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Chairman : Mohd Hafiz bin Mohd Zaid, PhD 
Faculty  : Science 
 
 

Zinc silicate or willemite (Zn2SiO4) is a crystal that have unique optical 
characteristic which make it as a potential material in optoelectronic 
applications. It is also suitable for application in coating, catalyst, cathode ray 
tube (CRT), plasma display panels (PDPs), laser, and electroluminescent 
devices. In this study, a ZnO‒SLS‒B2O3 glass system have been fabricate 
using conventional melt-quench method and followed by an isothermal heat 
treatment process to synthesize zinc silicate based glass-ceramics. This project 
using empirical formula of (ZnO)60-x(SLS)40(B2O3)x where x = 5, 10 and 15 wt.% 
and heat treated at different temperature from 600 °C to 900 °C with three 
different holding time of 2, 4, and 10 hours. The physical, structural and optical 
properties were measured by using average density measurement, linear 
shrinkage, X-Ray diffraction (XRD), Fourier transform infrared reflection (FTIR), 
ultraviolet-visible spectroscopy (UV-Vis), energy band gap calculation and 
photoluminescence spectroscopy (PL). The density of precursor glass 
measurement show an increased trend from 2.726 to 2.754 g/cm3 as ZnO 
content increase. The density and linear shrinkage of glass-ceramic show 
increased trend as progress of heat treatment temperature and duration. The 
XRD results show the zinc silicate crystal begins to grow after the glass sample 
being treated at 700 °C for 2 hours. XRD data also observed that the crystallinity 
of glass-ceramic increased as heat treatment increase. Besides, the FTIR 
spectra indicated the crystallization of zinc silicate phase occurred with the 
appearance of SiO4 and ZnO tetrahedral which indicate the formation of zinc 
silicate crystal with the progress in heat treatment temperature and duration. In 
addition, UV-visible revealed slight variations where the energy of the optical 
band gap of precursor glass decreased from 4.40 to 4.00 eV due to the increase 
in ZnO content. The optical band gap of glass-ceramic also decrease with the 
progress in heat treatment temperature and duration. The PL spectroscopy also 
revealed an improvement in broad green emission at 550 nm after excite at 
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360nm wavelength due to the development of zinc silicate crystal in the glass-
ceramic samples. From the results, with such optical properties of the zinc 
silicate glass-ceramic is expected to find potential application in phosphors and 
opto-electronic devices.  
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SIFAT FIZIKAL, STRUKTUR, DAN OPTIK DARI KACA-CERAMIK 
BERASASKAN-ZINC SILIKA DIPEROLEHI DARI SISTEM KACA ZINK 

BORO SILIKA SODA LIME  
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MUHAMMAD FARIS SYAZWAN BIN MOHD SHOFRI 
 
 

Mei 2021 
 

Pengerusi : Mohd Hafiz bin Mohd Zaid, PhD 
Fakulti   : Sains 
 

Willemite atau zink silika (Zn2SiO4) adalah kristal yang mempunyai ciri optik 
yang unik yang menjadikannya berpotensi dalam bahan optolektronik. Ini juga 
sesuai untuk aplikasi pada lapisan tiub sinar katod (CRT), panel paparan 
plasma (PDP), alat laser, bahan pencahayaan, perangkat elektroluminecent, 
dan sebagai pemangkin. Dalam kajian ini, proses lindapan leburan 
konvensional pada kaca ZnO‒SLS‒B2O3 telah dilakukan dengan diikuti proses 
rawatan haba isotermal untuk menghasilkan seramik kaca zinc silicate. Projek 
ini menggunakan formula empirik (ZnO)60-x(SLS)40(B2O3)x dimana x = 5, 10 and 
15 wt.% yang terdiri daripada komposisi 45ZnO, 50ZnO dan 55ZnO dengan 
lima rawatan haba berbeza iaitu 600 ℃, 700 ℃, 800 ℃ dan 900 ℃ dengan 
masa 2, 4, dan 10 jam. Sifat fizikal, struktur dan optik diukur dengan 
menggunakan ketumpatan, pengecutan linear, difraksi sinar-X (XRD), pantulan 
inframerah transformasi Fourier (FTIR), spektroskopi sinar ultraviolet (UV-Vis), 
tenaga jurang jalur dan spektroskopi fotoluminesen (PL). Pengukuran 
ketumpatan kaca asal zink silika menunjukkan peningkatan trend dari 2.726 
hingga 2.754 g/cm3 apabila kandungan ZnO meningkat. Manakala, pengukuran 
ketumpatan dan pengecutan linear kaca seramik zink silika didapati meningkat 
apabila terdapat peningkatan suhu rawatan haba dan masa rawatan haba. 
Kajian XRD menunjukkan bahawa kristal zink silika mula terbentuk setelah 
sampel diproses pada suhu 700 °C. Data XRD juga dapat diperhatikan bahawa 
terdapat peningkatan dalam pembentukkan kristal dalam kaca seramik dengan 
kenaikkan suhu rawatan haba. Selain itu, spektrum FTIR menunjukkan terdapat 
fasa spektrum zink silika dengan kemunculan SiO4 dan ZnO4 yang 
menunjukkan pembentukan zink silica dengan kenaikkan suhu dan tempoh 
rawatan haba. Data UV-vis menunjukkan terdapat sedikit variasi di mana 
tenaga jurang optik kaca pendahuluan berkurang dari 4.40 hingga 4.00 eV 
kerana peningkatan kandungan ZnO. Ukuran jurang jalur optik kaca seramik 
juga menunjukakan penurunan dengan peningkatan suhu rawatan haba dan 
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masa rawatan haba. Spektroskopi PL juga menunjukkan peningkatan dalam 
penghasilan warna hijau yang tinggi pada 550 nm setelah peningkatan suhu 
rawatan haba. Dengan sifat optik yang diperolehi seramik kaca ini berpotensi 
untuk diaplikasikan dalam fosfor dan peranti opto-elektronik. 
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CHAPTER 1  
 
 

INTRODUCTION 
 
 
1.1  Research background  
 
 
Nowadays, glass is a very versatile material that has variety of applications 
such as in optics as data transmission, sensor detection, technology of sensor 
and the optoelectronics field, as light emitting and laser diodes (Zhou et al., 
2007; Hager et al., 2011; Khalkhali et al., 2012; Karaksina et al., 2013). 
However, there are still tons of glass waste are been thrown into the landfill 
every day. Glass is currently one of the least reused products in most countries 
and needs comparatively high quantities of energy to extract the raw materials 
(Poutos et al., 2008). In Malaysia, 600 tons new bottles are manufactured by 
glass bottles manufactures on a daily basis but just 10% of the bottle will be 
returned to the manufacturers and reworked to produce new bottles 
(Krishnamurthy and Zujip, 2013). This activity are the cause of extensive usage 
of landfill sites, which restricts the life cycle of landfill sites in that region, will 
produce not only an environmental crisis, but also an economically 
unsustainable one for the nation (Agamuthu et al., 2011; Moh and Manaf, 
2014).  
 
 
The most common glass type soda lime silica (SLS) glass that is widely used 
for containers, glass panes and window glass (Sheng et al., 2002). SLS glass 
from municipal waste consisting primarily of silicone (SiO2), sodium (Na2O) and 
calcium oxides (CaO). SLS glass are regarded as a potential candidate for the 
absolute or partial substitution of natural fluxes because of its low-temperature 
viscous flow sintering capability (Zaid et al., 2011). Therefore, there are many 
research have been done on recycling of glass and one of these study is on 
glass-ceramic. Glass with an acceptable chemical composition could be 
processed to glass-ceramics by controlled heat treatment method (Rawlings et 
al., 2006; Salman et al., 2015). Most importantly, using SLS glass will reduce 
the cost of production and is an effective host matrix because it has low 
softening point, high UV transparency, mechanical properties and good 
chemical durability (Attila et al., 2013; Almasri et al., 2017). 
 
