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ABSTRACT 

 

 

The present work reports on the development of cost effective porous 

geopolymer materials from meta-kaolin and fly ash via an addition of three different 

mechanisms to produce pores. This research focused on synthesizing the 

geopolymer composites followed by characterization to analyze its physical 

properties in terms of crystallinity, physical, thermal and mechanical strength. 

Polymerization process of fly ash and meta-kaolin based geopolymer involved a 

chemical reaction of alumino-silicate oxides (Si2O3, Al2O2) with alkaline activators 

consist of the combination of sodium hydroxide (NaOH) solution and sodium 

silicate (Na2O3Si) solution under high curing temperature conditions. Pore forming 

agent such as baking soda, calcium metal and corn oil are added to increase the 

porosity of the geopolymer sample. The geopolymer composites were characterized 

using Gas Pycnometer test, Scanning Electron Microscopy (SEM), 

Thermogravimetric Analysis (TGA) and Compression Test. According to SEM test, 

meta-kaolin based geopolymer containing corn oil exhibit more pores compared to 

other samples. This sample exhibits higher porosity at 48% porosity, however has 

the lowest compression strength at 0.44 MPa. While at 16% porosity, sample with 

baking soda has the highest strength at 1.08 MPa.   
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background Study 

Since the beginning of the century, adsorption at various interfaces has 

concerned scientist to perform the researches related to this phenomenon. The 

technological, environmental and biological importance of adsorption can never be 

argued. Its practical applications in industry and environmental protection are highly 

importance (Dąbrowski, 2001). For example, in purification of water, this method is 

applied to remove any unwanted components or contaminants so that the purified 

water is safe for other purpose likes drinking.  

 

There are two classes of adsorbent which are based on organic and inorganic 

materials. Alumina, silica and zeolite are categorized as inorganic materials where 

as carbon, polymer and biomass fall under organic materials (Knaebel, 2011). On 

3750 BC, activated carbon is used as adsorbents in removing the contaminants in 

wastewater treatment. Activated carbon is highly used because of its low-volume 

pores that increase the surface area available for adsorption.(Link, 2006). 

 

Nowadays, geopolymers have gained wide attention from many researchers and 

engineers because it is easy to fabricate, cheap and ecofriendly. Geopolymers 

represent new material types on the border among glass, ceramics materials and   
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materials based on classical inorganic bonds (linkage). Geopolymers give the 

potential possibilities to prepare inorganic bonds and building materials from the 

waste as slag, fly ash, kaolinitic substances, etc. When geopolymers are prepared, 

the burning process at high temperatures is not needed as it is during the production 

of cement or lime. (LOPEZ GUZMAN, 2014). Production of building material 

production from geopolymers does not in effect encumbrance the environment by 

CO2 emissions and that is why these materials present the potential possibility of 

building material production without CO2 emissions. Term geopolymer is coined by 

Prof Dr. Joseph Davidovits in 1978 (Das, Mohapatra, & Rath).  

Geopolymer is an inorganic polymer that can be prepared by mixing a reactive 

aluminosilicate material such as fly ash and meta-kaolin with alkaline activator such 

as sodium hydroxide (NaOH) solution and sodium silicate (Na2O3Si) solution. 

 

1.2 Problem Statement 

 

Commonly used adsorbents in industry application include activated carbon, 

silica gel and polymers. However, its commercial applications are limited due to 

high cost. Besides that, such adsorbents are made up from limestone during 

production which emits large amount of carbon dioxide gas lead to greenhouse 

effect.  Geopolymer is a new class of material derived from alkali-activation of 

alumino and silicate oxides (Si2O3, Al2O2).  Recent research work (Kadirvelu et al., 

2003) showed that this material has characteristics of good absorbents. Being cheap, 

abundant, eco-friendly and ease of fabrication could make geopolymer a potential 

material for water treatment membrane. 

 

In order to overcome such problem, in this project, geopolymer is developed into 

cost effective porous materials from fly-ash and meta-kaolin. Porous structure could 

be developed using several different methods such as by using calcium metal, by 

using baking soda and by using corn oil. Later, the materials are characterized for its 

properties and assessed for quality on waste water treatment. It is intended for the 

material to be produced into a membrane for future work.  
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1.3 Objectives  

The main objectives of this project are: 

 To develop a cost effective porous geopolymer membrane from fly-ash and 

meta-kaolin by using different mechanisms which are by using calcium 

metal, using baking soda and by using corn oil. 

