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Abstract

Manganese-zinc ferrite Mn,Zn;,Fe,0, (MnZnF) powder was prepared
using the sol-gel method. The morphological, structural, and magnetic properties of
MnzZnF powder were studied using X-ray diffraction (XRD), atomic force
microscopy (AFM), energy dispersive X-ray (EDX), field emission-scanning
electron microscopes (FE-SEM), and vibrating sample magnetometers (VSM). The
XRD results showed that the MnxZnl-xFe204 that was formed had a trigonal
crystalline structure. AFM results showed that the average diameter of Manganese-
Zinc Ferrite is 55.35 nm, indicating that the sample has a nanostructure dimension.
The EDX spectrum revealed the presence of transition metals (Mn, Fe, Zn, and O)
in Manganese-Zinc Ferrite. The FE-SEM results of MnZnF showed uniform
spherical structures. VSM was used to study the change in magnetization, the
saturation magnetization, (Ms) value of the samples. The measurement of VSM
indicated that the MnzZnF exhibits ferromagnetic behavior with coercivity Hc
(0.0014 Gauss), remanent magnetization (Mr) (0.202 emu/gr), and saturation
magnetization Ms (2.69 emu/q).
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1. Introduction

Recently, there has been a great deal of interest in studying spinel ferrite
nanoparticles due to their electrical, electronic, physical, catalytic, and magnetic
properties, as well as their uses in technology. The majority of spinel ferrites belong to
the Fd3m space group, but some spinals have lower symmetry. Physical properties of
these nano ferrites depend on the synthesis parameters such as co-precipitation time,
sintering temperature and rate of heating and cooling [1-6].

Ferrites are the combination of iron oxide F and metal ions such as Li*3, zn*,
Mn*2, Mg*?, Co*?, etc. They are classified into three types: garnet, hexagonal and spinel
ferrite [7]. They are also insulating magnetic oxides that exhibit high saturation
magnetization, high electrical resistivity, dielectric loss with moderate permittivity and
low vortex current [8, 9]. Ferrites are extremely sensitive to the preparation method,
constituent metal oxide amounts, dopants or substituted elements and sintering
conditions [10].

Spinel ferrite particles are a type of soft material with a structural formal (M
Fe,O4; where M =Mg, Mn, Zn, Cu and Co). The divalent cation may belong to normal
or transition elements. Two interstitial sites in the crystal structure of the spinel verities
are commonly named tetrahedral (A) and octahedral (B) sites [11-13]. Ferrites are one
of the most attraction and materials due to their high specific heating, low melting point,
large expansion coefficient, and low magnetic transition temperature, among others [14,
15]. The structure, dielectric, magnetic, and electrical properties of nano-sized ferrites
depend on the technique of preparation, sintering temperature, time, concentration,
chemical composition, and distribution of the cations between the tetrahedral (A) and
octahedral (B) sites [16, 17].

Manganese-Zinc ferrites (Mn xZn x.1Fe,O4) have spinel structure [18]. The unit
cell of spinel ferrite is FCC, with 8 formula units per unit cell, having 64 tetrahedral
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sites surrounded by 4 oxygen atoms and 32 octahedral sites, surrounded by six oxygen
atoms [19, 20]. In the Mn-Zn spinel ferrite lattice, Zn ions are on the tetrahedral sites,
while iron and manganese ions occupy both tetrahedral and octahedral positions [21].

Mn,Zn,.1Fe,O, are preferred due to thier high magnetic induction, high
permeability, low power losses, and saturation induction [22]. They are of great interest
due to their wide range of applications, such as high-frequency [23], magnetic fluid
[24], biomedicines [25], magnetic resonance [26], and catalysis [27].

Ferrites can be prepared by a large number of chemical and physical techniques
that have been applied by scientists all over the world for the synthesis of ferrites, such
as co-precitation [28], sol-gel [29], solid state reaction [30], hydrothermal [31],
microemulsion [32],and combustion techniques [33]. Sol-gel technique, which is both
cost effective and environmentally friendly, has been used to synthesize magnetic ferrite
particles [34, 35].

