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FAT RANKS OF COAL IN THE KRASNOARMEYSKIY DISTRICT
Bezruchko K.A., Pymonenko L.l., Burchak O.V., Baranovskyi V.l., Chelkan V.V.
Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of
Ukraine

Abstract. At present, based on the research of the conditions and factors of outburst hazard of coal beds, various
predicting methods have been developed grounded on contemporary views conceming the nature and mechanism of
gas-dynamic phenomena. One of the main factors affecting the outburst hazard of coals is gas saturation, which is
determined by the sorption capacity of coals. The sorption properties of coal matter are significantly determined by the
degree of coal transformation (metamorphism). Therefore, the analysis of the data obtained for a coal matter of the same
rank makes it possible to reveal the role and importance of factors that have formed the parameters of the signals
observed by EPR (electron paramagnetic resonance) spectroscopy. These signals define the features of the sorption
coal-gas interaction for a particular sample. It is established that the average values of the concentration of
paramagnetic centers are (2.29 + 0.36) and of contingency - (0.476 + 0.02), and the calculated value of the sorption
capacity of coals (24.3 + 0.29) can be considered basic for gas and fat ranks of coals in the Krasnoarmeyskiy district.
Minor deviations from the basic parameters can be caused by various geological and technological factors. Significant
deviations of the average values for the sorption capacity of coals can be caused by tectonic processes.

The purpose is to research the impact of geological factors on the sorption properties of gas and fat ranks of coals

determined by the EPR method in the mines of the Krasnoarmeyskiy district.
During the research, the following parameters were defined: 1) the integrated intensity of the EPR spectrum -
the concentration of paramagnetic centers (Ng) in the matter under research, which characterizes the conjoint
impact of external factors on the coal matter, and 2) the contingency coefficient (Ks), i.e. the number and status of
the conjugate system in the molecular structure of a matter, which characterizes the transmitting depth of
structural transformations (a degree of structuredness) of fossil organics at the nanolevel. As a result, it is found
that various factors acting in different directions affect the calculated value of the sorption methane capacity of
coals. The average sorption capacity of gas and fat ranks of coals from the Krasnoarmeyskiy district is
24.3 £ 0.29 and mainly depends on the deformation conditions. The average concentrations of paramagnetic
centers are (2.29 £ 0.36), and of contingency (0.476 £ 0.02). The calculated value of the sorption capacity of
coals (24.3 £ 0.29) can be considered as the base one for the gas and fat ranks of coals in the Krasnoarmeyskiy
district. Minor deviations from the basic parameters can be caused by various geological and technological
factors. Significant deviations in the average values of the coals sorption capacity can be caused by tectonic
processes.
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Introduction. An important problem of the coal industry is the degassing of coal
beds — a preventive measure to reduce the gas content of mine workings and prevent
sudden outbursts of coal and gas during mining operations. Currently, based on the
research of the conditions and factors of outburst hazard of coal beds, various
predicting methods have been developed. They are grounded on contemporary views
about the nature and mechanism of gas-dynamic phenomena and collected in the
relevant regulatory document (SOU 10.1.00174088.011-2005), which regulates
mining operations in beds prone to gas-dynamic phenomena. One of the main factors
affecting the outburst hazard of coals is gas saturation, which is determined by the
sorption capacity of coals.

The IGTM of the NASU has developed a method for determining the sorption
capacity of coal by EPR spectroscopy [1, 2] using kinetic characteristics in the coal-
gas system under changing pressure conditions. The theoretical basis of the method is
the representation of a macroparticle of coal matter as a multilevel system formed by
microstructural elements. In addition, each microstructural element consists of many
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macromolecules and microsorption subspaces, the diameter of which is comparable
to the size of a sorbate molecule. In the process of diagenesis and metamorphism,
complex macromolecules are formed and disintegrated, including a significant
number of micropores and continuity defects. The volume of generated voids,
regionally, depends on the conditions of sedimentation and the degree of
transformation of coal matter. At each stage of metamorphism, the molecular
structure of coals, and hence their supramolecular organization, differ. Therefore, any
rearrangement in the structure of macromolecules due to external processes causes
the emergence of new defects in the molecular structure - free radicals and
ionradicals, the signal from which is recorded by the EPR method. The combination
of all acting factors affects the line shape of the EPR spectrum for each coal sample.
In the proposed method, the sorption properties of coal matter are by estimated
Kinetic characteristics of the coal-gas interaction process. The limiting sorption
capacity of a matter (Q) is estimated on the basis of content of paramagnetic centers
in coal capable to enter into physical (sorption) interaction with gas molecules at
Increasing pressure.

