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Abstract

This paper systematically reviews the research progress of grouting materials in geothermal energy
applications. With the increasing importance of geothermal energy as a stable renewable energy
source, grouting materials have become crucial in determining the performance of geothermal en-
ergy systems. Although traditional bentonite and cement-based materials are widely used, they
have problems such as low thermal conductivity and volume shrinkage. New materials, such as ge-
opolymer cement grouting materials, industrial waste-based materials, and modified materials
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with additives like graphite and aluminum chips, show the potential for optimization. Factors such
as moisture content and saturation significantly affect the thermal conduction and mechanical
properties of grouting materials, and high saturation may also pose a freezing risk. Current re-
search focuses on optimizing material performance, developing new materials, and improving pro-
cesses, but still faces challenges such as poor adaptability to high temperature and high pressure,
insufficient adaptability to geological conditions, and high environmental protection requirements.
In the future, it is necessary to deepen the research on the microstructure of materials, integrate
intelligent technologies, strengthen the long-term performance monitoring, and promote the re-
search and development of environmentally friendly materials to support the sustainable develop-
ment of the geothermal energy industry.
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