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Abstract: Efficient shielding materials are extremely important to minimize the effect of electro-
magnetic interference. Currently, various composite materials are being investigated with different
shielding efficiencies reported. In this paper, a flexible and free-standing sodium-based chitosan
(CH/Na) polymer with copper selenide (CuSe) filler was prepared for electromagnetic shielding.
The CH/Na/CuSe polymer matrix was prepared via the direct casting technique at different wt%
of CuSe, varying from 2 to 20 wt%. The polymer matrix was then characterised by using Fourier
transform infrared (FTIR) spectroscopy to confirm the interaction between the CH/Na and CuSe.
The XRD results revealed that the CH/Na/CuSe polymer was successfully formed. Improvement in
the electrical conductivity was confirmed by an impedance spectroscopy measurement. The highest
electrical conduction recorded was at 3.69 × 10−5 S/cm for CH/Na/CuSe polymer matrix with
20 wt% CuSe. An increase in total electromagnetic interference (EMI) shielding efficiency (SET) of up
to 20 dB (99% EM power shield) was achieved, and it can be increased up to 34 dB (99.9% EM power
shield) with the thickness of the polymer increased.

Keywords: electromagnetic interference; EMI shielding; conducting polymer; impedance spectroscopy

1. Introduction

Electromagnetic interference (EMI) is an electromagnetic signal that interferes with
other electronic equipment regular operations. Interference is one of the many challenges
in the rapid growth of smart electronic devices which operate at a high frequency [1]. Many
of these electronic devices are placed in plastic cases that provide no shielding, making
them susceptible to incoming/outgoing interference that can cause device malfunctions.
Conventional methods of using a solid or mesh metal gasket for EMI shielding are effective.
However, the metal gasket is expensive, has a high mass density, is inflexible, and is
easily exposed to corrosion [2]. Lightweight and flexible materials are useful, especially
in personal electronic devices and the aerospace industry, in which weight, size, and high
EMI shielding are important.
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In recent years, works on the use of conductive polymers to replace pure metal for EMI
shielding have been on the rise [3,4]. Conductive polymers have high conduction and offer
higher shielding efficiency compared to standard, nonconducting polymers. Works that
utilised either ionic conductivity, electron conductivity, or both have been reported [5,6].
Works improving polymer conductivity by chemical modification of the polymer chain or
by a mechanical process of inserting highly conductive material as filler into the polymer
matrix have also been included [7].

Copper Selenide (CuSe) is a type of binary metal chalcogenide compound with a
semiconductor structure. CuSe has received extensive attention due to its unique elec-
trical and optical properties [8–10]. This material can be formed into various types of
crystallographic structures, such as orthorhombic, monoclinic [11], cubic [12,13], tetrago-
nal, and hexagonal [14,15]. Various crystallographic structures make them essential for
specific applications, such as solar cells, superionic conductors, photodetectors, Shottky
diodes [16–19], sensors, polarisers, and thermoelectric devices [15,20]. The reported value
of CuSe electrical conductivity in the range of 8.24 × 102 to 1.03 × 103 S/cm [20] seemed
to have a high potential for EMI shielding purposes. However, CuSe is a nonferrous
material with zero magnetic moments detected in an undoped CuSe sample [21]. Hence,
the shielding will depend solely on the electrical properties of the CuSe sample.

Chitosan’s properties, such as nontoxicity, biodegradability, and antimicrobial proper-
ties, have made it attractive for many applications, such as in biotechnology, pharmacies,
drugs, food, and biosensors [22]. Chitosan is a nonconducting polymer in its initial
state with hydroxyl (-OH) and amino (-NH2) groups available as binding sites for metal
ions. Adsorption of metal ions into the binding sites of chitosan cause the resistivity of
the polymer to decrease and overall conductivity to increase [23]. Works on chitosan
for polymer electrolytes show an increase in conduction from 1.91 × 10−4 µS/cm for
pure chitosan to 2.41 × 10−4 S/cm with the addition of 40 wt% of NaTf salt, and for
works on a CS AgNO3 system doped with 1 wt% alumina, the conduction increased to
2.3 × 10−6 S/cm [24,25]. In a work using Li+ ions at a different percentage glycerolized in
chitosan film, a 5.19 × 10−4 S/cm conduction was shown to be obtained [26]. The pres-
ence of ions changes the chitosan polymer from pure dielectric to a dielectric–conductor
composite, having overall conductivity in the conducting polymer region.

