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Abstract 
In the recent, filler-polymer composites researches have been on the rise due to 
its implication to electromagnetic interference (EMI) applications. The compo-
sition, morphology and surface rheology of the filler-polymer composites play 
an immense role in determining the electrical, mechanical, and optical proper-
ties. In this paper, the preparation and characterization of micro-composites of 
wood (biodegradable waste material)/polycaprolactone (PCL) composites are re-
ported. The micro-composites were prepared using melt blend technique via the 
solid state route. This method was selected because of its numerous advantages 
compared to other methods such as being easy, cheap with mass production of 
materials. To determine attenuation, rectangular waveguide (RWG) method was 
used. The magnitudes of the transmission coefficient (S21) from the waveguide 
measurement were used to determine the attenuation of the wood-PCL compo-
site substrate with respect to different percentages of wood filler. Result from the 
measurement showed amongst others that as the filler content increases, the at-
tenuation increases. The highest magnitude for attenuation was calculated for the 
62.5% wood-PCL composites with a value of −6.46 dB and the least attenuation 
was calculated for the 12.5% wood micro filler, which value gave −3.34 dB which 
is good for low shielding applications. Scanning electron microscope (SEM) was 
used to study the surface morphology of the samples. 
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1. Introduction 

Most applications in engineering do deal with minimum shielding effectiveness. 
For this singular reason, the understanding and selection of materials for effec-
tive shielding are vital in both design and fabrication. Material behaviour to elec-
tromagnetic interference field is of immense importance, especially in areas of 
medical applications, military hardware, electronics, telecommunication industries 
and other shielding applications. Most casing or packaging for electrical and elec-
tronic devices is polymeric in nature. High amongst polymer characteristics are 
simplicity of fabrication, light weight, low cost, and excellent insulating property 
and these have made plastics one of the most suitable materials for electrical and 
electronics applications. The function of plastics in electrical and electronic ap-
plications was limited to no-load bearing general-purpose applications [1]. 

Based on this quality of polymer, the scientific community has delved into 
numerous researches to understanding polymeric compounds and substrates. 
With this development, polymer composite is the major player in the fabrication 
of novel materials good for a variety of different applications, such as electrical 
engineering and high frequency devices like microwave especially to shielding 
applications, microwave absorption and electromagnetic interference (EMI), 
electrodes and sensors [2]. 

The reinforcement of polymers using different types of organic or inorganic 
fillers is common practice in the production of systems with improved mechani-
cal, dielectric properties [3]. Micrometer-sized inorganic particles are commonly 
used for the reinforcement of polymer matrices to improve thermal conductivity, 
and meet mechanical requirements. Properties of the polymer composites are af-
fected by factors, like inherent characteristics of each component, contact, di-
mension and shape of the fillers, and the nature of their interfaces [4]. 

Knowledge of materials behavior placed in an electromagnetic field is of im-
mense importance especially when it relates to military hardware, electronics, 
communication, and industrial applications and shielding [5]. The measurement 
of transmission coefficient of materials in the microwave frequency range is 
found in several areas. It is vital that transmission coefficient measurement is 
fully understood so as to enable satisfactory attenuation measurements of mate-
rials good for microwave absorption. Attenuation is a function which can be af-
fected by a group of factors. For this study, concentration is based on the effect 
of the filler content on the matrix. 

In this work, wood-polymer composite structures were synthesized, and in-
vestigation on electromagnetic propagation, absorption properties of the sub-
strate at 8 - 12 GHz with thickness of 10 mm was carried out. The microwave 
properties of samples were investigated by using rectangular waveguide con-
nected with vector network analyzer via coaxial cable. Attenuation of wood-PCL 
micro-composites at filler contents of (12.5%, 22.5%, 37.5%, 50%, and 62.5%) 
were investigated in this work. The total volume fraction of the composites was 
set at 40 g. 
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2. Sample Preparation 
Wood-Polymer Composites 

Wood polymer composites materials were prepared via melt-blend technique by 
mixing the wood filler to PCL. The materials were weighed according required 
composition (Table 1). For the preparation of the samples used in this study, the 
followings were used; wood dust (99.9%) purity, (Sigma, Aldrich), Poly-
caprolactone, PCL (C6H10O2) 97.0% purity, with density of 1.146 g/cm3 (Sigma 
Aldrich). 

The wood-PCL composites was prepared via the melt blend technique using 
the Thermo Haake extruder Polydrive three-phase motor with a drive of 1.5 kW, 
3 × 230 V, 40 A and speed range of 0 - 120 rpm. In this method, the Thermo 
Haake machine is set to desire heating temperature and allowed to heat up. All 
other components of the machine are set following recommended settings. For 
our method, the machine is set to 90˚C for heating, the rotation of the rotors was 
set to 50 rpm. After the machine has reached the required temperature (80˚C) 
because it was close to the melt point (60 - 70)˚C of PCL. 

The polycaprolactone (PCL) is poured into the vial of the Thermo Haake 
heating block. After 5 minutes, the wood dust is introduced into the vial. The 
mixture is left for another 20 minutes before taken out and fabricated into 
desired dimension using hot and cold press. Table 1 illustrates the ratio of 
blending. 

3. Experimental 

The material under test is inserted in a piece of transmission line, and the prop-
erties of the material are deduced on the basis of the rejection from the material 
and the transmission through the material [6] [7]. The fringes of the field of ref-
lection due to this material are used to calculate its transmission and reflection 
coefficients. The method of using transmission lines in measurement is for ac-
curacy of results since microwave guides have field focusing ability [8]. For this 
study, sample is placed between two waveguides and excited with electromag-
netic radiation. 

