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Abstract. In this work, Cu-Zn spinel ferrites having chemical formula Cu(1-x)ZnxFe2O4 for x 
ranging from 0.2 to 0.8 were synthesized by sol-gel auto-combustion method and 
hydrothermal method with a step size of 0.2. The effect of Zn doping on structural properties, 
crystallite size, and magnetic properties synthesized by both methods are reported. Rietveld 
refinement of the XRD patterns was analyzed using Maud for the determination of crystallite 
size. The X-ray diffraction pattern shows that single phase Cu-Zn spinel ferrite was formed, 
and it has a cubic structure. Additionally, the lattice parameter size increases with Zn doping 
and then decreases after x=0.6. A vibrating sample magnetometer (VSM) was done to 
determine magnetic properties like saturation magnetization (Ms), remanence (Mr), and 
coercivity (Hc). The scanning electron microscopy (SEM) shows the morphology and 
confirms the average particle size. 
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1. Introduction
Ferrites are ceramic materials possessing properties like very high electrical resistivity, low
power loss at high frequencies, suitable for temporary and permanent magnetic applications
due to their spontaneous magnetization and conductivity behavior like those of
semiconductors [1,2]. Ferrites with narrow hysteresis loop form softs magnets, which are used
for audio transformers, television transformers, gyrators, inductance cores. Ferrite
nanoparticles have high electrical resistivity because they have a better response at high
frequencies [3,4]. Ferrites are the outstanding core material choice for frequencies from
10 kHz to a few MHz, when we require low cost, high stability, and lowest volume [5,6].
Ferrites are widely studied due to their applications in protecting living bodies from
microwaves, anechoic chamber, satellite communication, microwave darkroom, and
microwave industries as radar absorbing material. Ferrites having chemical formula MFe2O4
with the spinel structure have face-centered cubic (FCC) lattice of the oxygen ions. Every
spinel unit cell comprises eight formula units. In every unit cell, there exists 64 tetrahedral
sites and 32 octahedral sites. Therefore, their composition depends on the structural, chemical,
and electromagnetic properties of ferrites, dependent on the preparation methodologies [7,8].
Zn doped Cu ferrites have a significant temperature-dependent magnetic moment near body
temperature, therefore successfully used in temperature sensor in MRI properties [9-11].
Various cations can be placed at these tetrahedral sites and octahedral sites to get interesting
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chemical and physical [12,13]. It is reported that Ni–Cu–Zn ferrites with less content of Zn 
could obtain high Curie temperature, but the initial permeability of Ni–Cu–Zn ferrites reached 
only up to 2000 [14-16]. This paper will distinguish two well-known methods of preparation 
ferrite nano powders to synthesize Cu-Zn spinel ferrites. The study's objective was to 
investigate the effect of Zn substitution on magnetic (saturation magnetization, remanence, 
and coercivity) and structural properties (lattice parameter, grain size, and crystallite size). 
The prepared ferrite nano powders are characterized by using X-ray diffraction (XRD), 
vibrating-sample magnetometer (VSM), and scanning electron microscopy (SEM). 

2. Experimentation
Methodology. Cu-Zn spinel was synthesized by using the sol-gel auto combustion method
and hydrothermal method. A balanced equation for synthesis by each method is mentioned
below:
(1 − 𝑥)𝐶𝑢(𝑁𝑂3)2. 3𝐻2𝑂 + 𝑥(𝐶𝐻3𝐶𝑂𝑂)2𝑍𝑛. 2𝐻2𝑂 + 2𝐹𝑒(𝑁𝑂3)2. 9𝐻2𝑂 +
3𝐶6𝐻8𝑂7.𝐻2𝑂 = 𝐶𝑢(1−𝑥)𝑍𝑛𝑥𝐹𝑒2𝑂4. (1)

Synthesis by Sol-gel Route. Stoichiometric calculations were done for the synthesis of 
Cu(1-x)ZnxFe2O4. Copper nitrate (Cu(NO3)2.3H2O), Zinc acetate ((CH3COO)2Zn.2H2O), Iron 
nitrate (Fe(NO3)3.9H2O), and citric acid were used as precursors. All nitrates and citric acid 
were dissolved insufficient amount of distilled water to form a clear solution to obtain metal 
ions solution in separate beakers. All the nitrates were mixed in a beaker and were kept for 
continuous stirring for 15 minutes, as shown in Fig. 1. Citric acid was added to the solution as 
a chelating agent, and then ammonia solution was slowly added to maintain the pH of the 
solution at 7 with continuous stirring. Citric acid to metal ion ratio was taken as 1:1 [4]. The 
temperature of the hotplate was gradually increased to 60ºC. Then the solution was heated and 
stirred for about 4 hours. The gel was formed after 4 hours, and it was heated at the same 
temperature for about 25 minutes. Auto combustion took place, and a homogenous powder 
was formed. Various gases were evolved during this process. After complete combustion of 
the sample, the hotplate temperature was decreased slowly. The product of auto combustion 
was grounded into a fine powder with the help of agate mortar. The powder formed was 
calcinated at 750 ºC for 8 hours to form crystalline spinel ferrite. The phase identification of 
the calcined powder was performed by X-ray diffraction (XRD) using Cu-Kα radiation. 
Magnetic properties of the spinel ferrite like saturation magnetic flux, remnant magnetic flux, 
and coercive force were determined using VSM. 
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Fig. 1. Typical flow chart of Sol-Gel method for synthesizing Cu-Zn spinel ferrite 

