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Annotation. The results of the study of the composition and characteristics of high-ash brown 
coal of the Angren deposit, used in the power industry of the Republic of Uzbekistan are presented. 
A feature of this coal is the presence in the composition of the fuel of various clay rocks that fall 
during mechanized mining from the surrounding rocks. Dependencies have been determined 
showing the effect of the composition of the fuel and the parameters of its characteristics on 
mechanical, chemical and thermal processes, as well as on the chemical composition of brown 
coal ash. 

Introduction  
In the fuel balance of the republic, the share of brown 

coal in question is about 5%. The Angren and Novo-

Angren thermal power plants are coal-fired. To carry out 

research work to improve the quality of the coal in 

question, it is necessary to carry out research work to 

determine its composition and characteristics using 

modern methods and laboratory equipment. 

Main part 
During the metamorphism of coals, a structural and 

molecular change in organic matter occurs, 

accompanied by an increase in the relative content of 

carbon, a decrease in oxygen and the release of volatiles. 

At the middle stages of coalification, the hydrogen 

content, heat of combustion, hardness, density, 

brittleness, optical, electrical and other physical 

properties of coals change [1]. It should be noted that not 

only coals of different types differ significantly from 

each other in characteristics, but coals of the same grade 

often have different quality indicators. The 

characteristics of coals mainly depend on the conditions 

of formation and are necessary for marking and 

determining the appropriate conditions for their use. The 

main characteristics of the brown coal under 

consideration include the following, reflecting its 

quality, parameters of the heat of combustion, humidity, 

ash content, sulfur content, the yield of volatile 

substances and others, where the main indicator is the 

heat of combustion. The release of volatiles is no more 

than 40%, the highest heat of combustion is less than 24 

MJ / kg. Mineral impurities accompanying in the 

composition of coal are divided into: primary - 

constituting 0.5% of dry mass; secondary - accumulated 

in the bedding layer, carried by water and wind; tertiary 

- falling during mining from the surrounding rocks. 

Grinding capacity (Klo = 1.9 ... 2.1) and abrasiveness 

(Kabr = 1.1) of coal strongly affect the rate of wear and 

energy consumption of the station's grinding units. 

Sulfur pyrite (FeS2) reduces mill productivity, which 

increases the specific power consumption for grinding 

and the rate of equipment wear and corrosion of the tail 

surfaces of boilers, and also reduces the ash melting 

temperature and leads to slagging of heating surfaces [2, 

3]. Mechanical under burning is influenced by the 

quality of coal dust, which is estimated by the integral 

curve obtained by sieving through a set of sieves with 

mesh sizes of 90, 200, 500 and 1000 microns. For brown 

coals, the remains of coal particles on sieves with 

appropriate mesh sizes must correspond to: R90 = 38 ... 

55%, R200 = 18 ... 40%, R1000 = 0,6 ... 1,6%. This curve 

also allows you to determine the value of the coefficient 

of dust polydispersity according to the equation [4]: 

 

n = (lgln(100/R200) - lgln(100/R90))/lg200- lg90 (1) 

 
The value of equation (1) tends to an infinitely large 

number for monodisperse dust. The bulk density of 

brown coal is 500 - 700 kg/m3, and after compaction has 

a value equal to 800 - 900 kg/m3. Looseness is 

characterized by the angle of repose, the coefficient of 

mobility, initial shear stress, adhesion and cohesion. The 

value of the fuel is determined through the calorific 

value, heat output, ash content, volatile matter yield, 

coke and by the cost of preparing the fuel for 

combustion. The main fuel elements in brown coals are 

carbon, hydrogen and a sulfur compound in the form of 

iron pyrite. The combustion of 1 kg of gaseous hydrogen 

releases 4,2 times more heat than the combustion of 1 kg 

of carbon. Pyrite burns with the formation of sulfur 

dioxide and iron oxides with the release of about 3100 
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kcal per 1 kg of sulfur according to the following 

reaction [3, 5]:  

4FеS2 + 1102 = 2 Fe2O2 + 8SO2 (2)

The composition of the test coal. Oxygen, minerals 

and ballast reduce its calorific value and heat output. 

Below are the properties of high-ash brown coal of the 

Angren deposit and its ash (Table 1 and Table 2), 

determined by the method of laboratory research at the 

Angren thermal station. Coal contains from 2 to 22% 

clay materials, consisting of 40 - 68% of minerals: 

silica SiO2, alumina Al2O3, clay, sulfides, mainly FeS2,

carbonates and sulfates in the form of CaCO3, MgCO3,

FeCO3, CaSO4, MgSO4, dioxides metals, phosphates, 

chlorides, alkali metal salts. Table 1. Elemental 

composition and structural characteristics of the 

studied samples of brown coal from the Angren 

deposit by production sites. 

