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Abstract

Investigating the effect of copper slag and halloysite on the durability of self-
sensing alkali-activated slag mortar using the Taguchi method
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Abstract

Alkali-activated slag-based materials, as sustainable and environmentally friendly alternatives to Portland
cement, have garnered significant attention due to their lower CO, emissions and reduced energy
consumption. These materials, characterized by their alkaline nature and the mobility of Na* ions upon
electrolyte activation, exhibit higher electrical conductivity and superior mechanical properties compared
to Portland cement, making them suitable for structural health monitoring (SHM) and damage detection
systems. Infrastructure such as dams, bridges, and hydraulic structures in corrosive environments (e.g.,
seawater) are vulnerable to chloride ions, microorganisms, and sulfate attacks. This paper presents an
innovative approach in designing self-sensing sustainable alkali-activated slag-based materials for
applications in aggressive sulfate-rich conditions, evaluating their potential for structural health monitoring
through electrical conductivity measurements. A Taguchi experimental design was employed to
systematically investigate the influence of key parameters on the compressive strength and electrical
conductivity of geopolymer mortar containing self-sensing materials such as halloysite and copper slag.
The experimental procedures included compressive strength testing, electrical conductivity measurements,
and microstructural analysis using scanning electron microscopy (SEM). The results demonstrated that
increasing the molarity of sodium hydroxide positively enhanced the geopolymer mortar's electrical
conductivity. Additionally, the incorporation of conductive fillers as partial replacements for steel slag
improved performance, promoting higher-quality crystallization. An increase in steel slag and conductive
fillers led to a proportional rise in calcium content, fostering the formation of C-A-S-H and C-S-H gels in
the microstructure. This phenomenon was accompanied by reduced porosity, ultimately enhancing
microstructural integrity. These findings highlight the promising role of self-sensing alkali-activated slag-
based materials as an ideal solution for sustainable and smart construction. They represent an advanced
alternative to traditional sensors in diverse environments, offering both structural durability and real-time
monitoring capabilities.

Keywords: Self-sensing geopolymer mortar, Taguchi, durability, conductivity, compressive strength.
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