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Purpose. To establish the regularities of the influence of magnetic fields on the peculiarities of changing the chemical and
structural characteristics of the coal substance according to the size of microparticles enriched with vitrinite. To formulate a new
system of views on the mechanisms of structural and functional transformations of coal substance under the influence of weak
external fields.

Methodology. The authors used an electric furnace heating up to 320 K that creates a pulsation magnetic field with a strength
of up to 4,000 A/m to process dispersed samples of hard coal with a weak magnetic field. The methods of infrared spectroscopy
and electron paramagnetic resonance were used in the research.

Findings. Experimental works were carried out to estimate the impact of weak fields on the state and properties of coal sub-
stance. It is shown that weak energy fields, and the electromagnetic one in particular, are able to reduce the energy barriers of reac-
tions in coal substance due to spin-spin interaction, which leads to the activation of processes at the atomic-molecular level and
interfacial interaction.

Originality. It is experimentally established that for coal micro-particles with sizes from 0.16 to 0.1 um, enriched with vitrinite,
the coupling coefficient decreases after exposure to an external magnetic field, and for micro-particles with sizes less than 0.63 um,
this indicator increases. Such changes are caused by the redistribution of hydrogen between aromatic and aliphatic components
during free-radical reactions. Changes in the spectrum on vitrinite (0.16—0.10 mm), are more significant than on inertinite (0.063—
<0.05 mm). At the same time, the external action of the electromagnetic field has caused the opposite consequences. It is
shown that magnetically stimulated chemical reactions occurring in the coal substance are aimed at the recombination of free
radicals with active surface states of the organic mass of coal into stable gas molecules. The results of laboratory studies using the
methods of electron magnetic resonance and infrared spectroscopy and infrared spectroscopy allow assuming that the changes in
structural characteristics recorded during experiments with low-energy impacts can be considered as intermediators for the matter
transformation or changes in the state of coal in preparation for structural and functional transformations. For example, to the
sorption interaction or destructive processes with methane generation.

Practical values. The magnetic field effect can be used to develop new research methods for the study on elementary processes
by electron spin resonance; control spin-dependent phase transitions. The use of magnetic resonance methods allows the usage of
magnetically field effects in the form of basic tools for the research on structural defects. The results obtained will be a scientific
ground for the development of methods for estimating the parameters of electromagnetic processes in coal to develop new tech-
nologies for the extraction and processing of hydrocarbon energy carriers.

Keywords: coal substance, electromagnetic fields, structural and functional transformations, spectrum, electronic paramagnetic
resonance

Introduction. The global trend in the field of energy and
environmental safety is aimed at abandoning coal as an energy

cluding those caused by the influence of weak electromagnetic
fields.

carrier. Under these new conditions, a new scientific task is
formulated in relation to coal — the management of the prop-
erties of coal substance and the processes taking place in it.
Increased attention to the study on the properties of coals is
due to the need for an adequate understanding of the condi-
tions for the course of structural transformations, changes in
the properties and state of fossil organic matter. An obvious
lack of knowledge in the field of initiation and evolution of
structural and functional transformations in the solid hydro-
carbon matrix of natural coals is a very small amount of infor-
mation about the role of weak physical fields in the processes
of transformation of matter. In this regard, the relevance of
fundamental research into the properties of carbonated organ-
ics is due to the insufficient level of knowledge about the es-
sence of physical processes taking place at the nanoscale, in-
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Studies into the nature of fossil coals and the features of
their formation make it possible to establish the general laws of
the evolution of organic matter, which by its nature is poly-
component, heterogeneous, and metastable. Metastability,
that is, the state of quasi-stable equilibrium of a physical sys-
tem, is the most important property of coal substance. The
transition of such a system to a more stable state occurs under
the influence of external physicochemical factors and leads to
the formation of various energy-advantageous structural
transformations of matter with a change in its state, properties,
and composition.

Investigating the electromagnetic properties of fossil or-
ganic matter is fundamentally important in the study on struc-
tural transformations in coal substance, as it makes it possible
to track and evaluate the processes in the electronic structure
of macromolecules. In particular, it was established that the
electrical conductivity of coal depends on the size of the aro-
matic nucleus of the molecule. The increase in conductivity
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during the transition from coal to anthracite is explained by a
significant increase in the number and mobility of current car-
riers, which corresponds to the ideas of delocalization and an
increase in electron mobility in systems with double conjugate
carbon bonds.

Electric current causes destructive physicochemical reac-
tions in the organic component of coal [1] similar to those that
take place in the rocks of the earth’s crust (Nyussik, Komov,
1981; Khairetdinov, 1990; Khairetdinov, et al., 1997), includ-
ing in fossil organics in the process of coalification. The treat-
ment of carbon samples with an electric field leads to a change
in the intensity of valence oscillations in different functional
groups. The passage of a weak electric current initiates de-
structive chemical processes in coal and increases the concen-
tration of paramagnetic centers (PMCs) in the molecular
structure of the organic component of coal. The presence of
oxygen-containing compounds on the surface of coal contrib-
utes to an increase in its electrical conductivity.

Peculiarities of the reaction of the structure of a carbon
substance to the action of an electric field or the difference in
electric potentials are associated with different charge carriers:
in the case of exposure to an electric field, oriented dipoles are
involved, and when the sample is in galvanic contact with a
current source, the processes in the carbon matter are affected
by injected electrons.

The emergence of electric fields in coal seams is also pos-
sible with the imposition of periodic mechanical influences
that do not lead to destruction, due to the polarization of indi-
vidual sections of the structure during their relative shifts un-
der mechanical load, that is, as a result of the implementation
of the piezo effect.

