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Abstract: Reducing the gas content in the coal seam can create a safer working environment for underground workers. One
effective method is gas extraction and coal seam water injection. The key to this process is drilling sealing, which requires high-
performance sealing materials. This paper presents an overview of commonly used sealing materials, including clay materials,
cement-based materials, high water materials, and polyurethane materials. It describes the application and research status of each
type of material, discusses current issues and improvements, and concludes with a look towards future developments.
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1. Introduction

Coal is a crucial energy source in China, with an extremely
high annual consumption. However, the production of coal is
often accompanied by the problem of coal mine accidents,
with gas accidents being the most common. To prevent such
disasters, coal seam water injection and gas drainage are used
to reduce the coal dust and gas content [1,2]. The quality of
sealing materials is crucial for gas pumping and coal bed
water injection. It directly affects their effectiveness.

2. Classification of Sealing Materials
2.1. Clay Materials

In the early stages, clay sealing material is commonly used.
It is derived from semi-dry clay, yellow mud, or a yellow
mud-cement mixture with a fine texture and plasticity. Clay
material was initially used to seal coal mine drilling holes due
to its low cost, easy availability of raw materials, and simple
operation. However, the high viscosity and poor fluidity of
clay slurry make it ineffective in sealing fissures during actual
sealing operations, which affects gas extraction during
drilling. Currently, cement-based composite materials and
other materials are gradually replacing clay sealing materials.

2.2. Cementitious Materials

Cement material is sourced from a wide range of sources.
It exhibits strong fluidity, controllable setting time, high
strength, and does not soften upon contact with water. These
characteristics make it better suited to the geological
environment of coal rock [3]. Cement-based materials are
commonly used for sealing rock holes. Despite some
shortcomings, compensatory measures have been developed
to address them. This technology has become increasingly
familiar and widely used. It remains one of the mainstream
materials for rock hole sealing.

2.3. High Water Materials

The high water material is a novel mixed substance
comprising two groups of components. When mixed with
water separately, the components do not precipitate or solidify
within 24 hours. After the two groups of slurry are fully mixed
and stirred, a physicochemical reaction occurs, resulting in
the slurry condensing and solidifying into a hard material in
just 30 minutes. The material exhibits high strength in later
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stages and is commonly used in engineering applications,
such as supporting roadways and sealing rocks [4].

2.4. Polyurethane Materials.

The sealing material used for polyurethane grouting is
typically a two-component slurry consisting of black
polyisocyanate and white polyol, along with catalysts,
homogenising agents, and other substances. The slurry can be
mixed uniformly in a 1:1 volume ratio and rapidly expands to
fill, seal holes, plug water, and reinforce. It is important to
note that this description is objective and avoids ornamental
language. The material has several advantages, including
good sealing, strong adhesion, and strong expansion. Sealing
holes with this material is a simple, time-saving, and labour-
saving process [5].

3. Current Status of Research on Hole
Sealing Materials

3.1. Study of Clay Materials

Xu Run [6] conducted a study on cement-clay composites
and found that they have good flow properties with better
penetration, which can be used for general leakage plugging
of fissure zones. Chen [7] and other researchers investigated
the rheological properties of clay slurry after adding an
accelerator. They concluded that the amount of accelerator,
the duration of its application, and the material of the
structural agent have an impact on the plastic strength of the
modified clay slurry. Furthermore, they found that the water
plugging performance and fluidity of the modified clay slurry
are superior to those of cement slurry. Zhou Bin [8] conducted
modification experiments on clay using AlL,Os. The results
showed that the strength of the material increased with the
dosage of Al,O3. When 4% of Al,O3; was added, the strength
and stability of the specimens significantly improved.

3.2. Study of Cementitious Materials

Hu Yachao [9] and other researchers have developed new
sealing materials that can effectively seal blasting holes,
providing an efficient solution to the difficult problem of
sealing top plates. This has led to successful mechanisation of
sealing holes and has yielded positive results in engineering
applications. Liu Jian and other researchers have found that
the addition of nano-silicon nitride alone can improve the
early strength of cement. When combined with fly ash, it



shows an even better synergistic effect and improves the
fluidity of the cement paste, resulting in shorter initial and
final setting times. Liu Jianzhong [11] and his team
discovered that adding 30%-50% fly ash can significantly
delay the exothermic rate of cement hydration, more so than
the same ratio of slag powder. This effectively prevents
cement cracking in later engineering applications. Wu
Hailong [12] and his team have noted that the increase in
cement hydration products is linked to an excess of SO4".
This can have an impact on the mechanical strength of the
specimen, and a continuous increase can result in an overall
negative correlation with the material's strength. Zhao Yaoyao
[13] and his team conducted a single-factor experimental
study to regulate the size of the aluminates cement doping.
They investigated the material's compressive strength, setting
time, and flow propertiesand found a positive correlation
between the doping of aluminates cement and the material's
compressive strength and fluidity. They also found a negative
correlation between the material's setting time and the
material's setting.

