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ABSTRACT: In this study, we investigated the impact of manganese doping on the structural
properties of barium-zinc ferrites (BZF-NPs) synthesized using the traditional ceramic method. X-ray
diffraction (XRD) was used to analyze the structural characteristics of the BZF-NPs, including the
structure phases, crystallite size, and lattice parameter. Also calculated various physical properties,
such as bulk density, X-ray density, porosity, and specific surface area. The samples XRD analysis
revealed that the lattice parameters of the hexagonal M-type structure of the BZF-NPs decreased as
the concentration of Mn?* ions increased. Also observed a decrease in the average crystallite size of
the samples from 52 to 42 nm with increasing Mn?* concentration. The ratio of the c/a parameters
indicated the formation of a magnetoplumbite structure. Moreover, we found that both X-ray density
and bulk density increased with increasing Mn?* concentration. This behavior can be attributed to the
difference in ionic radius between donor Mn?* ions and host Fe** and Zn?* ions. However, it was
observed that porosity increased with increasing Mn?* concentration, in contrast to the behavior of
bulk density. Furthermore, it was observed that as the crystallite size increased, the surface area
decreased. This trend can be attributed to the fact that larger crystallite sizes have fewer surface atoms.
Finally, it is noted that the bond length for both tetrahedral and octahedral structures decreased with
increasing Mn?* ion concentration.Overall, these results provide insights into the impact of Mn?* ion
doping on the structural and physical properties of BZF-NPs, and highlight the potential applications
of these materials in various fields.
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1. Introduction

Nanotechnology research is a rapidly
expanding field that is attracting increasing
attention due to its unique properties and
diverse applications in fields such as
engineering and medicine. Nanoparticles at the
nanoscale level are being studied to enhance
their physical, optical, electronic, and
compositional properties, for use in various
applications including biomedicine,
electrocatalysts, biosensors, magnetic
refrigeration, water decontamination, and
electronic equipment [1-5]. Ferroelectric
materials have drawn increased attention from
scientists lately. Since their discovery, many
kinds of ferrite nanoparticles, sometimes
known as ferrite nanoparticles, have traveled a
great distance [5,6]. M-type for its scientific
uses in ferromagnetic materials and promising
applications in high-performance magnetic
data storage devices. M-type BaFe12019 with
rare earth doping elements such as Neodymium
(Nd) and Samarium. Additionally, barium
hexaferrite is preferred for microwave
frequencies because of its extensive
nanocrystals  [7]. Ferrites' structural and
electromagnetic properties can be changed by
synthesizing them and doping them with
various rare metals and metallic ions in
hexagonal arrangements [8]. Ferrites' essential
properties, including permittivity, dielectric
losses, and conductivity, are controlled by their
composition, processing technique, and type of
metallic ions deposited into them. [9]. Gilani,
et ale, cerium (Ce®"), a rare-earth metal, and
barium ferrite nanoparticles with micro-
structural activity (BaCexFe12.xO19). Elemental
substitutions can improve the electromagnetic
and dielectric properties of nanoparticles with
ferric (Fe®*) sites. Barium ferrite nanoparticles
with cerium (Ce®*) doping were shown to have
much better excellent adsorption qualities,
indicating that (BaCexFei2xO19) can be
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employed in electromagnetic techniques, high
memory sticks, and electronic components.
[10]. The sol-gel method is used to create the
barium ferrite nanoparticles (BaZnxFe12-xO19)
with zinc (Zn) as a substituent. BaFeio-
xMnyxO19, where x was 0.5, 1.0, 1.5, and 2.0,
was examined as barium modified with a
modest quantity of Mn. According to the
findings, ac conductivity increased as Mn
quantity grew. While the lattice parameter fell.
This entails a reduction in lattice volume[11].
The microstructure, ferromagnetic, and
electromagnetic characteristics of BaFeO
nanostructures have been extensively studied
with variations in Pe, Cr, Zn, Ce, and doping
concentration, but there is a need for more
research to understand their optical properties.
This work includes investigations impacts of
Mn doping on microstructure behavior for
barium hexaferrite with the general formula
Ba Zni+x Mny Feoox O19 (x = 0.4, 0.8, 1.2, 1.6,
and 2).

