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Wollastonite, also widely recognized as calcium silicate (CaSiO3), has received 
extensive research due to its numerous application such a tiles and cement. A 
lot of attention has been paid recently to the physical characterization, 
transformation of phases, and elastic wollastonite glass-ceramics properties. 
The main aims of this research are to fabricate wollastonite glass-ceramics 
from waste products and to study the physical, structural, and elastic properties 
of wollastonite glass-ceramics. A series of glass with combine composition 
derived from ES–ZnO–B2O3–SLS and classified as EZBSLS glasses were 
prepared via melt-quenching method with empirical formula, x(ES)–5ZnO–

10B2O3–100-x(SLS) where x = 15, 20, 25, and 30 wt.%. The wollastonite 
glass-ceramics were originated from the parent glasses by a controlled heat-
treatment process at various temperatures of 700, 800, 900 and 1000 °C at 2 
hours holding time. The detail of chemical composition of ES and SLS glass 
was discovered by using energy dispersive X-ray fluorescence (EDXRF). The 
results indicated that the major elements in SLS glass was SiO2 with 70.5 
wt.%. Meanwhile, for ES, the main element composed of CaO with 96.8 wt.% 
which confirms that the SLS glass waste and ES can be used as SiO2 and CaO 
source. Archimedes method was used to measure bulk density of EZBSLS 
glasses and wollastonite glass-ceramics. Meanwhile, the molar volume of the 
samples were calculated by using formula from the molecular weight of the 
atom divided by the density of the sample. Based on the result, the bulk density 
of the EZBSLS glasses was increased from 2.684 to 2.779 g/cm3 with the 
increasing of ES content. Furthermore, the density of the wollastonite glass-
ceramics was also increased along with the advancement of heat-treatment 
temperature and the highest density referred to ELZBSLS4 at 1000 °C which is 
2.843 g/cm3. The structural properties of EZBSLS glass and wollastonite glass-
ceramics samples were determined by X-Ray Diffraction (XRD), Field Emission 
Scanning Electron Microscopy (FESEM), and Fourier Transform Infrared 
(FTIR) Spectroscopy. The XRD result revealed no peak appeared proving that   
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the EZBSLS glasses are fully amorphous in structure. For wollastonite glass-
ceramics, the analysis showed the wollastonite crystal phase started to grow at 
the heat-treatment temperature of 800 °C and the peak intensity linearly 
increased with the increment of ES content and heat-treatment temperatures. 
From the result, the intense peak of wollastonite crystal phase (JCPDS 84-654) 
was detected at 900 °C with the optimum 25 wt.% ES content. FTIR reflection 
spectroscopy was the used to assess structural of glass and wollastonite glass-
ceramics in the range 400 – 4000 cm-1. The presence of several types of 
vibration such as Ca–O, Si–O–Si, and the detection of Ca-O-Si bands in FTIR 
measurement methods confirms the formation of wollastonite crystal phase in 
the EZBSLS glass matrix. Furthermore, the microstructure of wollastonite 
glass-ceramics was analyzed at 900 °C and the 25 wt.% ES sample showed an 
early stage of homogenous distribution in uniform shape of wollastonite crystal. 
Next, the EZBSLS glasses and wollastonite glass-ceramics were analyzed by 
their elastic properties by non-destructive ultrasonic velocity testing. As can be 
concluded that EZBSLS3 heat-treated at 900 °C is the most stable and optimal 
with value of bulk and Young’s modulus are 167.538 and 143.572 GPa. 
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Wollastonite, juga dikenali sebagai kalsium silikat (CaSiO3), telah dikaji secara 
meluas kerana aplikasinya yang luar biasa sebagai contoh jubin dan simen. 
Baru-baru ini, banyak pemerhatian yang telah diberikan kepada pencirian 
secara fizikal, transformasi fasa, dan sifat keanjalan wollastonite kaca seramik. 
Objektif utama penyelidikan ini adalah untuk menghasilkan wollastonite kaca 
seramik daripada bahan buangan dan menganalisis sifat fizikal, struktur dan 
keanjalan wollastonite kaca seramik. Satu siri kaca dengan komposisi 
gabungan daripada ES–ZnO–B2O3–SLS dan dikelaskan sebagai gelas 
EZBSLS telah disediakan melalui kaedah lindapan leburan dengan 
mengunakan formula empirik, x(ES)–5ZnO–10B2O3–100-x(SLS) dengan nilai 
x= 15, 20, 25, dan 30 wt.%. Seramik kaca wollastonite diperoleh daripada kaca 
induk melalui proses rawatan haba terkawal pada suhu berbeza 700, 800, 900 
dan 1000 °C selama 2 jam. Perincian komposisi kimia kaca ES dan soda-lime-
silika (SLS) ditentukan dengan menggunakan pendarfluor sinar-X penyebaran 
tenaga (EDXRF). Keputusan menunjukkan bahawa unsur utama dalam kaca 
SLS ialah SiO2 dengan 70.5 wt.%. Manakala, bagi ES, unsur utama terdiri 
daripada CaO dengan 96.8 wt.%. Ketumpatan pukal gelas EZBSLS dan 
seramik kaca wollastonite diukur dengan kaedah Archimedes. Manakala isipadu 
molar sampel dikira menggunakan formula daripada berat molekul atom 
dibahagi dengan ketumpatan sampel. Berdasarkan keputusan, ketumpatan 
pukal gelas EZBSLS telah meningkat daripada 2.684 kepada 2.779 g/cm3 
dengan peningkatan kandungan ES. Tambahan pula, ketumpatan seramik kaca 
wollastonite juga meningkat dengan perkembangan suhu rawatan haba dan 
ketumpatan tertinggi dirujuk kepada ELZBSLS4 pada 1000 °C iaitu 2.843 
g/cm3. Ciri-ciri struktur sampel kaca EZBSLS dan wollastonite kaca seramik 
ditentukan oleh Pembelauan Sinar-X (XRD), Mikroskopi Elektron Pengimbasan 
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Pancaran Medan (FESEM), dan Spektroskopi Inframerah Transformasi Fourier 
(FTIR). Keputusan XRD mendedahkan tiada puncak yang muncul membuktikan 
bahawa kaca EZBSLS adalah struktur amorfus sepenuhnya. Bagi seramik 
kaca wollastonite, analisis menunjukkan fasa kristal wollastonite mula 
berkembang pada suhu rawatan haba 800°C dan keamatan puncak meningkat 
secara linear dengan kenaikan kandungan ES dan rawatan haba. Daripada 
hasilnya, puncak sengit fasa kristal wollastonite telah dikesan pada 900 °C 
dengan optimum 25 wt.% kandungan ES. Spektroskopi pantulan FTIR 
digunakan untuk menilai struktur kaca dan seramik kaca wollastonite. Kehadiran 
beberapa jenis getaran seperti ikatan Ca–O, Si–O–Si dan Ca–O–Si yang 
dikesan daripada pengukuran FTIR menunjukkan pembentukan fasa kristal 
wollastonite dalam matriks kaca EZBSLS. Struktur mikro seramik kaca 
wollastonite dianalisis pada suhu 900 °C dan EZBSLS3 menunjukkan peringkat 
awal pengedaran sekata dalam bentuk seragam kristal wollastonite. 
Seterusnya, kaca EZBSLS dan seramik kaca wollastonite dianalisis melalui 
ujian halaju ultrasonik yang tidak merosakkan. Seperti yang boleh disimpulkan 
bahawa EZBSLS3 yang dirawat haba pada 900 °C adalah yang paling stabil 
dan optimum dengan nilai moduli adalah 16.957 GPa167.538 and 143.572 
GPa. 

.
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   CHAPTER 1 

INTRODUCTION 

1.1 Research Background 

The building sector is among the most important roles in this world for the 
past few decades. The development and economic growth in this world mainly 
comes from this industry so it is important to sustain the construction industry 
and continue its calibre and product. Regrettably, as the modern era 
progresses, the industrialization produces million tons of waste such as 
plastic, concrete, glass bottles, and paper (Blair & Mataraarachchi, 2021). 
This concern has prompted a call for a solution to the environmental problem 
via true treatment and disposal management. 

The annually report by Malaysia Municipal Solid Waste (MSW) needs the 
disposal of approximately 98% of the total waste in landfills come from 
industrial and food waste (Sipra et al., 2018; Michel et al., 2021). The current 
landfill disposal method requires advancements in order to extend landfill life 
and reduce the severity of land scarcity. Rapid industrialization and Malaysian 
growth necessitate a better and more efficient waste management strategy. 
Increased urbanization and rural-urban migration have expanded per capita 
earnings leading to variations in consumption patterns, which have resulted in 
massive waste generation. The research involves the collection of waste 
generation information from Malaysian municipalities. The study also supports 
waste composition analysis based on income level to ascertain patterns in the 
composition produced (Hoang et al., 2020). However, this approach appears 
to cause numerous environmental issues, including improper disposal, the 
waste of large amounts of impurities, and the need for new land for the 
founding of disposal sites (Oyedotun et al., 2021). 

