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Abstract

In the present work nano-sized zinc and chromium substituted simultaneously in nickel ferrites
Nij_yZnyFe, yCryx0, (Ni—Zn—Cr) nanoparticles with x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 were successfully
synthesized through a sol—gel auto-combustion technique using citric acid as a fuel. All the prepared
samples have been irradiated by y-rays of ®¥Co source with 7 Mrad at a dose rate of 0.1 Mrad/h to
investigate the irradiation effect on the structural, morphological, magnetic and dielectric properties of
all the prepared samples. Ni—Zn—Cr nanoparticles were investigated by X-ray diffraction (XRD),

Fourier transform infrared spectroscopy (FT-IR), field emission scanning electron microscopy (FE-
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SEM) to study their structural and morphological changes. The magnetic properties were studied by
vibrating sample magnetometer (VSM) at room temperature before and after irradiation. XRD patterns
confirm the formation of pure mono-phase of a cubic spinel structure for all the prepared samples. The
two prominent absorption bands in FT-IR spectra also confirm the formation of the spinel structure.

The FE-SEM image of un-irradiated samples show agglomerated and almost spherical shape particles

morphology; while y-irradiated samples show some scratched morphology. Dielectric constant and

dielectric loss tangent decreases with an increasing zinc and chromium concentration of the
unirradiated and after y-irradiated. Overall; the structural, morphological, magnetic and dielectric

properties of the present samples were significantly altered after y-irradiation. Therefore, low dielectric

constant and dielectric loss tangent is attractive due to its potential in device applications.
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1Introduction

Ferrites are very excellent attractive materials and are a group of technological most important
magnetic materials that are used in the manufacturing of magnetic, electronic devices, etc [1]. Ferrites
have excellent dielectric properties apart from their good electrical and magnetic properties [2]. These
are valuable in designing a good microwave device such as Isolators, circulators etc [3].The spinel
ferrite is one of the most important candidates of attractive ceramic materials due to their remarkable

applications [4]. The spinel ferrite has face-centered cubic (FCC) structure in which oxygen atoms are
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cubic close packed in which the magnetic ions are distributed among two dissimilar lattice sites
tetrahedral (A) and octahedral [B] sites [5, 6]. The magnetic and electrical properties of ferrites are
dependent on the relative cation distribution on the different sites [7]. The cation distributions depend
on the chemical composition, sintering conditions and the method of preparation [8]. The
simultaneous substitution of nonmagnetic zinc ion and magnetic chromium ion in nickel ferrite leads
to the modification of structural, morphological and magnetic properties [6, 9]. Pure nickel ferrite and
substituted nickel ferrites are the most important candidate of spinel ferrite [10, 11]. According to the
reported data, the crystal structure of nickel ferrite is an inverse spinel ferrite and possesses high
electrical resistivity and low eddy current losses [12, 13]. The substitution of zinc and chromium in
nickel ferrite modifies the properties of nickel ferrite which are valuable in various device applications
[14]. Ni-Zn—Cr is very excellent magnetic material because of their high electrical resistivity, high
saturation magnetization and high magnetic permeability, low power loss and superparamagnetism

depend on the particle size of the material [15, 16].

Several synthesis methods have been used to prepare nano particles such as sol—gel auto-combustion
method [17,18,19], co-precipitation [20], hydrothermal method (21, 22], high energy ball milling [23],
oxalate decomposition route [24], micro-emulsion [25], etc. Among the wet chemical methods, the
sol—gel auto combustion method has several significant advantages due to its simplicity including
proper stoichiometric, low cost, uniform size distribution and also compositional homogeneity. These
methods have been adopted to prepare zinc and chromium simultaneously substituted in nickel ferrite
nanoparticles using citric acid as a fuel. Nowadays, radiation techniques are used for processing and
studying superior materials in the manufacturing facilities and therapeutic instruments, such as
generating facilities, nuclear fusion reactors, magnetic resonance imaging scanner and computerized
tomography, space craft and satellite [26, 27]. The material scientist is doing many experiments to
study the effect of different irradiation such as swift heavy ions, laser; gamma ray on the properties of
ferrite materials depends on the potential applications [28,29,30]. Gamma irradiation is a powerful tool
to enhance crystallographic defects to modify the structural, electrical and magnetic properties of
ferrite materials with compositions. Recently, many researchers and scientists were synthesized the
different systems; Cog ¢Zno sMnyFe,_yO, Hamada et al. [31], Lig sFe, 50, ferrite Mane et al. [32],

