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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 

fulfilment of the requirement for the Master of Science 

EFFECTS OF NANOCLAY ON PROPERTIES OF RICE HUSK ASH/

KAOLIN-BASED GEOPOLYMER COATING COMPOSITES 

By 

NURUL REFFA AZYAN BINTI NASRUDIN 

October 2017 

Chairman : Norkhairunnisa Mazlan, PhD 

Faculty : Engineering 

Research was done to investigate whether the addition of nanoclay influenced the 

properties of the rice husk ash/kaolin based geopolymer coating composite in fire 

resistance and bond strength. This geopolymer coating composite that mostly consists of 

silicon and aluminium are activated by alkaline activator which are the combination of 

sodium silicate (Na2SiO3) solution and sodium hydroxide (NaOH) solution to produce 

the coating resin. 

The preliminary works were initially done in order to obtain the best mixture proportions 

of geopolymer coating composite. The sodium hydroxide molarity of 8 M, 1.0 ratio solid 

to liquid and 5.5 ratio of alkaline activator were chosen as the control parameters while 

the ratio between rice husk ash and kaolin was varied.    

The fire-retardant test results showed that with 20:80 of rice husk ash to kaolin, better 

fire performance was obtained as the temperature at equilibrium of that coating is 230°C. 

The fire performance of geopolymer coating composite improved with nanoclay addition 

and the maximum of bond strength obtained was 3.48 MPa. These performances were 

seen in samples with 3 wt. % of nanoclay addition. However, the adhesion strength of 

the geopolymer coating composites were not majorly affected by nanoclay addition.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia Sebagai 

memenuhi keperluan untuk Master Sains 

 

 

KESAN SAMPINGAN NANO-TANAH LIAT TERHADAP SIFAT-SIFAT 

KOMPOSIT SELAPUT GEOPOLIMER ASAS ABU SEKAM PADI/KAOLIN  

 

 

Oleh 

 

 

NURUL REFFA AZYAN BINTI NASRUDIN 

 

 

Oktober 2017 

 

 

Pengerusi : Norkhairunnisa Mazlan, PhD 

Fakulti  : Kejuruteraan 

 

  

Penyelidikan telah dilakukan untuk menyiasat sama ada penambahan nano-tanah liat 

mempengaruhi sifat abu sekam padi/kaolin berasaskan komposit lapisan geopolimer 

dalam rintangan api dan kekuatan ikatan. Komposit selaput geopolimer yang 

kebanyakannya terdiri daripada silikon dan alumina diaktifkan oleh pengaktif alkali yang 

merupakan gabungan larutan natrium silikat dan larutan natrium hidroksida untuk 

menghasilkan selaput geopolimer. 

 

 

Penyelidikan awal dilakukan untuk mendapatkan campuran terbaik komposit selaput 

geopolimer. Kemolaran natrium hidroksida 8 M, nisbah 1.0 padat kepada cecair dan 

nisbah pengaktif alkali 5.5 dipilih sebagai parameter kawalan manakala nisbah antara 

abu sekam padi dan kaolin berbeza-beza. 

 

 

Keputusan ujian kalis api menunjukkan bahawa dengan nisbah 20:80 abu sekam padi ke 

kaolin, prestasi kebakaran yang lebih baik diperolehi dengan mencapai suhu 

keseimbangan pada 230°C. Prestasi kebakaran komposit selaput geopolimer bertambah 

baik dengan penambahan nano-tanah liat dan maksimum kekuatan ikatan yang 

diperolehi ialah 3.48 MPa. Penambahbaikan ini dilihat dalam sampel dengan 3 wt. % 

tambahan nano-tanah liat. Walau bagaimanapun, kekuatan lekatan komposit selaput 

geopolimer tidak banyak dipengaruhi oleh tambahan nano-tanah liat.
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Introduction 

 

The development of geopolymer materials has drawn interest from researchers all over 

the world and the application of geopolymer has been expanded in many areas. Usually, 

pozzolanic materials like granulated blast furnace slag, fly ash, rice husk ash, metakaolin, 

and kaolin are used in cement and concrete because of their high compressive strength 

(Davidovits, 2002; Mustafa Al Bakri et al., 2012). This unique material called 

geopolymer is obtained from mixing of aluminosilicate sources with activated by 

alkaline activator solutions. When an aluminosilicate source is readily dissolved in 

alkaline activator solution, a process called as geopolymerization takes place to produce 

hydrated product (Zarina et al., 2016). Geopolymerization process is also known as geo-

synthesis which is the reaction that chemically integrated minerals that involved the raw 

geopolymer material (Khale & Chaudhary, 2007). In other words, any sources of silica 

and alumina or pozzolan compound that activated by alkaline activator solution, acts as 

a source of aluminosilicate undergoes a geopolymerization. 

 

 

The alkaline solution acted as an activator in geopolymerization is a compound from the 

element of first group in the periodic table which is commonly sodium and potassium. 

