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Recycling Blast Furnace Ferronickel Slag as a Replacement
for Paste in Mortar: Formation of Carboaluminate, Reduction
of White Portland Cement, and Increase in Strength

Yongsheng Cao, Zhangwei Fang
Affiliation: Institute of Building Materials, Malaysia

Abstract: Blast furnace ferronickel slag (BFFS) is generated in the production of ferronickel alloys and is used as cement
replacement in concrete or mortar. The effectivity in reducing cement consumption and improving performance are limited.
By referring to the paste replacement method, this work used BFFS to replace an equal volume of the white Portland cement
paste to obtain greater performance enhancement. BFFS was used with five levels of replacement (0%, 5%, 10%, 15%, 20%)
and four water-to-cement ratios (0.40, 0.45, 0.50, 0.55) were designed. Fluidity, mechanical strength, hydration products, and
pore structure of every mixture were measured. The results showed that the workability of the mortars decreased due to the
reduced volume of water, but the 28-day compressive strength of the mortars increased, and the cement content of the mortars
was also reduced by 33 wt %. The X-ray diffraction (XRD) patterns revealed that there existed a carboaluminate phase, and
the presence of the ettringite was stabilized, indicating that the accumulating amount of the hydration products of the mortar
increased. Furthermore, the BFFS could consume the portlandite and free water to form a higher amount of chemically bound
water due to its pozzolanic activity. A high degree of hydration and a large volume of the hydration products refined the
porosity of the hardened mortars, which explained the enhancement of the strength of the mortars. Compared to the cement
replacement method, the paste replacement method was more effective in preparing eco-friendly mortar or concrete by
recycling BFFS for reducing the cement content of the mortar while improving its strength.
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