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Abstract:

In this research, some ferrite compounds with chemical formulas (Mn0.5Zn0.5Fe204, Ni0.5Zn0.5Fe204)
were synthesized. Consecutively in a solid-state reaction method at a temperature of (1000 0 C) for (4 hours),
the structural properties represented by the lattice constant (a), the theoretical density (p a), the density as a
function of X-ray diffraction (p x-ray) and porosity p and the grain (D) in terms of the X-ray diffraction
technique, as the results showed that all samples have a spin-cubic crystalline structure and that the lattice
constant of the model (Mn 0.5 Zn 0.5 Fe 2 O 4) is greater than the two models (Co 0.5 Zn 0.5 Fe 2 O 4 and
Ni. 0.5 Zn 0.5 Fe 2 O 4)respectively. The results also showed that the density as a function of the X-ray
diffraction technique for the model (, Ni 0.5 Zn 0.5 Fe 2 O 4) is greater than the density of the compound (Co
0.5 Zn 0.5 Fe 2 O 4), which is considered denser than the compound (Mn 0.5 Zn 0.5 Fe 2 O 4) This result
will contribute to an increase or decrease in permeability (P) and grain size (D) resulting from the differential
trend of Miller coefficients (220) and for all models, as the largest value is for the model(Ni 0.5 Zn 0.5 Fe 2
O 4) while it is smaller for the two values Co 0.5Zn 0.5Fe 20 4, Mn 0.5 Zn 0.5 Fe 2 O 4, respectively. The
surface topography was also studied according to the scanning electron microscope (SEM) technique, while
the properties The isolation of all models, represented by the dielectric constant, both real (¢ 1) and
imaginary (e 2) It was shown that the amplitude decreases with frequency due to the process of electrical
polarization. In addition, energy dispersive X-ray spectroscopy (ADEX) was studied for all samples. The
results showed that the percentage of oxygen content is high in all samples, but it is noted that the percentage
of zinc is less than the equivalent percentage within the spinel structure. Ferrite. Also, for all models, it was
shown that there is an inverse relationship for frequency and amplitude with both the real (1) and imaginary
(2¢) dielectric constant.

Keywords: Ni-Zn ferrite; Mn-Zn ferrite; Structural properties; CO-Zn ferrite; dielectric constant solid state
reaction method.
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Introduction

Introduction

Ferrite is considered one of the materials with continuous development, which makes it the focus of
attention of many researchers recently because of its unique properties, as ferrite is produced by
traditional methods that require high temperature. Ferrite has the general formula Mfez O 4, whereM
represents the divalent metal elements. like) (Mn *2 Ni *> Co "% ...... As for their classification
based on the crystal structure, they are classified into three types: hexagonal ferrite, cubic ferrite)
and garnet ferrite. Compounds make them used in the construction of electronic devices that include
circuits that operate at high and low frequencies [1]. The compositional, insulating and spectral
properties are studied. Interest in ferrite has appeared in several fields of technology and science, as
it is used in transformer cores, antenna bars, deletion coils [2-3], and circuits. Integrated magnetic
resonance imaging (MRI) [4]

Experimental details
» Sample preparation methods

(NiO, CoO, MnO, Fe 2 O 3 ZnO 2 with purity degrees ranging from (98-99%) were used in
Preparation of ferrite compounds with chemical formulas (Co 05Zn os5Fe 20 4 Mn o52Zn o5Fe 2O 4,
Ni 05 Zn o5 Fe 2 O 4), which are called A, B, and C, respectively, by the solid-state reaction method.
Models using the raw materials mentioned previously and in the same weight ratios indicated in the
chemical formulas of the compounds were taken using a sensitive arithmetic balance (41° 9™, then
these materials were mixed together using an agate mortar and ground well to obtain a
homogeneous mixture for 3 hours) (Then it is sintered At a temperature of 700 ° C for 4 hours using
an electric oven to remove the impurities in it. The mixture is re-grinded for (0.5 hours) To become
more homogeneous, it will be sieved to obtain fine grains During the sifting process, the binder
polyvinyl alcohol (PVA) is added to it, and then the resulting powder is placed in a stainless steel
mold with a diameter to compress the samples using a hydraulic press for 5 minutes under pressure
(5 tons). Then the samples are heated again at a temperature of (1000 ° C) for a period of (4 hours)
to obtain the final models, after which we leave the samples to cool at room temperature, and finally
we will obtain solid discs with a smooth surface for the purpose of studying the structural properties
of Balala X-ray diffraction technique model) PW1730 within the range (2 6 =20 °-80 °) as well as
studying the properties Isolation as a function of LCR-meter technology.

