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Abstract

We report the influence of different glycine-to-nitrate ratios on the physical and
magnetic properties for synthesized zinc-ferrite by microwave-assisted combustion
route. Phase impurity and surface morphology investigated with XRD analysis and
field emission- scanning electron microscopy, indicated that spinel structure were
formed.Average particles size increased with the decrease of glycine to nitrate ratio.
Magnetic measurement  results indicated that high values of saturation
magnetization were produced with low glycine/nitrate ratio. Optical properties of
the investigated ferrites exhibited photo absorption from UV to visible region with
energy gap values that decreased with the decrease of glycine-to-nitrate ratio.
Mainly two broad metal-oxygen bands for zinc-ferrite were seen in FT-IR spectra.
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1.Introduction
Generally, ferrites are compounds of mixed oxides of iron and one or more other materials

which have ferrimagnetic properties[1]. Based on their crystal structures, ferrites can be
categorized into three groups: spinel, garnet, and hexagonal [2]. Ferrites are essential
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materials that are employed in the fabrication of magnetic, electronic and micro- wave
devices[3]. Spinel-type ferrites of composition MFe,O4 [M = Mn, Ni, Zn, Co, etc.) exhibit
interesting properties so that they have wide potential technological applications in different
fields[4].The nano zinc ferrite has been extensively studied among the spinel family by
worldwide researchers due to their unique chemical and physical properties based on their
size compared to the bulk counterpart materials[5]. when the particle size decreases, the
volume fraction of atoms at surfaces or in interfaces increases. This gives rise to a
modification of the thermal, electronic, optical, magnetic properties, etc., of nanostructured
materials compared to their coarse-grained counterparts and strongly affects materials
research in general [6]. Nano zinc ferrite is commonly used in magnetic resonance imaging,
catalysis[7], sorbent material [8], biomedical fields and photocatalytic applications[7]. Recent
studies have shown that the physical properties of nanoparticles are influenced by the process
of their preparation. Since crystallite size, distribution of particle sizes, and interparticle
spacing have the greatest impact on magnetism, so the ideal synthesis technique is the one
that provides superior control over these parameters[9].In recent years, Zinc ferrite particles
have been prepared using different chemical and physical methods, such as co-precipitation
[10], conventional heating (CHM) method [11], Solvothermal route [12], and sol-gel method
[13] etc. However, most of the routes use complex processes, elevated reaction temperatures,
long reaction times, toxic reagents, and advanced processing [14]. Microwave combustion
route is gaining much interest among researchers, because of its features such as environment
friendly route, rapid heating, high reaction rate ,energy saving, and short reaction time [5].
Accordingly, the present work is aimed to synthesize zinc ferrite powders using microwave-
assisted combustion route, using different glycine-to-nitrate ratio, and to examine their
physical and magnetic properties.

2. Materials and Methods

Solutions of high purity nitrate salts of zinc and iron from HIMEDIA Co., India] were used
with a molar ratio 1:2 . Each was weighed separately in stoichiometric ratio and dissolved in
a suitable quantity of de-ionized water. The solutions were mixed and stirred for 20 minutes.
Amount of glycine from Central Drug House , India], with the chemical formula (C;HsNO,),
was added to the mixture with stirring. The mixture after 20 minutes was transferred to a
microwave oven. The solution will boil ,dehydrates and decomposes producing a lot of gases
such as CO;, NO,, and N, . On reaching the combustion point, it will become solid. The
resultant powder was washed 3 times with ethanol and distilled water and dried at (70°C)
for 2 hours. Finely, the powder was grounded for 2 minutes with a mortar to obtain fine
powder .. All these steps are shown in Figure 1. Three precursor solutions of different
glycine-to-nitrate ratios (0.66, 0.5 and 0.33)were separately prepared by the above described
procedure. The powders were analysed and characterized with XRD, FT-IR, EDAX, UV-Vis,
and VSM.
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Figure 1- A schematic representation of microwave-assisted combustion route used for the
synthesis of Zn-ferrite powder

