Monitoring’2023 EAGE

Mon23-011

*V. Tarasov (Volodymyr Dahl East Ukrainian National University), Y. Rudniev (Volodymyr Dahl
East Ukrainian National University), M. Antoshchenko (Volodymyr Dahl East Ukrainian National
University), D. Krapivnyi (Volodymyr Dahl East Ukrainian National University)

SUMMARY

The article presents a number of analytical conclusions that allow recalculating the quality
indicators of coals of the studied coal seams to a state close to the condition of mining
operations, taking into account the actual ash output and total moisture. It was possible to
study the ratio of the key components of the organic mass and mineral impurities, including
moisture. The use of a tool for statistical processing of data obtained experimentally for the
considered coal layers made it possible to determine the probable range of oxygen indicators
for the working state of the fuel. The selected methods made it possible to improve the
accuracy of determining the oxygen content under conditions close to those of coal mines. In
turn, the ratio of oxygen with the rest of the main components of the organic mass allows us
to estimate the reduction parameter, which characterizes the rate of volatile matter yield for
assessing the metamorphic transformations of coal seams and is used in regulatory
documents. The results obtained make it possible to prepare proposals for improving the
information content of the regulatory framework in terms of predicting the hazardous
properties of coal seams during mining operations
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Introduction

According to the officially accepted definition (GOST 17070, 2014) metamorphism is the successive
transformation of brown coal into hard coal and anthracite as a result of changes in the chemical
components, structure and physical properties of coal in the subsoil, mainly due to temperature and
pressure. Close to this is a general scientific description of the geological processes of rock
transformation. In this case (Kozlovskij, 1987) metamorphism is assumed to be a change in
sedimentary and magmatic rocks (re-crystallization, mineralization and chemical transformations)
which transform them into metamorphic rocks. An endogenous metamorphism occurs due to the
influence of heat, fluids, and the pressure of the Earth’s overlying layers.

The geological-chemical map of the Donetsk basin (DonUGI, 1954) recognized the unilateral increase
in carbon content and the reduction of other major components in the elemental composition of coals,
while increasing the influence of metamorphic processes. Despite this, the development of industrial
classifications as an indicator of the degree of metamorphism has adopted the yield of volatile maters
in thermics decomposition of coals without air (V%f). Maximum and minimum values of carbon,
oxygen, thickness of the plastic layer, output of naphthalene extract, heat of combustion and
mechanical strength along the copra were also determined depending on the output of volatile
substances. The values of the other variables varied widely when volatile maters index was staied the
same. On this basis, it is concluded that V%fis an approximation of metamorphism and that there are
types of coals that differ in their restorability with a complex of inherent properties (DonUGI, 1954).
Recovery establishes differences in the chemical, physical and sintering properties of coals of equal
degree of coalification and petrographic composition due to the nature of the original vegetation and
the conditions of its transformation during the initial stages of coalification. Recovered coals are
characterised by higher carbon content and lower oxygen content, higher yield of volatile substances
and better sintering, higher heat of combustion, high yield of coking resins, higher content of sulphur
and basic oxides, mineral impurities, reduced mechanical strength (Kozlovskij, 1984).

Research methodology

The fact that coals belong to a certain recovery type, in addition to V% is taken into account by nine
other indicators to characterize consumer's qualities of coals by modern industrial classification.
These include: the reflectance of vitrinite; the Gross Calorific Value on the wet, ash-free state of the
fuel; sum of fusenized components; maximum moisture capacity free of ash; yield of semi-coking
resin to a dry, ash-free state; thickness of the plastomatric layer; indicator (index) of free expansion;
volumetric volatile maters to the dry ash state of the fuel; index of anisotropy of the vitrinite
reflectance. All these indicators have been successfully collected experimentally based on their
correlation with the most important technological properties of coal. None of these indicators directly
characterizes changes in organic matter and mineral impurities in the different stages of coal seams
transformation. All indicators in the industrial classification, including 7% do not refer to coal as a
whole, but only to its organic mass (Avgushevich, 2018). In most cases in the industrial classification
the organic mass consider as is reduced to a dry ash-free state (daf), which is not in line with the
working condition of coal in mining. Notwithstanding such circumstances, the current Ukrainian
regulatory framework for safe mining for predicting the occurrence of hazards of coal seams from
previously developed industrial classifications, without sufficient scientific justification, take V% for
characterising the metamorphic transformations of coal seams. The unreasonableness of using V4 to
determine the hazards of coal seams is that it characterizes only some organic (combustible) part of
the fuel and does not take into account mineral impurities and moisture content. Furthermore, it does
not conform to the generally accepted definition of metamorphism (GOST 17070, 2014), as it does
not directly hararculate changes in coal composition during geological processes.

