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increased to 1 00 mg/L the non-aerated 
reactor is able to maintain the same 
removal · efficiency but a drastic drop is 
observed in the aerated wetland reactor. 
This situation recovered as the A07 
removal efficiency improved to 95% in a 
few months, attributed to the different 
ratio of anaerobic and aerobic regions in 
both reactors. In the non-aerated 
wetland reactor, almost the entire bed 
was in anaerobic condition, except at 
the top layer of the reactor. The bigger 
anaerobic region in the non-aerated 
reactor facilitated the removal of color. 
The anaerobic lower bed region of the 
aerated reactor is insufficient for 1 OOmg/L 
A07 reduction in the early stage, due to 
the overload of the biodegradation 
capacity of the lower bed of aerated 
reactor. However, with time, the increas­
ing mass of anaerobic microbes could be 
one of the reasons for achieving 95% of 
A07 removal efficiency. As shown in 
Table 1, A07 removal efficiency 
increased slightly in both reactors as HRT 
increased from 3 to 6 d. The average 
A07 removal efficiency for both reactors 
are 98% which shows the high 
performance of the UFCW in the 
treatment of azo dye A07 containing 
wastewater. 

The molecular structure of azo dye A07 
consists of an azo bond, a benzene ring, 
and a naphthalene ring, each exhibiting 
different absorbance peaks, in the visible 
region (480 nm) for the former. and in the 
UV region for the latter two. A07 biodeg­
radation severs the azo double bond, 
reducing the absorbance at 480 nm and 
producing aromatic amines such as 
sulfanilic acid (SA) and 1-amino-2-
naphthol (1A2 N). The incorporation of 
anaerobic and aerobic conditions in a 
wetland reactor is important for 
treatment of azo dye-containing 
wastewater. The decolorization of azo 
dye occurs when its bond is broken and 
the aromatic amines generated can be 
further mineralized. The aromatic amines 
accumulated along the non-aerated 
reactor increased as the A07 concentra­
tion increased from 50 to 1 00 mg/L, which 
is also observed at the lower bed of 
aerated reactor but most of the their 
mineralization occurred at the upper bed 
in the aerated reactor. 

3.5. Nitrogen removal in UFCW reactors 

Nitrogen removal from wastewater, 
nitrification and denitrification, in the 
aerated and non-aerated reactors are 
dominant in nitrification and denitrifica­
tion, respectively, corresponding to 
aerobic and anaerobic conditions 
developed in these reactors. The 
aerated and non-aerated reactors 
performed better in the removal of 
NH4-N and N03-N, respectively. Both 
processes are affected by the increase 
of A07 concentration in the influent. In 
the aerated reactor, NH4-N removal 
efficiency differed slightly but N03-N 
removal efficiency dropped tremen­
dously with A07 increase. The 
non-aerated reactor shows an almost 
100% removal efficiency for N03-N but 
dropped to 50% for NH4-N as A07 
increased. The azo dye A07 and 
aromatic amines generated may cause 
partial inhibitory effect on the activity of 
nitrifying and denitrifying microbes. 
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Figure 3. COD profiles in UFCW reactors 

The trend of NH4-N concentration along 
the media bed is different between the 
aerated and non-aerated reactors, 
where its tandem drop above the 
aeration point implicated the merit of 
supplementary aeration in UFCW reactor. 
The aerobic condition at the upper bed 
of the aerated reactor facilitated the 
nitrification. The slight decrease in NH4-N 
concentration at the upper bed of the 
non-aerated reactor could be ascribed 
to the uptake by P. australis and also the 
activities of nitrifying bacteria in the 

Table 1. Treatment performance of aerated and non-aerated UFCW reactors 

Wasfcwarcr HRT(d) P.uamcters Influent con. {mg/l) Effluent con. (mgjl) Removal efficiency(%) 

Aerated reactor Nofhlcr,ucd reactor Aerated reactor Non-aerated reattor 

50m&~lA07 coo 383t 14 54 t 16 68t 19 86 82 
A07 51 ±2 1.1.!:0.6 2,0:!:0.6 98 96 
T-N 55±.3 IS :t4 20:!:3 67 64 
T-P 6.7±0.3 5.0±0.3 4.8.±0.5 25 28 
NHo~·N 35±3 1.5±'1.1 19.6.±42 96 44 
NOl-N 30±2 4±3 0 86 100 

