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Abstract: Review of literature is a comprehensive and extensive of several research works done by many researches on a selected
field. The survey of part and ongoing research on ferrites nanoparticles will give better understanding of the preparation of
materials and its synthesis and characterization.

Oana Mihai et al. [1] have synthesized cubic LaFeO3 nanoparticles usingcarbon nanotubes as templates. Samples were
characterized by high surface area (30 m? g™) have been synthesized, which are stable at high temperatures up to 1173 K.
Carbon nanotubes (CNTs) were used as hard templates. The advantages of this synthesis are evidenced in this study by
comparing the phase, size and stability of the resulting LaFeO3 perovskite with those synthesized by using the well-established
citrate method. CNTSs can stabilize not only the perovskite cubic structure, but also the size.
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I.  INTRODUCTION

A. Nanoscience

Study on fundamental relationship between physical properties and material dimensions in the nanoscale are called “Nanoscience”.
Nanoscience is the study of phenomena and manipulation of materials at atomic, molecular and macromolecular scales, where
properties differ significantly from those at a larger scale. Nanoscience is an emerging area of science, which concerns itself with
the study of materials that have very-very small dimensions [1]. Nanoscience is usually defined as science at a nanoscale, which is
fairly flexible definition, and could include materials up to the 1000 nm scale, although it is normally regarded as scales up to 10-
100 nm.

Il. EXPERIMENTAL TECHNIQUES
A. Top-Down Approaches
Methods to produce nanoparticles from bulk materials include high energy ball-milling, mechano-chemical processing, etching,
electro explosion, sonication, sputtering and laser-ablation. These processes are done in an inert atmosphere or in vacuum.

B. Bottom-Up Approaches

The chemical methods of producing semiconductor nanoparticles can be divided into four categories. The colloidal route, organic
metallic route, growth-in-confined matrices and gas phase synthesis of nanoparticles out of which aqueous colloidal precipitation
route is optimized for the precipitation of doped ZnO nanocrystals. Due to their high reactivity nanoparticles have a high tendency
to build aggregates respectively agglomerates, which could lead to a loss of the desired properties. Therefore it is often necessary to
stabilize the nanoparticles with additional treatments. Stabilization mechanism of nanoparticles can be categorized as, [1]

C. Aerosol Synthesis

Aerosol method is a top-down approach for synthesis of polycrystalline nanoparticles. In this method, the liquid precursor which is a
simple mixture of the desired constituent element (or) colloidal dispersion is mystified to make liquid aerosol. The liquid aerosol is a
dispersion of uniform droplets of liquid in a gas which may simply solidified through evaporation of solvent (or) further reacts with
the chemicals that are present in the gas. The resulting particles are spherical and their size is determined by the size of the initial
liquid droplets and concentration of the solid. This method can also use to prepare the polymer colloids.
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D. Sol-Gel Processing
The sol-gel process is a solution phase processing technique that is used more often to fabricate nanostructured materials. This is a

process capable of producing nanostructured ceramics and composities. In involves the evolution of networks through the formation
of colloidal suspension (sol) and gelatin to form a network in continuous liquid phase (gel). The precursor for synthesizing these
colloids consists of ions of metal alkoxides and aloxysilanes. The most widely used are tetramethoxysilane (TMOS), and
tetraethoxysilane (TEOS) which form silica gels. Alkoxides are immiscible in water. Alchohol can be used as an mutual solvent. A
catalyst is used to start reaction and the pH is controlled. Sol-gel formation occurs in four stages.

1) Hydrolysis.

2) Condensation.

3) Growth of particles.

4) Agglomeration of particles [6].

E. Hydrolysis Process
The simple oxides are produced by precipitation process by adding a mineralizing agent. The co-precipitation process is utilized for

synthesis of mixed oxides. The advantages of these processes are: the accessibility of precursors and the homogeneity of chemical
composition. The agglomeration of powders and the simultaneous co-precipitation of all cations from solution are the main
disadvantage of hydrolysis method.

F. Chemical Vapour Condensation
This process involves the pyrolysis of vapour of metal organic precursors in a reduces atmospheric pressure. A metal organic

precursor is introduced in the hot zone of the reactor using mass flow controllers. The reactor allows synthesis of mixtures of
nanoparticles of two phases or doped nanoparticles by supplying two precursors at the front end of reactor and coated nanoparticles
by supplying a second precursor in a second stage of reactor. The process yields quantities in excess of 20g/hr. the yield can be
further improved by enlarging the diameter of not wall reactor and mass of fluid through the reactor.

