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ABSTRACT 
 

This research explores the physicomechanical properties and thermal behaviour of 

geopolymer synthesized from red clay, calcined white clay, nano-silica, and alkaline 

activator solution. Geopolymer is an eco-friendly alternative to Portland cement which 

has gained attention for its low environmental impact.  

The study followed a systematic approach, starting with a variation of the amount of 

calcined white clay (CWC), nano-silica, and curing temperature. Based on preliminary 

experiments 10% CWC, 5% nano-silica, and a curing temperature of 65 °C were selected. 

Activator solution was prepared using sodium hydroxide solution and silica gel and used 

to initiate the geopolymerization process. FTIR and XRD were employed for the 

characterization of the sample. The addition of 5% nano-silica improved the 

physicomechanical properties before and after exposure to the elevated temperatures. The 

highest compressive strength was identified within the thermal treatment range of 17.01 

to 22.49 MPa on the thermal treatment of the geopolymer. The findings show that thermal 

treatment plays a crucial role in enhancing thermal stability, while nano-silica 

significantly improves the compressive strength of the geopolymer. The compressive 

strength of geopolymer on thermal treatment increased by up to 11.5% to 12.1% with the 

incorporation of 5% nano-silica.  

In conclusion, this study provides a systematic understanding of the effect of the amount 

of CWC, nano-silica, on red clay-based geopolymers and their thermal effect. The 

findings help to develop sustainable construction materials with increased thermal 

performance, opening up possibilities for using agricultural waste in geopolymer 

manufacture. 

Keywords: Geopolymer; Thermal treatment; Compressive strength; Nano-silica; RHA;    

                   Red Clay; XRD; FTIR 
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सार

यस अनुसन्धानले रातो माटो, क्याल्साइन सेतो माटो, नानो-सससलका, र अल्कलाइन
एक्क्टभेटर घोलबाट ननसमित क्ियोपोसलमरको फिक्िकोमेकाननकल गुणहरू र थमिल 
व्यवहारको अनुसन्धान गर्िछ। पोटिल्यान्ड ससमेन्टको पयािवरणमैत्री ववकल्पको रूपमा 
क्ियोपोसलमरले महत्तत्तवपूणि ध्यान आकवषित गरेको छ। 

यस अध्ययनमा CWC, नानो –सससलकाको ववसभन्न मात्रा  सभन्न - सभन्न   तापमा  
क्रमबद्ध रूपमा अध्ययन गररएको  छ । प्रारक्भभक प्रयोगहरूको आधारमा, 10% CWC, 5%

नानो-सससलका, र 65 °C क्युररङ तापक्रम चयन गररएको  थथयो। सोडडयम हाइड्रोक्साइड 
घोल र सससलका िेल प्रयोग गरेर एक्क्टभेटर घोल तयार गररएको  थथयो र 
क्ियोपोसलमराइिशेन प्रफक्रया प्रारभभ गनि प्रयोग गररयो। XRD र FTIR, नमूनाको 
ववशेषताको परीक्षण लाथग उपयोगमा ल्याइएको थथयो । 5% नानो-सससलकाको समश्रणले  
फिक्िकोमेकाननकल गुणहरूलाई सुधार गरेको पाइयो । क्ियोपोसलमरलाई उच्च तापमा 
पररक्षण गर्ाि, ,यसको compressive बल 17.01 रे्खि 22.49 MPa  पाइयो ।  5% नानो-
सससलकाको समावेश गर्ाि 11.5% रे्खि 12.1% सभम compressive बल बढेको पाइयो। 
उच्च तापमा क्ियोपोसलमरलाई पररक्षण गर्ाि, यस क्ियोपोसलमर उत्तपार्नलाई  अझै क्थथर 
बनाउन  महत्तत्तवपूणि भूसमका िेलेको पाइयो । 

अन्तमा, यस अध्ययनले रातो माटोमा आधाररत क्ियोपोसलमरमा CWC, नानो-सससलकाको 
थप मात्राको प्रभाब र यसको उच्च तापमा पररक्षणको क्रमबद्ध रूपमा बुझाई प्रर्ान गर्िछ 
यस परीक्षणले ताप प्रनतरोधी र्रुर्शी ननमािण सामग्री बनाउन मर्त गर्िछ I साथै,

कृवषिन्य िोहोरबाट क्ियोपोसलमर ननमािण गनि संभावनालाई उिागर गर्िछ l

किवोर्डहरू: : Geopolymer; Thermal treatment; Compressive strength; Nano silica; RHA;

 Red Clay; XRD; FTIR 
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CHAPTER 1 

1. INTRODUCTION 

1.1. General Background 

Davidovits invented the term “geopolymer”(Davidovits 1989). The prefix “geo” denotes 

an aluminosilicate derived from geological materials, which, upon reacting with an 

alkaline solution, forms a binder through polycondensation. Geopolymer, is an alumino-

silicate compound that is derived from pulverized coal fly ash. Enhancing the stability of 

frame-like polymerization structure within a geopolymer through a newly developed 

technique may support conserving energy and reducing carbon emissions. This generation 

of green materials may eventually replace traditional cement and concrete (Korniejenko 

et al. 2020). Geopolymers are new environmentally beneficial materials containing fly 

ash and red mud. Geopolymers provide a practical solution for replacing Portland Cement 

(PC) products as construction supplies for various applications (Kaze et al. 2021). 

Geopolymer is made up of SiO4 and AlO4 tetrahedrons that share oxygen atoms, resulting 

in a Si-O-Al closed frame structure similar to Zeolite. The hardening mechanism is 

comparable to that of traditional cement. It is an inorganic polymerization of the system 

colloid particles. One type of early-strength material hardens in about 1.5 to 2.0 hours at 

room temperature. Geopolymers are made up of two main components: source materials 

and alkaline liquids. Silicon and aluminum should be used as starting materials for 

geopolymers based on aluminum-silicate (El-Kholy et al. 2018). 

