
  

  
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 

SYNTHESIS AND CHARACTERIZATION OF ERBIUM-DOPED 
WILLEMITE- BASED GLASS AND GLASS CERAMIC FROM GREEN 

CULLET 
 
 
 
 
 
 
 

SITI SYUHAIDA BINTI ABDUL RASHID 
 
 
 
 
 
 
 

FS 2018 93 
 

 



© C
OPYRIG

HT U
PM

 

 

 
 

SYNTHESIS AND CHARACTERIZATION OF ERBIUM-DOPED WILLEMITE-
BASED GLASS AND GLASS CERAMIC FROM GREEN CULLET 

  
 
 
 
 
 
 
 
 
 

 
 

By 
 
 

SITI SYUHAIDA BINTI ABDUL RASHID 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of Master of 

Science 
 
 

May 2018  



© C
OPYRIG

HT U
PM

 

All material contained within the thesis, including without limitation text, logos, 
icons, photographs and all other artwork, is copyright material of Universiti Putra 
Malaysia unless otherwise stated. Use may be made of any material contained 
within the thesis for non-commercial purposes from the copyright holder. 
Commercial use of material may only be made with the express, prior, written 
permission of Universiti Putra Malaysia. 
 
Copyright © Universiti Putra Malaysia 
 



© C
OPYRIG

HT U
PM

i 
 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 

 
 

SYNTHESIS AND CHARACTERIZATION OF ERBIUM-DOPED WILLEMITE-
BASED GLASS AND GLASS CERAMIC FROM GREEN CULLET 

 
 

By 
 
 

SITI SYUHAIDA BINTI ABDUL RASHID 
 
 

May 2018 
 
 

Chairman : Sidek bin Hj. Ab Aziz, PhD  
Faculty  : Science 
 
 
Over the last few decades, the fabrication of glass ceramics using recycled waste 
glasses is of growing interest among some researchers to reduce energy 
consumption and cost of raw materials use. However, most of the previous 
studies were using only the clear soda lime silica (SLS) glass in the production 
of the glass ceramics. In this study, green SLS waste glass is used as a source 
of silica to produce the erbium doped willemite-based glass ceramic 
(Zn2SiO4:Er3+) using the conventional melt-quenching technique followed by 
controlled sintering process. The effect of different sintering temperatures (700 
to 1100 °C) and dopant compositions (Er2O3= 0, 1, 2, 3, 4, and 5 wt.%) on the 
physical, structural and optical properties of the glass and glass ceramic samples 
were investigated using X-ray diffraction (XRD), field-emission scanning electron 
microscopy (FESEM), fourier transform infrared (FTIR) spectroscopy, ultraviolet-
visible (UV-Vis) spectroscopy, and photoluminescence (PL) spectroscopy. 
Experimental results show that the density and linear shrinkage of the samples 
increased from 2.35 to 2.86 g/cm3 and 6.17 to 24.56%, respectively, with 
increasing Er3+ dopant percentage and sintering temperature. The XRD analysis 
revealed the presence of thermodynamically stable zinc orthosilicate (α-Zn2SiO4) 
phase at sintering temperatures 800 ºC and above. The morphologies from 
FESEM image shows an increased in grain size from 65 to 283 nm and the 
formation of densely packed grains as the sintering temperature increases. The 
presence of the IR bands corresponding to both SiO4 and ZnO4 tetrahedral from 
FTIR analysis confirmed the formation of Zn2SiO4 crystal in the sintered samples. 
From UV-Vis analysis, the optical band gap shows an increment from 3.06 to 
3.73 eV as the sintering temperature increased from 800 to 1100 °C which is 
expected due to the improved crystallinities of the samples. The optical band gap 
also shows a decrement as the Er3+ composition increased from 3 to 5 wt.%, 
which might be due to the decrease in compactness of the network and the 
formation of more non-bridging oxygen (NBO).  From PL analysis, the 
enhancement of the emission intensities of the glass and glass ceramic samples 
can be observed with the progression of sintering temperature under excitation 
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of 385 nm. The PL analysis also shows that the luminescence intensities are 
strongly dependent on the improvement in crystallinity and the dopant 
composition. 
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Sejak beberapa dekad lalu, pemfabrikatan seramik kaca menggunakan kaca 
buangan yang dikitar semula semakin mendapat perhatian di kalangan 
sesetengah penyelidik bagi mengurangkan penggunaan tenaga dan kos 
penggunaan bahan mentah. Walau bagaimanapun, kebanyakan kajian yang 
lepas hanya menggunakan kaca kapur soda silika (SLS) jernih sahaja dalam 
pembuatan seramik kaca. Dalam kajian ini, kaca buangan SLS hijau telah 
digunakan sebagai sumber silika untuk menghasilkan erbium dop willemite 
berasaskan seramik kaca (Zn2SiO4:Er3+) menggunakan teknik lindapan leburan 
yang diikuti oleh proses pensinteran terkawal. Kesan suhu pensinteran (700 
hingga 1100 °C) dan komposisi dopan (Er2O3 = 0, 1, 2, 3, 4, dan 5 wt.%) yang 
berbeza terhadap sifat fizikal, struktur dan optik sampel kaca dan seramik kaca 
telah dikaji menggunakan pembelauan sinar-X (XRD), mikroskop pancaran 
medan pengimbasan elektron (FESEM), spekroskopi inframerah (FTIR), 
spektroskopi ultraungu-nyata (UV-Vis), dan spektroskopi kefotopendarcahayaan 
(PL). Hasil eksperimen menunjukkan ketumpatan dan pengecutan lelurus 
sampel masing-masing meningkat dari 2.35 hingga 2.86 g/cm3 dan 6.17 hingga 
24.56%  dengan peningkatan peratusan dopan Er3+ dan suhu pensinteran. 
Analisis XRD menunjukkan kehadiran fasa ortosilikat zink termodinamik yang 
stabil (α-Zn2SiO4) pada suhu pensinteran 800 ºC dan ke atas. Morfologi dari imej 
FESEM menunjukkan peningkatan dalam saiz butiran dari 65 hingga 283 nm 
serta pembentukan butiran yang padat apabila suhu pensinteran meningkat. 
Kehadiran jalur IR bagi tetrahedron SiO4 dan ZnO4 dari analisis FTIR 
mengesahkan pembentukan kristal Zn2SiO4 dalam sampel yang telah disinter. 
Dari analisis UV-Vis, jurang jalur optik menunjukkan peningkatan dari 3.06 
hingga 3.73 eV apabila suhu pensinteran meningkat dari 800 ke 1100 °C yang 
dijangka disebabkan oleh pengkristalan sampel yang bertambah baik. Jurang 
jalur optikal juga menunjukkan penurunan dengan peningkatan komposisi Er3+ 
dari 3 hingga 5 wt.% yang mungkin disebabkan oleh penurunan kepadatan 
rangkaian serta pembentukan lebih banyak oksigen tidak bersambung (NBO). 
Dari analisis PL, peningkatan keamatan pancaran sampel kaca dan seramik 
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kaca dapat dilihat dengan peningkatan suhu pensinteran di bawah pengujaan 
385 nm. Analisis PL juga menunjukkan bahawa keamatan kependarkilauan 
sangat bergantung kepada peningkatan dalam kekristalan dan kandungan 
dopan. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1  Research background 
 