3. Results and Discussion

3.1. Structure and Morphology Characterization

The XRD patterns [obtained using Shimadzu diffractometer model XRD 6000] of Zn-ferrite
with various glycine-to-nitrate ratios are displays in Figure 2.The peaks could be easily
indexed as (220), (311), (222), (400), (422), (511), (440) and (533). All the planes are allowed
planes, which indicates the formation of cubic spinel structure with a change in the lattice
parameter from (8.44 to 8.39A) in accordance with the standard (JCPDS card No.22-1012) for
zinc ferrite. Peak for impurity phase was observed in the Zn-ferrite XRD patterns (e.g.ZnO)
for G/N ratio 0.66 and 0.50 . This impurity phase decreased in the XRD pattern of the 0.33
G/N ratio , as shown in Figure 2. The G/N ratio decrease achieves an increment in grain size,
leading to sharper and narrower peaks due to more crystalline peaks. This is noticed with the
XRD pattern of Zn-ferrite of 0.33 G/N ratio showing sharper peaks than the previous peaks
of the other two patterns, as shown in Tablel.
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Figure 2-XRD patterns of Zn-ferrite powder at various glycine-to-nitrate ratios
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The structure parameters, such as crystallite size (D) and lattice constant (a), of the highest
peak at (311) plane in the XRD pattern for all samples were determined depending on
Scherrer equation (Eq.1)[5] and Bragg law [14] and summarized in Table 1.

kA

- B cosf

azdhleh2+k2 +:2 2
Where A-represents XRD wavelength that was used (which was equal to 0.154 nm), B- is full
width at half maximum of plane (311), 0 is the Bragg angle, d is the d-spacing value and
(hKl) are the Miller indices.

Table 1-Structure parameters of Zn-ferrite powder at various glycine-to-nitrate ratio.

Samples G/N Lattice Constant Crystallite Size (XRD)
ratio FWHM a(A) D(hm)
P (deg.)
st 0.66 0.512 8.44 15.50
S2 0.50 0.378 8.40 23
S3 0.33 0.302 8.39 27.05

From Table 1, it is clear that a decrease in the glycine-to-nitrate ratio resulted in an increase
of the crystallite size . Based on a previous research [15], crystallite size is related to the
value of pH. When glycine-to-nitrate ratio is high, the value of the pH is high. There is a lot
of gas emitted during the combustion process, in the microwave oven, leading to a decrease in
crystallite size and an increase in porosity.This was also noted in our results as noticed from
the FE-SEM images ( Figure 3). Similar results were obtained by Lin et al. [15]. Literature
have shown that lattice constant and crystallite size are directly related. Increasing in
crystallite size leads to decrease or increase in the lattice constant. In the present work,
decrease in the glycine-to-nitrate ratio [increase in particle size], have resulted in decrease of
the lattice constant. Similar observes were obtained by T. Anjaneyulu et al. [16]. These results
show that a change in the amount of fuel used in the synthesis leads to major changes in the
powder structure.

3.2. Morphological and Chemical Composition Analysis

In Figure 3 the FE-SEM images at different scale by [Tescan Mira3 France] for Zn-ferrite are
given. From the images, it is clear that the agglomerated nanoparticles with voids have a
sphere-like form. Agglomeration can be caused by magnetic interactions between these
particles or by organic compounds exhibited in the samples[17, 18]. Agglomerates produced
during the microwave irradiation process of the microwave combustion method are highly
probable. The effects of the escaped gases during the combustion phase could be the
formation of the voids in the powdered samples. Similar findings were also seen in other
studies [19, 20, 21].

EDAX analysis for Zn-ferrite, shown in Figure 4, indicates that the basic compositions of the
samples are Zn, Fe and O. Al impurity peak appears in EDAX pattern of Zn-ferrite powder
with 0.33 G/N ratio due to the sample coating. It could be due to a number of reasons and
factors:

(1) different thicknesses of the coating layer (aluminum) for the three samples
preparation for electron microscopy . The samples with 0.66 and 0.50glycine to nitrate ratios

173



Sami and Sadeq

may possess better control
0.33 glycine to nitrate ratio .
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over the aluminum coating layer compared with the sample of

(i) The sample with 0.33 glycine to nitrate ratio was tested at a different time than the
samples with 0.66 and 0.50 glycine to nitrate ratios.
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Figure 3- FE-SEM images of Zn-ferrite powder at various glycine-to-nitrate ratios
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Figure 4-EDAX analysis of Zn-ferrite powder at various glycine-to-nitrate ratios
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3.3 Fourier Transforms - Infrared Spectroscopy Characterization
The FTIR spectra of Zn-ferrite was recorded with a spectrometer (Shimadzu-8400S) at the
wavelength range (4000 — 450 cm ™) is depicted in Figure 5.
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Figure 5- FT-IR spectra of Zn-ferrite powder at various glycine-to-nitrate ratios

Broad metal-oxygen bands were seen in all samples, ferrites bands, in particular, were
typically observed in the range 600-500cm ™. It is clear that no new bands appeared around
the range of 600 cm™. However, two peaks at 551.96 and 461.47 cm ' appeared in the
spectrum for the sample S3 at G/N: 0.33 indicating the formation of spinel ferrite structure .
The afore mentioned two peaks also confirmed the formation of tetrahedral and octahedral
structures. Similar results were observed in other studies [22, 23].

