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The experimental work in this paper investigated the effect of microwave energy on pore structure and gas permeability of coal
cores. Fifteen coal samples were irradiated under the condition of 2.45GHz with 6 kW. The effect of microwave irradiation on
the pore structure of coal samples was evaluated by nuclear magnetic resonance (NMR). The water saturation degree has little
influence on transverse relaxation time (T2) distribution before the microwave treatment. By contrast, water saturation degree
obviously affects the T2 distribution after the microwave energy treatment. Coal permeability increased after microwave energy
treatment. But fractal dimension decreased after microwave energy treatment. The results show that microwave energy has a
potential for degassing coal seams.

1. Introduction

Gas permeability is an important parameter for coalbed
methane (CBM) production which could be affected by
fracture and cleat apertures [1]. Currently, low permeability
of coalbed limits the production and utilization of CBM,
especially in China [2]. Furthermore, with mining depth
in China increasing 10–25m annually, the poor permeabil-
ity and high CBM content phenomena become common
[3]. Coal seams can be artificially fractured by several mea-
sures, such as hydraulic fracturing, hydraulic slotting, CO2
injection, and N2 injection, which can increase connectivity
of fractures in coal seams for facilitating CBM extraction
[4–9]. However, these methods may be not always effective
when the coal seam has faults, caves, or large cracks pene-
trating the ground [10]. As a new degassing coal seam
technology, formation microwave heating treatment
(FMHT) is few limited by formation geology and is capable
to distribute heat over a large reservoir volume thanks to
the propagation of electromagnetic energy through the
medium [11].

Selective heating nature of microwave would induce ther-
mal stress at the interface between different materials with
various dielectric constants [12]. Furthermore, poor thermal
conductivity of coal matrix exacerbates the uneven tempera-
ture distribution resulting in thermal stress [13]. Thus,
microwave energy would induce fractures and increase cleat
apertures in the coal matrix [14]. In other words, the micro-
wave energy treatment would influence the pore structure.
Sahoo et al. confirmed micro cracks and fissures developed
along grain boundaries under microwave irradiation [15].
Ruisanchez et al. found that thermal shock from microwave
irradiation produces small cracks and microfissures in coke
particle by microphotographs [16]. Liu et al. found that the
surface of raw coal was complete and its structure was free
of visible microfractures according to several SEM images
[17]. Zhao et al. found that a large number of volatiles were
released during microwave pyrolysis, which results in an
increase in pore volume and specific surface area of lignite
[18]. Ge et al. also indicate pore volume and surface area of
low-rank coal increased after microwave irradiation treat-
ment [19]. Wang et al. found that the specific surface area
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of lignite samples increases, average pore diameter and total
pore volume decrease when microwave power increases from
400W to 800W, and irradiation time increases from 4 to
16min [20]. In our previous work, coal cores were collected
from underground mines of Shenmu coalfield, China (the
coal rank is gas coal), and were used to evaluate the effect
of microwave irradiation on pore structure [21, 22]. The
porosity, pore size, and pore number increased, but fractal
dimensions decreased after microwave energy treatment.
However, the effect of microwave energy treatment on gas
permeability is still unclear. The permeability is physically
significant for coalbed methane development. Therefore, it
needs to pay more attention to research the microwave
energy on gas permeability of coal.

Perera et al. found that there is a clear increase in gas per-
meability of naturally fractured black coal with increasing
temperature for any confining pressure at high injection
pressure (more than 10MPa) [23]. And temperature does
not affect permeability for injection pressure less than
9MPa. Zhao et al. found gas permeability of coal cores
changes a little during 20 to 300°C heating process but
increases sharply during 300 to 600°C [24]. Li et al. found
that gas permeability increased with temperature when ther-
mal stress was greater than effective stress [25]. Feng et al.
found that gas permeability of anthracite decreased at first
then increased and finally decreased again with temperature
increasing [26]. Wu et al. found that the increased temper-
ature can induce a series of results, such as promoting gas
desorption, enhancing gas slippage effect, and inducing
coal matrix thermal swelling, resulting in decomposition
[27]. And all of those can affect the gas permeability of
coal further.

However, investigations of effect of microwave energy on
coal gas permeability are not sufficient to provide guidance
for FMHT application in field [28, 29]. The main objective
of this study is to investigate the effect of microwave energy
on the pore structure and gas permeability of coal cores by
experiments. Nuclear magnetic resonance (NMR) measure-
ment and permeability test was carried out to evaluate the
effect of microwave energy processing on pore structure
and gas permeability. In addition, the effect of water satura-
tion degree on transverse relaxation time (T2) distribution
was investigated.