 

Figure 1: Molecular structure of geopolymer (Laskar, 2020) 

Silica, characterized by its tetrahedral structure comprising interconnected SiO4 units, is a 

polymer of silicic acid and is denoted by the chemical formula SiO4. It occurs naturally in 

the form of sand, glass, quartz, and so on. Synthetically produced silica is typically 
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amorphous, while naturally occurring silica is crystalline. Chemical applications require 

silica, which is produced using silicate solution or silane reagents (Jal et al. 2004). Nano-

silica, commonly known as silicon dioxide nanoparticles. It was produced rapidly and 

effectively by a chemical preparation technique using paddy husk ash (PHA). The 

nanomaterials known as nano silica find extensive usage in various applications such as 

polymers, fiber optic strands, inks, adhesives, and cement-based building materials 

(Premaratne et al. 2013). Nano-SiO2 has been shown to have higher pozzolanic activity 

than silica fume, which is a typical additional cementitious material. Nano-silica shows 

reduced porosity and enhances pozzolanic reactivity with Ca (OH)2  (Güneyisi et al. 

2016). Nano-SiO2 has gained attention in comparison to conventional mineral admixtures 

because of its enhanced capabilities in concrete. Using Nano-silica as a cement alternative 

saves concrete costs and CO2 emissions. 

Various methods can be employed to prepare potential non-cement materials, all of which 

involve the substitution of cement with environmentally friendly alternatives. Non-

cementitious materials, generated through the utilization of various precursors and alkalis, 

(Chindaprasirt et al. 2007) or through material blending, can undergo reactions, ultimately 

resulting in the formation of a solid matrix with satisfactory mechanical performance. The 

utilization of waste materials such as GGBS, red mud, and fly ash in geopolymers has 

attracted significant attention as an eco-friendly substitute for Portland cement. (Bajpai et 

al. 2020). Solid aluminosilicate powder reacts with alkali silicate or alkali hydroxide to 

produce geopolymers (Davidovits 1991). Geopolymerisation occurs under very alkaline 

conditions when reactive aluminosilicates dissolve and liberate free (SiO4) and (AlO4) 

tetrahedral units into solution. Polymeric Si-O-Al-O linkages are formed when the 

tetrahedral units share an oxygen atom with a polymeric precursor. (Komnitsas 2011). 

During geopolymerisation, the following reaction occurs: 

 

       44
22252

OHAlOHSiOHOH
n

OAlOSi  

                               OHnOAlOSiOHAlOHSi
2

44)(4   
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Geopolymer formation involves mixtures of solid and liquid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Schematic diagram of geopolymer formation (Raja et al., 2021) 

Geopolymer concrete is a construction material that consists of an aluminosilicate and an 

alkali solution and has mechanical qualities equivalent to standard Portland cement 

concrete. Geopolymer concrete (GPC) development has attracted a lot of interest in recent 

years as an alternative for energy-saving, shrinkage, material cost, ecologically friendly, 

thermal stability, thermal conductivity, long-lasting, and more efficient cement materials 

than today’s Portland cement (PC). The durability mechanism is greatly impacted by the 

calcium content. It is roughly 10-30% more resistant to chemical attacks (Al-mashhadani 

et al. 2018). Because of increased industrialization, vast amounts of trash are being 

generated, causing environmental and ecological difficulties as well as occupying large 

areas of prime cultivable land. There are several disadvantages to manufacturing Portland 

cement. Some of the primary disadvantages include massive consumption of natural 
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resources and energy, emission of greenhouse gases, and so on. Atmospheric CO2 also 

reacts with the hydration products, causing the structure to degrade. The utilization of 

geopolymer binders presents a promising alternative for various applications, offering the 

potential to replace Ordinary Portland Cement (OPC) with notable environmental and 

technical advantages. These advantages include a significant decrease in CO2 emissions 

by 80-90% and enhanced resistance against corrosive chemicals and elevated 

temperatures. (Duxson et al. 2007; Rapazote et al. 2011). OPC production and use are the 

largest anthropogenic cause of climate change, accounting for around 8% of global CO2 

emissions. These days OPC’s more widespread use is endangering all living on the 

planet. 

Portland cement undergoes hardening through the hydration of Calcium Silicate, forming 

Calcium Di-Silicate hydrate (CSH) and Lime Ca (OH)2. On the other hand, geopolymer 

cement achieves hardening through the polycondensation reaction of sodium/potassium 

oligo-(sialate- siloxo), resulting in the formation of a crosslinked network of 

sodium/potassium poly (sialate-sioloxo). The comparison between Portland cement and 

geopolymer cement is given below. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Comparison of Portland cement and geopolymer (Nicholson et al., 2005) 
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Geopolymers exhibit remarkable heat resistance, making them suitable for exposure to 

elevated temperatures. They possess a high tolerance for heat, as they are non-

combustible, do not emit gases or fumes, and are non-toxic. In recent times, these 

inorganic polymers have attracted due to their performance level compared to Portland 

cement (Hardjito 2004). The majority of the research has shown that geopolymer is 

innovative waste-based concrete that has great durability uses less energy, and a 

preference over conventional Portland cement. (Davidovits 1991, 1994) 

In comparison to cement-based composite materials, geopolymers have the following 

benefits: 

 Exceptional durability 

 Acid resistance 

 Minimal shrinkage 

 Resilience to high temperature 

 Resistance to corrosion 

 Resistance to fire  

 Cold and quick setting 

 Cost-effective production methods 

 Reduction in greenhouse gas emissions 

 Low energy consumption. 

 Abundant availability of raw materials. 

Because of these properties, polymeric materials are being considered as an alternative to 

OPC for multiple industrial applications such as construction, transportation, road 

building, aerospace, mining, and metallurgy (Martin et al. 2010). 

The main aim of this study is to find the synergetic effect of the addition of nano-silica in 

red clay-based geopolymer products and to investigate their thermal stability at high 

temperatures. 
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1.2. Statement of the Problem 
 

The construction of buildings in rural and urban areas necessitates a massive amount of 

cement, which is produced in our country every day. On average, the production of each 

ton of cement necessitates raw materials of approximately 1.5 tons, resulting in the 

emission of nearly 1 ton of CO2 gas into the environment (Kong and Sanjayan 2008). 

Crude steel production is also increasing. This has resulted in mining activity, which is 

responsible for the generation of waste, which can endanger the environment and its 

inhabitants. However, there is a significant potential for these wastes to be utilized in the 

construction sector as source material for sustainable and eco-friendly development (Das 

et al. 2020).  

 

1.3. Objectives of Study 
 

1.3.1. General Objective 
 

Investigation of the synergetic effect of the addition of nano-silica on the 

physicomechanical properties and thermal behaviour of red clay-based geopolymer 

composites. 

 

1.3.2. Specific Objectives 
 

 Examination of the impact of nano-silica contents on the compressive strength of 

red clay-based geopolymers. 