This alkaline solution also called as alkaline activated aluminosilicate binders (Khale & 

Chaudhary, 2007; Mustafa Al Bakri et al., 2012). The most common alkaline activator 

solutions used are sodium silicate, sodium hydroxide and potassium hydroxide 

(Bakharev, 2005). The mechanism of geopolymerization process involved the 

polycondensation reaction of geopolymeric precursors (aluminosilicate structure) that 

yields the polymeric Si-O-Al bond (Zarina et al., 2016; Khale & Chaudhary, 2007; 

Mustafa Al Bakri et al., 2011). This geopolymerization process is one of research field 

for utilizing the solid waste and by-products by producing a cost-efficient geopolymer 

materials and solved environmental problems where hazardous materials have to be 

treated.  

 

 

Rice production is one of main agriculture activity in Malaysia. From the production of 

rice, it produces a major waste called rice husk. Rice husk is agricultural residues 

obtained from the outer covered of rice grains during the milling process and by burning 

the rice husk under controlled conditions (time and air flow) at high temperature ranging 

from 400° - 1000°C, the remained ashes are named RHA (RHA) (Xiong et al., 2009; 

Kumar et al., 2013). This RHA is contained mostly with silica approximately about 98% 

in mass. Silica is porous in nature and it has hydrophilic Si-OH groups which make it to 

have higher tendency to absorb moisture (Xiong et al., 2009). Since, RHA is highly 

content with silica, the structure and property of the RHA were also influenced by the 

nature of silica.  Highly porous structure of RHA lead to its low-density property, large 

surface area and thermal resistivity.  
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Another raw pozzolanic material which is suitably used in making geopolymer is kaolin. 

Kaolin clay is technically known as hydrated aluminosilicate and structurally 

unmodified. The physical form of kaolin is powder and it is mainly consisting of silica 

(47.0 – 53.0 wt. %) and alumina (32.0 – 38.0 wt. %). However, there is lack of study 

done on using kaolin as based for geopolymer. Purpose addition of kaolin is to produce 

a good ratio balance of Si to Al when combined with RHA.  

 

 

Nanofillers are usually added into composite system to improve the flammability 

resistance, good thermal stability, decreased water absorption and increased electrical 

properties (Subasri & Hima, 2015; Miltner et al., 2010; Šupová et al., 2011; Baniassadi 

et al., 2011). Only small amount of nanofillers (<10 wt. %) are needed to disperse in 

polymer matrix due to their small size in nature and its high aspect ratios properties 

(Sibeko & Luyt, 2013; Subasri & Hima, 2015).  As it has high surface area, the 

interaction with the polymer matrix can be improved thus helps in uniform distribution 

of the nanoparticles. Examples of nanofillers are nanoclay, nanofibers, carbon nanotubes 

(SWCNT) and multi- walled (MWCNT), metal oxide nanoparticles.  

 

 

The application of geopolymer has been mainly focused on cement and concrete 

production. The other potential application for geopolymer material is in coating 

application. Pozzolanic materials such as metakaolin, fly ash and granulated blast have 

been experimented as main source for the geopolymer coating and these aluminosilicate 

sources proved that geopolymer material has good adhesive with steel.  Therefore, this 

research is conducted to develop the rice husk ash/kaolin based geopolymer coating 

composite with nanoclay addition. In this research, the main materials are rice husk 

ash/kaolin as geopolymer binder and nanoclay as reinforcing fillers. In order to 

determine the optimum mixture proportions of geopolymer coating composite, the 

composition of rice husk ash: kaolin is studied along with the fire performance and the 

morphology of the geopolymer coating samples. Prior to that, a study on water 

absorption behaviour of RHA based geopolymer samples are first observed.  

 

 

The geopolymer material is able to act as heat reflective insulation coating that 

potentially reduce the exterior wall surface temperature. It is expected that the 

geopolymer coatings which is applied on the building exterior wall can productively 

reduce the temperature at the wall surface. Further, the development of alternative 

binders that have high in fire resistance is important in order to produce great thermal 

stability material.  

 

 

The morphology of RHA and kaolin are viewed under scanning electron microscope 

(SEM) for further understanding of their shapes and structure. The morphology study on 

RHA based geopolymer and geopolymer coating composite samples are also observed 

under SEM too. This is to provide the information on samples structure after the water 

absorption test and fire-retardant test. The thermal stability of RHA based geopolymer 

and RHA/kaolin based geopolymer coating composite is analyzed by thermogravimetric 

analysis (TGA). TGA test provided on the analysis of weight degradation of the samples 

as the temperature increasing until 500 °C. Then, the relationship between fire resistance 

performance and thermal stability analysis can be established. All the findings obtained 



© C
OPYRIG

HT U
PM

3 

 

from the experimental tests are able to characterize the geopolymer samples and fulfilled 

their potential application.  

