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Abstract The resourceful utilization of sludge through alkali activation is an important
path to achieve low-carbon disposal of solid waste and the green transformation of
building materials. This paper systematically reviews the research progress of alkali-
activated sludge in pretreatment and reaction activity, material performance
optimization, solidification/stabilization applications,and environmental
benefits.Mechanical-thermal-chemical ~ multi-field coupling pretreatment can
significantly increase the leaching concentration of active silicon and aluminum
components in sludge, and the 28-day compressive strength of alkali-activated
specimens can reach 25.4 MPa under the optimal process. Through mix proportion
regulation, the maximum compressive strength of alkali-activated sludge-based
cementitious materials can reach 57.8 MPa, and the carbon emission reduction ratio of
some systems exceeds 40% compared with traditional cement.Alkali-activated
geopolymers, with multiple mechanisms such as physical encapsulation, chemical
adsorption, and ion complexation, show superior potential in sludge solidification and
heavy metal stabilization compared to traditional cement. Current research still faces
challenges such as poor universality of pretreatment, insufficient long-term durability
studies, shallow understanding of solidification mechanisms, and the absence of a
standard system. In the future, it is necessary to deepen interdisciplinary research,
build a full-chain technology system from micro-mechanism to engineering
application, and promote the large-scale and standardized development of alkali-
activated sludge technology.
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