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This study is focused on coal mass fracture grouting sealing and seepage

reduction with coal-based grouting sealing materials. First, a new type of

coal-based grouting sealing materials was developed and applied to the

fractured coal sample in the grouting test. Then, the coal sample before and

after grouting was scanned and reconstructed with the aid of industrial

computed tomography (CT). Based on CT images and reconstructed data, a

theoretical model of grouting sealing for fractured coal mass was

constructed by taking the migration and sedimentation of grouting slurry

particles into consideration. Furthermore, on the ground of the theoretical

model, a numerical calculation model of grouting sealing for the fractured

coal sample was established, and the mechanism of grouting sealing and

seepage reduction with coal-based sealing materials was simulated. Finally,

a field test of gas extraction drilling and sealing was performed using the

coal-based grouting sealing technology. The results show that: 1) The new

type of coal-based grouting materials is effective in sealing the coal mass

fracture, as the fracture is tightly filled with slurry particles after grouting. 2)

The numerical simulation reproduces the whole process of grouting slurry

flow and fracture sealing. After the permeability of the grouting coal sample

decreases rapidly, it gradually tends to stabilize. The permeability of the

whole coal sample goes down by 96% on average, and that of the fracture

drops by more than 99.9% on average. The law of slurry diffusion and

permeability variation calculated by numerical simulation is in line with

the test results, which verifies the reasonableness of the model. 3) The

application of the coal-based grouting sealing technology achieves an

excellent sealing effect, promoting the gas extraction concentration by

1.43 times. The research results provide guidance for revealing

mechanism of coal mass fracture grouting sealing with coal-based

materials and bolstering the effect of extraction borehole sealing.
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1 Introduction

As coal mining in China extends into the deep, disasters such

as coal and gas outburst are becoming increasingly severe. Since

the increase in coal mining depth amplifies the in situ stress, the

coal mass in deep coal seams is broken and soft with a weak

bearing capacity (Chen et al., 2016). Under the influence of

mining, a large number of fractures appear in the coal mass,

causing changes in its stress state and inducing its instability and

failure. Ultimately, disasters such as coal and gas outburst are

likely to occur (Huang et al., 2019; Hao et al., 2021; Bao et al.,

2022). Gas extraction is an important technical method to

develop and utilize gas resources and prevent gas disasters in

coal mines (Yu et al., 2015; Zhang et al., 2022a; Bi et al., 2022;

Zhang et al., 2022b; Gao and Ren, 2022). However, under the

influence of the excavation and mining of the roadway and

borehole, the coal layer could be damaged by different degrees

of deformation, so there are a large number of fractures and

leakage channels around the extraction borehole (Liu et al., 2020;

Wang et al., 2021; Li et al., 2022a). And seriously impacts the gas

extraction effect (Zhou et al., 2016; Zhang et al., 2022c; Yao et al.,

2022), the average concentration of coal mine gas extraction is

merely 30% (Wang and Cheng, 2012; Wang et al., 2020).

In order to improve the efficiency of gas extraction scholars

proposed cement mortar sealing technology (Zhang et al.,

2022d), the polyurethane sealing technology, the sealing

technology of “two plugs and one injection” and the bag

sealing technology (Sun et al., 2022). Among them, “two plugs

and one injection” is a common method to sealing boreholes in

Chinese coal mines. The principle is to create a grouting space in

the boreholes through the “two plugs” materials and then inject

the sealing slurry under pressure (Yang et al., 2019). This method

can promote the combination of slurry and fractures on the

borehole wall in the coal seam, pertinently strengthen the sealing,

and effectively enhance the gas extraction effect.

Under practical working conditions, sealing materials and

sealing parameters are often selected according to experience,

which lacks a scientific theoretical basis. This restricts the

optimization of sealing effect for gas extraction boreholes (Li

et al., 2016). Other scholars also have important reference

significance for the test of sealing materials in this paper (Liu

et al., 2020a). Therefore, in-depth study on the property of

grouting materials and the mechanism of coal seam fracture

sealing is of great engineering significance for enhancing the

sealing effect of extraction boreholes and improving the

efficiency of gas extraction.