  Investigation of the impact of curing temperature and duration of curing on the 

geopolymer composites. 

  Study the effects of thermal treatment on the thermal stability and mechanical 

properties of red clay-based geopolymer composites enriched with nano-silica. 
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CHAPTER 2 

2. LITERATURE REVIEW 
 

Davidovits invented the term “geopolymer” (Davidovits 1989). He proposed geopolymers 

as an inorganic polymer with non-combustible, non-flammable, and heat resistance to 

address plastic-related fires in France. The prefix “geo” denotes an aluminosilicate 

derived from geological materials, which, upon reacting with an alkaline solution, forms a 

binder through polycondensation. Geopolymerization requires an alkaline chemical 

activator to initiate the reaction in the formation of a mineral polymer structure. 

Geopolymerization is a relatively rapid chemical reaction that occurs under alkaline 

conditions with Si and Al minerals, resulting in a three-dimensional polymeric chain and 

ring structure of Si-O-Al-O- linkages. The geopolymer is made up of 3 classes of 

inorganic polymers that are based on the silica/ alumina ratio and are made up of the 

following three, monomeric units (He et al. 2013). 

 

Figure 4:  Formation structure of Geopolymer  (Kabir et al., 2015) 
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Ancient constructions like the Egyptian pyramids, were constructed by casting blocks and 

allowing them to solidify, resulting in artificial zeolitic rock. Experimental research has 

revealed a new family of mineral binders known as “geopolymer” because it was related 

to organic condensation polymers (Davidovits 1994). Geopolymer concrete (GPC) 

development has attracted a lot of interest in recent years as an alternative for energy-

saving, shrinkage, material cost, ecologically friendly, thermal stability, thermal 

conductivity, and long-lasting,  (Duxson et al. 2007)  more efficient cement alternatives 

than OPC available today. 

Sapute et al. (2012) found that the curing temperature and curing time affect the 

compressive strength of geopolymer concrete based on fly ash. They concluded that 

curing temperature and duration are the critical factors in the activation process. Curing 

time of 6-24 hours results in greater compressive strength. However, after 20 hours, 

strength gain is minimal. 

One of the most critical parameters for geopolymerisation is the curing temperature. 

Curing parameters, including temperature, curing duration, and relative humidity, affect 

the microstructure and mechanical properties (Komljenović et al. 2010) of alkaline-

activated fly ash. After 4 days of curing at 65 °C, the geopolymer sample had a maximum 

strength of 33 MPa. Compressive strength decreases when the curing period extends 

beyond four days. The compressive strength briefly decreased after more than 8 days of 

curing. Geopolymer samples’ compressive strength declined as they cured at 

temperatures over 65 °C. 

In geopolymer composite of rice husk ash (RHA) and red mud (RM), the compressive 

strength of the geopolymer products has been reported to range from 3.2 to 20.5MPa for 

the synthesized geopolymers with nominal Si/Al ratios of 1.68- 3.35 (He et al. 2013). 

This variation in compressive strength highlights the effect of material composition and 

Si/Al ratio on the mechanical properties of geopolymer composites. 

Many studies show that pure amorphous silica can be made from a cheap rice husk. The 

goal of adding nano-silica to the cement mixture is to boost durability because micro-

silica and nano-silica particles may fill the spaces between cement particles. Because of 

its pozzolanic reaction and the influence of pore-filling, nano-silica is the most 

extensively utilized mineral in cement and concrete to increase performance (Rahmawati 

et al. 2021). 
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Givi et al. (2010) observed that nano-silica particles with an average size of 15nm 

resulted in increased concrete strength at early ages compared to particles sized at 80nm. 

However, concrete with 80nm nano-silica particles exhibited higher compressive strength 

at 90 days. 

Zhang et al. (2012) discovered that the large capillary porosity declined with increasing 

nano-silica dosage, alongside decreases in both critical pore diameters and threshold, 

which notably dropped at 2% nano-silica. 

Rezania et al. (2019) showed that the permeability decreased with increasing nanoparticle 

concentration because of the difficulties of dispersing them in concrete at larger dosages. 

The use of nanoparticles in alkali-activated slag (AAS) concrete led to an unwanted 

increase in water penetration depths; whereas, the utilization of micro-silica lowered 

permeability. 

Patankar et al. (2014) studied the impact of curing duration and temperature on the 

compressive strength of fly ash-based geopolymer concrete. They discovered that, at all 

temperatures, the compressive strength of geopolymer concrete increases with increasing 

concentration of sodium hydroxide at all temperatures, however, the rate of strength 

improvement at and above 60°C is not noticeable. 

The strength of geopolymer concrete made from black rice husk ash and ground 

granulated blast furnace slag increases with an increase in curing temperature 

(Venkatesan and Pazhani 2015). Coal fly ash geopolymer of compressive strength 41.7 

MPa with an increase in curing period of up to 28 days has been reported (Pathak and Jha 

2012). 

The maximal compressive strength of geopolymer products from brick dust was reported 

at 11.43 MPa (Pathak et al. (2014). Geopolymers made from sand cement dust, brick 

dust, and a mix of sand cement and brick dust with an alkaline activator solution were 

found to have maximum compressive strengths of 36.3, 45.1, and 43.2 MPa respectively 

(Pathak et al. 2014). 

Das et al. (2020) discovered that the compressive strength and workability of geopolymer 

decrease as the amount of RHA increases. However, the geopolymer containing 10% 

RHA demonstrated a compressive strength of 25MPa. This grade of concrete is 
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commonly used for the majority of building projects, hence expanding the use of RHA 

for a more environmentally friendly binder synthesis via geopolymerization. 

Xu and Deventer (2000) investigated a variety of aluminosilicate minerals to create 

geopolymers. As an alkaline activator, they used sodium or potassium hydroxide. They 

discovered that adding sodium silicate solution. They discovered that the reaction 

between the solution and source material was improved by adding sodium silicate 

solution to sodium hydroxide solution as the alkaline activator. They discovered that the 

sodium hydroxide solution caused more mineral dissolution than the potassium hydroxide 

solution. 

Gleize et al. (2003) investigated the microstructural consequences of replacing 10% of PC 

with silica fume (SF) in a lime, sand, and cement mix proportion by volume in 1:16:1 for 

masonry mortar. They found that silica fumes reduce overall porosity and boost 

compressive strength only at later ages and that the pore structure of silica fume mortar is 

finer than that of non-silica fume mortar.  