2. Experimental Methodology

2.1. Coal Samples. Fifteen natural coal cores (25mm in diam-
eter and 60mm in height) were collected from Yuanzhuang
coal mine, Huaibei, China (the coal rank is 1/3 coking coal,
which is different with the coal in [21, 22]). Several lump
coals were obtained from the working face and immedi-
ately sent to the laboratory for experiments. Proximate
analysis of coal was accomplished according to the Chi-
nese Coal Proximate Analysis Standard GB/T 212-2008.
Maximum vitrinite reflectance of the three coal samples
in oil (room temperature, 23°C) was measured. Coal mac-
eral compositions are as shown in Table 1. The coal cores
were treated by a microwave heating system (Figure 1).
Pore structure of coal cores was measured by an NMR

instrument (Figure 2). And the coal porosity was carried
out by a gravimetric method.

2.2. Microwave Heating System. A novel microwave heating
system (Figure 1) was carried out to heat coal cores. Micro-
wave frequency is 2450± 25MHz and microwave power is
6 kW in this study. In general, thermal decomposition does
not occur when the temperature is lower than 200°C [30].
Thus, the processing temperature varies from 50 to 200°C.
The basic parameter and processing temperature of coal
cores are as shown in Table 2.

2.3. NMRMeasurements.Anondestructive approach, nuclear
magnetic resonance (NMR) measurement, was carried out to
evaluate the effect of microwave energy on the pore structure

Table 1: Proximate analysis and maximum vitrinite reflectance of
coal samples.

Coal Romax/% Mad/% Aad/% Vad/% Fcad/%

HY 0.9190 2.56 12.10 32.75 52.59

Notes: Romax is the maximum vitrinite reflectance; M is the moisture; A is the
ash; V is the volatile matter; Fc is the fixed carbon; ad is the air-dry basis.

Figure 1: Microwave heating system.

Figure 2: Low-field nuclear magnet resonance.
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of coal cores. NMR utilizes an external magnetic field to align
hydrogenous fluid component of the sample and presents
number of hydrogen atoms by the amplitude of the dipole
moment [31]. Therefore, it is a measurement of the water vol-
ume in the pore structure. NMR has been widely used for the
characterization of complex porous media, such as the petro-
leum reservoir rocks and coal [32–36]. For example, a recent
research by Zhang et al. demonstrated that the successful use
of the NMR to obtain pore size distribution of mudrock and
fine-grained sandstone samples [37]. When the magnetic
field is small, few paramagnetic minerals within the coal
could influence the measured results and the magnetic
information on solid state proton (13C and 1H) can be shielded
[31, 38]. The longitudinal (T1) and transverse (T2) relaxation
time can be used to characterize the pore distribution. T2
is the preferred measurement method because the measure-
ment of T2 is fast and usually provides similar results with
respect to T1 [39]. The T2 relaxation time can be interpreted
as follows [40]:

1
T2

= 
1
T2B

+ ρ
S
V

+ D γGTE
2

12 , 1

where T2B is the free relaxation time, ms; ρ is a constant
representing the transverse relaxation strength, μm/ms;
S/V is the specific surface area which relates to the pore size;

D is the diffusion coefficient, μm2/ms; γ is the gyromagnetic
ratio, MHz/T; and G is the field-strength gradient, Gs/cm;
TE is the interecho spacing, ms.

Since the value of T2B is always much larger than T2, i.e.,
1/T2 ≫ 1/T2B , and the values of D and TE are always
small, (1) can be simplified as shown below [33, 41]:

1
T2

= ρ
S
V

2

T2 distribution in smaller pores relaxes faster than that in
larger pores [40]. Therefore, T2 distribution is similar to the
pore size distribution. Larger pores mean longer relaxation
time while smaller pores produce shorter relaxation time.

A MINI MR instrument manufactured by the Shanghai
Niumag Corporation (China) (Figure 2) was used to carry
out the NMR measurements. Constant magnetic field
strength of this instrument is 0.53T, while resonance fre-
quency is 23MHz and constant temperature is 32°C. The
measurement parameters include the following: interecho
spacing, 0.23ms; the number of scans, 32; and sampling fre-
quency, 333.33KHz. Then, transverse relaxation time (T2)
distributions were computed by the simultaneous iterative
reconstruction technique with 100,000 iterations [42].

