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Diffuse Phase Transition in Ba(Sn,Ti,.)0; Ceramics and Thin Films
T. Hino*1l, T. Sugioka*2, S. Tamura*3, M. Nishida*4 and T. Araki*4
*] Environmental Materials Science and engineering, Niihama National College of Technology
*2 Graduate School of Engineering, Ehime University
*3 Advanced Engineering Course, Niihama National College of Technology
*4 Department of Materials Science and Engineering, Ehime University
Journal of Laser Micro/Nanoengineering Vol. 6, No. 2, 2011, 119-123

We carried out an investigation on the perovskite material Ba(Sn,Ti, ,)0,, whose B-site ions
comprise elements from different periodic table groups but have the same valence state of 4+. We
fabricated and evaluated ceramics, single layer solid solution (SS) thin films, and order—controlled
superlattice (SL) thin films. The influence of the order—disorder transition on diffuse phase
transition (DPT) was clarified.
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New heat generation material in AC magnetic field for Y;Fes0,,—based powder material synthesized
by reverse coprecipitation method
Hiromichi Aono*1, Kenji Moritani 1, Takashi Naohara 1, Tsunehiro Maeharas1, Hideyuki Hirazawa

*2, and Yuji Watanabesk3
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Materials Letters, Vol.65, Issuel0, ppl454-1456, (2011.5)

We found the most promising powder material for the application of the thermal coagulation therapy
for the treatment of cancerous tissues. The maximum heat generation ability (AT =40-77 ° C, 370
kHz, 1.77 kA-m ') was obtained for the powder materials by the calcination at 1100 ° C for the
Y, GdyFe:0,, system. This AT value is higher than ca. AT =30 ° C in same magnetic field for fine
FeFe,0, particles as the candidate material for this type of therapy. The particle growth with the
formation of the cubic single phase might influence to the high heat generation. As an unexpected
result, the GdJFe;0,, (X = 3) has no heat generation ability in an AC magnetic field.

TE EZ
Heat generation ability in AC magnetic field of needle-type Ti—coated mild steel for ablation
cancer therapy
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The International Journal for Computation and Mathematics in Electrical and Electronic Engineering
Vol. 30 No. 5, pp. 1582-1588 (2011.8)

Purpose — The purpose of this paper is to develop a ferromagnetic needle adaptable for a novel
ablation cancer therapy; the heat generation ability of the mild steel rod embedded into the Ti—tube
having a different thickness was investigated in a high—frequency output at 300 kHz.
Design/methodology/approach — The outer diameter and length of the Ti—tubes were 1.8 and 20 mm,
respectively, while the inner diameter was varied from 1.6 to O mm. The mild steel rod was embedded
in a Ti—tube for preparing the needle—type specimen. Their heat generation ability was examined
by changing the inclination angle to the magnetic flux direction in a high—frequency coil.
Findings — When the thickness of the Ti surrounding the mild steel rod was as low as 0.1 mm, the
heat generation ability was drastically different among the three inclination angles (u. 08, 458,
and 908) to the magnetic flux direction due to the effect of the shape-induced magnetic anisotropy.
However, the effect of the inclination angle was almost eliminated in the specimen surrounded by
the 0. 4mm thick Ti, suggesting that the non—oriented heat generation property is achieved for the
needle—type mild steel rod coated with Ti having the optimum thickness
Originality/value — The prototype ablation needle having a complete non—oriented heat generation
ability was fabricated to use in subsequent animal experiments. It is considered that the newly
designed Ti—coated device is useful in ablation treatments using a high—frequency induction heating.

FE ERZ
Effect of bead milling on heat generation ability in AC magnetic field of FeFe,0, powder
Hiromichi Aono* 1, Yusuke Watanabe * 1, Takashi Naohara 1, Tsunehiro Maeharas1, Hideyuki Hirazawa
%2, and Yuji Watanabe3k3
*] Graduate School of Science and Engineering, Ehime University, *2 Department of Environmental Materials
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Materials Chemistry and Physics, Vol. 129, Issue3, 3, ppl081-1088, (2011.10)

Nano—sized FeFe,0, ferrite powder having a heat generation ability in an AC magnetic field was
prepared by bead milling for a thermal coagulation therapy application. A commercial powder sample
(non—milled sample) of ca. 2.0 um in particle size showed a temperature enhancement (A7) of 3 °
C in an AC magnetic field (powder weight 1.0 g, 370 kHz, 1.77 kA m") in ambient air. The heat
generation ability in the AC magnetic field improved with the milling time, i.e., due to a decrease
in the average crystallite size for all the examined ferrites. The highest heat ability (A 7=26 °
C) in the AC magnetic field in ambient air was for the fine FeFe,0, powder with a 4.7 nm crystallite
size (the samples were milled for 6 h using 0.1 mm¢ beads). However, the heat generation ability
decreased for the excessively milled FeFe,0, samples having average crystallite sizes of less than