Table 1. Elemental composition and structural 

characteristics of the studied samples of high-ash brown 

coal from the Angren deposit (by production sites). 

Coal mines Аngren -

1

Аngren -

2
Apartak

С, % 68,4 69,6 68,5

Н, % 4,1 4,2 4,5

N, % 2,1 1,9 2,1

S, % 4,3 4,4 4,2

O, % 21,2 19,7 20,7

H/C 0,82 0,76 0,70

О/С 0,06 0,04 0,03

fa 0,67 0,69 0,73

cA 0,67 0,68 0,65

Table 2. Chemical composition of ash of high-ash 

Angren brown coal

Component name
Unit of 

measurement

Numerical 

values

Si О2 % 32,0…60,6
Аl2 О3 % 17,5…22
Fе2 О3 % 3,5…15,0
Са О % 7,8…24,2
Мg О % 1,0…4,2

К2 О + Nа2 О % 1,32…4,2

According to the theory of chemical structure, the 

properties of substances (including the organic mass of 

coal) are determined by the nature of the bonds of atoms 

in molecules and their mutual influence. The objects of 

study were brown coal from the Angren deposit from 

three production sites: Angren - 1, Angren - 2 and 

Apartak. The studied elements included: carbon (C), 

hydrogen (H), nitrogen (N), silicon (S) and oxygen (O). 

The results of the study of the element-wise composition 

of the coals of the three mining sites are presented in 

Table 1. Based on the results of the study (Table 1), the 

atomic ratios of hydrogen and carbon (H/C and O/C) 

were calculated, as well as the values of the indicators 

of the degree of aromaticity of the structure (fa) and the 

degree of molecular association of coal substances (cA), 

which strongly affect thermal processes (drying, burning 

and others): 

fa =1,007 – 0,3857(H/C) – 0,3725(O/C)          (3)

cA = 1 – (H + 0,125(O + N + S)) / 0,333C        (4)

fa is calculated using the atomic relations Н/С and О/С,

and when calculating сА - weight percent [6, 7].The 

elementary composition of the samples under study was 

determined using a «Rapido» technical balance, a VLR-

200 laboratory equal-arm balance, a SNOL 8.2/1100 

laboratory electric resistance furnace, and a SNOL 

24/200 laboratory electric drying cabinet. According to 

some features (increased sulfur content, sintering 

capacity, carbon content), this coal could be considered 

as poorly reduced [8]. A number of samples (taken for 

research) of the "Apartak", "Angren - 1" and "Angren -

2" coals had values of the optical density D 0,92; 0,54; 

and 0,40, respectively, and the calorific value ��
�

(energy value of coal), respectively, 4,2; 4,5; 5,2 MJ/kg.

In fig. 1 shows a photograph of the dispersed 

composition of high-ash Angren brown coal [9]. Also

images of the studied coal samples were taken using a 

polarizing microscope AXIOScope A1 from ZEISS. In 

fig. 2, fig. 3 and fig. 4 shows fragments of such a study. 

The above figures clearly show mineral impurities (non-

combustible) in the form of white spots.

Figure: 1. A photography of the dispersed composition 

of high-ash Angren brown coal. 

Figure: 2. Coal surface of the "Apartak" mining site at 

tenfold magnification on a polarizing microscope 

AXIOScope A1 of the German company ZEISS. 
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Figure: 3. Coal surface of Angren-2 mining site at 

tenfold magnification on a polarizing microscope 

AXIOScope A1 of the German company ZEISS. 

Figure: 4. Coal surface of the Angren-1 mining 

site at tenfold magnification on a polarizing 

microscope AXIOScope A1 of the German 

company ZEISS.

Conclusion 
Analysis of the data presented in Table 1 leads to the 

conclusion that, in comparison with typical bituminous 

coal, coal from the Angren-1 mining site is characterized 

by reduced carbon content, noticeably higher oxygen 

content with an almost equal hydrogen content.

Elemental analysis data and structural characteristics 

suggest that the specificity of the properties of Angren-

1 coal is due to the presence in the composition of its 

organic mass, along with condensed aromatic 

hydrocarbons (judging by the rather large values of fа
and сА), also significant amounts of aliphatic groups 

(judging by the value of the atomic ratio H/C) and 

oxygen-containing compounds: hydroxyl acids of 

carboxyl and hydroxyl groups and others (judging by the 

values of O and O/C). It can also be noted that the 

accompanying tertiary mineral impurities in the 

composition of coal, coming from the surrounding rocks 

during the artificial lift processes, lead to a decrease in 

the quality of the coal being mined. Therefore, one of 

the ways to improve its quality is enrichment with 

separation of associated impurities of rocks. This 

research technique makes it possible to assess the 

characteristics and structure of the ash content of coals 

from other deposits.
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