3.4. UV - Visible Analysis

The absorption of Zn-ferrite of different ratios of G/N as a function of wavelength were
obtaind with Shimadzu spectrophotometer [UV1800] asshown in Figure 6. . Zn-ferrite
demonstrated extended photo absorption from UV to the visible region. This is very
compatible with the results of Suppuraj et al. [24].
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Figure 6-Absorption as a function of wavelength of the Zn-ferrite at various glycine-to-
nitrate ratios In order to estimate the optical band gap for samples, Tauc-relation is
commonly used. The derivation of the band gap energy from the plots (chv) ? as function of
the incident energy (hv) is shown in Figure 7. The optical gap is defined as occurring through
solid lines at the intercept of the linear extrapolation to the Y axis.
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Figure 7-Plot of (athv)2 versus hv of Zn-ferrite powder at various glycine-to-nitrate ratios

In general, various parameters can affect and cause an increase in the optical band gap, such
as crystallite size, impurities, and lattice strain [17]. In this work, the decrease in the optical
band gap with the decrease of glycine-to-nitrate ratio [increase in particle size] was clearly
seen The obtained data revealed that the optical band gap for Zn-ferrite decreased from (2 to
1.6) eV as G/N was increased from 0.66 to 0.33 . These energy gab values are in very good
accordance with earlier reported values [24] [25]. Zn-ferrite band gap energy has been
recorded at (2.3, 2.0, 1.9, 1.7 and 1.6) eV by many researchers [25].

3.5. Magnetic Measurements

Zn-ferrite exhibited typical magnetic behavior. The hysteresis loops of Zn-ferrite (as recorded
by VSM, MDK, performed in Iran) are shown in Figure 8.
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Figure 8-Magnetic hysteresis loops of Zn-ferrite powder at various glycine-to-nitrate ratios,
(S1) G/N: 0.66, (S2) G/N: 0.50, (S3) G/N: 0.33 [coercivity Hc plot insert]

From Figure 8, it is clear that the remanence and saturation magnetization values increased
by decreasing glycine-to-nitrate ratio (bigger particles size). One of the important reasons for
this enhancement is the migration of Fe* into tetrahedral site, which eventually restructure
the magnetic interaction between the octahedral and tetrahedral crystalline positions. The
values of magnetic parameters such as remanence magnetization (Mr), saturation
magnetization (Ms) and coercivity (Hc) of the ferrites have been directly extracted from these
curves and listed in Table 2.

Table -2 Magnetic measurements extracted from hysteresis loops of Zn-ferrite at various
glycine-to-nitrate ratio.

Samples G/N ratio (erlr\1/|uslg) (errl\ﬁjr/g) (gg) Mr/Ms
S1 0.66 22.12 5 90 0.22
S2 0.50 41.37 9 70 0.21
S3 0.33 48.75 8 50 0.16

From Table 2, it is clear that as the glycine-to-nitrate ratio increased, the coercivity value was
decreased. The coercivity for these samples were found to decrease from (90 to 50) Oe as
glycine-to-nitrate ratio decreased from 0.66 to 0.33. Generally, as the particle size increases
[within the single domain region] coercivity increases. In order to explain the effect of
reducing domain, squareness ratio was calculated for each sample. A squareness ratio of
about 0.5 means that a single magnetic domain sample has been produced [26]. From Table 2,
it is also clear that Zn-ferrite have single domain structures. Magnetic properties of ferrites
also relies on the preparation route [16]. Different values of the saturation magnetization for
Zn-ferrite by different methods were reported such as (50.43), (82), (30), (12), (60) and 22.12-
48.75emu/g [3, 27, 28].
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4. Conclusion

Three samples of the spinel Zn-ferrites have been successfully synthesized by microwave
combustion route. The results revealed : (i) This route via glycine provides a simple route,
rapid and environmental friendly using cheap precursors and needs short time, (ii) The fuel
amount has a major impact on structure , optical and magnetic properties. Spinel structure
was formed with particle size that increased with the decrease of glycine — to -nitrate ratio.
In our experiment the 0.33 glycine — to -nitrate ratio achieved an improvement in grain size
and cubic spinel type lattice of ZnFe,O, without trace of other impurity phase, (iii) Optical
properties for the investigated ferrites exhibited photo absorption from UV to visible region .
The energy gap decreased with the decrease of glycine-to-nitrate ratio, and (iv) High values
of saturation magnetization was produced with low values of glycine — to - nitrate ratio.
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