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The study investigates the impact of thickness on the electromagnetic interference (EMI) shielding effec-
tiveness (SE) of Cobalt ferrite/ Graphene/ Epoxy (GrEpCoF) composite samples. Samples were prepared
using a simple casting method. Cobalt ferrite was synthesized using hydrothermal method. The XRD of
pure epoxy, graphene and cobalt ferrite is obtained. Microstructure of pristine epoxy and GrEp sample
was studied using SEM. Further GrEpCoF with varying thickness was prepared. The impact of thickness
on both the electric as well as the magnetic loss was studied for two bands, viz. X-band (8.2–12.4
GHZ) and Ku band (12.4–18) GHz. In addition, the EMI SE is also explored for these samples.
Copyright � 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Future Technologies in Manufacturing, Automation, Design & Energy.
1. Introduction

Electromagnetic interference (EMI) and radiation pollution
brought on by electromagnetic waves are becoming significant
issues as a result of quick developments in the fifth-generation
(5G) communication technology especially in areas such as con-
sumer electronics, intelligent systems, and data protection. Trans-
mission of electromagnetic waves puts human health at extreme
risk and raises issues with electronic communication devices and
their delicate components [1,3]. EMI shielding composites made
of polymers-based composites (PBC) have developed into a heavily
researched area due to their benefits of being lightweight, having
great corrosion resistance, providing constant EMI shielding per-
formance, and displaying outstanding mechanical features [2,4–
7]. A material’s superior electrical insulating ability, however, can-
not actually address a material’s higher EMI shielding capacity [8].

Electromagnetic shielding composites made of individual con-
ductive particles or magnetic particles frequently fail to fulfil the
criteria of bandwidth, low weight, compact size, and good perfor-
mance for EMI shielding materials. To achieve their exceptional
EMI shielding properties, conductive and magnetic additives are
typically used in PBC.
Epoxy resins, polyvinylidene fluoride (PVDF), polyaniline, poly-
imide (PI), polyethylene (PE), and polypropylene (PP), are a few
examples of frequently used polymer matrix materials [9–11]. Fer-
rites are often used as magnetic materials in the field of EMI shield-
ing because they are affordable, easy to produce, and have higher
values of saturation magnetisation (180 – 420 G). There are differ-
ent ferrites used in the application of EMI shielding including
nickel ferrite [11], cobalt ferrite [12,13] and manganese-zinc ferrite
[14,15].We report the investigation of the impact of sample thick-
ness on the dielectric loss, magnetic loss and total EMI SE in both
X-band and Ku-band of composites with graphene (Gr) and Cobalt
ferrite (CoF) as filler in Epoxy (Ep) matrix.
2. Experimental section

2.1. Materials

A few layers Graphene (>99% purity) with surface area 200 –
700 m2/g was procured from Ad Nano, India. For the matrix, the
Epoxy resin (LY556) and Hardener (HY951) were obtained from
Go Green Products, India. The precursors for the synthesis of cobalt
ferrite viz. Ferric chloride (Sigma Aldrich), cobalt chloride hexahy-
drate (Sigma Aldrich), and Sodium Hydroxide (Merck India) were
used without additional purification.
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2.2. Cobalt ferrite synthesis via. Hydrothermal method

The hydrothermal approach was used to prepare cobalt ferrite
(CoFe2O4, CoF) nanoparticles (NPs). 1.0 M ferric chloride (FeCl3)
and 0.5 M Cobalt chloride (CoCl3) were typically mixed in DI water
at a temperature of 80 �C utilising a hot plate with a magnetic stir-
rer attachment. The precursors were dissolved in DI water, and a
moderate amount of NaOH solution was added gradually until
the pH of the combination reached 10. Further, the resultant solu-
tion was transferred into autoclave at a temperature 180 �C for 8 h.
The solution was then centrifuged and repeatedly rinsed in deion-
ized water. Subsequently, this was dried overnight at 90 �C . The
powder that resulted from it was calcined at 300 �C for 2 h to pro-
duce CoF NPs. Fig. 1 (a) illustrates the steps required to prepare
CoF.
2.3. Preparation of composites

