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Abstract: The tasteless, non-toxic substance known as nano-SiO2 is devoid of pollutants and has hydroxyl 

groups that help water adsorb onto its surface. Small particle size, high purity, low density, big surface 

area, and good dispersion qualities are the characteristics of nano-SiO2. Moreover, nano-SiO2 exhibits 

outstanding mechanical, optical, and reinforcing qualities as well as thixotropy. Concrete's microstructure 

and mechanical qualities can be improved by adding nano-SiO2. For this reason, nano-SiO2 is frequently 

employed as an additive in the building materials industry. Excellent mechanical, fire, acid-alkali, and 

high-temperature resistance qualities are possessed by geopolymers. Furthermore, geopolymers can be 

made from construction and mineral waste as raw materials. Thus, geopolymers have great promise for use 

as building materials and can potentially replace regular Portland cement. 
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I. INTRODUCTION 

Environmental issues like energy use, dust pollution, and greenhouse gas emissions have gained significant attention 

from society in recent years. The annual production of regular Portland cement is over four billion tonnes, and the 

demand is rising. About 5 percent of the carbon dioxide emissions released into the atmosphere each year worldwide 

come from the manufacture of cement. Large-scale nitrogen oxide and particulate matter emissions have kept this 

industry at the top of China's major pollutant industries year-round, as it is the primary source of air pollution. It is 

necessary to develop new environmentally friendly construction materials due to the significant emissions of 

greenhouse gases and excessive energy consumption. As a result, numerous scholars over the globe have concentrated 

on materials made of geopolymer in recent times. Alkaline activation can be used to create geopolymers from a variety 

of organic materials and inexpensive industrial by-products, including metakaolin, fly ash, silica fume, slag, mining 

waste, and rice husk ash. Davidovits proposed the idea of geopolymers in 1978. Geopolymers are inorganic silicon 

aluminium gel materials that belong to the non-metal class. They are made up of three-dimensional stereo mesh patterns 

of AlO4 and SiO4 tetrahedral structural units. Fly ash is the most often used basis material in the manufacturing of 

geopolymer because it has advantages over other base materials. The fly ash-based geopolymer's superior high-

temperature and mechanical capabilities over cement are a result of its distinct network structure. When compared to 

cement, fly ash-based geopolymer loses less strength at high temperatures, and even after 1,000°C, the strength loss rate 

of the material is still less than 50%. When it comes to the preparation procedure, geopolymers outperform silicate 

cement significantly. Because the preparation procedure doesn't call for high-temperature calcination or sintering, 

geopolymerization can be carried out at ambient temperature with little to no emissions of carbon dioxide, NO x, SO x, 

or CO. The manufacture of geopolymers uses a lot less energy and emits less carbon dioxide than the production of 

cement. In addition, in highly alkaline circumstances, the geopolymerization process is reversible and involves the 

dehydration of aluminium silicates. Additionally, the product is created from the basic material, and there is no 

substance loss other than that caused by dehydration. Consequently, the waste geopolymer can be used as raw material 

straight away once it has been crushed, saving a significant amount of energy and raw resources as well as lowering 

pollution levels in the environment. There are good real-world examples of concrete composite materials being used to 

make adhesives, cement, and ceramics in place of more conventional silicate cement-based building goods. Examples 
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include Pyrament cement in the US and Gepolyceram ceramics in France. Research on the use of geopolymer materials 

in wastewater treatment and heavy-metal curing is also ongoing; however, the majority of these applications are still in 

the experimental stage, with only a small number finding practical usage. 

 

USE OF FLY ASH IN GEOPOLYMERS 

The nation that produces the most coal worldwide is China. Thermal power generation, which is based on the 

combustion of coal, currently produces the majority of the electric power produced in China. Burning coal produces fly 

ash as its primary byproduct. Fly ash emissions are rising quickly along with the faster development of the electric 

power sector. Given that fly ash production is growing annually, careful thought must go into developing a thorough 

strategy for using fly ash. Among its various uses are as a catalyst, for environmental preservation, in the building and 

ceramics industries, and for improving soil. A substantial proportion of fly ash is used in the infrastructure sector. In the 

market, there are a wide range of novel fly ash-based materials. These are the primary techniques for removing the 

produced fly ash. Fly ash has been fully exploited, turning waste into treasure and harm into profit. This has become a 

crucial technological and economic strategy in China's economic development. In the context of China's electric power 

generation, it has also emerged as a key instrument for addressing the conflict between resource shortage and 

environmental contamination. It is among the difficulties that industry faces as well. Fly ash is made up of a lot of 

amorphous silica and aluminium structures that, when exposed to an alkaline activator, can depolymerise and, in some 

situations, be combined to form inorganic gel materials like geopolymers. Consequently, the preparation and use of fly 