Currently, scholars at home and abroad have carried out a

series of research on grouting materials, characteristics of slurry

flow inside coal rock fractures andmechanism of grouting sealing

and seepage reduction with slurry (Li et al., 2022b). At present,

the major object of research on grouting sealing materials is

cement-based sealing materials. In terms of relevant research on

slurry materials, primary consideration is given to the influence

of slurry properties on bearing capacity and durability (Ge et al.,

2014; Di et al., 2021; Guo et al., 2021). In order to utilize coal

resources efficiently, scholars use coal debris as slurry material,

on the ground of cement-based sealing materials, the addition of

a certain concentration of coal fly ash. Research shows that

compared to cement-based sealing materials, they not only

enhance the mechanical strength and behavior of slurry, but

also enhance the durability of sealing materials (Chindaprasirt

et al., 2003; Liu et al., 2010; Nath and Sarker, 2011). Coal debris

has the benefit of obtaining materials locally and low cost,

utilizing waste resources rationally. Meanwhile, developed a

new type of green sealing materials with borehole coal debris

as the base material (Li et al., 2015). The property of slurry flow

inside coal rock fractures plays an important role in investigating

fracture evolution during the grouting process, and taking into

account the time-varying concentration in the midst of slurry

flow can more faithfully reflect the influence of sedimentation

during solid particle migration (Yang et al., 2011; Zhang et al.,

2015).

Some scholars have explored the sealing performance of

grouting slurry for fractured rock mass. For instance, through

engineering tests, Kang (Kang, 2021) proved the variation

process of organic polymer materials in the field of grouting

sealing and seepage reduction, and found that under the same

grouting pressure, such materials boast a larger diffusion range

and a better bonding effect in roadway surrounding rock. Based

on the engineering practice of high-pressure grouting in mine

roadways. Zhang et al. (2020) revealed the mechanism of

grouting sealing and seepage reduction of coal mass, i.e., the

slurry, as a semi-fluid, entered into the coal fractures under

pressure, which restricts the entrance of gas and liquid. Yang et al.

(2016) analyzed the fracture changes in mudstone samples before

and after grouting under laboratory conditions with the aid of the

computerized tomography CT scanning technology, and

evaluated the fracture sealing performance using the fractal

dimension method. Wei et al. (2020) investigated the grouting

sealing and seepage reduction characteristics of fractured coal

mass by means of industrial CT and numerical simulation. Liu

et al. (2020b) studied the permeability evolution characteristics of

rock mass before and after grouting through tests. Xu et al. (2019)

explored the effect of grouting sealing and seepage reduction for

deep fractured rock on a self-developed grouting physical

simulation platform.

In the above research, scholars have conducted many useful

explorations in grouting sealing materials, slurry flow models as
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well as grouting sealing and seepage reduction for fractured coal

mass. However, the existing theoretical models rarely consider

the coupling between slurry flow and coal deformation, and fail

to investigate the fracture evolution under the combined effect of

stress and slurry particle sedimentation. In this study, the fracture

distribution of coal mass was reconstructed by adopting

advanced experimental methods such as CT scanning, and the

model of grouting sealing and seepage reduction for fractured

coal mass was constructed. Besides, the fracture sealing

mechanism of a new type of grouting slurry was quantitatively

analyzed. Finally, the model of grouting sealing for gas extraction

boreholes was established. The research results can lay a

foundation for optimizing the grouting and sealing process of

gas extraction boreholes and is of great theoretical and practical

significance.