IOOmg}l/\07 coo 450 8 65t18 119.t 13 86 74 
A07 103 3 6.2:t0.6 3.9.t0.6 !14 96 
T-N 59 2 27 :t4 30±2 54 49 
T-P 6.5 0.3 5.510.6 5.710.5 IS 12 
NH4 -N 36 4 0.5 !0.4 27.3!5.0 99 24 
NO.l·N 28 2 21.8 !5 0.2!0.4 22 99 

IOOmgjl A07 coo ·154 II 4<11 17 lOS.tD 90 76 
A07 103 3 2.5±.03 2.1 ±0.2 98 98 
T-N 59 2 28:t.S 33 !6 53 ·14 
T-P 6.5 0.2 5.2tU S.J 10.9 20 IS 
NU4-N 3S 3 0.6 !0.2 19.6!5.0 9S 44 
NO i-N 28 2 22.1 !4.0 1.8!0.6 21 94 
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rhlzosphere. Additionally the increase of 
A07 concentration and decrease of HRT 
caused the NH4-N removal efficiency to 
drop slightly. In the case of the aerated 
reactor, NH4-N removal rate is almost 
similar above the aeration points and 
achieved> 95% removal efficiency at 51 
em from the bottom, indicating sufficient 
aeration rate for nitrifying microbes to 
remove the NH4-N. The anaerobic 
condition and the presence of carbon 
sources as electron donors at the bottom 
of the reactors facilitated denitrification. 
In the aerated reactor, the higher nitrate 
concentration above the aeration points 
corresponds to the decrease of NH4-N 
concentration through nitrification. Part 
of the N03-N generated via nitrification is 
denitrified in the upper bed of the 
aerated reactor. The higher N03-N 
concentration in the effluent of aerated 
reactor may be due to the partial 
inhibition of denitrification and this could 
be a possible drawback of artificial 
aeration if excessively high oxygen 
concentrations are responsible for a 
combined reduction of denitrification 
and N removal rates. 

Denitrification rates can be enhanced as 
oxygen content is reduced by reducing 
the aeration rate. However, this w ill affect 
the nitrification rate. In order to remove 
both NH4-N and N03-N simultaneously, 
supplementary aeration must be 
controlled to enhance the activity of 
microbes for nitrification and denitrifica­
tion. Switching the aeration on and off to 
the upper bed of the reactor w ill 
stimulate the nitrification and denitrifica­
tion processes in this area alternatively. 
Eventually, both NH4-N and N03-N can 
be removed simultaneously in an UFCW 
reactor. 

4. Conclusion 

The aerated wetland reactor removed 
organic matters, NH4-N and aromatic 
amines more effectively than the 
non-aerated one. Increasing A07 
concentration deteriorated the biodeg­
radation of organic matters and nitrifica­
tion in the non-aerated reactor. It also 
affected the denitrification and decolor­
ization in the aerated reactor. The A07 
and aromatic amines may have 
inhibitory effect on the activity of 
nitrifying and denitrifying microbes. As the 
HRT increased to 6 d, the removal of 
NH4-N and N03-N in the aerated reador 
is not changed, but NH4-N removal 
efficiency improved tremendously in the 
non-aerated reactor. 
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INTRODUCTION 
An anechoic chamber is an RF rest facility which utilizes a lining 
of radar absorbing material (RAM) along its wall, ceiling and 
floor to create an electromagnetically quiet environment. 
widely used to provide RF isolated test regions to simulate 
free-space test environment for antennas. The anechoic 
chamber provides a controlled environment not subjected to 
weather, ambient conditions and without being affected by 
wave reflections. The design of an anechoic chamber must 
take into consideration features of the room such as the shape 
or orienta;ion, size of the room, the wall covering (absorber) and 
how the absorbers are assembled. The size of the anechoic 
chamber depends on the size of the objects to be tested and 
the frequency range of the signals used, sca!e models can be 
used, however, by testing at shorter wavelengths. 

