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In order to investigate the influence of acid and alkaline environment on dynamic strength and porosity characteristics of bursting
liability coal, scanning electron microscopy (SEM) and X-ray diffraction (XRD) analysis were used to compare the micro-
structures of coal with different bursting liabilities. A split Hopkinson bar (SHPB) was used to test the dynamic compressive
strength and tensile strength of coal samples with different bursting liabilities. The results show that the surface micromorphology
and structure characteristics of coal samples with different bursting liabilities are representatives, which can be used as an auxiliary
basis to determine the bursting liability of coal seam. The microstructure of coal with strong bursting liability is characterized by
mylonitic, fragmentary, and brecciated structure, and the microstructure is diverse and complex. However, the microstructure of
no bursting liability coal is single and uniform. Coal with strong bursting liability shows tensile, compressive, and shear cracks
produced by tectonic action, and the distribution of cracks is complicated. The development of fissures is greatly affected by the
degree of coal metamorphism, organic components, minerals, and other factors. Under acidic and alkaline environments, the
decrease amplitude of tensile strength of coal is obviously larger than that in neutral solution, which indicates that under the action
of acid-based solution soaking, the easily soluble minerals in coal react with hydrogen ions and hydroxyl ions in solution
obviously. Porosity increment in acidic environment is much larger than that in alkaline and neutral environments. The strong
bursting liability coal is more sensitive to acidic environment, while the no bursting liability coal is more sensitive to
alkaline environment.

1. Introduction

With the development of the technology of hydraulic
fracturing and carbon dioxide gas fracturing to extract
coalbed methane, the property transformation of coal
reservoir and the scope of mining are expanding [1, 2].
How to use a reasonable fracturing fluid to make the coal
reservoir achieve the best fracturing permeability effect
has become one of the important issues in the current
research of efficient CBM extraction engineering [3, 4].
In addition, the stability of carbon dioxide storage in
the deep nonrecoverable coal seam determines the

effectiveness of the underground storage technology of
carbon dioxide. Previous studies have shown that water
in nature is rarely completely neutral, generally (weakly)
acidic, or (weakly) alkaline hydrochemical solution [5].
After the rock mass is eroded by the water chemical
solution because the water solution takes away part of the
cement, the connection between the mineral aggregates is
weakened. There are many microcracks and holes in the
rock mass, and the porosity increases, which leads to the
deterioration of the strength and other macroproperties
of the rock mass. This is a threat to the long-term stability
of rock engineering.
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In mining engineering, due to long-term precipitation
and groundwater supplement, the water stored in the
underground reservoir of coal mine may cause the change
of acid-base property of water, which will weaken the
stability of coal pillar dam structure. Under the action of
earthquake or blasting and other dynamic load distur-
bances, the instability of coal pillar dam structure may be
caused [6]. At present, the physical and mechanical
properties of coal have been widely studied, such as
compressive strength [7, 8], tensile strength [9-11],
fracture characteristics [12, 13], elastic modulus [14],
shear strength [15], and triaxial strength [16]. However,
the change of strength characteristics and porosity of coal
under the influence of acid-base environment has not
been reported. However, this topic not only has an im-
portant impact on the efficient extraction of coal seam gas
fracturing and underground storage of carbon dioxide but
also has an important impact on the stability of the un-
derground reservoir coal pillar dam. Therefore, it is
necessary to study the influence of acid-base environment
on the strength and porosity of coal.

