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Abstract. The creation of modern methods in the complex development of coal and gas deposits is associated with
the necessity to substantiate the processes that occur in fossil organics at the atomic-molecular level under the impact of
natural factors, in particular for evaluating the sorption properties of coal. Actually, natural factors determine coalification
processes, including methane emission from coal as well as sorption interaction between solid and gaseous
hydrocarbons. Therefore, in order to study these processes, insight into the relationship between the macro properties of
coal fields and features of the molecular structure of coal matter is of great importance. At present there is a large
number of theoretical and experimental studies on the research of the structure and state of coal by means of various
physical, physicochemical, and chemical methods. It was proved that temperature and pressure have the greatest
impact on the transformation of coal matter, but there is still a number of issues that require development or revision.

The purpose of the paper is to determine the impact of sedimentation conditions of coal-bearing deposits of the
Donetsk basin on the coal structure and properties.

The study of changes in the molecular structure of coal at the nano-scale is carried out by the electron
paramagnetic resonance method (EPR). The concentration of paramagnetic centers (PMC, Na) is determined, i.e. the
number of unpaired electrons (free radicals), the conjugation coefficient (Ksc), which describes the fraction of conjugated
systems in the molecular structure of the coal matter and also makes it possible to evaluate the structuring degree for
fossil organics at the molecular level. In order to simplify data processing and its assessing as well as reducing the
variability of impacts in the research of sedimentation conditions on the structure and properties of coal, the study
involved the coal of the same age (suite C;f) and grade (F - fiery, M — medium volatile coal). It is established that the
continuous deformation of tectonic blocks over a long period of time leads to successive compaction (loosening) of a
heterogeneous massif, number of defects increasing as well as changes of structural parameters and activation of coal
matter. It is proved that the increased reactivity of coal causes the possibility of structural transformations at the atomic
and molecular level, in particular, end-groups detachment along with formation of hydrocarbon gases, which leads to
conjugation coefficient increasing for fossil organics (which, as a result, leads to the coal sorption capacity increasing)..
Periodic temperature increasing of sedimentary deposits, which is associated with magmatic processes, has increased
the number of paramagnetic centers and made steady their concentration in the coal matter. It is noted that the use of a
thermodynamic approach and concepts of mechanochemistry to study the conditions for the coal fields formation allows
researching the relationship between the properties of coal matter at the macro- and nano-scale.
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Introduction. Problems of modern methods creation for the integrated development
of coal-gas fields are associated with the lack of proved insights into the processes
that occur in fossil organics at the atomic and molecular level under the impact of
natural factors, in particular, for evaluating the sorption properties of coal. Since
exactly natural factors cause the coalification processes, including the methane
emission from coal and the sorption interaction between solid and gaseous
hydrocarbons, information about the link between the macro properties of coal fields
and the peculiarities of the molecular structure of the coal matter is of great
importance for the studying of these processes.

When comparing the geological conditions of different fields, certain factors that
provide transformation of organic matter have been considered: paleotemperature
conditions, geostatic pressure, and mineralogical composition of the host rocks [1].
Based on these materials, the following conclusions have been made:
paleotemperature causes a series of successive transformations in the molecular
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structure of organic matter, each of which occurs only under certain thermodynamic
conditions; geostatic pressure does not significantly affect transformation of organic
matter. Regarding the role of the mineralogical composition of host rocks as well as
geological time, the researchers’ opinions are ambiguous ones, and most believe that
their influence is insignificant. But there is no doubt that under real geological
conditions coalification organics are simultaneously affected by a whole complex of
factors that vary in space and time, therefore an unambiguous interpretation of the
results is impossible. Thus, the interpretation of the data regarding the impact of
sedimentation conditions on the transformation of coal matter at the nano-scale and
the formation of its properties is ambiguous and contradictory ones.

In the process of deformation and destruction of coal matter under the impact of
geomechanical factors, a significant evolution of its structure takes place, and every
stage of this evolution complies with array of distinguished laws. Further, the system
determines the main law for every stage from the array in arbitrary manner.

The only common feature of the any factor’s influence (or number of factors) on
the system, which represents the coal bed, is a change of the energy state, that could
be approximately estimated by the functions and parameters of thermodynamics.
Given the structural and chemical diversity of organic species in coal as well as
corresponding number of possible chemical reactions and transformations they are
involved in, a detailed analysis of the thermodynamic aspects of the transformation
for the coal organic mass structure is not possible. However, a generalized
thermodynamic approach could be applied.

