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Effects of Feldspar Addition on Phase Formation of CaCu3Ti;O1;

ABSTRACT

The electroceramic of calcium copper titanate (CaCusTi4O1,, CCTO) was
prepared by solid state reaction method by using three raw materials of calcium
carbonate (CaCOg), copper oxide (CuQ) and titanium oxide (TiO2) powders. This
study was focused in characterization of pure and feldspar added CCTO properties
such as surface microstructure and dielectric properties. The raw materials were
weighted according to stoichiometric ratios to form pure CCTO. For feldspar
addition CCTO, felspar was added with weight percentage ratio of 1%, 3%, 5%, 7%
and 10%. The mixed powders were ball mixed for 24 hours using dry mixing. The
mixed powder was calcined at 900°C with soaking time for 12 hours by using high
temperature furnace. Then, the calcined powder was pressed into pellet form with 6
mm of diameter. The green pallet was sintered in furnace at 1040°C for 10 hours.
Phase structure and surface microstructure were analyzed by using X-ray Diffraction
(XRD) and optical microscope (OM). The single phase of CCTO was obtained after
sintering process. The grains size become smaller for the increasing weight
percentage of feldspar in CCTO hence the porosity of the CCTO samples decreases.
Based on dielectric results, the 10 wt% of feldspar addtion CCTO gave the better
dielectric properties.



Kesan Penambahan Feldspar ke atas Pembentukan Fasa bagi CaCusTi401;
ABSTRAK

Bahan elektroseramik kalsium kupro titanat (CaCusTisO;,, CCTO) telah
disediakan dengan kaedah tindak balas pepejal menggunakan tiga jenis bahan
mentah iaitu kalsium karbonat (CaCQO3), titanium dioksida (TiO,) dan kuprum oksida
(CuO). Kajian ini merangkumi beberapa aspek pencirian bagi sifat-sifat CCTO tulen
dan CCTO yang ditambah dengan feldspar seperti mikrostruktur permukaan dan
dielektrik. Bahan mentah telah ditimbang mengikut nisbah stoikiometri untuk
menghasilkan CCTO tulen. Bagi penyediaan CCTO yang ditambah dengan feldspar,
bahan feldspar telah ditambahkan ke dalam campuran stoikiometri CCTO tulen
dengan peratusan berat 1%, 3%, 5%, 7% dan 10%. Proses pencampuran dilakukan
dengan menggunakan kaedah pencampuran bebola selama 24 jam dengan kaedah
pencampuran kering. Campuran serbuk telah dikalsin pada suhu 900°C selama 12
jam menggunakan relau. Serbuk yang telah dikalsin dibentuk menjadi pelet bergaris
diameter pusat 6 milimeter. Untuk kaedah lazim, pelet disinter pada suhu 1040°C
selama 10 jam didalam relau. Fasa struktur dan mikrostruktur permukaan telah
dianalisis menggunakan XRD dan mikroskop optik. Fasa tunggal telah diperoleh
pada sampel yang telah disinter. Saiz butiran didapati semakin mengecil dengan
penambahan peratusan berat bahan feldspar sekaligus mengurangkan keliangan
sampel. Berdasarkan keputusan ujian dielektrik, sampel yang mempunyai 10%
feldspar dalam CCTO memberi sifat-sifat pemalar elektrik yang lebih baik.
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CHAPTER 1

INTRODUCTION

1.1  Background of study

Advancement in technology leads scientist create many finding to enhance
the performance and properties of advance materials. Ceramics is well known
materials that have unique properties such as magnetic, optical and electrical
properties. Combination of unique properties of advance ceramics can be exploited
in a host of new products. Electroceramics is one of the example of advance
materials. Electroceramics can be tailored to operate as ferroelectric materials,
insulators, highly conductive ceramics, electrodes as well as sensors and actuators.

A dielectric material is one that is electrically insulating (nonmetallic) and
exhibit or may be made to exhibit an electric dipole structure. The ability of
dielectric materials to store charge, good insulator and poor conductor of electric
current suitable for capacitor application.

Calcium Copper Titanium Oxide (CCTO) got attention from many researcher
because the dielectric constant is stable from 100 — 600K (Bender & Pan, 2005) and
has very small temperature dependence in a wide temperature range from 100 to
400K (Sulaiman et al., 2011) make it most suitable for capacitors, resonators and
filter. There are different modes of CCTO synthesis process such as solid state

reaction, sol gel method and precursor route.



1.2 Problem Statement

CCTO have high dielectric constant that important in miniaturization of
electronic devices. However, high dielectric loss of CCTO restricts its further
application. On of the solution to overcome this problem is mixed CCTO with
another materials. Feldspar is the suitable materials that can enter into the air gap of

CCTO and reduce the dielectric loss during sintering process.

