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Abstract

Mn-Zn-Fe204 ferrites nanoparticles (NPs) prepared via the sol-gel method at 650,
750, and 850 oC must be able to manage the structural, magnetic and electrical
characteristics of Mn-Zn-ferrites nanocomposite in order for the nanomaterials
to be used. This article describes an investigation into the feasibility of creating
Mn-Zn-ferrites (NPs) through sol-gel as potential structure-tailorable
nanomaterials. XRD, FE-SEM analysis, Vibrating Sample Magnetometer (VSM),
and the electrical (LCR) meter analysis were used to describe the structural and
magnetic properties of the Mn-Zn-ferrites using sol-gel method. The crystallite
sizes range from 15 to 18 nm, and the cubic structure of the ferrites shows up in
XRD (NPs). Nanoparticles having a particle size of 27.77 to 72.04 nm were found
in the produced Mn-Zn-ferrites. In the case of the Mn-Zn-ferrites, prominent the
VSM demonstrated that the magnetic nature of materials changed dramatically
from pristine as magnetization rose and coercivity decreased with Mn-Zn-ferrites
nanoparticles. Finally, an optimal magnetic parameter value (Ms =0.80 emu/g and
Hc =75 Oe) at (850) °C was obtained from the data.

Keywords: Mn-Zn-Fe;04 NPs; Structural and Magnetic properties; Sol-gel
method.

1. Introduction

Establishing environment friendly nano-particulate technology will be a welcome
step in the modern scientific era. Many researches that concern with
nanotechnology aimed to create a new material with different physical methods.
In contrast to bulk materials, nanoparticles (NPs) are microscopic particles with
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a diameter of less than 100 nm, synthesized from inorganic or organic materials,
and exhibiting novel features. [1]. These NPs include Mn-Zn-Fe;04 NPs, which,

- when compared to other materials, have considerable advantages in the future

[2]. Low toxicity, strong catalytic activity, and compact sizes are only a few of the
unique physiochemical features available [3-5]. It has been shown that the
cationic distribution and thermal behavior of oxygen are closely linked in
manganese zinc ferrite nanocomposite preparations prepared by ceramic
methods such as sol-gel [7]. This means that the microstructure and its physical
properties are highly dependent on the atmosphere and heat treatment
temperatures for these nanocomposite materials [8-10]. The research team has
reached an investment of these materials which constitutes a large proportion in
the world, in a new research that is not covered yet by any research group to study
the structure, magnetic, and electrical properties, the originality of this work is
that all of the materials employed (which, to the best of the authors' knowledge,
with no consideration given to the expense of producing precious and useful
nanoparticle materials. Furthermore, there are no chemical components present
in either the raw materials or the finished product at all. In any of the ingredients
utilized, there are no additives or preservatives to be found.

In spite of this, the correct controls for sol-gel synthesis may yield monodisperse
nanoparticles with good crystallinity, and it is a feasible solution with
considerable economic and technological advantages as well as outstanding
reproducibility [11-14]. The (Mn-Zn-Fe204) nanocomposite was characterized
and the results were compared to the JCPDS card data using XRD analysis (XRD-
6000/Japan) (Joint Committee on Powder Diffraction Standards). The orientation
of (Mn-Zn-Fe204) nanocomposite generated samples was evaluated using XRD
measurements in Iraq's Nanotechnology and Advanced Materials/Materials
Research Department/Ministry of Science and Technology. Iran-Mashhad
"Tescan Mira3 FE-SEM-Czech" used FE-SEM to study the morphology and particle
size of its samples (Mn-Zn-Fe204). It was used to explore the functions group and
vibrations modes using a potassium bromide (KBr) beam splitter and a mid IR
TGC detector for the polarized reflectance of the IR polarization. This was done
using an MPMS XL, a Quantum Design SQUID magnetometer from VSM, the
electrical properties (LCR) meter for testing.
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2. The Experimental Work
2.1 Method and Materials

-~ The materials used in the preparation of the ferrite compound by sol-gel auto

combustion method. Iron (III) nitrate (Fe(NO3)3.9H20) salt, Ammonia solution
(NH3) (Sigma-Aldrich, India, Purity (97.99%)), Citric acid (CsHs07.H20), and from
a local market, Sigma-Aldrich, India's Zn(NO3)26H20 was purchased with a purity
of 99.99 % (Baghdad, Iraq). All of the solutions were made with water that had
been distilled using a water distiller (Gallenkamp, England). A local market in
Baghdad, Iraq, sells manganese (II) nitrate (Mn(NOs3)24H20), sold by Sigma-
Aldrich and purified to 99.99% purity).