Khater (2013) measured compressive strength and performed scanning electron 

microscopy (SEM), X-ray diffraction (XRD), and Fourier Transform Infrared 

Spectroscopy (FTIR) analysis to investigate the effect of adding silica fume (SF) to the 

waste concrete from demolition projects and the geopolymer made from the alkaline 

activation of alumina-silicates metakaolin. According to their findings, the compressive 

strength of geopolymer mixes containing SF increased up to 7% substitution, then 

reduced up to 10% but remained higher than the control mix. However, increasing the SF 

level decreases the mechanical properties of the reaction result 

According to (Das et al. 2020)  the concept of using pozzolanic by-products from the 

industry, such as RHA, SF, fly ash, GGBS, and many more, sustainably should be 

encouraged in the manufacturing of modern concrete. Additionally, as cement production 

poses a significant environmental hazard due to its large carbon emissions that contribute 

to global warming, the old traditional way of making concrete using OPC should be 

progressively reduced. Thus, creating and implementing newer building materials that 

will improve strength and durability is the main task of those concrete makers. 

According to (Rangan et al. 2008) geopolymer concrete has a high compressive strength 

when compared to normal concrete. For the same mix, it is approximately 1.5 times 
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higher. Geopolymer concrete also demonstrated very good workability in comparision to 

standard concrete. 

Kaur et al. (2018) studied the impact of RHA-based geopolymer's alkali activator on the 

binder (AAB) ratio and alkaline activator's molarity. The results revealed that after 28 

days, the highest compressive strength of 39.95 N/mm2 was reached. Compressive 

strength is a direct function of the molarity of the alkali activator solution as well as the 

Alkali Activator to Binder (AAB) ratio. Microstructure becomes quite dense as molarity 

rises; this is likely due to a high degree of geopolymerization. 

Hossain et al. (2021) examined the use of waste RHA for the more environmentally 

friendly manufacture of geopolymer. The implications of RHA addition on important 

characteristics such as compressive strength, setting time, durability, and workability 

were discussed. After analyzing RHA's impact on geopolymer, it was determined that 

adding 10–20 weight percent of RHA improved both the geopolymer's short- and long-

term qualities. As a result, the building industry's use of RHA is environmentally 

responsible and sustainable. 

Phoongernkham et al. (2017) examined the effects on strength improvement of PC and fly 

ash-based Geopolymer Mortar (GM) of a mixture of sodium silicate and sodium 

hydroxide solutions. The production of extra CSH strengthened the compressive and 

shear bond strengths of GMs as PC concentration increased. The 15% PC/SHSS mixture 

had the best shear bond and compressive strengths. 

Mohmmad et al. (2023) used NaOH/sodium silicate to produce and analyze metakaolin 

(MK)-based GC with different amounts of nano-silica (NS) (1.5, 3.0, 1.5, 4.5, 6.0, and 

7.5% by weight of MK content). According to the study, the flexural, compressive, and 

tensile strength of the GC steadily increased up to 6.0% NS; however, mechanical 

properties decreased with any additional increases in the ratio. The study found that 

adding 6.0% NS to MK-based GC improves compressive strength by 34.3% when 

compared to the control GC mix, as well as 39 and 37% in flexural and split tensile 

strength when compared to control GC strength. Moreover, the statistical analysis 

supports the remarkable impact of nano-silica on the mechanical properties of 

geopolymer concrete, underlining its significance in boosting performance and 

sustainability in comparison to cement-based materials.  
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According to Phoongernkham et al. (2014),  using  nano-SiO2 as a fly ash addition 

reduced the setting time while using nano-Al2O3 resulted in only a minor reduction. When 

1-2 percent of nanoparticles are added to the geopolymer matrix, more sodium 

aluminosilicate hydrate (NASH), geopolymer gel, and calcium silicate hydrate (CSH) or 

calcium aluminosilicate hydrate (CASH) are formed. This improves the compressive 

strength, flexural strength, and elastic modulus of pastes. Furthermore, the shear bond 

strength between the geopolymer and concrete substrate is strengthened by the inclusion 

of both nano-SiO2 and nano-Al2O3.  

The chemical characterisation of red mud changes depending on the bauxite ore and the 

refining technique (sintering/ bayer process). Iron and alumina oxide are crucial 

components in the sintering process. But calcium oxide and silica oxide play significant 

roles in the Bayer process. The passivating layer on the reinforcement bar in concrete is 

strengthened by red mud's high content of iron oxide (Fe2O3) and aluminum oxide 

(AlO
2
O

3
), which are both extremely alkaline and resistant to carbonation and chloride ion 

assault (Ruben et al. 2019). 

Lingyu et al. (2021) examined the mechanisms and developments in the study of 

geopolymer concrete's permeation properties, frost resistance, structural fire resistance, 

corrosion resistance, and carbonation resistance. Hydrostatic and osmotic pressure 

theories are the main basis of the freezing-thawing failure mechanism of geopolymer 

concretes. Less than 75 freezing-thawing cycles are allowed in GPC, and its resistance to 

frost is limited.  

 

Ridtirud et al. (2011) studied the effects of NaOH concentration, sodium silicate-to-

NaOH ratio, liquid-to-ash ratio, curing temperature, and curing duration on shrinkage. 

The study determined that the utilization of higher molarity NaOH as an alkaline activator 

resulted in both a notable impact on early strength and greater compressive strength. 

Since geopolymer concrete may generate compressive strengths beyond 60 °, it is also the 

ideal choice for precast concrete products. 

 

Buchwald et al. (2009) researched the thermal characteristics of geopolymer binders, 

examining both sodium and potassium variants, along with their corresponding 

geopolymer composites. Their findings revealed that geopolymer derivers from calcined 

kaolinite demonstrated structural stability up to 1200 °C. 
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Li et al. (2021) investigate the impact of silica fume, especially at concentrations of 2% 

and 4%, on the thermomechanical behavior of fly ash geopolymer. Their findings 

indicated that the geopolymer's strength was maintained at temperatures as high as 1000 

°C by adding 2% silica fume. 
 

Lemougna et al. (2013) investigated how the stability and thermos-mechanical properties 

of geopolymers were affected by the composition of the activating solution. Geopolymers 

produced using potassium silicate solutions exhibited greater thermal stability compared 

to those synthesized with sodium silicate solutions. Some investigations have explored 

the thermos-mechanical characteristics of composites or geopolymer binders at high 

temperatures. 

