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Abstract

Purpose. is to analyze influence mechanisms of physicochemical coal properties on the degree of outburst risk as well as
desorption kinetics of methane.

Methods of scanning electron microscopy (SEM), electron paramagnetic resonance (EPR), nuclear magnetic resonance
(NMR), infrared spectroscopy (IR) and Raman scattering (RS) have been applied. The samples have been taken from Donbas
coal seams varying in their ranks (i.e. carbonization degree).

Findings. It has been identified that in the context of outburst hazardous zones, the ratio between integral intensity of spec-
tral RS bands D and G, K = I(D)/I(G) shows abnormal dependence upon the nominal amount of volatile compounds connected
with the impact by iron impurities. It has been defined that within the ferriferous coal samples, concentration of spins ns (i.e.
the broken carbon bonds) correlates with iron content. Methane adsorption/desorption processes in the studied coal samples
have been studied with the help of NMR method; in addition, they have been described using superposition of diffusion and
filtration mechanisms.

Originality. It has been understood that high iron content is typical for coal with a greater outburst hazardous degree. The
abovementioned iron content and I(D)/I(G) and Ns correlation between the values determines the key role of iron impurities
for coal metamorphism processes. For the first time, correlation between the outburst hazardous degree of coal seam and inten-

sity of 3030 cm™ IR band, stipulated by aromatic CH groups where hydrogen is in atomic status, has been identified.
Practical implications. Predictability of outburst risk has been improved in the context of coal seam mining.
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1. Introduction

Despite the depletion of natural energy resources of the
Earth (i.e. coal, crude oil, and gas), they are still the important
component of energy balance of humanity. Among other
things, it concerns coal which reserves in some countries (i.e.
the USA, China, Australia, Ukraine etc.) are plentiful. In re-
spect of coal deposits, progress is moving towards clean min-
ing and processing technologies, associate methane extraction,
and their following efficient use [1]. Moreover, coal deposits
are considered from the point of utilization of such gases as
CO; and mitigation of the global warming risk respectively.

Coal is the natural nanostructured material. Generally, its
structure is represented in the form of irregular polymerlike
substance where structural elements with different configura-
tions (such as aromatic, aliphatic, and heterocyclic frag-
ments) coexist with carbonic clusters integrated between
them [1]-[3]. Coal is a power source, raw material for chemi-
cal industry, manufacturing of sorbents, reservoir of different
gases (i.e. CHa4, COy, and Hy) etc. [4], [5]. Knowledge of
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local structure of coal, its poriness, magnetic and electric
characteristics, and their changes resulting from the external
influence is important from the fundamental viewpoint as
well as from the practical one [6]-[8]. It is of particular con-
cern that physicochemical characteristics of coal are among
the factors of sudden outburst risk in mines [9], [10].

In the process of metamorphism, certain changes in micro-
and macrostructure of coal substance take place together with
the changes in porous structure as well as in sorption coal prop-
erties. The changes are influenced heavily by technogenic pro-
cesses connected with coal mining. Mineral coal composition
and conditions of coal seam formation may result in the devel-
opment of coal capabilities for different gas-dynamic phenome-
na (GDP) which manifestation is possible if such seams are
extracted [11]-[14]. As a rule, characteristics of outburst hazard-
ous coal differ from “silent’ coal having close V% values. Usual-
ly, V%' is determined as a ratio between volatile matter mass and
the total coal mass re-calculated for its dry ashless state. In this
work, V%' value varied from 3 up to 46.5%.
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Sudden rock or gas (CH., CO- etc.) outbursts are among the
primary reasons of injury cases in coal industry. In addition to
high gas content in coal as well as a gradient of changes in gas
pressures depending upon the distance from a seam edge [11],
intrusions and other abnormal geological conditions [9]-[11],
physicochemical coal characteristics [9], [13]-[16] play an es-
sential role in the initiation of outburst gas-dynamic phenomena.