Mny 5Zny sFe,0, nanoferrite Angadi et al. [33] and also on Ni; - yZnyFe,0,, spinel ferrites Karim et al.
[34] and studied the effects of gamma irradiation on the structural, electrical, and magnetic properties.
The effect of gamma irradiation of very low dosage on Mn—Zn spinel ferrites was also reported [35].
However, to our knowledge, very few reports are available in the literature on the effect of gamma
irradiation on the properties of Ni—Zn—Cr spinel ferrite synthesized by sol—gel auto combustion
method.

In the present work, we have studied systematically the effect of co-substitution of zinc and chromium
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ion in nickel ferrite on the structural, morphological and magnetic properties using standard cost
effective sol—gel auto combustion methods. The properties were investigated before and after

irradiation to understand the effect of gamma irradiation and the results are presented.

2 Experimental methods and materials

A nickel nanoferrite system with simultaneous substitutions of zinc and chromium with the general
chemical formula Ni; - yZnyFe;_4CryO, nanoparticles (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) have been
synthesized using the sol—gel auto-combustion method. Analytical Reagent grade nickel nitrate [Ni
(NO3),.6H,0], zinc nitrate [Zn (NOs),.6H,0], iron nitrate [Fe (NO3)3.9H,0], chromium nitrate [Cr
(NO3)3.9H,0], and citric acid (C¢ Hg O7), and ammonia were used as a starting materials. All the
chemicals such as nitrates of 99.9% purity were purchased from MERCK. In our earlier publication, the
details of the synthesis procedure were reported [36]. The as-synthesized nanopowders were then
sintered at 600 °C for 5 h in the air surroundings to eliminate the whole impurities. The sintered
nanopowder has been yet again ground and pelletized. These pellets are finely sintered to 900 °C for
9 h. The prepared nanoparticles were systematically ground in a pestle mortar and after that utilized
for further characterizations. Figure 1 shows the schematic flow chart of sol-gel auto-combustion

synthesis method of Zn—Cr substituted Ni; - yZnyFe,_4CryO, nanoparticles.

Fig.1
Nickel Nitrate Zinc Nitrate Ferric Nitrate Chromium Nitrate
Dissolved in Dissolved in Dissolved in Dissolved in
100 ml, H,O 100 ml, H,O 100 ml, H,O 100 ml, H,O
I T
TN
Citric Acid p——>| Ilomog?neous
Solutions

Y A Magnetic Stirring
Mixed Solution j¢&——- + Heating at 80°c
Jr for1lh

pH Maintained at 7 ===
by NH,OH Solution

Gel € Heatedat 300°¢

¥

Dry Gel &—4 Auto Combustion

v

Annealed at 6000 A - I\ll xznxl(el’ x(‘rx()4 4\1 "y SN n4n_:..n4:n_,.l

6/16/2024, 12:49 PM


https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/1
https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/1
https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/1

Effect of y-radiation on structural, morphological, magnetic and dielectri... https://link.springer.com/article/10.1007/s10854-018-0252-1

= - 2 v Haracieriannuvims
I ¢_forSh ] I Nanoparticles 1 |

Schematic representation flow chart of sol—gel auto combustion synthesis procedure for Ni; -
«ZnygFe;_«Cry0,x=0.0,0.2, 0.4, 0.6, 0.8, and 1.0 Nps