 
Glass-ceramic has adjustable thermal expansion coefficient, high wear 
resistance, low dielectric constant, high thermal stability, excellent mechanical 
properties, high corrosion resistance, and good thermal shock resistance 
(Rasteiro et al., 2007; Sarrigani et al., 2015). In addition, glass-ceramics with 
such a consistent crystal structure, with no porosity and a broad variety of 
characteristics that can be adjusted by changing the glass chemical 
composition (Hu et al., 2005; Yekta et al., 2007). Nowadays, research on the 
development and synthesize zinc silicate doped with rare earth materials and 
zinc silicate based glass-ceramics have produced a number of studies (Kang 
and Park, 2000; Xu et al., 2004; Yanbo et al., 2006; Chimalawong et al., 2012; 

© C
OPYRIG

HT U
PM



2 
 

Tarafder et al., 2013). Zinc silicate also known by researchers as willemite is 
the best and most suitable host matrix for wide range of optoelectronic materials 
and glass phosphor, as zinc silicate has energy band gap is about 5.5 eV, high 
glass clarity and high chemical compound stability (Kang and Park, 2000). 
 
 
Several approaches are used to fabricate zinc silicate, such as sol–gel (Babu 
and Buddhudu, 2013), spray pyrolysis (Kang and Park, 2000), polymer 
sonochemical (Masjedi and Salavati, 2016), hydrothermal (An et al., 2010) and 
simple thermal treatment (Su et al., 1996). However, most of these approaches 
are expensive because these processes is time demanding, with complicated 
experimental methods and limited manufacturing quantities. Moreover, the pure 
silica (SiO2) sources in fabrication process is costly and used high energy due 
to expensive price of pure material and its high melting point (Zaid et al., 2016).  
 
 
To overcome this problem another alternative source and method need to be 
develop in hope of lowering the cost of zinc silicate product.  Therefore, in this 
study SLS glass is used as alternative source of silica in fabrication of zinc 
silicate. On the other hand, the conventional approaches such as the solid state 
heat treatment process has advantage of processing and synthesizing in a short 
period of time for experimental processing and large-scale development 
(Tarafder et al., 2013). Moreover, the implementation of SLS glass waste will 
also increase transparency, decrease the melting point, and strengthen the 
chemical stability, solubility and thermal stability of the finished product (Xu et 
al., 2004; Yanbo et al., 2006; Chimalawong et al., 2012).  
 
 
Thus in this study, zinc silicate based glass-ceramic derived from the ZnO‒
SLS‒B2O3 glass system was fabricated using melt-quenching method and 
followed by control heat treatment process. The physical characteristic of the 
zinc silicate based glass-ceramic has been determined using the density and 
linear shrinkage measurement. Besides, the structural properties of the glass 
and glass-ceramics were measured using X-ray diffraction (XRD) and Fourier 
transform infrared (FTIR). The optical properties of the glass and glass-
ceramics were analysed using UV-Visible (UV-Vis) and photoluminescence 
(PL) spectroscopy. The results provided practical value for the utilization of 
waste glass for the preparation of zinc silicate based glass-ceramics, which can 
be used as phosphor materials in optoelectronics applications.  
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1.2  Problem statement  
 
 
Malaysia is fast growing country the economic progress is largely depend on 
its manufacturing industry. This manufacturing sector continues to be the critical 
element for the economic and production development. However, a rapid 
transition in economic growth produces large volumes of waste products, such 
as chemicals, concrete, paper, glass and others. Malaysians were estimated to 
have collected 25,000 tons of garbage per day in 2012, above the projected 
production of 30,000 tons by 2020 (Aja and Al-kayiem, 2014). In this country, 
more than 90% of overall waste products have been disposed in landfills since 
it was the most economical disposal choice in Malaysia. One of major factors 
to this issue is glass waste that been generated every day by 600 tons of fresh 
new glass bottles and only recycled by less than 10% (Krishnamurthy and Zujip, 
2013).  Developments of zinc silicate using waste materials such as SLS glass 
as a silica source have been created to address this issue. 
 
 
Furthermore, in comparison relative to many other traditional glass systems, 
SLS glass has attracted a lot of interest due to its superior glass forming nature. 
(Abbasi and Hashemi, 2014). SLS glasses often comprise of Na2O, CaO, SiO2, 
and Al2O3 are suitable host matrix for rare earth ions due to its high chemical 
stability, clarity, high thermal stability, high solubility and glass forming nature 
for rare earth ions (Omar et al., 2016). SLS glass may be considered a potential 
option for natural fluxes due to its chemical properties and low-temperature 
viscous flow sintering capability (Matori et al., 2010). Moreover, using SLS glass 
waste as alternative source of silica also help to lowering the expensive 
production cost of zinc silicate. This is because fabrication technique such as 
solid-state sintering method for industrial inorganic zinc silicate phosphors is 
complex and costly. This is attributed to pure starting materials (ZnO and SiO2) 
which has high melting point that caused the mixture of starting material to be 
heated at very high temperatures for many hours (Zaid et al., 2016).  
 
 
On the other hand, the B2O3 is added to the glass system which is a glass 
former that has lowers the melting point of the glass compared to SiO2. As a 
result, the glasses containing these ions have a relatively low softening point 
and this uncommon softening feature will boost the performance of ceramic 
glass at lower temperatures than those usually needed for crystallization of 
ceramic glass material (Tarafder et al., 2013). In addition, the B2O3 also help to 
decrease the crystallization temperature and transition temperature of the glass 
system which help in enhance the development process of zinc silicate glass-
ceramic (Sun et al., 2019). Besides, there are limited reports and systematic 
study of physical, structure, and optical properties of ZnO–SLS–B2O3 glass 
system and glass-ceramics produced from this glass system. 
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1.3  Research objective  
 
 
The aim of this study is to develop and optimize the preparation of zinc silicate 
glass and zinc silicate glass ceramic glass systems. This project is carried out 
based on several goals as set out in the following:  
 
 
1. To fabricate series of glass and glass-ceramic from ZnO‒SLS‒B2O3 glass 

system. 
2. To study the effect of ZnO and B2O3 ratio on the physical, structure and 

optical properties of glass and glass-ceramics. 
3. To investigate the effect of various heat treatment duration and 

temperatures on the physical, structure and optical properties of glass 
and glass-ceramics.  

 

1.4  Scope of the study   

 
In order to achieve the goal of the study, the focus scope of the study is as 
follows:  
 
 
1. A series of precursor glass based on the formula (ZnO)60-

x(SLS)40(B2O3)x where x = 5, 10 and 15 wt.%  has been prepared using 
SLS glass, ZnO and B2O3 powder by conventional melt-quenching 
technique.  

2. The composition and the structural of the precursor ZnO‒SLS‒B2O3 
glass system has been measured using XRD and FTIR in order to 
confirm the amorphous structural of glass and chemical bonding in the 
glasses. 

3. Zinc silicate based glass-ceramics has been developed from the 
precursor ZnO‒SLS‒B2O3 glass system by a controlled crystallization 
process using conventional heat treatment method.  