» Structural characteristics

The X-ray diffraction technique is of great importance in studying the structural properties of
samples at the atomic level [5-7], as the crystal system of the samples was identified by calculating
the interstitial distances between the atomic levels through Braak’s law. It is known that X-rays are
an electromagnetic ray with a short wavelength. Within the range (0.1 - 10 ° A) to achieve Braak's
law d ki <A According to the following mathematical relationship [10-6]

nA=2d psin0...... (1)

n = Diffraction order

A= Wavelength of X-rays (1.5418A %
0 = diffraction angle

(a) was also calculated for all models through the mathematical relationship of the cubic crystal
system J11[

d n=a/(h 2 +k 2+ DY (2)
a =unit lattice constant
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dnki= = Distances between crystal planes

Hkl= Miller coefficients

While the crystal size was calculated according to the Debye-Scherer equation [12] :
D= 0.9AB.cos0.............. 3)

D= Crystal size

B= greatest midpoint which is converted to the radial angle by multiplying by /180

As for calculating the density in terms of X-ray diffraction, it was calculated according to the
relationship (4) ] 13 [

P=ZMwtV.NA ............. 4)

unit cell density of the reticle = p

Z=number of molecules per unit cell (Z=8)

Mwt= molecular weight of the compound

V= unit cell volume = a3

N a=) number of avocado 6.023x10 % mol (

The physical density of all models was also calculated according to the mathematical relationship

Density The phenomenon (b): is Density Measured Experimentally Of the results X-ray diffraction
XRD

Density The real one (s): is Density Practically measured from the mass and size of the sample, as
the size of the capsules is calculated from the size of the cylinder from the thickness and diameter of
the samples.

And it was done account porosity (Porosity) for samples prepared by solid-state reactions using
Formula The following, as shown in Tabl: 2 [14]

Porosity =(1-axX-1ay) % .......cooviiiiiiiiiniiannn. (6)

Well done account distance In-betweenness For ions Magnetism in location Quadrant Surfaces A L
A) and distance between ions Magnetism in location Eight Surfaces B (L sy using The two
relationships [15]

LA=3a4 .......... (7 a)

Results and discussions:

Figure (1) indicates the X-ray diffraction patterns for compounds A, B, and C, respectively, as it is
clear from the following figure a change in the Braak angles and that the Miller coefficients that
were reached are practically identical to the international cards found, (card No CO 15-0806), (card
No Mn 23-1237) (card No of Ni 078-0753) respectively
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Figure 1: X-ray diffraction patterns of metal ferrite samples (A) (B) And (C) Straight and
prepared by solid-state reactions

Figure 1 also shows the values of X-ray diffraction angles and the width of the peaks (). As well as
the appearance of additional peaks due to the failure to achieve a pure composition of the metal
ferrite due to incomplete homogeneity, which is due to its preparation using the method of solid
state reactions because the ions within the powder do not reach every point in a homogeneous
manner according to the ratios used. As for Table (1) It refers to the most important scientific
calculations that were reached when studying the structural properties represented by the lattice
constant, the grain size, and the density as a function of X-ray diffraction and the length of the
interfacial distances for the tetrahedral and octahedral sites of the models A, B, and C, respectively,
as well as the grain size as a function of the Debye-Scherrer relationship.

