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Abstract: Mine gas is one of the main factors seriously threatening the safety of coal mine production, but also 

a kind of high-quality energy with a longer life than coal mining, the most fundamental measure to deal with 

underground gas is extraction, and when using drilling to extract gas, the sealing method and sealing quality are 

the decisive factors restricting the extraction effect. The key to hole sealing technology is to determine the 

reasonable hole sealing depth and length, select appropriate hole sealing materials and hole sealing equipment. 

In recent years, the use of "two blocks and one injection" pressure grouting hole sealing technology can 

effectively improve the sealing effect, improve the gas extraction rate, and reduce the risk of gas outburst. 
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1. Introduction 

China, the world’s largest coal producer, faces increasing energy demands due to rapid economic growth. Coal 

will remain a dominant energy source to power national development in the foreseeable future. Under the "new 

normal" economic conditions, advancing the safe, stable, and sustainable development of coal—a foundational 

energy industry—is crucial for implementing national energy strategies [1]. 

Chinese coal seams, formed under unique geological conditions, are characterized by high gas content, strong 

adsorption, low permeability, and "three highs and one low" features: high gas content, high gas pressure, high 

ground stress, and low permeability [2]. The permeability of coal seams, a critical factor affecting gas 

extraction, ranges between0.1–0.001×10−3 μm in most Chinese coal seams 2–3 orders of magnitude lower than 

those in the U.S. and Australia. Coal and gas outbursts, among the most severe hazards in coal mining, cause 

significant damage to personnel, equipment, and society [3]. Gas-related disasters, including outbursts and 

explosions, correlate strongly with gas content: higher gas content increases outburst risks As shallow coal 

resources deplete, mining depths increase, exposing coal seams to high ground stress, gas pressure, and 

geothermal conditions. These complexities escalate the frequency and intensity of gas outbursts during deep 

mining. Thus, mitigating coal and gas outbursts during extraction has become a global research focus. 

Concurrently, coalbed methane (CBM), a byproduct of coal mining and a major methane source, has gained 

attention for its dual role in enhancing mine safety, reducing greenhouse gas emissions, and minimizing gas-

related disasters. [4]. 

 

2. Current Research on Coal Mine Sealing Methods and Equipment 

In the 1980s, Germany and Japan widely adopted polyurethane sealing technology, complemented by pneumatic 

mixing pumps. In the 1990s, Germany’s Ruhr coal district developed expansive cement mixtures with up to 

20% expansion rates, while Russia’s Donbas mines utilized hydraulic expandable sealers, rubber sealers, and 

friction-based devices. The U.S. employed cement with mechanical systems, and the U.K. used resin and rubber 
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ring sealers. Over decades, global efforts have focused on adapting sealing techniques to diverse geological 

conditions. Current mainstream technologies include clay sealing, cement mortar sealing, polyurethane sealing, 

mechanical sealers, and the "two plugs and one injection" pressurized grouting method [5-7]: 

1. Clay Sealing 

Early Chinese coal mines manually sealed boreholes using clay. The process involves inserting a pressure-

measurement tube into the borehole, compacting clay columns (0.5 m each) with wooden plugs, and sealing the 

final 1 m with cement mortar (Figure 1). Advantages include simplicity, material availability, and low cost [8]. 

 
Figure 1: Clay Sealing 

1- Pressure-measurement tube; 2- Cement mortar; 3- Wooden plug; 4- Clay; 5- Retaining plate; 6- Borehole 

 

2. Cement Mortar Sealing 

Cement mortar, mixed with specific cement grades and fine sand, replaced clay due to its inefficiency. 

However, shrinkage cracks formed in low-angle boreholes. Adding expansive gypsum mitigated this issue. Pre-

mixed mortar is pressurized into the borehole via compressed air until outflow occurs (Figure 2). Manual 

methods, limited to 5 m, were replaced by pneumatic (up to 5 m) and grout pump methods (exceeding 20 m). 