4. The physical, structural and optical characteristic of zinc silicate glass-
ceramics base ZnO‒SLS‒B2O3 glass has been analysed using 
Archimedes method, linear shrinkage, XRD, FTIR, UV-Vis and PL 
spectroscopy. 
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1.5  Important of the study  

 
Today, many countries are having a difficulty to dispose solid wastes from 
industries. These countries have small disposal areas to dispose their waste 
products. Recycling of waste materials such SLS glass was reported by other 
researchers to reduce solids wastes. In addition, glass and glass-ceramics from 
waste materials such as zinc silicate have gained from the attention of the 
researcher and have been extensively researched. This is due to the fact that 
zinc silicate is suitable material as a phosphor in many applications due to its 
phenakite structure and due to its rigid lattice with non-centrosymmetric cationic 
sites which helps to improve its optical properties (Sarrigani et al., 2015). This 
thesis centred on the phase transformation of glass-ceramics derive from ZnO‒
SLS‒B2O3 by using waste materials. In this research, the preparation ZnO‒
SLS‒B2O3 of precursor glass system by melt-quenching method and produce 
zinc silicate glass-ceramics using control sintering process of glasses is 
reported. 
 

1.6  Outline of Thesis  

 
The thesis is structured as follows. Chapter 1 points out the concept of zinc 
silicate base glass-ceramic, the problem statements, the objectives, the scope 
and also the significance of this research. Previous study, both past and present 
that has been carried out by other global researchers was covered throughout 
the literature review in chapter 2. The methods used to prepare zinc silicate 
and the characterization used is stated in Chapter 3. Analysis of the effect of 
composition and heat treatment temperatures on the physical, structural and 
optical properties of precursor glass and zinc silicate ceramic are examined and 
presented in Chapter 4. Finally, Chapter 5 offers a conclusion and a 
recommendation for potential future work.  

© C
OPYRIG

HT U
PM



91 
 

REFERENCES 

 
 
Abbasi, M., & Hashemi, B. (2014). Fabrication and characterization of bioactive 

glass-ceramic using soda-lime-silica waste glass. Materials Science and 
Engineering: C, 37, 399-404. 

Agamuthu, P., & Fauziah, S. H. (2011). Challenges and issues in moving 
towards sustainable landfilling in a transitory country-Malaysia. Waste 
Management & Research, 29(1), 13-19. 

Agarwal, H., Menon, S., Kumar, S. V., & Rajeshkumar, S. (2018). Mechanistic 
study on antibacterial action of zinc oxide nanoparticles synthesized 
using green route. Chemico-biological interactions, 286, 60-70. 

Aja, O. C., & Al-Kayiem, H. H. (2014). Review of municipal solid waste 
management options in Malaysia, with an emphasis on sustainable 
waste-to-energy options. Journal of material cycles and waste 
management, 16(4), 693-710. 

Almasri, K. A., Sidek, H. A. A., Matori, K. A., & Zaid, M. H. M. (2017). Effect of 
sintering temperature on physical, structural and optical properties of 
wollastonite based glass-ceramic derived from waste soda lime silica 
glasses. Results in Physics, 7, 2242-2247. 

An, J. S., Noh, J. H., Cho, I. S., Roh, H. S., 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. The Journal of Physical Chemistry C, 114(23), 
10330-10335. 

Annapurna, K., Das, M., Kundu, P., Dwivedi, R. N., & Buddhudu, S. (2005). 
Spectral properties of Eu3+:ZnO–B2O3–SiO2 glasses. Journal of Molecular 
Structure, 741(1-3), 53-60. 

Arcaro, S., Maia, B. G. D. O., Souza, M. T., Cesconeto, F. R., Granados, L., & 
Oliveira, A. P. N. D. (2016). Thermal insulating foams produced from glass 
waste and banana leaves. Materials Research, 19(5), 1064-1069. 

Arora, A., Goel, A., Shaaban, E. R., Singh, K., Pandey, O. P., & Ferreira, J. M. 
F. (2008). Crystallization kinetics of BaO–ZnO–Al2O3–B2O3–SiO2 glass. 
Physica B: Condensed Matter, 403(10-11), 1738-1746. 

Arulrajah, A., Piratheepan, J., Disfani, M. M., & Bo, M. W. (2013). Geotechnical 
and geoenvironmental properties of recycled construction and demolition 
materials in pavement subbase applications. Journal of Materials in Civil 
Engineering, 25(8), 1077-1088. © C
OPYRIG

HT U
PM



92 
 

Arulrajah, A. A., Opatha, H. H. D. N. P., & Nawaratne, N. N. J. (2015). Green 
human resource management practices: A review. Sri Lankan Journal of 
Human Resource Management, 5(1), 1-16.  

Arnault, L., Gerland, M., & Riviere, A. (2000). Microstructural study of two LAS-
type glass-ceramics and their parent glass. Journal of Materials Science, 
35(9), 2331-2345. 

Attila, Y., Güden, M., & Taşdemirci, A. (2013). Foam glass processing using a 
polishing glass powder residue. Ceramics International, 39(5), 5869-
5877. 

Atwood, R. C., Sridhar, S., Zhang, W., & Lee, P. D. (2000). Diffusion-controlled 
growth of hydrogen pores in aluminium-silicon castings: in situ observation 
and modelling. Acta Materialia, 48(2), 405-417. 

Aymonier, C., Serani, A.L., Reveron, H., Garrabos, Y., Cansell, F. (2006). 
Review of supercritical fluids in inorganic materials science. Journal of 
Supercritical Fluids 38, 242-251. 

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, S., Seshadri, M., Prasad, V. R., & Ratnakaram, Y. C. (2015). 
Spectroscopic and laser properties of Er3+ doped fluoro-phosphate 
glasses as promising candidates for broadband optical fiber lasers and 
amplifiers. Materials Research Bulletin, 70, 935-944. 

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

Babu, B. C., & Buddhudu, S. (2014). Emission spectra of Tb3+: Zn2SiO4 and 
Eu3+: Zn2SiO4 sol-gel powder phosphors. Journal of Spectroscopy and 
Dynamic, 4(5), 1-8. 

Barsoum, W. (2002). Fundamentals of Ceramics. Taylor & Francis Group, CRC 
Press, Boca Raton, Florida, US 

Berthereau, A., Le Luyer, Y., Olazcuaga, R., Le Flem, G., Couzi, M., Canioni, 
L & Ducasse, A. (1994). Nonlinear optical properties of some tellurium 
(IV) oxide glasses. Materials Research Bulletin, 29(9), 933-941. 

Bosca, M., Pop, L., Borodi, G., Pascuta, P., & Culea, E. (2009). XRD and FTIR 
structural investigations of erbium-doped bismuth-lead-silver glasses and 
glass ceramics. Journal of Alloys and Compounds, 479(1-2), 579-582. 

© C
OPYRIG

HT U
PM



93 
 

Bunting, E. N. (1930). PHASE EQUILIBRIA IN THE SYSTEM SiO2–ZnO 1. 
Journal of the American Ceramic Society, 13(1), 5-10. 

Byrappa, K., Adschiri, T. (2007). Hydrothermal technology for nanotechnology. 
Progress in Crystal Growth and Characterization of Materials 53, 117-166. 

Casasola, R., Rincón, J. M., & Romero, M. (2012). Glass-ceramic glazes for 
ceramic tiles: a review. Journal of Materials Science, 47(2), 553-582. 

Cansell, F., Aymonier, C. (2009). Design of nanostructured materials using 
supercritical fluids. Journal of Supercritical Fluids 47: 508-516. 

Camelia, V. S., Christine, M. B., Martin, M. & Nobumichi, T. (2018). X-ray 
diffraction under extreme conditions at the advanced light source. 
Quantum Beam Science, 2(1), 1-33. 

Chaim, R., Munoz, A., Miranda, H., & Dominguez-Rodriguez, A. (1996). High-
temperature deformation of cordierite glass-ceramic/SiC platelet 
composites. Journal of Materials Science, 31(14), 3887-3891. 

Chao, P. T., Shen, P., & Lin, C. C. (2002). Thermal cycle etching of willemite 
(0 0 0 1): effects of surface premelting, dislocation outcrops and 
polygonization. Materials Science and Engineering: A, 335(1-2), 191-197. 