2 Grouting test on fractured coal
mass

2.1 Test system

Bituminous coal from the 360803 working face of a mine in

Huainan City, China, was selected and processed into a

standard coal sample of 50 mm × 100 mm. Then, the sample

was split with the Brazilian splitting method by the NY-60

pressure tester. Afterwards, a penetrating fracture would

emerge in the coal sample. Next, the residual broken coal

blocks were crushed and a 100-mesh sieve was used to

screen pulverized coal (Figure 1). Finally, a new type of coal-

based sealing materials was prepared with pulverized coal. The

slurry was comprised of water, curing agent, expansion agent

and pulverized coal whose particle size was less than

100 meshes at the water-solid ratio of 1.5. Configured a new

coal-based sealing material using coal debris with a slurry

water-solid ratio of 1.5, consisting of 500 g coal debris with

particle size less than 100 mesh, 2 g curing agent, 400 g

expansive agent, and 1,353 g water.

The grouting test on fractured coal mass adopted the “rock

strata grouting test system-pour into system” independently

developed and designed by Henan Polytechnic University. The

test system mainly comprises six parts: a grouting pressure

controller, a confining pressure controller, a digital collector, a

slurry tank, a grouting pressure head and a coal sample holder.

The photo and schematic diagram of the rock strata grouting test

system are presented in Figures 2, 3, respectively. The test

method are as follows: 1) The fractured coal sample was

wrapped with sealing ring and then loaded into the grouting

chamber. Grouting chamber left side connected to the grouting

FIGURE 1
Coal sample and pulverized coal preparation.

FIGURE 2
Rock strata grouting test device.
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pressure head, right side connected to the slurry outlet and valve,

and closed all the valves in the system, keeping the coal sample in

an airtight environment. 2) Adjust confining pressure to 0.8 MPa

through confining pressure controller. 3) Prepared slurry

according to the slurry water-solid ratio of 1.5, and put into

the slurry tank. 4) The coal-based grouting materials were poured

into the fractured coal sample by the booster pump under the

grouting pressure of 0.2 MPa for 30–40 min. The upper and

lower valves of the grouting chamber were opened to keep the

grouting circuit unblocked. 5) The grouting valves were closed

and the coal sample was taken out for tests, after which the

grouting pipeline and the booster pump were cleaned.

2.2 Permeability test on grouting coal
samples

The permeability test was performed using the self-

designed nitrogen seepage test system (Figure 4). The test

system mainly consists of a gas path, a coal sample holder, a

pressure gauge, a confining pressure controller and a

measuring cylinder. Among them, the coal sample holder

includes a confining pressure chamber, a permeability test

pressure head and other components. Meanwhile, the

confining pressure chamber is connected with the confining

pressure controller to control the confining pressure that the

coal sample is subject to. The permeability test pressure head

is linked to the gas pipeline so as to test the permeability of the

coal sample in the holder. The main parameters of the

nitrogen seepage test system are as follows:

1) Coal sample size: V50 mm × 100 mm, precision ± 2 mm;

2) Confining pressure: 0–50 MPa, precision ± 0.1 MPa;

3) Gas pressure: 0–15 MPa, precision ± 0.05 MPa.

Before carrying out the permeability test, the following

assumptions were made: 1) Nitrogen flows in the coal sample

fracture as laminar flow, and gas seepage conforms to Darcy’s

law; 2) Gas permeability is irrelevant to seepage pressure. The

volume of gas seepage per unit time is measured by means of the

water drainage method and substituted into the permeability

calculation formula (Li et al., 2021):

k � 2QP0μB

P2 − P2
0( )A (1)

where k is the permeability of the coal sample, mD; Q is the

volume flow rate of nitrogen at the outlet under standard

atmospheric pressure, m3/s; P0 is the standard atmospheric

pressure, 101.325 kPa; μ is the dynamic viscosity of nitrogen,

1.66×10−5 Pa•s; B is the length of the coal sample, cm; P is the

pressure of nitrogen at the inlet, MPa; A is the cross-sectional

area of the coal sample, m2.

Under a confining pressure of 0.8 MPa, and measured the

coal sample permeability before fracturing k1, the permeability

FIGURE 3
Rock strata grouting test system.

FIGURE 4
Nitrogen seepage test system.
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after splitting k2 and the permeability after grouting k3
respectively, and listed in Table 1.