Wollastonite (CaSiO3), also known as calcium silicate, has properties that 
make it suitable for use in biomedical applications. Wollastonite have excellent 
bioactivity and degradability/resolvability and thereby could be applied in hard 
tissue repair or as 3D scaffolds for tissue engineering. Furthermore, 
wollastonite has also been recognized as a bioactive material with potential 
applications in bone tissue engineering (Hoang et al., 2020). The previous 
research has been reported that the commercial bone tissue can be 
developed on wollastonite with addition of hydroxyl carbonated apatite layer 
deposition. Moreover, these types of ceramics can promote the connection, 
proliferation, and differentiation of human bone-derived cells (Palakurthy et al., 
2020). 
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Recently, wollastonite glass-ceramics derived from binary CaO–SiO2 glass 
system has been attract many researchers for it interesting properties as   
material used in building applications. The utilization of industrial waste in the 
manufacture of construction material, concrete, and cement considered to be 
an effective method of preventing environmental issues, lowering production 
costs, and conserving energy (Tabit et al., 2020). Wollastonite glass-ceramics 
is useful in a construction industry and other applications due to a variety of 
advantageous properties including low shrinkage, good strength, lack of 
volatile constituents, body permeability, fluxing characteristics, whiteness, and 
acicular shape and the stable rise worldwide in recent years alludes to the 
market growth for wollastonite glass-ceramics (Ponsot et al., 2015). 
 
 
In the recent study, a series of precursor ES–ZnO–B2O3–SLS glass system 
and symbolized as EZBSLS glasses are prepared using the conventional 
melt-quenching approach. The wollastonite glass-ceramics are derived from 
EZBSLS glasses by the controlled heat-treatment process. The EZBSLS 
glasses and wollastonite glass- ceramics were fabricated by different weight 
percentage of ES content which are 15, 20, 25, and 30 wt.% and were 
symbolized as EZBSLS1, EZBSLS2, EZBSLS3, and EZBSLS4 glass 
samples. The properties of the EZBSLS glass and wollastonite glass- 
ceramics have been characterized for physical, structural, and elastic 
behaviour intending to investigate the effect of ES addition and heat-treatment 
temperature to the formation and properties of wollastonite glass-ceramics. 
The structural and phase transformation of EZBSLS glass and wollastonite 
glass-ceramics have been studied by X-ray diffraction (XRD), field emission 
scanning electron microscopy (FESEM), and fourier transform infrared (FTIR). 
Besides, the elastic properties of EZBSLS glass and wollastonite glass-
ceramics have been researched by non-destructive ultrasonic velocity testing. 
Given the foregoing, the goal of this work is to fabricate and characterize 
wollastonite glass-ceramics as potential materials for use in building materials 
applications. 
 
 
1.2 Problem statement 
 
 
These days, there are a massive amount of solid wastes piled up at dumping 
ground. The waste of food accounts for 49.3% of all solid waste as people 
around the world that have been consumed on a daily basis (Moh & Abd 
Manaf, 2014). In general, food waste has a harmful effect on the environment, 
which has resulted in solid pollutant. In this study, the fabrication of 
wollastonite glass-ceramics are made from waste materials which are 
soda-lime-silica (SLS) glass and eggshell (ES) wastes to be able to solve the 
environmental concerns. ES is used as a CaO source because its contain 
about 97% of CaCO3 and this carbonate is degraded to CaO and release 
CO2 gas after heating at 800 °C (Commey & Mensah, 2019). 
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Further to that, it is stated that zinc oxide (ZnO) can reconstruct the atom 
arrangement in glass system to enhance the rigidity as well as contribute to 
the glass network rigidity (Rammah et al., 2020). Furthermore, the inclusion of 
B2O3 into the glass system can help to lower the melting point of the materials 
(Turkeman et al., 2016). However, there are few reports and comprehensive 
studies on the phase transformation and elastic properties of wollastonite 
glass-ceramics derived from ES–ZnO–B2O3–SLS glass system. This is due 
to the fact that from the previous study, there is no addition of ZnO and B2O3 
in the glass system.  

Moreover, scientist are focusing to expand novel technique and utilizing the 
starting materials from the waste product for producing wollastonite as a 
result of which low energy processes may be formed. Commonly, in industry 
conventional solid-state methods for commercial building materials are fully 
developed. Referring to this method; natural raw materials for example CaO, 
ZnO, B2O3, and SiO2 are thoroughly mixed and fired at extremely high 
temperatures for a few hours due to the high melting point between 1450-1600 
°C of starting materials (Zaid et al., 2016). Hence, the inclusion of B2O3 in the 
glass system would be an assistance to lower the melting temperature of the 
starting materials (Turkeman et al., 2016). 

Besides, the poor mechanical and elastic properties of wollastonite glass-
ceramics (25 MPa for tile installation) also still being discussed nowadays 
(Joy et al., 2019). To resolve this issue, fabrication of wollastonite glass-
ceramics utilizing waste material including SLS glass as a SiO2 source and ES 
as CaO source are developed via the melt-quenching approach. Besides, the 
addition of ZnO and B2O3 in the parent glass are expected to enhance the 
elastic and mechanical properties of the glass-ceramics.  

Based on Hossain et al., 2019, they fabricated the wollastonite glass-
ceramics from eggshell and rice husk ash and the obtained results show that 
it reduced the physical and mechanical properties of tile samples at low 
sintering temperature but at high temperature, mechanical properties do not 
have significant influence. This due to the absence of other oxides that can 
helps to enhance the mechanical properties of the glass-ceramics such as 
ZnO.  

This glass evolved into glass-ceramics with CaSiO3 as the primary crystal 
phase. Wollastonite has a promising future in advanced materials as a 
building material applications and biomedical applications due to its strength 
and structure of the glass ceramics. As a result, a detailed analysis of the 
crystallization, properties, and impact of heat-treatment on wollastonite glass-
ceramics obtained from the EZBSLS glass system is being conducted, with 
the hopes of discovering promising materials for use in building applications.  
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1.3 Research objectives 

This project's primary objectives are to synthesis and optimize wollastonite-
based glass-ceramics derived from EZBSLS glasses. This work included the 
development of suitable glass compositions, melt-quenching, the 
advancement of the ES/SLS ratio process, and a sequence of fundamental 
research of the crystallization process. The objectives are as follows: 

1. To fabricate wollastonite glass-ceramics derived from ES–B2O3–

ZnO–SLS (EBZSLS) glasses using SLS glass waste and eggshells
as a silica and calcium source.

2. To analyze the effect of ES/SLS ratio to the physical, phase
transformation and elastic properties of EBZSLS glass and
wollastonite glass-ceramics.

3. To investigate the effect of different heat-treatment temperature to
the physical, phase transformation and elastic properties of
wollastonite glass-ceramics derived from ES–B2O3–ZnO–SLS.

1.4 Scope of Study 

The scopes of the study are as follows in effort to accomplish the study's 
objectives: 

1. Series of precursor glass based on x(ES)–5ZnO–10B2O3–100-
x(SLS) where x = 15, 20, 25, and 30 wt.% have been prepared
using SLS glass powder and eggshell powder with constant ZnO
and B2O3 powder by conventional melt- quenching technique.
Based on previous research by Elsayed et al., 2019, the standard
ratio of wollastonite glass-ceramics is 52:48. Hence, the nominal
and optimum composition that has been used is similar to what I
used in this research.

2. The chemical composition of the ES and SLS glass system has
been measured using EDXRF spectroscopy to prove the chemical
oxide percentage in the starting materials.

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

4. Wollastonite glass-ceramics have been derived from the precursor
ES–ZnO– B2O3–SLS glass system by a controlled heat-treatment
process. The heat-treatment temperature chosen were 700, 800,
900 and 1000 °C. As reported by Almasri et al., 2017, the
wollastonite nucleation phase begins at 800 until 1000 °C.
However, the sample will melt when the temperature exceeds
1000 °C and started to change the shape of the sample. Thus, no
result can be obtained from the melted sample.
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5. The physical, phase transformation and elastic properties of 
EZBSLS glass and wollastonite glass-ceramic have been analyzed 
using the Archimedes method, DSC, EDXRF, XRD, FESEM, 
FTIR, and ultrasonic testing. 

 
 

1.5 Important of the study 
 
 
Wollastonite active ingredients reduce ceramic firing temperatures, 
improve strength, and reduce firing and drying shrinkages and temperature 
parameters. Wollastonite ceramics have been used in electrical and radio 
engineering (Sahar et al., 2020). In addition, wollastonite also has 
promising applications in the ceramics sector (Fuertes et al., 2022). 
Silicate glass-ceramic containing wollastonite (CaSiO3) crystals have 
received a great deal of attention due to their good bioactivity, 
biocompatibility and mechanical properties (Kherifi et al., 2021). These 
glass-ceramics strengthen bone regeneration and can be applied in bone 
tissue engineering (Ribas et al., 2019). The wollastonite crystalline phase 
often presents acicular morphology, which potentially increases the 
toughness and strength of silicate glass-ceramics (Soares et al., 2018). 
 
