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Abstract

Lightweight and flexible material with enhanced electromagnetic interference shielding effectiveness is highly
in demand in the electronics and communication industry. Herein, we synthesized CoFe204 and ZnFe204
nanoparticles using the sonochemical method, and further, these nanoparticles were embedded inside
thermoplastic polyurethane (TPU) along with reduced graphene oxide (rGO) by a melt-mixing approach using
a microcompounder. CoFe204 or ZnFe204 nanocomposites in the TPU matrix with rGO showed outstanding
electromagnetic shielding performance having a constant thickness of 0.80 mm, only. The maximum total
shielding effectiveness (SEr) was 48.3 dB for ZnFe20s4 nanocomposite and 50.76 dB for CoFe204
nanocomposite. These results indicate that the developed nanocomposite can be potentially utilized for
electromagnetic shielding applications.
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1. INTRODUCTION

Owing to the demand for electronic devices and telecommunication technology, electromagnetic interference
(EMI) has become a serious and severe concern in various areas such as aerospace, defense, intelligence,
and electronic appliances [1]. Electromagnetic interference shielding is a mechanism of reflection and
absorption of electromagnetic radiation by a material that prevents the penetration of harmful electromagnetic
waves into electronic devices. For commercial applications, an EMI shielding value greater than 20 dB
corresponding to 99.9% of the attenuation of the electromagnetic radiation power is suitable [2].

With the broad investigation in the many previous years, polymer nanocomposites have gained a lot of
attention due to their lightweight, corrosion resistance, flexibility, high conductivity, and ease of processability
[3]. A homogeneous dispersion of fillers in the polymer matrix is required to determine the final properties of
fabricated nanocomposites [4]. Thermoplastic polyurethane (TPU) has been broadly used in electronic
applications due to its outstanding high extensibility, flexibility, low glass transition temperature, good
mechanical properties, and chemical resistance [5]. Therefore, TPU can be considered as an ideal choice as
a polymer matrix for fillers. However, the EMI shielding performance of a polymer nanocomposite is based on
the electrical and magnetic properties of the fillers. Ferrites have been extensively utilized as magnetic material
because of their low cost, ease of preparation, and large magnetic momentum. A combination of polymer—
magnetic ferrite composites is a potential candidate as shielding material due to a hybrid structural and
functional combination between the organic and inorganic materials [6]. Despite several attempts to design a
highly conductive network in a polymer matrix, there are still gaps in utilizing spinel ferrite nanoparticles with
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reduced graphene oxide in the TPU matrix for EMI shielding in the literature. From this standpoint, we have
utilized cobalt ferrite and zinc ferrite nanopatrticles along with reduced graphene oxide as a filler in the TPU
polymer matrix for electromagnetic interference shielding applications in the X-band frequency region.

2. MATERIALS AND METHODS

2.1. Materials

Cobalt nitrate Co(NO3).6H20, zinc nitrate hexahydrate Zn(NO3).6H20, and iron nitrate Fe(NOz3)3.9H20 were
procured from AlfaAesar GmbH & Co. KG (Germany). Sodium nitrate (NaNO3) was purchased from Lach-Ner,
Czech Republic. Potassium permanganate (KMnQO4) powder and graphite flakes were purchased from Sigma-
Aldrich, Germany. Vitamin C (Livsane) was sourced from Dr. Kleine Pharma GmbH, Germany.