 

 

1.2 Problem statements  

 

Rice is an essential food sources in worldwide and mostly in Southeast Asia. In Malaysia 

alone, the rice yields are estimated at 4.04 tons per hectare and due to the subsidies of 

crop inputs, the Malaysia government wants to increase the rice production throughout 

the years (Booklet Statistik Tanaman, 2014).  This is because rice production is one of 

main agriculture activity in Malaysia. Production of rice leaved residues called rice husk 

is one of main agricultural residues obtained from the outer covering of rice grains during 

milling process. These waste products known as rice husk which is hardly used and 

neglected. As the rice production increased so as the waste product coming from the rice 

production also increased. The rice husk usually being dumped and left into water stream 

or in landfills thus causing pollutions (Davidovits, 2002; Mustafa Al Bakri et al., 2011; 

Kumar et al., 2013). Utilization of these waste product from agricultural sector might 

solved the disposal issues and also could minimized the cost of waste treatment (Kumar 

et al., 2013).  

 

 

Moreover, since Malaysia is one of the major countries that produced rice, by utilizing 

the rice husk which is the most widely available agricultural wastes could have 

contributed in job sector for farmers particularly. This is because RHA can be used as a 

valued raw material for different purposes such as cement and concrete (Kumar et al., 

2013; Davidovits, 2002; Zarina et al., 2016; Palomo et al., 1999). Many published 

literatures agreed that geopolymer coating could reduce defects cause by environmental 

contaminations and also improved engineering properties (Bakharev, 2005; Palomo et 

al., 1999). However excessive amount of RHA could be an environmental threat to the 

land and surrounding area. This crisis in the environmental health requires an innovative 

solution. There is much attention has been focused on utilized the plant biomass by 

producing engineering worthy materials. In amongst various agricultural wastes, RHA 

is selected due to its mass production in worldwide and it possessed unique chemistry-

related features.  

 

 

Rice husk is an agricultural residue obtained from the outer covered of rice grains during 

the milling process and by burning the rice husk under controlled conditions (time and 

air flow) at high temperature ranging from 400 - 1000 °C, the remained ashes are named 

RHA (RHA) (Xiong et al., 2009; Kumar et al., 2013). Therefore, in this research is 

focused on the development of geopolymer by using RHA as the main raw material. 

However, study on RHA based geopolymer not well published as others raw materials 

and it is limited to refer to. The idea of this research is to investigate the properties of the 

combination of RHA and kaolin when adding nanoclay as a filler. The geopolymer 

coating composite is fabricated with addition of nanoclay into rice husk ash/kaolin based 

geopolymer coating. The geopolymer coating composite is expected to have high fire 

resistance and good adhesion strength with mild steel plate.  Thus, when a plane crash-

lands and catches fire, the number of survivals could be increased.  
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Another advantage of geopolymer is it can have gained 70% of the final compressive 

strength in the first 4 hours of setting and can withdraw thousands of years weathering 

attack without too much function loss (Zhen et al., 2004). This is due to the statement 

from the Federal Aviation Administration (FAA) stated that geopolymer material had 

been selected as the best material for low cost, environmentally friendly and fire-resistant 

material for aircraft composites and cabin interior applications (Davidovits, 2002). The 

geopolymer composite has proven to be a better material than ceramic-matrix material 

and plastics because geopolymer composite offer better properties than others. Not just 

the geopolymer is very easy to make and handle but it also does not require high heat. In 

facts, future aircraft demands the use of green materials due to its renewable resource 

and concern for the environment.  

 

 

It has been known that various parts in aircraft are vulnerable to high temperature 

conditions especially the seat cushion, carpeting, walls and luggage bins are all 

combustible (Davidovits, 2002). However, it is yet to be studied on whether the nanoclay 

addition in geopolymer coating composite is able to improve the fire resistance 

performance and adhesion strength of geopolymer coating. The optimum loading of 

nanoclay that helps producing the best fire performance and adhesion strength is studied. 

Researches on geopolymers are widely published and well-known to most researchers 

but research about RHA based geopolymer is limited and also the research on combining 

RHA with others geopolymer raw materials. Moreover, the fire resistance properties and 

adhesion properties of geopolymer coating in general were not well established. Other 

than that, a study on intumescent of geopolymer coating also not sufficiently covered.  

 

 

1.3 Scope and Limitations 

 

This research is about the development of geopolymer coating composite. The main 

material for the geopolymer coating composite is the RHA and kaolin as geopolymer 

binder, nanoclay as reinforcing fillers. The scopes in this research are the fabrication of 

RHA based geopolymer, fabrication of rice husk ash/kaolin based geopolymer coating 

and fabrication of rice husk ash/kaolin based geopolymer coating composite with 

nanoclay addition. The geopolymer material need to have high water resistance in order 

to proceed with the addition of nanoclay to produce high fire resistance geopolymer 

material. Therefore, water absorption test is conducted at early stage of the research. 

Then the selected geopolymer mixture will be used to fabricate the geopolymer 

composite by combining with kaolin.  

