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Fabrication of zinc silicate with low cost material for optoelectronic industry has been 

attract interest amongst researchers. Therefore, in this research, zinc silicate glass-

ceramic were synthesized from ZnO, B2O3 and waste rice husk as substitute for SiO2 by 

using conventional solid-state method. In this project, a series of zinc silicate glass with 

empirical formula of 55-x(ZnO)x(B2O3)45(WRHA) where x = 5, 10 and 15 wt.% 

fabricated as series 1. Meanwhile, 85-y(ZnO)y(WRHA)15(B2O3) where y = 25, 30, 35 

and 45 wt.% fabricated as series 2. Then, the effect of controlled heat treatment from 650 

°C to 800 °C on the physical, structural, morphologies, phases and optical properties 

were measured by using Digital Electronic Density Meter, XRD, FTIR spectroscopy, 

FESEM, UV-Vis and PL spectroscopy. Physical investigation using digital electronic 

density meter shown that the density is increased with temperature and dropped at 

temperature above 750 °C probably because of ZnO depletion in the sample. Structural 
analysis with XRD shows β-willemite phase started to occur at 700 °C and with heat 

treatment at 750 and 800 °C, α-willemite phase can be observed. Diffraction intensity 

increased with heat treatment temperature. FESEM analysis revealed that with heat 

treatment at 650 °C, the glassy phase improved. Heat treatment above 700 °C, it shows 

necking appeared and above 750 °C and at 800 °C the densification increased, the surface 

become smoother. FTIR spectra showed the presence of ZnO4, SiO4 and Zn2SiO4 bonds 

which proved the formation of zinc silicate network. The effect of heat treatment 

temperature showed the intensity of FTIR spectra increased which is due to the bonds 

become stronger. Moreover, the UV-Vis analysis to investigate willemite glass-ceramic 

revealed the samples’ optical band gap. The absorption edge shifted from shorter 

wavelength to longer wavelength with increase in temperature. Shifting process is due 
to formation of willemite in the sample. Meanwhile, the optical band gap showed 

decrement with increment of heat treatment temperature. Willemite crystal presence in 

the sample lead to scattering of the short wavelength light. The transition of optical band 

gap obtained is n = 3/2. Therefore, this ternary glass system are able to promote as a 

potential phosphor material for electronic devices. 
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Penghasilan zink silika menggunakan bahan kurang kos untuk industri optolektronik 

sudah menjadi satu tarikan dalam kalangan penyelidik. Maka, di dalam kajian ini kaca-

seramik zink silika disintesis daripada ZnO, B2O3 dan sekam padi sebagai pengganti 

SiO2 menggunakan kaedah keadaan pepejal konvensional. Di dalam projek ini, kaca zink 

silika dengan formula empirik (ZnO)55-x(B2O3)x(WRHA)45 di mana x = 0, 5, 10 and 15 
wt.%  dihasilkan sebagai siri satu. Manakala, (ZnO)85-y(WRHA)y(B2O3)15 di mana y = 

25, 30, 35 and 45 wt.% dihasilkan sebagai siri kedua. Kemudian, kesan rawatan haba 

terkawal daripada 650 °C kepada 800 °C terhadap ciri-ciri fizikal, struktur, morfologi, 

fasa dan optik diukur menggunakan Pengukur Ketumpatan Digital, XRD, FTIR, 

FESEM, UV-Vis dan PL spektroskopi. Kajian percirian fizikal menggunakan densimeter 

menunjukkan bahawa ketumpatan bertambah dengan suhu dan jatuh pada suhu lebih 

daripada 750 °C disebabkan oleh pengurangan ZnO di dalam sampel. Analisis struktur 

menggunakan spektroskopi XRD membuktikan kehadiran fasa β-zink silikat pada suhu 

700 °C dan rawatan haba pada suhu 750 °C dan 800 °C, α-zink silikat terhasil. 