Ferrites exhibit applications in wide-range fields, including electrode material for
supercapacitors [36], photocatalytic activity [37], biomedical [38], sensors and
biosensors [39, 40], photoelectric devices [41], and magnetic pigments [42]. Spinel
ferrites have received interest in numerous biomedical applications due to their bio-
friendliness, lower toxicity than other metal ferrites, chemical stability, simple and
reproducible manufacturing and low saturation magnetization [43, 44]. In this study, the
manganese-Zinc ferrite was prepared using the sol-gel technique, and studied their
morphological, structural and magnetic properties were investigated using XRD, AFM,
EDX, FE-SEM and VSM.

2. Experimental Part
2.1. Raw Materials
The following raw materials were used in the preparation of the sample: zinc
nitrate ZnNO3 with a purity of 98%; manganese nitrate MnNOj3 with a purity of 99.9%;
citric acid (C¢HgO7) with a purity of 99%; and ferric nitrate (Fe (NO3)2.9H,0) with a
purity of 99 %.

2.2. Preparation of Manganese-Zinc Ferrites MnyZn 1.xFe;O4

MngsZng sFe,O4 composite was prepared by the chemical sol-gel method. The
materials used to prepare MngsZngsFe;O4, nitrates (manganese, zinc and iron) were
mixed with deionized water 30 ml, and citric acid in a ratio of (1:1:1:3). The mixture
was heated under stirring to 70 °C for 5 hr to make the mixture denser where the gel
formed. The gel was oven-dried at 150 °C for 6 hr and grinded to form powder. Then
the beaker was placed in a furnace for 6 hr at 700 °C to eliminate the organic residues in
the gel. Fig. 1 shows the schematic diagram of preparation of the MnZnF powder using
the sol-gel method.

2.3. Characterization of Materials
2.3.1 X- Ray Diffractometer
X-ray diffractometer (XRD) (Shimadzu-6000, Japan) with cu-ko radiation
(k=1.54056A°) was used for phase identification of the prepared samples.

2.3.2 Atomic Force Microscopy

Atomic Force Microscopy (AFM) (Angstrom TT-2AFM, USA) was used to
measure the average diameter and roughness of surface of the sample in the powder
shape.

57



Iraqi Journal of Physics, 2023 Vol. 21 No. 4, PP. 56-65

2.3.3 Energy Dispersive X-Ray
The chemical composition was evaluated using an energy dispersive X-ray

spectrometer (EDX) in Taban Lab, department of physics, University of Tehran.

2.3.4 Field Emission Scanning Electron Microscope
The microstructure of the powder was observed using field emission scanning
electron microscope (FE-SEM) model (Inspect 50 FE-SEM) in Taban Lab, department of

physics, University of Tehran.

2.3.5 Vibration Sample Magnetometer

A vibration sample magnetometer (VSM) (Daypetronic Company, 021-26651864)
was used to determine the magnetic characteristics of the samples. These measurements
were done at room temperature in Taban Lab, department of Physics, University of
Tehran, to detect magnetization against applied field with a magnetic field of -8kOe <H

< 8kOe.

3. Results and Discussion
3.1. X-ray Diffraction for Manganese-Zinc Ferrite (MnyZn;.xFe,Oy)

The X-ray diffraction spectra of manganese-zinc ferrite synthesized using the sol-
gel method is shown in Fig. 1. The X-ray spectra indicate trigonal structure of
Mn,Zn;.xFe,O4 with card (JCPDS NO. 96-901-3530), and the second phase Hematite
Fe,O3 has trigonal structure with card (JCPDS No. 96-900-9783). The main peaks at
18.2184, 29.9713, 35.2874, 36.8678, 42.9023, 53.2471, 56.7529, 62.3276, 70.7759, and
73.5920 correspond to (111), (220), (222), (311), (400), (422), (511), (440), (620) and
(533) indicate the formation of pure MnyZn;Fe,O4. Some extra secondary peaks
(Hematite Fe,O3 secondary phases) were seen adjacent to characteristics peak and
perhaps due to the impurity phase. The formation of the impurity phase of hematite
during calcination at 700°C could be due to hematite is thermally stable at a high
annealing temperature. This agrees with the result obtained by [45]. Table 1 lists the
structural properties (index plan, FWHM, and grain size).
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Figure 7: XRD spectra of Mn,Zn,Fe,0,.
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Table 1: The structural properties of MnZnF.

