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Abstract

With the continuous advancement of oil and gas exploration and development into deep wells, high-
temperature high-pressure and complex formations, lost circulation accidents occur frequently and
become increasingly difficult to control. Traditional lost circulation materials can hardly meet the
adaptive plugging requirements of high-temperature, high-salt and multi-scale leakage channels.
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Intelligent lost circulation materials have become a research hotspot and important development
direction in the field of drilling loss prevention and control due to their outstanding advantages
such as environmental response, targeted plugging and long-term pressure bearing. According to
material composition, response mechanism and plugging behavior, this paper classifies intelligent
lost circulation materials into four categories: intelligent gel, shape memory, micro-nano intelligent
and composite materials. The plugging mechanism, performance characteristics and research pro-
gress of various materials are systematically summarized, and the differences of typical systems in
plugging efficiency, temperature resistance and applicable leakage zones are compared and ana-
lyzed. The technical bottlenecks of current intelligent lost circulation materials in high-tempera-
ture high-salt stability, formation environmental compatibility, drilling fluid compatibility, re-
sponse accuracy and engineering application are pointed out. The future development trends such
as high-temperature molecular design, green degradability, multi-field coupling response, multi-
functional integration and field application verification are prospected. This review aims to provide
systematic theoretical reference and technical ideas for the structural design, research and innova-
tion and engineering application of high-performance intelligent lost circulation materials.
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Table 1. Performance comparison of typical smart gel lost circulation materials
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Table 2. Typical performance comparison of micro-nano smart lost circulation materials
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