The permeability after grouting k3 is greatly reduced

compared with the permeability after splitting k2. Indicating

that the grouting of fractured coal mass would produce a

better grouting effect and achieve the leakage sealing

performance. However, the permeability after grouting k3 is

little higher than the permeability before fracturing k1, the

reason is that the slurry failed to completely sealing the

detailed fractures in the coal sample, resulting in higher

permeability.

2.3 CT scanning and reconstruction of
fractured coal samples

The industrial CT equipment was used to scan the coal

samples before and after grouting to obtain the CT images in

Figure 5. Figure 5A displays the CT images before grouting,

from which it can be seen that the fracture penetrates the coal

sample and is of simple distribution overall. As the fracture

extends from the top to the middle of the coal sample, it

gradually narrows and tilts to the right, and the main fracture

is found in the upper 2/3 of the coal sample. When stretching

to 2/3 of the coal sample, the fracture begins to extend

horizontally to the lower left, during which the fracture

width changes insignificantly. Subsequently, it further

extends downward, during which it becomes comparatively

twisted, serrated and narrow. Finally, it turns into a crack at

the bottom of the coal sample.

Figure 5B gives the CT images of fracture distribution of the

reconstructed coal sample after grouting. As can be observed

from the top view, the slurry has filled the fracture. As can be seen

from the front view, the main fracture is filled with the slurry,

except for the upper part. According to the side view, the filling

effect is remarkable on the whole, but the slurry fails to fill the

upper part of the coal sample sufficiently, probably because the

fracture has such a large twist angle that the slurry cannot stay at

the corner. Besides, the fracture at the bottom of the coal sample

is not completely filled. The is attributed to the fact that this part

of fracture is too narrow and too far from the top of the coal

sample; consequently, the slurry whose pressure decreases

gradually in the filling process fails to open up and fill the

fracture at the bottom.

3 Numerical simulation on grouting
sealing and seepage reduction for
fractured coal mass

3.1 Model of grouting sealing and seepage
reduction for fractured coal mass

3.3.1 Equation of mass conservation
The coal mass is a pore-fracture dual-porosity medium. The

grouting slurry mainly seeps into the coal mass alongside the

fracture structure. The particles in the grouting slurry

experience sedimentation while flowing under the influence

of gravity. As a result, the pores and fractures of the coal mass

become narrow or even blocked, thus affecting the porosity and

permeability of the coal mass (Si et al., 2021a; Si et al., 2021b).

TABLE 1 Permeability measurement results.

P/MPa Confining pressure/MPa k1/mD k2/mD k3/mD

0.6 0.8 1.9 53.8 2.6

FIGURE 5
CT scan of coal sample before and after grouting. (A) Before grouting. (B) After grouting.
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For the convenience of modeling research, the following

assumptions were made:

1) In the pore-fracture dual-porosity structure of fractured coal

mass, the fracture variation plays a major role in seepage, and

the influence of pores in the coal matrix is ignored;

2) The solid particles in the grouting slurry are incompressible,

and the grouting concentration is stable and invariant;

3) The grouting slurry can be regarded as a Newtonian fluid;

4) The sedimentation of suspended particles in the grouting

slurry is an irreversible process.

The fracture structure model of fractured coal mass is

established (Figure 6). In the model, the coal matrix blocks

are cubes with a side length of a; the width of the fracture is

b; the volumes of the micro-unit of the coal matrix are V=(a+b)

(Huang et al., 2019) and V1=a (Huang et al., 2019), respectively.

The fracture rate φ of the micro-unit can be expressed as:

φ � a + b( )3 − a3

a + b( )3 (2)

Figure 7 presents the micro-unit. By adopting the Euler

description method, the equation of mass conservation for

fractured coal mass during grouting is established as (Zhu

et al., 2020):

z Dφ( )
zt

� −∇ Dφv( )L +KdepDφ (3)

whereD is the volume fraction of particles in the fracture; φ is the

fracture rate of fractured coal mass; Kdep is the sedimentation

coefficient of particles; L is the length of the whole fracture, m; v is

the absolute velocity when the particles migrate in the fractured

coal mass, m/s.