This work focused on producing a polymer matrix using sodium-based chitosan
embedded with CuSe as a conductive filler in an EMI shielding application. The addition
of a conductive filler will enhance the polymer’s electrical properties with lower resistance
and better conductivity, which will increase its total EMI shielding effectiveness.

2. Methodology
2.1. Material

Chitosan with medium molecular weight (75–85% deacetylation, Mw 190,000–310,000 Da)
and acetic acid (99% purity) were purchased from Sigma-Aldrich (Burlington, VT, USA).
Sodium ion standard solution (1000 mg/L) was purchased from Fischer Scientific (Hamp-
ton, NH, USA). The working solutions of sodium ion concentrations (100 mg/L) was
obtained by diluting the 1000 mg/L standard solution with deionised water. All chemical
reagents employed during chemical coprecipitation to make the CuSe nanoparticles powder,
such as CuCl2.2H2O (Fisher Scientific), Se metal powder (HmbG Chemicals), and NaOH
(Fisher Scientific), were of analytical grade and were used without further purification.

2.2. Cuse Synthesis

The CuSe powder was synthesised via the chemical coprecipitation method [20].
Elemental selenium was completely dissolved in 12 Mol/L NaOH solution and mixed with
Cu2+ solution obtained from 0.03 mol CuCl2.2H2O to form black precipitates. The reaction
mixture was stirred for another 24 h to ensure complete reaction. The black precipitates
were centrifuged and washed several times with distilled water to remove the unreacted,
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unabsorbed, or excess selenium ions. The powdered precipitate was oven dried at 70 ◦C
for 24 h.

2.3. Film Fabrication

The Na-based chitosan polymer solution was prepared by dissolving 2 g of medium
molecular weight chitosan in 50 mL of Na solution at 100 mg/L concentration. Then, acetic
acid (1 v/v%) was added to the solution and stirred until a homogeneous solution was
obtained. Once the homogeneous solution was obtained, 1% of glycerol was added as
plasticizer to the chitosan solution and stirred for an additional 4 h.

The ready CuSe powder was dispersed into deionised water at the required weight
percentage, ranging from 2 wt% to 20 wt% and sonicated for 2 h. Then, the dispersed
CuSe filler was mixed with prepared Na-based chitosan solution and further sonicated to
promote the interaction between chitosan and CuSe nanoparticles. The final solution was
directly cast and oven dried at 60 ◦C for 24 h.

3. Characterization

The impedance measurement was conducted by using an electrochemical workstation
(ZIVE SP1, WonA Tech, Seoul, Korea) with frequency between 10 Hz and 1 MHz at room
temperature. The polymer films were placed between two stainless steel electrodes with
a diameter of 2 cm. The bulk resistance (RB) obtained from the Nyquist plot was used to
calculate the conductivity (σ) by using Equation (1):

σ =
t

RBA
(1)

where t is the polymer film thickness, and A is the electrode area.
The dielectric permittivity of the polymer film, which provided information on the

polarisation effect, ability to store charge, and loss, was also investigated. Dielectric
permittivity is a complex value, whereby the real part consists of dielectric constant (εr),
while the imaginary part consists of dielectric loss (εi). These values can be deduced for
the dielectric constant and dielectric loss values from the complex impedance, as shown in
Equations (2) and (3) [27]. The Co is capacitance of the empty cell electrode, and Zr is the
real part of impedance, while Zi is the imaginary part, andω is the angular frequency:

εr =
Zr

ωCo(Zr 2 + Zi
2)

(2)

εi =
Zi

ωCo(Zr 2 + Zi
2)

(3)

The shielding efficiency measurement was performed using two X band waveguides
connected to the vector network analyser (8510C, Agilent). All samples were cut into
23 mm × 10 mm and were ensured to be flat during measurement. Full two-port calibra-
tion was done before the measurement to eliminate system error. The measurement was
conducted at a frequency between 8 GHz and 12 GHz.