20 FWHM (o] G.S

Sample (Deg.) (Deg) | Exp.(A) | (nm) hkl Phase Card No.
18.2759 | 0.6896 | 4.8504 11.7 (111) | Magnetite | 96-901-3530
24.0517 | 0.5747 | 3.6971 14.1 (110) | Hematite | 96-900-9783
29.8563 | 0.6034 | 2.9902 13.6 (220) | Magnetite | 96-901-3530
33.2184 | 0.4885 | 2.6948 17.0 (211) | Hematite | 96-900-9783
35.2299 | 0.6896 | 2.5454 12.1 (311) | Magnetite | 96-901-3530
36.9253 | 0.4310 | 2.4324 19.4 (220) | Magnetite | 96-901-3530
40.9195 | 0.4886 | 2.2037 17.4 (210) | Hematite | 96-900-9783

Mn-Zn 42.8448 | 0.5460 | 2.1090 15.6 (400) Magne'fite 96-901-3530

Ferrite 49.5690 | 0.4310 | 1.8375 20.3 (202) | Hematite | 96-900-9783

53.1609 | 0.4885 | 1.7215 18.2 (422) | Magnetite | 96-901-3530
54,1954 | 0.4311 | 1.6911 20.7 (312) Hematite | 96-900-9783
56.6379 | 0.6322 | 1.6238 14.3 (511) | Magnetite | 96-901-3530
57.6437 | 0.4885 | 1.5978 18.6 (332) Hematite | 96-900-9783
62.3276 | 0.7758 | 1.4885 12.0 (440) | Magnetite | 96-901-3530
64.1379 | 0.4023 | 1.4508 23.3 (2-1-1) | Hematite | 96-900-9783
70.7759 | 0.5173 | 1.3301 18.8 (620) | Magnetite | 96-901-3530
73.7069 | 0.6610 | 1.2843 15.0 (533) | Magnetite | 96-901-3530

3.2 Atomic force microscopy of (MnyZn;.4Fe;O,)

The AFM images of the surface of the MnZnF are shown in Figs.2 (a and b). The
images show a uniform surface, indicating that the particle has uniform dimensions.
Fig.2(a) shows the 2D image of the sample, while Fig.2(b) shows 3D image that shows
an exaggeration of the Z range to display the characteristics of the sample. The average
diameter of the surface of MnzZnF is 55.35 nm, which indicates nanostructure
dimensions of these samples.

Figure 2: AFM of Mn,Zn,Fe,0, a) 2D, b) 3D.
The grain analysis revealed that there are 67 different particles that can be studied

(Fig. 3(a)). From the histogram in Fig. 3(b), it was noticed that a large number of
heights fall in the 64 to 75 nm tall category. From the table in Fig. 3(c), the root mean
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square roughness (Sq) is 7.579 nm. Additionally, this table shows the highest peak (Sp)
of the sample in Z, which is 17.17nm.

N > Leveled (LS-plane) Abbott-Firestone curve

Height parameters IS0 25178 - Primary surface
Sq 7579 nm
Ssk -1.588 Sg 1408 nm t
Sku 7.467
C Sp 17.17 om S 155 mm
Sv 3809 nm Sa 1168 nm
sz 5526 nm '
sa 5219 nm Sor 1674 %

Figure 3: (a) Roughness analysis in the image of MnZnF, (b) Histogram analysis in the
image of (a), (¢) Grain analysis in the image (a).

3.3. Energy Dispersive X-Ray of (MnyZn;.xFe,0y)

The corresponding EDX spectrum was studied to determine the elemental
composition on the surface of MnZnF powder. Fig. 4 displays the EDX of the peaks of
(Mn, Zn, Fe and O) elements for MnZnF powder. The spectrum of the manganese-zinc
ferrite can show the highest intensity of iron (Fe). The small peak at 2.1 KeV indicates
the presence of Au (gold), which was utilized as a sputter coating during sample
production. The atomic ratio of Fe:Zn:Mn:O was discovered to be
(23.04:10.10:10.34:56.52).