Chaudhuri, S. K., & Malodia, L. (2017). Biosynthesis of zinc oxide nanoparticles 
using leaf extract of Calotropis gigantea: characterization and its 
evaluation on tree seedling growth in nursery stage. Applied Nanoscience, 
7(8), 501-512. 

Chimalawong, P., Kirdsiri, K., Kaewkhao, J., & Limsuwan, P. (2012). 
Investigation on the physical and optical properties of Dy3+ doped soda-
lime-silicate glasses. Procedia Engineering, 32, 690-698. 

Chimalawong, P., Kaewkhao, J., Kirdsiri, K., & Limsuwan, P. (2013). A Study 
of the Physical and Optical Properties of Ho3+ in Soda-Lime-Silicate 
Glass Systems. In Advanced Materials Research, Vol. 770,  140-144.  

Cho, T. H., & Chang, H. J. (2003). Preparation and characterizations of 
Zn2SiO4: Mn green phosphors. Ceramics International, 29(6), 611-618. 

Cormack, A. N., & Cao, Y. (1996). Molecular dynamics simulation of silicate 
glasses. Molecular Engineering, 6(1-2), 183-227. 

Dan, H. K., Zhou, D., Wang, R., Jiao, Q., Yang, Z., Song, Z., Xue, Y., & Qiu, 
J. (2015). Effect of Mn2+ ions on the enhancement upconversion emission 
and energy transfer of Mn2+ /Tb3+ /Yb3+ tri-doped transparent glass-
ceramics. Materials Letters, 150(1), 76-80. 

© C
OPYRIG

HT U
PM



94 
 

Dai, P., Xu, Z., Yu, X., Wang, Y., Zhang, L., Li, G., Sun, Z., Liu, X., & Wu, M. 
(2015). Mesoporous hollow Zn2SiO4:Mn2+ nanospheres: The study of 
photoluminescence and adsorption properties. Materials Research 
Bulletin, 61(1), 76-82. 

Davis, E. A., & Mott, N. (1970). Conduction in non-crystalline systems V. 
Conductivity, optical absorption and photoconductivity in amorphous 
semiconductors. Philosophical Magazine, 22(179), 0903-0922. 

Demirci, Y., & Günay, E. (2011). Crystallisation behaviour and properties of 
cordierite glass-ceramics with added boron oxide. Journal of Ceramic 
Processing Research, 12(3), 352-356. 

Disfani, M. M., Arulrajah, A., Haghighi, H., Mohammadinia, A., & Horpibulsuk, 
S. (2014). Flexural beam fatigue strength evaluation of crushed brick as 
a supplementary material in cement stabilized recycled concrete 
aggregates. Construction and Building Materials, 68, 667-676. 

Ding, L., Yang, Y., Jiang, X., Zhu, C., & Chen, G. (2008). Photoluminescence 
of undoped and B-doped ZnO in silicate glasses. Journal of Non-
Crystalline Solids, 354(12-13), 1382-1385. 

Efimov, A. M., & Pogareva, V. G. (2006). IR absorption spectra of vitreous silica 
and silicate glasses: The nature of bands in the 1300 to 5000 cm-1 region. 
Chemical Geology, 229(1), 198-217. 

Effendy, N., Abdul Wahab, Z., Mohamed Kamari, H., 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(24), 11698-
11705.  

Ehrt, D., & Flügel, S. (2011). Properties of zinc silicate glasses and melts. 
Journal of Materials Science and Engineering. A, 1(3A), 312. 

Ehrt, D. (2013). Zinc and manganese borate glasses - Phase separation, 
crystallisation, photoluminescence and structure. Physics and Chemistry 
of Glasses: European Journal of Glass Science and Technology Part B, 
54(2), 65-75. 

Farnan, I., Grandinetti, P. J., Baltisberger, J. H., Stebbins, J. F., Werner, U., 
Eastman, M. A., & Pines, A. (1992). Quantification of the disorder in 
network-modified silicate glasses. Nature, 358(6381), 31-35. 

Francis, A. A., Rawlings, R. D., Sweeney, R., & Boccaccini, A. R. (2004). 
Crystallization kinetic of glass particles prepared from a mixture of coal 
ash and soda-lime cullet glass. Journal of Non-Crystalline Solids, 333(2), 
187- 193. 

© C
OPYRIG

HT U
PM



95 
 

Giancaterini, L., Cantalini, C., Cittadini, M., Sturaro, M., Guglielmi, M., Martucci, 
A., Resmini, A. & Anselmi-Tamburini, U. (2014). Au and Pt nanoparticles 
effects on the optical and electrical gas sensing properties of sol-gel-
based ZnO thin-film sensors. IEEE Sensors Journal, 15(2), 1068-1076. 

Griggs, J. A., Anusavice, K. J., & Mlecholsky, J. J. (2002). Devitrification and 
microstructural coarsening of a fluoride-containing barium aluminosilicate 
glass. Journal of Materials Science, 37(10), 2017-2022. 

Ghoul, E. J., Barthou, C., & El Mir, L. (2012). Synthesis, structural and optical 
properties of nanocrystalline vanadium doped zinc oxide aerogel. Physica 
E: Low-dimensional Systems and Nanostructures, 44(9), 1910-1915. 

Ghoul, E. J., Omri, K., El Mir, L., Barthou, C., & Alaya, S. (2012). Sol-gel 
synthesis and luminescent properties of SiO2/Zn2SiO4 and SiO2/Zn2SiO4: 
V composite materials. Journal of Luminescence, 132(9), 2288-2292. 

Gualtieri, M. L., Mugoni, C., Guandalini, S., Cattini, A., Mazzini, D., Alboni, C., 
& Siligardi, C. (2018). Glass recycling in the production of low-temperature 
stoneware tiles. Journal of Cleaner Production, 197, 1531-1539. 

Hager, I. Z., El-Mallawany, R., & Bulou, A. (2011). Luminescence spectra and 
optical properties of TeO2‒WO3‒Li2O glasses doped with Nd, Sm and Er 
rare earth ions. Physica B: Condensed Matter, 406(4), 972-980.  

Hamnabard, Z., Khalkhali, Z., Qazvini, S. S. A., Baghshahi, S., & 
Maghsoudipour, A. (2012). Preparation, heat treatment and 
photoluminescence properties of V-doped ZnO–SiO2–B2O3 glasses. 
Journal of Luminescence, 132(5), 1126-1132. 

Heo, J., & Chung, W. J. (2014). Rare-earth-doped chalcogenide glass for lasers 
and amplifiers. In J. L. Adam & X. Zhang. (Eds.). Chalcogenide glasses: 
preparation, properties and applications (pp. 347-380). Woodhead 
publishing, Cambridge, UK.  

Hisham, N. A. N., Zaid, M. H. M., Saparuddin, D. I., Sidek, H. A. A., Muhammad, 
F. D., Honda, S., & Iwamoto, Y. (2020). Crystal growth and mechanical 
properties of porous glass-ceramics derived from waste soda-lime-silica 
glass and clam shells. Journal of Materials Research and Technology, 
9(4), 9295-9298. 

Hölland, W., & Beall, G. (2002) Glass-Ceramic Technology. The American 
Ceramic Society, Westerville, Ohio, US 

Hu, A. M., Li, M., Dali, D. M., & Liang, K. M. (2005). Crystallization and 
properties of a spodumene-willemite glass ceramic. Thermochimica Acta, 
437(1), 110-113. 

© C
OPYRIG

HT U
PM



96 
 

Imteaz, M. A., Ali, M. Y., & Arulrajah, A. (2012). Possible environmental impacts 
of recycled glass used as a pavement base material. Waste 
Management & Research, 30(9), 917-921. 

Iskandar, S. M., Halimah, M. K., Daud, W. M., Sidek, H. A. A., & Zaman, M. K. 
(2010). Optical and structural properties of PbO‒B2O3‒TeO2 glasses. 
Solid State Science & Technology, 18, 84-90. 