For the transmission coefficient measurement, a 10 mm sample was placed 
carefully inside the RWG which then connected via a coaxial cable to network 
 
Table 1. Composition of samples prepared. 

Filler % PCL % 

12.5 (5 g) 87.5 

22.5 (10 g) 77.5 

37.5 (15 g) 62.5 

50.0 (20 g) 50.0 

62.5 (25 g) 37.5 
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analyzer (Agilent 8570B). For instrument validity, the waveguide was used to 
measure air and PTFE since both are standard materials. The specimen dimen-
sions are machined to fit as tightly as possible into the waveguide removing any 
possibility for air gap between the sample and the guide around the sample 
walls. 

Shown in Figure 1 is the measurement set up, showing the RWG. 
Figure 2 is the measured scattering parameter for the standard material (air). 

The result showed that the transmission coefficient is higher in magnitude than 
the reflection coefficient. Theoretically, the value of the transmission coefficient 
should be close to unity [9]. 

The scattering or S parameters of a two-port network are defined in terms of 
the wave variables [10]. 

Of importance is the nomenclature used for the scattering parameters. The 
parameters S11 and S22 are called the reflection coefficients, whereas S12 and S21 
are called the transmission coefficients. These are the parameters directly mea-
surable at microwave frequencies. Generally, the S parameters are written in 
complex form as [10]; 

( )1,2g
gg

g

b
S g

a
= =                         (1) 

 

 
Figure 1. Measurement set up for S-parameters. 

 

 
Figure 2. Measured S-parameter for standard material 
(air). 
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The result obtained via the Vector Network Analyzer (VNA) for the transmis-
sion coefficients (S21) is then used to compute the attenuation of the material 
under study using Equation (4). 

( ) ( )21Attenuation dB 20log S= −                  (4) 

Experimental Results 

After carrying out the measurements, the raw data were used to plot a graph of 
S21 against frequency. 

Careful observation on Figure 3, shows that the transmission coefficients with 
respect to wood filler content sequential decreases as content increases. Thus, 
transmission coefficient decreases with increased wood content. This behavior is 
in agreement with theory that states that denser materials decrease transmission 
[11]. The highest value of transmission coefficients is recorded for the lowest ra-
tio of filler at 5 g wood filler with the least value recorded for the highest ratio of 
filler at 25 g content. This result is in agreement with impedance mismatch 
theory, where materials with the highest permittivity depict lower transmission 
coefficient values [12]. 

Further observation in Figure 3 showed that transmission coefficient de-
creases as frequency increases for all samples. This might be attributed to perfect 
dispersion of the filler in the matrix. So the result, confirmed homogeneity of the 
particles dispersion in the matrix which will tend to increase or decrease the 
transmission of the electromagnetic radiation depending on the dispersion of 
wood dust in the matrix. However, the general result shows that the increase in  

 

 
Figure 3. Measured S21 for all samples. 
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filler content decreases the magnitude of the transmission coefficient for all filler 
composition at all frequency ranges as evident in Figure 4. 

Furthermore, the sinusoidal-like wave form over all frequency ranges was at-
tributed to the impedance mismatched between the input impedance of the wa-
veguide and the surface impedance of the sample as well as the characteristic 
impedance of the coaxial cable [13] [14]. 

To calculate the attenuation of the different wood-polymer pellets, raw data of 
the transmission coefficients was used. Equation (4) was then used to calculate 
the attenuation. The calculated result is then interpreted in Figure 5. Observa-
tion on Figure 5 shows that the least attenuation was calculated for the 12.5% 
wood filler content whereas the highest attenuation was calculated for the 62.5% 
filler content. 

This result is in agreement with S21 since the least transmitted composites 
have the largest absorption. 

Figure 6 depicts the mean value of attenuation for all filler percentage. The 
graph shows a continued increase in attenuation as filler content increases. This 
behavior is in agreement with theory that states that, denser materials decrease 
transmission [15]. This behaviour might be attributed to the perfect dispersion  
 

 
Figure 4. Wood filler content vs transmission coef-
ficients. 

 

 
Figure 5. Calculated attenuation of different composition of 
wood-PCL composites. 
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of the filler in the matrix, as the homogeneity of the particle dispersion in the 
matrix will tend to increase or decrease the attenuation of the EM radiation de-
pending on the dispersion of the wood particles in the matrix [16]. 

4. SEM Micrographs 

The filler composites were analyzed using scanning electron microscopy (SEM) 
with a field emission gun and an accelerating voltage of 10 kV. Shown in Figure 7 
is the micrographs for the 50% filler content. Complete dispersion of the wood 
dust into the polymer can be observed and this is attributed to good sample 
preparation technique. 

Further observation reveals that wood particles are indeed dispersed as dis-
crete particles in the polymer matrix. The compact wood particles are fully inte-
grated in the composites on the entire fractured surface. The morphology indi-
cates that wood particles have indeed reacted with the PCL evenly to produce 
wood-PCL composites [17]. 

5. Conclusions 
The synthesis of wood-polymer was successfully achieved in this work. Investi-
gation on the propagation of electromagnetic radiation through an RWG and 
 

 
Figure 6. Mean attenuation of the Wood-PCL compo-
sites. 

 

 
Figure 7. SEM micrographs of 50% filler composites. 
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determination of material attenuation were carried out at microwave frequency. 
The work was limited to transmission coefficient, attenuation and surface mor-
phology of the samples prepared. 

Since shielding effectiveness is the process of using specialized materials to 
reduce EMI field or waves that enter a specific enclosure. 

It is concluded that the material produced is good for microwave shielding 
applications in the range of 3.4 to 6.5 dB. 

Based on the results obtained, the materials produced in this work can be tai-
lored for electronics, telecommunication and medical industries. 
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