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ABSTRACT

Cadmium cobalt ferrite nanoparticles with a chemical formula of Cd,Co,Fe,O4 (x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 & 0.6) (CCF) were
prepared via the citrate-gel auto combustion method followed by annealing at 773 Kelvin for 4 hrs in air. Further, the samples were
characterized for structural, morphological, elemental, functional group, electrical and thermoelectric properties analysis. The X-ray
diffraction patterns showed the single phase cubic structure. The crystalline size of the synthesized Co-Cd ferrites nanoparticle is found
in the range of 11 to17 nm. In addition, with an increase of Cd content, we noticed that lattice constants (a) and x-ray density (dy) values
were increasing from 0.8419 — 0.8496 nm and 5.222 — 5.777 g/c.c., respectively. Morphological properties were examined by scanning
electron microscopy (SEM) & Transmission electron microscopy (TEM). The tetrahedral (v;) and octahedral (v,) frequencies were
observed at around 400 - 600 cm™. The electric and dielectric properties such as DC-electrical conductivity (o), dielectric constant (g'),
dielectric loss (¢") and thermoelectric power parameters were calculated. At a low temperature of 300 K, the samples express the p-type
semiconducting nature due to having +ve value of ‘S’ while the same shows —ve value at high temperature suggesting the n-type
semiconducting behavior. Moreover, the magnetic Curie-transition temperatures were determined as a function of composition and noted

to be decreasing from 753 — 653 K respectively.

Keywords: Nanomaterials, Magnetic, Electronic Properties, Dielectrics.

1. INTRODUCTION

Ferrites having their specialized characteristics like low dc-
electrical conductivity and electrical losses...etc, variation at low
to high frequencies creates distinguished industrial employment
with advanced technology [1]. Specifically, these were quite
useful for filters, satellite communication, magnetic tapes,
memory devices, electrical components, antenna devices,
permanent magnets, soft magnets, humidity sensors, gas sensors,
photo catalyst, ferro-fluids, transformer & inductor cores, drug
delivery system, actuators, microwave absorbers, magnetic
recording media, magnetic hyperthermia treatment, magneto
caloric refrigeration, magnetic resonance imaging (MRI), RADAR
absorbers, aircrafts, electromagnetic shields etc [1, 2]. However,
the nanoferrites were almost confined to microwave device
applications (phase shifters, circulators, isolators) because of their
considerable low electrical conductivity and dielectric losses at
gigahertz frequency range [1, 3]. In nowadays, it has become
challenging to control the electrical conductivity at high
frequencies. But nevertheless, the efforts have been going on to
achieve the required properties. The above quoted applications are
remarkably dependent on various factors like synthesis and
method of characterization [4, 5].

Ferrites are generally AB,O, (A refers some divalent
cations and B indicates Fe®") spinel structured materials [6, 7].
Several scientists focused on reporting the different properties of
2. MATERIALS AND METHODS

The cadmium cobalt nanoferrites (CCF) prepared through
citrate gel auto combustion method. The raw materials such as

these ferrites and ferrite based specimen. Among various
researchers, to explain structural, morphological, optical properties
and magnetic properties of CoFe,O,4 nanoparticles, Houshiar et al.
[8] synthesized and compared physical properties of CoFe,O4
nanoparticles using different synthesis techniques such as auto
combustion, co-precipitation, and precipitation methods. The
obtained results evaluated the variation of phase transformation
with respect to synthesis techniques.

At most recent, Stein et al. [9] synthesized CoFe,O,
nanoparticles and discussed the superparamagnetic nature of
CoFe,0,4 nanoparticles. Besides, the Co-Ni ferrites [10], Li-Co
ferrites [11], Co-Cr ferrites [12], Zn-Co ferrites [13], Cd-Co
ferrites [1] etc., Studied for the development of electrical and
magnetic properties of CoFe,O,. In the present study, the authors
intended to prepare and characterize the Cd-Co nanoferrites via
citrate-gel autocombustion method. In fact, this synthesis
technique provides more advantages over other methods such as
less time & power consumption, relatively low operating
temperatures, good homogeneity and inexpensive [11]. It was
clear from the literature survey that there very limited
investigations were found on electrical and thermoelectric
properties of Cd-Co nanoferrites. Therefore, a much attention was
carried out to discuss the electrical and thermoelectric properties at
length.

