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Abstract. In this paper presents nano-composites based on polyester (PE) matrix with multi-walled carbon 
nanotubes (MWCNTs) as fillers have been developed for microwave absorbing materials. The MWCNTs/PE 
composite samples were fabricated with different weight ratio of MWCNTs (3 wt%, 5 wt%, and 10 wt%). 
The electromagnetic properties of different MWCNTs/PE composite have been determined by using 
rectangular waveguide technique and Agilent material measurement software. Moreover, the reflection loss 
(microwave absorption) of MWCNTs/PE composite have been calculated based on the basis of transmission 
line theory. The performance of electromagnetic properties and microwave absorption of MWCNTs/PE 
composite were analyzed in X-band frequency. The dielectric loss properties of the composite are increse 
with increasing in MWCNTs weight ratio. The microwave absorption results show that such 3 wt% 
MWCNTs/PE composites sample with 4 mm thickness has achieved less than -10 dB values (< 90 % 
microwave absorption) of reflection loss. 
 
 
 

1 Introduction 
The rapid growth in science and wireless technology 

towards gigahertz frequency applications in modern 
communication has increased the electromagnetic 
interference (EMI) [1], [2]. EMI is cause by uncontrolled 
interference of electronic devices or systems. Therefore, 
the efficiency of EMI shielding or microwave absorbing  
materials (MAMs) were increasing to control the EMI 
pollution [3], [4]. For MAMs, it should can absorb 
microwave energy incident on it and have minimum 
reflection of the microwave energy.  MAMs can use to 
protect electronic device and also human body from 
harmful effect of these microwaves energy.  

Carbon nanotubes (CNTs) is a high carbon dielectric 
material which exhibit excellent electronic, mechanical, 
and material sciences [5], [6]. A composite material can 
defined as combining two or more materials to give a 
unique combination of properties. Recent years, 
composites based on CNTs with polymer matrix are 
widely used in many application due to the unique and 
advantageous properties offered by the new composites 
materials. Multi-walled carbon nanotube (MWCNT) is a 
tube with many CNTs inside which could be concentric 
or spirally spread [7]. The real part of dielectric 
properties is known as dielectric constant which indicate 
the energy store. Dielectric loss factor is the imginary 
part of the dielectric properties show the ability of 

material convert the stored energy to heat and dissipate. 
Therefore, the dielectric properties (  ) of 
the composites is important for microwave absorber [8], 
[9]. The interaction of microwave energy with MAMs is 
microwave energy stored (absorption) in materials and 
convert the energy to heat.  
 A good MAMs are require high microwave 
absorption performance, thin, and light weight. The 
electromagnetic properties of samples were investigated 
using network analyzer, and measurements were carried 
out using the transmission line technique to determine 
the dielectric properties of MWCNTs/PE samples. 
Furthermore, the reflection loss (microwave absorption) 
of the samples were calculated and analyzed. 
 

2 Reflection Loss 
In the present study, the reflection loss of the samples 
were calculated based on the basis of transmission line 
threory to analyze the best performance in microwave 
absorption over 8.2- 12.4 GHz frequency. The result can 
be explained base on the impendance matching as 
equation (1) and (2). In general, researchers use a perfect 
electric conductor (PEC) as a metal back plate to 
measure reflection loss of the MAMs [10], [11]. Figure 1 
shows the illustration of the MAMs with metal backed 
plate.  
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Fig. 1. Illustration of the MAMs with metal backed plate. 
 

MAMs are functional materials that absorb 
microwave energy with minimum reflection and 
maximum attenuation/absorption of the microwave 
energy. The reflection of microwave energy occurs when 
incident energy reflected from the MAMs interface and 
from the metal backing of the MAMs. Input impedance 
(Zin) of MAMs close to air (377 ohm), the reflection at 
the interface can be minimized. When an 
electromagnetic wave is incident normally to a single 
layer microwave absorber material is backed a metal 
back plate, the impedance is given by [12];  
 

   0
2

  tanhin rZ Z j fd
c

r
    (1) 

 
where, Z0 is the free space impedance given by, Z0= 

; c, f ,and d are the propagation 
velocity of the wave in free space, frequency of the 
incident wave, and thickness of the MAMs, respectively. 
The material properties namely the dielectric properties, 

  and magnetic properties, ;  
 is the thickness of MAMs; c and f are the velocity of 

light in vacuum and the frequency of microwaves in free 
space, respectively. For dielectric MAMs, the 
permeability, . 
 