_56_



ca. 4.0 nm. The heat generation of the samples showed some dependence on the hysteresis loss for
the A~-Hmagnetic property. The reasons for the high heat generation properties of the milled samples
would be ascribed to an increase in the Néel relaxation of the superparamaghetic material. The
hysteresis loss in the #-H magnetic curve would be generated as the magnetic moment rotates (Neel
relaxation) within the crystal. The heat generation ability (W g!) can be estimated using a 1.07
X 107'fH# frequency (£, kHz) and the magnetic field (4 kA m!) for the samples milled for 6 h using
0.1 mm¢ beads. Moreover, an improvement in the heating ability was obtained by calcination of the
bead-milled sample at low temperature. The maximum heat generation (A7 =59 ° C) ability in the
AC magnetic field in ambient air was obtained at ca. 5.6 nm for the sample calcined at 500 °
C. The heat generation ability (W g!) for this heat treated sample was 2.54 X 107'fH.
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Hiromichi Aono*l1, Hiroki Ebara*l, Ryota Senba%*1l, Takashi Naohara*1l, Tsunehiro Maehara*l, Hideyuki
Hirazawa*2, and Yuji Watanabe#*3

*] Graduate School of Science and Engineering, Ehime University, *2 Department of Environmental Materials
Engineering, Niihama National College of Technology, %3 Department of Surgery, Graduate School of
Medicine, Ehime University

Journal of the American Ceramics Society. Vol.94, Issuel2, pp 4116-4119, (2011.10)

We found that the nano—sized Y,Fe;0,, powder prepared by bead milling has the highest heat generation
ability in an AC magnetic field of reported superparamagnetic materials. The heat generation ability
in an AC magnetic field was strongly improved by a decrease in the average crystallite size of the
bead milled samples. The highest heat ability in the AC magnetic field was for the fine Y;Fes0i,
powder with ca. 15 nm crystallite size (the samplesmilled for 4 h using 0. 1 mm¢ beads). The reasons
for the high heat generation properties of the milled samples are ascribed to an increase in the
Néel relaxation of the superparamagnetic material. The heat generation ability (W-g™') can be
estimated using a 3.58 X 107 f H? frequency (f/kHz) and the magnetic field (H/kA: m?) for the sample
milled for 4 h using 0.1 mm¢ beads.
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The heat generation ability for Mg,CufFe,0, ferrite in an AC magnetic field

Syohei UNO*1, Hideyuki HIRAZAWA%*2, Hiromichi AONO#*3, Takashi NAOHARA*3, Tsunehiro MAEHARA*3, and
Yuji WATANABE*4
*] Advanced Course of Environmental Materials Engineering, Niihama Niihama National College of
Technology, *2 Department of Environmental Materials Engineering, Niihama National College of Technology,
*3 Graduate School of Science and Engineering, Ehime University, *4 Department of Organ Regenerative
Surgery, Ehime University Graduate School of Medicine,
Proc. of the 28th Japan—Korea International Seminar on Ceramics, pp 294-295, (2011.11)
Magnetic materials having a high heat generation ability in an AC magnetic field were investigated
for new thermal coagulation techniques. Up to now, the most candidate material in this type of therapy
was powdered FeFe204, however the heat generation ability was insufficient in an AC magnetic field.
We then reported that MgFe204 shows the highest heat generation in the various ferrite powders [1],
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and the heating ability was improved by Ca2+ ion substitution to the MgFe204 [2]. The highest heating
property for series of Mgl-XCaXFe204 was obtained at X=0.5 sample prepared by reverse
co—precipitation method and calcined at 800°C. Reason for this high heat generation was increasing
the hysteresis loss due to the phase separation ca. cubic MgFe204 and orthorhombic CaFe204 from
cubic single phase, and then the crystal distortion was caused by Ca2+ substitution.

In this study, we prepared the series of samples with composition Mgl-XCuXFe204 where X=0-1.0 by
solid reaction method in order to discuss the effect of crystal distortion for hysteresis loss,
and investigated the mechanism of improving the heat generation ability in an AC magnetic field.

FE ERZ
Development of Ti—Coated Ferromagnetic Needle, Adaptable for Ablation Cancer Therapy by
High-Frequency Induction Heating
Takashi Naohara#*1, Hiromichi Aono*1, Tsunehiro Maechara*1, Hideyuki Hirazawa#*2, Shinya Matsutomo*3,
and Yuji Watanabe*4
*]1 Graduate School of Science and Engineering, Ehime University, *2 Department of Environmental Materials
Engineering, Niihama National College of Technology, *3 Department of Electronic Control Engineering,
Niihama National College of Technology, *4 Department of Organ Regenerative Surgery, Ehime University
Graduate School of Medicine
Journal of Functional Biomaterials, Vol.3, pp 163-172, (2012.1)

To develop a novel ablation therapy for human solid cancer, the heating properties of a
ferromagnetic carbon steel rod and a prototype Ti—coated needle using this carbon steel rod, were
investigated in several high—frequency outputs at 300 kHz. In the former, the heating property was
drastically different among the three inclination angles (0 = 0° , 45° and 90° ) relative to
the magnetic flux direction as a result of the shape magnetic anisotropy. However, the effect of
the inclination angles was completely eliminated in the latter. It is considered that the complete
non-oriented heating property relative to the magnetic flux direction allows the precise control
of the ablation temperature during minimally invasive thermotherapy without a lead—wire connected
to a fiber—optic thermometer. This newly designed Ti—coated device will be suitable for clinical
use combined with its superior biocompatibility for ablation treatments using high—frequency
induction heating.