 

Assaedi et al. (2019) discussed the effect of nano-silica on the mechanical performance 

and durability of geopolymer composites reinforced with flax fabric. After the samples 

were kept for 32 weeks at room temperature, the durability experiments were carried out. 

The investigation's findings demonstrated that the inclusion of nano-silica improves the 

mechanical and physical properties. The degradation of flax fiber was slowed down by 

the presence of NS, which also lowered the system’s alkalinity and sped up the 

geopolymeric reaction 

 

2.1. Raw Materials Used to Make Geopolymers 

2.1.1. Red Mud 

 

Red Mud (RM) is the residue left over from the Bayer process' digestion of bauxite ores 

with caustic soda to produce alumina. Every ton of alumina produced yields 1.5–1.6 tons 

of red mud. Approximately 120 million of them have a high alkalinity. An estimated 2.7 

billion tons of industrial waste with an average pH of 11.3+ 1.0 are produced globally. 

Because of the high alkalinity and superfine particle size of RM, proper disposal is 

challenging, hence it is usually disposed of through land storage (Kong et al. 2018). 
 

Red mud, also referred to as red sludge, is an industrial waste generated by Bayer 

technology, which is primarily utilized in the bauxite refining process to generate 

aluminum. Red mud is one of the most hazardous wastes in the aluminum smelting 

sector, which is a mixture of solid and metallic impurities (Adesanya and Raheem 2009; 

Le et al. 2018). 
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2.1.2. Red Clay 
 

Red clay is an insoluble clay mineral that is mostly composed of clay minerals and is 

generated by a variety of rocks composed in the earth’s crust in humid, hot climates. Red 

clay has a large void ratio, a high liquid limit, and a high natural water content; however, 

its compatibility is poor when employed as a filling material (Yanzhao et al. 2020). 

 

Figure 5: Red Clay 

Reig et al. (2013) demonstrated that by utilizing NaOH and sodium silicate solution as 

activators, red clay brick waste may be converted into alkali-activated cement pastes and 

mortars. Zeolitic structures are produced, as demonstrated by thermogravimetric analysis, 

however, they tend to disappear as the concentration of the alkaline solution rises. After 

seven days of curing, the optimum combination was 45/7.0/1.60, which produced 

compressive strengths that were almost 30 MPa. 
 

2.1.3. Rice Husk Ash (RHA) 
 

Rice Husk (RH) is a byproduct of rice milling whereas Rice Husk Ash (RHA) is 

produced through the combusting of Rice Husk at high temperatures in a controlled 

environment. In countries like Southeast Asia, the United States, China, India, and Brazil, 

RH and RHA are widely available. To produce energy, RH has therefore been recycled 

through burning. This produces RHA, which has a high concentration of amorphous silica 

(85-95%). Hossain et al. (2018) provide a complete description of nano-silica processing 

using RH/RHA. They found that amorphous silica from RHA or RH is an available 

substitute for quartz for producing value-added ceramics in practical applications. 
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Figure 6: Rice Husk 

Rice Husk Ash (RHA) is a type of sustainable biomass energy that is created by burning 

rice husks to generate electricity.  Rice husk is an agricultural byproduct from rice paddy 

processing, and is typically 20% of the weight of rice paddy. It is the hard shell that 

protects rice grains. When rice husk is burned, 25% of its weight is turned into ash, which 

is known as Rice Husk Ash (RHA). It can be found all around the world, but especially in 

developing countries. According to Chindaprasirt et al. (2007), its composition is 

approximately 40% cellulose, 30% lignin, and 20% silica. RHA is made up of amorphous 

silica and highly porous particles with a low density and a large internal specific surface 

area.  

The RHA is a reactive substance that can be utilized as a volcanic ash filler (Kaur et al. 

2018). The use of rice husk has the advantage of not only creating precious silicas but 

also of lowering disposal and pollution issues. Many studies show that pure amorphous 

silica can be made from a cheap rice husk. The goal of adding nano-silica to the cement 

mixture is to boost durability because micro-silica and nano-silica particles may fill the 

spaces between cement particles. 

 

2.1.4. White Clay (Kaolinite) 
 

Kaolin, China clay, or white clay are names for rocks that are high in kaolinite. 

Traditionally, porcelain has been made using kaolin, a fine, white clay material. The term 

kaolin is assumed to be originated from the Chinese word kaolin.  
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Kaolinite is an aluminosilicate with a 1:1 uncharged dioctahedral layer structure (Habert 

et al. 2011). Each layer is composed of a sheet of AlO2(OH)4 octahedra building six–

membered aluminate rings, and a sheet of SiO4 and a sheet of tetrahedra forming six–

membered silicate rings joined by common oxygen atoms. These electrically neutral 

sheets are kept together by hydrogen bonds and van der Waals forces. These connections 

are strong enough to prevent water from penetrating the interlayer gaps and generating 

swelling. 

 

Figure 7: Structure of Kaolinite (Barani & Kalantari, 2018) 

 

 

2.1.5. Ground Granulated Blast Furnace Slag (GGBS) 
 

Ground granulated blast furnace slag (GGBS) is an effective aluminosilicate source 

because of its high alumina and silica concentration, which is required for the 

geopolymerization reaction (Kumar et al. 2018). It is a byproduct of the iron industry and 

is often used as an assistive or cement replacement material to enhance the mechanical 

properties and durability of concrete. GGBS not only promotes sustainable construction 

but also reduces CO2 emissions from Portland cement use (Saludung et al. 2018). 

GGBS is essentially a calcium aluminosilicate framework material with an excessive 

charge balance. The chemical is primarily CaO- SiO2- MgO- Al2O3. Glass networks are 

mainly formed by Si4+ and Al3+ cations, with divalent Ca2+ and Mg2+ acting as network 

modifiers, as well as any alkalis (Li et al. 2010). 
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CHAPTER 3 

3. MATERIALS AND METHODS 
 

3.1. Materials 

The key materials used for the geopolymer synthesis encompass Rice Husk Ash (RHA), 

White Clay (WC), and Red Clay (RC), which were locally sourced from Madhyanepal -7 

Lamjung District. 

 

3.2. Preparation of Rice Husk Ash 

The Rice Husk Ash was prepared from the rice husks which were sun-dried in open air to 

reduce the moisture, and underwent heating to transform into RHA. The prepared RHA 

was enclosed inside the muffle furnace at a temperature of 450 °C for 3 hours to 

thoroughly eliminate the carbonaceous material. Thus, obtained rice husk ash was ready 

for sample preparation. 