Ash-based geopolymers are advantageous for the environment and economy. A common source material for synthetic 

geopolymers is fly ash. When compared to cementitious materials like steel slag, metakaolin, slag, and silica fume, fly 

ash has a higher percentage of glass beads than 70% when examined under a microscope. These glass beads have a 

thick texture, smooth surface, and entire particle shape. They can minimise water, densify, and homogenise geopolymer 

concrete. There is a volcanic ash effect to fly ash. It can create cementitious materials like hydrated calcium silicate in 

alkaline environments, which can improve the functionality of geopolymer concrete. Fly ash microbeads, which have 

tiny particle sizes, are comparable to nanomaterials in geopolymer concrete and can greatly improve the material's 

structural strength, homogeneity, and compactness. Sodium aluminosilicate gel is created when the alkaline solution 

undergoes a geopolymerization reaction with the SiO2 and Al2O3 in the fly ash. After curing at a high temperature, fly 

ash-based geopolymers are said to have outstanding mechanical qualities and endurance. Figure 1 illustrates the 

preparation procedure for the geopolymer concrete based on fly ash. 

 
Figure 1- Preparation process of fly ash-based geopolymer concrete 

 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 4, Issue 4, June 2024 

Copyright to IJARSCT    655 

www.ijarsct.co.in  

Impact Factor: 7.53 

MECHANISM OF GEOPOLYMERIZATION AND COMPRESSIVE STRENGTH 

The amount of soluble silica in the geopolymer composite is increased by the addition of nano-SiO2. Long-chain 

silicate oligomers are formed in the geopolymer matrix when soluble silica concentration rises, speeding up the rate of 

geopolymerization reactions. Numerous unsaturated bonds and a few distinct hydroxyl bonds that are in an active, high 

free-energy state can be seen on the surface of nano-SiO2. These have the ability to quicken the geopolymerization 

reaction. One of the possible causes of the rapid geopolymerization process could be the bigger specific surface area 

and enhanced activity of nano-SiO2. Fly ash is the primary raw material used in fly ash-based geopolymers. By adding 

nano-SiO2, fly ash's activity can be increased, which speeds up the process. the process of geopolymerization, 

lengthening the chain of C-S-hydrogen gel, and generating a filling effect of small particles. Ultimately, a three-site 

reticular inorganic gel material containing Si–Al–O cross-linking was created by geopolymerizing fly ash and nano-

SiO2. The degree of reaction of the geopolymer adhesive prepared with silica was slightly less than that prepared by 

industrial sodium silicate initiators, for the same fly ash; however, the mechanical strength was similar. Singh et al. 

prepared geopolymers using modified nano-SiO2 as an alternative activator with high mechanical strength and low 

permeability. Compared to silicate activators that are sold commercially, samples made with nanoscale silicon-based 

activators had a reduced water demand and porosity. This results from the tiny lag in silica release. by the solid 

nanometre silicon particles, which throughout the early phases of the reaction stay suspended in the solution and 

subsequently release the silica. The surface of nano-SiO2 may include a variety of hydroxy bonds and a large number 

of unsaturated bonds in active, high free-energy states, according to research by Gao et al, which speeds up and deepens 

polymerisation." In their study, Xu et al. examined how fly ash-based sustainable geopolymers' structural characteristics 

were affected by nano-SiO2 particles. According to the findings, nano-SiO2 can speed up the geopolymerization 

process and has amorphous characteristics and a high specific surface area. This could be the result of the extremely 

active silica nanoparticles reacting with the hydroxides of sodium and aluminium during hydration, to create a sodium 

aluminium silicate gel that serves as a geopolymer aggregation nucleation site. 

 
Figure 2- Effect of the content of nano-SiO 2 on the compressive strength 

Due to nano-SiO2's superior volcanic ash activity, when added in the right amount, concrete becomes stronger at all 

ages; its impact is stronger on early strength and less on late strength. There is a proper range of nano-SiO2 that needs 

to be taken into consideration in order to maximise the mechanical performance of concrete. The strength of concrete 

will decrease with each further addition of nano-SiO2. Because it also depends on the temperature, curing 

circumstances, material composition, etc., the impact of adding nano-SiO2 to concrete differs depending on the study. 

