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Abstract

In this work, two systems of the composite were prepared using NiCoFe and NiZnFe with reduced
graphene oxide(rGO) epoxy and the samples were subjected to electrochemical impedance
spectroscopy (EIS). The Quality factor and loss tangent values of the composite was found out as a
function of frequency. The modified ferrite-graphene-epoxy blends show dielectric loss and Quality
factor values at low frequency. The incorporation of graphene aims to improve electrical conductivity,
while the magnetic nanoparticles contribute to enhanced dielectric permittivity. The fabrication process
involves the dispersion of these nanofillers within the epoxy matrix, followed by thorough
characterization of the resulting nanocomposites using techniques such as impedance spectroscopy and
scanning electron microscopy. NiZnFe-rGO obtained higher Quality factor in the intermediate
concentration at higher frequencies but the loss tangent obtained least in the higher frequency range.
The dielectric loss was least with NiCoFe-rGO which is due to the decrease of grain size at the same
time dielectric loss was high for NiZnFe-rGO. Thus, a synergistic effect obtained with multifunctional
fillers on the dielectric constant, dielectric loss, and electrical conductivity of the nanocomposites. The
study aims to provide insights into the tailored design of advanced dielectric materials for applications
in electronic devices, capacitors, and electromagnetic shielding, exploiting the unique properties of
graphene and magnetic nanopatrticles in epoxy nanocomposites.
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INTRODUCTION
Due to its covalent bond and insulating properties, the polymer specifically epoxies won't play any
part in ion conduction. Electronics have employed epoxy blends with conducting fillers as coating
materials, embedding materials, and dielectric compounds [1, 2]. There happens an interaction between
the conducting filler and the epoxy polymer blends [3]. These interactions would depend on the
concentration of fillers and the mixing protocol and hence affect the conductivity of the polymer [4].
Ni—Zn ferrite, were developed for the applications
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operations and lengthen the service life of equipment [6]. Due to the high dielectric constant, conducting
polymers and Poly(vinyl alcohol) blend systems loaded with various weight fractions of graphene oxide
are used for wearable electronics [6]. In polymer nanodielectric composites, enhanced polarisation
results from the voluntary polarisation of nanofillers by the applied external field across a nanoscale [7,
8]. Partial electrical discharges were resisted by a fluid diglycidyl ether of bisphenol A
(DGEBA)/methyl hydride epoxy system that was also loaded with inorganic particles.

Due to the useage of shrinked size electronic devices, dielectric materials with a high value of
dielectric constant have recently attracted a lot of attention [9]. It is perfect for microwave dielectric
applications, such as filters and resonators, due to the low dielectric loss (tan d) and high permittivity
[10, 11]. With decreasing filler size, the matrix filler interface has a considerable impact on the
permittivity, conductivity, electromechanical, and optical characteristics [12]. According to Hallouet B
[13], the inherent dielectric strength of nanocomposites increases according to the volume percentage
of nanoparticles. However, the matrix polymer behaves like a bulk material in micro-composites. With
higher concentrations and smaller particle sizes, the total contact area rises, changing the polymer's
structure. This changed the molecule polarizability-related interactions at the particle-matrix interfaces
[13].

Sabu, M. et al. [14] reported that the dielectric response of the composites may increase or decrease
by the following mechanism: firstly, the dipole molecular chains inside the polymer have more ability
to move at frequency and the expansion of cured epoxy will destroy the connections between filler
particles and epoxy, which should result in a reduction in the dielectric constant.

Cheng, Y. et al. [15] proposed that nanocomposites exhibit a high dielectric strength, whereas
microcomposites exhibit a high thermal conductivity. With an increase in frequency, due to the
sufficient time taken for interfacial polarization thereby obtaining a decrease in the dielectric constant.
Zhang, X. [16] reported that nano-ZnO composites in lower concentration than the micro-ZnO
composites, limits enhancement in dielectric and piezoelectric responses.

