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ABSTRACT

In this study, a new material from recycle carbon based material had been
introduced as a starting material in ceramic fabrication process to design a dielectric
resonator antenna (DRA). In ceramic manufacturing, metal material such as copper
and titanium as starting materials were difficult to be moulded and required higher
production cost. Hence, the performance of a non-metal material which was carbon
based material in wireless application had been investigated. This study involved
implementation of ceramic fabrication process by determining the correct amount of
carbon powder and binder to be pressed and appropriate sintering temperature for
carbon. Next, dielectric value of carbon based ceramic would be measured and a
DRA was designed in CST Microwave Studio with microstrip coupling feeding
mechanism to excite the DRA. Furthermore, binder was an important material in
pressing process and the wax in this study showed a good result to hold the carbon
particles to form a pellet. Dielectric constant of carbon based material could be
improved in the future so the size of DRA could be reduced. As conclusion, carbon
based material was a good candidate to be used in DRA. For further works and
improvements, the pellet could be used as a resonator in DRA circuit to determine the
experimental result besides running a simulation by CST Microwave Studio. Other
than that, dielectric value of carbon based material also could be improved by

controlling the sintering condition and sample preparation.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

A non-metal dielectric object was proven to radiate energy as the electrical
resonators on 1939 by R.D Ritchmyer. However, the development of the material
was implemented in the early 1960 by Okaya and Barash with further study of
resonant frequency and modes [1]. Dielectric resonator antenna (DRA) is widely
used in wireless communication application because of the characteristics they
posses. They propose low production cost resonator which are small, easy to
fabricate, very efficient in radiating purpose and greater bandwidth [2]. The objective
of this project is to fabricate a pellet by using a carbon based material as a dielectric
resonator. The fabrication method will be in solid state reaction to achieve a few
goals which are to transform a recycle material into a dense product, to explore the
potential of carbon based powder as a dielectric resonator antenna thus to implement
the product in wireless communication application. The raw material assessment and
product reliability will be determined by executing both physical and dielectric

testing.

1.2 Problem Statement

1.2.1 Problem ldentification

Conventional mixed oxide method is currently used in ceramic manufacturing
by using metal powder such as calcium carbonate (CaCO3), titanium dioxide (Ti02)
and copper oxide (CuO2). However, these metals are difficult to be molded and may
require higher production cost and more complicated fabrication process. Thus,
carbon based powder as a starting material will simplify the fabrication process.
Desired pellet shape such as hemispherical, cylindrical or rectangular shapes can be
easily molded and be applied in microwave devices.

1



1.2.2 Significance of Project

By fabricating a dielectric resonator by using carbon based material, this
project is expected to enhance the exploration and research of a recycle material as a
dielectric resonator. Besides, it will help to reduce the production cost in term of non
expensive starting material as a new approach in dielectric resonator antenna

manufacturing.

1.3 Objectives and Scope of Project

1.3.1 Main Objective

The objectives of the project are as follow:

1. To fabricate a recycle carbon based material as a pellet to design a

dielectric resonator antenna.

2. To implement the solid state reaction and to verify the performance of the

product by undergone dielectric testing.

1.3.2 Scope of Project

This project begins with literature review related to recent methods of
fabrication in ceramic manufacturing and detailed information regarding the
fabrication process of carbon based material. Next, further testing will be carried out
to verify the performance of the pellet. Computer Simulation Technology (CST)
software will be used to design a dielectric resonator antenna based on the product of

fabrication.

1.4 Relevancy of Project

The characteristic of the recycle material in this project has been determined as
a suitable starting material in the fabrication process. The non expensive recycle
carbon based material will help to reduce the production cost in wireless
communication application. Another than that, the high quality product will ensure

the radiation reliability and also the efficiency.



1.5 Feasibility of Project

This project will be executed in two semesters consists of research,
fabrication and dielectric testing of the product. The raw materials are also available
for the project and the fabrication will be run at mechanical lab by the help of
mechanical technicians. CST software is used to design a dielectric resonator antenna
based on the fabrication product. Hence, this project will be feasible to be executed

within the time frame.



CHAPTER 2
LITERATURE REVIEW

2.1 Ceramic Fabrication Process Overview

The applications of ceramics are diverse from filters for gases and liquids,
thermally or acoustically insulating bulk materials, coating layers or structural
products. The chemical composition and microstructure will determine the properties
and functions of final product from selecting suitable starting raw materials and carry
out different processing steps in the production operations [3]. In addition, there is
fabrication of translucent magnesium oxide, MgO ceramics by hot-pressing which
carried out either in Ar or in vacuum using nanopowder of MgO. 2-4% lithium
fluoride, LiF is being used as a fugitive additive to achieve translucency where it

improved the mass diffusion and densification of MgO [4].

To achieve ceramics with more complex microstructures and shapes, combination of
injection molding and lost mold technique are recommended where two key points of
this process are studied. The key points are solubility of plastic in various organic
solvents and also binder extraction rate and strength of “green” body during de-
binding. Based on the research, acrylonitrile-butadiene styrene and acetone are found
to be suitable combination in the lost mold technique by using gasoline as de-binding
solvent [5]. Recently, the fabrication method can be divided into two groups as
follows:

i.  Solid State Reaction

ii.  Wet Chemical Method



2.1.1 Solid State Reaction Method

Solid state reaction method is a low cost powder production in industrial
scale. The usual method is oxide-mixing technique which involves different powders
that contain desired components of phase. Mechanical processes in this method are
mixing and milling. With the action of heat, the powder mixture transforms to fine
powders [6]. Thus, high temperature is an important key in solid state reaction not
only to achieve considerable reaction rates but also to increase diffusion rates [7]. A
modified solid state reaction method with addition of urea, [CO(NH2)2] also has
been applied to prepare sodium potassium niobate (NKN) fine powder when a high
density NKN ceramics (over 90 %) cannot be fabricated by using conventional
sintering. It is found that a small amount of cobalt oxide, Co304 (0.03mol %) will be
functioning as an effective sintering additive for potassium niobate, KNbO3 [8]. In
this project, preparation of powder will be done in solid state reaction.