Jaafar, S. H., Zaid, M. H. M., Matori, K. A., Ghazali, M. S. M., Shofri, M. F. S. 
M., Hisham, N. A. N., & Saparudin, D. I. (2020). Effect of sintering 
temperatures and foaming agent content to the physical and structural 
properties of wollastonite based foam glass-ceramics. Science of 
Sintering, 52(3), 269-281. 

Jalil, R. A., Amin Matori, K., Mohd Zaid, M. H., Zainuddin, N., Ahmad Khiri, M. 
Z., Abdul Rahman, N. A., Wan Jusoh, W.N. & Kul, E. (2020). A study of 
fluoride-containing bioglass system for dental materials derived from clam 
shell and soda lime silica glass. Journal of Spectroscopy, 2020, 1-9. 

Janotti, A., & Van de Walle, C. G. (2009). Fundamentals of zinc oxide as a 
semiconductor. Reports on Progress in Physics, 72(12), 126501. 

Jayswal, V. K. (2014). Synthesis of Ce doped TiO2 thin films and 
characterization of the optical and electrical properties for solar cell 
applications (Doctoral dissertation, Tezpur University). 

Jiang, J., Pi, J., & Cai, J. (2018). The advancing of zinc oxide nanoparticles for 
biomedical applications. Bioinorganic chemistry and applications, 2018, 1-
18. 

Jusoh, W. N. W., Matori, K. A., Zaid, M. H. M., Zainuddin, N., Khiri, M. Z. A., 
Rahman, N. A. A., Jalil, R. A. & Kul, E. (2019). Effect of sintering 
temperature on physical and structural properties of Alumino-Silicate-
Fluoride glass ceramics fabricated from clam shell and soda lime silicate 
glass. Results in Physics, 12, 1909-1914. 

Kam, C. H. & Buddhudu, S. (2001). Luminescence enhancement in (Nd3++Ce3+) 
doped SiO2: Al2O3 sol–gel glasses. Optics and Lasers in Engineering, 35, 
11–17. 

Kanchanarat, N., Bandyopadhyay-Ghosh, S., Reaney, I. M., Brook, I. M., & 
Hatton, P. V. (2008). Microstructure and mechanical properties of 
fluorcanasite glass-ceramics for biomedical applications. Journal of 
Materials Science, 43(2), 759-765. 

Kang, Y. C., & Park, S. (2000). Zn2SiO4:Mn phosphor particles prepared by 
spray pyrolysis using a filter expansion aerosol generator. Materials 
Research Bulletin, 35(7), 1143-1151. 

© C
OPYRIG

HT U
PM



97 
 

Kang, S. J. L. (2004). Sintering: densification, grain growth and microstructure. 
Elsevier Butterworth-Heinemann, Oxford, UK. 

Kaphle, A., Reed, T., Apblett, A., & Hari, P. (2019). Doping efficiency in cobalt-
doped ZnO nanostructured materials. Journal of Nanomaterials, 2019, 1-
13. 

Karaksina, E. V., Shiryaev, V. S., & Ketkova, L. A. (2013). Preparation of 
composite materials for fiber optics based on chalcogenide glasses 
containing ZnS(ZnSe):Cr(2+) crystals. Journal of Non-Crystalline Solids, 
377(1), 220-224. 

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. 

Khalil, E. M. A., El Batal, F. H., Hamdy, Y. M., Zidan, H. M., Aziz, M. S., & 
Abdelghany, A. M. (2010). Infrared absorption spectra of transition metals- 
doped soda lime silica glasses. Physica B: Condensed Matter, 405(5), 
1294- 1300. 

Kienzler, B., Altmaier, M., Bube, C., & Metz, V. (2012). Radionuclide source 
term for HLW glass, spent nuclear fuel, and compacted hulls and end 
pieces (CSD-C waste). KIT Scientific Publishing, Karlsruhe, DE. 

Kodaira, K., Ito, S., & Matsushita, T. (1975). Hydrothermal growth of willemite 
single crystals in acidic solutions. Journal of Crystal Growth, 29(1), 123-
124. 

Kohara, S., Suzuya, K., Takeuchi, K., Loong, C. K., Grimsditch, M., Weber, J. 
K. R., Tangeman J. A., & Key, T. S. (2004). Glass formation at the limit 
of insufficient network formers. Science, 303(5664), 1649-1652. 

Kong, D.Y., Yu, M., Lin, C.K., Liu, X.M., Lin, J., Fang, J. (2005). Sol-gel 
synthesis and characterization of Zn2SiO4: Mn @ SiO2 spherical core-shell 
particles. Journal of Electrochemical Society. 152 (9), 146-151. 

Krishnamoorthy, R. R., & Zujip, J. A. (2013). Thermal conductivity and 
microstructure of concrete using recycle glass as a fine aggregate 
replacement. International Journal of Advanced Research and Technology 
3, 463-471. 

Krsmanović, R. M., Antić, Ž., Mitrić, M., Dramićanin, M. D., & Brik, M. G. (2011). 
Structural, spectroscopic and crystal field analyses of Ni 2+ and Co 2+ 
doped Zn2SiO4 powders. Applied Physics A, 104(1), 483-492. © C
OPYRIG

HT U
PM



98 
 

Kubelka, P., & Munk, F. (1931). A contribution to the optics of pigments. Z. 
Technology in Physics, 12(593), 193. 

Kullberg, A. T. G., Lopes, A. A. S., Veiga, J. P. B., & Monteiro, R. C. C. (2017). 
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. (2017). Effect of ZnF2 
addition on the crystallization behaviour of a zinc borosilicate glass. 
Journal of Non-Crystalline Solids, 468, 100-104.  

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. 

LeComber, P. G., Spear, W. E., & Ghaith, A. (1979). Amorphous-silicon field-
effect device and possible application. Electronics Letters, 15(6), 179-
181. 

Lee, J. A., Lee, J. H., & Kim, J. J. (2006). Effect of borate glass additives on 
the sintering behaviour and dielectric properties of BaTi4O9 ceramics. 
Journal of the European Ceramic Society, 26(10-11), 2135-2138. 

Lee, C. S., Matori, K. A., Sidek, H. A. A., Halimah, M. K., 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.  

Lee, K. M., Lai, C. W., Ngai, K. S., & Juan, J. C. (2016). Recent developments 
of zinc oxide based photocatalyst in water treatment technology: a review. 
Water research, 88, 428-448.  

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. 

Leverenz, H. W., & Seitz, F. (1939). Luminescent materials. Journal of Applied 
Physics, 10(7), 479-493. 

Li, D., & Ching, W. Y. (1996). Electronic structures and optical properties of 
low-and high-pressure phases of crystalline B2O3. Physical Review B, 
54(19), 13616. 

Li, J., & Kuwabara, M. (2003). Preparation and luminescent properties of Eu-
doped BaTiO3 thin films by sol-gel process. Science and Technology of 
Advanced Materials, 4(2), 143-148. 

© C
OPYRIG

HT U
PM



99 
 

Li, Z. Y., & Zhang, Z. Q. (2000). Fragility of photonic band gaps in inverse-opal 
photonic crystals. Physical Review B, 62(3), 1516. 

Lim, S.G., Kriventsov, S., Jackson, T.N., Haeni, J.H., Schlom, D.G., Balbashov, 
A.M., Uecker, R., Reiche, P., Freeouf, J.L. and 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, J., Huang, W., Sun, Z., Ray, C. S., & Day, D. E. (2004). Structure and non-
linear optical performance of TeO2‒Nb2O5‒ZnO glasses. Journal of 
Non-Crystalline Solids, 336(3), 189-194. 