Penghabluran meningkat dengan suhu rawatan haba.  Analisis FESEM menunjukkan 

suhu rawatan haba bertambah, fasa kaca bertambah baik. Rawatan haba pada suhu 700 
°C menunjukkan persambungan antara zarah-zarah terhasil dan pada suhu 750 dan 800 

°C ketumpatan bertambah dan permukaan menjadi licin.  Spektra FTIR menunjukkan 

kehadiran ZnO4, SiO4 dan Zn2SiO4 membuktikan pembentukan zink silika dan keamatan 

spektra FTIR meningkat dengan suhu. Tambahan pula, analisis UV-Vis untuk mengkaji 

kaca seramik zink silika mendedahkan sela jalur optik sampel. Kelebihan penyerapan 

beralih daripada panjang gelombang pendek ke panjang gelombang lebih besar dengan 

pertambahan suhu. Proses peralihan tersebut adalah disebabkan oleh pembentukan 

kristal zink silikat di dalam kaca. Manakala, sela jalur optik menunjukkan penurunan 

dengan suhu rawatan haba yang bertambah. Kristal zink silikat yang wujud di dalam 

sampel menyebabkan berlakunya penyerakan pada cahaya gelombang rendah. Peralihan 

yang diperoleh daripada sela jalur optik adalah n = 3/2. Maka dengan itu, sistem kaca ini 

boleh menjadi bahan fosfor yang berpotensi untuk peranti elektronik. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Research background 
 

 

Industry has been playing a big role in improving the technology used to meet the high 

demand by consumer. Agriculture and crop industry serve as main production industry 

to the consumer. Due to high demand of product by the consumer, industry take lead to 

improve the technology in order to obtain huge product within short time. The high 

demand is because of the increase population on the earth. However, this lead to high 

waste production without the proper waste management. 

 

 

In Asian country especially Malaysia, rice is a staple food. Annually, the production of 

rice is more than 400,000 tons (Lee et al., 2013). Due to the enormous amount of 
production, the waste rice husk from the crop was extremely huge. However, most of the 

waste been discarded to the river or burnt in the paddy field by farmer (Al-Nidawi et al., 

2017). Throwing away rice husk waste into the river cause the water pollution and can 

lead to flooding when heavy rain come. 

 

 

Besides that, by burning the waste rice husk in an open burning at the paddy field lead 

to air pollution (Bakar et al., 2016). This is because, when being burnt the waste rice 

husk produced silica which is dangerous for health when being inhale. The burnt waste 

rice husk normally been use to fertilize the soil. However, it leads to dangerous health 

effect such as coughing, sore throat and even worse lung diseases (Lee et al., 2013). 
Therefore, researchers trying to find a way to overcome this problem. Research 

conducted try to utilize waste in glass making process because of the limited natural 

resources. Glass is an interesting material due to its useful as various applications such 

as solid state lasers and phosphor material. 

 

 

Zinc silicate (Zn2SiO4) glass-ceramic also known as willemite are widely used as 

phosphor material in opto-electronic industry (Azman et al., 2018). Willemite has 

phenakite structure with rigid lattice that will enhance the optical properties (Sarrigani 

et al., 2015). Previously, willemite is found naturally at 1812 where the willemite doped 

with Mn. However, in current situation the naturally found willemite has been decreased 

therefore researchers trying to fabricate willemite using pure materials and produce it 
with glass-ceramic technique. 

 

 

Willemite is famous as suitable host matrix for various rare-earth and transition metals. 

When being doped with rare earth ions and transition metals, the luminescence 

performance of the willemite improved (Tarafder et al., 2013). According to Takesue et 

al. (2009), previous Mn-doped willemite found exhibit green luminescence and widely 
© C
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used as phosphor in oscilloscope, colour television, fluorescent lamps and many more 

optic devices. 

However, production of willemite at lower temperature are being crucial purpose for the 

researchers. Previous research stated that willemite has very high melting point 

approximately 1500 °C which is causing the production to consume very high energy 

(Omar et al., 2016b). Therefore, waste utilization in production of willemite help to 

reduce the energy consume. However, the researchers still trying to find a method that 
can be used to reduce more energy consume in fabrication of willemite. 

