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SYNTHESIS, STRUCTURAL AND OPTICAL PROPERTIES OF ZnO-SiO2 
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By 

 

MUHAMMAD FAHMI BIN ANUAR 

 

June 2020 

 

Chair  : Yap Wing Fen, PhD   
Faculty  : Science  
 

The optical properties of ZnO-SiO2 composite had attracted a lot of attention this 
past decade. However, the production cost is quite high due to huge amount of 
high purity silica required in the synthesis process. Thus, alternative method was 
required especially using waste materials for example coconut husk. In this 
research, low cost ZnO-SiO2 composite were prepared by solid state reaction 
method using agricultural waste materials: coconut husk. The coconut husk was 
subjected to high temperature 500, 600, and 700 ºC to obtain coconut husk ash 
(CHA). CHA was then undergone chemical treatment (acid and alkali) as an 
attempt to increase its silica content. Thermogravimetry analysis (TGA) was 
carried out where it shows that most of the weight degradation of coconut husk 
during pyrolysis occurs at 221 ºC to 360 ºC. From X-ray fluorescence (XRF) 
analysis, the silica content increased from 8-11 % to more than 90 % for both acid 
and alkali treatment Moreover, the intensity of X-ray diffraction (XRD) peaks 
increased along the increased in temperature between 500 ºC to 700 ºC. The Field 
emission scanning electron microscopy (FESEM) images was analysed and 
showed rod-like structure of the CHA that was irregular in sizes and become 
slightly smaller after acid and alkali treatment. Besides that, broad bands were 
found by Fourier Transform Infrared spectroscopy (FTIR) at wavenumber 1066 
cm-1, 788 cm-1 and 432 cm-1 which related to Si-O-Si thus confirmed the presence 
of silica in CHA. The optical band gap of CHA untreated, acid treated, and alkali 
treated were 4.05 eV, 4.34 eV and 4.21 eV respectively. Next, ZnO-SiO2 
composite were prepared by mixing zinc oxide (ZnO) powder with silica from CHA 
with 1:1 ratio by solid state method sintered at 600 ºC-1000 ºC to investigate the 
effect of sintering temperature on the properties of ZnO-SiO2 composite. First, 
XRD spectrum showed the zinc silicate was formed at sintering temperature 600 
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oC and the peaks intensity increased along the sintering temperature. The 
composite shows well-distinct boundaries of rhombohedral-like particle when 
sintered at 1000 ºC that indicates the high crystallinity of the zinc silicate when 
sintered. Furthermore, the FTIR results shows the formation of Si-O-Si, ZnO4 and 
SiO4 vibration in the composite spectrum becoming narrow and stronger as the 
sintering temperature increased. The absorbance intensity of the ZnO-SiO2 

composite was observed to decrease with the sintering temperature and the 
optical band gap of the composite at room temperature is 3.22 eV. The value 
increased to 3.26 eV at 600 ºC and decreasing until 900 ºC before rapidly 
increased to 4.05 eV at 1000 ºC. In the nutshell, the CHA has great potential to be 
used as silica substitute in preparation of ZnO-SiO2 composite. 
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Ciri-ciri optik ZnO-SiO2 komposit telah menarik banyak perhatian pada dekad ini. 
Namun, kos penghasilannya adalah tinggi disebabkan oleh proses sintesis yang 
memerlukan penggunaan silika ketulenan tinggi dalam jumlah yang besar. Oleh 
itu, kaedah yang baru diperlukan terutamanya menggunakan bahan sisa seperti 
sabut kepala. Dalam kajian ini, komposit ZnO-SiO2 kos rendah disediakan 
melalui teknik tindak balas keadaan pepejal dengan menggunakan bahan sisa 
pertanian iaitu sabut kepala. Sabut kelapa telah dikenakan haba pada suhu 500, 
600, dan 700 ºC untuk menghasilkan abu sabut kelapa (ASK). ASK 
kemudiannya telah dirawat (asid dan alkali) sebagai percubaan untuk 
meningkatkan kandungan silika. Analisis termogravimetri (TGA) telah dilakukan 
dan menunjukkan hampir keseluruhan penurunan berat bahan sabut kelapa 
semasa proses pirolisis berlaku pada suhu 221 ºC sehingga 360 ºC. Menurut 
analisis pendarflour sinar-x (XRF), kandungan silika meningkat dari 8-11 % 
menjadi lebih 90 % untuk kedua-dua rawatan asid dan alkali. Keamatan puncak 
belauan sinar-x (XRD) meningkat mengikuti peningkatan suhu dalam julat 500 
ºC sehingga 700 ºC. Mikroskopi pengimbasan elektron pelepasan medan 
(FESEM) analisis menunjukkan ASK mempunyai bentuk seperti rod dan tidak 
teratur serta menjadi kecil selepas rawatan asid dan alkali. Selain itu, jurang 
besar yang ditemui pada spektrum spektroskopi inframerah transformasi Fourier 
(FTIR) pada 1066 cm-1, 788 cm-1, and 432 cm-1 mendedahkan kehadiran silika 
didalam ASK. Jurang jalur optikal ASK telah diukur 4.05 eV, 4.34 dan 4.21 eV 
mewakili ASK yang tidak dirawat, melalui rawatan asid, dan rawatan alkali. 
Kemudian, komposit ZnO-SiO2

 disediakan dengan mencampur serbuk zink 
oksida (ZnO) dan silika dari ASK berjulat 1:1 menggunakan teknik keadaan 
pepejal dan kemudian di sinter pada suhu 600-1000 ºC untuk mengenal pasti 
kesan suhu terhadap ciri-ciri komposit ZnO-SiO2. Pertama, spectra XRD 
menunjukkan zink silikat terbentuk pada suhu sinter 600 ºC dan keamatan 
puncak belauan meningkat mengikut suhu. Komposit juga menunjukkan 
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sempadan yang jelas seperti zarah berbentuk rombohedron apabila suhu sinter 
meningkat kepada 1000 ºC yang mengesahkan sifat kristal yang tinggi pada zink 
silikat. Seterusnya, analisis FTIR menunjukkan kehadiran formasi getaran Si-O-
Si, ZnO4 dan SiO4 dan menjadi kecil dan kuat apabila suhu meningkat. 
Keamatan penyerapan komposit ZnO-SiO2 dilihat menurun apabila suhu sinter 
meningkat dan jurang jalur optikal komposit pada suhu bilik ialah 3.22 eV. Nilai 
jurang jalur optikal meningkat kepada 3.26 eV pada suhu 600 ºC dan 
berkurangan apabila suhu meningkat sehingga 900 oC tetapi meningkat secara 
mendadak menjadi 4.05 eV pada suhu 1000 ºC. Secara ringkasnya, ASK 
mempunyai potensi yang besar untuk digunakan sebagai pengganti silika dalam 
proses sintesis ZnO-SiO2 komposit. 
. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1   Silica 
 

Silica (SiO2) is one of the valuable raw materials on Earth and white color is 
preferred for silica in the optoelectronic application. It can exist in different state 
such as gel, crystalline and amorphous state (Todkar et al., 2016). Silica can be 
prepared by using vapour-phase reaction, sol-gel, and thermo-decomposition 
methods (Bogush et al., 1988; Grandgirard et al., 2002; Tomozawa et al.; 2001; 
Wu et al., 2000). Silica is commonly been used as a precursor for variety of 
materials in synthetic chemistry application such as catalysts, thin film or coating 
for electronic and optical materials. It is also used in other fields such as 
ceramics, chromatography, anticorrosion agent and in catalysts. Uses of high 
purity silica in the industrial application are highly cost due to the high melting 
point of 1700 ºC. Thus, the extraction of silica from agricultural waste is one way 
of researchers nowadays trying to reduce the cost of using high purity silica.  
 