Based on theoretical assumptions, the EPR spectra reflect both regional (a degree
of metamorphism) and local (tectonic dislocation, oxidation, restorability, ash-
content) changes that have occurred in coal matter since sedimentation, which affects
the sorption capacity of coals. The main factor affecting the sorption properties of
coal matter is the coal degree of transformation (metamorphism). Therefore, an
analysis of the data obtained for a coal matter of the same rank will reveal the role
and significance of the factors that have formed the parameters of the observed
signals and determining the features of the sorption coal-gas interaction for a
particular sample.

The purpose is to research the impact of geological factors on the sorption
properties of gas and fat ranks of coals, having been determined by the EPR method
in the mines of the Krasnoarmeyskiy district.

The Krasnoarmeyskiy geological-industrial district is located in the southwestern
part of the Donbas, stretched in a northwestern direction for 100 km along the strike,
with a strip width of carboniferous rock of 18-20 km.

The tectonic structure of the district is determined by its position within the vast
gently monocline of the southwestern wing of the Kalmius-Toretskaya kettle. The
main strike of the rocks is northwestern. The dip angles of rocks are from 3° to 15°.
Near disturbances, the dip angles increase up to 45°. Low-amplitude folding is only
slightly developed. Major disturbances are thrusts of submeridional direction:
Samarskiy, Krasnoarmeyskiy, Tsentralnyy, Selidovskiy. Dip angles of faults plane to
the east are at angles of 20—40°, and vertical amplitudes are of the order of 150-300
m). Systems of sub-latitudinal and diagonal faults that are genetically connected with
thrusts are located in a sub-perpendicular manner to them (thrusts) (amplitude is 10—
100 m).

The district consists of Carboniferous deposits, overlapped by younger sediments
almost over the entire area. Carboniferous deposits are represented by all suites of the
Middle and Upper Carbonic. The industrial coal-bearing capacity of the district is
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associated with the deposition of suites C;*, C,°".

Methods. Samples were taken at the mines "Krasnolimanskaya” (3 pcs.),
"Tsentralnaya" (6 pcs.), G. Dimitrov Mine (1 pc.), A. G. Stakhanov Mine (10 pcs.),
"Dobropolskaya" (3 pcs.), “Pioneer” hydro mine (2 pcs.) from coal beds of the
Middle Carbonic: ks, kg, Iy, I3 mz.

When conducting research on the coals sorption capacity according to the
developed method, the following spectrum parameters were defined:

- the integral intensity of the EPR spectrum - the concentration of
paramagnetic centers (N%) in the matter under research characterizes the joint
impact of external factors on the coal matter;

- the contingency coefficient (Ks.) - the number and the state of conjugate
systems in the molecular structure of a matter, which characterizes the depth of
structural transformations (degree of structuredness) of fossil organics at the
nanolevel.

The spectrum parameters were determined on specially prepared samples of coals
selected in compliance with the current regulatory documents (GOST 9414.2-93,
GOST 9815-75). According to the developed method [1, 2], sorption capacity of coal
matter was calculated for all the mines under the research. The obtained data:
structural characteristics (N?, K.), indicators of the sorption capacity of coals (Q) and
the yield of volatile matters (V*) were analyzed using the methods of mathematical
statistics (Table 1).

Results and discussion. Analysis of the obtained results. Table 1 shows the
geological and structural characteristics of the research for coal matter by selected
samples.

It is established that the average values of K. for the mines of the district differ
slightly, which indicates that the degree of the coals structuredness in the district is
practically the same.

In order to check the correspondence with the theoretical curve of the normal
distribution, the test for concordance (K, and Kg) were calculated. They represent the
ratio of asymmetry and excess to their standard errors taking into account the sample
size (a number of samples):

KA:A/O'A;
KE:E/O'E,

where A is asymmetry, E is excess, o, and o are mean square deviations of
asymmetry and excess, respectively, for a given number of samples n.

Asymmetry and excess coefficients K, and Kg calculated according to tests for
concordance are less than three. Therefore, the hypothesis of a normal distribution for
N* and K indices can be accepted, which indicates the impact of a number of
independent (random) factors on the structural characteristics of the coals under the
research.

Statistical analysis of N, and Ks. measurements showed that the standard
deviations of the values for each parameter were small (0.84 and 4.8 respectively).
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Consequently, each measurement of the value can be considered reliable, and the
average values of these parameters (respectively 2.29 + 0.36 and 47.6 =0.2) can be
considered basic for a given coal rank (gas and fat) of the researched district.