In pre-non-polarized samples of coals selected from the
emission-hazardous zones of the coal seam, the existence of
“natural” electric charge was discovered (Zaitsev, et al., 1992)
arising from local stress metamorphism. The effect of a pulsat-
ing weak electromagnetic field on samples of non-ejector-haz-
ardous coal leads to the accumulation of electret charge with
an abnormally long relaxation time of electret potential [2].
For fossil organics, represented by two-dimensional hexagonal
crystalline phases of carbon, as well as due to the entrainment
of electrons by free traps associated with various defects in the
structure of coal, an electret state is characteristic [3].

The reliability of the course of structural and chemical
transformations of a carbon substance is determined not so
much by the intensity of external action but by the type of en-
ergy that comes to the substance, as well as by the features of
the molecular structure of carbonated organics. Of particular
interest is the study on coal with the general influence of sev-
eral low-energy factors (weak thermal, electric, magnetic
fields).

Thus, studying the conditions and mechanisms of struc-
tural and functional transformations in the atomic-molecular
structure of coal substance, leading to a significant change in
its state and properties, is a relevant task. The development of
scientific research in this area will contribute to the effective
development and improvement of methods for managing the
state of the coal seam, in order to improve labor safety and
reduce the impact on the environment, as well as interest in
improving the efficiency of coal processing and use.

Study problem statement. A realistic model of structural
transformations in such a heterogeneous system as coal should
be based, first of all, on reliable experimental data, as the basis
for building a process model. However, studying the structural
transformations of metastable coal substance is impossible in a
classical theoretical-empirical way. Due to the complexity of
the molecular structure of fossil coals (Gulmaliev, et al.,
2003), there is a need to use an empirical-analytical method
for isolating target information [3, 4]. Practical experience
shows that the inflow of energy from the outside initiates
space-time transformations, accompanied by a change in the
physicochemical properties of a solid [35, 6].

It is known that the properties of any substance, and coal,
in particular, are due to the physicochemical features of the
atomic-molecular microstructure and largely depend on ther-
mobaric, electromagnetic, and other conditions in the forma-
tion [7]. Low energy activation of transformations in a meta-
stable substance makes it possible to cause controllable struc-
tural transformations in the solid hydrocarbon matrix of coals
due to weak, in the energy sense, impacts. One of the explana-
tions for such processes in carbonated organics may be the
high content in the structure of macromolecules of the sub-
stance of paramagnetic centers (1—4)-10" spin/gram. The in-
teraction of the magnetic field of PMCs or their clusters with
an external magnetic field leads to an increase in spin-spin in-
teraction. That is, in a carbon substance, spin effects are real-
ized through free radical reactions and their catalysis. A free
radical is a molecule with a dangling valence bond — with an
unpaired electron, that is, a single charge capable of migrating.
It is of fundamental importance that it is the place of the break
that moves, rather than the physical object (Semenov, 1958).
The movement of charges creates a magnetic field. Conse-
quently, the magnetic field in coals is a consequence of free-
radical processes, that is, the movement of charges in the
structure of matter.

An increase in the magnetic susceptibility of the sample
indicates an increase in the number of magnetic signal sources
under the external influence since the magnetic susceptibility
of a unit charge is constant [8]. Therefore, external and local
magnetic fields can serve as a tool for controlling spin-depen-
dent processes in the presence of a significant contribution of
other driving forces of magnetically stimulated effects.

Papers on the physics and chemistry of coal lack funda-
mental studies into the magnetic properties of fossil organics
in general or its components. There are also no clear ideas
about the nature of the magnetism of carbon compounds and,
in particular, fossil organics. The possibilities of assessing the
influence of magnetic fields on free-radical reactions or vice
versa, the formation of a magnetic field in the process of struc-
tural transformations, conformational transitions, and others,
have not been clarified.

The basic parameters characterizing the magnetism of any
substance include magnetic susceptibility and its anisotropy,
that is, the magnitude of the connection between the magne-
tization of a substance and the magnetic field in this sub-
stance. It is believed that in the molecules of paramagnetic
substances there are circular currents, the axes of which, in
the absence of an external magnetic field, are not ordered,
therefore, the magnetic field created by them is zero. When an
external magnetic field is applied, the axes of these circular
currents are oriented, and the magnetic field induced by them
creates tension.

The review article by Makarova (2004) gives research data
on the main types of carbon structures for which magnetic
properties are inherent: carbon structures containing triva-
lent elements, for example, P, N, B; structures that are a
combination of sp?- and sp*-coordinated carbon atoms;
graphite, single-layer, two-layer, and three-layer graphene
[9]; chains of interacting radicals; fullerenes. The study into
the transformation of graphene into a polyatomic linear chain
was carried out by field emission microscopes [10, 11]. Ana-
lyzing electron images of molecular orbitals of chains, the
authors showed that the sequential breaking of chemical
bonds and chain pulling provides an induced excess charge
localized at the end of the chain. It is the localized charge
that creates the axial load (3.5—5.2) - 10 N. In [12], the au-
thors proved that the breaking of bonds is accompanied by
local heat release, while the amplitude of atomic oscillations
corresponds to a temperature of 10* K. This order of tempera-
ture contributes to the separation of the chain from graphene,
regarding the stability of which the theory [13, 14] predicts its
decay if the number of atoms has not exceeded some critical
value. Based on modern ideas about the structure of coal [5],
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it can be argued that four of the five carbon structures noted
in the review, which are inherently magnetized, are part of
the macromolecules of coal.

