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Abstract: This study investigates the development of geopolymer mortars using a greener alternative to commercial silicate 
can be produced. Home-brewed sodium silicate (HBSS) solutions were synthesized via a hydrothermal method using agro­
industrial byproducts like rice husk ash (RHA) and palm oil fuel ash (POPA) as silica sources. These materials offer high 
silica content (approximately 90% for RHA and 60% for POPA) compared to traditional activators, potentially reducing 
reliance on energy-intensive commercial processes. The research explores the influence of various parameters on the silicate 
modulus (SM) of the HBSS solution, including NaOH solution molarity, stirring time, and thermal treatment of the ash 
materials. Geopolymer mortars were then formulated using GGBS/FA blend as the main binder and the HBSS solutions 
as activators. The results demonstrate that the optimal combination of NaOH concentration and stirring time for achieving 
maximum compressive strength depends on the ash source. Ground RHA achieved a maximum strength of 44.7 MPa with 
a 5M NaOH solution and 1 hour of stirring, while treated ground POPA reached a higher strength of 51.6 MPa using a 3M 
NaOH solution and 3 hours of stirring. The higher silica content and amorphous silica fraction in RHA likely contribute 
to the observed differences in optimal SM values between the ash sources. This research paves the way for utilizing waste 
materials and a greener activator production method for the development of strong and sustainable geopolymer mortars. 

1. Introduction

The construction industry is vital to global
economies, with concrete being the most widely used 
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building material, consumed at a rate of 1 m3 per 
person annually (Turner & Collins, 2013). However, 
concrete production is responsible for significant 
waste and greenhouse gas (GHG) emissions, with 
cement production contributing around 6% of global 
anthropogenic GHG emissions (Almutairi et al., 2021). 
The extraction of raw materials for cement also leads to 
environmental degradation. Geopolymers, introduced 
by Davidovits in 1978 (Davidovits, 1988), offer a 
promising alternative to traditional cement-based 
concrete. These materials are made by combining 
aluminosilicate sources with alkaline activators such 
as sodium hydroxide (NaOH). Geopolymer concrete 
(GPC) has advantages over conventional concrete, 
including reduced CO2 emissions, enhanced mechanical 
strength, fire resistance, and long-term durability. 
GPC can cut CO2 emissions by up to 80% compared 
to ordinary Portland cement (Singh Rajput et al., 
2023). However, its adoption is hindered by high costs, 
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