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ABSTRACT 

 The microstructure of the tile surface, as well as the surrounding environmental and 

material factors, can all have an impact on a person's thermal perception of heat. Floor 

surfaces that are too warm in open outdoor environments may be considered uncomfortable. 

Thermal effusivity is a property of semi-infinite substances that determines the temperature 

at their interface as soon as they come into complete contact with one another. It is more 

pleasant to the touch ceramic tiles with a crusty surface, and these tiles can be used to reduce 

the temperature of a space by reflecting heat back into it. Included pores cause materials with 

poor conductivities and densities, which are the outcome of the inclusion of pores. The 

circumstances around the processing play a part in this. Although pores are not always 

indicative of a lack of mechanical strength, the existence of pores can be. Specifically, the 

purpose of this research is to evaluate the thermal and mechanical comfort of ceramic 

flooring manufactured from industrial atomized ceramic powder that incorporates refractory 

raw materials. Touch, according to theoretical and experimental examinations, enhances the 

porosity and crustiness of a surface, as well as the level of comfort it provides. 
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ABSTRAK 

 Struktur mikro permukaan jubin, serta faktor persekitaran dan bahan sekeliling, semuanya 

boleh memberi kesan kepada persepsi haba seseorang terhadap haba. Permukaan lantai yang 

terlalu panas dalam persekitaran luar terbuka mungkin dianggap tidak selesa. Efusi terma 

ialah sifat bahan separa tak terhingga yang menentukan suhu pada antara muka mereka 

sebaik sahaja ia bersentuhan sepenuhnya antara satu sama lain. Ia lebih menyenangkan untuk 

disentuh jubin seramik dengan permukaan berkerak, dan jubin ini boleh digunakan untuk 

mengurangkan suhu ruang dengan memantulkan semula haba ke dalamnya. Liang yang 

disertakan menyebabkan bahan dengan kekonduksian dan ketumpatan yang lemah, yang 

merupakan hasil daripada kemasukan liang. Keadaan sekitar pemprosesan memainkan 

peranan dalam hal ini. Walaupun liang tidak selalu menunjukkan kekurangan kekuatan 

mekanikal, kewujudan liang boleh jadi. Secara khusus, tujuan penyelidikan ini adalah untuk 

menilai keselesaan terma dan mekanikal lantai seramik yang dihasilkan daripada serbuk 

seramik pengatoman industri yang menggabungkan bahan mentah refraktori. Sentuhan, 

mengikut peperiksaan teori dan eksperimen, meningkatkan keliangan dan kerak permukaan, 

serta tahap keselesaan yang diberikannya. 
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INTRODUCTION 

1.1 Research Background 

Technical function becomes extremely crucial in human-occupied projects where 

thermal comfort is required. As a result, we can confirm that ceramic tiles do not provide 

enough thermal comfort in many instances. 

 The human body may be thought of as a thermal machine that creates between 

100 and 1000 W of heat depending on the activity done. The heat created by the human 

body must be dispersed in order to maintain a consistent body temperature (normally 

between 35 and 37 °C). Thermal regulator mechanisms are in charge of this. Many aspects 

that contribute to comfort are described by an individual's physiological and psychological 

reaction intensities to the environment (Effting et al., 2007). The main environmental 

variables are air temperature, relative humidity, wind speed and radiant temperature 

(Resources, 2017). 

 The ceramic manufacturing is continually pursuing market amplification for the 

sector, as well as enhancing product quality and extending the variety of behaviors 

performed. The concept of producing ceramic surfaces that give thermal comfort to the 

person aids market sectors that have been rarely explored, such as hot situations such as 

swimming pool areas and cold environments such as bedrooms and baths. 
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Porous inclusion can provide materials with low conductivities and densities. 

Generally, thermal conductivity of porous materials decreases as porosity increases 

(Science, 1975). The porosity of ceramic materials is often related to the processing 

parameters used. High porosity, on the other hand, often signifies inferior mechanical 

strength. By properly mixing raw materials and processing methods, porous ceramics with 

good mechanical strength and chemical resistance may be manufacturedIt is also possible 

to obtain exceptional refractoriness and structural uniformity, as well as favourable thermal 

qualities for a specified application. 

Porous ceramics may be manufactured in a variety of ways. Incorporation of 

organic compounds in the ceramic body that are later removed during the firing stage was 

an early technology that is still widely used today. Other techniques offer significant 

advantages and may be used in the future. Processing control and, as a result, final material 

properties are a rampant problem. 

1.2 Problem Statement 

Thermal properties of ceramic materials are heat capacity, thermal expansion 

coefficient, and thermal conductivity. A solid can either store or convey thermal energy. 

Heat capacity is a material's ability to absorb heat from its surroundings. This 

demonstrates that the major reasons why the surfaces of ceramics were at high temperatures 

when exposed to external surroundings that are exposed to solar radiation. 

 It is possible to manage the porosity of ceramic tiles by adding pore-forming 

agents, which eventually helps to reduce heat conductivity. The existence of pores, in 

general, can have a negative impact on mechanical strength. As a result, to reduce heat 

conductive ceramic without sacrificing mechanical strength. 
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Pore-forming agents, in particular, have demonstrated the ability to achieve high 

porosity levels. Organic particles are burned off during the heating process to the firing 

temperature, producing voids in the ceramic body. The shape of these voids will be 

determined by the pore-forming agent used, and may thus be regulated by appropriate 

incorporation content and particle size distribution. 

Despite the fact that starch is the most commonly used pore forming agent, 

potentially due to its biological origin and availability, the struggles in trying to maintain 

the pore structure developed by the starch burn out, and the limited size range of commonly 

produced starch types (typically between 5 and 50 μm) limit its application when large 

pores are intended (Živcová et al., 2007). 

 Three different pore-forming agents will be using namely Nano Carbon Black 

(NCB). Nano Carbon Blacks were preferred because their large scale manufacturing and 

low cost, making them economically advantageous for industrial applications. 

 As above mention, this research will focus on measure the performance of ceramic 

with different parameters by using pore agent Nano Carbon Black (NCB).  

1.3 Research Objective  

a) To prepare and fabricate of ceramics with additional pore forming agent at 

various contents. 

b) To characterize of powders and ceramics using several analysis and testing. 
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1.4 Scope of Research 

The study will be done in order to analyse the preparation of powder, fabricate of 

ceramics, characteristic of the powder or ceramic and study performance of ceramics. All 

this analysis will be done to achieve by the produce porous ceramic with low thermal 

conductivity for application and buildings. 

There is a lot of type of powder to make ceramics, by studying the type of powder 

that we will be use is one of the steps in the preparation of powder. This preparation really 

importance because we need to choose the type of powder that help us to improve the low 

thermal conductivity of the ceramic that will be produced. 

We will study or analyse the best forming method to fabricate the ceramics. There 

is some type of forming methods. Due to apparatus that have given in lab, we need to 

narrow down the type of forming agents that can be done. However, we still choose the 

method that will give a positive outcome to achieve the objective. 

There are a few test and analysis that will be done such as X-ray diffraction 

analysis (XRD), Scanning Electron Machine (SCM), Three-point bending strength test and 

density porosity. All this test and analysis will be done to guide us to find the most suitable 

parameter or method that will be use. By gaining the result from the test and analysis, we 

can improve and fix the faulty. 

Study performance of ceramics the most important steps to succeed our analysis. 

After finish the test, we will study performance of ceramics to acknowledge what is the 

porous ceramic demand to lower the thermal conductivity. 
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1.5 Significant of Study 

The purpose of this study to understand the functionalities and properties of pore 

forming agent such as Nano Carbon Black (NCB), Polypropylene (PP) and Polymethyl 

methacrylate (PMMA) which become an agent that increase the porosity in ceramics. 

