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Kesan Penambahan Habuk Papan pada Sifat Fizikal dan Mekanikal dalam Bata 

Seramik 

 

 

 

 

 
ABSTRAK 

Dalam kajian ini, kesan penambahan serbuk kayu pada sifat fizikal dan mekanikal telah 

disiasat. Tanah liat bola dan kaolin yang digabungkan dengan 0, 2.5, 4, 8 dan 10 wt.% 

daripada serbuk kayu telah diuji. Sampel batu bata seramik terbakar pada 900 °C,1000 

°C dan 1100 °C serta sifat-sifatnya telah disiasat menggunakan XRD, FTIR, TGA, 

kepadatan, keliangan, penyerapan air dan ujian kekuatan mampatan. Kehadiran kuarza, 

mullite, moscovite dan kaolinite diyakini meningkatkan sifat-sifat batu bata keramik. 

Hasil analisis FTIR menunjukkan bahawa pengikat Si-O yang merupakan sebatian 

silika yang terbentuk dalam batu bata keramik diyakini mewujudkan rangkaian yang 

memberikan kekuatan dan kekakuan kepada matriks keramik. Hasil TGA menunjukkan 

kehilangan berat sampel dan sifat termal batu bata Keramik. Hasil percubaan 

menunjukkan bahawa penggunaan serbuk kayu mengurangkan kepadatan dan kekuatan 

kompresif sampel. Ia diamati pada poros yang kelihatan di mana dengan peningkatan 

serbuk kayu hingga 10 wt.%, poros kelihatan meningkat sehingga 40 % selepas 

pembakaran pada 900 °C. Kekuatan kompresif batu bata keramik dengan 2.5 wt.% 

serbuk kayu dan pembakaran pada 1100 °C menunjukkan nilai kekuatan yang lebih 

tinggi. Penyerapan air juga meningkat dengan peningkatan penambahan serbuk kayu 

sehingga 10 wt. %. Hasil-hasil itu menunjukkan bahawa penambahan sisa serbuk-

serbuk mungkin bahan untuk ditambahkan kepada batu bata tanah liat mentah untuk 

menghasilkan sebagai seramik poros dan ringan. 

 

 

Kata Kunci: Seramik batu bata, Serbuk kayu, Suhu pembakaran, Ciri-ciri fizikal, Sifat 

mekanikal 
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Effect of Adding Sawdust on Physical and Mechanical Properties in Ceramic 

Bricks 

 

 

ABSTRACT 

The effects of sawdust addition on the physical and mechanical properties were 

investigated in this study. Ball clay and kaolin clay were examined in sawdust at weight 

percentages of 0. 2, 5, 4, 8, and 10 wt.%. The specimens of ceramic bricks were fired at 

temperatures of 900 °C, 1000 °C, and 1100 °C, and their densities, apparent porosities, 

water absorption, phase and thermal properties and compressive strengths were 

evaluated. It was hypothesised that the composition of quartz, mullite, muscovite, and 

kaolinite in ceramic brick would enhance its properties. The FTIR analysis revealed that 

Si-O bonding, a silica compound formed within the ceramic brick, is thought to 

generate a network that imparts rigidity and strength to the ceramic matrix. The TGA 

revealed the thermal properties of ceramic brick and the weight loss of the specimens. 

As demonstrated by the experimental outcomes, sawdust decreases the 

specimen’s density and compressive strength. An observation was made regarding the 

apparent porosity, which showed a 40% increase when sawdust content was increased 

to 10 wt.% and fired at 900 °C. The ceramic brick containing 2.5% sawdust fired at 

1100 °C exhibits a more excellent compressive strength value. Additionally, water 

absorption increased as the weight percent of sawdust added increased to 10 percent. 

The findings proved that sawdust waste could potentially be utilised in producing raw 

clay bricks as a lightweight ceramic brick and pore former. 

 

 

Keywords: Ceramic brick, Sawdust, Firing temperature, Physical properties, 

Mechanical properties 
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CHAPTER 1  

INTRODUCTION  

1.1 Background of Study  

Bricks are among the first building materials, extending back to 7000 BC. They 

are formed of ceramic-based materials, and they remain one of the most often used 

because they are affordable, manageable, and aesthetically pleasing. At the remains of 

an ancient building, brick was found in southern Turkey. Clay bricks are employed in 

load-bearing buildings such as piers, footings, partitions, external and interior walls, and 

walls (Duggal, 2008). The development of civil engineering may have its roots in the 

past of masonry construction. Stone, which was easily accessible, was the first building 

material employed by humans. 

Porous ceramic is found in a variety of pore structures, including multilayer 

materials, foam and honeycomb structures, and micro and mesoporous materials. 

According to (Wu et al. (2018), these outstanding qualities include low density but high 

mechanical and physical strength, low thermal conductivity with a high melting point, 

and good corrosion resistance. Based on the structures, applications are made to the 

filtration and separation, diffusion, and purification processes. As a result, the 

technology is also being applied widely in fields like membrane separation, biomedical 

scaffolding, thermal insulators (Wu et al., 2018), and diesel specific filters (Luyten, 

Mullens & Thijs, 2010). 
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Masonry structures seem royal in addition to providing a study base that can 

survive natural disasters like wind, flood, earthquake, and fire. A few procedures were 

applied over time to improve the bricks' quality. In the initial stages of sun-baked brick 

production, chopped straw and grass were incorporated into the clay mixture to inhibit 

deformation and fracturing. The subsequent notable advancement took place in brick 

buildings around 4000 BC (Almssad et al.,2022). Fire strengthened brick's tensile 

strength and longevity. 

Clay bricks are still used today for many purposes. To make a brick that has 

been fired from clay, lightweight and with less heat conductivity, it should have a 

significant amount of porosity. The primary component in ceramic applications, clay, 

will offer good plasticity for body shaping. Since the current study is interested in new 

building materials, the improvement is made using sawdust waste. Clay brick 

production requires firing temperature. It affects clay brick physical, texture, and 

mineralogical formation (Phonphuak..,2020). 

              Sawdust is a by-product of basic woodworking. To create a lightweight 

ceramic brick from clay, the pore-forming agent employed is sawdust. Cellulose, 

hemicellulose, and lignin are the three primary substances of wood that makeup 

sawdust. These combined components give the microstructure of the clay more porous. 

The bulk of the chemical elements in sawdust where 60.8 %, 5.2 %, 33.8 %, and 0.9 %, 

respectively are carbon, hydrogen, oxygen, and nitrogen (Horisawa et al., 1999). In 

ceramics technology, the sawdust waste can be mixed into clay because sawdust is the 

preforming agent. The fired clay microstructure is more porous due to the combination 

of these elements. As a result, the clay loses density and improves its capacity for 

thermal insulation. Around 1050 °C has been discovered to be the ideal sintering 

temperature (Johari et al. 2010). 
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              Okunade, (2008) investigated the use of sawdust and ash wood in laterite-clay 

bricks. The materials utilised in the study were sawdust from burning fire and wood ash 

in a 70:30 weight-to-laterite clay ratio. The mixes are then added in various ratios, 

ranging from 0 to 10%. According to the study, this led to good in denser with high 

compressive strength that contained (0% sawdust and 10% wood ash). The research 

stated that wood ash was made up of lighter and more porous substances.  

By studying different composition of sawdust, the mechanical and physical 

properties of ceramic bricks were investigated. Once the sawdust composition was 

optimised it was fired for three different temperatures to determine the combustion 

behaviour, physical characteristics, and mechanical characteristics that result in the 

highest performing fired clay bricks. X-ray Diffraction (XRD), Fourier Transform 

Infrared Spectroscopy (FTIR), Thermogravimetric Analysis (TGA), density, apparent 

porosity, water absorption, and compressive strength of the ceramic brick will 

characterize. 

1.2 Problem Statement  

Clays are burnt at high temperatures to form a dense, hard material that is used 

to make ceramic bricks, a particular kind of building material. They are frequently 

utilised in building due to their tenacity, procedure, to tolerate high temperatures, and 

qualities of thermal and acoustic insulation. The issue here is rising demand for clay 

bricks with better insulation. So, one of the solutions to solve this problem is to promote 

the porosity in the clay body. The most common organic pore formers include sawdust, 

polystyrene, paper muck, coal, and coke. In previous study, there is a significant 

quantity of sawdust is being added to the ceramic bricks composition which consist of 

raw-brick clay. The sawdust act as the pore-former that was produced porosity in the 
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ceramic bricks. Porosity is one of the factors that reduce the density (Phonphuak et al., 

2016). However, the higher amount of the sawdust was reduced the compressive 

strength of the ceramic bricks. The porosity in the ceramic bricks act as barriers to heat 

transfer by reducing the density of the material and creating a pathway for air to flow 

and this was reduced the thermal conductivity. The large amount of sawdust was caused 

crack in the sample body. The usage of ball clay and kaolin clay due to the particle size 

enhanced the physical and mechanical properties than use of single clay and also effect 

the interlocking of ceramic bodies. (Bwayo & Obwoya., 2014). 