2.1.2 Wet Chemical Method

Sol-gel technique is recently used in ceramic manufacturing for wet chemical
method. First, a raw material, metal alkoxides is mixed in alcohol. The reaction with
water called hydrolysis reaction produces alcohol and very fine and very high purity
powders. As precaution, the alcohol must be in suitable amount [9]. The
homogeneous phases of the power obtained and additive dispersion allow better
control of the composition hence easier production of thin films [10]. This technique
also allow us to have variety of the sol-gel processing parameters such as annealing
for crystallization temperature and addition of auxiliary chemical reagents hence the

morphology and the composition of thin films can be controlled [11].

Other than that, by using the sol-gel technique with spin coating, a zine oxide (ZaO)
thin film transistor (TFT) can be fabricated because this technique overcomes the
disadvantage of other vacuum deposition techniques as the process requires high
temperature coating and expensive equipment. The three main procedures involved

are hydrolysis, condensation and polymerization [12].



2.2 Preparation and Identification

The preparation and identification which involve important steps in fabrication

process usually divided into 3 sections as explained in the following sections:

2.2.1 Powder Preparation

Selection of raw materials is a starting point for ceramic fabrication sequence.
For instance, silicon carbide (SiC) is one of the most important ceramic materials in

form of powders, molded shapes and thin films.

It is expected to be used in a wide range of industrial applications regarding its
excellent mechanical properties, high thermal and electrical conductivity and
excellent oxidation resistance with high potential application as a functional ceramic
[13]. Purity and particle size or shape is the necessary characteristics for raw

materials [14].

Several types of material have been used previously to prepare a dielectric resonator
for different applications as show in Table 1.

Table 1: Resonant frequency according to different materials

Reference Materials Applications Resonant
Number
Frequency (GHz)
MgCOs;, Microwave circuits
[15] Znos, 2.62
TiO,
BaZr0O; DRA
[16] 5.2-5.9
Teflon Microwave devices with
[17] high frequency 11.6
BST, Access Points operating
[18] BiT in WLAN IEEE 802.11 2.3-2.5
b/g and WiMAX IEEE
802.16
SICN Temperature and
[19] pressure sensors in high 12.37
temperature turbine




2.2.2 Ceramic Fabrication

In ceramic manufacturing, powder route is one of most widely used methods
to produce variety of components used in modern technology. Solid state includes a
starting material in a solid phase (powder) through a sintering process. The process
results in formation of a porous, shaped powder then into a dense product through
firing [20].

Small powder particles of a material are bonded together during the high temperature
treatment [21]. It starts from a powdery medium, forming and ends with the heat
treatments. The ceramic quality and properties definitely can be modified through

sintering process [22].

2.2.3 Characterization

The phases in the powder and obtained ceramics are usually characterized by
X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) [23]. Other than that, Archimedes displacement principal

is being used to measure the bulk density and porosity of sintered samples [24].

2.3 Micro structural and Mechanical Properties

Generally, below are the studies regarding the factors which can affect the
performance of ceramic material in term of its micro structural and mechanical

properties such as porosity, grain growth, bulk density and strength:

2.3.1 Effect of Powder Processing Condition

The preparation conditions of powder slurry can affect the strength of powder
granules which then influence the properties of “green” compact and ceramic quality.
It shows that a small amount in coarse particles in powder slurry can weaken the
strength of ceramics. However, this condition does not affect the densities of
ceramics. Large pores and coarse particles are found to be usually generated during
powder slurry preparation, spray drying and forming of “green” compact and

samples with larger coarse particles are observed to have lower strength (MPa) [22].



Figure 1 shows the SEM images of alumina ceramic having 75~90miu m coarse

particles.

Figure 1: SEM images of alumina particles with 75~90miu m coarse particles
a) 370 MPa b) 406 MPa

2.3.2 Effect of Pre Sintered Powder

Pre sintering will eliminate certain amounts of impurities after the milling
process by heated up the dried powder to the high temperature [25]. The flexural
strength can be increased and the porosity is decreased if the powder had undergone
pre sintering process. It is because the pores between aggregates and agglomerates
are eliminated. The speedy gain growth also makes the body to have greater surface

area [3].

Porous alumina shows that it has better micro structural features of ceramic body
when the powder undergone pre sintering process for 2 hours by having less pores
and more particles with bigger size as shown in Figure 2. The reduction in porosity
as well as the increment of pre sintering temperature is believed to improve the

strength and hardness of porous alumina [3].



Figure 2: a) SEM images of single sintered porous alumina. Micrograph of porous
alumina which undergone pre sintering at b) 1100C c¢) 1300+C d) 1300-C e)
1400+C f) 1500-C

In a different study of yttria-stabilized zirconia (YSZ) powder, YSZ powder has been
pre sintered at 200-C for 120 hours. The produced electrolyte proved to be dense and
impermeable and if the hold time is reduced to 20 hours, the produced electrolyte
found to be porous. However, an ideal electrolyte can be obtained by increasing the
pre sintering temperature to 600+C for 20 hours. Without undergone pre sintering
process, the electrolyte has been investigated to be highly porous which lead to a
drop in open circuit voltage [26]. Figure 3 shows the SEM images of electrolyte
surface with different pre sintering condition.

Figure 3: SEM images of electrolyte surface a) without pre sintering b) pre sintered at
200+C for 20 h c) pre sintered at 200+C for 120 h

9



2.3.3 Effect of Sintering Temperature

In solid state, sintering will bond together the small powder particles of a
material by solid state diffusion to provide strength and to eliminate the porosity
[27]. It involves physical changes in the compacts such as grain total volume and

physical properties such as relative density [28].