 

However, before adding the nanoclay fillers, optimum ratio of mixed RHA and kaolin 

need to be study beforehand by analysed the fire properties obtained from combined 

RHA and kaolin. Then, by using the optimum ratio of RHA and kaolin, the nanoclay 

fillers are added to improve the fire properties. Several tests such as water absorption 

test, fire retardant test, adhesion test, scanning emission microscope and 

thermogravimetric analysis had been carried out in order to determine the characteristics 

and properties of the geopolymer coating composites. The hypothesis in this research is 

with optimum weight percent (wt. %) of nanoclay addition in rice husk ash/kaolin based 

geopolymer matrix, the fire and adhesion properties of the geopolymer coating will be 

improved.  
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1.4 Research Objective 

 

The objectives of the research are stated as below: 

 

i. To study the water absorption properties of the RHA based geopolymer with 

different ratio of solid to liquid, ratio of Na2SiO3 solutions to NaOH solutions 

and molarity of NaOH solutions 

 

ii. To analyse and investigate the effect of nanoclay addition in fire resistance 

performance and adhesion strength of rice husk ash/kaolin geopolymer coating 

composites. 

 

 

1.5 Thesis Arrangement  

 

The remainder of the thesis is arranged as follows:  

 

 

Chapter 2 explains on the review of RHA and kaolin based geopolymer 

material. This chapter mainly to explain on thermal stability and workability of coating 

resins, availability of the geopolymer materials. This chapter also discuss the properties 

and performance of nanoclay addition in geopolymer material. In addition, current 

geopolymer technology is discussed in this chapter too.  

 

 

Chapter 3 describes the experimental procedure carried out to develop the 

mixture proportions, the mixing techniques and the curing conditions for geopolymer 

coating composite. Several tests are performed to study the characteristics of the RHA 

and kaolin. The procedure of water absorption test, fire retardant test and adhesion test 

for rice husk ash/kaolin geopolymer coating composites are also explained in this 

chapter. 

 

 

Chapter 4 presents and discusses the results obtained from the tests conducted. 

At initial, this chapter discussed on the water resistance performance of RHA based 

geopolymer followed with the fire-retardant test results on geopolymer coating and 

geopolymer coating composite. This chapter 4 continued with adhesion strength obtained 

from geopolymer coating composite. The morphologies and thermal analysis of all 

samples are discussed in this chapter too.  

 

 

Chapter 5 states the summary and the conclusion of this study and also the 

recommendations for future work. The thesis ends with a Reference List and several 

Appendices.  



© C
OPYRIG

HT U
PM

 

54 

 

REFERENCES 

  

 

Abd Razak, R., Al Bakri Abdullah, M. M., Hussain, K., Khairul Nizar, I., Hardjito, D., 

& Zarina, Y. (2013). Reviews on the Properties of Aggregates made with or without 

Geopolymerization Method. Advanced Materials Research. 626, 892-895.  

Alaneme, K. K., Akintunde, I. B., Olubambi, P. A., & Adewale, T. M. (2013). 

Fabrication characteristics and mechanical behaviour of rice husk ash–Alumina 

reinforced Al-Mg-Si alloy matrix hybrid composites. Journal of Materials Research 

and Technology. 1, 60-67. 

Alomayri, T., and Low, I. M. (2013). Synthesis and characterization of mechanical 

properties in cotton fiber-reinforced geopolymer composites. J Asian Ceram Soc. 

1, 30–34. 

Assaedi, H., Shaikh, F. U. A., and Low, I. M. (2016). Characterizations of flax fabric 

reinforced nanoclay-geopolymer composites. Compos Part B Eng. 95, 412–422.  

Azimi, E. A., Al Bakri Abdullah, M. M., Ming, L. Y., Yong, H. C., Hussain, K., & Aziz, 

I. H. (2016). Processing and properties of geopolymers as thermal insulating 

materials: A review. Reviews on Advanced Materials Science. 3, 273-285. 

Aziz, I. H., Mustafa Al Bakri, A. M., Yong, H. C., Ming, L. Y., Hussin, K., and Azimi, 

E. A. (2015). A Review on Mechanical Properties of Geopolymer Composites for 

High Temperature Application. Key Eng Mater. 660, 34–38. 

Bakharev, T. (2005). Geopolymeric materials prepared using Class F fly ash and elevated 

temperature curing. Cem Concr Res. 35, 1224–1232. 

Baniassadi, M., Laachachi, A., Hassouna, F., Addiego, F., Muller, R., Garmestani, H., 

Ahzi, S., Toniazzo, V., and Ruch, D. (2011). Mechanical and thermal behavior of 

nanoclay based polymer nanocomposites using statistical homogenization 

approach. Compos Sci Technol. 71, 1930–1935. 

Booklet Statistik Tanaman (Sub-Sektor Tanaman Makanan) (2014) 

Bouzón, N., Payá, J., Borrachero, M. V., Soriano, L., Tashima, M. M., and Monzó, J. 

(2014). Refluxed rice husk ash/naoh suspension for preparing alkali activated 

binders. Mater Lett. 115, 72–74. 

Chen, X. G., Cheng, J. P., and Yin, S.H. (2010). Preparation and characterization of rice 

husk/ferrite composites. Chinese Chem Lett. 21, 122–126. 

Cheng Y, H., Yun M, L., Mustafa Al Bakri, A. M., & Hussain, K. (2015). Fire resistant 

properties of geopolymers: A review. Key Engineering Materials. 660, 39-43. 