The paper represents research findings of local structure
and magnetic resonance features of Donbas coal grades
differing in metamorphism degree. Specific attention has
been paid to finding correlations between physicochemical
coal characteristics and degree of outburst risk in coal
seams. The research involved methods of scanning electron
microscope (SEM), infrared spectroscopy (IR), electron
paramagnetic resonance (EPR) and nuclear magnetic reso-

nance (NMR), Raman scattering (RS). Characteristics of
samples from safe and outburst hazardous coal seams have
been analyzed and compared.

2. Samples and research methods

Initial samples were taken from different Donbas mines
where coal seams differ in rank (i.e. carbonization degree),
depth of the mined seams, and their expected outburst risk.
The samples were drawn right in a stope after coal was sepa-
rated from a seam. The standard samples were placed in the
sealed containers and delivered to a lab to be analyzed.
~ 4x3x3 mm? pieces were cut from the samples to be mea-
sured. Table 1 demonstrates composition and characteristics
of the studied samples inclusive of SEM/EDX data.

Table 1. General characteristics of coal seams and ultimate composition

Proximate analysis

Ultimate analysis (at. %)

Gas content

Sample Mine Seam \ydaf Ash Moisture
P WL (%) ) C Fe s 0 (m?/ton)
1 Yablunevska hi1, 2.0 12.6 4.0 97.17 0.05 1.30 2.16 <5
2 Kirov htP1g 10.2 26.4 1.8 88.10 0.89 3.70 9.67 ~25
3" Kholodna balka h'Pyo, 11.3 20.1 2.1 74.45 3.81 3.80 17.55 ~20
4" Bazhanov ms 24.4 8.2 1.1 87.16 0.34 2.40 10.10 18
53" Skochynsky h's 32.0 125 1.4 93.17 0.06 0.41 6.14 25
5b” Skochynsky h's 32.0 12.5 1.3 88.30 0.28 0.46 7.31 25
5¢" Skochynsky h's 32.0 13.0 1.0 47.28 0.84 0.13 36.92 20
6 Pivdenno-Donbaska #1 Cut 40.0 5.0 5.3 87.82 0.08 1.20 8.78 <1
7 Kurakhovska ks 46.5 7.3 7.3 90.33 0.10 0.28 9.16 ~0

* Asterisks mark samples taken from the outburst hazardous seams

Table 1 explains that the samples differ in content of car-
bon, various impurities (Fe, O, S etc.), V¥ values, and gas
content. Samples 3, 4, and 5 were drawn from the outburst
hazardous seams. Among them, samples 5a, 5b, and 5c were
taken while distance R approaching from the sampling point to
the outburst hazardous zone centre in Skochynsky mine which
happened in 2009. In this regard, 5¢ sample was drawn from
the outburst hazardous zone (R=0). Table 1 shows that a
number of the samples differ in relatively high iron content; it
especially concerns the samples taken from the outburst ha-
zardous areas. Earlier, paper [10] demonstrated conclusively a
role of Fe compounds in coal metamorphism. Moreover, sam-
ple 5¢ has high surface oxygen concentration (~ 37 at. %). It
should be mentioned that the research is focused on the com-
parison between the properties of samples drawn right from
the outburst hazardous zone (sample 5c) and adjoining zones
(samples 5a and 5b), and other samples, varying in structure,
from the seams differing in their outburst hazardous degree.

In the experiments to study kinetics of methane desorp-
tion, the samples were saturated with methane. To obtain
surface images of the samples and define ultimate composi-
tion, SEM Tescan Mira 3 MLU with energy dispersive X-ray
spectrometer X-max Oxford Instruments 80 mm? SSD
X-max detector was applied. RS spectra were excited with
the help of Ar-Kr lasering with A =457 mm wave length.
They were recorded at room temperature using spectral com-
plex Jobin lvon T64000. Excitation of spectra as well as
recording was performed through a confocal microscope
Olympus BX41. To avoid significant heating of the samples
in the process of RS spectra measuring, laser power density
was selected in such a way to be minimally possible for their
reliable recording. While defining frequency location of

bands within RS spectrum, an error was not more than
1 cm™. To exclude impact by random scattering irregularities
at the sample surface, RS spectra were measured within
several points at the surface of each sample. IR reflectance
spectra over 2500-3500 cm™ range were recorded at room
temperature using IR Fourier-transform spectrometer Perkin
Elmer’Spectrum BXIl with ~2cm™ measuring accuracy.
Reflectance IR spectra were recorded on the recent cuts.