The main problems of the the general trends research in the development of coal
transformations appear when geological macrofactors, physical and mechanical
properties of rocks as well as processes, complied with quantum mechanics laws at
the nano-scale, got combined. Such a combination of different scale levels in the
research is possible only in line with the principles of thermodynamics through the
integrating factor, i.e. energy or the energy state of the system. Thus, the study of the
coal restructuring processes at the atomic-molecular level should origin from the
transformation Kkinetics research and the parameters of the processes that occur in the
coal after the equilibrium of the system was disturbed.

Under natural conditions, coal is in a thermodynamic equilibrium state due to
equal-component stress. For these conditions, the activation and development of
physicochemical transformations in a high-molecular organic species might occur
only due to the transfer of the accumulated energy of structural stresses to the
activation energy of chemical reactions. But the chemical reactions do not take place
in coal particles, since the mobility of reactive complexes in a solid species tends to
zero, while the chemical reaction rate depends on the concentration of reacting
species. So, the main mechanism of structural transformations in coal matter is a free-
radical one. First of all, free-radical reactions require much less energy, which
necessary amount could be accumulated in the form of structural stresses of a
mechanical or thermal nature. Further, free-radical reaction rate depends on the
number of active complexes (free radicals), which remains almost constant for chain
reactions.
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Electron paramagnetic resonance is an effective method of high-molecular
compounds studying of an unknown structure that contains unpaired electrons. It
allows to obtain information not only about the chemical structure of paramagnetic
centers and their environment but also about the processes that take place in the
electronic structure of the species. EPR spectroscopy is important for studying the
properties and state of carbonaceous fossil organic species as a way to visualize
processes in coal matter.

The EPR method is based on the effect of resonant absorption for an energy
sample of the ultra-high-frequency field by paramagnetic centers and appears to be
the most sensitive method among spectroscopic ones because it captures information
that concerns the paramagnetic part (electronic structure) of a species alone. This
limitation is usually considered a disadvantage of the method, but for coal, which is a
powerful paramagnet, this feature turns out an important advantage, which allows
direct monitoring of the interaction of paramagnetic centers alone. Thus, it allows to
study transformation Kinetics at the nano-scale in the atomic-molecular structure of
the coal-gas compound almost without external impacts or side effects. In addition, a
significant advantage of the EPR method implies the requirements for sample
preparation should be barely present, which is crucially important for the research of
natural high-molecular compounds in a metastable state and, accordingly, provides
the opportunity to evaluate the impact of macrofactors on the atomic-molecular
structure of coal. This allows to study the impact of natural factors at the nano-scale
of the matter structure.

To date, there is a sufficiently large number of theoretical and experimental
papers devoted to the research of the coal structure and state by various physical,
physicochemical, and chemical methods. It was substantiated that temperature and
pressure are the main parameters that exert an impact on the transformation of coal
matter, but there is still a number of issues that require development or revision.

The purpose of the paper is to determine the impact of the sedimentation
conditions of coal-bearing deposits of the Donetsk basin on the structure and
properties of coal.

Methods. The research method. The study of changes in the molecular structure
of coal at the nano-scale was carried out by the electron paramagnetic resonance
method (EPR). According to the elaborated methods [2], the concentration of
paramagnetic centers (PMC, N*) was determined — the number of unpaired electrons
(free radicals), the conjugation coefficient (Ky), which describes the fraction of
conjugated systems in the molecular structure of coal matter, and also makes it
possible to evaluate the structuring degree for fossil organics at the molecular level.
In order to simplify data processing and its assessing as well as reducing the
variability of impacts in the research of sedimentation conditions on the structure and
properties of coal, the study involved the coal of the same age and grade. The results
processing of the study was carried out using the mathematical statistics methods.
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Results and discussion. Analysis of the obtained results. The Middle
Carboniferous deposits of the diamond suite (C,°) are the object of the research. Suite
C,? is a highly cycled one with an abrupt change of facies along the suit’s section.
The suite section, as a whole, is lithologically stable and the cycles are usually clearly
traced over the entire area of the basin. The thickness of the suite varies in the west-
to-east direction from 150 to 400 m i.e., the coal seams of the diamond suite could be
distinguished by the stable accumulation conditions. This is confirmed by
petrographic research performed for samples that have been taken in different places
of the basin from the suite’s coal deposits. The results of the research are shown in
Table 1.