 

 

Figure 8: Rice Husk Ash 

3.3. Preparation of Red Clay 
 

Red clay was exposed in the oven for 2 hours at 120 °C to remove any moisture and 

contaminants. Subsequently, the dried red clay was carefully sealed in an air-tight plastic 

bag.  
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Figure 9: Red Clay 

3.4. Calcination of white clay 
 

White clay was subjected to the muffle furnace for 3 hours at 750 °C to effectively 

eliminate impurities and moisture in the absence of oxygen. Hence, 474.15 g of calcined 

white clay was obtained from the initial 500 g of white clay. 

 

 

Figure 10: Calcined White Clay 

3.5. Preparation of Nano-silica from RHA 
 

First of all, 200 g of RHA and 500 mL of 5M NaOH were mixed. Then the solution was 

agitated in magnetic stirrer for 4 hrs at 80 °C and left for 2 days. Again, the solution was 

agitated in a magnetic stirrer for 1 hr at the previous temperature, and then the solution 

was filtered with the help of the Buchner funnel. The filtrate was mixed with 20 mL 2% 

starch solution. 2N H2SO4 was added dropwise to solution till filtrate reached a pH of 
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around 8. Then precipitate was collected and dried in an oven. Thus, the obtained 

precipitate (Nano-silica) was ready for further procedure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Schematic representation of the preparation of Silica 

3.6. Preparation of Alkaline Activator Solution 

An alkaline activator solution holds significant importance in the geopolymerization 

process. In this experiment, the alkaline activator solution was a mixture of sodium 

hydroxide and sodium silicate.  

To prepare sodium hydroxide solution, first, dissolve 29.894 g of NaOH pellets in 150 

mL of water, then 40.54 g of silica gel was dissolved and mixed for 3 hours at 80 °C 

using a magnetic stirrer. The activator solution was prepared one day before the sample 

preparation. 

 

  

200 g RHA +500 mL 

NaOH 

Stirred the solution for 4 hours 

at 80 °C and leave it for 2 days  

Solution was stirred in 

magnetic stirrer for 1 hr at 80 

°C 

ppt Nano Silica 

Filter 

Collect the filtrate and added 20 

mL 2% of starch solution 

Added 5N H
2
SO

4
 dropwise 

Dry 

  



20 

3.7.  Sample Designation 
 

 

Table 1: Sample Designation of geopolymer products 

 

Sample Red Clay 

(%) 

Calcined White 

Clay (%) 

Nano Silica 

(%) 

Lime 

(%) 

Sand 

(%) 

RC-1 90 10 0 0 0 

RC-2 85.5 9.5 5 0 0 

RC-3 83.79 9.31 4.9 2 0 

RC-4 34.2 3.8 2.0 0 60 

 

 

Where,  

RC-1 represents the mixture of Red Clay (90%) and 10 % of Calcined White Clay 

RC-2 represents the mixture of red clay (85.5%), Calcined White Clay (9.5%), and Nano 

-Silica (5%) 

RC-3 represents the mixture of red clay (83.79%), Calcined White Clay (9.31%), Nano -

Silica (4.9%), and lime (2%) 

RC-4 represents the mixture of red clay (34.2%), Calcined White Clay (3.8%), Nano -

Silica (2.0%), and Sand (60%) 
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3.8. Sample Preparation 
 

The powders of RC, CWC, and Nano-silica of different percentage variations were 

combined and an activator solution was added. Thus, produced samples were heated at 

different temperatures for 2 hours and their compressive strength was measured after they 

were allowed to cure at room temperature for seven, fourteen, twenty-one, and thirty-

eight days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Schematic representation of geopolymer synthesis 
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 Figure 13:  Casting sample 

Figure 14: Preparation of geopolymer cubes (RC-2) 
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3.9. Characterization Techniques: 
 

3.9.1. Energy Dispersive X-ray Fluorescence (EDX) Analysis 
 

Energy Dispersive X-ray Fluorescence (EDX) analysis of the raw materials and 

geopolymer sample was performed using an EDX spectrophotometer (EDX-8000, 

Shimandzu) at the Department of Customs, Tripureshwor, Kathmandu. 

In EDX analysis, X-rays are utilized to excite the atoms in a sample, causing them to 

generate X-ray fluorescence light. The emitted X-ray’s energy is then measured and 

analyzed to identify the sample’s elemental composition. 

  

3.9.2. XRD Analysis 
 

XRD experiments are conducted using an X-ray diffractometer. It is a typical common 

method employed to analyze the composition or crystalline structure of a sample. CuKα 

radiation (Bruker D8) was used to record XRD patterns on an X-ray diffractometer at the 

National Academy of Science and Technology (NAST), Khumaltar, Kathmandu. 
 

The sample being tested is usually in the form of fine powder. The diffraction pattern is 

studied to determine the crystallographic phases present in the material. This is usually 

accomplished by comparing the observed diffraction pattern to reference patterns from a 

database of known crystal structures. The diffraction peak positions and intensities are 

utilized to determine the lattice parameters, crystal symmetry, and other structural 

features of the material. 

3.9.3. Fourier Transform Infrared (FTIR) Analysis 
 

The study, which was conducted at the Amrit campus in Lainchaur, used FTIR analysis 

(Spectrum Two, Perkin Elmer Spectrum IR 10.6.2) in the frequency range of 4000 to 450 

cm-1. 

FTIR operates on the basis that different chemical bonds absorb infrared radiation at 

specific frequencies, resulting in distinct absorption bands in the FTIR spectrum. The 

FTIR spectrum shows peaks and troughs that represent the sample’s absorption of 

infrared light.  

The functional groups and chemical bonds found in the sample are represented by these 

absorption bands. 
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Figure 15: FTIR Spectrometer 

 

3.10. Compressive Strength of the Geopolymer Products 
 

The compressive strength of the prepared geopolymer was determined using an SLF 9 

load frame machine at Tribhuvan University's Central Material Testing Laboratory, 

Institute of Engineering Pulchowk Campus. 
 

 

Figure 16: SLF 9 Load Frame 

Compressive strength is an important attribute of all concrete since it is affected by curing 

temperature. The curing temperature causes an increase in compressive strength.  

The compressive strength is defined as the uniaxial force exerted per square meter. It 

refers to the sort of pressure applied.  The compressive strength of a material or structure 
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refers to its ability to endure loads that cause it to shrink. The sample was crushed using a 

load and the results were recorded. The equation is used to calculate compressive strength 

measurement. 