Sawdust has inconsistent particle size and morphology where it is difficult to 

control the porosity and mechanical properties of the insulator at the same time (Ali et 

al., 2017). The by-product's particle size influences the porous ceramic's mechanical and 

physical strength. Following the complete burning of the byproduct, pores will form. 

Therefore, the pore and its size distribution will influence the mechanical and physical 

characteristics of porous ceramic. As a result, by adjusting the initial size of sieved 

sawdust used as a pore-forming agent, the pore and size distribution of porosity can be 

controlled. Therefore, the inconsistent size of particle distribution and pore forming can 

be overcome (Bwayo & Obwoya., 2014). 

         Sawdust is the best material to be utilises because it can be used to make 

lightweight ceramic bricks. Wood sawdust has a fine and uniform particle size 

distribution ranging from 1.5 µm to 63 µm, so it may be used as a pore-forming agent 

for thermal insulators (Barcenas et al., 2005; Aramide, 2012). Furthermore, wood 

sawdust has a significantly lower ignition point, ranging from 118 to 142 °C (Kotoyori 

1986).  In earlier studies (Phonphuak., (2020) stated that the fire temperature caused 

using sawdust waste caused the specimens bulk density and compressive strength to 

decrease. In the production of ceramic bricks, the ceramic bricks must have a high 
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compressive strength to use at the construction area but in this case the ceramic brick 

that without addition of sawdust are high in strength than with the addition of different 

quantities of sawdust. Since sawdust waste has a lower density and a higher porosity 

than clay, (Phonphuak., (2020) recognises that clay bricks compressive strength 

decreases as sawdust waste content increases. However, theoretically, firing at a higher 

temperature could result in ceramic having a good mechanical and physical properties. 

To identify the composition of sawdust as additives and the effect firing 

temperature to mechanical and physical properties of ceramic bricks, this study was 

conduct with 900 °C, 1000 °C and 1100 °C firing temperatures and 0, 2.5, 4.0, 8.0 and 

10 wt.% composition of sawdust added to raw brick clay body. In this study, kaolin was 

added to prepare the raw brick clay body to study difference that may occur during the 

process, because kaolin has good plasticity, meaning it can be easily molded and shaped 

into the desired form. This research take place to ensure that the ceramic bricks 

produced from materials are economical and environmentally friendly (Ahmed et al., 

2018). The byproduct offers an eco-friendly and efficient method of disposal, as well as 

enhanced physical and mechanical properties. 

1.3 Objectives  

          The objectives of this study are: 

i. To prepare the ceramic bricks by using different kind of clays (ball clay 

and kaolin clay) 

ii. To identify the effects of adding sawdust as additives. 

iii.  To study the effect of firing temperature to mechanical and physical 

properties of the ceramic bricks. 
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1.4 Scope of Study  

The addition of raw material composition was result in the production of the 

ceramic brick. Ball clay has a weight percentage of 100, 72.5 ,71.0 ,67.0, and 65.0 while 

kaolin clay has a consistent weight percentage of 25 respectively. Sawdust was 0, 2.5, 

4.0, 8.0 and 10 wt.%. Five distinct samples were created for this study using five 

different sawdust compositions. After the firing process, the impact of adding various 

amounts of sawdust composition was examined. Moreover, the other parameter in this 

study is the firing temperature. The five difference compositions were undergo three 

firing temperature which are at 900 °C, 1000 °C and 1100 °C with soaking time for 1 

hour to identify the mechanical and physical properties of the ceramic brick. All the 

samples were characterized by XRD, FTIR, TGA density, porosity water absorption, 

and compressive strength to analyse the physical and mechanical properties of ceramic 

bricks. The techniques, phases and properties can be analysed by using all this 

characterization. 

1.5 Significances of Study  

Extreme weather resistance is a property of ceramic bricks. However, they may 

be impacted in the following ways by weather changes. Ceramic bricks can absorb 

some water when exposed to moisture or water. Bricks may crack or spall if the 

temperature falls below freezing because the water inside them may freeze and expand. 

Ceramic bricks may expand because of heat in hot, dry conditions. The bricks may 

shatter or crack if the temperature changes rapidly (Santa et al.,2023). 

According to (Santa et al., (2023) ceramic bricks can collect moisture from the 

air in areas with high humidity levels. This may result in efflorescence, a white powdery 
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substance that develops on the surface of bricks. Moreover, the sawdust as additives 

reduces the compressive strength of ceramic bricks because of the high porosity but the 

strength can increase by firing to high temperature. It is crucial to guarantee the ceramic 

bricks strength so they can endure external loads and keep their structural integrity. If a 

bricks compressive strength is insufficient, it could break or even collapse beneath the 

weight of the building. Ceramic bricks are used in building to give a structure long-

lasting resilience. As a stronger brick is more resistant to damage and wear and tear, the 

compressive strength of a brick directly correlates to its durability. Sawdust may 

enhance ceramic brick porosity and high firing temperatures may strengthen ceramic 

bricks (Johari et al.,2010). 

The finding of this research gives the lightweight ceramic bricks because of the 

porosity that produce from the sawdust. Besides, this study was used to encourage the 

usage of eco-friendly materials and recyclable. At the same time, this study can provide 

the optimum weight percentage of sawdust respective with good mechanical and 

physical properties of the ceramic bricks. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

This chapter introduces the function and properties of the ceramic brick. 

Furthermore, the selection of materials for manufacturing ceramic bricks was based on 

their specific types of clays, additives, function, properties, and advantages. The suitable 

firing temperature required to achieve the desired properties of ceramic bricks is also 

being discussed. The ceramic brick samples were analysed using relevant 

characterization techniques following the firing process. 

2.2 Ceramic Brick 

A common building material of ceramic brick is ceramic, which is composed 

of a mixture of minerals, primarily clays, and up to 30 wt.% water. Bricks are fired at a 

higher temperature and produce a glassy product with enhanced density, strength, and 

hardness as well as increased resistance to chemicals and cold. Although this 

temperature can be reduced by drying process before firing from 30 % to 25 %, water is 

pushed off during fire. As (Kornelia Wiśniewska et al., (2021) stated that reduced water 

content is formed as powder and fired for days or weeks at 1,800 - 2,000 °C, based on 

the ceramic's composition and the specifics of the firing procedure. Ceramics may be 

painted or may have a fired appearance. These materials won't further oxidise in the air 
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and are ecologically stable, the maintenance is inexpensive. They are more prone to 

problems when combined with other materials, typically fasteners that are stressed and 

corrode-prone. If repairs fail, a serious situation can develop. In contrast to metals, 

ceramics do not exhibit ductile behaviour. They crumble brittlely after exceeding their 

elastic limit. (Bwayo & Obwoya., (2014) combined ball clay and kaolin clay used to 

make ceramic bricks, and each of the raw materials' unique compositions plays a crucial 

part in ensuring the excellent quality of the finished product. 

2.3 Ceramic Brick Raw Materials 

Kaolin clay and ball clay are the basic materials used for producing ceramic 

bricks. Each basic material contributes to the quality of the final product in a unique 

manner. First, kaolin clay (Al2Si2O5(OH)4) impart plasticity and function as a body 

former. Next, ball clay (Al2O32SiO22H2O) is one of the earth materials with very fine 

particle size that functions as the primary binder in the ceramic composition. In 

addition, the addition of sawdust to the ceramic bricks during the firing process ensures 

their mechanical and physical properties. The various compositions of each brick's raw 

materials influence the final product. 

2.4 Porous Ceramic 

A few investigations carried out recently have shown that it is possible to use 

industrial waste to make ceramic products, particularly porous ceramic products. 

(Gorhan & Şimşek.,2013). In general, ceramics are produced from natural raw materials 

with very heterogeneous chemical and mineralogical compositions, which are similar to 

the compositions of many types of waste. This similarity makes them very suitable to be 
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used as alternative raw materials (Barbieri et al.,2013). Porous ceramics, as a class of 

highly reticulated ceramic materials, are generally found in a variety of pore structures, 

including foam and honeycomb structures, multilayer materials, and micro- and meso-

porous materials (Zakaria et al.,2020). This similarity makes them very suitable to be 

used as alternative raw materials in the production of various ceramic materials, 

especially porous ceramic materials. In the last decade, porous ceramics have stood out 

due to their wide possibilities for use in various fields of engineering, ranging from 

filtration and water treatment to thermal or acoustic insulation and catalytic support. 