Purpose is to establish the influence of mineral impurities and moisture on the accuracy of oxygen
determination under similar conditions of coal seams mining to improve the regulatory framework for
safe mining (Dvuzhilnoj et al., 1972).

Results and discussion

The dependence of mineral impurities on the degree of metamorphic transformation is not generally
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established (Antoshchenko et al., 2022), but their presence in seam samples of coals of individual coal
seams to be folowing a pattern (Avgushevich, 2018). This indicates that it is possible to individually
characterise a coal seam by oxygen content, calculated by the working condition, taking into account
the values of total moisture and total ash. The oxygen content of the organic (combustible) mass at a
dry, ash-free state is an auxiliary indicator of one side of its metamorphic transformations. The carbon
content in organic (combustible) mass is one of the main indicators of metamorphic transformation
because it functionally controls the sum of the other main components (H, O, N, S). The dependence
of individual organic matter components on carbon is less clear. This applies in particular to the
oxygen content of the organic (combustible) mass (Figure 1, a). This dependence is purely non-linear
and is characterised by a high deterministic coefficient (R>=0.87).
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C., CS, C¢ - content of carbon in the combustible mass of coal samples, as appropriate, in a dry ash-free state (a)
and in the reservoir state (b); O., O°, O - content of oxygen in the combustible mass of coal samples, as
appropriate, in a dry, ash-free state (a) and seam (b) samples

Figure 1 The dependence of oxygen content on carbon on a dry, ash-free state of the fuel mass (a)
and adjusted for the working condition of enriched (b) and seam (c) samples, respectively.

1 - trend (or average) curve (lines); R and r - determinism and correlation coefficients, respectively;
o - standard deviations; x - values of oxygen and carbon in the reference document (Dvuzhilnoj et al.,
1972) for the dry ash-free state of the combustible mass (a) and converted to working condition in
(Avgushevich, 2018and seam (b) samples, respectively

The co-dependence of oxygen content with carbon, which is calculated as working-level ash output
and total moisture content in enriched samples, is substantially lower (Figure 1, b). For this case
=-0.64 and doubled the standard deviation of the individual values from the trend line (6=2.21). No
specific relationship of oxygen content to carbon can be established in case of recovery from seam
samples. It is characterized by a practical lack of correlation (+=-0.34). The graph (Figure 1, a) shows
an undeniable non-linear dependence of oxygen content from carbon in a dry, ash-free state in organic
matter with a pronounced decrease in oxygen content with increased influence of metamorphic
processes (increase Cc). Similar results of the conversion of the sum of oxygen and nitrogen in the
fuel mass to the working condition of the fuel for enriched and seam's samples of coal have been
gotten based on the original data of (Figure 2). The nitrogen content, when considered together with
oxygen, has somewhat reduced the regression coefficients of equation (1) compared to the results
(Rudniev et al., 2022). For the oxygen content of the combustible state, the regression factor of
equation 1 was 0.84 (Figure 2, a) and 0.70 for the working condition. Remaining statistical indicators
are: =0.997, 6=0.26 (Figure 2, a), considered dependencies were close to the values obtained in data
processing (Dvuzhilnoj et al., 1972). This indicates the main contribution to the recalculation results
from oxygen and much less from nitrogen.
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Figure 2 Results of recalculation of the sum of oxygen and nitrogen in combusted mass for working
conditions of the fuel for enriched 2O/ ,N," (a) and seam's 2O, Ny (b) coal samples.

