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1. Introduction

In the technology of combusting fuel in an atmosphere enriched with oxygen, we can distinguish two different 
variants. The first one refers to the combustion of fuel in a mixture of recirculated fumes and clean oxygen, while 
the other relates to combustion in  air enriched with oxygen. By the elimination of nitrogen from the air we lead to 
the situation whereby the proportion of CO2 in the fumes rises, which clearly facilitates its capture, purification and 
further management. Furthermore, this technology restricts the emission of NOx, improves the conditions of heat 
exchange and restricts the outlet losses by reducing the amount of fumes by even 80%. Another advantage of this 
technology is the possibility of adjusting to the existing pulverized fuel boilers, as well as fluidized boilers. Bearing 
this aim in mind, some of the fumes is recirculated into a combustion chamber and mixed with clean oxygen. The 
recirculation of fumes rich in carbon dioxide leads to the situation whereby the combustion of fuel takes place in the 
almost exclusive mixture of O2/CO2. The combustion of fuel in the atmosphere of O2/CO2 leads to a change in the 
conditions of combustion which results from, among other things, the differences in the properties of CO2 with 
relation to N2.
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2. Aim of paper

In research the impact of oxidizing atmosphere on the process of combusting particles of different solid fuels at a 
temperature of 850°C in a mixture of O2/CO2 was analysed. Furthermore, analysis was carried out on a microscopic 
coal surface in various phases of combustion, as well as analysis of the chemical composition following the 
combustion of ash.

3. Position of research

Analysis of the loss of mass of solid fuel was carried out in the laboratory station with a power of 10 kW, whose 
diagram is presented in Fig. 1. The main element of the position constituted a vertical combustion chamber (1), 
made from a quartz tube of a height of 0.5 m and an internal diameter of 0.05 m. 

Fig.1. Diagram of position on analysing the combustion of solid fuel in the air or in the mixture of O2/CO2

1 – combustion chamber, 2 – heat elements, 3 – grate, 4 – heater of gases, 5 – thermal insulation, 6 – coal sample, 7  thermo 

element PtRt10-Pt, 8 – laboratory scales, 9 – measuring card, 10 – computer, 11 – system of regulating and measuring 
temperature, 12 – bottle of technical gases, 13 – compressor, 14 – pressure reducers, 15 – rotameters, 16 – regulatory valves, 

17 – gas mixer, 18 – oxygen analyser, 19 – fume extractor

The air was passed through the compressors (13), however the oxygen and carbon dioxide for creating the gas 
mixture was supplied from bottles (12) through the pressure reducers (14) to the mixer (17). The constant 
monitoring of the compression of oxygen in the O2/CO2 mixture was facilitated by the oxygen analyser (18). The 
system of regulating temperature (11) constituted a system based on two micro-processor regulators working 
independently in the combustion chamber and in the heater. Single coal samples were placed into the combustion 
chamber with the aid of a conveyor belt.

4. Methodology of measurements

The measurement of the temperature of a fuel particle and its mass loss was carried out with the aid of the 
measuring probe presented in Fig. 2. The temperature of the core and the surface was registered with the aid of the 
thermo element type PtRh10-Pt (3,4). However, the mass loss was registered with the aid of the tensiometric scales 
(1) with a measuring range of up to 20 g at a precision rate of 0.001 g. 



Fig. 2. Diagram of the measuring system

1 – laboratory scales, 2 – quartz tube, 3,4 – thermo elements Pt10Rt-Pt, 5 – coal particles

Biomass in the form of pellets from sunflower extracts was used for the purposes of research, as well as lignite 
and three types of bituminous coal whose analysis can be observed in Table 1. 

With the aim of establishing the mass loss of various solid fuels single samples of a equivalent diameter of 10 
mm of an actual shape at a temperature of 850˚C in the following oxidizing atmospheres:

 air,

 20% oxygen + 80% carbon dioxide,

 30% oxygen + 70% carbon dioxide,

 40% oxygen + 60% carbon dioxide.

Table 1. Technical and elementary analysis of solid fuel in an analytical state

Denotation

Biomass of

pellets 
from sunflower 

extracts

Type of coal

lignite
bituminous

31.2 32.1

Belchatow Murcki Staszic

Technical analysis

Moisture content (W
a
), % 8.2 14.5 4.3 2.7

Ash content (A
a
), % 6.5 18.4 8.2 2.4

Content of volatile parts (Va), % 67.2 37.1 30.9 30.9

Constant combustible part (FCa), % 18.1 30.0 56.6 64.0

Calorific value (Qi
a
), kJ/kg 16513 16165 27663 31198

Elementary analysis

Carbon compound content   (C
a
), % 43.5 43.2 72.6 79.5

Total sulphur content (Sa), % 0.4 1.0 0.6 0.3

Hydrogen content (Ha), % 5.4 3.1 4.5 4.3

Nitrogen content (N
a
), % 5.7 0.5 1.2 1.3

Oxygen content (calculated) (Oa),  
%

30.3 19.3 8.6 9.5

5. Research results

The research carried out indicates that the oxidizing atmosphere has a strong impact on the process of 
combusting coal by accelerating the processes of diffusion occurring within proximity to the surface of the 
combusted particle which is certified by the results of the microscopic analysis of the surface of the fuel. The growth 
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in compression of oxygen to 30 and 40% in the mixture of O2/CO2 intensified the process of combustion causing a 
faster mass loss of the coal particle both during the course of degassing and combustion of the carbonate. The 
average total time of combustion of particles of bituminous coal in a mixture of 40%O2+60%CO2 was 40% shorter 
than in the air. However, in the case of lignite, this period of time was shorter by 43%. Furthermore, with the 
increased proportion of oxygen in the mixture of O2/CO2 better combustion of fuel took place which influenced the 
reduction of the loss of incomplete combustion and a higher  efficiency of combustion which was certified by the 
analysis of the chemical composition of the resulting ash. Maintaining the concentration of oxygen in the mixture of 
O2/CO2 at the level of 21% (as in the case of air – 21%O2+79%N2) clearly delayed the mass loss of the coal under 
analysis which resulted in various properties of CO2 with comparison to N2. On the basis of the results, it is possible 
to state that the conditions of combustion are comparable to combustion in air with the compression of oxygen at 
26÷28% in a mixture of O2/CO2 depending on the type of solid fuel.


