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O6’exmom docnidicenns € kam'sne 8yzinis pisHux cmadit memamoppismy i temioui npodyxmu ix mepmiu-
1020 posxaadanus. B danuil uac, na ocnosi 6a306UX 2eHEMUUHUX 03HAK Memamoppismy, eiocymus docmogipna
HOpMamMueHa 6a3a UHAUEHHS HeOe3NeUHUX GAACMUBOCMEN WAXMONAACMIE, 6 MOMY YUCT CXUTLHOCTE BY2iILIS
0o camosaiimanns. Tpyonowi ¢ cucmemamusayii noaseaioms y gidcymuocmi xoua 6 00H020 KIACUPIKAYTHHO20
napamempa, ujo BUHAUAE HeOOXIOHICIb 000amMK08020 AHANIZY (DIZUKO-XIMIUHUX 6AACTNIUBOCTNET KAM IHOZ0 8Y2iLLs
pisHux cmadit memamoppizmy i remouux npooyxmie ix mepmiun020 posKiaA0anis, K 00’ exkmy 00ciiOHceHHsL.

3aeosKu ompumanum GYHKYIOHATLHUM 3ANCHCHOCMAM, K XAPAKMEPUIYIOMDb CLeMEHMHUL CKIA0 KAM SAH020
8Y2iNLISL 8 YCbOMY 0ianasomi psady Memamop@ismy, 3a6e3neuyemvpest MONCIUGICMb OUTHUMU 1020 KIACUDIKAUTUHI
nokasnuxu. Ompumanuii pesyromam noKasas 3MiHy 61ACMUBOCMell 8Yeilis, SKi 6 Pe3yiomami nepemsopeHus
BHYMPIUHDOT CIMPYKMYPU MONCYMD NPUUMATIU MAKCUMATLHT AO0 MIHIMATOHI 3HAUEHHS. 3a MOHOMOHH020 i 00HO-
cmoponnboz0 xapaxmepy 3minu emicmy xomnonenmie C°, O°, i N’ nemoxciuso pobumu eucnosxu w000 3aiemnc-
Hocmi enacmueocmeil 6yzinis 6i0 enemenmmuozo emicmy yux Komnonenmis. Xapaxmep sanexcnocmi HY id V4
i numonmoi eazu (K,) dae niocmasy nepedbauumu nabymms HoBUX 61acmMUE0cmeil 6yziinam nicis suuxcenns VO
menw 30-25 %, a numomoi sazu npu Ky>1,3.

Bidsnuaueno, ujo 6yzinis 3 00HAKOGUMU GAACMUBOCMAMU 8 OOHUX BUNAOKAX XAPAKMEPUSYIOMbCL PISHUMU BEJ -
yunamu xracuivayiinux noxasnuxie (V4, Vd“f Cl, K;), 6 inwux sunaoxax — 6yeinns 3 pisHumu 3HauenHamu
KAACUPIKAUITIHUX NOKAZHUKIE MONCYMb Mamu oammoel enacmusocmi. CKaaonuil i HeoOHO3HAUHULL XapaKmep
HOCSMb 3MiHU (Qi3uK0-Mexaniunux i meniomeopnux éiacmusocmeii eyzinns 6io V4 i C4 Ile € nenpamum 0o-
KA30M 3MIHU BHYMPIUHLOT CMPYKMYPU 8Y2iINSL 8 NPOUECT 2e0102iuH020 nepemeopenns. lepebydosa enympiwmvoi
CMPYKMYpPU 8Y2iiis SMIHIOE 3HAYEHHS eAeKMPOMazHimHux xapaxmepucmux. IIpononyemocs npu ecmanosnenni
CXUABHOCTNE BY2INASL 00 CAMO3AUMAHHS 34 2CHEMUYHUMU | MEXHOIOLIMHUMU NAPAMEMPAMU BUKOPUCTMOBYEATU
CYUACHT 3HAHNS 8 2aY31 220710211, ICMOPUUHOT 200710211 Ma NALCONMO02iE, PI3UKU, XiMiL, MEPMOOUHAMIKU, 4 MAKONC