 
Glass ceramics are considered as crystalline materials that can be produced 
through the controlled crystallization of a precursor glass during specific heat 
treatment (Alizadeh and Marghussian, 2000). The fact that crystallization can 
take place in the conventional glassy structure when they are heated has long 
been appreciated. When the glass structure is heated to a certain temperature, 
it will induce crystallization, crystal growth, crystal transitions, and a gradual 
disappearance of the glassy matrix (Carter and Norton, 2013). The properties of 
the glass ceramics are depended on the temperature of heat treatment, the 
composition of the precursor glass, and the addition of nucleating agents (Hu et 
al., 2005). 
 
 
Glass ceramic can provide significant advantages over the conventional glass or 
ceramic materials by combining the flexibility of forming and inspection of glass. 
The variation of compositions and the possibility of developing special 
microstructures with specific technological properties have allowed glass 
ceramic materials to be used in a wide range applications (Khater and Mahmoud, 
2017). 
 
 
It has now been established that wide range of silicate-rich wastes, such as coal 
combustion ash, slag from steel production, fly ash and filter dusts from waste 
incinerators, mud from metal hydrometallurgy, different types of sludge as well 
as glass cullet or mixtures of them can be reused in the production of glass 
ceramic materials (Rawlings et al., 2006; Isa, 2011). It is well established that 
the usage of recycled waste glass in glass ceramics provide an environmental 
safeguard by reducing the process energy consumption, saving natural 
resources, and lowering the pollutant emission levels (Shi and Zheng, 2007; 
Marinoni et al., 2013; Andreola et al., 2016). Many studies have investigated the 
use of waste glass in the production of glass ceramic materials such as willemite 
(Samsudin et al., 2015; Effendy et al., 2016; Nurzilla et al., 2016; Omar et al., 
2016a; Zaid et al., 2016a), wollastonite (Bernardo et al., 2006), ceramic tiles (Lin, 
2007; Kim et al., 2016), cement, and concrete (Poutos et al., 2008; Jani and 
Hogland, 2014).  
 
 
Glass ceramics containing willemite have been known, for many years, as 
materials for electronic applications and also for the fabrication of glazes (Omar 
and Abdel-hameed, 2009). Willemite or zinc silicate (Zn2SiO4) is identified as an 
ideal host material to incorporate with rare earth ions and transition ions such as 
Er3+, Tb3+, Ce3+, Eu3+, Sm3+, Ni2+, Co2+, and Mn2+ with various visible range 
emission colors like blue, green, yellow and red. This is due to the properties of 
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willemite that have a large band gap (~5.5 eV), chemical stability, and 
transparency in the UV-visible range, which make it suitable for use as phosphor 
material in various application such as in electroluminescent devices, cathode 
ray tubes (CRT), and plasma display panels (PDPs) (Feldmann et al., 2003; 
Takesue et al., 2009a; Krsmanovi et al., 2011). 
 
 
Over the last decade, numerous investigations on the synthesis routes of 
willemite have been carried out, including the conventional solid state method, 
hydrothermal, solvothermal, supercritical water, co-precipitation, spray pyrolysis 
method, sol-gel technique, and vapor method (Takesue et al., 2009b). These 
methods have been proposed regardless of either the purpose of the study was 
to reduce the energy consumption or to improve the material performance. 
 
 
1.2  Problem statement  
 
 
Willemite is known as an ideal host matrix for transition metal and rare earth 
dopant ions for its efficient luminescence which make it suitable for applications 
in electronic and optoelectronic systems. Among the rare earth ions, erbium 
oxide has been attractive to be used as a dopant for its special luminescent 
properties due to 4f intra-levels with emissions in the ultraviolet, visible and 
infrared regions (Maia et al., 2016). 
 
 
Over the past few decades, there is a growing demand for waste glass to be re-
used or recycled in the fabrication of new glass or glass ceramics to economize 
raw materials and energy resources substantially (Min’Ko et al., 2010). The uses 
of recycled SLS glasses in many researches are well-known because of various 
reasons such as its fine mechanical and optical properties besides its low 
production temperature.  
 
 
In recent years, a great deal of interest has been focused on the utilization of 
waste SLS glass as a source of silica in the preparation of willemite-based glass 
ceramic by the melt-quenching technique followed by controlled sintering 
process (Samsudin et al., 2015; Sarrigani et al., 2015a; Omar et al., 2016b; Zaid 
et al., 2016b). However, most of the studies in the literatures were using only the 
clear SLS glass and no attempt was done to explore the potential of utilizing the 
green SLS (GSLS) glass in the production of willemite-based glass ceramic so 
far. It is known that the significant difference between the clear and the green 
SLS glass is only by the presence of chromium oxide (Cr2O3) which give the 
green color to the glasses. 
 
 
Several researchers have described that the presence of Cr2O3 is highly effective 
as nucleating agents to instigate crystallization centers in inducing volume 
crystallization and the formation of fine-grained microstructures in order to obtain 
the nanocomposite glass ceramics (Krishna et al., 2007; Omar and Abdel-
hameed, 2009; Khater and Mahmoud, 2017).  
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Therefore, this research will focus on the preparation and characterization of 
erbium doped willemite-based glass ceramic using the waste GSLS glass as a 
replacement of the raw SiO2. The effects of different sintering temperatures and 
dopant compositions on the physical, structural and optical properties of the 
glass and glass-ceramics samples will also be investigated. 
 