Absorbers are one of the main components in an anechoic 
chamber and are used to eliminate reflected signals. 
Electromagnetic absorbing materials are very important to 
ensure the accuracy of RF anechoic chamber testing 
performance. There are many shapes that can be fabricated 
as an absorber such as a pyramid, truncated pyramid, wedge, 
convoluted, hybrid, flat. honeycomb, oblique, and others. 
Microwave absorbing materials that reduce reflections of high 
frequency energies, are used in applications such as 
telecommunication, military, high speed electronics and 
automotive. Different absorber materials are used for the 
microwave range (1 GHz to 40 GHz) and for the low frequency 
range (30 MHz to 1000 MHz), respectively. The most common 
materia l used for the low frequency range (30 MHz to 1000 MHz) 
absorber is ferrite tiling (NiZn), an electrically-thin absorber 
material. In the microwave frequency range (1 GHz to 40 GHz), 
foam materials such as polyurethane and polystyrene are 
widely used as the absorber. 

A microwave signal is reflected and absorbed in the anechoic 
chamber and a proper model of RF microwave absorber must 
be developed based on various parameters such as the 
absorber reflection loss, the magnitude and phase, for various 
angles of incidence, as well as for parallel and perpendicular 
polarizations. The reflection loss, R can be expressed as the 
absorbing performance of the material and is a function of the 
complex permittivity, permeability of the materiaL and the 
frequency of the electromagnetic wave. 

The dielectric constant is equivalent to the relative permittivity 
(Er') or the absolute permittivity(£') relative to the permittivity of 
free space ( Eo' ) . The dielectric constant of a material also 
affects the velocity of microwave signal when it propagates 
through the material. A high value dielectric constant results in 
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the microwave signals propagating at slower velocities, making 
it essentia!ly a denser material. Dielectric loss tangent. tan 0, is 
the imaginary part of the dielectric constant. and determines 
the losses ol the medium. 

The signals are transmitted from a first medium to a second 
medium, with air being the usual first medium while the second 
medium is a pyramidal microwave absorber. When the signal 
enters another medium ct an angle, this will change the velocity 
of the signal. which causes the signal to be deflected. This 
phenomenon is known as refraction and the refractive index, n 
of a medium is a measure of how much the speed of 
microwave signal is reduced inside the medium. The refractive 
index for air is 1.00029. The refractive index of the pyramidal 
material should, hence, be larger than that of air. 

Agriculture waste or residue is composed of organic 
compounds from rice straw, oil palm empty fruit bunch, sugar 
cane bagasse, coconut shell, and others. Rice husk from paddy 
(Oryza sativa) is another example of an alternative material that 
can use to fabricate the microwave absorber. In Malaysia, 
around 350,000 tons of rice husks are produced annually. Rice 
husks are unusually high in ashes, highly porous and lightweight. 
with a very high external surface area. Rice husks ' absorbent 
and insulating properties are useful for many industrial 
applications. 

Table l shows the typical chemical composition of rice husks. 
Carbon is the main element that helps to absorb the microwave 
signal. 35.77 % of rice husk consists of Carbon. In the current 
market. absorbers are typically manufactured by impregnating 
conductive carbon at the top part of the pyramidal structure. 
This can increase the reflection loss performance of the 
microwave absorber. Carbon has also the characteristic as a 
light absorbent material. 

' Element % 
·-·----------

Silicon dioxide 22.24 

Carbon 35.77 

Hydrogen 5.06 

Oxygen 36.59 

Nitrogen 0.32 

Sulphur 0.02 

Table 1: The elements percentages of the rice husk material 
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Figure 1 shows the flow of the research, starting with the 
collection of the agricultural waste from its natural source. 
The next step is to make an agricultural waste particle board 
from rice husk, and derive dielectric constant values of the 
particle boards using the Free Space Measurement 
Technique {FSMT). The final step is the modeling and 
simulation of the microwave absorber design using CST 
Microwave Studio simulation software and analysis of its 
performance. 