 To characterize the geopolymer composite properties in terms of 

crystallinity, physical, thermal and mechanical to assessed quality on waste 

water treatment. 

 

1.4 Scopes of Study 

This project mainly focuses on development of porous geopolymer membrane 

from fly ash and meta-kaolin. Porous geopolymer membrane produced is then 

characterized under different techniques. The scope of study for this project is 

further narrowed into few areas as describe below: 

i. Raw Material Preparation 

 Kaolin is cured at 800ºC for 2 hours to form meta-kaolin. 

 Fly ash is taken from combustion by-product in coal power 

plant and do not require high temperature processing but only 

require sifting. 

 Meta-kaolin and fly ash reacted with alkaline reagent (mixture 

of sodium hydroxide solution (NAOH) and sodium silicate 

solution (Na2O3Si)) to produce geopolymer composites. 

 

ii. Synthesis of Porous Geopolymer 

 Porous geopolymer is synthesized by using three different 

methods which are by using calcium metal, baking soda and 

corn oil. 

a) By using calcium metal - Hydrogen gas is released 

during reaction with water. Bubbles produced is 
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trapped inside the geopolymer composites thus form 

pores. 

 

b) By using baking soda - Sodium bicarbonate reacted 

with acetic acid and released carbon dioxide gas. CO2 

gas bubbles are trapped inside the geopolymer 

composites thus form pores. 

 
c) By using corn oil – The mixture of corn oil and meta-

kaolin/fly ash is hardened and form hard solid 

monolith. Then the monolith is put in THF bath to 

remove the oil. Pores are produced when the hardened 

monolith is further dried in oven. 

 

iii. Characterization of Geopolymer Composites  

A geopolymer composites were characterized using Archimedes 

Test/gas pycnometer test, SEM-EDX, TG-DTA and compressive test.
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CHAPTER 2 

LITERATURE REVIEW 

 

 

2.1 Adsorption Phenomena 

The change in concentration of a given substance at the interface as compared 

with the neighbouring phases is referred to as an adsorption. In adsorption process, 

innumerable physical, chemical and biological processes take place at the boundary 

between two phases, while others are initiated at that interface (Dąbrowski, 2001). 

Adsorption can occur at various systems likes liquid-gas, liquid-liquid, solid-liquid 

and solid gas. The process of adsorption arises due to presence of unbalanced or 

residual forces at the surface of liquid or solid phase. These unbalanced residual 

forces have tendency to attract and retain the molecular species with which it comes 

in contact with the surface (Thomas & Crittenden, 1998). Basically, adsorption is a 

surface phenomenon. This is because, adsorption essentially happens at the surface 

of the substance only, not distribute uniformly throughout the bulk. 

 

2.2 Types and Applications of Adsorbent 

Nowadays, there are many types of adsorbent developed for industrial purposes. 

The various adsorbent uses is summarized in table below:
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In an ancient Egyptian papyrus, it has been described that active carbon was the 

first widely used adsorbent as early as 3750 BC. Its application is in the form of 

charcoal. Activated carbon is used for adsorption of organic substances and non-

polar adsorbates and it is also usually used for waste water treatment (Skouteris et 

al., 2015). It is the most widely used adsorbent since its chemical likes surface 

groups and physical properties likes pore size distribution and surface area can be 

manipulated according to what is needed. Its usefulness also derives from its large 

micropore volume and the resulting high surface area. Activated carbon also 

commonly used for CO2 separation in integrated gasification combined cycle 

(IGCC) processes for energy generation and hydrogen production (Thomas & 

Crittenden, 1998). 

 

Besides all the adsorbents list above, inorganic polymers, also called 

geopolymers is categorized as adsorbent. The application only limited in powder 

form but not yet in membrane.  Nowadays, geopolymers are becoming increasingly 

used as membrane substitutes for Portland cement, in waste remediation applications 

and as fireproof building materials (MacKenzie, 2015). So, geopolymers has 

become a new class of materials that has a potential to develop as membrane.