 

 

In the current study, ternary glass system ZnOB2O3SiO2 from waste rice husk are 
prepared by conventional melt and quenching method. The willemite produce by 

applying controlled heat treatment technique. The precursor glass and willemite glass-

ceramic are investigated by its physical, structural and optical properties. The effect of 

ZnO/B2O3 ratio and ZnO/SiO2 ratio on the properties of the glass and glass-ceramic are 

investigate. The physical properties are being studied by observing the density and linear 

shrinkage behavior. Meanwhile, the structural properties are investigate by using X-ray 

diffraction (XRD), field emission scanning electron microscopy (FESEM) and fourier 

transform infrared reflection (FTIR) spectroscopy. On the other hand, optical properties 

are being study by UV-Visible (UV-Vis) and photoluminescence (PL) spectroscopy. 
 

 

1.2 Problem statement 

 

 

Production of willemite as phosphor material in previous research utilizing raw material 

of SiO2. Commercialized SiO2 has a very high purity which is 99.99% and that is costly 

for the research. Besides that, due to the fact of high purity of raw material the process 

of fabrication of willemite consume much more energy. In previous project, researchers 

required to fire the mixed well ZnO and SiO2 at very high temperature because the 

melting point of raw materials are very high. Therefore, researchers try to find a way to 

solve this problem. In recent researches, researchers conduct fabrication of willemite 
utilizing waste material to replace raw SiO2. Few suggestions of substituent for SiO2 rise 

up such as soda lime silica (SLS) glass, rice husk (RH), coconut shell, palm oil and arica 

nut.  

 

 

Waste RH has drawn a great attention because of its high purity of SiO2 on the white rice 

husk ash (WRHA). WRHA can go up to 95 wt.% of SiO2 according to previous research 

(Bakar et al., 2016; Lee et al., 2017; Al-Nidawi et al., 2017). WRHA has the closest 

value of purity to the commercialized SiO2 presence. According to previous researches, 

the production of willemite from WRHA consume less energy. Takesue et al. (2009) 

reported that formation of willemite by using commercialized SiO2 takes place at 
temperature 960 °C. Meanwhile, other researchers utilizing WRHA obtain willemite at 

900 °C (Azman et al., 2018; Wahab et al., 2019; Khaidir et al., 2019). This prove that 

WRHA is the most prominent to be used as replace to commercialized SiO2. Next, 

researcher widen the research for formation of willemite by adding B2O3 into the based 

glass. 
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Kullberg et al. (2016) stated that B2O3 used to reduce the melting point of the glass. This 

is because B2O3 able to act as network former and able to reduce the melting point. 

Besides that, there are limited report on study of effect of B2O3 on the physical, structural 

and optical properties of ZnO-SiO2 from WRHA glass system and willemite based glass-

ceramic. Willemite is a promising phosphor in optoelectronic industry due to its large 

band gap, chemical stability, prominent host for dopant and wide range of UV-visible 

range (Zaid et al., 2016c). Willemite doped rare earth has been used as phosphor in 
oscilloscope, television, light emitting diode and various display and lighting devices. 

 

 

Therefore, the aim of this project is to produce willemite at lower temperature. Thus, an 

investigation and study of the effect of B2O2 on the crystallization of willemite based 

glass-ceramic of ZnOB2O3SiO2 ternary glass system derived from white rice husk 
ashes are carried out and the results of this research are expected to be used for future 

application as phosphor material. 

 

 

1.3 Objectives 

 

 

In this research, the purpose is to synthesis willemite from ZnOB2O3SiO2 ternary glass 

system and utilizing SiO2 source from waste material. This objective can be achieved by 
using various composition of the ternary glass system, melt and quenching method and 

heat treatment process. 