Benzodiazepine (BNZ) ceramics reveal that its microstructure is closed to final stage
sintering process at 1050+C for 2 hours where maximum density can be obtained.
However, the ceramics have relative low density when sintered below 950+C as well
as at 1000+C also for 2 hours. It proves that the sintering temperature must be below
the melting point of the powder because the BNZ ceramic is partially melted down at
1100-C by considering phase purity and ceramic density. Besides, the grain sizes and
grain boundaries increased if the sintering temperature increased [29]. Figure 4
shows the SEM images of BNZ ceramic with different sintering temperature:

Figure 4: SEM images of BNZ ceramic which sintered at a) 900+C b) 950-C

c) 1000+C d) 1050+C €) 1100-C

Another research regarding the effect of sintering temperature is Rice Husk Ash
(RHA) ceramics. At 1100+C, the grain of the particle is not totally developed but at
1200+C and above, the crystalline increased thus proved the surface condition and
crystal phase in ceramic changed due to the increment of sintering temperature. In
other words, porosity decreased as sintering temperature increased. The hold time of
sintering is 2 hours [30]. Figure 5 shows the surface morphology of RHA ceramic.
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Figure 5: SEM images of RHA ceramic which sintered at a) 1000-C
b) 1100+C c) 1200-C d) 1300+C e) 1400-C

2.3.4 Effect of Binder Type

Based on past study, the effect of different type and content of binders for
both dried and sintered ceramic Raschig rings has been investigated. The dried rings
were sintered in an electrical high temperature furnace within a temperature range
(25C-1270+C) for the hold time from 1 hour to 2 hours. Defect dimensions and
distribution of pores in ceramic are proven to influence the mechanical performance
of sintered ceramics Raschig rings. Addition of 0.5wt % polyvinyl alcohol enhances
the mechanical reliability of sintered ceramic while 0.75 wt% carboxymethyl
cellulose (CMC) can improve the compressive strength. 1.75 wt% Arabic gum also
shows high value of strength. However, by observation fracture surface of Raschig
ring prepared by has larger defects if compared with 0.75 wt% CMC [31]. Figure 6
shows the SEM images of defect fracture surface that affected by different type of

binder.
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Figure 6: SEM images of fracture surface a) without binder b) 1 % PVA ¢) 0.75 %
CMCd) 1.75 % AG

In different study, a lead zirconate titanate (PZT) precurso sol is being used as a
binder for PZT powders and it is compared to samples which prepared by using
PVA, conventional binder. Based on the study after sintering condition at 1150+C for
4 hours, pellet with 7 wt% PZT has obtained with 95 % theoretically density which
greater than pellet with polyvinyl acetate (PVA) which has obtained only 78%

theoretically density [32].
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CHAPTER 3
METHODOLOGY

3.1 Research Methodology

In order to achieve the main objective of this project, brief researches about the
topic need to be done by focusing on the selected papers. It is crucial to uphold the
reliability of information and to ensure the credibility of this project.

Besides, several sources such as internet research, books and journals are used to
perform fundamental studies and also the literature reviews. It will enhance the
understanding about both chemical and mechanical requirements of each step taken
in the fabrication process thus guarantee the feasibility of this project.

The pellet which is the final product of fabrication will be used for the antenna
design. Hence, dielectric testing of pellet will be carried out to analyze the dielectric
properties of material. A testing in a DRA design can be done by doing simulation

using the CST Microwave Studio.
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3.2 Flow Chart

Below flow chart in Figure 7 explains the methodology to execute this project.
There are several processes involved during ceramic fabrication process such as
implementation of solid state reaction method. Next process will be dielectric testing.
Once the dielectric constant has been identified, a testing in DRA can be done using

CST Microwave Studio.

IMPLEMENTATION OF
" FABRICATION PROCESS

;

TEST & MEASUREMENT
OF DIELECTRIC
PROPERTIES

DETERMINE AND SOLVE
PROBLEM |.E. CHANGE
THE BINDER

RESULT &
ANALYSIS

TESTING IN DRA DESIGN

END

Figure 7: Flow chart of project flow
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3.2.1 Implementation of Ceramic Fabrication Process

Figure 8 shows the steps taken to fabricate a pellet which include sample
preparation till the final sintering. The correct ratio of carbon to wax will be
experimented during pressing process to identify most compressive pellet hence it
will be sintered at respective temperature to improve the strength and dielectric

START

4

constant.

GRINDING

MIXING WITH

BINDER

4

NO

PRESSING

COMPRESSIVE?

WEIGHING

4

SINTERING

END

Figure 8: Flow chart of ceramic fabrication process
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3.2.2 Test and Measurement of Dielectric Properties

Testing can be divided into physical properties such as density, porosity and
hardness and dielectric properties. Below testings will be implemented for raw

material assessment and quality control as well as fit for purpose.

In dielectric media, permittivity and loss tangent is the crucial material properties for
propagation of electromagnetic. Phase velocity adjustment will be used to ensure a
low loss case when the permittivity controls the propagation of energy. Dielectric
loss measures how much electrical energy that dielectric material can absorb which
subjected to an alternating electric field [33]. Permittivity is defined by a complex

quantity by Equation 1.

And Equation 2 shows that the dielectric loss is given by the loss tangent which is the

ratio of the imaginary to the real part of the permittivity.

tand = 8r"/gr, (2)

where ¢, is the real or measured part and ,.-is the imaginary part.

3.2.3 Test in Dielectric Resonator Antenna (DRA) Design

Return loss is the measurement of the ability of the transmission line to
deliver the power to an antenna. Higher power ratio is desired which indicate the
better efficiency between the line and antenna [34]. The expression will be in dB as

defined in Equation 3.

(Pin)
ref

RL = 10l0g10

(3)

where P, is power incident on the antenna-under-test (AUT) and P,..r is power

reflected back to the source.
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Far field measurement as expressed in Equation 4 is undergone to identify how far
the transmitting antenna and the receiving antenna should be separated to obtain a

reasonable far field gain and radiation patterns [35].

R > 2b” 4
~ operating wavelenght )

where R is range length and D is aperture diameter of the antenna under test.