 

 

 

FIGURE 2.1 Type of Industrial Adsorbent (Skouteris, Saroj, Melidis, Hai, & Ouki, 
2015) 
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2.3 Background of Geopolymer  

Prof Dr. Joseph Davidovits is a French materials scientist that is well known for 

the invention of geopolymer chemistry. In 1964, Professor David received an annual 

award from the French Textile Chemical Society (ACIT) for works performed on 

linear organic polymers. Until 1972, his researches cover the area on binders for 

foundries, synthetic textile fibers, natural and synthetic leather, collagen and organic 

membranes (Davidovits). 

 

Geopolymer is an adhesive aluminosilicate forming by alkaline activation of 

alumina and silica as starting material at high temperature. A reactive 

aluminosilicate material such as fly ash and meta-kaolin, and alkaline base solution 

such as sodium hydroxide (NaOH) or potassium hydroxide (KOH) is used to 

produce geopolymer that consist of Si-O-Al-O bonds.  

 

Many research have been conducted by engineers and academics to develop a 

sustainable materials (Ferdous, Manalo, Khennane, & Kayali, 2015). Geopolymer 

cement or concrete has gained wide attention from researchers because of their 

many advantages such as it provides low carbon emission and thus lead to decrease 

in global warming potential. Building concrete from geopolymer also can cut 

production cost. This is because geopolymer is made from recycle industrial waste 

like fly ash that produced as a by-product in coal fired power plant.   

 

2.4 Method to Produce Pore 

Pore in geopolymer membrane can be produced in many ways by using a 

forming agent or by introducing air into the geopolymer. Nowadays, most popular 

foaming agent used is aluminium powder. Air can be introduced into the 

geopolymer solution by using a mixer and after that just let the geopolymer dry by 

itself. In this project, I will focused on three methods to produce pore membrane 

such by using calcium metal instead of aluminium, by using baking soda/sodium 
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bicarbonate and the last one is by using corn oil. Each method is further discussed in 

table below: 

  

 

 Method 1 : Use 

calcium metal 

Method 2 : Use sodium 

bicarbonate  

Method 3 : Use corn 

oil 

Chemical 

Equation 
Ca + H2O       H2 +CaO 

NaHCO3 + C2H3O2        

    NaC2H3O2 + H2O + 

CO2 

- 

Pore formation 

mechanism 

In this method, 

calcium metal reacts 

with water and mixed 

with geopolymer paste. 

During the reaction, 

hydrogen gas is release 

and thus produced 

bubbles inside the 

geopolymer resin. Pore 

can be seen on the 

resin when it dried.   

Sodium bicarbonate 

compound is reacted 

with acetic acid and 

then mixed with the 

geopolymer resin. The 

reaction released 

carbon dioxide gas 

(Deshlahra, Mehra, & 

Ghosal, 2009). CO2 

gas bubbles produced 

is trapped inside the 

geopolymer resin as 

the cement dried and 

pores are formed. 

Geopolymer resin that 

has been produced is 

mixed with the corn 

oil. The mixture is 

heated to form hard 

solid monolith and 

then the monolith is 

immersed in 

tetrahydrofuran 

(THF) bath to remove 

the oil for 24 hour at 

60°C. After that, the 

monolith is dried and 

pores can be 

observed.  

(Seo, Medpelli, & 

Seo, 2013)  

Previous work 

done by others  

Porous geopolymer 

synthesized from 

meta-kaolin, 

aluminium powder and 

phosphoric acid at 

Baking soda is widely 

used in the 

decomposition reaction 

of sodium bicarbonate 

to form carbon dioxide 

Many inventions have 

been done regarding 

the material that can 

produced foams. The 

geopolymer resin is 

Table 2.1 Method to Produce Pores 
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80 °C for 5 h. The Al 

powder served as a 

foaming agent to 

control porosity, pore 

size and pore 

distribution (Le-Ping, 

Xue-Min, Shu-Heng, 

Jun-Li, & Lin, 2010). 

Different mass content 

of Al powder is added 

to measure the strength 

and porosity of the 

geopolymer. 

gas is the basis of its 

use as a raising agent 

in baking. Cakes 

are solid foams. The 

foam is produced when 

bubbles of carbon 

dioxide from the 

reaction of sodium 

bicarbonate are trapped 

in the batter. As the 

cake bakes, the batter 

dries, and the trapped 

bubbles of carbon 

dioxide form the holes 

in the cake (Deshlahra 

et al., 2009).  

prepared with same 

conditions but with 

different types of 

vegetable oils to 

observe which oil can 

produce more pores. 

(Seo et al., 2013).  