All the prepared samples were irradiated by using energetic source®0Co of gamma radiation. The total
exposure dose time estimated for irradiation was 5 days, 60 h to complete the total dose of 7 Mrad with
a dose rate of 0.1 Mrad/h. The phase formation of all the samples was confirmed by the powder X-ray
diffraction (XRD) studies using model PW-1710 by Phillips X-ray diffractometer having Cu-K\(\alpha\)
radiation ( A=0.15405 nm), at room temperature in the 26 scanning range from 20 to 80°, at a speed of
scanning ~ 2°/min. Fourier Transform Infrared Spectroscopy (FT-IR) spectra in the range of 400—
4000 cm~! were recorded using a perkin- Elmer spectrometer (spectrum 1000). The surface
morphology studied of un-irradiated and y-irradiated of the samples was characterized by field
emission scanning electron microscopy (FE-SEM), (Model JOEL-JSM 840). The magnetic properties of
un-irradiated and irradiated of the ferrite samples were measured at room temperature by using
vibrating sample magnetometer (VSM) (Lakeshore VSM 7410 Model) with the maximum applied field
of \(\pm\)15 kOe. The dielectric properties were studied at room temperature using (Hioki model
3532-50) with a digital LCR-Q meter (Japan) and in the frequency range of 50 Hz to 5 MHz before and
after y-irradiated.

3 Results and discussion

3.1 X-ray diffraction (XRD)

The XRD patterns of all the prepared Ni; - yZnyFe,_xCrzO, nanoparticles with (x = 0.0, 0.2, 0.4, 0.6, 0.8
and 1.0) before and after y-irradiation are depicted in Fig. 2. XRD patterns show all the allowed Bragg’s
reflection planes namely (220), (311), (222), (400), (422), (511), (440), (620), (533), related to cubic
spinel structure in both the cases. The XRD patterns match well with (JCPDS) card
no-74-2081:NiFe,0,; (JCPDS) card no-73-1963: ZnFe,0, and also match well with the standard of the
American Society for Testing and Materials (JCPDS) card no-019-0629 for both un-irradiated and
irradiated samples. There are no extra significant impurity peaks observed in the XRD patterns. All the
prepared samples show XRD planes with depict sharp peaks signifying nanocrystalline nature. Using
the XRD data different structural parameters were calculated by standard relations. The lattice
parameters of the present system are calculated by using 26 values of Bragg’s reflection planes and the
values are displayed in Table 1. The lattice parameters for nickel ferrite (x = 0.0) is in good agreement

with our previous work. Table 1 shows that, the lattice parameters increases with zinc—chromium
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simultaneous substitution with obeying the Vegard’s law [37]. The increase in lattice parameters is
attributed to the replacement of ionic radii of (A) and [B] sites. The ionic radius of Zn?* (0.82 A)is
larger than Ni2* (0.78 A) at (A) site and also Fe3* (0.67 A) is larger than Cr3* (0.61 A) ions in [B] site
which creates the lattice strain. Thus, the lattice parameter to be increased in the present work, a
similar trend of lattice parameters was reported by literature S. Karimi et al. [6]. Further; on irradiation
it is obvious from Fig. 2 that the peak positions are shifted to higher 26 values and also the peak
intensities are decreased. The widths of the peaks are enhanced than that of the un-irradiated samples.
Also, it can be seen from Table 1 that the value of lattice parameters decreases after irradiation, because
of the lattice vacancies generated after irradiation causes distortion and deviation from the spinel cubic
structure. This may be due to the gamma irradiation formed the compressive strain and furthermore
generated some disorder in the lattice structure. A similar result was observed in gamma irradiated Ni;
-xZnyFe;0, samples [34].The crystallite size (t) of all the prepared samples has been calculated by
using the Debye—Scherrer’s formula [38]. The value of crystallite size for all the samples unirradiated
and after y-irradiated is presented in Table 1.The high intense peak (311) was selected for the
calculation of crystallite size. From Table 1, it is clear that the value of crystallite size (t) is found to be
decreased after y-irradiation. The energy rich ions penetrate the sample along the path of the ion beam
and lead to a material alteration. In the process; the heavy ions loss their energy which in revolve
generates defects and partial amorphization resulting in a decrease in the crystallite size [39]. In
another reason, after y-irradiated could be modify the ratio of Fe2*/Fe3* ions in octahedral [B] site
since a result of (y + Fe2*—Fe3* + e”) which gets to a change in the crystal structure. Similar type of
explanation is reported in the literature [40]. The X-ray density dy for all the prepared samples were
determined from molecular weight, volume of the unit cell and its natures are presented in Fig. 3(a)
and (b) respectively, also the values are tabulated in Table 1. The X-ray density is found to be increased
with increase in the concentration of Zinc-Chromium simultaneous substitution. From the Table 1, it is
observed that the X-ray density increases after y-irradiation. This is attributed to an increase in mass is

