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Abstract: NiCuZn ferrites were synthesized using the auto-combustion method, a self-propagating 

process involving metal nitrates and glycine. This study investigates the structural, magnetic, and 

electrical properties of the resulting ferrites. X-ray diffraction analysis revealed that the crystallite size 

of the NiCuZn ferrites was below 120 nm. The ferrite exhibited a single-phase cubic spinel structure 

after calcination at 600°C and sintering at 900°C, demonstrating typical ferrimagnetic behavior. Both 

NiZn and NiCuZn ferrite compositions displayed a polycrystalline structure with a space group number 

of 227. The saturation magnetization of the NiCuZn ferrites was approximately 70 emu/g, consistent with 

published values. Additionally, the ferrite compositions showed high electrical resistivity, reaching 106 

Ω-cm. These findings suggest that the synthesized ferrites, with their high electrical resistivity and 

substantial saturation magnetization, are well-suited for use in the fabrication of multilayer chip 

inductors (MLCI).. 
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I. INTRODUCTION 

The miniaturization and integration of magnetic components are critical for advancing electronic device technology. 

Recently, there has been a growing trend toward more compact designs in electronics, leading to the development of 

surface-mount devices (SMDs). These devices, including multilayer chip inductors, LC filters, chip capacitors, and 

beads, are characterized by their small, lightweight, and compact nature, making them ideal for high-density packaging 

[1]. The miniaturization of SMDs not only enables more efficient use of space but also enhances the performance of 

electronic devices. With this shift toward smaller, denser, and lighter components, the demand for high-density 

packaging has grown. 

Multilayer chip inductors (MLCIs), known for their magnetic shielding properties, play a vital role in suppressing high-

frequency noise while allowing low frequency signals to pass through. Spinel ferrites, particularly nickel and nickel-

zinc ferrites, are commonly used in multilayer applications. Nickel-zinc ferrite is a soft magnetic material with low 

coercivity and high electrical resistivity, making it highly suitable for inductors and transformers in power and 

telecommunication electronics, especially in the megahertz frequency range [2-3]. In addition to serving as core 

materials for these components, nickel-zinc ferrites are widely used for fabrication of MLCIs at lower megahertz 

frequencies. MLCIs, being laminated and equipped with magnetic shielding characteristics, effectively prevent 

electromagnetic interference while maintaining high performance. 

For the fabrication of MLCIs, NiZn, and NiCuZn ferrite co-fired with pure silver below 900°C is a key factor in the 

sintering process. The sintering of silver (which has a melting point of approximately 960°C) is crucial for achieving 

high-quality inductors [4]. The substitution of copper ions in the NiZn ferrite composition reduces the densification 

temperature to around 900°C, compared to the typical 1100-1200°C for conventional ferrites, thus enabling use of 

silver conductors for component fabrication [5-7]. To ensure the reliable performance of these devices, it is essential to 

investigate ferrite compositions co-fired with silver electrodes at temperatures below the melting point of silver. 
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This study aims to explore the impact of copper substitution on the electrical and magnetic properties of NiZn ferrites, 

sintered at lower temperatures with varying compositions. The NiZn and NiCuZn ferrite materials are synthesized using 

the auto-combustion chemical technique, which produces fine powders at the nanoscale. This method effectively 

promotes low-temperature sintering, enabling ferrite synthesis at approximately 900°C, making it suitable for 

multilayer chip inductor (MLCI) applications. Additionally, the study seeks to characterize the materials through 

various techniques, including X-ray diffraction (XRD) and Vibrating Sample Magnetometry (VSM). 

 

II. EXPERIMENTAL 

Auto-combustion synthesis was initiated by weighing and mixing the stoichiometric amounts of nitrate salts and 

glycine. Analytical-grade nickel nitrate [Ni(NO3)2. 6H2O], copper nitrate [Cu(NO3)2.3H2O], zinc nitrate 

[Zn(NO3)2.6H2O], ferric nitrate [Fe(NO3)3.9H2O], and glycine [NH2CH2COOH], all obtained from Merck India 

Chemicals, were used as chemical reagents. Separate aqueous solutions of these reagents were prepared and then 

thoroughly combined. The solutions of nitrates and glycine were mixed with double-distilled water and stirred 

continuously for 1 hour, maintaining a molar ratio of nitrates to glycine at 1:1. The resulting homogeneous solution was 

gradually evaporated on a hot plate to form a viscous gel, which was then heated at 350°C for 30 minutes. During this 

process, the gel expanded into a fluffy mass, which eventually broke into brittle flakes. The decomposed powder was 

ground in a pestle and mortar, and then calcined at 600°C for 2 hours. The phase purity and crystallinity of the calcined 

powders were examined using powder X-ray diffraction (Bruker X8) with CuKα radiation. Following calcination, the 

ferrite specimens were sintered at 900°C for 1 hour in a muffle furnace, with a heating rate of 10°C/min. The sintered 

specimens were used to study its magnetic properties by measuring the M-H curve using a Vibrating Sample 

Magnetometer (Applied Research Laboratory, Princeton, USA). The magnetic moment per unit gram was measured 

across a magnetic field range of -10,000 to 10,000 Gauss at room temperature. Bulk resistivity measurements of the 

heat-treated samples were carried out by performing alternating polarity tests on samples mounted on a custom-made 

test fixture (with ring and guarded electrode) in combination with a high-impedance electrometer (Keithley 6517A) [8]. 