The impact of the nano-SiO2 content on the concrete's compressive strength is summarised in Figure 2. The increase 
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rate is displayed in Figure 3. The growth rate (%) of the compressive strength of concrete with varying nano-SiO2 

levels is displayed in Figure 3. In Figures 2 and 3, PC denotes regular concrete and PNS0.5 denotes a 0.5% 

concentration of nano-SiO2. The growth rate of the concrete mortar is determined by dividing the compressive strength 

of concrete containing nano-SiO2 by that of concrete without nano-SiO2. When compared to cement-based materials 

without nano-SiO2, Zhang et al.'s study revealed that cement-based materials with nano-SiO2 exhibited a positive 

growth rate of compressive strength, which varied for different dosages. All samples' compressive strengths rose more 

quickly in the early stages of growth than they did later, most likely as a result of the extra calcium and filling action 

provided by nano-SiO2. gels of silicate hydrate (C–S–H) were made. Similar conclusions were found by Kumar et al. 

about the mechanical characteristics of cement mortar containing nano-SiO2. Furthermore, the findings demonstrated 

that nano-SiO2 has an impact on cement hydration, particularly in the early stages. Concrete's strength and anti-

permeability will both increase and its resistance to freezing and thawing will decrease as the amount of nano-SiO2 in 

the concrete increases, as will the cement hydration products. Additionally, a few researchers looked at how nano-SiO2 

affected recycled concrete's ability to withstand freezing. Their findings demonstrated that nano-SiO2 may successfully 

raise the material's compressive strength and relative elastic modulus while lowering its mass-loss rate. Additionally, 

the impact of nano-SiO2 on the cement hydration rate at an early age, producing additional cement hydration products. 

 
Figure 3- The growth rate of the compressive strength 

Some researchers have tried to incorporate nano-SiO2 into the geopolymer because of the notable improvement in 

compressive strength of regular cement concrete that results from the addition of nano-SiO2. Similar to regular cement 

concrete, the impact of nano-SiO2 on the compressive strength of geopolymers has been observed to vary across 

several investigations. The compressive strength of high-calcium fly ash-based geopolymers rose as the amount of 

nano-SiO2 increased. High-strength geopolymers are created when nanoscale silica reacts to form C–S–H gels in an 

extremely alkaline environment. Phoo-ngernkham et al.  Investigated the impact of nano-Al 2 O 3 on the geopolymer 

characteristics of cured high-calcium fly ash at ambient temperature. The production of additional C-S-H or C-A-S-H 

and N-A-S-H gels in the geopolymer matrix enhanced the high-calcium fly ash-based geopolymer paste's compressive 

strength, flexural strength, and elastic modulus with nano-SiO 2 and nano-Al 2 O 3. These compounds fill the pores 

during formation to create strong, dense geopolymers. Similar findings have been made by other researchers who have 

examined high-calcium fly ash-based geopolymers. The compressive strength of the geopolymer is displayed in Figure 

4. 
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Figure 4- Compressive strength of geopolymer pastes 

 

II. CONCLUSION 

A summary of the effects of nano-SiO2 on the application of nano-SiO2 geopolymer, compressive strength, 

microstructure, tensile strength, setting time, shear bond strength, and durability is provided. The following are the 

conclusions: 

Because of its amorphous characteristics and large specific surface area, nano-SiO2 can quicken the geopolymerization 

process. Additionally, the surface of nano-SiO2 contains a variety of hydroxyl bonds and a large number of unsaturated 

bonds that are in high free-energy and active states, which can speed up the geopolymerization of fly ash-based 

geopolymers. 

The compressive strength of the fly ash-based geopolymer increased within a particular range and subsequently 

declined as the amount of nano-SiO2 added increased. Despite the fact that adding nano-SiO2 to the geopolymer lowers 

the maximum. Despite the geopolymer's tensile strength, adding nano-SiO2 to it is still advised. The geopolymer's face 

disintegration can be mitigated by the generation of residual tension, delaying its rapid collapse. 

When the right amount of nano-SiO2 is added, the fly ash-based geopolymer's microstructure can become more 

compact and contain fewer unreacted particles. The geopolymerization products that follow fill in the gaps, giving the 

geopolymer greater strength, density, and reduced porosity. 

On the other hand, an overabundance of nano-SiO2 also results in an undense structure and an excessive number of 

nanoparticles. 
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