Table 1 — Geological and structural characteristics of the coal matter at the mines of
Krasnoarmeyskiy district.

. The . Sorbion
. . Index | Volatile . Contingency .
Mine Prfoportlonallty of a content concentration coefficient capacity
actor g d/u bed N of PMC_ Ko % of coals
) Na,1019’ g 1 SC Q, mI/g
) Ks 37.8 2.5 0.44 23.1
Krasnolimanskaya 0.21 ke 36.0 54 0.46 531
ms 31.5 3.64 0.46 35.1
ms 315 3.99 0.46 38.5
ms 31.5 3.86 0.45 36.5
Tsentralnaya 0.21 ~ 315 387 0.45 6.6
I3 40.1 2.9 0.47 28.6
Iy 37.8 2.8 0.48 28.2
. . Iy 35.4 3.0 0.49 30.8
G. Dimitrov Mine 0,21 ke 43.0 52 041 18.9
I3 37.4 1.79 0.47 21.5
I3 38.3 1.87 0.48 21.5
I3 40.5 1.49 0.48 17.1
I3 40.6 1.54 0.40 14.9
A. G. St_akhanov 0.24 I3 39.8 1.48 0.56 19.9
Mine ' I5 375 1.74 0.46 19.2
I3 37.9 1.57 0.48 18.1
I3 36.5 1.95 0.50 23.4
I3 37.8 1.50 0.51 18.4
I5 38.4 1.58 0.45 17.1
I5 36.8 211 0.61 29.6
Dobropolskaya 0,23 I3 35.8 2.18 0.47 23.6
I5 35.8 2.32 0.44 23.5
“Pioneer” I3 43.7 1.08 0.43 11.6
i 0,25
hydro mine I5 39.5 1.99 0.58 28.8

Deviations from the average values are logically explained by action of external
factors. Decreased values of the N® index in the A. G. Stakhanov Mine and the
“Pioneer” hydro mine are connected with the conditions of deformation of coal beds.
The coals of the mines are broken by discontinuous (mainly faults) and small folded
dislocations. The degree of low-amplitude disturbance of the mines is different [3]:
“Dobropolskaya” mine is the most disturbed — 3.0 c.u.,, A. G. Stakhanov Mine —
0.13 c.u., “Pioneer” hydro mine " — 0.9 c.u. At the same time, the mines
A.G. Stakhanov Mine and the “Pioneer” hydro mine are characterized by tension
with a shearing component, and for the “Dobropolskaya” mine — by compression
with a shearing component. The previous research concerning the impact of tectonic
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conditions on the structure of coal matter showed that under tension, due to the
activation of free radical recombination processes, the number of paramagnetic
centers decreases; under compression, the nature of structural transformations, their
depth and volume are changed, which leads to an increase in the number of defects [
4]. The measured structural parameters are consistent with the results of previous
research and correspond to the conditions of mine deformation.

Increasing of the average value in the concentration of paramagnetic centers of
the beds of the mines G. Dimitrov Mine, "Tsentralnaya”, and "Krasnolimanskaya" is
possibly caused by increased water inflows (340 — 500 m®Mh). According to
N.V. Cherskiy [5], increased content of hydrogen radicals is observed in poorly
metamorphosed coals. The role of such radicals is dual: hydrogenation of organic
compounds with the formation of more reduced structures, firstly, leads to a decrease
in the length of aliphatic chains, and secondly, the synthesis of hydrocarbons is
activated by free electrons imitated by the inorganic components of host rocks.

It is obvious that mechanochemical processes (a type of tectonic dislocation,
water inflow) activate the destruction of macromolecules and, as a result, increase the
number of generated free radicals, consequently, increase sorption capacity of coal
matter, but do not affect the contingency coefficient, which characterizes the degree
of coal matter maturity.

The calculated average sorption capacity of gas and fat ranks of coals for the
Krasnoarmeyskiy district is 24.3 &+ 0.29 and varies in a wide range: from 11.6 to 38.5.

The impact on the sorption properties of coal of the sedimentation conditions
(amount and the different degree of ordering of individual microcomponents),
oxidation, ash-content, and lithofacies conditions are also considered.

The impact of these factors is considered on the example of the I; bed in the
mines: A.G. Stakhanov Mine, Dobropolskaya, “Pioneer” hydro mine (Table 2). Bed
15 is characterized by a three-pack structure, has a continuous distribution over the
district, a single genetic type of coal and degrees of metamorphism, and similar
lithofacies conditions, which makes it possible to exclude the impact of these factors
on the measured structural parameters.

