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Abstract:

Here we reporting the structural and magnetic properties of neodymium-doped cobalt ferrites with general
formula CoNdxFe2-xO4 (where x=0, 0.02, 0.04, 0.06, 0.08, and 0.10) nanomaterials obtained from sol-gel
auto-combustion method. The obtained precursors were calcined at 773 K/4 h. The crystal structure of calcined
powders was analyzed using X-ray diffraction (XRD), and morphological studies were done by scanning
electron microscopy (SEM). The peaks obtained from the XRD confirmed the single-phase spinel ferrite
structure without any secondary impurity phases. The lattice parameter, cell volume, density, and crystallite
size were calculated for all the samples using XRD data. Crystallite size was decreased from 19 nm to 12.8 nm
with an increase of Nd concentration (from O to 0.10). SEM studies show that the particles are irregularly
shaped grains morphology with a homogeneous distribution.
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I.Introduction:

The spinel ferrite nanoparticle with a general formula of MFe;O4 (where M = Fe, Co, Cu,Mn,etc.) has
drawn much attention from the research point of view due to their unique physical, chemical, and magnetic
properties [1-4]. Among them, the cobalt ferrite (CoFe204) is well recognized magnetic material because of its
chemically stable, mechanical hardness, high saturation magnetization, high resistivity, high coercive field, and
low dielectric loss behaviors[5-7]. As a consequence, this material is considered for many applications, such as
high-density magnetic recording, magnetic fluids, electronic devices, gas sensors, catalysis, medicine,
microwave devices, etc., [8-15]. The properties of this material can be further tuned by adding a dopant into
their structure, sintering temperature, synthesis method, and changing their particle size [16-18].
Nanocrystalline of doped ferrites especially rare earth metals have interesting technical and physical
applications [19]. Doping of rare earth ions into cobalt ferrite leads to structural distortion that induces strains
in the material which indicates improved crystallinity of the sample and to effect the structural, electrical, and
magnetic properties significantly [20].

I1.Sample preparation

Cobalt (II) nitrate hexahydrate, iron (l11) nitrate nonahydrate, neodymium (I1l) nitrate hexahydrate,
and citric acid were used as starting materials. The flow chart for the synthesis of CoNdxFe2.x04 (0<x>0.1). To
begin with, suitable amounts of cobalt nitrate, iron nitrate, and neodymium nitrate were mixed in deionized
water under continuous stirring. The citric acid in a 3:1 molar ratio for precursors was added to the solution as a
chelating agent and stirred for 2 hours to get a homogeneous mixture of metal nitrates. The pH~7 of the above
solution was maintained by adding the ammonia solution drop by drop with continuous stirring. The resultant
solution was continuously heated on the hot plate at 100% up to dryness with continuous stirring, as a result, a
viscus gel was obtained. Further, the temperature was increased up to 200% , and this temperature lead to the
ignition of the gel. The dried gel burnt completely in a self-propagating combustion manner to form a loose
powder. Then the powder was ground and calcined at 500°% for 4 h to achieve the final product.

I11.Characterization
Nd3+ doped Cobalt samples were characterized by the X-ray diffraction (XRD) technique for
structure identification and phase purity using the model (X-ray Diffraction System Ultima IV of Rigaku
Corporation, Japan). XRD patterns were recorded using Cu-Ka radiation (A=1.540598A0) operated at 45kV
with 40mA in the 20 range 20 to 800. The microstructural morphology and grain distribution were investigated
by a scanning electron microscope (SEM) Hitachi S3400N operated at 15kV. In order have extended
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electrical contacts, the copper leads were bonded firmly on both sides of silver electroded pellets and dried at
150 oC/ 12h. The capacitance (Cp) and loss (D) of each pellet were recorded for a wide range of frequencies
(100 Hz to 10 MHz) at room temperature using a Impedance analyzer (WAYNE KERR, 6500B), attached to a
home built furnace connected to a programmable temperature controller.