Figure 4: EDX of Mn,Zn, 4 Fe,0,.

3.4. Field Emission Scanning Electron Microscope of MnyZn; xFe;O4
High-resolution FE-SEM images of the manganese-zinc ferrite (MnZnF) powder
calcined at 700 °C for 5 hr are shown in Fig. 5 (a, b); The FE-SEM images indicate that
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the sample consisted of well-crystallized homogenous particles, most of which are
spherical in shape and smooth on the surface.

FE-SEM images for MnZnF at different magnifications are shown in Fig. 5(c).
The surface morphology of MnZnF was characterized by particle distribution at
different sizes with grain boundaries of a spherical shape. It is also worth noting that the
faceted crystals can also be observed. D1 (58.34 nm) and D2 (75.83 nm) are shown in
Fig. 5(c).

3.5. Magnetic Properties of Mn,Zn;xFe, Oy

Magnetization against applied field was measured using a VSM with a magnetic
field of -10kOe < H < 10kOe. The saturation magnetization (Ms), remanent
magnetization (Mr), and coercivity (Hc) values were estimated using the hysteresis
curve shown in Fig. 6, and the results are shown in Table 2. Magnetic characteristics are
often controlled by the exchange interaction of metallic ions on the two interacting sub-
lattices A and B.

Fig. 6 shows the hysteresis loops for Mn «Zn;.4Fe,QO,, indicating the existence of
ferromagnetism. These loops are due to the increase in the magnetic nature (5 uB) of the
Mn*? concentration [46]. The variation in cation sharing between the A- and B- sites is
probably what caused the change in the value of Ms. Mn*? ions have a tendency to enter
the B-sites in the crystal lattice. On the other hand, Zn*? ions have a preference for the
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A-site, due to their readiness to form covalent bonds involving sp3 hybrid orbitals [47].
However, the non- magnetic Zn*? (0 uB) is replaced by the magnetic Mn*? (5 uB ) ions,
increasing the Ms when the magnetic Mn*2 ions begin to occupy the B-sites and
displace the Fe* ions from the B-sites, which then begin to migrate towards the A-sites.
Fe*? ions thus partially occupy the A- and B- sites [48].

al Ms=2.69
[ ——{M-H Loop
2 -
14 Mr=0.202
=
3
E 0
>
= =0.0014

T T T T T T T T T T T T T T T T
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Figure 6: Magnetization versus applied field for Mn,Zn,,Fe,O,.

Table 2: The magnetic properties of MnZnF ferrite.
Magnetic parameters Ms (emu/g) Mr (emu/g) Mc (Oe)

Mn,Zn;.4Fe,0,4 2.69 0.202 0.0014

Decrease in H. values is because Mn*? has less magnetocrystalline anisotropy
than Zn*%. The magnetic properties of ferrite nanoparticles are strongly influenced by
their composition and cation distribution at octahedral and tetrahedral sites [49]. In a
ferromagnetic spinel structure, super-exchange interactions between the metal ions in
the tetrahedral (A) and octahedral (B) sublattices create the magnetic order. As a result,
changing the cations can change the samples’ magnetic characteristics.The saturation
magnetization was decreased as a result of the Fe moving to the A site. This may be
due to the weakening of the exchange between (A) and (B) sites [50].

4. Conclusions

The structural and magnetic properties of Mn,Zn;xFe,O4 powder were prepared
using the Sol-Gel method. The XRD found a trigonal structure for MnZnF. FE-SEM
and AFM analyses were used to examine the morphology and average diameter of
Manganese-Zinc Ferrite. The EDX spectrum indicates the presence of transition metals
(Mn, Zn, Fe, and O). VSM was used to evaluate the magnetic characteristics of Mn,Zn
x1Fe204. The measurement indicates that the MnZnF exhibits ferromagnetic behavior
with coercivity Hc (0.0014 Gauss), remanence Mr (0.202 emu/g), and saturation
magnetization Ms (2.69 emu/qg).
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