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Abstract — Concrete is widely used material next to water in 

the world. It stands as 3rd largest emitter of the Carbon dioxide 

(CO2) which is greenhouse gas that contributes to global 

warming. Geopolymer Concrete is a distinct concrete, which 

will not use Portland cement in its preparation significantly 

reducing the carbon footprints. Geopolymer concrete is an 

eco-friendly concrete as it is made by using industrial by-

products (i.e. fly ash, metakolin and silica fume etc.) that have 

alumina and silica content, and the problem of disposal of 

these industrial wastes which pollutes the land can also be 

resolved. Geopolymer binder is made by mixing sodium 

silicate (Na2SiO3) and sodium hydroxide (NaOH) or 

potassium silicate (K2SiO3) and potassium hydroxide (KOH) 

in required quantity with the above industrial by-products. 

Further, by adding photo catalytic substances like Titania 

(TiO2) and Zinc oxide (ZnO) to the concrete it develops the 

ability of self-cleaning. The concrete with self-cleaning 

capacity will energise the photo catalysts by using UV (Ultra-

violet) radiation from Sun light thus by accelerating organic 

particles decomposition through oxidation reaction. As a 

result, it is possible to keep building surfaces clean and 

minimise air pollution. This paper reviews the effect of 

various ashes like rice husk ash, baggasse ash and bottom ash 

etc. in partial or full replacement of fly ash and ground 

granulated blast furnace slag (GGBS) in geopolymer concrete 

to make it suitable for many applications with the identified 

gaps and future scope. The existing literature supports the use 

of SCGC in place of conventional concrete not only due to 

lesser environmental impacts associated but also due to better 

waste utilisation and resource conservation in the SCGC. 
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I. INTRODUCTION 

Due to increase in urbanization the demand for concrete is 

growing rapidly. However, using concrete pollutes the area 

around it, which has an adverse effect on the environment. 

For the benefit of the environment and public health, air 

quality becomes an important concern. In order to reduce CO2 

emissions caused on by concrete dust, many studies have 

recently focused on developing cement less concrete [1].  

A. What is Geopolymer? 

Geopolymer cement is one of the promising alternatives to 

Conventional Concrete. A geopolymer can be described as a 

low calcium alkali activated aluminosilicate cement. The 

structure is comprised mainly of Si-O-Al and Si-O-Si 

tetrahedral bonds arranged in a Solid x-ray amorphous 

aluminosilicate network. The Al³+ is in IV-fold coordination, 

charge stabilised by an alkali cation. Unreacted materials and 

small amounts of other newly formed phases are typically 

present in the material, trapped in the network. Geopolymer 

synthesis typically requires an aluminosilicate and an 

aqueous alkali hydroxide source, which is often combined 

with an alkali silicate solution. Traditional aluminosilicate 

sources include kaolin, metakaolin and coal fly ash. The 

further development and understanding of geopolymer 

technology is of significant commercial interest because these 

materials can be cost-competitive with OPC and furthermore 

can exhibit superior chemical and mechanical properties. 

Geopolymers can also be used for toxic waste encapsulation. 

Geopolymers can display high early strengths, and be 

chemical and fire resistant. This gives rise to numerous 

applications for the technology, especially in the building 

products and construction industry. Furthermore, the 

utilisation of industrial waste products such as fly ashes and 

slags presents an opportunity for an environmentally friendly 

replacement for OPC. Benefits include reductions in landfill 

waste and Greenhouse gas emissions such as carbon dioxide.  

B. Geopolymer Technology origin: 

Geopolymer technology was first applied by Joseph 

Davidovits more than 25 years ago. Since then, various 

research groups throughout the world have adopted this field 

of study and hundreds of publications now exist. Much of the 

very early geopolymer research was application driven and as 

such, published in the patent literature work was primarily 

concerned with setting and material properties of different 

mixtures, focusing on binder compressive strength and other 

properties, such as fire response, which would delineate the 

potential uses. Some composite materials were also 

developed and investigated with a similar approach. In the 

1990’s a number of publications on geopolymers began to 

emerge in the scientific literature; the effects on the 

synthesised material of variables such as mix design were 

investigated. Interest in geopolymers for different 

applications grew, in particular for waste encapsulation; a 

number of studies investigating binder suitability were 

published. Work on determining the effects of metal 

contaminants such as copper and lead was also carried out.  

 The importance of material structure was recognised 

and geopolymer microstructural evolution and the effect of 

additives on sample microstructure and chemistry were also 

studied. Several different reaction models emerged, all with a 

common theme envisaging a dissolution reaction followed by 

a precipitation or polymerisation reaction, referred to as 

“geopolymerisation”. The use of new terminology proposed 

by Davidovits, specific to geopolymer chemistry was 

widespread. The terminology referred to the three known 

chemical units in the geopolymer structure, Si-O-Al-O was 

called polysialate, Si-O-Al-O-Si-O was called poly(sialate-

siloxo), and Si-O-Al-O-Si-O-Si-O was called a poly(sialate-

disiloxo) group.  

 It is produced when an aluminosilicate material 

reacts with an alkali source, dissolving under alkaline 

conditions to release silicate and aluminate species. The 

components then rearrange through solution and condense to 

form a dense binding gel with a three-dimensional 

aluminosilicate network [2]. A wide range of industrial by-

products, natural raw materials and synthetic aluminosilicate 

sources could be used as alkali-activated precursors, like blast 



Self-Cleaning Geopolymer Concrete (SCGC): A Comparison Review 

 (IJSRD/Vol. 11/Issue 8/2023/028) 

 

 All rights reserved by www.ijsrd.com 116 

furnace slag, fly ash, metakaolin, kaolinitic clays and glass 

waste [3]. A novel building material called geopolymer 

concrete that self-cleans has been found as a solution with 

this issue.  

