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Ni-Cu-Zn ferrites are a versatile class of soft ferrite materials with spinel crystal structure. By
controlling the method of preparation, types of additives, composition, sintering condition and
substitution levels it is possible to tailor the properties of Ni-Cu-Zn ferrites to specific application. To
investigate the structural properties XRD, FTIR and SEM techniques are used. The magnetization is

measured using VSM technique. The substitution of Additives such as Co, Mn, Mg, Al and rare earth

Ni-Cu-Zn ferrites, Magnetic

ions increases the magnetic properties. Additives also influences the distribution of cations between A
and B sites, which may leads a slight change in lattice parameters and unit cell volume.

properties, structural
properties
1 Introduction

Magnetic ceramics with iron oxide as the major constituent are
termed as ferrites. Ferrites are a class of magnetic materials that
exhibit a unique combination of properties, making them highly
valuable for various technological applications. Today ferrites have
truly wide range of potential applications, and have contributed
materially to the advances in electronics. In the area of new
materials, ferrites with permeability up to 30,000 and power
ferrites for frequencies up to 10 MHz have been made available
commercially [1]. It is a well-known fact that the properties of
ferrites are sensitive to method of preparation, substitution of
cations, microstructure, sintering time, temperature and mostly on
distribution of cations on the tetrahedral (A) and octahedral sites
(B) in the spinel lattice with the general formula AB,0, [2].

NiCuZn ferrite has the spinel structure. Spinel has the general
formula MFe204, where M is divalent metal ion. The spinel lattice
is consists of an oxygen closed-packed arrangement in which 32
oxygen ions form a unit cell. Two kinds of interstices in between
the closed-packed anions. a) Tetrahedrally coordinated interstices
(called ‘A’ site) and b) octahedrally coordinated interstices (called
‘B’ site). Structurally spinel can be represented as AB204. One
unit cell of it contains eight formula units of AB204, where, out of
64 ‘A’ sites 8 and out of 32 ‘B’ sites 16 are occupied by
cations.The electromagnetic properties of NiCuZn ferrites are

highly sensitive to the processing parameters especially sintering
conditions and the amount of constituent metal oxides in their
composition.There are several methods available to synthesize
appropriate ferrites with tailor-made properties. Physical and
chemical methods used in ferrite synthesis are — mechanical
alloying, high energy milling, inert gas condensation,
citrate/glycine precursor method, molten salt method, plasma
deposition method, hydrothermal reaction, chemical co-
precipitation, and sol-gel technique [3-5].

The properties of ferrites are a complex interplay of various
factors, including their chemical composition, synthesis method,
and microstructural features. Key influencing parameters include
the specific elements and their ratios within the ferrite structure,
the techniques used to prepare the ferrite material, the introduction
or replacement of ions within the ferrite lattice, and the conditions
employed during the sintering process. Furthermore, the electronic
configuration of the metal ions occupying the tetrahedral (A) and
octahedral (B) sites within the ferrite structure significantly
influences their physical properties. These ions, with their varying
oxidation states, contribute to the unique magnetic and electrical
behavior of ferrites. To enhance the desired properties of ferrites,
various approaches have been explored. One common strategy
involves the incorporation of suitable non-magnetic or diamagnetic
impurities into the A or B sites of the ferrite lattice. This method
has demonstrated the potential to improve the electrical, magnetic,
and optical properties of ferrites [6,7]. Considering the scope many
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researchers investigate for various compositions in the system
(NiCuzZn)Fe204. The work on different ions substituted in
NiCuZn ferrite is observed multidisciplinary in nature. In the
present article Some investigations in last few years has been
reviewed keeping a view that some useful result may come up in
the contest of research and development.

2 Experimental Findings

Spinel ferrites can be fabricated using a variety of methods,
including solid-state reaction [10], high-energy ball milling [8],
sol-gel processes [9], chemical co-precipitation , microwave
sintering , auto-combustion , conventional ceramic techniques ,
and two-step synthesis approaches . Among these, the solid-state
reaction method has been extensively utilized by researchers for
the synthesis of Ni-Cu-zZn ferrites [10-12]. Numerous research
efforts have centred on enhancing the electromagnetic properties of
ferrites through the substitution of different ions.

2.1 Influence of substituting Co

Byun et al. [13] investigated the electromagnetic properties of
(Nig2Cug2ZNgg)1.02-xCOxFe19504 ferrites. The substitution of Co
ions into the Ni-Cu-Zn ferrite system significantly impacts its
magnetic and electrical properties. Studies have shown that Co
substitution can:

Increase saturation magnetization: Co has a higher magnetic
moment than Zn, leading to an increase in the overall
magnetization of the ferrite.[14]

Enhance magnetic anisotropy: The presence of Co ions introduces
uniaxial anisotropy, which can improve the magnetic properties of
the ferrite, such as coercivity and remanence [15].