 
1.3  Objectives 
 
  
This research was carried out based on several objectives that are mentioned 
below: 

i. To synthesize the glass and Zn2SiO4: Er3+ glass ceramic samples from 
waste GSLS glass, ZnO and Er2O3 by using the conventional melt-
quenching technique followed by controlled sintering process.  

ii. To study the effect of different sintering temperatures on the physical, 
structural and optical properties of Zn2SiO4: Er3+ based glass ceramic. 

iii. To investigate the effect of various Er2O3 doping concentration towards 
physical, structural and optical properties of Zn2SiO4: Er3+ based glass 
ceramic. 

 
 
1.4 Scope of the study 
 
 
In order to reach the objectives of this research, the scope of the study are as 
follows: 

1) Preparation of a series of precursor glass using GSLS glass , ZnO and 
Er2O3 powder based on the stoichiometric equation of (ZnO0.5GSLS0.5)1-

x(Er2O3)x where x = 0, 1, 2, 3, 4, and 5 wt.%, by conventional melt-
quenching technique. 

2) Confirming the chemical composition of the precursor glass using 
EDXRF spectroscopy. 

3) Sintering the pellet form of the precursor glass to produce the Er-doped 
willemite-based glass ceramics, Zn2SiO4: Er3+ with the temperature 
varied from 700 °C to 1100 °C. 

4) Analyzing the physical, structural and optical properties of the precursor 
glass and Er-doped willemite-based glass ceramic samples using 
densitometer, linear shrinkage, XRD, FESEM, FTIR, UV-Vis and PL 
spectroscopy. 

 
 
1.5 Chapter organization 
 
 
This thesis consists of 5 chapters including introduction, literature review, 
methodology, results and discussion, and conclusion. Chapter 1 is the introduction 
about this research including the problem statements, the objectives and the 
scope of this study. In Chapter 2, some literatures that related to the study are 
reviewed. Chapter 3 focuses on the experimental details in this study, where the 
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procedures and methods to prepare the erbium doped willemite-based glass 
ceramic samples, and the characterization techniques used, are stated. The 
experimental results and discussions concerning the effect of sintering 
temperatures and erbium content towards the physical, structural and optical 
properties of the precursor glass and Er-doped willemite-based glass ceramic 
samples are presented in Chapter 4. The last chapter, which is Chapter 5 serves 
the conclusion and suggestion for future study. 
  



© C
OPYRIG

HT U
PM

87 
 

REFERENCES 
 
 

Al Rifai, S. A., & Kulnitskiy, B. A. (2013). Microstructural and optical properties 
of europium-doped zinc oxide nanowires. Journal of Physics and Chemistry 
of Solids, 74(12), 1733–1738. 

Alizadeh, P., & Marghussian, V. K. (2000). The effect of compositional changes 
on the crystallization behaviour and mechanical properties of diopside-
wollastonite glass-ceramics in the SiO2-CaO-MgO (Na2O) system. Journal 
of the European Ceramic Society, 20, 765–773. 

Alyamani, A., & Lemine, O. M. (2012). FE-SEM characterization of some 
nanomaterial. (V. Kazmiruk, Ed.) Scanning Electron Microscopy. Crotia: 
InTech.  

Andreola, F., Barbieri, L., Lancellotti, I., Leonelli, C., & Manfredini, T. (2016). 
Recycling of industrial wastes in ceramic manufacturing: State of art and 
glass case studies. Ceramics International, 42(12), 13333-13338.  

Ayoob, N. F., Juoi, J. M., Rosli, Z. M., & Rosli, N. R. (2011). Characterisation and 
properties of sintered glass-ceramics produced from recycling glass by 
using pressure-less method. Key Engineering Materials, 471–472, 933–
938.  

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.  

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.  

Basavaraj, R. B., Nagabhushana, H., Prasad, B. D., Sharma, S. C., Prashantha, 
S. C., & Nagabhushana, B. M. (2015). A single host white light emitting 
Zn2SiO4:Re3+(Eu,Dy,Sm) phosphor for LED applications. Optik, 126, 1745–
1756. 

Bateni, N. H., Hamidon, M. N., & Matori, K. A. (2014). Effect of soda-lime-silica 
glass addition on the physical properties of ceramic obtained from white 
rice husk ash. Journal of the Ceramic Society of Japan, 122(2), 161–165.  

Bernardo, E., Castellan, R., Hreglich, S., & Lancellotti, I. (2006). Sintered 
sanidine glass-ceramics from industrial wastes. Journal of the European 
Ceramic Society, 26, 3335–3341.  

Callister, W. D., & Rethwisch, D. G. (2010). Materials science and engineering: 
An introduction. New York: Wiley & Sons. 

Carter, C. B., & Norton, M. G. (2013). Ceramic materials: Science and 
engineering. New York: Springer. 

Casasola, R., Rincon, J. M., & Romero, M. (2012). Glass-ceramic glazes for 
ceramic tiles: a review. Journal of Materials Science, 47, 553–582.  

Chang, Y., Chang, Y., Chen, I., & Chen, G. (2002). Synthesis and 
characterization of zinc titanate nano-crystal powders by sol-gel technique. 
Journal of Crystal Growth, 243, 319–326. 

Chimalawong, P., Kaewkhao, J., Kedkaew, C., & Limsuwan, P. (2010). Optical 
and electronic polarizability investigation of Nd3+-doped soda-lime silicate 
glasses. Journal of Physical and Chemistry of Solids, 71(7), 965–970.  

Chimalawong, P., Kirdsiri, K., Kaewkhao, J., & Limsuwan, P. (2012a). 



© C
OPYRIG

HT U
PM

88 
 

Investigation on the physical and optical properties of Dy3+ doped soda-
lime-silicate glasses. Procedia Engineering, 32, 690–698.  

Chimalawong, P., Kaewkhao, J., & Limsuwan, P. (2012b). Spectroscopic studies 
of Nd3+ doped soda-lime-silicate glasses. Journal of Materials Science and 
Engineering B, 2(6), 363–367. 

Cho, J. S., Lee, S. M., Jung, K. Y., & Kang, Y. C. (2014). Large-scale production 
of fine-sized Zn2SiO4:Mn phosphor microspheres with a dense structure 
and good photoluminescence properties by a spray-drying process. Royal 
Society of Chemistry, 4, 43606–43611. 