3.3.2 Equation of slurry flow
The process of slurry flow in the micro-unit fractures is

shown in Figure 8. The micro-unit method is adopted to divide

the rough fracture into several smooth sections along the slurry

flow direction, and each section is of relatively small lengths and

different widths. In this way, the rough fracture can be replaced

by a series of smooth sections.

Eq. 4 is the equation of permeability coefficient when the

slurry flows in the coal mass that bears a single fracture (Li et al.,

2017):

Kf � ρg

12u
n∑1/ek3⎛⎝ ⎞⎠ 2

3 (4)

where Kf is the permeability coefficient of the coal fracture; ρ is

the density of the slurry; g is the gravity of the slurry; n is the

number of micro-unit fracture sections; and ek is the width of

each section.

3.3.3 Equation of permeability evolution
The grouting slurry seeps into the coal mass alongside the

fracture and gradually migrates to the deep part of the fracture. In

this process, it experiences sedimentation as a result of seepage

velocity reduction and gravity. Under the impact of

sedimentation, the particles gradually seal the coal fracture,

which will inevitably lead to the decline of coal mass

FIGURE 6
Fracture structure model of fractured coal.

FIGURE 7
Microelement sketch.

FIGURE 8
Rough single fracture model.
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permeability. Eq. 5 is the equation of permeability variation (Wei

et al., 2020):

ρ2s
φ0 ρs − S( ) zSzt − ρs

zS

zt
� KdepC (5)

where φ0 is the initial fracture rate of fractured coal mass; ρs is the

density of suspended particles, g/cm3; S is the concentration of

sedimented particles, g/cm3; C is the concentration of suspended

particles in the fracture, g/cm3.

The above equations of mass conservation (3), slurry flow (4)

and permeability evolution (5) together constitute the slurry flow

coupling theoretical model.

3.2 Establishment of a numerical model of
grouting for fractured coal mass

In the above tests, industrial CT was used to scan the coal

sample after splitting to obtain its internal fracture distribution.

In this section, the multi-physics coupling software COMSOL

Multiphysic was adopted to establish a numerical calculation

model that shared the same size (50 mm in diameter and 100 mm

in height) as the tested coal sample (Figure 9). CT images contain

pore and frame information in each pixel, and the smaller the

gray value of the image pixel, the higher porosity of the sample at

that location. By selecting a reasonable threshold value, the

porosity of the sample can be effectively described. Using a

self-written Matlab program to extract and arrange the pixels

of the CT scanned coal samples, and then import the

reconstructed 3D pixel values of the coal samples into

COMSOL by difference method, and refined mesh division

was conducted.

The boundary conditions and initial conditions of the

numerical calculation model were set up based on the test

conditions. Since the coal-based sealing materials were

injected from one end of the coal sample, the upper boundary

of the model served as the slurry injection end, with the grouting

pressure being 0.2 MPa and the model confining pressure being

0.8 MPa. The remaining boundaries were all impermeable ones,

that is, the slurry would not overflow from these boundaries. The

initial slurry concentration of the numerical calculation model

was 0. Major parameters of numerical simulation are shown in

Table 2.

3.3 Analysis on grouting pressure on
fractured coal mass

As can be known in Figure 10, the grouting pressure on the

fractured coal sample varies as time goes by. Specifically, the

diffusion range of grouting pressure increases from the top to the

bottom alongside the fracture. When the grouting time is 1,000 s,

the grouting pressure basically runs through the whole coal

sample, after which it remains basically stable. Moreover, the

grouting pressure diffuses faster in the upper part of the coal

sample and relatively slowly in the local area at the bottom. At

2,000 s, the grouting pressure in part of the fracture at the bottom

is still rising. From the CT images, it can be known that the slurry

diffuses fast in the upper part because the fracture is well

developed and the permeability is high there, while it diffuses

slowly in the lower part because the fracture is poorly developed

there.