Influence electrical resistivity: Co substitution can affect the
electrical resistivity of the ferrite, which is crucial for high-
frequency applications [16].

2.2 Influence of substituting Mg

Extensive research has investigated the influence of Mg
substitution on the properties of various ferrite systems. These
studies have consistently demonstrated that Mg substitution can
significantly alter the structural, electrical, and magnetic
characteristics of these materials. MgO, a highly stable oxide, finds
applications in a wide range of technological domains[17]. Mg
substitution in Ni-Cu-Zn ferrites has been shown to significantly
influence their magnetic and electrical properties. Studies have
reported that the incorporation of Mg ions can:

Decrease saturation magnetization: Mg, being diamagnetic, dilutes
the magnetic moment of the ferrite, resulting in a decrease in
saturation magnetization and The intrinsic coercivity has
maximum at x=0.2 due to presence of Fe2+ ions and decreases
after that [18]. The highest saturation magnetization was found in
the composition Nig3Cug2Zng3 Mgo2Fe,04 [19].

Increase resistivity: Mg substitution can enhance the electrical
resistivity of Ni-Cu-Zn ferrites, which is beneficial for high-
frequency applications.

Alter magnetic anisotropy: The presence of Mg ions can modify
the magnetic anisotropy of the ferrite, affecting its magnetic
properties.

Influence structural properties: Mg substitution can affect the
lattice parameter and microstructure of the ferrite, which can in
turn influence its magnetic and electrical properties.

2.3 Influence of substituting Mn

The influence of Mn in NiCuzn ferrite nanoparticles was
examined on a series of Nigs-«Mn,Cug,Zno3Fe,0,4 that was
synthesized by sol-gel auto-combustion technique. Site occupancy
data revealed that Mn and Zn occupy A-site whereas Ni and Cu
occupy B-site. Saturation magnetization increased with increasing
Mn content. This is likely due to: Changes in the cation
distribution, which can affect the magnetic interactions between
the ions. Increased bulk density, leading to a higher number of
magnetic moments per unit volume. Due to substitution of Mn on
NiCuZn ferrite Dielectric constant and permeability increased that
happens leads to reduced grain boundaries and increased density
[20]. Li et al. [21] studied the impact
of Mn doping on the magnetic and microstructural properties of
(Nig2Cug2Zn06)103(F€203)097+0.97XMnO2 ferrites. Their
research revealed that increasing Mn content initially led to an
enhancement in initial permeability. However, when Mn content
exceeded 0.4, the formation of a secondary phase was observed.
This higher Mn concentration resulted in an increase in grain size
within the Ni-Cu-Zn ferrite. Consequently, the fraction of grain
boundaries, which typically exhibit high resistance, decreased.
This reduction in grain boundary resistance ultimately lowered the
overall resistivity of the material.

2.4 Influence of substituting Rare earth ions

Rare earth-substituted ferrites have shown great promise for a wide
range of applications. 1 Introducing small quantities of rare earth
ions into ferrite materials can significantly alter their magnetic,
electrical, and structural characteristics. The specific changes
observed are highly dependent on the type and concentration of the
rare earth element employed. Numerous studies have explored the
effects of various rare earth atoms (including Dy, Ce, Th, La, Sm,
Gd, Nd, Th, Y, and Eu) on the properties of ferrites. These
investigations have consistently demonstrated that different rare
earth elements exhibit distinct behaviors when incorporated into
the spinel ferrite structure.

The study investigated the effect of rare earth (Nd and La) doping
on the structural, magnetic, and dielectric properties of Ni-Cu-Zn
ferrite nanoparticles synthesized using the sol-gel auto-ignition
method [22]. Rare earth doping increased unit cell size, specific
surface area, and decreased porosity. Cation distribution analysis
revealed Zn2+ at A-sites, and Ni2+, La3+, Nd3+ at B-sites, while
Fe3+ occupied both A and B sites. Saturation magnetization (Ms)
decreased significantly from 85 to 31 emu/g due to weakened A-B
interactions. Coercivity (Hc) increased from 27 to 98 Oe.
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Dielectric constant (&') increased substantially from 570 to 1090 at
low frequencies (up to 10 kHz). Dielectric loss slightly decreased
with rare earth doping.

