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Chairman : Mohd Khairol Anuar bin Ariffin, PhD, PEng  
Faculty  : Engineering 
 
 
One of the promising raw materials in producing glass is rice husk (RH), which 
contains about 90% of silica and is usually burnt in an open area which 
contributed to serious air pollution problems. The environmental issues of RH 
could be resolved by utilizing rice husk ash (RHA) as a silica source in the glass 
manufacturing process. The main objective of this research is to develop an eco-
friendly Soda-Lime-Silica - Rice Husk Ash (SLS-RHA) glass for the application 
of building glass and window. Three main experiments were conducted; 
morphology test, ultrasonic velocities testing and Rockwell hardness test to 
assess the microstructure, elastic and mechanical behaviour of the developed 
SLS-RHA glass. Response surface methodology (RSM) was used to design the 
experiments incorporating two factors; such as the ratio of SLS to RHA and their 
interrelationship; and the effect on glass hardness properties were analysed 
using analysis of variance (ANOVA). From the morphology analysis, the addition 
of RHA to the glass former matrix increased the porosity of the glass which 
influenced the elastic properties of the newly developed glass. It was observed 
that sample two with 5% RHA wt. addition performed the finest under elastic 
properties test and the longitudinal and shear modulus of RHA glass decrease 
with the increased of RHA content. Sample with 5% of RHA possessed high and 
medium elastic properties, which make it easier to bend rather than elongate, 
less stiff, tough at a certain direction, and has low rigidity. The value of the 
longitudinal modulus decreased 7.12% with the addition of 10% RHA wt. Finally, 
for the hardness test, based on the observation from HRF, HRB and HRG 
contour plots which showed that the hardness values for each sample decreased 
as the RHA percentage increased in the SLS glass system. The hardness of the 
glass decreased with an increase in the addition of RHA content due to elastic 
deformation. The optimal solution obtained from ANOVA for the combination of 
RHA and SLS is SLS (A) 29.589% wt. and RHA (B) 0.031% wt. This formulation 
provided the results of 130.588 for HRF, 124.844 for HRB and 120.098 for HRG. 
It can be summarized that the use of silica from RHA efficiently improved the 
bulk modulus while maintaining a lower Young’s modulus value of the glass. This 
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resulted in improved impact resistance of the glass due to a slower decelerated 
in smaller stress acting on the glass even though the glasses are less stiff. In 
this research, RHA proved to be a good silica source alternative for the glass 
manufacturing process, which can potentially improve the melting process 
temperature indirectly helps to reduce the cost of the manufacturing process. 
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Salah satu bahan mentah yang mempunyai potensi yang tinggi dalam 
penghasilan kaca ialah sekam padi (RH), yang mengandungi kira-kira 90% silika 
dan biasanya dibakar di kawasan terbuka dan merupakan penyumbang kepada 
masalah pencemaran udara yang serius. Isu alam sekitar ini boleh diselesaikan 
dengan menggunakan abu sekam padi (RHA) sebagai sumber silika dalam 
proses pembuatan kaca. Objektif utama penyelidikan ini adalah untuk 
membangunkan kaca Soda-Lime-Silica - Rice Husk Ash (SLS-RHA) yang mesra 
alam untuk aplikasi kaca dan tingkap bangunan. Tiga eksperimen utama telah 
dijalankan; iaitu ujian morfologi, ujian halaju ultrasonik dan ujian kekerasan 
Rockwell untuk menilai struktur mikro, keanjalan dan tingkah laku mekanikal 
kaca SLS-RHA yang dibangunkan. Kaedah tindak balas permukaan (RSM) telah 
digunakan untuk mereka bentuk eksperimen yang menggabungkan dua faktor; 
iaitu nisbah SLS kepada RHA dan kesalinghubungan serta kesannya terhadap 
sifat kekerasan kaca telah dianalisis menggunakan analisis varians (ANOVA). 
Daripada analisis morfologi, penambahan RHA pada bekas matriks kaca 
meningkatkan keliangan kaca yang mempengaruhi sifat keanjalan kaca yang 
baru dibangunkan. Dari pemerhatian juga didapati bahawa sampel dua dengan 
penambahan 5% berat RHA mempunyai sifat keanjalan terbaik manakala 
modulus memanjang dan ricih kaca RHA berkurangan dengan peningkatan 
kandungan RHA. Sampel dengan 5% RHA mempunyai sifat keanjalan tinggi dan 
sederhana, yang menjadikannya lebih mudah dibengkokkan daripada 
memanjang, kurang kaku, lasak pada arah tertentu, dan mempunyai ketegaran 
yang rendah. Nilai modulus memanjang berkurangan 7.12% dengan 
penambahan 10% RHA wt. Akhir sekali bagi ujian kekerasan, berdasarkan 
pemerhatian dari plot kontur HRF, HRB dan HRG menunjukkan bahawa nilai 
kekerasan bagi setiap sampel menurun apabila peratusan RHA meningkat 
dalam sistem kaca SLS. Kekerasan kaca menurun dengan peningkatan dalam 
penambahan kandungan abu sekam padi akibat ubah bentuk elastik. 
Penyelesaian optimum yang diperoleh daripada ANOVA untuk gabungan RHA 
dan SLS ialah SLS (A) 29.589% berat. dan RHA (B) 0.031% berat. Formulasi ini 
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memberikan keputusan 130.588 untuk HRF, 124.844 untuk HRB dan 120.098 
untuk HRG. Ia boleh dirumuskan bahawa penggunaan silika daripada abu 
sekam padi secara cekap meningkatkan modulus pukal sambil mengekalkan 
nilai modulus Young yang lebih rendah bagi kaca, yang menyebablan rintangan 
hentaman kaca yang lebih baik disebabkan oleh nyahpecutan yang lebih 
perlahan dalam tegasan yang lebih kecil bertindak ke atas. kaca walaupun gelas 
itu kurang kaku. Dalam penyelidikan ini, RHA terbukti sebagai alternatif sumber 
silika yang baik untuk proses pembuatan kaca dan berpotensi meningkatkan 
suhu proses lebur yang secara tidak langsung membantu mengurangkan kos 
proses pembuatan. 
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CHAPTER 1 
 
