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ABSTRACT

Over the years, millions tonnes of waste plaster of Paris (POP) were generated and
disposed in landfills or most of the time was dumped directly into the environment
without any treatments, makes it as one of the environmental issues. Therefore, a
new alternative is required to convert the wastes POP into useful materials and
marketable to minimize the environmental impact. In the early stage, this study
focused on the characterization of the raw material used through particle size
analysis, thermal analysis, and identification of its purity. Then, the slip casting
technique and standard American Society for Test and Materials (ASTM) was
respectively used to fabricate and characterize all of the pottery samples. In the
second stage, the ceramic pottery body was fabricated using different composition of
waste POP, started from 0 wt.% until 12 wt.%. The samples obtained were analysed
through viscosity test and its green body was observed. The results showed that the
samples with compositions of 0 to 10 wt.% of waste POP were the only samples that
can be used in this study. The analysis on the effects of particle sizes ranging from 25
to 73 pum and sintering temperatures ranging from 950 to 1050 °C on the physical
and mechanical properties of the fabricated ceramic pottery body, respectively, were
then determined in the third and fourth stage of this study. The physical properties
were reported in terms of shrinkage, porosity, and density values; whereas, the
mechanical properties were reported in terms of the value of modulus of rupture
(MOR). The result showed that a dense and a high strength of ceramic pottery can be
produced by using a finer size of particle of 25 um and at a high sintering
temperature of 1050 °C, based on the low porosity value, the high density value,
MOR and also the controllable value of shrinkage. Therefore, it can be concluded
that the waste POP can be successfully used as a filler to enhance the properties of

ceramic pottery body.
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ABSTRAK

Selama bertahun-tahun, berjuta-juta tan sisa daripada Plaster Paris (POP) dihasilkan
dan dilupuskan di tapak pelupusan atau seringkali dibuang terus di persekitaran tanpa
sebarang rawatan, menjadikan ia sebagai salah satu isu alam sekitar. Oleh itu, satu
alternatif baru diperlukan untuk menukarkan sisa POP kepada bahan yang sesuai
untuk digunakan dan juga bernilai bagi mengurangkan kesan alam sekitar. Pada
peringkat awal, kajian ini tertumpu kepada pencirian bahan mentah yang digunakan
melalui analisa saiz partikel, analisa terma, dan pengenalpastian keasliannya.
Kemudian, teknik slip pemutus dan standard American Society for Test and
Materials (ASTM) masing-masing digunakan untuk membentuk dan mencirikan
semua sampel tembikar. Pada peringkat kedua, tembikar seramik telah dibentuk
menggunakan komposisi sisa POP yang berlainan, bermula dari 0 wt.% Sehingga 12
wt.%. Sampel yang diperolehi dianalisis melalui ujian kelikatan dan pemerhatian
badan hijau. Keputusan menunjukkan bahawa sampel dengan komposisi 0 hingga 10
wt.% sisa POP adalah satu-satunya sampel yang boleh digunakan dalam kajian ini.
Analisis mengenai kesan saiz zarah antara 25 hingga 73 um dan suhu pembakaran
antara 950 hingga 1050 °C terhadap sifat-sifat fizikal dan mekanikal badan tembikar
seramik yang dibentuk, masing-masing, kemudiannya ditentukan pada peringkat
ketiga dan keempat kajian ini. Ciri-ciri fizikal dilaporkan dari segi nilai-nilai
pengecutan, keliangan, dan ketumpatan, manakala, sifat-sifat mekanikal dilaporkan
melalui nilai modulus patah (MOR). Keputusan menunjukkan tembikar seramik yang
padat dan berkekuatan tinggi boleh dihasilkan menggunakan saiz zarah yang paling
halus iaitu 25 pm dan pada suhu pembakaran yang tinggi iaitu 1050 °C, berdasarkan
nilai keliangan yang rendah dan nilai ketumpatan, MOR dan juga nilai pengecutan
terkawal yang tinggi. Oleh itu, dapat disimpulkan bahawa sisa POP boleh digunakan
sebagai pengisi untuk meningkatkan sifat-sifat badan tembikar seramik.
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CHAPTER 1

INTRODUCTION

1.1  Research background

The word ceramics are usually associated with pottery, tiles, plates and mugs, and
also related to brittles and hard materials. Ceramics have been used since the earliest
civilization. The field of ceramic materials has its roots in more traditional aspects of
the subject like clay based ceramics and glasses. However, during the past few
decades, new developments in the use of ceramics in most advanced technological
applications have attracted considerable amount of attention. Ceramics can be
defined as solid compounds that are formed by the application of heat, and
sometimes heat and pressure (Callister and Rethwisch, 2011). These kinds of
materials are used widely for cookware, electrical insulator and even mobile engine
part.