Design of the rice husk Simulation 

I 
Collecting of Rice husk 

the rice ~ particle board 

Derive the 
dielectric 

constant value 
using FSMT 

~ pyramidal microwave ~ 
results 

obtained 
from CST 

husks fabrication absorber in CST 

Figure 1: Flow of the rice husk microwave absorber project. 

2. RICE HUSK PARTICLE BOARD 

After collecting the rice husk, it is ground to ensure easy 
adhesion with a resin. Urea Formaldehyde {UF) is mixed with 
the rice husk. Phenol Formaldehyde {PF) is also used as the 
bonding agent, for comparison purpose. Formaldehyde is a 
pungent, colorless gas commonly used in water solution as 
a preservative and disinfectant. It is also a basis for major 
plastics, including durable adhesives. Urea Formaldehyde, 
also known as urea methanol, is a non-transparent 
thermosetting resin or plastic, made from urea and 
formaldehyde, heated in the presence of a mild base such 
as ammonia or pyridine. 

These resins are commonly used in adhesives, finishes, and 
molded objects. Its attributes include high tensile strength, 
flexural modulus and heat distortion temperature, low water 
absorption, high surface hardness and elongation at break, 
and volume resistance. Figure 2 shows the process flow for 
the mixing of the materials for the fabrication of the rice husk 
particle board. 

Resin 
Agricultural 1 1 (Bonding 
l Waste J T Agent) L .__ __ _ 

Mixed 
Material 

Figure 2: Mixing of the materials for the fabrication of the 
rice husk particle board. 

The material is shaped into a S(.1Uare form by transferring it 
into a rigid frame over the hot press machine. A hot press 
machine is a high pressure, low strain rate material process 
for forming compacted materials ai high temperatures. 
Before the mould can be transferred into the hot press 
machine, a transparency plastic is placed at the top of the 
mould. This is to avoid the cleaving of the rice husk onto the 
square mould. The setting of the temperature of this 
machine is set to 180°C for 1 0 minutes. After pressing, the 
mould with the sample must be cooled off by transferring it 
to the lower section of the hot press machine. After chilling, 
that particle board is then taken out from the mould. In 
order to obtain good plots from the FSMT, the board should 
be trimmed at its edges. 

The dimensions of the fabricated particle board are 30.3 em 
width x 30.3 em length x 1 .4 em thickness. The fabricated size 
cif the particle· board depends on the size of the horn 
antennas used in the measurement. With smaller horn 
antennas, the size of particle board should also be small. The 
density of particle board can also affect the value of the 
dielectric constant. A denser particle board results in a 
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larger value of the dieiectric constant. Figure 3 shows the 
fabricated rice husk particle board. 

Figure 3: The fabricated rice husk particle board. 

3. FREE SPACE MEASUREMENT TECHNIQUE 

A free space measurement technique shown in Figure 4{a) 
is the technique used to derive the dielectric properties of 
the rice husk material. This instruments used are the Agilent 
E8362B PNA Network Analyzer, installed with Agilent 85071 E 
Material Measurement software, two 2.2 GHz- 3.3 GHz horn 
antennas, two coaxial cables, Agilent 850520 3.5 mm 
calibration kit and connectors and the Material Under Test 
{MUT). In the initial step, the calibrations of the coaxial 
cable, reference board sample and the distance between 
the two transmitter and receiver antennas are performed. 
The reason for this calibration is to remove any undesired 
errors, such as noise in the coaxial cable and to ensure 
measurement accuracy. 

A full two-port calibration has been used for both the 
reflection and transmission measurements. Agilent 850520 
Economy Mechanical3.5 mm calibration kit with SOLT {Short 
- Open - Load -Trough) standard is used in this calibration 
setup. In the MUT calibration setup, the reference board 
sample, with a known dielectric constant, is placed at the 
center, between both the horn antennas. In this case, a 
copper plate is used as the reference board sample. The 
dielectric constant value of this reference board sample is 
displayed on the screen of the Agilent PNA network 
analyzer. After this, the reference board is then removed. 
The new value of Er' = 1 is obtained as the dielectric 
constant value of air. 