00C6i0 NPOMUCTIOB020 3ACMOCYBAHHS BY2ZIILISL.
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1. Introduction

Coals of all stages of metamorphism are subject to spon-
taneous combustion to varying degrees [1]. In general, this
term refers to the totality of endogenous processes associ-
ated with changes in the structure, mineral and chemical
composition of rocks (coals) under conditions different from
their initial state. The formation of metamorphic rocks in
general [2] and fossil coals in particular [3, 4] practically
do not differ from each other. Conditionally, it is possible
to assume that the processes of metamorphism occurred at
temperatures of 200—-650 °C at a depth of 10-40 km [5].
The main factors of metamorphism are temperature, pressure,
composition and chemical activity of solutions and fluids.
Metamorphic processes are diverse in form and nature of
the transformation of rocks, which are classified taking
into account individual factors (thermodynamic, physico-
chemical, etc.) and geological conditions. Many classifications
of metamorphic processes have been proposed [6], based
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on various principles and reduced to numerous names of
types and species.

A special place among these classifications is occupied
by coal metamorphism. That is, an irreversible carbonization
process, which is characterized by a change in the chemical
composition, physical properties and internal structure of fossil
coals under the influence of temperature and pressure [2—4].

A variety of geological and genetic factors caused the
formation of coals with various physicochemical, techno-
logical and other properties [4].

The classification parameters that exist in the whole
range of coal metamorphism include:

— content of the main components of the organic

mass [4, 7];

— weight and volumetric yields of thermal decomposi-

tion products of coal without air access [8, 9];

— presence of moisture [10-12];

— calorific value [13];

— mechanical strength [3, 14] and others.
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Along with the above, there are parameters that are
characteristic only for individual ranges of a number of
degrees of metamorphism. These include resin yield, plastic
layer thickness, expansion index, etc.

Practical experience has shown that all existing clas-
sifications (chemical, genetic, industrial) are aimed at iden-
tifying the consumer properties of fossil coal [15].

A fairly accurate industrial classification [16] is deve-
loped thanks to research in geology, historical geology and
paleontology, physics, chemistry, thermodynamics, statistics,
as well as extensive practical experience in the industrial
use of coal.

The features established by this classification of changes
in the elemental composition and properties of coals under
the influence of geological transformations are, to date,
not sufficiently used in resolving issues related to the safe
mining operations in mines. In particular, many parame-
ters characterizing the degree of coal metamorphism are
ignored. It has become a practice when for these purposes,
in most cases, one indicator is used — the mass yield of
volatile substances (V%) during thermal decomposition
of fossil fuels.

In order to characterize anthracites in parallel with V4/,
a volumetric yield of volatile substances V/“ and a loga-
rithm of electrical resistivity [g. are used. These indicators
can’'t be used to highlight any properties of coal at the
lower stages of metamorphism. At such stages, coals can
be compared with dielectrics, and at high (anthracites),
with conductors [11, 12, 17].

The use of a limited number of parameters characte-
rizing the degree of coal metamorphism led to the attri-
bution of all mine plasts of Donbass (Ukraine), except
anthracites, according to the regulatory document [18],
prone to spontaneous combustion. With all the variety of
elemental composition of coals and their properties in a
series of metamorphism, indicators are classified by the
degree of endogenous fire hazard into only three groups.
Clear boundaries between the groups according to en-
dogenous fire hazard on the basis of genetic signs have
not been established, since there is no normative base
for their determination.

This situation is confirmed by studies [3, 6, 10] on the
establishment of coal groups according to the degree of
coalification using three indicators — V4¥| coal grade (M)
and carbonization (C,). The carbonization index characte-
rizes the elemental composition, which is defined as the
quantitative ratio of the carbon content to the sum of
oxygen and hydrogen, calculated on dry and ashless mass.
It should be noted that the selected indicators (V44/, M
and C,) partially correlate with each other and each of
them does not fully reflect the transformation of coal in
the process of metamorphism. In addition to these pa-
rameters, the content of sulfur and iron disulfides (pyrite
and marcasite), the thickness of the developed formations,
their structure and dip angles, and tectonic disturbance
are considered. According to these indicators, eight cha-
racteristic zones of the relative distribution of the number
of mine plastics of spontaneously combusting coal are identi-
fied depending on the degree of manifestation of the main
factors at 560 sites [19]. Under different other conditions,
coals of grades D, Zh, K, OS, and T had an increased
endogenous fire hazard. It is also established that when
mining seams containing the same coal grades, there is no
endogenous fire hazard [10, 19].