Cadmium Nitrate- 99% pure (CdNOs;), Cobalt Nitrate (CoNOs)-
99% purity, Ferric Nitrate (Fe(NOj); .9H,0) with 99% purity,
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Citric acid-99.5% Pure (C¢HgO;.H,0), and Ammonia solution
(NH3). As per the calculated stoichiometric ratio the chosen
nitrates were weighed and dissolved in distilled water to get clear
homogeneous solution. The citric acid is used as a fuel due to its
good complexing ability from all of the other fuels. The 1:3 ratio
maintained for metal nitrate to citric acid in the present synthesis
for all the samples, and nitrate-citrate solution was obtained to that
ammonia (NH3) solutions were added drop by drop to maintain pH
= 7. The solution of mixer was heated by continuous stirring up to
100°C for 10-12 hours. Then viscous gel was formed. Again water
contained mixture was evaporated and it was converted as dry gel
and further the internal combustion was taken place. It formed a

3. RESULTS

3.1. XRD analysis.

The X-ray diffraction technique was used in order to confirm
single-phase cubic spinel structure formation of CCF nanoparticles
as shown in Figure.l. There wereno additional secondary phases
were observed. The results obtained from diffraction pattern of
Cd,Co;<Fe,04 (x = 0-0.6) showed the (hkl) values related to the
reflection planes (220), (311), (400), (422), (511), and (440) These
reflection planes were good agreement with the standard JCPDS
card no 52-1798. The average crystallite size was determined
using standard Scherrer formula D: 0.9A/BCos6, where B is full
width half maxima (FWHM), A is wavelength of Cug, source
(0.15406 nm) and 6 is diffraction angle [14] and the obtained
values of crystallite size for synthesized samples were given in
Table 1. In the table, the crystallite size was changing from 11 to
24 nm of the various Cd-contents. The variation trend is noted to
be almost unsystematic. This is attributed to the unsystematic
variation of developed microstrain during the reaction. The lattice
parameter (a) of all the synthesized compositions of CCF
measured using the formula a = d (h*+ k**1%)  and were given in
the Table.l. A plot was drown between the lattice parameter
versus cadmium composition and was shown in Figure.2. It was
observed that variation of lattice constant with Cd*" content in
Cd,Co;4Fe,04 (x = 0.0-0.6), increased with Cd-content. The
increasing of the lattice parameter is observed from 0.8419 —
0.8496 nm as a function of “x’. This was as a result of cationic
replacement by larger ionic radii Cd** (0.99 A) in to smaller ionic
radii Co®" ions (0.78 A). This proportional variation indicated that
the Co-Cd ferrite system agreement of Vegard’s law [7].
Furthermore, with the help of a formula: d, = ZM/Na>, the
theoretical density (dy) was calculated, where ‘Z’ is the number of

brown colored product which was a desired sample. The collected
ferrite powder was subjected to calcinations at 500°C for 4 hrs and
later on, these powders were characterized using few techniques
such as X-ray diffractometer (Bruker X-Ray Powder Diffraction
Meter, Cug,, A = 0.15406 nm), Transmission Electron Microscope
(TEM: Model Tecnai G20, FEI, USA), Scanning Electron
Microscope (Ultra 55 SEM Carl Zeiss), FT-IR spectrophotometer
(IR affinity-1, Shimadzu), LCR controller (HIOKI 3532-50), two-
probe experiment and thermoelectric measurement for structural,
morphological, functional groups, dielectric, dc-electrical
conductivity and thermoelectric properties.

effective atoms per unit-cell, ‘M’ is the compositional molecular
weight, ‘N’ is Avogadro’s number (6.023 x 10™) and ‘a’ is the
lattice constant [12]. The results were listed in Table.1.The Fig.3
showed the behavior of x-ray density (d,) versus Cd-content. It is
noticed that this numerical value is increasing from 5.222 — 5.777
g/c.c. with increase of dopant concentration. The x-ray density (dy)
was depending on the lattice parameter and molecular weight of
the sample. From the table, one can observe that molecular weight
of the sample was increasing with Cd-content and lattice
parameter was also increasing with the increase of Cd-content.
This may be due to the larger value of atomic weight of cadmium
(112.4 gm/mol) and lesser atomic weight of Fe-(55.9 gm/mol)
[16]. The experimental density of the prepared samples was
calculated by Archimedes’ principle with xylene media using
following relation.

dg

Weight of the sample in air

X Density of xylene( 1)

= Weight of the sample in air—weight of the sample in xylene
The percentage of porosity (P) of the ferrite sample was found
using the relation

p=%% 100 (2)
dx

where d, is the X-ray density &dgis the experimental density. It
can be understood that the higher Cd-contents revealed high
porosity percentage when compared with low Cd-contents. The
results ensured that the porosity of x = 0.4 & 0.5 contents is
observed to be ~ 5 % which is higher than the rest of the contents.
This may be attributed to the considerable pore content for those
compositions. However, during the heating process, the pore
fractions will be reduced as a result of the grain growth.