In recent years, it can be witnessed that there is a growth in social concerns
about the problem of waste management and industrial waste generally, or
particularly, waste from the construction industry. This problem becomes prominent
due to the growing quantity of industrial, construction and demolition waste (Juan et
al., 2010). Ceramic waste is one type of waste which resulted from ceramic
industries. One example for ceramic waste is plaster of Paris (POP) mould.

POP is derived from gypsum or sometimes called calcium sulfate dehydrate
(CaS0,4.%2H,0), a naturally sedimentary rock occurring through the evaporation of

sea water, trapped in lagoons. Most of the water is driven off when gypsum is



heated to 128 °C, resulting in a powdery substance commonly known as POP
(Colditz, 2002). The molecules incorporate each other into the crystalline lattice of
calcium sulfate dehydrate when water is added to the dry plaster (Asante-Kyel,
2012). It is worth noting that a great effort is needed in clearing and classifying in
order to produce POP.

However, recycled gypsum from waste mould can be used in a variety of
applications. Currently, gypsum from natural or synthetic sources was applied into
other materials or products such as polypropylene (Jikan, Arshat, and Badarulzaman,
2013), Portland cement (Chandara et al., 2009), natural rubber (Ngamsurat et al.,
2011), and concrete cube (Kanthe, 2013). Besides, there is a recommendation made
based on the basis of laboratory research which has indicated that there may be
effective and environmentally sound methods of disposing waste gypsum (Gypsum
Association, 1992). In the meantime, the gypsum industry itself is also continuing to
explore research options which will verify that similar results and would be observed
under real world conditions (Gypsum Association, 1992). Thus, from a technical
point of view, recycle and reuse are exactly the most convenient and easiest methods

in managing the waste gypsum.

1.2 Problem statement

Issues related to the environmental damage caused by various productive sectors that
actively discharges their waste materials directly into ecosystems without adequate
treatment has recently become prominent among publics and environmentalists,
especially. This problem leads to the search for a great solution to recycle the waste
materials and reduce the waste disposal problem in order to achieve sustainable
development. This is because, sustainable development of various ceramics
industries and protection of the environment is very important as the waste materials
generated from industries would increase every years.

Based on scheduled waste report issued by Department of Environment
(DOE), it can be noted that Malaysia generates a total of 337,770 metric tonnes of
waste gypsum per year in 2012 as compared to 80,000 metric tonnes in 2009 as

shown in Figure 1.1. This shows that gypsum is one of the main categories of waste



produced in this country. Waste gypsum itself is not dangerous. However, a
dangerous gas, known as hydrogen sulfide gas can evolve from it when it is mixed
with organic waste and exposed to rain in an anaerobic environment. One of the most
common waste gypsum is slip casting mould, which is a waste material produced

from the hydration of POP in ceramic factory.

Chemical waste |8 45505
Paper & Plastic 18,921.38
Ink & Paint Sludge 21,908.96
Residue 22.055.21
Rubber Sludge 22.401.82
Spent Solvent 23.179.13
Clinical’ Pharmaceutical 2454931
Mixed Wastes 30,154.40
Acid / Alkali

Batteries

42.260.82
4291949
Used Containers 67.406.83
E- Waste 78,278.05
Heavy Metal Sludge
Oil & Hydrocarbon
Mineral Studge
Gypsum

Dross/slag/clinker/Ash

12079329
154,113.37

316.938.39
337,771.68
364,425.95

Quantity (metric Tonnes)

Figure 1.1: Quantity of scheduled waste generation in Malaysia, by category in the
year 2012 (Hassan, 2013)

Typically, the POP mould is disposed off in landfills and often dumped
directly into the environment after it is being used around 150 to 230 times. To add
to that effect, most of the ceramic manufacturing and construction sectors produce
lots of waste POP. Consequently, the amount of used POP that has been disposed
without recycling becomes one of the environmental issues. Therefore, in order to
assist the government in addressing the environmental issue, it is crucial to develop
new material which consists of waste POP. In the meantime, another approach needs
to be implemented to convert waste POP into materials that are fit for use and hence
have commercial value to minimize the environmental impact. Thus, it is aimed in
this study to discover new alternative to recycle waste POP and also evaluate the
suitability of the waste POP in the fabrication of ceramic pottery after considering

their potentials as filler in ceramic processing.