The above facts testify to the shortcomings of the
regulatory document [18] regarding the establishment of
only three groups of mine plastics by their endogenous
fire hazard. The results of literature analysis indicate the
relevance of studying the influence of the degree of meta-
morphism of coal on their spontaneous combustion with
the involvement of more genetic and technological factors
that directly affect the occurrence of endogenous fires in
coal mines. Solving this problem will help to improve
the regulatory 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 metho-
dological approaches to the selection of classification para-
meters for assessing the degree of coal metamorphism when
establishing their propensity for spontaneous combustion.

2. Methods of research

Using the classical definition of metamorphism [3],
based on the well-known classifications of industrial use
of coal [16], it is possible to establish a set of indicators
that most fully determine the propensity of fossil coals
for spontaneous combustion.

The methodology provides for the establishment of
changes in the classification parameters of the degree of
metamorphism, characteristic of the whole series of coali-
fication. In parallel, identify indicators that exist only in
some ranges of a number of degrees of metamorphism.
Comparison of changes in indicators in individual intervals
will allow for a more detailed gradation of the properties
of coals by their tendency to spontaneous combustion.

3. Research results and discussion

Studies of the elemental composition, as one of the main
indicators of the degree of conversion, fossil coals under the
influence of geological processes. The main components of
organic mass are carbon (C°), oxygen (O%), hydrogen (H’)
and nitrogen (N°). In insignificant amounts (0.001-0.243 %)
phosphorus (P% may be contained in the form of vari-
ous compounds. Scattered and rare elements are found in
coals of various stages in the form of salts included in the
organic and mineral parts of coal [9, 11].

In the transition from brown coal to anthracite, the
carbon content increases from 50 to 97 %. In parallel with
this process, there is a decrease in oxygen from 20-28 to
1 % and hydrogen from 4.4-6.3 to 1 %. The nitrogen con-
tent at the beginning and end of a series of metamorphism
is up to 1 %, and in its middle part up to 2 % [20]. The
change in the ratio between the main organic components
of fossil coals under the influence of metamorphic processes
is confirmed by the graph (Fig. 1).

Unambiguously, practically functionally, there is an in-
crease in the carbon content and a decrease in the sum of
other elements (OY H N°). It should be noted the diffe-
rent nature of the reduction of the individual components
of the sum of the components. Oxygen decreases in the
entire range of a series of metamorphism. The hydrogen
content remains almost constant during the transition from
brown coal to stone. A noticeable decrease in the hydro-
gen content is observed in fossil fuels with a high degree
of metamorphism (C°>87 %) and anthracites (Fig. 1, ).
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Fig. 1. Dependence of changes in the ratio of elements of coal

in organic mass [19-26]: a — the ratio between the carbon content
and a mixture of other components (0%, H?, N9); b — the ratio between the
content of carbon and oxygen; ¢ — the ratio between the content of carbon

and hydrogen; 4 — the ratio between the carbon content and nitrogen;

I II, 1T, IV — ranges of changes in the properties of coal; 1 — linear

interpolation of experimental data; 2 — the boundaries of the change

in components; * — experimental data

Confirmation of this nature of changes in the hydrogen
content in the process of coalification is a graph of its
relationship with oxygen (Fig. 2).

A noticeable decrease in hydrogen begins to occur when
the oxygen content is less than 5 %. Obviously, this depen-
dence is due to the introduction of hydrogen at this stage
of metamorphism into compounds that are carried out or
not taken into account in the organic (combustible) mass.

The nitrogen content remained almost constant (as
a rule, not exceeding 2-3 %), and only at the stage of
anthracite with a high degree of metamorphism (C°>95 %)
did its significant decrease (Fig. 1, d).