The parameters that must be considered for the free space 
measurement technique are the size of the horn antennas, 
the length of the coaxial cables and the distance between 
the transmitter and the receiver antennas. Figure 4(b) shows 
the dimensions of the horn antenna used for the free space 
measurement technique. The antenna dimensions that 
have been used for the experiment are 30.9 em x 23.85 em 
x 29.4 em. The sizes of the antennas also affect the suitable 
distance between the transmitter and the receiver 
antennas. Smaller antennas sizes result in a shorter distance 
needed between the two antennas. The lengths of the 
coaxial cables are also important factors that need to be 
considered. Longer cables result in weaker signals, due to 
transmission line losses. The equipment must be located on a 
level ground, and in a straight line to provide the best 
performance and to ensure an accurate dielectric 
constant value. Hence, to obtain the best dielectric 
con·stant result, small antennas with short distance between 
the antennas and short coaxial cables should be used. The 
obtained value then can be applied for the simulation part 
using the CST simulation software. 
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Figure 4: (a) Free Space Measurement Technique (FSMT}, to 
derive the dielectric constant of the rice husk, 
(b) dimensions of the horn antennas, and the distances 
between the horn antennas. 

Figure 5: The time gating setting at the PNA network 
analyzer. 

The distance between the two antennas needs to be 
considered for this technique. The distance used between 
the horn antennas and the particle board is 21.5 em, while 
the distance between the two antennas is 43 em. The 
actual distance between the particle board and the horn 
antennas is determined by applying the time gating setting 
at the PNA network analyzer, as shown in Figure 5. The PNA 
covers the frequency range from 2.2 GHz to 3.3 GHz, as this 
is the operating frequency range for the horn antennas. 
There are three peaks shown in the display of the network 
analyzer. The first peak is the response of the transmitter horn 
antenna; the second peak is the time domain gating 
feature, while the third peak is the response of the receiver 
horn antenna. Results better than 40 dB obtained for the 
differences between the non metal plate (MUT) and the 
metal plate (copper plate) indicate good and valid results. 

The result obtained for this difference between two plates is 
approximately 52.7 dB, indicating a very good 
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performance. The real and imaginary parts of the dielectric 
constant for the Phenol Formaldehyde (PF) - rice husk 
particle board (with 1 0% PF content) are obtained using the 
free space measurement technique, and are plotted in 
Figure 6. 

3 . .5 

3.0 

~ 1.0 
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Figure 6: The real and imaginary parts of Er for the Phenol 
Formaldehyde (PF) -rice husk particle board (with 10% PF 
content) using the free space measurement technique. 

4. PARAMETRIC STUDIES 

The pyramidal microwave absorbers are designed using the 
Computer Simulation Technology Microwave Studio 2009 
(CST MWS 2009) simulation software. The design and shape 
of the pyramidal microwave absorber are based on the 
Eccosorb VHP-8-NRL Pyramidal Microwave Absorber and 
the TDK ICT-030 Pyramidal Microwave Absorber. The 
Eccosorb VHP-8-NRL absorber is designed using urethane 
foam as its base material, with carbon loading. The TDK 
ICT-030 absorber uses polystyrene as its base with carbon 
loading. Figure 7(a) shows the simulation design of the 
pyramidal microwave absorber using the CST software. 
Figure 7(b) shows the boundary conditions of the pyramidal 
microwave absorber, with port 1 as the transmitter port and 
port 2 as the receiver port. The value of the dielectric 
constant for this design is taken from the previous free space 
measurement technique, that is £'' = 2.9. In this design 
simulation, the waveguide port or the starting signal point is 
located as normal incident (00) wit!") a distance of 30 em 
from the origin of the pyramidal microwave absorber. 

Table 2 shows the dimensions of pyramidal microwave 
absorber. The pyramidal shape has two main parts. The first 
part is the base part with 5 em length x 5 em length x 2 em 
thickness. The second part is the pyramid part with 13 em 
height. Six parameters of the pyramid must be considered 
before the pyramidal microwave absorber can be 
simulated. These parameters are the pyramid width (PW), 
the pyramid length (PL), the pyramid height (PH), the base 
width (BW), the base length (BL), and the base height (BH). 

