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Abstract  The main objective of this research was to fabricate a flexible Multi-component Nanocomposite
(MN) cover with high efficiency to absorb Electro-Magnetic Waves (EMW). For this purpose, nine MNs
containing Carbon Nanotubes (CNTs), core-shell structure of Polyaniline-Fe;O4 (PANI), and Nickel Nanowires
(NiNW) were prepared with different weight percentages of 2, 4, and 6 with the thickness of 2 mm within the
waterborne polyacrylic. Then, their structural characteristics were investigated through Field-Emission Electron
Microscopy (FE-SEM). The protection value of the covers against EMW were measured using a Vector Network
Analyzer (VNA) machine at the frequency range of 8-12 GHz. The results revealed that followed by an increase
in the concentration of the fillers, they formed a dense and conductive network within the matrix, thus leading
to more interaction by EMW and eventually more absorption. The simultaneous presence of all three of EMW
absorbtion enhancers including CNTs, PANI, and NiNW offered a more effective shielding than that in both
single and double components by improving the matrix electrical and magnetic conductivity. Finally, the
evaluations proved that the nanocomposite containing the mentioned three fillers with the wight percentage of
6 wt % and effective shielding of 22 dB exhibited the most ideal performance between other nanocomposites

over the X-frequency range.
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1. INTRODUCTION

The electromagnetic radiation emitted by the
electronic devices causes an increase in the magnetic
pollution which in turn has adverse effects on the
electronic systems and human health [1, 2]. Effective
shielding covers are one of the well-known methods for
reducing the unfavorable impacts of this radiation that
are also regarded as an efficient method for suppressing
the radiation of electromagnetic waves and protecting
the equipment [3]. Great interests have been taken in the
polymeric nanocomposites due to their significant
efficiency in shielding against the electromagnetic
radiations. Carbon nanotubes are known as the
conductive fillers that are widely applied due to their
high surface-to-volume ratio, very low permeability,
unique electrical conductivity, and low mass density [4].
In addition to the carbon nanotubes, some other
materials such as polyaniline, iron oxide, and nickel can
be used for the fabrication of the electromagnetic wave
shields owing to their high conductivity and suitable
magnetic properties [5, 6]. Many research studies have
been conducted to develop a method and find the
suitable materials for preparing an effective
electromagnetic shield [7, 8]. To the best of our
knowledge, the effect of the application of

multicomponent fillers on the function of the
electromagnetic properties of flexible nanocomposites
has rarely been investigated. In this regard, the present
research aims to propose a method for producing nature-
friendly multi-component flexible, low thickness, and
high efficiency electromagnetic shields. To this end, a
multi-component nanocomposite consisting of carbon
nanotubes, nickel nanowires, and polyaniline core-shell
nano-structure with iron oxide within the flexible
waterborne polyacrylic matrix was prepared with
different concentrations. In this regard, attempts were
made to investigate the effects of each component of the
nanocomposite as well as their combination on the
overall effective shielding, absorption characteristics,
and reflection of waves in the frequency range of 8-12
GHz.

2. MATERIALS AND METHODS

In order to prepare the polyaniline-Fe3O4 core-shell
structure, in-situ synthesis [9] was taken into
consideration. Nickel nanowires were synthesized based
on the method proposed in [10]. To achieve a high
dispersion degree and reduce the re-agglomerates, the
carbon nanotubes were functionalized [11]. To fabricate
the nanocomposites, first, 2 mL of 50 % waterborne
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polyacrylic with 6 mL of distilled water (with a ratio of
1:3) was diluted. The low viscosity of the matrix
facilitates the efficiency enhancement in the function of
ultrasonic waves in both spreading and dispersing of
nanoparticles. Next, the nanomaterials with different
weight percentages were added to the prepared matrix.
Then, the suspensions were sonicated for 10 minutes at

the power of 50 watts. The obtained mixtures were
individually poured into a silicone mold with the
dimensions of 22.8 x 10.1 x 2 mm. The samples were
then kept at the ambient temperature for 12 hours to dry
completely. The shielding performance of the samples
were measured by a VNA machine in the frequency
range of 8-12 GHz.

Table 1. Nanocomposite shields prepared with different concentrations and compositions

Number of filler components | Nanocomposite covers | MWCNT (W%) NiINW (W%) | Fe304-PANI (W%)

No. 1 6% _ _

Single component No. 2 6 %
No. 3 _ _ 6 %
No. 4 6 % 6 % _

Duple component No. 5 6 % 6 %
No. 6 6 % _ 6 %
No. 7 2% 2% 2%

Three components No. 8§ 4%, 4%, 4%,
No. 9 6 % 6 % 6 %

3. RESULTS AND DISCUSSION

Figure 1 individually demonstrates the shielding
components of each prepared specimens including
absorption loss, reflection loss, and total shielding (EMI
SE). This figure makes a comparison of the obtained
results and according to the results, nanocomposite No.
9 exhibited the best performance with the highest total
effective shielding value equal to 22 dB. High weight
percentage of the fillers within this sample increases the
probability of electromagnetic waves interacting with
the conductive fragment, thus enhancing the EMI SE
[11]. Moreover, formation of the conductive network by

carbon nanotubes and nickel nanowires in higher
concentrations is another reason based on which we can
justify our findings. Obviously, a decrease in the
concentration would reduce the interaction of
electromagnetic waves with conductive fragments,
hence a reduction in the effectiveness of EMI SE.
Introduction of any further individual filler could not
enhance the shielding as much as addition of
multicomponent composition could do. In summary, it
can be concluded that application of only single-
component nanoparticle materials such as iron oxide and
nickel nanowires cannot provide the desired shielding
against electromagnetic waves [12-14].
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4. CONCLUSION
In this research, the flexible and effective

electromagnetic shields were fabricated using a single-
and multi-component fillers. The evaluations showed
that the simultaneous addition of 6 % of three fillers, i.e.,
carbon nanotubes, nickel nanowires, and Fe;O4-PANI,
could increase the total shielding up to 22 dB. This
achievement was attributed to an increase in the
effective interaction between the electromagnetic waves

and nanoparticles and formation of a conductive
network by nanotubes and wires.
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