 

2.5 Characterization Techniques 

After the geopolymer composites are developed, six tests will be conducted to 

observe the properties of the geopolymer. Each technique is summarized as below: 

 

 

 Technique Purpose 
Availability in 

UTP 
Method 

1 Porosity Test 

Determine the 

powder density 

of the sample. 

Block 4 

 Use gas pycnometer 

Quantachrome Corp 

Ultrapycnometer 1000 with 

helium gas.(Chang, 1988) 

2 Archimedes Test 
Determine the 

bulk density of 
Block 5 

 Immersed the geopolymer 

composites into glass jug 

Table 2.2 Characterization Techniques 
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the sample. 

(Eddy & 

Schlessinger, 

2003) 

half full of water. 

 Record the weight of sample 

during submerged and fully 

submerged. 

 Calculate density by 

dividing weight by volume. 

(Eddy & Schlessinger, 

2003) 

3 

Scanning Electron 

Microscopy 

(SEM) 

 

To analyze the 

pore network 

microstructure 

and products 

formation in 

sample used. 

(Eddy & 

Schlessinger, 

2003) 

Block 17 

 Working tension of 20kV 

using microanalyzer EDX. 

(Eddy & Schlessinger, 

2003) 

4 
Thermal Analysis 

(TGA) 

To identify the 

products 

presence on the 

geopolymer 

sample due to 

mass loss or gain 

on heat 

transformation. 

(Aguilar, Melo, 

& Olivares, 

2013). 

Block 4 

 Platinum-rhodium as 

thermocouples. 

 Test was performed in N2 

flux (100ml/min). 

 Alumina as inert reference 

at 20C/min. (Aguilar et 

al., 2013). 

5 Compression Test 

To test the 

strength of 

samples from 

day to day. 

Block 13 

 Prepare 12 samples and 

pour to 15cm x 15cm x 

15cm mould. 

 The samples is tested after 
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(Aguilar et al., 

2013). 

7 days curing at 60 ºC. 

(Aguilar et al., 2013). 
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CHAPTER 3 

METHODOLOGY 

 

 

3.1 Project Process Flow 

Process flow below shows the steps for this research project that must be 

completed to make sure the objectives can be successfully achieved. 

 

 

Problem Statement & Objectives 

- Identifying the gap in geopolymer research as an adsorbent 

- Identifying the method to create pores in geopolymer 

Literature Review 

- Describe briefly about the adsorption process 

- Collect information about different types of adsorbent and its applications 

- Doing a research about the history of geopolymers 

- Identify various methods use to create pores in geopolyymers 

- Identify suitable tehniques to characterize the geopolymers 

Experiment Methadology 

- Decising the chemical and apparatus needed in order to conduct this project 

- Performing a step by step approach on different method to produce pore 

Data Gathering and Analysis 

The data(s) obtained from each characterization techiques is collected and intepreted 
critically.The result obtained is compared and discussed . 

Documentation and Reporting 

All the findings in this experiment will be documented and reported. Conclusion and 
recommendation will be made by the end of the report.  

FIGURE 3.1  Project Process Flow  



 

12 
  

3.2 Gantt Chart  

 Detail/Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 Project work continue 

 Purchasing raw 

materials. 

 Perform 

characterizatio

n techniques. 

 Final 

geopolymer 

synthesis. 

               

2 Submission of 

Progress Report 

       
9/11/2015 

       

3 Project work continue 

 Final 

geopolymer 

synthesis. 

 Perform 

characterizatio

n techniques. 

               

4 Pre-SEDEX           30/11/2015     

5 Submission of Draft 

Final Report 

          
1/12/2015 

    

 

6 Submission of 

Dissertation 

(soft bound) 

           

7/12/2015 

   

7 Submission of 

Technical Paper 

           9/12/2015    

8 Viva             16/12/2015   

9 Submission of 

Dissertation  

(hard bound) 

              
12/1/2

016 

 

 

 

 

FIGURE 3.2  Gantt Chart for FYP 2 

Suggested milestone 

Activities 
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3.3 Project Methodology  

 

3.3.1 Materials and Chemicals 

For this project, raw materials used are fly ash and meta-kaolin. Fly ash is 

obtained from Manjung power plant and meta-kaolin is obtained from RM 

Chemicals. Baking soda and home vinegar is needed as a pore formation agent. 