EPR experiments were carried out with the help of 3 cm
spectrometer Radiopan SE/X-2244 with 100 kHz frequency
modulation of magnetic field at room temperature. EPR
spectra were applied to identify concentration of spins Ns,
g-value, and width and shape of EPR lines. Concentration of
spins was identified while the signal comparing with a reference
sample involving the known spin number. Analysis of the
width and shape of EPR lines has helped both importance of
ligands for its width and influence by conductance of the
samples resulting in asymmetry of the observed EPR line.

Studies of methane desorption kinetics from coal samples
were carried out with the help of NMP method. The experi-
mental device, described in paper [17], was applied. The
procedure advantage is as follows. It helps obtain infor-
mation on the methane changes in different phase states of
coal in the process of its desorption from sample [1]. Moreo-
ver, papers [1], [17] also characterize methods of sample pre-
paration and experimentation. The methane desorption re-
search involved recording of NMR *H spectra sequence. A
line, corresponding to methane implemented into coal struc-
ture, was separated from each spectrum. The line amplitude
was proportional to methane quantity in the sample. Desorp-
tion characteristics were studied for samples 1, 3, 5a, 5¢c, and 6
(Table 1) representing all coal grades studied in the research.
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3. Results

3.1. Scanning electron microscopy

A surface of the analyzed coal samples have typical mor-
phological features defined by the earlier studies [7].
Figure 1 exemplifies SEM images of sample 5c¢ surface from
the outburst hazardous zone (Skochynsky mine) at varying
magnification degrees.

SEM HV: 10KV
View fleid: 488 ym
SEM MAG: 891

WD 14.94 mm
Det: BSE

View field: 9.39 pm
SEM MAG: 30.8 kx

Figure 1. SEM image of sample 5c surface under two magnifica-
tions (at the right, you can see central iron-enriched area)

As Figure 1 and Table 1 explain, peculiarity of sample 5¢
is significant concentration of iron impurity; most likely, it is
in the form of pyrite FeS,.

3.2. RS spectra

Paper [7] informs that RS data have helped identify small
carbonic sp? clusters in coal which disordering degree grows
along with V9 increase. Consequently, the increase of Vv
value results in widening of D and G peaks of RS spectrum.
Since G peak width depends upon angular disordering of sp?
aromatic rings, it grows much faster. Also, K ratio of integral
intensities of I(D) and I(G) peaks has been studied; namely,
K = I(D)/I(G) according to coal ranks with different Vo
values. Paper [5] has identified that K value decreases along
with V% value as K = Kmax — a(V¥)?2 where the value of
numerical parameter Kmax=2.1 is typical for anthracites.
Values of the measured Kmax and o quantities depend upon
numerous factors including frequency of optical excitation.

Figure 2a shows RS spectrum of sample 5c¢ from the out-
burst hazardous zone; Figure 2b demonstrates K = I(D)/I(G)
dependence upon V% for the samples represented in Table 1.
The results confirm partially conclusions by paper [7] on the
nature of K(V®f) change. At the same time, (V%) manifests
abnormal behaviour for samples 3, 4, and 5¢ from the out-
burst hazardous zones for which K(V%f) dependence is al-
most nonavailable. It is indicative that K value for 5a, 5b,
and 5¢ from sampling areas, remoted diversely from the
outburst hazardous area, increases while approaching the
outburst hazardous zone (Ksa, Ksp < Ksc) (Fig. 2b). Except for
sample 5c, the observed data are described by a following
Function (1) being similar to that one defined in paper [7];
however, in this case Kmax = 1.23:

1(D)/1(G)=123-0.00017(v *' )2. L)