For the preparation of composites, a 10: 1 ratio of epoxy and
hardener was employed. During composite preparations, 1.5 wt%
of graphene and the necessary amounts of epoxy were physically
mixed for 10 min. Graphene/Epoxy/Cobalt nanocomposite were
produced by combining 5 wt% of Cobalt ferrite (CoF). For an addi-
tional 15 min, this was mixed. Hardener was included after this
step. The mixture was stirred homogeneously to initiate the curing
process. Then the colloidal solution was transferred into suitable
silicon rubber mould with desired shape for further characteriza-
tion. The thickness of the composite sample was varied by using
silicon rubber mould of varying thickness (ranging from 2 mm to
7.5 mm). Fig. 1(a) also provides a visual representation of the man-
ufacturing of composites.

The XRD spectrum was captured using a Bruker (Germany) X-
ray diffractometer with Cu-Ka radiation of wavelength 1.5406 Å.
Field emission scanning electron microscope, Thermo Fisher FEI
QUANTA 250 FEG (USA) (FE-SEM), Keysight N 9911a, vector net-
work analyser and Novocontrol, Germany was employed for
microstructural, EMI Shielding effectiveness and permeability, per-
mittivity measurements respectively.
Fig. 1. (a) Schematic representation of the steps involved in samp
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3. Results and discussions

3.1. Structural characterisation

Fig. 1(b) displays the XRD pattern for the CoF, Gr, and GrEp com-
posite. XRD confirms the presence of single-phase spinel CoFe2O4

(JCPDS card no. 22–1086). A peak at 25� may be seen in the XRD
pattern of pure graphene. The pattern for sample EpGr exhibits
two diffused peaks with centres at 17.5� and 45�. This could be
attributed to the amorphous nature of epoxy.
3.2. Morphological characterisation

SEM was used to examine the structure of pure epoxy and the
distribution of graphene within the epoxy matrix. There were
smooth, continuous layers of epoxy visible in the cross-sectional
SEM of pristine epoxy (Fig. 2 (a)). However, in contrary to the
smooth surface of pristine epoxy, a crumbled surface was visible
in EpGr composite. The sheet like morphology of graphene and
their uniform dispersion was visible from Fig. 2(b). The graphene
sheets formed interconnecting network in epoxy matrix.
3.3. Dielectric loss and magnetic loss

Fig. 3(a-d) displayed the magnetic loss and the dielectric loss for
the bands X, Ku. The maximum dielectric loss of �26 (negative
direction) is achieved in the X-band spectrum (8.2–12.4 GHz) for
the sample, GrEpCoF, with 7 mm thickness (Fig. 3 (a)). Except for
the composite with the thickness of 7 mm, remaining samples
showed very less dielctric loss. The dielectric loss are negligible
in Ku-band as clearly seen from Fig. 3(b).

The maximum magnetic loss of upto �2 (negative direction)
was observed with the 7.5 mm composite (Fig. 3(c)). Other sam-
plers exhibited very low values of magnetic loss. The magnetic loss
are negligible in Ku band as well for composites of various thick-
ness (Fig. 3(d)).
le preparation, (b) XRD pattern of CoF, GrEp and Gr samples.



Fig. 2. SEM micrograph of (a) prinstine epoxy (b) dispersion of graphene with epoxy matrix.

Fig. 3. (a) Dielectric loss for various thickness at X-band (b)) Dielectric loss for various thickness at Ku-band (c) Magnetic loss for various thickness at X-band (d) Magnetic
loss for various thickness at Ku-band.
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3.4. EMI shielding effectiveness

The reflection loss, absorption loss and shielding effectiveness
were studied for various thickness of GrEpCoF composites. Those
samples were tested under the spectrum of two bands, viz. X and
Ku. The losses were calculated from S-parameters S11 and S21 fol-
lowing (1)–(3). Fig. 4 (a-f) shows the variation of the total SE,
reflection, and absorption losses with thickness for both the bands
under consideration.

