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Over the last few decades, great deals of interest have been focused on the 
fabrication and synthesizing willemite based ceramic. However, only few of them 
used waste materials to fabricate the willemite in form of glass-ceramic. This 
research was carried out based on several objectives such as to synthesis and study 
the effect of ZnO addition on the physical, structure and optical properties of soda 
lime silica (SLS) glass system. Besides, this work also investigation the effect of 
various heat treatment temperatures on the physical, structure and optical of 
precursor glass and glass-ceramics and the influence of MnO doping on the physical,
structure and optical properties of willemite based glass-ceramics. Thus, in this 
study, willemite based glass-ceramics were fabricate and synthesized using SLS 
glass waste as a source of silicon. A series of precursor glasses in the ZnO-SLS glass 
system was prepared by the conventional melt-quench technique. Willemite based 
glass-ceramics were derived from the selected precursor ZnO-SLS glass by a 
controlled crystallization process. The thermal, chemical and physical properties of 
precursor glass and glass-ceramics were measured by differential thermal analysis 
(DTA), energy dispersive X-ray fluorescence (EDXRF), average density and linear 
shrinkage measurement. The average density and linear shrinkage of glass and glass-
ceramic samples were found increased with increasing of heat treatment temperature 
and concentration of dopant. Besides, the structural properties of precursor glass and 
formation of willemite crystal phase, morphology and size with increase in heat-
treatment temperatures was examined by X-ray diffraction (XRD) and field-emission 
scanning electron microscopy (FESEM) techniques. The average calculated 
crystallite size obtained from XRD was found to be in the range 30-60 nm whereas 
the grain size observed in FESEM was 300-700 nm. Fourier transform infrared 
(FTIR) reflection spectroscopy was used to evaluate the structural of glass and glass-
ceramics. The appearance of SiO2, ZnO4 and Zn-O-Si bands detected from FTIR 
measurements indicate that the formation of willemite crystal phase. The study of the 
optical band gap has found that optical band gap of glass and glass-ceramics 
decreased as the percentage of dopant and heat treatment temperature increased. The 
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photoluminescence spectra of Mn2+ ions exhibit emission transitions of 4T1(G) -
6A1(S) and its excitation spectra show an intense absorption band at 260 nm. 
Prominent green emission colors of α-Zn2SiO4 phase were observed centered at 525
nm while the yellow emission centered at 585 nm resulted from β-Zn2SiO4 phase.
These spectra reveal that the luminescence performance of the glass-ceramics is 
increase with the progression of dopant percentage and heat treatment temperatures. 
This enhancement is caused by partitioning of Mn2+ ions into the willemite crystals 
with progress of heat treatment temperatures. Such luminescent glass-ceramics are 
expected to find potential applications in phosphors and opto-electronic devices.



© C
OP

UPM

iii

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah

SIFAT FIZIKAL, STRUKTUR DAN OPTIKAL WILLEMITE-ASAS KACA-
SERAMIK DOP BERSAMA MANGAN OKSIDA 

Oleh

MOHD HAFIZ BIN MOHD ZAID

Mei 2016

Pengerusi: Prof. Madya Khamirul Amin bin Matori, PhD. 
Fakulti: Sains 

Sejak beberapa dekad yang lalu, penghasilan dan kajian terhadap willemite 
berasaskan seramik telah berjaya menarik minat dan tumpuan ramai penyelidik.
Walau bagaimanapun, penyelidikan untuk menghasilkan willemite dalam bentuk 
kaca-seramik dengan menggunakan bahan asas dari bahan-bahan buangan adalah 
sangat sedikit dan terhad. Kajian ini dijalankan berdasarkan beberapa objektif seperti 
untuk sintesis dan mengkaji kesan penambahan ZnO pada fizikal, struktur dan ciri-
ciri optik sistem kaca SLS. Selain itu, kerja-kerja ini juga penyiasatan kesan pelbagai 
suhu rawatan haba ke atas fizikal, struktur dan optik kaca pelopor dan kaca seramik 
dan pengaruh MnO dopan pada fizikal, struktur dan sifat optik willemite berasaskan 
kaca seramik. Oleh yang demikian, dalam kajian ini, willemite berasaskan kaca-
seramik telah dihasilkan dengan menggunakan sisa kaca soda lime silika (SLS)
sebagai sumber silikon dan beberapa kajian terhadap sifat-sifat willemite dalam 
bentuk kaca-seramik telah dijalankan. Beberapa siri kaca berasaskan sistem ZnO-
SLS telah dihasilkan dengan menggunakan teknik teknik lindapan leburan.
Willemite berasaskan kaca-seramik telah berjaya dihasilkan daripada kaca yang 
dipilih daripada siri kaca ZnO-SLS melalui proses penghabluran yang dikawal. Sifat 
haba, kimia dan fizikal kaca dan kaca-seramik telah diukur mengunakan alat DTA, 
EDXRF, purata ketumpatan dan pengukuran pengecutan linear. Didapati , purata 
ketumpatan dan pengecutan linear kaca dan kaca-seramik telah meningkat 
disebabkan oleh peningkatan suhu rawatan haba dan kepekatan dopan. Selain itu, 
sifat-sifat struktur kaca dan pembentukan fasa, morfologi dan saiz kristal willemite 
dengan peningkatan suhu rawatan haba telah diperiksa dengan menggunakan alat 
XRD dan FESEM. Didapati, purata saiz kristal yang diperolehi daripada XRD 
adalah dalam julat 30-60 nm manakala saiz butiran yang diperhatikan menggunakan
FESEM adalah dalam julat 300-700 nm. FTIR spektroskopi telah digunakan untuk
menilai struktur kaca dan kaca-seramik. Kemunculan dan penghasilan ikatan SiO2,
ZnO4 dan Zn-O-Si yang dikesan dari alat FTIR telah menunjukkan bahawa 
pembentukan kristal willemite telah berlaku. Kajian ke atas jurang jalur optik telah 
mendapati bahawa jumlah jurang jalur optik kaca dan kaca-seramik telah menurun 
disebabkan peningkatan peratusan dopan dan suhu rawatan haba. Selain itu, 
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spektrum kefotopendarcahayaan daripada peralihan Mn2+ ion daripada 4T1(G) -
6A1(S) dan spektrum pengujaan yang menunjukkan satu jalur penyerapan pada jarak 
260 nm. Warna hijau yang terhasil daripada fasa α-Zn2SiO4 diperhatikan berpusat 
pada 525 nm manakala warna kuning berpusat pada 585 nm yang terhasil daripada 
fasa β-Zn2SiO4. Spektrum ini telah mendedahkan bahawa prestasi kependarkilauan
daripada kaca-seramik telah meningkat disebabkan peningkatan dalam peratusan 
dopan dan suhu rawatan haba. Peningkatan ini adalah disebabkan oleh pembahagian 
ion Mn2+ ke dalam kristal willemite dengan peningkatan suhu rawatan haba. 
Penghasilan kaca-seramik ini dijangka berpotensi untuk diaplikasikan ke dalam 
bahan fosfor dan peranti opto-elektronik.
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CHAPTER 1

INTRODUCTION

1.1 Research background

Manufacturing industry has played an important role for economic progress for the
past decades. This industrial continues to maintain as the main sector for the 
development and economic growth. However, the fast change in industrial 
development generates enormous amount of waste disposal such as plastic, steel, 
paper, glass and others. This signaled the essential for a method to solve the waste 
problem through the solid waste management. 

The existing of solid waste management system in Malaysia for municipal and 
industrial wastes gives a priority and promotes the consumption of recycle, treatment 
and disposal method such as composting, sanitary landfill or incineration (Victor and 
Agamuthu, 2013; Moh and Manaf, 2014). Nevertheless, this approach has been 
found creating many environmental problems such as illegal dumping, leaving large
quantities of residues waste and the necessity for new land for the establishment of 
disposal facilities (Kadir et al., 2013; Teo et al., 2014; Zen et al., 2014).