Sample 5¢, taken from the outburst hazardous zone,
demonstrates abnormally high K =1.19 value being typical
for anthracites (Fig. 2b). At the same time, nominal V% values
for h's seam coal in Skochynsky mine and for anthracites
vary greatly (Table 1).
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Figure 2. Raman spectra study: (a) representative Raman spec-
trum of sample 5¢c taken from the outburst hazardous
zone; (b) Io/lc change depending upon Vdaf

Figure 2 shows a solid line calculated according to
Formula (1); Aexc = 457 nm. Actually, sample 5c is heavily
carbonated young anthracite formed probably because of
thermal metamorphism induced by magmatic intru-
sion [12], [13]. As a result, we observe K = I(D)/1(G) value
for sample 5¢ coinciding with sample 1 of pure anthracite.
Samples 5a and 5b from the areas, distant from the outburst
hazardous zone, are a mixture of heavily carbonized
clusters and disordered aromatic sp? rings decreasing even-
tually the K value. Along with the approaching outburst
hazardous place, availability of K gradient denotes presence
of pressure gradient and, consequently, increase in the out-
burst likelihood [11].

3.3. IR spectroscopy

Figure 3 demonstrates spectra of infrared reflection of
coal samples drawn from the potentially safe and outburst
hazardous seams in Donbas mines.

Spectra in Figure 3 show clearly four bands. Bands with-
in 2856 and 2920 cm belong to symmetrical and asymmet-
rical tensile C-H braces in methylene (CH;) of aliphatic
groups; and a band within 3030 cm™ is attributed to CH links
of aromatic groups [18]-[21].

Figure 3 explains that samples of outburst hazardous
formations are characterized by the availability of intensive
3030 cm™ band connected with oscillations of extensions in
aromatic structures.
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IR reflection, arb.units

3000 3200 3400
,u,cm’1
Figure 3. Infrared reflection spectra of coal samples taken from
the safe and outburst seams of different mines (Asterisk

marks samples taken from outburst coal seams)
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3.4. Electron paramagnetic resonance

3.4.1. Paramagnetic characteristics
of coal samples from safe zones

The broken bonds of carbon atoms (BBC) are the key
carriers of paramagnetic properties of coal [1]-[3], [6], [7]. A
number of papers consider BBC from more general view-
point as one of the basic energy suppliers in katagenesis of
organic substance in rocks [22]. The paper regards paramag-
netic coal properties in the context of influence by a structure
and availability of magmatic intrusions in coal seams on their
outburst risk.

Figure 4 shows dependence of concentration of paramag-
netic centres (PCs) (BBC) in coal samples, drawn from safe
seams, with different V9 values. In the context of the sam-
ples, concentration of spins Ns decreases along with Vdaf
increase according to the law:

_ 10185pin-gm‘1-27.14

N = (1+ 0.286-V ) @

164
]
o \
(=]
S 124 o
—
P \a
(2} \
Z A
2 8 o
2 Qn
AN
o
< Og
& 4] 0-g
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[ ‘D;E‘;ﬂ‘*u
T T T T
10 20 30 40
V& wt. %

Figure 4. Spin concentration in coal samples, having different
Vdaf values, taken from safe coal seams in Donbas
mines; iron concentration within the samples is minor;
the dotted curve has been calculated on Formula (2)

Many characteristics of such coal ranks (including role of
radicals in association with coal under hydropyrolysis) were
studied earlier [7]-[9], [23]. Generally, Function (2), describing
behaviour of spin density, is in keeping with the data. Porosity,
i.e. availability of open and closed pores, is an important fea-
ture of highly metamorphized coal. Consequently, width of
EPR lines of coal samples depends upon proper widening
mechanisms (i.e. dipole orientational, superhyperfine, ex-
changeable etc.) as well as upon PC interaction with paramag-
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netic molecular oxygen penetrating into pores [7], [9]. Figures 5
and 6 demonstrate some features of interaction with oxygen in
terms of sample 1 (anthracite, Yablunevska mine) (Table 1).