Considering the ratios of organic components from
the position of the propensity of coals for spontaneous
combustion, it is worth noting the different nature of the

changes in O° and H° with a carbon content of up to
87 % and above this value.
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Fig. 2. The interdependence of the content of hydrogen (H)
and oxygen (0% in the organic (combustible) mass of coal according
to [19-26]: 1 — the boundaries of the change in the considered
parameters; ¢ — experimental data

When the carbon content is in the range of 70-87 %,
the oxygen content decreases with approximately the same
intensity, and the hydrogen content remained constant
and amounted to 4-6 %. These data indicate that with
a carbon content of about 87 %, qualitative changes occur
in the internal structure of coals.

Moisture is not taken into account in organic mat-
ter, but significantly affects the spontaneous combustion
of coal. The results of processing the data [19] indicate
that during the transition from brown coal to stone, the
moisture content decreases to 1-3 %, and then increases
in anthracite to 4—5 %, sometimes reaching 7-8 %. Similar
results (Fig. 3) are obtained by processing other experi-
mental data [19-26].
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Fig. 3. The dependence of the waorking maisture of coals (W)
on the carbon content (C% according to [19-26): 1, 2 — the boundaries of
the changes in the considered parameters; ® — experimental data

This indicates a different transformative effect of pres-
sure, temperature, and time factors at individual stages of
metamorphism. In the transition from peat to brown coals
and with an equal carbon content (Fig. 1, range 1), the
main distinguishing features are only the moisture and
oxygen content. The moisture content in peat is 75 %, in
brown coals 60 % or less, oxygen, 31-40 % and 18-26 %,
respectively [20]. At this stage, the degree of conversion
of coal is determined by the amount of moisture and oxy-
gen removed from the brown coal under the influence of
external conditions.
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When brown coal loses up to 90 % moisture, the pro-
perties inherent in bituminous coals appear (sintering abi-
lity, coking ability, resin yield, etc.). This stage roughly
corresponds to range II of carbon change (up to 75 %)
in the organic (combustible) mass of coal (Fig. 1).

At the stage of black coal, along with the transformation
of the internal structure of the organic mass and the change
in its elemental composition, there is a further removal
of bound and free moisture. This explains the reduced
humidity of the coals. Upon transition from black coals to
anthracites, the acquired properties are lost, but new ones
appear that indicate a significant structural and molecular
transformation of the constituent coal components. These
include a change in mechanical strength, density, electrical
properties, etc. The acquisition of new properties was due
not only to a change in the composition of the organic
mass. The increase in the percentage of carbon occurred
mainly due to a decrease (from 6 to 1 %) of hydrogen in
the organic (combustible) mass (Fig. 1, range III). The
removal of hydrogen at this stage could occur after its
entry, under the influence of pressure and temperature,
into compounds that are carried out or not taken into
account in the organic (combustible) mass.

The decisive influence of a certain combination of pa-
rameters (pressure, temperature, time) is evidenced by the
fact of an increase in moisture in anthracites. As a result of
a deep internal change in the structure of coal at this stage
of metamorphism, not only the removal of free moisture
occurred, but also the additional release of pyrogenetic
and hydrated moisture.

An increase in the moisture content in anthracites does
not contradict the general tendency of metamorphism pro-
cesses to an increase in carbon content and a decrease in
other components. The increase in the humidity of anthra-
cites is not caused by the cessation of processes for its
removal, but is the result of an internal reorganization of
the substance at this stage of coal formation. A proof of
this is a significant decrease in moisture compared with
anthracites in graphite and natural coke [10].

In the technical analysis of fossil fuels and anthracites,
bound and free moisture is completely removed when heated
to 105—110 °C. This process, obviously, is more associated
with the properties of water than with the properties of
coals and the degree of their metamorphism.

Pyrogenetic and hydrated moisture can be removed from
coal only at a temperature of 300—550 °C and more [27].
This process largely depends on the internal structure
of coals, associated with their degree of metamorphism.

The above facts indicate that knowing the ratio bet-
ween the types of moisture, one can judge the degree of
metamorphism of coals and their properties.