The vitrification process has been known as one of promising method to solve the
solid waste problems and it has been applied for the stabilization of a variety of 
municipal, industrial, commercial and construction waste (Kavouras et al., 2003).
Besides, the vitrification process commonly results in a reduction of solid waste in 
large volume; benefits in terms of storage land or dumping site. Vitrification process
is considered as an important technology for the treatment and remediation of non-
combustible waste for the disposal of solid waste (Ponsot et al., 2015). 

Recently, upcycling the solid waste into more valuable and environment friendly 
products is a new focus across the world. This situation is comparable with the 
increasing demand especially for limited natural resource. Glass is an interesting 
material due to its various applications and widely used in optics such as data 
transmission, sensor detection, technology of sensor, and it is believed the best 
material for solid-state lasers (Prakash et al., 2001; Ehrt, 2004; Zhou et al., 2007; 
Hager et al., 2011; Karaksina et al., 2013).

Glass containing zinc oxide (ZnO) is one of the most preferred glass materials due to 
their good mechanical properties and low softening point compared with other glass
systems (Yousef et al., 2007; Abo-Mosallam et al., 2010). This type of glass is a 
promising optical host material in solid-state laser when doped with transition metal 
and rare earth ions because this glass exhibits high transparency from UV to IR 
region, low refractive index and thermal expansion coefficient with high thermal 
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stability and possibility of incorporating large number of dopant ions (Rosmawati et 
al., 2008; Yu et al., 2008; Kim et al., 2009; Hou et al., 2014).

The conversion of waste glasses into glass-ceramics has gradually become an 
important method to improve the recycling of solid wastes into value-added 
materials (Boccaccini et al., 1997). Glass with a suitable chemical composition can 
be transformed into glass-ceramics through the controlled heat treatment process
(Barbieri et al., 2000; Rawlings et al., 2006; Salman et al., 2015). Soda lime silica 
(SLS) glass is the most prevalent type of glasses and commonly used for window
glass panes and glass containers (Clark et al., 1976; Sehgal and Ito, 1998; Sheng et 
al., 2002). SLS glass typically soften around 700 °C and this unique softening 
behaviour can influence the fabrication of glass-ceramic at temperatures lower than 
usually required to crystallize the glass-ceramic products (Zanotto, 1991; Pontikes et 
al., 2007; Petrescu et al., 2012; Marinoni et al., 2013). Hence, the parent glass is 
transformed into a glass-ceramic in which the crystalline phase is bonded by the 
residual glass. Apart from that, glass-ceramics with a uniform fine-grain 
microstructure, non-porosity and wide range of properties can be tailored by altering
the chemical composition (Karamanov et al., 1999; El-Shennawi et al., 2001; Hu et 
al., 2005; Yekta et al., 2007).

Zinc silicate (Zn2SiO4) or also known by its mineral name willemite, is one of the 
zinc ore minerals with a phenakite structure. In the willemite structure, all the atoms 
occupy the overall position and composed of tetrahedral framework. With this kind 
of rigid lattice (non-centrosymmetric cationic sites), willemite provides special 
optical properties (Tarafder et al., 2014). For this reason, willemite is very important 
and widely used as a phosphor in optic, opto-electronic and lighting devices (Xu et 
al., 2010; Sivakumar et al., 2012).

In addition, willemite is known as a suitable host matrix for numerous transition 
metal and rare-earth ions for high efficient luminescence (Takesue et al., 2009; Choo 
et al., 2010; Omri et al., 2013). According to Takesue et al. (2009), the luminescent 
performance of the manganese doped willemite (Zn2SiO4:Mn2+) phosphors has been 
characterized by the transition of 3d5 electron in the Mn2+ ion that acting as an 
activating center in the willemite structure. To be detailed, the transition from the 
lowest excited state, 4T1(G) to the ground state 6A1(S) transition is directly being 
responsible for the strong green emission under an ultraviolet light (Patra et al.,
2005; Hao and Wang, 2007; Lukic et al., 2008; Seo et al., 2009; Diao and Yang,
2010; Uegaito et al., 2012; Park et al., 2015).

In the current study, a series of zinc soda lime silica (ZnO-SLS) glasses are prepared 
from conventional melt-quenching technique and willemite based glass-ceramics are 
derived from these precursor glasses by a controlled heat treatment process. The
properties of the precursor glass and willemite glass-ceramics have been
characterized such as thermal, chemical, physical, structural, morphological and 
optical behaviour in order to study the effect of heat treatment temperature and MnO 
doping. The structural and optical properties of precursor glass and Mn-doped 
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willemite glass-ceramics have been studied by X-ray diffraction (XRD), field 
emission scanning electron microscopy (FESEM), Fourier transform infrared 
(FTIR), Uv-Visible (Uv-Vis) and photoluminescence (PL) spectroscopy. In view of 
above fact, the aim of this work is the fabrication and characterization of Mn-doped
willemite glass-ceramics in ZnO-SLS glass system as a potential materials use in the 
field of opto-electronic as phosphor materials.

1.2 Problem statement

In recent years, glass and glass-ceramics doped with transition metal and rare earth
ions are attracting prodigious interest in solid state lasers, phosphors, optical and 
lighting devices (Babu et al., 2015). At present, researchers are aiming of using 
waste as starting material for producing willemite phosphor so that low energy 
processes and new technique may be developed. The conventional solid-state 
methods for commercial inorganic phosphors are completely established in industry. 
In this technique; pure raw materials such as ZnO and SiO2 are well-mixed and fired 
at very high temperatures for several hours due to the high melting temperature of 
starting materials. To overcome high energy use problem, the productions of 
willemite using waste material such as glass waste as a silicon source are developed.
Besides, there are limited reports and systematic study of physical, structure, and 
optical properties of precursor ZnO-SLS glass system and willemite based glass-
ceramics.

Compared to several other conventional glass systems, SLS glass has drawn a great
attention because of their superior glass forming nature (Abbasi and Hashemi, 2014).
Furthermore, SLS glass also intriguing many researchers because of its excellent
chemical, optical and mechanical properties such as low thermal expansion 
coefficient, nonlinear refractive index, fine chemical stability, high UV transparency, 
large tensile fracture strength and good durability for opto-electronic applications
(Abo-Mosallam et al., 2010; Chimalawong et al., 2010; Marinoni et al., 2013).

The transformation of glass into glass-ceramics has progressively become an 
important technique to improve the quality and properties of the final products. ZnO-
SLS glasses are one of the most preferred parent glasses due to their improved 
mechanical properties and low softening temperature point compared with other 
glass systems (Shelby, 2005). This type of glass transformed into glass-ceramic with 
willemite as a main crystal phase. Willemite has a promising future in advanced 
materials as a favorably flexible luminescent material due to the broad range of 
multi-colors that can be obtained from various transition metal ions. Zn2SiO4:Mn2+

has been used as a phosphor in fluorescent lamps, neon discharge lamps, 
oscilloscopes, black-and-white televisions, color televisions, and many other 
displays and lighting devices.

For that reasons, a comprehensive study of the crystallization, properties and effect 
of heat treatment on Mn-doped willemite glass-ceramics derived from precursor 
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ZnO-SLS glass system are carried out and the results of this research are expected to 
find potential application as phosphor material for opto-electronic devices.

1.3 Research objective

The main objective of this project is to develop and optimize willemite based glass-
ceramics derived from ZnO-SLS glasses. This work involved design of suitable glass 
compositions, melt-quenching, development of heat treatment, progress of doping 
process and a series of fundamental studies of the crystallization process.

This research was carried out based on several objectives as in the following:

1) To synthesis and study the effect of ZnO addition on the physical, structure 
and optical properties of SLS glass system.

2) To investigate the effect of various heat treatment temperatures on the 
physical, structure and optical of precursor glass and glass-ceramics.

3) To analyze the influence of MnO doping on the physical, structure and 
optical properties of willemite based glass-ceramics.

1.4 Scope of the study

In order to achieve the objective of the study, the scopes of the study as follow:

1) A series of precursor glass based on the stoichiometric equation of 
x(ZnO)100-x(SLS) where x = 0, 10, 20, 30, 40 and 50 wt.% has been
prepared using SLS glass powder and ZnO powder by conventional melt-
quenching technique. 