(Yatim & Rahman.,2020). Nowadays, a class of extremely reticulated ceramic material 

known as porous ceramics includes a variety of structures, including foams, 

honeycombs, interconnected rods, fibres, and hollow spheres. Because of their special 

blend of advantageous characteristics, including porosity, water absorption, and 

modulus of rupture (MOR), porous ceramics are useful in both traditional and cutting-

edge engineering applications. 

Porous ceramics can generally be used as filtration materials to remove 

harmful bacteria from microorganisms. The products produced from increasing the 

degree of fine-pore control in porous ceramics become more significant and valuable 

over time, increasing the use of porous ceramics in separation, dispersion, and 

adsorption technologies (Bose & Das.,2014). 

2.5 Pore Forming Agent 

Mineral and renewable resources are the two categories into which pore-

forming agents can be divided because of their non-toxicity and economic value, natural 

pore-forming agents like wheat straw, rice husk ash, and many others are widely used to 

fabricate porous ceramic (Zakaria et al.,2020). Still, it is rather difficult to control the 
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ceramic's porosity and mechanical qualities at the same time because the natural agent's 

irregular particle size and morphology (Borredon et at., 2014). Numerous pore-forming 

agents exist, including rice hush ash, wheat straw, and others (Beal et al., 2019). As a 

result, heat will be trapped and insulated inside of it via pore formation. A thermal 

insulator has a low thermal conductivity and is a poor heat conductor. According to 

Pacheco-Torgal et al. (2015), insulation is used in manufacturing processes and 

buildings to stop heat gain or loss. 

According to studies, the insulator's pores function as voids or empty spaces to 

insulate heat flow, even though they might also contain air (Ranjani et al., 2009). As a 

result, the insulator's thermal conductivity is reduced. Developing porous ceramic 

insulators is imperative because they need superior mechanical properties, a minimum 

amount of water absorption, an ideal pore-size distribution, and proper property 

balancing. Given this stringent requirement, (Sutcu and Akkurt., (2009) found that 

synthetic materials like carbon, oil shale (OS), expandable polystyrene (EPS), tert-butyl 

alcohol (TBA), polymer microbeads, and carbon make up the majority of the pore-

forming agents in insulators. 

2.6 Sawdust 

Wood sawdust is one of the most common byproducts of wood exploitation 

and processing, including sawing, milling, planning, routing, drilling, and sanding as 

shown in Figure 2.1. Sawdust is a pore forming agent where form pores and produce a 

lightweight ceramic brick. Addition of sawdust alter the mechanical and physical 

properties because sawdust act as the filler. The burgeoning lumber industry, furniture 

companies, and other sources produce significant amounts of sawdust and sawmills in 

Malaysia and other emerging nations. It could be a significant contributor to 
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environmental pollution if stored under uncontrolled conditions (Deac et al.2016). 

Traditionally, wood dust is used as furniture, medium density fibreboard (MDF), solid 

fuel for boilers, and some is eventually disposed of in landfills (Thetkathuek et al., 

2010). However, the volume of sawdust produced each year is so great that those 

applications and efforts are still insufficient (Ratnasingam et al., 2010). Therefore, the 

objective of this investigation is to identify the mechanical and physical properties in 

addition of sawdust in ceramic brick.  

     Figure 2.1: Sawdust 

      (Source: Sohail et al., 2017) 

2.6.1 Physical Properties and Composition of Sawdust 

Sawdust is created when wood is processed for a variety of purposes. 

Depending on the type of tree that is being treated, its makeup differs greatly. Sawdust 

mostly contains cellulose (between 40 - 50 wt. %), polyoses, lignin, and a vast and 

diverse range of molecules with a lower relative molecular mass, which may have a 

major impact on the qualities of the wood (Humans, 2012). The particle size, or surface 

morphology, smell, and density of wood sawdust are its primary physical 

characteristics. Different breeds of wood come in a variety of colours, ranging from 

white - aspen, spruce) to black - ebony. The colour, lustre, smell, and particle size of the 
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wood sawdust can all be evaluated visually. Table 2.1 and Table 2.2 shows the physical 

properties of sawdust and compressive strength of sawdust. 

       Table 2.1: Physical properties of sawdust.  

           (Source: Demir, 2008) 

 

      Table 2.2: Compressive strength of sawdust.   

        (Source: Demir, 2008) 

 

 

Physical 

Properties 

 

                                  Sample series of sawdust 

A (0%) B (2.5%) C (5%) D (10%) 

     

Bulk density (g/cm3) 1.80 1.56 1.45 1.35 

Apparent porosity (% 

vol.) 

30 33.4 37.5 42.2 

Apparent density 

(g/cm3) 

2.42 2.21 2.14 1.98 

Water absorption 

(% wt.) 

16.65 21.40 25.80 31.25 

 

Compressive 

strength 

 (MPa) 

                          Sample series of sawdust 

A 

(0%) 

B 

(2.5%) 

C 

(5%) 

D 

(10%) 

 Fired samples  

15.5 

 

13.60 

 

11.35 

 

9.85 

Unfired 

samples 

 

2.6 

 

3.35 

 

4.40 

 

5.10 
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2.7 Firing Temperature 

Ceramic brick typically has a high melting point and ceramic bricks are made 

from raw materials like clay which are then heated to extremely high temperatures. The 

materials chemically bond with one another during the firing process to create strong 

and durable material. However, the most ceramics typically have melting temperatures 

between 1200 °C and 1600 °C (2192 °F and 2912 °F). According to (Eliche-Quesada et 

al., (2012), the higher firing temperatures result in higher-quality bricks because the 

firing procedure increases the bricks' resistance to compression. The firing temperature 

effects the ceramic brick's porosity, strength, and durability. If the temperature is too 

low, the bricks may not be fully densified and have higher porosity, making them more 

prone to breakage and damage. On the other hand, if the temperature is too high, the 

bricks may become overly dense and brittle, which can also affect their strength and 

durability. According to Phonphuak., (2020), the ceramic brick sample were fired at a 

temperature of 900 °C, 1000 °C and 1100 °C with 30 minutes soaking time were able to 

obtain the effects of temperature on mechanical and physical properties of ceramic 

bricks can be studied over time. The samples are kept at the highest firing temperature 

around 1100 °C during the soaking time to allow chemical reactions that take place 

during the firing process to finish. 

2.8 Porosity 

Ceramic brick usually contains considerable porosity in their body. The 

number of pores or empty space that a substance contains is referred to as its porosity. A 

ceramic bricks porosity might change based on the materials used and the 
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manufacturing process. A ceramic brick porosity may have an impact on its strength, 

tenacity, and thermal insulation.  

To improve the material's capacity to collect and release gases or moisture as 

well as its thermal insulating qualities, a certain amount of porosity might also be 

advantageous. Ceramic bricks can be produced using a variety of methods, such as 

adding pore-forming like sawdust or regulating the fire temperature and duration, to 

meet certain porosity requirements. Moreover, these bricks have a higher porosity than 

conventional ceramic bricks, which results in a lighter weight with comparable thermal 

insulating capabilities (Farnood Ahmadi et al. 2018). 

Phonphuak., (2020) stated that the results were variable in apparent porosity 

depending on the inclusion of sawdust. For a 10 wt. % sawdust addition and firing at 

900 °C, the highest porosity was around 32.40 %. Bricks with a 2.5 wt. % sawdust 

content that were burned at 1100 °C had the lowest porosity, 22.80 %. So, when the 

sawdust addition was burned out during the firing process, the porosity in ceramic brick 

was produced. Therefore, a higher sawdust content in ceramic brick result in a higher 

open porosity, which then generate more porous ceramic brick and lighter ceramic. 

2.9 Characterization Technique 

The ceramic brick, which has been fired and contains sawdust, undergo various 

characterization techniques to determine its structure, chemical composition, elemental 

composition, compound composition, bonding, and physical and mechanical properties. 
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2.9.1 X-ray Diffraction (XRD) 

              X-ray Diffraction (XRD) is a technique that can be employed to determine the 

distinct phases and crystalline structures that exist within a material. X-ray diffraction 

(XRD) can identify the mineral composition of a fired sample. According to the study 

(Jannat et al., (2021)., the XRD pattern of clay revealed quartz to be the dominant 

mineralogical phase. Haematite (Fe2O3) and kaolinite (Al2Si2O5(OH)4) were two other 

mineral phases found in the clay. However, the disordered XRD pattern showed 

hemicelluloses and lignin in the sawdust. Cellulose was the only crystalline phase 

found, and it showed a wideband peak at 35 °, 22.6 ° and 15–18 ° as shown in Figure 

2.2 (Jannat et al. 2021). 

 

 Figure 2.2: XRD analysis: (a) red clay powder (b) sawdust powder. 