 

INTRODUCTION 
 

 
This chapter describes the research background, problem statement, objectives, 
scope of the research work and the importance of the study to the engineering 
community in general and researchers perspectives in particular. 
 
 
1.1 Research Background 
 
 
Waste management is one of the foremost topics of study that is vastly 
developing in the scientific fields. The global markets are currently working on 
minimizing the necessity for extracting raw materials and maximizing the 
material life by promoting the reuse and recycling program. This idea is driven 
by the need to turn waste into a valuable resource by designing products that 
can be easily recovered and reused as a raw material for a similar, industry 
(Borek et al., 2020). Activities like these are compelling methods to avoid 
pollution and reduce waste emissions (Dales, 2002). 
 
 
As industrial production keep on increasing day by day, domestic wastes 
increases, as well as their disposal management continued to pose a serious 
threat to society and environment. Waste Reduction Group Environmental 
Protection Department reported that about 83000 tonnes of glass waste were 
generated and only 3% of these was recovered (Borek et al., 2020).  
 
 
Glass recycling offers a series of advantages such as preserve raw materials 
sources and help to reduce energy consumption. The soda-lime silicate (SLS) 
glass waste usage has been widely initiated due to the awareness of 
environmentally friendly products and the unique behaviour of the SLS glass 
itself. SLS glass can be recycled several times without loosening its strength and 
adaptability in different techniques and shapes of fabrication (Shamsudin et al., 
2016). The use of recycled SLS glass in the fabrication of glass-ceramic or green 
glass-ceramics composite has attracted numerous studies due to its quartz 
phase content (Juoi et al., 2013).  
 
 
In the past few years, numerous researchers have shown interest in applying 
rice husk (RH) silica in several fields. Due to its low thermal conductivity (κ), rice 
husk ash (RHA) is used as an ingredient in the manufacture of insulation 
refractories. RHA also has been widely used in several areas for the manufacture 
of various silicates, zeolites, catalysts, nanocomposites, cement, lightweight 
building materials, insulators, and adsorbents over the past two decades. For 
countless reasons, present-day glass is one of the most commonly used 
materials in human daily life, and the number is rising tremendously. Glass is 
known as a non-crystalline supercooled liquid and the major element in glass 
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making which acted as a “network-former” in glass networks is silica (SiO2). 
Huge silica resources are therefore required for glass industries.  
 
 
For this reason, researchers are trying to find alternative sources of silica. RHA 
has tremendous potential to fulfil this requirement because it contains more than 
90 wt. % of amorphous silica. In this work, RHA is incorporated into the glass 
matrix to produce a porous glass composite. The idea of utilizing the RHA came 
out since RH is considered an agro-waste and has been posed as an 
environmental threat due to its abundance.  RH is commonly burnt in the open 
air, which causes an enormous carbon monoxide emission to the atmosphere 
(Kartini, 2011). RH mainly contains about 75-90% of organic materials. One of 
the main advantages of RHA is its high content of silica, which has the potential 
to be the replacement of quartz sand in glassmaking. SLS glass is obtained from 
urban waste (used glass bottles and household glass containers). Through 
recycling SLS waste glass, the raw material consumption is reduced yielding 
economical and environmental benefits. This approach is a low investment 
method. The properties of the composite also can be tailored to the application 
by controlling the materials composition such as powder size, volume fractions 
and sintering temperature.   
 