2) The chemical composition of precursor ZnO-SLS glass system has been
measured using EDXRF spectroscopy in order to confirm the oxide and 
percentage of chemical oxide in the glasses.

3) The glass transition temperature (Tg) and glass crystallization temperature 
(Tc) has been measured using DTA spectroscopy.

4) Willemite based glass-ceramics has been derived from the precursor ZnO-
SLS glass system by a controlled crystallization process.

5) The physical, structural and optical properties of ZnO-SLS glass, willemite
and Mn-doped willemite based glass-ceramics has been analyzed using 
Archimedes method, linear shrinkage, XRD, FESEM, FTIR, UV-Vis and PL 
spectroscopy.
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1.5 Important of the study

Recently, glass and glass-ceramic from waste material opens a wide range of 
possibilities for designing new materials and attracting a significant interest in solid 
state lasers, phosphors and optics. A great deal of research has been focused on the 
fabrication and characterization of glass and glass-ceramics based phosphors in order
to obtain efficient luminescent materials for fluorescent lamps, neon discharge 
lamps, oscilloscopes, color televisions, light emitting diode and many other displays 
and lighting devices (Bernardo et al., 2008; Takesue et al., 2009; Ding et al., 2015).

Willemite has been identified as a suitable host matrix for many transition metal 
dopant ions for efficient luminescence. In willemite, all the atoms occupy overall 
position and composed of tetrahedral framework where in zinc and silicon positioned 
in three different fourfold crystallographic sites. This kind of rigid lattice gives the 
chance to obtain better optical properties (Tarafder et al., 2014).

To the best of our knowledge, there are very few reports on physical, structural and 
optical properties of Mn-doped willemite glass-ceramics derived from precursor 
glass. In the present research, the preparation of precursor ZnO-SLS glass system by 
conventional melt-quenching technique and derived willemite based glass-ceramics 
by control crystallization process of precursor glasses is reported. Subsequently, the 
willemite glass-ceramics has been doped with manganese oxide (MnO) to increase 
the properties and quality of the final products.

1.6 Outline of thesis

The thesis arrangement is structured as follows. Chapter 1 gives an introduction of 
precursor ZnO-SLS glass, willemite glass-ceramic and Mn-doped willemite glass 
ceramics, the problem statements, the objectives, the scopes and also the importance 
of this study. The theory of glass, glass-ceramic and previous works including past 
and current has been carried out by other researchers are covered in Chapter 2. The 
apparatus, methodology and characterization of the precursor glass and willemite 
glass-ceramic doped manganese are explained in Chapter 3. The results concerning 
the effect of ZnO addition to the SLS glass, progression of heat treatment
temperatures and different percentage of MnO doping content towards the physical, 
structural and optical properties of precursor ZnO-SLS glass and Mn-doped 
willemite glass-ceramic are analyzed and discussed in Chapter 4. Finally, the 
conclusion and suggestion for future works are presented in Chapter 5.



© C
OP

UPM

139

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.

Abo-Mosallam, H. A., Darwish, H., & Salman, S. M. (2010). Crystallization 
characteristic and properties of some zinc containing soda lime silicate 
glasses. Journal of Materials Science: Materials in Electronics, 21(9), 889-
896.

Ahmadi, T. S., Haase, M., & Weller, H. (2000). Low-temperature synthesis of pure 
and Mn-doped willemite phosphor (Zn2SiO4:Mn) in aqueous medium. 
Materials Research Bulletin, 35(11), 1869-1879.

Al-Ani, S. K. J., Hogarth, C. A., & El-Mallawany, R. A. (1985). A study of optical 
absorption in tellurite and tungsten-tellurite glasses. Journal of Materials 
Science, 20(2), 661-667.

Angell, C. A. (1995). Formation of glasses from liquids and biopolymers. Science,
267(5206), 1924-1935.

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.

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.

Barbieri, L., Bonamartini, A. C., & Lancellotti, I. (2000). Alkaline and alkaline-earth 
silicate glasses and glass-ceramics from municipal and industrial wastes. 
Journal of the European Ceramic Society, 20(14), 2477-2483.

Barthou, C., Benoit, J., Benalloul, P., & Morell, A. (1994). Mn2+ concentration effect
on the optical properties of Zn2SiO4:Mn phosphors. Journal of the 
Electrochemical Society, 141(2), 524-528.

Bell, R. J., & Dean, P. (1972). The structure of vitreous silica: validity of the random 
network theory. Philosophical Magazine, 25(6), 1381-1398.

Bernardo, E., Esposito, L., Rambaldi, E., Tucci, A., & Hreglich, S. (2008). Recycle 
of waste glass into “glass-ceramic stoneware”. Journal of the American 
Ceramic Society, 91(7), 2156-2162.

Bertail, C., Maron, S., Buissette, V., Le Mercier, T., Gacoin, T., & Boilot, J. P. 
(2011). Structural and photoluminescent properties of Zn2SiO4:Mn2+

nanoparticles prepared by a protected annealing process. Chemistry of 
Materials, 23(11), 2961-2967.

Besmann, T. M., & Spear, K. E. (2002). Thermochemical modeling of oxide glasses. 
Journal of the American Ceramic Society, 85(12), 2887-2894.

Bhalla, R. J. R. S. B., & White, E. W. (1972). Cathodoluminescence characteristics 
of Mn2+ activated willemite (Zn2SiO4) single crystals. Journal of the 
Electrochemical Society, 119(6), 740-743.

Boccaccini, A. R., Bücker, M., Bossert, J., & Marszalek, K. (1997). Glass matrix 
composites from coal fly ash and waste glass. Waste Management, 17(1), 39-
45.



© C
OP

UPM

140

Boitier, F., Hidaka, C., & Takizawa, T. (2009). Enhancement of Mn red emission in 
CaGa2S4 compounds by co-doping rare-earth elements. Journal of 
Luminescence, 129(5), 554-562.

Boni, M., & Large, D. (2003). Nonsulfide zinc mineralization in Europe: An 
overview. Economic Geology, 98(4), 715-729.

Boulay, E., Ragoen, C., Idrissi, H., Schryvers, D., & Godet, S. (2014). Influence of 
amorphous phase separation on the crystallization behavior of glass-ceramics 
in the BaO-TiO2-SiO2 system. Journal of Non-Crystalline Solids, 384(1), 61-
72.

Bruel, M., & Floccari, M. (1983). U.S. Patent No. 4,368,083. Washington, DC: U.S. 
Patent and Trademark Office.

Brunold, T. C., Güdel, H. U., & Cavalli, E. (1996). Absorption and luminescence 
spectroscopy of Zn2SiO4 willemite crystals doped with Co2+. Chemical 
Physics Letters, 252(1), 112-120.

Bunting, E. N. (1930). Phase equilibria in the system SiO2-ZnO1. Journal of the 
American Ceramic Society, 13(1), 5-10.

Burnett, D. G., & Douglas, R. W. (1970). Liquid-liquid phase separation in soda-
lime-silica system. Physics and Chemistry of Glasses, 11(5), 125-135.

Calestani, G., Montenero, A., Ferraguti, E., Ingletto, G., & Bettinelli, M. (1986). 
Influence of some oxides on the durability of a borosilicate glass. Journal of 
Non-Crystalline Solids, 84(1), 452-462.

Cannas, C., Falqui, A., Musinu, A., Peddis, D., & Piccaluga, G. (2006). CoFe2O4

nanocrystalline powders prepared by citrate-gel methods: Synthesis, structure 
and magnetic properties. Journal of Nanoparticle Research, 8(2), 255-267.

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

Chakradhar, R. S., Nagabhushana, B. M., Chandrappa, G. T., Ramesh, K. P., & Rao, 
J. L. (2004). Solution combustion derived nanocrystalline Zn2SiO4:Mn 
phosphors: A spectroscopic view. The Journal of Chemical Physics, 121(20), 
10250-10259.

Chandrappa, G. T., Ghosh, S., & Patil, K. C. (1999). Synthesis and properties of 
willemite, Zn2SiO4, and M2+: Zn2SiO4 (M = Co and Ni). Journal of Materials 
Synthesis and Processing, 7(5), 273-279.