2.2. Methods

CoFe204 and ZnFe204 nanoparticles were synthesized using the sonochemical method reported in the
previous literature [7] using an ultrasonic homogenizer (UZ SONOPULS HD 2070) with a frequency of 20 kHz
and power of 70 W for 60 min. Graphene oxide (GO) was synthesized by the modified hummer’'s method [8].
Reduced graphene oxide (rGO) was obtained by chemical reduction of synthesized graphene oxide (GO)
using vitamin C as a reducing agent. For the preparation of TPU based nanocomposites, 20 wt% nanofillers
(spinel ferrites nanoparticles and RGO in 9:1 ratio) were mixed with TPU (C80A10) in A DSM MICRO 5 micro-
compounder (Research B.V., The Netherlands) with a capacity of 5 cm3. TPU based nanocomposites were
prepared by melt-mixing method at 200 °C for 7 min at 150 rpm, and further, these were hot-pressed to create
a rectangular-shaped sheet of a 22.86 x 10.16 x 0.8 mm? dimension. The developed nanocomposites with
0.80 mm thickness were designated as ZnFe204-rGO-TPU and CoFe204-rGO-TPU nanocomposites.

2.3. Characterization

X-ray diffraction pattern of nanoparticles and nanocomposites was recorded on RigakuMiniFlex 600 X-ray
Spectrometer. The microstructures study was done by using a scanning electron microscope Nova
NanoSEM450 (FEI company). An Agilent N5230A vector network analyzer in the frequency range 8.2 -12.4
GHz was utilized to evaluate the electromagnetic interference shielding efficiency of prepared
nanocomposites. Magnetic characteristics were assessed using a vibrating sample magnetometer (VSM 7407,
Lake Shore).

3. RESULTS AND DISCUSSION

3.1. Structural study

Figure 1 (a) depicts the XRD pattern of ZnFe204 and CoFe204 nanoparticles. The distinctive XRD peaks
assigned to crystalline planes (220), (311), (400), (422), (511), (440), and (533) which confirmed the cubic
spinel structure with the Fd3m space group symmetry for both ZnFe204 and CoFe204 nanoparticles [9].
Moreover, the crystallite size was calculated by debye Scherrer's formula [7], which was found to be 3.45 nm
and 11.13 nm for ZnFe2O4 and CoFe204 nanoparticles, respectively. Further, The XRD investigation of
ZnFe204 -rGO-TPU and CoFe204 -rGO-TPU nanocomposites displayed in Figure 1 (b), which reveals the
presence of the diffraction planes (220), (311), (400), (422), (511), and (440) associated with the face-centered
cubic structure of spinel ferrites. It signifies the presence of the spinel ferrite nanoparticles inside the TPU
matrix. Moreover, TPU exhibits broad diffraction peaks ranging from 10° to 28° associated with an ordered
structure of the hard phase and disordered structure of the amorphous phase [10], which were present in the
XRD pattern of the nanocomposites as well (see Figure 1 (b)) and thus remarked the existence of TPU
in nanocomposites.
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Figure 1 (a) XRD of ZnFe204 and CoFe204 nanoparticles, (b) XRD of ZnFe204—+GO-TPU and CoFe204—
rGO-TPU nanocomposites, (¢) Magnetic hysteresis curves of ZnFe204 and CoFe204 nanoparticles
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3.2. Magnetic Study

The magnetic properties of synthesized ZnFe2O4 and CoFe204 nanoparticles were investigated using a
vibrating sample magnetometer (VSM) at room temperature with an applied magnetic field up to 10 kOe, as
displayed in Figure 1(c). The saturation magnetization value is 4.07 emu/g and 51.98 emu/g for ZnFe204 and
CoFe204 nanoparticles, respectively. The low value of saturation magnetization of spinel ferrite nanoparticles
compared with bulk is due to its small particle size [11]. Further, the value of coercivity Hc = 36.17 Oe and
remanent magnetization M 3.37emu/g, for CoFe204 nanoparticles revealing its ferromagnetic behavior.
However, the value of coercivity Hc = 0 Oe and remanent magnetization Mr = 0 emu/g for ZnFe204
nanoparticles, proves superparamagnetic characteristics [7].