Table 1 — Maceral composition and structural parameters for coal
of F — M grade of the diamond suite

Content of petrographic | Concentration o
Deposits’ . components*, % of | Conjugation
location Mine’s name paramagnetic | coefficient
V, S, | L centers N% | value Ky, %
gr
Western slope | Pioner 79 3 7 10 1.81 56
of the Dobropilska 84 2 5 9 2.18 47
Vovchansk Named after O. H. | 76 2 10 12 1.7 48
syncline Stakhanov
Eastern slope | Lidiievka 82 2 9 11 3.6 49
of the Named after O. F. 83 - 12 5 3.3 45
Vovchansk Zasiadko
syncline
Komsomolets 87 4 7 2 2.4 65
Named after V. I. 94 2 3 4.1 70
Horlivska Lenin
anticline of Named after Yu. 84 1 11 2.8 71
Donbass 0. Haharin
Named after M. I. 71 3.1 57
Kalinin
Named after Illich | 81 2 8 8 3.0 45
Northern Named after the 82 5 11 1 2.3 68
puckering XX Congress 86 2 8 8 2.3 59
zone Named after V. R. 82 1 1 16 1.8 54.6
Menzhynskyi

*V — vitrinite, S, — semivitrinite, | — inertinite, L — liptinite.

Data set represented in the Table 1 shows that the maceral compositions of coal
are the same, i.e. the phytogenous rock and paleobotanical conditions for the
accumulation of sediments are the same as well. In general, the average values of K
for all areas of the basin are similar that proves that coal structuring is approximately
of the same degree. But the lowest structural indicators are inherent ones for coal at
the eastern slope of the Vovchansk syncline, the highest concentration of
paramagnetic centers could be found in coal within the seams of the Horlivska
anticline, while the highest values of conjugation coefficients could be determined for
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coal of the Northern puckering zone of as well as Horlivska anticline. Wide range of
structural indicators for the coal of the studied mines could be observed due to
different tectonic conditions or heat flows applied for the processes of deposit
formation.

In order to characterize the temperature conditions, the following parameters were
used: geothermal gradient (ty.q) [3], @ map of heat flows [4] as well as accumulation
rate of sediments in carbon [4] (Table 2). Taking into account that both folded and
disjunctive faultings reflect conditions of paleopressure; amplitudes of recent
displacements reflect actual dynamic conditions, therefore indicators applied are able
guantitatively assess these parameters. In paper [5], the methodology and data that
allow to calculate indicators that describe the intensity of general tectonic dislocation
(Kg) for locations of research and the intensity of recent displacements (X4) are
given.

A comparison of indicators for different locations made it possible to determine
the impact of local thermodynamic conditions on the structure of coal.

Table 2. — Indicators of thermal and tectonic conditions for the formation of coal deposits
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Western slope of the
Vovchansk syncline 2.99 0.08 115 60 1.26 2.3 48.3

(20 samples)

Eastern slope of the
Vovchansk syncline 3.77 0.16 220 75 3.97 3.5 54.7
(24 samples)

Horlivska anticline of
Donbas 3.81 0.45 250 80 5.57 2.9 58.5
(21 samples)

Northern puckering

1.94 0.40 195 50 3.71 2.0 59.2
zone (18 samples)

The highest pressure values, both for the accumulation of sediments, the
formation of tectonic dislocations as well as for the present stage of formation, was
experienced by the coal of the Horlivska anticline. For the slopes of the VVovchansk
syncline, especially for the western one, the activity of tectonic processes is lower
than that of the Horlivska anticline. The average values for coal conjugation
coefficients of the Horlivska anticline and the Northern puckering zone are higher
than that ones for the western slope of the Vovchan syncline (48.3%). The data
obtained could be explained by the impact of tectonic conditions on the coal
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structure. The continuous deformation of tectonic blocks over a long period of time
leads to the successive loosening of a heterogeneous massif, number of defects
increasing as well as changes of structural parameters and activation of coal matter.
An increased coal reactivity causes the possibility of structural transformations at the
atomic-molecular level, in particular, an increasing of the capacity for conjugated
systems in the molecular structure of the coal matter. Therefore, structuring degree of
in coal seams of the Horlivska anticline and the Northern puckering zone is higher
than that one for the slope of the VVovchansk syncline, which leads to an increase in
the flaws of a coal matter and, as a result, to an increasing of sorption capacity.

