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Abstract This paper is to study the dielectric properties and microwave absorption
of rice husk ash/polyester (RHAP) composites. The RHAP composites prepared
with different weight ratio (40–80 wt. %) of rice husk ash (RHA) loading into
polyester was fabricated. A rectangular waveguide transmission line method was
used to measure the dielectric properties of the RHAP composites. The RHAP
samples were designed and simulated with different thickness and percentage
of RHA loading by using Computer Simulation Technology Microwave Studio
(CST-MWS) software. The materials, their dielectrics properties measurement and
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microwave absorption result over 12.4–18 GHz (Ku-Band) frequency range are
discussed. The dielectric properties of composites increase with increasing loading
the RA wt%. The RHAP sample with different thickness was investigated in
Ku-Band. The microwave absorption was up to 99.84 %, using 80 % loading of
RHA with thickness 15 mm at 13.81 GHz, and showing the RHAP composites is
applicable as microwave absorber.

1 Introduction

Microwave absorbers typically consist of unique materials with their properties
which absorb electromagnetic (EM) waves. To design of microwave absorber
requires specific materials properties, such as dielectric and magnetic properties
[1, 2]. The effectiveness of the microwave absorber depends on the dielectric and/or
magnetic materials loading in the composite. Recent years, agriculture wastes
materials have been reuse as microwave absorbing composites include oil palm,
sugar bagasse, rubber tire dust, and rice husk [3–5]. RHA is an industrial waste
obtained after burning the rice husks in furnace, open air or as fuel generate energy.
RHA has been used in adsorbent application for oils and chemicals [6].

In this paper, a type of RHA as loading in polyester resin for application as
microwave was investigated. The RHA-polyester (RHAP) composites of different
weight ratio of RHA loading are described. Dielectric properties and microwave
absorption of the composites have been evaluated. The RHA/polyester (RHAP) was
composites with difference loading of RHA from 40 to 80 wt. % of weight ratio.
The dielectric properties (εr = εr′ – jεr″) of RHAP samples are measured and
investigated in Ku-band. The εr

’ is called dielectric constant where is describes the
ability of a material to store electromagnetic wave, whereas the loss factor, εr″ is
describes the ability of a material convert the electromagnetic wave into heat and
dissipated [7, 8].
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2 Sample Preparations

To form the composites, raw RHA were mixed with polyester and methyl-ketone-
polymer (MEKP). The RHAP composite were filled into waveguide sample holder
to form into rectangular shape for WR-62 waveguide. Figure 1 shows the fabricated
sample filled into WR-62 waveguide sample holder to conduct measurement. The
size of the RHAP samples was fabricated in 15.799 × 7.899 × 5 mm3.

3 Experimental

3.1 Dielectric Properties Measurement

Rectangular waveguide transmission line technique was used to measure the
dielectric of RHAP samples. In this measurement, the calibration technique TRL
(through-reflect-line) applied is to minimize the residual errors of the measure-
ments. The Agilent 85071E software is to measure the dielectric properties from
transmission and reflection coefficient [9]. A pair of coaxial cable was connected to
Agilent E8362B performance network analyzer and the coaxial cables were con-
nected to the two waveguide. The sample holder was place between the two
waveguide adaptors.

3.2 Simulation

The size RHAP samples were designed to be 300 × 300 mm2 (length × width) to
evaluate the microwave absorption. To define the dielectric properties of the
material in the CST simulation, the dielectric properties of RHAP samples were
obtained from the dielectric properties measurement. RHAP sample with 80 %
RHA loading was tested with different thickness of 5, 10, 15, and 20 mm. The size
of aluminum plate was designed 300 × 300 × 5 mm3 (length × width × thickness)

Fig. 1 WR-62 sample holder
with RHAP sample
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was used as metal back plate which placed at bottom of the RHAP flat absorber
shown in Fig. 2. The purpose of the aluminum plate is to reflect back EM waves
where the EM waves could not penetrate through the aluminum plate. The RHAP
samples were simulated in normal incidence plane wave with different thickness
and various weight ratio of RHA loading by using Computer Simulation
Technology Microwave Studio (CST-MWS).

The reflection loss RLdB of the sample was calculated in decibel by using Eq. (1)
[10]:

RLdB ¼ 20 log
RLSample
RLref

ð1Þ

RLsample is referring to reflection loss of the samples with the metal back plate.
RLref is the reflection loss (RL) of the aluminum as the reference, fully reflected
(RLref ≈ 0 dB). The formula to calculate the percentage of microwave absorption
can refer to Eq. (2) [11];

Absorption;% ¼ 1� RLlinear½ � � 100% ð2Þ

Where RLlinear is the RL expressed in linear form.

4 Results and Discussion

4.1 Dielectric Properties

The measured dielectric properties of RHAP composites versus frequency were
shown in Fig. 3a, b. From the results, the dielectric constant (εr′) and loss factor,
(εr″) of the composites increased with increasing RHA loading in the composites
over the measured frequency region.