 
1.2 Problem Statement  
 
 
Glass industries are investing large resources in extensive research and 
development activities to find new methods to use glass, to make new products 
available, to improve recyclability and effective recycling, and to improve 
manufacturing site energy efficiency. As a result, glass goods' environmental 
performance should be improved throughout their entire cycles. Glassmaking 
necessitates the use of raw materials. Sand and recycled glass are the most 
common raw materials used in glassmaking. Glass recycling is now a reality in 
the glass industry, albeit there are differences in how recovered materials are 
employed in different glass industries. As a result, sharing best practises and 
experiences in the field of recycling is critical for the glass industry to continue 
increasing product recycling rates. Glass researchers have looked into a variety 
of different types of glass. 
 
 
For at least 30 years, the output of glass, particularly container and flat glass, 
has been steadily increasing. New investments in this sector, which have just 
been completed or are presently under way, have produced hopeful prospects 
for the industry's future development, with total annual production capacity likely 
to approach 4 million tonnes in the next years. As a result, demand for 
fundamental glass-making raw materials has increased, particularly for high-
quality silica sand, which can be obtained almost entirely from domestic sources. 
Glass makers sometimes face difficulties obtaining regular, high-quality raw 
materials. Global market for industrial silica (quartz) sand is anticipated to be 
around 300 million tonnes per year, with the glass industry accounting for 34% 
(102 million tonnes). Demand is expected to rise 5.5 percent per year to 291 
million metric tonnes in 2018, with a value of $6.78 billion. According to IMARC 
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Group's recent analysis, "Silica Sand Market: Global Industry Trends, Share, 
Size, Growth, Opportunity, and Forecast 2020-2025," the market reached US$ 
8 billion in 2020 and is predicted to increase at a modest rate over the next seven 
years, as shown in Figure 1.1. (IMARC Group, 2020). 
 
 

 
Figure 1.1: Silica sand market growth 2020 – 2027. (IMARC Group, 2020) 
 
 
While silica sand is abundant, getting access to the correct resources is difficult. 
The sand had to be of good quality and low in iron, and the deposit had to be 
large enough. The deposit's closeness to clients is another important aspect. To 
reduce transportation costs and emissions, silica sand quarries are typically 
located within 300 kilometres of their major client base. Most crucially, a mining 
permit will be issued only if the impact on the surrounding environment and 
community can be reduced to a minimum. Sand was primarily collected from 
land quarries and riverbeds until recently. However, as a result of extensive 
exploitation and the fact that this practise has been outlawed in many areas, 
environmental rules have gotten considerably stricter or have outlawed this 
activity entirely. The mining of coastal sand has increased dramatically in recent 
years. As a result of the detrimental environmental impact, global, regional, and 
national legislation currently regulates marine sand mining activities more 
strictly. This industry's activities have severe negative environmental 
consequences, including major changes in local flora and fauna, contamination 
of groundwater and air, and landscape alteration. All environmental issues of the 
sand mining process should be given special consideration. The procedure is 
lengthy and consists of three stages, as shown in Table 1.1. Every stage has an 
impact on the ecosystem and causes significant harm. The cost of restoring an 
ecosystem is typically prohibitive, and the ecosystem is frequently unable to be 
returned to its previous state (Gavriletea, 2017). 
 
 



© C
OPYRIG

HT U
PM

4 
 

Table 1.1: Stages in the life of sand mine.  
Precursor to mining 

Prospecting 
Exploration 

Searching for sand resources using multiple 
exploration techniques. 
Determining the possible size and value of the sand 
deposit using different evaluation techniques 

Mining proper 
Developing 
Exploitation 

Setting-up and commissioning facilities to extract, 
treat and transport sand and large scale sand 
production 

Post mining 
Closure and 
reclamation 

Returning the land to its original state 

(Source: Gavriletea, 2017) 
 
 
In recent years, the utilisation of waste or by-products from various sectors and 
the agricultural sector has gotten a lot of attention in the scientific, technological, 
ecological, economic, and social spheres. RH is a by-product of rice milling, and 
RHA is produced in a separate boiler by incineration. Rice-growing countries 
including China, India, Brazil, the United States, and Southeast Asia have plenty 
of RH and RHA. As a result, RH has been recycled by being burned to generate 
energy. This produces RHA, which contains a large amount of amorphous silica 
(85–95%). RHA has been used widely in the manufacturing of various silicates, 
zeolites, catalysts, nanocomposite, cement, lightweight construction materials, 
insulators, and adsorbents throughout the last two decades. 
 