The importance to understand the functionalities of the pore forming agent because, 

in general the pore forming agent can cause bad effect to ceramic. If the pore forming agent 

been using with incorrect parameters, it can cause ceramic has a large scale porosity. 

Furthermore, when the scale porous ceramic is higher, it can cause the ceramic has low 

mechanical strength. It will cause the ceramic will be easy to fracture. 

 In order to understand properly the properties of pore forming agent, we can 

control the porosity ceramic. Then, we can achieve to produce with perfect percentage of 

porosity ceramic that can help to improve the conductivity of heat. Which that is the main 

purpose of study to prepare ceramic with low thermal conductivity. 

 By doing this study, it's helping us to explore more analysis about the ceramic tile 

that's been used in the buildings. Due to sun radiation that cause external environment with 

high temperature, it will cause the ceramic surface to become hotter. The ceramic will 

absorb the heat from the environment and sun radiation. In this case, by understanding the 

functionalities and properties of pore forming agent can help to improve and solve this 

issue. 
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LITERATURE REVIEW 

2.1 Introduction 

This chapter will explain about the previous studies being done on this topic which 

is structured ceramic. Generally, this chapter outlines the history, structure ceramic. This 

chapter presents the importance of reviewing previous studies and the advancement 

regarding the topic throughout the time. It is vital to do this in order to create an 

improvement on ceramic. 

2.1.1 History 

Ceramic tile has been utilized since the invention of clay roof coverings, 

many years ago, but it is still popular today, even though technical developments in tile 

have allowed it to be used on walls, floors, ceilings, fireplaces, murals, and even as external 

cladding. 

Our English term 'ceramic' derives from the Greek word 'keramos,' which means 

'pottery,' but its Sanskrit source means 'to burn.' This is due to the fact that the tiles were 

burnt in a hot oven to guarantee that they were sufficiently dry to survive the environment. 
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Figure 2.1: Example of Ceramics 

 

While early tiles were baked in the sun, kilns were later used to harden the tile body 

and create a beautiful surface finish. 

 Architecture, traditions in ceramic tile, and subsequently, porcelain tile, have 

evolved over time to include not just ordinary roof tiles, but have also become decorative 

as well as practical. Brightly colored brick-and-tile panels have graced houses and public 

buildings from Spain to Turkey, while mosaic tiles were widely utilized in the Roman 

Empire, from the toilet to the dining room. Glazed ceramic plaque tiles were used in 

temples and shrines in Burma to narrate epic stories. 

 

2.1.2 General Properties 

The most essential general quality of ceramics is that they are refractory; they are 

rough-and-tumble materials that can withstand a great deal of damage in both ordinary and 

extreme circumstances. Consider this: most of us tile our kitchens and bathrooms because 

ceramic tiles are hard, waterproof, largely resistant to scratches, and maintain their 

appearance year after year; however, engineers also use very different ceramic tiles on 

space rockets to protect them from the heat when they return to Earth. 
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Ceramics are distinct from other materials. Their atoms are ionically bound, just 

like sodium and chlorine in sodium chloride, common salt, which keeps them securely in 

place, making ceramics hard and durable, and locks up all their electrons, so there are no 

free electrons to transfer heat or electricity, unlike metals. Metals are able to bend, flex, 

and be pulled into wires because their rows of regularly packed atoms move past one 

another. However, there are no rows of atoms in a ceramic; the atoms are either imprisoned 

in a regularly repeating three-dimensional crystal or randomly organised to form an 

amorphous solid, which is a solid that lacks a clean and tidy internal crystalline structure. 

When you strike a lump of metal with a hammer, the mechanical energy you 

provide is wasted as layers of atoms leap past one another, causing the metal to bend out 

of shape. When you whack a ceramic, such as glass, there is nowhere for that energy to go; 

there is no way for the glass to bend and absorb the impact, so it shatters instead. This 

explains why ceramics are hard and fragile at the same time. 

As we have seen, not all ceramics act in this manner. Graphite is soft because it is 

formed of layers of carbon atoms that slide and shear this is why a graphite pencil makes 

marks on paper, but diamond is hard because it has a considerably more solid crystalline 

structure. Clay is soft and malleable because, like graphite, its atoms are formed of flat 

sheets that may glide past one another, bound together only by weak connections. When 

water is added to clay, the polar water molecules (positively charged on one end and 

negatively charged on the other) assist to tear those bonds apart, making the clay even more 

pliable. When clay is burned, the water evaporates and the aluminium, silicon, and oxygen 

atoms lock into a stiff structure comprised of aluminium silicate, bound together by silicate 

glass, which is why fired clay is so hard  (Chris Woodford, 2021). 
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Figure 2.2: Characteristic ceramic atom 

Ceramics have high melting temperatures, which makes them heat resistant, 

tremendous hardness and strength, significant resilience, which makes them long-lasting 

and hard-wearing, and poor electrical and thermal conductivity. They are good insulators 

and chemically inert, meaning they do not react with other compounds. 

The porosity of a ceramic can influence its properties such as heat conductivity and 

hardness. This is owing to the low heat conductivity of the gaseous that fills the pore in the 

ceramic. As a result, the impact of thermal insulators in a ceramic is enhanced. Higher 

porosity, on the other hand, reduces its strength and durability. So, in order to remedy this 

problem, the porosity of the ceramic must be controlled. 

2.1.3 General Applications 

Ceramic materials used in engineering applications are classified into two types: 

conventional ceramics and engineering ceramics. Traditional ceramics are often comprised 

of three fundamental components: clay, silica (flint), and feldspar. Engineering ceramics, 

on the other hand, are made up of very pure compositions of aluminium oxide (Al2O3), 

silicon carbide (SiC), and silicon nitride (Si3N4). 
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Some ceramics are utilised as abrasive ceramics in industry. These are tools that 

are used to grind, wear, or chop away other materials. Thus, in addition to high toughness, 

the primary need for this class of materials is hardness or wear resistance. They must be 

refractorily since they may be subjected to extreme temperatures. Abrasive ceramic 

materials include diamond, silicon carbide, tungsten carbide, silica sand, and aluminium 

oxide/corundum. 

Figure 2.3: Ceramic grinding wheel 

Furthermore, certain ceramics are utilized clay products. One of the most common 

ceramic raw materials is clay. It is abundant and popular because to the simplicity with 

which items may be created. There are two types of clay goods: structural products and 

whitewares. 
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Figure 2.4: Examples of clay products 

 

2.2 Bi-layer Structure Ceramics 

Bi-layered ceramic tiles are made up of two layers with varying densities, are dense 

and porous, and have an adjustable thickness. The new manufacturing process consists of 

a double pressing action, which is quick and simple to use in the industrial setting and 

enables the establishment of a flawless interface bonding between layers. The bi-layered 

ceramic tile is made up of an upper layer with a density similar to that of a traditional 

porcelain stoneware tile and a porous bottom layer that facilitates weight reduction while 

keeping enough mechanical strength. 

 Because of its structure, this bi-layer structure has an advantage in ceramics. 

Thermal conductivity increases as porosity increases. The porosity of a ceramic can further 

reduce its thermal conductivity. However, increasing the porosity of a ceramic 

compromises its strength, rendering it unsuitable for structural applications. To address the 

issue, it is necessary to manage the ceramic creation process. By combining a bi-layer 

structure ceramic, the denser layer of the ceramic may overcome the poor strength of the 

ceramic due to porosity. 
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2.3 Pore-forming Agents 

Porous ceramic materials are used in a variety of applications, including ceramic 

filters and membranes, fuel cell electrodes, catalytic supports for biomaterials, 

piezoelectric materials, and thermally or acoustically insulating bulk materials.  