    (Source: Jannat et al. 2021) 
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2.9.2 Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR analysis is employed to examine electromagnetic radiation within the 

infrared portion of the spectrum. FTIR can be used to determine ceramic materials 

molecular structure and chemical composition based on bonding type and functional 

groups. Several functional groups in clay minerals, such as hydroxyl, carbonate, and 

silicate, can be found and measured using FTIR. These functional groups can provide 

information about the substances chemical bonding and intermolecular interactions. The 

researcher (Shafiquzzaman et al.,( 2022) discovered bands of quartz-rich soil at 1084 

cm-1, 741cm-1, 699 cm-1, and 471 cm-1. At 800–400 cm-1, potassium, sodium, and 

calcium aluminosilicates combine to create feldspar. The absorption bands at 983 cm-1 

in the soil samples indicated sulphates. Soil samples were analysed utilising 741 cm-1 

vibration bands to find dolomite. The FTIR spectra of carbonates were 1790-1820, 

1400-1500, 870, and 741 cm-1. The vibrational range of hematite (a ferrous oxide) is 

440–400 cm-1. Kaolinite absorption bands were 3688, 3624, 3615, 905, 699, and 471 

cm-1. 471 cm-1 absorption spectra show Si-O. Because of the magnesium-rich chlorite or 

OH-adsorbed water, both samples displayed distinct 1640–1600 cm-1 spectra. Because 

of hydroxyl linkage (O-H), the soil sample shows different bands between 3400 and 

3750 cm-1. 

Clusters of cellulose, lignin, and phenol were discovered in sawdust at 3291 

cm-1. Uneven vibrations of CH2 and CH3 resulted in a vibration band of 2850 cm-1. 

Samples of sawdust had a carboxylate cluster at 1587 cm-1. Pectin (-COOH) is visible in 

the vibration band at 1328 cm-1. The vibration of hemicellulose is 1213 cm-1. As shown 

in Figure 2.3, the sawdust sample has the halogen group C-X (Shafiquzzaman et 

al., 2022). 
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Figure 2.3: FTIR spectra for raw (a) soil and (b) sawdust samples. 

 (Source: Shafiquzzaman et al. 2022) 
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2.9.3 Thermogravimetric Analysis (TGA) 

               Thermogravimetric Analysis (TGA) is a technique used to investigate 

materials thermal stability. The sample undergoes multiple thermal transitions as the 

temperature increases, such as dehydration, decomposition, and oxidation, which 

changes in the sample's mass can be detected. The results of the TGA analysis may 

provide information about the thermal behaviour of the sample. The thermal stability of 

the clay employed in producing ceramic bricks can be assessed using 

Thermogravimetric Analysis (TGA). The clays thermal stability is a crucial determinant 

of the highest temperature at which bricks can be fired without experiencing any 

structural harm (Vasconcelos da Silva et al.,2020) 

 Additionally, TGA can be used to analyse contaminants or additional additives 

found in glaze or clay materials. The initial observation in the TGA curve results from 

the previous researcher's investigation of water evaporation when yellow clay and grey 

clay with sawdust are combined. The water evaporation process begins at temperatures 

surpassing 50 °C and persists until approximately 200 °C. The primary outcome is the 

combustion of sawdust particles within the temperature range of 270 - 620 °C. The 

process by which kaolinite is converted to metakaolinite through the liberation of OH- 

has lower across this range of functional groups. An additional increase in temperature 

initiates the decomposition process of the carbonates. Carbonates function as agents that 

form pores and generate crystalline phases when exposed to fire, thereby potentially 

enhancing mechanical strength. According to the CO2 partial pressure, calcium 

carbonate decomposes at approximately 700 °C and reaches 860 °C. Figure 2.4 shows 

the DTA-TGA analysis did not establish conclusive evidence of liquid formation. 

Water evaporation is the primary cause of weight loss in the production of bricks. 

(Thalmaier et al., 2020). 
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Figure 2.4:  DTA-TGA curve 

   (Source: Thalmaier et al., 2020) 

2.9.4 Density, Water Absorption and Porosity 

The apparent porosity of the porous ceramic brick was increased by 

incorporating a byproduct that is produced during the firing process (Cotes-Palomino et 

al., 2015). The ceramic brick's water absorption and apparent porosity were directly 

proportional to its porosity. Conversely, the bulk density decreased, leading to 

increased porosity and a decrease in bulk density due to the process.  

Accordingly, the ability of ceramic bricks to absorb water increases when 

byproducts are added (Demir, 2008). Earlier studies (Demir., (2008) have shown that 

the inclusion of sawdust decreased bulk density, reducing it from 2.01 to 1.25 g/m3. 

Including sawdust they resulted in a 7.4 % increase in the apparent porosity, bringing it 

to 56.7 %. Additionally, the water adsorption capacity increased by 3.75 to 45.4 %.  

According to Shafiquzzaman et al. (2022), the presence of sawdust 

reduced compressive strength and bulk density, as illustrated in Figure 2.5. 
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Figure 2.5: Compressive strength, bulk density, porosity, and water adsorption of bricks made of soil 

with varying % of sawdust.  

Source: (Shafiquzzaman et al. 2022) 

2.9.5 Compressive Strength  

               The sample undergoes complete crushing during the compressive test, and the 

young modulus of rupture is recorded. The machine measures the young modulus, 

maximum force, stress, and strain of the sample after its placement on the holder. 

Phonphuak's (2020) demonstrated that an increase in sawdust waste led to a decrease in 

the compressive strength of clay bricks. This was attributed to alterations in porosity 

and density. By increasing the temperature at which firing occurs, the porosity level is 

decreased while the thickness is augmented, leading to a notable improvement in 

compressive strength. The compressive strength of fired clay bricks is higher at 1100 °C 

than at 1000 °C. By utilising sawdust waste at a concentration of 2.5–10 percent by 

weight, the compressive strength was increased from 4.35 to 18.2 MPa. As illustrated in 
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Figure 2.6, the specimen that produced the most favourable outcomes was fired at 1100 

°C with a mixed ratio of 2.5% by weight. 

             

Figure 2.6: Compressive strength of fired clay bricks. 

(Source: Phonphuak.,2020) 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Introduction 

This chapter contains an overview of the preparation and characterization of 

the materials. The ceramic brick is composed of a range of clay variations. A sample of 

ceramic bricks was fabricated in this investigation utilizing a range of raw material 

compositions. They were fired at three distinct temperatures to accomplish the intended 

goals of determining the mechanical and physical properties of the samples. The 

lightweight ceramic bricks are manufactured through the incorporation of various 

sawdust additives. Moreover, by employing various characterization techniques, this 

study identifies changes in physical and mechanical properties. 
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3.2 Research Flowchart 

              The research flow chart shows the sample preparation, evaluation and 

characterization steps as shown in Figure 3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Research flow for ceramic brick sample preparation and characterization. 

The sawdust is added in raw bricks clay body and mixed again.  

 

Prepared the raw materials (Sawdust, Ball Clay, and Kaolin Clay) 

(Dry raw materials for 24 hours) 

 

The additives are dried sieve (45 μm: Sawdust) 

All the raw materials are weighed (wt.%) [(x Sawdust. y Ball Clay. (100-x) Kaolin Clay)] 

(x = 0 .2.5,4.0,8.0,10) (y = 100, 72.5 ,71.0 ,67.0 ,65.0) 

The raw bricks clay body are mixed using mixer. 

Dried in oven (120 °C for 24 hours) 

The specimen dried under room temperature (48 hours) 

Fired at (900 °C ,1000°C ,1100 °C) with soaking time (1 hour) 

Sample Characterization 

 

The specimen is molded using mould (The mold size: 9 cm x 5 cm x 1 cm) 

 

XRD 

  

Compressive    

Strength 

Density, Porosity 

and Water 

Absorption 

 

TGA 
 FTIR 
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3.3 Raw Materials 

Various raw material compositions are utilised to prepare the brick sample. To 

determine samples physical and mechanical properties, sawdust is added and heated to 

three distinct temperatures. Different characterization techniques were employed to 

determine the mechanical and physical properties. China clay makes up 10 percent by 

weight of the ceramic brick composition, in addition to kaolin clay 15 percent by 

weight, various weights of ball clay, and sawdust utilized as an additive. Having a soft 

texture, China clay (Al2Si2O5(OH)4) is a fine-powder substance characterized by its low 

thermal conductivity and high thermal stability. Ceramic bricks manufactured using 

kaolin clay [(Al2O3(SiO2)2(H2O)2)], which functions as a forming agent and source of 

plasticity. Ball clay (Al2O32SiO22H2O) is the principal binder material. Sawdust, the 

concluding component in the ceramic composition, has the potential to augment the 

material's porosity and render it more lightweight. To attain a uniform particle size of 45 

mm, the sawdust is sieved through a mesh measuring 45 μm. The formation of the five 

unique compositions of ceramic bricks is achieved through the modification of the 

sawdust composition, as shown in Table 3.1. 
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Table 3.1: The composition of raw materials with varying of ball clay and sawdust. 