The magnetic properties of graphite are determined main-
ly by the circular currents circulating between the flat layers.
Cyclic delocalization of electrons in aromatic compounds di-
rectly affects the magnetic properties, changing diamagnetic
susceptibility: that is, the external magnetic field induces a dia-
magnetic ring current. In addition, graphite, containing cer-
tain kinds of defects, is capable of spontaneous magnetization
(Makarova, 2004). In this case, defects caused by the capture
of hydrogen atoms by carbon structures also lead to an in-
crease in magnetic properties. At the same time, the time of
presence of oxygen negatively affects the magnetic properties
of the coal substance.

Mechanical action can change the magnetic properties of
carbon structures. Under conditions of mechanical compres-
sion in macromolecules of natural copolymers, a correlation
occurs between the spins (a magnetically ordered phase oc-
curs), therefore, the magnetic properties of carbonized organ-
ics are formed (Makarova, 2004).

The mining and geological conditions in which the struc-
ture and energy state of the coal substance were formed and
are formed affect its magnetic properties, namely the magnetic
susceptibility of coal [7, 15]. The study into the dependence of
the energy characteristics of the magnetic field on the external
influence of physical factors makes it possible to investigate
the kinetic parameters of the processes in the molecular struc-
ture of the coal substance associated with the macroscopic
properties of coal. Geological processes, accompanied by an
increase in pressure and temperature, affect the state, compo-
sition, and properties of coal [16, 17]. The absorption of energy
by coal substance leads to transformations of its molecular
structure, resulting in the structural adjustment of coal sub-
stance with the possible release of methane [15, 18]. The use,
in conducting studies on the structure and properties of coal
substance, of modern physical methods (NMR, EPR, ICS,
KR, etc.) has significantly expanded the understanding of the
conditions and mechanisms of transformations taking place in
fossil organics [5, 6].

Exploring the magnetic properties of coal is certainly as-
sociated with the processes taking place in the electronic
structure of macromolecules of fossil organics [18, 19], which
makes it possible to refine the mechanisms and conditions for
the course of physicochemical transformations and mechano-
chemical reactions in coal substance.

Different types of input energy lead to two different direc-
tions of transformations in the molecular structure of the coal
substance. Based on the formed ideas regarding the molecular
structure of the coal substance, as well as the free-radical na-
ture of the chemical processes occurring in it, the main conse-
quence of the mechanical effect on the molecular structure of
coal samples is the homolytic rupture of covalent bonds. In
this case, the formation of new free radicals occurs, that is,
structural fragments of macromolecules that have an unpaired
valence electron. With the relaxation of stresses, there is a mi-
gration of free valence (charges) — an electric current which is
the source of the magnetic field, that is, the magnetic proper-
ties of carbon are associated with the presence of various radi-
cals in the structure.

The second direction of structural transformations in coal
substance can be associated with a magnetic signal — this is the
movement of polarizable conformational defects of conjugate
bonds. Mechanical load contributes to the compaction of
matter and the coordination of the spatial structure of carbon
chains. When the load is removed, the microstructure of the
substance tends to reduce the stress by optimizing the struc-
ture by conformational transformations, that is, the migration
of polarizable conformational defects. The passage of current
(the movement of charges) through the medium is accompa-
nied by a magnetic action, while the delocalization of elec-

trons in aromatic compounds directly affects the magnetic
properties [20].

In the process of transformations under external influence,
the formation of covalent bonds is also possible — the “annihi-
lation” of free radicals of two different hydrocarbon chains. In
this case, there is a “cross-linking” between the chains, and a
three-dimensional structure of the coal substance is formed,
whose development with the growth of coalification is a gener-
ally recognized fact.

It follows from the review of the above data that the mag-
netic signal in carbonated organics is of nature and is associ-
ated with physicochemical transformations in the molecular
structure of coal (free radical reactions and conformational
defects of conjugate systems). Thus, the magnetic properties of
carbonated organic matter are mainly determined by the po-
larization of spins and ring currents, that is, carbon structures
with magnetization either have a highly oriented structure or a
high concentration of unpaired electrons (Makarova, 2004).

The increase in magnetic susceptibility (the energy char-
acteristic of a magnetic signal) is a consequence of the accu-
mulation (under external influence) of energy in the molecular
structure of the coal substance. Relaxation in the substance of
stored energy occurs spontaneously in the form of structural
transformations associated with a change in the state of matter,
in particular, magnetic properties. Moreover, the change in
magnetic properties under the conditions of the isothermal-
isochoric process is identical to the change in free energy
(Vonsovsky, 1971). At the same time, changes in the molecular
structure of matter under the thermal, mechanical influence,
or the influence of electromagnetic fields in laboratory condi-
tions are similar to coalification transformations in fossil or-
ganic matter.

External force and electromagnetic fields cause perturba-
tion of fragments of the electronic structure of coal with the
subsequent redistribution of accumulated energy in the mo-
lecular structure of matter. The decrease in the accumulated
additional energy over time confirms the relaxation nature of
structural transformations in the process of coalification, the
consequence of which is the release of methane and the struc-
turing of the solid phase [8].