 Several methods for producing porous ceramics have been documented. Pore-

forming chemicals, in particular, have demonstrated the ability to achieve high porosity 

levels. Organic particles are burned off during the heating process to the firing temperature, 

producing voids in the ceramic body. The shape of these voids will be determined by the 

pore-forming agent used, and may thus be regulated by appropriate incorporation content 

and particle size distribution. Numerous pore-forming agents, including starch, graphite, 

Lycopodium, and polymethyl methacrylate, have been studied. 

 NCB (Nano carbon black) is the pore forming agent that will be used in this study. 

This performance agent was chosen because it has unique properties that aid to increase 

heat conductivity and mechanical strength. 

 

2.3.1 Nano Carbon Black 

Carbon black (CB) is a kind of carbon that arises in a controlled setting from the 

incomplete combustion and thermal degradation of gaseous or liquid hydrocarbons. This 

technique yields a fine, powdery black dust, which is one of the world's top 50 compounds. 

Carbon black is utilised as a filler in the rubber industry, but it is also an important 

component of many colours and inks. It is a conductive material that is used in the electrical 

sector to make electrodes and carbon brushes (Mylona, n.d, 2019) 
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Technical-grade carbon black is widely used in many industries as a technological 

ingredient, thermal insulator, thermostable material, and so on. Carbon black used in the 

tyre business is in the form of polydispersed granules 0.2-3.0 mm in size, which are 

generated in granulators from amorphous carbon black by the addition of a molasses-in-

water binder solution containing 3 percent molasses by weight. The granules are then dried 

at temperatures ranging from 350 to 500°F. It is vital to know the effective thermal 

conductivity coefficient of such carbon black particles when estimating heat transfer 

processes in this and other processes (P. E. Khizhnyak, A. V. Chechetkin, 1980). 

Carbon black is a porous and scattered substance. Given this, the effective thermal 

conductivity of carbon black must be understood as a value equal to the thermal 

conductivity of some homogeneous body, through which, given identical dimensions and 

temperatures on the boundaries, the same amount of heat passes as passes through the given 

carbon black. 

The effective thermal conductivity of scattered and porous materials is widely 

known to be affected by the size and shape of the pores and cavities. A part of the pores 

and cavities may be closed volumes, while the remainder may link to form open channels. 

A variety of mechanisms cause heat transmission in such materials. Transfer happens via 

conductivity within the particles and at places of direct contact. Transfer happens in the 

pores and cavities' air medium due to both conductivity and radiation. The contribution of 

radiant heat transmission rises as pore and cavity size increases (P. E. Khizhnyak, A. V. 

Chechetkin, 1980). 

The size of the cavities between particles increases with particle size, and the direct 

contact area between particles is bigger with coarser particles than with tiny particles. This 
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eventually results in a decrease in contact thermal resistance and, as a result, an increase in 

effective thermal conductivity. 

 

2.3.2 Polypropylene 

Polypropylene (PP), once found, was instantly praised for its extraordinary and 

diverse properties such as low density, the lowest of all thermoplastics, great chemical and 

corrosive resistance, dimensional stability, recyclability, flexibility, superior 

processability, and low cost. All of these benefits have led to its suitability for a wide range 

of applications and for processing via a variety of conversion processes (Hisham A. 

Maddah, 2016). 

PP was chosen because of its large-scale manufacture and low cost, making it 

economically appealing for industrial uses. Previous research on the thermal breakdown of 

PP revealed that it decomposes into a vast variety of aliphatic molecules relatively quickly 

and with no long-term residue (Bockhorn et al., 1999). For PP no hazardous gaseous 

emissions are reported. 

Furthermore, because to its superior processability, mechanical qualities, great 

chemical stability, and thermal stability, PP is considered as a suitable row material for the 

manufacture of membranes. To far, PP has been widely used in the manufacture of porous 

membranes, mostly by thermally-induced phase separation and stretching method (Novais 

et al., 2014). 
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 In terms of thermally-induced phase separation, PP and other components are 

firstly dissolved into a certain solvent to form the homogenous solution at high temperature, 

and the phase separation happens as the temperature decreases. Once the residual solvent 

is removed, the porous membrane is obtained (Dai et al., 2015).  

 For the stretching approach, the melting PP-based composite is treated to produce 

a precursor membrane with an orientated structure, and the precursor membrane is then 

stretched at low or high temperatures to induce the development of holes by lamella 

fracture or separation (Elias et al., 2000) The stretching technique has lately gained 

popularity due to its advantages such as ease of preparation, cheap cost, avoidance of 

solvent contamination and recovery, and so on. Many factors, including material and 

processing characteristics, have a significant impact on the pore development behaviour of 

PP membrane (Novais et al., 2014). 

 

2.3.3 Poly (methyl methacrylate) 

Poly (methyl methacrylate) is commonly utilised as a pore-forming agent in 

ceramics because it has an excellent balance of thermal characteristics that are appropriate 

for the application proposed (Novais et al., 2014). PMMA decomposes almost entirely to 

its monomer and burns at a rapid and consistent rate. 

 Poly (methyl methacrylate) (PMMA) is a transparent, synthetic and rigid polymer 

which presents low crystallinity as well as good mechanical strength and electrical 

properties. Among the applications of this polymer, it is important to highlight their use in 

parts for computers, fiber optics, 3D illuminated panels, solar deflectors, orthodontic 

equipment, among other purposes (Neumann MG, Schmitt CC et al, 2010). Thermal 
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analysis techniques were used to characterise PMMA nanocomposites. Researchers have 

previously explored the thermal stability of PMMA nanocomposites containing 3 wt% 

organoclay montmorillonite (Lerari et al., 2010). The results demonstrated that the 

organoclay may prevent the heat deterioration of PMMA. These findings are consistent 

with those reported by other researchers for PMMA with 10% C18 MMT organoclay. 

Another study looked at the thermal deterioration of PMMA with varied quantities of 

natural montmorillonite ranging from 2.5 to 15% by weight (Sahoo & Samal, 2007). 

According to the results the onset of thermal degradation for PMMA/MMT 

nanocomposites is higher when increasing the clay content. 

 

2.4 Porous ceramic 

Porous ceramics are defined as having a high proportion of porosity ranging from 

20% to 95%. These materials are made up of at least two phases, such as a solid ceramic 

phase and a gas-filled porous phase (German et al., 2009). Because gas interaction with the 

environment is possible through pore channels, the gas content of these pores normally 

adjusts itself to the environment. Closed pores can hold a gas composition that is unaffected 

by the surroundings (Misyura, 2016). 

 When determining porosity for any ceramic body, porosity may be classified into 

two types: open accessible from the outside porosity and closed porosity. Open porosity is 

further subdivided into open dead-end pores and open pore channels. The existence of 

porosity depends on the individual application, thus a more open porosity, such as a closed 

porosity, may be required to be permeable, or a closed porosity, filters, or membrane, such 

as a thermal insulator, may be desired. The total porosity is defined as the sum of open and 
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closed porosity. When a material's fractional porosity is low, the closed porosity dominates; 

as the fractional porosity grows, the open porosity level increases. 