3.3 Project Duration

In order to have effective monitoring of this project, a Gantt chart consists of
one year duration has been developed. See Appendix A.
3.4 Tools Required

The fabrication processes and testing will be conducted in mechanical and
electrical and electronic lab with the help of mechanical and electronic technologists.
In addition, the CST Microwave Studio is used to design and simulate the DRA.
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CHAPTER 4
RESULT AND DISCUSSION

4.1 Results

Different ratios of wax and carbon powder and pressing condition has been
sampled and investigated to determine which “green” compact shows most sturdy
and compressive condition. “Green” compact is a pellet before a sintering process. A
selected “green” compact from the samples then will be sintered under respective

sintering profile. Below is the whole fabrication process:

4.1.1 Mold Cleaning

A cylindrical mold as shown in Figure 9 and Figure 10 is being used for
experimental work and it will be cleaned up to ensure the absence of impurities on
the surfaces of mold. Besides, a clean mold serves better pressing process that

influences the formation of “green” compact.

Figure 10: Top view of mold (D=40  Figure 9: Side view of mold (D=40 mm)
mm)
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4.1.2 Grinding

The objective of grinding is to reduce the powder to its primary particle size
and to increase the surface area of powder. Hence, smaller particle size will ease the
powder pressing process. Three tablespoon of carbon powder has been grinded for 3
minutes. Figure 11 shows the grinding machine that being used in this project and the
example of carbon powder before and after grinding process shown in Figure 12 and

Figure 13.

Figure 11: Grinding Machine

, A

Figure 12: Carbon powder before Figure 13: Carbon Powder after grinding
grinding
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4.1.3 Mixing With Binder

A binder called wax as shown in Figure 15 is being used to bind the carbon
powder particles during powder pressing process. A correct ratio of wax and carbon
powder will produce a sturdy and compressive “green” compact. The mixture of wax
and carbon powder as shown in Figure 14 has to be well blended in the mold before

pressed with the pressing tool in next process.

Figure 15: “Wax” binder Figure 14: Mixture of carbon and wax

4.1.4 Pressing

The mixture of wax and carbon powder will be pressed to shape the powder
into formed part known as a “green” compact by using a pressing tool as shown in
Figure 16 with maximum pressure available, 10,000 psi (700 Bar). The pressure from
the pressing tool will start to be applied when the mold already reach the top of the
pressing tool and will continuously applied until desired pressure. The mold will be
released after certain holding time. Figure 17 shows how to place the mold onto the

pressing tool.
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Figure 16: Pressing tool

Figure 17: Pressing tool with mold

4.1.5 Weighing

After being pressed into “green” compact, it will be weigh on a weight scale
to determine the weight of pellet as shown in Figure 17 with balance maximum

weight of 200 gram.

Figure 18: Weight Scale
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4.1.6 Sintering

Sintering is a process to transform a powdered material into a solid mass by a
heat treatment. It is important to enhance the strength and conductivity and also to
reduce the porosity of pellet. The process is done in a sintering furnace without any
gas as shown in Figure 19 and material safety data sheet for activated carbon is
referred to prevent any dangerous circumstances. See Appendix B and Appendix C.
Table 2 shows the temperature profile by controlling the heating and cooling rate and

also the holding temperature.

1

Figure 19: Sintering furnace
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Process

Temperature Profile

Condition

o, Heating & Cooling Rate:
1 Sintering 2 hour 5°C/min
temperature .
Holding Temperature &
5°C /min i
Time: 350C for 2 hours
Time (h)
T(°C)
&
. . 1 hour . .
Sintering R Heatlng & Coollng Rate:
2 temperature
5°C /min
5°C/mi .
/min Holding Temperature &
Time iy | Time: 150C for 1 hour

Figure 20: Temperature profile of sintering process
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4.2 Experimental Result of “Green” Compacts (Pellet)

Table 2 shows the results of “green” compact from different ratio of wax and

carbon and pressing condition. The average thickness of sample is within 4-5 mm

according to the amount of carbon and wax.

Table 2: Samples from different ratio of carbon to wax and pressing condition

Carbon : Wax

Pressing Condition

Sample Ratio (pressure/hold time) Weight (g)

1 4:7 100 kN for 120 's 6.48

5 2.9 50 kN for 60 s and increase to 6.20
100 kN for 60 s

3 2.9 50 kN for 75 s and increase to 6.23
100 kN for 45 s

4 1:6 100 kN for 120 s 5.91

5 1:6 100 kN for 180 s 5.67

Table 3 includes the “green” compact samples from Table 2 respectively. A 50 cent

coin is used to compare the size of pellet.
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Table 3: “Green” compact samples

Sample Surface Front View Side View
1
2
v
3
4
5
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4.3 Experimental Result of Ceramic

Ceramic is a pellet after a sintering process. A dielectric testing has been done
to check the dielectric constant after sintering process to determine the dielectric
constant. However, the minimum thickness of ceramic in dielectric testing must be
20 mm and above. A new pellet is fabricated as referred from the experimental result
of carbon to wax ratio but using a smaller mold of 20 mm diameter as shown in
Figure 20. Next process is dielectric testing by using dielectric probe in electrical &
electronic department. The result shows the dielectric constant of pellet in Figure 21
and 22is 7.

Figure 23: Top view of pellet Figure 22: Side view of pellet
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4.4 Simulation Result of the Antenna

The carbon based material has been developed and tested as an antenna. One

type of antenna has been simulated in CST Microwave Studio which is microstrip.