There are two main branches in the study of water rock
interaction: one focuses on the influence of water on rock
chemistry and the other focuses on the influence of water
on rock physical mechanics. In a broad sense, water rock
interaction can be divided into three categories: (1) water
rock chemical interaction, including dissolution, hydra-
tion, acid-base erosion, chemical precipitation, oxidation-
reduction, and ion exchange [17]; (2) water rock physical
interaction, including lubrication, argillization, softening,
drying wetting cycle, and freeze-thaw cycle [18]; and (3)
water rock mechanical interaction, mainly including
hydrostatic pressure and hydrodynamic pressure [19]. In
recent decades, many scholars have performed a lot of
meaningful research works on water-rock chemical in-
teraction, mainly focusing on the effect of chemical so-
lution on the macroscopic mechanical properties of rocks.
The corrosion mechanism of different chemicals on rocks
was compared by Rebinder [20]. Combined with Griffith
strength theory, the mechanism of the reduction of
mineral surface energy and crack growth caused by the
adsorption of chemical substances was discussed. Feucht
and Logan [21] carried out triaxial tests on sandstone
specimens with prefabricated cracks after soaking in
saturated water, sodium chloride solution, calcium
chloride solution, and sodium sulfate solution. The in-
fluence of hydrochemical solution on the strength of
sandstone is analyzed, and the influence of different water
solutions on the friction strength and friction factor of
precracked sandstone is discussed. Feng et al. [22, 23]
studied the fracture characteristics of granite under dif-
ferent aqueous solution environments through the im-
mersion test and fracture test. The time fractal
characteristics in the process of stress increase, creep, and
relaxation are analyzed. Based on the above analysis, the
research on the interaction between water and rock is
mainly focused on the simple fitting of macro and
microobservation data, and the degradation law of the
mechanical parameters of rock samples with the number
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of dry and wet cycles is obtained. However, there are few
literatures on the mechanism of coal deterioration caused
by drying and wetting, especially on the impact of acid-
base environment on bursting liability coal.

In view of the complexity of the degradation mechanism
of coal under the action of dry-wet cycle in acid-base en-
vironment, the degradation laws of strength parameters and
porosity characteristics of coal under the action of acid-base
environment (pH =4, 7, 9) and dry-wet cycle (n=1, 3, 6, 10)
were studied on the basis of the microtest, dynamic com-
pression, and tensile test of coal. Chemical kinetics and
porosity evolution law are used to explain the degradation
mechanism of coal with different bursting liabilities.

2. Test Preparation

2.1. Specimen Preparation. The coal samples with different
bursting liabilities were taken from different coal seams of
Qinneng No. 3 Mine, Qinhuangdao City, Hebei Province,
China. To study the dynamic compressive and tensile
strength of coal samples, cylindrical samples and Brazilian
disc samples were made, respectively. In order to simulate
the actual situation of natural water solution, referring to
Zhang et al. [24], the lower limit of the pH value under
acidic condition is 4, and the upper limit of the pH value
under alkaline condition is 9. There are three kinds of
water retention solutions used: distilled water with pH =7,
acid solution with pH=4, and alkaline solution with
pH =9. First, the mineral composition of coal samples was
tested, and then, the samples were soaked in different pH
values (pH=4, 7, 9) for 1, 3, 6, and 10 times of dry-wet
cycles. After the cycles, the saturated samples and the dry
samples dried for 24h were subjected to dynamic com-
pression and tensile tests. Finally, the variation of porosity
was analyzed.

There are 78 coal samples used for the dynamic uniaxial
compression test, which are divided into 13 groups (0-12
groups) with 6 specimens in each group, 3 in each of two
categories: strong bursting liability and no bursting liability.
Group 0 specimens are the original specimens without wet-
dry cycling. Groups 1, 2, 3, and 4 specimens are subjected to
uniaxial compression tests after 1, 3, 6, and 10 wet-dry cycles
with soaking solution pH=7. The 5th, 6th, 7th, and 8th
groups of specimens were subjected to uniaxial tests after 1,
3, 6, and 10 wet-dry cycles with immersed solution pH =4.
The 9th, 10th, 11th, and 12th groups of specimens were
subjected to uniaxial compression tests after 1, 3, 6, and 10
wet and dry cycles with immersed solution of pH=9,
respectively.

The saturated water absorption of coal sample is de-
termined by the vacuum pumping method, and the test
results are shown in Figure 1. It can be found that the water
absorption of coal with strong bursting liability is lower than
that of coal with no bursting liability. The water absorption
of coal sample is the highest in acid environment with
pH =4, followed by alkalinity, and the lowest in neutral
environment. The results show that the dissolution effect of
acid is the strongest and that of alkaline is greater than that of
neutral solution.
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FiGure 1: The relationship between water absorption and cycle times of coal under different acid and alkali environments: (a) strong

bursting liability; (b) no bursting liability.