 

 

 

 

 

 

 

 

 

 

3.4 Sample Preparation 

3.4.1 Mixing 

All the raw materials where kaolin clay, ball clay and sawdust are weighted 

with their different composition as listed in Table 3.1. Then, the raw brick clay body 

materials are mixed using mixer until it’s homogenous for 1 hour. Then sawdust added 

as pore-former to the raw brick clay body and mixed again using hand for 1 hour too. 

The sawdust is sieved first to make sure get the fine particles. 

  

Raw 

Materials 

Sawdust 

(wt. %) 

Ball Clay 

(wt. %) 

Kaolin 

Clay 

(wt. %) 

Control 0.0 100.0 0.0 

Sample 1 2.5 72.5 25.0 

Sample 2 4.0 71.0 25.0 

Sample 3 8.0 67.0 25.0 

Sample 4 10.0 65.0 25.0 
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3.4.2 Molding 

              After mixed, the specimen is molded where the mold size is 9 cm x 5 cm x 1 

cm, and the specimen was dried under the room temperature for 48 hours. Then, the 

specimens dried at oven for 24 hours with 120 °C temperature. 

3.4.3 Firing 

The five samples with different composition are fired at a three different 

temperature which is 900 °C, 1000 °C and 1100 °C and using fire rates of 5 °C per 

minutes with soaking time for 1 hour as shown in Figure 3.2. The firing temperature can 

produce different mechanical and physical properties of samples.  

                                               Figure 3.2: Ceramic brick firing profile 
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3.5 Sample Characterization 

3.5.1 X-ray Diffraction (XRD) 

The material's distinct phases and crystalline structures can be identified 

using Bruker D2 Phaser X-ray Diffraction (XRD). In addition, XRD can be used to 

ascertain the mineral composition of a fired sample. Following the firing procedure, 

samples are analysed by XRD. In powder XRD application, it is customary to reduce 

the ceramic brick sample to a fine powder of approximately 2 μm. The powder is 

subsequently prepared in a sample stage or holder for analysis. Powder XRD is 

commonly employed to analyse the crystallographic structure and phase identification 

of ceramic materials. The data were gathered in continuous scan mode for 2θ = 10 ° to 

90 ° at a rate of 2 °/min. In XRD patterns, peak intensities indicated the concentration or 

quantity of a specific crystalline phase within the ceramic brick. 

3.5.2 Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR using Nicolet iz10 machine, is a technique utilized to 

quantify electromagnetic radiation in the infrared region. The findings provided insights 

into the sample's intermolecular interactions and chemical bonds. The FTIR used 

wavenumbers or wavelengths ranging from 400 to 4000 cm-1, encompassing the 

electromagnetic spectrum's mid-infrared (MIR) segment. To determine the transition 

temperature of the ceramic brick, fine powder must be ground into it. During the 

transition measurement, the sample surface was travelled across by infrared radiation. 

FY
P 

FB
KT



29 

 

3.5.3 Thermogravimetric Analysis (TGA) 

Thermogravimetric Analysis (TGA) using HT Mettler Toledo is a technique 

utilized to investigate the thermal stability Previously, clay and other components 

utilized in ceramic brick were analyzed using TGA. A temperature was applied to the 

substance as it was weighed for TGA analysis. As the temperature increased, the sample 

experienced thermal transitions, such as dehydration, breakdown, and oxidation, as 

indicated by changes in the sample's mass. The TGA sample must be in powder form 

with a 5 to 20 milligram mass.  

The samples are weighed before characterization and placed in the TGA 

instrument's crucible. Ceramic bricks are heated at a rate of 10 °C/min. To analyze 

ceramic brick samples, the temperature was generally increased from ambient to one 

thousand degrees Celsius or higher, contingent upon the anticipated decomposition 

characteristics. 

3.5.4 Density, Water Absorption and Porosity 

The density and porosity were adhered to MS ISO 10545-3: 

1995. Water absorption, apparent porosity, and bulk density are ascertained through this 

characterization. Vacuum measurements were made of water absorption. The water 

absorption was established utilizing the vacuum method. This technique involves 

removing air from a chamber containing the samples, followed by submerging the 

samples in water. The samples were weighed before and after water immersion to 

compute apparent porosity, water absorption, and bulk density, utilizing the water 

absorption by using Equation 3.1,3.2 and 3.3. 
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Water Absorption (%) =  

𝑬(𝒃, 𝒗) = (
𝐦𝟐 (𝐛,𝐯)

𝐦𝟏
−  

𝒎𝟏

𝒎𝟏
 ) × 𝟏𝟎𝟎                                                                  Equation 3.1                                                        

 

 

Where: 

m1: the mass of the dry brick 

m2: the mass of wet brick 

 

 

Apparent Porosity (%) = 

p = 
𝒎𝟐𝒗

𝑽
−

𝒎𝟏

𝑽
× 𝟏𝟎𝟎                                                                                        Equation 3.2                                                                                                                                                                                           

 

Where: 

m1: mass of dry brick 

m2: mass of wet brick 

v: volume 

 

Bulk Density Equation = 

 

B = 
𝒎𝟏

𝒗
                                                                                                              Equation 3.3                                                                                                                                                                                                                           

 

Where: 

m1: mass of dry brick 

v: volume 
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3.5.5 Compressive Strength Test 

The compressive strength of ceramic bricks is frequently tested using a 

Universal Testing Machine (UTM) in accordance with international standards like 

ASTM C67. The specimens underwent complete crushing throughout the compressive 

test, facilitating the determination of the juvenile rupture modulus. This test determines 

the force peak, energy to break, and stress break of the sample. Compressive strength 

values vary between 4.35 and 18.2 MPa. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1         X-ray Diffraction (XRD) 

The X-ray diffraction (XRD) patterns of B100S0, B72.5S2.5, B71S4, B67S8, 

and B65S10 at a temperature of 1000 °C are illustrated in Figure 4.1. According to the 

literature, quartz, kaolinite, and hematite are the phases that present in ceramic brick 

made from ball clay, kaolin clay, and sawdust (Jannat et al. 2021). In contrast, the XRD 

analysis reveals the presence of kaolinite, muscovite, and quartz, as shown in Figure 

4. The pattern distribution of the crystallinity of the samples increases from 46.6% for 

sample B100S0 to 47.9% for sample B72.5S2.5 and decreases marginally from 46.4% 

for sample B71S4 to 40.9% for sample B67S8. The sample B65S10 exhibits a marginal 

increase in crystallinity, reaching 41.5%. 

Following firing at 1000 °C, the intensity of the kaolinite (Al2H4O9Si2) peak 

distribution increased from sample B100S0 to sample B65S10. With a peak at 2θ = 

19.8°, kaolinite (COD 9009230) exhibits high crystallinity. At high fire temperatures, 

kaolinite imparts workability and functions as a precursor to the mullite phase in solid-

state sintering. The dihydroxylation of kaolinite found in clay minerals would result in 

its transformation into metakaolinite. The potential consequence of this alteration is a 

reduction in the prominence of kaolinite peaks and the emergence of more extensive 

amorphous scattering (Maruoka et al., 2023). 
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Samples B100S0 through B72.5S2.5 exhibited an increase in the intensity of 

the quartz (SiO2) phase. Following a slight decrease at B71S4, the intensity returned at 

B67S8 and B65S10. Quartz (COD 1011172) exhibits a high degree of crystallinity at 2θ 

values of 20.8°, 26.6°, and 59.9°. Specific authors are uncertain about quartz's effect on 

ceramics' strength. Boussouf et al. (2018) said that quartz impacts the material's 

strength. In contrast, alternative sources assert that quartz's mechanical strength is 

diminished due to immersion in β- to α-quartz at 573 °C throughout the cooling 

procedure. Quartz is composed primarily of silica, a ceramic brick constituent. 

Starting from sample B100S0, the intensity of the muscovite (Al3HKO12Si3) 

phase increased to sample B65S10. At 2θ = 40.1° and 51.0°, the muscovite 

(COD1100013) phase exhibits a high degree of crystallinity. As (Rodrguez-Navarro et 

al. (2003) stated, Muscovite decomposes into mullite when exposed to elevated 

temperatures. Muscovite initiates dihydroxylation at temperatures exceeding 900 

°C, followed by partial melting and the formation of the mullite phase. 
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      Figure 4.1: XRD pattern of different various of sample fired at 1000 °C. 

 

The X-ray diffraction (XRD) patterns of B100S0, B72.5S2.5, B71S4, B67S8, 

and B65S10, which were fired at a temperature of 1100 °C, are illustrated in Figure 4.2. 