more than the increase in lattice parameter.

Fig.2
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ey = irradiated ~———y - irradiated

(a)

II)?E
Intensity (a.u.)

Intensity ( a.u.)
311

—(220)
>{4~”’)
(620)

w(533)

(4 41))
(620)

w(533)

222)
—{400)
U422)
——(511)

—(22())
2)

——(400)
22)

—Y )]

6/16/2024, 12:49 PM


https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/2
https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/2
https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/2

Effect of y-radiation on structural, morphological, magnetic and dielectri...

7 of 29

Ll v L}
40 50 60 70 8t 2

s\l Vi \sosrmsmad ol \enad \odssoiatVene] | I\t Voo i\l \d g Noat ]
0 3‘0 v M v v v v b A . 3!0 v T v T v T v T v 1

2 5 40 50 60 70 80
20 (degree) 20 (degree)
(C) Un-irradiated (d) Unirradiated
1y - irradiated wy = irradiated
] 3
3 b L\ A —M‘-—A—J\\_A - ———A_J L\——-A\————-)\J—J_—&-'¥—1
2 = & ~
'z ~ 2 =
g < g 2
E = =
S -
= -_ 3 . =~
S s S 3 3 S 3
-~ $ a ~ » Q § - 92
o~ S g
A : 33 53 ¥
<
i T v T v T v T d T b v T b T g T b T v T d
20 30 40 50 60 70 8 20 30 40 50 60 70 80
20 (degree) 20 (degree)
(C) Unirradiated (f) Unirradiated
ey =~ irradiated ey = irradiated

~ 3
s =
2 <
z’ s 'E -
k- T £ =
] E ~
=
= -~ S - -
S = 3 S = 3
~ = ) o ~ -
N3 s S2 s 9 )
< N~ g v
v T ~— v — T - — ~— v T - — — —
20 30 40 50 60 70 8t 20 30 40 50 60 70 80
20 (degree) 20 (degree)

X-ray diffraction patterns of Unirradiated and \(\gamma\)-irradiated Ni;_yZnyFe;_4CryO, NPs for
(@)x=0.0,(b)x=0.2,(c) x=0.4,(d) x=0.6, () x=0.8, (f) x=1.0

Table 1 Unit cell volume (V), lattice constant (a), X-ray density (dy), crystallite size (t) for
before and after gamma irradiation samples Ni; - x ZnyFe, -4 Cr, O, nanoparticles

Fig.3
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The another structural parameters, such as the values of the tetrahedral bond length (dx), octahedral
bond length (dgy), tetrahedral edge (daxg), shared and unshared octahedral edge (dgxg) and (dpxgu),
the tetrahedral (A) site ionic radii (ra) and the octahedral [B] site ionic radii (rg) were determined for all
the samples by using the standard relation listed as following Egs. (1-5) [41].
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$${d_{AX33=~a\sqrt {3~] \left( {u - \frac{1}{4}} \right)~SS$
(M

$${d_{BX}3}=a\sqrt {\left( {3{unr2}} \right) - \left( {\frac{{11}}{43} \right)u+\left( {\frac{{43}}
{16411} \right)} ~SS