 
Despite the growing popularity of RHA in various applications, limited research 
has been devoted to identify the influence of several factors on the properties of 
silica in RHA. Furthermore, there has been a gap in the method of extraction of 
silica from RHA. The optimum silica extraction method  involved the incineration 
temperature, incineration period and leaching process has not yet been 
established. Numerous studies had investigated the incineration period of silica 
production from RHA and yet the studied only focused on the phase transitions 
of amorphous to crystalline phase in RHA (Rivas et al., 2018). 
 
 
In the early discovery of glass, most research focuses on quartz sand silica oxide 
as forming Network. A spirited debate occurred in the literature concerning the 
effect of the addition of Zinc Oxide (ZnO) into the borate and tellurite glass 
system. However, the topic of RHA addition into the SLS glass system was 
limited with no definitive answers to the fundamental topics. Although many 
properties of SLS glass such as high insulating properties are good and 
acceptable, yet, the effects of RHA addition was also limited. The effective use 
of silica from RHA has the potential to be the replacement of quartz sand in 
glassmaking,  and hence depth understanding is needed to ensure an efficient 
glass with good physical and elastic properties can be produced. Rather than 
relying on conventional methods in the glass fabrication process, an eco-friendly 
and efficient product can be produced to replace the current existing quartz sand 
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based glass. which is harmful to the environment due to its mining process. 
Ultimately, this research is targeted to enhance and fully utilize the usage of bio-
waste in glass applications. In summary, the research questions formulated from 
the mentioned problem statement are as follows; 
 

i. In terms of elastic and mechanical properties, how synergistic is the use 
of RHA-based silica addition in SLS glass as a source substitution 
compared to quartz sand? 

ii. What are the factors that will influence the ability of the SLS-RHA glass 
in both elastic and mechanical tests? 

iii. What is the optimal formulation for SLS-RHA glass in order to produce 
the best elastic and mechanical performance? 

iv. Does the silica content from RHA affects the mechanical properties of 
the glass compared to conventional glass sand quartz? 

 
 
Furthermore, the utilisation of RHA as a silica source in glass production could 
reduce environmental pollution and can turn agricultural waste into industrial 
wealth. Therefore, the investigation on the addition of RHA-based silica for glass 
production is needed with the attention of assessing physical (hardness) and 
elastic (longitudinal modulus (L), shear modulus (S), Young’s modulus (E), bulk 
modulus (K), and Poisson’s ratio (σ) properties of the glass.  
 
 
1.3 Research Objectives 
 
 
The aim of this work is to formulate a novel glass composition comprising 
recycled SLS glass with the addition of RHA as a new source to substitute the 
common quartz sand in glass making.  
 
 
The specific objectives are: 
 
i. To investigate the relationship between the incineration temperatures and 

the time to produce silica from RHA with optimum silica content. 
ii. To assess the microstructure behaviour and material characterization of 

the newly formulated SLS - RHA glass.  
iii. To identify the best optimum mixture and investigate the elastic properties 

of the newly produced SLS-RHA glass.  
iv. To optimize the response of SLS-RHA glass ratio by utilizing response 

surface methodology (RSM) with relation to hardness properties. 
 
 
1.4 Scope and Limitation of Work 
 
 
In achieving the objectives of this study, a series of experimental works were 
conducted. First, RH morphological analyses were studied. The parameters of 
the study are the different pre-treatment through chemical pre-treatment and 
combustion processes on the production of high purity, RHA composition. The 
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collected RH was pre-treated with distilled water and hydrochloric acid 
separately. Then, RH was incinerated in the furnace with a temperature of 550°c 
and 800°c for a duration of one hour and two hours. Subsequently, the RHA are 
characterized into three main analyses: 
 

i. Analysis of high-energy radiation by using X-ray fluorescence (XRF) is 
involved for element characterization  

ii. Microscopy analysis by using a scanning electron microscope (SEM)  
iii. Phase identification analysis by using X-ray Powder Diffraction (XRD). 

