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ABSTRACT

In this study, Nig7; Zno3 Fe O, was prepared by chemical deposition at temperatures of
700°C, 800°C, 900°C, 1000°C, 1100°C and 1200°C respectively, The various applications on
the spectral and structural analysis of Nig7 Zng3 Fe,O4 compounds, as observed by X-ray
diffraction technique, show that all samples with spherical structure and interstitial intervals
have the same Miller coefficients (2.958, 2.517, 2.422, 2.093, 1.717, 1.613, 1.481 and 1.279)
nm. Spectral impedance is a tool for understanding the various contributions to electrical
properties of semiconductors. Through complex, intricate and complex permutations, the
contributions of grains and boundary grains were understood in the electrical characteristics
of the samples. The spectral analysis of the impedance as a frequency function (1 kHz-5
MHz) was done for Nig7 Zng 3 Fe,O4 samples. it showed the imaginary part of the reluctance
as a function of the complex impedance that shows Debye type of relation time. Cole-Cole
plots (relation between real and imaginary parts for impedance complex) showed a non-

Debye type of relaxation time of insulation.

Keywords: Ni-Zn ferrites, X-ray diffraction, dielectric constant measurements, impedance

spectroscopy.
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1. Introduction

Ferrites materials are the fifth class of magnetic materials. The basis of these materials is
the mixing of different metal oxides with ferric oxide and their main components known as
ferrites. Frites are of great technical importance because they exhibit a spontaneous magnetic
property under Korean temperature. The requirements of electronic and magnetic properties
in advanced electronic and microwave devices have focused the attention of ferrite
researchers [1-3]. Ferrites are the salts of transition metals, as their contents crystallize on
known magnetic elements. The chemical formula of frites can be written as AB,O4, where A
is a binary metal ion-valence, B is Fe?* and O is a bivalent oxygen ions. In the spinel
structure, oxygen atoms are closely packed in the face-centered networks in the joints where
the metal ions are distributed. This type of material possesses a momentary visuals and an
imbalance between the two spins produced by the magnetic interaction of ants [4-5]. The
technological applications of ferrite is its use in high frequency transformers and pulse,
induction, coil deflection and applications in high permeability and low loss at high
frequencies [6-7]. To study the effect of different temperature on structural analysis, the
insulating and magnetic properties of Ni-Zn ferrites prepared a combustion reaction studied
by K. Ramakrishna et al [8]. Application of complex spectroscopy analysis technique, results
show Get it one half circular shape at each temperature over the measurement range, meaning
that the electrical process responds to a single relaxation mechanism. The impedance and
related coefficients of the electrical equivalent circuit depend on the temperature and
microscopic structure of the samples. Constant isolation and loss of isolation of the probe
samples are dominated by the conduction and relaxation processes associated with the grain
boundary mechanism [10]. Complex resistance and dielectric properties of MggsZnosFe;O4
ferrite was measured in the frequency range (13-15 MHz) at several temperatures within the
limits (0-100°C) and complex - complex resistance spectra indicating that the material could
be represented by a For a two-layer leak capacitor that corresponds to bulk phenomena and
granular boundaries at high and low frequencies respectively, and a string resistance of
approximately the same value is observed at all temperatures. This resistance is believed to be
due to external connections and electrodes. The capacitive element depends on the frequency
and the insulation results are discussed The true &', insulation and loss of &'y insulation at low
frequencies is attributed to interstitial polarization, at high frequencies Deby as the relaxation

of the directed polarization is dominant. It discusses the adoption of resistance and insulating
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properties at temperature and frequency [10-11]. Spectral impedance is applied to investigate
the attenuation of the sample electrical insulation at a temperature range of 323 to 473 K and
at a frequency range of 42 Hz to 1.1 MHZ. The complex impedance - impedance plot was
analyzed by an equivalent circuit consisting of two connected R-cup units, each containing R
(R) and constant phase (K). The Cole-Cole model is used to investigate the mechanism of
buffer relaxation in the sample. Frequency-dependent conductivity spectrums obey the energy
law [12]. Today the nano-ferrite scale has attracted a large number of researchers because of
its unusual physical and chemical properties of it in bulk form. The current work of this paper
deals with the composition and study of nanocrystalline Nig7ZnosFe,O4 samples heated in
700°C, 800°C, 900°C, 1000°C, 1100°C and 1200°C receptively synthesized co-perception
method. X-ray analysis is performed to confirm phase formation, structure determination and
particle size. The properties of the dielectric are studied to understand the conduction
phenomenon. The impedance spectral analysis method is used to analyze the frequency
response of the Nig7Zng sFe,04 structures in the 100Hz-5MHz vibrational frequency range. It

is proposed to conduct an equivalent circuit to calculate the observed results.