© C
OPYRIG

HT U
PM

 

55 

 

Cheng, T. W., and Chiu, J. P. (2003). Fire-resistant geopolymer produce by granulated 

blast furnace slag. Miner Eng. 16, 205–210. 

Cristelo, N., Soares, E., Rosa, I., Miranda, T., Oliveira,  D. V., Silva, R. A., and Chaves, 

A. (2013). Rheological properties of alkaline activated fly ash used in jet grouting 

applications. Constr Build Mater. 48, 925–933. 

David, R., Tambe, S. P., Singh, S. K., Raja, V. S., and Kumar, D. (2011). Thermally 

sprayable grafted LDPE/nanoclay composite coating for corrosion protection. Surf 

Coatings Technol. 205, 5470–5477. 

Davidovits, J. (2008). Geopolymer Chem. Appl. Ist. Geopolymer. 

Davidovits, P. J. (2002). 30 Years of Successes and Failures in Geopolymer 

Applications, Market Trends and Potential Breakthroughs. Geopolymer 2002 Conf. 

1–16 

Farhana, Z. F.,  Kamarudin, H., Rahmat, A., Mustafa Al Bakri, A. M. (2013). Study on 

anti-corrosion coating using geopolymerization method. 1–5. 

Farhana, Z. F., Kamarudin, H., Rahmat, A., and Mustafa Al Bakri, A. M. (2014). The 

Relationship between Water Absorption and Porosity for Geopolymer Paste. Mater 

Sci Forum. 803, 166–172. 

Feng, Q., Yamamichi, H., Shoya, M., & Sugita, S. (2004). Study on the pozzolanic 

properties of rice husk ash by hydrochloric acid pre-treatment. Cement and concrete 

research. 3, 521-526. 

Fifinatasha, S. N., Mustafa Al Bakri, A. M., Kamarudin, H., Zarina, Y., Rafiza, A. R., 

and Liyana, J. (2013). Reviews on the different sources materials to the geopolymer 

performance.  Adv Environ Biol. 7, 3835–3842. 

Gunasekar, K., Chakravarthi, N., Cho, W., Lee, J. W., Kim, S. W., Cha, S. H., Kotov, N. 

A., and Jin, S. H. (2015). Optimization of polymer solar cells performance by 

incorporated scattering of ZnO nanoparticles with different particle geometry. Synth 

Met. 205, 185–189. 

Habeeb, G. A., and Mahmud, H. B. (2010). Study on properties of rice husk ash and its 

use as cement replacement material. Materials research. 2, 185-190. 

Hardjito, D. (2005). Studies on Fly Ash-Based Geopolymer Concrete. 

Hardjito, D. and Rangan, B. V. (2005). Development and properties of low-calcium fly 

ash-based geopolymer concrete. Res Rep GC. 94. 



© C
OPYRIG

HT U
PM

 

56 

 

Hardjito, D., Wallah, S. E., Sumajouw, D. M. J., and Rangan. B. V. (2004). Brief Review 

of Development of Geopolymer Concrete. Invited Paper. Georg. Hoff Symp. Am. 

Concr. Inst.  

Heah, C. Y., Kamarudin, H., Mustafa Al Bakri, A. M., Hussain, M. B., Luqman, M., 

Nizar, I. K., Ruzaidi, C. M., and Liew, Y. M. (2013). Kaolin-based geopolymers 

with various NaOH concentrations. Int J Miner Metall Mater. 20, 313–322.  

Hung, T. D., Louda, P., Kroisová, D., Bortnovsky, O., & Xiem, N. T. (2011). New 

generation of geopolymer composite for fire-resistance. Advances in Composite 

Materials-Analysis of Natural and Man-Made Materials. 73–92.  

Hussain, F., Hojjati, M., Okamoto, M., & Gorga, R. E. (2006). Polymer-matrix 

nanocomposites, processing, manufacturing, and application: an overview. Journal 

of composite materials. 17, 1511-1575. 

Hwang, C. L., and Huynh, T. P. (2015). Effect of alkali-activator and rice husk ash 

content on strength development of fly ash and residual rice husk ash-based 

geopolymers. Constr Build Mater. 101, 1–9. 

Jearanaisilawong, P., Eahkanong, S., Phungsara, B., and Manonukul, A. (2015). 

Determination of in-plane elastic properties of rice husk composite. Mater Des. 76, 

55–63. 

Joshi, A., Montes, C., Salehi, S., Allouche, E., and Lvov, Y. (2015). Optimization of 

Geopolymer Properties by Coating of Fly-Ash Microparticles with Nanoclays. J 

Inorg Organomet Polym Mater. 25, 282–292. 

Junaidi, M. U. M., Ahmad, N. N. R., Leo, C. P., and Yee, H. M. (2016). Near 

superhydrophobic coating synthesized from rice husk ash: Anti-fouling evaluation. 

Prog Org Coatings. 99, 140–146. 