Table 1.Crystalline size (D), Lattice parameter (a), X-ray density (d,), Expert density (dg), Porosity (P)
D a d,

dg

Ferrite Composition (nm) (A) (gm /C.c) ) p (%) v (cm’l) v, (cm’l)

CoFe,04 23.78 8.419 5.222 5.351 1.35 570 364
Cdy.1CogoFe 04 11.12 8.466 5.253 5.193 1.14 672 382
Cdg,CoggFe,04 14.00 8.468 5.362 5.300 1.15 563 356
Cdg3Cog;Fe,04 14.62 8.470 5.491 5.394 1.7 561 372
Cdy4Cog sFe,04 14.62 8.476 5.584 5.318 4.7 570 381
Cdy5CoqsFe 0, 14.62 8.485 5.683 5.451 4.1 569 374
Cdy¢Cog4Fe 0, 17.82 8.496 5.777 5.619 2.7 559 352

Page | 4753



Nehru Boda, K. Chandra Babu Naidu, Khalid MujasamBatoo, G. Helen Ruth Joice, J. LaxmanNaik, D. Ravinder

1
20 ;
0 22 =05
A ﬁ " CAA |
_ L. . e
| ee——
o
= L X=0.3
] A A AL
c
<
TR NP S
A X=0.1
I P S |
¥ T v T ¥ T ¥ T i T i T ¥
10 20 20 40 50 60 70 20
20° (degree)

Figure 1. XRD pattern of Cd,Co;_Fe,O4nanocrystalline ferrites
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Figure 3. X-ray density vs Cd concentration
3.2. Surface Morphology.

Cd;Co;4Fe,04 (x = 0-0.6) samples morphology analysis was
done by using a scanning electron microscope and Transmission
electron microscopy. The micrographs were taken at different
magnifications and were shown in Figure.4. All materials revealed
the presence of clustered as well as few flat plates like grains.
Moreover, the closely associated grains were seen containing
agglomeration which may be due to the interaction between the
synthesized nanoparticles [4]. The homogeneously distributed
grains were noticed for all the nanomaterials. It was also
evidenced that x = 0-0.6 samples performed very low pore fraction.

Latter, the grain size was observed to be altering from 52 to 150
nm. Further, the hidden elements of the materials were observed
using EDS spectra (Fig.5). The indicated spectra of EDS showed
existence of Co, Cd, Fe & O elements without any impurities. The
morphology was examined using TEM and pictures were shown in
Fig.6. It was apparently seen that the x = 0-0.6 compositions
showed well defined homogeneous spherical nanoparticles. In
addition, the nanoparticles were very close to each other
manifesting the agglomeration. The magnetic interactions among
the nanoparticles were responsible for this agglomeration.
Furthermore, the particle size was observed to be varying from 12
to 68 nm.
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(x=0.0 to 0.6)
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Figure 5.EDS of Cd,Co;_,Fe,O4nano ferrites
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Figure 6. TEM pictures of CdxCo;.xFe,O4nanoferrites &
3.3. FTIR Spectral Analysis. o X=0.3
The FTIR spectra in Figure.7 cleared the spinel structure with
the formation two kinds of characteristic absorption bands found EPY
at around 672 cm ™' (9;) and 352 cm™' (9,). These were associated =
withthe stretching vibrations of tetrahedral (A-site) and octahedral Em.
(B-site) sites respectively. Thus, the formation of single phase E
cubic spinel structure of ferrites was confirmed [11]. From 2
Figure.7, it was identified that the shifting of band position (600 E
cm™) towards lower wavelength region which was due to the E”'
increase of Cd*" ions in ferrite and further preferably they may
occupy the A-site [12]. However, Co’" ions will have strong . D 561
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Figure 7.shows FTIR spectra of Cd,Co;_Fe,O, ferrites samples
(x=0.0to 0.6)
3.4. DC Electrical Properties.

