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Abstract

National energy security serves as a fundamental pillar of China’s socioeconomic development, with
shale oil and gas representing the primary frontier for reserve accretion and production growth. In
China, large-scale commercial development has been successfully established in the marine shale gas
plays of the Sichuan Basin and the continental shale oil reservoirs of the Ordos Basin. These deep and
continental shale formations are inherently characterized by low porosity, low permeability, and pro-
nounced heterogeneity, rendering horizontal well stimulation with multi-stage hydraulic fracturing
indispensable for achieving economic production rates. Within this framework, fracturing proppant
functions as the enabling material that dictates fracture geometry, proppant transport and placement
efficiency, and long-term conductivity, thereby exerting first-order control over stimulation effective-
ness, well productivity, and project economics. Despite its critical role, conventional proppant sys-
tems exhibit inherent limitations in shale applications, including susceptibility to crushing and em-
bedment under high closure stress, as well as significant pumping challenges. Meanwhile, emerging
functional proppants, while offering promising performance enhancements, remain constrained by
insufficient reservoir-specific adaptability and prohibitive field-scale costs. Furthermore, a system-
atic synthesis of proppant technology evolution, performance envelopes, and persistent technical bot-
tlenecks specific to shale oil and gas development is notably absent from the current literature. To
address this knowledge gap, this paper presents a comprehensive review of the seven-decade techno-
logical trajectory of fracturing proppants, critically assesses the application boundaries and limita-
tions of conventional proppant classes, and highlights the recent advances and underlying mecha-
nisms of novel proppant technologies engineered for shale reservoirs. The study delineates core tech-
nical challenges and identifies strategic innovation pathways, with the objective of establishing a sys-
tematic theoretical foundation to guide domestic R&D and accelerate the field-scale deployment of fit-
for-purpose proppants in China’s shale oil and gas operations, thereby contributing substantively to
the national energy security agenda.
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Figure 1. Timeline of proppant development [1]
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Figure 2. Schematic diagram of the suspension mechanism of three self-suspending proppants
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Figure 3. Adsorption curves of Ra-226 by functionalized and conventional proppants
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