1.3 Objectives
The objectives of this research are: -
1.3.1 To synthesize and characterize pure CCTO and feldspar added CCTO.

1.3.2 To reduce dielectric loss of CCTO by addition of feldspar.

1.4  Expected Outcome

A low loss dielectric material based on CCTO can be used to produce many
electronic devices such as resonator antenna, resistor, capacitor and actuator. High
performance and smaller size of devices is desirable with high effectively and this

can be done by using advance materials such as CCTO.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The study of CCTO ceramics was discovered by scientist in several years
lately. Dielectric properties on these ceramics make it suitable for capacitor
application. However, the dielectric loss of CCTO ceramics is also high. In this
study, addition of feldspar in CCTO ceramics was highlighted in order to reduce and

overcome the dielectric loss in this material.

2.2 Electroceramics

In this new era, many of modern technologies use advance ceramics because
of their unique electrical, mechanical, chemical, optical and magnetic properties and
combination of these properties (Callister & Rethwisch, 2007). Electroceramics gain
attention for potential application in miniaturized electronic devices or component
(Li et al., 2009) such as telecommunication (Brizé et al., 2009) and aerospace
(Marinescu, 2007). Other electroceramics that commonly used are lead zirconate
titanate (PZT) (Chen et al., 2008), barium titanate (BaTiOs3) (Felgner et al., 2004),
lead titanate (PbTiO3) (Ye, 2013), zinc oxide (Wang, 2004) and CCTO. CCTO likes
other electroceramics have extraordinary dielectric properties. The dielectric constant
of CCTO is 10000 at room temperature (Sulaiman et al., 2013). It has independence
temperature over range 100 — 400K (Amaral et al., 2011). Perovskite structure is
important to develop new materials with high dielectric constant (Smith et al., 2009).

A dielectric material is materials that have electrical insulator (honmetallic)

and exhibits or may be made to exhibit an electric dipole structure that separate
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negative and positive charged entities on molecular or atomic level (Callister &

Rethwisch, 2007).

2.3 Processing of CCTO

The most commonly technique to process CCTO ceramics are solid-state
reaction. This process consists of chemical decomposition reaction which is heating
the solid reactant to produce a new solid plus gas. This reaction is commonly used to
produce powders of simple oxide such as carbonates, nitrates, hydroxides, acetates,
sulfates, alkoxides, oxalates, and other metal salts. This process involves mixing,

calcination, shaping and sintering.

2.3.1 Raw Materials

Basic raw materials of CCTO are powder of calcium carbonate (CaCQO3),
copper oxide (CuQO) and Titanium Oxide (TiO,) (Juliewatty et al., 2009). CaCOs is
one of the most widely studied systems on decomposition. Decomposition of CCTO
can be defined in Equation 2.1:

CaCOs3 (s) — CaO (s) + CO; (9)..... (Equation 2.1)

The standard heat (enthalpy) of reaction of CaCOj3 at 298K reported by Rahaman,
2006. Copper Oxide (CuO) ceramics is simple compound can easily prepared in pure
form and available in large scale (Putjuso et al., 2011). Titanium Oxide (TiO;) or
titanate ceramics such as barium titanate (BaTiO3) made to have extremely high
dielectric constants which useful for capacitor application (Callister & Rethwisch,
2007). Feldspar is the most common mineral on the earth that making up more than
half of the earth’s crust. The term of feldspar can define as any of a group of natural

crystalline aluminum silicate minerals containing sodium, potassium, calcium or



barium (Obstler et al., 2012). The general characteristics of feldspar are the
formation of glassy, white surface when it was fired in stoneware temperature.
Feldspar also has very long range of melting action from 1170°C to 1305°C. Melted
feldspar possess a high surface tension because of their considerable alumina content
(17% — 25%), they crawl and flow unevenly (Obstler et al., 2012)

2.3.2 Mixing

Mixing of CaCOg3, CuO & TiO, powder is important in order to make these
materials become uniform and homogenized. Milling is the tools to mix the powder.
Other purpose of milling also reduces particle size of powder. Milling consists of
wet-ball milling and dry-ball milling. Wet-ball milling usually used water since it is
available with adequate purity at low cost, non-flammable and non-toxic. The
disadvantages of wet-ball milling is liquid must be removed by several way like
evaporation by using oven. However, for electronic application, the usage of solvent
such as ethanol and acetone is more preferred and need evaporation process.

The suitable time of milling process is important. Almeida et al., 2002
reported that increasing of milling time leads to the formation of nanocrystalline
CCTO. Hutagalung et al., 2009 also state that milling process needs a very long time
up to 100 h to obtain single phase of CCTO. The lack of time consuming during
milling process affected non-homogeneous mixed of sample. Zirconia & alumina

ball are widely used as milling media (Ni & Chen, 2009).