The effectiveness of any material in shielding against EM waves is measured by
its shielding efficiency (SE). The total shielding efficiency (SET) is calculated based on
the reflection shielding (SER) and absorption shielding (SEA) of the polymer film. The
amount of EM radiation that is absorbed depends on the electric and magnetic dipoles,
while the amount reflected depends on the polymer film conductivity. Multiple reflections
are neglected when the polymer thickness is more than the skin depth at the measuring
frequency. For thin material, the EM energy becomes trapped and reflected between the
boundaries of the material. For a thicker material (multiple skin depths thick), the multiple
reflection can be neglected due to the attenuation in the material that will reduce the signal
strength as it travels between the boundaries.
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The SET, SEA, and SER values can be calculated from Equations (4)–(6), whereby S11 is
the forward reflection coefficient, and S12 is the forward transmission coefficient [28]:

SET(dB) = SER + SEA (4)

SER(dB) = −10 log
(

1− S2
11

)
(5)

SEA(dB) = −10 log

(
S2

12

1− S2
11

)
(6)

The SER equation can be written as a function of the shielding material conductivity
as given by [29]:

SER = −10 log10

(
σ

16ωµεo

)
(7)

The SEA value mainly contributed to the ohmic loss of the shielding material. The
increase in SEA can be related to the properties of the shielding material, as shown in
Equation (8) [30,31]:

SEA = −20
t
δ

log e (8)

where t is the thickness, and δ is the skin depth and represented by

δ =

√
2

ωσµ
(9)

Therefore, SEA can be written as

SEA = −8.86t
√

fµσ
2

(10)

From Equation (10), it was noted that the SEA was also the function of material
conductivity (σ) and permeability (µ).

4. Results and Discussion

The resulting film from the drying process was a free-standing, opaque, and flexible
polymer with thickness varying from 0.119 mm to 0.152 mm. All the samples were then
characterized by XRD and FTIR to observe the present of CuSe filler in the chitosan
polymer, while impedance spectroscopy and a network analyser were used to investigate
the electrical and shielding properties of the CH/Na/CuSe polymer matrix.

4.1. XRD

The XRD patterns for the CH/Na/CuSe polymer matrix with different CuSe concen-
trations (2 wt%, 11 wt%, and 20 wt%) are presented in Figure 1, as well as pure chitosan
and chitosan with sodium. The peaks observed at 2θ = 26.6◦, 28.1◦, 31.0◦, 46.0◦, 50.0◦, and
56.6◦ for 2 wt%, 11 wt%, and 20 wt% of CuSe concentrations matched well with the JCPDS
96-900-0064 pattern, which corresponded to the hexagonal phase of klockmannite [20].
For pure chitosan, there was a characteristic peak found at a broad peak position of ~20◦,
which matched the chitosan intermolecular chains alignment [32]. When a sodium ion is
introduced to the chitosan matrix (denoted in black line in Figure 1), the intensity of the
pure chitosan crystalline peaks decreases, and the peak at ~25◦ broadens. Chitosan be-
comes protonated when dissolved in dilute acetic acid, producing an electrostatic repulsion
force that results in molecular swelling. The salt’s ions lowered the electrostatic attraction
between the amine group of chitosan, thus decreasing the swelling effect. This resulted
in a reduction in the peak intensity of the chitosan, which broadened [33]. Some studies
obtained a similar finding, implying that the presence of a sodium ion resulting in a lower
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intensity of the diffraction peaks indicates a reduction in crystallinity and an increase in
amorphisity [34,35].

Figure 1. X-ray diffraction pattern for CH polymer, CH/Na polymer, and CH/Na/CuSe polymer
matrix at different concentrations of CuSe: 2 wt%, 11 wt%, and 20 wt%.

The broad line shown by the chitosan peak at smaller diffraction angles suggested that
long-range disorder was found in the CH/Na/CuSe polymer matrix samples. However,
the presence of a broad hump became less prominent as the concentration of CuSe filler
was added beyond 2 wt%. It was observed that when the CuSe filler content increased
up to 20 wt%, the characteristic chitosan peak decreased. The intensity of the chitosan
XRD peak may be approximated by the number of chitosan chains packed together. The
interaction between the CuSe filler and the chitosan made the molecular interaction force
inside the chitosan weaker, resulting in a reduced crystalline degree in the chitosan matrix.

4.2. FTIR

The FTIR spectra of pure CH and the CH/Na/CuSe polymer matrix with 2 wt%,
11 wt%, and 20 wt% of CuSe filler are presented in Figure 2. In the spectrum, the broadbands
in the 3277–3288 cm−1 region were the overlapping peaks of –NH2 and –OH stretching
vibrations. [36]. The band located between 2935 cm−1 and 2884 cm−1 was attributed to
the C-H stretching vibrations in the groups of –CH3 and –CH2, respectively [37]. The
peaks that appeared at 1623–1640 cm−1 were related to the amide I. Meanwhile, the band
at 1528 cm−1 corresponded to the –NH2 bending vibrations [38]. The C–N stretching
vibrations also occurred in the 1316 cm−1 region [37]. The absorption peaks at 1151 cm−1

and 1022 cm−1 indicated the characteristic of the C–O–C stretching vibrations [36,37]. The
weak bands near 555 cm−1 corresponded to the Cu–Se bending vibration, as reported in
the previous literature [39].
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Figure 2. Infrared spectra for pure CH and CH/Na/CuSe polymer matrix with 2 wt%, 11 wt%, and
20 wt% of CuSe filler.