The reflection loss were calculated by,

SER ¼ 10 log10
s11
10 ð1Þ

The total shield effectiveness were calculated by,

SET ¼ S21 ð2Þ
The absorption loss were caculated by,

SEA ¼ SET � SER ð3Þ
The maximum reflection loss was obtained for the composite

with 2 mm thickness as can be depicted from Fig. 4 (a). Further,
increase in the thickness of composite results in the decrease of
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the reflection loss value. However, in the case of absorption loss,
losses are seen to increases with thickness, Fig. 4 (b). The total
shielding effectiveness also showed an improvement with thick-
ness. The composite with a thickness of 2 mm showed SET in the
range of �4 dB, whereas for the samples with the maximum thick-
ness of 7 and 7.5 mm SET values of approximately �12 dB was
obtained. Fig. 4(c) show that the 7 mm composite exhibit the max-
imum shielding efficiency, which is around �14 dB. In it also worth
noting that in samples with thickness 7 and 7.5 mm, the band-
width included the entire X-band.

In contrast to X-band, the reflection loss of Ku-band was negli-
gible and was independent of thickness for GrEpCoF composite
material as shown in Fig. 4(d). However, in contrast to reflection
loss, the samples exhibited a greater absorption loss. The values
of obtained absorption loss was higher than in the case of X-
band. A clear increase in absorption loss with thickness is notice-
able from Fig. 4(e). The maximum absorption loss was exhibited
by the composite of 7 mm thickness. Due to the negligible effect
of reflection loss, the total shielding effectiveness is mainly due
to absorption loss. This is extremely useful in practical applications
as the reflected EM waves can lead to secondary absorption [16]. A



Fig. 4. (a) The variation in Reflection loss with frequency in X band, (b) The variation in absorption loss with frequency loss and (c) Total shield effectiveness for X-band with
various thickness of composite films; (d) The variation in Reflection loss with frequency in Ku band, (e) The variation in absorption loss with frequency loss and (f) Total shield
effectiveness for Ku-band with various thickness of GrEpCoF composite films.
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maximum SET of –22 dB was observed in Ku-band. It is also worth
noting that for samples with 7 mm and 7.5 mm thickness, SET is
below – 10 dB for the entire Ku-band, showing that these samples
exhibit a band width of 10 GHz (from 8.2 to 18 GHz). This shows
that the composite samples containing 5 wt% CoF, 1 wt% Gr and
rest epoxy is able to shield 90% of the microwave radiations in
the range of 8.2 to 18 GHz. The enhancement in SET in spite of
the poor dielectric and magnetic loss could be attributed to the
other loss mechanisms such as interfacial polarization, natural res-
onance, and multiple scatterings due to the additives and multiple
reflections leading to a longer path for the waves, thereby enhanc-
ing absorption [17].
4. Conclusion

The effect of thickness of Epoxy/Gr/CoF composite samples on
dielectric loss, magnetic loss, and EMI shielding effectiveness
(SET) are reported. Due to the low amount of CoF, the samples
had a very low dielectric loss and a very low magnetic loss. In spite
of this, a high value of SET (up to –22 dB) was exhibited by samples
with 7 mm and 7.5 mm thickness with a bandwidth spanning the
entire X-band and Ku-band. It is worth noting that reflection loss is
higher for lower frequencies and becomes less relevant at higher
frequencies. Reflection loss is also prominent for thinner samples
and decreases with increased thickness. The absorption loss, on
the other hand, is the opposite and is found to increase with fre-
quency. With increasing sample thickness, it is seen that losses
are increasing. Further studies are required using a higher concen-
tration of CoF and Gr to achieve a better SET value.
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