NMR measurement procedures were carried out accord-
ing to Figure 3. “Saturation” means that coal samples were

Table 2: Basic parameters and processing temperature of coal samples.

Sample ID d/mm h/mm T/°C Sample ID d/mm h/mm T/°C

HY-01 24.2 63.0 50 HY-09# 24.3 62.1 50

HY-02 24.4 62.4 100 HY-10 24.1 61.1 50

HY-03 24.2 62.6 150 HY-11 24.2 59.7 100

HY-04 24.3 61.3 200 HY-12 24.1 61.1 150

HY-05 24.4 62.1 50 HY-13 24.2 60.4 200

HY-06 24.3 60.4 100 HY-14∗ 24.2 60.7 —

HY-07 25.0 61.0 150 HY-15∗ 24.2 61.6 —

HY-08 24.3 62.2 200

Notes: d is diameter of coal cores; h is height of coal cores; T is the processing temperature; #this sample was broken into three pieces after microwave treatment;
∗these two samples are not treated by microwave irradiation.

NMR measurement NMR measurementSaturation

Saturation

NMR measurement

NMR measurement

Drying

DryingNMR measurement

Wetting

WettingNMR measurement

Microwave 
processing 

Figure 3: Experimental procedure for NMR measurement.
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Figure 4: Continued.
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saturated with 100% distilled water for at least 72 hours. The
T2 spectrum at “drying” shows that coal samples were dried
for 24 hours in a vacuum furnace at 40°C with absolute pres-
sure ~8 kpa. “Wetting” means that coal samples were pro-
cessing with ~20°C and 100% humidity for 24 hours.
“NMR measurement” shows that coal samples were mea-
sured by the NMR instrument. “Microwave processing” is
that coal samples are heated by the microwave heating sys-
tem. The NMRmeasurements were carried out after “satura-
tion” (Sw), “drying” (Sir), and “wetting” (Sad) processing.

In addition, the permeability test was carried out after all
NMR measurement. Anhydrous copper sulphate dried coal
cores under ambient temperature ~25°C for 24 hours before
the permeability test. The test gas is nitrogen and the lateral
confining pressures are 3MPa and 10MPa for gas permeabil-
ity measurement, respectively. In this test, the temperature is
ambient temperature (~25°C). And the permeability test car-
ried out under an initial lateral confining pressure 3MPa.

3. Experiment Results

NMR measurements of fifteen coal cores with various water
saturation degrees were performed before microwave treat-
ment (Figure 4). Black solid lines are T2 spectra at Sw, while
red dash lines are T2 spectra at Sad and blue dash lines are
T2 spectra at Sir. Wave trough can be used to separate the
peaks. So distribution of the T2 spectra at Sw is commonly
three peaks, p1 at 0.03–3ms, p2 at 3–100ms, and p3
at >100ms (Figure 4). The two peaks will be regarded as a
new peak if without clear wave trough [21]. For example, in
sample HY-04 (Figure 4(d)), the wave through between p2
and p3 is not clear. So the two peaks can be considered as a
new peak (p2 + p3). For multiple peaks, the amplitude of the
wave trough between peaks can be used to identify the con-
nection among pores [31]. Take HY-011 as example
(Figure 4(g)), the amplitude of wave troughs between three
peaks is much larger than zero, which suggests well-
connected multipores exist in this coal sample. However, in
HY-02 (Figure 4(b)), the amplitude of wave troughs between
three peaks is equal to zero. This indicates that the pore con-
nection is bad.

Sw means coal core processing by “saturation,” Sir means
processing by “drying,” and Sad means processing by
“wetting.”

The effect of water saturation degree on T2 distribution is
obviously after the microwave energy treatment (Figure 5).
Taking HY-01 as an example, the second peak (from left to
right) of T2 distribution at Sir locates at the left hand of the
T2 distributions at Sad (Figure 5(a)). This is consistent with
our previous work [21, 22].

Permeability of twelve coal samples (HY-04, HY-09, and
HY-13 deformed after microwave energy treatment) was
measured (Figure 6(a)). HY-14 and HY-15 represent the coal
permeability without microwave energy treatment. Ambient
temperature is 25°C in this study, and therefore, the tempera-
ture of untreated coal samples ismarked as 25°C. The coal per-
meability increases with increased processing temperature
(Figure 6(a)). This indicates that microwave energy treatment
improved pore connectivity of coal. The connectivity of pore
is main factor which affects the permeability of coal [43]. In
general, permeability of coal sample decrease exponentially
with the increase of effective stress [44]. In this study, with lat-
eral confining pressure increase from 3MPa to 10MPa, the
permeability decreases. But the permeability of coal samples
treated is still higher than that of coal samples untreated under
10MPa confining pressure.