 

 

This project was carried out by several objectives as follows: 

1. To fabricate and synthesize of ZnOB2O3SiO2 glass from waste rice husk. 
2. To study the effect of ZnO/B2O3 and ZnO/SiO2 ratio on physical, structural and 

optical properties of glass. 

3. To investigate the effect of heat treatment temperature towards the structural 

and optical properties of willemite glass-ceramic.  

4. To analyze the influence of B2O3 on the formation of willemite in the glass 

ceramic. 

 
 

1.4 Scope of study 

 

 

In this research, there is two series of glass being investigate. The scope of study are as 

follows: 

1. ZnOB2O3SiO2 ternary glass system was synthesized from waste rice husk, 
ZnO and B2O3 powders according to empirical formula of series 1 and series 2 

by using conventional melt and quenching method. Empirical formula for series 

1 is 55-x(ZnO)x(B2O3)45(WRHA) where x = 5, 10 and 15 wt.% meanwhile the 

empirical formula of series 2 is 85-y(ZnO)y(WRHA)15(B2O3) where y = 25, 

30, 35 and 45 wt.%.  

2. Zn2SiO4 glass-ceramic based ZnO-B2O3-SiO2 for both series 1 and series 2 were 

heat treated at temperature 650 °C to 800 °C. 
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3. The physical properties of Zn2SiO4 was investigate using electronic densimeter 

and vernier caliper to determine the density and the linear shrinkage of the 

samples respectively. 

4. The structural properties of Zn2SiO4 was analyze using XRD, FTIR and 

FESEM to investigate the phase formation, chemical bonding presence and 

microstructure of the samples. 

5. The optical properties of Zn2SiO4 was study using UV-Vis and PL to analyze 
the absorption, optical band gap and luminescence of the samples. 

 

 

1.5 Thesis outline 

 

 

This thesis consists of 5 chapters. Chapter 1 will be the introduction of general 

information about ZnOB2O3SiO2 glass system and willemite glass-ceramic. Chapter 2 
will discuss on the literature review on glass and glass-ceramic from previous and recent 

researches. Chapter 3 will explain in details about materials, apparatus method and 

characterization of ZnOB2O3SiO2 ternary glass system and willemite glass-ceramic. 
Chapter 4 will discuss and analyze the results on investigation of effect of ZnO/B2O3 

ratio and influence of heat treatment temperature on the structural and optical properties 

of ZnOB2O3SiO2 glass and willemite glass-ceramic. Lastly, chapter 5 will present the 

conclusion of this research project and suggestions for further study. 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



87 

 

REFERENCES 

 

 

Al-Nidawi, A. J. A., Matori, K. A., Zakaria, A., & Zaid, M. H. M. (2017). Effect of 

MnO2 doped on physical, structure and optical properties of zinc silicate glasses 

from waste rice husk ash. Results in Physics, 7, 955-961. 

 
Annapurna, K., Das, M., Kundu, P., Dwivedi, R. N., & Buddhudu, S. (2005). Spectral 

properties of Eu: ZnO–B2O3–SiO2 glasses. Journal of Molecular 
Structure, 741(1-3), 53-60. 

 

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(23), 19861-19866. 

 

Babu, B. C., Rao, B. V., Ravi, M., & Babu, S. (2017). Structural, microstructural, optical, 

and dielectric properties of Mn: Willemite Zn2SiO4 nanocomposites obtained by 
a sol-gel method. Journal of Molecular Structure, 1127, 6-14.  

 

Babu, K. S., Reddy, A. R., Sujatha, C., & Reddy, K. V. (2013). Optimization of UV 

emission intensity of ZnO nanoparticles by changing the excitation 
wavelength. Materials Letters, 99, 97-100. 

 

Bakar, R. A., Yahya, R., & Gan, S. N. (2016). Production of high purity amorphous silica 

from rice husk. Procedia Chemistry, 19, 189-195. 

 

Balda, R., Lacha, L. M., Fernández, J., Arriandiaga, M. A., Fernández-Navarro, J. M., 

& Muñoz-Martín, D. (2008). Spectroscopic properties of the 1.4 μm emission of 

Tm ions in TeO2-WO3-PbO glasses. Optics Express, 16(16), 11836-11846. 
 