2.2. Experimental System. The loading device for the dy-
namic mechanical test of coal is a split Hopkinson pressure
bar (SHPB) loading system. The SHPB dynamic rock me-
chanics test system is shown in Figure 2. The Hopkinson rod
is made of 35CrMn steel with a density of 7800 kg/m?, elastic
modulus of 200 GPa, and Poisson’s ratio of 0.28. The length
and diameter of input and output rods of SHPB loading
system are 2m and 0.05m, respectively. A strain gauge is
attached to the middle of the input rod and the output rod to
record the deformation of the rod. The launching pressure of
SHPB loading device is set to 0.50 MPa. Figure 3 is the
dynamic balance verification of typical coal sample. It can be
seen that the force balance is satisfied in the loading process
of sample, and the static theory can be used for analysis.

3. Results and Discussion

3.1. Microstructure Characteristics of Bursting Liability Coal.
Due to the complexity of coal itself and the limitation of
research methods, the previous research on the micro-
structure and macerals of impact prone coal is lack of
systematicness. However, in recent years, with the devel-
opment of X-ray diffraction (XRD) in the basic research of
coal composition and structure in coal chemistry, scanning
electron microscopy (SEM), and optical electron microscopy
observation technology developed in 1980s, it is possible to
analyze the microstructure, minerals, and macerals of coal
with bursting liability. Therefore, the relationship between
the microstructure characteristics and the bursting liability
of coal can be systematically analyzed. Figure 4 shows the
XRD analysis results of coal samples with different bursting
liabilities. It is found that the higher the bursting liability of
coal seam, the lower the content of clay minerals; however,
the higher the content of amorphous and quartz. Based on
the X-ray diffraction spectra, the values of the

microcrystalline parameters of the tested coal samples can be
calculated according to the relevant equations of coal pe-
trology and coal chemistry, and then, their influence on the
bursting liability of coal can be analyzed. The average
stacking thickness L. of the microcrystalline lamellae of the
coal sample was chosen as the microcrystalline parameter of
the coal, which was calculated as follows:

0.941

c = >
Booz €08 Oy,

1

where A is the wavelength of X-rays, 0, is the peak position
of peak (002), and S, is the full width of half maximum
intensity.

The comparative results of XRD microcrystalline pa-
rameters of coal samples (Table 1) show that the smaller the
average stacking thickness of microcrystalline lamellae, i.e.,
the smaller the L, the greater the bursting liability of the
coal.

Previous studies on the surface micromorphology of coal
have mainly focused on coal with gas outburst category,
while SEM studies on the microstructure of bursting liability
coal are very few. Therefore, on the basis of the previous
study on the microstructure characteristics of coal and gas
outburst coal, the surface microstructure of coal with dif-
ferent bursting liabilities was observed by using a scanning
electron microscope (SEM) to analyze the surface micro-
structure characteristics of coal with different bursting lia-
bilities. It is very necessary and beneficial to deeply
understand the micromechanism of coal rock dynamic
instability and accurately identify the coal seam bursting
liability. Figure 5 shows the surface micromorphology of
coal samples with different bursting liabilities. The strong
bursting liability coal shows scaly and mylonitic micro-
structure, as shown in Figures 5(a) and 5(b). Mylonitic
structure is usually produced after the coal sample loses



Shock and Vibration

Emission cavity Incident bar Confining pressure system Axial compression system

e Strain gauge
— & |
— = -
<

A | o
} “\/
€
Spindle punch ’ Coal sample

Gas gun

Strain gauge Transmitting bar ~ Absorbing bar

FIGURE 2: Structure and schematic diagram of the improved SHPB experimental device.
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FIGURE 4: XRD analysis results of coal samples with different bursting liabilities.

TasLE 1: Comparison of XRD microcrystalline parameters of coal samples.

Types of coal samples 26002 () Booz (rad) 26100 () Bioo (rad) L. (nm)
Strong bursting liability 24.1 0.176 429 0.312 0.868
Weak bursting liability 239 0.164 45.1 0.308 0.903
No bursting liability 23.8 0.152 44.0 0.284 0.915
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FIGURE 5: Surface micromorphology of coal samples with different bursting liabilities: (a), (b) strong bursting liability; (c), (d) weak bursting

liability; (e), (f) no bursting liability.

confining pressure, which is also a common microstructure
in mylonitic coal. Once the confining pressure of this kind of
coal is lost, some of the coal mass will show powder-like,
scale-like microstructure. The more the mylonitic structure
content in coal, the greater the damage degree of coal mass
and the lower the permeability of coal seam. It also shows
that under the same geological and stress field conditions,
strong bursting liability coal is most prone to sudden failure
of coal mass. However, the weak bursting liability coal shows
a sheet-like and intergranular porous structure, as shown in
Figures 5(c) and 5(d). The no bursting liability coal shows
shell-like and porous microstructure, as shown in
Figures 5(e) and 5(f).