 
Furthermore, the comprehensive use of natural products in the ceramic tile 
sector has increased in a troubling shortage of these natural resources. 
Tile industries provide empowering climates for the appropriate waste 
power stations in this regard (Almeida et al., 2016). As a result, many 
researchers are seeking to create new compositions for the production of 
tiles from different type of waste. A wide range of waste materials, 
including rice husk ash, ceramic waste, and glass waste have been 
investigated for production of tile (Kim et al., 2016; Tarhan et al., 2016; 
Miou et al., 2020).  
 
 
As a conclusion, the significant of the study is the elastic properties which 
is the hardness of the sample. It can be conclude that the optimum 
composition of the sample is at 30 wt.% heat-treated at 800 °C. In this 
work, the best hardness obtained is 16.957 GPa compared to previous 
study which is 25 MPa. Therefore, the wollastonite glass-ceramics derived 
from ES–B2O3–ZnO–SLS has improved the strength and hardness of the 
sample compared to previous work. 
 
 
1.6 Outline of thesis 
 
 

The thesis framework is structured as follows. Chapter 1 gives an introduction 
of precursor EZBSLS glass and wollastonite glass-ceramics, the problem 
statements, the objectives, the scopes and also the importance of this study. 
Chapter 2 discusses glass theory, glass-ceramics, and past research, both 
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past and current, carried out by other research teams. Chapter 3 describes 
the apparatus, methodology, and characterization of the precursor glass and 
wollastonite glass-ceramics. In Chapter 4, the effects of the ES/SLS glass 
ratio, the advancement of heat treatment temperatures, and the physical, 
structural, and elastic properties of precursor EZBSLS glass and 
wollastonite glass- ceramics are investigated and discussed. Finally, in 
Chapter 5, the conclusion and future work suggestions are clarified. 
 



© C
OPYRIG

HT U
PM

105  

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(1), 399–404. 

 
Abdel-hameed, S. A. M., & Margha, F. H. (2020). Preparation, crystallization 

and photoluminescence properties of un-doped nano willemite glass 
ceramics with high ZnO additions. Optik - International Journal for Light 
and Electron Optics 206, 164374. 

 
Abdul Jalil, R., Amin Matori, K., Mohd Zaid, M. H., Zainuddin, N., Ahmad Khiri, 

M. Z., Abdul Rahman, N. A., & 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. 

 
Abou Neel, E. A., & Knowles, J. C. (2009). Biocompatibility and other 

properties of phosphate-based glasses for medical applications. Cellular 
Response to Biomaterials (pp. 156-182), 156-182. 

 
Aghdam, H. A., Sanatizadeh, E., Motififard, M., Aghadavoudi, F., Saber-

Samandari, S., Esmaeili, S., Sheikhbahaei, E., Safari, M., & Khandan, A. 
(2020). Effect of calcium silicate nanoparticle on surface feature of 
calcium phosphates hybrid bio- nanocomposite using for bone substitute 
application. Powder Technology, 361, 917-929. 

 
Alazemi, M. F. F. S., Abdullah, M. N., Mustapha, F., Ariffin, M. K. A., & 

Supeni, E. E. (2021). Effect of rice husk ash addition on the physical 
properties of soda-lime- silica glass for building glass and window panel. 
Journal of Mechanical Engineering and Sciences, 15(1), 7771–7780. 

 
Alim, D. M. E. S. A. (2009). Production and Characterization of Foam Glass 

from Container Glass Waste (Unpublished Doctoral dissertation, 
American University in Cairo). 

 
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. 

 
Almeida, M. I., Dias, A. C., Demertzi, M., & Arroja, L. (2016). Environmental 

profile of ceramic tiles and their potential for improvement. Journal of 
Cleaner Production, 131, 583-593. 

 
Amibo¹, T. A., & Bayu, A. B. (2020). Calcium carbonate synthesis, 

optimization and characterization from egg shell. International Journal of 
Modern Science and Technology, 5(7), 182-190. 

 
Amiri, I. S., Azzuhri, S. R. B., Jalil, M. A., Hairi, H. M., Ali, J., Bunruangses, 



© C
OPYRIG

HT U
PM

106  

M., & Yupapin, P. (2018). Introduction to photonics: Principles and the 
most recent applications of microstructures. Micromachines, 9(9), 452. 

 
Arslan, Y., Kenduzler, E., Adigüzel, V. T., & Tomul, F. (2019). The Effect of 

Synthesis   Conditions   on   Calcium   Silicate   Bioceramic Materials. 
Süleyman Demirel Üniversitesi Fen Bilimleri Enstitüsü Dergisi, 23(3), 727-
737. 

 
Atila, A., Ghardi, E. M., Hasnaoui, A., & Ouaskit, S. (2019). Alumina effect on 

the 
structure and properties of calcium aluminosilicate in the percalcic 
region: A molecular dynamics investigation. Journal of Non-Crystalline 
Solids, 525, 119470. 
 

Awogbemi, O., Kallon, D. V. V., & Bello, K. A. (2022). Resource Recycling with 
the Aim of Achieving Zero-Waste Manufacturing. Sustainability, 14(8), 
4503. 

 
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. 

 
Baino, F., Novajra, G., & Vitale-Brovarone, C. (2015). Bioceramics and 

scaffolds: a winning combination for tissue engineering. Frontiers In 
Bioengineering and Biotechnology, 3, 202. 

 
Bateni, N. H., Hamidon, M. N., & Matori, K. A. (2014). Effect of soda-lime-silica 

glass addition on the physical properties of ceramic obtained from white 
rice husk ash. Journal of The Ceramic Society of Japan, 122(1422), 161-
165. 

 
Bayraktar, O., Galanakis, C. M., Aldawoud, T. M., Ibrahim, S. A., Köse, M. D., 

& Uslu, M. E. (2021). Utilization of eggshell membrane and olive leaf 
extract for the preparation of functional materials. Foods, 10(4), 806. 

 
Bengtsson, F., Pehlivan, I. B., Österlund, L., & Karlsson, S. (2022). Alkali ion 

diffusion and structure of chemically strengthened TiO2 doped soda-lime 
silicate glass. Journal of Non-Crystalline Solids, 586, 121564. 

 
Blair, J., & Mataraarachchi, S. (2021). A Review of Landfills, Waste and the 

Nearly Forgotten Nexus with Climate Change. Environments, 8(8), 73. 
 
Bom, S., Jorge, J., Ribeiro, H. M., & Marto, J. (2019). A step forward on 

sustainability in the cosmetics industry: A review. Journal of Cleaner 
Production, 225, 270- 290. 

 
Bouatrous, M., Bouzerara, F., Bhakta, A. K., Delobel, F., Delhalle, J., & 

Mekhalif, Z. (2020). A modified wet chemical synthesis of Wollastonite 
ceramic nanopowders and their characterizations. Ceramics 



© C
OPYRIG

HT U
PM

107  

International, 46(8), 12618-12625. 
 
C Chung, Z. L., Tan, Y. H., San Chan, Y., Kansedo, J., Mubarak, N. M., 

Ghasemi, M., & Abdullah, M. O. (2019). Life cycle assessment of waste 
cooking oil for biodiesel production using waste chicken eggshell derived 
CaO as catalyst via transesterification. Biocatalysis and Agricultural 
Biotechnology, 21, 101317. 

 
Cao, H., Wu, X., Syed-Hassan, S. S. A., Zhang, S., Mood, S. H., Milan, Y. J., 

& Garcia-Perez, M. (2020). Characteristics and mechanisms of 
phosphorous adsorption by rape straw-derived biochar functionalized 
with calcium from eggshell. Bioresource Technology, 318, 124063. 

 
Chan, J. X., Wong, J. F., Hassan, A., Shrivastava, N. K., Mohamad, Z., & 

Othman, N. (2020). Green hydrothermal synthesis of high aspect ratio 
wollastonite nanofibers: Effects of reaction medium, temperature and 
time. Ceramics International, 46(14), 22624-22634. 

 
Chen, H., Li, B., Zhao, M., Zhang, X., Du, Y., Shi, Y., & McCloy, J. S. (2019). 

Lanthanum modification of crystalline phases and residual glass in augite 
glass ceramics produced with industrial solid wastes. Journal of Non-
Crystalline Solids, 524, 119638. 

 
Commey, A., & Mensah, M. (2019). An experimental study on the use of 

eggshell powde r as a pH modifier: Production of lime from eggshells. 
International Journal of Innovative Science and Research Technology, 4, 
766-768. 

 
Cousins, D. S., Suzuki, Y., Murray, R. E., Samaniuk, J. R., & Stebner, A. P. 

(2019). Recycling glass fiber thermoplastic composites   from   wind   
turbine   blades. Journal of Cleaner Production, 209, 1252-1263. 

 
da Silva, R. C., Kubaski, E. T., Tenório-Neto, E. T., Lima-Tenório, M. K., & 

Tebcherani, S. M. (2019). Foam glass using sodium hydroxide as 
foaming agent: Study on the reaction mechanism in soda-lime glass 
matrix. Journal of Non- Crystalline Solids, 511, 177-182. 

