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Nano powder of zinc ferrite with the chemical formula AlyCug 15Znogs.yFe204 (y = 0.15, 0.30, 0.45,
0.60, 0.75) was synthesized by the sol-gel/auto combustion technique. The average crystallite size was
found to be in the range of 28.82-42.27 nm, and the lattice constant decreased from 8.3958 to 8.2966
A, while the density increased from 5.271 to 5.386 g/cm® with increasing Al content. The dielectric
loss factor (¢”), dielectric constant (¢') and AC electric conductivity (cac) were studied, and it was
found that (¢’) and (¢") decreased with increasing frequency, while the behavior of conductivity was
the opposite. It was also found that there was a variation in the behavior of (¢"), (¢") and (cac) based on
Al content, and the highest values were found for the sample with an Al content of x=0.3.
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1. INTRODUCTION

Zinc ferrites are a series of synthetic inorganic compounds of Zn and Fe (ferrite) with the
formula of ZnsFe;—O,4, and this compound can be synthesized by different routes, such as chemical
sol-gel combustion [1,2], microwave-hydrothermal method [3], solid solution [4], and glyoxylate
precursor [5], among other methods.

Zinc ferrites (ZnFe,O4) have a normal spinel structure with the space group Fd3m of the
general formula MFe;O4, and they have opened up a new outlook in the frontier area of materials
science and technology. Spinel ferrite nanomaterials are regarded as one of the most important
inorganic nanomaterials because of their various electronic applications such as choke coils,
transformers, high-frequency powder electronics, recording heads, noise filters [6], catalysts and gas
sensors [7].
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The recently developed wireless power transmission has been applied for many purposes, such
as battery chargers for mobile devices, small home appliances and industrial distribution transfer
systems, because of its advantage of massive power transfer [8].

The properties of these materials essentially depend on their structure, size and shape, which
are highly determined by the sintering process, synthetic processes, and the type and amount of
constituent elements or additives [9].

In this research, we report the preparation of nanoparticles of Al,Cug 15Zno.gs.,Fe204 ferrites
(where'y = 0.15, 0.3, 0.45, 0.6, 0.75) by using the sol-gel combustion technique. The prepared ferrites
were investigated by XRD, SEM and EDX. The structural and dielectric properties of nanoparticles
ferrites were studied.

2. EXPERIMENTAL

The nanopowders of ferrites were synthesized by using metal nitrates as a precursor. These
nitrates include ferric nitrate (Fe(NO3)3.9H,0,99%), zinc nitrate (Zn(NO3),.6H,0,99%), copper nitrate
(Cu(NO3)2.3H20,99%) and aluminum nitrate (AI(NO3)3.9H,0,99%). In addition, citric acid (CsHsO7)
was used as a fuel in the ignition process. All metal nitrates used in the fabrication of (AlyCug.15Zng gs-
yFe20,) ferrites (y =0.15, 0.3, 0.45, 0.6 and 0. 75, where the samples were named Fi, F,, F3, F4 and Fs
respectively) were purchased from Merck, India without any purification. The nitrates were dissolved in
a certain amount of distilled water by using a magnetic stirrer. After that, 1:1 molar ratio of citric acid to
nitrates was added to the mixture. The pH of the mixture was adjusted to seven by adding ammonia
drop by drop. When the pH of the solution reached 7, the temperature was raised to 100 °C until most
of the water has evaporated and the formation of gels was observed. After that, the temperature was
increased to 200 °C. Then, the gel was ignited and turned into a thinning dry powder. After that, the
powder was collected in a crucible and calcined at 500 °C for two hours. Figure (1) shows the
schematic diagram of the preparation steps.
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Figure 1. Schematic diagram representing the preparation of nanoferrites.

Structural characterization was performed by using X-ray diffraction (Shimadzu XRD-6000, Cu
K, 1.54 A, 40KV and 30 mA). The morphological properties were investigated by a scanning electron
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microscope (SEM) (model VEGA\EasyProbe) and electron dispersive X-ray (EDX), which was
attached to the SEM device and was used for the elemental chemical analysis. The dielectric features
were investigated by using an LCR meter (6500p series, UK) in the frequency range of 50 Hz-1 MHz.

3. RESULTS AND DISCUSSION

3.1. X-ray Analysis

Figure 2 shows the patterns of X-ray diffraction of all samples calcined at 500 °C for 2 h. The
structural properties of the synthesized samples were investigated in the range of 20° - 80°. From
Figure (2), it can be observed that the XRD patterns perfectly match the standard pattern of JCPDS no.
19-0629 of the cubic spinel ferrite phase with the Fd3m space group. The most peaks of the
AlyCug 15Zng g5-yFe,04 were indexed to the crystal planes of spinel Zn ferrite (311, 222, 422, 511, and
440) [10,11]. The extra reflection peaks of Zn ferrite were also found in all patterns, and the
observation of these peaks is common, especially at low sintering temperatures [12].
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Figure 2. XRD patterns of the AlyCug.15Zng g5-yFe>04 nanoferrites.

Table 1. The crystallite size, unit cell parameter and density for the AlyCuo.15Zng gs.yFe204 ferrites.