Synthesis by Hydrothermal Route. Stoichiometric calculations were done for the 
synthesis of Cu(1-x)ZnxFe2O4. Copper nitrate (Cu(NO3)2.3H2O), Zinc acetate 
((CH3COO)2Zn.2H2O), and Iron nitrate (Fe(NO3)3.9H2O) were used as precursors. All nitrates 
dissolved an insufficient amount of distilled water to form a clear solution to obtain metal 
ions solution in separate beakers, as shown in Fig. 2. The 2M NaOH solution was prepared by 
adding 16 gm NaOH in 200 mL of distilled water to maintain the pH of 12.5. A beaker with 
iron nitrate solution was placed on the hotplate, and a magnetic capsule (stirrer) was put in the 
solution. Copper nitrate and zinc acetate solution were added to it under continuous stirring. 
2M NaOH solution was slowly added to the solution to maintain the pH of the solution at 12.5 
with continuous stirring. The temperature of the hotplate was kept at room temperature. Then 
the solution was stirred for about 2 hours for complete mixing of the metal ions. The solution 
was poured into a Teflon tube and kept at 220 ºC for 8 hours in the oven. The precipitate was 
formed after 8 hours of heating; this precipitate was filtered using filter paper and distilled 
water. After filtering the precipitate, it was again kept in the oven for 24 hours at 60ºC for 
drying along with filter paper. With the help of a spatula, powder formed after drying was 
collected from filter paper and grounded to a fine powder using agate mortar. 
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Fig. 2. Flow chart for preparation of Cu-Zn spinel ferrite through hydrothermal route 

Characterization. Phase identification and structural characterization were performed 
using X-ray diffraction technique (Target: Cu-Kα, 10°-90°, step size – 0.02°, holding time: 
0.2 seconds) which confirms the existence of a well-defined single-phase spinel ferrite 
structure. The SEM image for ferrite powder synthesized by each method was obtained using 
SEM machine. VSM was done to determine magnetic properties like saturation 
magnetization, remanence, and coercivity. 

3. Results and Discussion
Structural Properties. The general formula for spinel ferrite synthesized is Cu(1-x)ZnxFe2O4.
Spectra from XRD for x = 0.2-0.8 are shown in Fig. 3 and Fig. 4 were matched with the
standard XRD pattern of Cu-Zn spinel ferrite, and it confirmed that single phase Cu-Zn spinel
ferrite is formed for both methods. The most intense peaks in all specimens are (220), (311),
(222), (400), (422), (333), and (440) are found to be well-matched with single-phase cubic
spinel. The average crystallite size for all the samples was calculated using Debye Scherrer's
formula with respect to the high-intensity peak plane (311). Debye Scherrer's formula can be
expressed to calculate the crystallite size [17-18].
𝑡 = 0.9𝜆

𝐵𝐶𝑜𝑠𝜃𝐵
, (2) 

where 𝑡 – crystallite size (Å), 𝜆 – wavelength of incident X-rays (Å), 𝜃𝐵 – Bragg's angle 
(degree), 𝐵 – width of major peak at FWHM (radian). 
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Fig. 3. XRD pattern for Cu-Zn spinel ferrite synthesized by (a) sol-gel auto-combustion 
method and (b) hydrothermal method 

Fig. 4. Maud analysis of Cu(1−x)ZnxFe2O4 ferrite (a) Sol-gel (b) Hydrothermal 

From Table 1 and Table 2, it can be noticed that the lattice parameter of Cu-Zn spinel 
ferrite increases with an increase in Zn substitution for both methods for x = 0.2–0.6. This can 
be explained as the size of the Zn ion is larger than the size of the Cu ion, so as we increase 
the concentration of Zn in the Cu-Zn spinel ferrite lattice parameter. But the value of the 
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lattice parameter decreases for x = 0.6–0.8, which can be explained as the further addition of 
Zn in the Cu-Zn spinel ferrite has led to a distortion of the lattice [19]. 
 
