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Abstract. Nano-sized magnesium ferrite was synthesized using sol-gel techniques. Structural
characterization was done using X-ray diffractometer and Fourier Transform Infrared
Spectrometer. Vibration Sample Magnetometer was used to record the magnetic
measurements. XRD analysis reveals the prepared sample is single phasic without any
impurity. Particle size calculation shows the average crystallite size of the sample is 19nm.
FTIR analysis confirmed spinel structure of the prepared samples. Magnetic measurement
study shows that the sample is ferromagnetic with high degree of isotropy. Hysterisis loop was
traced at temperatures 100K and 300K. DC electrical resistivity measurements show
semiconducting nature of the sample.

1. Introduction

Spinel magnesium ferrite is having a wide range of applications as catalyst, humidity sensors and
magnetic memory devices. Nowadays nanostructured spinel ferrites has invoked more attention due to
its novel material properties when compared with its bulk counter parts [1-2]. The interesting
physicochemical properties of ferro-spinels arise from their ability to distribute the cations among the
available tetrahedral (A) and octahedral [B] sites[3-4]. Magnesium ferrite is a pertinent magnetic
material showing inverse spinel structure for wide applications owing to its high resistivity, high Curie
temperature and environmental stability. The degree of inversion of spinel structure depends upon the
heat treatment due to high diffusibility of Mg*" ions’. At present, several chemical methods including
the solid state reaction, co-precipitation, sol-gel, citrate method have been developed to synthesize
small particle sized ferrites [5-7]. Due to good stoichiometric control and production of ultrafine
particles in nanorange at relatively low temperature, sol-gel technique is an attractive method of
preparation [8]. In addition to this, sol—gel-derived nanoparticles generally possess good chemical
homogeneity, high purity and lower calcination temperature [9-10].

2. Experimental methods

2.1 Synthesis

Sol-gel combustion method was used for preparation of magnesium ferrite nanoparticles. AR grade
magnesium nitrate and ferric nitrate were used as chemical precursors in ethylene glycol as solvent.
Nitrates in the required stoichiometric ratio were dissolved in minimum amount of ethylene glycol at
room temperature and the sol was heated at 60°C to obtain a wet gel. This gel was dried at 120°C,
which self ignites to form a fluffy product. This is then ground to form fine powder and was fired at
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400°C for 3 hours. For doing the d.c. conductivity studies the samples were pelletized in cylindrical
disc-shape using a hydraulic press by applying a uniform pressure of 5 tons and were sintered at 500°C
in the furnace for 24 hours.

2.2 Characterization

Structural characterization was done using XRD analysis. X-ray powder diffractometer (Rigaku make
RINT 2000 ) with Cu-Ka radiation (A=1.54059A°) at 40kV and 30mA performed a scanning from 20"
to 80° at a step size of 0.02° per second for each sample. The crystal structure, lattice parameter,
crystallite size, X-ray density, bulk density and porosity were determined from the XRD pattern. The
Fourier Transform Infrared (FTIR) absorption spectra of the samples were recorded using FTIR
spectrometer (Thermo Nicolet, Avatar 370) in the wave number range 4000 to 400 cm™ with
Potassium bromide (KBr) as solvent. Magnetic characterization of the sample was carried out by
vibration sample magnetometer at temperatures 40K and 303K with maximum applied field of 20kOe
using Lakeshore VSM 7410. Keitheley 6221 current source and 2182A voltmeter was used to
determine the d.c. conductivity of the samples at temperature from 300K to 400K.

3.Results and discussion

3.1 Structural characterization

3.1.1 X-ray diffraction analysis The XRD pattern of the prepared samples S1 is shown in figure 1. The
XRD pattern confirms the formation of single phase fcc spinel structure with no extra lines
corresponding to any other crystallographic phase (compared with JCPD card no: 88-1935). The
lattice constant ‘a’ calculated using Bragg’s equation for prominent (311) peak is 8.40A° which is
comparable with reported value of 8.37A° [11]. The average crystallite size calculated from the XRD
peak broadening of the peaks using Scherrer formula [14] corrected for micro strain estimated from
the Hall- Williamson plot (figure 2)[12] is 19.8nm. Calculated value of x-ray density is 4.47 gm cm”.
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Figurel. XRD pattern of MgFe,O, Figure2.Hall- Williamson plot of MgFe,O, from

XRD
3.1.2 FTIR analysis IR spectra of MgFe,O, ferrite system is shown in figure 3. FTIR spectrum
analysis helps us to confirm the formation of spinel structure in ferrite ferrites. Two major absorption
bands are found in the range 600-550 cm™ and 450-385 cm™ which confirm the spinel structure
formation of the prepared samples [13]. The bands corresponding to 3400cm™ and 1400 cm™ represent
stretching and bending vibrations of H-O-H which indicates the presence of free or absorbed water in
the samples. This is confirmed in the d.c. conductivity studies also.
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Figure3. FTIR spectrum of MgFe,O, Figure 4. Variation dc conductivity with
temperature

3.2 Electrical characterization

3.2.1 DC conductivity studies The temperature dependence of DC conductivity in magnesium ferrite
is studied in the temperature range 300K to 473K and is shown in figure 4. The variation of
conductivity with temperature shows semiconducting nature of the ferrite. But initially till the
temperature reaches323K from room temperature there is a sudden decrease in 64, value which is due
the absorbed water in the sample. The dc conductivity of the sample varies from 5x107 to 5x10™* S/m
in the temperature range 323K 473K.

The conductivity in ferrites can be explained based on the popular electron hopping model [18].
According to this model, the conductivity is mainly due to the hopping of electrons between Fe*” and
Fe’" ions present at the octahedral B sites.

3.2.2 Magnetic properties Magnetic characterizations of the samples were carried out by vibration
sample magnetometer at room temperature with maximum applied field of 20kOe. Typical magnetic
hysteresis loop of sample S1 at temperatures 303K and 40K is shown in figure 5. The saturation
magnetization (M), coercivity (H.) and remanance (M;) of the samples are shown in table 1.
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Figure 5: Hysterisis loop of MgFe,0, traced at 40K and 303K
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Saturation
o . . Remanance
Sample at magnetization Coercivity .
. . (M,)in M,/ M,
Temperature (Mj)in (H,)in Oe
emu/gm

emu/gm
303K 21.4 349.9 8.2 0.38
40K 25.8 461 12.7 0.49

Table 1. Saturation magnetization (M), coercivity (H.) and remanance (M,) of MgFe,O, at
temperatures 40K and 303K
The remenant ratio R=M,/M; shows the ease with which the direction of magnetization reorients to the
nearest easy axis direction after the field is removed. The low value of R indicates the isotropic nature
of the material [17]. According to Stoner Wohlfarth model [19], a theoretical value of Mr/Ms is 0.5 for
non interacting uniaxial single domain particles with the easy axis being randomly oriented. Mr/Ms
value observed is found to be 0.49 for sample at low temperature which shows its isotropic nature.

4.Conclusions

Magnesium ferrite particles were prepared successfully using the sol gel method. The XRD pattern
confirms the formation of single phase fcc spinel structure with no extra lines corresponding to any
other crystallographic phase. FTIR spectrum confirms the spinel formation and presence of water in
the sample. The temperature variation of dc conductivity indicated the semiconducting behavior of the
ferrite. Decrease in conductivity till temperature 323K is due to water absorbed in the sample. The
magnetic study reveals that the sample is ferromagnetic at room temperature and low temperature
(40K). At low temperature the sample is highly isotropic in nature.
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