4.3. Impedance Spectroscopy Analysis

Figure 3 shows the impedance plots for the CH/Na/CuSe polymer matrix with 2 wt%
to 20 wt% of CuSe fillers measured at a frequency between 10 Hz and 1 MHz at room
temperature. For samples with 2 wt% to 11 wt% of CuSe filler, a complete semicircle
plot was observed. For samples with 15 wt% and 20 wt% of CuSe, a semicircle with a
residual spike was observed. The spike was attributed to the interface between electrode
and sample [40]. As the CuSe filler concentration increased, the filler started to agglomerate
and caused higher interfacial impedance. The RB value, obtained from the extrapolation
of impedance plots, showed a reduction in the polymer bulk resistance of the matrix as
a higher weight percentage of CuSe filler was introduced. This followed the percolation
theory, suggesting that a higher concentration filler will cause the polymer to become more
conductive. Furthermore, the network connection was formed by the CuSe filler, which
improved the conduction path for the charge carrier [41].

Figure 3. Impedance plot for CH/Na polymer matrix with different weight percentages of CuSe
filler measured at room temperature.
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The RB value obtained from the Nyquist plot was used to calculate the conductivity
of the polymer matrix. Table 1 shows that the conductivity of the polymer matrix in-
creases as the concentration of CuSe filler increases. The incorporation of CuSe filler in the
CH/Na/CuSe polymer matrix showed an increment in conductivity from the pure chitosan
polymer conductivity of 4.2 × 10−9 S/cm to 3.74 × 10−7 S/cm, with a concentration of
2 wt% of CuSe filler. Na+ and CuSe increased the number of charge carriers in the film and
greatly improved conductivity. An increase in the weight percentage of CuSe filler further
increased the conductivity value. The highest conductivity value was 4.377 × 10−5 S/cm
for the sample with 20 wt% of CuSe filler. An increase in conductivity changed the chitosan
polymer from an insulator to an electroactive polymeric composite.

Table 1. Electrical properties of CH/Na/CuSe polymer matrix with different wt% of CuSe fillers.

CuSe (wt%) Film Thickness
(mm)

Bulk Resistance, RB
(Ω)

Conductivity, σ
(S/cm)

2 0.119 10,123.0 3.74 × 10−7

5 0.125 6575.1 6.05 × 10−7

11 0.132 1265.8 3.32 × 10−6

15 0.142 816.61 5.54 × 10−6

20 0.152 442.18 3.69 × 10−5

4.4. Dielectric Properties

Figure 4a shows the dielectric constant as a function of frequency for the CH/Na/CuSe
polymer matrix with different weight percentages of CuSe filler. All measured samples
showed dependency on frequency with a decreasing value as the frequency increased.
This corresponded to the electrode polarisation effects, indicating space charge effects
that occurred at low frequency [42]. At high frequency, the material experienced a higher
reversal of electric field that caused no excess ions to diffuse in the electric field direction.
This caused a decrease in polarisation and contributed to the decreased value for εr and εi
as the frequency increased [43]. This phenomenon was confined to non-Derby behaviour
in the polymer matrix film. The dielectric loss of the CH/Na/CuSe polymer matrix with
a different weight percentage of CuSe filler is shown in Figure 4b. The dielectric loss in
samples decreased as frequency increased. The dielectric loss was found to be higher in a
polymer matrix with a higher weight percentage of CuSe filler. The higher dielectric loss
was due to more free electrons in samples with higher CuSe filler concentrations, making
the energy dissipation through the movement of charge easier in the alternating field.
The εr and εi followed the same trend as conductivity, whereby the film with the highest
conductivity had the highest εr and εi. Other works also reported that a higher number of
charge carriers would contribute to a higher conductivity and dielectric constant [44,45].