It is obvious that the values of heat flow and temperature gradients for the western
slope of the Vovchansk syncline as well as for northern Donbas are smaller than than
that ones for the eastern slope of the VVovchansk syncline and Horlivska anticline.
These features could be explained be explained by the difference in magmatic
activity. Three magmatic cycles at the post-inversion stage were outlined in paper [4]
for the eastern slope of the Vovchansk syncline. The rocks of these cycles outstand
everywhere along the southern flank of Donbas. Deposits and dikes of igneous rocks
are encountered in the mine workings of the “Petrovskvuhillia State Enterprise”
located near the “Lidiievka State Enterprise” mine i.e., the seam at the “Lidiievka
State Enterprise” mine has been heated up periodically. As a result the coal matter
was subjected to all transformations possible under these conditions, and now coal is
tied up. (its structure barely changes). At the same time, similar magmatic cycles
have not been noted for the western slope of the Vovchansk structure, the coal matter
"breathes"”, therefore its parameters change over time. It means that even marginal
external impacts in any way (energy flow of any kind) lead to a change of the state,
properties and composition of coalification organics. This is confirmed repeatedly by
the results of the measurements, which were carried out for the same samples during
a ten-year period. It was at this mine that The structural parameters of the coal from
this mine have barely changed, while for other mines, the structural parameters of
coal fluctuated within 30% range. Heating processes have the greatest impact on the
concentration of paramagnetic centers. Under similar conditions of sediments
accumulation, it is most likely that their subsequent periodic short-term heating led to
a distinguished structure formation of molecular coal matter. For instance, this such
kind of a structure consistently elucidates deviations from Hilt's law for coals from
Donetsk region related to the reaction of the structure of the coal matter to changes of
thermodynamic conditions.

Conclusions. Thus, under similar conditions of sediment accumulation, the
structural properties of coal have changed under the impact of external
thermodynamic processes. Pressure has predominantly affected the conjugation
coefficient, while temperature has affected the number of paramagnetic centers.

In general, the study of the impact of tectonic forces on the structure of coal for
different scales has revealed the following features:

— continuous, long-term deformation of tectonic blocks leads to successive
compaction (loosening) of the heterogeneous rock massif, an increase of flaws
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number as well as change of structural parameters and activation of coal matter. The
increased reactivity of coal determines the possibility of structural transformations at
the atomic-molecular level, in particular, the detachment of end-groups detachment
along with formation of hydrocarbon gases, which leads to conjugation coefficient
increasing for fossil organics (which, as a result, leads to the coal sorption capacity
increasing);

- the periodic increase of sedimentary deposits temperature associated with
magmatic processes has led to an increased number of paramagnetic centers and
make their concentration stabilized in the coal matter;

- the use of a thermodynamic approach and concepts of mechanochemistry to
study the conditions for the coal fields formation allows researching the relationship
between the properties of coal matter at the macro- and nano-scale.
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BMNUB YMOB OCAKOHAKOIMWYEHHA HA CTPYKTYPY TA BIIACTUBOCTI BYIInNsA
Gespyyko K.A., NMumoHeHko J1.1., bypyak O.B., bapaHoscbkuti B.1., YenkaH B.B.

AHoTauifi. CTBOpEHHSI CyyacHMX METOLiB KOMMMEKCHOI pO3pobKM BYriNbHO-Ta30BMX POLOBMLL MOB'Si3aHe 3
HeobXigHICTI0 06rpyHTOBaHHS LWOAO NPOLECIB, ki BiOYBAKOTHCA Y BUKOMHIN OpraHili Ha aTOMHO-MOJEKYNIAPHOMY PiBHI
nig Aicto NPUPOOHMX YMHHWKIB, 30Kpema 3 ouiHku copbuinHux BnactueocTel Byrinns. Came npupoaHi daktopu
00ByMOBNOIOTH NpoLecu Byrnedikalii BKNIOYHO 3 BUAINEHHSM METaHy BYyrinnsM Ta COpOLiHO B3aEMOAIED Mix
TBEPAMMM Ta rasonofibHumu ByrneBoaHAMU. TOMY AN BUBYEHHS LMX MPOLECB MPUHLMNOBO BaXIMBE PO3YMiHHS
B32€EMO3B'A3Ky MaKpOBMACTUBOCTEN BYriMbHUX POAOBULL 3 OCOBNMBOCTAMM MONEKYNSPHOI CTPYKTYpPU  BYFiNbHOI
peyoBuHU. HaTtenep icHye AOCTaTHbO BenMKa KinbKiCTb TEOPETUYHUX i eKCepUMeEHTamnbHUX PoBiT 3 [OCHIMKEHHS
CTPYKTYpW | CTaHy Byrinns pisHUMU (i3UYHUMK, DI3UKO-XIMIYHUMKU Ta XiMiyHUMK MeTogamu. OB6rpyHTOBaHO, Lo
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HanbINbLLUMA BNAMB HA NEPETBOPEHHS BYTINbHOI PEYOBMHM MalOTb TEMMepaTypa Ta TUCK, ane A0Ci 3amnuLaeTbCs HU3ka
MWTaHb, Lo NoTPebytoTb PO3BUTKY ab0 YTOUHEHHS.

