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EFFECT OF La" IONS ON NICKEL -CADMIUM SPINEL FERRITES
SYNTHESIZED BY Co-PRECIPITATION METHOD
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The effect of rare earth metal La®* ions on structural, optical and electrical properties of
Nig3CdgsLaxFe,x04 (X=0, 0.01, 0.02, 0.03, 0.04, & 0.05) ferrites were investigated. The
co-precipitation method was used for the preparation of these nano-crystalline and
characterized by XRD, EDX, SEM, FTIR, UV Vis and |-V techniques. An XRD pattern of
the entire sample reveals the formation spinel cubic structure of the ferrites powder. The
crystallite size was measured and was found to be in the range from
(21 nm -29nm). SEM images revealed with doping of La®* content and grain size was
found to be increased. The optical properties were investigated from UV/Vis technique
and shows that absorption decreases with increases of lanthanum content. The two strong
absorption bands were observed 442 cm™ and 532.44 cm™ from FTIR and gives good
agreement with spinel ferrites. The electrical resistivity of materials was found to be varies
in the range (4.5x10 -1.9x10°® ohm-cm) with doping of La** ion investigated from I-V tow
probe method. Hence, the observed result exposed that the structural, optical and electrical
properties have strongly effected with doping of lanthanum content.
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1. Introduction

Ferrites become an interesting group of magnetic materials owing to their unique and
versatile properties such as mechanical hardness, low inherent toxicity, high electrical resistivity,
low electric loss, physical and chemical stabilities, magneto optical properties and saturation
magnetization [1, 2]. Ferrites have wide range of applications in many fields such as gas sensing
transformer cores, electromagnetic interference (EMI), magnetic amplifiers, antenna rods, catalysis
multilayer chip inductor, power transformer in electronic circuits, magnetic resonance imaging and
in biomedicine etc. Due to this wide range of applications, these materials have been much
attention for all researchers in the world [3-5]. Ferrites found to be good magnetic materials and
with the choice of cations scattering concerning the octahedral and tetrahedral positions of spinel
lattice, their properties can be changed. The synthesis techniques, doping element, sintering heat
and element compositions have also influenced on their properties [6]. Spinel ferrites are class of
thermally and chemically stable materials with general formula AB, O, . With the trivalent ion
being iron, theses ferrites have spinel structure. Due to structural, electrical and catalytic
properties, these spinel ferrites have received much fundamental and technological importance [7].
The various preparation techniques such as sol-gel, micro-emulsion, polymer pyrolysis,
combustion and hydrothermal method can be utilized for the synthesis of spinel ferrites. The
Co-precipitation method found to be a attractive preparation technique than others because of their
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several advantages such as high homogeneity, particle size etc.[8]. Many researchers have studied
the Cd-substituted ferrite with other metal ions such as (Ni, Mg, Mn, Zn, Cd and Co) and found it
an important member of a spinel class of ferrimagnetic materials. The ferrites have low dielectric
loss, high resistivity, high Curie temperature, low cost, high soaking magnetization and became an
attractive material for microwave applications. It has been reported that various properties of
ferrites can originate from their ability to incorporate a variety of rare earth metal ions or transition
metal ions into their lattice which causes change in structural, magnetic and optical and electrical
properties. These changes are due to reordering of the cations among octahedral and tetrahedral
sites of the ferrite lattice. Ashok and Shelar et al [9, 10] also reported the same composition with
different method of preparation as well as sintering conditions. Rezlesecu et al [11] reported that
the addition of rare earth metal ion in ferrites changes their structural and electrical properties. In
the present study, the Ni-Cd spinel ferrites with La ions are chosen to investigate the structural,
optical and electrical properties.

2. Material and method

2.1 Sample Preparation

The spinel ferrites having general formula Nig3Cdo; LaFe,xO4 (x = 0, 0.01, 0.02, 0.03,
0.04, & 0.05) was prepared by using co-precipitation technique with stoichiometric proportions of
material Ni(NOs),.6H,0, CdCI, .6 H, O, FeCl; and La(NO; ); .6H, O. The desired quantities of
all chemicals are dissolved in deionized water separately. After thoroughly mixing of all solutions
on hot plate of magnetic stirrer at 60 °C, NaOH was added dropwise in mixture to maintain pH 11.
The precipitates of the solutions were formed and placed in the preheated water bath at 90 °C for 2
h. Then these precipitates were washed with deionized water twice a time and then dried in oven at
85 °C for 24 h. Finally, the dried powder and pellet of all the samples was sintered at 850 °C for
2h.