 
 
Different samples preparation for SLS-RHA glass were prepared. The glass 
samples based on the SLS-RHA glass will be prepared using SLS glass and 
RHA silica powder from x between 0.00 to 0.30 wt. % using conventional melting 
and quenching technique. The SLS glass samples will also be prepared and can 
be used as reference material. These glasses were then characterized into two 
main tests including:  
 

i. The structure of SLS-RHA glass will be measured using the X-ray 
diffraction technique and SEM to confirm the amorphous structure of the 
glass sample. 

ii. Elastic properties by using Ultrasonic Velocity (UV) test. From these 
values, physical properties or the strength of the glass can be known 
and determined. 

iii. Mechanical properties test by using hardness test. Data are then 
analyzed to obtain the best SLS-RHA glass formulation. 

 
 
The major limitation in this study that could be addressed are this study only 
focused on using RHA as a silicone dioxide substitution source in glass 
manufacturing. RHA is known as a very promising alternative source for silica in 
silica-based glass (Gonçalves et al., 2020). From previous research by da Silva 
Fernandes et al. (2019), a higher concentration of the recycled filler used in glass 
fabrication lead to lower the mechanical strength of glass. The highest 
mechanical strength was shown by the material 10% addition of RHA. Thus, the 
interest of this research is the ratio of RHA percentage in SLS glass production 
to achieve optimum mechanical properties of the glass. This research studied 
the addition of RHA in SLS glass in the range of 0% to 10% as per previous 
research by da Silva et al. (2019). 
 
 
1.5 Significance of the Study 
 
 
Planning waste management and recycling for all of the garbage produced in 
this country is a massive undertaking that necessitates both logistical planning 
and scientific knowledge and understanding in order to strike a balance between 
the process' environmental impact and its cost-effectiveness. Every year, 
millions of tonnes of waste glass are produced around the world. Because glass 
does not dissolve in the environment, it is unsustainable once it becomes a waste 
that is disposed of in landfills. 
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Glass is made up of roughly 70% sand, as well as a specific mixture of soda ash, 
limestone, and other natural elements, depending on the qualities required in the 
batch. Crushed, recycled glass, or cullet, is a vital element in the production of 
soda-lime glass. In each batch of glass, the amount of cullet utilised varies. Cullet 
melts at a lower temperature, consuming less energy and using fewer raw 
resources. The use of milled (ground) waste SLS cullet as a partial replacement 
for glass in glass manufacturing could be the most crucial step toward developing 
sustainable (environmentally friendly, energy-efficient, and cost-effective) 
infrastructure systems. 
 
 
Numerous researchers had studied and developed the methodologies of 
treatment and recycling for glass waste materials. One of the development 
methods was the addition or doping of some oxide elements into the SLS glass 
structure (Saparuddin et al., 2020). In this research, RHA had been chosen as 
an oxide to be added into the SLS glass because of its good properties; 
improving the glass quality by increasing mechanical properties and enhancing 
chemical durability (Chazot et al., 2021). Furthermore, the utilisation of RHA as 
a silica source in glass production could reduce environmental pollution and can 
turn agricultural waste into industrial wealth. 
 
 
1.6 Thesis Outline 
 
 
This thesis consists of six chapters. Chapter one discusses the background of 
the research and problem statement on the current glass fabrication process, the 
research objectives, scope, limitation of work, significance of the study and 
outline of the dissertation.  
 
 
Chapter two presents the extensive review related to the knowledge of this study 
including the composition of glass, the properties of glass and glass formation, 
as well as the preparation methods. Literature reviews on the properties of glass 
related to the current study are presented to gauge the development of newly 
formulated glass research. A review on related studies that have been carried 
out and reported previously for the silica extraction method for RHA was also 
presented in this chapter. Statistical design methods including response surface 
methodology (RSM) were also reviewed. 
 
 
Chapter three illustrates the experiment work, materials used, equipment 
required and sample preparation of the glass fabrication samples are described. 
The elastic and mechanical properties and morphological studies involved are 
reported in detail.  
 
Results and discussions are presented in chapter four which includes the RHA 
material characterization and microstructural analysis, microstructural 
characterization of SLS-RHA glass fabrication. The results are shown in form of 
graphs and tables and supported by statistical data using the ANOVA technique. 
Afterwards, the mathematical model is developed and compared with 
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experimental results. Finally, the mechanical properties comparison for 
commercially available glass (Plexiglas) and optimum SLS-RHA glass is 
presented. 
 
 
Finally, in chapter FIVE, the conclusions on the elastic and mechanical 
properties of SLS-RHA-glass are drawn. The effects of silica content on the 
formation of glass are also summarized. Finally, contributions and 
recommendations for future research are also presented. 
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