1 - the average trend lines; 2 - the bisectors of coordinate grids; 3 - a straight line defining the
possible limit of maximum deviations of individual values from the trendlines (1) according to the
"three sigma" rule; r, o - correlation coefficients and standard deviations, respectively; % -
experimental data (Dvuzhilnoj et al., 1972) on the combustion mass of sums of oxygen and nitrogen
(20.,N,) recalculated on the working condition according to method (Avgushevich, 2018)

Consideration of the ratio between the components after they have been brought to working condition
on the basis of the actual ash content and total humidity has led to an unpredictable redistribution of
the influence of factors on oxygen content. The natural accidental presence of mineral impurities and
the different values of total moisture in the seam's samples have eliminated the monopolistic
metamorphic ratio of oxygen in the organic, dry, ash-free mass to carbon. Consideration of seam's
samples with mineral inpurities and total moisture content has increased the number of influencing
factors. This is evidenced by the close, almost identical, empirical ratios (1) of oxygen (Figure 1, a)
and the sum of nitrogen and oxygen to the carbon content of the combustible mass. To a large extent,
the proximity of these dependencies is explained by the low nitrogen content (0.7+1.8%) and the
slight change in nitrogen content at all stages of the metamorphic transformation of the seams. The
oxygen content at these stages is significantly and actively reduced from 14.6% to 0.3% (Dvuzhilnoj
et al., 1972). The nitrogen content of the combustible mass in the early and intermediate stages of the
coal seams' metamorphic transformation (C.<90%) remains almost constant in the narrow range of
change (1.0+1.8%). Only when the carbon in the combustible mass is reached above 90 per cent for
some coal seams will the N, value drop to 0.7 %. The influence of the natural content of mineral
impurities and total moisture on the relative average decrease in oxygen content when converted to
the working condition of coal is estimated on average to be 19.0%. For the considered sample of coal
seams (734), the absolute oxygen content of the combusted mass was in the range of 0.3 to 14.6%.
The reduction in its content, when measured by the working condition, taking into account the actual
discharge of ash and total moisture in the coals of each mine, is in absolute terms within the range of
0.00+10.66%.

A comparison of the graphs shows that pre-enrichment and consideration of the elemental
composition for dry ash-free coal samples predetermines a practical functional dependency from
oxygen content. The removal of some random quantity of mineral impurities and completely external
moisture has largely systematized the ratio between the oxygen content of the combustible mass and
its reconsidered values by the working condition. However, the reference state of the samples taken
for calculation does not correspond to the natural state of coal in the work area, as the actual mineral
impurities and moisture content are not taken into account. For this reason, despite the almost
functional dependancy and the low standard deviations, there is no reason to use the recalculated
results for this case to predict the hazards of coal seams.
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The total moisture content is one of the main indicators of the degree of coals' metamorphism, but it is
generally not used in regulations to predict the hazards of miners (Antoshchenko et al., 2022). The
dependence of mineral impurities on the degree of metamorphic transformation is not generally
established, but their presence in seam samples of coals of individual coal seams to be folowing a
pattern (Avgushevich, 2018). This indicates that it is possible to individually characterise a coal seam
by oxygen content, calculated by the working condition, taking into account the values of total
moisture and total ash.

The oxygen content of the organic (combustible) mass at a dry, ash-free state is an auxiliary indicator
of one side of its metamorphic transformations. The carbon content in organic (combustible) mass is
one of the main indicators of metamorphic transformation (Antoshchenko et al., 2022) because it
functionally controls the sum of the other main components (oxygen, hydrogen, nitrogen, sulphur).
The dependence of individual organic matter components on carbon is less clear.

Conclusions

The formation and manifestation of dangerous properties of coal seams, judging by the requirements
of current regulatory documents, are determined by the degree of metamorphic transformations of
fossil coal.

The use of indicators of mass (V%) and volume (Vv%") output of volatile substances, which are set for
dry ashless combustible (organic) mass, excludes the possibility of analyzing the influence of
moisture and mineral impurities on the manifestation of dangerous properties of coal seams. The use
of these indicators for the prediction of dangerous properties of coal seams, instead of indicators for
the working condition (1), can lead to errors in their determination by 50 and 45%, respectively.

The conducted research made it possible to reveal the important role of mineral impurities in the
formation of dangerous properties of coal seams. This is caused both by the significant possible
content of mineral impurities in fossil coal, and by the simultaneous presence of the main components
that determine the dangerous properties of coal seams (carbon, hydrogen, sulfur, oxygen and
moisture), both in the organic and mineral parts of fossil coal.

The influence of the natural content of mineral impurities and total moisture on the relative average
decrease in oxygen content when converted to the state of coal is estimated at 19.0% on average.
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