Kartini, K. (2011). Rice husk ash-pozzolanic material for sustainability. Int journal of 

app sci and tech. 6, 169-178. 

Khale, D., and Chaudhary, R. (2007). Mechanism of geopolymerization and factors 

influencing its development: A review. J Mater Sci. 42, 729–746. 

Khan, M. I., Azizli, K., Sufian, S., and Man, Z. (2015). Sodium silicate-free geopolymers 

as coating materials: Effects of Na/Al and water/solid ratios on adhesion strength. 

Ceram Int. 41, 2794–2805. 

Khater, H. M., and Zedane, S. R. (2012). Journal of Science and Technology 

Geopolymerization of Industrial By-Products and Study of their Stability upon 

Firing Treatment. Int J Sci Technol. 1, 109–117. 



© C
OPYRIG

HT U
PM

 

57 

 

Kumar, S., Sangwan, P., and Bidra, S. (2013). Utilization of Rice Husk and Their Ash : 

A Review.  J Chem Environ Sci. 1, 126–129. 

Lee, L. J., Zeng, C., Cao, X., Han, X., Shen, J., and Xu, G. (2005). Polymer 

nanocomposite foams. Compos. Sci. Technol. 65, 2344–2363. 

Li, R., Wu, G., Jiang, L., and Sun, D. (2015). Interface microstructure and compressive 

behavior of fly ash/phosphate geopolymer hollow sphere structures. Mater Des. 65, 

585–590. 

Li, Z., Ding, Z., and Zhang, Y. (2004). Development of sustainable cementitious 

materials. Proc. Int. Work. Sustain. Dev. Concr. Technol. 1, 55–76.  

Liew, Y. M., Kamarudin, H., Mustafa Al Bakri, A. M., Luqman, M., Nizar, I. K., and 

Heah, C. Y. (2011). Investigating The Possibility Of Utilization Of Kaolin And The 

Potential Of Metakaolin To Produce Green Cement For Construction Purposes – A 

Review. Aust J Basic Appl Sci. 5, 441–449. 

Liyana, J., Mustafa Al Bakri, A. M., Kamarudin, H., Ruzaidi, C. M., and Azura, A. R. 

(2013). Effect of Fly Ash/Alkaline Activator Ratio and Sodium Silicate/NaOH 

Ratio on Fly Ash Geopolymer Coating Strength. Key Eng Mater. 594–595, 146–

150. 

Mat Daud, Y., Hussin, K., Ruzaidi, C. M., Osman, A. F., Mustafa Al Bakri, A. M., and 

Hussain, M. B. (2015). Kaolin-Based Geopolymer Filled Epoxy-Layered Silicates: 

Compressive Properties. Appl Mech Mater. 754–755, 220–224. 

Miltner, H. E., Watzeels, N., Goffin, A. L., Duquesne, E., Benali, S., Dubois, P., Rahier, 

H., and Van Mele, B. (2010). Quantifying the degree of nanofiller dispersion by 

advanced thermal analysis: Application to polyester nanocomposites prepared by 

various elaboration methods. J Mater Chem. 20, 9531–9542. 

Mohd Basri, M. S., Mustapha, F., Mazlan, N., and Ishak, M. R. (2016). Fire Retardant 

Performance of Rice Husk Ash-Based Geopolymer Coated Mild Steel - A Factorial 

Design and Microstructure Analysis. Mater Sci Forum. 841, 48–54. 

More, D. S., Moloto, M. J., Moloto, N., and Matabola, K. P. (2015). TOPO-capped silver 

selenide nanoparticles and their incorporation into polymer nanofibers using 

electrospinning technique. Mater. Res. Bull. 65, 14–22. 

Mustafa Al Bakri, A. M., Hussin, K., Hussain, M. B., Ismail, K. N., Yahya, Z.  and 

Razak, R. A. (2012). Fly ash-based geopolymer lightweight concrete using foaming 

agent. Int J Mol Sci. 13, 7186–7198. 

Mustafa Al Bakri, A. M., Kamarudin, H., Abdulkareem, O. A. K. A., Ruzaidi, C. M., 

Rafiza, A. R., and Norazian, M. N. (2011). Optimization of alkaline activator/fly 



© C
OPYRIG

HT U
PM

 

58 

 

ash ratio on the compressive strength of manufacturing fly ash-based geopolymer. 

Appl Mech Mater. 110–116, 734–739. 

Mustafa Al Bakri, A. M., Kamarudin, H., Hussain, M. B.,  Khairul Nizar, I., Zarina, Y., 

and Rafiza, A. R. (2011). The effect of curing temperature on physical and chemical 

properties of geopolymers. Phys Procedia. 22, 286–291. 

Mustafa Al Bakri, A. M., Kamarudin, H., Hussain, M. B., Nizar, I. K., Rafiza,  A. R., 

and Izzat, A. M. (2011). Chemical Reactions in the Geopolymerisation Process 

Using Fly Ash-Based Geopolymer: A Review. J Appl Sci Res. 7, 1199–1203. 

Mustafa Al Bakri, A. M., Kamarudin, H., Hussain, M. B., Rafiza, A. R., and Zarina, Y. 

