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ANALYSIS OF METAMORPHISM 
AND TENDENCY OF COAL SEAMS 
AND THEIR HAZARDOUS PROPERTIES

The object of this study is coals of different stages of metamorphism. Currently, a situation has arisen when 
indicators developed to establish the consumer qualities of coal are used to predict the manifestation of hazardous 
properties of mine seams during mining operations. The need to consider the fuel for its working condition is due to 
different end goals between the establishment of consumer qualities of coal and the manifestation of the hazardous 
properties of mine seams. The condition and quality of coal after its preparation for use is significantly different 
from the condition in the mining area. Appropriate sample preparation changes the physical and chemical properties 
of coals, which determine the manifestation of the hazardous properties of mine layers during mining. To eliminate 
such a discrepancy, the quality indicators of coals were recalculated for their working condition, taking into account 
the yield of ash and moisture content for the mined mine seams, followed by an analysis of changes in the correlations 
be-tween the indicators. The indicators of the manifestation of the hazardous proper-ties of mine layers are borrowed 
from the characteristics of the quality of the fuel, reduced to a dry, ash-free state. Using these indicators, additional 
errors are introduced in advance into the accuracy of the prediction of the manifestation of hazardous properties 
during mining operations. The values of the indicators of the organic (combustible) part of the fuel serve as general 
reliable characteristics of its quality for the entire set of mine seams, but they cannot be used to predict the hazardous 
properties of a particular mine seam due to a decrease in the accuracy of their determination due to the unpredictable 
content of mineral impurities and moisture. The initial experimental data, which have been accumulated over several 
decades based on the experience of using coal for industrial purposes, are analyzed. On the basis of the conducted 
researches the peculiarities of the choice of indicators of metamorphic transformations of coal, which are used in parallel 
respectively to establish the quality of fuel and forecast the dangerous properties of coal seams, have been established. 
The discrepancies between the indicators of the degree of metamorphism used in the current regulatory framework 
for the safe conduct of mining operations, the state of fuel during mining operations in underground conditions.

Keywords: physico-chemical properties of coal, hazardous properties of mine seams, coal quality, ash yield, 
moisture content.
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1.  Introduction

Coal fires pose great threats to valuable energy re-
sources  [1], the environment  [2], and human health and 

safety [3]. They occur in numerous countries in the world. 
Not only do coal seam fires  [4, 5] harm the environ-
ment and human health by burning uncontrolled, they also 
deplete non-renewable resources. Estimates of coal lost 
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to these fires range from 20 to 600 million tons of coal  
annually  [6].

Previous studies  [7] made it possible to assess the va-
lidity of using individual indicators  [8, 9] of the degree of 
metamorphic transformations of coals to predict the mani-
festation of hazardous properties of mine seams. Some of the 
recommendations for improving the regulatory framework 
for safe mining are as follows:

–	 based on the definition of coal metamorphism, it 
is necessary to control the increase in carbon content 
and the reduction of other components with a parallel 
change in the physical and mechanical properties and 
structural structure of the transformed substance;
–	 each, taken separately, classification indicator reflects, 
as a rule, one side of the metamorphic transforma-
tions  of coals;
–	 in most cases, when determining the hazardous pro
perties of mine seams, researchers used one or two 
indicators that one-sidedly characterized the diversity 
of metamorphic transformations of coals and served as 
a general measure of the degree of metamorphism. In 
particular, such properties, without sufficient scientific 
justification, were attributed to the release of volatile 
substances during the thermal decomposition of coals 
and their grades;
–	 ranking of coal properties by grade does not coincide 
with the degree of their metamorphic transformations 
in past geological periods;
–	 different methods, methods, accuracy of determining 
classification indicators and their non-linear interde-
pendence among themselves do not allow their com-
plete interchangeability in determining the hazardous 
properties of mine seams;
–	 modern industrial classification does not consider the 
simultaneous change in the organic and mineral compo-
nents of coal, which makes it impossible to use it un-
changed to predict the hazardous properties of mine seams.
The elemental content of carbon in the organic (com-

bustible) mass  [10, 11] is a more informative indicator for 
establishing the hazardous properties of mine layers compared 
to the release of volatile substances [12]. The advantage lies 
in the possibility of its reliable determination in the entire 
range of metamorphic transformations of coals and 100  % 
control of the content of the sum of the remaining main 
components in the organic (combustible) mass Оо, Но, Nо, 
Sо (Оc, Нc, Nc, Sc). In terms of the ability to control the 
amount of other components in an organic or combustible 
mass, the Со (Сc) indicator also has an advantage over one 
of the main indicators of modern industrial classification [8].