Several chemicals were used which are sodium silicate solution, sodium hydroxide 

solution, tetrahydrofuran (THF) and calcium metal. 

3.3.2 Equipment and Apparatus 

 

Table 3.1  Equipment and Apparatus 

No Apparatus No Equipment 

1 Beakers 1 
Gas pycnometer 

machine 

2 Measuring cylinder 2 
Compression test 

machine 

3 Hand mixer  3 SEM machine 

4 Dropper 4 
Thermal analyzer 

machine 

5 Oven   

6 Plastic container   

7 Electronic balance   

8 10 liter jug container   

9 Spatula   

10 Compression test moulds   
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3.3.3 Procedure for Preparation of Sodium Hydroxide (NaOH) 

Solution 

In this research project, a 8M of sodium hydroxide (NaOH) is used. The steps to 

prepare the solution are described below: (Das et al.) 

1) 330g of NaOH pellet is pour into 500ml beaker. 

2) Distilled water is added slowly into the beaker. 

3) The mixture is stir until it is homogeneously mix. 

4) Then, the mixture is pour into a 1000ml volumetric flask and water is added 

until reached the mark. 

5) The solution is prepared 24 hours before used. 

  

3.3.4 Procedure for Preparation of Fly Ash Based-Geopolymer 

 

1) Three samples made from fly ash and alkaline activator is respectively 

prepared. 

2) 50g of fly ash is mixed with 27g alkaline activator in the ratio of 25%/75% 

of sodium hydroxide solution/sodium silate solution respectively. (Seo et al., 

2013) 

3) The mixture is stir until it become homogeneous. 

4) Then, a pore agent is added into the respective  mixture and continued to stir 

for about 5 minutes. 

5) The geopolymer paste is poured into a plastic container and was placed in an 

oven for 24 hours at 60ºC. 

 

3.3.5 Procedure for preparation of Meta Kaolin Based-Geopolymer 

 

1) Three samples made from fly ash and alkaline activator is respectively 

prepared. 

2) 50g of meta-kaolin is mixed with 30.4g alkaline activator in the ratio of 

25%/75% of sodium hydroxide solution/sodium silate solution respectively. 

(Seo et al., 2013) 

3) The mixture is stir until it become homogeneous. 
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4) Then, a pore agent is added into the respective mixture and continued to stir 

for about 5 minutes. 

5) The geopolymer paste is poured into a plastic container and was placed in an 

oven for 24 hours at 60ºC. 

 

3.3.6 Preparation of Pore Formation Agent 

 

1) Calcium Metal 

 Small amount of calcium metal is mixed with half-

tablespoon of water, the reaction between these two 

substance produced hydrogen gas. 

 The mixture is immediately poured into the geopolymer 

paste prepared. 

 During heating process, the hydrogen gas produced cause the 

bubble to form on the surface of the sample. 

 

2) Baking soda 

 1 tablespoon of baking soda is mixed with 1 tablespoon 

cooking vinegar, the reaction between sodium bicarbonate 

and acetic acid produced carbon dioxide gas. 

 The mixture is immediately poured into the geopolymer 

paste prepared. 

 During heating process, the carbon dioxide gas produced 

cause the bubble to form on the surface of the sample. 

 

3) Corn oil 

 2 tablespoon of corn oil is added into the geopolymer paste. 

Then the sample is dried in the oven. 

 After the sample became hard solid monolith, it is soaked 

with THF bath to remove the oil inside the sample. 

 Then, the sample will be further dried in the oven for another 

24 hours. 
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3.3.7 Characterization of Fly Ash and Meta-kaolin Based Geopolymer 

Characterization of the geopolymer composites is important to determine the 

physical properties of the samples. There are four recommended analysis that been 

conducted to analyzed the samples : 

1) Porosity Test 

From this test, the porosity of each sample can be determined. First of 

all, bulk density is calculated by using a Archimedes test, then the 

sample will be further analyzed with gas pycnometer test to 

determine the powder density of the sample. Porosity can be 

calculated by: 

 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (%) =
𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦−𝑃𝑜𝑤𝑑𝑒𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
𝑥 100                         (1) 

 

2) Scanning Electron Microscopy (SEM) 

This analysis was performed to analyze the pore network 

microstructure on the surface of the sample. From this analysis, we 

can observe the pore formation on that particular sample. 

