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Mykhailova E. 

Simon Kuznets Kharkiv National University of Economics 

CHEMICAL METHODS OF PLASTIC WASTE RECYCLING 

A characteristic feature of the modern world is the human consumption of a wide 

range of goods, with production volumes constantly increasing. This trend also applies 

to various products made of polymer materials, including those of synthetic origin. 

Modern polymers have many advantages. They are strong, airtight, flexible, and, no 

less importantly, durable. The relative cheapness and high-performance properties 

make plastic very popular. 

The widespread use of plastic products has led to a serious environmental 

problem associated with their disposal after the end of their service life. According to 

[1], more than 420 million tons of synthetic polymers are produced worldwide each 

year. More than a quarter of this amount is used to manufacture disposable products, 

after which they are thrown away. According to scientists, the average decomposition 

time of polymers produced by various technologies ranges from 450 years to infinity. 

The introduction of restrictions on primary plastic use and the development of 

bills that more strictly regulate waste management mechanisms encourage the 

implementation of effective technologies for polymer materials utilization. A 

promising method of plastic waste dealing from an environmental and economic point 

of view may be its recycling, i.e. the conversion of waste polymers into secondary raw 

materials, energy or products with certain consumer properties. This approach has 

certain advantages [2]: 

– reducing the degree of environmental pollution due to the reduction of polymer 

waste volume and carbon (IV) oxide emissions formed during the production of 

primary plastic; 

– resource conservation, namely, reducing the use of hydrocarbons, water and 

electricity used to produce plastic materials; 

– obtaining additional products, heat and energy for other industries. 

Experts believe that pyrolysis has the greatest prospects for solving this problem. 

The process refers to chemical methods of plastic recycling and allows the recycling 

of unsorted and contaminated polymer materials many times without loss of their 

quality [3]. 

Pyrolysis is based on a chain of chemical reactions that occur at temperatures 

from 450 to 800 °C in an environment without oxygen. Under these conditions, 

synthetic oil, a mixture of hydrocarbon gases and hydrogen, as well as a solid residue 

in the form of coke and metal compounds are formed. The yield and ratio of products 

depend on polymer waste qualitative composition, temperature, pressure, reaction 

time, type of reactor and the catalyst presence. When using temperatures above 600 °C 

(thermal pyrolysis), gaseous products are formed in larger quantities. Temperatures 

below 600 °C in catalyst presence contribute to liquid fraction formation. Secondary 

materials can be used for obtaining petrochemical products, in particular, new plastics, 

fuel, fillers for rubber products, building mixtures, etc. [4]. 
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The main disadvantage of the pyrolysis process is the formation of chlorine 

compounds, which are part of some types of polymers. These compounds, in particular 

dioxins, are dangerous for living organisms, can lead to catalyst poisoning, deteriorate 

the quality of pyrolysis products, and also cause technological equipment corrosion. 

To eliminate this disadvantage, step pyrolysis, catalytic pyrolysis, and pyrolysis with 

adsorbents addition are used. During step pyrolysis, a preliminary low-temperature 

stage is carried out at a temperature of up to 350 °C to remove chlorine from the starting 

polymers in the form of HCl. Catalytic pyrolysis uses catalysts (metals on inorganic 

carriers, such as synthetic zeolites), which act both as pyrolysis catalysts and as 

inhibitors of the formation of chlorine compounds. To absorb HCl, adsorbents based 

on various materials are used: biomass (e.g., hemicellulose), petrochemical residues 

and alkaline substances (NaHCO3, CaO, CaCO3, Na2CO3, Ca(OH)2). The introduction 

of such methods allows making plastic waste pyrolysis relatively environmentally safe 

and one that meets all modern sanitary and hygienic standards. 

Therefore, the introduction of effective technologies for plastic waste utilization 

allows for converting it into valuable secondary raw materials and reducing the 

economy’s dependence on primary carbon-containing resources, which are gradually 

being depleted, as well as solving the environmental pollution problem. 
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