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ABSTRACT 
 

Ferrite are conventional materials used for microwave absorption, however, they are expensive, 
constitute health hazard and pollutes the environment. For these reasons, there is need to explore 
safe and environmental friendly materials that can serve as radiation absorbers and be used in 
fabricating microwave devices. In the light of the above, this work was geared towards exploring 
the use of Unripe Plantain Husk (UPH) waste material for microwave absorber applications. The 
usability was determined by investigating the dielectric properties and attenuation of the UPH 
powder with respect to particle size and frequency of operation. The nano particle of the UPH was 
prepared aseptically by washing in water and acetone, sliced, sundried and grinded. The grinded 
UPH powder was then subjected to high energy milling using a SPEX 8000D shaker for 4 hours, 8 
hours, 10 hours and 12 hours. The milled powder was then prepared into pellets by suppressing 
with hydraulic press and mold which were then used for characterization. Results from investigation 
and analysis showed that the milled powder was in nano dimension using transmission electron 
microscope (TEM). The UPH powder sizes were in the range of 63.35 nm, 52.05 nm, 42.86 nm and 
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21.43 nm for the 4, 8, 10 and 12 hours milling, respectively. The dielectric constants for the as 
produced, 4, 8, 10 and 12 hours milled powder were 2.96, 4.97, 5.66, 6.97 and 10.36, respectively. 
The highest magnitude for attenuation was calculated for the 12 hours milled powder with a value 
of 14.92 dB and the least attenuation was calculated for the as produced powder with a value of 
6.72 dB. Based on the results obtained it is concluded that nano particles of UPH powder is good 
for microwave attenuation and is a potential for fabricating electronic components. 
 

 
Keywords: Attenuation; dielectric constant; unripe plantain husk; nano particles; microwave. 
 

1. INTRODUCTION 
 
The application of Electromagnetic (EM) waves 
are found in many applications in numerous 
areas such as wireless communication systems, 
radar, local area network, electronic devices, 
mobile phones, laptops and medical equipment’s 
at microwave frequencies [1]. Due to 
technological advancement in telecommunication 
and other electronic devices, electromagnetic 
interference (EMI) is now a challenge which must 
be suppressed to acceptable absorption limits. 
EMI reducing materials (absorbers) may be 
dielectric or magnetic and the design depends on 
the frequency range, the desired quantity of 
shielding and the physical characteristics of the 
devices being shielded. EMI could be 
suppressed by using waste materials that 
possess good or enhanced electrical and 
mechanical properties [2]. 
 
Microwave absorbers are materials that 
attenuate the energy in electromagnetic waves 
(EM) and are used to suppress EMI. Ferrite 
based microwave absorbers absorb the EM 
energies that propagates through it, converts and 
dissipates those energies as heat, however, 
ferrites have been reported to be toxic to humans 
and environment [3]. Microwave absorbing 
materials can be manufactured by a number of 
dielectric materials in powder/solid form, loaded 
with various kind of polymeric binder [4]. For 
microwave applications, many studies have been 
focused on the suitability of agricultural waste 
materials and whether they are fully 
biodegradable, environmentally friendly, 
abundantly available, renewable, and cheap and 
of low density. 
 
It is reported that the proximate chemical 
composition of UPH are lignin, amino acid, 
cellulose (10%) and hemicellulose (13%), protein 
(15%) and iron (20%) [5]. The iron content in the 
UPH influences the electromagnetic properties of 
the nano husk powder. Based on findings and 
reports of several investigations on microwave 
absorber, it is necessary to explore new material 

suitable for microwave absorption. This new 
material should meet standards of being 
biodegradable, environmentally friendly, 
abundantly available, renewable, and cheap [6]. 
In the light of the above UPH was selected as a 
materials possible to attenuate EM at microwave 
frequency. 
 
Conventional technique to measure microwave 
properties is filling a section of a standard closed 
transmission line such as a waveguide. However, 
in this technique it is extremely difficult to fit 
tightly solid materials into a waveguide without 
leaving air gaps especially for fragile materials 
like fibers. The microstrip transmission method is 
a good measurement technique in a wide band 
frequency range due to its simplicity in set-up 
and sample placement in the strip [7]. The 
microstrip transmission method is one of planar 
transmission line method since the materials can 
be easily loaded in the measurement test fixture. 
The microstrip transmission line is based on a 
reflection and transmission technique adapted to 
a two port microstrip transmission line [8]. 
 