Chen, G. H. (2008). Sintering, crystallization, and properties of CaO doped 
cordierite-based glass-ceramics. Journal of Alloys and Compounds, 455(1), 
298-302.

Chen, G. H., & Liu, X. Y. (2007). Sintering, crystallization and properties of MgO-
Al2O3-SiO2 system glass-ceramics containing ZnO. Journal of Alloys and 
Compounds, 431(1), 282-286.

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

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

Choi, Y. G., Kim, K. H., Sohn, K. S., Park, H. D., & Lee, J. M. (1999). Mn K-edge 
X-ray absorption spectroscopic study of Mn-doped Zn2SiO4 phosphors. 
Journal of Materials Science Letters, 18(8), 621-624.

Choo, D. C., Ahn, S. D., Jung, H. S., Kim, T. W., Lee, J. Y., Park, J. H., & Kwon, 
M. S. (2010). Luminescence mechanisms of organic/inorganic hybrid organic 



© C
OP

UPM

141

light-emitting devices fabricated utilizing a Zn2SiO4:Mn color-conversion 
layer. Thin Solid Films, 518(22), 6308-6310.

Clark, D. E., Dilmore, M. F., Ethridge, E. C., & Hench, L. L. (1976). Aqueous 
corrosion of soda silica and soda lime silica glass. Journal of the American 
Ceramic Society, 59(1 2), 62-65.

Colombo, P., Brusatin, G., Bernardo, E., & Scarinci, G. (2003). Inertization and 
reuse of waste materials by vitrification and fabrication of glass-based 
products. Current Opinion in Solid State and Materials Science, 7(3), 225-
239.

Coppola, V., Boni, M., Gilg, H. A., Balassone, G., & Dejonghe, L. (2008). The 
“calamine” nonsulfide Zn-Pb deposits of Belgium: petrographical, 
mineralogical and geochemical characterization. Ore Geology Reviews,
33(2), 187-210.

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

Cormier, L., Calas, G., & Beuneu, B. (2011). Structural changes between soda-lime 
silicate glass and melt. Journal of Non-Crystalline Solids, 357(3), 926-931.

Curie, D., Barthou, C., & Canny, B. (1974). Covalent bonding of Mn2+ ions in 
octahedral and tetrahedral coordination. The Journal of Chemical Physics,
61(8), 3048-3062.

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.

Dai, X., Liu, X., Liu, L., Zhu, B., & Fang, Z. (2015). A novel image-guided FT-IR 
sensor using chalcogenide glass optical fibers for the detection of combustion 
gases. Sensors and Actuators B: Chemical, 220(1), 414-419.

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+/Tb 3+/Yb3+ tri-doped transparent glass-ceramics. 
Materials Letters, 150(1), 76-80.

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.

De Sousa, E., Rambo, C. R., Hotza, D., de Oliveira, A. N., Fey, T., & Greil, P. 
(2008). Microstructure and properties of LZSA glass-ceramic foams. 
Materials Science and Engineering: A, 476(1), 89-97.

Diao, C. C., & Yang, C. F. (2010). Synthesis of high efficiency Zn2SiO4:Mn2+ green 
phosphors using nano-particles. Ceramics International, 36(5), 1653-1657.

Ding, W. J., Peng, T. J., & Chen, J. M. (2012). Diopside-based glass-ceramics from 
chrysotile asbestos tailing. In Advanced Materials Research, 427(1), 26-31. 

Ding, L., Ning, W., Wang, Q., Shi, D., & Luo, L. (2015). Preparation and 
characterization of glass-ceramic foams from blast furnace slag and waste 
glass. Materials Letters, 141(1), 327-329.

Dunken, H., & Doremus, R. H. (1987). Short time reactions of a Na2O-CaO-SiO2

glass with water and salt solutions. Journal of Non-Crystalline Solids, 92(1), 
61-72.

Efimov, A. M. (1999). Vibrational spectra, related properties, and structure of 
inorganic glasses. Journal of Non-Crystalline Solids, 253(1), 95-118.



© C
OP

UPM

142

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.

Ehrt, D. (2004). Photoluminescence in the UV-VIS region of polyvalent ions in 
glasses. Journal of Non-Crystalline Solids, 348(1), 22-29.

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

Ehrt, D., Vu, H. T., Herrmann, A., & Völksch, G. (2008). Luminescent ZnO-Al2O3-
SiO2 glasses and glass ceramics. In Advanced Materials Research, 39, 231-
236.

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

El-Diasty, F., Wahab, F. A. A., & Abdel-Baki, M. (2006). Optical band gap studies 
on lithium aluminum silicate glasses doped with Cr3+ ions. Journal of 
Applied Physics, 100(9), 1-7.

El Ghoul, J., & El Mir, L. (2014). Sol-gel synthesis and luminescence of undoped 
and Mn-doped zinc orthosilicate phosphor nanocomposites. Journal of 
Luminescence, 148(1), 82-88.

El Ghoul, J., Omri, K., Alyamani, A., Barthou, C., & El Mir, L. (2013). Synthesis 
and luminescence of SiO2/Zn2SiO4 and SiO2/Zn2SiO4:Mn composite with 
sol-gel methods. Journal of Luminescence, 138, 218-222.

El Mir, L., Omri, K., & El Ghoul, J. (2015). Effect of crystallographic phase on 
green and yellow emissions in Mn-doped zinc silicate nanoparticles 
incorporated in silica host matrix. Superlattices and Microstructures, 85, 
180-184.

El Mallawany, R. (1993). Longitudinal elastic constants of tellurite glasses. Journal 
of Applied Physics, 73(10), 4878-4880.

El-Shennawi, A. W. A., Hamzawy, E. M. A., Khater, G. A., & Omar, A. A. (2001). 
Crystallization of some aluminosilicate glasses. Ceramics International,
27(7), 725-730.

Eriksson, G., & Pelton, A. D. (1993). Critical evaluation and optimization of the 
thermodynamic properties and phase diagrams of the CaO-Al2O3, Al2O3-
SiO2, and CaO-Al2O3-SiO2 systems. Metallurgical Transactions B, 24(5),
807-816.

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.

Feldman, C., & O’Hara, M., (1958). Luminescent phases in willemite films. Journal 
of the Optical Society of America, 48(11), 816-820. 

Fonda, G. R. (1940). The yellow and red zinc silicate phosphors. The Journal of 
Physical Chemistry, 44(7), 851-861.

Francis, A. A. (2004). Conversion of blast furnace slag into new glass-ceramic 
material. Journal of the European Ceramic Society, 24(9), 2819-2824.

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
OP

UPM

143

Gaft, M., Reisfeld, R., & Panczer, G. (2005). Modern luminescence spectroscopy of 
minerals and materials. Springer Science & Business Media. 

Gnutzmann, U., & Clausecker, K. (1974). Theory of direct optical transitions in an 
optical indirect semiconductor with a superlattice structure. Applied Physics,
3(1), 9-14.

Goldman, D. E., & Richards, J. R. (1954). Measurement of high frequency sound 
velocity in mammalian soft tissues. The Journal of the Acoustical Society of 
America, 26(6), 981-983. 

Goldschmidt, V. M. (1929). Crystal structure and chemical constitution. 
Transactions of the Faraday Society, 25, 253-283.

Goldstein, J., Newbury, D.E., Echlin, P., Joy, D.C., Romig Jr, A.D., Lyman, C.E., 
Fiori, C. & Lifshin, E., 2012. Scanning electron microscopy and X-ray 
microanalysis: a text for biologists, materials scientists, and geologists. 
Springer Science & Business Media. 

Götz, J., & Masson, C. R. (1970). Trimethylsilyl derivatives for the study of silicate 
structures. Part I. A direct method of trimethylsilylation. Journal of the 
Chemical Society A: Inorganic, Physical, Theoretical, 2683-2686.

Graça, M. P. F., da Silva, M. F., Sombra, A. S. B., & Valente, M. A. (2007). Electric 
and dielectric properties of a SiO2-Na2O-Nb2O5 glass subject to a controlled 
heat-treatment process. Physica B: Condensed Matter, 396(1), 62-69.

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.