The outcomes above indicate that the phases present in the XRD analysis are quartz and 

mullite. The crystallinity of the sample pattern distribution exhibits an increase from 

47.0% for sample B100S0 to 47.9% for sample B72.5S2.5, with sample B67S8 showing 

a slight decrease from 48.1% for sample B71S4 before rising to 44.9%. The sample 

B65S10 exhibits a marginal increase in crystallinity to 46.6%. 

The mullite (Al4.8O9.6Si.2) phase exhibits a greater intensity in sample 

B65S10 than in sample B100S0. The mullite phase (COD 7105575) shows a strong 

crystallinity at 2θ values of 16.4°, 39.1°, 40.8°, and 60.5°. The low intensity of mullite 

(Al4.8O9.6Si.2) was determined to result from its recent formation and incomplete 

crystallisation. According to (Meng et al. (2016), the mullite phase was generated due 

to the degradation of the kaolinite phases throughout the sintering procedure. According 

to the  findings, defects such as dislocations and lattice holes might have been present in 

the low intensity mullite phase that was generated. The quartz and mullite diffraction 
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peaks were identified as the principal constituent phases in the fired ceramic bodies, 

which are held together by the produced glassy phase, as stated by (Dong et al. (2017). 

As the firing temperature increases, fluxing compounds undergo diffusion into the 

disintegrating clay. Following this, they react in a manner that produces mullite crystals. 

Mullite, an essential crystal, contributes significantly to the mechanical integrity of 

ceramics (Ngayakamo et al., 2019). Ceramics physical and mechanical properties were 

improved by the development of mullite crystals and a glassy phase. 

Sample B100S0 exhibited an increase in quartz (SiO2) intensity, which 

subsequently declined at B72.5S2.5 before rising again at B65S10. The quartz phase 

(COD 1011172) shows a high degree of crystallinity which is 46.6 % at 2θ = 26.6° and 

59.9°. The quartz-like structures show a crystalline distribution peak due to the phase 

transition during the heating procedure. The observed peak corresponds to the results of 

a study by (Zhang et al. (2008), which determined that the phase with the highest 

intensity (COD 1011172) is quartz (θ = 26.6°). The study demonstrated that the 

amorphous XRD pattern of SiO2 remained amorphous at 53.4 % despite undergoing 

sintered treatment at 800 °C. Before the design crystallises, it must be sintered at 

temperatures between 1000 and 1600 °C. Even though some of the samples in this 

investigation showed a semicrystalline structure after fired at 1000 and 1000 °C, this 

didn't apply to all of them. As the results derived from the samples at 1100 °C showed, 

crystallisation had been initiated, but the material was not yet crystalline. 
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Figure 4.2: XRD pattern of different various of sample fired at 1100 °C. 
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4.2         Fourier Transform Infrared Spectroscopy (FTIR)   

The FTIR analysis of the ceramic brick samples B100S0, B72.5S2.5, B71S4, 

B67S8, and B65S10 were fired at temperatures of 1000 °C and 1100 °C is illustrated in 

Figure 4.3. This characterization was performed to examine the chemical bonding and 

the presence of mineralogical phases. The focus of this investigation was FTIR analysis 

in the mid-IR spectrum. Single bond region (2500-4000 cm-1), triple bond region (2000-

2500 cm-1), double bond region (1500-2000 cm-1), and fingerprint region (600-1500 cm 

-1) are the four regions that make up the mid-IR spectrum. As shown in the results 

above, the highest peaks formed at 1000 °C in B100S0, B72.5S2.5, B71S4, B67S8, and 

B65S10 are 1054.25 cm-1, 1058.28 cm-1, 1057.87 cm-1, 10577.35 cm-1, and 1061.15 cm-

1, respectively. At 1100 °C, the highest peaks are 1054.19 cm-1, 1061.32 cm-1, 1057.96 

cm-1, 1054.23 cm-1, and 1058.66 cm-1. 

The peaks observed at a temperature of 1000 °C are as follows: 1054.25 cm-1, 

1058.28 cm-1, 1057.87 cm-1, 10577.35 cm-1, and 1061.15 cm-1. At 1100 °C, the peaks 

are as follows, 1054.19 cm-1, 1061.32 cm-1, 1057.96 cm-1, 1054.23 cm-1, and 1058.66 

cm-1. These values correspond to vibrations associated with Si-O stretching in silicate 

compounds commonly encountered in ceramics and clay minerals like kaolin and ball 

clay. Bohara et al. (2018) report that the bending absorptions of OH and stretching and 

bending absorptions of Si–O occur in the FTIR bands corresponding to clay minerals, 

spanning the range of 1300 to 400 cm-1. Multiple distinct, robust bands are generated by 

the Si–O stretching vibrations of clay minerals within the 1100–1000 cm-1 range. Using 

FTIR absorption peaks at 1054.25 cm–1, 1058.28 cm–1, 1057.87 cm–1, 1057.35 cm–1, and 

1061.15 cm–1, the Si–O vibrations of the tetrahedral sheet of the fired brick sample's 

raw minerals were identified at 1000 °C. At 1100 °C, the Si–O vibrations of amorphous 

silica as proven by the outcomes, the peaks decreased towards higher wavenumbers. 
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This leads to the conclusion that the presence of ball clay and kaolin clay in the 

samples results in the formation of silicate compounds. The Si-O bonds within these 

tetrahedra are vital for the stability and integrity of the clay minerals. Si-O relationships 

are a constituent of the overall matrix of the ceramic material. The strength and rigidity 

of the ceramic matrix are derived from the network formed by the arrangement of 

oxygen and silicon atoms. The ceramic bricks become more robust as the firing 

temperature rises from 1000 °C to 1100 °C, making the material denser (Bohara et al., 

2018). 
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Figure 4.3: FTIR spectra of different various of sample fired at a) 1000 °C and b) 1100 °C. 
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4.3         Thermogravimetric Analysis (TGA) 

As illustrated in Figure 4.4, the thermogravimetric analysis (TGA) spectrum of 

a ball clay sample heated in an air atmosphere at a rate of 10.00 °C min-1. The initial 

weight loss of approximately 3.1% at 41.52 °C, when the samples began to lose weight, 

and the final weight loss of 284.13 °C, where the samples ceased to lose weight, was 

due to the dehydration of physically absorbed water on the crystal surface and water 

molecules surrounding the silicate layer. The process of organic substance degradation 

transpired during which the substances underwent complete decomposition at high 

temperatures ranging from 700 to 1000 °C, resulting in a weight loss of approximately 

10.4 %. (Xi et al. 2005) & Lena et al. 2012). 

      

 

                                         Figure 4.4: TGA spectrum of ball clay. 
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The thermogravimetric analysis (TGA) results for kaolin clay in Figure 4.5 

illustrated the weight loss resulting from dehydration and dehydroxylation as the 

heating temperature increased. The sample experiences its initial weight loss of 6.0332 

% at 72.01 °C and concludes with a weight loss of 553.39 °C. Given that the heating 

process was conducted in an air atmosphere at a rate of 10.0 °C min-1, the mass loss of 

water absorbed, structurally associated water, and OH groups expelled from the mineral 

sample are all included in the weight loss. Based on the analysis of the TG curves and 

the obtained results, it was approximated that 90% of the clay samples contained 

kaolinite minerals. The matching TGA peak, which typically occurs between 400 °C 

and 600 °C, is due to the dehydroxylation of the mineral kaolinite. 6.0% of the weight 

of pure kaolinite is lost when heated to these temperatures (Faqir et al. 2018).   

 

 

                                                       Figure 4.5: TGA spectrum of kaolin clay. 
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The weight of loss incurred by the sawdust sample during thermogravimetric 

analysis (TGA) was illustrated in Figure 4.6. Raw sawdust undergoes thermal 

degradation in three distinct phases. Between 65 °C and 100 °C, the initial stage 

transpires at 10.00 °C min-1 in the air atmosphere. The minor weight reduction observed 

in this phase is likely attributable to residual moisture desorption. An estimated 200–

392 °C is utilised for the second phase. It illustrates a substantial reduction in body 

weight of 57 %. The possible cause for this is hemicellulose decomposition (Gonzalez-

Serrano et al., 2004). The third phase was visible in the TG curve between 392 and 400 

°C. This phenomenon is explained by lignin and cellulose degradation into carbonyl, 

lactone, and carboxyl groups. The potential cause could be the desorption of CO2 and 

CO from cellulose, which converts it into volatile organic compounds in sawdust. As 

depicted in Figure 4.6, the carbonisation process was complete when the temperature 

reached 400 °C, at this point, no significant weight loss occurred. Consequently, 

sawdust carbonisation occurred at a temperature of 400 °C (Shrestha et al., 2019). 