 
Dahiya, M. S., Tomer, V. K., & Duhan, S. (2019). Bioactive glass/glass 

ceramics for dental applications. Applications of Nanocomposite 
Materials in Dentistry, 1-25. 

 
Dávalos, J., Bonilla, A., Villaquirán-Caicedo, M. A., de Gutiérrez, R. M., & 
Rincón, 

J. M. (2021). Preparation of glass–ceramic materials from coal ash and 
rice husk ash: Microstructural, physical and mechanical properties. 
Boletín de la Sociedad Española de Cerámica y Vidrio, 60(3), 183-193. 
 

De Luca, A., Chen, L., & Gharehbaghi, K. (2020). Sustainable utilization of 
recycled aggregates:  robust construction and   demolition   waste   
reduction   strategies. International Journal of Building Pathology and 
Adaptation, 39(4), 666-682. 



© C
OPYRIG

HT U
PM

108 

Dechandt, I. C. J., Soares, P., Pascual, M. J., & Serbena, F. C. (2020). 
Sinterability and mechanical properties of glass-ceramics in the system 
SiO2-Al2O3- MgO/ZnO. Journal of the European Ceramic Society, 
40(15), 6002-6013. 

Deng, L., Yun, F., Jia, R., Li, H., Jia, X., Shi, Y., & Zhang, X. (2020). Effect of 
SiO2/MgO ratio on the crystallization behavior, structure, and properties 
of wollastonite-augite glass-ceramics derived from stainless steel slag. 
Materials Chemistry and Physics, 239, 122039. 

Deubener, J., Allix, M., Davis, M.J., Duran, A., Höche, T., Honma, T., 
Komatsu,T., 

Kruger, S., Mitra, I., Muller, R., Nakane, S., Pascual, M.J., Schmelzer, J.W.P., 
Zanotto, E.D., & Zhou, S. (2018). Updated definition of glass-ceramics. 
Journal of Non-Crystalline Solids, 501, 3-10. 

Devi, L. L., & Jayasankar, C. K. (2018). Spectroscopic investigations on high 
efficiency deep red-emitting Ca2SiO4: Eu3+ phosphors synthesized from 
agricultural waste. Ceramics International, 44(12), 14063-14069. 

Dimitriadis, K., Tulyaganov, D. U., Gioti, C., Karakassides, M. A., & 
Agathopoulos, S. (2022). Effect of Al2O3 on Microstructure, Thermal, and 
Physicomechanical Properties, and Biomineralization of Na2O/K2O-CaO-
MgO-SiO2-P2O5-CaF2 Glasses for Dental Applications. Journal of 
Materials Engineering and Performance, 1-10. 

Ding, W. J., Peng, T. J., & Chen, J. M. (2012). Diopside-based glass-ceramics 
from chrysotile asbestos tailing. Advanced Materials Research, 47, 6-31. 

dos Santos, V. R., Cabrelon, M. D., Trichês, E. S., & Quinteiro, E. (2021). 
Application of slaker grits industrial waste as a primary calcium oxide 
source in a ceramic frit formulation. Cerâmica, 67, 476-485. 

Effendy, N., Ab Aziz, S. H., Kamari, H. M., Zaid, M. H. M., & Wahab, S. A. A. 
(2020). Ultrasonic and artificial intelligence approach: Elastic behavior on 
the influences of ZnO in tellurite glass systems. Journal of Alloys and 
Compounds, 835, 155350. 

El-Mallawany, R., Gaafar, M. S., Abdeen, M. A., & Marzouk, S. Y. (2014). 
Simulation of acoustic properties of some tellurite glasses. Ceramics 
International, 40(5), 7389-7394. 

Elsayed, H., Schmidt, J., Bernardo, E., & Colombo, P. (2019). Comparative 
analysis of wollastonite‐diopside glass‐ceramic structures fabricated via 
stereo‐lithography. Advanced Engineering Materials, 21(6), 1801160. 

Farahinia, L., Rezvani, M., & Rezazadeh, M. (2021). Effect of CaF2 
substitution by CaO on spectroscopic properties of oxyfluoride glasses. 



© C
OPYRIG

HT U
PM

109  

Materials Research Bulletin, 139, 111265. 
 
Fernandes, H. R., Tulyaganov, D. U., & Ferreira, J. M. (2009b). Production 

and characterisation of glass ceramic foams from recycled wasted 
materials. Advances in Applied Ceramics, 108(1), 9-13 

. 
Fu, Y., Li, P., Tao, H., Zhang, L., Xin, M., Chang, Y., Xia, Y & Zhou, H. (2019). 

The effects of Ca/Si ratio and B2O3 content on the dielectric properties 
of the CaO– B2O3–SiO2 glass–ceramics. Journal of Materials Science: 

Materials in Electronics, 30(15), 14053-14060. 
 
Fuertes, V., Reinosa, J. J., Fernandez, J. F., & Enríquez, E. (2022). 

Engineered feldspar-based ceramics: A review of their potential in 
ceramic industry. Journal of the European Ceramic Society, 42(2), 307-
326. 

 
Gaafar, M. S., Abdeen, M. A., & Marzouk, S. Y. (2011). Structural investigation 

and simulation of acoustic properties of some tellurite glasses using 
artificial intelligence technique. Journal of Alloys and Compounds, 
509(8), 3566-3575. 

 
Galante, R., Figueiredo-Pina, C. G., & Serro, A. P. (2019). Additive 

manufacturing of ceramics for dental applications: A review. Dental 
Materials, 35(6), 825-846. 

 
Gallo, L. S. A., Boas, M. O. V., Rodrigues, A. C., Melo, F. C., & Zanotto, E. D. 

(2019). Transparent glass–ceramics for ballistic protection:  materials 
and challenges. Journal of Materials Research and Technology, 8(3), 
3357-3372. 

 
Garai, M., Karmakar, B., & Roy, S. (2020). Cr+6 controlled nucleation in SiO2-

MgO- Al2O3-K2O-B2O3-F glass sealant (SOFC). Frontiers in Materials, 
7, 57. 

 
Gautam, S. P., Srivastava, V., & Agarwal, V. C. (2012). Use of glass wastes 

as fine aggregate in Concrete. J. Acad. Indus. Res, 1(6), 320-322. 
 
Gisario, A., Kazarian, M., Martina, F., & Mehrpouya, M. (2019). Metal additive 

manufacturing in the commercial aviation industry: A review. Journal of 
Manufacturing Systems, 53, 124-149. 

 
Greaves, G. N., Greer, A. L., Lakes, R. S., & Rouxel, T. (2011). Poisson's ratio 

and modern materials. Nature materials, 10(11), 823-837. 
 
Griffin, P. W., Hammond, G. P., & McKenna, R. C. (2021). Industrial energy 

use and decarbonization in the glass sector: A UK perspective. Advances 
in Applied Energy, 3, 100037. 

 
Gupta, G., Chen, T. Y., Rautiyal, P., Williams, A. G., Johnson, J. A., Johnson, 

C. E., Edge, R & Bingham, P. A. (2022). Antimony-modified soda-lime-



© C
OPYRIG

HT U
PM

110  

silica glass: Towards low-cost radiation-resistant materials. Journal of 
Non-Crystalline Solids, 585, 121526. 

 
Hamza, A. M., Halimah, M. K., Muhammad, F. D., & Chan, K. T. (2019). 

Physical properties, ligand field and Judd-Ofelt intensity parameters of 
bio-silicate borotellurite glass system doped with erbium  oxide. Journal 
of Luminescence, 207, 497-506. 

 
Harabi, A., Kasrani, S., Foughali, L., Serradj, I., Benhassine, M. T., & Kitouni, 

S. (2017). Effect of TiO2 additions on densification and mechanical 
properties of new mulltifunction resistant porcelains using economic raw 
materials. Ceramics International, 43(7), 5547-5556. 

 
He, L., Zhang, W., Wang, M. F., Yuan, F. G., Zhang, J. P., Duan, Y. Q., Ren, 

B.B & Wang, J. Q. (2013). Enhanced adsorption of toxic compounds 
from cigarette mainstream smoke by the Al-Ca-SiO2 composite material. 
Advanced Materials Research, 742, 351-354. 

 
Heo, J., & Chung, W. J. (2014). Rare-earth-doped chalcogenide glass for 

lasers and amplifiers. In Chalcogenide Glasses, 347-380 
. 
Hisham, N. A. N., Zaid, M. H. M., Saparuddin, D. I., Ab Aziz, S. H., 

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. 

 
Hisham, N. A. N., Zaid, M. H. M., Aziz, S. H. A., & Muhammad, F. D. (2021). 

Comparison of foam glass-ceramics with different composition derived 
from ark clamshell (ACS) and soda lime silica (SLS) glass bottles 
sintered at various temperatures. Materials, 14(3), 570. 

 
Hoang, N. H., Ishigaki, T., Kubota, R., Yamada, M., & Kawamoto, K. (2020). A 

review of construction and demolition waste management in  Southeast  
Asia. Journal of Material Cycles and Waste Management, 22(2), 315-
325. 