#1
1000+

EPR signal, arb. units

-1000

T T T
3340 3350 3360

Magpnetic field, G
Figure 5. EPR spectrum of a sample 1 in the air (curve 1) and
after pumping under T = 300 K (curve 2)

T
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64 #1
o o}
O
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O0ooo:
0 3 6 9 12 33 34

Time, hr
Figure 6. Dependence of EPR line width of sample 1 upon gradual
oxygen desorption under the conditions of continuous
pumping if T =300 K

EPR spectrum of sample 1 (Fig. 5) consists of a single line
with g factor g = 2.0029 being typical for BBC [7]. 4H,, EPR
line width in the air is stipulated by the availability of molecu-
lar oxygen in the sample pores since the line experiences more
than three-time narrowing after oxygen desorption (5.7 G
down to 1.7 G) (Figs. 5 and 6). Slow process of oxygen ad-
sorption/desorption at room temperature is the characteristic
feature of coal samples from the mine (Fig. 6). The abovemen-
tioned denotes large number of the closed pores, within which
oxygen crosses a natural surface barrier while desorbing.

After vacuum annealing at 7'= 550°C, characteristics of
sample 1 vary significantly (Fig. 7). EPR spectrum of the
annealed and pumped out sample 1 (Fig. 7) is asymmetric
line of Dyson shape denoting significant conductivity of the
sample. The spectrum has been described using EPR theory
for conductive samples [24], [25].

Figure 7 shows the result for d >> &, & conditions where
d is sample thickness; ¢ is skin layer thickness determined
with the help of the sample conductivity and UHF field;
and & is diffusion length of electrons for the period of spin
relaxation 7. In terms of dimensionless units, EPR line
shape is identified by means of the only parameter being
R?2=Tp/T2 = (58/ &) In this regard, the true resonance mag-
netic field Hys is out of phase with a situation where ampli-
tude of signal derivative is equal to zero since within the
conductive samples a signal is the combination of absorption
and dispersion signals.
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Figure 7. EPR spectrum of sample 1 after half-hour vacuum
annealing at 7 =550°C; the dotted lines are theoretical
description (the spectrum has been recorded under the
sample pumping conditions at room temperature,
v=9380 MHz)

Resulting from alignment, the experimental spectrum has
been described using the parameters: g = 2.0032; R = 0.45; and
AH = 1.3 G. It should be mentioned that such a line shape was
observed earlier for naturally pyrolyzed anthracite samples [7].

If sample-air contact takes place then EPR line width
within the annealed sample 1 increases up to AHp, =11 G
value. It is almost twice more than the line width before
anneal denoting the increased concentration of the absorbed
oxygen owing to the heightened porosity of the sample.

3.4.2. Paramagnetic characteristics of samples
taken from outburst hazardous seams

To compare structural and EPR properties of samples,
drawn from safe and outburst hazardous coal seams, the para-
graph considers paramagnetic characteristics of samples from
the outburst hazardous mines. Table 1, representing results of
SEM/EDX analysis, explains that high iron concentration is in
samples 3, 4, and 5c correlating with a high outburst ha-
zardous degree of the seams, from which the samples were
drawn. Moreover, sample 3 shows higher sulfur concentration;
and surface oxygen concentration of sample 5c, taken from the
outburst zone, is abnormally high. Probably, it is a result of
outburst. High Fe concentration within the samples is con-
firmed independently by EPR data. Actually, after the samples
from Table 1 were annealed in the air for 30 minutes at 500°C
temperature, strong magnetic resonance signals with g =2.13
and AHg, ~ 1.4 kG, belonging to iron oxides, were demon-
strated only by samples 3 (Fig. 8), 4, and 5c.

Figure 9 demonstrates EPR spectra of samples 5a and 5¢
taken from the outburst outlying zone and from the outburst
zone respectively. Comparison of Figure 9a, b explains that
importance of a narrow line 2 for the spectrum intensity in-
creases after outburst. Hence, the number of areas, available
for oxygen pumping (i.e. open pores and surface), grows, i.e.
coal microstructure after the outburst becomes more porous.