2.2 The Synthesized of Mn-Zn- Fez04 Nanoparticles

In order to dissolve the metal nitrate and citric acid, 15 mL of distilled water was
used They're all mixed together in a glass beaker to come up with one final
answer. It takes a magnetic stirrer that moves at high speeds to mix the solution
at room temperature until it is smooth and slimy red-colored, as shown in the
picture (1a). Dropping ammonia into the mixed solution was how it was done. The
solution was stirred all the time to keep the pH level stable until it reached (7), as
shown in the figure (1 b). Stir the ingredients together for half an hour at room
temperature to make sure they are all the same color. In small steps, raise the
temperature until it reaches 90 °C. Keep stirring until the gel form is reached. If
you stir the solution in the beaker glass for 30 minutes at 90 °C, you can see a gel-
like substance on top of the solution. This is shown in Figure 3. (1 c). This is
because the solution is very thick and because it is still on the magnetic stirrer
and in the beaker glass at this point. After the solution turns to gel, the gel dries,
and the color changes to dark brown, the temperature goes down to room
temperature. There are many ways to dry and lower the gel's weight in an oven
at 150°C for three hours: (1d). Some of the substance evaporated and the
temperature was raised to (250°C), so the dry gel started to convex in a beaker
after 15 minutes. The figure shows how it looked (1 e). Following a fire, the dried
gel turns into a fine powder with a dark gray tint, which means that high purity
ferrite production has begun, as shown in the photo (1f). Finally, the spinel was
heated for three hours at (650,750, and 850 °C) to improve crystallization and
uniform action distribution, and then ground to make ZnxMn1-xFe;0s nano
powder. The traditional way to make ceramics is to mix titanium dioxide with
zinc-manganese ferrite at 500°C in different amounts.
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Figure (1): Photograph of (a) nitrates-citrate solution, (b) The solution after the
Adding of ammonia, (c) dry gel, (d) Dry bulk temperature of 150C, (e) Dry bulk
temperature of 250C and (f) auto combustion and become Nano powder ferrite.

3. Results and disscation

3.1 X-ray Diffraction (XRD) of the Mn-Zn- Fez04+ Nanoparticles

XRD is a suitable technique the commonly applied to discuss the structural
properties to ascertain the crystalline nature and phase identification of pure
(Mn-Zn- Fe;04 nanoparticles) nano crystalline powder. From figure 4-5 observed
that at the concentration of zinc metal (x=0.45), a pure single-phase cubic spinel
ZnyMni.xFe204 structure was obtained with space group (Fd-3m no. 277), crystal
dimensions (a =b = ¢ =8.438 A°) and crystal angles (a =3 =y = 90°), agreed with
the standard data (JCPDS 98-017-0912) as shown in figure 2 and table 1. The XRD
patterns at high calcination temperatures 750 and 850 °C demonstrated that the
distinct structural stability of obtained ZniMnixFe;0s4 during the calcination
process leads to crystalline growth in the same cubic ZnxMnixFe204 structure
with a high purity phase, no other impurities peaks were detected, this is an
indication that all the reactant metal ions entered into the cubic ZnxMni.xFe204
structure at the concentration of zinc metal (x=0.45) [15]. The lattice constant
value as of pure cubic ZnxMni.xFe204 ferrite nanocomposite is reduced when Zn
metal added which can be explained on the basis of cations distribution, as a
result of replacing larger ionic radii of Mn*2 cations (0.082 nm) by smaller ionic
radii of Zn*2 cations (0.074 nm) [16-17].
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The crystallite size (D) was determined by use the Scherer’s formula [15]:
0.9
D (nm) = (1)

- When, k represents form operator (0.9), A is represent wavelength (0.15418) nm
(CuKq), B is represent Full Width at Half Maximum (FWHM) and 6 is represent

diffraction angle [15].

Zn, Mn_ Fe O, at 850 °C
Zo,  Mn, _Fe O, at 750 °C
Zn, Mn _Fe O, at 650 °C
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Figure (2): XRD patterns of Zno.4sMnossFe204 ferrite nanocomposites at different

calcination temperatures (650, 750, 850 °C).

Table 1 XRD calculations of Zn:Mnj.xFer0s with different content of zine metal at different calcination
temperatures.