2.3.3 Calcination
Calcination is one of the heat treatment processes. This process causes
constituents to interact by inter diffusion of their ions. Extend of diffusion was

reduced during sintering process in order to obtain a homogeneous body (Moulson &



Herbert, 2003). Shorter calcination time and lower calcination temperature offered
by modified mechanical alloying technique compared with conventional solid state
reaction (Hutagalung et al., 2009). Calcination with high temperature and long
duration is needed to obtain single phase CCTO body from a powder (Hutagalung et
al., 2008). Reaction occurs in calcination process can be summarized in Equation
2.2:

CaCO0;(s)+3Cu0(s)+4Ti0, (s) —>CaCu;Tig0;5(s)+CO5(Q)........... (Equation 2.2)

2.3.4 Pressing

Powder pressing is done after calcination process where powder is compacted
into geometric form to make it solid or in pallet. There are several type of pressing
which are uniaxial pressing and isostatic pressing that commonly used for
compaction of dry powder (Rahaman, 2006). Mei et al., 2008 use cool isostatic
pressing with a pressure 150 MPa. There are several research used high than that
pressure. Marques et al., 2007 used 210 MPa of pressure by using isotactic pressing.
Jacob et al., 2009 used 250 MPa in cool isotactic press. Juliewatty et al., 2009 used

300 MPa pressure of powder to be made in cylindrical specimen.

2.3.5 Sintering

Sintering is important technique in ceramics production. During sintering, the
powder is heated to produce desire microstructure. The powder is heated under
materials melting temperature. The powder does not melt, but the particle joint
together and reduce porosity. Brizé et al., 2006 reported that dielectric properties are
very sensitive to processing such as mixing, calcination, shaping and sintering.

Scientists were looking for sintering process because of importance to find the right



sintering parameter such as temperature and duration (Juliewatty et al., 2009). Proper
parameter of sintering process is important to ensure that small grain formation (2-
5um) with high dielectric constant will be obtained (Brize et al., 2006; Prakash &
Varma, 2007). Huang et al., 2015 used two different temperatures as sintering
parameters which are 1100°C for 3, 6 and 9 hours soaking time and second
temperature at 1150°C then decreased to 1000°C immediately for 2, 3, 6, 8 hours
soaking time. Juliewatty et al., 2009 used lower temperature which is 1040°C for 10
hours. Shri et al., 2008 sintered the CCTO pallet at 1025, 1050, 1075 and 1100°C for

10 hours.

2.4  Characterization
CCTO can be characterized by using X-ray Diffraction (XRD),
Thermogravimetric/Differential Thermal Analysis (TG/DTA), Optical Microscope

(OM), Density and Porosity Measurement and Dielectric Constant.

2.4.1 X-Ray Diffraction

X-Ray Diffraction (XRD) is method to study crystal structure and lattice
spacing of materials. It also gives information on unit cell dimension. XRD is
working based on Bragg’s Law. Besides, XRD also give information about presence
of element or compound in powder mixture. Sakamaki et al., 2010 obtained XRD
pattern of phase composition of synthesized powder by using Rigaku D/MAX-2500
at 40kV and 100mA. Yun & Wang, 2006 report that CCTO is presence as single
phase for Bi,O3 concentration up to 0.3. The peak pure CCTO of CuO could be seen

and fade away after bismuth doping (Figure 2.1).
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Figure 2.1: XRD pattern of the sintered CCTO ceramics (Yun & Wang, 2006)

Amaral et al., 2010 reported that CCTO is present in all sample as major
phase. However, at lower calcination temperature (700°C) secondary phase like CuO
and TiO, are found. Only residual signs of CuO can be detected at calcination above

800°C by XRD (Figure 2.2).
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Figure 2.2: XRD Pattern for calcinated CCTO powder. There are indicated the index plane of the

CCTO phase (Amaral et al., 2010).

2.4.2 Thermogravimetric/Differential Thermal Analysis (TG/DTA)

TG/DTA commonly used to identify the burn off temperatures of ceramic containing
such additives. Thomas et al., 2008 reported that strong exothermic peak observed
around 478°C and an endotherm around 753°C for calcium oxalate (Figure 2.3). Zhu
et al., 2009 reported that the result of TGA and DTA curves shows three stages of
weight loss where the first one is in the temperature range in room temperature to
250°C, the second one is from 250 - 400°C and the third one is around 700°C (Figure
2.4). Rai et al., 2009 was reported that the result of TGA/DTA shows three stages of
small weight loss in the temperature range up to 400°C. A sharp weight loss occurs
in the temperature range 400 - 500°C. Very slight weight loss occurs up to 800°C.