   

3) Thermogravimetric Analysis (TGA) 

TGA was conducted to determine mass loss during the heat 

transformation.  In this case, a 10.00 mg of each sample was analyzed 

from 30ºC to 900 ºC at constant heat rate of 10 ºC/minute.. 

  

4) Compression Test 

Compression Test is performed after 7 days the sample is prepared. 

The purpose of this test is to determine the compressive strength of 

each sample. From this analysis, the relationship between porosity 

and compressive strength can be observed.  
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CHAPTER 4 

RESULT AND DISCUSSION 

 

    

4.1 Result and Discussion 

A. Porosity 

Table 4.1 Porosity Result 

Sample 
Bulk Density 

(𝒈/𝒄𝒎𝟑) 

Powder Density 

(𝒈/𝒄𝒎𝟑) 
Porosity (%) 

Meta-kaolin based geopolymer 

1-Calcium 1.8975 2.4857 31 

2-Baking soda 1.8209 2.1061 16 

3-Corn oil 1.9373 2.8589 48 

Fly Ash based geopolymer 

4-Calcium 2.2381 2.2797 1.8 

5-Baking soda 2.1777 2.3827 9.4 

6-Corn oil 2.0167 2.3160 15 

 

From the table above, sample made of corn oil for meta-kaolin based 

geopolymer exhibit higher percentage of porosity compared to other samples which 

is about 48%. This shows that, this sample contained more void space inside the 

membrane. The arrangement of molecules inside the sample is less compact which 

means that the bonds between the particles are less. This result is somewhat similar 

to SEM result obtained. For fly ash based geopolymer, sample made of corn oil also 
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exhibit highest porosity compared to others. These two types of geopolymer 

materials generally share the same properties in terms of porosity.  

 

B. Scanning Electron Microscopy Analysis (SEM) 

 

1) Meta-Kaolin based-geopolymer 

 

i. Method 1: By using calcium metal 

 

 

 

FIGURE 4.1  Meta-kaolin based porous geopolymer (Method 1) 

 

The microstructure geopolymer in Figure 4.1 shows the formation of porous 

membrane from meta-kaolin by using calcium metal. It clearly shows that the size of 

the pores is small and almost not visible to see. This is because, more components 

are attracted to calcium charge since it has +2 free ion. Thus formed a dense network 

around the calcium molecule. So, the arrangements of the molecules seem more 

compact.

 

20μm 

pore 
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ii. Method 2: By using baking soda 

 

 

 

FIGURE 4.2 Meta-kaolin based porous geopolymer (Method 2) 

 

Figure 4.2 shows the formation of porous membrane from meta-kaolin by using 

method baking soda and acetic acid. It is observed that there are pores produced but 

the size of the pore is slightly small. Maybe this is because the carbon dioxide gas 

that has been trapped inside the geopolymer formed a network with another 

component and formed a large network around the molecules. So, the pores seem to 

be more bulky. 

 

 

 

 

20μm 

pore 
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iii. By using corn oil 

 

 

 

FIGURE 4.3  Meta-kaolin based porous geopolymer (Method 3) 

 

The microstructure geopolymer in Figure 4.3 shows the formation of porous 

membrane from meta-kaolin by using corn oil. Pores can be clearly seen on the 

surface of the samples. This is because, during curing process, oil in alkaline 

emulsion undergoes saponification reaction and decomposed to water soluble 

material and glycerol molecules which were then extracted with THF to yield porous 

geopolymer materials.   

 

 

 

 

 

 

 

100μm 

pore 
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2) Fly Ash based-geopolymer 

 

i. Method 1: By using calcium metal 

 

 

 

FIGURE 4.4  Fly-ash based porous geopolymer (Method 1) 

 

Figure 4.4 shows the formation of porous membrane from fly-ash by using 

method 1 (calcium metal). It can be clearly seen that the structure of the sample is 

like the sample undergo a cracking process. Maybe this is because during the drying 

process, a high temperature is exposed to the sample thus cause the sample to crack. 

But, the pore also can be observed at certain area, this is because the amount of 

calcium metal that has been reacted with water is small thus produced small amount 

of hydrogen gas. 