Turn to the importance of iron. To understand iron impact
on GDP, it is required to observe correlation between con-
centration of paramagnetic centres (i.e. the broken carbon
bonds) in coal samples and their iron content. Figure 10
represents the obtained data.

Figure 10 demonstrates clearly the correlation between
concentration of paramagnetic defects and iron content of the
analyzed samples. Sample 3 has shown maximum concentra-
tion of defects with the highest iron content (i.e. 3.81 at. %)
among the analyzed series of samples.
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Figure 8. EPR spectra of the initial sample 3 (curve 1) and after
its 30-minute anneal at T = 500°C (curve 2); narrow line

in the centre belongs to the broken carbon bonds
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Figure 9. EPR spectra of samples 5a and 5c taken from the out-
burst outlying zone (a) and from outburst zone (b); 1 —
in the air samples; 2 — samples after 1-hour pumping at
T =130C, and v= 9350 MHz

T
3320

3.5. Nuclear magnetic resonance

Kinetics of methane desorption has been studied using
samples 1, 3, 5a, 5¢, 6 from the coal grades varying in their
metamorphism (Table 1). All the samples are methane satu-
rated. Figure 11 shows relative over time change in A ampli-
tude of NMR H line corresponding to methane amount in
the samples as well as kinetics of methane release from them.

It is known [1], [26] that kinetics of methane desorption
from fossil coal can be described using superposition of two
mechanisms being diffusional and filtrational.
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Figure 10. Concentration of paramagnetic centres Ns and iron
content of coal samples from Table 1; the samples are
numerated similarly to Table 1 and Figure 2b; the dot-
ted lines are guide for eyes
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Figure 11. Relative over time change in A amplitude of NMR H
line of the occluded methane from the entire NMR spec-
trum of the analyzed coal samples; solid lines are experi-

mental; the dotted lines are analytical calculated on
Formula (3) with the coefficients from Table 2

Filtration is a complex process involving absorption to
the closed pore surface, dissociation of molecules into atoms,
and diffusion through a pore wall. Gas, contained in the
closed pores and dissolved in coal substance, penetrates into
partially free open pores and cracks the crossing potential
barriers to get to the surface through diffusion. Curves of
methane desorption from coal, shown in Figure 11, are de-
scribed sufficiently by the total of two downward exponents:

A(t)= a~exp(;—tj+b~exp[t_—t}r ko,

1 2

@)

where:

A(t) — amplitude of NMR line;

t; and t, — typical for two mechanisms;

a and b — relative contributions of two mechanisms;

ko — residual methane if t — > o0, a + b + ko = A(t = 0) = Aq.

Typical times of methane desorption from coal
depend upon a metamorphism degree connected with
the microstructure of coal substance characteristics, availa-
bility of cracks, and porous coal structure. Table 2 represents
the obtained values of typical desorption times for the
analyzed samples.

Samples of coal grade D (6), and anthracite (1) absorb
more methane per unit weight than coal grades K (5a, 5¢c), T
(3) being of average metamorphism degree.
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Table 2. Characteristics of methane desorption from coal samples”

Sample 1A 3(T) 5a(K) 5c(K) 6(D)

t. (filtration), h 4545  27.00 2174 2220 22.20
tz (diffusion), h  5.00 2.22 2.86 1.92 1.82
a 0.50 0.45 0.50 0.60 0.80

b 0.46 0.55 0.50 0.40 0.20

ko 0.04 0.00 0.00 0.00 0.00

*Asterisks mark coal grades: 4 is anthracite; T is semianthracite;
K is coking coal; and D is long-flaming coal

However, if methane (and oxygen, Figure 6) release from
the compact fine anthracite structure for a long time, desorp-
tion from open coarse-porous takes the shortest period for
coal grade D. Coal grades, characterized by average meta-
morphism degree, demonstrate longer desorption time to
compare with D coal grade. It should be mentioned that in the
context of coal grade K (5¢) sample, taken from the outburst
hazardous area of h'’s seam in O.0. Skochynsky mine, period
of desorption process (and its components) is shorter than in
the context of 5a coal sample drawn from a quiet zone of the
same seam. Outburst results in partial destruction of macro-
scopic coal structure as well as its microstructure reducing the
time of diffusion component of methane desorption process.