(Figure 2.5)
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Figure 2.3: DTA of the individual oxalates, namely, calcium oxalate, titanyl oxalate and copper
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Figure 2.4: DTA-TGA curve of CCTO (Zhu et al., 2009)
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Figure 2.5: TGA/DTA plots of Cay.sy,La,CusTi;O1, for (x = 0.30) (Rai et al., 2009)

2.4.3 Optical Microscope

Optical microscope is used to study surface morphology of sample (George &
Sebastian, 2009). Besides, optical microscope also used to determine cracks length
and parameter of samples. Figure 2.6 shows the cracks initiation where average of

six indentations was made on sample surface.
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Figure 2.6: Optical micrograph revealing the crack originating from the corners of indentation

(Panneerselvam et al., 2003)

2.4.4 Density & Porosity Measurement

Density of CCTO affected by sintering condition where increasing sintering
temperature enhance density of sample (Mohamed et al., 2007). Besides, increasing
of soaking time during sintering process also affected the density of CCTO. Table
2.1 shows density and shrinkage of sintered sample at different soaking time. Sun et
al., 2007 reported that porosity decrease when densities with sintering time increase

in 20-h sintered sample.

Table 2.1: Density and shrinkage of sintered samples (Huang et al., 2015)

Soaking time 2h 3h th &h
Dcnsit}-‘{g:‘cnl)} 4035 4064 4.076 4.112
Shrinkage (%) 18.7 19.9 22.8 24.2
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CHAPTER 3

MATERIALS AND METHOD

3.1 Introduction

Methodology is the main part of the research. This part describes the
procedure and materials that used in synthesize and characterize CCTO ceramics
formation using solid state reaction step by step. The research flow chart shown in
Figure 3.1

Process Analysis

Raw materials ¥RD
(CaCO,, Cul), TiO,, Feldspar)

Mixing
Milling process 24 hours at ARD & TG/DTA
F10.0 speed
Calcination KR

(900*C, 12 hours)

Shaping
(300 MPa, &mim
diameter)

XRD, Dielectric
Constant, Density,
porosity, OM

Sintering
(1040%C, 10 hours)

Product

Figure 3.1: Research flow chart
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3.2 Raw Materials

CCTO is combination from calcium carbonate (CaCO3), copper oxide (CuO)
and titanium oxide (TiOy). For this study, feldspar also is added as raw materials.
CaCOg that used in this study was supplied by Sigma-Aldrich, with >99% purity and
the color of powder is white. CuO powder was supplied by Sigma-Aldrich with
>99% purity and the color is black. TiO, powder was supplied by Merck with >99%
purity and the color is white. Feldspar was supplied by Sibelco Malaysia and the
color is white. All of raw materials are weight based on stoichiometry ratio and high
precise balance up to four decimal places in order to get accurate reading. The mass

of raw materials of CCTO is based on the Equation 2.2.

3.3  Mixing

The step of mixing is by using milling machine assisted by conventional
alumina ball milling. The raw material is place in milling container with alumina ball
milling and the ratio between raw materials and alumina ball milling is 1: 10. Milling

process takes 24 hours at F10.0 speed constantly.

3.4 Calcination

After milling process, the sample is place at alumina crucible to undergo

calcination process. The sample powder is calcined in furnace at 900°C for 12 hours.

14
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~ 50

Figure 3.2: Heating profile for calcination process

3.5  Pressing
The sample powders are pressed into cylindrical with 6 mm diameter and 1
mm of thickness mold under 300 MPa until it become pellets. This process is

conducted by using cool hand press machine.

3.6  Sintering

Pellet that produce from pressing process was sintered in air at 1040°C for 10
hours with heating rate 5°C per minute followed by cooling process in furnace
temperature until reach room temperature. The pallet is place on modified feldspar

crucible to avoid the crucible melt at higher temperature.
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Figure 3.3: Heating profile for sintering process

3.7  Characterization
Characterization of CCTO is based on morphology, density, dielectric

properties and mineralogy.

3.7.1 X-Ray Diffraction (XRD)

XRD is the non-destructive analysis technique used for analyzes crystal
structure and phase identification of crystalline materials. XRD is working based on
Bragg’s Law. Bruker D2 Phaser XRD is one of the famous types of XRD and
Diffract.Eva is example of software that gives specific information about the result of

XRD analysis.

