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In the next stage, samples of the coal charge loaded into the hoppers of the coal-

charging machine were taken from different sections and rows of the coal tower over 

six hours. The final stage involved analyzing the collected samples, comparing the 

results, and forming conclusions.  

References 

1. Y. Zhao, X. Yang, Z. Luo, et al, Progress in developments of dry coal 

beneficiation, Int. J. Coal Sci. Technol., 1, 2014, 103–112. 

https://doi.org/10.1007/s40789-014-0014-5. 

2.  G. L. R. Silva, E. Destro, R. F. Bueno, J. L. de R. Oliveira, R.D. Assis, 

Chemical, physical and metallurgical characterization of the granulometric fractions 

of the coal mixture from Gerdau Açominas, Iron Ore and Raw Materials Reduction 

Seminar and 10th Brazilian Iron Ore Symposium, Ouro Preto: 2009, ISSN: 2594-

357X. DOI 10.5151/2594-357X-15521, (in Portuguese). 

3. D.V. Miroshnichenko, N.A. Desna, V.V. Koval, S.V. Fatenko, Hardgrove 

grindability of coal. part 1. correlations with composition, structure, and properties, 

Coke Chem.,  62, 1, 2019, 1–4. https://doi.org/10.3103/S1068364X19010058. 

 

УДК 662.92:678 

STUDY OF THE PYROLYSIS PROCESS OF HOUSEHOLD POLYMER 

WASTE 
 

Vladimir Lebedev,1 Serhii Kopylov,1 Kateryna Rudneva,2 Denis Miroshnichenko,3 

Anna Cherkashyna,1 Mykhailo Miroshnychenko3 
1Department of plastics and biologically active polymers technology, National Technical 

University, Ukraine  
2 Sector of physical and chemical research, National Scientific Center, Hon. Prof. M. S. 

Bokarius Forensic Science Institute, Ukraine  
3 Department of oil, gas and solid fuel refining technologies, National Technical University, 

Ukraine 

 

Abstract The research aims to study the functional and monomer composition of the 

obtained samples of pyrolysis products from the most common household polymer waste to 

determine the possibility of their use in industrial technologies using chromatography. The analysis 

of modern methods for recycling household polymer waste allows us to establish that one of the 

promising methods is their thermochemical decomposition (destruction) by pyrolysis. It has been 

shown that in the process of pyrolysis of a mixture of polymer waste, plastic waste decomposes into 

liquid and gaseous fractions with the release of a solid residue, the amount of which depends on the 

degree of contamination of the waste and the type of plastic. It has been established that the main 

part of plastic waste includes products of thermal destruction of polyethene, polypropylene and 

polyethene terephthalate and they are 90-95% represented by unbranched alkanes and alkenes.  
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Household polymer waste (HPO) belongs to the category of municipal solid 

waste (MSW). There are two main methods of elimination: passive - disposal at 

landfills; and active - burning. The most widespread method is landfill burial (98%).1 

Despite the relative simplicity of this method, it has the following disadvantages: 

irretrievable loss of waste fractions, removal of large areas of land from circulation 
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for a long period, and significant costs for carrying out the necessary sanitary and 

epidemiological protective measures. The greatest disadvantage of solid waste 

disposal at landfills is associated with the existence of a real danger of contamination 

of drinking water aquifers. These polygons fill up quickly due to the large volume 

and low density of contained waste. The looseness and low compressibility of plastic 

waste lead to frequent landfill fires. Of the active methods of solid waste elimination, 

the fire (flame) combustion method is mainly used.2,3 Combustion is carried out in 

furnaces and furnaces of various designs. In this case, a distinction is made between 

layered combustion of unsorted waste in the furnaces of boilers of waste incineration 

plants and chamber combustion of specially prepared (enriched) waste, which has a 

relatively stable fractional composition, in the furnaces of energy boilers or cement 

kilns.4,5 In practice, it has been established that during flame combustion, fine dust 

(25-50 kg/t of waste) and gases containing carbon dioxide, nitrogen oxides, sulfur, 

hydrogen chloride and hydrogen fluoride, organic compounds (aldehydes and 

phenols), extremely toxic, are released into the atmosphere. organochlorine 

compounds (dioxin and furan), as well as heavy metal compounds.6,7 The analysis of 

modern methods of recycling HPO allows us to establish that one of the promising 

methods is their thermochemical decomposition (destruction) by pyrolysis.8,9 This 

method is carried out in special reactors and is more environmentally friendly and 

energyefficient. It is characterized by a high intensity of thermochemical 

transformation and an optimally structured relationship between controlled energy 

product flows throughout the entire technological cycle, which ensures extremely 

high energy efficiency values (86%).10,11 The research aims to study the functional 

and monomer composition of the obtained samples of pyrolysis products from the 

most common HPOs to determine the possibility of their use in industrial 

technologies using chromatography. Material and methods Household polymer waste 

was used in the form of a mixture of waste plastic bags, polypropylene disposable 

tableware and polyethene terephthalate bottles in the proportion of 30:30:40% wt., 

respectively. The HPO pyrolysis technique included adding 100 g of BPO and 

placing it in a Wurtz flask, pre-weighed on a technical balance. 

A water cooler and a receiver (also pre-weighed on a technical balance) are 

connected to the Wurtz flask. Then the BPO is heated to a temperature of at least 350 

°C. Low molecular weight liquid hydrocarbon products are collected in a receiver 

during the process of thermal condensation in a water refrigerator. The thermal 

condensation temperature is controlled by a thermometer. After the appearance of the 

first drops of condensate, reduce the heating speed. The heating of the flask is 

adjusted so that the pyrolysis rate does not exceed 1 drop per second. The experiment 

was continued at a temperature in the heating mantle not higher than 350 °C until the 

end of the process of separation of low molecular weight liquid hydrocarbon 

products, which can be judged by the cessation of condensate formation. The liquid 

products of HPO pyrolysis composition were determined by the standard gas-liquid 

chromatography method on a Shimadzu chromatograph (Japan). Evaporator 

temperature – 240 °C; detector temperature – 250 °C; speed of carrier gas (hydrogen) 

– 1.0 ml/min., flow division – 1:60. Fatty acids were identified by comparing their 

retention times with the retention times of reference samples. 



 168 

Thus, in the process of pyrolysis of a mixture of polymer waste, plastic waste 

decomposes into liquid and gaseous fractions with the release of a solid residue, the 

amount of which depends on the degree of contamination of the waste and the type of 

plastic. It has been established that the main part of plastic waste includes products of 

thermal destruction of polyethene, polypropylene and polyethylene terephthalate and 

they are 90-95% represented by unbranched alkanes and alkenes. In general, the 

liquid fraction containing light and heavy hydrocarbons can be used to produce liquid 

fuels and wax, the latter being used, for example, in the manufacture of cables and 

capacitors. The solid residue can be used in construction as a good waterproofing 

agent; after mixing it with sand and crushed stone, obtaining a highstrength paving 

slab coating is possible. One of the important areas of application of semi-liquid 

products of pyrolysis of plastic waste may be their use as raw materials followed by 

hydrodealkylation to obtain diesel fuel components with high cetane numbers and 

ultra-low sulfur and aromatic hydrocarbons conten. 
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