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Highlights

• Synthesis of Ni Cu Zn Fe Cr O  nanoparticles by sol-get auto

combustion route.
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• Evaluation of microstructural parameters and different inter-atomic

bonding lengths between ions of the crystal structure on the basis of

lattice parameter.

• Correlation between the inter-atomic bonding lengths and bonds.

• Variation between the magnetic properties due to particle size effect.

• Examination of dielectric properties by impedance spectroscopy.

Abstract

Multi-metal spinel ferrite nanocrystals of Ni Cu Zn Fe Cr O  was synthesized by sol–gel auto-combustion route. Structural,

magnetic, and dielectric properties of the prepared nanocrystals were affected by different calcination temperatures. The values of

crystallite size 30.9–51.1 nm, lattice strain 3.68 × 10 –2.21 × 10 , and dislocation density 1.046  × 10 –0.382  × 10  1/nm  were

estimated for the prepared NPs. The magnitudes of saturation magnetization 20.83–33.37 emu/g, retentivity 1.18–1.98 emu/g,

coercivity 30.56–35.29 Oe, and magnetic anisotropy 3.531 × 10 –6.133 × 10  emu/cm  of the prepared NPs were evaluated under the

applied magnetic field of (17kOe). The dielectric constant magnitudes 6810.41, 5.85 × 10 , 5.91 × 10 , and 5.21 × 10  were reported for

non-calcinated NPs (ST), calcinated CT4 NPs at 400 °C, CT6 NPs at 600 °C, and CT8 NPs at 800 °C, respectively at low-frequency range.

The dielectric loss magnitudes 2210.84, 3.23 × 10 , 3.10 × 10 , and 3.13 × 10  were reported for ST, CT4, CT6, and CT8 NPs at the low-

frequency range, respectively. The conductivity values 2.46 × 10 , 361.79  × 10 , 372.49 × 10 , and 342.63 × 10  S/m for ST, CT4, CT6

and CT8 at low frequency range, respectively. Impedance values 4250, 95, 81, and 80 (Ohm) were recorded ST, CT4, CT6, and CT8 NPs

at low-frequency range, respectively. The prepared NPs of Ni Cu Zn Fe Cr O  can be used for the fabrication of good-quality

capacitors, recording systems, high-frequency devices and multilayer chip inductor applications.
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Introduction

Spinel ferrite nanocrystalline materials are being effectively used in electronics [1], [2], antibacterial activity [3], [4], plant and water

treatment [5], [6], etc. The spinel ferrite with one metallic ion in the formula of M (II)Fe O  such as CoFe O , NiFe O , CuFe O , and

ZnFe O  etc, shows outstanding electromagnetic and biomedical properties. In the recent era, multi-metal spinel magnetic

nanocrystals have received tremendous attraction due to their application in multilayer chip inductors (MLFCI) [7], [8],

electromagnetic interference (EMI) [9], [10], super-capacitors [11], [12], and medical applications [12] with the introduction of

suitable multi-metal atoms into the M(II)Fe O  structure, that tunes the physical and chemical properties of the material. According to

Malaie et al. [11] and Abdel et al. [12], spinel ferrite can also be used in energy storage devices such as super-capacitors and batteries.

These spinel ferrites exhibited excellent physical and chemical properties at the nanoscale which can be utilized in the fabrication of

super-capacitor and batteries as compared to other compounds like Tin nitride (SnNx) [13], Manganese-based oxides (Mn O ) [14],

Sn-based materials [15], and Phosphorus@graphene (rP@rGO) [16]. Katoch et al. [17] reported the tuning of superparamagnetic

properties with the incorporation of transition metals like Cr , Cu , and Zn  into host lattice structures that control the chemical

and physical properties which are imperative for biological applications. NiCuZn spinel ferrites belong to the family of soft magnetic
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materials at the nanoscale that can be used in various applications [18], [19]. Due to the low eddy current losses, high resistivity, high

permeability, and low manufacturing cost makes these materials preferable for reducing radar signatures, multilayer cheap inductor,

EMI in cellular phones, computer and video cameras, and other electronic devices [20], [21].

These applications, however, may have different requirements that can be achieved by producing nano-crystallites utilizing a wet

chemical technique with precisely calibrated parameters including such as fuel type, stoichiometry, and heating treatment on

synthesized nano-crystalline material [22]. Wet chemical methods are being extensively utilized in the synthesis of magnetic nano-

crystalline material because of cost-effective, easy to prepare, have less synthesis time, and produce particles of nanoscale

dimensions. Chemical methods such as co-precipitation, sol–gel auto-combustion, hydrothermal, solvothermal, thermal

decomposition, and microwave combustion routes have been employed for the preparation of spinel ferrite nanocrystals [23], [24],

[25]. The sol–gel auto-combustion technique, which uses a low reaction temperature up to 100 °C with short response time for the

preparation of powder samples, which is one of the most convenient parameter for wet chemical procedures.

The less research work on the prepared NPs as-compared other magnetic materials for the same application. In the present study,

Ni Cu Zn Fe Cr O  NPs have been synthesized using a sol–gel auto-combustion route followed by some amount of the

prepared NPs calcinated at the temperature of 400 °C, 600 °C and 800 °C, respectively to examine the effect of calcination temperature

on the microstructural and magnetic parameters due to the crystallization. Moreover, the structural, magnetic, and dielectric

properties of the Ni Cu Zn Fe Cr O  NPs have been examined to get more information that can be utilized in application.
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Materials and synthesis route

The nanocrystals of Ni Cu Zn Fe Cr O  NPs were prepared by utilizing the sol–gel auto-combustion method under urea as the

fuel. To preserve the stoichiometry of synthesized nanocrystalline material, ACS grade Nickel nitrate, Copper nitrate, Zinc nitrate, Iron

Nitrate, and Chromium nitrate of 99.9% purity in stoichiometric amount and dissolved in 30 ml of double distilled water. After

vigorous stirring for 30 min, a homogenous solution is formed, which is followed by the formation of…

XRD analysis

Fig. 1(A) shows XRD patterns of as-synthesized Ni Cu Zn Fe Cr O  NPs such as ST, CT4, CT6, and CT8, respectively. The indexed

peak of (1 1 1), (2 2 0), (3 1 1), (2 2 2), (4 0 0), (4 2 2), and (5 1 1) corresponds to single-phase spinel ferrite having space group Fd-3 m

consistent with JCPDS (#34–0140). The data profiles of the prepared NPs have been fitted using the Lorentz function, as exhibited in

Fig. 1(B). The obtained values of diffraction angle , peak broadening , area under the curve, …

Conclusions

The multimetal spinel nanocrystals of Ni Cu Zn Fe Cr O  were synthesized by the sol–gel auto-combustion route. The

obtained nanocrystals undergo calcination treatment at 400, 600, and 800 °C to investigate the effect of calcination treatment on the

structural, magnetic, and dielectric properties of the prepared NPs. The crystallite size, lattice strain, and dislocation density of the

prepared NPs have been increased due to complete crystallization as a function of the calcination…
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