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Fig. 1. Changes in the x-ray diffraction of MnFe,O4 powder at various
annealing temperatures.
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Fig. 2. SEM micrograph of MnFe,O, nanoparticle annealed at
250 °C. The marked length is 40 nm.
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Fig. 3. Mossbauer spectra of MnFe,O, annealed at 400, 500 °C
measured at room temperature.
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Fig. 4. Mossbauer spectra of MnFe,O, annealed at 250 °C measured
at various temperature.

Table 1. Analyzed results of Mdssbauer spectra for MnFe,O,
nanoparticle annealed at 250 °C. Hyis the magnetic hyperfine field,
Eg the quadrupole splitting, & the isomer shift relative to metallic
iron at room temperature in unit of mm/s.

Magneti Hyr (kOe)  Ep (mm/s) J (mm/s)
netism
® B A B A B A

42 Ferrimagnetic 508 475 0.00 000 035 033
50 Ferrimagnetic 499 462 000 -0.02 031 029
295 Superparamagnetic - - 052 09 023 021

+1 +1 +£001 +£001 +0.01 £0.01
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Fig. 5. Temperature dependence of the area ratio (sextet/doublet).
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Fig. 6. Magnetization vs applied magnetic field curve of the MnFe,O,
annealed at 300, 400, 500 °C.
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MnFe,0, nanoparticles have been prepared by a sol-gel method. The structural and magnetic properties have been investigated by
XRD, SEM, and Mdgssbauer spectroscopy, VSM. MnFe,0, powder that was annealed at 250 °C has spinel structure and behaved
superparamagnetically at room temperature. MnFe,O,4 annealed at 400 and 500 °C has a typical spinel structure and is ferrimagnetic in
nature. The estimated size of superparammagnetic MnFe,O, nanoparticle is around 17 nm. The hyperfine fields of the 4 and B
patterns at 4.2 K were found to be 508 and 475 kOe, respectively. The blocking temperature (73) of superparammagnetic MnFe,0,
nanoparticle is about 120 K. The magnetic anisotropy constant and relaxation time constant of MnFe,0, nanoparticle were calculated
to be 4.9 x 10° ergs/cm’.
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