Hao, Y., & Wang, Y. (2007). Luminescent properties of Zn2SiO4:Mn2+ phosphor
under UV, VUV and CR excitation. Journal of Luminescence, 122, 1006-
1008.

Hasegawa, S., & Kitagawa, M. (1978). Effects of annealing on localized states in 
amorphous Ge films. Solid State Communications, 27(9), 855-858.

Hoppe, U., Yousef, E., Rüssel, C., Neuefeind, J., & Hannon, A. C. (2004). Structure 
of zinc and niobium tellurite glasses by neutron and X-ray diffraction. 
Journal of Physics: Condensed Matter, 16(9), 1645.

Hou, L., Zuo, G., Shen, Y., Meng, Y., & Li, H. (2014). Effects of the replacing 
content of ZnBr2 on the properties of ZnO-B2O3-SiO2:Mn2+ glass-ceramics. 
Ceramics International, 40(8), 13097-13103.

Hench, L. L. (1977). Physical chemistry of glass surfaces. Journal of Non-
Crystalline Solids, 25(1), 343-369.

Heo, J. (2014). Rare-earth-doped chalcogenide glass for lasers and amplifiers. 
Chalcogenide Glasses: Preparation, Properties and Applications.

Hitzman, M. W., Reynolds, N. A., Sangster, D. F., Allen, C. R., & Carman, C. E. 
(2003). Classification, genesis, and exploration guides for nonsulfide zinc 
deposits. Economic Geology, 98(4), 685-714.

Höland, W., Rheinberger, V., & Schweiger, M. (2003). Control of nucleation in 
glass ceramics. Philosophical Transactions of the Royal Society of London A: 
Mathematical, Physical and Engineering Sciences, 361(1804), 575-589.

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.

Hurt, J. C., & Phillips, C. J. (1970). Structural role of zinc oxide in glasses in the 
system Na2O ZnO SiO2. Journal of the American Ceramic Society, 53(5), 
269-273.



© C
OP

UPM

144

Husung, R. D., & Doremus, R. H. (1990). The infrared transmission spectra of four 
silicate glasses before and after exposure to water. Journal of Materials 
Research, 5(10), 2209-2217. 

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.

Jak, E., Hayes, P. C., Degterov, S., Pelton, A. D., & Wu, P. (1997). Thermodynamic 
optimization of the systems PbO-SiO2, PbO-ZnO, ZnO-SiO2 and PbO-ZnO-
SiO2. Metallurgical and Materials Transactions B, 28(6), 1011-1018.

James, P. F. (1975). Liquid-phase separation in glass-forming systems. Journal of 
Materials Science, 10(10), 1802-1825.

Kadir, S. A. S. A., Yin, C. Y., Sulaiman, M. R., Chen, X., & El-Harbawi, M. (2013). 
Incineration of municipal solid waste in Malaysia: Salient issues, policies and 
waste-to-energy initiatives. Renewable and Sustainable Energy Reviews,
24(1), 181-186.

Kadono, K., Itakura, N., Akai, T., Yamashita, M., & Yazawa, T. (2009). Effect of 
additive ions on the optical density and stability of the color centers induced 
by X-ray irradiation in soda-lime silicate glass. Nuclear Instruments and 
Methods in Physics Research Section B: Beam Interactions with Materials 
and Atoms, 267(14), 2411-2415.

Kamitsos, E. I., Yiannopoulos, Y. D., Varsamis, C. P., & Jain, H. (1997). Structure-
property correlation in glasses by infrared reflectance spectroscopy. Journal 
of Non-Crystalline Solids, 222(1), 59-68.

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

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.

Karamanov, A., Pisciella, P., & Pelino, M. (1999). The effect of Cr2O3 as a 
nucleating agent in iron-rich glass-ceramics. Journal of the European 
Ceramic Society, 19(15), 2641-2645.

Kaur, G., Kumar, M., Arora, A., Pandey, O. P., & Singh, K. (2011). Influence of 
Y2O3 on structural and optical properties of SiO2-BaO-ZnO-xB2O3-(10-
x)Y2O3 glasses and glass ceramics. Journal of Non-Crystalline Solids,
357(3), 858-863.

Kauzmann, W. (1948). The nature of the glassy state and the behavior of liquids at 
low temperatures. Chemical Reviews, 43(2), 219-256.

Kavouras, P., Komninou, P., Chrissafis, K., Kaimakamis, G., Kokkou, S., 
Paraskevopoulos, K., & Karakostas, T. (2003). Microstructural changes of 
processed vitrified solid waste products. Journal of the European Ceramic 
Society, 23(8), 1305-1311. 

Kawamoto, Y., & Tomozawa, M. (1981). Prediction of immiscibility boundaries of 
the systems K2O SiO2, K2O Li2O SiO2, K2O Na2O SiO2, and K2O BaO
SiO2. Journal of the American Ceramic Society, 64(5), 289-292.

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.



© C
OP

UPM

145

Kahn, A. H., & Leyendecker, A. J. (1964). Electronic energy bands in strontium 
titanate. Physical Review, 135(5), 1321-1325.

Kiliç, G., & Ertunç, A. R. A. L. (2009). Determination of optical band gaps and 
structural properties of Cu2+ doped B2O3-Na2O-Al2O3-V2O5 glasses. Gazi 
University Journal of Science, 22(3), 129-139.

Kim, N. J., La, Y. H., Im, S. H., Han, W. T., & Ryu, B. K. (2009). Effect of ZnO on 
physical and optical properties of bismuth borate glasses. Electronic 
Materials Letters, 5(4), 209-212.

Klick, C. C., & Schulman, J. H. (1952). On the luminescence of divalent manganese 
in solids. Journal of the Optical Society of America, 42(12), 910-916.

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.

Kozhukharov, V., Bürger, H., Neov, S., & Sidzhimov, B. (1986). Atomic 
arrangement of a zinc-tellurite glass. Polyhedron, 5(3), 771-777.

Lakshminarayana, G., & Wondraczek, L. (2011). Photoluminescence and energy 
transfer in Tb3+/Mn2+ co-doped ZnAl2O4 glass ceramics. Journal of Solid 
State Chemistry, 184(8), 1931-1938.

Landi, E., Tampieri, A., Celotti, G., & Sprio, S. (2000). Densification behaviour and 
mechanisms of synthetic hydroxyapatites. Journal of the European Ceramic 
Society, 20(14), 2377-2387.

Lange, F. F. (1989). Thermodynamics of densification: II, grain growth in porous 
compacts and relation to densification. Journal of the American Ceramic 
Society, 72(5), 735-741.

Lange, F. F. (1989). Powder processing science and technology for increased 
reliability. Journal of American Ceramics Society, 72(1), 3-15.

Lee, W. E., Ojovan, M. I., Stennett, M. C., & Hyatt, N. C. (2006). Immobilisation of 
radioactive waste in glasses, glass composite materials and ceramics. 
Advances in Applied Ceramics, 105(1), 3-12.

Lee, W. E., & Rainforth, M. (1994). Ceramic microstructures: property control by 
processing. Springer Science & Business Media. 

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.

Legodi, M. A., & De Waal, D. (2007). The preparation of magnetite, goethite, 
hematite and maghemite of pigment quality from mill scale iron waste. Dyes 
and Pigments, 74(1), 161-168.

Levelut, C., Le Parc, R., Faivre, A., & Champagnon, B. (2006). Influence of thermal 
history on the structure and properties of silicate glasses. Journal of Non-
Crystalline Solids, 352(42), 4495-4499.

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

Li, Z. Y., & Zhang, Z. Q. (2000). Fragility of photonic band gaps in inverse-opal 
photonic crystals. Physical Review B, 62(3), 1516-1519.

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.



© C
OP

UPM

146

Lin, C. C., & Shen, P. (1994). Sol-gel synthesis of zinc orthosilicate. Journal of Non-
Crystalline Solids, 171(3), 281-289.

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.

Lu, Q., Wang, P., & Li, J. (2011). Structure and luminescence properties of Mn-
doped Zn2SiO4 prepared with extracted mesoporous silica. Materials 
Research Bulletin, 46(6), 791-795.