 Porous ceramics have been classed based on the kind of porosity, volume 

percentage, and size of the pores (Gaydardzhiev et al., 2008) The nature of porosity in 

natural ceramics is determined by their origin, but in synthetic ceramics, it is determined 

by production and, in general, it may be regulated. These materials' pore sizes may be 

divided into three categories based on pore diameter: microporous (less than 2 nm), 

mesoporous (between 2 and 50 nm), and macroporous (more than 50 nm) (more than 50 

nm). Typically, the pore size distributions are measured using the mercury intrusion 

porosimetry method. The pore size distribution of the closed porosity cannot be determined 

using this approach, but it may occur through optical and electronic analysis of a polished 

cross section, for example. The pore size distribution describes the pore volume as a 

function of pore size and is often expressed as a percentage or a derivative (Nimmo, 2013). 

 

2.4.1 Material of Porous Ceramics 

One of the most essential factors is the material used to create porous ceramic. All 

of these materials are used to manage the porosity scale in ceramic to generate an excellent 

porous ceramic product.  

As a result, the fabrication of porous ceramics with regulated microstructure 

porosity, pore size, and pore space topology has been a consistent focus of research over 

the last few decades. Sol–gel techniques for pores in the nanometer size range and 

extremely high porosity, the use of polymeric foam templates for large pores and extremely 
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high porosity, biomimetic processing such as pyrolized wood templates, ceramic hollow 

spheres such as alumina microballons. These are all common processing methods. and 

sacrificial (pyrolyzable) poreforming agents (PFA), which are synthetic organics or natural 

biopolymers that burn off during the firing process (Rice, 1996).  

 Although many other PFA have been suggested and employed in ceramic 

technology, such as carbon, poly-vinyl-chloride, polystyrene, wood flour saw dust, and 

crushed nut shells, it appears that starch, a natural biopolymer composed of amylose and 

amylopectin, has risen to prominence as a PFA today (Mattern et al., 2004) including its 

most recent use as a pore-forming and body-forming ingredient in starch consolidation 

casting. 

 The lack of hygiene and environmental concerns, easy handling and processing 

including defect-free burnout, the easy commercial availability in arbitrary amounts, at low 

cost and with constant, controlled quality, the rounded shape with well-defined aspect ratio 

usually close to unity, without large scatter, and the welldefined size distribution for each 

starch type are among the main reasons for starch's success as a PFA in ceramics (Živcová 

et al., 2007). 

 

2.4.2 Characterization of Powders 

As previously stated, starch may act as a body-forming agent in starch consolidation 

casting due to its capacity to swell in water at increased temperatures, allowing ceramic 

green bodies to be created by slip casting suspensions containing starch into nonporous 

moulds such as metal moulds. 
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Unfortunately, the pore size range achieved by using different starch kinds as PFA 

spans only around one order of magnitude below 100 mm median diameters between 5 and 

50 mm for rice and potato starch, respectively (Gregorová & Pabst, 2007). It should be 

highlighted that this pore size range, which is very closely related to the initial size of the 

starch granules, relates to the pore diameter proper, which may be determined using 3D 

tomography or microscopic image analysis, for example. The pore size measured by 

mercury intrusion, on the other hand, relates to the pore throat size, or the size of the 

interconnections between open pores, and is often considerably smaller, on the order of 

magnitude 1–10 mm. Larger pore sizes are clearly desirable for various reasons, such as 

thermally or acoustically insulating materials, large-scale lightweight ceramics, or the 

ingrowth of bone tissue into bioceramic implant materials, in the latter instance of course 

associated with a high degree of interconnectivity. 

In this regard, blue poppy Papaver rhoeas L. seed, a natural product of biological 

origin and a well-known raw material in the food business, might be a viable PFA for 

ceramics. The findings indicated that poppy seed is a viable pore-forming agent for 

ceramics. In this concentration, defect-free burnout was achievable using a standard firing 

plan without the requirement for a particular heating schedule to burn off the organics. The 

most intriguing aspects of employing poppy seed are its relatively big size (about 1 mm) 

and the fact that its density is similar to, but somewhat higher than, that of water. As a 

result, poppy seed suspensions are quite simple to make, whereas many other PFAs with 

lesser density, such as synthetic polymers and ceramic microballoons, would display severe 

buoyancy effects at this scale. A hierarchical pore structure is formed when potato starch 

is combined with a PFA that is more than one order of magnitude smaller (Gregorová & 

Pabst, 2007). 
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Figure 2.5: Optical micrograph of poppy seed 

 

Furthermore, lycopodium spores have been identified as a novel PFA for the 

manufacture of porous alumina ceramics. Lycopodium spores may be easily combined with 

ceramic solutions, demonstrate excellent rheological behaviour up to a specific 

concentration, and result in a homogeneous microstructure with isometric holes somewhat 

smaller than 30 m in size and a percolation threshold slightly higher than 10%. The 

researcher would like to underline that the filtering performance indicated above is 

governed principally by the interconnections between the pores in the sintered ceramic, 

which extend practically to the submicron range. As a result, the materials in this study will 

have high fine particle retention (Adler, 2005), As a result, they might be candidates for 

particle filters. 

Lycopodium powder for this work supplied by H. Klenk, Schwebheim, consists of 

isometrically formed spores of several club mosses and ground pines, including 

Lycopodium clavatum L. (Wilder, 1970) . The particle size distribution was determined by 

manual sampling of 1,000 spores and laser diffraction (Analysette 22 NanoTec, Fritsch, 

Idar-Oberstein, Germany) using the Fraunhofer approximation and microscopic image 
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analysis (Jenapol, Zeiss, Jena, Germany and Lucia G 4.81, Laboratory Imaging, Prague, 

Czech Republic). After changing the number-weighted distribution to a volume-weighted 

distribution, the median diameter is 30.6 µm according to laser diffraction and 33.1 µm 

according to image analysis. Obviously, the explanation for the little discrepancy is the 

presence of spore pieces and dust with a size smaller than 20µ m, which was overlooked 

in the picture analysis. The size distribution of the spores is relatively narrow, indicating 

that the natural development circumstances in this case result in very monodisperse 

systems. This is, of course, advantageous in terms of pore size controllability in porous 

ceramics (Gregorová & Pabst, 2007). 

 

Figure 2.6: Optical micrograph of lycopodium spores 
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Figure 2.7: Particle size distribution of the lycopodium powder 

 

2.4.3 Performance of Ceramics 

The outcome for poppy seed (blue poppy seed, made by RH natur s.r.o., Uhercice, 

Czech Republic) with its typical spherical kidney-like form and fine polygonal network 

pattern on the surface. The size range is fairly restricted. The greatest Feret diameter was 

1265±78 µmm, the minimum Feret diameter was 1038±68 µmm, and the aspect ratio was 

1.22±0.07 µmm, according to microscopic image analysis. These data show that the 

divergence from spherical form is statistically significant but not huge, not too far from 

unity. The density of poppy seed does not appear to be documented in the literature. As a 

result, for the current study, it was assessed by floating in a sugar solution (saccharose), 

sugar was added to the water in which the poppy seed had sunk down until the poppy seed 

displayed buoyancy, and the density was determined to be 1.10±0.05 g/cm3. This value 

must be known in order to manage the volume concentration of PFA in the system. 