4.5. EMI Shielding Property

The EMI shielding efficiency (SE) values of the CH/Na/CuSe polymer matrix with
different wt% of CuSe filler were determined at a frequency range of 8 GHz to 12 GHz.
Figure 5 shows the SE results due to reflection (SER) of samples. The measured SER showed
low dependency with frequency within the measurement region, with scattering observed
in samples with 11 wt% and higher. For samples of 2 wt%, 5 wt%, and 11 wt%, an average
of less than 1 dB was observed in all samples. The CH/Na/CuSe polymer matrix with
15 wt% produced higher SER, with an average of 1.5 dB measured. The highest SER was
measured for the CH/Na/CuSe polymer matrix with 20 wt% CuSe filler with an average of
3.12 dB, which was equivalent to 50% of the EM energy being shielded due to the reflection.
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Figure 4. (a) Dielectric constant and (b) dielectric loss for CH/Na/CuSe polymer matrix with
different wt% of CuSe filler measured at room temperature.

It was observed that the CH/Na/CuSe polymer matrix with a higher concentration
of CuSe filler produced a higher SER. The SER value can be associated with the mis-
match between the shielding material surface impedance and electromagnetic wave. From
Equation (7), it was noticed that the conductivity of the shielding material dominated the
SER value. A shielding material with higher conductivity produced a higher SER. Therefore,
the CH/Na/CuSe polymer matrix with a higher concentration of CuSe filler produced a
higher SER, as it had higher conductivity.
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Figure 5. Shielding efficiency due to the reflection of CH/Na/CuSe polymer matrix with 2 wt% to
20 wt% of CuSe filler.

Figure 6 shows the SE results due to absorption (SEA) of the sample. For the CH/Na/
CuSe polymer matrix with 2 wt% of CuSe filler, nearly 0 dB of SEA was measured. This was
equivalent to almost no EM energy being shielded from absorption. The SEA value was
observed to increase as the concentration of CuSe was increased. At 5 wt% of CuSe filler,
an average of 2 dB was measured, while at 11 wt%, an average of 4.5 dB was measured.
The highest SEA was measured for 20 wt% of CuSe filler, whereby an average of 16.4 dB
was measured. It was also observed from Figures 5 and 6 that a higher SEA value was
observed in all CH/Na/CuSe polymer matrices as compared to the SER value.

Figure 6. Shielding efficiency due to absorption for CH/Na/CuSe polymer matrix with 2 wt% to
20 wt% of CuSe filler.

The SEA value mainly contributed through the ohmic loss of shielding material.
The increase in SEA as the concentration of CuSe filler increased can be related to the
conductivity of the material. From Equation (10), it was noted that the SEA was also the
function of material conductivity (σ). Therefore, the material with the highest conductivity
will produce a higher SEA. This was in agreement with the results obtained. The SEA was
also a function of material permeability (µ). For a nonmagnetic material, the µ is equal to



Magnetochemistry 2021, 7, 102 10 of 15

µoµr. The µr can be considered as equal to 1 in all samples because the CuSe filler was a
nonmagnetic material; hence, the µ is equal to µo (4π × 10−7 Hm−1).

Boundary conditions between two materials with different properties also govern
the electromagnetic reaction. At the boundary between two different materials, some of
the incident waves will be transmitted, and some will be reflected. The amplitudes and
directions of the reflected waves will depend on the types of material at the boundary
and the incidence angle. For a normal incident in the air to a perfect electrical conductor
boundary, a high surface charge (ρs) in the perfect electrical conductor causes the tangential
electric field to cancel (Et = 0). The normal electric field (En), however, still exists. The En is
related to surface charge and the permittivity of the perfect electrical conductor by

En =
ρs
ε

(11)

Equation (11) is also valid for other types of materials. In the case of semiconducting
materials, a lower ρs will cause Et not to equal zero, and the En value will be lower. This will
contribute to higher transmitted and lower reflected waves at the boundary as compared
to a perfect electrical conductor.

Higher scattering was observed in the SEA and SER plots for the CH/Na/CuSe
polymer matrix with a higher CuSe filler concentration. This can be contributed to the
surface condition of the polymer sample that causes scattering of electromagnetic waves
upon incident on to the surface [46]. From the AFM image in Figure 7, it is shown that the
sample with 2 wt% of the CuSe filler had a smoother and uniform surface with a variation
of roughness between 2 nm and 15 nm compared to the 20 wt% CuSe filler with a higher
surface roughness of up to 200 nm due to the agglomeration of CuSe filler in the sample.
This contributes to the irregular reflection of the EM waves and higher scattering in the
sample with 20 wt% of CuSe. The scattering, however, did not affect the polymer overall
shielding performance.