4.4.1 Microstrip Antenna

The simulation of microstrip antenna is conducted with CST Microwave
Studio. Based on the Equation 5, radius to height, % ratio of DRA is 5.67 (radius,
a=14.17 mm and height, h=2.5 mm). A layer of aluminum is patched on the DRA

with its thickness of the aluminum was 0.1 mm. Table 5 shows the following details

of feeder and ground plane.

f= 232 {0.27 +0.36— + 0.02 (i)z} (5)
Je +2 2h 2h
Table 4: Dimension of feeder and ground plane
Width (mm) Length (mm) Thickness (mm)
Feeder 1.9 50 -
Ground Plane 50 60 1

The ground plane is Rogers RO4003 (dielectric constant=1 at 2.45 GHz) material at
the front surface and copper material for the bottom. Thus, dielectric tolerance and
loss can be ignored. DRA is placed approximately at 32mm from the bottom and the
rectangular slot (width=4 mm, length=13 mm) and circle slot (radius=4.5 mm) are

both at the back of the antenna.

The rectangular slot was placed at 22 mm from the top and the circle was placed at
22mm from the bottom of the ground plane. Figure 23 shows the graph of return loss
from the simulation in CST. It shows return loss is -11.04848 dB at frequency 2.45
GHz. Besides, Figure 24 and Figure 25 show directivity (6.256 dBi) and gain (5.279

dBi) from simulation result respectively.
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S-Parameter Magnitude in dB

Rasseal™ ool S1,1:-11.04848 S

2 20 2.4 26 2.8 3
Frequency / GHz

Figure 24: Return Loss

Type Farfield

Approximation enabled (KR >> 1)
Honitor farfield (£=2.45) [1]
Conmponent Abs

Output Directivity
Frequency 2.45

Rad. effic. -8.9774 dB

Tot. effic. -1.333 dB

Dir. 6.256 dBi

Figure 25: Directivity

Type Farfield
Approximation enabled (kR >> 1)
Honitor farfield (f=2.45) [1]
Component Abs

Output Gain

Frequency 2.45

Rad. effic.  -0.9774 dB

Tot. effic.  -1.333 dB

gain 5.279 dB

Figure 26: Gain
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In addition, 2-dimensional radiation pattern of E filed and H field in Figure 26 and
Figure 27 respectively show that -3 dB beamwidth is 100.8° in all direction and has

been identified as omnidirectional.

Farfield ‘farfield (f=2.45) [1]' E-Field(r=1m]_Abs(Theta); Phi= 0.0 deg.

Frequency =2.45

Main lobe magnitude = 19.7 dBV/m
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 100.8 deg.

180

Figure 27: E-field radiation pattern

Farfield 'farfield (f=2.45) [1]' H-Field(r=1m]_Abs(Theta); Phi= 0.0 deg.

0
-30,

Frequency =2.45

Main lobe magnitude =-31.8 dBA/m
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 100.8 deg.

Figure 28: H-field radiation pattern
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4.5 Discussion

The experimental results of “green” compacts (pellet) and ceramic have been
discussed where the focus point during the formation of “green” compact is
investigation of carbon to wax ratio for most compressive pellet. In ceramic, the

result of dielectric testing is observed.

Based on Table 3, different samples are pressed to form ‘“green” compact in
cylindrical shaped of 40 mm diameter. Maximum pressure that has been applied in
this experiment is 100Kn and the maximum hold time before the mold is released is
180 seconds. However, according to Table 4, Sample 1 shows worst fracture surface

for both sides compared to other samples.

Next samples, Sample 2 and Sample 3 show improvement by reducing the amount of
carbon and increase the amount of wax. The pressing conditions as shown in Table 3
have been applied. However, only upper side of “green” compact for both samples
(faced the punch) shows even surface and lower side of “green” compact from
Sample 2 shows worse fracture surface than Sample 3 because of its lesser holding
time at 50 kN.

As shown by Sample 4 and Sample 5 respectively, Sample 4 shows less even surface
for both sides (upper and lower) of “green” compact if compared to Sample 5 under
same ratio of wax and carbon powder but at different hold time at pressing. If the
mixture is not well-blended before the pressing process, it will produce a surface

with white-colored mark as shown by Sample 5.

The thickness and weight of samples are varied based on the ratio of wax and carbon
powder. However, they might be not accurate as the ratio of wax and carbon powder

is inconsistently measured by spatula as shown in Figure 14 and Figure 15.

A new pellet of 20mm diameter is formed based on the experimental result of
“green” compact and sintered based on Table 2 to fulfill the requirement of dielectric
testing on pellet. The pellet has been pressed at 75 kKN but with longer pressing time
if compared to the pellet of 40 mm diameter which is approximately 10 minutes.
However, at 350-C the pellet was burned into powder form which indicates the
sintering temperature is too high and not suitable. Second process is at 150«C and

with similar holding time and heating and cooling rate. The results shows that
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sintering temperature at 150-C is appropriate for carbon based pellet to transform

into solid mass as the strength of pellet is improved after sintering process.

On the other hand, return loss result from simulation of DRA by CST Microwave
Studio is low. It is less than -10 dB thus the efficiency between the line and antenna
is considered as high. In addition, the DRA is omnidirectional based on the radiation
pattern which means the antenna radiates power uniformly in all directions in one
plane.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Dielectric resonator antenna (DRA) plays an important role in wireless
communication application because of the characteristics they posses such as low
production cost and easy to fabricate. DRA in cylindrical shape also has greater
design flexibility in determining the parameters such as dielectric constant and

permittivity.

Besides, a carbon based material from recycle items such as rice husk and wood has
been used in this project as starting powder which will be transformed into a dense

product by various steps of ceramic fabrication.

In this project, “green” compact sample with greater amount of wax than carbon
powder (1:6) relatively considered as good result which has more even surface in
sturdy and compressive condition. It proves that carbon powder is a suitable starting
powder and wax as a suitable binder to bind the carbon particles in this project. In
addition, dielectric constant shows appropriate result to be obtained in DRA design

for wireless application.

5.2 Recommendation

Based on the results obtained, the affects of maximum applied pressure as well
as the hold time need to be investigated if the “green” compact shows any
improvement. In addition, if the thickness of pellet increased, the pressing time also
has to be increased to ensure the pellet is compressive and not crack when removing

it from the mold.
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Other than that, pre sintering process for carbon powder can be implemented before
the mixing process as it will reduce the porosity of powder thus enhance the strength
of final product. Moreover, greater conductivity of pellet can be achieved by ceramic

surface condition improvement.