 Z. Zivcova' E. Gregorova' W. Pabst analysis for lycopodium powder (2007). 

Because of their monodispersity (narrow particle size distribution), lycopodium powder 

systems are excellent options for pore-forming agents that may efficiently regulate pore 
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size in porous ceramics. Thermal study shows that the burnout behaviour of lycopodium 

spores is comparable to starch, and it has been shown in this work that it does not cause 

any issues in high-temperature processingOf course, when slip casting is utilised to shape 

the green bodies, the rheology must be properly regulated. This, of course, necessitates 

decreasing the alumina concentration in the suspension at the expense of increased 

shrinkage depending on the required amount of pore-forming agent and currently restricts 

the lycopodium content to values less than 40 vol.%. Although the fluidity of the system is 

satisfactory when the alumina content is reduced to 68 wt% at this concentration, The 

resultant ceramic bodies have large porosity gradients, with a greater lycopodium content 

resulting in increased porosity in the middle and an almost lycopodium free thick after-

firing surface layer. However, it is envisaged that these challenges may be handled by 

optimising lycopodium dispersion at greater lycopodium concentrations by management 

of the mutual contact forces, utilising suitable deflocculants. As a result, porous ceramics 

with up to 50% porosity and a homogeneous microstructure consisting of around 30 µm 

pores appear to be a feasible aim for the near future. As a result, lycopodium is a good 

choice for filling the gap in PFA diameters and pore sizes left by commercially available 

starch varieties (Gregorová & Pabst, 2007). As a consequence of this research, it has been 

demonstrated that combining lycopodium spores with other pore-forming agents such as 

starch may be a feasible way to alter the ratio of open and closed porosity while maintaining 

the same degree of overall porosity. 
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2.5 Concluding Remaks 

This chapter has covered broad characteristics and applications, but the major 

purpose of this chapter is to understand the characterisation of powders and porous 

ceramics that have been influenced by various pore producing agents from prior research. 

This general chapter aids in understanding the role of pore producing agents in porous 

ceramics. Furthermore, aid in the investigation of ways to increase the thermal conductivity 

and strength of porous ceramics.  
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METHODOLOGY 

3.1 Introduction 

This chapter will discuss three key subtopics, the first of which is an explanation of 

raw materials. The following subtopic will discuss experimental design and fabrication, 

and the final subtopic will discuss the explanation of analytical characterisation. 

3.2 Raw Materials 

 To create porous ceramic samples, four different types of raw materials are used. 

Clay, feldspar, silica, and a pore forming agent will be used as raw materials. 

 

3.2.1 Clay 

The term "clay" is used in a variety of contexts. It is a geological term that refers to 

a naturally occurring, earthy, fine-grained substance that displays flexibility when 

combined with a small amount of water. Additionally, it is a particle size phrase that has 

been long used in the examination of sedimentary rocks and soils, referring to particles 

larger than 2m. This limit represents a natural division between clay minerals, which 

typically exist as particles of 2m in diameter, and non-clay minerals, which occur in larger 

particles. Between roughly 1930 and 1960, the clay mineral notion proposed in the 1920s 

and 1930s that the clay fraction of a soil or rock is composed of microscopic particles of a 

restricted number of crystalline minerals was verified. The minerals were found and their 
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structures characterised utilising cutting-edge research techniques at the time (Brindley et 

al., 1981). 

 Clay minerals are widely used as inert fillers in polymers, paints, and the paper 

industry, their value derived from their ability to substitute for more expensive ingredients 

or from their physical usefulness (arising from the anisotropic particle shape). Clay 

minerals, on the other hand, are chemically reactive. Their application in ceramics, for 

example, is motivated by phase transitions and intercrystal reactivity. Additionally, clay 

minerals are utilised to synthesise zeolites for ion exchange, catalysts, and catalyst 

supports. They have even been implicated in the origin of life by forming complex organic 

molecules via catalytic surface creation. Finally, while clays are typically found in nature, 

they can be synthesised synthetically using certain ionic substitution patterns. Certain of 

these materials are used as rheology modifiers, for example. (Brindley et al., 1981) 

 

 

Figure 3.1: Example of clays 
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3.2.2 Feldspar 

Feldspar is by far the most prevalent mineral group in the earth's crust, accounting 

for around 60% of terrestrial rocks. The majority of deposits contain sodium feldspar, 

potassium feldspar, and mixed feldspars. Due to their high alumina and alkali content, 

feldspars are predominantly used in industrial applications. The term feldspar refers to a 

wide variety of materials. The majority of the things we use on a daily basis are composed 

of feldspar: glass for drinking, glass for protection, fibreglass for insulation, bathroom floor 

tiles and shower basins, and dinnerware. Feldspar is a mineral that we encounter on a 

regular basis. 

Feldspar is the second most essential element in the creation of ceramics, behind 

clay. Feldspar lacks a defined melting point, as it melts gradually across a wide temperature 

range. This significantly simplifies the melting of quartz and clays and, with suitable 

mixing, provides for modulation of this critical step in ceramic production. Feldspars are 

employed as fluxing agents at low temperatures to create a glassy phase and as a source of 

alkalies and alumina in glazes. They enhance the ceramic body's strength, toughness, and 

durability, as well as cement the crystalline phase of other ingredients by softening, 

melting, and wetting other batch constituents. 

 

Figure 3.2: Example of Feldspar 
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3.2.3 Silica 

Silica is formed of silicon dioxide as a mineral. Silicon dioxide (as quartz mineral) 

almost always exists in the body in the form of unmelted particles embedded in the fired 

matrix (although finer one dissolve into the inter-particle glass). However, in glazing 

chemistry, we are discussing silica, the oxide. Silicon dioxide, the oxide, is present in all 

glazes that melt fully and re-solidify. Many are 70% or above. As kiln temperatures rise, 

materials release their silicon dioxide into the glaze melt. At various temperatures, different 

materials dissolve into the melt. The particle size of the components has an effect on how 

quickly they dissolve in the melt. Silicon dioxide is the primary glass-forming ingredient 

in glazes. Silicon dioxide can combine with virtually any other oxide to form a glass 

structure. 

 Silica is required for the manufacture of ceramics and refractories. Silica silicon 

dioxide is used in the creation of ceramics to assist control thermal expansion, regulate 

drying and shrinkage, and improve structural integrity and aesthetics. Silica is required for 

the glazing of products such as tableware, sanitary ware, and floor and wall tiles, as well 

as their body composition. Silica forms the skeletal structure of the ceramic body, which 

clays and flux components adhere to. Apart from skeletal formulation, Silica is frequently 

used to modify the qualities of other products in order to boost their heat stability, 

durability, and even pigment extension, hence lowering demand for expensive pigments 

such as titanium dioxide. Ceramics made with silicon dioxide have improved performance 

in terms of brightness, reflectance, colour uniformity, and oil absorption. 
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 Additionally, silica materials are employed as primary aggregates in the 

manufacture of shaped and monolithic refractories. In high-temperature environments such 

as industrial furnaces, the silica gives resistance to acidic assault. Silica enables ceramics 

and refractories to preserve their critical properties at a cheaper cost while delivering 

additional benefits to their manufacturers. 

 

Figure 3.3: Example of Silica powder 
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3.3 Design of Experimental 

 

Figure 3.4: Flowchart of preparation and fabrication of ceramic 
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3.3.1 Parameters For Raw Materials 

The sample ceramic mixture is produce using clay (kaolinite), silica (silicon 

dioxide) and feldspar (microcline). This mixture of porosity ceramic can define chemical 

equation to Al₂O₃.2Si₂O₂. 2H₂O + SiO2 + KAlSi₃O₈. Based on chemical equation can 

calculate the total weight of composition to 310g. Therefore, can be calculate each material 

weight based of the total weight of the composition. Refer to diagram 3.3.1, the weight for 

clay 24.84g, feldspar 40.64g and silica 4.51g.  

 

Figure 3.5: Calculation Weight Material 
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3.3.2 Parameters of Sintering 

Sintering process involves in the fabrication of the structure sample. This cycle of 

sintering one of the crucial part to produce densified porous ceramic. In this research, the 

compact powder will be partially sintered by firing at 1150, 1200 and 1250°C. These 

temperatures will proceed base on single ramp-up sintering temperature profile. Each of 

the temperature will increase 5°C/min until reach sintering temperature and cooling down 

naturally which depends on room temperature, normally 25-28°C. This pre-heat phase 

setup is allowing the compact porous ceramic to get oxidized before powder consolidation. 