2. Experimental techniques
2.1 Sampling preparation

Salts of precursors, nickel nitrate [Ni(NO3), 6H20], Zinec Acetate [Zn(CH3COO), 4H20]
ferric nitrate [Fe(NO3);9H20] With each analytical purity, pour in a cup to melt them into
distilled water. These salts are dissolved in distilled water by adding some amount of
hydrochloric acid and obtained a clear solution to the salts. The cup containing this solution
was then kept on a magnetic stirrer (making Remy) for continuous stirring and heating at
60°C for 2 hours for uniform mixing of raw materials to obtain a clearer and homogeneous
solution again. After obtaining a homogeneous solution 1M sodium hydroxide solution was
added drop by drop to the above solution. The amount of sodium hydroxide to be added over
the homogeneous (clear) solution is determined. The deposit was obtained with the color
change from brown to black as we go to form Nig7ZngsFe,O4sample. The precipitation
reaction was performed at 60°C and pH=12. The precipitate was washed and filtered with
distilled water several times until the pH of the filter became 7. Thus the wet powders
(residues) of Nig7Zng3Fe,04 sample by a common chemical technique in the precipitation.

Initially, wet powders of the ferrite were kept in the furnace to pre-simmer at 100°C for 4
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hours for 8 hours and cooled slowly to maintain uniform cooling. This stage of sintering is
called before sintering. Pre-sintered samples of ferrite are then taken in a clean agate mortar
and milled with a pestle for at least one hour. To prepare the pellet, add a drop (2-3 drops) of
an organic reagent called polyvinyl alcohol (PVA) to a small amount of ferrite powder and
then grind this mixture to mix a uniform PVA in powder. This powder is poured in diameter
and a 10 mm diameter punch is pressed into the hydraulic press machine. Pressure of 5-6 ton /
cm? was applied for 10 min. Powders were pressed and compressed into dense pellets. The
pellets were then prepared for 700°C, 800°C, 900°C, 1000°C, 1100°C and 1200°C, and
various profiles as Nig 7Zng3Fe,O4 characterization. We chose the Nig 7Zno3Fe,O,4 sample for
current work due to their need for growing electrical and electronic technology. We have
studied the preparation of ferrite materials and optimized various processing steps that meet
the practical demands and confirm the formation of its phase and magnetic properties is the
main subject of the legitimate work. The following studies are conducted during this working

session.

2.2 Structural Analysis by X-ray Diffraction Technique:
XRD patterns of Nig7 Znos Fe,O, samples were obtained using X-ray diffractometer

technique (model Bruker D8 Advance) with CuKa radiation (A=1.5418 A). The patterns were
characterized by using for Ni-ferrite and Zn-ferrite. The average size of the crystals was
determined from the width of the maximum diffraction limits using the Deby-Schichter
formula [13].

kA
DP - Bcos6 (1)

where k = 0.89 (assuming the particles are spherical in shape); A = wavelength of X-ray
diffraction; B = full width at half maximum ( FWHM ) OF the diffraction peak; and 6 = angle
of diffraction.

Assuming that all the particles to be spherical, the specific surface area of particles was

calculated by relationship [14].
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dp
Where S = the specific surface area of particles, d = the diameter of the crystallite in nm and p

= the density of the particle in g cm>.

2.3 Dielectric measurements:

Using two methods of investigation, the insulating measurements of the samples, namely
the dielectric constant, which in turn depends on the parallel capacitance resulting from the
models and the loss of insulation using a tensile meter (model Hickey 3532-50 Lear Hetister)
in the frequency band 1 kHz-1 MHz. For insulator measurements, samples were used in the
form of a pellet with a thickness of t = 0.2 cm and a diameter of 1 cm. The two faces of the
pellet were coated with silver paint, which acts as a condenser consisting of two parallel
plates. The condenser is even formed firmly fixed in the sample copper holder electrodes with

the help of a bolt nut system.

2.4 Impedance spectroscopy analysis:

Electrolysis Using the S-spectrum spectrum technique, electrical behavior of the system
was studied over a wide range of frequencies. This method enables us to separate the real
components and imaginary electrical transactions, thus providing a true picture of the material
properties. Using the impedance spectrum method, the properties of grains and granules in
polycrystalline material can usually be considered as two consecutive circuits in the
representation of data. The data can be analyzed in terms of four possible complex
formalities, complex impedance, Z*, complex complex, M*, constant electrical insulation,

and dielectric loss used in current studies. They are related to each other as follows [15-16].