 

 

 

 

80μm 

pore 
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ii. Method 2: By using baking soda 

 

 

 

FIGURE 4.5  Fly-ash based porous geopolymer (Method 2) 

 

Figure 4.5 shows the formation of porous membrane from fly-ash by using 

method 2 (baking soda and acetic acid). It is observed that the pores can be clearly 

seen but the structure of the samples itself shows that the geopolymer is not 

homogeneously mixed. Maybe this is because during the formation of alkaline 

solution, the ratio of sodium hydroxide to sodium silicate solution is not correctly 

measured. So the structure produced seems to be rough. 

 

 

 

 

 

 

 

 

100μm 

pore 
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iii. Method 3: By using corn oil 

 

 

 

FIGURE 4.6  Fly-ash porous geopolymer (Method 3) 

 

Figure 4.6 shows the formation of porous membrane from fly-ash by using 

method 3 (corn oil). It can be clearly seen that the structure of the sample have pores 

but the size of the pores itself is small. This is because during the drying process, the 

sample is not properly heated and dry. The sample then is soaked with THF solution 

to remove the oil from the sample. Since a small part of the sample is half-dried, the 

THF solution cannot removed all the oil that has been trapped inside the sample. So, 

less void space is produced and cause  small distribution of pores is produced. 

 

 

 

 

 

80μm 

pore 
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C. Thermogravimetric Analysis (TGA) 

 

1) Meta-kaolin based-geopolymer 

 

i. Method 1: By using calcium metal 

 

 

FIGURE 4.7 Meta-kaolin based porous geopolymer (Method 1) 

 

For sample that has been synthesized by using calcium metal, the sample starts 

to loss its weight at 30 ºC. Between 30 ºC to 100 ºC, water vaporized to atmosphere 

is at highest rate. After that, the weight of the sample keep decreasing until all the 

water inside the sample is removed. At the end of the test which is at temperature at 

around 800 ºC, the weight loss is constant. The percentage of weight reduction is 

about 10%. 
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ii. Method 2: By using baking soda 

 

 

FIGURE 4.8 Meta-kaolin based porous geopolymer (Method 2) 

 

The figure above shows the sample that has been synthesized by using baking 

soda and acetic acid, the sample starts to loss its weight at 40 ºC. Between 40 ºC to 

400 ºC, water vaporized to atmosphere is at highest rate. After that, the weight of the 

sample keep decreasing until all the water inside the sample is removed. At the end 

of the test which is at temperature at around 800 ºC, the weight loss is constant. The 

percentage of weight reduction is about 12%. 

 

 

 

 

 

 

 

 

 

 

 

86

88

90

92

94

96

98

100

102

0 200 400 600 800

W
e

ig
h

t 
(%

) 

Temperature (°C) 



 

26 
  

iii. Method 3: By using corn oil 

 

 

FIGURE 4.9  Meta-kaolin based porous geopolymer (Method 3) 

 

For the sample above, it starts to loss its weight at 30 ºC. Between 30 ºC to 

200ºC, most of the water content is vaporized to the atmosphere. After that, the 

weight of the sample keep decreasing until all the water inside the sample is 

removed. At the end of the test which is at temperature at around 800 ºC, the weight 

loss is constant. The percentage of weight reduction is about 17%. 
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2) Fly Ash based-geopolymer 

 

i) Method 1: By using calcium metal 

 

 

FIGURE 4.10  Fly-ash based porous geopolymer (Method 1) 

 

For sample that has been synthesized by using calcium metal, the sample starts 

to loss its weight at 20 ºC. Between 30 ºC to 300 ºC, most of the water content inside 

the geopolymer sample is vaporized to atmosphere. Then, the weight of the sample 

keep decreasing until all the water inside the sample is removed. At the end of the 

test which is at temperature at around 8000 ºC, the weight loss is constant. The 

percentage of weight reduction is small which is about 7% only. 
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ii) Method 2: By using baking soda 

 

 

FIGURE 4.11  Fly-ash based porous geopolymer (Method 2) 

 

For sample that has been synthesized by using baking soda, the sample starts to 

loss its weight at 20 ºC. Between 30 ºC to 300 ºC, water vaporized to atmosphere is 

at highest rate. After that, the weight of the sample keep decreasing until all the 

water inside the sample is removed. At the end of the test which is at temperature at 

around 800 ºC, the weight loss is constant. The percentage of weight reduction is 

about 10%. 
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iii) Method 3: By using corn oil 

 

 

FIGURE 4.12 Fly-ash based porous geopolymer (Method 3) 

 

From the figure above, it shows that the sample starts to loss its weight at 20 ºC. 