Meta po60oTi - BU3HAYEHHS BNAMBY YMOB OCAZKOHAKOMMYEHHS BYrNEHOCHMX Bigknagis [loHeubkoro 6acenHy Ha
CTPYKTYPY Ta BNacTMBOCTI BYrifNs.

[ocnimKeHHs 3MiH B MONEKYNSPHIA CTPYKTYpi BYrifns Ha HaHOPIBHI NPOBOAMSIOCH METOAOM  ENEeKTPOHHOTO
napamarHiTHoro pesoHaHcy (EMP). BusHavanacs koHueHTpauis napamarHiTHux ueHTpiB (MML, Na) — kinbkicTb
HEeCnapeHnX enekTPoHiB (BiNbHWUX papumkanie), koedilieHT cnpspkeHoCTi (Ksc), L0 XapakTepusye BiLCOTOK CUCTEM
CMPSUKEHHS B MOMEKYNAPHIA CTPYKTYpi BYFifbHOI PEYOBMHM, a TaKOX AO03BONSE OLHUTM CTYMiHb CTPYKTYPOBAHOCTI
BWKOMHOI OpraHikn Ha MOnekynspHoMmy piHi. [ns cnpoweHHs obpobkn Ta iHTepnpeTauii gaHWX i 3MEHLUEHHS
BapiaTUBHOCTI BNNMBIB JOCMI[KEHHS YMOB 0CAAKOHAKONMYEHHS Ha CTPYKTYPY Ta BMACTWUBOCTI BYrinns NpoBOAUIMCE Ha
Byrinni ogHoro Biky (ceita C26) Ta ogHiei mapkm (I — XK). BctaHoBneHo, Lwo 6e3nepepsHe, NpOTAroM TPMBAroro yacy,
AedopMyBaHHS TEKTOHIYHKMX OnokiB NpM3BOAUTL [0 MOCMIZOBHOIO YLLINbHEHHS (PO3YLLiNbHEHHS) HEOQHOPISHOM
MacuBy, 3pOCTaHHs KinNbKOCTi JedhekTiB Ta 3MiHU CTPYKTYPHUX NapameTpiB i akTuBaLii BYrifbHOI peqoBuHu. [JoBedeHo,
WO MigBMLieHa peakuiHa 3AaTHICTb BYyrinns OOYMOBIIOE MOXMMBICTb CTPYKTYPHUX MNEPETBOPEHb HA aTOMHO-
MOMNEKYNSPHOMY piBHi, 30Kpema, BiOpWB KiHLEBMX rpyn 3 YTBOPEHHSIM BYINEBOLHEBMX [a3iB, WO NPUBOAWTL [0
MigBULLEHHS KOeILEHTY CNPSKEHOCTI BUKOMHOI opraHiku (i sk Hacnigok 36inblueHHs copbuinHOi 34aTHOCTI BYrinns).
MepiognyHe 36inbLUEHHS TemnepaTypy 0CagoBMX BiAKnagis, L0 NOBsi3aHe 3 MarMaTUYHUMK Mpolecamu, MigBuLLino
KiNbKICTb MapamarHiTHUX LeHTpiB i CTabinidyBano iX KOHUEHTpaLilo Yy ByrifbHIN PEYOBWHI. 3asHavaeTbCs, Lo
BUKOPUCTAHHA TEPMOAMHAMIYHOTO Migxody Ta YsBMEeHb MeXaHOXiMii 40 OOCHiMKeHb YMOB (POPMyBaHHS BYFiNIbHUX
POLOBWLL AO3BOISE BUBYATH 3B'S30K MiXK BNACTUBOCTAMM BYTiNbHOT PEYOBUHI HA MAKPO- | HAHOPIBHSIX.

KntoyoBi cnoBa: Byrinns, reonorivyHi gaktopu, yMOBU ocagkoHakonuyeHHs, EMP-cnekTpockonis, monekynspHa

CTPYKTYpa.
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