2. THEORY 
 

For two-port network in scattering parameter 
measurement, the wave variables are defined as 
[4]; 
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Where, an = 0 indicates that there is a perfect 
impedance match meaning there is no reflection 
from terminal impedance at port n. The 
expression in equation (1) and (2) may be 
rewritten as; 
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Where, the matrix containing the S parameters is 
referred to as the scattering matrix, which is 
simply denoted by [S]. 
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The parameters directly measurable at 
microwave frequency are S11 and S22 called the 
reflection and S12 and S21 called the transmission 
coefficients. Scattering parameters are complex 
in terms of magnitude. However, they mostly 
expressed in terms of amplitudes and phases. 
Often their amplitudes are given in decibels (dB), 
which are defined as; 

 
��� = |���|�

�∅��																																																		(4)  

 
Where m = 1, and n = 2. 

 
Equation (4) when written in the form of decibel 
will give; 

 
�� = 	−20 log(���)																																													(5)  

 

Thus, the attenuation of materials can be 
calculated using the formula given in equation 
(5).  
 

�����������	(��) = 	−20 log(���)																(6)  
 

The measurement with the microstrip 
transmission line entails placing the sample flat 
on the strip line without any air gap then the 
flanges of the microstrip are connected to the 
(vector network analyser (VNA) via port 1 and 
port 2. The result obtained for the transmission 
coefficients (S21) is then used to compute the 
attenuation of the material under study using 
equation (6). Transmission coefficient (S21) 
measurement setup is shown in Fig. 1 (a & b). 
The setup consists of a microstrip antenna and 
an Agilent N5230A PNA-L. 

 
 

Fig. 1. (a) Microstrip antenna (b) S21 measurement setup 
 

 
 

Fig. 2. Milled and compressed UPH powder 
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3. METHODOLOGY (SAMPLE PREPARA-
TION) 

 

UPH nano powder was prepared by mechanical 
alloying technique after washing the husk in 
water and acetone, sundried and grinded. The 
grinded UPH powder was then sieved to a 
dimension of 200 μm. 40 g of the 200 μm was 
then mechanically alloyed using high energy 
milling in SPEX 8000D shaker for 4, 8, 10 and 12 
hours each. The 8000D shaker was operated at 
1400 rpm by a 50 Hz motor at a clamp speed of 
875 cycles/minute using a ball to powder ratio of 
10:1. The milled powder was then prepared into 
rectangular pellets of 8 mm thickness for each 
milling time using hydraulic press and block mold 
specifically constructed for this purpose. The 
thickness chosen is as recommended by Agilent 
Technologies for pellets measurement involving 
microstrip transmission lines. The samples milled 
at different milling times were analyzed using 
Transmission electron microscope (TEM), and 
Atomic Force Microscope (AFM) to study their 
surface morphology. Fig. 2 is the grinded UPH 
powder before mechanical alloy and pellet of the 
milled UPH nano powder. 
 

Measurements of the dielectric constant and loss 
factor of the milled powder was were done at 
room temperature using Agilent 85070B open 
ended coaxial probe (OECP) which was 
connected to a high accuracy coaxial cable to an 
Agilent N5230A PNA-L vector network analyzer 
(Agilent Technologies, CA, USA) at X-band 
frequency. For calibration, a 3.5 inch high density 
shorting block and distilled water at 25°C were 

used for a one-port reflection-only system. The 
calibration was verified by measuring the 
permittivity of water (standard material) and 
comparing the results with manufacturer’s 
values. Good agreement of the measurement 
results for water and that of manufacturer’s value 
means perfect calibration. Shown in Fig. 3 is the 
measurement set-up for complex permittivity 
measurement. The open ended coaxial probe is 
firmly placed on the surface of the pellet to 
determine their complex permittivity using the 
equipment’s software. 

