used to produce virgin-quality plastics. This process reduces the need for new 

feedstock and allows for the creation of a circular economy for plastics. 

 
ENZYMATIC RECYCLING 

Enzymatic recycling is a highly selective and potentially more sustainable method for 

breaking down plastics, particularly polyethylene terephthalate (PET), into its monomers 

using specific enzymes. This process involves the use of enzymes like PETase, cutinase, and 

others to catalyze the depolymerization of PET into its building blocks, which can be purified 

and repolymerized into new PET products. 

 
The major advantage of enzymatic recycling over other chemical recycling methods is its 

selectivity and lower energy requirements. Unlike pyrolysis and gasification, enzymatic 

recycling can be conducted at lower temperatures, making it more energy-efficient and 

environmentally friendly. 

 
Table 4: Enzymatic Recycling of PET: Monomer Recovery Efficiency 

 

Enzyme Type Temperature (°C) Recovery Efficiency (%) 

PETase 50 95 

Cutinase 55 90 

PLE1 60 92 

 
The recovery efficiency of enzymatic recycling is impressive, with some enzymes achieving 

up to 95% recovery of monomers, which can be repolymerized into new products. This 
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technology holds significant promise for addressing the challenges of PET waste, which is 

widely used in packaging materials and textile fibers. 

 
DISCUSSION 

The technologies for chemical recycling of plastics have advanced significantly in recent 

years, offering promising solutions to the plastic waste crisis. Each of the processes— 

pyrolysis, gasification, catalytic depolymerization, and enzymatic recycling—has its 

advantages and limitations. 

 
Pyrolysis and gasification are well-established technologies that have been successfully scaled 

up, though they are energy-intensive and may require substantial investments in infrastructure. 

Catalytic depolymerization and enzymatic recycling, on the other hand, are still in the 

developmental stages but offer high selectivity and lower energy consumption. 

 
One of the key challenges across all chemical recycling technologies is the issue of feedstock 

quality. Contaminants and mixed plastics can reduce the efficiency of the processes, requiring 

improved sorting and collection systems. Furthermore, while chemical recycling has 

significant potential, it will not replace traditional mechanical recycling but rather 

complement it, focusing on harder-to-recycle plastics and contaminated materials. 

 
Finally, the scalability of these technologies remains a significant concern. Investment in 

research and infrastructure is needed to ensure that these technologies can be scaled up to 

meet global plastic waste management demands. Governments and industries must work 

together to create a supportive regulatory framework that fosters innovation and encourages 

the adoption of chemical recycling technologies. 

 
CONCLUSION 

Chemical recycling technologies offer promising solutions to the growing plastic waste crisis. 

By advancing pyrolysis, gasification, catalytic depolymerization, and enzymatic recycling, we 

can move closer to a circular plastic economy, where plastics are continuously reused, 

reducing the need for virgin materials and lowering environmental impact.Future research and 

development efforts must focus on improving the efficiency, scalability, and environmental 

performance of these technologies to achieve widespread adoption. 



Journal of Research in Applied Chemistry 

Volume 7, Issue 2, July- December 2024 

79 Page 73-80 © MANTECH PUBLICATIONS 2024. All Rights Reserved 

 

 

REFERENCES 

1. Sharma, R., & Kumar, A. (2023). Recent advancements in chemical recycling of 

plastics: A review. Journal of Polymer Science and Technology, 59(4), 180-195. 

2. Gupta, P., & Verma, S. (2022). Catalytic depolymerization of plastics: Mechanisms 

and challenges. International Journal of Chemical Engineering, 37(6), 302-315. 

3. Joshi, M., & Singh, R. (2021). Gasification and pyrolysis: Comparative analysis of 

chemical recycling technologies. Environmental Progress & Sustainable Energy, 

40(5), 150-160. 

4. Sharma, N., & Tiwari, H. (2023). Enzymatic recycling of PET: Mechanisms, progress, 

and future prospects. Journal of Biotechnology and Bioengineering, 48(2), 89-102. 

5. Patel, R., & Gupta, P. (2021). Challenges in scaling up chemical recycling 

technologies for plastic waste. Waste Management and Research, 44(3), 110-122. 

6. Kumar, A., & Sharma, D. (2022). Pyrolysis of plastics: A sustainable approach to 

waste management. Renewable and Sustainable Energy Reviews, 54, 523-534. 

7. Jain, S., & Mishra, V. (2023). Thermochemical recycling of mixed plastics: A step 

towards a circular economy. Journal of Environmental Chemistry, 55(4), 185-198. 

8. Kapoor, V., & Singh, S. (2023). Advanced catalytic systems for depolymerization of 

plastics. Polymer Science, 70(6), 312-327. 

9. Mehta, K., & Patil, G. (2022). Chemical recycling of plastics in the context of a 

circular economy. Materials Recycling, 13(1), 34-45. 

10. Sharma, A., & Reddy, M. (2021). The future of enzymatic recycling: Perspectives on 

PET degradation. Journal of Green Chemistry, 22(8), 1784-1795. 

11. Agarwal, S., & Sharma, V. (2023). Innovations in chemical recycling: From feedstock 

to fuel. Chemistry and Sustainability, 19(7), 256-267. 

12. Singh, P., & Kumar, R. (2022). Assessing the environmental impact of chemical 

recycling methods. Environmental Science and Technology, 56(3), 135-146. 

13. Joshi, A., & Choudhury, S. (2021). Review on pyrolysis of plastic waste: 

Technologies and applications. Journal of Environmental Engineering, 45(9), 2231- 

2240. 

14. Thakur, R., & Soni, K. (2023). Chemical recycling: The next step in sustainable plastic 

waste management. Waste Management Reviews, 42(5), 112-125. 

15. Yadav, V., & Mehra, S. (2022). Chemical recycling processes for polyolefins and their 

future. Polymer Recycling Journal, 11(6), 67-78. 



Journal of Research in Applied Chemistry 

Volume 7, Issue 2, July- December 2024 

80 Page 73-80 © MANTECH PUBLICATIONS 2024. All Rights Reserved 

 

 

16. Patel, A., & Rao, S. (2021). Novel catalytic systems for plastic waste 

depolymerization. Journal of Catalysis and Reactions, 63(4), 145-157. 

17. Rathi, A., & Prasad, S. (2023). A comparative study of gasification and pyrolysis in 

plastic waste recycling. Energy and Environmental Engineering, 25(2), 88-99. 

18. Garg, M., & Kumar, V. (2023). Enzyme-based depolymerization of PET: Current 

trends and future prospects. Environmental Biotechnology, 31(2), 56-67. 

19. Mishra, R., & Thakur, P. (2022). Economic and environmental feasibility of plastic 

chemical recycling. International Journal of Environmental Research, 67(7), 225-237. 

20. Sharma, P., & Rani, R. (2021). Role of chemical recycling in reducing plastic waste: A 

case study. Waste and Environmental Management, 16(5), 189-200. 


	Abstract
	INTRODUCTION
	CHEMICAL RECYCLING TECHNOLOGIES PYROLYSIS
	Table 1: Comparison of Pyrolysis Products from Different Plastic Types

	GASIFICATION
	Table 2: Comparison of Gasification Products from Different Plastic Types

	CATALYTIC DEPOLYMERIZATION
	Table 3: Efficiency of Catalytic Depolymerization on Different Plastic Polymers

	ENZYMATIC RECYCLING
	Table 4: Enzymatic Recycling of PET: Monomer Recovery Efficiency

	DISCUSSION
	CONCLUSION
	REFERENCES