The 50 % RHA loading has the lowest average values of εr′ = 3.62 and εr″ = 0.24
compare with 60, 70, and 80 % RHA loading. For 60 % RHA loading, average
values of εr′ and εr″ are 3.89 and 0.30 respectively. Figure 3a, b clearly shows that

15 mm

5 mmAluminum

RHAP Sample

Fig. 2 RHAP flat absorber
with aluminum backed plate

44 Y.S. Lee et al.



the RHA loading increase to 70 %, the average values of dielectric constant and loss
factor also increased by 0.54 and 0.11 compared to 60 % RHA loading. The 80 %
RHA loading has the highest average values of εr′ = 4.80 and εr″ = 0.47. From the
analysis show increasing the weight ratio of RHA loading in the composites can
enhance dielectric properties of the RHAP composites. Table 1 shows the average
values of dielectric constant and loss factor of the different RHA loading over
12.4–18 GHz frequency range.

Fig. 3 a Dielectric constant and b loss factor of RHAP samples with 50–80 wt% RHA loading

Table 1 Average values of
εr′, εr″ of the different
RHA with 5 mm thickness

RHA Loading (%) (Average values)

Dielectric
constant (εr′)

Loss
factor (εr″)

50 3.62 0.24

60 3.89 0.30

70 4.43 0.41

80 4.80 0.47
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4.2 Reflection Loss and Microwave Absorption

The plane wave for evaluate RHAP samples performance were carried out in the
time domain solver using CST Microwave studio. The reflection loss with different
wt% (50, 60, 70, and 80 %) of RHA loading was simulated and evaluated. The
reflection loss of different RHA loading in the composites was shown in Fig. 4.

Figure 4 shows the 80 % RHA loading with 15 mm thickness has two minimum
RL peak < −10 dB; first peak = −28.4 dB at 13.81 GHz and second
peak = −18.82 dB at 17.72 GHz. For 70 % RHA loading, the RL < −20 dB is over
14.29–14.46 GHz. Besides, the 60 % RHA loading only have the RL < −10 dB
(>90 % absorption) between 14.82 and 15.60 GHz bandwidth. The 50 % RHA
loading do not has microwave absorption more than 90 % with thickness 15 mm,
but it has the maximum absorption 89.76 % at 14.85 GHz. The results clearly show
that the minimum peak of RL was shift to lower frequency with increasing the wt%
RHA loading. The RL and microwave absorption with 15 mm thickness of different
RHAP samples were shown in Table 2.

Figure 5 shows the reflection loss determined in the single layer of 80 % RHA
loading samples with different thickness (5, 10, 15, and 20 mm). The 80 % RHA
loading samples were simulated with different thickness.

From the results, the reflection loss minimum peak value and bandwidth change
with the different thickness of 80 % RHA loading. The minimum absorption with

Fig. 4 Reflection loss with different wt% RHA loading

Table 2 Performance of different RHAP samples with thickness 15 mm

RHA Loading (%) Frequency (GHz) Minimum peak (dB) Absorption (%)

50 14.85 −9.9 89.76

60 15.20 −16.8 97.92

70 14.38 −22.9 99.48

80 13.81 −28.4 99.84
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different thickness of 80 % RHA loading was showed in Table 3. When increased
the thickness of the 80 % RHA loading, the minimum peak was shift to lower
frequency. Different thickness of the 80 % RHA loading has different microwave
absorption more than 90–99 % at certain frequency. For thickness 15 and 20 mm,
both of the thicknesses have two minimum peaks. The happen due to the quarter
wavelength and impedance matching.

5 Conclusions

In this paper, the rice husk ash (RHA) have found considerable as microwave
absorber due to their carbon content and dielectric properties. RHAP samples with
different weight ratio (50, 60, 70, 80 wt. %) of RHA were fabricated and simulated.
The dielectric properties of RHAP samples were measured with rectangular
waveguide transmission technique support by Agilent 85071E software in
12.4–GHz. Single layer microwave absorber with backed by aluminum plate was
simulated and designed in CST-MWS. This work clearly shows that the values of
dielectric constant and loss factor increase by increasing the loading of RHA into
the composites. The reflection loss of 80 % RHA shows good absorption with
−28.4 dB (99.84 %) at 13.81 GHz and 90 % absorption (RL < −10 dB) at
13.44–14.23 GHz and 17.28–18 GHz of frequency bandwidth. The results of

Fig. 5 Reflection loss of 80 % RHA loading samples with thickness (5, 10, 15, and 20 mm)

Table 3 Microwave absorption of 80 % RHA loading with different thickness

Thickness (t) (mm) Frequency (GHz) Minimum peak (dB) Absorption (%)

5 14.85 −9.9 89.76

10 15.20 −16.8 97.92

15 14.38 −22.9 99.48

20 13.81 −28.4 99.84
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reflection loss show RHAP composite can absorb microwave in frequency range
12.4–18 GHz. The reflection loss and absorption results show that the RHAP
composites are suitable apply as microwave absorber.
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