The calcined powder samples were compacted in circular shape ( = 10 mm) with 1-2 drops of 2% polyvinyl alcohol 

(PVA) as a binder to prepare green pellets suitable for resistivity measurements. The pellets were sintered at 900°C for 

1 hour in a muffle furnace. 

 

III. RESULT AND DISCUSSION 

The X-ray diffraction patterns of the as-synthesized ferrite composition i.e. NixCu0.5-xZn0.5Fe2O4 (x = 0.2 & 0.5) 

calcined at 600oC are shown in Figure 1. The X-ray diffraction pattern confirms the formation of good crystallization 

with a single phase of cubic spinel structure. The XRD patterns do not show impurity peaks, including those of residual 

reactants, implying the formation of single-phase NiZn and NiCuZn ferrite. The diffraction peaks of Ni0.5Zn0.5Fe2O4 

could be identified with spinel structure of NiZn ferrite in space group Fd-3m (no. 227), corresponding to JCPDS 

reference no. 08-0234 [9]. The lattice constant for Ni0.5Zn0.5 ferrite was found to be 8.39 Å. The lattice constant 

decreased from 8.39 Å to 8.37 Å as the nickel content in the ferrite composition decreased. This reduction in lattice 

constant was attributed to the substitution of Ni2+ ion (0.74Å) with Cu2+ ion (0.70Å) at the B-site. [10]. It is well known 

that the Cu2+ and Ni2+ ion will prefer the octahedral B-site and the Zn ion will only prefer the tetrahedral A-site, which 

will eventually share with the remaining Fe3+ ions. It is well understood that the Zn2+ ions have a strong tendency to 

form covalent bonds directed towards the corner of a strong regular tetrahedron, which is the reason why the Zn ion 

will sit at the tetrahedral A-site with Fe3+ ion [11]. The lattice constant for Ni0.2Cu0.3Zn0.5Fe2O4 was close to 8.37Å.  
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The magnetic properties of the NiZn ferrite and NiCuZn ferrite have been determined at room temperature using a 

Vibrating Sample Magnetometer. The M-H curve of the NixCu0.5-xZn0.5Fe2O4 (x = 0.2 and 0.5) calcined at 600oC is 

shown in Figure 2. Further, Table 1 shows the magnetization values of the NixCu0.5-xZn0.5Fe2O4 (x = 0.2 and 0.5) 

calcined at 600oC and subsequently sintered at 900oC. As shown by the VSM data, NiZn and NiCuZn ferrite particles 

exhibit a ferrimagnetic nature. The saturation magnetization, s values decrease with the addition of copper content as 

seen from the results tabulated above. The saturation magnetization for NiZn ferrite composition varies from ~ 70 

emu/gm and decreases to ~40 emu/gm with the addition of the copper content, regardless of the processing temperature. 

This reduction is attributed to the smaller magnetic moment of the Cu²⁺ ion (1.3 μB) compared to that of Ni²⁺ (2.3 μB). 

Consequently, substituting Ni²⁺ with Cu²⁺ reduces the overall magnetic moment and weakens the exchange interaction 

between the A and B sublattices. Additionally, the remanent magnetization (σr) of the samples shows a similar trend to 

that of the saturation magnetization. The saturation magnetization (s) tends to be higher after sintering at 900°C 

compared to calcination at 600°C for both compositions. The increase in saturation magnetization with sintering 

suggests that higher temperatures lead to increased particle size and crystallinity, which enhances the saturation 

magnetization in the sintered specimens. The coercivity (Hc) of the sintered sample is lower than that of the specimen 

calcined at 600°C. This decrease in coercivity with increasing sintering temperature may be attributed to the promotion 

of grain growth at higher temperatures, which results in larger magnetic domains. The enlargement of these domains 

makes it more challenging to reverse the magnetization direction, thereby leading to a reduction in the coercive field.  