G. Sonochemical Process
In sonochemical process nanoparticles are generated through creation and release of gas bubbles inside the sol-gel solution. By

exposing to cavitational disturbances and high temperature heating, the hydrodynamic bubbles are erupred. This causes the
nucleation, growth and quenching of nanoparticles, particle size can be controlled by adjusting pressure and solution retention times.

[7]

H. Self Propagating Method

Self-propagating low-temperature synthesis is a method for producing inorganic compounds by exothermic reactions, usually
involving salts. A variant of this method is known as solid state metathesis (SSM). Since the process occurs at low temperatures, the
method is ideally suited for the production of refractory materials with unusual properties, for example: powders, metallic alloys, or
ceramics with high purity, corrosion—resistance at high—temperature.

In its usual format, SLS is conducted starting from finely powdered reactants that are intimately mixed. In some cases, the reagents
are finely powdered whereas in other cases, they are sintered to minimize their surface area and prevent uninitiated exothermic
reactions, which can be dangerous. The synthesis is initiated by point-heating of a small part (usually the top) of the sample. Once
started, a wave of exothermic reaction sweeps through the remaining material. SHS has also been conducted with thin films, liquids,
gases, powder—liquid systems, gas suspensions, layered systems, gas-gas systems, and others. Reactions have been conducted in a
vacuum and under either inert or reactive gases.

I.  Synthesis Of Zinc Doped Lanthanum Ferrite
The self-propagating method is widely used in synthesis of ferrite nanocrystals because of its high reaction rate, low preparation

temperature, and production of small particles. Hence, in present experiment, two preparations: Lanthanum Ferrite (LF) and Zinc
doped Lanthanum ferrite (LZF) are synthesized. Citric acid CgHgO;, Ferric nitrate Fe (NOs3)3.9H,0, Lanthanum nitrate La
(NO3),.6H,0, Zinc nitrate Zn (NOs),.6H,0 were produced by Merck company and were used as raw materials. The stoichiometric
amount of nitrates and citric acid were dissolved separately in distilled water to make 0.1 M. The mole ratio of metal nitrates to
citric acid was taken as 2:1. The ammonia solution was added into the solution to adjust the pH value to 7 and stabilize the nitrate-
citrate solution.
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During this procedure, the solution was continuously stirred using a magnetic agitator and kept at a temperature of 50 °C. Then, the
mixed solution was poured into a dish, heated slowly to 100 °C and stirred constantly until the viscosity and colour changed as the
solution turned into a brown porous dry gel. The dried gel simultaneously burnt in a self-propagating ignition manner until all the
gel was completely burnt out to form a loose powder. The as-synthesized powders were then calcined at a temperature of 800 °C for
5 hrs.
1. RESULT AND DISCUSSION

Sol-gel self-ignition method is the simplest methodology to synthesize the nano-sized ferrites with good homogeneity at low
annealing temperature. The lanthanum zinc ferrite nanoparticles are synthesized by sol-gel self-ignition method and characterized
under the following techniques.

A.  Structural Analysis

Fig.5.1 shows the X-ray diffraction of LasZn;<Fe,O, (X = 0.0< x < 0.3) samples. All the diffraction peaks can be indexed to the
orthorhombic perovskite structure of La,Zn;Fe,O, with lattice constants (Table 5.1) within a maximum experimental error of
+ 0.0004, which is in accordance with the bulk LaFeOscrystal (JCPDS 37-1493). The sizes of crystallites in the sample are
evaluated by measuring the FWHM of the most intense peak (121). The results are shown in the Table 5.1 [1].