2. Materials And Methods

A composition sample of the BaZni+xMnxFe1o.
2x019 M-type ferrite system (where x = 0.0, 0.4,
0.8, 1.2, 1.6, and 2) has been synthesized via
the usual ceramics technique as explained
earlier [12,13]. In this study, XRD was used to
evaluate the crystal structure and phase
composition of the BaZni+MnyxFei22xO19
ferrite system. The EDX-720 diffractometer
used in this study is a model produced by
Shimadzu and operates by directing X-rays at a
sample and measuring the intensity of the
diffracted X-rays as a function of the scattering
angle (20). The range of 20 values used in this
study was 3-75 degrees, and the scanning rate
was 0.02 min~!. The XRD patterns collected
from the samples can be used to determine the
lattice parameters, crystal structure, and phase
composition of the synthesized materials
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3. Results And Discussion

3.1 XRD results.

The phase types of nanocrystals in
BaZnMnFeO-NPs were characterized using an
XRD pattern obtained from BaZnMnFeO-NPs
prepared via the traditional ceramic method, as
depicted in Figure 1. The XRD spectra show no
impurities, indicating the presence of a pure
phase for BaZnMnFeO-NPs. A recent study
investigated the effects of partially substituting
manganese on the crystal size, united cell
volume, and lattice characteristics of
experimental ferrite nanoparticles. The lattice
cell constants a and ¢ have been calculated
through the following expression [13]..

§ x(Mn)=2
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Figure. 1: X-ray diffraction patterns of BaZn;.
xMn,Fe12.,019,(x=0, 0.4, 0,8, 1.2, 1.6, and 2)

1 _ 4h%+hk+k? | L2 )
d3,, 3 a2 c2

Where d is the inter planner distance
and h, k and | are the Miller indices of the
peaks.

Due to the slight difference in ionic
radii, the lattice parameters and unit cell
volume for Mn-doped particle magnetite are
marginally lower than those for pure
BaZnFe12019, and these values decrease with
an increase in Mn doping levels as shown in
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figure.2. This reduction can be attributed to the
lower ionic radii of metal cations and Zn ions
(0.64 and 0.74, respectively) compared to Mn?*
(0.80). Moreover, as Mn?* ions increase in
ferrite, Fe®* ions migrate from the A site to the
B site, causing a widening of the lattice and an
increase in lattice constant due to the larger
ions, Mn?* (0.80 A), over Fe** (0.67 A) and
Zn?* (0.74 A). The c/a value in the
experimental specimens, as shown in Fig. 2,
falls within this range, indicating that the
phenomenon occurs, and the structure forms.
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Figure 2. The relation between lattice parameters
(a), (b) and ratio (c/a), with Mn?* ions
concentration for BaZnixMnyFei12-xOn1s.

The volume of the unit cell V is calculated by
using the flowing formula {2) [13]:

V=0866 azc (2)

Where a and c are the lattice constants. The cell
volume values of manganese doped barium-
zinc nano particles ferrites with (x = 0.0, 0.4,
0.8,1.2, 1.6, and 2.0) is shown in the (figure,3).
The unit cell volume varies with different Mn?*
ions concentration, while at (x = 1.2) cell
volume reaches to minimum value. The cell
volume is found to be in a range 627.577 —
702.4033 nm?.
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Figure 3. The cell volume with Mn?* ions
concentration for BaZn.xMnyFe12.2xO1o.

The experimental density ps , was determined
using the formula(3) :

m

Pe = 25 3)

As shown in Figure 4, the experimental density
increased from 4.5 to 5.5 g/cm® with an
increase in doping percentage of Mn. This
increase in density is attributed to the contrast
in atomic radii between the donor ions Mn and
the guest ions Zn and Fe. Also, the contrast in
atomic radius between the donor ions Mn, as
well as the guest ions Zn and Fe, is the reason
that caused this rise in experiment density.
The XRD density (px) of the samples was
calculated using the following formula [14]:

_ZM
=y @)

where Z is the number of formula units,
M is the molecular weight, Na is Avogadro's
number, and V is the unit cell volume.

The values of XRD density obtained are shown
in Figure 4. The results indicate an increase in
XRD density with an increase in Mn perovskite
concentration. This increase is influenced by
the sample's molecular weight..
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Figure 4. XRD density, and bulk density with Mn
concentration for BaZni+xMnyFe1- 2xO1s.