Cormier, L. (2014). Nucleation in glasses–new experimental findings and recent 

theories. Procedia Materials Science, 7, 60-71. 

 

Cui, H., Zayat, M., & Levy, D. (2005). Nanoparticle Synthesis of Willemite Doped with 
Cobalt Ions (Co0.05Zn1.95SiO4) by an Epoxide-Assisted Sol− Gel 

Method. Chemistry of Materials, 17(22), 5562-5566. 

 

Effendy, N., Wahab, Z. A., Abdul Aziz, S. H., Matori, K. A., Zaid, M. H. M., & Rashid, 

S. S. A. (2017). Characterization and optical properties of erbium oxide doped 

ZnOSLS glass for potential optical and optoelectronic materials. Materials 
Express, 7(1), 59-65. 

 

Effendy, N., Wahab, Z. A., Kamari, H. M., Matori, K. A., Ab Aziz, S. H., & Zaid, M. H. 

M. (2016). Structural and optical properties of Er-doped willemite glass-
ceramics from waste materials. Optik, 127(24), 11698-11705. 

 

Ehsani, M., Zakeri, M., & Razavi, M. (2019). The effect of boron oxide on the physical 

and mechanical properties of nanostructured boron nitride by spark plasma 

sintering. Journal of Alloys and Compounds, 780, 570-573. 

© C
OPYRIG

HT U
PM



88 

 

El Mir, L., & Omri, K. (2014). Photoconversion from UV-to-yellow in Mn doped zinc 

silicate nanophosphor material. Superlattices and Microstructures, 75, 89-98. 

 

El Mir, L., Omri, K., El Ghoul, J., Al-Hobaib, A. S., Dahman, H., & Barthou, C. (2014). 

Yellow emission of SiO2/Zn2SiO4: Mn nanocomposite synthesized by sol–gel 

method. Superlattices and Microstructures, 65, 248-255. 

 
Goswami, M., Kothiyal, G. P., Montagne, L., & Delevoye, L. (2008). MAS-NMR study 

of lithium zinc silicate glasses and glass-ceramics with various ZnO 

content. Journal of Solid State Chemistry, 181(2), 269-275. 

 

Grente, K., Rebillat, F., & Langlais, F. (2003). Synthesis, characterization and high 

temperature corrosion of glass-ceramics in the B2O3–Al2O3–SiO2 system. In 203rd 

Meeting, Paris, France. 

 

Hasnimulyati, L., Halimah, M. K., Zakaria, A., Halim, S. A., Ishak, M., & Eevon, C. 

(2016). Structural and Optical Properties of Tm2O3-Doped Zinc Borotellurite 

Glass System. Journal of Ovonic Research, 12(6). 

 
Juoi, J. M., Arudra, D., Rosli, Z. M., Hussain, K., & Jaafar, A. J. (2013). Microstructural 

properties of glass composite material made from incinerated scheduled waste 

slag and soda lime silicate (SLS) waste glass. Journal of Non-Crystalline 

Solids, 367, 8-13. 

 

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. (2019). Optical band gap and 

photoluminescence studies of Eu-doped zinc silicate derived from waste rice 
husks. Optik, 182, 486-495. 

 

Khalkhali, Z., Hamnabard, Z., Qazvini, S. S. A., Baghshahi, S., & Maghsoudipour, A. 

(2012). Preparation, phase formation and photoluminescence properties of ZnO–

SiO2–B2O3 glasses with different ZnO/B2O3 ratios. Optical Materials, 34(5), 850-
855. 

 

Kullberg, A. T. G., Lopes, A. A. S., Veiga, J. P. B., Lima, M. M. R. A., & Monteiro, R. 

C. C. (2016). Formation and crystallization of zinc borosilicate glasses: Influence 

of the ZnO/B2O3 ratio. Journal of Non-Crystalline Solids, 441, 79-85. 