3.7.2 Density & Porosity Measurement
Archimedes’s principle state that a body immersed in a fluid is buoyed up by

a force equal to the weight of the displaced fluid. This principle is used in the density

16



measurement to measure bulk density of pallet. Bulk density referred to actual
density of sample that consist big number of imperfection. It can calculate by using

Equation 3.1:

MD
MW-MS

Bulk density = X density of water ...... (Equation 3.1)

Appearance porosity can be measured by using Equation 3.2:

MV-MD
MW-MS

Appearance Porosity (%) = x 100 ...... (Equation 3.2)

Where,
Mp: mass of sample before vacuum
Ms: mass of sample in water

Mw: mass of sample after vacuum

3.7.3 Dielectric Measurement
Dielectric constant is measured by electroding the sample with silver paste
using impedance analyser. The range is set from 1Hz — 10 GHz at 25°C of

temperature. The formula to calculate dielectric constant as shown in Equation 3.3

A : Cross area

| : Thickness

C : Capacitance

Eo : Universal Constant (8.85x10™%)

E, : Dielectric Constant

17



3.7.4 Optical Microscope
Optical microscope is used to observe surface microstructure of material. It

can reach at 5 x magnifications, 10 x magnifications and 15 x magnifications.

3.7.5 Thermogravimetric/Differential Thermal Analysis (TG/DTA)

TG/DTA was used to identify the burn off temperatures of ceramic
containing such additives. TGA machine that was used is Mettler Toledo brand. The
samples were weight before burns in TGA. The minimum temperature was set at

23°C and the maximum temperature was set at 900°C with heating rate 5°/min.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Introduction

This chapter discussed about results of effects of feldspar addition on phase
formation of CCTO. The properties of raw materials are characterized first by using
XRD before proceed to others process such as mixing, calcination, pressing and

sintering by follow the sequence in Figure 3.1

4.2  Raw Material Characterization
Raw materials characterization is most important to final product and
properties to ensure the CCTO is produce in high quality product. XRD is used to

study initial properties of starting materials. Raw materials of CCTO were shows in

Figure 4.1.

Figure 4.1: Raw materials of CCTO; (a) CaCO3, (b) CuO, (c) TiO,, (d) Feldspar
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421 CaCO;Powder

CaCOg that used in this study was supplied by Sigma-Aldrich, with >99%
and the colour of powder is white. CaCO3 powder is shows in Figure 4.1(a). Figure
4.2 shows the x-ray diffraction (XRD) pattern of CaCO3 powder to determine the
phase that present. From the x-ray diffraction (XRD) pattern, the powder was
confirmed as single phase of CaCO;. CaCO3 contains 83.4% of crystallinity and
16.6% of amorphous. The major peak at 26 = 29.2°. The pattern number for CaCO3
is COD 9015691.
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Figure 4.2: XRD Pattern of CaCO3; (COD 9015691)

4.2.2 CuO Powder
CuO was supplied by Sigma-Aldrich with >99% purity and the powder is
black in colour. CuO Powder is shows in Figure 4.1(b). X-ray diffraction pattern of

CuO is show in Figure 4.3. The patterns have confirmed the existence of single phase
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of CuO. CuO contains 82.4% crystallinity and 17.6% amorphous. The major peak at

20 = 35.4°, The pattern number for CuO is COD 9015822.
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Figure 4.3: XRD Pattern of CuO (COD 9015822)

4.2.3 TiO, Powder

TiO, powder was supplied by Merck with >99% purity and the colour is
white. TiO, powder is shows in Figure 4.1(c). Figure 4.4 shows the x-ray diffraction
pattern of TiO, powder. The pattern was confirmed the existent of single phase of
TiO,. TiO, contains 78.3% of crystallinity and 21.7% of amorphous. The major peak

at 26 = 25.3°. The pattern number for TiO, is COD 7103589.
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Figure 4.4: XRD Pattern of TiO, (COD 7103589)

4.2.4 Feldspar

Feldspar was supplied by Sibelco Malaysia in white colour. Feldspar is shows
in Figure 4.1(d). Figure 4.5 shows x-ray diffraction of feldspar. Feldspar contains
79.3% of crystallinity and 20.7% of amorphous. The major peak at 26 = 27.6°. The

pattern number for feldspar is COD 9010841.
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Figure 4.5: XRD Pattern of Feldspar (COD 9010841)

4.3 Mixing Process

CCTO samples were prepared by solid state method. The raw materials
(CaCOs3, CuO, TiO, and feldspar) were weighted according stoichiometric ratio from
CCTO. Feldspar has been used as addition material in this study. The materials is
mixed and milled for 24 hours using mixing machine. Figure 4.6 shows the mixture

powders resulted from mixing machine which is grey in colour.
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Figure 4.6: CCTO powder after mixing process for 24 hours