Composition Calcination/ Sintering s  

(emu/gm) 

r  

(emu/gm) 

Hc (Gauss) 

Ni0.5Zn0.5Fe2O4 
Calcination at 600oC 70 12 109 

Sintering at 900oC 73 8 83 

Ni0.2Cu0.3Zn0.5Fe2O4 
Calcination at 600oC 41 7 136 

Sintering at 900oC 44 5 87 

Table 1: Magnetization values of NiZn and NiCuZn ferrite composition calcined at 600oC and sintered at 900oC 

The room-temperature bulk resistivity values for the NiZn and NiCuZn ferrite are of the order of 106 Ω-cm.  The bulk 

resistivity in excess of 106 Ω-cm together with the optimum magnetic properties, make these materials suitable for 

MLCI applications. 
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IV. CONCLUSION 

In this study, NiCuZn ferrites were successfully synthesized using the auto-combustion method, and their structural, 

magnetic, and electrical properties were thoroughly investigated. The X-ray diffraction analysis confirmed the 

formation of a single-phase cubic spinel structure for both NiZn and NiCuZn ferrites, with crystallite sizes below 120 

nm. The lattice constant was found to decrease from 8.39 Å to 8.37 Å with the substitution of Ni2+ ion by Cu2+ ion. 

Vibrating Sample Magnetometry (VSM) revealed that the ferrites exhibited ferrimagnetic behavior, with saturation 

magnetization values for NiZn ferrite around 70 emu/g, which decreased to approximately 40 emu/g with the 

incorporation of copper. The sintering process at 900°C led to an increase in saturation magnetization, likely due to 

enhanced particle size and crystallinity. Additionally, the coercivity decreased upon sintering, which is attributed to 

grain growth at higher sintering temperatures. 

The synthesized ferrites also demonstrated high electrical resistivity, exceeding 106 Ω-cm at room temperature, making 

them suitable for applications in multilayer chip inductors (MLCIs). The combination of high resistivity, low coercivity 

and moderate to high saturation magnetization, indicates that these materials are well-suited for use in high-frequency 

electronic devices. In conclusion, the synthesized NiCuZn ferrites exhibit a distinct combination of structural and 

magnetic characteristics, positioning them as promising candidates for multilayer chip inductor (MLCI) applications 

and other advanced electronic devices that require low-temperature sintering. 

 

ACKNOWLEDGEMENTS 

The author, Vivek Rane is deeply grateful to his doctoral advisor Late Dr. Girish J. Phatak, C-MET, Pune, India for his 

support and guidance in carrying out this work. The author is also obliged to the Chairman and Trustee, Shri. Gopinath 

Mahadeo Vedak Pratishthan and the Principal, G. M. Vedak College of Science, Tala, Raigad, India for their support 

and continuous encouragement. The authors thank the Institute Instrumentation Centre, IIT-Roorkee, India for XRD 

characterization and VSM measurements.  

 

REFERENCES 

[1]. Jen-Yan Hsu, Wen-Song Ko, Hon-Dar Shen and Chi-Jen Chen, “Low temperature fired NiCuZn ferrite”, 

IEEE Transactions on Magnetics, vol. 30, no. 6, pp. 4875-4877, Nov. 1994, doi: 10.1109/20.334251 

[2]. P. I. Slick, “Ferrites for Non-microwave Applications”, in Handbook of Magnetic Materials, E. P. Wohlfarth, 

Ed.: North-Holland Publishing Company, 1980, vol. 2, ch. 3, p. 196. 

[3]. Goldman, Modem Ferrite Technology, 2nd ed.: Springer Science, 2006. 

[4]. T. Normura, “Micro- and nano-structure-property relationships in soft ferrites”, Ferrites : proceedings of the 

ICF 6, ed. by T. Yamaguchi and M.Abe, Sept. 29-Oct. 2, 1992, Tokyo, Japan, pp.65-70. 

[5]. J. H. Nam, H. H. Jung, J. Y. Shin, and J. H. Oh, “The Effect of Cu Substitution on the Electrical and 

Magnetic Properties of NiZn Ferrites”, IEEE Trans. Magn., vol. 31, no. 6, pp. 3985-3987, 1995. 

[6]. T. Nakamura, “Low-temperature Sintering of Ni-Zn-Cu Ferrite and Its Permeability Spectra”, J. Magn. 

Magn. Mater., vol. 168, pp. 285-291, 1997. 

[7]. O. F. Caltun, L. Spinu, and A. Stancu, “Magnetic Properties of High Frequency Ni-Zn Ferrites Doped with 

CuO”, IEEE Trans. Magn., vol. 37, no. 4, pp. 2353-2355, 2001. 

[8]. Keithley Instruments Inc., “Volume and surface resistivity measurements of insulating materials using the 

model 6517A electrometer/high resistance meter”, Application Note Series no. 314 (no. 1680) (Keithley 

2001). 

[9]. Joint Committee on Powder Diffraction Standards (JCPDS) database reference no. 08-0234. 

[10]. K.J. Standley, Oxide Magnetic Materials, Oxford, Clarendon Press. 

[11]. R. A. Waldron, “Ferrite: An Introduction for Microwave Engineering”, D. Van Nostrand Company Ltd. 

 