4. Discussions

4.1. T2 Distribution of Coal Cores.Moisture in pore structure
always can be divided into four types: free moisture, capillary
moisture, chemically bound moisture, and water of hydra-
tion [45]. Chemically bound moisture and water of hydration
are difficult to remove. Free moisture would not completely
evaporate until 110°C, and capillary moisture would
completely evaporate when temperature exceeds to 180°C
with atmospheric pressure [46, 47]. The water boiling tem-
perature is 40°C at absolute pressure ~8 kpa. Thus, the free
moisture can mostly be removed after “drying” processing.
The T2 spectra at Sir may only indicate capillary moisture,
chemically bound moisture, water of hydration, and a little
part of free moisture in the pore structure. And the water sat-
uration degree at Sir is lower than that of Sad. Therefore, the
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Figure 4: NMR T2 distribution before microwave treatment with various water saturation.
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Figure 5: NMR T2 distribution after microwave treatment with various water saturation.
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number and amplitude of peaks of T2 spectra at Sad is larger
than that of Sir (Figure 4).

Although the amplitude of T2 distribution decreases with
decreasing water saturation degree, the water saturation
degree has little influence on T2 distribution location (before
microwave treatment) (Figure 4). This is different to our pre-
vious work that the T2 distributions at Sir and Sad were
located at the left-hand side of the T2 distributions at Sw
[21, 22]. The reason could be the differences of the pore
structure and wettability of coal. The pore structure (includ-
ing volume, specific surface area, and pore connectivity)
relates to coal ranks [31, 48, 49]. The rank of coal used in this
study differs from that in our previous work. Thus, the water
distribution in pore structure of the coal used in this study is
different. Furthermore, the composition of mineral and func-
tional groups relates to coal ranks [50], which affects the wet-
tability and hydrophobicity of coal surface [51]. And the
pores in coal are not simple geometrical shapes such as cylin-
ders or shapes. The pore walls may be rough and the pore
may contain many tiny irregularities. And the wettability of
coal decreases with the increase of surface roughness [21].
Thus, the microporosity on the pore walls containing water
depends on the wettability of coal pore surface. In NMRmea-
surement, all pore space of the water molecules of the pore
fluid diffuse before relaxing by interacting with the pore walls
would be regarded as a single pore. Thus, the microporosity
contained in the rough pore surface and in the irregularities
will often be included by NMR measurement as part of the
total volume of the large pore [40]. Therefore, the micropo-
rosity may appear in larger relaxation time of the T2 distribu-
tion at Sw. Moreover, the microporosity contained in the
rough surface may not contain water caused by high surface
roughness or low wettability. The pore structure and wetta-
bility of coal would affect the T2 distribution.

The area under the T2 distribution curve is proportional
to the number of hydrogen protons in the pore fluids within
the pore structure [40]. Therefore, the area of T2 distribution
can be calibrated to give a porosity value. The area under the

T2 distribution curve (S1) increases with increased porosity
(Figure 7). It should be noted that the porosity here is the
porosity of coal sample without microwave energy treatment.
The linear relation between the area of T2 distribution and
porosity is not obvious. The reason may be the heterogenetic
of coal samples. The extraction of lump coal is usually
extremely sparse compared to the volumeof coal seams.More-
over, cores are more easily taken from well-consolidated part
in lump coal.

4.2. Effect of Microwave Energy on T2 Distributions. This
suggests that the pore structure and wettability of coal is
influenced by microwave energy treatment. In general, ther-
mal decomposition does not occur when the temperature is
lower than 200°C [30]. In this study, the maximum process-
ing temperature is 200°C. Thus, there is no thermal
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Figure 6: Effect of microwave treatment on coal permeability.
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decomposition in the coal cores, which means the coal rank
would not change after microwave energy treatment. The
thermal fracture results from the different microwave-
absorbing properties or a different dielectric permittivity
and loss factor of each phase [12]. Moreover, the microwave
energy treatment would influence the pore surface roughness
of coal, which may affect the wettability [21]. Therefore, the
effect of water saturation degree on T2 distribution is differ-
ent pre- and postmicrowave.

