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Geopolymers represent novel material types at the interface of glass, ceramics, and materials based on traditional

inorganic bonds. Geopolymers utilize waste materials as source material and activate the materials with alkaline

activators to act as binders. Metakaolin is categorised as an aluminosilicate material because it contains variable

amounts of alumina and silica. Geopolymers offer benefits due to their ease of synthesis and low emissions of

greenhouse gases such as CO , SO , and NO .

photocatalytic  geopolymer  coating

1. Geopolymer Aluminosilicate Materials

Geopolymers result from the interactions of inorganic elements like coal fly ash and incinerator ash, slags such

granulated blast (steel) or furnace (iron) slag, and clays like metakaolin or calcined clay  with an alkaline

activator. Geopolymers focus on utilizing waste products to create value. Other industrial wastes included glass,

melt-quenched aluminosilicates, natural minerals such as kaolinite and natural zeolite, volcanic ash, and mine

tailing, waste ceramics, and catalyst residues, as well as mixtures of these materials . Fly ash and metakaolin

are the most frequent aluminosilicates or raw materials employed by researchers to construct traditional

geopolymer adsorbents. Geopolymers incorporate waste materials as source materials and an alkaline activator to

serve as a binder. Commonly, the alkaline liquid utilised in geopolymerization is a mixture of sodium hydroxide

(NaOH) and sodium silicate (Na SiO ) . Geopolymerization is a heterogeneous chemical reaction involving

solid aluminosilicate oxides and alkali metal silicate solutions under very alkaline conditions and low temperatures

that produces amorphous to semicrystalline polymeric structures composed of Si-O-Al and Si-O-Si bonds .

Geopolymerization entails a very rapid chemical reaction under alkaline circumstances with Si and Al minerals,

resulting in a three-dimensional polymeric chain and ring structure composed of Si-O-Al-O bond .

Kaolin has high concentrations of SiO  and AlO  depending on the place of extraction. Kaolin is then extracted and

subjected to the calcination process, which seeks to produce a material with pozzolanic features and high

reactivity. Metakaolin (Al Si O ) is made from kaolin clay. An amorphous kaolinite produced by treatment at 500 to

800 °C was used to convert kaolin to metakaolin . The Al (VI) in kaolinite is converted into Al (IV) and Al (V) in

this process to generate amorphous aluminium silicate. Spinel, mullite, and other crystals are formed when a high

temperature is maintained constantly throughout the calcination process. Al (IV) and Al (V) will be changed into Al

(VI) through this procedure . In strong alkali solutions, metakaolin dissolves and releases Al and Si rapidly,

producing geopolymer, zeolite, and other compounds depending on the reaction environment . Metakaolin has
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substantially greater activity than kaolin in the same environment, which expands the application range of

metakaolin, especially as geopolymer material.

Fly ash is a solid fine residue formed of particles expelled from the boilers of coal-fired power plants with flue gases

. Fly ash is used in the development of geopolymers because of its naturally high concentrations of

SiO  and Al O ; low SiO  and Al O  content is insufficient for alkali activation .

Slag is a by-product of the production of wrought iron and steel. As by-products of metallurgical operations or

incineration processes, many slags are formed. In slag-blended systems, the geopolymerization reaction rate rises

with increasing slag and activator concentrations . Table 1 summarises the most recent published research on

aluminosilicate materials. The table includes the aluminosilicate materials and the research findings. This summary

shows that researchers are focusing more on using geopolymer aluminosilicate materials for concrete and cement

applications and less on using the geopolymer materials for coating applications.

Table 1. Aluminosilicate materials used in the recent research on geopolymers.

2. Factor Affecting Geopolymer Paste

Geopolymerization reaction required numerous parameters to consider. One of the most significant variables in this

regard is determining the physical properties and chemical composition of the raw material, since this influences

the activator’s alkaline degree.