4. Discussion

Explanation of RS spectra behaviour, observed in
Figure 2b, may lie in consideration of specific characteristics
of coal within the outburst hazardous zones [12]-[14]. Accor-
ding to [13], [14] models, intrusion areas of rocks, erupted
because of tectonic processes, are particularly outburst ha-
zardous. The latter results in the accelerated, so-called ther-
mal coal metamorphism. Consequently, the coal is modified
up to anthracite within the intrusion area. It is quite possible
that coal from the outburst in O.0. Skochynsky mine exem-
plifies such accelerated metamorphism processes. At the
same time, the main share of the mined seam is unaffected by
the intrusion. It is reasonably believed that abnormal geolog-
ical conditions combined with the accumulated gas amount
influence heavily the outburst risk [12].

Comparison of the broken carbon bond concentration upon
V%' (Figs. 4 and 10) for the samples from safe and outburst
hazardous zones respectively shows critical distinction be-
tween them. A law of inverse Ns — V% ratio is typical for the
samples from safe seams since it is connected with volatile-
matter yield from the closed pores as well as with the release
of atomic hydrogen closing the broken bonds. Iron is the main
factor for the samples taken from the outburst hazardous
seams since it favours the accelerated methanogenesis within
the open pores. Correlation between the iron content and out-
burst risk of coal seams means that iron is a component in the
process of gas dynamic phenomena formation as papers [10],
[11], [14] predicted. Another fundamental fact, impacting the
outburst hazard, takes place. A number of papers denote that
under outburst, methane amount may excess significantly the
average gas content of a seam [12], [27]. It has been assumed
that the circumstance can depend upon the formation of extra
methane amount during outburst because of atomic hydrogen
attachment to CH3z molecule [23]. Certainly, the abovemen-
tioned needs considerable concentration of atomic hydrogen.
Results on IR reflection, shown in Figure 3, confirm openly
the fact. Indeed, Figure 3 demonstrates clear correlation be-
tween the identified outburst risk of coal seams and intensity
of 3030 cm™ band, attributed to CH aromatic groups [16]-[18].
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The experiment with samples, saturated with methane, and
kinetics of its desorption has shown that release velocity from
the closed pores is an order of magnitude less than from the
open ones in the context of each sample regardless of a meta-
morphism degree. Desorption processes accelerate in coal sam-
ples, drawn from the outburst zone, owing to changes in micro-
structure which supports additionally by EPR data (Fig. 9).

5. Conclusions

The samples, taken from the “silent” and outburst ha-
zardous coal seams in Donbas mines, have been studied.
Comparative analysis of their properties explains that the
outburst hazardous zones are characterized by high iron
content. The samples, drawn right from the outburst zone
(after outburst) also have high surface oxygen content.

RS spectra of coal samples from the outburst hazardous
areas demonstrate high I(D)/I(G) ratio being typical for an-
thracite regardless of nominal V¥ value. Such behaviour is
in keeping with a model of intrusive acceleration of meta-
morphism processes as well as with the fact that such zones
are of high outburst risk.

Ferruginous coal shows correlation between iron content
and concentration of paramagnetic defects being the broken
bonds of carbon (BBC). The abovementioned means that iron
impurity is a catalyzer of methane formation in coal as well as
a factor of increase in BBC concentration. A structure of the
samples, taken right from the outburst zone, becomes more
porous; the fact is supported by EPR BBC line widening in the
air at the expense of their interaction with molecular oxygen
adsorbed within the pores. Pyrolysis of coal samples with the
average and high metamorphism degree has similar effect.

The samples from the outburst hazardous coal seams are
characterized by intensive 3030 cm™ IR band stipulated by
aromatic CH groups, within which hydrogen is in its atomic
state. During outburst, it favours formation of excessive
methane owing to hydrogen atom attachment to CHs mole-
cule (IR 2956 cm™ band); as a result, increase in destructive
outburst force happens.