Nowadays, numerous researches were carried out to utilize waste products as 
a renewable source of silica and use them as substitute materials to reduce the 
cost. In addition, SiO2 can be found on agriculture waste such as rice husk, 
sugarcane bagasse, palm ash, and coconut husk ash (Sinyoung et al., 2017). 
Although the production of SiO2 from agriculture waste products was not much 
efficient yet compared to the commercialized silica, it still can be used as a 
material in studies or research purposes. The use of renewable resources for 
synthesizing high-value materials is becoming very important for eco-friend 
nanoscience and technology (Sankar et al., 2018). Waste products-derived silica 
is economic in terms of money and energy and can help greatly in mitigating 
environmental issues and at the same time help to increase the interests of many 
researchers to get involved in the green synthesis method. 
 
 
1.2   Silica from agriculture waste 
 

Agricultural industry is one of the most important industries in the world 
especially to a tropical country such as Malaysia. In Malaysia, the major crops 
are palm oil and rubber, followed by paddy and cocoa production. There are also 
few numbers of crops grown for domestic purposes such as bananas, coconuts, 
durians, and pineapples. Major agricultural products can be broadly categorized 
into foods, fibers, fuel, and raw materials. There are huge numbers of agricultural 
products such as cotton, wool, dye, resin, drugs, perfume, biofuels, cosmetic 
products, and silk (Ahmad et al., 2007; Baqueiro-Peña and Guerrero-Beltrán, 
2017; Ho et al., 2005; Nurjanah et al., 2016). The process to produce these 
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products will also produce the byproduct that also known as agricultural waste. 
These types of waste eventually will be discarded in various ways by the 
industries. 
 

One of the most popular agricultural products in Malaysia is coconuts. Coconut 
(Cocos Nucifera) are popular for its versatility and often use in traditional ways, 
as consumable products (foods) and even used in cosmetic products. In some 
Africa’s countries, the coconut waste was burnt as fuel and become the source 
of energy-biofuel when the cost of fuel oil, natural gas, and electricity increased 
(Madakson et al., 2012; Vadery et al., 2014). Today, researchers give more focus 
on using coconut husk as activated carbon which has potential as good 
absorbent materials that can solve the wastewater treatment problems in the 
world (Samanta et al., 2018; Tan et al., 2008). At the same time, numerous 
researchers have been carried out to extract silica from agriculture waste such 
as rice husk, palm waste, corn cob ash and sugarcane bagasse (Khaidir et al., 
2020; Faizul et al., 2013; Okoronkwo et al., 2016; Norsuraya et al., 2016). 
  

It is assumed that coconut husk also contains silica and has great potential as 
an alternative silica source. A large portion of 33–35% of the coconut is husk and 
it acts as the mesocarp of the coconut fruit (Rodiah et al., 2018). To date, coconut 
husks are used as a source of fuels for coconut processing, domestic fuel, and 
as fiber sources for the production of ropes and mats. 
 

For example, rice husk contains huge amount of carbon and silica at pre-
combustion process (Stochero et al., 2017) but white rice husk ash (WRHA) can 
be obtained after burning rice husks at certain temperatures. It is white and 
contains about 90% SiO2 and other components such as lignin, cellulose, 
hemicellulose, and metallic oxides. Using rice husk is relatively cheap rather than 
using conventional silica (Leenakul et al., 2016). Therefore, coconut husk is 
expected to have the same properties and advantages as rice husk. 
 

Furthermore, silica can be extracted from agricultural waste by acid leaching and 
mixing alkaline treatment followed by precipitation with acid. In general, the 
properties and structure of silica from agriculture waste are sensitive to the 
method used to synthesize the silica (Shen, 2017). These different occasions 
utilization of agricultural waste products so far have proved to be economically 
viable or commercially feasible. So far, there are lacks information on using 
coconut husk as a potential source of silica. Hence, this study explores the 
properties of silica extracted from the coconut husk as new potential alternative 
sources for optical applications.  
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1.3   ZnO-SiO2 composite 

 

Recently, researchers have shown increasing interest in wide band gap 
semiconductor zinc oxide (ZnO). Generally, ZnO can emit three luminescence 
bands in UV, green, and yellow spectral range (He et al., 2003). ZnO based 
materials also caught the attention of researchers because of its non-toxicity, 
environment-friendly and low-cost materials that causing it to be highly valued 
by industry and researcher.  
 

Various researches have shown that composites of ZnO and SiO2 show 
promising results for electroluminescent application in several aspects such as 
flat-panel displays, photoelectronic integrated devices, and semiconductor 
lasers. Besides that, green-yellow emissions were also enhanced in ZnO-based 
nanocomposites and it is known that its promising features can be modified by 
doping with different types of metals (Meyer and Damonte, 2015). Furthermore, 
the optical properties of ZnO/SiO2 can also be influenced by modifying the 
formation of Zn-O-Si cross-linking bonds between ZnO and the pore wall of SiO2 

(Fu et al., 2003).  
 

Many researchers used ZnO-SiO2 to synthesize a glass-ceramics component of 
zinc silicate. Zinc silicate was investigated because of its unique luminescence 
properties and was used as a phosphors materials for fluorescence or neon lamp 
and several more displays application back in the days. Nowadays, it is being 
used in various technologies including laser, sensors, and more optoelectronic 
devices (Takesue et al., 2009). 
 
 
1.4   Problem Statements 

 

As of today, numerous studies had been conducted on zinc oxide composite 
especially to studies about the optical properties. The growing interest towards 
the ZnO-SiO2 composites is due to the optical properties of the materials as it 
shows great potential to be used in various optoelectronic applications. Even 
though it is a very simple material, the production of ZnO-SiO2 composites is 
expensive due to the huge amount of SiO2 required and the high cost of pure 
SiO2 powder. To fix this problem, alternative ways are required to potentially 
reduce the overall cost of production. Thus, this study is to provide alternative 
ways to synthesize ZnO-SiO2 composites derived from waste materials. 
 