Ni-Cu-Zn ferrite nanoparticles doped with varying amounts of
Dy3+ were synthesized using an ultra-sonication assisted sol-gel
method. XRD confirmed the cubic spinel structure, while FT-IR
revealed characteristic vibrational bands. Magnetic studies showed
soft ferromagnetic behaviour with initial increases in saturation
magnetization (Ms) and remnant magnetization (Mr) followed by
a decrease with increasing Dy3+ content. FC/ZFC measurements
indicated spin glass behaviour with an irreversible temperature
above 300 K. Mossbauer spectroscopy confirmed the occupation
of octahedral sites by Dy3+ ions. Optical analysis revealed a direct
band gap between 1.69 and 2.33 eV, with all samples exhibiting
light absorption in the visible region as confirmed by diffuse
reflectance spectroscopy [23].

Junaid et.al [24] have studied the Structural, spectral, dielectric and
magnetic properties of indium substituted copper spinel ferrites
synthesized via sol gel technique and characterize them using
TGA/DTA, XRD. They observed that the value of Ms and Hc are
reduced with the substitution of In3+ ions.

Akhtar M. N. et al [25] studied the effect of rare earth doping on
the structural and magnetic features of nano-crystalline spinel
ferrites prepared via sol gel route and observed that the crystallite
size, lattice constant and volume of cell decreased. X-ray density,
bulk density and porosity are also decreases. The doping increased
Ni-Zn ferrites versatility in industrial and technological
applications.

Dasan et. al [26] studied influence of La3+ substitution on
properties of Ni-Zn ferrites and observed that the saturation
magnetization (M) and coercivity (H.) of La* substituted
samples decreased as compared to the Ni-Zn ferrite samples. It
means La ion substitution influenced structural magnetic and
dielectric property.

B. B. V. S. Vara Prasad et. al [27] studied effect of indium
substitution on magnetic properties on Ni-Zn ferrites. The
saturation magnetization and Curie temperature decreases with
indium content. Dielectric constant and loss factor increased
initially and then decreased

Jacobo and Bercoff [28] studied the structure and electromagnetic
properties of Y**-substituted Ni—Zn spinels prepared by a sol—gel
method. Y*" substitution slightly reduces the average crystallite
size and unit cell parameters, and it modifies the saturation
magnetization, permeability, and permittivity. The dielectric
constant decreases with the Y content, showing a constant behavior
in the explored frequency range.

Liu et al. [29] explored the doping effect of Sm** on the magnetic
and dielectric properties of Ni—Zn spinels. NigsZnosSmyFe,O,
samples were synthesized by a conventional two-step solid
sintering method. It was found that the substitution by the Sm**
cations decreased the dielectric loss in the frequency range of
1-100 MHz, increased in the frequency range of 100—1000 MHz.

Munirah Abdullah Almessiere et al [30] studied the Influence of
Dy** ions on the Microstructures and Magnetic, Electrical, and
Microwave Properties of [Nig4Cuo2Zno4](Fe,-<Dyx)O4 (0.00 < x
< 0.04) Spinel Ferrites
magnetic properties,

and investigated their electrical and

M Raghasudha et al [31] studied Structural and dielectric
properties  of  Indium  substituted  Ni-Cu-Zn  ferrites
Nigs5CUg5ZNg5Fe24INkO,4 and characterized using XRD, SEM.
Dielectric properties are investigated in detail.

Mohd. Hashim et. al [32] investigated high temperature dielectric
studies of indium-substituted NiCuZn nanoferrites. The dielectric
constant and dielectric loss tangent exhibited decreasing trends as
the frequency increased at selected temperatures for all of the
compositions.

A M Shahare et al [33] have studied Structural, electric and
magnetic properties of Ce-substituted Ni-Cu-Zn ferrite and
characterized them using XRD, SEM, and VSM. They observed a
decrease in  Saturation magnetization (Ms), Remanent
magnetization (Mr) and increase in Coercivity (Hc) with Ce
content. AC Conductivity is found to increase with the Ce content.

3 Conclusion

This review highlights the significant influence of various ion
substitutions (Co, Mg, Mn, and rare earths) on the structural,
magnetic and electrical properties of Ni-Cu-Zn ferrites. Co
substitution generally enhances saturation magnetization and
magnetic anisotropy. Mg substitution typically leads to a decrease
in saturation magnetization and an increase in resistivity. Mn
substitution can increase saturation magnetization, dielectric
constant, and permeability, while also influencing grain growth.
Rare earth substitutions such as La, Nd, and Dy significantly
impact magnetic properties, altering saturation magnetization,
coercivity and inducing magnetic anisotropy. Furthermore, rare
earth doping can influence structural parameters, dielectric
properties, and optical behaviour. These findings demonstrate that
ion substitution provides a powerful tool for tailoring the
properties of Ni-Cu-Zn ferrites for specific applications such as
high-frequency devices, magnetic recording media, and sensors.
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