Culea, E., Vida-simiti, I., Borodi, G., Culea, E. N., Stefan, R., & Pascuta, P. 
(2014). Effects of Er3+:Ag codoping on structural and spectroscopic 
properties of lead tellurite glass ceramics. Ceramics International, 40(7), 
11001–11007. 

Diao, C. C., Yang, C. F., Wang, R. L., Lin, J. J., & Fu, M. Y. (2011). Prepare high 
efficiency Mn2+-doped Zn2SiO4 green phosphors in air using nano-particles. 
Journal of Luminescence, 131, 915–920.  

Dousti, M. R., Sahar, M. R., Ghoshal, S. K., Amjad, R. J., & Samavati, A. R. 
(2013). Effect of AgCl on spectroscopic properties of erbium doped zinc 
tellurite glass. Journal of Molecular Structure, 1035, 6–12.  

Dult, M., Kundu, R. S., Berwal, N., Punia, R., & Kishore, N. (2015). Manganese 
modified structural and optical properties of bismuth silicate glasses. 
Journal of Molecular Structure, 1089, 32–37. 

Effendy, N., Wahab, Z. A., Aziz, S. A., Matori, K. A., Zaid, M. H. M., & Rashid, S. 
S. A. (2017). Characterization and optical properties of erbium oxide doped 
ZnO–SLS glass for potential optical and optoelectronic materials. Materials 
Express, 7(1), 59–65.  

Effendy, N., Wahab, Z. A., Kamari, H. M., Matori, K. A., Sidek, H. A. A., & Zaid, 
M. H. M. (2016). Structural and optical properties of Er3+-doped willemite 
glass-ceramics from waste materials. Optik, 127, 11698–11705.  

Ehrt, D., Herrmann, A., & Tiegel, M. (2011). Glasses and glass ceramics with 
blue, green and red photoluminescence. Physics Chemiistry of Glasses: 
European Journal of Glass Science and Technology Part B, 52(2), 68–76. 

El-Deen, L. M. S., Salhi, M. S. A., & Elkholy, M. M. (2008). IR and UV spectral 
studies for rare earths-doped tellurite glasses. Journal of Alloys and 
Compounds, 465(1–2), 333–339. 

El-Shennawi, A. W. A., Omar, A. A., & Morsy, A. M. (1982). The role of titania 
and titania mixtures in the nucleation and crystallization of spodumene-
willemite-diopside glasses. Thermochimica Acta, 58, 125–153. 

Fares, H., Jlassi, I., Elhouichet, H., & Férid, M. (2014). Investigations of thermal, 
structural and optical properties of tellurite glass with WO3 adding. Journal 
of Non-Crystalline Solids, 396–397, 1–7.  

Fares, H., Stambouli, W., Elhouichet, H., Gelloz, B., & Férid, M. (2016). Nano-
silver enhanced luminescence of Er3+ ions embedded in tellurite glass, 
vitro-ceramic and ceramic: impact of heat treatment. RSC Adv., 6(37), 
31136–31145.  

Farouk, M., Samir, A., Metawe, F., & Elokr, M. (2013). Optical absorption and 
structural studies of bismuth borate glasses containing Er3+ ions. Journal of 
Non-Crystalline Solids, 372, 14–21.  

Feldmann, C., Jüstel, T., Ronda, C. R., & Schmidt, P. J. (2003). Inorganic 
luminescent materials: 100 years of research and application. Advanced 
Functional Materials, 13(7), 511–516.  



© C
OPYRIG

HT U
PM

89 
 

Gfroerer, T. H. (2000). Photoluminescence in analysis of surfaces and 
interfaces. Encyclopedia of Analytical Chemistry, 9209–9231.  

Ghoul, J. El, & Mir, L. El. (2014). Sol–gel synthesis and luminescence of undoped 
and Mn-doped zinc orthosilicate phosphor nanocomposites. Journal of 
Luminescence, 148, 82–88.  

Griffiths, P. R., & Haseth, J. A. de. (2007). Fourier Transform Infrared 
Spectrometry. New Jersey: John Wiley & Sons, Inc.  

Hoffmann, M. R., Martin, S., Choi, W., & Bahnemann, D. W. (1995). 
Environmental applications of semiconductor photocatalysis. Chemical 
Reviews, 95, 69–96.  

Holand, W., & Beall, G. H. (2012). Glass-ceramic technology. New Jersey: John 
Wiley & Sons, Inc. 

Hu, A. M., Li, M., Dali, D. L. M., & Liang, K. M. (2005). Crystallization and 
properties of a spodumene-willemite glass ceramic. Thermochimica Acta, 
437, 110–113.  

Hu, Z., Wang, Y., Ma, E., Bao, F., Yu, Y., & Chen, D. (2006). Crystallization and 
spectroscopic properties investigations of Er3+ doped transparent glass 
ceramics containing CaF2. Materials Research Bulletin, 41, 217–224.  

Huong, D. T. M., Nam, N. H., Vu, L. Van, & Long, N. N. (2012). Preparation and 
optical characterization of Eu3+-doped CaTiO3 perovskite powders. Journal 
of Alloys and Compounds, 537, 54–59.  

Isa, H. (2011). A review of glass-ceramics production from silicate wastes. 
International Journal of the Physical Sciences, 6(30), 6781–6790.  

Jani, Y., & Hogland, W. (2014). Waste glass in the production of cement and 
concrete – A review. Journal of Environmental Chemical Engineering, 2, 
1767–1775.  

Jlassi, I., Elhouichet, H., Hraiech, S., & Ferid, M. (2012). Effect of heat treatment 
on the structural and optical properties of tellurite glasses doped erbium. 
Journal of Luminescence, 132, 832–840. 

Kaewwiset, W., Thamaphat, K., Kaewkhao, J., & Limsuwan, P. (2012). Er3+-
doped soda-lime silicate glass: artificial pink gemstone. American Journal 
of Applied Sciences, 9(11), 1769–1775. 

Kang, S. L., Chen, D. D., Pan, Q. W., Qiu, J. R., & Dong, G. P. (2016). 2.7 μm 
emission in Er3+-doped transparent tellurite glass ceramics. Optical 
Materials Express, 6(6), 1861–1870.  

Karamberi, A., & Moutsatsou, A. (2005). Participation of coloured glass cullet in 
cementitious materials. Cement & Concrete Composites, 27, 319–327.  

Kenyon, A. J. (2002). Recent developments in rare-earth doped materials for 
optoelectronics. Progress in Quantum Electronics, 26, 225–284. 