Besides, the simulation result of DRA by using CST Microwave Studio can be
compared with a further work by constructing a DRA circuit based on the pellet.
Hence, resonant frequency can be identified by using a network analyzer. Other
ceramic characterization such as Scanning Electron Microscopy (SME) and X-Ray
Diffraction (XRD) could be done in ceramic phase to identify its crystal structure and

electrical conductivity respectively.
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APPENDIX A
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APPENDIX B

MATERIAL SAFETY DATA SHEET

Activated Carbon |

leading In purdication
NFPA HAZASD SYMBOL
Nort ME2DS No. 117 Lavens
Revision Date: September 25, 2010 4agh
Revizion No. 08 Z-Mosls
15050
Crogy Towr
Norit Activated Carbone "Son Secthan 15 Wt
Simchyivearey
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION
Norit Amerloac imo. 3200 West Univercity Avenue Marchall, TX 7870
Emergancy Teleohone Numbers:
CHEMeTEL Inc. {800} 255-3924 (24 howr) Saes Office (8CC) 641-3245 Fryor Flant (318) 325-5570

Names used on procuct labels:

NORIT GAC {Inciudad af pmaces procuzed from Bilumirous'Subbiuminous Coal)
NORIT PAC (Inzhudec ¥ grades produced fom StuminousSutbitumnous Coal)
NORIT VARPUSE (incduced 3 grades produced from BRuminous/Subbtuminous Coal

NORT® I3 a regishered trademark of Nort Americas Inc. This MSTS also covers all ine experimantsl products fom She same staring maleras

Chemical Name ¢ Activated Cambon
Procuct Use ¢ LUouid and vapor sppications (punfication, decolorizason, separation, and ceodorization)

2. COMPOZITION ( INFORMATION ON INGREDIENTS

RENTITY SAS NS X
Actvated Carbon T440-44-0 100

3. HAZARDS IDENTIFICATION

EMERGENCY CVERVIEW:

Odoriess Dack granules or powder. Aotivated carbon (especially when wes) oan deplete oxygen from air In enolosed
cpa0sc, and dangeroucly low levelc of oxygen may resulf. Wher workers snter a veszal containing activated cartor, %olow
prececures for potenSally low oxygen. Workers should ais0 jake appropriate precautions when cealng with spent (used)
actratec caroons which may exiibit propertes of adsarded maseriais.

POTENTIAL HEALTH EFFECT2

Medical conditions apgravatec by exposure: Nome documentec

Bogsas of Exposura:

Eyes: *  Nctcorresive, Dut Ike most particulate materials, may cause mild physical irritation.

SKn: *  Nct corrosive and not @ orimary skin Iritant. Mild rritation Is possidle due to abrasive action of cust
Ingestion: *  Noknown deleterious effects.

Inhalation: ¢  Possibie mic ‘rritation of respirafory tract cue 10 drying anc abrasive actions of cust

Chronic EMects: ¢ |ARC: Not listec ® NTP: Notlisted * OSHA: Not regulsted

For additional information, see Section €.

4. FIRET AID MEABURES

Skn: * ‘Wash material off the skin wkh s03D and water. 2eek medical attention If irtason cccurs.

Eyes: *  Flush wih coplous amounts of mater, Seek medical afention ¥ rritation occurs.

Ingestion: & Glve one of tac glasses of water 10 drink. Seek medical aftention ¥ gastrointestina symploms develop.
Inhalation: & Semove to ¥=2n alr. Seek mecical attention If cough or resplratery symptoms develop.

« Papawnd wiih sarminuion fom AFPA D34 idertfzasor of e Fiew Hazaxs of Maowdals, Coayight 1960 Nascaul Tis Promcsor Asscirion, Quircy, WA 0GJ53 This reprinted raters b ns
e sorghete 202 ol cal pontion of e Mot 20al Tiw Trodacion Ao 3E 0 B relennced IS s wb e 5 weoaaiad o ly By e tancad i e ey
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6. FIRE FIGHTMGO MEAZURES

Flashpaint # Mot Agplicable.

Hor-Nammable * 1eZFR1500.44

Hot 2eil Healing # UM Manesl of Tesls and Crieda, Test M.3.
Flammaaitllity LimHs In Alr # LFL and UFL Mot Applicable.

SZEMERAL HAZARD:
Activsl=d carban Is dificult bo kgnite and tends o buem slosty {smolder) without prodecing smoke or fame. Toxic gases wil form

upin combston.

FISE FIGHTIKG INSTRUCTIONS:
i possibie fo do sal=ly, move smolderieg actvated carson o & non-hazardous area, preferably out of doors. Extinguisn fire
usirg water fog, ine waber soray, carbon dicaide or foam. Avold strring wp dust clouds.

FIRE FIGHTING EQUUIFRENT:
Fire fighting p=rsonned showld wear Sl protecthye equipment, Inciuding sef-coniaimed breathing apparaius (BZEA) for all inside

fir=s and langs gutdoor fires.,

HAZARDOUE COMEUSTION FRODUCTA

Combustion products may Include smoke and cukdes of carbon (for example, carbon moroaide). Maberias slowed b smokder
for long perieds In ENcioSed SPAcES, My producE AMOURSs of CAMON MIONDESE Which neach the lower sxpioshae et (carbon
manoxids LEL = 125% In air). ‘Under certain concibons, any albornes Sust may be an =xoicskon hazard. Usad actvabed carban
may produce addiioral combusion products

8. ACCIDENTAL RELEAZE MEAZURER

IF & EFILL CR LEAK SCCURS:

Clean up splls In @ manner that does mof disperse cust Into e ar. Hardle In accondarce with good imdwsirial hygle=ne and
sxlety practices. Thess practice=s include avoldie) unnecessary syposurs, and removal of maberisl from eyes, skin, ard clothing.
CISPOEAL METHOD:

Epent grarsiar activai=d carbon may be recyclable. Dlspose of wingin (umesed) carson {(waske or splliage) in a faclity pesmitied
Tor non-hazardous wasies. Spent (used) carson should be disposed of In acoordance with applicabde laws.