Between 30 ºC to 400ºC, most of the water content is vaporized to the atmosphere. 

After that, the weight of the sample keep decreasing until all the water inside the 

sample is removed. At the end of the test which is at temperature at around 800 ºC, 

the weight loss is constant. The percentage of weight reduction is about 10%. 
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D. Compression Test 

 

1) Meta-kaolin based-geopolymer 

 

 

FIGURE 4.13 Compressive Strength for Meta-kaolin based-Geopolymer 

 

From figure above, it shows that sample made of baking soda exhibit highest 

compressive strength which is about 1.08 MPa compared to calcium metal and corn 

oil. This is because from the percentage of porosity calculated, baking soda sample 

produced lowest percentage of porosity. Low porosity decrease the void space 

between the molecules inside the sample thus provides strong linkage. Stronger 

linkage between the molecule lead to higher compressive strength.  
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2) Fly Ash based-geopolymer 

 

FIGURE 4.14 Compressive Strength for Fly Ash based-Geopolymer 

 

From figure above, it shows that sample made of corn oil exhibit highest 

compressive strength which is around 54.0 MPa compared to calcium metal and 

baking soda. This is because from the percentage of porosity calculated, corn oil 

sample produced lowest percentage of porosity. Low porosity decrease the void 

space between the molecules inside the sample thus provides strong linkage. 

Stronger linkage between the molecule lead to higher compressive strength.  

 

For overall comparison, it obviously shows that fly ash based-geopolymer 

produced higher compressive strength compared to meta-kaolin based 

geopolymer. This is because during the preparation of sample, sodium silicate 

used in meta-kaolin based geopolymer is greater than the required amount thus 

lead to increasing in the chain between the Si molecules. Longer chains have 
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more inter-chains bonds and cause the sample become more elastic. Higher 

elasticity of the sample causes the strength to decrease. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 Conclusion 

This project research presented a brief overall review on geopolymer composites 

that produced from meta-kaolin and fly-ash. The parameters that vary in this project 

is the method to produce pores which are by using calcium metal, by using soda and 

lastly by using corn oil. At the end of this research, a cost-effective geopolymer 

membrane from both meta-kaolin and fly-ash is successfully developed and all the 

recommended characterization techniques were analyzed. From the result obtained, 

it shows that meta-kaolin based geopolymer made of corn oil gives highest 

percentage of porosity compared to others. He porosity data obtained is supported 

by the scanning electron microscopy result and compression test. For SEM analysis, 

meta-kaolin based geopolymer shows a large diameter of void space compared to fly 

ash based-geopolymer. Higher temperature exposure for TGA test shows that the 

sample can withstand high temperature and thermally stable, so the materials is 

suitable to be used in industry For compression test, it also produced lowest 

compressive strength. This is because higher porosity lead to more void space 

present inside the sample thus causes the sample to easily broken. In order to 

assessed the effectiveness of the porous geopolymer membrane in waste water 

treatment, the percentage of porosity ca be controlled by varying the amount of pore 

agent used. It is depend on the size of the molecules present inside the wastewater 

itself. 
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5.2 Recommendation 

In future, the optimum ratio of sodium hydroxide solution to sodium silicate 

solution can be improved by referring to past research paper to produced most 

favorable concentration of the geopolymer composites. Optimum ratio ensure the 

result obtained exhibit a well-mixed geopolymer composites.  

 

Besides that, in order to obtain uniform distribution of pores on the surface of 

the geopolmer composites, the sample needs to be consistently mixed with 

automatic mixer during the preparation. Similar mixing time for all sample is 

important because the longer the time taken during mixing, the higher the amount of 

bubble produced on the surface of the sample. 

 

Curing time also can affect the geopolymer produced. Higher curing time lead 

the sample became brittle. So, the optimum curing time should be used in order to 

get most favorable sample. 
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APPENDICES 

 

a. Porosity Equation 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (%) =
𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 − 𝑃𝑜𝑤𝑑𝑒𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
𝑥 100 

 

b. Materials and Chemical used 
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c. Curing process at 60 °C 

 

 

 

 

d. Fly ash based-geopolymer composites 
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e. Meta-kaolin based-geopolymer 

 

 

 

f. Compression Test Machine 
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g. Gas Pycnometer (Quantachrome Ultrapycnometer 1000) Machine 

 

 