3.4 Variation of coal permeability

The time-varying cloud map of coal permeability during

grouting is exhibited in Figure 11 where the parts with a wide

fracture and a high permeability are red and orange while those

with a narrower fracture and a low permeability are light blue and

dark blue. A penetrating fracture can be observed at 2/3 of the

model. Before grouting, the permeability of the fracture is much

higher than that of the unfractured area.

As the grouting time passes by, the grouting slurry seeps into

the coal mass along the fracture and gradually migrates and

settles to the deep part of the fracture, resulting in the continuous

narrowing and even sealing of the fracture. Ultimately, the

permeability of the model decreases. When the grouting time

is 100 s, the permeability in the upper part of the coal sample

changes from reddish orange to light blue, which indicates that

the permeability begins to drop as the slurry begins to enter the

FIGURE 9
Schematic diagram of the model. (A) Physical model. (B)
Mesh model.
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coal mass from the top. The permeability falls significantly in the

early stage of grouting (before 400 s). With the passage of

grouting time, the sealing effect gradually weakens. When the

grouting time is 1,000 s, the permeability of the upper 2/3 of the

coal sample gradually turns into dark blue, and slurry only fails to

reach the left boundary. When the grouting time is 2,000 s, the

coal sample changes into dark blue as a whole, which means that

the slurry has basically filled the entire fracture. From the

permeability variation in the grouting process, it can be found

that the upper part of the fracture is sealed by the slurry first. As

the grouting proceeds, the slurry continues to diffuse and seal the

fracture downward until it finally seals the fracture. The reason is

that the upper part of the fracture, which is developed, is

conducive to slurry flow and sealing, while the lower part of

the fracture, which is poorly developed, is unfavorable for slurry

flow and sealing.

TABLE 2 Main parameters of numerical simulation.

Slurry density/kg·m−3 Grouting pressure/MPa Water-solid ratio Viscosity/Pa·s Grouting time/s

1,340 0.2 1.5 η=154.55e0.0254t 2000

FIGURE 10
Cloud map of grouting pressure variation with time. (A–F) refers to the grouting pressure clouds at different times, in accordance with the
numerical simulation specification.

FIGURE 11
Cloud map of permeability variation with time. (A–F) refers to the permeability clouds at different times, in accordance with the numerical
simulation specification.
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The curve of permeability of the grouting coal sample with

time obtained by numerical simulation is shown in Figure 12.

The numbers therein correspond to the permeabilities of the

model at 0 s, 10 s, 100 s, 400 s, 1,000 s and 2,000 s, respectively.

Overall, the permeability gradually goes down with time, by

93.5% on average. The permeability after splitting of the coal

sample is 47.4 mD, stabilizes after around 1,000 s, and

eventually reaches about 1.86 mD at 2,000 s, a decrease of

96.0%. In the test, the measured values of the permeability

before and after grouting are 53.8 mD and 2.6 mD,

respectively. The numerical simulation results are

consistent with the test results, yet some errors still exist,

because the permeability test was carried out after the grouting

slurry inside the coal sample was dried. As can be seen from

the permeability curve, after the grouting time exceeds 1,500 s,

the permeability curve starts to decline slowly, barely affecting

the overall permeability value of the model. Figure 13 presents

the curve of permeability of the fracture with time in the

grouting process obtained by numerical simulation. Clearly,

the permeability of the fracture varies in the same trend as the

overall permeability of the coal sample. The difference lies in

that the fracture is of a higher initial permeability and a greater

decrease range (more than 99.9%). The above numerical

simulation results of fractured coal sample during grouting

are basically the same as the measured results, which confirms

the reasonableness of the theoretical model.

4 Field application

4.1 Coal-based grouting sealing
technology

The above research shows that the coal-based grouting

materials can tightly seal the coal mass fracture. On this basis,

the borehole sealing device of “two plugs and one injection” was

employed to seal the gas extraction borehole on site. The

schematic diagram of the technology and relevant device coal-

based grouting sealing for a gas extraction borehole is depicted in

Figure 14. The borehole device is mainly composed of two 1-m-

long capsular bags, two grouting pipes and a blast valve. One

capsular bag is about 1 m away from the borehole outlet, and the

other is about 1 m from the suction hole section. A slurry outlet

containing a blast valve is set between the two capsular bags.