Several past studies have proven that silica can be extracted from various waste 
materials. Among them, there are only a few published analyses related to 
coconut as source of silica. Generally, they are consumed as food, drink, or other 
types of products. Around 90 % of coconut (empty fruit bunch, fibers, fronds, 
trunks, and shells) were discarded as a waste product and either burned in open 
air or left to settle in waste pond that causing damage to the land and 



© C
OPYRIG

HT U
PM

4 
 

environmental pollution (Bamgboye et al., 2006). This action contributes 
significantly to the emission of CO2 and methane gas to the environment 
(greenhouse effects). Without proper treatment or disposal methods, these 
waste materials especially the husk will result in various environmental problems 
that can lead to a multitude of health issues. Further researches are needed to 
be carried out to utilize these waste products and prevent from further harming 
the Earth. Therefore, coconut husks were used as a source of silica in this study 
for synthesis of ZnO-SiO2 composite. 
 

Acid and alkali treatments are generally used to extract silica from waste 
agricultural ash. These different methods so far have proved to be economically 
and commercially feasible. However, there is lack of information especially about 
the comparison between the properties of silica obtained by using both methods. 
Hence, this study helps to explore the differences between the properties of silica 
obtained by acid and alkali treatment from waste coconut husks. 
 

Lately, many studies have been conducted to synthesized Zn2SiO4. A few 
methods had been developed such as hydrothermal process (Gabás et al., 
(2009), J. Yang et al., (2011); An et al. (2010); Lin and Hsi, (1995), sol-gel 
method (Rasdi et al., 2017), solid state method (Omar et al., 2016) and spray 
pyrolysis method (Nath et al., 2013). Instead of using other methods to 
synthesize ZnSiO4, the method by using solid state reaction is much simpler and 
can be reproduced in large quantities compared to the chemical methods. The 
other disadvantages of using the chemical method are the high equipment cost, 
long preparation periods and very complicated steps while some of the 
chemicals itself considered harmful substances to the environment. 
 

Materials for multilayer and multi-color displays required high optical 
transmittance in the visible wavelength regions. So, the optical studies of the 
composite specifically the optical band gap, are essential for the potential 
production of phosphors materials. However, due to the lack of researches, the 
optical knowledge of the composite was still lacking. Thus, the optical properties 
of the composite derived from waste coconut husks were studied for potential 
phosphors materials. In this study, ZnO-SiO2 composite was synthesized from 
waste coconut husk by solid state reaction method to investigate their structural 
and optical properties for potential phosphors materials. 
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1.5   Objectives of Study 

 

The objectives of this research are as followed: 
 
1) To examine the properties of the coconut husk ash derived from the pyrolysis 

of coconut husk waste at different temperatures. 
2) To study the effect of acid and alkaline treatment on the purity of silica. 
3) To investigate the structural and optical properties of the ZnO-SiO2 composite 

sintered at various temperatures. 
 

1.6   Scopes of Study 

 

Scopes of studies are as stated: 
 
1) Coconut husk was turned into coconut husk ash via pyrolysis technique at 

temperatures of 500, 600 and 700 °C. 
2) Acid and alkaline treatment were used to extract high purity SiO2 from 

coconut husk ash. 
3) ZnO-SiO2 composite was synthesized by adding ZnO powder with coconut 

husk ash by using solid state method. 
4) ZnO-SiO2 composite were sintered at temperature range from 600-1000 ºC. 
5) The structural properties of the CHA and ZnO-SiO2 composite derived from 

waste coconut ash were characterized by using TGA/DTG, XRF, XRD, 
FESEM, and FTIR. 

6) The optical properties of the CHA and ZnO-SiO2 composite derived from 
waste coconut husk were characterized by using UV-Vis spectroscopy. 
 

1.7   Thesis Outline 

 

Chapter 1, introduces the content of the thesis including the objectives and 
problem statements. The previous and current research which are similar or 
related to the studies were reviewed on Chapter 2. Chapter 3 contained detailed 
explanation of the methodology of the studies including materials and apparatus, 
flow chart of the experiment, and characterization methods used to determine 
the structural and properties of ZnO-SiO2 composite. Results and finding were 
elaborately explained in chapter 4. The structural and optical properties of ZnO-
SiO2 composite derived from waste coconut husk will also be discussed in this 
chapter. Finally, last chapter of the thesis will be the conclusion of the study and 
recommendation for the future work. 
  



© C
OPYRIG

HT U
PM

65 
 

REFERENCES 
 

 
Adesanya, D.A., Raheem, A.A. (2009). Development of corn cob ash blended 

cement. Construction and Building Materials. 23: 347-352 
Agbagla-dohnani, A., Nozie, P., Cle, G. (2001). In sacco degradability, chemical 

and morphological composition of 15 varieties of European rice straw. 
Animal Feed Science and Technology. 94: 15–27 

Ahmad, A.A., Hameed, B.H., Aziz, N. (2007). Adsorption of direct dye on palm 
ash: Kinetic and equilibrium modeling. Journal of Hazardous Materials. 
141: 70-76 

Ahmadi, T.S., Haase, M., Weller, H. (2000). Low-temperature synthesis of pure 
and Mn-doped willemite phosphor (Zn2SiO4:Mn) in aqueous medium. 
Materials Research Bulletin. 35: 1869–1879 

Akkoli, K.M., Gangavati, P.B., Ingalagi, M.R., Chitgopkar, R.K. (2018). 
Assessment and Characterization of Agricultural Residues. Materials 
Today: Proceedings. 5: 17548–17552 

Altman, I.S., Lee, D., Chung, J.D., Song, J., Choi, M. (2001). Light absorption of 
silica nanoparticles. Physical Review B - Condensed Matter and Materials 
Physics. 63: 1-4 

Amutha, K., Ravibaskar, R., Sivakumar, G. (2010). Extraction , synthesis and 
characterization of nanosilica from rice husk ash. International Journal of 
Nanotechnology and Applications. 4: 61-66 

An, J., Noh, J.H., Cho, I., Roh, H., Kim, J.Y., Han, H.S., Hong, K.S. (2010). 
Tailoring the morphology and structure of nanosized Zn2SiO4:Mn2+ 
phosphors using the hydrothermal method and their luminescence 
properties. Journal of Physical Chemistry C. 114: 10330-10335 

Ang, T.N., Ngoh, G.C., Seak, A., Chua, M. (2013). Bioresource technology 
comparative study of various pretreatment reagents on rice husk and 
structural changes assessment of the optimized pretreated rice husk. 
Bioresource Technology. 135: 116 -119 

Anuar, M.F., Fen, Y.W., Hafiz, M., Zaid, M. (2020a). Sintering temperature effect 
on Structural and optical properties of heat treated coconut husk ash. 
Materials. 13(11): 2555 

Anuar, M.F., Fen, Y.W., Matori, K.A., Zaid, M.H.M. (2020b). The physical and 
optical studies of crystalline silica derived from green synthesis of coconut 
husk ash. Applied Sciences. 10: 1–11 

