
Journal of Asian Concrete Federation 
Vol. 11, No. 2, pp. 69-80, June 2025 
ISSN 2465-7964/ eISSN 2465-7972 
DOI http://dx.doi.org/l 0.18702/acf.2025.11.2.69 

＿ 
Effect of nanosilica and silica fume on supersulfated cement properties and 

hydration 

Tongzhou Cai, Kim Hung Mo·, Heng Chen, Pengkun Hou 
(Received: 14-Apr-2025; Revised: 06-Jun-2025; Accepted: 09-Jun-2025; Published online: 25-Jun-2025) 

Abstract: The article provides a comparative analysis of the hydration effects of nanosilica (NS) and silica fume (SF) in 
supersulfated cement, investigating the reasons for the differences between their effects. The effects of the addition of 3% 
NS and SF on the macroscopic and microscopic properties of supersulfated cement were studied. The experimental results 
show that the compressive strength of NS group is lower than that of SF group in low-clinker samples, while in high-clinker 
samples, presenting an opposite trend, and NS and SF can sustainably increase the compressive strength, and the long-term 
effect is more evident. In addition, both NS and SF can reduce the hydration heat due to hindering the formation of ettringite, 
and the inhibitory effect of NS is greater than that of SF. Moreover, NS will significantly decrease the pH value and 
saturation index, and drastically reduce the concentration of calcium ion, while SF has no obvious effect on this. This study 
highlights that NS is more suitable for high-clinker SSC systems (e.g., structural engineering requiring long-term strength), 
while SF performs better in low-clinker systems (e.g., eco-friendly pavements), providing a theoretical basis for material 
selection in practical engineering. 
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1. Introduction

The cement industry is a significant contributor to 
carbon emissions, accounting for approximately 8% 
of the total carbon emissions worldwide[!]. With the 
continued rise in global carbon dioxide concentration, it 
is crucial to reduce the carbon emissions of the cement 
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industry. supersulfated cement (SSC) is a typical low­
carbon cement[2], therefore, the development and 
application of SSC is one of the effective way to reduce 
carbon emissions in the cement industry and alleviate 
ecological pressure. 

SSC is a type of cement composed of 75-85 
wt % slag, 10-15 wt% sulfate (such as gypsum or 
phosphogypsum[3 ]), and 1-5 wt% alkaline activator[ 4] 
(typically clinker or portland cement). The alkaline 
activator mainly provides the calcium ion needed for 
the chemical reaction. During the hydration process 
of SSC, the main hydration products are ettringite 
and C-S-H gel[5, 6]. These products provide superior 
durability, making SSC highly resistant to sulfate and 
magnesite attack[?]. 

However, the compressive strength of SSC is highly 
sensitive to changes in the alkaline activator content[8], 
and its low early strength and inadequate long-termd 
strength limit its wide-spread use. Research has shown 
that the low early strength is mainly attributed to the 
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