(2012). Effect of Na2SiO3/NaOH ratios and NaOH molarities on compressive 

strength of fly-ash-based geopolymer. ACI Mater. J. 109, 503–508 

Mustafa Al Bakri, A. M., Kamarudin, H., Mohamed, H., Ruzaidi, C. M., Rafiza, A. R., 

Faheem, M. M., and Izzat, A. M. (2011). Properties And Microstructural 

Characteristics Of Geopolymers Using Fly Ash With Different Percentages Of 

Kaolin At Room Temperature Curing Aust J Basic Appl Sci. 10, 824-828.  

Mustafa Al Bakri, A. M., Kamarudin, H., Nizar, I. K., Hussain, M. B., Zarina, Y., and 

Rafiza, A. R. (2012). Correlation between Na2SiO3/NaOH Ratio and Fly 

Ash/Alkaline Activator Ratio to the Strength of Geopolymer. Adv Mater Res. 341–

342, 189–193. 

Mustafa Al Bakri, A. M., Mohammed, H., Kamarudin, H., Nizar, I. K., and Zarina, Y. 

(2011). Review on fly ash-based geopolymer concrete without Portland Cement. J 

Eng Technol Res. 3, 1–4. 

Nguyen, V. S., Rouxel, D., and Vincent, B. (2014). Dispersion of nanoparticles: From 

organic solvents to polymer solutions. Ultrason. Sonochem. 21, 149–153. 

Nourbakhsh, A., Baghlani, F. F., and Ashori, A. (2011). Nano-SiO2 filled rice 

husk/polypropylene composites: Physico-mechanical properties. Ind Crops Prod. 

33, 183–187. 

Palomo, A. (2004). Alkaline Activation of Fly Ashes . Manufacture of Concrete Not 

Containing Portland Cement. Int RILEM Conf Use Recycl Mater Build Struct. 4, 

10–12. 

Palomo, A., Grutzeck, M. W., and Blanco, M. T. (1999). Alkali-activated fly ashes: A 

cement for the future. Cem Concr Res. 29, 1323–1329. 

Pavlidou, S., and Papaspyrides, C. D. (2008). A review on polymer-layered silicate 

nanocomposites. Prog. Polym. Sci. 33, 1119–1198.  



© C
OPYRIG

HT U
PM

 

59 

 

Phetchuay, C., Horpibulsuk, S., Suksiripattanapong, C., Chinkulkijniwat, A., Arulrajah, 

A., and Disfani, M. M. (2014). Calcium carbide residue: Alkaline activator for clay-

fly ash geopolymer. Constr Build Mater. 69, 285–294. 

Provis, J. L., Yong, C. Z., Duxson, P., and Van Deventer, J. S. J. (2009). Correlating 

mechanical and thermal properties of sodium silicate-fly ash geopolymers. Colloids 

Surfaces A Physicochem. Eng. Asp. 336, 57–63. 

Ramadhansyah, P. J., Mahyun, A. W., Salwa, M. Z. M., Abu Bakar, B. H., Megat Johari, 

M. A., and Wan Ibrahim, M. H. (2012). Thermal analysis and pozzolanic index of 

rice husk ash at different grinding time. Procedia Engineering. 50, 101-109. 

Ramasamy, S., Hussin, K., Mustafa Al Bakri, A. M., Ghazali, C. M. R., Hussain, M. B., 

and Sandu, A. V. (2016). Interrelationship of Kaolin, Alkaline Liquid Ratio and 

Strength of Kaolin Geopolymer. IOP Conf Ser Mater Sci Eng. 133, 12004. 

Ramasamy, S., Hussin, K., Mustafa Al Bakri, A. M., Ghazali, C. M. R., Sandu, A. V., 

Binhussain, M., and Shahedan, N. F. (2015). Recent dissertations on kaolin based 

geopolymer materials. Rev Adv Mater Sci. 42, 83–91. 

Rees, C. A., Provis, J. L., Lukey, G. C., and Van Deventer, J. S. J. (2008). The 

mechanism of geopolymer gel formation investigated through seeded nucleation. 

Colloids Surfaces A Physicochem Eng Asp. 318, 97–105. 

Riahi, S., Nazari, A., Zaarei, D., Khalaj, G., Bohlooli, H., & Kaykha, M. M. (2012). 

Compressive strength of ash-based geopolymers at early ages designed by Taguchi 

method. Materials & Design. 37, 443-449. 

Riahi, S., Nazari, A., Zaarei, D., Khalaj, G., Bohlooli, H., and Kaykha, M. M. (2012). 

Compressive strength of ash-based geopolymers at early ages designed by Taguchi 

method. Mater Des. 37, 443–449. 

Risdanareni, P., Ekaputri, J. J., and Mustafa Al Bakri, A. M. (2015). Effect of Alkaline 

Activator Ratio to Mechanical Properties of Geopolymer Concrete with Trass as 

Filler. Appl Mech Mater. 754–755, 406–412. 