FE EZ
High heat generation ability in AC magnetic field for nano-sized magnetic YjFe;0,, powder
prepared by bead milling
Hiromichi Aonok1, Hiroki Ebarask1, Ryota Senba1, Takashi Naoharask1, Tsunehiro Maechara k1,
Hideyuki Hirazawask2, and Yuji Watanabe 3
*] Graduate School of Science and Engineering, Ehime University, *2 Department of Environmental Materials
Engineering, Niihama National College of Technology, *3 Department of Surgery, Graduate School of
Medicine, Ehime University
Journal of Magnetism and Magnetic Materials, in press (2012)

Nano—sized magnetic Ys;Fe;0,, ferrite having a high heat generation ability in an AC magnetic field
was prepared by bead milling. A commercial powder sample (non—milled sample) of ca. 2.9 um in
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particle size did not show any temperature enhancement in the AC magnetic field. The heat generation
ability in the AC magnetic field improved with a decrease in the average crystallite size for the
bead-milled Y;Fe;0,, ferrites. The highest heat ability in the AC magnetic field was for the fine
Y,Fe:0,, powder with a 15-nm crystallite size (the samples were milled for 4 h using 0.1 mm¢ beads).
The heat generation ability of the excessively milled Y;Fe;0,, samples decreased. The main reason
for the high heat generation property of the milled samples was ascribed to an increase in the Néel
relaxation of the superparamagnetic material. The heat generation ability was not influenced by
the concentration of the ferrite powder. For the samples milled for 4 h using 0.1 mm¢ beads, the
heat generation ability (Wg') was estimated using a 3. 58 X 10" f# frequency (#/kHz) and the magnetic
field (#/kA m"), which is the highest reported value of superparamagnetic materials.
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Inf luence of nitrogen gas pressure dur ing deposition of TiN films on their oxidation behavior when annealed
In air

Tatsuya MATSUE*1, Masayuki NISHIDA*2, Takao HANABUSA*3

*] Niihama National College of Technology

*2 Kobe City College of Technology

*3 School of Eng., The Univ. of Tokushima

The 11th International Symposium on Sputtering & Plasma Processes2011(ISSP2011) Proceedings,
pp. 159-162 (2011).

The effect of the deposition conditions of TiN films produced using arc ion plating on their
oxidation behavior during annealing in air was investigated. The substrates used were quartz glass
plates, and an arc current of 60 A, a bias voltage of 0 V and nitrogen gas (N,) pressures of 0.5,
1.0, 3.0 and 6. 0 Pa were used during deposition. At N, pressures of 0.5 and 1. 0 Pa, the as—deposited
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TiN films appeared gold in color, whereas at 3.0 and 6.0 Pa they appeared dark brown. The ratios
of nitrogen and oxygen to titanium at the film surface were estimated using X-ray photoelectron
spectroscopy. In the as—deposited state, the N/Ti ratio was about 1.15 for the film deposited at
0.5 Pa, and decreased to about 0.83 as the N, pressure was increased to 6.0 Pa. After annealing
at 650 C in air, all of the films became transparent and had a 0/Ti ratio of 1.5.
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The heat generation ability for Mg, CufFe,0, ferrite in an AC magnetic field
Syohei UNO*1, Hideyuki HIRAZAWA*2, Hiromichi AONO*3, Takashi NAOHARA*3, Tsunehiro MAEHARA*3, and
Yuji WATANABE*4
*] Advanced Course of Environmental Materials Engineering, Niihama Niihama National College of
Technology, *2 Department of Environmental Materials Engineering, Niihama National College of Technology,
*3 Graduate School of Science and Engineering, Ehime University, %4 Department of Organ Regenerative
Surgery, Ehime University Graduate School of Medicine,
The 28th Japan—Korea International Seminar on Ceramics 2011411 H

Magnetic materials having a high heat generationability in an AC magnetic field were investigated
for new thermal coagulation techniques. Up to now, the most candidate material in this type of therapy
was powdered FeFe204, however the heat generation ability was insufficient in an AC magnetic field.
We then reported that MgFe204 shows the highest heat generation in the various ferrite powders [1],
and the heating ability was improved by Ca2+ ion substitution to the MgFe204 [2]. The highest heating
property for series of Mgl-XCaXFe204 was obtained at X=0.5 sample prepared by reverse
co—precipitation method and calcined at 800°C. Reason for this high heat generation was increasing
the hysteresis loss due to the phase separation ca. cubic MgFe204 and orthorhombic CaFe204 from
cubic single phase, and then the crystal distortion was caused by Ca2+ substitution.
In this study, we prepared the series of samples with composition Mgl-XCuXFe204 where X=0-1.0 by
solid reaction method in order to discuss the effect of crystal distortion for hysteresis loss,
and investigated the mechanism of improving the heat generation ability in an AC magnetic field.
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