Z¥()=Z-jZ" =Rs—j/ oCs 3)
M*(@)=M’"-j M =j oC, Z* (4)
tand =¢* (0) =M’ -j M7 =j 0C, Z* (5)

in the present study we have used following relations to calculate Modulus and impedance

M=¢/(%+e"? (6)
M”=¢"/(e%+¢"?) (7)
Z'=M"/oC, (8)
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Z”=M"/0oC, 9

Where
Z', 7”="The real and imaginary parts of the complex impedance.
M’, M= The real and imaginary parts of the complex impedance.

¢’,&” =Thereal and imaginary parts of the dielectric constant.

tand = The dielectric loss.
€* = The dielectric complex.

o = The angular velocity (o = 2nf).

An electrical response of the samples can be analyzed via complex dielectric modulus

formalism M*(w), which is an attractive approach based on polarization analysis.

3. Results and discussion

3.1 Structural analysis by XRD
Fig. (1). x-ray diffraction patterns of Nig;ZngsFe,O, ferrites in 700°C, 800°C, 900°C,

1000°C, 1100°C and 1200°C respectively. It was reveals that nanoparticles are of a single
phase. No peak of impurity was observed in x-ray diffraction pattern ensure sample purity.
The card No. ( 10-325) for Ni-ferrite and Card No. (22-1086) for Zn-ferrite was used to index
all peaks in Ni-Zn pattern [19].

Intensity (a. u.)

20 30 40 50 60 70 80
20 (degree)

Fig. (1): x-ray diffraction patterns of Nig7Zng 3Fe,O, ferrites in different temperature.
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The value of the lattice parameter was found to be( 8.366 ~ 8.376 A). This value
corresponds to the previous values reported [18]. The particle size was calculated to be (49 —
81) nm of full width half the maximum of the strongest peak (311) of the XRD pattern
employing the Shearers formula [19]. Similar explanation in case Nig4Zng,Mng4Fe;O4 by
K.Praveena, et. al. [20].
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Fig. (2): Particle size difference and specific area with treatment temperature of

Nig7Zng 3Fe,04 ferrites.

3.2 Dielectric properties:

Fig. (3) shows the constant variation of electrical insulation (g') with frequency at different
temperatures. From the plot it can be observed that the dielectric constant decreases rapidly
with increased frequency but after 1 cathode remains fairly constant for all samples. The
isolating behavior of the current samples can be explained on the basis that the mechanism of
polarization in ferrite is similar to the conduction process. The electron exchange Fe**«Fe® *
gives the local transmission of electrons in the direction of the applied electric field, leading
to polarization in the ferrite. In the natural insulator behavior, the dielectric constant decreases
with the frequency increase up to a constant value, depending on the fact that after a certain
frequency of the electrode field the electron exchange does not follow the alternating field
[21].

T —
Web Site: uokirkuk.edu.ig/kujss, E-mail: kujss@uokirkuk.edu.iq

e —
179




Journa
4“" "‘?«

@ v Kirkuk, University Journal /Scientific Studies (KUJSS)
K

\ / j Volume 13, Issue 1, March 2018, pp. (172-186)
%_,mgf ISSN 1992 — 0849
11000
10000 —%— 700 °C
& 9000 —&—800 °C
% 8000 —@— 900 °C
+ 7000 —#%— 1000 °C
S 6000 —%—1100°C
; 5000 —0—1200°C
54000
(&)
2L 3000
(5]
O 2000
1000
0 . — SOOI -SSR
_1000 L L L L L
2 3 4 5 6 7

logf

Fig. (3): Frequency dependent variation of dielectric constant for Nig7Zno sFe,O, ferrites at
different temperature.
The difference of shadow loss (tand) with frequency at room temperature is shown in Fig.

(4). Contrast is similar to change Increase in frequency and temperature.

—%— 700 °C
—®— 800 °C
—&— 900 °C
—#— 1000 °C
—%— 1100 °C
—0— 1200 °C

Dielectric loss (tang)

Fig.(4): Frequency dependent variation of dielectric loss for Nig7Zng 3Fe,O, ferrites at

different temperature.