 
4. RESULTS AND DISCUSSION 
 
4.1 Surface Morphology  
 
4.1.1 Transmission electron microscope 

 
TEM micrograph shown in Fig. 4 is of the UPH 
nano powder obtained from the milling process 
for the different milling hours. The as produced 
samples before milling was measured to be 200 
μm using a sieve. Observation on the milled 
samples showed that as milling hour increases, a 
smaller particle size begins to emanate due to 
the thermal energy supplied in the vial during the 
milling. Analysis showed that grain disintegrated 
from micro meter sizes to nano dimension after 4 
hours of mechanical milling. The particle size 
distribution obtained from TEM micrographs 
showed that the average particles sizes are 
63.35 nm, 52.05 nm, 42.86 nm and 21.43 nm for 
the 4, 8, 10, and 12 hours milling hour, 
respectively. 

 

 
 

Fig. 3. Measurement setup for dielectric constant and loss factor 
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Fig. 4. TEM micrographs for all samples prepared 
 

4.2 Atomic Force Microscope 
 
Atomic force microscopic analysis is used in this 
work to study the nano-metric dimensional 
surface roughness and for visualizing the surface 
texture. The surface of the UPH nano powder 
were measured at a horizontal scale of 2 μm and 
vertical scale of 50 nm. Shown in Fig. 5 is a two-
dimensional (2D) AFM images for the UPH 
samples for milling hours of 4 to 12 hours which 
depicts grooves and valleys. Further observation 
showed that powder surface morphology at 12 
hours is smoother than that of the other milling 
hours which is attributed to grain disintegration. 
[9] described that longer milling hours can 
stimulate the migration of grain boundaries and 
cause the coalescence of more grains during the 
milling processes which in-turn causes domain 
walls development. The surface roughness of the 
nano UPH pellets decreased from 26.52 to 15.07 
nm as the milling hours increased from 4 to 12 

hours. Based on AFM analysis, the surface 
roughness of the samples is considered smooth 
since the roughness was in nm scale              
proposing that the samples are good for 
electromagnetic propagation with regards to 
sample surfaces. 
 

4.3 Complex Permittivity 
 
Shown in Fig. 6 is the dielectric constant for the 
as prepared sample and the nano powder of 
different milling hours. Careful observation 
showed that the dielectric constant decreased 
sequentially as frequency increased from 1 to 20 
GHz. The declivity was attributed to material 
polarization due to continuous divergent electric 
field [4]. Due to the accumulation of charges 
created by the dense surface of the nano UPH, 
there tends to be higher dielectric constant which 
was excited by the interaction between the 
materials and electromagnetic waves [4]. 

200 μm 

63.35 nm 52.05 nm 

42.86 nm 21.43 nm 



Fig. 5. AFM micrographs for the 
 

Fig. 6. Dielectric 
 
Further analysis showed that materials with the 
least powder size had the highest dielectric 
constant. The reduction of dielectric constant at 
high frequencies must have been influenced by 
the gradual decrease in the orientation change or 
dipole movement at high frequencies [10]. The 
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AFM micrographs for the nano samples prepared 

 
Dielectric constant of samples prepared 

Further analysis showed that materials with the 
least powder size had the highest dielectric 
constant. The reduction of dielectric constant at 
high frequencies must have been influenced by 

al decrease in the orientation change or 
dipole movement at high frequencies [10]. The 

amount of lignin and iron constituents in the UPH 
also influenced the dielectric constant. The 
average dielectric constant for the samples were 
observed to be 2.96, 4.97, 5.66, 6.97 and 10.36 
for the as prepared, 4, 8, 10 and 12 hours milled 
samples, respectively. The behavioral trend of 
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the samples with respect to milling hours can be 
clearly seen in Fig. 7. This results confirms that 
nano materials of microwave absorbing UPH are 
better than those of other fibers where oil palm 
fibers (OPEFB) highest dielectric constant was 
reported to be 3.65 [11]. 
 