There are various factors that can affect the performance 
of the pyramidal microwave absorber. These parameters 
are the dielectric constant of the material used, the mixture 
of the resin percentage, the source port distance and the 
angles between the source signal and the surface of the 
pyramidal microwave absorber. The parametric study uses 
the parametric sweep function in the CST Microwave Studio 
software. 
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Figure 1 shows the flow of the research, starting with the 
collection of the agricultural waste from its natural source. 
The next step is to make an agricultural waste particle board 
from rice husk, and derive dielectric constant values of the 
particle boards using the Free Space Measurement 
Technique (FSMT). The final step is the modeling and 
simulation of the microwave absorber design using CST 
Microwave Studio simulation software and analysis of its 
performance. 
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After collecting the rice husk, it is ground to ensure easy 
adhesion with a resin. Urea Formaldehyde (UF) is mixed with 
the rice husk. Phenol Formaldehyde (PF) is also used as the 
bonding agent, for comparison purpose. Formaldehyde is a 
pungent. colorless gas commonly used in water solution as 
a preservative and disinfectant. It is also a basis for major 
plastics, including durable adhesives. Urea Formaldehyde, 
also known as urea methanol, is a non-transparent 
thermosetting resin or plastic, made from urea and 
formaldehyde, heated in the presence of a mild base such 
as ammonia or pyridine. 

These resins are commonly used in adhesives, finishes, and 
molded objects. Its attributes include high tensile strength, 
flexural modulus and heat distortion temperature, low water 
absorption, high surface hardness and elongation at break, 
and volume resistance. Figure 2 shows the process flow for 
the mixing of the materials for the fabrication of the rice husk 
particle board. 
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Figure 2: Mixing of the materials for the fabrication of the 
rice husk particle board. 

The material is shaped into a S<..JUare form by transferring it 
into a rigid frame over the hot press machine. A hot press 
machine is a high pressure, low strain rate material process 
for forming compacted materials ai high temperatures. 
Before the mould can be transferred into the hot press 
machine, a transparency plastic is placed at the top of the 
mould. This is to avoid the cleaving of the rice husk onto the 
square mould. The setting of the temperature of this 
machine is set to 180°C for 1 0 minutes. After pressing, the 
mould with the sample must be cooled off by transferring it 
to the lower section of the hot press machine. After chilling, 
that particle board is then taken out from the mould. In 
order to obtain good plots from the FSMT, the board should 
be trimmed at its edges. 

The dimensions of the fabricated particle board are 30.3 em 
width x 30.3 em length x 1 .4 em thickness. The fabricated size 
cit the particle· board depends on the size of the horn 
antennas used in the measurement. With smaller horn 
antennas, the size of particle board should also be small. The 
density of particle board can also affect the value of the 
dielectric constant. A denser particle board results in a 
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larger value of the dieiectric constant. Figure 3 shows the 
fabricated rice husk particle board. 

Figure 3: The fabricated rice husk particle board. 

3. FREE SPACE MEASUREMENT TECHNIQUE 

A free space measurement technique shown in Figure 4(a) 
is the technique used to derive the dielectric properties of 
the rice husk material. This instruments used are the Agilent 
E8362B PNA Network Analyzer, installed with Agilent 85071 E 
Material Measurement software, two 2.2 GHz- 3.3 GHz horn 
antennas, two coaxial cables, Agilent 850520 3.5 mm 
calibration kit and connectors and the Material Under Test 
(MUT). In the initial step, the calibrations of the coaxial 
cable, reference board sample and the distance between 
the two transmitter and receiver antennas are performed. 
The reason for this calibration is to remove any undesired 
errors, such as noise in the coaxial cable and to ensure 
measurement accuracy. 

A full two-port calibration has been used for both the 
reflection and transmission measurements. Agilent 850520 
Economy Mechanical 3.5 mm calibration kit with SOLT (Short 
-Open- Load- Trough) standard is used in this calibration 
setup. In the MUT calibration setup, the reference board 
sample, with a known dielectric constant, is placed at the 
center, between both the horn antennas. In this case, a 
copper plate is used as the reference board sample. The 
dielectric constant value of this reference board sample is 
displayed on the screen of the Agilent PNA network 
analyzer. After this, the reference board is then removed. 
The new value of £ r' = 1 is obtained as the dielectric 
constant value of air. 