The magnetic field is able to change the spin state only in
those radical pairs for which the energy difference between the
singlet (5) and triplet ( T') states is comparable, as was shown in
the works by Buchachenko (2001). The convergence of para-
magnetic particles in the T-state prohibits the further forma-
tion of a stable molecule and the establishment of a covalent
bond between the particles in accordance with the Pauli prin-
ciple. A stable molecule in the singlet state can only be formed
from the S-state of the predecessor pair. However, if the pairs
are born mainly in the T-state, then with the help of a mag-
netic field it is possible to change the orientation of one of the
spins in relation to the other. In this case, the magnetic field
chooses among the physical and chemical reactions of conver-
sion with low activation energy based on the spin state of elec-
trons and stimulates the recombination or emergence of radi-
cal pairs. Thus, the role of the magnetic field in the structural
and functional transformations of the matter is to initiate spin
transitions in the cluster at the time of its stay in the excited
state and the subsequent transition of the cluster to a more
energy-advantageous configuration [21].

The purpose of this work is to propose a new system of
views on the mechanisms of structural and functional trans-
formations of coal substance under the influence of weak ex-
ternal fields.

The idea of the current work is to use the low energy acti-
vation of structural transformations to study structural and
functional changes in the organic component of coal sub-
stance under the influence of weak influences.

The study materials and methods. The results of studies into
the influence of electric and magnetic fields of weak intensity
on phase transitions and transformations in the microstruc-
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ture of coals were reported, for example, in [22, 23]. The re-
sults of the experiments indicate that the passage of a weak
electric current initiates chemical reactions of the type “solid
phase — gas” in coal, increasing the concentration of mobile
components. In coals with a large number of aliphatic chains
(low degree of carbonification), under the influence of an elec-
tric field, the processes of destruction of nanostructured com-
ponents proceed as intensively as, for example, during ther-
mal, mechanochemical, and radiation-chemical transforma-
tions. The influence of an external magnetic field can change
the direction of the magnetic moments of electrons while
stimulating the formation or completion of crystalline phases,
carbon and hydrocarbon chains, and two-dimensional carbon
structures (Buchachenko, 1974). It is assumed that magnetic
fields of weak intensities can be used to create a stable carbon-
gas system [2].

It has been experimentally established [23] that the effect
of coal destruction is enhanced if even a weak electric field is
applied to coal with a pre-destabilized microstructure. Paper
[2] shows that mechanoactivation stimulates a complex of
structural transformations and physicochemical processes in
the organic mass of coal, accompanied by the evolution of hy-
drogen — a free radical stabilizer, an active participant, and
“the energy basis for the conversion of organic matter of coals
into methane and other hydrocarbon gases”. Some physico-
chemical characteristics of processed coal samples with a weak
electric field [2], according to data by Frolkov, Fandeev,
Malova, Frolkov, Frantsuzov, Sobolev (1997), and according
to the results of mass spectroscopic analyses [1, 2, 23], are
similar to the characteristics of emission-hazardous coals.
Mechanically activated organic coal mass initiates a rapid
break in bonds (Butyagin, 2006) with the formation of gases by
a free radical mechanism (Buchachenko, 2001). It is assumed
that the mechanisms of coal destruction, both in the case of
electromagnetic activation and mechanochemical [24], can be
interpreted from the point of view of the action of the thermal
field (Avvakumov, 1986). In this case, in addition to experi-
mental data, it is useful to take into consideration the results of
quantum-mechanical modeling of the dynamics of an ele-
mentary chemical act [25], using field electron microscopy of
observations of atomic orbitals of carbon monoatomic chains
[10] and quantum theory in the study on methane content and
emission hazard of coal seams [26].

The distribution of microparticles by fractions depending
on the technique of treatment with external physical fields was
analyzed [2]. It is shown that in reduced gas coals with a de-
crease in the granularity of microparticles, the iron concentra-
tion increases to the limit value corresponding to the concen-
tration of iron in the ash. As a result of the effect of a weak
pulsating magnetic field on the microstructure of pre-mecha-
noactivated coal, the size of microparticles increases signifi-
cantly and, in general, the range of their fractional composi-
tion expands significantly. The maximum amount of absorbed
heat is required for the formation of chemical compounds in
mechanoactivated coals, and the minimum value — in the case
of mechanoactivation with subsequent treatment with a mag-
netic field, which, in the latter case, may be associated with the
additional implementation of spin-selective chemical reac-
tions directly on the surfaces of coal microparticles.

In studies on the influence of a magnetic field with a
strength of up to 4000 A/m on the properties of solid hydrocar-
bon matrices, the effect of magnetically induced sorption was
discovered, proceeding with the addition of sorbate molecules
along unsaturated double bonds of the sorbent with simulta-
neous replacement of hydrogen atoms. The mechanism of
anomalous sorption in a magnetic field requires additional
study but there is reason to assert that it is based on specific
spin-selective reactions initiated by magnetic fields [2, 22].

To test the revealed effect of magnetically induced sorp-
tion, an additional experiment was conducted. As an object of
research, fatty coal of grade “F” was used.

The mine samples taken were dried, crushed, and divided
into size classes. The division into classes of coarseness makes
it possible to significantly reduce the influence of the variabil-
ity of the petrographic composition when using small (0.1 g)
batches. The content of mineral impurities by size classes was
not controlled. The coal substance prepared in this way was
exposed to a weak magnetic field. The arrangement of the
studied coal sample in the experimental device is shown in
Fig. 1. The design of this device provides for the processing of
both crushed and solid samples. In our experiments, a crushed
sample of coal placed in a ceramic container is compressed by
two hollow metal electrodes to a pressure of (2—5) - 103 Pa,
heated to a temperature of 320 + 5 K, and exposed to a pulsat-
ing magnetic field with a strength of 3,750 A/m, a frequency of
50 Hz. The duration of processing in all experiments is 4 hours.