Lu, Y., Ding, Z., & Tang, Y. (1988). Structural change of soda lime glass with minor 
P2O5 addition and heat treatment. Journal of Non-Crystalline Solids, 106(1), 
391-394.

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.

Lusvardi, G., Malavasi, G., Menabue, L., & Menziani, M. C. (2002). Synthesis, 
characterization, and molecular dynamics simulation of Na2O-CaO-SiO2-
ZnO glasses. The Journal of Physical Chemistry B, 106(38), 9753-9760.

Lusvardi, G., Malavasi, G., Menabue, L., Menziani, M. C., Segre, U., Carnasciali, 
M. M., & Ubaldini, A. (2004). A combined experimental and computational
approach to (Na2O)1-x·CaO·(ZnO)x·2SiO2 glasses characterization. Journal of 
Non-Crystalline Solids, 345(1), 710-714.

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.

Mai, M., & Feldmann, C. (2009). Two-color emission of Zn2SiO4:Mn from ionic 
liquid mediated synthesis. Solid State Sciences, 11(2), 528-532.

Malavasi, G., Lusvardi, G., Pedone, A., Menziani, M. C., Dappiaggi, M., Gualtieri, 
A., & Menabue, L. (2007). Crystallization kinetics of bioactive glasses in the 
ZnO-Na2O-CaO-SiO2 system. The Journal of Physical Chemistry A, 111(34), 
8401-8408.

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.

Manfredi, O., Wuth, W., & Bohlinger, I. (1997). Characterizing the physical and 
chemical properties of aluminum dross. The Journal of the Minerals, Metals 
& Materials Society, 49(11), 48-51.

Maragkos, I., Giannopoulou, I. P., & Panias, D. (2009). Synthesis of ferronickel 
slag-based geopolymers. Minerals Engineering, 22(2), 196-203.

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.

Masuno, A., Inoue, H., Yu, J., & Arai, Y. (2010). Refractive index dispersion, 
optical transmittance, and Raman scattering of BaTi2O5 glass. Journal of 
Applied Physics, 108(6), 063520-1-063520-5.

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 Physical 
Sciences, 5(14), 2212-2216.



© C
OP

UPM

147

Matori, K. A., Zaid, M. H. M., Quah, H. J., Sidek, H. A. A., Wahab, Z. A., & Sabri, 
M. G. M. (2015). Studying the effect of ZnO on physical and elastic 
properties of (ZnO)x(P2O5)1-x glasses using nondestructive ultrasonic method. 
Advances in Materials Science and Engineering, 2015, 1-8.

Matusita, K., Komatsu, T., & Yokota, R. (1984). Kinetics of non-isothermal 
crystallization process and activation energy for crystal growth in amorphous 
materials. Journal of Materials Science, 19(1), 291-296.

Merzbacher, C. I., & White, W. B. (1991). The structure of alkaline earth 
aluminosilicate glasses as determined by vibrational spectroscopy. Journal of 
Non-Crystalline Solids, 130(1), 18-34.

Mirsaneh, M., Reaney, I. M., Hatton, P. V., & James, P. F. (2004). Characterization 
of high fracture toughness K Fluorrichterite Fluorapatite glass ceramics. 
Journal of the American Ceramic Society, 87(2), 240-246.

Miyata, T., Minami, T., Saikai, K., & Takata, S. (1994). Zn2SiO4 as a host material
for phosphor-emitting layers of TFEL devices. Journal of Luminescence, 60, 
926-929.

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.

Mohamed, N. B., Yahya, A. K., Deni, M. S. M., Mohamed, S. N., Halimah, M. K., 
& Sidek, H. A. A. (2010). Effects of concurrent TeO2 reduction and ZnO 
addition on elastic and structural properties of (90-x)TeO2-10Nb2O5-(x)ZnO 
glass. Journal of Non-Crystalline Solids, 356(33), 1626-1630.

Molla, A. R., Tarafder, A., & Karmakar, B. (2011). Synthesis and properties of 
glasses in the K2O-SiO2-Bi2O3-TiO2 system and bismuth titanate (Bi4Ti3O12)
nano glass-ceramics thereof. Journal of Materials Science, 46(9), 2967-2976. 

Mott, N. F., & Davis, E. A., (2012). Electronic processes in non-crystalline 
materials. Oxford University Press.

Mukherjee, G. D., Vaidya, S. N., & Sugandhi, V. (2001). Direct observation of 
amorphous to amorphous apparently first-order phase transition in fused 
quartz. Physical Review Letters, 87(19), 195501-195507.

Müller, R., Zanotto, E. D., & Fokin, V. M. (2000). Surface crystallization of silicate 
glasses: nucleation sites and kinetics. Journal of Non-Crystalline Solids,
274(1), 208-231.

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.

Omri, K., & El Mir, L. (2014). Effect of manganese concentration on 
photoluminescence properties of Zn2SiO4:Mn nanophosphor material. 
Superlattices and Microstructures, 70(1), 24-32.

Ojovan, M. I., & Lee, W. B. E. (2010). Connectivity and glass transition in 
disordered oxide systems. Journal of Non-Crystalline Solids, 356(44), 2534-
2540.

Park, K. W., Lim, H. S., Park, S. W., Deressa, G., & Kim, J. S. (2015). Strong blue 
absorption of green Zn2SiO4:Mn2+ phosphor by doping heavy Mn2+

concentrations. Chemical Physics Letters, 636(1), 141-145.
Park, Y. J., Moon, S. O., & Heo, J. (2003). Crystalline phase control of glass 

ceramics obtained from sewage sludge fly ash. Ceramics International,
29(2), 223-227.



© C
OP

UPM

148

Partyka, J. (2015). Effect of BaO ratio on the structure of glass-ceramic composite 
materials from the SiO2-Al2O3-Na2O-K2O-CaO system. Ceramics 
International, 41(8), 9337-9343.

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.
Paul, A. (1990). Chemistry of glasses. Springer Science & Business Media. 
Pavani, P. G., Sadhana, K., & Mouli, V. C. (2011). Optical, physical and structural 

studies of boro-zinc tellurite glasses. Physica B: Condensed Matter, 406(6), 
1242-1247.

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.

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.

Pinckney, L. R. (2006). Transparent glass-ceramics based on ZnO crystals. Physics 
and Chemistry of Glasses-European Journal of Glass Science and 
Technology Part B, 47(2), 127-130.

Pisciella, P., Crisucci, S., Karamanov, A., & Pelino, M. (2001). Chemical durability 
of glasses obtained by vitrification of industrial wastes. Waste Management,
21(1), 1-9.

Ponsot, I., Bernardo, E., Bontempi, E., Depero, L., Detsch, R., Chinnam, R. K., & 
Boccaccini, A. R. (2015). Recycling of pre-stabilized municipal waste 
incinerator fly ash and soda-lime glass into sintered glass-ceramics. Journal 
of Cleaner Production, 89, 224-230.

Pontikes, Y., Esposito, L., Tucci, A., & Angelopoulos, G. N. (2007). Thermal 
behaviour of clays for traditional ceramics with soda-lime-silica waste glass 
admixture. Journal of the European Ceramic Society, 27(2), 1657-1663.

Prakash, G. V., Rao, D. N., & Bhatnagar, A. K. (2001). Linear optical properties of 
niobium-based tellurite glasses. Solid State Communications, 119(1), 39-44. 

Qian, G., Baccaro, S., Falconieri, M., Bei, J., Cecilia, A., & Chen, G. (2008). 
Photoluminescent properties and Raman spectra of ZnO-based scintillating 
glasses. Journal of Non-Crystalline Solids, 354(40), 4626-4629.

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.

Ramakrishna, P. V., Murthy, D. B. R. K., Sastry, D. L., & Samatha, K. (2014). 
Synthesis, structural and luminescence properties of Mn doped ZnO/Zn2SiO4

composite microphosphor. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 129(1), 274-279.

Ramakrishna, P. V., Murthy, D. B. R. K., & Sastry, D. L. (2014). White-light 
emitting Eu3+ co-doped ZnO/Zn2SiO4:Mn2+ composite microphosphor. 
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy,
125, 234-238.