Table 1. Lattice parameter (a) and crystallite size (t) Cu(1-x)ZnxFe2O4 (x=0.2–0.8) ferrite 
nanopowders for sol-gel method 

Sol-gel auto-combustion method 

x t (Å) a (Å) 
0.2 764.098 8.3905 
0.4 844.64 8.3974 
0.6 657.11 8.4248 
0.8 296.877 8.418 

 
Table 2. Lattice parameter (a) and crystallite size (t) Cu(1-x)ZnxFe2O4 (x=0.2–0.8) ferrite 
nanopowders for hydrothermal method 

Hydrothermal method 

x t (Å) a (Å) 

0.2 296.877 8.418 
0.4 302.687 8.423 

0.6 205.465 8.472 

0.8 175.317 8.4665 

 
SEM. The SEM of Zinc doped copper ferrite is shown in Fig. 5. The image gives the 

impression that the product of the auto combustion reaction was very spongy and feathery, 
and it also confirms that the sub-micrometer-sized primary particles were agglomerated into 
the larger secondary particles. SEM has done for x=0.6 in Cu(1-x)ZnxFe2O4. 
 

 
Fig. 5. SEM images of Cu(1-X)ZnXFe2O4 for x=0.6 

 
Magnetic property. The saturation magnetization (Ms) and coercivity (Hc) of 

nanopowders synthesized by the sol-gel method as a function of Zn substitution (x) are shown 
in Fig. 6. It is observed that Ms gradually increases with an increase in Zn concentration for 
x=0.2–0.4 as the packing of magnetic material in a specified volume increases and then 
decreases with an increase in Zn concentration for x=0.6–0.8. 
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Fig. 6. Hysteresis loop for Cu-Zn spinel ferrite synthesized by sol-gel auto combustion 

method for varying composition of Zn (x) 
 

Table 3. Values of Saturation magnetization (MS), Coercivity (HC), and Remanence 
Magnetization (Mr) 

Zn content Ms (emu/g) Mr (emu/g) Hc (Oe) 
x=0.2 24.21 6.14 184.47 
x=0.4 70.82 5.33 174.46 
x=0.6 47.21 3.22 116.26 
x=0.8 31.17 2.33 102.26 

 
The hysteresis plot of all synthesized samples shown in Fig. 6 and Table 3 enlists the 

effect of Zn doping on saturation magnetization (Ms), coercivity (Hc), and remenance (Mr). 
In the case of Zn Ferrite, the magnetic [20-22] properties can be explained by Neel's two 
sublattice models. According to this model, a spinel having a AB2O4 structure has two types 
of sublattices, octahedral (B) and tetrahedral (A) sites. Owing to exchange energy, the ions 
occupying A and B sites have their magnetic moments arranged in an anti-parallel fashion. 
Here, the Fe3+ ions are equally distributed amongst the A and B sites, while the Cu2+ ions 
have a strong preference for B sites. The net magnetic moment is determined by Cu2+ (µB=1) 
ions as the same due to Fe3+ (µB=5) ions present at A and B sites cancel out. Thus, the overall 
magnetization of the material is the difference in magnetization present at these two sites. 
Site B dominates as it contains a more significant number of ions. However, on substituting 
Cu2+ with nonmagnetic ions Zn2+. Zn2+ having a strong preference for A sites, they are 
disposed of there. This results in the dislocation of some of the Fe3+ ions from A to B sites. 
Unlike in the case of Cu ferrite, the compensation in the magnetic moment of Fe3+ will not 
occur, and they contribute with large magnetic moments to B sites. This results in an increase 
in magnetization. Mr and Hc present a decreasing nature with Zn doping. As seen, the 
minimum value of coercivity is obtained for x=0.8, with a general decreasing trend for 
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increasing x value. It is possibly due to the alternation of particle and grain size of Cu ferrite 
before and after Zn doping. Zn doped Cu ferrite, having a larger particle size, may have more 
magnetic domain and domain walls, resulting in demagnetization with ease. Also, the 
anisotropic constant value of Cu ferrite is more than that of Zn ferrite. 
 
4. Conclusions 
Cu-Zn spinel ferrite having chemical formula Cu(1-x)ZnxFe2O4was synthesized for x ranging 
from 0.2 to 0.8 by sol-gel auto-combustion method and hydrothermal method, and its single 
phase was verified by XRD results. An increasing trend in lattice parameter was observed for 
x=0.2-0.6 for both methods as the size of Zn ion is more than the size of Cu ion, and then it 
decreases for x=0.8 due to lattice distortion. From VSM results, it was observed that 
saturation magnetization increases as Zn doping increases from 0.2 to 0.4, i.e., 24.21 to 70.82 
emu/g then Ms decreases with an increase in Zn doping from 47.21 to 31.17 for x= 0.6–0.8 as 
initially, Zn occupies A sites initially but with further increases in Zn doping causes saturation 
of Zn ions at A site and hence Zn ions to occupy B site. This causes a decrease in Ms with an 
increase in Zn doping. Mr and Hc decrease with an increase in Zn doping. 
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