According to the analysis of surface micromorphology
characteristics of coal with different bursting liabilities, the
surface micromorphology and structure characteristics of
coal samples with different bursting liabilities are repre-
sentative, which can be used as an auxiliary basis to de-
termine the bursting liability of coal seam. In addition, the
microstructure of coal with strong bursting liability is

characterized by mylonitic, fragmentary, and brecciated
structure, and the microstructure is diverse and complex.
However, the microstructure of no bursting liability coal is
single and uniform.

The scanning electron microscope (SEM) observation
surface is a two-dimensional natural section, which can be
used to observe and study the development characteristics of
fractures from multiple angles, including fracture properties,
size, development background, filling, opening degree,
density, and the relationship between fractures and bedding,
components, and so on. The SEM observation scale ranges
from nanometer to micrometer, including cracks in and
between coal matrix blocks. Figure 6 shows the distribution
characteristics of fractures on parallel bedding plane of coal
samples with different bursting liabilities. It can be found
that the fissures in coal with strong bursting liability
(Figures 6(a) and 6(b)) show the characteristics of exogenous
fissures, which are obviously influenced by geological tec-
tonic stress and mainly consist of compressive, tensile, and
shear fissures. Tensile fracture is the result of brittle
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FIGURE 6: Distribution characteristics of fractures on parallel bedding plane of coal samples with different bursting liabilities: (a), (b) strong

bursting liability; (c), (d) no bursting liability.

deformation of coal. In statistics, the directionality of tensional
cracks can reflect the characteristics of the regional stress field.
Cracks in coal with weak bursting liability appear as
10 ym-30 um microfissure. The connectivity between the
cracks is obvious. The morphological characteristics and dis-
tribution of microfissures in coal are related to the bursting
liability of coal. Coal with strong bursting liability shows tensile,
compressive, and shear cracks produced by tectonic action, and
the distribution of cracks is complicated. The development of
fissures is greatly affected by the degree of coal metamorphism,
organic components, minerals, and other factors.

3.2. Acid and Alkaline Environment on Dynamic Strength of
Bursting Liability Coal. In order to analyze the influence of
acid-base environment on the dynamic strength of coal, the
dynamic compression and tensile tests of coal with different
bursting liabilities were carried out to test the influence of
different pH values on the strength. The uniaxial stress-
strain curves of coal under different acid-base environments
and different cycles were obtained by the dynamic uniaxial
compression test, as shown in Figure 7.

The total degradation degree calculation formula is
defined as

_ (UCO - acj) (2)

17 65 % 100%’

where o, is the uniaxial compressive strength of coal
without soaking solution, and o ; is the uniaxial compressive
strength of the coal soaked for j cycle stage.

Phase average deterioration is defined as

D, - (D; - D(j—l))) 3)

(”j - ”(j—l))

where D; is the total deterioration degree of coal after the j
cycle stage, and n; is the number of cycles.

According to the test curves in Figure 8, the dynamic
uniaxial compressive strength and deterioration degree of
coal under different acid-base environments (pH=7, 9, 4)
and different cycles (n=1, 3, 6, 10) are given in Table 2.

It can be seen from Table 2 that the total deterioration
degree D; increases gradually, which indicates that the
damage of coal caused by dry-wet cycle is gradual. In the early
stage of dry-wet cycle, the coal is significantly affected, and the
average deterioration degree is large. After that, the influence of
cyclic action is reduced, and the average degradation degree is
small. Under dry condition, the total deterioration of coal with
strong bursting liability and no bursting liability in the first
stage is 14.790% and 32.345% in acid environment (pH =4),
10.512% and 18.398% in the first stage in alkaline environment,
and 8.309% and 10.381% in neutral environment. It shows that
the degradation in acid environment is significantly greater
than that in neutral and alkaline environment. In the saturated
state, the deterioration degree of coal increases obviously,
which is due to the existence of water in the coal rock, resulting
in the sharp decrease of coal strength.