The factors of pressure, temperature and time at a late
stage of coal formation are decisive. For example, the
elemental composition of anthracites with a high degree
of metamorphism (C>97 %) is close to the composition
of graphite and natural coke [2—4]. But these substances
have completely different properties, due to a change in
their internal structure under the influence of a certain
combination of these factors.

Analysis of changes in the elemental composition of
fossil coals shows that according to this factor they can
be divided into only two groups — black coal and an-
thracite. The boundary of this separation is determined
by the carbon content of 87 %. This indicator roughly

corresponds to an oxygen content of less than 5 % and
hydrogen less than 4 %, and the content of working mois-
ture increases from 1-3 % to 7-8 %. It is not possible
to establish other boundaries of the ranges of changes
in the properties of coals by their elemental composi-
tion, including determining the degree of propensity for
spontaneous combustion.

In the process of metamorphic transformation, a change
in the composition of the main components of the organic
matter depends to some extent on the release of volatile
substances (V44) during the thermal decomposition of
coal without access to air (Fig. 4).

V44 indicator is the main criterion, according to all
regulatory documents currently in force, for determining
the hazardous properties of mine plastics that have ap-
peared in the process of metamorphic transformations. In
this case, an equal sign is put between the value of one
parameter V% and the value of the physicomechanical,
electromagnetic, plastometric, chemical and other proper-
ties of coal under the influence of metamorphic processes.
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Fig. 4. Change in the composition of the main organic mass of Donbass
coals (CY, 09, HY NY) from the release of volatile substances (V%) and
specific gravity (K;) according to [28): a — dependence of carbon content
on the yield of volatiles; b — dependence of the oxygen content on the
yield of volatiles; ¢ — dependence of the hydrogen content on the yield of
volatiles and specific gravity; d — dependence of the nitrogen content on
the yield of volatiles and specific gravity; 1, 2 — upper and lower
boundaries of the change of parameters

The propensity of coal for spontaneous combustion is
one of the most dangerous properties, which is manifested
in the process of mining. The degree of conversion of the
organic mass of coal in this case is estimated ambiguously
by the V4 index. A different percentage may correspond
to one of its values, rather in a wide (up to 8 %) range
of changes in the main components of the organic mass.

To characterize anthracites, the volumetric yield of
volatile substances V% and the logarithm of electrical
resistivity /gc are currently used. In [17], these indicators
were replaced by the application of specific gravity (Ky)
of organic mass (Fig. 4).

The introduction of additional classification indicators
was due to the fact that, when passing from low-sintering
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grades of coal to anthracites, within a relatively narrow
range of V44 changes, the properties of coal undergo dras-
tic changes. The use of these indicators of the degree of
metamorphism limits the entire characterization of the
properties of coal in solving the problems of safe mining
of coal mine layers.

The predominant use of the total weight output of
volatiles during thermal decomposition is not justified from
the standpoint of the classical definition of the concept
of «coal metamorphism». The indicator implies changes in
the internal structure, chemical composition and physical
properties under the influence of temperature and pressure
during geological processes.

Volatile substances are considered vapor- and gaseous
decomposition products of organic matter and some mineral
impurities that are not directly related to the previous
process of metamorphism. In the case under consideration,
V44 is only an indirect indicator of changes in the com-
position of organic matter occurring in coals, which does
not uniquely determine the content of the main compo-
nents (C°, 09, HO, NO).

In the case of thermal decomposition of fossil fuels
and anthracites without access to air, the V%/ value de-
creases from 47 to 5 %. In this case, the carbon content
increases from 75 to 97 %, and one value of V4 cor-
responds to the fluctuation of C%to 8 %. The content of
the remaining main components (O°% H° N°) decreases
with increasing C°. The oxygen content decreases from 16
to 0 %, a single value of V¢ can correspond to values of
the content of O in the range up to 8 %. In a smaller
range, the content of H? and N? changes. One value of
Vdaf corresponds (Fig. 4, ¢, d) to the range of variation
of H” and H° of one percent [28]. The content of H? in
5-6 % remains constant with a decrease in V4 to 25 %,
and then its content decreases to 1-2 % with subsequent
stabilization at this level (Fig. 4, ¢). The nitrogen content
in the range of 1-2 % decreases monotonously (Fig. 4, d).
The above facts indicate a different nature of changes in
the content of the main components in the organic mass
(CY% 0° H N° depending on V9,