3. Characterization of the materials

The structural properties and phase identification was measured by XRD using Philip
Analytical diffract meter operating at 30 mA and 40 KV. The scanning electron microscope (SEM)
armed with energy-dispersive X-ray (EDX) confirmed the apparent morphology and elemental
composition. UV/Vis and I-V tow probe techniques are used for electrical analysis.

3.1 Microstructural Study

Fig 1 shows the XRD patterns of Nig3Cdo;LasFe,xO4 (X = 0, 0.01, 0.02, 0.03, 0.04 &
0.05) ferrites synthesized by co-precipitation methods. A single phase structure along with few
trace of secondary phases was observed. The observed patterns have prominent diffraction peaks
with these reflection planes (220), (311), (400), (422) and (511) which is indexed by computer
software. The XRD patterns also reflected iron oxide (B-phase) [12]. The secondary phase at
grain boundary for LaFeQ; is attributed by peak corresponding to (20 =32.27). It was observed
that as well as La®* content is increase in leads to improvement in the intensity of orthoferrite.
Another secondary phase peaks identified at (20 = 33.14) named as Fe,03 (COD 9015964) [13].
The solubility limited of La** ion with iron oxide into the spinel lattice main cause to secondary
phases appeared on the grain boundaries [14]. The lattice constant “a” and volume of unit cell “V”
was analyzed by following equation:

A=dh2 + k2 + 2 (1)

Vv=a 2)
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Where (h, k, ) is called miller indices and d is inter-plane distance. For the sharpest peak (311) in
XRD patterns, the crystalline size of the entire sample was measured by using Scherer Equation:

_ 0921
- Lcos6 (3)

Where B is the line broadening at FWHM in radians, 0 is Bragg angle and X-ray wavelength is
A=1.542A [15-17].
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Fig. 1. XRD Patterns of Nig3Cdy;LasFe,<O4 (x=0, 0.01, 0.02, 0.03, 0.04 & 0.05)

Table 1. Lattice constant, Crystallite size (hnm), Absorption, Energy band gap (eV)
and electrical resistivity (ohm-cm) of Nig sCdg ;La,Fe, Oy

Lattice . . Energy E'*{C:_riqill

coren | i | SZAS | | il |
(A) ' (eV)

Nio.sCdo.7F€204 8.504 29.9 1.47 1.96 4.7x10°

Nio3Cdo.7L80.01F€1.9904 8.502 25.7 1.09 2.19 4.8x10°

Nig 3Cdo 7L.80.02F€1.9804 8.502 25 0.92 539 29x10°

Nig 3Cdo 7Lag 03F€1.9704 8.506 22.4 0.70 2.57 5.2x10°

Nio.sCdlo.7L-80 04Fe1.060s 8.499 217 0.37 2.59 6.2x10°

Nio 3Cdo 7Lag osF€1.9504 8.494 21.2 0.25 3.02 6.8x10°

The physical parameters are measured from the XRD data and obtained values are listed in
the Table 1. It was observed that the crystallite size was decreased by increasing of La*® ion
content. Similar trend in the crystallite size was found in the literature [18]. Due to large difference
in ionic radii between Fe** (0.645A) and La** (1.6061A) ion, a minor change observed in the
lattices constant. The lattice constant should be embellished with La®" content due to replacement
of Fe*" with La>* ion content attributed to solidity of spinel lattice via secondary parts [14, 19].
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Fig. 2. Crystalline Size (nm) vs content (La*?)

3.2 Morphological Analysis

The SEM images of Nig 3 CdgsLasFe,«O4 nanoparticles (x = 0.00, 0.01, 0.03 & 0.05) are
shown in Fig 2. The observed that the distribution of the grain is uniformed and grain size was
estimated by line intercept method. It was clearly seen that from images the grain size varied with
the increasing of the lanthanum ion which proceeding disbursement of cation positions in
lattice[20].

Fig. 2. Morphological analysis for Cd;NigsLaxFe, O, (x=0, 0.01, 0.03 & 0.05)

The fact is that SEM analysis gives extent of secondary particles self-possessed by several
crystallites through easy reunification while XRD analysis gives only size of single crystallite[21].