Table 1 : Reticle constant a), reticle volume V, calculated density (p x), and values of L aand L
s For ferrite metal samples A, B, and C, respectively, prepared by solid-state reactions

Sample | a(A) | V(A | p(@m/em?® | L A°A) [ LsPA) | D(nm)
A 8.4195 | 596.841 5.294 3.646 7.292 | 20.64
B 8.4245 | 597.905 5.240 3.648 7.296 | 23.625
C 8.4054 | 593.848 5.318 3.640 7.279 | 26.02

It is clear from the previous table that there are clear changes in the values of the inter-distance of
the tetrahedral and octahedral sites, as these changes are attributed to the replacement of the Zn *2 "
with metal ions Mn *2 CO *2 Ni *> respectively. The values of the atomic radius are due to these CO
*2>Ni *2>Mn *2>Zn *2 The reason for the change in the values of the lattice constant for all models
is due to the difference in density as a function of X-ray diffraction. As it is known that porosity
depends on density according to the relationship mentioned previously, its value will change as is. It
is shown in Table (2), which in turn contributes to clarification Lengths Jumping lonic L A And L &
because Replacement of zinc ions with metal ions of different ionic diameters structure - Farita 16lt
turns out that the relationship between the ionic radius and the lattice constant is direct, where the
ionic radius is arranged Crystalline lacoxide elements used) r mn>r zn>r co> rni ]J17 [ . It appears
from Table 1 Change length values all from L a, L g according to the dimensions of the mesh due to
the direct relationship between them, so that they are as large as possible for sample B and as small
as possible for sample C. While We note that the crystalline size of sample C is larger And less than
B, A, respectively.
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Table 2 shows the calculated theoretical density of the material and that calculated from
XRD, and the true density For ferrite mineral samples A and BC, respectively

Technique | Sample | p b (gm/cm ® | ps (gm/cm ) | Porosity
A 5.294 4.256 19.605
Powder B 5.240 4.329 17.392
C 5.318 4.184 21.337

It is clear from Table 2 that the degree of porosity decreases with the efficiency of compaction of
samples during powder compaction, which depends on the size of the particles used. While the
value of porosity varies slightly from one sample to another depending on the type of compensation
element due to the different melting points of the components used, we note that the most porous of
them is sample C compared to the other samples A, B, respectively.

Surface Topography

Figure 2 shows the surface morphology of models A, B, and C, respectively, using ... Microscope
Email Field effect scanner (FE-SEM) when power Zoom (35kx As it turns out that Sample A is a
blend product Two substances are CO and Zn. It is also clear from the figures that particles Ferrite
is agglomerated in shapes big It is compact, and its diameter ranges up to 835 nm And the result on
Growth of its crystal structure during The process of sintering the samples at a temperature of (1000
0 C) for a period of 4 hours. As the previous pictures show the presence of cavities and grooves, the
process of compacting the sample is incomplete. In addition, another phase appeared, consisting of
relatively small spherical particles closely packed together. While Replacing half of the Zn *2 atoms
with Mn *2 instead ofCO *2 led to the appearance the sample More compact, where it clumps
Molecules Ferrite in shapes big It has a lamellar structure, which goes back to the spinel-ferrite
structure As shown by previous studies [18]. The sample appears more compact, meaning it has less
porosity. Due contrast Degree of compaction For samples with Change the type of metal replaced to
Difference in the melting point of different metals (Co *2= 1246 ° C, Mn *2= 1495 ° C). In addition,
another form of relatively small spherical particles appeared, with a diameter of about 180 nm,
stacked together. The appearance of two forms of particles confirms the presence of two phases
within the composition of the samples prepared by solid-state reactions, as | showed Results of X-
ray examinations.
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Figure 2: The pictures Samples (A, B, and C) as measured by the scanning electron
microscope