During grouting, as the grouting pressure inside the capsular

bags and the grouting pipelines rise, the blast valve will blast and

open up to realize the sealing and filling the surrounding rock

fracture between the capsular bags. In this way, the gas extraction

borehole is sealed.

4.2 Sealing effect of coal-based grouting

The coal-based grouting sealing technology was adopted to

seal the gas extraction borehole in the coal seam of a track

roadway in Zhaogu No. 2 Coal Mine. After the completion of gas

FIGURE 12
Permeability of grouting coal sample with time.

FIGURE 13
Permeability of coal sample fracture with time.

FIGURE 14
Schematic diagram of two plugs and one injection for coal-
based grouting material.
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extraction borehole construction, the sealing device of “two plugs

and one injection” was fixed on the gas extraction pipe line and

then transferred to the borehole. According to the water-solid

ratio of 1.5, an appropriate number of additives was added into

the slurry to configure the coal-based slurry which was then

injected into the sealing device of “two plugs and one injection”

by using the grouting pump. As the grouting process continued,

the two capsular bags were gradually filled with the coal-based

slurry, and the grouting pressure also rose accordingly.

Subsequently, the grouting pressure opened up the bast valve.

At this time, the grouting pressure would plunge. As the slurry

filled the fracture in the surrounding rock, the grouting pressure

went up again, and finally reached 1 MPa or so, which marks the

completion of gas extraction borehole sealing. After the sealing,

the gas extraction data were recorded with the average

concentration of a single borehole within 3 months as the

evaluation index (Figure 15). According to the recorded data,

the gas extraction concentration after ordinary cement mortar

borehole sealing ranges from 7.8% to 13.5% with an average of

10.7%, while the average gas extraction concentration after coal-

based grouting sealing ranges from 11.6% to 18.9% with an

average of 15.3%. The gas extraction concentration is promoted

by 1.43 times, which suggests that the coal-based grouting sealing

technology can achieve a better sealing effect.

5 Conclusion

In this paper, a new type of coal-based grouting sealing

materials was developed and applied to the fractured coal

sample in the grouting test. Furthermore, the coal sample

before and after grouting was scanned and reconstructed by

means of industrial CT. On this basis, the numerical

calculation model of grouting sealing for the fractured coal

sample was established, and the mechanism of grouting

sealing and seepage reduction with coal-based sealing

materials was simulated. Finally, the field test on gas

extraction borehole sealing was performed using the coal-

based grouting sealing technology. The main conclusions are

listed as follows.

1) Through the permeability test on the fractured coal sample

before and after grouting, it is found that the coal-based

grouting materials can fill the fracture tightly, and the

permeability plunges after grouting, which means that the

coal-based grouting materials exert an excellent sealing effect

on the coal sample. The numerical simulation results are

basically the same as the measured results, which confirms the

correctness of the theoretical model.

2) By constructing the fracture structure model, established a

slurry flow coupling theoretical model of mass conservation,

slurry flow and permeability evolution equation. On the

ground of the real-time fracture industrial CT scanning

reconstruction model, the whole process of coal sample

fracture sealing by coal-based slurry was simulated by

importing the reconstructed CT images into COMSOL

numerical simulation software with the self-compiled

Matlab program. By doing so, the variation of coal sample

permeability with time was concluded. The research results

provide guidance for exploring the mechanism of grouting

sealing and seepage reduction and strengthening the sealing

effect for gas extraction boreholes.

3) The gas extraction concentration after ordinary cement

mortar borehole sealing ranges from 7.8% to 13.5% with

an average of 10.7%, while the average gas extraction

concentration after coal-based grouting sealing ranges from

11.6% to 18.9% with an average of 15.3%. The gas extraction

concentration is promoted by 1.43 times, which indicates that

the coal-based grouting sealing technology can achieve a

better sealing effect.
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