Advantages include cost-effectiveness and simplicity [9-13] 

 

 
Figure 2: Pneumatic cement mortar sealing 

1- Air pipe; 2- Water pipe; 3,4- Valves; 5- Grout tank; 6- Cement mortar; 7- Hose; 8- Grout pipe; 9- Wooden 

plug; 10- Polyurethane; 11- Pressure-measurement tube; 12- Borehole 

 

3. Polyurethane Sealing 

Polyurethane, developed in Germany in the 19th century, involves mixing black (polyol polyether) and white 

(polyisocyanate) components. The mixture expands radially upon injection, filling fractures in the coal around 

the borehole (Figure 3). Advantages include high expansion ratio, simplicity, and stability under pressure [14-

17] 

   
(a) (b) (c) 

Figure 3: Polyurethane sealing 

(c) 1- Borehole; 2- Polyurethane sealing segment; 3- Pressure-measurement tube 
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4. Rapid Sealer Sealing 

Rapid sealers utilize mechanical force to expand rubber capsules against the borehole wall (Figure 4). 

Adjustable handles enable adaptability to varying borehole diameters. Advantages include speed, reusability, 

and ease of operation [18,19]. 

 
Figure 4: Rapid sealer  

1- Capsule; 2- Transmission rod; 3- Handle; 4- Pressure-measurement tube 

 

5. Mechanical Elastic Sealer Sealing 

Elastic sealers, such as spiral-expanding ring and elastic ball-string types (Figures 5 and 6), rely on external 

force to expand rubber elements. Upon force removal, the elements retract for reuse. 

 

 
Figure 5: Spiral-expanding ring sealer  

1.Connector; 2. Nut; 3. Handle; 4. Gasket; 5. Locating pin; 6. Casing; 7. Screw rod; 8. Force-transfer pad; 9. 

Outer sleeve; 10. Inner tube; 11. Tray; 12. Rubber barrel; 13. Locknut; 14. Handle 

 

 
Figure 6: Elastic ball-string sealer 

1- Inner sleeve; 2- Rubber balls; 3- Compression plate; 4- Compression sleeve 

 

6. Two Plugs and One Injection" Pressurized Grouting 

This method seals both ends of the borehole with polyurethane bags. After curing, pressurized grout is injected 

between the plugs to fill fractures (Figure 7). Professor Sun Yuning’s bag-grouting method, an early form of this 

technology, uses inflatable bags to isolate the grouting zone. Advantages include enhanced airtightness and 

reduced gas leakage [20-27]. 

 
Figure 7: Bag-grouting sealing principle  

1- Borehole; 2- Plastic plug; 3- Composite bag; 4- Grout outlet; 5- Pressure-measurement tube; 6- Grout 

pipe 



Lv S                                                              Journal of Scientific and Engineering Research, 2025, 12(3):43-47 

Journal of Scientific and Engineering Research 

46 

3. Current Research on Sealing Materials 

Sealing materials are categorized into chemical (e.g., polyurethane) and non-chemical (e.g., cement, clay) 

grouts. Chemical grouts, though effective, are costly and environmentally hazardous. Inorganic grouts are 

economical and durable but require improvements in curing time and crack penetration [29-33]. 

 

4. Future Development Trends 

As mining depths and intensities increase, gas emission anomalies necessitate advanced sealing technologies. 

Current challenges include inadequate studies on initial sealing positions under rock creep effects, suboptimal 

material selection, incomplete fracture sealing, and improper sealing lengths. Recent innovations include. 

Tang Jie’s pressure-preserving grouting device, integrating grout, return, and gas extraction pipes to eliminate 

"leakage triangles" [34] 

Wu Peiwu et al.’s bag-type screened-tube pressurized sealing, improving gas concentration and extraction rates 

[35] 

Xu Pengfei’s polyurethane-nonhardening paste composite sealing, achieving stable gas concentrations above 

50% in fractured coal zones [36] 
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