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Fig. 1. TGA/DTA curves of NipgZng,;Fe,0,4 gel powders.
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Fig. 2. X-ray diffraction patterns of Nig¢Zng ;Fe,0, samples annealed
at (a) 300 °C, (b) 700 °C.
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Fig. 3. Temperature dependence of the remanence magnetization for a
NigeZng Fe,O4 nanoparticle.
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Fig. 5. The Mossbaver spectra of NigeZng Fe,O4 nanoparticle
measured at low temperatures.
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Fig. 6. The Mossbaver spectra of NigeZng Fe,O4 nanoparticle
measured at high temperature.
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Table I Mossbauer parameters for NigoZng ;Fe,O4. Hhf is the magnetic hyperfine field in unit of kOe, EQ the quadrupole splitting, & the isomer
shift relative to metallic iron at room temperature in unit of mm/s and the area ratio for sextet/dounblet.

Fitted spectrum

Temperature Mossbauer sextet doublet sextet/doublet Magnetism
(K) pararneters
B-site A-site
Hy (kOe) 533 507
13 Eg {(mm/s) 0.00 0.00 - - ferrimagnetic
O (mm/s) 0.36 026
Hyr (kOe) 521 493
77 Ey (mm/s) 0.00 0.00 - - ferrimagnetic
3 (mm/s) 0.33 0.26
Hy (kOe) 471 424 -
300 Ep (mm/s) 0.00 0.00 0.51 20 superparamagnetic
& (mm/s) 0.19 0.16 0.10
Hy (kOe) 440 378 -
400 Eo (mn/s) 0.01 0.01 0.59 1.0 superparamaguetic
S (mny/s) 0.13 0.10 0.11
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Fig. 7. Temperature dependence of the area ratio for Nig¢Zng,Fe,O,
nanoparticle.
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Fig. 8. Representative in situ temperature profile under AC magnetic
field at 7 MHz.
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NigeZng (Fe,O4 nanoparticles have been prepared by a sol-gel method. The structural and magnetic properties have been investigated
by DTA/TGA, XRD, SEM, and Mdssbauer spectroscopy, VSM. NigeZng Fe,05 powder that was annealed at 300 °C has spinel
structure and behaved superparamagnetically. The estimated size of superparammagnetic Ni-Zn ferrite nanoparticle is around 10 nm.
The hyperfine fields at 13 K for the A and B patterns were found to be 533 and 507 kOe, respectively. The blocking temperature (73)
of superparammagnetic NiyZny Fe;O4 nanoparticle is about 250 K. The magnetic anisotropy constant and relaxation time constant of
Nig9ZngFe,04 nanoparticle were calculated to be 1.6x10° e:rgs/c:m3 and T=5.0x107" s, respectively. Also, Temperature increased up
to 43 °C within 10 minutes under AC magnetic field of 7 MHz. It is considered that NiggZn,Fe,O4 powder that was annealed at
300 °C is available for biomedicine application such as hyperthermia , drug delivery system and contrast agents in MRI.

Key words : superparamagnetic, nano-bio fusion, Mossbauer spectroscopy, sol-gel method