 

Kullberg, A. T., Lopes, A. A., Veiga, J. P., & Monteiro, R. C. (2017a). Crystal growth 

in zinc borosilicate glasses. Journal of Crystal Growth, 457, 239-243. 

 

Kullberg, A. T. G., Lopes, A. A. S., & Monteiro, R. C. C. (2017b). Effect of ZnF2 

addition on the crystallization behaviour of a zinc borosilicate glass. Journal of 
Non-Crystalline Solids, 468, 100-104. 

 

Kumar, V., Swart, H. C., Ntwaeaborwa, O. M., Kroon, R. E., Terblans, J. J., Shaat, S. K. 

K., Yousif, A., & Duvenhage, M. M. (2013). Origin of the red emission in zinc 

oxide nanophosphors. Materials Letters, 101, 57-60. 

 

© C
OPYRIG

HT U
PM



89 

 

Lee, T., Othman, R., & Yeoh, F. Y. (2013). Development of photoluminescent glass 

derived from rice husk. Biomass and Bioenergy, 59, 380-392. 

 

Lee, C. S., Matori, K. A., Ab Aziz, S. H., Kamari, H. M., Ismail, I., & Zaid, M. H. M. 

(2017). 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(23), 17611-17621. 
 

Lee, C. S., Matori, K. A., Ab Aziz, S. H., Kamari, H. M., Ismail, I., & Zaid, M. H. M. 

(2017). 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. 

 

Lin, P., Lin, T., He, P., & Sekulic, D. P. (2018). An influence of a glass composition on 

the structure and properties of Bi2O3–B2O3–SiO2–ZnO glass system with addition 

of BaO, CaO and Fe2O3. Journal of Materials Science: Materials in 

Electronics, 29(1), 232-243. 

 

Loiko, P., Dymshits, O., Volokitina, A., Alekseeva, I., Shemchuk, D., Tsenter, M., 

Bachina, A., Khubetsov, A., Vilejshikova, E., Petrov, P., Baranov, A., & Zhilin, 

A. (2018). Structural transformation and optical properties of glass-ceramics 

based on ZnO, β- and α-Zn2SiO4 nanocrystals nd doped with Er2O3 and Yb2O3: 

Part I. The role of heat-treatment. Journal of Luminescence, 202, 47-56. 
 

Mbule, P. S., Ntwaeaborwa, O. M., Mothudi, B. M., & Dhlamini, M. S. (2016). 

Structural and optical characterization of nanoparticulate manganese doped zinc 

silicate phosphors prepared by sol–gel and combustion methods. Journal of 

Luminescence, 179, 74-82. 

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. 

 

Omar, N. A. S., Fen, Y. W., & Matori, K. A. (2017). Europium doped low cost Zn2SiO4 

based glass ceramics: a study on fabrication, structural, energy band gap and 

luminescence properties. Materials Science in Semiconductor Processing, 61, 27-

34. 

 

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 Eu-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., & Samsudin, N. F. (2016b). 

Structural and optical properties of Eu activated low cost zinc soda lime silica 
glasses. Results in Physics, 6, 640-644. 

 

Qazvini, S. S. A., Hamnabard, Z., Khalkhali, Z., Baghshahi, S., & Maghsoudipour, A. 

(2012). Photoluminescence and microstructural properties of SiO2–ZnO–B2O3 

system containing TiO2 and V2O5. Ceramics International, 38(2), 1663-1670. 

 

© C
OPYRIG

HT U
PM



90 

 

Rashid, S. S. A., Ab Aziz, S. H., 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 Er doped ZnO-GSLS glasses. Results in physics, 7, 

2224-2231. 

Rosenthal, A. B., & Garofalini, S. H. (1987). Structural Role of Zinc Oxide in Silica and 

Soda‐Silica Glasses. Journal of the American Ceramic Society, 70(11), 821-826. 