Anuar, M.F., Fen, Y.W., Zaid, M.H.M., Matori, K.A., Khaidir, R.E.M. (2018c). 
Synthesis and structural properties of coconut husk as potential silica 
source. Results in Physics. 11: 1-4 

Azman, A.Z.K., Matori, K.A., Ab Aziz, S.H., Zaid, M.H.M., Wahab, S.A.A., 
Khaidir, R.E.M. (2018). Comprehensive study on structural and optical 
properties of Tm2O3 doped zinc silicate based glass–ceramics. Journal of 
Materials Science: Materials in Electronics. 29: 19861–19866 

Babu, B.C., Rao, B.V., Ravi, M., Babu, S. (2017). Structural, microstructural, 
optical, and dielectric properties of Mn2+: Willemite Zn2SiO4 
nanocomposites obtained by a sol-gel method. Journal of Molecular 
Structure. 1127: 6–14 

 
 



© C
OPYRIG

HT U
PM

66 
 

Babu, K.S., Reddy, A.R., Reddy, K.V., Mallika, A.N. (2014). High thermal 
annealing effect on structural and optical properties of ZnO-SiO2 
nanocomposite. Materials Science in Semiconductor Processing. 27: 643–
648 

Bamgboye, A.I., Jekayinfa, S. (2006). Energy consumption pattern in palm 
kernel oil processing operations. Journal of Applied Science, Engineering 
and Technology. 4: 1–11 

Baqueiro-Peña, I., Guerrero-Beltrán, J.Á. (2017). Vanilla (Vanilla planifolia 
Andr.), its residues and other industrial by-products for recovering high 
value flavor molecules: A review. Journal of Applied Research on Medicinal 
and Aromatic Plants. 6: 1–9 

Boccaccini, A.R., Stumpfe, W., Taplin, D.M.R., Ponton, C.B. (1996). 
Densification and crystallization of glass powder compacts during constant 
heating rate sintering. Materials Science and Engineering A. 219: 26–31 

Bogush, G.H., Tracy, M.A., Zukoski, C.F. (1988). Preparation of monodisperse 
polyisobutene grafted silica dispersion. Colloids and Surfaces. 34: 81-88 

Calabrese, E., Fowler, W.B. (1978). Electronic energy-band structure of α quartz. 
Physical Review B. 18: 2888–2896 

Chakrabarti, S., Ganguli, D., Chaudhuri, S. (2003). Photoluminescence of ZnO 
nanocrystallines confined in sol-gel silica matrix. Journal of Physics D: 
Applied Physics. 36: 146-151 

Chandra Babu, B., Buddhudu, S. (2013). Dielectric properties of willemite α-
Zn2SiO4 nano powders by sol-gel method. Physics Procedia. 49: 128-136 

Chandrasekhar, S., Pramada, P.N., Praveen, L. (2005). Effect of organic acid 
treatment on the properties of rice husk silica. Journal of Materials Science. 
40: 6535-6544 

Chelikowsky, J.R., Schlüter, M. (1977). Electron states in α-quartz: A self-
consistent pseudopotential calculation. Physical Review B. 15: 4020-4029 

Chun, J., Mo Gu, Y., Hwang, J., Oh, K.K., Lee, J.H. (2020). Synthesis of ordered 
mesoporous silica with various pore structures using high-purity silica 
extracted from rice husk. Journal of Industrial and Engineering Chemistry. 
81: 135–143 

Daffala, S.B., Mukhtar, H., Shaharun, M.S. (2010). Characterization of adsorbent 
develop from rice husk: Effect of surface functional group of phenol 
adsorption. Journal of Applied Sciences. 10: 1060–1067 

Djilani, C., Zaghdoudi, R., Modarressi, A., Rogalski, M., Djazi, F., Lallam, A. 
(2012). Elimination of organic micropollutants by adsorption on activated 
carbon prepared from agricultural waste. Chemical Engineering Journal. 
189–190: 203–212 

Effendy, N., Abdul, Z., Mohamed, H., Amin, K., Hj, S., Aziz, A., Hafiz, M., Zaid, 
M. (2016). Structural and optical properties of Er3+-doped willemite glass-
ceramics from waste materials. Optik - International Journal for Light and 
Electron Optics. 127: 11698-1705 

El-Sayed, S.A., Mostafa, M.E. (2014). Pyrolysis characteristics and kinetic 
parameters determination of biomass fuel powders by differential thermal 
gravimetric analysis (TGA/DTG). Energy Conversion and Management. 85: 
165-172 

 
 
 
 



© C
OPYRIG

HT U
PM

67 
 

Faizul, C.P., Abdullah, C., Fazlul, B. (2013a). Advances in environmental biology 
extraction of silica from palm Ashvia Citric acid leaching treatment. 
Bandung Indonesia Advances in Environmental Biology. 7: 28-29 

Faizul, C.P., Abdullah, C., Fazlul, B. (2012b). Review of extraction of silica from 
agricultural wastes using acid leaching treatment. Advanced Materials 
Research. 626: 997-1000 

Faizul, C.P., Chik, A., Bari, M.F., Noorina, H.J. (2013c). Extraction of silica from 
palm ash using organic acid leaching treatment. Key Engineering 
Materials. 594-595: 329-333 

Fu, Z., Yang, B., Li, L., Dong, W., Jia, C., Wu, W. (2003). An intense ultraviolet 
photoluminescence in sol-gel ZnO-SiO2 nanocomposites. Journal of 
Physics Condensed Matter. 15: 2867–2873 

Gabás, M., Barrett, N.T., Ramos-Barrado, J.R., Gota, S., Rojas, T.C., López-
Escalante, M.C. (2009). Chemical and electronic interface structure of 
spray pyrolysis deposited undoped and Al-doped ZnO thin films on a 
commercial Cz-Si solar cell substrate. Solar Energy Materials and Solar 
Cells. 93: 1356–1365 

Gaudon, A., Lallet, F., Boulle, A., Lecomte, A., Soulestin, B., Guinebretière, R., 
Dauger, A. (2006). From amorphous phase separations to nanostructured 
materials in sol-gel derived ZrO2:Eu3+/SiO2 and ZnO/SiO2 composites. 
Journal of Non-Crystalline Solids. 352: 2152-2158 

Grandgirard, J., Poinsot, D., Krespi, L., Nénon, J.P., Cortesero, A.M. (2002). 
Costs of secondary parasitism in the facultative hyperparasitoid 
Pachycrepoideus dubius: Does host size matter? Entomologia 
Experimentalis et Applicata. 103: 239–248 

Gunasekaran, K., Annadurai, R., Kumar, P.S. (2012). Long term study on 
compressive and bond strength of coconut shell aggregate concrete. 
Construction and Building Materials. 28: 208-215 

Guo, Y., Ohsato, H., Kakimoto, K.I. (2006). Characterization and dielectric 
behavior of willemite and TiO2-doped willemite ceramics at millimeter-wave 
frequency. Journal of the European Ceramic Society. 26: 1827-1830 