The DC-electrical properties of CCF nanoferrites
compositions were studied using two-probe method as a function
of temperature from 303 to 953 K. The Fig.8 showed variation of
dc-resistivity with temperature for all Co-Cd ferrite samples. The
resistivity was decreased with an increase of temperature and
therefore confirmed the semiconducting behavior of synthesized
Cd-Co ferrite systems. Therefore, the increase of conductivity
with increase of temperature upon doping Cd in cobalt
nanoferrites from 0.0 to 0.6 was observed in Fig.8. Hence, Verwey
and De Boer [17] mechanism used to explain the conduction
mechanism in the nanoferrites [18 — 24] which indicated the
switch over of electrons between the ions of the same elements
present in more than one valence state. The exchange of electrons
between Fe’* «—Fe’*+e  can be responsible for n-type charge

Table 2. Data on Curie temperature (T.) and Activation energy (eV)

carrier and the exchange of holes between Co’'« Co*'+e',

Cd**Cd""+e" will be responsible for p-type charge carriers in the
spinel ferrites. It was also observed that the dc-conductivity was
increased with increase in Cd** concentration. This may be
explained on the basis of composition of the nanoferrites. In case
of Co-Cd nanoferrites, Co>" ions preferred to the octahedral sites,
Cd*" ions to the tetrahedral sites and Fe ions to be both octahedral
and tetrahedral sites. The temperature dependence of dc-
conductivity was plotted using the Arrhenius relation: logoy.=
logo,-(E./KgT), where o4 is the conductivity, o, is the
conductivity at absolute temperature, Kg is Boltzmann’s constant,
and T is the temperature [18]. The present nanoferrites performed
kink which can be called the Curie temperature. It has evolved due
to transition from ferrimagnetic to paramagnetic behavior as
shown in Fig.7. From this, it can be understood that the thermal
agitation becomes predominant at the transition temperature.
Therefore, the charge carriers will respond upto the larger extent.
Subsequently, the entropy reaches to the high position. But after
crossing the transition temperature, the charge carriers can not
respond properly to the applied thermal energy. Thus, the sudden
decrease inthe electrical parameters takes place. Furthermore, the
activation energies of paramagnetic (AE,) and the ferromagnetic
(AE,) blocks were evaluated from the slopes of paramagnetic and
ferromagnetic regions using the relation: AE= 2x107xslope [18 -
21]. The observed values are listed in Table.2. It showed that the
activation energy was more in the paramagnetic region than in the
ferromagnetic region. These were in better agreement with the
earlier reports [22]. The transition temperature or relaxation
temperatures can be responsible for this kind of change of
activation energies. That is, the change of slope of the gradient
line takes place before and after transition temperature. In
addition, the change of conduction mechanism takes place on
either side of T.. Thus, finally, the ferri to paramagnetic transition
occurs. From the Fig. 9, it was concluded that the drift mobility
was increased with increase of temperature. This can be attributed
to the exchange of thermal energy to the charge carriers after
subjecting the nanoferrites to the external temperature. The
variation of Curie transition temperature (T.) as a function of
composition was depicted in Fig.10. It was seen in the plot that the
T, was found to be decreasing from 753 to 653 K with increase of
Cd. This kind of manner was achieved as a result of the reduction
of magnetic exchange interactions between the cations at
octahedral site [12].

RETIE Curie Temp (K) Activation Energy (eV)
Para magnetic (AE1) Ferro magnetic (AE2)

CoFe,04 753 0.628 0.619
Cdy.1CoggFe 0y 723 0.729 0.678
Cdy,CoggFe 04 713 0.736 0.733
Cdy3Co7Fe,04 693 0.801 0.716
Cdy.4Coq6Fe,04 673 0.826 0.761
Cdy.sCoq sFe 04 663 0.895 0.713
Cdy ¢Co4Fe 04 653 0.911 0.865
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3.5. Dielectric Properties.