The rubber rings installed between the container and the
electrodes are designed to block the possible flow of oxygen
from the surrounding atmosphere into the zone of chemical
reactions and prevent the leakage of gaseous products from
this zone. An electric current passing through the coil of an
electric furnace excites a pulsating magnetic field of given in-
tensity in the coal samples and heats the coal container. DC
power source B5-50 makes it possible to stabilize the current
from 0 to 0.3 A and voltage from 0 to 300 V. Electrical param-
eters and temperature are registered continuously during op-
eration.

To assess the effect of weak pulses of the magnetic field on
the structural characteristics associated with the sorption
properties of the coal substance, modern structural research
methods were used — electron paramagnetic resonance (EPR)
and infrared spectroscopy (IRS).

The EPR method (modernized spectrometer RE-1301)
provides precision studies on structural transformations of fos-
sil organics and also makes it possible to highlight information
about the properties of the components of the heterogeneous
composition of a coal substance to compare the data acquired
with the results of studies by other physical methods [3].

Results and discussion. The use of EPR spectroscopy in
determining the features of the electronic structure of coal
macromolecules and assessing the kinetics of interaction in
the coal-gas system under changing baric conditions has made
it possible to devise a technique to assess the limit sorption
capacity of coal matter matrices, as well as a number of effec-
tive procedures and practical recommendations. The results of
the assessment of the structural characteristics of coals before
and after treatment with a weak magnetic field are given in the
Table.

Our analysis of the data given in the table revealed the fol-
lowing.

The concentration of paramagnetic centers (N¢) reflects
the total content in the molecular structure of the substance of
paramagnetic centers (PMCs) — unpaired electrons (free radi-

7 6a3a’4 ‘5 21 3 6

==
00000000000000000000000

Fig. 1. Schematic arrangement of a porous sample of coal in an
experimental plant.
1 — coal powder; 2 — ceramic container with working volume V =
=0.95 cm3; 3, 3a — hollow steel electrode; 4 — rubber ring; 5 —
copper ring; 6, 6a — thermocouple; 7 — electric furnace
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Table

Results of evaluation of structural characteristics of coal 0.08
substance by EPR method &
5 0.04
Grade of Initial state After external influence :6;) 0.00
size,mm | A" | AH | K. | Q| M | AH | K0, | ©Q § 3
(3]
0.16-0.10 | 2.11 | 5.57 | 0.24 | 5.0 [ 2.13 | 561 [0.07 |36 g 004
. =)
(enriched S -0.08
with 2 4
vitrinite) <12
0.063—0.05 | 2.11 [ 4.32|0.26 | 5.6 | 2.27 | 4.43 | 0.37 | 8.4 0.16
(enriched ’
with 3500 3000 2500 2000 1500 1000
inertinite) Wave number, cm!
<0.05 2.70 | 3.86 | 0.46 | 12 | 2.79 | 3.88 | 0.55 | 15.3
(enriched Fig. 2. Infrared spectra of coal macerals after treatment with
with weak electromagnetic pulses:
inertinite) 1—0.063—<0.05mm; 2—<0.05mm; 3 — 0.16—0.10 mm,; 4 —

cals) and defects in conjugation systems. Both types of PMCs
are associated with the processes of coal-gas interaction. Sorp-
tion capacity is typically attributed to the properties of inter-
face systems, and the processes of methane generation are
free-radical in nature and take place mainly in the aliphatic
component of coal substances. The indicator shows a weak
upward trend.

The indicator (AH) is the width of the signal, depending
on the nature (type) of the paramagnetic centers and the state
(size) of the interface systems. The EPR spectrum of coal is
the result of the overlapping of signals of two types of PMCs:
narrow, belonging to the interface systems, and wide. The
width of the signal also shows a weak tendency to increase as-
sociated with the nature of paramagnetism.

The conjugation coefficient (K,,) is the ratio of the para-
magnetic centers associated with conjugate systems to the total
number of PMCs in a sample. In the class of coarseness of mi-
croparticles of coal (0.16—0.10 mm), enriched with vitrinite,
this indicator decreases after external exposure. It can be as-
sumed that in the molecular structure of vitrinite there is a re-
distribution of hydrogen atoms, that is, the conjugate systems
of vitrinite are hydrogenated. However, at the same time, the
molecular structure of inertinite (0.063—<0.05 mm and
<0.05 mm) is enriched with conjugation systems — dehydrated.
Both options agree well with theoretical ideas about the redis-
tribution of hydrogen between aromatic and aliphatic compo-
nents in the process of destructive free radical reactions.

Based on the data obtained by the EPR method, the limit
sorption capacity (Q) is calculated. The values of the indicator
are underestimated (for grade “F”) but the trends in its change
after exposure are well consistent with the existing ideas about
the sorption properties of coal macerals. The sorption capacity
of the micro components of the inertinite group increases due
to the development of aromatic cluster conjugation systems,
and the sorption capacity of the macerals of the vitrinite group
decreases due to hydrogenation (destruction of conjugation
systems responsible for interfacial interaction).

Thus, a certain consistency in the change in structural in-
dicators allows us to argue about the influence of weak electro-
magnetic pulses on the state and properties of the coal sub-
stance. However, the experiment also showed that under labo-
ratory conditions, one weak electromagnetic effect is not
enough to undergo structural transformations in an amount
sufficient to significantly change the properties. Under natural
conditions, electromagnetic pulses reduce the energy barrier
of reactions, which is overcome mainly due to the stress energy
accumulated in the atomic-molecular structure of matter.
During the selection of the substance in the mine and the fur-
ther preparation of samples, the stresses in the atomic-molec-
ular structure of the coal were removed almost completely.