After the mixing process, the powder was analysed by X-ray diffraction
(XRD). This analysis is to confirm the formation of CCTO after the mixing process.
Figure 4.7 shows x-ray diffraction pattern of CCTO powder that mixed using
different weight percentage of feldspar addition. The weight percentages of feldspar
addition are 0, 1, 3, 5, 7 and 10 %. The presence of CaCO3, CuO and TiO, was found

in this stage. The major peak are (101),(114),(111),(200),(211)and (100).
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Figure 4.7: XRD Pattern of CCTO after mixing process

Before the mixing sample was calcined, the samples were test by using
Thermogravimetric Analysis (TGA) to identify burn off temperature of CCTO
ceramics. Figure 4.8 show result of thermogravimetric analysis (TGA) of mixed
sample CCTO. There are two stages of weight loss of feldspar added samples where
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the first one in range of temperature 150 - 250°C. The second stage of weight loss is
in range of temperature from 350 to 425°C. Owt% of feldspar sample also shows two
stages of weight loss with different temperature than feldspar added samples. The
first stage of weight loss of Owt% of feldspar sample is in range of temperature from

125 to 250°C and the second stage from 350 to 425°C in range of temperature.

0 wt% feldspar
1 wt% feldspar
3 wt% feldspar

—
—(
100 4<— —
— (5 wt% feldspar
—(
—

~— — — ~—

7 wt% feldspar)
10 wt% feldspar)

Weight Loss

90 +

T T T T T T T T T T T T T T T T T 1

. —
0 50 100 150 200 250 300 350 400 450 500 550
Temperature (°C)

Figure 4.8: TGA result on mixing CCTO

4.4  Product Characterization

After mixing process, the samples undergo calcination process. Calcination
process is applied the substance to the action of heat, but without fusion, for the
purpose of causing some change in its physical or chemical constitution. The
important factor of this process is to control the shrinkage during sintering. Figure
4.9 shows the calcined CCTO powder. The powder samples were calcined at

temperature 900°C for 12 hours using furnace as shown in Figure 3.1. In this
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process, the colour of mixed powder has been changes from grey (Figure 4.6) to

yellowish after calcination process.

Figure 4.9: CCTO powder after calcination process at 900°C for 12 hours

The product after calcination was analysed by X-ray diffraction (XRD). The
analysis of X-ray diffraction is to confirm the formation of CCTO after calcination
process. Figure 4.10 shows the x-ray diffraction pattern of calcined CCTO using
different weight percentage of feldspar addition. The weight percentages of feldspar
addition in CCTO are 0, 1, 3, 5, 7 and 10 weight percentage.

Figure 4.10 shows the x-ray diffraction (XRD) analysis of calcined powder
CCTO at 900°C for 12 hours. It was proved that the formation of single phase
structure formation. There are no obvious differences between crystal phase of Owt%
of feldspar in CCTO sample and feldspar added CCTO samples. All the CCTO
ceramics shows four major distinct (310), (440), (800) and (844). In Figure 4.10 also
shows the presence of CuO and TiO, peaks which is not completely reacted to form
CCTO. The presence of CuO and TiO, residue in calcined powder might be due to
particle size incompletely milling process and calcination temperature.
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Figure 4.10: XRD Pattern of samples after calcination process

After calcination process, the calcined powder was compacted into a pellet
with 6 mm in diameter. Before sintering process, the yellowish pellet is in green

body. Sintering process is done to improve such compact properties as toughness,
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electrical properties, strength, and densification. The pellet is in black colour after

sintering process as shown in Figure 4.11.

Figure 4.11: As-sintered CCTO at 1040°C for 10 hours

The pellets were sintered at 1040°C for 10 hours by using furnace with
heating profile as shows in Figure 3.2. The powders were compacted into required
shape to ensure the particle was contacted with each other in many sites. The
structure of this green body has pore. The atom will diffuse to the particle boundary
areas to reduce boundary energy and allows the particles to bond with each other and
make the pore become shrinking at high sintering temperature. The samples become
dense causes by elimination of pore if soaking time of sintering is carried long
enough periods. The sample become black in colour and was analysed with x-ray
diffraction (XRD).

Figure 4.12 shows the x-ray diffraction pattern of as-sintered CCTO at
1040°C for 12 hours. The pattern shows single phase of CCTO was obtained. The
pattern shows five highest distinct; (220), (400), (422), (440) and (402). After

sintering process, there are no TiO, peaks exist and it can be proved that the
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formation of single phase structure of CCTO was completely formed. However, there
are presences of CuO peak in Owt% of feldspar addition sample and 1wt% of

feldspar addition sample was detected by XRD.

(220) (400) (422)
10 wt% feldspar Ww (440) (402
7 wt% feldspar
5 wt% feldspar |
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yyyyyyy
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Figure 4.12: XRD Pattern of as-sintered CCTO at 1040°C for 10 hours with different weight

percentage of feldspar addition
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45  Surface Microstructure

Figure 4.13 shows the optical micrographs of as-sintered CCTO pellets at
1040°C for 10 hours with different weight percentage of feldspar addition using solid
state method by using optical microscope (OM) with 5x magnification.