 
Hossain, S. S., Ranjan, V., Pyare, R., & Roy, P. K. (2019). Study the effect of 

physico-mechanical characteristics of ceramic tiles after addition of river 
silts and wollastonite derived from wastes. Construction and Building 
Materials, 209, 315-325. 

 
Hou, Y., Zhang, G. H., Chou, K. C., & Fan, D. (2020). Effects of CaO/SiO2 

ratio and heat treatment parameters on the crystallization behavior, 
microstructure and properties of SiO2-CaO-Al2O3-Na2O glass ceramics. 
Journal of Non-Crystalline Solids, 538, 120023. 

 
Hu, T., Ning, L., Gao, Y., Qiao, J., Song, E., Chen, Z., Zhou, Y., Wang, J., 

Molokeev, M.S., Ke, X., Xia, Z. & Zhang, Q. (2021). Glass crystallization 
making red phosphor for high-power warm white lighting. Light:  Science 



© C
OPYRIG

HT U
PM

111  

& Applications, 10(1), 1-12. 
 
Hurle, K., Belli, R., Götz-Neunhoeffer, F., & Lohbauer, U. (2019). Phase 

characterization of lithium silicate biomedical glass-ceramics produced 
by two- stage crystallization. Journal of Non-Crystalline Solids, 510, 42-
50. 

 
Husain, S., Permitaria, A., & Haryanti, N. H. (2019). Effect calcination 

temperature on formed of calcium silicate from rice husk ash and snail. 
Journal Neutrino:Jurnal Fisika Dan Aplikasinya, 11(2), 45–51. 

Hussain, Z., Sajjad, W., Khan, T., & Wahid, F. (2019). Production of bacterial 
cellulose from industrial wastes: a review. Cellulose, 26(5), 2895-2911. 

 
Ismail, N., Sa’at, N., & Zaid, M. (2021). Effect of sintering time on microstructure 

and electrical properties of varistor ceramics ZnO-CoO-SLS glass. 
Science of Sintering, 53(4), 509–518. 

 
Ji, R., Zheng, Y., Zou, Z., Chen, Z., Wei, S., Jin, X., & Zhang, M. (2019). 

Utilization of mineral wool waste and waste glass for synthesis of foam 
glass at low temperature. Construction and Building Materials, 215, 623-
632. 

 
Joe, A., Park, S. H., Shim, K. D., Kim, D. J., Jhee, K. H., Lee, H. W., Heo, H. 

H., Kim, H. M. & Jang, E. S. (2017). Antibacterial mechanism of ZnO 
nanoparticles under dark conditions. Journal of Industrial and 
Engineering Chemistry, 45, 430-439. 

 
Joshi, N. C., Joshi, E., & Singh, A. (2020). Biological Synthesis, 

Characterizations and Antimicrobial activities of manganese dioxide 
(MnO2) nanoparticles. Research Journal of Pharmacy and Technology, 
13(1), 135-140. 

 
Joung, M. R., Kim, J. S., Song, M. E., Paik, D. S., Nahm, S., Paik, J. H., & 

Choi, B. H. (2008). Effect of B2O3 on the sintering condition and 
microwave dielectric properties of Bi4 (SiO4)3 ceramics. Journal of The 

American   Ceramic Society, 91(12), 4165-4167. 
 
Joy-anne, N. O., Su, Y., Lu, X., Kuo, P. H., Du, J., & Zhu, D. (2019). Bioactive 

glass coatings on metallic implants for biomedical applications. Bioactive 
Materials, 4, 261-270. 

 
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. 

 
Kamarudin, N., Abd Razak, J., Mohamad, N., Norddin, N., Aman, A., Ismail, 

M. M., Junid, R. & Chew, T. (2018). Mechanical and electrical properties 
of silicone rubber based composite for high voltage insulator application. 



© C
OPYRIG

HT U
PM

112  

International Journal of Engineering & Technology, 7(3.25), 452-457. 
 
Kargozar, S., Baino, F., Banijamali, S., & Mozafari, M. (2019). Synthesis and 

physico- chemical characterization of fluoride (F)-and silver (Ag)-
substituted sol-gel mesoporous bioactive glasses. Biomedical glasses, 
5(1), 185-192. 

 
Karmakar, B. (2016). Fundamentals of glass and glass nanocomposites. 

Glass Nanocomposites, 3-53. 
 
Ketov, A., Korotaev, V., Rudakova, L., Vaisman, I., Barbieri, L., & Lancellotti, I. 

(2021). Amorphous silica wastes for reusing in highly porous ceramics. 
International Journal of Applied Ceramic Technology, 18(2), 394–404. 

 
Khalil, E. M. A., ElBatal, 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. 

 
Khater, G. A., Nabawy, B. S., El-Kheshen, A. A., Abdel-Baki, M., Farag, M. M., 

& Abd Elsatar, A. G. (2021a). Preparation and characterization of low-
cost wollastonite and gehlenite ceramics based on industrial wastes. 
Construction and Building Materials, 310, 125214. 

 
Khater, G. A., Safwat, E. M., Kang, J., Yue, Y., & Khater, A. G. A. (2020b). 

Some types of glass-ceramic materials and their applications. 
International Journal of Research Studies in Science, Engineering and 
Technology, 7(3), 2349–2476. 

 
Kherifi, D., Belhouchet, H., Ramesh, S., Lee, K. Y. S., Kenzour, A., Djoualah, 

S., Abbas, M. K. G., & Wong, Y. H. (2021). Sintering behaviour of 
fluorapatite– silicate composites produced from natural fluorapatite and 
quartz. Ceramics International, 47(12), 16483–16490. 

 
Khoeini, M., Hesaraki, S., & Kolahi, A. (2021). Effect of BaO substitution for 

CaO on the structural and thermal properties of SiO2–B2O3–Al2O3–

CaO–Na2O–P2O5 bioactive glass system used for implant coating 
applications. Ceramics International, 47(22), 31666–31680. 

 
Kim, K. J., Balaish, M., Wadaguchi, M., Kong, L., & Rupp, J. L. (2021). 

Solid‐state Li–metal batteries: challenges and horizons of oxide and sulfide 
solid electrolytes and their interfaces. Advanced Energy Materials, 11(1), 
2002689. 

 
Kim, K., Kim, K., & Hwang, J. (2016). Characterization of ceramic tiles 

containing LCD waste glass. Ceramics International, 42(6), 7626-7631. 
 
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. 



© C
OPYRIG

HT U
PM

113  

Kozłowski, M., Khater, G., Olesik, P., & Mahmoud, M. (2020). Preparation and 
characterization of lightweight   glass–ceramics   based   on   industrial   
wastes. Journal of the Australian Ceramic Society, 56(1), 11-20. 

 
Kuball, A. (2019). Development, characterization and processing of a novel 

family of bulk metallic glasses: sulfur-containing bulk metallic glasses. 
(Doctoral dissertation) University of Saarlandes. 

 
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. 

 
Kumar, A., & Soni, D. K. (2019). Effect of calcium and chloride based stabilizer 

on plastic properties of fine grained soil. International Journal of 
Pavement Research and Technology, 12(5), 537-545. 

 
Kumar, A., Chakrabarti, A., Shekhawat, M. S., & Molla, A. R. (2019). 

Transparent ultra-low expansion lithium aluminosilicate glass-ceramics: 
crystallization kinetics, structural and optical properties. Thermochimica 
Acta, 676, 155-163. 

 
Lee, C. S., Amin Matori, K., Ab Aziz, S. H., Kamari, H. M., Ismail, I., & Mohd 

Zaid, M. H. (2017). Comprehensive study on elastic moduli prediction 
and correlation of glass and glass ceramic derived from waste rice husk. 
Advances in Materials Science and Engineering, 2017, 1-10. 

 
Lee, H. T., Ando, S., Coenen, J. W., Mao, Y., Riesch, J., Gietl, H., Kasada, R., 

Hamaji, Y., Ibano, K., & Ueda, Y. (2017). Longitudinal and shear wave 
velocities in pure tungsten and tungsten fiber-reinforced tungsten 
composites. Physica 

Scripta, 2017(T170), 014024. 
 

Li, B., Guo, Y., & Fang, J. (2020). Effect of crystallization temperature on 
glass- ceramics derived from tailings waste. Journal of Alloys and 
Compounds, 838, 155503. 

 
Li, C., Li, P., Zhang, J., Pei, F., Gong, X., Zhao, W., Yan, B., & Guo, H. (2021). 

The concurrent sintering-crystallization behavior of fluoride-containing 
wollastonite glass-ceramics. Materials, 14(3), 681. 

 
Li, H. C., Wang, D. G., & Chen, C. Z. (2015). Effect of zinc oxide and zirconia 

on structure, degradability and in vitro bioactivity of wollastonite. 
Ceramics International, 41(8), 10160-10169. 

 
Li, X., Yang, Q., Sun, D., & Lv, C. C. (2021). Foaming mechanism and 

performance of closed–pore foamed ceramics prepared using calcium 
carbonate as a foaming agent. Ceramics International, 47(20), 29162–
29173. 



© C
OPYRIG

HT U
PM

114  

Lipinska, K., Emmert, L. A., Cavallo, F., & Diels, J.-C. (2019). Ultrafast laser- 
generated structural modifications in an Er-doped heavy metal oxide 
glass. Optical Materials Express, 9(5), 2098. 

