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ABSTRACT 
The effect of superplasticizer on rheology and mechanical strength of alkali-activated materials 
has been one of the issues in terms of selecting a proper superplasticizer. The influence of 
different superplasticizers (i.e., potassium silicates, borax, lignosulfonate) on the rheology and 
strength of alkali-activated rock (norite-based) binder cured under room temperature have been 
studied. Initially, mini-slump flow test and strength development of the control sample and the 
slurry containing these superplasticizers was measured. Compressive strength tests were 
conducted to determine the superplasticizers effects on the hardened properties of the binders. 
The advantages and shortcomings of different used superplasticizers on fresh and hardened 
properties of alkali-activated norite-based binder cured under ambient condition were 
evaluated. Based on the obtained results, viscosity, yield stress, zeta potential, and consistency 
of the top candidate was studied. Na-lignosulfonate significantly reduced the yield stress and 
increased flowability; however, the potassium silicates showed the least impact on the yield 
stress and flowability.     
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INTRODUCTION 
After water, concrete is the most used material on the earth1,2. Ordinary Portland Cement (OPC) 
is used as paste to produce concrete3. However, the OPC production is one of the largest sources 
of carbon dioxide (CO2) emission, and it is responsible for approximately 5 7% of total global 
CO2 emission into the atmosphere4,5. Therefore, an alternative cementation materials to OPC, 
which can reduce the carbon footprint of cement production have leverage6. This has 
encouraged researchers to develop environmentally friendly alternatives such as alkali activated 
materials and geopolymers7,8. 
    Alkali-activated materials (AAMs), including geopolymers (GPs), due to their advantages 
such as applicability to utilize wastes and byproducts are growing as an important alternative 
for cement9,10. Besides, utilization of these materials significantly reduces the CO2 emissions, 
it helps to reduce the negative environmental consequences of waste land-filling issues11,12. 
AAMs and GPs are usually made by synthesize of an aluminum silicate as precursors with an 
alkaline activator, such as potassium hydroxide (KOH), sodium hydroxide (NaOH), potassium 
silicate (K2SiO3), sodium silicate (Na2SiO3) or combination of them3,7.   
     The geopolymerization process contains of the following steps:(i) dissolution of the 
aluminosilicate solids in the alkaline aqueous solution, (ii) transportation of ions, (iii) formation 
and nucleation of oligomeric consisting of Si O Si/Si O Al, (iv) polycondensation of the 
oligomers to build up a three-dimensional aluminosilicate network and finally (v) hardening by 
cross-linking of the whole system into a polymeric structure thorough bonding of the 
undissolved solid particles into an established network. The empirical formula of the 
poly(sialate) is as13: Mn {-(SiO2)z-AlO2}n.wH2O; where M is a cation such as K+, Na+ or Ca2+, 
n is a degree of polycondensation, and z is 1,2 ,3 or higher.  



Mechanical strength and rheological behavior are the two most important parameters for 
evaluating field application of cementitious materials, such as alkali-activated materials and 
geopolymers10,14. It has been reported that alkali-activated materials and geopolymers are very 
sensitive to the proportion of added water to the mix11. This is due to chemistry of 
geopolymerization which does not consume water and production of water molecules as result 
of reaction. Although using high water content improves the rheology properties, it significantly 
reduces mechanical strength11,15,16. Therefore, selecting a proper superplasticizer to improve the 
rheological properties of AAMs and GPs without deteriorating the mechanical strength is 
important in this field. This will even be more challenging because most chemical admixtures 
including superplasticizers are being used for OPC-based materials and they are not that 
effective on alkali-activated materials and geopolymers11,17. These superplasticizers are 
unstable in high pH environments and their adsorption rate on non-calcium particles is low18. 
Experimental results shows that superplasticizers with chemical structure like surfactants, with 
sufficient stability in high pH medium, are potential candidates19.     
     This research work aims to identify potential admixtures as superplasticizer and initially 
investigating their effect on flowability and compressive strength of alkali-activated rock 
(norite)-based binder. Compressive strength tests were conducted to determine the 
superplasticizers  effects on the hardened properties of alkali-activated norite-based binders 
cured at room temperature.  Consequently, the top dispersant candidate is selected for further 
investigation by conducting electrical potential, viscosity, yield stress, and storage and loss 
moduli measurements.    

EXPERIMENTAL PROCEDURE 

Materials and Mix proportions 
In this study, norite to ground granulated blast-furnace slag (GGBFS) ratio of 80/20 was 
selected as precursors. The liquid potassium hydroxide (KOH) with a molar ratio of 12 M was 
used as an alkaline activator, and deionized water as additional water. Six samples were 
prepared, one as control sample, four samples with different admixtures and one of the samples 
was made by combination of the two admixtures. The admixtures used in this study are sodium 
tetraborate decahydrate-Borax(B)-(Na2B4O7.10H2O), sodium lignosulfonate (L), Potassium 
silicate (K35T) with Si/K molar ratio of 3.5, and Potassium silicate (K57M) with Si/K molar 
ratio of 0.98. The selection of silicate solutions and sodium lignosulfonate admixtures was 
based on their surfactant properties. The 2 wt.% SPs dosage was selected as a baseline for 
comparison in this research, as some of the used superplasticizers for AAMs and GPs were 
reported to be most effective around this range11,20,21. However, it should be noted that 
optimization of the selected SP ratio is not the focus of the current study. The mix proportion 
of the binders is presented in Table 1. Table 2 presents chemical composition of the precursors 
determined by the X-ray fluorescence (XRF) analysis22. 
 

Table 1. Mix proportion of the binder in weight %. 
 

 
 
 
 
 
 
 
 

Notice: *Activator dosage and added water were considered as the mass of precursors (%). 
 

 
 
Mix Id 

Admixture 
 

Norite/ 
GGBFS 
Ratio 
 

KOH* 
 

Additional* 
water 

Admixture* 
 

 C - 80/20 20% 20% - 
 M K57M 80/20 20% 20% 2% 
 K K35T 80/20 20% 20% 2% 
 B Borax 80/20 20% 20% 2% 
 L Lignosulfonate 80/20 20% 20% 2% 
(K+B) K35T+Borax 80/20 20% 20% 2%+2% 
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