The parameters that must be considered for the free space 
measurement technique are the size of the horn antennas, 
the length of the coaxial cables and the distance between 
the transmitter and the receiver antennas. Figure 4(b) shows 
the dimensions of the horn antenna used for the free space 
measurement technique. The antenna dimensions that 
have been used for the experiment are 30.9 em x 23.85 em 
x 29.4 em. The sizes of the antennas also affect the suitable 
distance between the transmitter and the receiver 
antennas. Smaller antennas sizes result in a shorter distance 
needed between the two antennas. The lengths of the 
coaxial cables are also important factors that need to be 
considered. Longer cables result in weaker signals, due to 
transmission line losses. The equipment must be located on a 
level ground, and in a straight line to provide the best 
performance and to ensure an accurate dielectric 
constant value. Hence, to obtain the best dielectric 
con·stant result. small antennas with short distance between 
the antennas and short coaxial cables should be used. The 
obtained value then can be applied for the simulation part 
using the CST simulation software. 
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Figure 4: (a) Free Space Measurement Technique (FSMT), to 
derive the dielectric constant of the rice husk, 
{b) dimensions of the horn antennas, and the distances 
between the horn antennas. 

Figure 5: The time gating setting at the PNA network 
analyzer. 

The distance between the two antennas needs to be 
considered for this technique. The distance used between 
the horn antennas and the particle board is 21.5 em, while 
the distance between the two antennas is 43 em. The 
actual distance between the particle board and the horn 
antennas is determined by applying the time gating setting 
at the PNA network analyzer, as shown in Figure 5. The PNA 
covers the frequency range from 2.2 GHz to 3.3 GHz, as this 
is the operating frequency range for the horn antennas. 
There are three peaks shown in the display of the network 
analyzer. The first peak is the response of the transmitter horn 
antenna; the second peak is the time domain gating 
feature, while the third peak is the response of the receiver 
horn antenna. Results better than 40 dB obtained for the 
differences between the non metal plate (MUT) and the 
metal plate (copper plate) indicate good and valid results. 

The result obtained for this difference between two piates is 
approximately 52.7 dB, indicating a very good 
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performance. The real and imaginary parts of the dielectric 
constant for the Phenol Formaldehyde (PF) - rice husk 
particle board (with 1 0% PF content) are obtained using the 
free space measurement technique, and are plotted in 
Figure 6. 
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vs Frequencies (I 0% PF Content) 

-RealpartofEpsilon . 

-- lmaginarypartofEptison , 

----------------------~ 

11.0 +------.--------,---.-----,-------,-__j 
2.4 2.6 :!.X J.O 3.2 

Frequency 

Figure 6: The real and imaginary parts of £r for the Phenol 
Formaldehyde (PF) -rice husk particle board (with 10% PF 
content) using the free space measurement technique. 

4. PARAMETRIC STUDIES 

The pyramidal microwave absorbers are designed using the 
Computer Simulation Technology Microwave Studio 2009 
(CST MWS 2009) simulation software. The design and shape 
of the pyramidal microwave absorber are based on the 
Eccosorb VHP-8-NRL Pyramidal Microwave Absorber and 
the TDK ICT-030 Pyramidal Microwave Absorber. The 
Eccosorb VHP-8-NRL absorber is designed using urethane 
foam as its base material, with carbon loading. The TDK 
ICT-030 absorber uses polystyrene as its base with carbon 
loading. Figure 7(a) shows the simulation design of the 
pyramidal microwave absorber using the CST software. 
Figure 7(b) shows the boundary conditions of the pyramidal 
microwave absorber, with port 1 as the transmitter port and 
port 2 as the receiver port. The value of the dielectric 
constant for this design is taken from the previous free space 
measurement technique, that is er' = 2.9. In this design 
simulation, the waveguide port or the starting signal point is 
located as normal incident (00) wit~ a distance of 30 em 
from the origin of the pyramidal microwave absorber. 