 
Lin, Y., Zhu, C., & Fang, G. (2019). Synthesis and properties of 

microencapsulated stearic acid/silica composites with graphene oxide for 
improving thermal conductivity as novel solar thermal storage materials. 
Solar Energy Materials and Solar Cells, 189, 197-205. 

 
Liu, C., Sun, S., Tu, G., & Xiao, F. (2022). An integrated capture of red mud 

and one- step heat-treatment process to recover platinum group metals 
and prepare glass- ceramics from spent auto-catalysts. Minerals, 12(3), 
360. 

 
Liu, H., Lin, W., & Hong, M. (2021). Hybrid laser precision engineering of 

transparent hard materials: challenges, solutions and applications. Light: 
Science & Applications, 10(1), 1-23. 

 
Liu, K., Xu, J., Gu, X., Liu, C., Sun, H., Sun, H., & Liu, S. (2020). Effects of raw 

material ratio and post-treatment on properties of soda lime glass-
ceramics fabricated by selective laser sintering. Ceramics International, 
46(13), 20633- 20639. 

 
Liu, L., & Shinozaki, K. (2021). Interfacial heterogeneous precipitation of Ag 

nanoparticles in soda-lime silicate glass for improved toughness and 
conductivity. Ceramics International, 47(17), 24466–24475. 

 
Liu, T., Lin, C., Liu, J., Han, L., Gui, H., Li, C., Zhou, X., Tang, H., Yang, Q., & 

Lu, A. (2018). Phase evolution, pore morphology and microstructure of 
glass ceramic foams derived from tailings wastes. Ceramics 
International, 44(12), 14393- 14400. 

 
Lu, J., Lu, Z., Peng, C., Li, X., & Jiang, H. (2014). Influence of particle size on 

sinterability crystallization kinetics and flexural strength of wollastonite 
glass- ceramics from waste glass and fly ash. Materials Chemistry and 
Physics, 148(1– 2), 449–456. 

 
Lu, J. X., Yan, X., He, P., & Poon, C. S. (2019). Sustainable design of 

pervious concrete using waste glass and recycled concrete aggregate. 
Journal of Cleaner Production, 234, 1102–1112. 

 
Luo, W., Bao, Z., Jiang, W., Liu, J., Feng, G., Xu, Y., Tang, H., & Wang, T. 

(2019). Effect of B2O3 on the crystallization, structure and properties of 
MgO–Al2O3– SiO2 glass-ceramics. Ceramics International, 45(18), 
24750-24756. 

 
Lupone, F., Padovano, E., Casamento, F., & Badini, C. (2021). Process 

Phenomena and Material Properties in Selective Laser Sintering  of  
Polymers:  A  Review. Materials, 15(1), 183. 

 



© C
OPYRIG

HT U
PM

115  

Lutpi, H. A., Mohamad, H., Abdullah, T. K., & Ismail, H. (2022). Effect of ZnO 
on the structural, physio-mechanical properties and thermal shock 
resistance of Li2O–Al2O3–SiO2 glass-ceramics. Ceramics International, 
48(6), 7677–7686. 

 
Mabrouk, M., Beherei, H. H., & Das, D. B. (2020). Recent progress in the 

fabrication techniques of 3D scaffolds for tissue engineering. Materials 
Science and Engineering: C, 110, 110716. 

 
Mahdy, M. A., El Zawawi, I. K., Kenawy, S. H., Hamzawy, E. M. A., & El-  

Bassyouni, G. T. (2022). Effect of zinc oxide on wollastonite: Structural, 
optical, and mechanical properties. Ceramics International, 48(5), 7218–
7231. 

 
Mallik, A., Maiti, P. K., Kundu, P., & Basumajumdar, A. (2012). Influence of 

B2O3 on crystallization behavior and microstructure of mica glass-
ceramics in the system BaO4MgOAl2O36SiO22MgF2. Journal of the 

American Ceramic Society, 95(11), 3505-3508 
. 
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. 

 
Miao, X., Huo, X., Liu, L., Tang, S., Guo, M., Cheng, F., & Zhang, M. (2020). 

Crystallization kinetics and structural stability of transparent CaF2 glass 
ceramics: Dependence of light transmittance on the amount of CaF2 
added. Ceramics International, 46(10), 15314-15324. 

 
Michel Devadoss, P. S., Agamuthu, P., Mehran, S. B., Santha, C., & Fauziah, 

S. H. (2021). Implications of municipal solid waste management on 
greenhouse gas emissions in Malaysia and the way forward. Waste 
Management, 119, 135–144. 

 
Minakshi, M., Higley, S., Baur, C., Mitchell, D. R., Jones, R. T., & Fichtner, M. 

(2019). Calcined chicken eggshell electrode for battery and 
supercapacitor applications. RSC advances, 9(46), 26981-26995. 

 
Moh, Y. C., & Abd Manaf, L. (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(33–34), 
1626–1630. 

 
Monnier, X., Cangialosi, D., Ruta, B., Busch, R., & Gallino, I. (2020). 

Vitrification decoupling from α-relaxation in a metallic glass. Science 



© C
OPYRIG

HT U
PM

116  

Advances, 6(17), 1-7. 
 
Montoya-Quesada, E., Villaquirán-Caicedo, M. A., Mejía de Gutiérrez, R., & 

Muñoz- Saldaña, J. (2020). Effect of ZnO content on the physical, 
mechanical and chemical properties of glass-ceramics in the CaO–

SiO2–Al2O3 system. Ceramics International, 46(4), 4322–4328. 
 
Muniz, R. F., Soares, V. O., Montagnini, G. H., Medina, A. N., & Baesso, M. L. 

(2021). Thermal, optical and structural properties of relatively 
depolymerized sodium calcium silicate glass and glass-ceramic 
containing CaF2. Ceramics International, 47(17), 24966-24972. 

 
Nagabhushana, K. R., Lakshminarasappa, B. N., Revannasiddaiah, D., & 

Singh, F. (2008). Thermally stimulated luminescence studies in 
combustion synthesized polycrystalline aluminum oxide. Bulletin of 
Materials Science, 31(4), 669-672. 

 
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. 

 
Nayak, M. T., Desa, J. E., & Babu, P. D. (2018). Magnetic and spectroscopic 

studies of an iron lithium calcium silicate glass and ceramic. Journal of 
Non-Crystalline Solids, 484, 1-7. 

 
Noor, A. H. M., Aziz, S. H. A., Rashid, S. S. A., Zaid, M. H. M., Zaripah, N. A., 

& Matori, K. A. (2015). Synthesis and characterization of wollastonite 
glass- ceramics from eggshell and waste glass. Journal of Solid Satate 
Sciences & Technology, 16(1–2), 1–5. 

 
Obeid, M. M. (2014). Crystallization of synthetic wollastonite prepared from 

local raw materials. International Journal of Materials and Chemistry, 4, 
79-87. 

 
Oyedotun, T. D. T., Moonsammy, S., Oyedotun, T. D., Nedd, G. A., & 
Lawrence, R. 

N. (2021). Evaluation of waste dynamics at the local level: The search for 
a new paradigm in national waste management. Environmental 
Challenges, 4, 100130. 
 

Pahlevani, F., & Sahajwalla, V. (2018). Synthesis of calcium silicate from 
selective thermal transformation of waste glass and waste shell. Journal 
of Cleaner Production, 172, 3019-3027. 

 
Palakurthy, S., Azeem, P. A., Venugopal Reddy, K., Penugurti, V., & 

Manavathi, B. (2020). A comparative study on in vitro behavior of 
calcium silicate ceramics synthesized from biowaste resources. Journal 
of the American Ceramic Society, 103(2), 933–943. 

 
Palakurthy, S., & Samudrala, R. K. (2019). In vitro bioactivity and degradation 



© C
OPYRIG

HT U
PM

117  

behaviour of β-wollastonite derived from natural waste. Materials 
Science and Engineering: C, 98, 109-117. 

 
Pappu, A., Saxena, M., & Asolekar, S. R. (2007). Solid wastes generation in 

India and their recycling potential in building materials. Building and 
environment, 42(6), 2311-2320. 

 
Parauha, Y. R., Sahu, V., & Dhoble, S. J. (2021). Prospective of combustion 

method for preparation of nanomaterials: A challenge. Materials Science 
and Engineering: B, 267, 115054. 

 
Pillai, S. C., & Hehir, S. (Eds.). (2017). Sol-gel materials for energy, 

environment and electronic applications. New York: Springer. 
 
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. 

 
Puntharod, R., Sankram, C., Chantaramee, N., Pookmanee, P., & Haller, K. J. 

(2013). Synthesis and characterization of wollastonite from eggshell and 
diatomite by the hydrothermal method. Journal of Ceramic Process & 
Resources, 14(2), 198-20. 

 
Qing, Z. (2018). The effects of B2O3 on the microstructure and properties of 

lithium aluminosilicate glass-ceramics for LTCC applications. Materials 
Letters, 212, 126-129. 