Rao, T. G. V. M., Kumar, A. R., Neeraja, K., Veeraiah, N., & Reddy, M. R. (2013). 
Optical and structural investigation of Eu3+ ions in Nd3+ co-doped 



© C
OP

UPM

149

magnesium lead borosilicate glasses. Journal of Alloys and Compounds, 557, 
209-217.

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. London: Academic press. 
Renuka, C., Reddy, N.S., Reddy, M.S., Viswanatha, R., Reddy, C.N. (2015). Optical 

properties of microwave prepared glasses containing manganese ions. 
International Journal of Luminescence and Applications, 5, 121-124.

Romero, M., Rawlings, R. D., & Rincón, J. M. (1999). Development of a new glass-
ceramic by means of controlled vitrification and crystallisation of inorganic 
wastes from urban incineration. Journal of the European Ceramic Society,
19(12), 2049-2058.

Romero Serrano, A., Gomez Yañez, C., Hallen Lopez, M., & Araujo Osorio, J. 
(2005). Thermodynamic modeling of alkali metal oxide silica binary melts.
Journal of the American Ceramic Society, 88(1), 141-145.

Ronda, C. R. (1997). Recent achievements in research on phosphors for lamps and 
displays. Journal of Luminescence, 72, 49-54.

Rooksby, H. P., & McKeag, A. H. (1941). The yellow fluorescent form of zinc 
silicate. Transactions of the Faraday Society, 37, 308-311.

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.

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.

Schicke, K. D., Beyer, J., Hessenkemper, H., & Heitmann, J. (2016). Optical 
modifications at the intrinsic absorption threshold in soda lime silicate glass 
by Ag+–Na+ ion exchange. Journal of Non-Crystalline Solids, 447(1), 134-
140.

Schlaudt, C. M., & Roy, D. M. (1965). Crystalline solution in the system MgO Mg, 
SiO4-MgAl2O4. Journal of the American Ceramic Society, 48(5), 248-251.

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(2), 152-167.

Segadães, A. M. (2006). Use of phase diagrams to guide ceramic production from 
wastes. Advances in Applied Ceramics, 105(1), 46-54.

Sehgal, J., & Ito, S. (1998). A new low brittleness glass in the soda lime silica glass 
family. Journal of the American Ceramic Society, 81(9), 2485-2488.

Selomulya, R., Ski, S., Pita, K., Kam, C. H., Zhang, Q. Y., & Buddhudu, S. (2003).
Luminescence properties of Zn2SiO4:Mn2+ thin-films by a sol-gel process. 
Materials Science and Engineering: B, 100(2), 136-141.

Seo, K. I., Park, J. H., Kim, J. S., Kim, G. C., & Yoo, J. H. (2009). Highly efficient 
transparent Zn2SiO4:Mn2+ phosphor film on quartz glass. Journal of 
Luminescence, 129(7), 715-719.

Shao, Y., Lefort, T., Moras, S., & Rodriguez, D. (2000). Studies on concrete 
containing ground waste glass. Cement and Concrete Research, 30(1), 91-
100.



© C
OP

UPM

150

Shelby, J. E. (1981). Effect of crystal content on the properties of willemite glass-
ceramics. Journal of Non-Crystalline Solids, 43(2), 255-265.

Shelby, J. E. (2005). Introduction to glass science and technology. Royal Society of 
Chemistry. 

Shelby, J. E., & Nichols, M. C. (1983). Effect of thermal history on the properties of 
a willemite glass ceramic. Journal of the American Ceramic Society, 66(3), 
200-204.

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.

Singh, A. K. (2013). A comparative study on optical properties of Se-Zn-In and Se-
Zn-Te-In chalcogenide glasses. Optik-International Journal for Light and 
Electron Optics, 124(15), 2187-2190.

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

Sivakumar, V., Lakshmanan, A., Kalpana, S., Rani, R. S., Kumar, R. S., & Jose, M. 
T. (2012). Low-temperature synthesis of Zn2SiO4:Mn green 
photoluminescence phosphor. Journal of Luminescence, 132(8), 1917-1920. 

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

Sohn, K. S., Cho, B., & Park, H. D. (1999). Photoluminescence behavior of 
Manganese doped zinc silicate phosphors. Journal of the American Ceramic 
Society, 82(10), 2779-2784.

Sohn, K. S., Cho, B., Chang, H., & Park, H. D. (1999). Effect of Co doping on the 
photoluminescence behavior of Zn2SiO4:Mn phosphors. Journal of the 
Electrochemical Society, 146(6), 2353-2356.

Sohn, K. R., Kim, K. T., & Song, J. W. (2002). Optical fiber sensor for water 
detection using a side-polished fiber coupler with a planar glass-overlay-
waveguide. Sensors and Actuators A: Physical, 101(1), 137-142.

Sorarù, G. D., Modena, S., Guadagnino, E., Colombo, P., Egan, J., & Pantano, C. 
(2002). Chemical durability of silicon oxycarbide glasses. Journal of the 
American Ceramic Society, 85(6), 1529-1536.

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.

Stevels, A. L. N., & Vink, A. T. (1974). Fine structure in the low temperature 
luminescence of Zn2SiO4:Mn and Mg4Ta2O9:Mn. Journal of Luminescence,
8(6), 443-451.

Stillinger, F. H. (1995). A topographic view of supercooled liquids and glass 
formation. Science, 267(5206), 1935-1939.

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.

Suryanarayana, C., & Norton, M. G. (2013). X-ray diffraction: a practical approach. 
Springer Science & Business Media. 

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 



© C
OP

UPM

151

properties of europium (III) oxide doped willemite. Journal of Spectroscopy,
2014, 1-7.

Taghavinia, N., Lerondel, G., Makino, H., Yamamoto, A., Yao, T., Kawazoe, Y., & 
Goto, T. (2001). Nanocrystalline Zn2SiO4:Mn2+ grown in oxidized porous 
silicon. Nanotechnology, 12(4), 547-551.

Taghavinia, N., Lerondel, G., Makino, H., Yamamoto, A., Yao, T., Kawazoe, Y., & 
Goto, T. (2002). Growth of luminescent Zn2SiO4:Mn2+ particles inside 
oxidized porous silicon: emergence of yellow luminescence. Journal of 
Crystal Growth, 237(1), 869-873.

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., Shimoyama, K., Murakami, S., Hakuta, Y., Hayashi, H., & Smith, R. 
L. (2007). Phase formation of Mn-doped zinc silicate in water at high-
temperatures and high-pressures. The Journal of Supercritical Fluids, 43(2), 
214-221.

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.

Talib, Z. A., Loh, Y. N., Sidek, H. A. A., Yusoff, W. M. D. W., Yunus, W. M. M., & 
Shaari, A. H. (2004). Optical absorption spectrum of (LiCl)x(P2O5)1-x glass. 
Ceramics International, 30(7), 1715-1717.

Tanabe, S. (1999). Optical transitions of rare earth ions for amplifiers: how the local 
structure works in glass. Journal of Non-Crystalline Solids, 259(1), 1-9.

Tanabe, S., Hayashi, H., Hanada, T., & Onodera, N. (2002). Fluorescence properties 
of Er3+ ions in glass ceramics containing LaF3 nanocrystals. Optical 
Materials, 19(3), 343-349.

Tanaka, M. (2002). Photoluminescence properties of Mn2+-doped II–VI 
semiconductor nanocrystals. Journal of Luminescence, 100(1), 163-173.

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. 

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

Taylor, H. F. W. (1962). The dehydration of hemimorphite. American Mineral. 47, 
932-944.

Teo, P. T., Anasyida, A. S., Basu, P., & Nurulakmal, M. S. (2014). Recycling of 
Malaysia’s electric arc furnace (EAF) slag waste into heavy-duty green 
ceramic tile. Waste Management, 34(12), 2697-2708.

Terry, B., & Monhemius, A. J. (1983). Acid dissolution of willemite (Zn, Mn)2SiO4)
and hemimorphite (Zn4Si2O7(OH)2H2O). Metallurgical Transactions B,
14(3), 335-346.



© C
OP

UPM

152

Ticha, H., Kincl, M., & Tichy, L. (2013). Some structural and optical properties of 
(Bi2O3)x(ZnO)60-x(B2O3)40 glasses. Materials Chemistry and Physics,
138(2), 633-639.