Khater, G. A., & Mahmoud, M. A. (2017). Preparation and characterization of 
nucleated glass-ceramics based on basaltic rocks. Journal of the Australian 
Ceramic Society, 53(2), 433–441. 

Kim, K., Kim, K., & Hwang, J. (2016). Characterization of ceramic tiles containing 
LCD waste glass. Ceramics International, 42, 7626–7631.  

Krishna, G. M., Kumari, B. A., Reddy, M. S., & Veeraiah, N. (2007). 
Characterization and physical properties of Li2O-CaF2-P2O5 glass ceramics 
with Cr2O3 as a nucleating agent-physical properties. Journal of Solid State 
Chemistry, 180, 2747–2755.  

Krsmanovi, R. M., Anti, Ž., Mitric, M., Dramicanin, M. D., & Brik, M. G. (2011). 
Structural, spectroscopic and crystal field analyses of Ni2+ and Co2+ doped 
Zn2SiO4 powders. Applied Physics A, 104, 483–492.  



© C
OPYRIG

HT U
PM

90 
 

Lee, C. S., Matori, K. A., Aziz, S. H. A., 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 - 
International Journal for Light and Electron Optics, 136, 129–135. 

Lee, J. S., Oh, M. H., Kumar, P., Khanna, A., Singh, R. K., & Ranade, M. B. 
(2011). Mn-doped Zn2SiO4 phosphors synthesis using flame spray 
pyrolysis. Journal of Thermal Spray Technology, 20(5), 1001–1008.  

Leng, Y. (2013). Materials Characterization: Introduction to Microscopic and 
Spectroscopic Method. Weinheim: Wiley-VCH.  

Li, C., Dong, B., Ming, C., & Mingkai, L. (2007). Application to temperature 
sensor based on green up-conversion of Er3+ doped silicate glass. 
Materials Science, 7, 2652–2659. 

Li, F., Liu, C., Ma, Z., & Zhao, L. (2012). New methods for determining the band 
gap behavior of ZnO. Optical Materials, 34(7), 1062–1066. 

Lim, S. G., Kriventsov, S., Jackson, T. N., Haeni, J. H., Schlom, D. G., 
Balbashov, A. M., & Lucovsky, G. (2002). Dielectric functions and optical 
bandgaps of high- K dielectrics for metal-oxide-semiconductor field-effect 
transistors by far ultraviolet spectroscopic ellipsometry. Journal of Applied 
Physics, 91(7), 4500–4505.  

Lin, C.-C., & Shen, P. (1994). Sol-gel synthesis of zinc orthosilicate. Journal of 
Non-Crystalline Solids, 171, 281–289. 

Lin, K. L. (2007). Use of thin film transistor liquid crystal display (TFT-LCD) waste 
glass in the production of ceramic tiles. Journal of Hazardous Materials, 
148(1–2), 91–97.  

López, R., & Gómez, R. (2012). Band-gap energy estimation from diffuse 
reflectance measurements on sol-gel and commercial TiO2: A comparative 
study. Journal of Sol-Gel Science and Technology, 61(1), 1–7.  

Luckic, S. R., Petrovic, D. M., Dramicanin, M. D., Mitric, M., & Ðacanin, L. (2008). 
Optical and structural properties of Zn2SiO4:Mn2+ green phosphor 
nanoparticles obtained by a polymer-assisted sol–gel method. Scripta 
Materialia, 58, 655–658.  

Maaoui, A., Haouari, M., Zaaboub, Z., Fraj, I., Saidi, F., & Ben Ouada, H. (2016). 
Concentration effects on the optical spectroscopic properties of Er3+-doped 
TeO2-Nb2O5-ZnO vitreous system. Journal of Alloys and Compounds, 663, 
395–406.  

Mahraz, Z. A. S., Sahar, M. R., Ghoshal, S. K., & Dousti, M. R. (2013). 
Concentration dependent luminescence quenching of Er3+-doped zinc 
boro-tellurite glass. Journal of Luminescence, 144, 139–145.  

Maia, L. J. Q., Santos, J. C. V, Carvalho, J. F., Gonçalves, R. R., Hernandes, A. 
C., & Ribeiro, S. J. L. (2016). NIR luminescence from erbium doped (100-
x)SiO2:xZnO powders obtained by soft chemical synthesis. Journal of 
Luminescence, 170, 663–670.  

Marinoni, N., Alessio, D. D., Diella, V., Pavese, A., & Francescon, F. (2013). 
Effects of soda lime silica waste glass on mullite formation kinetics and 
microstructures development in vitreous ceramics. Journal of 
Environmental Management, 124, 100–107.  

Masjedi-Arani, M., & Salavati-Niasari, M. (2016). A simple sonochemical 
approach for synthesis and characterization of Zn2SiO4 nanostructures. 
Ultrasonics Sonochemistry, 29, 226–235.  

Masuno, A., Inoue, H., Yu, J., & Arai, Y. (2010). Refractive index dispersion, 
optical transmittance, and Raman scattering of BaTi2O5 glass. Journal of 



© C
OPYRIG

HT U
PM

91 
 

Applied Physics, 108(63520), 1–5.  
Matori, K. A., Zaid, M. H. M., Sidek, H. A. A., Halimah, M. K., Wahab, Z. A., & 

Sabri, M. G. M. (2010). Influence of ZnO on the ultrasonic velocity and 
elastic moduli of soda lime silicate glasses. International Journal of the 
Physical Sciences, 5(14), 2212–2216.  

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.  

Meejitpaisan, P., Kaewkhao, J., Limsuwan, P., & Kedkaew, C. (2012). Physical 
and optical properties of the SLS glass doped with low Cr2O3 
concentrations. Procedia Engineering, 32, 787–792.  

Min’Ko, N. I., Myagkaya, A. A., & Atkarskaya, A. B. (2010). Effect of a mixture of 
cullet with different colors on the proneness of container glass to foam up. 
Glass and Ceramics (English Translation of Steklo I Keramika), 67(5–6), 
148–151. 

Minami, T., Miyata, T., Takata, S., & Fukuda, I. (1991). High-luminance green 
Zn2SiO4:Mn thin-film electroluminescent devices using an insulating 
BaTiO3 ceramic sheet. Japanese Journal of Applied Physics, 30(1B), 117–
119. 