Small pore bound-water (SPBW) model and membrane
bound-water (MBW) model are always used to describe the
state of bound water in pore structure (Figure 8) [22].
SPBW is based on the assumption that the free fluids reside
in large pores and the bound fluids reside in small pores,
while MBW believes that a given pore can contain both
free and bound fluids [22]. As Figure 5 shows, the water
saturation degree can influence T2 distribution. This suggests
that MBW model may be more suitable to describe the
state of bound water. This is consistent with our previous
work [21, 22].

T2 distribution at Sw changes after microwave processing
(Figure 9). According to the amplitude changing, these spec-
tra can be divided into several cases. First, the amplitude of
T2 distribution at Sw of treated samples is larger that of
untreated samples at all spectra (such as Figure 9(a), 9(g),
and 9(h)). Second, not all amplitude of the spectra
becomes larger after microwave treatment (such as
Figure 9(d) and 9(l)). In this case, the amplitude of the
spectra decreases after microwave treatment when T2 is less
than 100ms. Microwave energy treatment can induce frac-
tures and increase pore sizes. Moreover, the microporosity
contained in the rough pore surface and in the irregularities
will often be regarded as part of the total volume of the large
pore in NMR measurement [40]. Thus, a majority of micro-
porosity cannot appear in T2 distribution at Sw of treated
coal samples. This confirmed the MBW model is more suit-
able to describe the state of bound water in coal. According
(2), the changing of T2 distribution at Sw also suggests that
the specific surface area of the coal sample changed after
microwave treatment.

The surface integral of T2 distribution at Sw can be used
to characterize the pore system because of the abscissa of
the T2 distribution representing the pore size and the ordi-
nate representing the pore number [21, 30, 38]. A dimension-
less parameter (Rs) was used to evaluate the effect of
microwave energy treatment on coal samples, which can be
defined as

Rs =
S2 − S1
S1

, 3

where S1 is a curved surface integral of the T2 distribution at
Sw before microwave energy treatment and S2 is a curved sur-
face integral of the T2 distribution at Sw after microwave
energy treatment.

Rs increases with increasing processing temperature
(Figure 10). This suggests that the pore volume increases with
processing temperature. This also confirmed that microwave
energy treatment would induce fractures. This is consistent
with our previous work that the porosity increases after
microwave heating [21].

4.3. Gas Permeability of Coal Cores Pre- and Postmicrowave.
The influence of processing temperature on average perme-
ability is evaluated (Figure 6(a)). HY-04 andHY-13 deformed
after microwave energy treatment and cannot be carried out
in the gas permeability test. Thus, permeability of HY-08
was used to present the average permeability of coal samples
at 200°C. The average permeability increases at first then
decreases with incremental processing temperature (the
turning point is 150°C). This is different from the work by
Li, who found that the permeability decreases at first then
increases and finally decreases again with temperature
increasing (25–180°C) under lateral confining pressure
6MPa [52]. The coal matrix would produce thermal expan-
sion resulting in pore space shrink, which would induce per-
meability decreasing. But with the processing temperature
increasing, the thermal expansion may induce coal matrix
fracturing. Thus, pore space increased would result in the per-
meability increasing. Furthermore, fractures in coal matrix

Bound waterMoveable water

Membrane bound-
water model

Small pore bound-
water model

Pore wall Pore 

Figure 8: NMR bound-water model.
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would result in coal mechanical strength (such as elasticity
modulus) decreasing [53]. Therefore, gas permeability would
decrease again with more and more induced fracture. In

theory, the microwave energy treatment cannot only induce
fractures and increase cleat apertures by thermal expansion
but also facilitate coal fracturing by selective heating nature.
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Figure 9: Effect of microwave treatment on NMR T2 distribution at Sw .
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This is confirmed by Ruisanchez’s work [16]. SEM micro-
graphs of the particle microstructure show that the coke par-
ticle is more cracked after microwave treatment (Figure 11).
Kumar et al. also found the fracture volume of coal increased
from 1.8% to 16.1% after microwave exposure via microfo-
cused X-ray computed tomography [12]. The coal samples
used in this work would maintain pore structure well, which
decreases the effect of lateral confining pressure on the pore
structure. As discussed in Section 4.2, the specific surface area
changed after microwave energy treatment. And the specific
surface area influences the gas permeability [54, 55]. All of
these factors induced gas permeability increasing at first
and then decreasing with processing temperature increased
in this study. This may also suggest that 150°C is the opti-
mal processing temperature for improving coal permeabil-
ity under lateral confining pressure (3MPa and 10MPa)
in this study.