 
Radandima, A., Arofah, S. K., Amalia, H. A. R., & Nurbaiti, U. (2021). 

Nanocomposite of bioactive glass/forsterite from raw material sand and 
eggshell for bone and dental implants. Journal of Physics: Conference 
Series 1918(2),022018. 

 
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, 555-559. 

 
Rammah, Y. S., Özpolat, F., Alım, B., Şakar, E., El-Mallawany, R., & El-

Agawany, F. I. (2020). Assessment of gamma-ray attenuation features 
for La+3 co-doped zinc borotellurite glasses. Radiation Physics and 
Chemistry, 176, 109069. 

 
Ramli, M. I., Sulong, A. B., Muhamad, N., Muchtar, A., & Zakaria, M. Y. 

(2019). Effect of sintering on the microstructure and mechanical 
properties of alloy titanium-wollastonite composite fabricated by powder 
injection moulding process. Ceramics International, 45(9), 11648–11653. 

 
Ramola, B., Joshi, N. C., Ramola, M., Chhabra, J., & Singh, A. (2019). Green 

synthesis, characterizations and antimicrobial activities  of  CaO  
nanoparticles. Oriental Journal of Chemistry, 35(3), 1154. 



© C
OPYRIG

HT U
PM

118  

Reddy, C. N., & Anavekar, R. V. (2008). Elastic properties and spectroscopic 
studies of Li2O-B2O3-V2O5 glasses. Materials Chemistry and Physics, 
112(2), 359–365. 

 
Ren, Q., Liu, C., Zhang, Q., Ouyang, Y., & Lu, A. (2021). Effects of B2O3 

substitution for Al2O3 on the crystallization and properties of translucent 
mica glass- ceramics. Journal of the European Ceramic Society, 41(16), 
334-341. 

 
Rezania, S., Oryani, B., Park, J., Hashemi, B., Yadav, K. K., Kwon, E. E., Hur, 

J., & Cho, J. (2019). Review on transesterification of non-edible sources 
for biodiesel production with a focus on economic aspects, fuel 
properties and by-product applications. Energy Conversion and 
Management, 201, 112155. 

 
Ribas, R. G., Schatkoski, V. M., Montanheiro, T. L. do A., de Menezes, B. R. 

C., Stegemann, C., Leite, D. M. G., & Thim, G. P. (2019). Current 
advances in bone tissue engineering concerning ceramic and bioglass 
scaffolds: A review. Ceramics International, 45(17), 21051–21061. 

 
Rouxel, T., Jang, J. I., & Ramamurty, U. (2021). Indentation of glasses. 

Progress in Materials Science, 121, 100834. 
 
Sahar, R., & Malaysia, K. K. U. T. (2020). The Paper Ash-Cullet–Kaolin Clay: 

A Promising New Glass Ceramics. Journal of Solid State Science and 
Technology Letters, 21(1-2), 1-5. 

 
Sallam, O. I., Madbouly, A. M., Moussa, N. L., & Abdel-Galil, A. (2022). Impact 

of radiation on CoO-doped borate glass: lead-free radiation shielding. 
Applied Physics A: Materials Science and Processing, 128(1), 1–16. 

 
Saparuddin, D. I., Mohd Zaid, M. H., Aziz, S. H. A., & Matori, K. A. (2020). 

Reuse of eggshell waste and recycled glass in the fabrication porous 
glass–ceramics. Applied Sciences, 10(16), 5404. 

 
Sasmal, N., Garai, M., & Karmakar, B. (2015a). Preparation and 

characterization of novel foamed porous glass-ceramics. Materials 
Characterization, 103, 90–100. 

 
Sasmal, N., Garai, M., & Karmakar, B. (2016b). Journal of Asian Ceramic 

Societies Influence of Ce, Nd, Sm and Gd oxides on the properties of 
alkaline-earth borosilicate glass sealant. Integrative Medicine Research, 
4(1), 29–38. 

 
Shaaban, K. S., Yousef, E. S., Abdel Wahab, E. A., Shaaban, E. R., & 

Mahmoud, S. A. (2020). Investigation of crystallization and mechanical 
characteristics of glass and glass-ceramic with the compositions 
xFe2O3-35SiO2-35B2O3-10Al2O3-(20−x) Na2O. Journal of Materials 

Engineering and Performance, 29(7), 4549-4558. 



© C
OPYRIG

HT U
PM

119  

Shaari, A. H., Saiden, N. M., & Ismail, I. (2019). Equilibrium studies and 
dynamic behaviour of cadmium adsorption by magnetite nanoparticles 
extracted from mill scales waste. Desalination and Water Treatment, 171, 
115-131. 

 
Shang, W., Peng, Z., Huang, Y., Gu, F., Zhang, J., Tang, H., Yang, L., Tian, 

W., Rao, M., Li, G., & Jiang, T. (2021). Production of glass-ceramics from 
metallurgical slags. Journal of Cleaner Production, 317, 128220. 

 
Sharma, G., Kaur, M., Punj, S., & Singh, K. (2020). Biomass as a sustainable 

resource for value-added modern materials: a review. Biofuels, 
Bioproducts and Biorefining, 14(3), 673–695. 

 
Shih, W. H., Hirata, Y., & Carty, W. M. (Eds.). (2012). Colloidal ceramic 

processing of Nano-, micro-, and macro-particulate systems. John Wiley 
& Sons. 

 
Shofri, M. F. S. M., Zaid, M. H. M., Wahab, R. A. A., Matori, K. A., Aziz, S. H. 

A., & Fen, Y. W. (2020). The effect of boron substitution on the glass-
forming ability, phase transformation and optical performance of zinc-
boro-soda-lime- silicate glasses. Journal of Materials Research and 
Technology, 9(4), 6987–6993. 

 
Si, W., & Ding, C. (2018). An investigation on crystallization property, 

thermodynamics and kinetics of wollastonite glass ceramics. Journal of 
Central South University, 25(8), 1888–1894. 

 
Šimek, M., Černák, M., Kylián, O., Foest, R., Hegemann, D., & Martini, R. 

(2019). White paper on the future of plasma science for optics and glass. 
Plasma Processes and Polymers, 16(1), 1–23. 

 
Singh, R., Kumari, P., Dhondiram, P., Datta, S., & Dutta, S. (2017). Synthesis 

of solvothermal derived TiO2 nanocrystals supported on ground nano 
egg shell waste and its utilization for the photocatalytic dye degradation. 
Optical Materials, 73, 377–383. 

 
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. 

 
Sipra, A. T., Gao, N., & Sarwar, H. (2018). Municipal solid waste (MSW) 

pyrolysis for bio-fuel production: A review of effects of MSW components 
and catalysts. Fuel Processing Technology, 175, 131-147. 

 
Soares, V. O., Daguano, J. K. M. B., Lombello, C. B., Bianchin, O. S., 

Gonçalves, L. 
M. G., & Zanotto, E. D. (2018). New sintered wollastonite glass-ceramic 
for biomedical applications. Ceramics International, 44(16), 20019–
20027. 
 



© C
OPYRIG

HT U
PM

120  

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

 
Srivastava, A. K., & Pyare, R. (2012). Characterization of ZnO substituted 

45S5 bioactive glasses and glass - ceramics. Journal of Materials 
Science Research, 1(2), 1–13. 

 
Stoch, P., Ciecińska, M., Stoch, A., Kuterasiński, Ł., & Krakowiak, I. (2018). 

Immobilization of hospital waste incineration ashes in glass-ceramic 
composites. Ceramics International, 44(1), 728-734. 

 
Sukul, P. P., Kumar, K., & Swart, H. (2022). Erbium energy bridging 

upconversion mechanism studies on BAKL: Er3+/Yb3+ glass-ceramics 
and simultaneous enhancement of color purity of the green 
luminescence. Dalton Transactions, 51(7), 2827-2839. 

 
S Sun, L., Fang, J., Guo, S., Shan, T., Wen, Y., Liu, C., & Zhang, J. (2022). 

Effect of MgO/Al2O3 ratio on the crystallization behaviour of Li2O–MgO–

Al2O3–SiO2 glass-ceramic and its   wettability   on   Si3N4   ceramic. 
Ceramics International, 48(14), 20053-20061. 

 
Tabit, K., Hajjou, H., Waqif, M., & Saâdi, L. (2020). Effect of CaO/SiO2 ratio on 

phase transformation and properties of anorthite-based ceramics from 
coal fly ash and steel slag. Ceramics International, 46(6), 7550-7558. 

 
Tagiara, N. S., Palles, D., Simandiras, E. D., Psycharis, V., Kyritsis, A., & 

Kamitsos, E. I. (2017). Synthesis, thermal and structural properties of 
pure TeO2 glass and zinc-tellurite glasses. Journal of Non-Crystalline 
Solids, 457, 116–125. 

 
Taha, M. A., Youness, R. A., & Zawrah, M. F. (2020). Phase composition, 

sinterability and bioactivity of amorphous nano-CaO-SiO2-CuO powder 
synthesized by sol- gel technique. Ceramics International, 46(15), 
24462–24471. 