0.08—0.063 mm

The use of FTIR spectroscopy (FTIR spectrometer Nico-
let iS10) makes it possible to obtain information about the mo-
lecular structure of the coal matter, analyzing the features of
which it is possible to assess the properties of the sample and
compare the data acquired with the results obtained by other
methods [5, 8].

Fig. 2 shows, as an example, the IR spectra of the size
classes of coal particles before and after processing by pulses of
a weak magnetic field.

On vitrinite (0.16—0.10 mm), the changes in the spectrum
are more significant than on inertinite (0.063 —<0.05 mm). At
the same time, an external action (treatment with an electro-
magnetic field) led to opposite consequences on different
macerals. The intensity of oscillations of interatomic bonds in
inertinite has increased statistically significantly. The differ-
ence between the integral areas of the spectra before and after
treatment with an electromagnetic field for the grain size class
<0.05 mm is 53.339 a.u., for 0.063 —<0.05 mm — 73.317 a.u.

In contrast, the treatment of grain size classes of coals en-
riched with vitrinite led to a decrease in the intensity of oscil-
lations. The difference between the integral areas of the spectra
before and after treatment with an electromagnetic field for the
grain size class 0.16—0.10 mm decreased (-97.858 a.u.), and
for grains 0.08—0.063 mm (-9.922 a.u.) decreased. One pos-
sible explanation for this fact may be the destruction of matter
due to processes caused in the molecular structure by external
influence.

The peak of 1,700—1,730 cm™ of the oscillation of carbon-
yl groups increased significantly on a substance enriched with
micro components of the inertinite group, especially on the
grain size class 0.063—0.05 mm. Additional carbonyl groups in
the treated substance appeared due to the oxidation of double
bonds of oxygen in the air under external influence. A less
powerful increase in the intensity of oscillations for the coarse-
ness class <0.05 mm is most likely due to the increased content
of mineral impurities in the sample. This assumption is con-
firmed by the presence in the spectrum of the carbon sub-
stance of the coarseness class <(0.05 mm of an undisputed peak
of 1,100—1,040 cm™', which is associated with fluctuations in
the ash components that did not react to external influence.
Increased content of the mineral component of coal is also ob-
served in the grain size class of 0.2—0.16 mm, as peaks in the
ranges of 3,600—3,700 and 1,120—1,080 cm™' are associated
with silicon (Si) compounds and are not indicative in these
studies, as is the wide diffuse reflection peak of 2,500—
3,700 cm™" associated with valence oscillations of water hy-
droxyls.

It should be noted that in order to obtain high-quality IR
spectra by the method of diffuse reflection, a prerequisite is the
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comparable particle size of the substance under study, and the
wavelength of the IR range. For a size class of 0.2—0.16 mm,
this difference is critical, which does not allow the effective use
of the substance in this state in studies.

The results of laboratory studies by EPR and IRS methods
suggest that changes in structural characteristics registered in
the course of our experiments with low-energy influences can
be considered precursors to the transformation of matter or
changes in the state of coal in preparation for structural and
functional transformations. For example, sorption interaction
or destructive processes with methane evolution.

The structural studies have shown that weak magnetic
fields affect the structure and properties of metastable coal
substance but this influence in the laboratory is not enough for
a full repetition of natural transformations. Coal, as a thermo-
dynamic system, after chipping from the seam and processing,
is deprived of energy accumulated in the form of structural
stresses (microstructure defects), due to which, basically,
transformations take place. In the laboratory, with coal prepa-
rations in the form of finely dispersed powders being used as
objects of study, weak magnetic pulses are not enough to over-
come the energy barriers of reactions on a scale comparable to
natural ones. In general, the trend of changes established ex-
perimentally and associated with the features of microstruc-
tural transformations and phase transitions, is close to coal in
natural occurrence.

Our results can be interpreted as follows. It can be assumed
that the registered effect is of a physicochemical nature and is
associated with structural transformations in the atomic-mo-
lecular microstructure of carbonated organics. In our opinion,
the observed nano currents are a consequence of free radical
processes in the high-molecular substance of coal. A free radi-
cal is a molecule with a broken valence bond. An unpaired elec-
tron is a single charge. The movement of the charge is a current
that induces a magnetic field. The possibility of moving the
breaking point of the “valence migration bond has been proven
(Semenov, 1958), shown for coals, and evaluated for polymers.
It is fundamentally important that it is the place of the rupture
that moves, rather than the physical object. This process is ther-
modynamically justified since this reduces the energy of the
compound. Migration always occurs to the most weakened
connection and contributes to its rupture, that is, the growth of
entropy. In coals, there are two types of paramagnetic centers:
in addition to free radicals, defects in the conjugation systems of
aromatic clusters also have electronic spin. The migration of
such PMCs will be the result of any conformational transitions
in the carbon chain with double C=C bonds. The kinetics of
this process are determined by the intensity of the magnetic
field. The role of the magnetic field is to initiate spin transitions
in the cluster at the time of its being in an excited state and the
subsequent transition of the cluster to a more energy-favorable
configuration, which affects the structural and rheological
properties of coal compositions. In general, the same trend of
change established experimentally and associated with the pe-
culiarities of microstructural transformations and phase transi-
tions, is close to coal in natural occurrence.

Conclusions. The “selective” influence of the electromag-
netic field of weak intensity on microparticles of coal of vari-
ous granularities has been experimentally established. For ex-
ample, for grains 0.063—0.05 and <0.05 mm, the sorption ca-
pacity of micro components of the inertinite group increases
by 15 and ~13 %, respectively, due to the development of inter-
face systems of aromatic clusters, and the sorption capacity of
the macerals of the vitrinite group (fraction 0.16—0.1 mmm)
decreases by 14 % due to hydrogenation (destruction of the
conjugation systems responsible for interfacial interaction).
This effect may indicate an important role of electromagnetic
fields in the physicochemical transformations of coal sub-
stance in nature.