Material ~ Temp. 20(deg) 20(deg) FWHM  Crstalline dwa(®A)  dwm(°A)  (hkl)
°C Practical ~ Standard  (deg) size (nm)  Practical  Standard

650 3527 3324 02004 2799 Q5443 2541 (113)

ImsMm. 750 3527 3524 02604 2907 15443 2541 (13)

st s 357 34 048 077 2906 M1 (I3)

3.2 (FE-SEM) analysis of the Mn-Zn- Fe;04nanoparticles.

The results of FE-SEM tests on the combination ZnxMni.xFe204 revealed that the
particles had a spherical shape with a limited distribution of nanoparticle sizes,
suggesting that the particles were created and have porosity. We also see the fine
spherical particles forming a homogenous agglomeration, since particles of
smaller size have persistent magnetism, hence each particle has permanent

5|Page
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magnetization as a result of particle agglomeration and grouping. Figures (3)
show the results of FE-SEM tests for values (x= 0.45) at temperatures (650, 750,
and 850 °C), respectively, and show that particle size increases with increasing

temperature across the forms. Table 2 shows the estimated diameters of ZnxMn-
xFe204 nanoparticles (x= 0.45) for calcined specimens at 650,750, and 850 °C with
relatively well-crystallized grains and a mean particle size lower than range from
45 to 97 nm respectively, measured by Image | Software (version 1.51j8; National
Institutes of Health, Bethesda, USA).
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Figure 3: FE-SEM micrographs of Zn 045 Mn o055 Fe204 nanoferrites for (a)
calcined specimen at 650 °C (c) at 750 °C and (c) at 850 °C.

3.3 VSM Analysis of the Mn-Zn- Fe204Nanoparticles

The magnetic characteristics of the produced samples have been evaluated
at room temperature using a vibrating sample magnetometer (VSM) in the
applied filed ranging of —15 to +15 kOe. Hysteresis plots illustrating the variation
of magnetization (Ms, emu/g) as a function of applied magnetic field (H, Oe) were
plotted for produced nanocrystalline MnxZni-xFe:04 (x = 0.45) powders are
shown in figure (Figure 4) and table (2). Mn-Zn-Fe;04 is a soft magnetic material,
and when Zn2+ in Zn-Fe;04 is substituted by Mn2+ ions, there is a severe change
in the magnetic properties such saturation magnetization (Ms), remanent
magnetization (Mr) and coercivity (Hc) as illustrated in figure 4 (a-b).

6|Page
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Figure 4 (a-b): VSM analysis of Zno4sMnossFe204 ferrite nanocomposites at
different calcination temperatures (650, 750, and 850 °C).
Table (2): VSM measurements of Zno4sMnossFe204 nanocomposite with different
content of zinc metal at different calcination temperatures (650, 750, and 860) °C.

3.4 LCR Meter
3.4.1 Dielectric Constant
Figures (5) show the temperature dependence of the dielectric constant (g') for
ZnyMn1.«Fe204 ferrite at four fixed frequencies (200 KHz, 500 kHz, 1 MHz, 1.5 MHz
and 2 MHz). The (£') increases with temperature at all frequencies, as can be seen
in the graph. A rise in dielectric constant and loss as a function of rising
temperature [18-19]. There are four distinct ways in which the dielectric constant
of ferrite material can be attributed: interfacial, dipolar, electronic and ionic. Low-
frequency polarizations, such as interfacial and dipolar, are very temperature
dependent. The buildup of charge carriers at the grain boundary causes interfacial
polarization. Charge carriers (electrons and holes) become more thermally
activated and wander faster when the temperature rises. A rise in dielectric
constant with rising temperature is a result of the increased electron hopping
caused by this [20]. When capacitance (C) is measured using this equation, the
value of r can be determined.

€ = Cd/&A v, (1)
where ‘C’ is capacitance (F), ‘d’ is the thickness of the dielectric/separation
between the plates of the capacitor (m), ‘e, is the permittivity of free space
(€0=8.85x10-12 F m~1) and ‘A’ is the area of the electrode (m?) [18].



ISSN: 2776-0960 Volume 3, Issue 4 April., 2022

Researchlet Journal of
Analysis and Inventions

https:/ /reserchjet.academiascience.org

8|Page

TE'I'[IP H; M; M; ML 1 K
0 (g femg ) (mleg’

630 N 0.01 081 0.0218 0.029 60

70 2 09 939 0.1012 034 26

850 13 0.0 0.80 0.0286 0.029 63

Dielectric Constant (¢')

T T T 1
0.0 500.0k 1.0M 1.5M 2.0M
Frequency (Hz)

Figure (5): LCR meter a Frequency dependence of real part (g") of
Zno.4sMnossFe204 ferrite nanocomposites at different calcination temperatures
(400, 600,800 °C).