By that, the sample can be secured from bursting out the structure. 

 

Figure 3.6: Sintering Temperature Profile for 1150 °C 
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Figure 3.7: Sintering Temperature Profile 1200 °C 

  

 

Figure 3.8: Sintering Temperature Profile 1250 °C 
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3.4 Fabrication of Porous Ceramic 

The fabrication of ceramic structure sample will be in the thin circular disc. The 

sizing of the cylinder will be in the diameter of 11mm and average thickness of 4mm. There 

will be 4 different type mixture of ceramic which is in the ratio of 0,3,5 and 10% weightage 

of 70g. From every type of sample there will be produce into 12pieces of ceramic. 

Therefore, the total sample that produce will be 48pieces ceramic. Every type ratio mixture 

produces 12pieces for testing purpose. 

 

3.4.1 Weight and Mixing 

Every raw material powder been weight based on calculation. This weight process 

to ensure each of the sample have a stable amount of percentage raw powder in the porous 

ceramic composition. After that, the composition will be added porous ceramic agent by 

categorization of 0,3,5,10 wt% as shown table below: 

Table 3.1: Weight of Raw Material Powder 

 clay Feldspar Silica Sodium 

Silicate 

Nano-Carbon 

Black 

0% 24.48g 40.64g 4.51g 5g 0g 

3% 24.48g 40.64g 4.51g 5g 2.1g 

5% 24.48g 40.64g 4.51g 5g 3.5g 

10% 24.48g 40.64g 4.51g 5g 7g 

 



47 

After that, the powder composite of porous ceramic will be mixing by using ball 

milling. Ball milling is a mechanism of grinding composite powder into extremely fine 

powders. Every porous ceramic powders will be mixing with ball mill machine for 3hours 

with a consistent rotational speed. Meanwhile for the ball milling, 30 milling balls were 

put in the jar with porous ceramic powder to help the mixing process more efficient. 

 

Figure 3.9: 30 Balls Milling mix with powder 

 

 

Figure 3.10: Ball Milling machine 
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3.4.2 Sieving 

After mixing process some granulate powder occur, by that sieving process is 

needed to do next. Sieving process help to separated bigger particles to smaller particle size 

distribution of a sample. Sieving is performed to separate the powder sample with 60μm 

particle size by submitting it to mechanical force. The sample will be moved either in 

vertical or horizontal direction and the movement will superimpose in tap sieve shakers. 

 

Figure 3.11: Sieving Process 

 

 

Figure 3.12: Result Powder after Sieving for 0%wt 
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Figure 3.13: Result Powder after Sieving for 3%wt 

 

 

Figure 3.14: Result Powder after Sieveing for 5%wt 

 

 

Figure 3.15: Result Powder after Sieving for 10%wt 
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3.4.3 Pressing 

As mentioned before, the fabrication of the ceramic structure sample will be in the 

thin circular disc. Thin circular disk one of the simple form and size known to successfully 

compact the powder in a uniform density under a uniaxial charge. The dimensioning of the 

cylinder will be in the diameter of 11mm and the average thickness of 4mm. This form 

requires a small amount of material used relative to the square form of the tile. To 

manufacture the porous ceramic structure in this method which are using the SM100-

Universal Test Machine. The process started with adding the porous ceramic powder into 

the cylinder shape mould (based on figure 3.4.3.1) and push the plunger towards the sample 

powder with low amount of pressure in order to form an initial compact. Next, install the 

mould into the universal test machine and start pressing at 600 MPa for 60 seconds. The 

powder will become disk-shaped, structure with acceptable force. This shows that dry 

pressing is one of the most important processes as the determination of the sample force. 

 

Figure 3.16: SM100-Universal Test Machine 
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Figure 3.17: Mould for Porous Ceramic Powder Pressing 

 

 

Figure 3.18: Pressing Process 

 

 

Figure 3.19: Compact Powder after Pressing 
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3.4.4 Sintering 

After pressing, sintering process should be done to help the compact porous ceramic 

powder become a densified ceramic. Sintering process by firing the porous ceramic 

material to solidifying the ceramic powder particles by heating the "green" compact to a 

temperature below the melting point as the material of the individual particles diffuses into 

the adjacent powder particles. In this study, sintering process is done with heat treatment 

furnace machine (figure 3.4.4.1). Based on the parameters of sintering, these firing process 

is based on single ramp-up sintering temperature profile. Every four sample from ratio 

sample batch 0,3,5,10wt% been heated at 1150, 1200 and 1250°C. Heat treatment furnace 

machine temperature raised up to sintering profile temperature that already set up 

(1150,1200 and 1250°C) with heating rate of 5°C/min. The compact ceramic will dwell in 

this temperature for 3 hours in order to burn all mixture composition. After done heating 

with profile sintering temperature, the compact porous ceramic will be cooled down in the 

heat treatment furnace with room temperature at 27 to 28°C. The state of compact porous 

ceramic after sintering, the porous ceramic should be reach the densified ceramic. 

 

Figure 3.20: Heat Treatment Furnace machine 
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Figure 3.21: Densified Porous Ceramic samples 

 

3.5 Testing of Powder and Ceramic 

The performance of porous ceramic materials is always evaluated in terms of their 

porosity, density, and mechanical qualities such as hardness. The characteristics of porous 

ceramic are investigated in this study using nano-carbon black at concentrations of 0%, 

3%, 5%, and 10%. 

 

3.5.1 Density and Porosity (Archimedes Principle) 

According to Archimedes' Principle, the buoyant force exerted by a submerged item 

is equal to the weight of the fluid displaced by the object. The apparent porosity and density 

can be measured using the Archimedes buoyancy technique with Wa is the dry mass, Wc 

is the saturated mass and Wb is mass suspended in water. 

After heating, the dry mass (Wa) of specimens was measured by a percision balance 

A&D FZ-300i-EC with accuracy of 0.0001g. The specimens were stored in distilled water 

for a few minutes. After impregnation the saturated mass (Wc) and mass suspend in water 

(Wb) were measured using the same scale. The collected data were analyzed to apply for 

the apparent porosity and density formula. 
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Figure 3.22: A&D FZ-300i-EC Precision Balance 

 

 

Figure 3.23: Laboratyory Archimedes setup 

 

 

3.5.2 Rockwell Hardness Test 

The term "hardness" refers to a material's resistance to plastic deformation caused 

by indentation. Occasionally, the term "hardness" refers to a material's resistance to 
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scratching or abrasion. In some circumstances, a reasonably rapid and straightforward 

hardness test may be used in place of the tensile test. Hardness can be determined without 

damaging a small sample of material. There are hardness methods that enable on-site 

hardness measurement. 

Any hardness test method is based on the principle of pressing an indenter into the 

sample surface and then measuring the dimensions of the indentation depth or the 

indentation's actual surface area. The chemical composition and microstructure features of 

ceramics determine their hardness: porosity, grain size, and grain-boundary phases. 