(2)

$S${d_{AXE}}=~a\sqrt {2~} \left( {2u - \frac{1}{2}} \right)$$
(3)

SS{d_{BXE}}=~a\sqrt {2~} \left( {1 - 2u} \right)~SS$
(4)

$${d_{BXU}}=a\sqrt {(4{uA2}) - (Bu)+\left( {\frac{{11}}{{163}} \right)} ~S$
(5)

where ‘@’ is the lattice parameter and ‘u’ is the oxygen positional parameter, for these ideal value of ‘u’
(0.381 nm) for the precisely cubic closed-packed spinel structure. All of these structural parameters are
presented in Tables 2 and 3. The values of all the structural parameters are decreasing with increase in
Zinc—Chromium simultaneous substitution for both unirradiated an after y-irradiated. All these

parameters depend on the lattice parameter.

Table 2 Tetrahedral bond (dax) and octahedral bond (dgy), tetra edge (daxe) and octa
edge (dgxe) (shared and Unshared), the tetrahedral A-site ionic radii (ry) and the
octahedral B-site ionic radii (rg) for before and after gamma irradiation samples Ni;_
Zn,Fe,_4 Cry O, nanoparticles

Table 3 Tetrahedral A-site ionic radii (rp) and the octahedral B-site ionic radii (rg),
Infrared absorption frequency band position (v, and v,) for before and after gamma
irradiation samples Ni; -, ZnyFe,_, Cry O, Nnanoparticles
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3.2 FT-IR studies

Fourier transform infrared spectroscopy (FT-IR) spectra of the un-irradiated and y-irradiated samples
are depicted in Fig. 4(a) and (b). The FT-IR spectra was recorded in the wave number range of 4000—
400 cm~ 1 at room temperature. In the ferrites, the crystal structure are mutually bounded with the

nearest neighbors by corresponding forces (ionic, covalent or vander Waals) [42].

Fig. 4
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(a) FT-IR spectra of Unirradiated and (b) y-irradiated for Ni; - yZnyFe,_yCrzO, (x=0.0, 0.2, 0.4, 0.6,
0.8,1.0) NPs

According to Waldron law, the geometrical configuration of the oxygen, the metal ions occupy two
different sublattices namely tetrahedral (A) site and octahedral [B] site. These bands are the common
features of all the spinel structure of ferrite. In the present study, FT-IR spectra show the two
prominent absorption bands (v;, v;) observed at 567—694 cm™1, 430—-486 cm™land 611 cm~1, 420—
480 cm~1 for unirradiated and after y-irradiated which are summarized in the Table 3. The high
frequency peak (v;) lies in the range of 587 cm™ lcorresponding to the intrinsic stretching vibrations of
tetrahedral metal—oxygen complexes, while low frequency peak (v;) band observed in the range

430 cm™ lis attributed to the vibrations of octahedral metal—oxygen complexes. Similar kinds of results
are observed in the literature [43].

The FT-IR spectra confirmed the formation of single phase cubic spinel structure. Our results well
agree with the reported data. Also, the remaining groups of combustion process can be observed that
absorption peaks with wave number at 3502 cm~1, 2343 cm™1, 1448 cm~1, 1627 cm™1, 1120 cm™ lare
attributable to characteristic peaks of a hydroxyl group (symmetric and asymmetric) and a carboxyl
group NOs, ions respectively [44, 45]. It indicates significant energy produced during the combustion
process is not highly adequate to create these groups, which is not taking part in the reaction during
the combustion.This may be due to modification in the inter-nuclear distance of Fe3*—02~ on the
correspondent lattice sites. These results are defects or migration of a few ions into interstitial

positions as effect to after y-irradiated.