3.4.2 Dielectric Loss

It is the imaginary component of the dielectric constant (¢"), which is obtained
from conductance (G) measured experimentally, that represents the energy
absorbed by the sample when subjected to an external applied field.

€' = GA/€AW.crivriecreeeieirrierea (2)

Where (w =2mf) is the angular frequency and G is conductance, which is the
reciprocal of resistance R. The standard unit of G is Siemens (S). The variation in
g” with frequency from 200 KHz to 2 MHz at different temperatures from 400,
600, and 800 °C for (Mn-Zn-Fe204) samples is shown in figure (6) and table (3)
[20].
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Figure (6): LCR meter variation of (¢") with f (Hz) of Zno.4sMnossFe204 ferrite
nanocomposites at different calcination temperatures (400, 600, 800 °C).

3.4.3 Dielectric Loss (tan §)

Figure (7) and table (3) shows the change in tané for (ZnxMni.xFe204) composite
samples at the concentrations (x = 0.45), correspondingly with applied
frequencies ranging from (200 to 2) MHz and temperatures ranging from 400,
600, and 800 °C. At 200 Hz, the plots in the inset revealed the change in (tand). T,
which suggested a drop in tand with the increase in T (tand) began to drop with
rising frequency and became linear at its lowest values for all samples at higher
frequencies. Since the polarizability of (ZnxMni.xFe204) composites increased
with temperature, the value of tan decreased, indicating that the energy retained
was greater than the energy lost [21].

tand = €"/€ i, (3)

1.8x10™ 4
{|=—— T= 400 °C
1.6x10™*

1.4x10%

1.2x10™ o
1.0x10™

8.0x10°° o

AC Conductivity (Ohm.m)*

6.0x107° -

4.0x107°

2.0x10°° +

0.0

T T T 1
0.0 500.0k 1.0M 1.5M 2.0M
Frequency (Hz)

Figure (7): The AC conductivity of Zno4sMnossFe204 ferrite nanocomposites at
different calcination temperatures (400, 600, 800 °C).
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Table (3): LCR measurements the dielectric parameters (g"), (¢'), (tan §) and
(cac) of Znos4sMnossFe204 nanocomposite with at different calcination

e temperatures (400, 600, and 800) °C.
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Frequency Dielectric 400 °C 600 °C 800 'C
Parameters
£ 48.69 48. 6 47.03
200 KHz £ 2.47 3.74 2.97
tan * 0.05 0.08 0.06
Ga.c X107 3.36 6.06 4.04
£ 47.39 47.7 46.16
500 KHz £ 1.93 2.65 1.69
tan ? 0.04 0.06 0.04
Ga.c X107 5.18 8.42 5.36
£ 46.89 46.6 45.63
1 MHz £ 1.54 2.37 2: 15
tan ° 0.03 0.05 0.047
Gac X107 1.15 0.14 0.13
& 46.70 47.2 45.63
1.5 MHz ' £ 1.35 1.70 1.29
tan ° 0.03 0.04 0.03
Ga.c X10° 1. 17 0.15 0.11
£ 47.46 47.5 46.34
2 MHz £ 1.18 1.45 1.12
tan ¢ .02 0.03 0.02
Ga.c X10°° 1.31 0.161 0.124

4. Conclusion

In order for nanomaterials made by the sol-gel method to be used, they must be
able to control the structural (XRD, and FE-SEM), magnetic (VSM), and electrical
(LCR) properties of the Mn-Zn-ferrites nanocomposite. The NPs must be able to
do this. This article talks about an investigation into the possibility of making Mn-
Zn-ferrites (NPs) through sol-gel as possible nanomaterials that can be changed
in shape. There were three types of tests that were used to look at the structure
and magnetic properties of the Mn-Zn-ferrites that were made by the sol-gel
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method. Ferrites have crystallites that are 27 to 30 nm in size, and XRD shows
that the structure of the ferrites is cube-shaped (NPs). A lot of nanoparticles with
a particle size of 25 to 40.2 nm were found in the forged Mn-Zn-ferrites that were
made. Results from the VSM show that the magnetic nature of materials changed
dramatically when Mn-Zn-ferrites nanoparticles were added to them. As
magnetization and coercivity rose, the magnetic nature of the materials changed.
A good magnetic parameter value (Ms =0.80 emu/g and Hc =75 Oe) at (850) °C
was also found.
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