The Rockwell test is used to determine the depth of penetration of the indenter into 

the specimen surface. The hardness test is measured with Mitutoyo HR-400 hardness tester 

and the indenter used is a spberoconical diamond ball. The loading technique begins with 

the application of a prelimunary test force of 10kgf, followed by zeroing out the indicator 

that measures penetration depth. Following that, a large load of 60 kgf is applied. The 

penetration depth is determined after the principal load has been removed. Hardness is 

quantified using “A” scales and numerical values, with no units. 
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Figure 3.24: Mitutoyo HR-400 Hardness Tester 

 

 

Figure 3.25: Diamond Ball Indenter 

 

3.5.3 XRD Test 

XRD analysis, which involves the study of the crystal structure of a substance, is 

used to determine the crystalline phases contained in a material and, as a result, to reveal 

information about its chemical composition. By comparing the data collected to that 

included in reference databases, it is possible to determine the phases of the process. 
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X-ray diffraction is a useful technique for determining the composition of minerals, 

polymers, corrosion products, and other unknown materials, among other things. Element 

evaluates the vast majority of materials by the use of powder diffraction on finely powdered 

particles at its testing facility. 

This test method involves shining an x-ray beam onto a sample and measuring the 

scattered intensity as a function of the direction from which the beam was emitted. Once 

the beam has been separated, the scattering pattern, also known as a diffraction pattern, can 

be seen, which reveals the crystalline structure of the substance being analysed in the 

experiment. Next, the Rietveld refinement approach is used to determine the crystal 

structure that is most likely responsible for the pattern that has been discovered so far. 

 

3.5.4 Scanning Electron Microscope (SEM) 

Scanning electron microscopy (SEM) is a sophisticated technique for capturing 

images of the microstructures of materials. SEM is normally carried out in a vacuum 

environment due to the tendency of gas molecules to disrupt the electron beam and the 

secondary and backscattered electrons used for imaging. To characterise the specimens in 

this research, the microstructure picture was captured using a ZEISS EVO 18. 

Dry and clean samples are required before scanning. Mounting the sample was done 

with an adhesive tab attached to the aluminium stub. Ensure the vacuum chamber is 

ventilated by running the vent process. Place the specimen in the sample holder and shut 

the room door when you're done. Afterwards, keep running the pump until it reaches its 

maximum level of vacuum. The sample is now ready for testing. 
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Figure 3.26: ZEISS EVO 18 model 
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RESULTS AND DISCUSSION 

 

4.1 Introduction 

This chapter consists the result of Rockwell Hardness test, Scanning Electron 

Microscopy (SEM) and  Microstructure Microscope analysis test will be shown. The 

Rockwell hardness test was tested by Mitutoyo HR-400 hardness tester, Porosity/Density 

test was conducted by using Archimedes’s principle and XRD analysis was performed by  

 

4.2 Rockwell Hardness Test 

The hardness of the specimens was measured by Mitutoyo HR-400 hardness tester. 

3 reading was taken for each porous ceramic sample, 0wt%, 3wt%, 5wt% and 10wt% and 

different temperature of sintering, 1150°C and 1200 °C. The average value was calculated 

and comparison for the hardness of each porous ceramic sample will be shown. 

 

Figure 4.1: Hardness Test 
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Table 4.1: Result for Rockwell Hardness Test 

Sample 1150°C 1200°C 

1 2 3 Avg SD 1 2 3 Avg SD 

0wt% 58.8 53.4 76.4 62.87 9.82 53.3 43.0 42.1 46.13 5.08 

3wt% 78.5 76.9 54.9 70.1 10.77 52.4 76.7 64.0 64.37 9.92 

5wt% 72.6 46.9 54.3 57.93 10.80 45 65.9 66.9 59.27 10.10 

10wt% 50.81 51.0 70.4 57.4 9.19 55.1 43.6 51.6 50.1 4.81 

 

 

 

Figure 4.2: Result of Rockwell Hardness Test for 1150°C 
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Figure 4.3: Result of Rockwell Hardness Test for 1200°C 

 

The values of the Rockwell Hardness test for each batch, as well as their average 

and standard values, are shown in Table 4.1 and Figure 4.2-4.3. As illustrated in Figure 

4.2, the result for 1150°C samples with a 10wt percent nano-carbon black concentration 

has the lowest Rockwell Hardness value of 57.4 HRA. We can deduce from this value that 

the structure is less sturdy due to the absence of nano-carbon black in the composite. The 

maximum rockwell hardness rating is 70.1 HRA at 3wt%. It can be discovered that the 

greater the amount of nano-carbon black in the sample, the more delicate it is. The result 

for 0wt% likewise indicates that the sample has a high hardness value, albeit slightly lower 

than the figure for 3wt percent nano-carbon black content, which is 62.87 HRA for 0wt% 

percent. 

Meanwhile, as illustrated in Figure 4.3, the result for 1200°C samples demonstrates 

that 3wt percent nano-carbon black content has the maximum Rockwell Hardness value of 

64.37 HRA. This result indicates that the construction is more sturdy due to the addition of 

nano-carbon black to the composite. However, the lowest number is 46.13 HRA from 
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0wt%. When significant weights are applied in a hardness test, cracking and spalling create 

issues. They can make reading the indention size difficult in some circumstances. 

Furthermore, because hardness is inversely proportional to the square of the indention's 

diagonal length, any measurement inaccuracy is doubled. The result for 0wt% indicates the 

probability of cracking or spalling occurring on the sample's surface during the hardness 

test. Furthermore, the result from 10wt% indicates that the sample has a low hardness value 

after 0wt percent, which is 50.1wt%. 

According to table 4.1, figures 4.2 and 4.3, the standard deviation values for all 

nano-carbon black content samples at 1150°C and 1200°C were greater. Throughout the 

trials, values varied significantly, for example, sample temperature 1150°C 10%, the first 

and second trials' values were not significantly different at 50.81HRA and 51.0HRA, 

respectively, but the third trial's value soared to 70.4HRA. Due to the variability in results 

between trials, the standard deviation values are large. All samples exhibit a large standard 

deviation for this hardness test due to the non-uniform microstructure of porous ceramics. 

With regards to the Rockwell hardness test, it has a disadvantage throughout the 

experimental procedure because estimating the circular angle shape and length of indents 

involves a certain amount of error that is depending on the load level. These variables may 

contribute to an increase in the standard deviation of hardness measured with the Rockwell 

indenter. 
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4.3 Porosity/Density (Archimedes Principle) 

 

Figure 4.4: Archimedes Principle 

 

Archimedes' principle was used to determine the porosity/density of the samples.  

The apparent porosity was calculated using Archimedes’s principle according to the 

following formula: 

𝑃 =
Wc − Wa

Wc − Wb
× 100 

Where, P is the apparent porosity, Wa is the dry mass, Wc is the saturated mass and 

Wb is mass suspended in water.  

Each sample of nano-carbon black with a concentration of 0wt%, 3wt%, 5wt%, and 

10wt% was analysed twice for Wa, Wb, and Wc. The result was then multiplied by 

Archimides' principal formula to obtain the apparent porosity of each sample. 
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Table 4.2: Result of Apparent Porosity for 1150°C 

Sample Wa (g) Wb (g) Wc (g) Apparent 

Porosity 

(%) 

Average 

Apparent 

Porosity 

(%) 

Standard 

Deviation 

0wt% 0.716 0.298 0.718 0.48 0.45 0.03 

0.929 0.457 0.931 0.42 

3wt% 0.917 0.397 0.919 0.38 0.51 0.13 

0.846 0.373 0.849 0.63 

5wt% 0.797 0.345 0.800 0.66 0.77 0.11 

0.792 0.344 0.796 0.88 

10wt% 0.975 0.426 0.982 1.26 1.67 0.41 

0.927 0.407 0.938 2.07 
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Table 4.3:Result of Apparent Porosity for 1200°C 

Sample Wa (g) Wb (g) Wc (g) Apparent 

Porosity 

(%) 

Average 

Apparent 

Porosity 

(%) 