Though since raw materials differ from batch to batch (minerals or waste materials, for example), it is critical to

thoroughly analyse the samples before adjusting the composition and amount of the activating solution based on

solid to liquid ratio, and percentage of photocatalyst precursor. The solid-to-liquid (S/L) ratio influences the

characteristics of geopolymer paste. Jaya et al.  exposed the influence of numerous S/L ratio ranging from 0.6 to

0.8. It was found that 0.76 is the optimal ratio for S/L ratios. Compared to the others, the surface of geopolymer

with an optimum S/L ratio was more homogenous, dense, and porous due to high strength. The high compressive

strength proved by the phase analysis revealed no traces of zeolite crystal peaks. Guzman-Aponte et al.  on the
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Author Aluminosilicate
Material Finding

Yusuf G.
Adewuyi 

Class F Fly Ash
Elimination of trace noxious heavy metals in aqueous environment.
The geopolymer adsorbent as a substance is recyclable since it can

be synthesized by leveraging abundant waste materials.

Rafik Abbas et
al. Kaolin

Used to produce geopolymer concrete as it does not require energy
for pretreatment and contains high alumina silicate.

Abdulrahman et
al. Metakaolin

Metakaolin geopolymer with different mix design for producing
geopolymer concrete.

Ionescu et al.
Slag

Steel slag or blast furnace slag in the production of geopolymer for
construction building materials
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other hand, employed a 0.8 ratio to achieve good workability in their investigation. Previous research from

Guzman-Aponte et al.  discussed liquid/solid ratio (L/S) was also varied in three levels, 0.35 (dry consistency),

0.40 (mean consistency), and 0.45 (fluid consistency). The results indicate that increased liquid content can

promote the speed of dissolution of the Al and Si species of the precursor, but it obstructs the processes of

polycondensation. Albidah et al.  study the solid to liquid ratio ranging from 0.3 to 0.8 shows hen alkaline solids

to MK ratio increased from 0.37 to 0.41, the compressive strength dropped from 58.5 to 39.7 MPa. The strength

reduction can be attributed to the excess amount of silica content as the SiO /Al O  molar ratio was increased from

2.69 to 2.75, which can contribute to the impedance of geopolymerization process. Yaacob et al.  used a S/L

ratio of 0.33 to produce a geopolymer coating with maximum adhesion strength of 3.8 MPa.

In addition to the solid-to-liquid ratio, the percentage of photocatalyst precursor also plays an important role in

enhancing the photocatalytic performance of geopolymer pastes suitable for coating. Wang et al.  discovered

that 5 wt.% TiO  resulted in the most efficient photocatalytic based on methylene blue colour alteration. Setting

time and leaching studies demonstrate that Zn has a much stronger retarding impact on reaction kinetics in Na-

activated geopolymers compared with K-activated geopolymers. However, Na-activated geopolymers have a better

fixing ability to Zn. In the Zn-substituted geopolymer system, Al O /M O ratio was 0.8 and ZnO/M O ratio was 0.2

respectively. According to Guzmán-Aponte et al.  the percentage of TiO  addition as a function of cement was

revised at three levels; 0 wt.%, 5 wt.% and 10 wt.%. This amount of TiO  effect the performance of photocatalytic

efficiency by improving the carbonation process and band gap energy. The results show that a percentage of

TiO  up to 10% has no influence on the mechanical characteristics of geopolymer and the production of the K-A-S-

H gel. According to Zidi et al.  the optimal quantity of nano-ZnO to enhance the mechanical and structural of

metakaolin geopolymer was 0.5 wt.%. The incorporation of nano-ZnO enhanced pulsed velocity and boosted

compressive strength from 30 to 38 MPa. The optimum percentage of ZnO was found to be 0.5 wt.% according to

research from Wang et al. , ZnO responded fully and formed amorphous products after 7 days of curing. The

crystallinity phases of a metakaolin geopolymer paste are unaffected by the addition of ZnO nanoparticles as a

photocatalyst. Aside from that, Zailan et al.  prepared the TiO  geopolymer paste by varying the percentage of

nano-TiO , which are 5.0 wt.%, 10.0 wt.% and 15.0 wt.%. The study discovered the methylene blue discoloration

after exposure to sunlight up to 150 min with great photocatalytic effect. Strini et al.  added 3% of TiO  by weight

paste into the fly ash and metakaolin geopolymer. The findings demonstrated that geopolymer binders can be

effective catalyst support matrices for the coating applications. Based on the studies from other researchers, less

research regarding addition of photocatalyst precursor into the geopolymer paste for coating characterization and

this gap can be fulfilled.
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