3.3. TEM and SEM study

Figure 2 (a) TEM image of the ZnFe20O4 nanoparticles (b) FE-SEM image of CoFe204 nanoparticles,
(c) FE-SEM image of the ZnFe204 -rGO-TPU, (d) FE-SEM image of CoFe204 -rGO-TPU
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Figure 2(a) displays the TEM image of the ZnFe204 nanoparticles revealing the spherical particle of size 3-5
nm. A typical FE-SEM image of CoFe204 nanoparticles is shown in Figure 2(b), which shows spherical
particles of the size 9-15 nm. Figures 2(c-d) depicts the FE-SEM image showing the cross-sectional view of
the developed ZnFe204 -rGO-TPU and CoFe204 -rGO-TPU nanocomposites, which confirm the presence of
nanoparticles, rGO embedded in the TPU matrix.

3.4. Electromagnetic Interference Shielding Effectiveness
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Figure 3 Frequency response of ZnFe204 -rGO-TPU and CoFe204-rGO-TPU nanocomposites with (a) SEr,
(b) SEa, (c) SEr (d) comparison chart

Figures 3(a-c) displays the SEr, SEa, and SEr of ZnFe:04 -rGO-TPU and CoFe20s4 —rGO-TPU
nanocomposites with a thickness of 0.80 mm in the frequency range of 8.2 to 12.4 GHz. The value of SEr,
which is a sum of the magnitude of SEa and SEr, is found to be 48.39 dB for ZnFe2O4 -rGO-TPU and
50.76 dB for CoFe204-rGO-TPU nanocomposites [7]. It can be noticed from Figure 3(b) that the maximum
value of SEa for ZnFe204 -rGO-TPU is 26.19 dB. On the other hand, the maximum value of SEa for
CoFe204-rGO-TPU is 29.39 dB. However, the value of SEr is 22.20 dB for ZnFe204 -rGO-TPU and 21.99 dB
for CoFe204 -rGO-TPU, as shown in Figure 3(c). It signifies that absorption is the major contributor to the
shielding performance of ZnFe:0s -rGO-TPU and CoFe20s —rGO-TPU nanocomposites [11]. The high
shielding effectiveness due to absorption is attributed to the interaction of electric and magnetic dipoles.
Moreover, the conducting network of the rGO sheet with nanoparticles enhanced interfacial polarization, which
might have created a good balance between impedance matching and attenuation constant [7,12].
A comparison chart displayed in Figure 3(d) reveals the better performance of CoFe204 -rGO-TPU
nanocomposite compared with ZnFe204 -rGO-TPU nanocomposite. Since lightweight is a crucial factor for
choosing a shielding material, especially in the aircraft industry, on taking this into account, the specific
shielding effectiveness (SSE), which is the ratio of SEr and density of the material, was calculated [13]. The
density of the nanocomposites is in the range of 0.93 to 1.06 cm®g, and the thickness of the nanocomposites
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is 0.80 mm. The calculated value of SSE is found to be in the range of 47 dB cm?/g to 51 dB cm?/g [13].
However, for practical application, the SSE alone is not sufficient for analyzing the lightweight shielding
performance of a material. Considering this, the absolute shielding efficiency (SSE/t), defined as the ratio of
specific shielding efficiency to the thickness of the material, is also evaluated. The magnitude of SSE/t is in the
range of 597 dB cm®/g to 648 dB cm?®/g for developed nanocomposites [13].

4, CONCLUSION

Herein, we developed lightweight and flexible nanocomposites based on TPU as matrix and spinel ferrite
nanoparticles ( CoFe204 and ZnFe204 ) and rGO as nano-fillers. The developed nanocomposites exhibit total
shielding effectiveness of 48.39 dB and 50.76 dB for ZnFe:0s4 -rGO-TPU and CoFe20s -rGO-TPU
nanocomposites, respectively, in the X-band frequency range with a thickness of only 0.80 mm. Also, both the
nanocomposites are suitable for commercial applications as they possess a shielding effectiveness value
greater than 20 dB. Therefore, lightweight and flexible ZnFe:04 -rGO-TPU and CoFez0s4 -rGO-TPU
nanocomposites can be a promising candidates for electromagnetic interference shielding applications.
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