Tomozawa, M., Hong, J. W., & Ryu, S. R. (2005). Infrared (IR) investigation of the 
structural changes of silica glasses with fictive temperature. Journal of Non-
Crystalline Solids, 351(12), 1054-1060.

Toya, T., Kameshima, Y., Yasumori, A., & Okada, K. (2004). Preparation and 
properties of glass-ceramics from wastes (Kira) of silica sand and kaolin clay 
refining. Journal of the European Ceramic Society, 24(8), 2367-2372.

Turnbull, D., & Cohen, M. H. (1961). Free volume model of the amorphous phase: 
glass transition. The Journal of Chemical Physics, 34(1), 120-125.

Uegaito, K., Hosokawa, S., & Inoue, M. (2012). Effect of heat treatments on the
luminescence properties of Zn2SiO4:Mn2+ phosphors prepared by 
glycothermal methods. Journal of Luminescence, 132(1), 64-70.

Urbach, F. (1953). The long-wavelength edge of photographic sensitivity and of the 
electronic absorption of solids. Physical Review, 92(5), 1324.

Van der Kolk, E., Dorenbos, P., Van Eijk, C. W. E., Bechtel, H., Jüstel, T., Nikol, 
H., Ronda, C. R., & Wiechert, D. U. (2000). Optimised co-activated 
willemite phosphors for application in plasma display panels. Journal of 
Luminescence, 87(1), 1246-1249.

Varshneya, A. K. (2013). Fundamentals of inorganic glasses. Elsevier.
Vellini, M., & Savioli, M. (2009). Energy and environmental analysis of glass 

container production and recycling. Energy, 34(12), 2137-2143.
Victor, D., & Agamuthu, P. (2013). Strategic environmental assessment policy 

integration model for solid waste management in Malaysia. Environmental 
Science & Policy, 33(1), 233-245.

Vitale-Brovarone, C., Novajra, G., Milanese, D., Lousteau, J., & Knowles, J. C. 
(2011). Novel phosphate glasses with different amounts of TiO2 for 
biomedical applications: dissolution tests and proof of concept of fibre 
drawing. Materials Science and Engineering: C, 31(2), 434-442.

Wachs, I. E. (2005). Recent conceptual advances in the catalysis science of mixed 
metal oxide catalytic materials. Catalysis Today, 100(1), 79-94.

Wan, J., Wang, Z., Chen, X., Mu, L., Yu, W., & Qian, Y. (2006). Controlled 
synthesis and relationship between luminescent properties and shape/crystal 
structure of Zn2SiO4:Mn2+ phosphor. Journal of Luminescence, 121(1), 32-
38.

Wang, L. H., & Hon, M. H. (1992). Effects of sulfidization and sintering 
temperatures of CaLa2S4 powder on its optical property. Japanese Journal of 
Applied Physics, 31(1), 2177-2180

Wang, L., Liu, X., Hou, Z., Li, C., Yang, P., Cheng, Z., Lian, H., & Lin, J. (2008). 
Electrospinning synthesis and luminescence properties of one-dimensional 
Zn2SiO4:Mn2+ microfibers and microbelts. The Journal of Physical 
Chemistry C, 112(48), 18882-18888.

Weber, L., & Oswald, H. R. (1975). Investigation of phase intergrowth 
morphologies in the system Zn2SiO4-SiO2 by photo-emission electron 
microscopy. Journal of Materials Science, 10(6), 973-982.

Williamson, J., & Glasser, F. P. (1964). Crystallisation of zinc silicate liquids and 
glasses. Physics and Chemistry of Glasses, 5(1), 52-59.



© C
OP

UPM

153

Wu, P., Eriksson, G., & Pelton, A. D. (1993). Optimization of the thermodynamic 
properties and phase diagrams of the Na2O-SiO2 and K2O-SiO2 systems. 
Journal of the American Ceramic Society, 76(8), 2059-2064.

Xiong, L., Shi, J., Gu, J., Li, L., Huang, W., Gao, J., & Ruan, M. (2005). A 
mesoporous template route to the low-temperature preparation of efficient
green light emitting Zn2SiO4:Mn phosphors. The Journal of Physical 
Chemistry B, 109(2), 731-735.

Xu, G. Q., Xu, H. T., Zheng, Z. X., & Wu, Y. C. (2010). Preparation and
characterization of Zn2SiO4:Mn phosphors with hydrothermal methods. 
Journal of Luminescence, 130(10), 1717-1720.

Xu, X. J., Ray, C. S., & Day, D. E. (1991). Nucleation and crystallization of 
Na2O·2CaO·3SiO2 glass by differential thermal analysis. Journal of the 
American Ceramic Society, 74(5), 909-914.

Yan, B., & Huang, H. (2007). Matrix-inducing synthesis and luminescence of 
Zn2SiO4:xTb3+ submicrometer phosphors derived from the sol-gel 
assembling of different multicomponent hybrid precursors. Journal of Alloys 
and Compounds, 429(1), 338-342.

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., Hazen, R. M., Downs, R. T., & Finger, L. W. (1997). Structural change 
associated with the incommensurate-normal phase transition in akermanite, 
Ca2MgSi2O7, at high pressure. Physics and Chemistry of Minerals, 24(7), 
510-519.

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.

Yousef, E., Hotzel, M., & Rüssel, C. (2007). Effect of ZnO and Bi2O3 addition on 
linear and non-linear optical properties of tellurite glasses. Journal of Non-
Crystalline Solids, 353(4), 333-338.

Yu, Y., Wang, Y., Chen, D., Huang, P., Ma, E., & Bao, F. (2008). Enhanced 
emissions of Eu3+ by energy transfer from ZnO quantum dots embedded in 
SiO2 glass. Nanotechnology, 19(5), 1-5.

Yuritsyn, N. S. (2015). Influence of preformed nuclei on crystal nucleation kinetics 
in soda-lime-silica glass. Journal of Non-Crystalline Solids, 427(1), 139-145. 

Zachariasen, W. H. (1932). The atomic arrangement in glass. Journal of the 
American Chemical Society, 54(10), 3841-3851.

Zanotto, E. D. (1991). Surface crystallization kinetics in soda-lime-silica glasses. 
Journal of Non-Crystalline Solids, 129(1), 183-190. 

Zanotto, E. D., & Craievich, A. F. (1981). The role of amorphous phase separation in 
crystal nucleation in splat cooled Li2O-SiO2 glasses. Journal of Materials 
Science, 16(4), 973-982.

Zen, I. S., Noor, Z. Z., & Yusuf, R. O. (2014). The profiles of household solid waste 
recyclers and non-recyclers in Kuala Lumpur, Malaysia. Habitat 
International, 42(1), 83-89.



© C
OP

UPM

154

Zhang, L., & Jahanshahi, S. (1998). Review and modeling of viscosity of silicate 
melts: Part I. Viscosity of binary and ternary silicates containing CaO, MgO, 
and MnO. Metallurgical and Materials Transactions B, 29(1), 177-186.

Zhang, W., & Liu, H. (2013). A low cost route for fabrication of wollastonite glass-
ceramics directly using soda-lime waste glass by reactive crystallization-
sintering. Ceramics International, 39(2), 1943-1949.

Zhang, Y., Huang, J., Ma, T., Wang, X., Deng, C., & Dai, X. (2011). Sintering 
temperature dependence of energy storage properties in (Ba, Sr) TiO3 glass-
ceramics. Journal of the American Ceramic Society, 94(6), 1805-1810.

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.

Zhou, Y., Ma, Q., Lü, M., Qiu, Z., Zhang, A., & Yang, Z. (2008). Preparation and 
photoluminescence of SrNb2O6 nanoparticles prepared by combustion 
method. Materials Science and Engineering: B, 150(1), 66-69.

Zhu, W., Chen, J., Hao, C., & Zhang, J. (2014). Microstructure and strength of 
Al2O3/Al2O3 joints bonded with ZnO-Al2O3-B2O3-SiO2 glass-ceramic. 
Journal of Materials Science & Technology, 30(9), 944-948.