 
Tarhan, M., Tarhan, B., & Aydin, T. (2016). The effects of fine fire clay 

sanitaryware wastes on ceramic wall tiles. Ceramics International, 
42(15), 17110-17115. 

 
Tatli, Z., Bretcanu, O., Çalışkan, F., & Dalgarno, K. (2022). Fabrication of 

porous apatite-wollastonite glass ceramics using a two steps sintering 
process. Materials Today Communications, 30, 103216. 

 
Teixeira, S. R., Magalhaes, R. D. S., Arenales, A., Souza, A. E. D., Romero, 

M., & Rincón, J. M. (2014). Valorization of sugarcane bagasse ash: 
producing glass- ceramic materials. Journal of Environmental 
Management, 134, 15-19. 



© C
OPYRIG

HT U
PM

121  

Thiounn, T., & Smith, R. C. (2020). Advances and approaches for chemical 
recycling of plastic waste. Journal of Polymer Science, 58(10), 1347–
1364. 

 
Tian, R. P., Zhao, H. F., Jiang, H., Tong, Y., & Hu, M. H. (2015). Preparation 

and Characterization of B2O3 doped Li2O-Al2O3-SiO2 transparent glass-
ceramics with low thermal expansion. Journal of Material Science & 
Engineering, 154, 189- 192. 

 
Titus, D., Samuel, E. J. J., Roopan, S. M. (2019). Green synthesis, 

characterization and applications of nanoparticles. Amsterdam: Elsevier. 
 
Tsui, T. H., & Wong, J. W. C. (2019). A critical review: emerging bioeconomy 

and waste-to-energy technologies for sustainable municipal solid waste 
management. Waste Disposal and Sustainable Energy, 1(3), 151–167. 

 
Turkmen, O., Kucuk, A., & Akpinar, S. (2015). Effect of wollastonite addition 

on sintering of hard porcelain. Ceramics International, 41(4), 5505–5512. 
 
Vakifahmetoglu, C., Semerci, T., & Soraru, G. D. (2020). Closed porosity 

ceramics and glasses. Journal of the American Ceramic Society, 103(5), 
2941–2969. 

 
Venkatraman, S. K., & Swamiappan, S. (2020). Review on calcium- and 

magnesium- based silicates for bone tissue engineering applications. 
Journal of Biomedical Materials Research - Part A, 108(7), 1546–1562. 

 
Vichaphund, S., Kitiwan, M., Atong, D., & Thavorniti, P. (2011). Microwave 

synthesis of wollastonite powder from eggshells. Journal of the European 
Ceramic Society, 31(14), 2435-2440. 

 
Wahab, R., Khan, F., Mishra, Y. K., Musarrat, J., & Al-Khedhairy, A. A. (2016). 

Antibacterial studies and statistical design set data of quasi zinc oxide 
nanostructures. Rsc Advances, 6(38), 32328-32339. 

 
Wahab, S. A. A., Matori, K. A., Zaid, M. H. M., Awang Kechik, M. M., Hj Ab 

Aziz,S., Talib, R. A., Azman, A. Z. K., Khaidir, R. E. M., Khiri, M. Z. A., & 
Effendy, N. (2020). A study on optical properties of zinc silicate glass-
ceramics as a host for green phosphor. Applied Sciences, 10(14), 4938. 

 
Waheed, M., Butt, M. S., Shehzad, A., Adzahan, N. M., Shabbir, M. A., Suleria, 

H. A. R., & Aadil, R. M. (2019a). Eggshell calcium: A cheap alternative to 
expensive supplements. Trends in Food Science & Technology, 91, 219-
230. 

 
Waheed, M., Yousaf, M., Shehzad, A., Inam-Ur-Raheem, M., Khan, M. K. I., 

Khan, M. R., Ahmad, N., Abdullah., & Aadil, R. M. (2020b). Channelling 
eggshell waste to valuable and utilizable products: a comprehensive 
review. Trends in Food Science & Technology, 106, 78-90. 

 



© C
OPYRIG

HT U
PM

122  

Wang, J., Liu, B., Wu, Y., Mao, Y., Zhao, L., Sun, T., & Nan, T. (2019). A 
novel fiber in-line Michelson interferometer based on end face packaging 
for temperature and refractive index measurement. Optik, 194, 163094. 

 
Weaver, J. L., DePriest, P. T., Plymale, A. E., Pearce, C. I., Arey, B., & 

Koestler, R.J. (2021). Microbial interactions with silicate glasses. Npj 
Materials Degradation, 5(1), 1–18. 

 
Wei, G., Shi, M., Xu, C., Shu, X., Luo, F., Chen, S., Wang, L., Xie, Y., & Lu, X. 

(2021). Mechanical and leaching properties of neodymium-contaminated 
soil glass-ceramics. Journal of the American Ceramic Society, 104(6), 
2521–2529. 

Wojnowska-Baryła, I., Kulikowska, D., & Bernat, K. (2020). Effect of bio-based 
products on waste management. Sustainability, 12(5), 2088. 

 
Xue, J., Wang, X., Jeong, J. H., & Yan, X. (2020). Fabrication, 

photoluminescence and applications of quantum dots embedded glass 
ceramics. Chemical Engineering Journal, 383, 123082. 

 
Yamin, N. A. M., Zaid, M. H. M., Matori, K. A., Chyi, J. L. Y., Zalamin, S. N. F., 

Ismail, N. A. N., Chan, K. F., & Effendy, N. (2022). Effect of calcium 
oxide in the zinc-boro-soda-lime-silica glass matrix by using eggshell 
waste as calcium source. Applied Physics A: Materials Science and 
Processing, 128(1), 1–8. 

 
Yang, Z., Lin, Q., Lu, S., He, Y., Liao, G., & Ke, Y. (2014). Effect of CaO/SiO2 

ratio on the preparation and crystallization of glass-ceramics from copper 
slag. Ceramics International, 40(5), 7297–7305. 

 
Yao, S. Y., Wang, P., Shao, D., Cao, H. X., & Zhang, W. W. (2014). Effect of 

ZnO on preparation and properties of CaSiO3 glass–ceramics. Materials 

Research Innovations, 18(4), 661-664. 
 
Yeo, T. M., Cho, J. W., Alloni, M., Casagrande, S., & Carli, R. (2020). 

Structure and its effect on viscosity of fluorine-free mold flux: Substituting 
CaF2 with B2O3 and Na2O. Journal of Non-Crystalline Solids, 529, 
119756. 

 
Yoon, S. Do, Lee, J. U., Lee, J. H., Yun, Y. H., & Yoon, W. J. (2013). 

Characterization of Wollastonite Glass-ceramics Made from Waste Glass 
and Coal Fly Ash. Journal of Materials Science and Technology, 29(2), 
149–153. 

 
Zaid, M H M, Sidek, H. A. A., El-mallawany, R., Almasri, K. A., & Matori, K. A. 

(2020). Synthesis and characterization of samarium doped calcium soda 
– lime – silicate glass derived wollastonite glass – ceramics. Integrative 
Medicine Research, 9(6), 13153–13160. 

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

Fen, Y. W., & Alibe, I. M. (2016). Synthesis and characterization of low 



© C
OPYRIG

HT U
PM

123 

cost willemite based glass–ceramic for opto-electronic applications. 
Journal of Materials Science: Materials in Electronics, 27(11), 11158–
11167. 

Zaman, T., Mostari, M., Mahmood, M. A. A., & Rahman, M. S. (2018). Evolution 
and characterization   of   eggshell   as   a   potential    candidate    of 
raw   material. Cerâmica, 64, 236-241.1968 

Zamani, D., Moztarzadeh, F., & Bizari, D. (2019). Alginate-bioactive glass 
containing Zn and Mg composite scaffolds for bone tissue engineering. 
International Journal of Biological Macromolecules, 137, 1256–1267. 

Zhang, Z., Wang, J., Liu, L., & Shen, B. (2019). Preparation and 
characterization of glass-ceramics via co-sintering of coal fly ash and oil 
shale ash-derived amorphous slag. Ceramics International, 45(16), 
20058–20065. 

Zhang, Y., Zhou, Q., Ju, J. W., & Bauchy, M. (2021). New insights into the 
mechanism governing the elasticity of calcium silicate hydrate gels 
exposed to high temperature: a molecular dynamics study. Cement and 
Concrete Research, 141, 106333. 

Zhao, X., Gao, C., & Li, B. (2020). Effect of CeO2 on sintering behavior, 
crystallization, and properties of CaO-Al2O3-SiO2 glass–ceramics for 
packages. Journal of Materials Science: Materials in Electronics, 31(20), 
17718–17725. 

Zheng, W. M., Sun, H. J., Peng, T. J., & Zeng, L. (2020). Novel preparation of 
foamed glass-ceramics from asbestos tailings and waste glass by self-
expansion in high temperature. Journal of Non-Crystalline Solids, 529, 
119767. 

Zheng, Y., Wang, C., Zhou, S., & Luo, C. (2021). The self-gelation properties 
of calcined wollastonite powder. Construction and Building Materials, 
290, 123061. 

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. 


	Blank Page
	Blank Page