Table 5.1 20 (121) values of Lanthanum Zinc Ferrite Samples

Samples Grain size Lattice Parameter
D (nm)
@ (A) (b) (A)(c) (A)
LaFeOs 40.933 5.555 7.8597 5.5598
LaggZno1FeOs 44.423 5.5609 7.8591 5.5803
Lag 7Zno3Fe0; 33.890 5.5570 7.8713 5.6541

LFZ1
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Intensity(a.u)

T T T T T
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20(degree)

Fig. 5.1 XRD patterns of (a) LaFeO; (b) LaggZng FeO; (c) Lag7Znq3Fe0;
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B. Morphology Analysis
The surface morphology of the prepared samples was found to be different while increasing the zinc content. The SEM images are

shown in Fig. 5.2. The Fig. 5.2 indicates that the nano-sized La,Zn;.4Fe,0, is uniformly distributed and is composed of porous
networks, which is due to the evaluation of a large amount of gases during charring.

| \20k\V. _X20,000. 1um 11 29 SEI

@
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(b)

20kV . X10,000 1um 11 29 SEI

(©)
Fig. 5.2 SEM photographs of (a) LaFeO; (b) Lag.gZno.1FeOs (c) Lag7ZngsFe0s
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C. Compositional Analysis
The chemical compositions of LayZn;«Fe,0, (X = 0.0< x < 0.3)ferrite nanoparticles have been calculated by EDAX. Fig. 3 shows

the EDAX pattern for the various compositions of ferrite nanoparticles. The peaks of the elements Fe, La,Zn and O were observed
and have been assigned. The EDAX pattern confirmed the homogeneous mixing of the La, Fe, Znand O atoms in pure and doped
ferrite samples. The observed composition is almost equal to that of the sample produced by stoichiometric calculations.

Elements present LaFeO; Lag sMgo1FeO; Lag 7Mgo 3Fe0;
(Wt %) (Wt %) (Wt %)
0 64.82 67.46 66.29
La 18.08 18.00 18.36
Fe 17.10 13.31 10.86
Zn 1.23 4.48

T T T T T T T T T
] = 10 1S5 2

Full Scale 2170 cts Cursor: -0.093 (32 cts) ke
(@)

] S 10 15 2

Full Scale 2170 cts Cursor: -0.093 (45 cts) ke
(b)
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Full Scale 2170 cts Cursor: -0.093 (37 cts)

(©)
Fig. 5.3 EDAX photographs of (a) LaFeO; (b) LaggZng1FeO; (C) Lag7Znq3Fe03
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D. FTIR Analysis

Fig.5.4 the FTIR spectra for LaFeOsprepared by sol-gel self-ignition method. The broad band observed at 3400 cm™ is characteristic
of the H-O bending mode of absorbed water or the hydrogen bonded to the oxygen ions in the framework. In addition, the band
observed at 2924 cm™corresponds to the physically absorbed CO,and the two bands 2357 and 1642 cm™originate from the
symmetric and asymmetric stretching of the carboxyl root. The smaller peaks at 1031 cm™corresponds to the principle vibration of
the COs* group due to the exposure to the ambient atmosphere, indicating that La species exist on the LaFeO; surface of
theperovskite compound. In addition, the intense band at 557 cm™ can be attributed to the Fe-O stretching vibration being
characteristic of the octahedral FeOg group in LaFeOs,

Transmittance (%)
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n
[Te)
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Wavenumber (cm™)

Fig. 5.4 FTIR spectras of (a) LaFeO;

E. Magnetic Measurement Analysis

The magnetization versus applied field for different samples is shown in Fig. 5.5.The values of coercivity (H.) and saturation
magnetization (M) of all the samples are extracted from the loops. It is clear from Fig. 5.5 that the magnetization decreased with
increasing Zn content. As the Zn content increases the particle size decreases. The existence of some degree of the spin canting in
the whole volume of the nanoparticles and the disordered surface at the surface can explain the decrease of the saturation
magnetization.
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Fig. 5.5M-H hysteresis curve of (a) LaFeO; (b) LaggZng1Fe0; (¢) Lag7Zng 3FeOs

V. CONCLUSION
From this study the following results could be achieved. The following properties make the Zn-substituted Lanthanum ferrite

suitable for some applications including photocatalysts, gas sensors applications which need a moderate saturation magnetization
and particle sizes.

A. All the diffraction peaks can be indexed to the orthorhombic perovskite structure of La,Zn; ,Fe,O4which is in accordance with
the bulk LaFeOgscrystal (JCPDS 37-1493).

B. The nano-sized La,Zn,4Fe,0y is uniformly distributed and is composed of porous networks, which is due to the evaluation of a
large amount of gases during charring.

C. No impurity peaks are observed from the EDAX analysis.

D. The intense band at 557 cm™ can be attributed to the Fe-O stretching vibration being characteristic of the octahedral FeOg group
in LaFeO;

E. As the Zn value increases the particle size and magnetic ion concentration decrease, so that the saturation magnetization
decreases.
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