So, the purpose of the present work is to gain knowledge into the dielectric properties of both NiCoFe
and NiZnFe with graphene in epoxy by plotting the dielectric constant and loss as a function of
frequency.

EXPERIMENTAL
Materials

99.8% pure graphite flakes was received from Alfa Asear, concentrated sulfuric acid (H.SO.),
phosphoric acid (HsPO.), hydrochloric acid (HCI), hydrogen peroxide (H.O.), potassium permanganate
(KMnQy), ethanol, N, N dimethylformamide (DMF) Nickel nitrate, cobalt nitrate, ferric nitrate of
analytical grade obtained from S. D. Fine chemicals, India. Polyvinylpyrrolidone (PVP) M w ~ 10,000
was obtained from Sigma Aldrich, India.

Preparation of Reduced Graphene oxide (rGO)

Graphene oxide synthesized by modified Hummers method [17]. Reduced Graphene oxide (rGO)
was synthesized by solvothermal reduction method [18]. Initially, 1 mg/ml PVP (polyvinylpyrrolidone)
was dissolved in DMF using magnetic stirring. Thereafter the solution turns into a homogenous mixture
followed by addition of 1 mg/ml graphene oxide added probe sonicated for 1 h. The solution was fetched
to Teflon lined stainless steel autoclave and heated at 180°C for 8 h. The constituents were washed
repeatedly with distilled water and ethanol several times and dried in vacuum oven at 60 °C for 48 h to
obtain a fine powder of reduced graphene. Nickel zinc ferrite and nickel cobalt ferrite was synthesized
by coprecipitation method [19, 20]. Suitable concentration of Nickel nitrate, zinc nitrate and ferrous
nitrate were taken and dissolved in deionized water followed by addition of the NaOH into that to
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maintain the pH=12. Then the precipitate was washed with Distilled water and ethanol. The precipitate
was kept in oven and dried at 60°C for 12 hrs. The same protocol was adopted for nickel cobalt ferrite.

Transmission Electron Microscope (TEM)
TEM image of solvothermally reduced graphene oxide (rGO) shown in Figure 1(a) and the SAED is
shown in Figure 1(b).

X-ray Diffraction (XRD)

NiCoFe nanocrystals achieved interplanar spacings of 0.239 nm, which correspond to the (311)
crystal planes [21] from the XRD plots (Figure 2), while NiZnFe nanocrystals obtained interplanar
spacings of 0.256 nm, which correspond to the (311) crystal planes. Peaks at 20 of 30¢, 35°, 43¢, 56.94c,
62.560 related to XRD diffraction planes (22 0), (311),(400),(51 1), (4 4 0), confirmed that cubic
spinel nickel-zinc ferrite (JCPDS 08-0234) [22]. Peaks indexed at 35°, 43°, 560, 62° mapped to the (3
11),(400),(511)and (44 0) lattice planes of the cubic unit cell, indicating the formation of a single-
phase cubic spinel nickel—cobalt ferrite (JCPDS 22-1012) [23].

Accelerating voltage: v Tndicated magnification: 6.5kx Place: VIT (FFT Tecnai 20) (b) Tndi 5 n: 200x
_—— T ———

: oz Acce ge: 2 ficated magnitication: Place: VIT (FET Tecnai
Figure 1. (a) TEM image of reduced graphene oxide (rGO) (b) SAED image of reduced graphene oxide
(rGO).

800 : ! : !

3t

700 +

600 4 440

511

PSD

500
220 400

400

300

20 40 60 80
(@) 2THETA

© STM Journals 2023. All Rights Reserved S30



Dielectric Properties of Reduced Graphene Oxide with Nickel Cobalt Ferrite Manikanta et al.