In case of a metal backed single layered absorber, the 
normalized input impedance with respect to impedance 
in free space and the reflection loss with respect to the 
normal incident plane wave are given by [13]; 
 

     L 10
(Zin-1)

R (dB)= -20log  
(Zin+1)
 
  

         (2) 

 
There have two reflection phenomenon occurs when the 
microwave energy interact with MAMs. The first 
reflection is at the air-absorber interface while the 
another reflection is the energy propagated through the 
materials and bounce back from the metal backing of the 
MAMs. Reflection at the interface can be minimized by 
making input impedance of MAMs close to that of free 
space as known as impedance matching. 
 
 
3  Experimental 
 

The multi-walled carbon nanotubes (MWCNTs) used in 
this experiment was purity 99 wt% purity. MWCNTs is a 
nanomaterial which very hard to compacted due to the 
very large surface area. Hence, MWCNTs in this 
experiement was composites with polymer (polyester 
resins). In this experiment, the PE resins and Methyl 
ethyl ketone peroxide (MEKP) harden agent weight ratio 
are constants. The different weight ratio of MWCNTs as 
filler is the main parameter in this study. The 
MWCNTs/PE composites are prepared using mechanical 
mixing and MEKP is used as hardent agent for 
MWCNTs/PE samples. The samples are prepared in 
different weight ratio of MWCNTs (2 wt%, 3 wt%, and 
5 wt%) with dimension 22.860 mm x 10.160 mm x 5 
mm. The MWCNTs/PE composites preparation process 
was mixed the MWCNTs with PE resins and stir for 1 
hour shown in Figure 2. Then, the composites of the 
MWCNTs/PE was mixed with MEKP and poured into 
the rectangular sample holder mould flange and cured in 
room temperature 25 oC for 24 hours. The different 
rectangular samples of MWCNTs/PE was fabricated. 
Figure 3 shows the fabricated rectangular samples of 
MWCNTs/PE. 
 

 
 

Fig. 2. The MWCNTs composites is stired with PE resins. 
 
   

 
 

Fig. 3. MWCNTs/PE rectangular samples placed inside the 
sample holder. 
 
 
3.1 Material Properties Measurement 
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The electromagnetic properties of MWCNT/PE 
nanocomposites with various weight percentage 
MWCNTs were first measured in the X-band to get an 
indication of dielectric properties dependence on 
MWCNT percentage. There have two methods common 
use in the measure electromagnetic properties of 
materials; free space method and transmission line 
method. In free space method, the materials propertis 
characterization much more flexible to measure under 
dfferent condition. But the material under test (MUT) 
required larger than the horn antennas. In a transmission 
line method, the MUT is placed in a a piece of 
transmission line or sample holder. The MUT are placed 
in samples holder between two waveguide adaptors. This 
method is widely use in measure electromagnetic 
properties of small samples. The electromagnetic 
properties of material are characterize based on the basis 
of the reflection from the MUT and transmission through 
the MUT [14].  In this study, transmission line method is 
used to measure the dielectric properties of materials 
which suitable for small samples.   
 The rectangular waveguide transmission line 
technique is used to measure the dielectric properties of 
the MWCNTs/PE sample. A pair of coaxial cables were 
connected between Agilent network analyzer model 
E8362B and the rectangular waveguide adaptors (WR-
90). The fabricated MWCNTs/PE samples are inserted 
into the rectangular sample holder as shown in Figure 4. 
The sample holder is well connected between two 
rectangular waveguide adaptors with screws as shown in 
Figure 4. Figure 5 shows the sample holder is custom 
manufacture with size a = 22.860 mm, b = 10.160 mm, 
and d (thickness) = 4 mm. 
 

 
 

Fig. 4. Rectangular waveguide transmission line technique 
measurement setup. 