3.2 Crystalline Size

The average grain size (D) for the samples was
calculated from the x-ray diffraction pattern via
Scherrer’s relation [15]:

D =0.91/Bcosb. (5)

The prepared samples had an average
grain size ranging between 53-42 nm, as
illustrated in Fig. 5. Compounds with average
crystalline sizes below 50 nm are commonly
considered to have a high signal-to-noise ratio
for high-density recording medium [16].
Dislocation  density of the synthesis
nanoparticles ferrites is calculated by using the
flowing formula:

6=1/D2 (6)

The crystallite size is denoted by D. Dislocation
density also has inverse relation with crystallite
size as shown in figure,5. The density of
dislocations is found to be between 3.69 — 5.17
x 10 (lines / m?). It is observed that first it
increased then decreases to lower value at
(x=0.8) than rises in proportion to the
substituent concentration. At (x = 2.0), the
maximal value of dislocation density is found,
which shows the crystalline size D is minimum
at that point (D=43.97nm).
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Figure 5. The relation average crystallite size, and
dislocation with Mn concentration for
BaZn1+anxFe12.2x019.

3.3. Relative Porosity and Specific
surface area.

Relative porosity (%P) of the
synthesized samples was determined using the
x-ray density and experimental density with the
following equation:

Px—PB

Px

%P = ( ) x 100 @

Relative porosity is a critical factor in
determining the physical and chemical
properties of the samples. The results show that
as the Mn doping concentration increased,
porosity increased up to 1.2, after which it
decreased, as shown in figure,6. This behavior
is observed due to Mn is larger ionic radius than
Zn and Fe, which leads to the production of
fewer cations and more oxygen-containing
functional groups, ultimately resulting in
decreased porosity,[17]. It is also noteworthy
that the porosity behavior is opposite to the
bulk density, and the structure with x = 1.6 has
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the smallest porosity and the largest bulk
density [18].

The following equation is used to
calculate the specific surface area (S) of the
synthesized components [19]:

__ 6000

S = (8)

Dpx

Figure 6, illustrates the changes in the
specific surface area (S) with respect to the
concentration of Mn ions. At x = 0.4, the
surface area remains consistently high. The
increase in surface area may be due to the
reduction in crystallite size. However, as the
concentration of Mn ions increases, the surface
area decreases, possibly due to particle size
growth. Fig. 2 also shows that at Mn = 2, there
is a smaller particle size and a larger surface
area. This suggests that as the amount of
particle surface increases, the average
crystalline size decreases, leading to a larger
surface area. It is also important to note that as
the concentration of nanoparticles increases,
the surface area decreases.
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Figure 6. The relation between Relative porosity
(%P) and specific surface area (S), with Mn?" ions
concentration for BaZni+xMnyFe12,O10.

Additionally, using the following equations,
the distances between magnetic ions and
hopping distances in tetrahedral sites (La) and
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octahedral sites (Ls) were calculated
[19,20,21].

La =0.25aV3 (9)

Lg =0.25av2 (10)

Figure 7, illustrates the values of La and Lg and
the correlation between the hopping distances
in sites with octahedral and tetrahedral
containing Mn. As the concentration of Mn?*
ions increases, the hopping length decreases.
This behavior may be attributed to the variation
in the lattice constant with the Mn content. In
other words, the decrease in space between
magnetic ions is a result of the increase in
magnetic ion Mn concentration and the
decrease in non-magnetic ions Zn. This is likely
due to the fact that both Zn?* ions and Fe** ions
have smaller radii (0.74 and 0.64, respectively)
than Mn?* ions (0.80). Therefore, as the
concentration of Mn ions increases, the

distance between magnetic ions decreases.
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Figure 7. Hoping lengths at the octahedral (LA)
and tetrahedral (LB) locations.

4. Conclusion

The BaZnMnFeO-NPs have been
prepared successfully using ceramic methods.
The X-ray diffraction pattern results indicated
a single-phase structure. The average crystallite
size was to decrease and reached the minimum
value at the Mn?* jons concentration increased
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to 2.0. The ratio value c/a parameters of the
hexagonal M-type structure implied that the
magnetoplumbite structure was formed. The
physical properties such as bulk density, X-ray
density, porosity, and surface area were also
calculated. X-ray density and bulk density both
raises as manganese concentration in samples
increases. The difference in ionic radius
between donor Mn?*, host Fe3*, and Zn?* ions
causes this behavior. At the same time, porosity
has the same behavior with Mn concentration
as X-ray density. Porosity increased as opposed
to bulk density behavior. The surface area
becomes smaller when the crystallite size
becomes larger, these will become the number
of surface atoms and the smaller will be the
surface area. The bond length for tetrahedral
and octahedral will decrease as the Mn?* ion
concentration increases.
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