)1(



Area

LoadFactor
Force  

 

F, 1Kg/mm2 = 9.80655 N/mm2 (1   N/mm2 =1 MPa) 

3.11. Physical Properties of the Geopolymer Products 
 

 

The physical characteristics of the geopolymer products (bulk density, apparent specific 

gravity, water absorption, and apparent porosity) were determined following ASTM-373 

standards. Initially, the geopolymer underwent a drying process in an oven at 105 °C for 2 

hours, and its weight in the dry state was recorded. Subsequently, the geopolymer was 

subjected to boiling in a water bath for 3 hours and left to soak for an additional 24 hours 

before its weight was measured. 

1. Exterior Volume V: 

 
   

        

2. Apparent Porosity, P:  
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3. Water Absorption, A:  
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4. Apparent Specific Gravity, T:  
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5. Bulk Density, B: 
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CHAPTER 4 

4. RESULTS AND DISCUSSION 
 

4.1. Energy Dispersive X-ray Fluorescence (EDX) Analysis 
 

Energy Dispersive X-ray Fluorescence (EDX) analysis is shown in the following Table 

(2). 

 

Table 2: Chemical composition of raw materials (%) 

 

 

 

 

This table represents the chemical composition of three raw materials (Red clay, CWC, 

and Silica). The Red clay consists mostly of predominantly Silicon with a small amount 

of Iron, Potassium, Titanium, Manganese, Copper, and Zinc.  The CWC consists of a 

lower percentage of Silicon compared to red clay but contains higher percentages of Iron, 

Potassium, and Titanium along with minor amounts of Manganese, Copper, and Zinc. 

Silica is almost entirely composed of Silicon with trace amounts of other elements like 

Iron, Potassium, Manganese, Copper, and Zinc. 

 

 

Raw 

materials 

 

Si  

 

Fe  

 

K  

 

Ti  

 

Mn  

 

Cu  

 

Zn  

 

Others 

 

Red clay 

89.637 5.886 3.713 0.648 0.035 0.015 0.008 0.058 

 

CWC 

86.28 6.062 6.863 0.589 0.068 0.009 0.02 0.109 

 

Silica 

99.152 0.028 0.719 - 0.037 0.009 0.013 0.042 
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4.2. X-Ray Diffraction (XRD) Analysis 
 

 

The XRD pattern of Red Clay and their geopolymer products is shown in Figure 17. 

10 20 30 40 50 60 70

35.38

42.92

39.95

68.7660.5350.67
RC-2 21.43

RC-1

CWC

 

 2, degree

In
te

n
si

ty
, 

(a
.u

.)

Red clay

27.15

 

10 20 30 40 50 60 70

2degree

In
te

n
si

ty
, 

(a
.u

.)

 

23.12

 
 

 

Figure 17: XRD patterns of (a) raw materials and their geopolymer products (b) nano-silica extracted from 

RHA 

The sample’s XRD patterns were plotted between 20 to 70 °. The major peaks at 2θ= 

21.43, 27.15, 35.38, 50.67, 60.53, 68.76 °. The peak around 2θ = 21, 27 denotes the 

material's dominant silica phases. The diffraction pattern is primarily amorphous, with 

few crystalline silica peaks. The hump in the region of 2θ = 21- 40 indicates the changes 

(a) 

(b) 
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of crystalline to amorphous raw materials into geopolymer products. The XRD pattern of 

nano-silica figure (17b) shows a significant broad peak centered at a 2θ angle of 23.12 °, 

indicating its amorphous nature. The particle size of nano-silica was found to be 10.37 

nm. 

After applying sodium pellets, the raw materials' XRD peaks decrease due to the 

dissolution of alumino-silicate and the formation of geopolymeric products. The same 

crystalline (Silica) transforms into semicrystalline phases and remains as silica after 

geopolymerisation. 

 

4.3. FTIR Analysis 
 

The FTIR spectra of silica, calcined white clay, and red clay are shown in following 

figure 18. The main absorption peaks at 570, 793,952, 1060, 1463, 1642, 2853, 2925, 

3382, 3446, 3696 cm-1 respectively. The peak band within the 600 - 900 cm-1 range 

appears due to the existence of Si-O/Al-O and bending vibrations of octahedrally 

coordinated Al is present.  The product’s broad absorption band around 1004-1027 cm-1 

may be caused by the conversion of asymmetric stretching vibrations of Si-O-Al bonds 

into symmetric bonding, where Al is four-fold coordinated (Chindaprasirt et al. 2009). 

The absorption band at 1427- 1642 cm-1 indicates stretching vibrations of the C-O bond 

of CO3
2- ions caused by the reaction of atmospheric CO2 with alkali hydroxide (Phair and 

Deventer 2002) The absorption bands at 3382-3696, and 2925, cm-1 correspond to the 

stretching and bending vibrations of O-H and H-O-H bonds of water molecules. 
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Figure 18: FTIR Spectra of raw materials (a) and its geopolymer products (b) 
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4.4. Mechanical Properties of the Geopolymer Products 

 

4.4.1. Variation of Calcined White Clay (CWC) 
 

The compressive strength of geopolymer products prepared by the red clay and with the 

variation of Calcined White Clay (CWC) is shown in the Figure (19). 

 

 

Figure 19: Plot of compressive strength of geopolymer product with CWC% variation 

 

 

At 7 days of curing, the compressive strength values of geopolymer products were 1.48, 

1.60, 2.19, and 1.36, MPa for CWC % equal to 8, 9, 10, and 11% respectively. The 

maximum compressive strength value of 2.19 MPa was discovered in 10% of the CWC% 

variations. The calcined white clay's pozzolanic reactivity may be responsible for the 

increase in compressive strength value (Yanguatin et al. 2017).  
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4.4.2. Variation of Nano-silica 

 

After the selection of 10% Calcined White Clay (CWC), the geopolymer product was 

prepared by mixing red clay and calcined white clay with nano-silica at different 

percentage variations as shown in Figure 20. 

 

 

 

 

Figure 20: Plot of compressive strength of geopolymer product with Nano-silica % variation 

 

The compressive strength values of nano-silica geopolymer were 2.64, 2.91, 3.07, 4.07, 

2.97, 2.43, and 2.31 MPa for nano-silica concentrations equal to 2, 3, 4, 5, 6, 7 and 8 % 

respectively with 7 days of curing. The highest compressive strength value 4.07 MPa was 

found in 5% of the nano-silica % variations. 