IVV.Result And Discussion

XRD analysis of Nd** doped CoFe20a:

Fig.1 shows the room temperature XRD patterns of CoNdxFe>«O4 (x=0, 0.02, 0.04, 0.06, 0.08 and
0.10) nanomaterials. These results were compared with standard JCPDS (card No. 22-1086). The XRD pattern
confirms the formation of a single-phase FCC spinal structure up to the Nd concentration x=0.02. The intensity
of the XRD peak decreases with further addition of Nd** concentration, and this infers that crystallization is a
difficulty due to relatively large ion radii[21 22]
Scherrer-Debye equation was used to calculate the average crystallite size (D) of all samples

0.91x4
- BcosO (1)

The lattice constant a is calculated using Braggs equation (2) from the high-intensity peak (311).
a=dvh? + k? + I? (2)

The actual X-ray density was also determined using equation

pr = o ©)

Na®
where (M) is the molecular weight, (N) is Avogadro’s number, and (a) is the lattice parameter. The
calculated average crystallite size, lattice constant, and X-ray density of all the samples were mentioned in
Tab.1. This table indicates that the lattice parameters and crystallite sizes were decreased and x-ray density was
increased with an increase of Nd®* concentration. This is due incorporation of large ionic radii.
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Fig.1 XRD patterns of Nd** doped CoFe20s4.

Tab.1: Calculated lattice constant, crystallite size, X-ray density and volume of CoNdxFe2xO4
nanomaterials using XRD data.

Lattice Constant "a" (A) | Crystallite size | X-ray Density (px) | Volume (V)
S No Composition x (D) nm
1 0 8.37142 19.086 5312 586.675
2 0.02 8.37164 16.024 5.352 586.721
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3 0.04 8.37007 13.957 5.394 586.392
4 0.06 8.37008 14.028 5.435 586.393
5 0.08 8.37000 13.654 5.475 586.377
6 0.10 8.36736 12.806 5.520 585.823

SEM studies of Nd3+ doped Cobalt ferrites:

The surface morphology of CoNdyxFe,.xOs (0 < x > 0.1) were shown in Fig.2. These surface
morphologies reflect the homogeneous distribution of multi-shaped grains without segregation at the grain
boundaries. The average grain size was closely 20 nm and slightly fluctuate the size with the substitution of Nd
concentration[23].

CoNd, i4Fe; 450,

Dielectric Studies of Nd3+ doped Cobalt ferrites:

The physical properties especially dielectric properties of CoFe,O4 based materials are mainly depend
on the purity, crystallite size, dopant concentration, content of Fe*3/Fe*2 ions, microstructure and the processing
conditions during the preparation.

To investigate the dielectric properties of Nd*® doped CoFe,04 samples, the impedance studies of the
each material under this study were carried out at different temperatures. The typical plots at room temperature
of the dielectric constant (&), the loss (tand), and conductivity as a function of frequency for the Nd** doped
CoFe204 samples were depicted in Fig.3(a-c). Fig.3(a) shows that the dielectric constant is decreasing from
103-106and further the value is almost the same, which is the ordinary behavior of ferrite compounds.
Furthermore the dielectric constant was decreased with increase of Nd%* concentrations, and this may be
attributed to the decrease of Fe3* ion content in the samples[24]. Due to the reduced space charge polarization
caused by the dopants ability to prevent electrons moving between the Fe?* and Fe®* ions in the samples. The
dielectric loss of all the samples was also investigated and these values are decreasing with an increase in
frequency (Fig.3(b)). However, the conductivity is increasing with the increase in frequency (Fig.3(c)) of the
all the samples. Furthermore the conductivity was decreased with increase of Nd3* concentrations, which is due
to the decrease of Fe?* ion content in the CoFe,O4 samples[25 26].
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Fig.3 Room temperature a) Dielectric constant, b) dielectric loss and c) conductivity of the CoNdxFe2-

x0O4 nanomaterials

V.Conclusions:
In this work, we demonstrated structural, morphological and dielectric properties of the Nd**doped

cobalt ferrite nanoparticles derived from a citrate-assisted sol-gel auto-combustion method. XRD reveals that
the pure spinel crystalline structure was formed up to 0.02 mol of Nd** doping, and with further increase of
Nd®* concentrations, the crystallinity was difficult. . High grain boundary activation energy was observed for
the CoFe19sNdo.0204 nanomaterials. The obtained results of CoFe1.9sNdo0204 nanomaterials will be a good
candidate for different applications.
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