A total of 78 Brazilian splitting test specimens were
divided into 13 groups, with a total of 10 specimens in each
group, including 3 specimens in two states of dry and
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FIGURE 8: Uniaxial compressive strength and its deterioration of coal samples with different bursting liabilities: (a)-(c) pH=7;
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TaBLE 2: Uniaxial compressive strength and its deterioration of coal samples.

H Tyoes of coal samples Number of Peak strength Cycle Total deterioration ~ Average deterioration of each stage

PP P cycles (MPa) phase (%) (%)
0 26.546 0 0.000 0.000

Strong bursting 1 24.341 1 8.309 8.309
liability 3 23.089 2 13.022 2.357

6 22.222 3 16.288 1.089

7 10 21.508 4 18.978 0.672
0 6.823 0 0.000 0.000

1 6.115 1 10.381 10.381

No bursting liability 3 5.153 2 24.477 7.048

6 4.688 3 31.298 2.274

10 3.253 4 52.327 5.257

1 23.756 1 10.512 10.512

Strong bursting 3 21.961 2 17.274 3.381
liability 6 20.607 3 22.372 1.699

9 10 19.543 4 26.381 1.002

1 5.568 1 18.398 18.398

. 1 3 4.144 2 39.271 10.437

No bursting liability 6 3535 3 48.185 2971

10 2.890 4 57.647 2.365

1 22.620 1 14.790 14.790

Strong bursting 3 20.774 2 21.744 3.477
liability 6 19.196 3 27.687 1.981

4 10 17.547 4 33.899 1.553

1 4.616 1 32.345 32.345

. s 3 3.274 2 52.016 9.836

No bursting liability 6 2.101 3 69.202 5.729

10 1.718 4 74.821 1.405

saturated. Group 0 was the original specimen without the
dry-wetting cycle. Groups 1, 2, 3, and 4 were tested after 1, 3,
6, and 10 dry-wetting cycles in soaking solution with pH =7,
respectively. Groups 5, 6, 7, and 8 were tested after 1, 3, 6,
and 10 dry-wet cycles in soaking solution with pH =4, re-
spectively. Groups 9, 10, 11, and 12 were tested after 1, 3, 6,
and 10 dry-wet cycles in soaking solution with pH=9,
respectively.

It can be seen from Table 3 that the tensile strength of
coal decreases with the increase of dry-wet cycles. The
deterioration degree is faster in the early stage and slower

in the late stage (Figure 9). Under acidic and alkaline
environment, the decrease amplitude of tensile strength of
coal is obviously larger than that in neutral solution,
which indicates that under the action of acid-base solution
soaking, the easily soluble minerals in coal react with
hydrogen ions and hydroxyl ions in solution obviously,
resulting in pores and microcracks, leading to the rapid
formation of cracks in coal and full penetration. Com-
pared with the coal with strong bursting liability, the
strength of the coal without bursting liability is lower, but
the degradation degree is higher.
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TaBLE 3: Dynamic tensile strength and its deterioration of coal samples.
H Types of coal samples Number of Peak strength Cycle Total deterioration Average deterioration of each stage
P P P cycles (MPa) phase (%) (%)
0 2.807 0 0.000 0.000
Strong burstin 1 2.647 1 5.701 5.701
hfbﬂ‘il & 3 2.550 2 9.145 1.722
ty 6 2.457 3 12.470 1.108
7 10 2.387 4 14.964 0.624
0 1.783 0 0.000 0.000
1 1.617 1 9.346 9.346
No bursting liability 3 1.503 2 15.701 3.178
6 1.407 3 21.121 1.807
10 1.343 4 24.673 0.888
1 2.550 1 9.145 10.512
Strong bursting 3 2.390 2 14.846 2.850
liability 6 2.285 3 18.575 1.243
9 10 2.180 4 22.328 0.938
1 1.684 1 5.570 18.398
. L s 3 1.514 2 15.103 4.766
No bursting liability 6 1.384 3 22411 2.436
10 1.300 4 27.084 1.168
1 2.484 1 11.508 14.790
Strong bursting 3 2.254 2 19.691 4.091
liability 6 2.110 3 24.810 1.706
4 10 2.021 4 28.005 0.799
1 1.573 1 11.776 32.345
. L. 3 1.319 2 26.056 7.140
No bursting liability 6 1.154 3 35.290 3.078
10 1.042 4 41.589 1.575
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FiGUure 9: Dynamic tensile strength and its deterioration of coal samples with different bursting liabilities: (a)-(c) pH=7; (d)-(f) pH=9;