He, H., Wang, Y., Zou, Y. (2003). Photoluminescence property of ZnO-SiO2 
composites synthesized by sol-gel method. Journal of Physics D: Applied 
Physics. 36: 2972-2975 

Hessien, M.M., Rashad, M.M., Zaky, R.R., Abdel-aal, E.A., El-barawy, K.A. 
(2009). Controlling the synthesis conditions for silica nanosphere from 
semi-burned rice straw. Materials Science and Engineering B. 162: 14-21 

Ho, Y.S., Chiang, T.H., Hsueh, Y.M. (2005). Removal of basic dye from aqueous 
solution using tree fern as a biosorbent. Process Biochemistry. 40: 119-124 

Johar, N., Ahmad, I., Dufresne, A. (2012). Extraction, preparation and 
characterization of cellulose fibres and nanocrystals from rice husk. 
Industrial Crops and Products. 37: 93-99 

Kalapathy, U., Proctor, A., Shultz, J. (2000). A simple method for production of 
pure silica from rice hull ash. Bioresource Technology. 73: 257–262 

Khaidir, R.E.M., Fen, Y.W., Mohd Zaid, M.H., Matori, K.A., Omar, N.A.S., Anuar, 
M.F., Abdul Wahab, S.A., Khirel Azman, A.Z. (2020a). Addition of ZnO 
nanoparticles on waste rice husk as potential host material for red-emitting 
phosphor. Materials Science in Semiconductor Processing. 106: 104774 

 
 
 



© C
OPYRIG

HT U
PM

68 
 

Khaidir, R.E.M., Fen, Y.W., Zaid, M.H.M., Matori, K.A., Omar, N.A.S., Anuar, 
M.F., Wahab, S.A.A., Azman, A.Z.K. (2019b). Optical band gap and 
photoluminescence studies of Eu 3+-doped zinc silicate derived from waste 
rice husks. Optik. 182: 486–495 

Khorsand, H., Kiayee, N., Masoomparast, A.H. (2013). Optimization of 
amorphous silica nanoparticles synthesis from rice straw ash using design 
of experiments technique. Particulate Science and Technology. 31: 366–
371 

Krishnarao, R.V., Subrahmanyam, J., Kumar, T.. (2001). Studies on the 
formation of black particles in rice husk silica ash. Journal of the European 
Ceramic Society 21. 21: 99–104 

Lee, C.S., Matori, K.A., Ab Aziz, S.H., Kamari, H.M., Ismail, I., Zaid, M.H.M. 
(2017a). Fabrication and characterization of glass and glass-ceramic from 
rice husk ash as a potent material for opto-electronic applications. Journal 
of Materials Science: Materials in Electronics. 28: 17611–17621 

Lee, C.S., Matori, K.A., Ab Aziz, S.H., Mohamed Kamari, H., Ismail, I., Mohd 
Zaid, M.H. (2017b). Influence of zinc oxide on the physical, structural and 
optical band gap of zinc silicate glass system from waste rice husk ash. 
Optik. 136: 129–135 

Leenakul, W., Tunkasiri, T., Tongsiri, N., Pengpat, K., Ruangsuriya, J. (2016). 
Effect of sintering temperature variations on fabrication of 45S5 bioactive 
glass-ceramics using rice husk as a source for silica. Materials Science and 
Engineering C. 61: 695–704 

Li, Q.H., Komarneni, S., Roy, R. (1995). Control of morphology of Zn2SiO4 by 
hydrothermal preparation. Journal of Materials Science. 30: 2358–2363 

Lin, C.F., Hsi, H.C. (1995). Resource recovery of waste fly ash: Synthesis of 
zeolite-like materials. Environmental Science and Technology. 29: 1109–
1117 

López Zavala, M.Á., Lozano Morales, S.A., Ávila-Santos, M. (2017). Synthesis 
of stable TiO2 nanotubes: effect of hydrothermal treatment, acid washing 
and annealing temperature. Heliyon. 3: 456 

Loureno, S.A., Dantas, N.O., Serqueira, E.O., Ayta, W.E.F., Andrade, A.A., 
Filadelpho, M.C., Sampaio, J.A., Bell, M.J.V., Pereira-Da-Silva, M.A. 
(2011). Eu3+ photoluminescence enhancement due to thermal energy 
transfer in Eu2O3-doped SiO2-B2O3-PbO2 glasses system. Journal of 
Luminescence. 131: 850–855 

Lu, P., Hsieh, Y. Lo (2012). Highly pure amorphous silica nano-disks from rice 
straw. Powder Technology. 225: 149–155 

Ludueña, L., Fasce, D., Alvarez, V.A., Stefani, P.M. (2011). Nanocellulose from 
rice husk following alkaline treatment to remove silica. BioResources. 6: 
1440–1453 

Madakson, P.B., Yawas, D.S., Apasi, A. (2012). Characterization of coconut 
shell ash for potential utilization in metal matrix composites for automotive 
applications. International Journal of Engineering Science and Technology. 
4: 1190-1198 

Marin, D.C., Vecchio, A., Ludueña, L.N., Fasce, D., Alvarez, V.A., Stefani, P.M. 
(2015). Revalorization of rice husk waste as a source of cellulose and silica. 
Fibers and Polymers. 16: 285–293 

 
 
 



© C
OPYRIG

HT U
PM

69 
 

Marinović-Cincović, M., Janković, B., Milićević, B., Antić, Ž., Whiffen, R.K., 
Dramićanin, M.D. (2013). The comparative kinetic analysis of the non-
isothermal crystallization process of Eu3+ doped Zn2SiO4 powders prepared 
via polymer induced sol-gel method. Powder Technology. 249: 497-512 

Meyer, M., Damonte, L.C. (2015). Study of Co and Fe-doped ZnO milled 
nanopowders. Powder Technology. 286: 371–377 

Mor, S., Manchanda, C.K., Kansal, S.K., Ravindra, K. (2017). Nanosilica 
extraction from processed agricultural residue using green technology. 
Journal of Cleaner Production. 143: 1284–1290 

Munasir, Triwikantoro, Zainuri, M., Darminto (2015). Synthesis of SiO2 
nanopowders containing quartz and cristobalite phases from silica sands. 
Materials Science- Poland. 33: 47–55 

Naceur, H., Megriche, A., El Maaoui, M. (2014). Effect of sintering temperature 
on microstructure and electrical properties of Sr1−x(Na0.5Bi0.5)xBi2Nb2O9 
solid solutions. Journal of Advanced Ceramics. 3: 17–30 

Nakbanpote, W., Goodman, B.A., Thiravetyan, P. (2007). Copper adsorption on 
rice husk derived materials studied by EPR and FTIR. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects. 304: 7–13 

Nath, S.K., Paul, D.P., Nandi, S.K., Gafur, A. (2013). Structural and optical 
characterization of cobalt-doped ZnO thin film deposited by spray pyrolysis 
method. International Journal of Emerging Technologies in Computational 
and Applied Sciences (IJETCAS). 13: 125-134 