By the monotonous and one-sided change in the com-
ponents C° O° and N° (Fig. 4, a, b, d) it is impossible
to judge the change in the properties of the coals from
the elemental content of these components. The nature of
the dependence of HY on V% and specific gravity (K,)
suggests that coals acquire new properties after V44 de-
creases by less than 30-25 %, and the specific gravity
at K;>1.3 (Fig. 4, o).

Using two parameters (V4 and K;) as a criterion for
assessing the degree of coal metamorphism, the whole process
of coal formation can be divided into three stages. The first
with V44>30-25 %, the second with V49/<30-25 %, and
the third with K;>1.3. Such a division does not give an
idea of a change in the properties of coal at these stages.

Additional information is provided by the analysis of
changes in the content of specific gases of thermal de-
composition of coals (Hy, CHy;, CO, CO,) in their total
volume from V4« or Vi (Fig. 5).

The hydrogen (Hj) content in the products of ther-
mal decomposition with a decrease in V4 increases pro-
portionally, and at V<150 cm?/g there is a slight de-
crease (Fig. 5, a).

A sequential increase, and then a decrease in the prod-
ucts of coal decomposition, the methane content (CHy)

can also be noted, but the nature of this dependence
differs significantly from the change in hydrogen con-
tent (Fig. 5, b). An increase in the content of CH4 occurs
at Vi/<30 %, and at V44/>30 %, a decrease.
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Fig. 5. Dependence of the gas content of thermal decomposition of coal
on the weight (V%) and volumetric (V) yield of volatile substances
according to (28): a — hydrogen; b — methane; ¢ — carbon monoxide (II);
d — carbon monoxide (IV); 1, 2 — upper and lower boundaries of the
change in parameters; ¢ — experimental data (19, 29]

The dependences of the content of CO and CO, have
a slightly different form. At V44/<30 %, the content decreases
in a certain range, and at V%/>30 %, their stabilization
occurs, and at V@ <150 cm®/g — an increase (Fig. 5, ¢, d).

Comparison of the graphs of changes in the chemi-
cal composition of coals and their thermal decomposition
products without air access (Fig. 4, 5) show that coals
with the same elemental composition can relate to different
degrees of conversion under the influence of metamor-
phic processes. And, conversely, coals of varying degrees of
metamorphism can have the same chemical composition.

The changes in the physicomechanical and calorific
value of coal from V4 and C% are complex and am-
biguous (Fig. 6).

This is indirect evidence of changes in the internal
structure of coals in the process of their geological trans-
formation. The restructuring of the internal structure of
coal led to a change in their electromagnetic characte-
ristics (Fig. 7).

A change in the properties of coals (Fig. 6, 7) shows
that coals as a result of transformations of the internal
structure can take maximum or minimum values. Based
on the type of curves, coals with the same properties can
in some cases be characterized by different values of clas-
sification indicators (V4e/, Vdo/  Cdal M) in others — coals
with different values of classification indicators have the
same properties.
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Fig. 6. Change in the physico-mechanical properties of coals (10, 14, 28]:
a — dependence of the calorific value on the release of volatile substances;
b — dependence of the mechanical strength of the copra on the yield
of volatile substances; ¢ — dependence of mechanical resistance on the
release of volatile substances; d — dependence of grindability on the carbon
content on a dry ashless state; 1, 2 — upper and lower boundaries
of the change of parameters
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Fig. 7. The dependence of electromagnetic parameters from influencing
factors (7, 10-12, 17): a — electrical resistivity from the brand of coal;
b — dielectric constant from the carbon content to a dry ashless state;
¢ — specific electric field of the dust stream from the exit of volatile
substances; d — logarithm of the intensity of the emission of high-energy
electrons from the release of volatile substances; 1, 2 — upper and
lower boundaries of the change of parameters