                                         

                                        Figure 4.6: TGA spectrum of sawdust. 
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The thermogravimetric analyses (TGA) of several samples, namely B100S0, 

B72.5S2.5, B71S4, B67S8, and B65S10, which were heated at a rate of 10.00 °C min-1 

in ambient air, are depicted in Figure 4.7. The above results indicate the formation of 

three distinct phases. In brick production, water evaporation, carbonate decomposition, 

and added sawdust combustion are the primary causes of weight loss. The initial stage 

consists of dehydrating the interlayer and physically absorbing water from the ceramic 

at temperatures between 100 and 250 °C (Drebushchak et al., 2010) or 100 to 350 °C. 

This is followed by dehydroxylation, which resembles structural hydrolysis and 

typically occurs at high temperatures (Shoval et al., 2013). Frequently found in ceramic 

bricks are clay minerals, which are hydrous aluminium silicate minerals. Kaolinite, 

illite, and montmorillonite are all prevalent clay minerals. The hydroxyl groups 

comprising these minerals' structures are bonded to the crystal lattice through chemical 

bonds. As the temperature rises during TGA, the thermal energy applied to the ceramic 

brick initiates various reactions.  

Dehydroxylation entails the elimination of hydroxyl groups from clay minerals, 

resulting in the emission of water vapour as a gas and a discernible reduction in weight 

as indicated by the thermogravimetric analysis curve (Derkowski and Artur 

Kuligiewicz, 2022). Clay mineral dehydroxylation is a critical process between 500 and 

900 degrees Celsius. The temperature range of 600-900 °C is where carbonate 

decomposition occurs, with carbon dioxide emission starting at 650 °C and concluding 

between 800 and 850 °C. Ceramic minerals undergo crystalline lattice destruction and 

the formation of new phases, including gehlenite, diopside, anorthite, mullite, and 

hematite, between 900 and 1000 °C (Solongo et al. 2020). The mass loss for all samples 
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occurs at 900 °C; consequently, the optimal firing temperature for ceramic bricks is 

approximately 900 °C, with temperatures exceeding 900 °C being optimal.  

                                             Figure 4.7: TGA spectrum for various sample. 
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4.4         Physical Properties of Ceramic Brick 

4.4.1      Density         

Figure 4.8 shows the various density value of different samples at 900 °C of 

firing temperature. At 900 °C, the highest density value is 1.821 g/cm3 at B100S0 

sample compared to others. The value starts to reduce from B72.5S2.5, B71S4, B67S8 

and B65S10 where at B72.5S2.5 the density value is 1.652 g/cm3, B71S4 is about 

1.607g/cm3, at B67S8 the density is 1.428 g/cm3 and finally for the B65S10 is 1.403 

g/cm3. 

    

     Figure 4.8: Density values of various sample fired at 900 °C. 
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At temperature of 1000 °C, the value of density is 1.851 g/cm3 at sample 

B100S0 where the highest among others. The density decreased with increase of 

sawdust in ceramic brick where at B72.5S2.5 the density is 1.658 g/cm3, B71S4 is about 

1.615 g/cm3, at B67S8 the density is 1.488 g/cm3 and the last one at B65S10 the density 

is 1.456 g/cm3 as shown in Figure 4.9. 

                Figure 4.9: Density values of various sample fired at 1000 °C. 

 

 

For the 1100 °C temperature, the density value is the highest compared to 900 

°C and 1000 °C as shown in Figure 4.10. At B100S0 the density is 1.901g/cm3, at 

B72.5S2.5 it started to increase at 1.697 g/cm3 compared to 900 °C and 1000 °C. At 

B71S4 density value is 1.653 g/cm3, B67S8 around 1.599 g/cm3 and at the B65S10 its 

about 1.592 g/cm3. The value of density decreased at the highest wt.% of sawdust. 
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Figure 4.10: Density values of various sample fired at 1100 °C. 

 

 

              This can be deduced that the density of the ceramic brick decreases with the 

addition of sawdust. The observed behaviour has been ascribed to the formation of 

specific pores within the clay structure during the incineration of sawdust waste. 

However, it is important to note that the density of the ceramic brick is most excellent at 

a firing temperature of 1100 °C, as compared to 900 °C and 1000 °C. Additionally, the 

increased density value indicates that the high-temperature firing procedure successfully 

eliminated the porosity. Elevated firing temperature results in the filling of pores with 

the glassy phases generated (Olgun et al. 2005). This demonstrates a significant increase 

in ceramic density by adding 2.5 wt.% sawdust to the 1100 °C firing process. A 

correlation exists between the water absorption capacity and durability of clay bricks 

and their density. A higher volume density of clay blocks corresponds to greater 

robustness and reduced water absorption (Phonphuak., 2020). 
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4.4.2      Porosity 

Figure 4.11 shows the apparent porosity of various wt.% of sawdust at firing 

temperature of 900 °C. The trend for the apparent porosity at 900 °C is increased as the 

addition of sawdust increased. Based on the figure, the value of apparent porosity for 

the B100S0 is 41.95 %, B72.5S2.5 where the apparent porosity is 42.06 %, B71S4 is 

about 42.26 %, at B67S8 is 42.37 % and for the highest amount of apparent porosity is 

at B65S10 where 43.11 %. 

 

       Figure 4.11: Apparent porosity of various sample fired at 900 °C. 

 

 

 

 

FY
P 

FB
KT



49 

 

Based on the Figure 4.12, at 1000 °C firing temperature the apparent porosity 

starts to decease slightly compared to 900 °C because of the firing temperature that 

increased. At B100S0 the value of apparent porosity is 40.7 % and increased as the 

addition of sawdust increases. For B72.5S2.5 the apparent porosity is 41.22 %, at 

B71S4 the value is 41.3 %, at B67S8 the apparent porosity is 42.23 and at B65S10 the 

apparent porosity is the highest among other samples which is 42.58 %. 

            Figure 4.12: Apparent porosity of various sample fired at 1000 °C. 
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For the 1100 °C of firing temperature the apparent porosity starts to reduce 

compared to 900 °C and 1000 °C temperatures. Figure 4.13 shows the various samples 

where at B100S0 the apparent porosity is 38.06% followed by B72.5S2.5 the value is 

38.18%, at B71S4 the value is 38.37% and it continue to increase by 38.73 % at B67S8 

and the last one for B65S10 where the highest amount of sawdust in ceramic brick, the 

apparent porosity is 39.37% respectively. 

 

                   Figure 4.13: Apparent porosity of various sample fired at 1100 °C 

 

The B65S10 specimen with a porosity of approximately 42.58% was produced 

by incorporating 10 wt.% sawdust after being fired at 900 °C, as illustrated in Figure 

4.13. As shown in Figure 4.13, the bricks B72.5S2.5 containing 2.5% sawdust fired at 

1100 °C exhibited the lowest porosity of 38.18%. Thus, the introduction of sawdust 

waste into fired clay bricks resulted in porosity, which was eliminated during the firing 

process. Consequently, increased sawdust waste incorporated into clay bricks leads to a 

corresponding rise in open porosity, resulting in clay bricks with greater porosity 

(Phonphuak, 2020). The apparent porosity value is at its minimum at 1100 °C during 
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firing due to forming a glassy phase in the ceramic brick during vitrification. This 

process induces densification and subsequent reduction in porosity in the ceramic brick 

(Olgun et al. 2005). 

4.4.3      Water Absorption        

Figure 4.14 shows the water absorption of various sample fired at 900 °C. The 

highest % of water absorption is at B65S10 which are 44.54 % where it shown that an 

increasing of water absorption value as the sawdust increases. At B100S0 the % water 

absorption is 32.66 %, at B72.5S2.5 the value is 34.77 % followed by B71S4 the value 

of the water absorption is 35.57 % and the last one for the B67S8 sample the value of 

the water absorption is 41.99 %. 

  Figure 4.14: Water absorption of various sample fired at 900 °C. 
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Based on the Figure 4.15, shows the % of water absorption for 1000 °C 

temperature of various sample. The results shows that the % of water absorption 

increases too as in 900 °C when the sawdust addition is increases. At B100S0 the % of 

water absorption is 32.37% followed by B72.5S2.5 the value of the water absorption is 

32.41 %, at B71S4 the value is 33.95 %. At B67S8 the water absorption is 40.43 % and 

the highest % of water absorption is 42.68 % at B65S10 as the sawdust of addition 

increases in ceramic brick.  

 

                 Figure 4.15: Water absorption of various sample fired at 1000 °C. 
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For the 1100 °C of firing temperature, the % of water absorption starts to 

reduce compared to 900 °C and 1000 °C. Based on the Figure 4.16 shown, at B100S0 

the value of water absorption is 25.26 % followed by B72.5S2.5 the value is 28.69 %, at 

B71S4  the % of water absorption is 30.34 %, at B67S8 the value of water absorption is 

31.8 % and the highest % of water absorption is 32.69 % as the sawdust increases at 

B65S10. 