Lukić, S. R., Petrović, D. M., Dramićanin, M. D., Mitrić, M., & Ðačanin, L. (2008). 
Optical and structural properties of Zn2SiO4:Mn2+ green phosphor 
nanoparticles obtained by a polymer-assisted sol-gel method. Scripta 
Materialia, 58(8), 655-658. 

Ma, D. W., Zhang, Y. N., Xu, Z. S., & Cheng, C. (2014). Influence of 
intermediate ZnO on the crystallization of PbSe quantum dots in silicate 
glasses. Journal of the American Ceramic Society, 97(8), 2455-2461. 

Madhuri, V., Kumar, J. S., Rao, M. S., & Cole, S. (2015). Investigations on 
spectral features of tungsten ions in sodium lead alumino borate glass 
system. Journal of Physics and Chemistry of Solids, 78(1), 70-77. 

Mallur, S. B., Czarnecki, T., Adhikari, A., & Babu, P. K. (2015). Compositional 
dependence of optical band gap and refractive index in lead and bismuth 
borate glasses. Materials Research Bulletin, 68, 27-34. 

Marinoni, N., D'Alessio, D., Diella, V., Pavese, A., & Francescon, F. (2013). 
Effects of soda-lime-silica waste glass on mullite formation kinetics and 
micro- structures development in vitreous ceramics. Journal of 
Environmental Management, 124(1), 100-107. 

Marinoni, N., D'Alessio, D., Diella, V., Pavese, A., & Francescon, F. (2013). 
Effects of soda-lime-silica waste glass on mullite formation kinetics and 
micro-structures development in vitreous ceramics. Journal of 
Environmental Management, 124(1), 100-107. 

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

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 

© C
OPYRIG

HT U
PM



100 
 

elastic moduli of soda lime silicate glasses. International Journal of 
Physical Sciences, 5(14), 2212-2216. 

Meechoowas, E., Ketboonruang, P., Tapasa, K., & Jitwatcharakomol, T. (2012). 
Improve melting glass efficiency by Batch-to melt conversion. Procedia 
Engineering, 32, 956-961. 

Michie, E. M., Grimes, R. W., & Boccaccini, A. R. (2008). Hot-pressed 
phosphate glass-ceramic matrix composites containing calcium 
phosphate particles for nuclear waste encapsulation. Journal of 
Materials Science, 43(12), 4152-4156. 

Miki, T., Ogawa, T., Isobe, T., & Sfihi, H. (2004). Low-temperature synthesis of 
nanosize Zn2SiO4:Mn2+

 phosphor from the precursor sol in supercritical 
ethanol and its photoluminescent properties. Journal of Sol-Gel Science 
and Technology, 31(1-3), 73-77. 

Moh, Y. C., & Manaf, L. A. (2014). Overview of household solid waste recycling 
policy status and challenges in Malaysia. Resources, Conservation and 
Recycling, 82, 50-61. 

Mugoni, C., Montorsi, M., Siligardi, C., Andreola, F., Lancellotti, I., Bernardo, 
E., & Barbieri, L. (2015). Design of glass foams with low environmental 
impact. Ceramics International, 41(3), 3400-3408. 

More, N. R., & Chanshetti, U. B. (2018). Review Article on ZnO thin films by 
Spray Pyrolysis. International Journal of Chemical and Physical Sciences, 
7, 51-54. 

Naresh, P., Padmaja, A., & Kumar, K. S. (2020). Influence of zinc oxide addition 
on the biological activity and electrical transport properties of TeO2–Li2O–
B2O3 glasses. Materialia, 9, 100575.  

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 State 
Sciences & Technology, 16(1–2), 1-5. 

Norton, D. P., Heo, Y. W., Ivill, M. P., Ip, K., Pearton, S. J., Chisholm, M. F., & 
Steiner, T. (2004). ZnO: growth, doping & processing. Materials today, 
7(6), 34-40. 

Omar, N. A. S., Fen, Y. W., & Matori, K. A. (2016). Photoluminescence 
properties of Eu3+-doped low cost zinc silicate based glass ceramics. 
Optik, 127(8), 3727-3729. 

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 

© C
OPYRIG

HT U
PM



101 
 

band gap and luminescence properties. Materials Science in 
Semiconductor Processing, 61, 27-34. 

Omri, K., El Ghoul, J., Alyamani, A., Barthou, C., & El Mir, L. (2013). 
Luminescence properties of green emission of SiO2/Zn2SiO4:Mn 
nanocomposite prepared by sol-gel method. Physica E: Low-dimensional 
Systems and Nanostructures, 53(1), 48-54 

Ozel, E., Yurdakul, H., Turan, S., Ardit, M., Cruciani, G., & Dondi, M. (2010). 
Co-doped willemite ceramic pigments: Technological behaviour, crystal 
structure and optical properties. Journal of the European Ceramic 
Society,30(16), 3319-3329. 

Paßlick, C., Ahrens, B., Henke, B., Johnson, J. A., & Schweizer, S. (2011). 
Crystallization behavior of rare-earth doped fluorochlorozirconate glasses. 
Journal of Non-Crystalline Solids, 357(11-13), 2450-2452. 

Patra, A., Baker, G. A., & Baker, S. N. (2005). Effects of dopant concentration 
and annealing temperature on the phosphorescence from Zn2SiO4:Mn2+ 
nanocrystals. Journal of Luminescence, 111(1), 105-111. 

Pannhorst, W. (1997). Glass ceramics: state-of-the-art. Journal of Non-
Crystalline Solids, 219, 198-204. 

Paul, A. (1990). Chemistry of glasses. Chapman and Hall Ltd, New York, US. 

Pedone, A. (2009). Properties calculations of silica-based glasses by atomistic 
simulations techniques: A review. The Journal of Physical Chemistry C, 
113(49), 20773-20784 

Petrescu, S., Constantinescu, M., Anghel, E. M., Atkinson, I., Olteanu, M., & 
Zaharescu, M. (2012). Structural and physico-chemical characterization 
of some soda lime zinc alumino-silicate glasses. Journal of Non-
Crystalline Solids, 358(23), 3280-3288 

Peuchert, U., Kunert, C., & Bartsch, R. (2004). U.S. Patent No. 6,794,323. 
Washington, DC: U.S. Patent and Trademark Office. 

Phetchuay, C., Horpibulsuk, S., Suksiripattanapong, C., Chinkulkijniwat, A., 
Arulrajah, A., & Disfani, M. M. (2014). Calcium carbide residue: Alkaline 
activator for clay-fly ash geopolymer. Construction and Building Materials, 
69, 285-294. 

Pfeiffer, H. G., & Fonda, G. R. (1952). The zinc silicate phosphors fluorescing 
in the yellow and red. Journal of the Electrochemical Society, 99(4), 140-
143. © C
OPYRIG

HT U
PM



102 
 

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(4), 557-565. 

Qian, G., Nikl, M., Bei, J., Pejchal, J., Baccaro, S., Giorgi, R., Cecilia, A. & 
Chen, G. (2007). Temperature dependence of photoluminescence in ZnO-
containing glasses. Optical Materials, 30(1), 91-94. 

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. 

Rahi, S. K., Hassan, E. S., & Abd, A. N. (2016). Spectroscopic methods studies 
in polymer. World Scientific News, 42, 41-53. 

Rahman, N. A. A., Matori, K. A., Zaid, M. H. M., Zainuddin, N., Sidek, H. A. A., 
Khiri, M. Z. A., Jalil, R.A. & Jusoh, W. N. W. (2019). Fabrication of 
Alumino-Silicate-Fluoride based bioglass derived from waste clam shell 
and soda lime silica glasses. Results in Physics, 12, 743-747. 

Rahman, F. (2019). Zinc oxide light-emitting diodes: a review. Optical 
Engineering, 58(1), 010901. 