C. Self-Cleaning Technology: 

Self-cleaning concrete may automatically clean its surfaces. 

Technology that cleans itself was inspired by nature. The 

lotus leaf's nanostructures served as inspiration for the self-

cleaning surface, which is based on a superhydrophobic 

effect. When it rains, dirt and debris are rinsed off the surface 

as a result. This is because the addition of photo catalyst to 

the concrete caused photo catalytic reactions [4]. Organic 

substances are oxidized by photo catalytic reaction using the 

energy from ultraviolet light. This reaction has the power to 

accelerate natural oxidation and boost up the breakdown of 

pollutants. Two main advantages of photocatalytic processes 

are that surfaces are kept clean and that a cleaner environment 

is created. In addition to having a wide range of uses, 

photocatalytic materials also have a number of advantages, 

such as a reduction in the time and cost of maintenance (the 

cleaning process), which saves energy by reducing 

temperature of buildings by lowering the temperature. 

Previous studies have shown that 1-2% of concrete samples 

include voids, which reduce compressive strength. Thus, in 

order to raise the strength, adjust the characteristics, and 

improve durability, thermal, mechanical, and electrical 

properties of cementitious materials, nanoparticle 

photocatalyst is introduced to fill the spaces between cement 

particles, followed by the production of smaller pores. In 

scientific study, nanoparticles such as silicon oxide (SiO2), 

zinc oxide (ZnO), aluminum oxide (Al2O3), and titanium 

oxide (TiO2) are frequently utilized as photo catalysts [5]. 

The compressive strength of concrete is reduced by voids, 

which are present in it in amounts of 1-2%, according to 

earlier studies. Therefore, nanoparticle photocatalyst would 

fill the spaces between cement particles, and smaller pores 

would be created in order to improve durability, thermal, 

mechanical, and electrical properties of cementitious 

materials. Silicon oxide (SiO2), zinc oxide (ZnO), aluminum 

oxide (Al2O3), and titanium oxide (TiO2) are nanoparticles 

that are frequently employed in research as photo catalysts 

[6]. Recently, it has been observed that nano silica (nano-

SiO2) and nano titanium (nano-TiO2) can enhance the 

endurance and mechanical capabilities of concrete, leading to 

an improvement in the concrete's refined porosity structure 

and an increase in resistance to chloride penetration [7]. 

II. MIX DESIGN OF SELF-CLEANING CONCRETE: 

Fly ash and photo catalyst were combined in various ratios 

for the study, and utilized to make concrete that is self-

cleaning. Recent investigations [5] used white conventional 

Portland cement and ordinary Portland cement (OPC) as the 

photo catalysts, while nano-TiO2 powder was used as the 

catalyst. Utilized as the cementitious substances that serve as 

a binder. Cement that has been treated with TiO2. Normal 

white cement, water, and various TiO2 nanoparticle 

concentrations (use 0%, 0.5%, 1%, 1.5%, 2%, 2.5%, and 3%). 

For self-cleaning and checking the setting time. Besides that, 

sand tests on compressive and flexural strength were added 

using a standard size. The same approach was used in another 

reported study only the process of adding the nanoparticles to 

the modified concrete differs [8]. For Transmission Electron 

Microscopy observations, the samples were treated with 

ultrasonic vibration for 15 min after dispersing TiO2 powder 

in ethanol. According to additional research, when making 

cement plates, crude titanium dioxide was later added to the 

cement powder [9]. According to earlier studies, geopolymer 

concrete was created using regular Portland cement and fly 

ash class F (low calcium fly ash) as the cementitious 

ingredients. Fly ash made up 25% of the weight of the cement 

that was used. In addition, natural river sand that had been 

cleaned before usage was used as fine aggregate. At a binder 

ratio of 0.4, cement, water, sand, and fly ash were combined. 

The ratio of photocatalyst to cement weight was changed to 

be 1%, 3%, and 5%, while all mixtures (single, binary, and 

ternary) remained constant [10]. 

III. MIXING PROCESS: 

It is proposed for utilizing a 500 mm diameter ball mill for 30 

minutes to mix cement with different nanoparticle TiO2 levels 

(0%, 2.5%, 5.0%, and 7.5%). In addition, some scientists who 

utilized TiO2 as a photo catalyst in their research added 

powdered TiO2 to the dry cement before mixing, and then 

water was added later. The cementitious material was then 

mechanically agitated for 30 s at 140 revolutions per minute 

and 62 planetary movements per minute.  The paste will next 

be placed into Petri dish molds with a diameter of 8.6 cm. 24 

hours were allotted for the curing process, and the items were 

left at 20°C room temperature with 70% relative humidity 

(RH) for the first day and 100% RH for the next 27 days. 

Samples were aged for at least three months before to the 

photo catalytic testing and characterization [11, 12].  

 
Fig. 1: Self-cleaning concrete mechanism by Lotus effect 

 
Fig. 2: Self Cleaning effect of n-TiO2 at concrete surface 
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IV. SUMMARY: 

Current data indicates that improving the mechanical 

properties of self-cleaning concrete requires the influence of 

adding photo catalyst to the cementitious material. The test 

results show all the samples performed better but n order to 

increase the performance of self-cleaning behavior, photo 

catalyst nanoparticles are a potential material to be used as 

filler or replacing portion of cement. On the basis of this 

evaluation, additional research can be done to produce 

geopolymer concrete for self-cleaning applications. 
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