In their study, Wang Hailiang [14] applied varying amounts
of organosilane surface coating to test blocks. They
discovered that a coating amount of 250g/m? resulted in
reduced surface pores, increased hydrophobicity, and the best
protective effect. In their study, Lu Ting [15] and his team
analysed the effect of doping Si3N4 into cement slurry as a
single dosage on the basic properties of cementitious
materials. They found that when 2% of nano-silicon nitride
was doped, the rate of the cement hydration process was
accelerated and the compressive strength of the material was
improved. Liu Jian [16] and others developed a microcapsule
UEA expansion agent and applied it to cement. They analysed
the impact of the microcapsule UEA expansion agent on the
expansion properties of cement at a microscopic level. They
found that it alleviates the effect of the release of the
expansion agent in cement paste. The microcapsule, which
pre-protects the expansion agent, basically does not
participate in the relevant reaction. However, the expansion
of microcapsules is dependent on achieving certain conditions
of their own strength and co-development. This application
has yielded positive results due to the slow seepage of water
causing expansion in the osmotic pressure of the surface layer.

3.3. Study of High Water Materials

Sun Wenbiao [17] and his team developed a new method to
determine the expansion stress of hole sealing materials. They
found that the expansion stress of high water materials
increases with size expansion. Song Wubing [18] and his team
proposed a new high water sealing material that improved gas
extraction efficiency by 35%-50% and reduced usage costs.
This material has been successfully applied in mines. Zhang
Yinghua [19] and colleagues conducted systematic tests on
the performance of high water materials. They pointed out
that the material has characteristics such as high strength, fast
solidification, high flow, and micro-expansion. They also
found that the use of a direct hole sealing method can have a
good plugging effect. Sun Wende [20] and others proposed
mixing high-water materials with expanded cement and
adding various admixtures for compounding. They combined
this with microencapsulation technology to study the
material's setting time, fluidity, and shrinkage. They found
that the material coagulated and expanded simultaneously,
improving its resistance to shrinkage and deformation at a
later stage. Ding Yu and colleagues conducted a study on the
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microstructure, fluidity, coagulation time, and mechanical
properties of UHW materials. They concluded that the
comprehensive characteristics of UHW materials perform
well, and the engineering application prospect is more open.
This finding suggests that UHW materials could be a
promising option for filling air-mined areas in the future.
Zheng Chunshan [22] and his team developed the PD series
of sealing materials. They used an environmental scanning
electron microscope to study the sealing effect, material slurry
penetration of the pore wall fissure state, bonding of the
material and the coal wall, and compared the PD series of
materials with polyurethane material. They found that the PD
series of materials have a denser internal structure, which
improves the negative pressure of gas extraction. Feng
Guangming[23] and colleagues have developed ultra-high
water materials with a water-solid ratio of up to 11:1. These
materials have good flow properties and do not shrink during
curing. Additionally, they allow for control over the strength
and setting time of the material.

3.4. Study of Polyurethane Materials.

He Xiangxiang [24] and other researchers have found that
polyurethane materials, when modified, can effectively
enhance the air wedge effect of the explosive shock wave,
resulting in a significant improvement in the blasting effect.
Wang Leiyu [25] and colleagues have also demonstrated that
polyurethane grouting materials, when modified with water
glass, exhibit improved surface uniformity and reduced
cracking, resulting in improved mechanical strength and
reduced cost of use. Qin Xiuyun [26] adjusted the density of
the polyurethane components. By increasing the density
appropriately, the cytosol size of the material became smaller
and the number of cytosols increased. This resulted in
improved strength and uniformity, as well as enhanced
thermal insulation performance and frost resistance. Xue
Yaozong [27] modified polyurethane by introducing boron
nitride. The modified material showed significant
improvements in elongation at break, tensile strength, thermal
stability, and thermal conductivity. Liu Qiang and colleagues
[28] used a new type of bag-type polyurethane hole sealer in
a gas concentration extraction comparison. They found that
the sealer can not only seal the borehole to prevent and control
gas leakage, but also facilitate later grouting, improving work
efficiency. Yang Shaobin [29] and his team modified the
properties of polyurethane sealing materials by adding the
flame retardant trichloroethyl phosphate. They discovered
that the dense internal structure of the foam was due to the
addition of the flame retardant. Lu Liyuan [30] and his team
investigated the injectability of polyurethane sealing material
in gunhole plugging. The test revealed the presence of high
temperatures during the reaction process of polyurethane
sealing material, which poses certain risks. Li Ning [31] and
colleagues have developed new polyurethane/polyurea
reinforcement materials by compounding polyurethane
materials. These materials exhibit better strength, expansion,
sealing performance, and physical properties compared to
traditional reinforcement materials.

4. Discussion

In China, the most commonly used material for sealing
pores is still cement-based. However, the use of cement
mortar filler or cement composite material mixed with several
materials for direct use can no longer meet the increasing
demand for pore sealing.



Many new sealing materials have complex production
processes and high costs. Therefore, it is important to simplify
the preparation process while ensuring good performance
during large-scale production and application.

Clay materials soften easily when in contact with water.
Single-component cement materials are highly susceptible to
dry shrinkage, which can lead to micro-cracks. Chemical
grouting materials are not environmentally friendly and can
be costly. Therefore, it is important to seek out green and
environmentally friendly materials.

5. Conclusion and Future Prospects

Although research on hole sealing materials has made good
progress, the existing materials have not yet achieved the
desired effect in actual projects. To better meet the needs of
hole sealing, further research can be carried out in the
following areas:

The micro-expansion property of hole-sealing materials is
a crucial factor that affects the quality of hole sealing and
requires further study.

The development of more affordable, durable, and
recyclable materials that align with green environmental
protection should be prioritised.

Future material research will focus on multi-component
composite technology for hole sealing. Simple mixing of
various materials is insufficient to meet the continuously
growing demand for hole sealing. Therefore, new materials
should be developed using multi-component composite
materials, which have better grouting performance and are
easy to transport and store.
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