Ruiz-Santaquiteria, C., Skibsted, J., Fernández-Jiménez, A., & Palomo, A. (2012). 

Alkaline solution/binder ratio as a determining factor in the alkaline activation of 

aluminosilicates. Cement and Concrete Research, 9, 1242-1251. 

Sakkas, K., Panias, D., Nomikos, P. P., and Sofianos, A. I. (2014). Potassium based 

geopolymer for passive fire protection of concrete tunnels linings. Tunn Undergr 

Sp Technol. 43, 148–156. 

Sarker, P. K., Kelly, S., and Yao, Z. (2014). Effect of fire exposure on cracking, spalling 

and residual strength of fly ash geopolymer concrete. Mater Des. 63, 584–592. 



© C
OPYRIG

HT U
PM

 

60 

 

Sibeko, M. A., and Luyt, A. S. (2013). Preparation and characterization of vinylsilane 

crosslinked high-density polyethylene composites filled with nanoclays. Polym 

Compos. 34, 1720–1727. 

Soltani, N., Bahrami, A., Pech-Canul, M. I., and Gonzalez, L. A. (2015). Review on the 

physicochemical treatments of rice husk for production of advanced materials. 

Chem Eng J. 264, 899–935. 

Subasri, R., and Hima, H. (2015). Investigations on the use of nanoclay for generation 

of superhydrophobic coatings. Surf Coatings Technol. 264, 121–126. 

Šupová, M., Martynková, G. S., and Barabaszová, K. (2011). Effect of Nanofillers 

Dispersion in Polymer Matrices: A Review. Sci Adv Mater. 3, 1–25. 

Temuujin, J., Minjigmaa, A., Rickard, W., Lee, M., Williams, I., and Van Riessen, A. 

(2009). Preparation of metakaolin based geopolymer coatings on metal substrates 

as thermal barriers. Appl Clay Sci. 46, 265–270. 

Temuujin, J., Minjigmaa, A., Rickard, W., Lee, M., Williams, I., and Van Riessen, A. 

(2010). Fly ash based geopolymer thin coatings on metal substrates and its thermal 

evaluation. J Hazard Mater. 180, 748–752. 

Temuujin, J., Rickard, W., Lee, M., and Van Riessen, A. (2011). Preparation and thermal 

properties of fire resistant metakaolin-based geopolymer-type coatings. J Non Cryst 

Solids. 357, 1399–1404. 

Wataril, T., Nakata, A., Kiba, Y., Torikai, T., and Yada, M. (2006). Fabrication of porous 

SiO2/C composite from rice husks. J Eur Ceram Soc. 26, 797–801. 

Xiong, L., Sekiya, E. H., Sujaridworakun, P., Wada, S., and Saito, K. (2009). Burning 

Temperature Dependence of Rice Husk Ashes in Structure and Property. J Met 

Mater Miner. 19, 95–99. 

Zarina, Y. Mustafa Al Bakri, A. M., Kamarudin, H., Khairul Nizar, I., and Rafiza, A. R. 

(2016). Reviews on the Geopolymer Materials for Coating Application. Adv Mater 

Res. 626, 958–962 

Zeng, L., Yang Cao, D., Xu, Y., Wei Fan, C., and Qin Peng, X. (2014). Novel method 

for preparation of calcined kaolin intercalation compound-based geopolymer. Appl 

Clay Sci. 101, 637–642. 



© C
OPYRIG

HT U
PM

 

73 
 

BIODATA OF STUDENT 

 

 

Nurul Reffa Azyan binti Nasrudin is a postgraduate student under the Department of 

Aerospace, Faculty of Engineering since 2015. She furthered her studies in Master of 

Science in Universiti Putra Malaysia (UPM) after graduating Bachelor of Aerospace 

Engineering in UPM also. Before that, in year 2009 she also a student of Foundation in 

Agriculture Science in UPM. She been studies in UPM for almost 9 years now.  

 

 

She studies her master degree under supervision Dr. Norkhairunnisa Mazlan. During her 

studies she managed to publish two research articles with the help of her supervisor. The 

research of interest is most on geopolymer materials and also nano materials. Besides 

that, she also had to teach undergraduates students during their laboratory session as a 

laboratory assistant for two semesters. Also, she had to assist final year students in 

geopolymer material research project.  

 



© C
OPYRIG

HT U
PM

 

74 
 

PUBLICATIONS 

 

 

Nurul Reffa Azyan, N., Norkhairunnisa, M., Tay, C. H., & Hanim, A. (2017). Techniques 

on Dispersion of Nanoparticles in Polymer Matrices: A Review. Pertanika Journal 

of Science & Technology, 25(4). 

 

 

Nurul Reffa Azyan, N., Norkhairunnisa, M., & Hanim, A. (2017). Investigation on Water 

Absorption Capability for Different Molarity of Rice Husk Ash based Pozzolan 

Binder. Journal of Engineering Science and Technology (JESTEC) (proceeding) 

 



© C
OPYRIG

HT U
PM


	CHAPTER 2
	LAST CHAPTER
	APPENDICES
	LAST APPENDICES