 

Samsudin, N. F., Matori, K. A., Wahab, Z. A., Fen, Y. W., Liew, J. Y. C., Lim, W. F., 

Zaid, M. H. M.,  & Omar, N. A. S. (2016a). Manganese modified structural and 

optical properties of zinc soda lime silica glasses. Applied Optics, 55(9), 2182-

2187. 

 
Samsudin, N. F., Matori, K. A., Wahab, Z. A., Liew, J. Y. C., Fen, Y. W., Ab Aziz, S. 

H., & Zaid, M. H. M. (2016b). Low cost phosphors: Structural and 

photoluminescence properties of Mn-doped willemite glass-
ceramics. Optik, 127(19), 8076-8081. 

 

Sarrigani, G. V., Matori, K. A., Lim, W. F., Kharazmi, A., Quah, H. J., Bahari, H. R., & 

Hashim, M. (2015). Structural and optical properties of erbium-doped willemite-

based glass-ceramics. Applied Optics, 54(33), 9925-9929. 

 

Takesue, M., Hayashi, H., & Smith Jr, R. L. (2009). Thermal and chemical methods for 

producing zinc silicate (willemite): a review. Progress in Crystal Growth and 

Characterization of Materials, 55(3-4), 98-124. 

 
Takesue, M., Suino, A., Hakuta, Y., Hayashi, H., & Smith Jr, R. L. (2008). Formation 

mechanism and luminescence appearance of Mn-doped zinc silicate particles 

synthesized in supercritical water. Journal of Solid State Chemistry, 181(6), 

1307-1313. 

 

Tarafder, A., Molla, A. R., Dey, C., & Karmakar, B. (2013). Thermal, Structural, and 

Enhanced Photoluminescence Properties of Eu‐doped Transparent Willemite 
Glass–Ceramic Nanocomposites. Journal of the American Ceramic 

Society, 96(8), 2424-2431. 

 

Tarafder, A., Molla, A. R., Mukhopadhyay, S., & Karmakar, B. (2014). Fabrication and 

enhanced photoluminescence properties of Sm-doped ZnO–Al2O3–B2O3–SiO2 
glass derived willemite glass–ceramic nanocomposites. Optical Materials, 36(9), 

1463-1470. 

 
Taunk, P. B., Das, R., Bisen, D. P., & Kumar Tamrakar, R. (2015). Structural 

characterization and photoluminescence properties of zinc oxide nano particles 

synthesized by chemical route method. Journal of Radiation Research and 

Applied Sciences, 8(3), 433-438. 

 

Wahab, S. A. A., Matori, K. A., Ab Aziz, S. H., 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. 

© C
OPYRIG

HT U
PM



91 

 

Wang, J., Ge, J., Zhang, H., & Li, Y. (2006). Mn‐doped Silicate Micro/Nanowire 

Bundles on Silicon Wafers: Synthesis and Visible Luminescence. Small, 2(2), 

257-260. 

 

Wen, X., Tang, G., Yang, Q., Chen, X., Qian, Q., Zhang, Q., & Yang, Z. (2016). Highly 

Tm doped germanate glass and its single mode fiber for 2.0 μm laser. Scientific 
reports, 6, 20344. 

 

Wu, Y., Wang, Y., He, D., Fu, M., Chen, Z., & Li, Y. (2010). Spherical Zn2SiO4: Eu@ 
SiO2 phosphor particles in core–shell structure: Synthesis and 

characterization. Journal of Luminescence, 130(10), 1768-1773. 

 

Zaid, M. H. M., Matori, K. A., Abdul Aziz, S. H., Zakaria, A., Ghazali, M., & Sabri, M. 

(2012). Effect of ZnO on the physical properties and optical band gap of soda lime 

silicate glass. International Journal of Molecular Sciences, 13(6), 7550-7558. 

 

Zaid, M. H. M., Matori, K. A., Ab Aziz, S. H., Kamari, H. M., Wahab, Z. A., Effendy, 

N., & Alibe, I. M. (2016a). Comprehensive study on compositional dependence 

of optical band gap in zinc soda lime silica glass system for optoelectronic 

applications. Journal of Non-Crystalline Solids, 449, 107-112. 