As observed, the microstructure of CCTO ceramics was change significantly
with increasing addition of feldspar. From observation, the average grain size of as-
sintered CCTO decreases as weight percentage of feldspar addition is increased.
From this analysis, it was found that CCTO grains boundaries is covered by the light
colored exfoliated sheet.

Figure 4.13 (a) shows the grain boundary of pure CCTO ceramics has rough
surface and bigger than other samples. Figure 4.13 (c) shows the grains boundary has
fine particles and become smaller. At Figure 4.13 (f) shows the finest microstructure
of grain boundaries.

Feldspar particles were entering in the air gap of porous structure of CCTO

and make the samples become dense after sintering process.
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Figure 4.13: Microstructure of as-sintered CCTO with 5 x magnifications

4.6  Density and porosity

Archimedes method is used to measure density of as-sintered CCTO pellets.
The result of the density measurement was shown in Figure 4.14. The density of as-
sintered CCTO pellet is decrease drastically from pure as-sintered CCTO up to 1 wit.
% of feldspar in CCTO. The bulk density is rose up from 1 wt. % of feldspar in

CCTO to 3 wt. % of feldspar in CCTO before decrease again to 5 wt. % of feldspar
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in CCTO. Then, it increase drastically to 7 wt. % of feldspar in CCTO and finally

decrease to 10 wt. % of feldspar in CCTO.
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Figure 4.14: Bulk density of as-sintered CCTO

Figure 4.15 show the appearance porosity that formed in the as-sintered

CCTO samples. From the graph, the higher density of samples affected the lower

porosity.
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Figure 4.15: Appearance Porosity of sintered CCTO

4.7 Dielectric Constant

Dielectric constant is a number relating the ability of a material to carry
alternating current to the ability of vacuum to carry alternating current. The dielectric
constant is found to decrease with the increasing of frequency. Figure 4.16 shows the
graph of dielectric constant as a function of frequency of weight percentage of
feldspar addition in CCTO. The graph shows significant change of dielectric constant
as function of frequency happens at frequency range 1-10 MHz. The dielectric
constant value is very high at 1 MHz, which is about 4000 for 1% of feldspar
addition CCTO. The 10% of feldspar addition CCTO sample give the lowest

dielectric constant value compare with other samples which is about 700.
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Figure 4.16: Dielectric Constant versus frequency (MHz) of as-sintered CCTO pellets with addition

of 0% of feldspar, 1% of feldspar, 3% of feldspar, 5% of feldspar, 7% of feldspar and 10% of feldspar.

4.8  Dielectric Loss

CCTO electroceramic is very suitable used in the resonator, capacitor,
memory device and other application because of their high dielectric constant.
However, CCTO is not fully applicable because of their dielectric loss is higher.
There are many researchers have paid their attention to solve this problem. In this
study, feldspar is added to the pure CCTO sample in order to reduce the dielectric
loss of this electroceramic. Figure 4.17 shows the frequency dependence of dielectric
loss of as-sintered CCTO pellet. At range 0 — 50 MHz, there are peaks of all the
CCTO samples. CCTO with 1 wt. % of feldspar have the highest dielectric loss peak

compared with 10 wt. % of feldspar added in CCTO with lowest peak.
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Figure 4.17: Dielectric loss versus frequency (MHz) of as-sintered pellet of CCTO
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

51  Conclusion

The objectives of this study are to synthesize pure CCTO and to reduce
dielectric loss of CCTO by addition of feldspar. The CCTO phase structure,
microstructure and elemental composition also analysed in this study. The effect of
dielectric properties was investigated via dielectric constant and dielectric loss
analysis. This chapter presented conclusion based on obtained results.

The single phase of CCTO was prepared by using solid state reaction.
Processing of samples of CCTO that contains 0, 1, 3, 5, 7 and 10 wt. % of feldspar
addition were done at 900°C calcination temperature for 12 hours in furnace. CCTO
single phase had completely formed after sintered at 1040°C for 10 hours in furnace.
Non-homogeneous mixing process might be contributed to incomplete formation of
CCTO during calcination process.

For the surface microstructure analysis using optical microscope (OM), the
microstructure of CCTO was found strongly dependent on the weight percentage of
feldspar addition. For all as-sintered CCTO, as the weight percentage increases, the
average grain size becomes smaller. It is depending on density and porosity of the as-
sintered CCTO surface microstructure.