Mohamed, N., Hassan, J., Matori, K. A., Azis, R. S., Wahab, Z. A., Ismail, Z. M. 
M., & Rashid, S. S. A. (2017). Influence of Pr doping on the thermal, 
structural and optical properties of novel SLS-ZnO glasses for red 
phosphor. Results in Physics,7, 1202–1206. 

Mott, N. F., & Davis, E. A. (1971). Electronic processes in non-crystalline 
materials. Oxford: Clarednon Press. 

Noor, A. H. M., Aziz, S. H. A., Rashid, S. S. A., Zaid, M. H. M., Zaripah, N. A., & 
Matori, K. A. (2015). Synthesis and characterization of wollastonite glass-
ceramics from eggshell and waste glass. Journal Of Solid Satate Sciences 
& Technology, 16(1–2), 1–5. 

Nurzilla, M., Wahab, Z. A., Matori, K. A., Hassan, J., & Zamratul, M. I. M. (2016). 
Synthesis and luminescence properties of Pr doped SLS-ZnO glass 
composite material for red phosphors. Journal of Materials Science: 
Materials in Electronics, 2–7.  

Omar, A. A., & Abdel-hameed, S. A. M. (2009). Crystallization of calcium zinc 
aluminosilicate glasses. Ceramics- Silikaty, 53, 171–179. 

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(December 2016), 27–34.  

Omar, N. A. S., Fen, Y. W., Matori, K. A., Zaid, M. H. M., & Samsudin, N. F. 
(2016a). Structural and optical properties of Eu3+ activated low cost zinc 
soda lime silica glasses. Results in Physics, (September), 7–11.  

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

Omri, K., Lemine, O. M., & El Mir, L. (2017). Mn doped zinc silicate 
nanophosphor with bifunctionality of green-yellow emission and magnetic 
properties. Ceramics International, 43(8), 6585–6591.  

Omri, K., & Mir, L. El. (2014). Effect of manganese concentration on 



© C
OPYRIG

HT U
PM

92 
 

photoluminescence properties of Zn2SiO4:Mn nanophosphor material. 
Superlattices and Microstructures, 70, 24–32.  

Pisarski, W. A., Pisarska, J., Lisiecki, R., Grobelny, Ł., Dominiak-Dzik, G., & 
Ryba-Romanowski, W. (2009). Infrared-to-visible conversion 
luminescence of Er3+ ions in lead borate transparent glass-ceramics. 
Optical Materials, 31(12), 1781–1783. 

Ponsot, I. M. M. M., Pontikes, Y., Baldi, G., Chinnam, R. K., Detsch, R., 
Boccaccini, A. R., & Bernardo, E. (2014). Magnetic glass ceramics by 
sintering of borosilicate glass and inorganic waste. Materials, 7, 5565–
5580.  

Poor, H. R. B., Sidek, H. A. A., & Zamiri, R. (2013). Ultrasonic and optical 
properties and emission of Er3+/Yb3+ doped lead bismuth-germanate glass 
affected by Bi+/Bi2+ ions. Journal of Luminescence, 143, 526–533.  

Poutos, K. H., Alani, A. M., Walden, P. J., & Sangha, C. M. (2008). Relative 
temperature changes within concrete made with recycled glass aggregate. 
Construction and Building Materials, 22, 557–565.  

Qazvini, S. S. A., Hamnabard, Z., Khalkhali, Z., Baghshahi, S., & 
Maghsoudipour, A. (2011). Photoluminescence and microstructural 
properties of SiO2–ZnO–B2O3 system containing TiO2 and V2O5. Ceramics 
International, 1–8. 

Rahaman, M. N. (1996). Ceramic processing and sintering. International 
Materials Reviews (Vol. 41). New York: Marcel Dekker. 

Raju, G. S. R., Pavitra, E., Nagaraju, G., & Yu, J. S. (2015). Versatile properties 
of CaGd2ZnO5:Eu3+ nanophosphor: its compatibility for lighting and optical 
display applications. Dalton Transactions, 44(4), 1790–1799.  

Rawlings, R. D., Wu, J. P., & Boccaccini, A. R. (2006). Glass-ceramics: Their 
production from wastes-A Review. Journal of Materials Science, 41, 733–
761.  

Roy, A., Polarz, S., Rabe, S., Rellinghaus, B., Zähres, H., Kruis, F. E., & Driess, 
M. (2004). First preparation of nanocrystalline zinc silicate by chemical 
vapor synthesis using an organometallic single-source precursor. 
Chemistry - A European Journal, 10, 1565–1575.  

Samsudin, N. F., Matori, K. A., Liew, J. Y. C., Fen, Y. W., Zaid, M. H. M., & 
Zarifah, N. A. (2015). Investigation on structural and optical properties of 
willemite doped Mn2+ based glass-ceramics prepared by conventional 
solid-state method. Journal of Spectroscopy, 2015, 1–7.  

Samsudin, N. F., Matori, K. A., Fen, Y. W., Chyi, J. L. Y., Omar, N. A. S., & 
Alassan, Z. N. (2016a). Optical and structural properties of Zn2SiO4:Mn2+ 
from SLS waste bottle obtained by a solid state method. Procedia 
Chemistry, 19, 57–67. 

Samsudin, N. F., Matori, K. A., Wahab, Z. A., Fen, Y. W., Liew, J. Y. C., Lim, W. 
F., & Omar, N. A. S. (2016b). Manganese modified structural and optical 
properties of zinc soda lime silica glasses. Applied Optics, 55(9), 2182-
2187.  

Santos, R., Santos, L. F., & Almeida, R. M. (2010). Optical and spectroscopic 
properties of Er-doped niobium germanosilicate glasses and glass 
ceramics. Journal of Non-Crystalline Solids, 356, 2677–2682.  

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, 55(2), 1–5. 

Sarrigani, G. V, Quah, H. J., Lim, W. F., Matori, K. A., Razali, N. S. M., Kharazmi, 



© C
OPYRIG

HT U
PM

93 
 

A., & Bahari, H. R. (2015b). Characterization of waste material derived 
willemite-based glass-ceramics doped with erbium. Advances in Materials 
Science and Engineering, 2015, 1–7. 

Schneider, J., Boni, M., Laukamp, C., Bechstädt, T., & Petzel, V. (2008). 
Willemite (Zn2SiO4) as a possible Rb–Sr geochronometer for dating 
nonsulfide Zn–Pb mineralization: Examples from the Otavi Mountainland 
(Namibia). Ore Geology Reviews, 33, 152–167.  

