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[Abstract] To address the environmental pressure caused by red mud storage and achieve efficient resource utilization of
industrial solid waste, this paper proposes a technical solution for producing non—fired composite cementitious materials
using red mud as the primary raw material, in conjunction with mineral powder, fly ash, desulfurization gypsum, and
mineral alkaline activators. Through indoor experiments, the effects of material mix proportions and curing regimes on
road mechanical performance were studied. Combined with microscopic mechanism analysis, the hydration reaction
mechanism was revealed. Environmental safety evaluations were conducted using methods such as leaching toxicity
testing and long—term environmental monitoring, with practical application validated through engineering
demonstrations. The results indicate that when the red mud content is 15%—20%, mineral powder 40%—45%, fly ash
20%—25%, desulfurization gypsum 15%—20%, and activator (calcined slag) 1.0%—1.5%, the material achieves an
unconfined compressive strength of =3.5 MPa at 7 days and =4.5 MPa at 28 days, meeting the design requirements
for road base layers. Under salt—freeze coupled environments, the strength loss rate after 10 cycles is only 3.95%, and
heavy metal leaching concentrations all fall below the limits specified in the "Identification Standard for Hazardous
‘Waste—Leaching Toxicity Test" (GB 5085.3—2007). In the application of this material for road base layers in Qingzhen
Industrial Park, a single project segment utilized 1,828 tons of red mud, with core drilling strength and deflection values
exceeding design standards, achieving synergistic benefits of waste reduction and engineering efficiency. This provides
technical support for large—scale utilization of red mud in road construction.
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