CONTAINER DISFOEAL:

Do pod rewse empdy bags. Dispose of In faclity permi@ed Tor non-hazardous wasies.

T. HANDLING AHD 3TORAGE

Slorags Temperatume: & Ambi=nt
Slorags Pressure #  Almospheric

Haraling: # Folow good mandirg and houseks=ping praciices bo minieize spils, penerafion of arsame dusts,
ard accumulation of dusts on exposed surfacss

#  LUse with adequate sxhawst ventiadion fo draw dust away from workers' bresthing zones.
#  Prevent or minimize syposures io dusis by wsing appeopriate personal proteciion squipment.
L] ‘Wash exposed skin areas thoroughly with scap and waber afber nandlieg.

Slorags: #  Shore product In & ciosed dry contalner. Malnisin good housskesping. Siore away dom song
gaEldizers such as azaone, llowid cxygen, chiadne, parmanganals, sh.
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B. EXPOIURE CONTROLE / FEREDMAL PROTECTICN

Enpinzering Controls: & Use local exhaust ventiafion to ooninod smilssions near e source. WentliaSon sysiems showld be
skked and condipored {0 prevent spcesdsncs of ecommended or reguiabsd =xposunes Imis (o

example, DSHA FELS)

Eye Frotechion: ®  Safety glasses whn skis shizios are recommanded for any tpe of handing. \Whers sy contact or
dusty condiors may be lealy, dust Hght gogples ame recommerced. Have sy flushing =qulsment
avalakbs

Skn Frol=ction: ® Aypld contact with fhe skin. ‘Wear approorials duwst reskstart ciothing. Wash contaminabed ciothing

ard clean profective souiprent befors reuse Wash skin thoroughty afer harding.

Resplatory Probechon: = Use MICEHMSHA approsed respiabory prodscion sguloment apomopriaie 1o e mabkeriad andior Bs
conceniraiion whene aiisome syposure |3 lEely. | exposwres cannot be kept o a minimum with
enginesring conirols, consuk respimator manedschurer o defermine appropriate fype sgquloment for a
given applicafion.  Obserse resorator use OmBations specHes oy MICESMSHA or the
maraiscturer.

Arporne Exposures Gukdsines: Recommended Evpours
Limig Actvated Carban
S-hr T'WA
Total Dust 10 mgim™
Resoable Fraciion 3 mgim=

"OEHA and ACGIH have rot ashablisked specdc sxposurs Imits for fnis mal=ral. The recommisnded sxposune Imis Tor these
acivabed carbon products are Dase on the Threshobd Limi Yalues adopisd by ACGIH for Farticulakes {inscuble) Mot Othersise

Clazsfi=d. The CEHA PEL for Hulsancs Dust is 15 mpim” (5 mpim® resplranie faction).

B. PHYEM-AL AND THEMICAL PROPERTIEER

Ealing Point, C b MA Freezing Foink, C: w MA

Bulk Density - Granular Grades » 28-34 [pzi %2 Volables w MA

Bulk Density - Fowder Grades » 12-35 [nzir Banhaitillfty In \Waker ® Insoubie

Wapar Fressune b MA Appearanoe and Cdor ® [Elack gramules of

Wapar Denshy b MA powder with no odior
Evamoradion Sl ¥ A

HA - Mot apoilcabike

10. STABILITY AND REACTIVITY DATA

Slablity: *  This product ks stable under the specPed condlbons of siorage, shipment and wse
Incampatolity: ¢ Contach wih sfronp oxldiers such as oczone, lguld axyger, chiofne, permanganale,

ebc. may resull In rapdd combasstion. Avold contact wiin strong scids.
Hazardous Decomposhion Froducks: «  Cwides of Carbon
Hazardous Folymerzation: » [igas niof GCour.

1. TORICCLOGICAL INFORMATION

This maberial I3 non-toxic In %5 original stale. s activated carbon may sxhibil charactarisios of fhe adsorbed maberial

12. ECOLOGICAL INFORMATION

This material, In ks orginal s, |s not harmdul o e ervironment. Used aclivated carbon may =xhibit characherisics of the
adzorbed materal.
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18. DISFOEAL COMEDERATIONZ

Actiyal=d carson, In KB original state, k5 rof 3 hazardous mizleral or hazyndeows washe,  Follow appllcabde governmental

reguiafons for wasie disposal.

Used acliwated carbon may become classiied ar a nazandows waste dependieg upon the apoication. Follow applicabis

raguiafons for disposal.

Recyciing (r=actvabon) may e a viabde albernattes o disposal. Coniact Mork Americas (rc. for Infomation.

14. TRANEFORT MFORMATION

DOT | Departrmesrt of Transporiation

Fropser Shipping Hams: * Actteabed carbon (Mot DOT Regulsi=d)
Hazard Class: #  Motapplicabis.

UFSA Humoer # Mot applicable.

FPacking Groum: # Mot applicabls.

Frelght Classificadion * STCC Code - FIBS8E43 MMFT A040580

16. REQULATCORY INFORMATICN

FEDERAL REGULATMIME:

CEHMA Hazard Commaunikcabon
Slandard, 25CFR1910.1200

CERCLAZUPERFUND, 40CFR117, 202
SARMASUFERFUND:

Toxlc Bubstances Santrod Act, A0CFRTID:

Resource Consersabon and Reooveny &

STATE REQULATIONS:

Callomia Ooocupaiional Safsty and Health:

Massachesefs Jubsthance List:
Hew Jersey Sighi-bo-omnow:
Pennsyivania Righi-to-Know:

See "Pariculyizes not otheralse regulated,” In Taoke Z-1,
of Z3CFRA1S10.1200, "Urmils For Alr Conlaminates”.