 
Figure 5 shows the Thru-Reflect-Line (TRL) calibration 
kits of the rectangular waveguide transmission line. The 
TRL calibration of the measurement is to eliminate the 
testing error induced by the gap between sample and 
flange. The transmission line is enclosured with 
conductor material. Therefore, the microwave just can 
propagated inside the rectangular waveguide. Then, The 

dielectric properties of MWCNTs/PE samples are 
computed by using the Agilent software 85071E [8].  
 

 
 
Fig. 5. TRL calibration Line and short for rectangular 
waveguide. 

 
4 Results and Discussion 
 

Figure 6 (a) and (b) represent the dielectric constant, 
loss factor, and loss tangent of different MWCNTs filler 
3 wt%, 5 wt%, and 10 wt% respectively. The dielectric 
properties of MWCNTs/PE samples are measured using 
rectangular waveguide mehod in X-band frequency 
band.  From the dielectric properties results, it can be 
observed that the weight percentage of MWCNTs filler 
effect the dielectric constant, loss factor, and loss tangent 
of dielectric properties. The dielectric properties increase 
with increasing of wt. % MWCNTs filler over 8.2 GHz 
to 12.4 GHz. The dielectric constant values increase 
from 4.08 to 15.52 with increasing the MWCNTs filler 
from 3 wt% to 10 wt%. Similar to the loss factor values 
increase from 1.63 to 11.27. For the lower MWCNT 
weight percentages, the loss factor was relatively flat 
with frequency. Table 1 shows the average values of 
dielectric properties of MWCNTs/PE samples in X-
band. 
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Fig. 6. (a) Dielectric constant and (b) loss factor of 3 wt%, 5 
wt%, and 10 wt% MWCNTs fillers (wt%). 
 
 
 

Table 1.  The dielectric constant and loss factor of 
MWCNTs/PE samples in X-band. 

 

Sample 
Average values 

Dielectric constant Loss factor 
3% MWCNTs 4.08 1.63 

5% MWCNTs 5.61 2.72 

10% MWCNTs 15.52 11.27 

 
 From the calculated reflection loss in Figure 7, a 
broadband MAMs would have a MWCNTs weight 
percentage 3 wt % of the composite. The results for 5 
wt% MWCNT samples cover the X-band with less than -
10 dB (< 90 % microwave absorption) shown in Figure 
7. Nevertheless, the 3 wt % MWCNTs weight 
percentage in MWCNTs/PE composites shows better 
broadband absorption than 5 wt % and 10 wt% of 
MWCNTs in X-band. The sample with 3 wt% 
MWCNTs shows average lower values of reflection loss 
in the frequency of X-band compare to the samples with 
5 wt% and 10 wt% MWCNTs. At the frequency of 10 
GHz the reflection loss value is close to -15.8 dB which 
corresponds to 97% of microwave absorption. From 
Figure 7, observed that sample 5 wt% MWCNTs 
reflection loss increase with increasing the frequency 
due to the mismatch of the impedance matching (Zin) at 
higher freqeuncy. Similar problem for sample with 
10wt% MWCNTs, MWCNTs/PE sample with 10 wt% 
MWCNTs has the highest values of reflection loss 
(lowest absorption) in X-band. This shows that the 
sample with high dielectric properties in range, r

’ = 15 
to 15.5 and r

’’  = 11.5 to12.5 with 4 mm thickness is not 
suitable use as microwave absorber in X-band. All this 
mismatch of impedance matching (Zin) over frequency 
range in X-band can be explained using the equation (1) 
and (2). The dielectric properties of materials and 
frequency range are the important factor to determine the 
absorption of MAMs. 

 
 
Fig. 7. The reflection loss of 3 wt%, 5 wt%, and 10 wt% 
MWCNTs fillers (wt.%). 

 
 
 
5 Conclusions 
 
 This study shows that the different application in 
microwave absorber with flexibility of the dielectric 
properties of materials to use as MAMs. MWCNTs/PE 
samples with different weight ratio (3, 5, 10 wt%) of the 
same MWCNTs were fabricated. The dielectric 
properties of MWCNTs/PE samples were measured with 
rectangulare transmission line technique and an Agilent 
85071E software in the X-band frequency. The 
microwave absorption properties of the MWCNTs/PE 
samples were design and calculated based on the basis of 
transmission line theory. 
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