Schubert, E. F. (2006). Light-emitting diodes. New York: Cambridge University 
Press. 

Serqueira, E. O., Morais, R. F. De, & Dantas, N. O. (2013). Controlling the 
spectroscopic parameters of Er3+-doped sodium silicate glass by tuning the 
Er2O3 and Na2O concentrations. Journal of Alloys and Compounds, 560, 
200–207.  

Shi, C., & Zheng, K. (2007). A review on the use of waste glasses in the 
production of cement and concrete. Resources, Conservation and 
Recycling, 52, 234–247.  

Shibuki, K., Takesue, M., Aida, T. M., Watanabe, M., Hayashi, H., & Smith, R. L. 
(2010). Continuous synthesis of Zn2SiO4:Mn2+ fine particles in supercritical 
water at temperatures of 400–500°C and pressures of 30–35 MPa. Journal 
of Supercritical Fluids, 54, 266–271.  

Siddique, R. (2008). Waste materials and by-products in concrete. Berlin: 
Springer.  

Sivakumar, V., & Lakshmanan, A. (2014). Pyrolysis synthesis of Zn2SiO4:Mn2+ 
phosphors–effect of fuel , flux and co-dopants. Journal of Luminescence, 
145, 420–424.  

Srisittipokakun, N., Kirdsiri, K., Kaewkhaoi, J., Kedkaew, C., & Limsuwan, P. 
(2011). Absorption and coloration of MnO2 doped in soda-lime-silicate and 
soda-lime-borate glasses. Procedia Engineering, 8, 261–265.  

Stennett, M. C., Corkhill, C. L., Marshall, L. A., & Hyatt, N. C. (2013). Preparation, 
characterisation and dissolution of a CeO2 analogue for UO2 nuclear fuel. 
Journal of Nuclear Materials, 432(1–3), 182–188.  

Su, K., Tilley, T. D., & Sailor, M. J. (1996). Molecular and polymer precursor 
routes to manganese-doped zinc orthosilicate phosphors. Journal of the 
American Chemical Society, 118(14), 3459–3468.  

Swapna, K., Mahamuda, S., Venkateswarlu, M., Rao, A. S., Jayasimhadri, M., 
Shakya, S., & Prakash, G. V. (2015). Visible, up-conversion and NIR (~1.5 
mm) luminescence study of Er3+ doped zinc alumino bismuth borate 
glasses. Journal of Luminescence, 163, 55–63.  

Syamimi, N. F., Matori, K. A., Lim, W. F., Aziz, S. A., & Zaid, M. H. M. (2014). 
Effect of sintering temperature on structural and morphological properties 
of europium(III) oxide doped willemite. Journal of Spectroscopy, 2014,1–8. 

Takamori, T., Dove, D. B., & Huffine, C. L. (1983). Phase transition and 
thermoluminescence of a plasma-sprayed zinc silicate phosphor. 
Communications of the American Ceramic Society, 127–129. 

Takesue, M., Shimoyama, K., Shibuki, K., Suino, A., Hakuta, Y., Hayashi, H., & 
Smith, R. L. (2009a). Formation of zinc silicate in supercritical water 
followed with in situ synchrotron radiation X-ray diffraction. Journal of 
Supercritical Fluids, 49, 351–355.  

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



© C
OPYRIG

HT U
PM

94 
 

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(8), 2424–2431.  

Tarafder, A., Molla, A. R., Mukhopadhyay, S., & Karmakar, B. (2014). Fabrication 
and enhanced photoluminescence properties of Sm3+-doped ZnO-Al2O3-
B2O3-SiO2 glass derived willemite glass-ceramic nanocomposites. Optical 
Materials, 36(9), 1463–1470.  

Tarte, P. (1962). Etude infra-rouge des orthosilicates et des orthogermanates: 
Une nouvelle methode d’interpretation des spectres. Spectrochemica Acta, 
18, 467–483. 

Tauc, J. (1974). Amorphous and liquid semiconductors. Optica Acta: 
International Journal of Optics, 17(12), 952–952.  

Topçu, İ. B., & Canbaz, M. (2004). Properties of concrete containing waste glass. 
Cement and Concrete Research, 34(2), 267–274.  

Uegaito, K., Hosokawa, S., & Inoue, M. (2011). Effect of heat treatments on the 
luminescence properties of Zn2SiO4:Mn2+ phosphors prepared by 
glycothermal methods. Journal of Luminescence, 132(1), 64–70.  

Upender, G., Bharadwaj, S., Awasthi, A. M., & Chandra Mouli, V. (2009). Glass 
transition temperature-structural studies of tungstate tellurite glasses. 
Materials Chemistry and Physics, 118(2–3), 298–302.  

Volanti, D. P., Rosa, I. L. V, Paris, E. C., Paskocimas, C. A., Pizani, P. S., Varela, 
J. A., & Longo, E. (2009). The role of the Eu3+ ions in structure and 
photoluminescence properties of SrBi2Nb2O9 powders. Optical Materials, 
31(6), 995–999.  

Wang, T., Zhang, X., Wen, J., Chen, T., Ma, X., & Gao, H. (2014). Diameter-
dependent luminescence properties of ZnO wires by mapping. Journal of 
Physics D: Applied Physics, 47(17), 1–4.  

Wang, Y., Xie, X., Qi, J., Wang, S., Wei, N., Lu, Z., & Lu, T. (2016). Bifunctional 
behavior of Er3+ ions as the sintering additive and the fluorescent agent in 
Er3+ single doped γ-AlON transparent ceramics. Journal of Luminescence, 
175, 203–206.  

Watanabe, K. (1991). Growth of willemite, Zn2SiO4, single crystals from a 
Li2MoO4 solvent. Journal of Crystal Growth, 114, 373–379. 

West, A. R. (2014). Solid State Chemistry and Its Applications (Student ed). New 
York: John Wiley & Sons, Inc. 

Wongsing, T., Kaewkhao, J., Limsuwan, P., & Kedkaew, C. (2012). Formation 
and optical absorption of CuO-doped SLS system. Procedia Engineering, 
32, 807–813.  

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

Yongsiri, P., Sirisoonthorn, S., & Pengpat, K. (2015). Effect of Er2O3 dopant on 
electrical and optical properties of potassium sodium niobate silicate glass-
ceramics. Materials Research Bulletin, 69, 84–91.  