900

800
440

1 311
700 - 511

PSD

600 400

500

400

300 . , . , .
40 60 80

O) 2THETA
Figure 2. XRD plot of (a) NiZnFe, (b) NiCoFe.
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Figure 3. Schematic of preparation of composite on 3 roll mill

Synthesis of Graphene/Ferrite/Epoxy Nanocomposites

A desired weight percentage of reduced graphene oxide (rGO) and NiCo Ferrite was added in 20 gm
of epoxy. Further, this solution was added into 3 roll mill as shown in the schematic diagram Figure 3.
Thereafter, the mixture was taken out and added the required amount of hardener. Thereafter, the
mixture was open casted into the desired mould of ASTM standard and cured at room temperature for
24 h. The convalescented epoxy nanocomposites were post-cured at 70°C for 24 hrs in hot air oven.
The same procedure is adopted for NiZn Ferrite. Table 1 and 3 denotes the various concentrations of
samples prepared with rGO with NiZnFe and NiCoFe.

RESULT AND DISCUSSION

The Quality, Q factor, is the ratio of the material's initial energy stored to energy lost in one radian
of oscillation. The ratio of the imaginary to the real part of the dielectric constant is known as the loss
tangent, or tand. It refers to the quantitative loss of electrical energy resulting from a variety of physical
processes, including dielectric relaxation and resonance, and loss from non-linear processes [24]. The
Q factor and tan J spectra of the NiCoFe and NiZnFe in various concentrations with rGO are shown in
Figures 4, 5 and Figures 6, 7.

From the impedance spectroscopy, the reduced graphene-ferrite blend system possessed a higher
dielectric constant. The general dielectric spectra for all concentrations, the tan 6 and Q factors exhibit
frequency dependence. All of the samples' acquired Q factor (Figure 5 & 7) and tan & (Figures 4 & 6)
values are found in the low-frequency realm, where they gradually decrease as they approach the high-
frequency zone. It results from the dipoles in the polymer blends relaxing [25, 26]. Due to the inability
of these dipoles to follow the incoming frequencies at high frequencies, the values are drastically
decreasing [27].
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Table 1. NiCoFe with rGO

Sample Epoxy (wt %) NiCoFe (wt %0) rGO (wt %)
1 20 0.8 0.2
2 20 0.6 0.4
3 20 0.4 0.6
4 20 0.2 0.8

Table 2. Average values of Q factor, tandelta and dielectric const. of NiCoFe-rGO epoxy composite

NiCoFe-rGO | Qfactor | tandelta | % decrease in Dielectric % increase in
dielectric loss constant dielectric const.
sample 1 566.1284 | 0.009633 -64.99% 16057069.51 79.78%
sample 2 216.7725 | 0.021225 -22.86% 4265013390 99.92%
sample 3 658.8598 | 0.73431 96.25% 64626798 94.97%
sample 4 576.9206 | 0.008207 -70.17% 58276418.52 94.43%
Neat epoxy | 426.7927 | 0.027518 3245277.084
Table 3. NiZnFe with rGO.
Sample Epoxy (wt. %) NiZnFe (wt. %) rGO (wt. %)
1 20 0.8 0.2
2 20 0.6 0.4
3 20 0.4 0.6
4 20 0.2 0.8
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Figure 4. Tandelta for NiCoFe with rGO.
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Figure 5. Q factor Vs Frequency for NiCoFe with rGO.
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Figure 6. Tandelta Vs Frequency for NiZnFe with rGO.
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Figure 7. Q factor Vs Frequency for NiZnFe with rGO.

By Maxwell-Wagner-Sillars (MWS) polarization principle, microcapacitors are created when the
polarisation of the interfacial regions between the polymer and filler particles that in turn causes an
accumulation of charges at the grain boundaries.

The Q factor is inversely proportional to tan 6 is given by Eq. (1)
Q = (Energy lost per cycle)/(Energy stored per cycle) (1) [28]

Because of the decreasing oscillations in the improved blend system they exhibit little energy loss,
their Q value is larger. The filler dispersion in the polymer mixture may increase the interfacial regions
that function as active interfacing regions and reduce energy loss. Low dielectric loss and a high-quality
factor (Q) in a composite material make it appropriate for microwave dielectric applications [10, 11].
The basic relationship between the dielectric constant and a substance's permittivity, or capacity to store
energy in an electric field caused the dipolar polarisation of the matrix and the decrease in permittivity
with increasing frequency [29]. Table 2 denotes Q factor, tandelta and dielectric const. of NiCoFe-rGO
epoxy composite.