Fractal dimension, a nonlinear mathematics method ini-
tially proposed by Mandelbrot [56], has been extensively
employed for quantifying the complexity of structure and
physical properties of coal [57, 58]. Fractal dimension D
can be calculated as [22]

D = 3 −
ln Vp

ln T2 − ln T2 max
, 4

where T2 max is transverse relaxation time of the T2 spectrum
corresponding to maximum pore size; T2 is the transverse
relaxation time of the T2 spectrum corresponding to pore
size r; Vp is the ratio between the whole pore volume that

pore size not exceeding r and total pore volume. The prereq-
uisite for the formula is that transverse relaxation time is
directly proportional to pore size [59]. The other prerequisite
is that maximum T2 value is much larger than the minimum
T2 value exhibited by the medium [59]. In this study, the
maximum T2 value is fourth orders of magnitude larger
than the minimum T2 value. The curve of ln Vp versus ln
T2/T2max of the coal core is as shown in Figure 12. And
the slope between ln Vp versus ln T2/T2max is used to cal-
culate the fractal dimension. The value of ln Vp increased
rapidly at first then increased slowly with ln T2/T2max
increasing. This turning point is about −7. So the curve
is divided into two parts for linear fitting. It found that
the slope of the left part is larger than 3. The fractal
dimension calculated from this will be negative. This sug-
gests that the calculated fractal dimension according to the
left part curve has less physical meaning. For this reason,
the fractal dimension is calculated when ln T2/T2max is
larger than −7 in this study.

Fractal dimension decreased after microwave energy
treatment (Figure 13(a)). On one hand, the microwave
energy treatment would induce fractures in the coal matrix,
which would increase the complexity of the pore surface.
On the other hand, the microwave treatment may crack pore
surface and induce debris. The debris would be taken out
during water saturating process. And the pore surface would
become smooth. In this study, the second factor may be more
obvious. The permeability increased after microwave treat-
ment (Figure 6(a)), and the fractal dimension decreased after
microwave treatment (Figure 13(a)). In general, permeability
decreases with fractal dimension increasing [60]. However,
fractal dimension shows a poor correlation with permeability
in this study (Figure 13(b)). This may be due to the following
three reasons: (1) the limited number of coal cores brings the
inevitable samples errors. (2) The error in the estimated
fractal dimension may relate to the assumption T2 is directly
proportional to pore size. The pore structure of coal is
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Figure 11: Microphotographs of an untreated coke particle (a) and
a coke particle subjected to microwave treatment (b) [16].
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complex and may not fully meet this assumption. (3) The gas
permeability is measured by nitrogen; by contrast, the NMR
measurement is based on the water in the pore structure.
Firstly, molecules size can affect gas transport in coal [61].
Secondly, water may react with clay mineral in pore struc-
ture, which would influence the water transport [62].
Thirdly, coal swelling/shrinkage during gas adsorption/
desorption would influence the gas permeability [63]. There-
fore, the nitrogen transport in coal is different to the water.

5. Conclusions

This study presents the potential use of microwave energy for
inducing fractures and increasing cleat apertures in coal
cores, which would change pore structure and gas permeabil-
ity. The coal samples were irradiated with microwave fre-
quency 2.45GHz and power 6 kW. The nuclear magnetic
resonance (NMR) measurements were carried out for evalu-
ating the changing of transverse relaxation time (T2) distri-
bution of various water saturation degree (Sw > Sad > Sir).
The fractal dimension is calculated according to T2 distribu-
tion. The gas permeability of coal samples was also measured.
Major findings are summarized as follows:

(1) The amplitude of T2 distribution has a positive rela-
tion with water saturation degree, and the water sat-
uration degree has little influence on T2 distribution
location before microwave treatment. And the area
of T2 distribution positively relates to the porosity

(2) The location and amplitude of T2 distribution has a
noticeable relation with water saturation degree after
the microwave energy treatment. AndMBWmodel is
more suitable to describe the state of bound water in
the pore structure

(3) The permeability of coal samples increased after
microwave treatment. The gas permeability of coal
cores increased at first and then decreased with

processing temperature increasing. And the turning
point is about 150°C. In addition, the fractal dimen-
sion decreased after microwave energy treatment.
However, fractal dimension shows a poor correlation
with permeability in this study
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