Yu, C., Zhang, J., Wen, L., & Jiang, Z. (2007). New transparent Er3+-doped 
oxyfluoride tellurite glass ceramic with improved near infrared and up-
conversion fluorescence properties. Materials Letters, 61(17), 3644–3646.  

Yue, Z., Dong, M., Meng, S., & Li, L. (2009). Phase characterization and 
dielectric properties of Zn2SiO4 ceramics derived from a sol-gel process. 
Ferroelectrics, 387(1), 184–188.  



© C
OPYRIG

HT U
PM

95 
 

Zaid, M. H. M., Matori, K. A., Aziz, S. H. A., Kamari, H. M., Ismail, I., Samsudin, 
N. F., & Rashid, S. S. A. (2017). Enhanced luminescence properties of low-
cost-willemite based glass-ceramics as potential green phosphor 
materials. Journal of Materials Science: Materials in Electronics, 28, 
12282–12289. 

Zaid, M. H. M., Matori, K. A., Aziz, S. H. A., Kamari, H. M., Wahab, Z. A., Fen, 
Y. W., & Alibe, I. M. (2016a). 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., & Samsudin, N. F. (2016b). Fabrication and crystallization of 
ZnO-SLS glass derived willemite glass-ceramics as a potential material for 
optics applications. Journal of Spectroscopy, 2016, 1–7.  

Zaid, M. H. M., Matori, K. A., Aziz, S. H. A., Kamari, H. M., Wahab, Z. A., Effendy, 
N., & Alibe, I. M. (2016c). 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., Zakaria, A., & Ghazali, M. S. M. 
(2012). Effect of ZnO on the physical properties and optical band gap of 
soda lime silicate glass. International Journal of Molecular Sciences, 13, 
7550–7558.  

Zaid, M. H. M., Matori, K. A., Quah, H. J., Lim, W. F., Sidek, H. A. A., Halimah, 
M. K., & Wahab, Z. A. (2015). Investigation on structural and optical 
properties of SLS-ZnO glasses prepared using a conventional melt 
quenching technique. Journal of Materials Science: Materials in 
Electronics, 26, 3722–3729.  

Zeng, F., Ren, G., Qiu, X., & Yang, Q. (2008). Effect of different Er3+ compounds 
doping on microstructure and photoluminescent properties of oxyfluoride 
glass ceramics. Physica B: Condensed Matter, 403(13–16), 2417–2422.  

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.  

Zhang, S., Lu, M., Li, Y., Sun, F., Yang, J., & Wang, S. (2013a). Synthesis and 
electrochemical properties of Zn2SiO4 nano/mesorods. Materials Letters, 
100, 89–92. 

Zhang, Z., Li, A., Yin, Y., & Zhao, L. (2013b). Effect of crystallization time on 
behaviors of glass-ceramic produced from sludge incineration ash. 
Procedia Environmental Sciences, 18, 788–793.  

 
  



© C
OPYRIG

HT U
PM

99 
 

BIODATA OF STUDENT 
 
 
Siti Syuhaida binti Abdul Rashid was born on April 12, 1991 in Hospital Besar 
Melaka. She received her primary education at Sekolah Kebangsaan Taman 
Daya, Johor Bahru, Johor from 1998 to 2003. Later on, she continued her 
secondary education at Sekolah Menengah Kebangsaan Agama Johor Bahru, 
Johor from 2004 to 2008.  
 
 
In 2009, she had her pre-university education at Johor Matriculation College for 
one year in Physical Science course. She then continued her higher education 
at Universiti Putra Malaysia (UPM), Serdang and graduated with a Bachelor of 
Science (Honours) Physics in November 2014.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

100 
 

LIST OF PUBLICATIONS 
 
 
Siti Syuhaida Abdul Rashid, Sidek Hj Ab Aziz, Khamirul Amin Matori, Mohd 

hafiz Mohd Zaid, Nurzilla Mohamed. (2017). Comprehensive study on 
effect of sintering temperature on the physical, structural and optical 
properties of Er3+ doped ZnO-GSLS glasses. Results in Physics, 7: 2224-
2231.  

 
Mohd Hafiz Mohd Zaid, Khamirul Amin Matori, Sidek Hj Ab Aziz, Halimah 

Mohamed Kamari, Ismayadi Ismail, Nur Farhana Samsudin, Siti Syuhaida 
Abdul Rashid. (2017). Enhanced luminescence properties of low-cost 
willemite based glass-ceramics as potential green phosphor materials. 
Journal of Materials Science: Materials in Electronics, 28, 12282–12289. 

 
Mohd Hafiz Mohd Zaid, Khamirul Amin Matori, Sidek Hj Ab Aziz, Zaidan Abdul 

Wahab, Siti Syuhaida Abdul Rashid. (2017). Effect of sintering on 
crystallization and structural properties of soda lime silica glass. Science of 
Sintering, 49, 409–417. 

Nurzilla Mohamed, Jumiah Hassan, Khamirul Amin Matori, Raba’ah Syahidah 
Aziz, Zaidan Abdul Wahab, Zamratul Maisarah Mohd Ismail, Nur Fadilah 
Baharuddin Pallan, Siti Syuhaida Abdul Rashid. (2017). Influence of Pr 
doping on the thermal, structural and optical properties of novel SLS-ZnO 
glasses for red phosphor. Results in Physics, 7, 1202–1206. 

Nuraidayani Effendy, Zaidan Abdul Wahab, Sidek Hj Ab Aziz, Khamirul Amin 
Matori, Mohd Hafiz Mohd Zaid, Siti Syuhaida Abdul Rashid. (2017). 
Characterization and optical properties of erbium oxide doped ZnO–SLS 
glass for potential optical and optoelectronic materials. Materials Express, 
7(1), 59–65.  

Ami Hazlin Mohd Noor, Sidek Hj Ab Aziz, Siti Syuhaida Abdul Rashid, Mohd 
Hafiz Mohd Zaid, Zaripah Naddakavil Alassan, Khamirul Amin Matori. 
(2015). Synthesis and characterization of wollastonite glass-ceramics from 
eggshell and waste glass. Journal Of Solid Satate Sciences & Technology, 
16(1–2), 1–5. 

 
 


	CHAPTER 2
	LAST CHAPTER
	APPENDICES
	LAST APPENDICES