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 Er3+ doped ZnO–GSLS 
glasses. Results in Physics, 7, 2224-2231. 

Ramachari, D., Moorthy, L. R., & Jayasankar, C. K. (2014). Optical absorption 
and emission properties of Nd3+ -doped oxyfluorosilicate glasses for 
solid state lasers. Infrared Physics & Technology, 67(1), 555-559. 

Rawlings, R. D., Wu, J. P., & Boccaccini, A. R. (2006). Glass-ceramics: their 
production from wastes-a review. Journal of Materials Science, 41(3), 
733-761. 

Rawson, H. (1967). Inorganic glass-forming systems (Vol. 2). Academic press, 
London, UK. 

Rasteiro, M. G., Gassman, T., Santos, R., & Antunes, E. (2007). Crystalline 
phase characterization of glass-ceramic glazes. Ceramics International, 
33(3), 345-354. 

Reben, M., & Li, H. (2011). Thermal stability and crystallization kinetics of MgO–
Al2O3–B2O3–SiO2 glasses. International Journal of Applied Glass 
Science, 2(2), 96-107. 

© C
OPYRIG

HT U
PM



103 
 

Rincón, J. M. (1992). Principles of nucleation and controlled crystallization of 
glasses. Polymer-Plastics Technology and Engineering, 31(3-4), 309-
357. 

Romero, M., Kovacova, M., & Rincón, J. M. (2008). Effect of particle size on 
kinetics crystallization of an iron-rich glass. Journal of Materials 
Science, 43(12), 4135-4142. 

Rosmawati, S., Sidek, H. A. A., Zainal, A. T., & Mohd Zobir, H. (2008). Effect 
of zinc on the physical properties of tellurite glass. Journal of Applied 
Sciences, 8, 1956-1961. 

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. 
Chemical European Journal 10, 1565-1575. 

Sabir, S., Arshad, M., & Chaudhari, S. K. (2014). Zinc oxide nanoparticles for 
revolutionizing agriculture: synthesis and applications. The Scientific 
World Journal, 2014, 1-8. 

Sabri, M. G. M., Azmi, B. Z., Rizwan, Z., Halimah, M. K., Hashim, M., & Zaid, 
M. H. M. (2011). Effect of temperature treatment on the optical 
characterization of ZnO–Bi2O3–TiO2 varistor ceramics. International 
Journal of Physical Sciences, 6(6), 1388-1394. 

Sajjad, M., Ullah, I., Khan, M. I., Khan, J., Khan, M. Y., & Qureshi, M. T. (2018). 
Structural and optical properties of pure and copper doped zinc oxide 
nanoparticles. Results in Physics, 9, 1301-1309. 

Salman, S. M., Salama, S. N., & Mahdy, E. A. (2015). The effect of strontium 
oxide replacing calcium oxide on the crystallization and thermal 
expansion properties of Li2O-CaO-SiO2 glasses. Ceramics 
International, 41(1), 137-143. 

Sameshima, T., Usui, S., & Sekiya, M. (1986). XeCl excimer laser annealing 
used in the fabrication of poly-Si TFT's. IEEE Electron Device Letters, 
7(5), 276-278. 

Samsudin, N. F., Matori, K. A., Wahab, Z. A., Liew, J. Y. C., Fen, Y. W., Ab 
Aziz, S. H., & Zaid, M. H. M. (2016). Low cost phosphors: Structural 
and photoluminescence properties of Mn2+-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. 

© C
OPYRIG

HT U
PM



104 
 

Sarrigani, G. V., & Amiri, I. S. (2019). Willemite-based glass-ceramic doped by 
different percentage of erbium oxide and sintered in temperature of 
500-1100 °C: Physical and optical properties. Springer International 
Publishing, Cham, CH. 

Sera, K., Okumura, F., Uchida, H., Itoh, S., Kaneko, S., & Hotta, K. (1989). 
High-performance TFTs fabricated by XeCl excimer laser annealing of 
hydrogenated amorphous-silicon film. IEEE Transactions on Electron 
Devices, 36(12), 2868-2872. 

Shelby, J. E. (2005). Introduction to Glass Science and Technology. Royal 
Society of Chemistry, Cambridge, UK.  

Sheng, J., Kadono, K., Utagawa, Y., & Yazawa, T. (2002). X-ray irradiation on 
the soda-lime container glass. Applied Radiation and Isotopes, 56(4), 
621-626. 

Sidek, H. A. A., Rosmawati, S., Talib, Z. A., Halimah, M. K., & Daud, W. M. 
(2009). Synthesis and optical properties of ZnO‒TeO2 glass system. 
American Journal of Applied Sciences, 6(8), 1489-1494. 

Sidek, H. A. A. (2011). Wonders of Glass: Synthesis, Elasticity and Application. 
Universiti Putra Malaysia Press, Serdang, Selangor, MY. 

Simon, S., Ardelean, I., Filip, S., Bratu, I., & Cosma, I. (2000). Structure and 
magnetic properties of Bi2O3–GeO2–Gd2O3 glasses. Solid State 
Communications, 116(2), 83-86. 

Sinton, C. W., & Lacourse, W. C. (2001). Experimental survey of the chemical 
durability of commercial soda-lime-silicate glasses. Materials Research 
Bulletin, 36(13-14), 2471-2479. 

Smekal, A. G. (1951). On the structure of glass. Journal of the Society of Glass 
Technology, 35(1), 392-395. 

Souza, M. T., Maia, B. G., Teixeira, L. B., de Oliveira, K. G., Teixeira, A. H., & 
de Oliveira, A. P. N. (2017). Glass foams produced from glass bottles 
and eggshell wastes. Process Safety and Environmental Protection, 
111, 60-64. 

Spierings, A. B., Schneider, M. U., & Eggenberger, R. J. R. P. J. (2011). 
Comparison of density measurement techniques for additive 
manufactured metallic parts. Rapid Prototyping Journal. 17(5), 380–386 

Stefan, R., Culea, E., & Pascuta, P. (2012). The effect of copper ions addition 
on structural and optical properties of zinc borate glasses. Journal of 
Non-Crystalline Solids, 358(4), 839-846. 

© C
OPYRIG

HT U
PM



105 
 

Stefaniuk, I., Cieniek, B., Rogalska, I., Virt, I. S., & Kościak, A. (2018). Magnetic 
properties of ZnO: Co layers obtained by pulsed laser deposition 
method. Materials Science-Poland, 36(3), 439-444. 

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. 

Sun, L., Liu, C., Fang, J., Zhang, J., & Lu, C. (2019). Crystallization behavior 
and thermal properties of B2O3-containing MgO–Al2O3–SiO2–Li2O 
glass-ceramic and its wettability on Si3N4 ceramic. Journal of the 
European Ceramic Society, 39(4), 1532-1539.  

Suzuki, T., Horibuchi, K., & Ohishi, Y. (2005). Structural and optical properties 
of ZnO‒Al2O3‒SiO2 system glass-ceramics containing Ni2+-doped 
nanocrystals. Journal of Non-Crystalline Solids, 351(27), 2304-2309. 

Syamimi, N. F., Matori, K. A., Lim, W. F., Sidek H. A. 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, 1-7. 

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(3), 98-124. 

Takesue, M., Suino, A., Shimoyama, K., Hakuta, Y., Hayashi, H., & Smith, R. 
L. (2008). Formation of α-and β-phase Mn-doped zinc silicate in 
supercritical water and its luminescence properties at Si/(Zn+Mn) ratios 
from 0.25 to 1.25. Journal of Crystal Growth, 310(18), 4185-4189. 

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. 