The magnetic field effect, first discovered in the organic
mass of fossil coal, can be used to devise new methods for

studying elementary processes at the electron-spin level; con-
trol over spin-dependent phase transitions. The use of mag-
netic resonance methods makes it possible to use magnetic
field effects in the form of the basis of tools for the study on
structural defects.

The practical significance of the current work is related to
the fact that the reported results will serve as a scientific basis
to devise methods for assessing the parameters of electromag-
netic processes in coal in the development of new technologies
for the production and processing of hydrocarbon energy car-
riers.

Based on the results of experimental studies, it can be stat-
ed that a number of new effects have been established by struc-
turally sensitive methods for diagnosing the state of metastable
carbonated organic matter exposed to the action of weak elec-
tric and magnetic fields. Regrettably, the earlier discovered
physicochemical transformations in the microstructure of
coals [2, 22, 23] remain out of focus by scientists in the forma-
tion of ideas about the mechanisms of self-organization of
solid matrices under the conditions of interphase interaction.
Research advancements and extrapolation forecasts indicate
the possibility of widespread use of coal resources during its
deep processing. In particular, during the electromagnetic
treatment of coal, destruction occurs in the fragments of the
organic component of the fuel with a change in intra- and ex-
ternal molecular interaction, the formation of radicals, with
the participation of which the acceleration of responses can
occur.

The value of coal is determined not only by energy inten-
sity but also by the possibility of concomitant extraction of
compounds of a number of rare and scattered elements, meth-
ane production, as well as obtaining raw materials with high
added value. Control over the state of the coal seam with the
help of a magnetic field effect — its gas content and emission
hazard — will make it possible to launch the processes of arti-
ficial methane evolution in coal seams and can enable the pro-
duction of gaseous hydrocarbon energy carriers in the rock
stratum with the release of the final product to the surface,
such as the extraction of “shale” gas or oil. Currently, it is very
relevant to solve problems related to the improvement of the
processes of inversion of solid hydrocarbon raw materials (the
hydrogen content is up to 6 % per dry ash-free mass of coal)
into technologically easily implemented types of energy carri-
ers. One of the directions in this area is the artificial accelera-
tion of coalification, accompanied by the release of molecular
hydrogen from a solid matrix with its subsequent use in the
energy sector.

Thus, one of the most promising areas in the development
of energy generation is the use of hydrogen as a fuel. Hydrogen
is a high-calorific gas, which, in addition to energy generation,
can be used in many industries. The great advantage of hydro-
gen is that when it is burned, only water vapor is formed, that
is, hydrogen is an environmentally friendly ideal fuel. The
transition to hydrogen energy generation is also promising be-
cause hydrogen is a universal energy raw material. The need
for such fuel is very urgent, given that the main source of air
pollution in cities are products of incomplete combustion of
carbon-containing natural fuels.

The destruction of a coal substance to nanoparticles or
even to an atomic state, followed by the removal of carbon in
the form of soot or nano graphite and molecular hydrogen
from the reaction zone, will provide a significant (to industrial
levels) enrichment of the residue with nanoparticles of iron,
sulfur, phosphorus, non-ferrous and rare earth metals, with
the further use of practically pure elements in high-tech sci-
ence-intensive processes.

Based on the studies conducted, it can be assumed that the
role of the magnetic field is to initiate spin transitions in the
carbonated substance at the time of its stay in the excited state
and the subsequent transition of its molecular structure to a
more energy-favorable configuration. It should also be noted
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that the basis of the structural and functional evolution of the
matrices of solid hydrocarbons is the totality of physicochemi-
cal transformations initiated by magnetic energy in a substance
at different levels of its microstructure. Understanding the
mechanisms and nature of the driving forces that have a fun-
damental influence on the phase and structural transforma-
tions of solid hydrocarbons and especially nanoscale carbon
phases require new fundamental knowledge. Successful devel-
opment is impossible without generalizing the results of preci-
sion measurements, quantum-mechanical modeling of sur-
face processes, dynamics, and stability of chemical bonds, in
order to formulate algorithms for non-energy-intensive and
environmentally safe technologies. In this regard, it appears
relevant to form a broader research program involving natural
carbon-containing solid compositions in differentiating pro-
cessing methods.
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Meta. BcTaHOBUTH 3aKOHOMIiPHOCTI BILUTUBY MarHiTHUX
IOJIiB HAa 0COOIMBOCTI 3MiHIOBAHHS XiMiYHUX i CTPYKTYPHMX
XapaKTepUCTUK BYTIbHOI PEYOBUMHM 32 PO3MipaMHu MiKpo-
YaCTUHOK, 1110 30arayeHi BiTpuHiTOM. CHOpMYJIIOBATU HOBY
CUCTEMY MOIJISIIiB HA MEXaHi3MU CTPYKTYPHO-(GYHKIIOHATb-
HUX IepEeTBOPEHb BYTiJIbHOI pEYOBMHU ITiJl Ti€I0 CIA0KUX 30-
BHIlITHiX MOJIiB.
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Metoauka. [Iyis1 06poOKM nUCIIEproBaHUX MPoOd Kam’s-
HOTO BYT'ULISI CTAOKMM MarHiTHMM T0JIEM BUKOPUCTOBYBaJIa-
¢Sl eJIeKTpMYHa iy i3 HarpiBaHHsIM 10 320 K, 1o ctBoploe
MyJIbCyIOU€ MarHiTHe mojie HampyxeHictio mo 4000 A/M.
Y nociimkeHHsIX BAKOPUCTaHi MeToau iHDpauyepBOHOI CIIEK-
TPOCKOITil Ta €JIEKTPOHHOTO MapaMarHiTHOTO pe30HaHCYy.