In the current regulatory framework, the classification
parameter V4 is the most used for characterizing the haz-
ardous properties of coal that appeared during metamorphic
transformations. The volatility yield index is not univer-
sal, since in the range of its possible change (=48—1 %)
there are no some indicators that characterize the specific
properties of coal. An example of such indicators (Fig. 8)
is the thickness of the plastic layer (y) and the yield
of naphthalene extract (e¢). The presence of such indica-
tors indicates the possibility of the existence of separate
ranges of a certain degree of coal metamorphism with
only characteristic hazardous properties.
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Fig. 8. The dependence of the technological properties of coal on
influencing factors: a — dependence of the thickness of the plastic layer
on the release of volatile substances; b — dependence of the yield of
naphthalene extract on the yield of volatiles; 1, 2 — upper and lower
boundaries of the change of parameters

Difficulties in the systematization of coal for any pur-
pose, including the determination of their propensity for
spontaneous combustion, lie in the absence of at least one
classification parameter that meets the following requirements:

— existed in the entire range of a series of metamorphism;

— changed in one direction without reaching lows and

highs;

— had a minimum scatter of experimental data near

the averaging lines and was within the error range of

their change.

None of the considered parameters complies with these
requirements (Fig. 4-8). These graphs show that at certain
stages of coal formation, indicators can remain almost con-
stant, therefore their values are lost as classification ones.
For example, with a weighted yield of volatiles (V) of less
than 9 %, this indicator remains almost constant, although
others (and V@, K;) vary over a wide range (Fig. 9).

The main components of the volatile products of ther-
mal decomposition of coal (V% and V') are H,, CHy,
CO and CO,. Considering the total weight or volume of
these gases, it is impossible to unambiguously judge the

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/1(50), 2019

23—)



— INDUSTRIAL AND TECHNOLOGY SYSTEMS:
REPORTS ON RESEARCH PROJECTS

I55N 2226-3780

chemical composition of the initial coal material and their
properties, since the proportion of each of the components
formed is not constant.
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Fig. 9. The relationship of some classification parameters of the degree of
coal metamorphism [28]: a — dependence of the yield of volatiles on
the volumetric yield of volatiles; b — dependence of the specific gravity on
the yield of volatile substances; 1, 2 — upper and lower boundaries of
the change in parameters; ¢ — experimental data

For the coals of the Donetsk basin, the proportion
of hydrogen is 45-86 %, methane 1.5-32.5 %, car-
bon oxides (IT) and (IV), respectively 2.0-19.5 % and
0.5-9.0 % [28]. Given the different physical and chemical
properties of these gases and the inconsistency of their
relationships, the V¢ and V@ parameters can’t fully
characterize the properties of the combination of gases
generated during the thermal decomposition of coals and,
especially, the source material (coals).

4. Conclusions

1. The research results show that at present, based
on the basic genetic signs of metamorphism, there is no
reliable regulatory framework for determining the hazar-
dous properties of mine plastics, including the tendency
of coal to spontaneously ignite. It is shown that more
than two dozen classification indicators characterizing the
processes of metamorphism are used to establish a possible
direction for the use of fossil coal in industry, but no
more than three indicators are used to establish all the
hazardous properties of mines in the modern regulatory
framework. This does not allow scientifically substantia-
ted gradation of mine plastics by the degree of their pro-

pensity for spontaneous combustion according to genetic
characteristics.

2. It is proposed to use modern knowledge in the field
of geology, historical geology and paleontology, physics,
chemistry, thermodynamics, as well as experience in the
industrial use of coal when establishing the propensity of
coal for spontaneous combustion by genetic characteristics.
It is shown that the most suitable basis for establish-
ing a set of classification indicators for coal spontaneous
combustion by genetic characteristics is the industrial
classification, which uses ten initial parameters: mois-
ture capacity, heat of combustion for a wet ashless state,
the yield of volatile substances and semi-coking resins,
the thickness of the plastic layer, the Roga index, the
content of fusenized components on pure coal, the anisot-
ropy of vitrinite reflection, the reflection index of vitrinite
and free expansion.
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