3.3 Energy dispersive X-ray (EDX) Analysis

The energy dispersive X-ray analysis of descriptive sample was shown in Fig 3. The
existence of elements Fe, Ni, Cd, La and O was confirmed by spectra. The obtained atomic
percentage of each element used in the synthesized product was listed in the Table 2. It was
observed from the Table 2., the element Cd is volatile at higher temperature and obtained atomic
percentage is reduced at some extent.
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Table 2: The elemental composition of Nig3Cdg 7 LayFe»4O4

Elements X=0.01 X=0.03 X =0.05
C Atomic (%) 14.82 27.03 145
O Atomic (%) 55.84 50.34 55.29
Fe Atomic (%) 24.24 19.25 23.28
Cd Atomic (%) 2.48 1.61 3.26
Ni Atomic (%) 2.53 1.64 2.87
La Atomic (%) 0.09 0.13 0.8

. Spectrum 16

Fig. 3. EDX of Nig3Cdg 7 Lago1Fe;.9904 ferrites

3.4 FTIR analysis

The FTIR bands of nanocrystalline Nig3Cdy; LagoiFe1.90,4 ferrite was recorded in the
range 400-4000cm™ as shown in Fig. 4. The two absorption band Octahedral (v,) and tetrahedral
(v,) was observed respectively[22]. FTIR analysis gives absorption band around 532.44 cm™
tetrahedral while 442 cm™ octahedral sites. Through this analysis it was confirmed that the phase
identification, (M-O) metal oxide group exist in the presented sample.
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Fig. 4. FTIR spectrum of Nig3Cdg 7 Lag o1 Fe;.990, ferrites

3.5 Ultra-Violet Visible Spectroscopy Analysis

There are different ways for the optical analysis but one of the attractive techniques to
study optical properties is ultra-violet visible spectroscopy. The solution of Ni-Cd ferrites was
synthesized by utilizing deionized water as solvent. The UV/vis spectrum was shown in Fig. 6
which is recorded in the range of 1.5-4 eV. The absorption spectrum of Ni-Cd nanoferrites gives
good absorption in the range of visible region 340-400 nm. The highest absorption was analyzed
around the 380 nm and 1.47cm™ respectively. The absorption wavelength has an inverse relation
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with energy band gap and size of nanoparticles [23]. By employed following Tauc model relation,
energy band gap can be calculated.

g=le (4)

A

From absorption peaks, it was observed that absorption intensity decreasing with
increasing La™ content also reduce in particle size. Such kind of behavior found in the
semiconductors materials which is reported in the literature [24]. A small peak shift was observed
from 386nm to 384nm with maximum La*® content which causes enhancement of energy band gap
[25]. It is clearly shown that the role of the particle size effected on the optical properties. In Fig.6
shows the comparison between absorption and (T %) relation in the range 1.5 -4 eV and also
determined the bandgap energy at n=0.5 .The obtained values is listed in the Tablel.
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Fig. 6. UV Vis (%T,%A) transmittance and absorption spectrum for
Nig3Cdy 7 La,Fe,O4 (x =0, 0.01, 0.02, 0.03, 0.04, 0.05) ferrites
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Fig. 7. Plot (ahv)"? versus E4(ev) of NipsCd,; La,Fe,,0, ferrites

3.6. I-V Characterization
Fig 8 shows family of I1-V curve for different samples at 550 °C temperature. The electric
resistivity of all the samples measured by following relation [26]:
R=pL/A (5)

Where A is the area, L is width and R is resistance of pellet.
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Fig. 8. I-V curves of NigsCdy 7 LaFe,.O, spinel ferrites at 550 °C

Table 1 shows value of electrical resistivity for all the samples with different La*® content.
The value of electrical resistivity was measured in the range of 4.7x10° to 6.8x10° (ohm-cm). The
electrical resistivity has dependence on configuration of samples and crystal structure. The
observed result exposed that electrical resistivity was increased with La*® content, the similar
resulted was reported by Kumar et al;[27] in his research work. In the UV/Vis analysis it was
observed that band gap energy increase with La™ content and it also causes of increasing in

electrical resistivity. Fig 9 illustrates the effect of electrical resistivity with substitution of La*
content.
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Fig. 9. Variation of electrical resistivity VS La** (content)

4. Conclusions

A series of Nig3CdosLaFe, O, (x = 0, 0.01, 0.02, 0.03, 0.04 & 0.05) spinel ferrites
synthesized by co-precipitation methods as confirmed by XRD analysis. The lattice constant lie in
the range (8.494 A - 8.504 A) and the average crystallite size calculated using Scherrer’s formula
lie in the range of (21nm -29 nm). The optical band gap energy increased (1.96-3.02 eV) with
increase of La**content due to the formation of oxygen vacancies and the induction of lattice
distortions, SEM analysis confirmed the morphology of the synthesized material grain size growth
decreased. The electrical resistivity was observed in the range 4.7x10%to 6.8x10° (ohm-cm).
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