For the dielectric constant analysis, 1% of feldspar addition CCTO shows the
highest dielectric constant which is about 4000 while 10% of feldspar addition

CCTO shows the lowest dielectric constant which is about 700. For dielectric loss
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analysis, as-sintered CCTO with 10 wt. % of feldspar shows the lowest dielectric

loss.

52  Recommendations

To determine the crystalline size and surface morphology, Field Emission
Scanning Electron Microscopy (FESEM) is the suitable equipment that can gives
information about grain evolution, grain size, intergranular and intragranular pores of
samples. It can reach magnification until 200000X.

The study of CCTO on bulk material had been done by many researchers.
CCTO also can be prepared by using chemical reaction method and produce in

nanosize for smaller size electronic device application.
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APPENDIX A

X-ray data for CCTO raw materials

Pattern: COD 9015691 Radiation: 1.54060 Quality- Quality Unknown
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Pattern: COD 9015822 Radiation: 1.54060 Quality: Quality Unknown
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Pattern: COD 7103589 Radiation: 1.54060 Quality: Quality Unknown
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Pattern: COD 9010841 Radiation: 1.54060

Quality: Quality Unknown
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APPENDIX B

Calculation on starting materials needs to prepare 50 grams of pure CCTO

The chemical reaction is shown as Equation Al. The molecular weight is shown
below:

CaCOs; (S) + 3CuO (s) + 4TiO; (s) —> CaCusTis012 (s) + CO; ()

CaCO3; =40.078 + 12.011 + 3(15.999) = 100.086 g/mol

3CuO = 3(63.546 + 15.999) = 238.635 g/mol

4TiO, = 4[47.867 + 2(15.999)] = 319.46 g/mol

Mole of CaCusTisO12 = mass [/ relative molecular mass = 50 /
[40.078+3(63.546)+4(47.867)+12(15.999)] = 0.0814 g/mol

Based on Equation Al, amount of CaCOg3, CuO and TiO; needed are:
CaCO3 =0.0814 x 100.086 = 8.147¢

3Cu0 =0.0814 x 238.635 = 19.425¢g

4TiO, = 0.0814 x 319.46 = 26.004g
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APPENDIX C

Calculation on preparation of CCTO with addition of feldspar

The equations to prepare those samples are:
(100 — x wt) CCTO + x wt % Feldspar
Sample weight 50g

Whenx =1

99 wt CCTO + 1 wt % feldspar
0.99 x 50g = 49.5g of CCTO
0.01 x 50g = 0.5¢g of feldspar

When x =3

97 wt CCTO + 3 wt % feldspar
0.97 x 50g = 48.5g CCTO

0.03 x 50g = 1.5¢ feldspar

When x =5

95wt CCTO + 1 wt % feldspar
0.95 x 50g = 47.5g CCTO

0.05 x 50g = 2.5¢ feldspar

When x =7

93 wt CCTO + 7 wt % feldspar
0.93 x 50g = 46.5g CCTO

0.07 x 50g = 3.5 feldspar

When x =10

90 wt CCTO + 10 wt % feldspar
0.9 x 50g = 459 CCTO

0.1 x 50g = 5.0 g feldspar
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APPENDIX D

Bulk density calculation

Bulk density (g/cm®) = (Mp / My, - Ms) x density of H,0 (0.997300 ~ 1)
Where,

Mp: mass of sample before vacuum

Ms: mass of sample in water

Myw: mass of sample after vacuum

Sample Mb (9) Ms (9) Mw (9)

X0 0.128 0.094 0.139
X1 0.106 0.078 0.124
X3 0.108 0.082 0.127
X5 0.102 0.076 0.126
X7 0.110 0.085 0.123
X10 0.109 0.083 0.127

For X0

(0.128 /0.139-0.094) x 1 = 2.8444

For X1

(0.106 /0.124-0.078) x 1 = 2.3043

For X3

(0.108/0.127-0.082) x L =2.4

For X5

(0.102/0.126-0.076) x 1 = 2.04

For X7

(0.11/0.123-0.085) x 1 = 2.8947

For X10

(0.109/ 0.127-0.083) x 1 = 2.4773
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APPENDIX E

Apparent porosity calculation
Apparent porosity (%) = (Mw — Mp / My — Ms) x 100%

For X0

(0.139-0.128 / 0.139-0.194) x 100 = 24.4444%
For X1

(0.124-0.106 / 0.124-0.078) x 100 = 39.1304%
For X3

(0.127-0.108 / 0.127-0.082) x 100 = 42.2222%
For X5

(0.126-0.102 / 0.126-0.076) x 100 = 48%

For X7

(0.123-0.110/0.123-0.085) x 100 = 34.2105%
For X10

(0.127-0.109 / 0.127-0.083) x 100 = 40.9091%
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