 
Zaid, M. H. M., Matori, K. A., Aziz, S. H. A., Kamari, H. M., Wahab, Z. A., Fen, Y. W., 

& Alibe, I. M. (2016b). Synthesis and characterization of low cost willemite based 

glass–ceramic for opto-electronic applications. Journal of Materials Science: 

Materials in Electronics, 27(11), 11158-11167. 

 

Zaid, M. H. M., Matori, K. A., Aziz, S. H. A., Kamari, H. M., Yunus, W. M. M., Wahab, 

Z. A., & Samsudin, N. F. (2016c). Fabrication and crystallization of ZnO-SLS 

glass derived willemite glass-ceramics as a potential material for optics 

applications. Journal of Spectroscopy, 2016. 

 

Zamratul, M. I. M., Zaidan, A. W., Khamirul, A. M., Nurzilla, M., & Halim, S. A. (2016). 
Formation, structural and optical characterization of neodymium doped-zinc soda 

lime silica based glass. Results in Physics, 6, 295-298. 

 

Zamratul, M. I. M., Zaidan, W. A., Khamirul, A. M., Halim, S. A., Raba’ah, S. A., 

Nurzilla, M., & Fadilah, B. N. (2017). Novel eco-friendly synthesis of 

neodymium doped zinc silicate phosphor based waste glass ceramic: structural, 

thermal and luminescence properties. Journal of Materials Science: Materials in 

Electronics, 28(13), 9395-9402. 

 

Zeng, J. H., Fu, H. L., Lou, T. J., Yu, Y., Sun, Y. H., & Li, D. Y. (2009). Precursor, base 

concentration and solvent behavior on the formation of zinc silicate. Materials 

Research Bulletin, 44(5), 1106-1110. 

 

 

 

 

© C
OPYRIG

HT U
PM



92 

 

BIODATA OF STUDENT 

 

 

Aisyah Zakiah binti Khirel Azman was born in Teluk Intan, Perak on 24th May 1994. 

She received her primary education at Sekolah Kebangsaan Kampong Bahagia, Teluk 

Intan and pursued her secondary education at boarding school Sekolah Raja Perempuan 

Taayah, Ipoh. In 2013, she finished her matriculation level at Kolej Matrikulasi Perak 

and then continued her bachelor degree at Universiti Putra Malaysia under Major in 

Physics and graduated at 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



93 

 

LIST OF PUBLICATIONS 

 

 

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(23), 19861-19866. 
 

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. (2019). Optical band gap and 

photoluminescence studies of Eu3+-doped zinc silicate derived from waste rice 

husks. Optik, 182, 486-495. 

 

Wahab, S. A. A., Matori, K. A., Ab Aziz, S. H., 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. 

 

 

Conferences 

 

 

1. Participants at International Symposium of Applied Engineering and Science 

(SAES) Malaysia held from 14th November – 15th November 2017 at The 

TNCPI, Universiti Putra Malaysia, UPM Serdang, Selangor. 

 

2. Poster presenter at International Fundamental Science Congress (i-FSC 2018), 

held from 23rd October – 24th October 2018 at RHR Hotel, Uniten, Kajang, 

Selangor. 

 
3. 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 

 
 

1. Gold Medal Award at Materials Technology Challenges 2019 (MTC 2019) on  

27th March 2019 at Dewan Sri Harmoni, 5th College, UPM Serdang, Selangor.  

 

2. Bronze Medal Award at Materials Technology Challenges 2019 (MTC 2019) 

on  

27th March 2019 at Dewan Sri Harmoni, 5th College, UPM Serdang, Selangor.  

 

3. Best Poster Award at Materials Technology Challenges 2019 (MTC 2019) on 

27th March 2019 at Dewat Sri Harmoni, 5th College, UPM Serdang, Selangor. 

 

 

 

© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM




