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Sodium-alginate/coal-based carbon photothermal spheres for treating highly mineralized mine water. LI Xiao-lu', WU Shang-di’,
YANG Chen-yi’, CHEN Huan®" (1.School of Geographic Sciences, Taiyuan Normal University, Jinzhong 030619, China; 2.CCTEG
Nanjing Design & Research Institute Co., Ltd, Nanjing 210031, China; 3.School of Environmental and Biological Engineering, Nanjing
University of Science and Technology, Nanjing 210094, China). China Environmental Science, 2025,45(10): 5489~5499

Abstract: The development of photothermal materials derived from coal slime, a solid waste from coal mining, offers a promising
approach for the resource utilization of both coal waste and highly mineralized mine water. Coal slime was processed into coal-based
carbon material (MC) through calcination and pickling processes. The MC exhibited excellent light absorption (~95.0% in the
200~2500nm) and photothermal performance, with the surface temperature reaching 55.1°C within 180s of illumination. A spherical
evaporator with high-salinity resistance and self-suspension was prepared by incorporating sodium alginate into MC and crosslinking
it with calcium chloride, using sodium bicarbonate as a pore-forming agent and polyvinyl alcohol as a foam stabilizer, via the
dropwise method. The optimized composite (SA,/;-MC,) showed strong photothermal performance, achieving evaporation rates of
0.97kg/(m*h) for 20.0wt% NaCl solution and 0.99kg/(m>h) for reverse osmosis concentrated mine water, with stable operation over
10h. These results demonstrate that SA,,-MC; is an effective material for treating highly mineralized mine water.

Key words: highly mineralized mine water; photothermal technology; carbon-based materials; sodium alginate
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Fig. 7 Water mass loss and 2h evaporation rates of photothermal spheres with different PVA contents
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