Careful observation on Fig. 8, shows the gradual 
increase in loss factor as milling hour increases. 
The general decrease in loss factor as frequency 

increases is attributed to material polarization 
orientation also associated to the UPH chemical 
constituents [12]. From analysis, it is then 
concluded that loss factor depends on the 
dimension of material and frequency of 
operation. The switchback-shaped line for the 
loss factor is visible in all sample sizes which is 
evidence of mismatch theory between the 
measuring flange of the VNA and sample 
surfaces [13]. 

 

 
 

Fig. 7. Milling time vs average dielectric constant 
 

 
 

Fig. 8. Loss factor of prepared samples 
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Fig. 9. Loss tangent of prepared samples 
 
The graph shown in Fig. 9 represents the loss 
tangent and it depicts a ripple like trend at lower 
milling hours which might be due to voids in the 
suppressed sample. The change in loss tangent 
as milling hour’s increases may be attributed to 
different physical properties, such as the particle 
size, material density and surface dispersion 
[14]. The loss tangent for all the samples 
indicated that, the ordered behavior of the 

particle sizes was due to the increasing 
frequencies and sample particle rearrangement 
[6]. The highest loss tangent was obtained at             
the lowest frequency, for the 12 hours                  
milled  sample with a value of 0.6. The steep     
dive by the 200 μm powder (as prepared)           
simply shows that nano materials are                           
better than micrometer in electromagnetic 
suppression. 

 

 
 

Fig. 10. Transmission coefficient of samples prepared 
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Fig. 11. Attenuation of samples 
 

4.4 Transmission Coefficient (S21) 
 
The increase in S21 magnitude as milling hours 
increases is clearly distinguishable from one 
sample to another. Observation shows that there 
is high absoprtion of electromagnetic waves 
which propagates through sample at the higer 
milling hours, thereby leading to diminished 
transmitted waves. This behavior is in agreement 
with the impedance mismatch theory which 
states that the higher the dielectric properties of 
a material, the lower its magnitude of 
transmsission coefficient [15]. The result in Fig. 
10 clearly support the results in Fig. 6, where the 
powder with the highest dielectric constant then 
tend to absorb more energy of the 
electromagnetic waves that were propagating 
through the samples. 
 

4.5 Attenuation of Samples 
 
The X-band spectra for attenuation were 
calculated using the the formula in equation (6). 
The calculated attenuation of the UPH 
nanopowder is shown in Fig. 11. Observation on 
Fig. 11 showed that attenuation at 8 GHz for the 
UPH powder ranges from −3.1 to −12.9 dB and 
the values at 12 GHz ranges from -4.9 to -22.5 
dB. There was a clear indication of a sharp 
increase in attenuation as milling hour increased. 
The increase is attrubuted to the disintergation of 
the powder samples resulting in increased 
surface area hence increasing the attenuation of 
the nano UPH powder [16]. In electronic devices, 
standard attenuation values can be ranged from 

−0 to −60 dB with frequency maximums that 
range from 1 to 50 GHz depending on 
attenuators type [13]. Based on the standard 
reported, the UPH material produced is good for 
attenuation, especially at low and medium 
sheilding applications. 
 

5. CONCLUSION 
 
High quality nano powder was synthesized from 
waste material of UPH using high energy ball mill 
at different hours thereby enhancing its size from 
micrometer to nano meter scale. The milling 
procedure produced sequential increase in 
dielectric constant and attenuation as milling 
hour’s increases. The gradual increase in 
attenuation and dielectric constant made the 
UPH nano powder a potential player in 
electromagnetic microwave absorbing materials. 
The microstructural evolution of the milled 
powder as particles disintegrated, facilitated the 
improvements in the electromagnetic properties 
of UPH nano samples. 
 
The surface morphology displayed by the 
nanopowder confirmed their ability to attenuate 
microwaves in the X-band frequency range. The 
significant electromagnetic properties of the UPH 
nano powder can be employed in possible 
applications requiring tunable attenuation of 
electromagnetic energy. This material with 
improved dielectric and attenuation properties 
are cheaper to produce, lighter, biodegradable, 
abundantly available and environmentally friendly 
and could reduce the limitations associated with 
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the ferrites commonly used in microwave 
absorption applications. The UPH nano material 
can be prepared into sheets and fabricated as 
printed circuit boards and covers for EMI 
radiating devices. 
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