According to the obtained NMR data, methane adsorp-
tion/desorption processes within the analyzed coal samples are
described with the help of superposition of two (i.e. diffusional
and filtrational) mechanisms. In the context of samples, taken
right from the outburst area, a period of diffusional component
of desorption experiences 1.5 times decrease at the expense of
partial destruction of coal macro- and microstructure.
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Byrinis 3 BUKHI0He0e3MeYHUX MJIACTIB IIAXT: CMEKTPOCKOMIYHE T0CTiIKeHHS
C. KpacuoBug, A. Konuwnne, b. llanina, M. Banax, B. FOxumuyk, M. Ckopuk, O. Momuanos, O. KamuatHuit

Mera. [locniguty MeXaHi3MH BIUIMBY (Di3MKO-XIMIYHHX BIaCTHBOCTEH BYTULIA HA CTYMiHb BUKUAHOI HEOE3MEKU Ta KIHETHKY JecopOrii
METaHy.

Metoauka. Buxopucrano Metoau ckaHyroudoi enekTpoHHoi Mikpockomii (CEM), enekrponHoro mapamarsitHoro pesonancy (EIIP),
SIEPHOTO MarHiTHoro pe3oHaHcy (IMP), in¢pagepBoHoi cnekrpockomii (I4) Ta komOGiHawiitHoro poscitoBanus cBitia (KPC). 3pasku Binio-
paHo 3 ByTUIPHUX IUIACTIB PI3HOTO PaHTy (CTymeHro kapOoHizaii) 3 maxT JloHenskoro GaceiHy.

Pe3yabsTaTn. BecranosneHo, 1o Ui 3pa3KiB 3 BUKHIOHEOE3NEYHNX 30H BITHOIIECHHS IHTETpaIbHUX IHTEHCUBHOCTEH CHEKTPAIBHUX CMYT
KPC D i G, K = I(D)/I(G) noxasye aHoMaJbHy 3aI€XKHICTh BiJl HOMiHAIBHOTO 06CATY JeTKUX peuoBuH VU, gKa MoB’A3aHa 3 BILIMBOM JOMi-
IIOK 3ajli3a. BusBiIeHO, Mo y 3aJ1i30BMICHUX 3pa3kax BYTULII KOHIEHTpanis ciiHiB Ns (o0ipBaHi 3B’SI3KH BYTJIEII0) KOPEIIOE i3 BMICTOM
3amiza. [Iponecn agcopOuii/necopOuii MeTaHy y BHBUEHHX 3pa3Kax BYTULII AOCTipkeHO MeronoM SIMP ta ommcaHO cynepno3umiero ABOX
MexaHi3MiB — audys3iitHoro Ta QinpTpariitHoro.

HaykoBa HoBM3HA. BusHadeHo, 0 A7 ByTULIS 13 MIAXTHHUX IJIACTIB 3 BUCOKHUM CTYIIEHEM BHKHIOHEOE3NEYHOCTI XapaKTEepHO MilBHU-
IIEHUH BMICT 3aii3a. BulesasHayeHa kopemsiis Mixk BMicToM 3amiza ta BennunHamu 1(D)/1(G) i Ns BCTaHOBIIOE BaKIMBY POJIb AOMIIIOK
3aii3a y mpouecax Meramop¢izMa Byriunsi. Boepie BUSBICHO KOPENALiI0 MIXK CTyIIeHEM BUKUAOHEOE3MEYHOCT] BYTUIBHUX IUIACTIB Ta 1HTe-
HeuHicTio [U-cmyrr 3030 cmt, 06ymoBnenoi apoMatnaaumu CH-rpymamu, B IKHX BOJICHE 3HAXO/UTHCS B aTOMAapHOMY CTaHi.

IpakTnyna 3HaYNMIicTh. [TokpaleHHs1 TPOrHo30BaHOCTI HeOE3EeKH BUKHIIB IPH PO3pOOIIi BYTiIbHHUX IUIACTIB

Knrouoei cnosa: 3anizosmiche 8yeinns, Mmeman, 8y2ilbHuil RIacm, waxma

100