Table 2 shows the dimensions of pyramidal microwave 
absorber. The pyramidal shape has two main parts. The first 
part is the base part with 5 em length x 5 em length x 2 em 
thickness. The second part is the pyramid part with 13 em 
height. Six parameters of the pyramid must be considered 
before the pyramidal microwave absorber can be 
simulated. These parameters are the pyramid width (PW), 
the pyramid length (PL), the pyramid height (PH), the base 
width (BW), the base length (BL), and the base height (BH). 

There are various factors that can affect the performance 
of the pyramidal microwave absorber. These parameters 
are the dielectric constant of the material used, the mixture 
of the resin percentage, the source port distance and the 
angles between the source signal and the surface of the 
pyramidal microwave absorber. The parametric study uses 
the parametric sweep function in the CST Microwave Studio 
software. 
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Part Symbol Dimension (em) 

Pyramid Width Pw 5 

Pyramid Length PL 5 

Pyramid Height PH 12 

Base Width Bw 5 
Base Length BL 5 

Base Height BH 2 

Table 2: Dimensions of the Pyramidal Microwave Absorber. 

I'll ,___ 

··] 
,______. 

l'H 

(a) (b) 

Figure 7: a] Simulation design of the pyramidal microwave 
absorber using CST software. b) The boundary condition of 
the pyramidal microwave absorber with port 1 as the 
transmitter port and port 2 as the receiver port. 

4.1 RESIN PERCENTAGES 

Resin 

Urea 
Formaldehyde 

(UF) 

Phenol 
Formaldehyde 

(PF) 

The different resin percentages 
in the rice husk -res in mixture 

10% 

20% 

30% 
10% 

20% 

30% 

Table 3: Parametric study for different resin percentages of 
the pyramidal microwave absorber. 

The first investigation is to compare the different resin 
percentages in the rice husk-resin mixture. as shown in Table 
3. Two resins are used in this measurement: the Urea 
Formaldehyde (UF) and the Phenol Formaldehyde (PF). The 
percentages considered in this parametric study are 1 0 %. 
20% and 30% of the resin respectively. The three different 
resin percentages are used to observe the dielectric 
constants of the rice husk-resin mixtures. 

4.2 DISTANCE - SIGNAL SOUCE & PYRAMID 
SURFACE 

The distance between the signal source, which is the starting 
transmit point or starting port, and the surface of pyramidal 
microwave absorber is an important parameter that can 
affect the performance of the microwave absorber. This is 
shown in Figure 8. In this investigation, three values of 
distances are considered: 30 em, 60 em and 90 em, 
respectively. The 10% PF content is used for the PF- rice husk 
pyramidal microwave absorber. 
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Figure 8: Distance between the signal source and the 
pyramidal microwave absorber. 

4.3 SIGNAL SOURCE ANGLES 

Three different angles between the signal source (the 
starting port) and the surface of the pyramidal microwave 
absorber are investigated in this parametric study. The 
angles selected are 0°, 30° and 45° respectively. The 0° is the 
normal incidence while the 30° and 45° are the oblique 
incidences. The distance between the signal source and 
the pyramidal microwave absorber is set to 30 em. The 10% 
Phenol Formaldehyde (PF) content is used for the PF - rice 
husk pyramidal microwave absorber. Figure 9 shows the 
different angles that are used in this parametric study. 

Figure 9: Angles between the signal source and the surface 
of the pyramidal microwave absorber. 

5. CONCLUSION 

Rice husks have been mixed w ith different percentages of 
resins to make a rice husk - resin particle board. Urea 
Formaldehyde (UF) and Phenol Formaldehyde (PF) are 
investigated as the resins used in the rice husk - resin particle 
board. A free space measurement technique has been 
used to derive the dielectric constant of the resin - rice husk 
particle board. Simulations have been performed using the 
CST software, where the dielectric constant value of the rice 
husk - resin mixture has been taken from the free space 
measurement technique. Various parameters that affect 
the performance of the pyramidal microwave absorber are 
described. These are the dielectric constant of the mixed 
resin - rice husk particle board, the mixed resin percentages, 
the source - port distance and the angles between the 
source signal and the surface of the pyramidal microwave 
absorber. The results indicate that the rice husks have a 
great potential to be used as the material in a microwave 
pyramidal absorber. 
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