3.3 Surface morphology studies

The typical surface morphological properties of the Ni—Zn—Cr ferrite samples were investigated by
using field emission scanning electron microscopy (FE-SEM). The representative FE-SEM
micrographs of samples with composition x = 0.0, and 0.4 unirradiated and after y-irradiated are shown
in Fig. 5(a—d). From the Fig. 5(a—d) it is clear that some particles are agglomerated and produced big
clusters. The grain growth of nanoparticles is attributed to the migration of pores in the solid solution
to the grain boundaries. It can be observed that the grain size increases with increase in zinc and
chromium concentration than as shown in XRD data. The average grain sizes of the prepared samples
were calculated from the linear intercept method [46], and are listed in Table 4. Figure 5(b—d) is
evidently shown that after y-irradiation, it has been a strong influence on the surface morphology of

the samples that the defects are created in the material. Micrographs showed changes in the grain size
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and grain boundaries. There is some change in the grain size and amorphization at the grain

boundaries due to after y-irradiated.

(a—d) FE-SEM micrographs of typical samples (a) x=0.0, (c) x = 0.4 unirradiated and (b) x = 0.0, (d)
x = 0.4;\(\gamma\)-irradiated for Nij - yZnyFe,_4CryO, NPs

Table 4 Grain size (G) and elemental percentage (At %) from EDS graph of Nij -
xZnyFe,_,Cr,O, nanoparticles

The elemental compositions of the typical samples were calculated by EDS spectrum of Ni; -
xZnyFe;_CryO, samples with (x = 0.0 and 0.4) nanoparticles are presented in Fig. 6(a—d). By the

observation of EDS spectrum analysis confirmed the presence of all the elements such as, Ni%*, Zn2*,
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Fe3* Cr3*, 02~ ions in the synthesized samples. The EDS results confirm that there is no traces of
impurity elements were found in the present system. The calculated atomic and weight percentage of
the synthesized samples are consistent with the composition from EDS analysis and obtained values
are listed in Table 3.
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(a—d) EDS spectra of typical samples (a) x=0.0; (c¢) x = 0.4 unirradiated and (b) x=0.0; (d) x=0.4
\(\gamma\)-irradiated for Ni; - yZnyFe,_4CryO, NPs

3.4 Magnetization studies

The magnetic measurement of investigated samples was studied by using a vibrating sample

magnetometer (VSM). The room temperature (VSM) investigation was carried out with the maximum
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applied magnetic field up to + 15 kOe and is illustrated in Fig. 7(a) and (b). The M-H loops of shape and
width depend on various factors such as chemical composition, crystallite size, porosity, grain size and
gamma irradiation, etc. It can be observed that narrow M-H loops reveal the soft nature of the ferrite
material. From the M-H loops, the values of saturation magnetization (M;s), a remanent magnetization
(My), coercivity (Hc), loop squareness ratio (M;/Ms) and magnetic moment \((~{\eta _{\rm B}})\)
unirradiated and after y-irradiated are summarized in Table 5. From the Table 5, it is observed that the
saturation magnetization (M) and also coercivity (H.) decreases with zinc and chromium
simultaneously substituted in nickel ferrites. The saturation magnetizations (V) behave in random

slowly decrease due to an unexpected change in site preference of after y-irradiation.
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Table 5 The room temperature of saturation magnetization (M), remanent
magnetization (M,), coercivity (Hc) remenance ratio (Ms;M,), magnetic moment (nB) for
before and after gamma irradiation samples Ni; - x ZnyFe,_5 Cry, O, nanoparticles

