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Abstract. The alkali activation of industrial by-products have the potential to reduce the carbon dioxide 
emissions form the cement industry and to develop alternative mortars and concretes with properties 
similar or better than the ones based on ordinarily Portland cement. The used of  sodium carbonate as an 
activator for blast furnace slag offers potential advantages over other Alkali-Activated Materials (AAMs) 
in terms of environmental impact and cost. This study explores the use of statistical mixture design to 
determine what affects initial setting time and compressive strength in sodium carbonate activated blast 
furnace slag mortars. This experimental design approach allows for a more thorough analysis of the 
effects of the mortar components on response variables over the entire design space. In this study the 
amount of each component was restricted to certain values in order for the mixture to react and produce a 
mortar with acceptable mechanical strength and setting time. The mortars obtained were tested according 
to ASTM C403 and ASTM C109 standards for initial setting time and compressive strength. The 
statistical design and analysis was done using Design-Expert 9.0. This study finds that initial setting time 
and compressive strength of these materials are highly dependent on the composition of the materials and 
proposes a model for setting time and compressive strength prediction. It was found that the two-factor 
interactions with sodium carbonate are statistically significant in the compressive strength model but not 
in the initial setting time model. A typical sample was characterized by Scanning Electron Microscopy. 
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1. Introduction 
It has been estimated that cement production is responsible for about 5% of total 

anthropogenic carbon dioxide emissions[1]. Due to planetary concern about global climate 

change, interest in reducing the emissions associated with the cement industry has been growing. 

Alkali-Activated materials (AAMs) are a category of alternative cementitious materials that have 

been shown to reduce greenhouse gas emissions by up to 40%[2]. Studies have shown that 

AAMs can be used in building applications where Ordinary Portland Cement (OPC) would 

traditionally be used[3]. AAMs have exhibited better resistance to freeze-thaw cycles, higher 

mechanical strength and better resistance to acid attack than Portland cement based materials[4]. 
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