Nazrin, S.N., Halimah, M.K., Muhammad, F.D., Yip, J.S., Hasnimulyati, L., 
Faznny, M.F., Hazlin, M.A., Zaitizila, I. (2018). The effect of erbium oxide 
in physical and structural properties of zinc tellurite glass system. Journal 
of Non-Crystalline Solids. 490: 35-43 

Ndazi, B.S., Karlsson, S., Tesha, J. V., Nyahumwa, C.W. (2007). Chemical and 
physical modifications of rice husks for use as composite panels. 
Composites Part A: Applied Science and Manufacturing. 38: 925–935 

Norsuraya, S., Fazlena, H., Norhasyimi, R. (2016). Sugarcane bagasse as a 
renewable source of silica to synthesize Santa Barbara Amorphous-15 
(SBA-15). Procedia Engineering. 148: 839–846 

Nurjanah, Nurilmala, M., Hidayat, T., Sudirdjo, F. (2016). Characteristics of 
seaweed as raw materials for cosmetics. Aquatic Procedia. 7: 177–180 

Okoronkwo, E.A., Imoisili, P.E., Olubayode, S.A., Olusunle, S.O.O. (2016). 
Development of silica nanoparticle from corn cob ash. Advances in 
Nanoparticles. 05: 135–139 

Omar, N.A.S., Fen, Y.W., Matori, K.A., Aziz, S.H.A., Alassan, Z.N., Samsudin, 
N.F. (2016a). Development and characterization studies of Eu3+-doped 
Zn2SiO4 phosphors with waste silicate sources. Procedia Chemistry. 19: 
21–29 

Omar, N.A.S., Fen, Y.W., Matori, K.A., Zaid, M.H.M., Norhafizah, M.R., Nurzilla, 
M., Zamratul, M.I.M. (2016b). Synthesis and optical properties of europium 
doped zinc silicate prepared using low cost solid state reaction method. 
Journal of Materials Science: Materials in Electronics. 27: 1092–1099 

Omar, N.A.S., Fen, Y.W., Matori, K.A., Zaid, M.H.M., Norhafizah, M.R., Nurzilla, 
M., Zamratul, M.I.M. (2016c). Synthesis and optical properties of europium 
doped zinc silicate prepared using low cost solid state reaction method. 
Journal of Materials Science: Materials in Electronics. 27: 1092–1099 

 
 



© C
OPYRIG

HT U
PM

70 
 

Omar, N.A.S., Fen, Y.W., Matori, K.A., Zaid, M.H.M., Samsudin, N.F. (2016d). 
Structural and optical properties of Eu3+ activated low cost zinc soda lime 
silica glasses. Results in Physics. 6: 640–644 

Qu, T., Guo, W., Shen, L., Xiao, J., Zhao, K. (2011). Experimental study of 
bomass pyrolysis based on three major components : Hemicellulose, 
cellulose, and lignin. American Chemical Society. 50: 10424–10433 

Ramos, L.E., Furthmüller, J., Bechstedt, F. (2004). Quasiparticle band structures 
and optical spectra of β-cristobalite SiO2. Physical Review B - Condensed 
Matter and Materials Physics. 69: 1–8 

Rasdi, N.M., Fen, Y.W., Azis, R.S., Omar, N.A.S. (2017a). Photoluminescence 
studies of cobalt (II) doped zinc silicate nanophosphors prepared via sol-
gel method. Optik. 149: 409–415 

Rasdi, N.M., Fen, Y.W., Omar, N.A.S., Azis, R.S., Zaid, M.H.M. (2017b). Effects 
of cobalt doping on structural, morphological, and optical properties of 
Zn2SiO4 nanophosphors prepared by sol-gel method. Results in Physics. 
7: 3820–3825 

Rashid, S.S.A., Aziz, S.H.A., Matori, K.A., Zaid, M.H.M., Mohamed, N. (2017). 
Comprehensive study on effect of sintering temperature on the physical, 
structural and optical properties of Er3+ doped ZnO-SLS glasses. Results 
in Physics. 7: 2224–2231 

Rodiah, M.H., Nur Asma Fhadhila, Z., Kawasaki, N., Noor Asiah, H., Aziah, M.Y. 
(2018). Antioxidant activity of natural pigment from husk of coconut. 
Pertanika Journal of Tropical Agricultural Science. 41: 441–451 

Rohatgi, K., Prasad, S. V, Rohatgi, P.K. (1987). Release of silica-rich particles 
from rice husk by microbial fermentation 6: 829–831 

Rosa, M.F., Medeiros, E.S., Malmonge, J.A., Gregorski, K.S., Wood, D.F., 
Mattoso, L.H.C., Glenn, G., Orts, W.J., Imam, S.H. (2010). Cellulose 
nanowhiskers from coconut husk fibers: Effect of preparation conditions on 
their thermal and morphological behavior. Carbohydrate Polymers. 81: 83–
92 

Samanta, A.K., Basu, G., Mishra, L. (2018). Role of major constituents of 
coconut fibres on absorption of ionic dyes. Industrial Crops and Products. 
117: 20–27 

Samsudin, N.F., Matori, K.A., Wahab, Z.A., Liew, J.Y.C., Fen, Y.W., Aziz, S.H.A., 
Zaid, M.H.M. (2016). Low cost phosphors: Structural and 
photoluminescence properties of Mn2+-doped willemite glass-ceramics. 
Optik. 127: 8076–8081 

Sanaeishoar, H., Sabbaghan, M., Mohave, F. (2015). Synthesis and 
characterization of micro-mesoporous MCM-41 using various ionic liquids 
as co-templates. Microporous and Mesoporous Materials. 217: 219–224 

Sankar, S., Kaur, N., Lee, S., Kim, D.Y. (2018). Rapid sonochemical synthesis 
of spherical silica nanoparticles derived from brown rice husk. Ceramics 
International. 44: 8720–8724 

Sarrigani, G. V., Matori, K.A., Lim, W.F., Kharazmi, A., Quah, H.J., Bahari, H.R., 
Hashim, M. (2015a). Structural and optical properties of erbium-doped 
willemite-based glass-ceramics. Applied Optics. 54: 9925 

Sarrigani, G. V., Quah, H.J., Lim, W.F., Matori, K.A., Mohd Razali, N.S., 
Kharazmi, A., Hashim, M., Bahari, H.R. (2015b). Characterization of waste 
material derived willemite-based glass-ceramics doped with erbium. 
Advances in Materials Science and Engineering. Volume 201: 1–7 

 



© C
OPYRIG

HT U
PM

71 
 

Shen, Y. (2017). Rice husk silica derived nanomaterials for sustainable 
applications. Renewable and Sustainable Energy Reviews. 80: 453–466 