For each sample, the coal petrology, the ash-content of packs (according to DSTU
8995:2020), and the oxidation of coals (according to GOST 8930-2015) were
determined.

The coal petrology was researched on a video-optical complex (MBI-11, NV 200, PK).

To assess the relationship between the parameters, the Pearson correlation
coefficient was calculated, which is a measure of the linear correlation between two
sets of data and, in this case, was determined by using the standard Excel program.
The depth of sampling (the correlation coefficient is -0.42), and oxidation (the
correlation coefficient is 0.34) have some impact on the value of the average sorption
capacity of gas and fat ranks of coals of the researched mines, the impact of other
parameters is insignificant

Coal petrology impacts the value of the ash-content (mineral inclusions (kaolinite,
quartz, etc.): vitrinite (-0.51), liptinite (0.16), and inertinite (0.56). And, despite the
rather large range of ash-content change (4.3 — 16.8%), the multidirectional effect of
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maceral composition on the sorption capacity of coals within the bed is insignificant.
The results [6, 7] confirm the data obtained.

Table 2 — Results of petrographic and technological research, paramagnetic characteristics of coal
bed I3 at A. G. Stakhanov Mine, “Dobropolskaya” mine, “Pioneer” hydro mine

(@] Y

§ o f, % gﬂlc‘) _ o\° Petrology
| 5 £ | B ||| 2%
Mine O > S - Sa S5 > © -
€5 | s s | g2 | Eg| & | £ | £
E 8 ? &= SY | SE £ £ =
= 8 % =] o = 8 ‘E’ 3 2
D < C>)< o © > = —
21.5 9.4 2.3 1.79 47 79 12 8
21.5 9.3 2.89 1.49 48 79 9 12
17.1 8,8 3.44 15 51 81 9 9
14.9 5 2.31 1.87 52 85 5 9
A.G. Stakhanov 19.9 8.8 2.57 1.54 40 78 7 14
Mine 19.2 5.3 3.41 1.74 46 76 10 13
18.1 5.7 3.05 1.58 45 81 9 9
23.4 5.14 2.94 1.57 48 81 10 8
18.4 5.13 2.14 1.95 50 81 10 8
17.1 8.4 3.06 1.48 56 83 8 7
29.6 15.2 1.8 2.11 61 78 13 10
Dobropolskaya 23.6 6.2 1.7 2.18 47 85 5 10
23.5 5.2 1.89 2.32 44 81 6 13
“Pioneer” 11.6 16.8 1.67 1.08 43 77 11 12
hydro mine 28.8 7.2 1.61 1.81 56 83 6 11

Therefore, it is established that the calculated value of the methane sorption
capacity of coals is impacted by various factors acting in different directions. The
average sorption capacity of gas and fat ranks of coals in the Krasnoarmeyskiy
district is 24.3 + 0.29 and mainly depends on the deformation conditions of the coal-
bearing strata.

Conclusions.

1) the average values of the concentration of paramagnetic centers are (2.29 +
0.36) and of contingency - (0.476 + 0.02), and the calculated value of the sorption
capacity of coals (24.3 = 0.29) can be considered as basic values for coals of the gas
and fat ranks of the Krasnoarmeyskiy district;

2) minor deviations from the basic parameters can be caused by various
geological and technological factors;

3) significant deviations in the average values of the sorption capacity of coals
can be caused by tectonic processes.
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BNIMB TEOJIONYHUX YMHHUKIB HA COPBUIAHY 3OATHICTb BYMINNA MAPKA TIX
KPACHOAPMIUCbKOIO PAUOHY
Gespyyko K.A., lNumoHeHko J1.1., bypyak O.B., bapaHoscbkut B.l., YernkaH B.B.