In general, the dielectric behavior of a material mainly
depends on the method of preparation, sintering temperature,
sintering time and strength of electromagnetic interactions
between constituent phases and structure of phase [11, 12]. The
behavior of dielectric parameters was investigated in the range of
applied frequency range of 50 Hz to 5 MHz at room temperature.
The frequency dependence of real part of dielectric constant (g')
and imaginary part dielectric constant (¢") at room temperature as
shown in Fig.11. The plots revealed that the €' and &" were
decreasing exponentially with the increase of frequency. It was
normal dielectric behavior. In general, the polycrystalline
materials were supposed to consist of two layers such as grain and
grain boundary. These may take part in obtaining the trend of
dielectric constant (¢') and loss (¢") as a function of frequency.
However, it was an established fact that the grain boundaries can
be more resistive layers while the grains can be of low resistive
layers [4, 5]. At low input frequencies the charge carriers can
respond actively and further they will accumulate at the grain
boundary interface. Therefore, huge amount of polarization can be
developed. It can be treated as space-charge polarization. This
may in turn responsible for the achieved maximum values of
dielectric constant and loss at small frequencies [5]. On the other
hand, at high frequencies, the efficiency of space-charge
polarization becomes diminished and hence it resulted in acquiring
the small values of €' and &" at high frequencies. Similar kinds of
observations were seen in the literature [4].

3.6. Thermo-electric Properties.
The behavior of Seebeck coefficient (S = AV/AT) with

temperature of the prepared Co-Cd nanoferrites was shown in Fig
12. It was observed that all the samples revealed similar thermal
variation with Seebeck coefficient. The ‘S’ was increased with an
increase in the temperature up to a specific temperature called
transition temperature (T.). However, above the T, the ‘S’ value
was further reduced. At small T-values, +ve value of ‘S’ expressed
p-type semiconducting nature of the prepared ferrite samples.
Initially, Co-ferrite acted like p-type semiconductor at room
temperature (300 K). With increasing of the temperature and Cd-
content, the seebeck coefficient was also found to be increased.
Above the transition temperature, the seebeck coefficient start

decreased with increase in temperature. Then sample behavior was
changed to n-type semiconductor behavior [12]. The probable
conduction mechanisms in the spinel nanoferrites system under
investigation were Fe*'<>Fe*'+e¢ (n-type or electron exchange
mechanism) [12].

g

Dielectric constant(c')

[
) -
B
i
0 -
od

Dielectric loss [811]

i -
m
-

Figure 11.Variation of (a) €' and (b) €" with frequency

In the similar fashion, as the hole exchange is higher than that
of electron exchange, subsequently, the p-kind of semiconducting
nature can be observed. The converse also becomes true usually.
However, as the temperature was increased the larger number of
electrons were generated which can lead to n-type semiconducting
nature at large temperature values. This evidenced a fact that the
samples performed the p-type and n-type semiconducting trend at
low and high temperatures respectively. In addition, it was
observed that the ‘S’ value of Co-Cd nanoparticles was increased
with increase intemperature. This also evidenced that the more
number of n-type charge carriers were developed as a function of
temperature. But, a knick was found at specified temperature
termed as Curie transition temperature (As shown in Fig.12). As
depicted in Fig.12, one can understand that the T, values of the
present materials were diminished as a function of Cd-content.
The results were reported in Table 3. The ‘S’ value was noted to
be increasing with Cd-content (Table.3) at room temperature.
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Table 3. Shows Transition temperature (Ts), Curie temperature (Tc), DC-conductivity (c4.) at room temperature, and seebeck coefficient (S)
odc (Q-1/cm)

Composition S (mV/K)
CoFe204 750 753 -0.06 2.32x10-07
Cd0.1C00.9Fe204 720 723 -0.15 2.61x10-06
Cd0.2C00.8Fe204 710 713 -0.25 7.26 x10-08
Cd0.3C00.7Fe204 685 693 -0.37 7.36 x10-08
Cd0.4C00.6Fe204 672.5 673 -0.48 8.92 x10-08
Cd0.5C00.5Fe204 660 663 -0.51 1.71 x10-08
Cd0.6C00.4Fe204 650 653 -0.62 1.43 x10-08
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4. CONCLUSIONS

Citrate-Gel Autocombustion technique was used to
synthesize CCF nano particle. The conventional heating at 500C°
made formation of single phase cubic spinel structure reflections
of synthesized samples. The crystalline size of the synthesized Co-
Cd ferrites nanoparticle is found in the range of 11 tol7 nm. The
lattice constants were increased with the increase of Cd-content in
Co-Cd ferrites. The morphology of synthesized CCF systems
analyzed using SEM and TEM. The pictures showed
agglomeration between the particles sample with homogeneous
grains in similar nature. The EDS spectra show the presence of
Co, Cd, Fe and O without impurities and hence the spectra
indicate the purity of the samples. The TEM pictures reveal the
agglomerated nanoparticles of particle size changing from 12 to 68
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