(y)Content | Dae(nm) | a(A) | Density g/lem®
0.15 28.82 8.3958 5.271
0.30 30.61 8.3732 5.301
0.45 32.56 8.3451 5.323
0.60 35.07 8.3174 5.343
0.75 42.27 8.2966 5.368

The average grain sizes of iron ferrite were calculated from measurements of the pattern
diffraction using the formula of Scherrer.[13]
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0.91

LcosO
where (B) is the (FWHM) in radians and A is the wavelength of the X-ray. The lattice parameters were
calculated by using Rietveld refinement. The average grain size, density and lattice parameters are
shown in Table (1):

From Table (1), the average crystallite size of the nanoferrites samples was found to be in the
range of 28.82 to 42.27 nm for different levels of AI** ions. Additionally, Table (1) shows the
increasing size of the nanoparticles when the content of aluminum was increased. This can be
attributed to several factors, including the flame temperature, i.e., the amount of fuel was not suitable
for the automatic combustion process, and the appropriateness of the acid function; these two factors
significantly affect the size of the nanoparticles, the crystal structure and the resulting powder
morphology.[14]

The lattice constant (a) was decreased with the increase of AI** content, evidenced by the
smaller ionic radii of the AI** ions (0.67 A) than the Cu®* ion (0.73 A) and the Zn** ion (0.83 A). The
observed larger lattice parameter (8.3958 A) of F; may be due to the strong interactions between Al-
ZnFe;O4 compared to Cu- ZnFe;04.[15]

3.2. The SEM Results

SEM characterization was used to identify the topography nature of AlxCuo1s ZNnggs-x Fe204
nanoferrites. The two-dimensional surface morphological images are shown in Figure (3).

Figures (3) F1-F5 reveal the SEM images of Al,Cuo 15Znogs.yFe204 nanoferrites, which show
highly agglomerated AlyCug15ZngsgsyFe,04 nanoferrites, which may be due to the magnetic
interactions between the particles of ferrites and the limited magnification power of this device [16] or
to the magnetic exchange interaction between the nanoparticles[17].

Figure 3. SEM images of AlyCug 15Zno gs.,Fe,04 nanoferrites for different Al contents.
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3.3. The EDX Results

The samples prepared by replacing the Cu ion with Al were studied using EDX. The observed
peaks reveal the presence of Fe, Al, Cu and O, confirming the formation of the analyzed sample. EDX
spectra (Figure 5) for the AlyCuo.15Znggs.yFe204 samples proved the existence of Fe, Al, Cu, Zn and O,
and that an auto combustion method is very effective because there is no loss in the elements during
the synthesis [18].

Figure 4. EDX spectra of Fy, F,, F3, F4and Fs samples.

3.4. The Dielectric Properties
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Figure 5. Dielectric constant (¢') as a function of the frequency for different contents of Al.
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Figure 6. Dielectric loss factor (¢”) as a function of the frequency for different contents of Al.

Figures (5) and (6) reveal that when the frequency increased, the dielectric constant (&) and
dielectric loss (¢") decreased. This behavior was observed for different contents of Al ion for all
samples, which can be explained by Debby's type relaxation process [19]. Additionally, it can be
interpreted by Wagner and Maxwell’s model and is compatible with the phenomenological theory of
Koop [20].

The dielectric constant and the dielectric loss factor behavior are slightly affected by the Al
content except for the sample of y=0.30. That behavior may be attributed to the formation of Fe?* ions
at the octahedral site. The dielectric loss factor shows the same behavior as the dielectric constant, and
this might be attributed to the fact that Al ion substitution prefers to be at the octahedral site, which
strengthens the dipole-dipole interaction restricting the rotation of the dipoles [21].

The variable conductivity (cac) of the prepared samples within the frequency range of (50 Hz-1
MHz) was measured at room temperature.
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Figure 7. Dependence of AC conductivity (cac) on the frequency for different contents of Al.

From Fig. 7, we can notice that the AC conductivity (cac) of AlyCuo15Znggs.yFe204 ferrites
increased with the increase in the Al ratio of Al, especially at y = 0.30. On the other hand, the AC
conductivity of all samples increased with the increase in the frequency. In the ferrites, the mechanism

2+ 3+

of conduction can be interpreted as electron hopping between Fe and Fe at the B site. The highest

conductivity for the concentration of y=0.3 is perhaps related to the occurrence of a large number of
+ 2+ 3+ 2+

2
Fe in the ferrites. It is expected that the presence of Fe is due to the partial reduction of Fe to Fe
and the evaporation of Zn ions during the heat treatment [22,23].

4. CONCLUSIONS

AlyCuo 15Zng g5yFe204 nanoferrites with y= 0.15, 0.3, 0.45, 0.6 and 0.75 were synthesized by
the sol-gel method. The X-ray diffraction studies clearly confirmed that the crystalline structure of
AlyCug.15Zno g5.yFe204 Was cubic spinal structure with ferrite phase. The lattice parameter decreased
with increasing Al content. There was a clear increase in the dielectric loss factor and dielectric
constant, especially at a concentration of y=0.3, but the behavior of AC conductivity was the opposite.
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