Standard 

Deviation 

0wt% 0.893 0.395 0.896 0.59 0.56 0.03 

0.996 0.435 0.999 0.53 

3wt% 0.983 0.455 0.986 0.56 0.62 0.06 

1.060 0.473 1.064 0.67 

5wt% 0.816 0.368 0.822 1.32 1.08 0.24 

0.844 0.373 0.848 0.84 

10wt% 0.998 0.442 1.007 1.59 1.88 0.29 

0.823 0.371 0.833 2.16 

 

 

Figure 4.5: Result of Apparent Porosity for 1150°C 
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Figure 4.6: Result of Apparent Porosity for 1200°C 

 

The values of average apparent porosity and standard deviation for each batch at 

1150°C and 1200°C are shown in Table 4.2-4.3 and Figure 4.5-4.6. Referring to Table 4.2, 

which summarizes all of the average values, the result indicates that a 0wt% nano-carbon 

black concentration has the lowest apparent porosity of 0.45%. It may be inferred from this 

result that the less nano-carbon black is used, the lower the apparent porosity in the 

ceramics. Meanwhile, 10wt% has the maximum amount which is 1.67%. It is possible to 

ascertain that the higher the content of nano-carbon black, the greater the apparent porosity. 

To support this point, reference can be made to Figure 4.5, which shows that when the 

concentration of nano-carbon black increases, the average apparent porosity also increases. 

The graph is directly proportionate to the rise. 

Additionally, referring to Table 4.3, which summarises all the average values for 

1200°C, the results indicate that 10% nano-carbon black content has the maximum 

apparent porosity value of 1.88%. This value confirms the previous result: the more nano-

carbon black used, the greater the apparent porosity in the composite. Additionally, 0wt% 
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has the lowest value which is 0.56%. It is possible to ascertain that the lower the content of 

nano-carbon black, the lower the apparent porosity. According to Figure 4.6, the graph 

indicates that the graph increases directly proportional to the amount of nano-carbon black 

used in the composite, implying that the amount of nano-carbon black used in the 

composite is one of the factors contributing to the apparent porosity observed in the 

samples. 

4.4 Scanning Electron Microscope 

To characterize the specimens in this analysis, the microstructure picture was 

captured using a ZEISS EVO 18. Analyses were performed with both secondary and 

backscattered electron detectors, with 15kV acceleration voltage and working distance of 

about 8.0 mm.  The microstructure image was shown in Figure 4.7 and Figure 4.8. 

 

Figure 4.7: SEM characterizaton of sintered discs produce with nano-carbon black as pore 

forming agent 
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Figure 4.8: SEM characterizaton of sintered discs produce with nano-carbon black as pore 

forming agent 

Referring to the figure 4.7 and 4.8 present SEM micrographs of the prepared porous 

ceramics. The SEM micrographs correspond to the porous cross sectional area of each 

samples. 

 

4.5 X-Ray Diffraction analysis 

Analysis of ceramic structure and phase was carried out by XRD. The XRD pattern 

of porous ceramics prepared without nano-carbon black is shown in Figure 4.7. As seen, 

the XRD pattern of basic ceramics such as Al2O3.2SiO2.2H2O (kaolinite), SiO2 (silica) and 

KAlSi3O8 (feldspar) were clearly detect. This indicates that the main structure and phase 

of ceramics were successfully produced after sintering. However, there were also found 

that the presence of unknown phase with small peaks. It is believed that the unknown phase 

could be the intermediate phase of the respective ceramic content. 
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Figure 4.9: Porous ceramic diffraction pattern on 0wt% nano carbon black content 
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CONCLUSION AND RECOMMENDATION 

 

5.1 Conclusion 

This chapter concluded the study of the experiment's outcomes and findings. This 

chapter concludes with a number of recommendations and findings. This research is 

primarily focused on the development of porosity in ceramic composites for the preparation 

and fabrication of porous ceramics. Additionally, the mechanical properties of porous 

ceramics were determined using the Rockwell hardness test. Each sample contains 0wt%, 

3wt%, 5wt%, and 10% nano-carbon black. 

The findings indicate that increasing the porous ceramic of nano-carbon black 

composite by 3wt% to 10wt% increases apparent porosity and density. The percentage of 

porosity in the porous ceramic was proportional to the amount of pore forming agent used; 

the more the percentage of pore forming agent used in, the greater the percentage of 

porosity in the porous ceramic. However, by incorporating porosity into porous ceramics, 

heat conductivity is reduced while the mechanical resistance of the porous ceramics is 

decreased. As a result of this analysis, it was determined that the larger the percentage of 

pore forming agent used, the lower the hardness values of the porous ceramic. However, 

the created porous ceramics retain an acceptable level of mechanical strength which is the 

lowest value for hardness is 46.13HRA.  
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5.2 Recommendation 

The work can be expanded to evaluate additional properties of the composite by 

altering the type of pore forming agent, the volume weight of the composite mixture, the 

percentage weight of nano-carbon black, and the shape and size of the porous ceramic 

sample. The technique of fabricating porous ceramic compositions should be tuned, 

including the pressure used during the compression process and the sintering parameter 

used during the heat treatment. This can improve the composite's mechanical qualities, and 

additional porosity and density tests should be conducted to assess the composite's 

mechanical properties. Rather than performing a Rockwell hardness test, the specimen 

should be examined with a three-point flexural test and optical microscopy for extensive 

examination.  
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APPENDICES 

 

 

APPENDIX A: GANTT CHART PSM 1 

NO TASK PROJECT 

PLAN/ 

ACTUAL 

WEEK 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 
Supervisor selection and 

registered title. 

 Plan                                

Actual                 

2 
 Brief and project explanation by 

supervisor. 

 Plan                 M             

Actual          I       

3 
 Drafting Literature Review and 

writing up Chapter 2. 

 Plan                 D              

Actual          T       

4 Submission Drafting of Chapter 2. 
 Plan                 E           

Actual          R       

5 
 Discuss on methodology with 

supervisor 

 Plan                 M           

Actual                 

6 
 Research on methodology and 

writing up Chapter 3. 

 Plan                B           

Actual          R       

7 
 Discuss and writing problem 

statement and objective for 

chapter 1. 

 Plan                 E           

Actual          A       

8  Writing up Preliminary Result. 
 Plan                  K             

Actual                 

9  Submission of first draft PSM 1 . 
 Plan                                

Actual                 

10 
 Preparation and presentation 

PSM 1. 

 Plan                                

Actual                 
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APPENDIX B: GANTT CHART PSM 2 

 

 

 

 

 

 

 

 

 

NO 

TASK 

PROJECT 

PLAN/ 

ACTUAL 

WEEK 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 Meeting and 

discussion. 

 Plan                                

Actual                 

2 

Determine the 

chemical equation 

and parameter for 

mixture 

composition 

 Plan                           

Actual                 

3 

Prepare and 

mixing sample 

composition for 

0wt% and 3wt% 

 Plan                           

Actual                 

4 

Prepare and 

mixing sample 

composition for 

5wt% and 10wt% 

 Plan                          

Actual                 

5 Sieving process  Plan                           

Actual                 

6 Compress process  Plan                               

Actual                 

7  Sintering process  Plan                                

Actual                 

8 

 Do Hardness, 

XRD and 

Archimides test. 

 Plan                                

Actual                 

9 

 Preparation and 

presentation FYP 

2. 

 Plan                                

Actual                
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APPENDIX C: XRD Result 0wt% Nano-carbon black 
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APPENDIX D: XRD Result for Aluminium Oxide 
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APPENDIX E: XRD Results of Potassium Oxide 
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APPENDIX F: XRD Results for Silicon Oxide 
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