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Fundamental Studies of Hyperthermia Using Magnetic Particles as
Thermo-seeds 1 : Development of Magnetic Particles Suitable for
Hyperthermia
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Magnetic materials suitable for hyperthermia are discussed taking their magnetic properties, practical
limitations of treatment conditions and instrumentation into consideration. The experimental results suggest that
either ferromagnetic particle with very low anisotropy constant or superparamagnetic particles with a moderate
anisotropy constant are suitable. Considering the magnetic- and biocompatibility of the particles, superparamagnetic
Fe3;04 with a diameter of 11-13 nm is considered most appropriate. FesO4 particles of various diameters were
successfully synthesized using coprecipitation and thermal decomposition and their heating rates were
experimentally verified. The heat generated depends on the particle diameter and solid concentration. The
temperature of 3 ml FesO4 suspension with an average particle diameter of 14 nm and solid concentration of 4 wt.%
rose from room temperature to 100 °C, when it was exposed to an ac magnetic field strength and frequency of 3.2
kA/m and 600 kHz respectively for 10 minutes.

Key words: magnetic hyperthermia, FeiOa, superparamagnetic, ferromagnetic, ac susceptibility, Neel relaxation,
Brownian relaxation, magnetic hysteresis loss
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Fig. 2 Estimation of the influence of (a) particle
diameter, (b) anisotropy constant, and (c)
temperature on the relationship between
coercivity and frequency.
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Fig. 3 Calculated results of imaginary part of ac
susceptibility as a function of particle diameter.
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Fig. 4 Heating rates of (a) CoFe204, (b) Fes04, and (c)
7 —Fe203 as a function of particle diameter. £= 300
kHz, Happly= 8 kA/m, 7= 300 K, ¢ = 3.2 nm (oleic
acid), 7 = 0.858 g/(m s), ¢ = 0.071, 7 —Fex0;:
K, = 4.6 kd/m3, My = 414 kA/m, Fesz04 : Ku = 30
kdJ/m3, Ma = 446 kA/m, CoFe:04: K, =190 kd/m3, My
=425 kA/m
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Fig. 5 X-ray diffraction pattern of Fe304 samples.
Sample A: Fe3Os synthesized by the
coprecipitation method. Sample D: commercial
Fes04 (CAS No0.1317-61-9).
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Fig. 7 Particle size distribution of samples A-C
evaluated from TEM micrographs.
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Fig. 8 Schematic diagram of the experimental set
up used to apply ac magnetic field. Magnetic
field strength 0 ~ 4.7 kA/m, Frequency ~ 600
kHz (maximum).
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T4 2 RER DR ER N suspension exposed to an ac magnetic field with

strength of 3.2 kA/m and a frequency of 600 kHz.
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