PesyabTatu. IlpoBeneHi ekcriepuMeHTaqbHi poOOTH 3
OLIIHKM BIUIMBY CJaOKMX TMOJIiB HA CTaH i BJIAaCTUBOCTI BY-
rinbHOi peyoBuHU. [lokazaHo, 1O ciaabKi eHepreTuyHi
TMOJIsl, Ta eJeKTPOMAarHiTHe 30Kpema, 3MaTHI 3HUXYBaTU
eHepreTUyHi 6ap’epu peakiliil y ByriJbHiil peyoBUHi 3a pa-
XYHOK CITiHOBOI B3a€MO/Iii, 1110 TPU3BOAUTH A0 aKTUBi3alii
MpOLIECiB HA aTOMHO-MOJIEKYJIPHOMY PiBHi Ta Mixkda3oBoi
B3a€EMO/III.

HaykoBa noBuM3Ha. EKCriepMMeHTalbHO BCTaHOBJIEHO,
IO [IJIs1 BYTUIBHMX MIiKpOYacTMHOK po3Mipamu Bim 0,16 mo
0,1 MKM, 30arayeHux BiTPUHITOM, MiCJisl BIUIMBY 30BHillIHbO-
TO MarHiTHOTO TMOJsT KOeMIlliEHT CIIOMYYeHOCTi 3MEHIITYETh-
csl, a IUTSI MIKpOYaCcTMHOK po3MipaMu MeHie 0,63 MKM 1ieit
MOKAa3HUK 301IbIIYyeThCS. Taki 3MiHIOBaHHS OOYMOBJICHI Tie-
pepo3NoIiJIoOM BOIHIO MiXX apoMaTMYHOIO Ta ajlihaTUUYHOIO
CKJIAIOBMMM Tl Yac MPOXOIKEHHS BiUIbHO-PaAMKaTbHUX
peaxiriit. Ha BitpuniTi (0,16—0,10 MM) 3MiHU CIEKTpPY CYTTE-
Bimi, Hix Ha iHepTuHiTi (0,063—<0,05 MMm). ITpu 1bOMY 30-
BHIllIHS J1is1 €JIEKTPOMATrHiTHOTO MOJIsi CIPUYMHUIIA MPOTH-
JiexkHi Hacominku. [TokazaHo, 1110 MarHiTHOCTUMYJIBOBaHi Xi-
MiuHi peakllii, SIKi MPOTiKalOTh Y BYTUIbHI!l peUOBUHI, CIpsi-
MOBaHi Ha peKOMOiHallil0 BiIbHUX paJuKaliB 3 aKTUBHUMU

MOBEPXHEBMMM CTaHAMU OPraHiuHOi Macu BYTULIS y CTilKi
MoJieKysu Tazy. PesynabTat 1a60paTOpHUX TOCTIIKEHb Me-
TOAAMM €JIEKTPOHHOI'O MarHiTHOTO pe30HaHCy Ta iH(payep-
BOHOI CIIEKTPOCKOITii JO3BOJISIIOTh MPUMYCTUTU, 1O 3MiHU
CTPYKTYPHMX XapaKTePUCTHK, 3adikcoBaHi y TIpolieci ekcre-
PUMEHTIB i3 HU3BKOCHEPTeTMUYHUMU BILIMBAMU, MOXYTh
PO3IJISIAATUCS SIK TIOTICPEIHUKK TIEPETBOPEHHST PEYOBMHU
abo 3MiHM CTaHy BYTiJUIA MPU IMATOTOBI O CTPYKTYPHO-
(yHkioHabHUX TpaHcdopMaliil. Hanpukinan, no cop6-
1iiTHOT B3aEMOIii a00 AeCTPYKTUBHUX MPOLIECIB i3 TeHepalli-
€10 METaHy.

IIpakTiyna 3HAYMMiCTb. MarHiTHONOJIBOBMI e(DEKT MOXK-
Ha BUKOPUCTOBYBATH JIJISI PO3POOKM HOBMX METOIIB HOCTi-
JDKEHHST €JIeMEHTapHUX IIPOIIECiB  eJIeKTPOHHO-CIiHOBUM
pe30HaHCOM; YIpaBJIiHHS CITiH-3aJIeXKHUMU (hba30BUMU T1e-
pexogaMu. BHKOpUCTaHHSI MarHiTOpe30HAHCHUX METO/iB
JI03BOJISIE BUKOPUCTAHHSI MarHiTHOIMOJILOBUX €(eKTiB y BU-
DJISIAi OCHOB IHCTpPyMEHTapilo sl JOCIiIKeHHS nedeKTiB
cTpykTypu. OTprUMaHi pe3yIbTaTy CIIyTyBaTUMYTh HAYKOBOIO
OCHOBOIO ISl PO3pOOKY METOMIB OLIIHKMU MapaMeTpiB eJieK-
TPOMAarHiTHUX MPOLECiB Y BYTJUTi 11 pO3pOOKU HOBUX TEX-
HOJIOTii BUIOOYTKY i1 mepepoOKU BYTJIEBOJHEBUX €HEPTOHO-
CiiB.
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