Motfcation of spllz of this mat=dal & not requined.

Amendments and Reavinorzation Act of 1528 (Tide I}, ecHons 302, and
313

SECTION 302 - EXTREMELY HAZARDOUE SUBSTAMCES (40CFR3SS)k
This product Is mot Isled as an exiremiely Fazardous sudstances.

SECTION 313 - LE3T OF TOXIC CHEMICALS: This oroduct is not llstead.
Acivated carben IS on the iInventory 1152

This product, In Rs criginal shages doss not meef the orfisrda of hazardous
wasis,

ot Isi=d.
Fot Isied.
ot Isi=d.
Fot Isied.

18. OTHER MFORMATION

ACThvaled carson can be safely stored In any normal shorage area, but yway from sourcess of direct heat

WARMING: Aotivated oarbon [scpsolaly whan wet) oan deplsts cxygen from the alr, and dangeroscly low levslc of

oaygen may rscul. 'When workers spisr a veg

shoukd D Tolicasd.

Arivaled carbons ane mol [lsied as poientlis

x| confaiming acHvai=d carbon, procedures for pol=ntally ow oxygen snsas

cacimogens: by ary apency. Becawse Mork Amercas adheres o o3 wery

ponseryaltee posiion reganding all health and safety mafi=rs, we recommend and folow a practice of reguiring resoiralory
profecion whsnever fere |5 any svidence of airbome dust.

REWIEIZN SUMMARY:

REY% O&- Revslon dage change

REY O0%: Mew format

REY 04: Added the WAPUUSRE proscucts

The Informalion Rereln 15 given In good faith bt no wanmety, eXxpressed or imipled, IS mace
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APPENDIX C
TECHNICAL DATA SHEET

Activated Carbon |

leading in purification @
DATASHEET gz

MNo. 23
Mg 200

NORIT® GAC 1240

GRANJLAR ACTIVATED CARBOM

NORIT GAC 1240 I= 3 granular aciivated carbon produced Dy sieam acbvallon of sekect grades of coal. As a
resuit af 3 unigue patented aclivatlon procass and siringent gualty control, NORIT GAC 1240 offers excelent
adsorplion propeniles and |s recommended for removal of impurtes from water and Indusirial process
applcations. NORIT GAC 1240 mesls all AWWA B100 and 5604 standards for potable waler use. WORIT
GAC 1240 Is Kosher certilied and meets MEFIANS] Standard 61.

Product §pecificaticns

Inging numbSr, ma'g 1020 min.
Mol3EEEE NUmber 230 min.
Aprashon numbsr {AWWA] 73 min.
Molsiure, % @5 packed 2 max.
Klesh slze (LS. Sleve Serles)
Greater than 12 mesh {1.70 mm), % 5 max.
LESE than 40 mesh (042 mm), % 4 max.

Typlcal Propartles*

Apparen? gensty, viraing fesd, gmL 0.43

[ 3
Bad densiy, backwashed and drained, et 7
Effectve slze, mm 0.65
UniEomlty coefMclent 18
Food Chemieal Codex Passss

"For general Information only, not 1o be used a6 purchase speciicalions.

PackapingiTransportation
Standard package 15 woven palypropylens bulk bags with @ nal welgnt of 1,000 .

Aciivated carbon (MOT REGULATED)
Sxempt Trom DOT, IATA, and IMDG requiations
ImpartiExpart cdassfcation: 3502.10.0000 (HZ Tarlt Classlfication)
Comestlc Freight ClassPicalion: NMFC 040560
CAS FT440-44-1

Materlal Handlling
Wet aclivated carbon dapisles cxwgen from alr and, therefore, dangerously low levels of oeygen may be

encounterag.  Whenever workers enter @ vessel conalning actvaled carbon, the vessels oxygen confent
should be detzrmined and work pracedurss Tor patentlally low oxygen areas should be followsd, Appropriate
proteciive equipment should be worn. Avold Inhalation of excessive carbon dust Mo problems are known o
e associatzd In handling this material. Pleass ses e product Matenal Salely Data Sheel Tor detals. Long-
ferm Inhalation of high dust concarirafions can lead to respiratory Impairment. Use forsed ventlallon or @
dusl masx when necessary "or protection agalnst alrmome dwst exposure (582 Code of Federal Reguialions -
Title 29, Subpart Z, par. 1210.1000, Table Z-3).

[contimued on reverse side)

MonT Americas Inc. » 3200 West Universty Avenus » PO Box 700 « Marshall TX 75077 U5A
Tedephone +1 003 023 1000 » +1 300 G471 0245 « FAX #7 007 023 7003
W Dorii-3merCas com « infenorii-amencas. com
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DATASHEET

MNo. 2301
Mg 2040

NORIT* GAC 1240
{continued)

Enginaering Data

Pracsurs Crop Curve Esd Expancion Curve
fior NORIT QAL 1240 Tor HORIT QAC 1240
(1] 100
B ol
o
& / LE 7
- I ;
5 7
Eom 4 I 7
e / ie 7
Bom i &3
E ol /] o
o V4 j - o
Pt - 7
i il
L "If ]
(1 1] L6}
i 4 & iz -] an [aTs] 4.0 &0 izd a0 200
Sozatficta Valesy, il (waler 20°0 Superfical Vabsosy, geril Swalne 2000

*Expanchon s sxprecoesd ac paroant of
ihe backwached ard celed bed depts

Mobe: Ay spacificabon gheen was vald at #me of Issuancs of e publcafon. Howseern, we maickin 3 poilcy of conlinucus dessiopment
ard regeres the rgnt 1o amend any spacfication wilnout rofce.

Norit Amencas inc. « 3200 West Uintversily Avenue « PO Box 700 « Warshall, TX 75077 UWEA
Telephane +1 003 023 1000 » 1 800 447 0245 « FAX 47 003 023 1003
W, NONT-Mensas com « MMdnont-amencss.com
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