Solving this problem will help to improve the regula-
tory framework for creating safe conditions in coal mines.

Thus, the object of research is the coals of different 
stages of metamorphism.

The aim of research is determination of general method-
ological approaches to the selection of classification param-
eters for assessing the degree of coal metamorphism when 
establishing their propensity for spontaneous combustion.

2.  Research methodology

The methodology provides for the establishment of 
changes in the classification parameters of the degree 
of metamorphism, characteristic of the whole series of 
coalification. In parallel, identify indicators that exist 

only in some ranges of a number of degrees of metamor-
phism. Comparison of changes in indicators in individual 
intervals will allow for a more detailed gradation of 
the properties of coals by their tendency to sponta
neous combustion.

3.  Research results and discussion

The direction and nature of the change in the average 
oxygen content in the combustible part of the fuel were 
confirmed by the results of statistical processing of the 
initial data  [13,  14] (Fig.  1).

1.5
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Fig. 1. Dependence of changes in the ratio of elements of coal in 

combustible part of the fuel: a – the ratio between the content of carbon 
and oxygen; b – the ratio between the content of carbon and a mixture 
of other components (ΣNc , Oc); c – the ratio between the carbon content 
and nitrogen; 1 – averaging curves; ×,  – experimental data for mine 

formations, respectively, according to [13] and [14]; R 2 и σ are, respectively, 
the coefficients of determination and standard deviations from the 

averaging curves
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When processing the data [13], a close nonlinear correla-
tion dependence of the oxygen content in the combustible 
part (Оc) on the carbon of the Сc was established (Fig. 1, a).  
It is characterized by a high value of the coefficient of 
determination (R2 = 0.87). A similar dependence was ob-
tained when the sum of nitrogen and oxygen (ΣNc,  Oc) 
was processed from the carbon of the Сc for the data given 
in the document  [14] (Fig.  1,  b). Insignificant differences 
between the coefficients of determination (0.87 and 0.90) 
and standard deviations (1.11 and 1.12  %) from the ave
raging curves  (Fig.  1,  a,  b) are due to the low nitrogen 
content (0.7÷1.8 %) at all stages of the metamorphic trans-
formation of the combustible part of the fuel (Fig. 1, c). The 
oxygen content in this case varied within 0.3÷14.6 % [13]. 
The relatively low nitrogen content in the combustible part 
and its slight change compared to the reduction in oxygen 
content as metamorphic transformations intensified prede-
termined approximately the same indicators of correlation 
dependences (Fig.  1,  a,  b).

The non-linear dependence of hydrogen in the com-
bustible part of the fuel (Нc) was established (Fig.  2) as 
the influence of metamorphism processes (growth of Сc)  
intensifies. 

 
 

 

a

b
Fig. 2. Dependence of the content of hydrogen (Нc) in the combustible 

part of the fuel on the content of carbon (Сc): a – experimental data [13]; 
b – experimental data [14]; 1 – averaging curves; × – experimental data; 
R2 и σ are, respectively, the coefficients of determination and standard 

deviations from the averaging curves

The coefficients of determination (R2) for the conside
red dependences of the change in the hydrogen content 
of 0.87 and 0.92 approximately equally characterize the 
closeness of the correlation dependences in comparison with 
the dependences of oxygen reduction, with an increase in 

the influence of the degree of metamorphism (Fig. 1, a, b). 
Despite the similarity of the tightness of the correlation 
dependences, the reduction in the content of hydrogen and 
oxygen occurs according to completely different depen-
dences. The decrease in the oxygen content at all stages 
of the transformation of the initial substance occurs more 
or less evenly.

