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DEVELOPMENT OF A LABORATORY UNIT AND A SOLID FUEL GASIFICATION 

REACTOR 

Olexii Tselishchev, Doctor of Technical Sciences, Professor, Serhii Shlapak, PhD student 

Volodymyr Dahl East Ukrainian National University 

Introduction. Due to the difficulties in supplying Ukraine with oil and gas, there is a 

growing interest in the use of unconventional energy sources such as wind, solar and biogas. 

However, coal gasification can fundamentally solve the problem of the country's energy supply. 

Ukraine has sufficient long-term coal reserves, including lignite. The current practice of using 

lignite in Ukraine is irrational, as it involves direct combustion at thermal power plants, which 

worsens the environment and causes emissions of dust, carbon dioxide and sulphur. 

In global practice, lignite is processed using new efficient technologies to produce 

combustible gases, liquid fuels, fertilisers and other products for various industries and agriculture. 

The raw material resource of coal can be used to the fullest extent when it is processed in an 

integrated manner. Gasification is an important part of integrated coal processing. There are a large 

number of methods of thermal treatment of solid fuels, but gasification is one of the most 

promising. 

Coal gasification is one of the oldest industrial technologies. The first mention of producing 

combustible gas from charcoal dates back to 1609, when John Van Helmont of Brussels made a 

report on the subject. The first commercial implementation of solid fuel gasification took place in 

1835 in the UK. However, with the advent of significant oil, natural and associated gas production, 

the production of gas from coal has declined significantly. However, in the future, solid fuel 

gasification may take an important place among the methods of processing coal into chemicals and 

motor fuels. 

The problem of providing the population with sufficient gas plays an important role in social 

life. It can be avoided or solved by coal gasification, a method that is gaining popularity in various 

countries. The essence of this process is the conversion of coal into gas, which allows for the 

extraction of coal mine methane, also known as coal bed methane. The use of this gas contributes 

to the efficient and rational use of natural resources. 

Rationale. The paper investigates the process of gasification of pyrolysis coal and other 

coal-containing materials 

A schematic diagram of the installation of the gasification process of pyrolysis coal and 

other coal-containing materials was developed, the design of the reactor for coal gasification and 

the methodology for conducting experiments and analysing the gasification process of pyrolysis 

coal and other coal-containing materials were developed. Research methods - modelling of the coal 

gasification process using the results of theoretical studies. 

A detailed analysis of the experimental and theoretical data concerning the feasibility of the 

pyrolysis coal gasification process was carried out, a schematic diagram of the laboratory 

installation and the design of the gasification reactor were developed. 

The main goal is to develop a method of gasification of solid pulverised fuel that will 

simplify the process control and ensure its stability due to the unity of the drying and gasification 

processes of pyrolysis coal, which are linked by means of a gasification reactor. Additionally, this 

method provides for the neutralisation of harmful impurities generated during the coal gasification 

process. 

As a result of theoretical studies of the solid fuel gasification process, a design of a coal 

gasification reactor was proposed, which is an ideal displacement reactor. The length-diameter ratio 
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for the working part of the reactor should be at least 10:1. It is proposed to use a heat-resistant 

molybdenum steel tube (operating temperature up to 1600 0C) with a diameter of two inches to 

manufacture the reactor. Also, to study the gasification process of pyrolysis coal and other coal-

containing materials, a laboratory installation for gasification of solid crushed fuel is proposed, in 

which a gas mixture of carbon dioxide and oxygen is fed into the reactor and serves as an activator 

of the gasification process. The prospects of coal processing by gasification to produce a mixture 

of combustible gases (H2, CO, CH4) are investigated. It is analysed that coal gasification allows 

obtaining valuable gas that can be used not only as an energy fuel, but also as a technological raw 

material for the production of methanol, dimethyl ether, hydrogen production, and use as a reducing 

agent in metallurgical processes. 
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USE OF COLD PLASMA TO OXIDISE ATMOSPHERIC NITROGEN INTO 

NITROGEN OXIDES 

Olexii Tselishchev, Doctor of Technical Sciences, Professor, Viktor Slobodyanyuk, PhD student 

Volodymyr Dahl East Ukrainian National University 

Introduction. The problem of nitrogen fixation is the conversion of atmospheric nitrogen 

into nitrogen compounds that can be taken up by plants directly or through preliminary, relatively 

simple chemical transformations. This is defined as a vital problem for humanity, as the successful 

solution of this task can largely solve the problem of global nutrition, especially in connection with 

the constant growth of the world population. 

In addition, nitrogen compounds are widely used in industry to produce intermediates, dyes, 

plastics, chemical fibres, medicines and other materials. They are also of great importance in the 

production of explosives and incendiaries. 

Deposits of nitrogen-containing compounds (e.g. sodium nitrate) are available for industrial 

use, with the largest deposits of sodium nitrate located on the coast of Chile and in South Africa. 

However, this does not solve the problem of meeting the growing demand for these compounds. 

Therefore, the technical method of atmospheric nitrogen sequestration is of great importance 

for the development of the entire chemical industry, strengthening the state's defence and meeting 

the household needs of the population. 

Rationale. The most interesting raw material is molecular nitrogen in the air. This resource 

is almost unlimited, available anywhere in the world and has the same characteristics as fossil fuels. 

It is for these reasons that the attention of scientists and inventors has been focused for many years 

on solving one of the key challenges facing modern science - direct oxidation of atmospheric 

nitrogen. Under natural conditions, direct oxidation of atmospheric nitrogen into nitrogen oxides 

occurs during lightning storms and in the upper atmosphere under the influence of solar radiation, 

namely in the ultraviolet region. 

The analysis of literature sources suggests that it is advisable to conduct research aimed at 

the direct oxidation of atmospheric nitrogen to produce nitric acid, which is important and relevant. 

The results of the studies under consideration can become a starting point for the development of 