(g)-(i) pH=4.
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3.3. Acid and Alkaline Environment on Porosity Character-
istics of Bursting Liability Coal. Due to the complex structural
plane and the diversity of mineral composition, the failure
mechanism of rock under stress, physical, and chemical action
is far from clear. After the action of hydrochemical solution,
the internal microstructure of rock mass changes, which makes
its physical and mechanical properties worse and threatens the
long-term stability of rock engineering. Porosity has an im-
portant influence on the strength of rock. A series of complex
physical and chemical interactions take place between the
minerals of coal in chemical solution and the reaction particles
(e.g, H") in solution. It will lead to coal dissolution, which
change the porosity of coal. Due to the reaction-migration and
other physical and chemical processes after water erosion,
some active minerals in coal undergo dissolution, adsorption,
and other chemical processes. The dissolution reaction causes

the minerals to dissolve, and the ionic substances generated
migrate out of the coal to form voids. The adsorption results in
a large number of particles covering the mineral surface of coal
and blocking the pore channels in the coal. The final result of
this reaction-migration-adsorption is that the pore structure
inside the coal changes.

If the change of porosity of coal specimen during the
action of aqueous solution is mainly caused by the disso-
lution and migration of constituent minerals in coal, then
the change of porosity of coal specimen can be expressed by
the following formula:

Ap=9-9y=

i=1

(4)

where ¢ is the porosity, ¢, is the initial porosity, and i refers
to various minerals.
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Incremental porosity of coal in each stage can be cal-
culated by formula (4), as shown in Figure 10. It can be
concluded that the porosity of minerals decreases linearly in
stages 1, 2, and 3. In stage 4, however, the increase in po-
rosity begins to ease down due to the decrease in the dis-
solution rate of minerals. Porosity increment in acidic
environment is much larger than that in alkaline and neutral
environment. Porosity increment in alkaline environment is
slightly larger than that in neutral environment, indicating
that acidic environment is the most effective way to dissolve
cements. Porosity increment of strongly bursting liability
coal in acidic environment is initially greater than that of no
bursting liability coal, while it is opposite in alkaline envi-
ronment. It indicates that strong bursting liability coal is
more sensitive to acidic environment, while no bursting
liability coal is more sensitive to alkaline environment.

4. Conclusions

(a) The strong bursting liability coal shows scaly and
mylonitic microstructure; however, the weak
bursting liability coal shows a sheet-like and inter-
granular porous structure. The no bursting liability
coal shows shell-like and porous microstructure. The
surface micromorphology and structure character-
istics of coal samples with different bursting liabil-
ities are representative, which can be used as an
auxiliary basis to determine the bursting liability of
coal seam. In addition, the microstructure of coal
with strong bursting liability is characterized by
mylonitic, fragmentary, and brecciated structure,
and the microstructure is diverse and complex.
However, the microstructure of no bursting liability
coal is single and uniform.

(b) The morphological characteristics and distribution
of microfissures in coal are related to the bursting
liability of coal. Coal with strong bursting liability
shows tensile, compressive, and shear cracks pro-
duced by tectonic action, and the distribution of
cracks is complicated. The development of fissures is
greatly affected by the degree of coal metamorphism,
organic components, minerals, and other factors.

(c) The degradation in acid environment is significantly
greater than that in neutral and alkaline environ-
ment. In the saturated state, the deterioration degree
of coal increases obviously, which is due to the
existence of water in the coal rock, resulting in the
sharp decrease of coal strength. Under acidic and
alkaline environment, the decrease amplitude of
tensile strength of coal is obviously larger than that
in neutral solution, which indicates that under the
action of acid-base solution soaking, the easily sol-
uble minerals in coal react with hydrogen ions and
hydroxyl ions in solution obviously.

(d) Porosity increment in acidic environment is much
larger than that in alkaline and neutral environment.
Porosity increment in alkaline environment is
slightly larger than that in neutral environment,
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indicating that acidic environment is the most ef-
fective way to dissolve cements. Porosity increment
of strongly bursting liability coal in acidic envi-
ronment is initially greater than that of no bursting
liability coal, while it is opposite in alkaline envi-
ronment. It indicates that strong bursting liability
coal is more sensitive to acidic environment, while
no bursting liability coal is more sensitive to alkaline
environment.
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