 

4.4.3. Variation of temperature 
 

 

The compressive strength of geopolymer products (RC-2) with temperature variation is 

shown in Figure (22). The compressive strength values of geopolymer products were 

2.57, 2.58, 4.00, 4.35, and 4.35 MPa at 50, 60, 65, 70 and 80 °C respectively. The 

compressive strength of geopolymer rises with temperature. This is because the 
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polymerization process increases as temperature rises (Nagral et al. 2014). Furthermore, 

the synthesis of geopolymer depends significantly on the curing temperature.  

 

 

 

Figure 21: Plot of compressive strength of RC-2 with temperature variation 

 

 

4.4.4. Variation the Curing period 
 

 

After selecting 10% Calcined White Clay (CWC), (RC-1), 5% nano-silica (RC-2), 2% 

lime (RC-3), 20% sand (RC-4). Geopolymer products were cured for 7-28 days at 65 °C, 

as illustrated in the Figure below. 
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Figure 22: Plots of compressive strength of geopolymer products with a curing time 

RC-1 (b) RC-2 (c)  RC-3 (d) RC-4 

The compressive strength values of geopolymer products of RC-1 RC-4 were found to be 

2.19, 3.13, 4.92 MPa 5.42, 6.85, 9.79 MPa at 7, 14, 21 and 28 days of curing time 

respectively at the temperature of 65 °C. Similarly, RC-2 and RC-3 were found to be 

4.070, 4.97, 6.12, 8.49 MPa and 6.07, 7.88, 10.15, 14.02 MPa at 7, 14, 21 and 28 days of 

curing time respectively at the temperature of 65 °C. 

The compressive strength values increase with the curing period in all RC-1, RC-2, RC-3, 

and RC-4 plots. From the above figure, the compressive strength values were found 

higher in the RC-3 plot. Similarly, the lowest compressive strength values were found in 

(a) (b) 

(c) 

 

(d) 
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the RC-1 plot. At low temperatures, geopolymer precursors condense, and water 

molecules evaporate, avoiding the formation of voids and cracks and enhancing 

compressive strength (Kani and Allahverdi 2009) This suggests that the cure for 

synthesizing geopolymers with higher compressive strength requires a longer period at a 

lower temperature 

 

4.4.5. Thermal stability of geopolymer products 
 

 

After 56 days, geopolymer products RC-1 and RC-2 were subjected to a thermal stability 

test at 300 and 400 °C. The compressive strength of RC-1 and RC-2 heated at 300 °C and 

400 °C is shown in Figure (23). The compressive strength values of geopolymer products 

RC-1 were 17.01 and 20.18 MPa at 300 and 400 °C whereas, the compressive strength of 

geopolymer products RC-2 were 19.06 and 22.49 MPa at 300 and 400 °C. The 

compressive strength values increase with an increase in temperature. 

This graph shows that the compressive strength of RC-2 is more than RC-1. The inclusion 

of nano-silica may account for the greater compressive strength values of RC-2. The goal 

of adding nano-silica to the cement mixture is to boost durability because nano-silica 

particles may fill the spaces between cement particles. Also, the inclusion of nano-silica 

increased the compactness of reaction products. Nano-silica contributes to a compact, 

dense microstructure with improved interlocking morphology, leading to increased 

compressive strength (Deb et al. 2015). 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: Plot of compressive strength of RC-1 and RC-2 at 300 °C and 400 °C 
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4.5. Physical properties of geopolymer products 
 

Water absorption is a significant impact on building material’s durability. Lower water 

absorption values indicate greater resistance to water infiltration and environmental harm. 

The physical characteristics of the geopolymer products (bulk density, apparent specific 

gravity, water absorption, and apparent porosity) were measured over 28 days. The 

apparent porosity and water absorption were found higher in RC- 4 while lower in RC- 3.  

 

Table 3: Physical properties of geopolymer product 28 days 

 

 

 

Samples 

Apparent 

Porosity 

(%) 

Water 

Absorption 

(%) 

Apparent 

Specific Gravity 

(%) 

Bulk 

Density 

(g/cm3) 

RC-1 11.46 5.92 2.18 1.93 

RC-2 10.79 5.60 2.18 1.94 

RC-3 4.41 2.32 1.98 1.90 

RC-4 12.68 6.49 2.24 1.96 

RC-2 heated at 300 °C 

for 1 hour 

8.62 5.07 2.76 1.71 
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CHAPTER 5 

5. CONCLUSIONS AND RECOMMENDATIONS 
 

5.1. Conclusions 
 

In this work, the impact of various factors on the properties of geopolymers was 

investigated to optimize their performance for possible uses in construction materials. 

Systematic experiments were performed to assess the effects of CWC content, nano silica 

content, temperature, curing period, and thermal treatment on properties of geopolymers. 

Among different CWC variations, 10% CWC concentration produced the maximum 

compressive strength. The addition of nano-silica improves mechanical properties and 

durability, indicating its potential as an important additive in geopolymer compositions. 

Among different nano-silica variations, the highest compressive strength was observed 

with 5% nano-silica content. Furthermore, it is found that temperature and curing period 

have a significant impact on the development of geopolymer strength, with higher 

temperatures and longer curing periods often resulting in improved properties.  

The highest compressive strength, 22.94 MPa, was recorded on thermal treatment of the 

RC-2 at 400 °C. On thermal treatment at 300 °C, the compressive strength of RC-2 

increased by 12.13%, and similarly on thermal treatment at 400 °C, the compressive 

strength of RC-2 increased by 11.49%. The compressive strength of RC-1 and RC-2 on 

thermal treatment (300 °C and 400 °C) shows that the compressive strength of RC-2 is 

more than RC-1. The higher values of compressive strength of RC-2 may be due to the 

addition of nano-silica. From this, it is concluded that thermal treatment is crucial in 

enhancing the thermal stability of geopolymer, and the using of nano-silica further 

enhances the quality of the geopolymer. 

 

5.2. Recommendations 
 

This technique is confronted with numerous obstacles. The construction industry is 

conservative by nature, there are no long-term durability data, and there is no standard 

technique to assess the performance of geopolymers. It becomes a viable substitute for 

OPC if red clay can be used to make a geopolymer with a comparable compressive 

strength. 
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Wet mixing of raw materials 

Casting Sample 

Measuring the geopolymer cube 

 

Casting geopolymer sample  
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