In the present system, Ni;- yZnyFe,_yCryO, nanoparticles with (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) the
values of saturation magnetization observed to decrease with zinc and chromium simultaneously
substituted in nickel ferrites both of unirradiated and after y-irradiated. It is well-known that NiFe,O,
ferrite has an inverse spinel structure in which the iron cations partially occupy tetrahedral (A) sites
and another half occupy octahedral [B] sites. From the M-H loop, it is observed that the saturation
magnetization decreases with increasing zinc and chromium ions simultaneous substitution in
NiFe,0, ferrite and also same behavior observed for gamma irradiation. It may be due to the weakening
of (A-B) superexchange interactions between the tetrahedral (A) site and octahedral [B] site. Zn%* ions
have a strong tendency to occupy tetrahedral (A) sites and Cr3* ions have a strong tendency to occupy
octahedral [B] sites through their substitution in NiFe,0, ferrite of before and after gamma irradiation.
The decrease in saturation magnetization due to the replacement of the Zn2* ion has tiny magnetic
moments (0\({\mu _{\rm B}}\)), in comparison with Ni2* (2\({\mu _{\rm B}}\)), and also Cr3* ion
have small magnetic moments (3\({\mu _{\rm B}}\)), in comparison with Fe3* ions (5\({\mu _{\rm
B}1}\)) which results in decrease of a magnetic moments at [B] site. According to Neel’s two sub-lattice
model for ferrimagnetisms, the partial replacement of Fe ion of bigger ionic radius by the Cr3* ion of
comparatively smaller ionic radius reduces the Fe3* composition on the [B] site, which in rotate (A-B)
super exchange reactions [47]. In other words, possible reason for the decrease in saturation
magnetization is an increase in canting angles between magnetic moments on B lattice sites. An
experimental value of the Bohr magneton number \(~({\eta _{\rm B}})\) was estimated using standard

relation [48].

6/16/2024, 12:49 PM


https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/7
https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/7
https://link.springer.com/article/10.1007/s10854-018-0252-1/figures/7

Effect of y-radiation on structural, morphological, magnetic and dielectri... https://link.springer.com/article/10.1007/s10854-018-0252-1

SS{\eta _{\rm B}}=~\frac{{\left( {{{\text{M}}_{\text{s}}}} \right) \times ({{\text{M}}
_{\text{w}}})31}{{5585}1SS

(6)

where \({\eta _{\rm B}}\) is magneton number in \({\mu _B}\), M,, is the molecular weight in g and
M is saturation magnetization in emu/g. The estimated Bohr magneton numbers with zinc and
chromium concentration are presented in Table 5. The anisotropy constant (K) can be estimated using
standrad relation and the values are tabulated in Table 6 [49].

Table 6 The anisotropy constant (K), and anisotropy field (Hy) for before and after
gamma irradiation samples Ni; - x ZnyFe;_4 Cry O, nanoparticles

SSK=~\frac{{\left( {{{\text{M}}_{\text{s}}1} \right) \times ({{\text{H}}_{\text{c}}})}}{{0.9831SS
(7)

where K is the anisotropy constant, MV is the saturation magnetization in emu/g and H, is coercivity.
The values of anisotropy constant (K) depends substituted ions and affected by spin canting. The
decrease in anisotropy constant indicates the decrease in domain wall energy. The anisotropy field
which binds the magnetization in a preferred direction is indirect measurements of the crystal

anisotropy forces were determined using the following standard relation are listed in Table 6 [50].

SS{{\text{H}} {\text{K3}}}=\frac{{2{{\text{K}} 13} H{{{\text{M}} _{\text{s}}}}}S$
(8)

where, Hg is the anisotropy field, K; is the anisotropy constant and Mg is the saturation magnetization.

3.5 Dielectric properties analysis

The behavior of dielectric properties study for spinel ferrites which clearly depends on various factors,
including sintering temperature, chemical compositions, density, crystallite size and synthesizing
method. The dielectric properties of unirradiated and after y-irradiated of all the prepared samples
were measured by the LCR-Q meter at room temperature (R.T.) with the frequency range of 50 Hz to

5 MHz. The dielectric constant (¢’) and dielectric loss tangent (tan \(\delta\)) of all the samples were
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calculated using standard relation (9-10) [51, 52].