When the carbon content in the combustible part is 
approximately less than 85  %, based on the graphs of the 
average hydrogen content and its individual values (Fig. 2), 
the hydrogen content does not decrease and remains ap-
proximately constant for a separately considered mine seam. 
A noticeable decrease in hydrogen occurs if, as a result of 
metamorphic transformations, the carbon content in the 
combustible part of the fuel exceeds about 85 %. Obviously, 
the different nature of the dependences and the rate of 
decrease in the content of oxygen and hydrogen in the 
combustible part of the fuel can have an ambiguous effect 
on the manifestation of the hazardous properties of mine 
layers at all stages of their metamorphic transformations.

The change in the sulfur content (Sc) in the combus-
tible part of the fuel from carbon (Сc) is not subject to 
a certain type of correlation. To some extent, it can only 
be argued that there is a tendency for the sulfur con-
tent in the combustible part to decrease as metamorphic 
transformations intensify. This trend is characterized by 
negative, insignificant in magnitude, values of the correla-
tion coefficients (–0.58 and –0.43) (Fig.  3).

a

b

Fig. 3. Dependence of the sulfur content (Sc) in the combustible  
part of the fuel on the carbon content (Сc): a – experimental data [13];  

b – experimental data [14]; 1 – averaging straight lines; × – experimental 
data; r and σ are the correlation coefficients and standard deviations from 

the averaging lines, respectively



CHEMICAL ENGINEERING:
CHEMICAL AND TECHNOLOGICAL SYSTEMS

14 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 5/3(67), 2022

ISSN 2664-9969

Based on the studies carried out, the features of the 
choice of indicators of metamorphic transformations of coals 
were established, which are used in parallel, respectively, 
to establish the quality of fuel and predict the hazardous 
properties of mine seams.

All indicators related to the determination of product 
quality are based on the analysis of analytical samples. 
Their preparation consists in preliminary enrichment until 
the ash yield, as a rule, to a level of less than 10  %, 
coal grinding to a fineness of 0–0.2  mm (–212  mcm) and 
drying to dry, close to air dry. Such a state of analytical 
samples of coal fundamentally does not correspond to the 
conditions of its presence in the mining area, since the 
presence of mineral impurities and moisture is neglected.

To improve the normative documents for safe mining, it is 
necessary to consider indicators that characterize not only the 
organic (combustible) part of the fuel, but also the presence 
of mineral impurities and moisture in coals in the mining area.

Discrepancies between the indicators of the degree of 
metamorphism used in the current regulatory framework 
for the safe conduct of mining operations and the state 
of fuel during mining operations in underground condi-
tions are revealed.

4.  Conclusions

The research results show that at present, based on the 
basic genetic signs of metamorphism, there is no reliable  
regulatory framework for determining the hazardous pro
perties of mine plastics, including the tendency of coal to 
spontaneously ignite. Based on the statistical processing of 
the dependence of the main components of the combustible 
part of the fuel on the carbon content, close correlations 
were established only for oxygen and hydrogen. For the 
sulfur content, tendencies to its decrease were established 
with significant standard deviations from the averaging 
straight lines (σ = 1.11÷1.23 %). With the absolute maximum 
values of sulfur in the combustible part of about 6  %, us-
ing the «three sigma» rule, it follows that for any mine 
formation, the sulfur content can fluctuate unpredictably 
over the entire range of its possible change. The random 
sulfur content in the combustible part significantly affects 
the change in the ratio between other main components, 
and with them the manifestation of the hazardous proper-
ties of mine seams. A similar effect on the redistribution 
of the ratio between the main components of the combus-
tible part, but to a lesser extent, due to the insignificant 
absolute content, is exerted by nitrogen at all stages of 
metamorphic transformations. Its role is especially great 
at the later stages (at a carbon content of about 95  %), 
when the content of the main components  (hydrogen, sul-
fur, nitrogen, and oxygen) is approximately equal to each 
other and individually less than two percent.
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