1.3 Objectives of study

Reducing, reusing and recycling are often cited as methods for preserving limited
landfill space, and can also reduce landfill toxicity in some cases. In the past, gypsum
production and construction waste was considered as acceptable waste material at
landfill sites. Nowadays, some landfill operators and municipalities are no longer
accepting gypsum wastes of any kind, essentially due to shortage of landfill space.
Moreover, most gypsum manufacturing companies many of which, in the past, have
been involved in some forms of limited recycling, are now learning how to increase
the amount of recycling they are doing and are looking for new uses of waste
materials. There are many recent studies on waste gypsum conducted but further

work in this area is still required.

The main objectives of this study are:

i. To fabricate pottery ceramic body with waste POP as a filler in the
composition of 0 to 12 wt%.
ii.  To determine the effect of different particle size distributions of the POP to
the pottery ceramic main body in physical and mechanical properties.
iii. ~ To investigate the effects of different sintering temperature on the physical

and mechanical properties of pottery ceramic.

1.4 Scopes of study

This study aims to discover and evaluate the suitability of waste POP in fabrication
of high performance of ceramic pottery body. To achieve the objectives of this study,
these following scopes and limitations are applied:

i.  Characterization of waste POP and other raw material used was conducted
via X-ray diffraction (XRD) technique, thermogravimetric analysis (TGA)

and particle size analyzer.



ii.  Combination of the waste POP with ball clay, kaolinite, potash feldspar and
silica was prepared according to different quantity of composition.
Composition employed was within the range of 0 to 12 wt.%.

iii.  The rheological properties of the slurry obtained was characterized through
viscosity test.

iv.  Slip casting technique was carried out for fabrication of the sample.

v.  Scanning electron microscopy (SEM) and optical microscopy were used to
observe the microstructure of the pottery.

vi.  The sintering temperature and particle size were investigated in the range of
950 °C to 1050 °C and 25 pum to 73 pum, respectively.

vii.  The properties of the ceramic structure were characterized based on the
following parameters: physical properties (porosity, density and shrinkage)

and mechanical properties (modulus of rupture).

1.5  Significance of study

This study is important because there has been no research conducted pertaining to
the combination of ceramics with waste POP until today, compared to the research
on combination of ceramics with pure POP. Therefore, it is significant to conduct a
study about the combination of ceramics with waste POP in order to know its
mechanical and physical properties. The results of this research hopefully could
assist all the related parties in producing a high quality product using this kind of
ceramics with substantial cost savings. Besides that, an effective method of disposal
also can be obtained through the reuse of the waste POP as well as reducing the
impact of environmental pollution. This is in line with the recommended practices of
green technology which have been suggested to the people all around the world and
Malaysia especially.

Since the study on combination of ceramics with waste POP has yet been
done, the essential characteristics of this kind of ceramics are not known accurately.
Therefore, again, it appears that it is crucial to implement this study in order to

determine the microstructure, the elements and chemical composition as well as the



mechanical and physical properties of the resulting ceramics. Finally, it can also

reduce the production costs and harness the waste POP in a much better way.

1.6 Outline of the thesis

There are five chapters in this study. Chapter 1 includes the research background,
problem statement, objective and scope and also significance of the research
proposed. In order to define this study, literature review was carried out and detailed
in Chapter 2. Literature review includes all the information needed for this study.
Meanwhile, Chapter 3 discusses and elaborates the methods undertaken throughout
the research. Chapter 4 covers the results and discussion on thermal analysis and
identification on the purity of material used in this study, the findings and theoretical
explanations regarding the effects of three parameters, that are composition of waste
POP, sintering temperature and particle size on physical and mechanical properties,
and lastly focuses on the observation of morphology using SEM. Finally, conclusions
and recommendations are provided in Chapter 5.



CHAPTER 2

LITERATURE REVIEW

2.1 Ceramics

The term ceramics comes from the Greek word keramos, which means potter’s clay.
Ceramics can be either crystalline or glass like and have few free electrons at room
temperature. This is the reason why ceramics have some of the properties like
electrical, non-conducting and exhibit low thermal conductivity. Generally ceramics
are hard, brittle, stiff and higher in compressive strength than tensile (Horath, 2001).
Other than that, ceramics are usually associated with mixed bonding which is
a combination of covalent, ionic and some metallic. Ceramics also consist of arrays
of interconnected atom that is not discrete molecules (Carter and Norton, 2007).
Traditionally, ceramics are made from three basic components which are
clay, silica and feldspar. For example, product from traditional ceramics includes
high volume items such as bricks and tiles, toilet bowls (whiteware) and pottery. On
the other hand, advanced ceramics are pure compounds or nearly pure compounds of
primarily oxides, carbides or nitrates (Jacobs and Kilduff, 2004). The product from
advanced ceramics is newer material such as laser host materials, piezoelectric
ceramics, optical and so on. Figure 2.1 shows comparison between traditional and

advanced ceramics from different aspects.
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