Highest average dielectric constant was obtained with intermediate concentration, i.e, 0.6 wt.%
NiCoFe and 0.4 wt.% rGO. The material dielectric constant is directly related to the average value of
grain size [30, 31]. The increase in atomic radii follows Co < Ni < Zn hence, the decrease in loss tangent
which is due to the decrease of grain size [32]. The average crystallite size of NiCoFe varies from 30—
44 nm [33] and that of NiZnFe were determined to be ~3.75 um [34] An average particle size of 17 nm
obtained for NiCoFe when sintered at 1200 °C reported in our earlier article [35]. The length, width and
thickness of rGO are 200 nm, 80 nm, and 0.335 nm respectively [4].

Due to the dispersion of charges at lower frequencies, as seen in the Figure 5, the dielectric loss
reduces with increasing frequency while remaining constant at higher frequencies. The primary causes
are the polarisation of space charge and the ions' beginning to lag behind the field, which results in a
reduction in dielectric loss [31].
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Table 4. Average values of Q factor, tandelta and dielectric const. of NiZnFe-rGO epoxy composite
NiZnFe-rGO | Q factor tandelta % decrease in Dielectric % increase in
dielectric loss constant dielectric const.
Sample 1 3.652708 0.219537 87.46 15108180648 99.97
Sample 2 123.6157 0.072194 61.88 3337502.489 2.76
Sample 3 45.64457 0.737444 96.26 63523968.59 94.89
Sample 4 45.65305 0.209951 86.89 3647864.992 11.03
Neat epoxy 426.7927 0.027518 3245277.084

From Table 4 its observed that a high dielectric constant obtained for higher NiZnFe concentration
and the Q factor values increases in the high frequency regime for (0.6 & 0.4 wt.%) of NiZnFe with
rGO. The interfaces of the graphene nanoparticles and the concentration of NiZnFe microparticles have
an inhibitory influence on the transmission of charges. The polymer dielectrics suffer localised
breakdown and additional deterioration as a result of the strong electric field. The lifespan and
dependability of the insulation may be considerably extended if the growth of the electrical trees could
be prevented [36], which is a result of defects such as voids and impuirities.

From Figure 7 for the intermediate concentration, a higher Q factor value obtained in the high
frequency for NiZnFe. This could be by the combined effect of micro- and nano-entities that has a
significant effect on the enhancement of dielectric properties [36, 37]. The Q factor for higher NiZnFe
filler loadings not high compared to the intermediate loadings, this could be by concentration difference
in the individual dielectric characteristics of the micro and nano fillers that losses the dipolar motion in
composite. The nano particles capture the mobile charges and opposes the partial discharge erosion and
also enhance the bonding strength of the polymer but the microparticles covered by nanoparticles
improves the interfacial polarization of the entire composite [36].

The production of single or multiple helices or chain breakdown can be used to systematically align
the long-range epoxy chains. The helices heads one behind the other thereby the movement of ion
transport and conductivity persists though the filler linkages in the broken linkages [14].

The dielectric loss is caused by the energy loss at grain boundaries resulting in the shift in polarization
when the material is subjected to an electric field [31, 32]. The dielectric loss happen due to migration
of space charge by interfacial polarization and dipolar motion [38].

CONCLUSION

In this work, dielectric properties was explored for nickel cobalt ferrite and nickel zinc ferrite
graphene epoxy composite and it was confirmed that enhancement in dielectric constant and decrease
in dielectric loss for nickel cobalt ferrite with graphene and a higher dielectric constant obtained in the
nickel zinc ferrite graphene composite. At the lower frequency a higher dielectric property obtained and
that gradually decreased with increase in the frequency which is due to relaxation of the dipoles present
in the polymer blends. The dielectric loss decreases with increasing frequency, due to the dispersion of
charges at lower frequencies and polarization of space charges.
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