This also indicates a single relaxation process in Fig. (5) showing the variation in the real

portion of the resistance (Z') with frequency at different temperatures. As can be seen, the
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width of the curves in Z 'value is reduced with frequency at all temperatures. The amount of
Z' decreases with the temperature indicating an increase in the AC conductivity of the
alternating current. Fig. (5) shows the difference in the imaginary part of Z resistance with
frequency at different temperatures. Peak in Z" turns to low frequencies with increased
temperature indicating a lower relaxation in the system. Relaxation times are calculated from
the frequency at which Maxima is observed. The maximum limit is found to increase with the

temperature indicating a loss increase in the sample [22-23].
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Fig. (5): Frequency dependent variation of (Z’) at different temperature for Nig7Zng 3Fe204

ferrites.
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Fig. (6): Frequency dependent variation of imaginary (Z”) parts of the complex impedance

at different temperature for Nig7Zno 3Fe O, ferrites.
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Fig. (7) shows the frequency dependence of M” in a different amplifier. It is noted that the
value of M" is very low in the low frequency zone. Continuous increase in M dispersion with
increased frequency shows the tendency to saturation in the maximum value of the oscillator
per sintering sintering. The saturation trend supports the suggestion that short-range carrier
traffic is a delivery process. These explanations may be related to the absence of a recovery
force leading to the movement of the charge carriers within the induced electric field. Low-
value M" in the low-frequency side supports conduction phenomena due to the long-range
mobility of the carrier's shipments, as well as that electrolysis makes a small contribution in
the material [24]. In the conduction process, the holes contribute smaller than those electrons
because of their low mobility. The electron between the iron Fe®* and Fe** ions, leading to the
local transition in the direction of the extruded electrode field (while the exchange of the hole
between Ni** and Ni?*, causes electrostatic polarization in the ferrite [25]. However,

exchanges between Ni?* and Fe** can also be found. However, Fe** & Fe3* is the easiest and

therefore their number will be reflected in a fixed dielectric value, and the results of Fig. (7)
indicate that this figure should be the same for all measurements The forms of the spectral
pieces obtained at different temperatures are still the same Thus, the distribution of relaxation
time is independent of the temperature Fig. (8) shows the dependence on M' frequencies at
different temperature values. It is observed from the figure that the increase with M increases
with frequency increase except for the emergence of a small and wide band that turns out to
be high frequency side-by-side with an increase in the temperature. cm area of the frequency
below the peak. The maximum limit determines the range of charge carriers due to long-range
jump. At frequencies above the maximum peak (upper frequency), the carriers are limited to
potential wells and are traveling at a short distance [24]. Similar explanation in case CuFe,04
by Sakia Shaikh et. al. [25].

T —

Web Site: uokirkuk.edu.ig/kujss, E-mail: kujss@uokirkuk.edu.iq

182




Journa
4“" "‘?«

@ v Kirkuk, University Journal /Scientific Studies (KUJSS)
K

p 4 Volume 13, Issue 1, March 2018, pp. (172-186)
t” ISSN 1992 — 0849
0.04F [ 700% | jg%%%
—®—800°C ¥ o )
0.03F |7® 90 °c o %2
' —#— 1000 °C
—%—1100°C
‘s o2} [To—1200%C
0.01
2 3 4 . . :

logf
Fig. (7): Frequency dependent variation of imaginary (M” ) parts of the complex modulus at

different temperature for Nig7Zno 3Fe O, ferrites.
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Fig. (8): Frequency dependent variation of real ( M’ ) parts of the complex impedance at

different temperature for Nig;Zng 3Fe O, ferrites.

Fig. (9) shows the composite impedance level plots measured at 700 °C, 800°C, 900 °C,
1000°C, 1100°C and 1200°C, respectively. Each curve consists of two semicircles, one small
and one large. One small at low frequencies indicates the effect of large grain boundaries and
one at high frequencies reflecting the grain effect. Each half circle is represented by a parallel

exponential circle that corresponds to the individual components of the material [8, 26]

4. Conclusions
Samples Nig7Zng3Fe,0,4 showing the structure of the spinel and cube (311) peak is more

intense. The intensity of peak samples varies with different temperature particle size, the
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specified surface area was calculated through normal procedures 4. The difference of static
insulation and insulation loss with frequency shows dielectric dissipation in Nig7ZngsFe;0,.
Analysis of electrical and inertial data by complex complex impedance (Z*) and buffer
coefficient (M*) provides more ideas in the behavior of materials, information on grain and
grain contribution input resistance and amplitude of electricity properties of samples.
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Fig. (9): Z” vs Z’ plots for Nig7Zng 3Fe,O, ferrites at different temperature.
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