AHoTauif. Ha paHwin yac Ha OCHOBI BMBYEHHS YMOB | YMHHWKIB BMKMOOHEOE3NEYHOCTi BYrifbHWUX Nnactis
po3pobreHi pisHi MeToaM MNpOorHo3y, Lo 0asylTbCs Ha CyvyaCHMX YSIBMEHHSX LWOAO MNPUPOAM Ta MEXaHiamy
rasoguHamivyHmMx sBuw,. OgHMM 3 OCHOBHWUX YMHHMKIB, IO BMAMBAKOTb Ha BUKMOOHEeDe3neuHicTb Byrinns, €
ra30HaCUYeHICTb, fka BM3HAYaeTbCA copOuinHMMmM 3aaTHocTamm Byrinns. CopOuiiHi BNAaCTMBOCTI BYriNbHOT PEYOBUHM
CYTTEBO BU3HAYaKTbCS MiPOK0 NEPETBOPEHHS BYrinns (Metamopdiamom). Tomy aHanis 4aHux, OTPUMAHNX Ans BYTiNbHOI
PEYOBWHU OOHIET MapKK JO3BOMNSIE BUSBIUTW POMb Ta 3HAYEHHS YMHHUKIB, LLO CHOPMYBANK NapameTpu CrocTepexyBaHnx
meTogom EMP-cnekTpockonii curHanis Ta BU3Ha4atoTb 0cobnMBOCTI copOUiliHOT B3aemogii Byrinnst i rady ans KOHKPETHOI
npobu. BctaHoBNEHO, WO cepefHi 3HAYEHHs KOHLeHTpaLii napamarHiTHux LeHTpiB (2,29 + 0,36), cnpsxxeHocTi (0,476 +
0,02) i pospaxosaHy BenuyuHy copbuiinHoi 3gaTHocTi Byrinns (24,3 + 0,29), MoxHa posrnagatv sk 6a3osi Ansa Byrinns
Mapku MK KpacHoapmilicbkoro panoHy. HeaHauHi BigxuneHHs Big 6a3oBux napameTpiB MOXyTb OyTU BUKIUKaHI pi3HAMM
reosioro-TEXHOMONYHUMMU YUHHWUKAMMU. ICTOTHI BIOXWUNEHHs CepeHix 3HaYeHb COPBLIMHOT 3AaTHOCTI BYrinns MOXyTb ByTu
BUKNWKaHi TEKTOHIYHUMU NpoLecamm.

MeTa — gocnimKeHHs BNnMBY reornoriyHux hakTopis Ha copBLiiHi BNacTUBOCTI ra3oBKX i XMPOBUX PSAZIB BYrinns,
BU3HaueHi MeTogoM ENP Ha waxTax KpacHoapMiicbKkoro pamoHy.

Y xomi gocnimkeHHs Oynu BM3HAuYeHi HACTymHi napameTpu: 1) iHTerpanbHa iHTEHCKBHICTb cnektpa EMP —
KOHLIeHTpaLis napamarHitTHux LeHTpis (Na) B JOCMiMKyBaHIN PEYOBWHI, WO XapaKTepusye CyMICHWUA BMANB 30BHILLHIX
(hakTopiB Ha ByrinbHY peyoBuHy, 2) koedilieHT HenepeabavyeHocTi (Ksc), To6TO KinbKiCTb i CTaTyC CromyYeHoi cuctemu
B MOMNEKYNSAPHIA CTPYKTYpi PEYOBUHM, IO XapakTepusye rMubuHy nepegadi CTPYKTYPHWUX MEepeTBOpeHb (CTyMiHb
CTPYKTYPOBAHOCTI) BMKOMHOI OpraHiku Ha HaHOpiBHi. B pe3ynbTaTi BCTAHOBMEHO, IO Pi3Hi YWMHHWMKW, IO Ail0Tb
Pi3HOCMPSIMOBAHO, BMNMBAOTb Ha PO3PaxyHKOBE 3HA4YeHHs CopOLiiHOi MeTaHoeMHoCTi Byrinnsa. CepeaHs copbuiitHa
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3AaTHICTb ra30XMPOBMX COPTIB BYrinms KpacHoapMincokoro panoHy cTaHoBuTb 24.3 £ 0.29 i B OCHOBHOMY 3amnexuTb Bif
ymoB gedopmauii. CepegHi KOHUEHTpaLii napamarHiTHux LeHTpiB ctaHoBnsaTh (2.29 + 0.36), a koHTuHreHTiB (0.476 +
0.02). Po3paxyHkoBe 3HaueHHs copbLiinHoi emHocTi Byrinns (24.3 + 0.29) MoxHa BBaxaTu 6a30BUM ANS ra3okUpoBUX
knacie Byrinns KpacHoapMiincbkoro paioHy. HesHauHi BigXuneHHs Bif OCHOBHWX MapaMeTpiB MOXyTb OyTW BUKIMKaHI
Pi3HUMM reonoro-TEXHONOrYHUMK hakTopamn. 3HauHi BIOXUNEHHS CepedHix 3HauyeHb COpOLiNHOI 3AaTHOCTI Byrinns
MOXYTb 6YTI 3yMOBIEHI TEKTOHIYHUMU NpOLiecamm.

KnioyoBi cnoBa: Byrinns, copbuiiHi BnactueocTi, EMNP-cnekTpockonis, reonorivHi YMHHUKN.
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