 

                    Figure 4.16: Water absorption of various sample fired at 1100 °C. 

 

The percentage of water absorption in ceramic brick increases as the amount of 

added sawdust rises, as indicated by the above results. The sample B65S10, fired at 900 

°C, exhibited the highest water absorption percentage of 44.54%, as shown in Figure 

4.14. Conversely, sample B72.5S2.5, fired at a high temperature of 1100 °C, 

demonstrated the lowest water absorption percentage of 28.69 %. Increased water 

absorption percentage indicates a greater quantity of pores in the sample. Clay bricks' 

water absorption is correlated with their durability. Water absorption can eventually 

diminish the durability of clay brick. Density is an essential condition to reduce water 
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absorption within the brick body. A detrimental relationship was observed between the 

increase in firing temperature and the strength of the clay bricks, specifically in terms of 

water absorption. An increase in compressive strength and a decrease in the water 

absorption rate in the brick structure. Phonphuak (2020) says that porosity impacts 

support water absorption outcomes. The glassy phase is augmented, and the open pores 

in ceramic bricks are sealed due to the elevated firing temperature of 1100 °C. It was 

established through the water absorption test that the water absorption of porous 

ceramic is influenced by its porosity. Therefore, an increase in the quantity of by-

product leads to a corresponding rise in water absorption (Demir, 2008). 
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4.5        Mechanical Properties of Ceramic Brick 

4.5.1      Compressive Strength Test 

Figure 4.17 shows the compressive strength of various sample fired at 900 °C. 

The highest compressive strength between the addition of sawdust is 7.21 MPa at 

B72.5S2.5 compared to 7.3 MPa at B100S0 followed by 6.84 MPa at B71S4. At B67S8 

the compressive strength is 6.4 MPa and at the B65S10 the value decreased to 6.3 wt.% 

respectively. This result indicates that the compressive strength of ceramic bricks 

decreases as the amount of sawdust added increases. 

  Figure 4.17: Compressive strength of various sample fired at 900 °C. 
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Based on the Figure 4.18 shows the compressive strength of various sample 

fired at 1000 °C. Based on the results, at B100S0 % the value of the compressive 

strength is 8.3 MPa where the trend increases from 900 °C. The highest compressive 

strength value is 8.0 MPa at B72.5S2.5 and at B71S4 the value is 7.7 MPa. At B67S8 

the compressive strength is 7.6 MPa and the last at B65S10, the value is 7.4 MPa where 

the compressive strength is decreased. 

         

   Figure 4.18: Compressive strength of various sample fired at 1000 °C. 
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At 1100 °C of firing temperature, the compressive strength is the highest 

compared to 900 °C and 1000 °C. At B100S0 the compressive strength is 17.26 MPa 

followed by 16.87 MPa at B72.5S2.5 and at B71S4 the value is 13.83 MPa. At B67S8 

the value is 13.75 MPa and decreased to 12.80 MPa at B65S10 when the addition of 

sawdust increases. 

               

            Figure 4.19: Compressive strength of various sample fired at 1100°C. 

 

From the results above, it can be observed that increasing the amount of 

sawdust added to ceramic brick reduces its strength. As shown in Figure 4.19, the 

B72.5S2.5 with the highest compressive strength of 16.87 MPa was fired at 1100 °C. 

The B65S10 with the lowest compressive strength was fired at a high temperature of 

900 °C. According to the findings of the research (Bánhidi et al., 2008), an increase in 

the quantity of sawdust waste utilised resulted in a decrease in the compressive strength 

of the clay bricks. This can be attributed to the increase in porosity and reduction in 

density. An increase in firing temperature results in an enhancement of the compressive 
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strength due to the concomitant increase in density and decrease in porosity. Firing heat 

between 1000 °C and 1100 °C to clay bricks substantially increases their compressive 

strength. The compressive strength values of the samples containing sawdust waste in 

proportions varying from 2.5 % to 10 % by weight ranged from 6.3 to 16.87 MPa 

(Phonphuak., 2020). The compressive strength is influenced by ceramics' additive 

content and porosity properties (Beal et al., 2019). The reduced density of the material 

and the larger pores in ceramic brick contributed to its low mechanical strength. 

Therefore, mechanical strength decreases with increasing porosity dispersion. 

Compressive strength is influenced by the porosity fraction of porous ceramic as 

porosity increases, strength decreases (Sylvain Meille et al., 2012). 

4.6         Relationship between composition, physical and mechanical properties 

Based on the results obtained using various compositions B100S0, B72.5S2.5, 

B71S4, B67S8, and B65S10, the physical and mechanical properties of ceramic bricks 

containing increasing amounts of sawdust 0, 2.5, 4, 8, and 10 wt. % by weight are 

determined. The density of ceramic bricks decreases with increasing sawdust content, as 

shown in Figures 4.8, 4.9, and 4.10. This phenomenon can be attributed to the formation 

of pores in the samples, which result from sawdust waste combustion (Phonphuak., 

2020). As shown in Figures 4.11, 4.12, and 4.13, the porosity rises with the addition of 

sawdust. Phonphuak (2020) provides evidence that an increase in the quantity of 

sawdust waste incorporated into clay bricks leads to a corresponding rise in open 

porosity, resulting in clay bricks with greater porosity. In addition, the water absorption 

of ceramic bricks increases with the addition of sawdust, as illustrated in Figures 4.14, 

4.15, and 4.16, because the increased pore count contributes to the water absorption. As 

shown in Figures 4.17, 4.18, and 4.19, the compressive strength of the ceramic brick 

FY
P 

FB
KT



59 

 

decreases with increasing sawdust content. This is because ceramic brick has a low 

density, high porosity, and high-water absorption. 

Nevertheless, the ceramic brick's compressive strength increased as the firing 

temperature increased. This can be attributed to the brick's reduced in water absorption, 

increased density, and complete combustion of the sawdust at elevated temperatures. In 

this investigation, firing clay bricks between 1000 and 1100 °C significantly increases 

their compressive strength. 

 

 

    Figure 4.20: The relationship between apparent porosity (%) and compressive strength (MPa) fired at  

900 °C,1000 °C and 1100 °C. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

5.1         Conclusion 

This research investigates ceramic bricks physical and mechanical 

characteristics using different raw materials, including sawdust, kaolin clay, and ball 

clay, as additives. The study also assesses the impact of sawdust addition. The effect of 

firing ceramic bricks with varying compositions at 900 °C, 1000 °C, and 1100 °C on 

their physical and mechanical properties was determined. Based on the findings, it can 

be inferred that the addition of sawdust to ceramic bricks results in a reduction in 

density, an increase in porosity and water absorption, and a subsequent decrease in 

compressive strength due to the increased pore production within the brick. 

Nevertheless, this study provides evidence that increasing the firing temperature 

increased compressive strength, more significant densification, reduced porosity, and 

water absorption in the ceramic brick. 
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5.2         Recommendation 

The physical and mechanical properties of the ceramic brick can be enhanced 

by varying some factors. The recommendations are: 

 

a) Increase the firing to temperature to 1200 °C as stated by (Johari et al. (2010) to 

observe the porosity effects on the ceramic brick when fired at more higher 

temperatures compared to 900 °C, 1000 °C and 1100 °C. 

b) The ceramic brick must undergo Scanning Electron Microscopy (SEM) where 

observe the morphology in cross sectional. The sample's surface morphology, 

including its grain structure, grain boundaries, and pore structure, can be 

observed by using a Scanning Electron Microscopy (SEM), which has a high 

magnification of up to 30,000 times and can be employed. 

c) The ceramic brick must undergo hardness test to enhance the mechanical 

properties. The hardness of ceramic sample can be determined by using Vickers 

hardness test. 
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APPENDIX A 

   

    Figure A1: The ceramic bricks dried in mould before firing for 2 days. 

 

          Figure A2: The ceramic bricks are set up for firing for 900 °C,1000 °C and 1100 °C. 
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. 

Figure A3: The ceramic bricks after firing. 

 

      Figure A4: The structure of the ceramic brick of various composition after firing. 
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Figure A5: The characterization technique for density, water absorption and apparent porosity using 

densicator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FY
P 

FB
KT



76 

 

 APPENDIX B 
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 APPENDIX C 

        Figure C1: Density value for various sample fired at 900 °C,1000 °C and 1100 °C. 

      Figure C2: Apparent porosity for various sample fired at 900 °C,1000 °C and 1100 °C. 
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     Figure C3: Water absorption for various sample fired at 900 °C,1000 °C and 1100 °C. 

        

        Figure C4: Compressive strength for various sample fired at 900 °C,1000 °C and 1100 °C. 
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