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Abstract

As a critical clean energy source for optimizing China’s energy structure and promoting high-quality
economic development, nuclear power relies on a stable supply of uranium resources. The uneven
distribution and limited reserves of traditional terrestrial uranium ores have driven the development
of unconventional uranium resources—such as seawater, salt lake brines, and nuclear wastewater—
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as an important strategic direction. Carbon-based adsorbent materials, featuring high specific sur-
face area, abundant pore structure, excellent acid/alkali resistance, thermal stability, radiation re-
sistance, and environmental friendliness, exhibit unique advantages in uranium adsorption and sep-
aration. This paper systematically reviews the structural characteristics and uranium adsorption per-
formance of four typical carbon-based materials: activated carbon, mesoporous carbon, carbon nano-
tubes, and graphene. It focuses on the regulatory mechanisms of surface modification (e.g., functional
group grafting, elemental doping) on adsorption capacity, selectivity, and Kinetic performance. Cur-
rent studies show that surface functionalization can significantly enhance the complexation ability
and adsorption efficiency of carbon-based materials for uranium, although most research remains
at the laboratory scale. Future efforts should focus on optimizing large-scale preparation processes,
improving adaptability to complex working conditions, and conducting practical engineering veri-
fication. These steps will promote the transition of clean and economical carbon-based adsorbents
from laboratory research to industrial application, providing technical support for the sustainable
development of China’s nuclear power industry.
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