Sinyoung, S., Kunchariyakun, K., Asavapisit, S., MacKenzie, K.J.D. (2017). 
Synthesis of belite cement from nano-silica extracted from two rice husk 
ashes. Journal of Environmental Management. 190: 53–60 

Stochero, N.P., Marangon, E., Nunes, A.S., Tier, M.D. (2017). Development of 
refractory ceramics from residual silica derived from rice husk ash and steel 
fibres. Ceramics International. 43: 13875–13880 

Takesue, M., Hayashi, H., Smith, R.L. (2009). Thermal and chemical methods 
for producing zinc silicate (willemite): A review. Progress in Crystal Growth 
and Characterization of Materials. 55: 98–124 

Tan, I.A.W., Ahmad, A.L., Hameed, B.H. (2008). Preparation of activated carbon 
from coconut husk: Optimization study on removal of 2,4,6-trichlorophenol 
using response surface methodology. Journal of Hazardous Materials. 153: 
709–717 

Tarafder, A., Molla, A.R., Dey, C., Karmakar, B. (2013). Thermal, structural, and 
enhanced photoluminescence properties of Eu3+-doped transparent 
willemite glass-ceramic nanocomposites. Journal of the American Ceramic 
Society. 96: 2424–2431 

Tauc, J., Grigorovici, R., A., V. (1966). Optical properties and electronic structure 
of amorphous germanium. Physica Status Solidi. 15: 627–636 

Tay, L.T., Jaya, P.R., Hassan, A.N., Yaacob, H., Jayanti, D.S., Ariffin, M.A.M. 
(2016). A review of chemical and physical properties of coconut shell in 
alsphalt mixture. Jurnal Teknologi (Sciences & Engineering). 4: 85–89 

Todkar, B.S., Deorukhkar, O.A., Deshmukh, S.M. (2016). Extraction of silica 
from rice husk. International Journal of Engineering Research and 
Development. 12: 2278–67 

Tomozawa, M., Kim, D.L., Lou, V. (2001). Preparation of high purity, low water 
content fused silica glass. Journal of Non-Crystalline Solids. 296: 102–106 

Umeda, J., Kondoh, K. (2008). High-purity amorphous silica originated in rice 
husks via carboxylic acid leaching process. Journal of Materials Science. 
43: 7084–7090 

Vadery, V., Narayanan, B.N., Ramakrishnan, R.M., Kochiyil, S., Sugunan, S., 
Narayanan, D.P. (2014). Room temperature production of jatropha 
biodiesel over coconut husk ash. Energy. 70: 588–594 

Vaibhav, V., Vijayalakshmi, U., Roopan, S.M. (2015). Agricultural waste as a 
source for the production of silica nanoparticles. Spectrochimica Acta - Part 
A: Molecular and Biomolecular Spectroscopy. 139: 515–520 

Velmurugan, P., Shim, J., Lee, K.J., Cho, M., Lim, S.S., Seo, S.K., Cho, K.M., 
Bang, K.S., Oh, B.T. (2015). Extraction, characterization, and catalytic 
potential of amorphous silica from corn cobs by sol-gel method. Journal of 
Industrial and Engineering Chemistry. 29: 298–303 

Wahab, S.A.A., Matori, K.A., Aziz, S.H.A., Zaid, M.H.M., Kechik, M.M.A., Azman, 
A.Z.K., Khaidir, R.E.M., Khiri, M.Z.A., Effendy, N. (2019). Synthesis of 
cobalt oxide Co3O4 doped zinc silicate based glass-ceramic derived for 
LED applications. Optik. 179: 919–926 

Wang, Q., Sarkar, J. (2018). Pyrolysis behaviors of waste coconut shell and husk 
biomasses. International Journal of Energy Production and Management. 
3: 34–43 

 
 



© C
OPYRIG

HT U
PM

72 
 

Wattanasiriwech, S., Wattanasiriwech, D., Svasti, J. (2010). Production of 
amorphous silica nanoparticles from rice straw with microbial hydrolysis 
pretreatment. Journal of Non-Crystalline Solids. 356: 1228–1232 

White, J.E., Catallo, W.J., Legendre, B.L. (2011). Biomass pyrolysis kinetics: A 
comparative critical review with relevant agricultural residue case studies. 
Journal of Analytical and Applied Pyrolysis. 91: 1–33 

Wu, G., Wang, J., Shen, J., Yang, T., Zhang, Q., Zhou, B., Deng, Z., Bin, F., 
Zhou, D., Zhang, F. (2000). Properties of sol-gel derived scratch-resistant 
nano-porous silica films by a mixed atmosphere treatment. Journal of Non-
Crystalline Solids. 275: 169–174 

Yang, H., Xiao, Y., Liu, K., Feng, Q. (2008). Chemical precipitation synthesis and 
optical properties of ZnO/SiO2 nanocomposites. Journal of the American 
Ceramic Society. 91: 1591–1596 

Yang, Haiping, Yan, R., Chen, H., Lee, D.H., Liang, D.T., Zheng, C. (2006). 
Mechanism of palm oil waste pyrolysis in a packed bed. Energy and Fuels. 
20: 1321–1328 

Yang, J., Sun, Y., Chen, Z., Zhao, X. (2011). Hydrothermal synthesis and optical 
properties of zinc silicate hierarchical superstructures. Materials Letters. 
65: 3030–3033 

Yang, R.Y., Peng, Y.M., Lai, H.L., Chu, C.J., Chiou, B., Su, Y.K. (2013). Effect 
of the different concentrations of Eu3+ ions on the microstructure and 
photoluminescent properties of Zn2SiO4:xEu3+ phosphors and synthesized 
with TEOS solution as silicate source. Optical Materials. 35: 1719–1723 

Yuan, Q., Li, N., Tu, J., Li, X., Wang, R., Zhang, T., Shao, C. (2010). Preparation 
and humidity sensitive property of mesoporous ZnO-SiO2 composite. 
Sensors and Actuators, B: Chemical. 149: 413–419 

Yuvakkumar, R., Elango, V., Rajendran, V., Kannan, N. (2014). High-purity nano 
silica powder from rice husk using a simple chemical method. Journal of 
Experimental Nanoscience. 9: 272–281 

Zaid, M.H.M., Amin Matori, K., Abdul Aziz, S.H., Kamari, H.M., Mat Yunus, W.M., 
Abdul Wahab, Z., Samsudin, N.F. (2016). Fabrication and crystallization of 
ZnO-SLS glass derived willemite glass-ceramics as a potential material for 
optics applications. Journal of Spectroscopy. Volume 201: 1–7 

Zaky, R.R., Hessien, M.M., El-Midany, A.A., Khedr, M.H., Abdel-Aal, E.A., El-
Barawy, K.A. (2008). Preparation of silica nanoparticles from semi-burned 
rice straw ash. Powder Technology. 185: 31–35 