As it shows that Figure 3 Spectra ADEX For models A, B, C respectively. We note the availability
intensity Tops emissions Visions value around content Elements existing inside Samples. And it
shows Spectra Many from Peaks the interview For lines emission Elements Component For the boat
Which Zinc (Zn *?, iron (Fe *?, and oxygen (O 7 in addition to Elements Co *2 compensation, Mn
*2.Ni *2 in Her samples . In addition to that, He appears summit Emission when 2.1 keV, And it
arises from layer gold Kind that Failed on Samples when Prepare it To check Microscope Email
from Okay more Accuracy Pictures that Results that It was completed Get on her from analysis
samples, as he Explained in schedule 2 mentioned previously that rate content Oxygen High in all
samples, But notice that rate an item Zn *2 less from The ratio Reward inside structure Spinel -
ferrite. He is consoled difference rate Oxygen O -2 from a sample to Other to difference in degree
oxidation For items different.
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Figure 3: ADEX dishes For models A, B, and C respectively
AC electrical conductivity (AC conductivity)

Show Figure 4 The relationship between Logarithm of conductivity electrical alternating A.Cwith
Logarithm Frequency Angular o samples A, B, C respectively Through which the relationship
between alternating conductivity and frequency was determined. The curves show the natural
behavior of the alternating conductivity change as it increases with The frequency increases and this
behavior indicates that the samples under study are semi-conducting materials. As the relationship
seemed Nearly linear within the frequency range 75 to 550 kHz . is calculated The Worker
Exponential (s) of Mile Region Sin By relationship:

In70(GA.C)=8 IO v, (8)

It is shown in Table (3). As it appears from the figure, there is a difference in Connectivity the
current Alternating between Samples different According to the compensation component where It
appeared to be the least for the sample doped with CO *2 and it increased with Mm *2 and it
increased more with nickel . The difference in conductivity of the samples is due to the difference in

the optical energy gap, because a decrease in the energy gap leads to an increase in electrical
conductivity
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Figure 4: Change of In ¢ with In ® for models A, B, and C, respectively

=5
b
e ¢

Ln(o)

Schedule 3: The value of the exponential factor (s) for samples A, B, and C, respectively

A B C
| Powder | 0.742 | 0.696 | 0.647

While Figure (5) shows a change Capacity with Frequency | | samples A, B, C respectively Which
shows a decrease Capacity with Frequency because of practical polarization The electrician
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Figure 5: Change of electrical capacitance with In © for samples A, B, and C, respectively

While it was found that constant Insulation The true electrode (g 1y for the three samples with
Frequency Dielectric constant curves have the same behavior With capacity because they are They
are proportionate . when study Changes Fixed Insulation with frequency, observed that The value of
€ 1 Go down With an increase Frequency . This was explained because drop value Fixed Insulation
with Frequency from during Operations polarization Different.while noticing That ». decreases with
more Frequency For all samples in particular when Frequencies Low Because of migration ions
from Electrodes electrical . And at Frequencies The high Prepare Vibration lonic It is a source Loss
Insulation The electrician] 19 [. While we note that the values of »: For her three samples Behavior
Oppositely About 1 & The values of &2 increase By changing the compensation element from CO *? to
Mn *2and then Ni *2
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Figure 6. Variation of the imaginary dielectric constant with In ® for the samples A, B, C
respectively
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Figure 7: Change of the true dielectric constant with In ® for the samples A, B, C respectively
Conclusions:
1. All models showed that they have a cubic crystal structure

2. To change Fixed the network And size cell And lengths Jumping lonic (L A, L g for the
composition of ferrite based on the ionic radius of the substitute element instead of zinc, which
Turn impact In a way big on Properties The compound

3. Electron microscope images showed a difference in the nanostructures of the surfaces of the
models, which are more porous. It appeared solid and without surface cavities. This result was
confirmed by porosity calculations based on the apparent and actual density of the samples.

4. The real and imaginary insulation constant decreases with increasing frequency for all model.
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