Tarvornpanich, T., & Souza, G. P. (2007). Use of soda-lime-silica waste glass 
as an alternative flux in traditional ceramics. In Proceedings of 
International Conference on Geology of Thailand: Towards Sustainable 
Developmentand Sufficiency Economy (pp 46-53). Department of 
Mineral Resources, Bangkok, TH. © C
OPYRIG

HT U
PM



106 
 

Tauc, J., Grigorovici, R., & Vancu, A. (1966). Optical properties and electronic 
structure of amorphous germanium. Physica Status Solidi (b), 15(2), 
627-637. 

Taurino, R., Lancellotti, I., Barbieri, L., & Leonelli, C. (2014). Glass-ceramic 
foams from borosilicate glass waste. International Journal of Applied 
Glass Science, 5(2), 136-145. 

Taylor, H. F. W. (1962). The dehydration of hemimorphite. American 
Mineralogist: Journal of Earth and Planetary Materials, 47(7-8), 932-
944. 

Theerthagiri, J., Salla, S., Senthil, R. A., Nithyadharseni, P., Madankumar, A., 
Arunachalam, P., Maiyalagan, T. & Kim, H. S. (2019). A review on ZnO 
nanostructured materials: energy, environmental and biological 
applications. Nanotechnology, 30(39), 392001. 

Torres, F. J., de Sola, E. R., & Alarcón, J. (2006). Mechanism of crystallization 
of fast fired mullite-based glass-ceramic glazes for floor-tiles. Journal 
of Non-Crystalline Solids, 352(21-22), 2159-2165. 

Torrent, J. O. S. E., & Barrón, V. (2008). Diffuse reflectance spectroscopy. 
Methods of Soil Analysis Part 5-Mineralogical Methods, 5, 367-385. 

Tsai, M. T., Wu, J. M., Lu, Y. F., & Chang, H. C. (2011). Synthesis and 
luminescence characterization of manganese-activated willemite gel 
films. Thin Solid Films, 520(3), 1027-1033. 

Vaidya, R. U., & Subramanian, K. N. (1991). Discontinuous metallic-glass 
ribbon reinforced glass-ceramic matrix composites. Journal of Materials 
Science, 26(23), 6453-6457. 

Varshneya, A. K. (1994). Fundamentals of Inorganic Glasses. Academic Press, 
Boston, US.  

Wahab, S. A. A., Matori, K. A., Sidek, H. A. A., Zaid, M. H. M., Kechik, M. M. 
A., Azman, A. Z. K., Khaidir, R.E.M., Khiri, M.Z.A., & Effendy, N. (2020). 
Effect of ZnO on the phase transformation and optical properties of 
silicate glass frits using rice husk ash as a SiO2 source. Journal of 
Materials Research and Technology, 9(5), 11013-11021. 

Wang, H., Ma, Y., Yi, G., Chen, D. (2003). Synthesis of Mn-doped Zn2SiO4 
rodlike nanoparticles through hydrothermal method. Materials 
Chemistry and Physics 82: 414-418. 

Wang, X., Ding, Y., Summers, C. J., & Wang, Z. L. (2004). Large-scale 
synthesis of six-nanometer-wide ZnO nanobelts. The Journal of 
Physical Chemistry B, 108(26), 8773-8777. 

© C
OPYRIG

HT U
PM



107 
 

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. 

Wang, H., Xu, S., Zhai, S., Deng, D., & Ju, H. (2010). Effect of B2O3 additives 
on the sintering and dielectric behaviors of CaMgSi2O6 ceramics. 
Journal of Materials Science & Technology, 26(4), 351-354. 

Wang, Y., Peng, Z. J., Wang, Q., & Fu, X. L. (2017). Tunable electrical resistivity 
of oxygen-deficient zinc oxide thin films. Surface Engineering, 33(3), 
217-225.  

Wu, J. M., & Hwang, S. P. (2000). Effects of (B2O3, P2O5) additives on 
microstructural development and phase‐transformation kinetics of 
stoichiometric cordierite glasses. Journal of the American Ceramic 
Society, 83(5), 1259-1265. 

Xu, S., Yang, Z., Dai, S., Wang, G., Hu, L., & Jiang, Z. (2004). Effect of Bi2O3 
on spectroscopic properties of Er3+-doped lead oxyfluorosilicate glasses 
for broadband optical amplifiers. Journal of Non-Crystalline Solids, 
347(1-3), 197-203. 

Yanbo, Q., Ning, D., Mingying, P., Lüyun, Y., Danping, C., Jianrong, Q., 
Congshan, Z. & Akai, T. (2006). Spectroscopic properties of Nd3+-
doped high silica glass prepared by sintering porous glass. Journal of 
Rare Earths, 24(6), 765-770. 

Yang, H., Shi, J., Gong, M., & Cheah, K. W. (2006). Synthesis and 
photoluminescence of Eu3+-or Tb3+-doped Mg2SiO4 nanoparticles 
prepared by a combined novel approach. Journal of Luminescence, 
118(2), 257-264. 

Ye, R., Ma, H., Zhang, C., Gao, Y., Hua, Y., Deng, D., Liu, P., & Xu, S. (2013). 
Luminescence properties and energy transfer mechanism of Ce3+/Mn2+ 
co-doped transparent glass-ceramics containing β‒Zn2SiO4 nano-
crystals for white light emission. Journal of Alloys and Compounds, 
566(1), 73-77 

Yekta, B. E., Alizadeh, P., & Rezazadeh, L. (2007). Synthesis of glass-ceramic 
glazes in the ZnO‒Al2O3‒SiO2‒ZrO2 system. Journal of the European 
Ceramic Society, 27(5), 2311-2315. 

Yen, W. M., & Weber, M. J. (2004). Inorganic phosphors: compositions, 
preparation and optical properties. CRC press, Boca Raton, Florida, 
US. 

Zaid, M. H. M., Matori, K. A., Wah, L. C., Sidek, H. A. A., Halimah, M. K., 
Wahab, Z. A., & Azmi, B. Z. (2011). Elastic moduli prediction and 

© C
OPYRIG

HT U
PM



108 
 

correlation in soda lime silicate glasses containing ZnO. International 
Journal of Physical Sciences, 6(6), 1404-1410. 

Zaid, M. H. M., Matori, K. A., Quah, H. J., Lim, W. F., Sidek, H. A. A., Halimah, 
M. K., Yunus, W.M.M., & 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(6), 3722-3729. 

Zaid, M. H. M., Matori, K. A., Sidek, H. A. A., Halimah, M. K., Wahab, Z. A., 
Effendy, N., & Alibe, I. M. (2016). 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., Sidek, H. A. A., Halimah, M. K., Wahab, Z. A., 
Fen, Y. W., & Alibe, I. M. (2016). 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., Ab Aziz, S. H., Kamari, H. M., Fen, Y. W., Yaakob, 
Y., Sa'at, N.K., Gürol, A. & Şakar, E. (2019). Effect of heat treatment 
temperature to the crystal growth and optical performance of Mn3O4 
doped α-Zn2SiO4 based glass-ceramics. Results in Physics, 15, 
102569. 

Zanotto, E. D. (2010). Bright future for glass-ceramics. American Ceramics 
Society Bulletin, 89(8), 19-27. 

Zhou, S., Dong, H., Feng, G., Wu, B., Zeng, H., & Qiu, J. (2007). Broadband 
optical amplification in silicate glass-ceramic containing β-Ga2O3:Ni2+ 
nanocrystals. Optics Express, 15(9), 5477-5481. 

Zhang, Q. Y., Pita, K., & Kam, C. H. (2003). Sol–gel derived zinc silicate 
phosphor films for full-color display applications. Journal of Physics and 
Chemistry of Solids, 64(2), 333-338. 

Zhang, W. Y., Gao, H., & Xu, Y. (2011). Sintering and reactive crystal growth 
of diopside-albite glass-ceramics from waste glass. Journal of the 
European Ceramic Society, 31(9), 1669-1675. 

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

  

© C
OPYRIG

HT U
PM