Figure 7. Cont.
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Figure 7. The 3-dimensional AFM image for (a) 2 wt% and (b) 20 wt% of CuSe filler in CH/Na/CuSe
polymer matrix.

The total shielding effectiveness for the CH/Na/CuSe polymer matrix with CuSe
filler is shown in Figure 8. The CH/Na/CuSe polymer matrix with 2 wt% CuSe filler was
almost transparent to the electromagnetic wave, with an average total shielding of 0.54 dB,
or only 11.7% of the EM power being shielded. The CH/Na/CuSe polymer matrix with
5 wt% CuSe filler produced a slightly better total shielding with an average value of 2.44 dB,
which corresponded to 42.9% shielded EM energy. A good total shielding efficiency was
observed in the CH/Na/CuSe polymer matrix with 11 wt% and 15 wt% of CuSe filler,
whereby these samples shielded more than half of the EM energy. The CH/Na/CuSe
polymer matrix with 11 wt% of CuSe filler showed an average of 5.08 dB total shielding,
corresponding to 70% EM energy reduction. Meanwhile, the polymer matrix with 15 wt%
CuSe filler produced 9.75 dB of average efficiency, consistent with 89.4% EM of energy
shielded. An average of 19.55 dB total shielding was measured for the CH/Na/CuSe
polymer matrix with 20 wt% CuSe filler, which produced 98.88% EM energy shielding.

Figure 8. Total shielding efficiency of CH/Na/CuSe polymer matrix with 2 wt% to 20 wt% of
CuSe filler.
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An improvement in the total EMI SE of the CH/Na/CuSe polymer matrix with CuSe
filler for shielding purposes can be made by increasing the sample thickness. Figure 9
shows the measured total shielding efficiency for the CH/Na/CuSe polymer matrix with
20 wt% CuSe filler as the thickness was increased. When the thickness was doubled from
initial thickness, the average total shielding increased from 19.52 dB to 24.93 dB, this
corresponding to an increase from 98.88% to 99.67% of EM energy shielded. At a thickness
of 0.513 mm, the average recorded SET was 28.15 dB, with total shielding of 99.84% of
EM energy. The highest total shielding of above 34.44 dB was measured at a thickness of
0.608 mm. The 34.44 dB shielding was equivalent to 99.96% of EM power and was shielded
by the CH/Na/CuSe polymer matrix. No resonance was observed as the thickness of
CH/Na/CuSe polymer matrix was increased.

Figure 9. Effect of thickness on total shielding efficiency of CH/Na/CuSe polymer matrix with
20 wt% of CuSe filler.

The EMI shielding performance of the CH/Na/CuSe presented in this work was
compared with other similar works reported in the literature, focusing on works having
polymer matrix thicknesses less than 1 mm [47–60]. From Figure 10, it can be seen that
the SE value obtained from this work is comparable and within the range of SE reported
in other works. The SE obtained for the CH/Na/CuSe can also be further increased by
increasing the wt% of CuSe.

Figure 10. Comparison with reported SE in the literature for polymer composites with thickness less
than 1 mm at frequency between 8 to 12 GHz.
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5. Conclusions

The CH/Na/CuSe polymer matrix with different wt% CuSe fillers was successfully
prepared and showed good conductivity and total shielding efficiency. Improvement in
electrical conductivity was from 3.74 × 10−7 to 3.69 × 10−5 S/cm as CuSe concentration
increased from 2 wt% to 20 wt%. The conductivity that was increased by adding the Na
and CuSe changed the CH polymer from a pure dielectric to a conducting polymer. The
polymer exhibited a non-Derby behaviour, with higher εr and εi observed in samples with
higher CuSe concentrations. The εr and εi also showed dependency on frequency with a
decreasing value as frequency was increased. The total electromagnetic interference (EMI)
shielding efficiency (SET) showed an increment with the increment of CuSe in the polymer
matrix. The SET increased from 0.54 dB to 19.55 dB for the sample between 2 wt% and
20 wt%. This corresponded to an 87.1% increment in the EM power shield. It was observed
that absorption (SEA) was the primary mechanism as compared to reflection (SER). SET can
be further increased up to 34 dB (99.9% power shield) when the thickness of the 20 wt%
polymers is increased to 0.608 mm. The results showed that the CH/Na/CuSe polymer
was suitable for EMI shielding applications.
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