SS\varepsilon A{\prime}=\frac{{Cd}}{{{\varepsilon 0}A}}~SS

(9)

SS\tan ~\delta =\frac{{\varepsilon A{\prime}}}{{\varepsilon A{\prime\prime}}}S$S

(10)

where, C = capacitance of the parallel plate capacitor, d = thickness of the pellets, \({\varepsilon

_03}\) = dielectric permittivity of free space (\({\varepsilon _0}=~\)8.854 \(\times\) 10~ 1% F/cm) and A-
cross-sectional area of the pellet. The frequency dependent on the dielectric constant for (&’) Nij -
xZnyFe;_CryO, nanoparticles are in very good agreement with the other ferrite [53]. The dielectric
constant decrease with increase in applied frequency is shown in Fig. 8(a, b). The dielectric constant
decreases with Zn—Cr ions substitution in Ni-ferrite and also decreased after y-irradiation. Similar
results were observed in the literature [39]. All the samples indicated dispersion due to Maxwell—
Wagner interfacial (space charge) polarization is in agreement with Koop’s Phenomenological theory
[54, 55]. In ferrites, the dielectric polarization decreases with increase in frequency and also the
conduction mechanism. The polarization is a strong correlation between the dielectric behavior and the
conduction mechanism of ferrites. Based on the Electron hopping between Fe3* — Fe2*+ e~ ions one
gives the local displacement of the electrons in the direction of the applied field. The high value of
dielectric constant at low frequency is due to the large number of species like Fe2* ions, oxygen
vacancies, interfacial dislocation piles up, grain boundary defects etc. It is excellent that the effect of
the polarization is to decrease the field inside in the medium.

. . 2
(a)Unirradiated — (.0 I (b)+ -irradiated

—a—0.0

")

Diclectric constant (&)
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Figure 8(c, d) shows the variation of the dielectric loss tangent (tan \(\delta\)) with the frequency of
unirradiated and irradiated of all the samples. All of the concentrations show normal variation and an
exponential decrease in the dielectric loss tangent with increasing frequency. Therefore, low dielectric
loss tangent is attractive potential applications in devices obtained for all the prepared samples. The
high value of dielectric loss tangent (tan \(\delta\)) at low frequency corresponds to grain boundary
further energy is essential for electron exchange between Fe3* —Fe2*+ e~ ions. The maximum in the
dielectric loss tangent occurs at relatively low frequency and decreases with increasing frequency.
Finally, it can be observed that dielectric loss tangent (tan \(\delta\)) decreases with increase in zinc

and chromium concentration and also after y-irradiation.

4 Conclusion

Nickel ferrite nanoparticles simultaneously substituted zinc and chromium with general chemical
formula Ni; - yZnyFe;_4CryO, with (x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) have been successfully synthesized
by employing sol—gel auto-combustion method. All the prepared samples have been gamma irradiated
with ©0Co radioactive source. The effect of y-irradiation with a dose of 7 Mrad on the some structural,
morphological and magnetic properties has been investigated. X-ray diffractions and also FT-IR reveals
the formation of single cubic spinel crystal structure. The lattice parameters ‘a’ decreases after y-

irradiation for corresponding compositions. The crystallite sizes (t) are reduced which calculated from
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a most intense peak (311) and it is observed within the range of 19—28 nm and 18—22 nm for un-
irradiated and after y-irradiation respectively. FE-SEM investigates designate that after y-irradiated
causes amorphization, in particular at the grain boundaries. Grain size (G) of Ni-Zn—Cr ferrite
nanoparticles were estimated from FE-SEM un-irradiated and after y-irradiated and it can be found in
the range of 38—50 nm. M-H loops recorded at room temperature exhibits a typical hysteresis
indicating the ferrimagnetic nature of the samples. After y-irradiation of Ni—Zn—Cr ferrite
nanoparticles creates defects in the material which renders the physical properties manufacture it
technological additional relevant.
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