Zhang, H.X., Kam, C.H., Zhou, Y., Han, X.Q., Buddhudu, S., Lam, Y.L., Chan, 
C.Y. (2000). Deposition and photoluminescence of sol-gel derived 
Tb3+:Zn2SiO4 films on SiO2/Si. Thin Solid Films. 370: 50–53 

 
 
 

 

 

 

 



© C
OPYRIG

HT U
PM

73 
 

BIODATA OF STUDENT 
 
 

The student was born on 17th December 1993 on Kuala Kangsar, Perak. He 
attended primary school at Sekolah Kebangsaan Seri Tasik and secondary 
school at Sekolah Menengah Kebangsaan Seri Tasik, Kuala Lumpur. He went 
into Sekolah Menengah Sains Seremban (SASER) on 2008 after being offered 
to study there. In 2011, he continued his studies in Pusat Asasi Sains Universiti 
Malaya (PASUM). After that, he furthered his studies in Bachelor degree in 
Materials Science Universiti Putra Malaysia and successfully graduated in year 
2016.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



© C
OPYRIG

HT U
PM

74 
 

LIST OF PUBLICATIONS 

 

Muhammad Fahmi Anuar, Yap Wing Fen, Mohd Hafiz Mohd Zaid, Khamirul Amin 
Matori, and Rahayu Emilia Mohamed Khaidir. "Synthesis and 
structural properties of coconut husk as potential silica 
source." Results in Physics 11 (2018): 1-4 

Muhammad Fahmi Anuar, Yap Wing Fen, Mohd Hafiz Mohd Zaid, Khamirul Amin 

Matori, and Rahayu Emilia Mohamed Khaidir. “The physical and 
optical studies of crystalline silica derived from the green synthesis of 
coconut husk ash.” Applied Sciences 10 (2020): 1-11. 

Muhammad Fahmi Anuar, Yap Wing Fen, Mohd Hafiz Mohd Zaid, Nur Alia Sheh 

Omar, and Rahayu Emilia Mohamed Khaidir. “Sintering temperature 
effect on structural and optical properties of heat treated coconut 
husk ash derived SiO2 mixed with ZnO nanoparticles.” Materials 
13(2020): 1-10 

Muhammad Fahmi Anuar, Yap Wing Fen, Mohd Hafiz Mohd Zaid, and Nur Alia 
Sheh Omar. “Optical studies of crystalline ZnO-SiO2 developed from 
pyrolysis of coconut husk.” Materials Research Express 7(5):1-6 

Khaidir, Rahayu Emilia Mohamed, Yap Wing Fen, Mohd Hafiz Mohd Zaid, 

Khamirul Amin Matori, Nur Alia Sheh Omar, Muhammad Fahmi 
Anuar, Siti Aisyah Abdul Wahab, and Aisyah Zakiah Khirel Azman. 
"Optical band gap and photoluminescence studies of Eu3+-doped zinc 
silicate derived from waste rice husks." Optik 182 (2019): 486-495. 

Khaidir, Rahayu Emilia Mohamed, Yap Wing Fen, Mohd Hafiz Mohd Zaid, 
Khamirul Amin Matori, Nur Alia Sheh Omar, Muhammad Fahmi 
Anuar, Siti Aisyah Abdul Wahab, and Aisyah Zakiah Khirel Azman. 
"Exploring Eu3+-doped ZnO-SiO2 glass derived by recycling 
renewable source of waste rice husk for white-LEDs 
application." Results in Physics 15 (2019): 102596. 

Khaidir, Rahayu Emilia Mohamed, Yap Wing Fen, Mohd Hafiz Mohd Zaid, 
Khamirul Amin Matori, Nur Alia Sheh Omar, Muhammad Fahmi 
Anuar, Siti Aisyah Abdul Wahab, and Aisyah Zakiah Khirel Azman. 
"Addition of ZnO nanoparticles on waste rice husk as potential host 
material for red-emitting phosphor." Materials Science in 
Semiconductor Processing 106 (2020): 104774. 

 
 
 
 
 

 



© C
OPYRIG

HT U
PM

75 
 

Conferences 
 

Oral presenter at 2nd International Symposium on Advanced Materials and 
Nanotechnology (i-SAMN), Malaysia held from 15-16th August 2018, 
Everly Hotel Putrajaya. 

 
Participant in “Projek Penyelidikan Inovasi Nanoteknologi 2018 (PIN 18’) on 8-

11th October 2018 at Technology Park Malaysia, Bukit Jalil. Kuala 
Lumpur. 

 
Poster presenter at 10th International Fundamental Science Congress on 23-

24 October 2019 at RHR Hotel UNITEN, Kajang Selangor. 
 

Oral and poster presenter at Materials Technology Challenges 2019 (MTC 
2019) on 27th March 2019 at Dewan Sri Harmoni, 5th college, UPM 
Serdang Selangor. 

 

Competitions 
 

Silver medal award at Materials Technology Challenges 2019 (MTC 2019) on 
27th March 2019 at Dewan Sri Harmoni, 5th college, UPM Serdang 
Selangor. 
 

Best poster award at Materials Technology Challenges 2019 (MTC 2019) on 
27th March 2019 at Dewan Sri Harmoni, 5th college, UPM Serdang 
Selangor. 

 
Silver medal award and participants of Perlis International Engineering 

Invention & Innovation Exhibition (PI-ENVEX 2020). 20-22 March 
2020. UniMAP. 

 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
 

 
 

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND  
 

ACADEMIC SESSION : Second Semester 2019/2020 
 
 
TITLE OF THESIS / PROJECT REPORT :  

SYNTHESIS, STRUCTURAL AND OPTICAL PROPERTIES OF ZnO-SiO2 

COMPOSITE DERIVED FROM WASTE COCONUT HUSK                               

NAME OF STUDENT :  MUHAMMAD FAHMI BIN ANUAR 

I acknowledge that the copyright and other intellectual property in the 
thesis/project report belonged to Universiti Putra Malaysia and I agree to allow 
this thesis/project report to be placed at the library under the following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia. 
2. The library of Universiti Putra Malaysia has the right to make copies for 

educational purposes only. 
3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis 

for academic   exchange.  
 
I declare that this thesis is classified as: 

*Please tick (√ ) 
 

CONFIDENTIAL  (Contain confidential information under Official 
Secret Act 1972). 

 
RESTRICTED  (Contains restricted information as specified by 

the organization/institution where research was 
done).   

 
OPEN ACCESS I agree that my thesis/project report to be 

published as hard copy or online open access.  
 
This thesis is submitted for: 

PATENT Embargo from ________ until _________                         
                 (date)                (date) 

 
 
 
 



© C
OPYRIG

HT U
PM

 
 

Approved by: 
 
 
 
                                                                               
________________________               ____________________ 
(Signature of Student) (Signature of Chairman 
New IC No/ Passport No.: of Supervisory Committee) 
      Name: 
Date : 
      Date :  
 
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with 
the letter from the organization/institution with period and reasons for 
confidentially or restricted. ] 

 
 
 
 
 
 
 
 

 

 




