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Abstract: Lithium-Cadmium ferrite (Lill- CdFe: O+, where x = 0, 0.1, 0.2) nanoparticles were
synthesized using a simple, cost-effective sol-gel auto-combustion method at low temperature. Lithium-
Cadmium ferrite belongs to the category of soft ferrites and has potential applications, particularly in gas
sensors. The present study focuses on analyzing the structural and magnetic properties of the synthesized
Lithium-Cadmium nanoferrite samples. The magnetization behavior of the nanoparticles was investigated,
and key parameters such as saturation magnetization (Ms), remanence (Mr), and coercivity (Hc) were
derived from the hysteresis loops. Vibrating Sample Magnetometry (VSM) results indicate that as Cd*”
substitution increases in Lithium ferrite, both remanence (Mr) and saturation magnetization (Ms) increase.
However, coercivity (Hc) initially increases up to x = 0.1 and then decreases at x = 0.2. These magnetic
property variations suggest that the synthesized materials transition from hard ferrite to soft ferrite
behavior.
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I. INTRODUCTION

Nano ferrites have grown significant attention in both industrial and research domains due to their versatile
applications. These materials are particularly valued for their roles in Ferro fluids, magnetic drug delivery, gas sensors,
electromagnetic devices, high-frequency applications and hyperthermia for cancer treatment [1][2][3]. Among the
various ferrites, lithium ferrite (LiFe,0,) stands out as a soft magnetic material with high saturation magnetization (Ms)
and low coercivity (Hc), making it a prime candidate for numerous technical applications. As Lithium-Cadmium ferrite
(Li;xCdsFe,04) belongs to the soft ferrite category it also exhibits tunable magnetic properties depending on
Cd*substitution. The incorporation of Cd*" ions into the lithium ferrite structure influences the cation distribution
within the spinel lattice, thereby varying the material’s magnetic behavior. Various synthesis techniques, including
hydrothermal, co-precipitation, and sol-gel methods, have been engaged to prepare ferrite nanoparticles [4]. Among
these, the sol-gel auto-combustion method offers advantages such as short treating time at a very low temperature, high
compositional homogeneity, and controlled particle size distribution [5]. Understanding the magnetic properties,
including saturation magnetization (Ms), remanence (Mr), and coercivity (Hc), is crucial for optimizing the material for
potential applications. The present study focuses on the synthesis of Li; Cd,Fe,O, (x =0, 0.1, 0.2) nanoparticles via the
sol-gel auto-combustion method and investigates their structural and magnetic properties using Vibrating Sample
Magnetometry (VSM).

II. SYNTHESIS METHOD
Lithium-Cadmium ferrite (Li;.,Cd,Fe,0,) nanoparticles were prepared using the sol-gel auto-combustion method. The
stoichiometric amounts of Lithium nitrate (Li(NO;),, 68.95 g/mol), Cadmium nitrate (Cd(NOs),, 308.48 g/mol), and
Ferric nitrate (Fe(NOs3),, 404.00 g/mol) were dissolved in distilled water to prepare a homogeneous precursor solution.
The solution was stirred using a magnetic stirrer for 20 minutes to ensure complete dissolution. Citric acid
(CsHgO7.H,0) was then added as a complexing agent, and the solution was maintained at 30°Cfor 60 minutes. To
regulate the pH, ammonia water (NH,OH) was added gradually until the pH reached 7. The solution was then heated to
100 °C under continuous stirring till gel formation occurred. The obtained gel underwent auto-combustion, leading to
the formation of fine ferrite powder. The resulting powder was further sintered at 600°Cto enhance crystallinity.
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Finally, the sintered sample was ground thoroughly to obtain Lithium-Cadmium ferrite nanoparticles suitable for
further characterization.

II1. RESULTS AND DISCUSSION

X-Ray Diffraction

Figure 1 presents the XRD patterns of Li;_«CdiFe,O,4 samples (x = 0, 0.1, 0.2), confirming phase purity due to the
absence of additional peaks. The average grain size, calculated using the Debye-Scherrer formula, ranged from 32.65to
39.28nm (Table 1), though variations in lattice parameter were observed with increasing Cd** content.The lattice
parameter increases linearly with cadmium content. The increase in lattice parameter is expected due to higher ionic
radii of Cd*" than other[6]. The peaks at (2 2 0), (3 1 1), (4 0 0), (4 2 2) and (4 4 0) confirmed the spinel structure of the
samples[7]. This also demonstrates the homogeneityof the prepared samples.The XRD patterns shows sharp peaks
indicate good crystallinity, and the differences in peak intensity between the samples suggest variations in crystal
growth.
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Figure 1 stacked XRD patterns of Li; _«Cd<Fe, O, samples (x =0, 0.1, 0.2)

Table 1
¢ — 094 | Lattice Interplanar
Sr. | Concentration Bcosd parameter | spacing
No (nm) Q) (@)
Li;CdoFe,04 23.69 32.65 2.19
Lip9Cdy Fe 0, | 19.10 33.26 1.74
3 LipsCdg,Fe,0, | 23.00 39.28 2.11

Magnetic Property (VSM)

Typical hysteresis loops of Li;_«CdFe,O4 (x =0, 0.1, 0.2), samples as obtained from VSM characterization are shown
in Figure 2.The saturation magnetization (Ms) for all the ferrites after sintering is listed in Table 2.1t is clear that for the
samples the saturation magnetization increases from 47.28 to 55.20 emu/gm and remanence magnetization (Mr)
increases from 16.32 to 21.79 emu/gm. This could be due to Cd** replace ion on the tetrahedral A-sites, causing the
decrease of magnetic moment in the sub lattice M,, resulting in the increase magnetic moment which increases
saturation magnetization[8]. It is also found that with increasing concentration of Cd*",coercivity (Hc) first increasesup
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to x = 0.1 concentration then decreases for x = 0.2 concentration.This could be due to further increase in the
concentration of Cd*" (more than 0.1), the exchange interaction between A and B sites gets lowered resulting in
strengthening of B-B interaction and weakening of A-B interaction, which leads to decrease of coercivity (Hc).the
decreasing in coercivity (Hc) can be utilized to change magnetic properties of Lithium ferriteand hard magnetic
material can be converted to soft magnetic material.
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Figure 2. Hysterisis loop of Li;_xCdiFe,O4 (x =0, 0.1, 0.2)samples.

Table 2
Sr. Concentration He Mr Ms
No Oe X 1000 | emu/gm | emu/gm
1 X=0 5714.07 | 016.320 | 047.280
X=0.1 8302.62 | 020.680 | 052.200
3 X=0.2 4848.75 021.790 | 055.200
IV. CONCLUSION

Lithium-Cadmium ferrite nanoparticles Li;_xCdFe,O4 (x = 0, 0.1, 0.2), were prepared via sol-gel auto combustion
route. From XRD Patternconfirmed the spinel structure of the samples with good crystallinity. it is also clear that the
lattice parameter increases linearly with cadmium content.From VSM it is clear that the saturation magnetization
(Ms)andremanence magnetization (Mr) increases with cadmium content while first increases up to x = 0.1
concentration then decreases for x = 0.2 concentration.The change in magnetic property with cadmium content can be
utilized to change magnetic properties of Lithium ferrite and hard magnetic material can be converted to soft magnetic
material.
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