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Diffraction]
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Heat Generation Ability in AC magnetic Field of MgAlxFe2—x04 Ferrite Powder Prepared by Sol-Gel
method
Hideyuki Hirazawa*l, Yoshiki Ito*1, Deleg Sangaa*2, Namsrai Tsogbadrakh*3, Hiromichi Aono*4 and Takashi
Naohara*4
*] National Institute of Technology, Niihama College
*2 Institute of Physics and Technology, Mongolian Academy of Science
*3 Department of Physics, School of Arts and Sciences, National University of Mongolia
*4 Graduate School of Science and Engineering, Ehime University
AIP Conference Proceedings (2016.in press)

Al substituted MgAlgFe,0, that have high heat generation ability in the AC magnetic field was
obtained by Sol-Gel method. The heat generation ability was improved by Al*" substitution, the
highest heat generation property (AT=127.2°C) was confirmed for X=0.25 sample. This high heat
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generation ability was depended on hysteresis loss value, the hysteresis loss for X=0.25 samples
were significantly increased in the AC magnetic field
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Synthesis conditions of nano-sized magnetite powder using reverse coprecipitation method for
thermal coagulation therapy

Hiromichi AONO*1, Taiga NAGAMACHI*1, Takashi NAOHARA*1, Yoshiteru ITAGAKI*1, Tsunehiro MAEHARA*I,
and Hideyuki HIRAZAWA*2

*1Graduate School of Science and Engineering, Ehime University

*2 National Institute of Technology, Niihama College

Journal of the Ceramic Society of Japan, voll24, No.1, pp.23-28 (2016. 1)

The synthesis conditions of a nano—sized magnhetite powder using a reverse coprecipitation method
were studied in order to control the particle size and the heat generation ability in an AC magnetic
field for thermal coagulation therapy. A low temperature reaction and high concentration of the
mixed irons as the starting materials in solution increased the particle size of the magnetite powder.
The particle size decreased with an increase in the concentration of the coexisting Na+ and Cl1
ions. The particle size was enhanced with an increase in the R = Fe2+/ (Fe2+ + Fe3+) molar ratio
of the divalent iron, and the maximum heat generation ability was obtained at the R = 0. 33 molar
ratio. The maximum heat generation ability of 0.250.28 W-gll in the AC magnetic field (370 kHz,
1.77 kA-ml1) was obtained for the magnetite having an ca. 1314nm particle size.
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The Heat Generation Behavior for YsFes0i, Ferrite Powder with Addition of Lanthanum in an AC
Magnetic Field
H. Hirazawa*1l, S. Yoshikawa*2, H.Aono*2, T. Naohara*2, T. Maehara*2, and Y. Watanabe*3
%] National Institute of Technology, Niihama College
*2 Graduate School of Science and Engineering, Ehime University
*3 Graduate School of Medicine
Chemistry Letters, vol.44, No. 10, pp.1298-1299 (2015. 10)

The Y3Feb012 ferrite powder with La 0.3 mol added sample was prepared by reverse coprecipitation
method. The heat generation ability for this La—added ferrite was considerably improved in AC
magnetic field. For this sample, the high heat generation ability was caused by another factor

differs from hysteresis loss, Néel relaxation, and Brownian relaxation.
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Heat generation ability in AC magnetic field of bead-milled nanosize Yses0i, and preparation of
microsphere for embolization therapy
H. Aono*l, H. Hirazawa*2, T. Naohara*l

*] Graduate School of Science and Engineering, Ehime University,
*2 National Institute of Technology, Niihama College
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Proc. of 8th International Conference on Electromagnhetic Processing of Materials, pp.203-206,

(2015. 10)

YsFes0;» microspheres having high heat generation ability in AC magnetic field for embolization
therapy were prepared by a spray dryer using a bead—milled nano—size powder. After sifting using
20 -mand 32 *m sieves, the yield was 13.5 % for the 20-32 mm microspheres. The heat generation
ability (W-g—1) of the microsphere sample was expressed as 3. 5x10—4-f-H2, where f and H are frequency
(kHz) and magnetic field (kA-m—1), respectively. This value was almost the same with that for the
bead—milled powder, because the temperature enhancement mechanism was the Néel relaxation of the

superparamagnetic material.
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Simulation of Heat Generation Behavior in Ti—coated Ablation Needle for Cancer Therapy using
High-frequency Induction Technique
T. Naohara*l, H. Aono*l, T. Maehara*l, S. Matsutomo*2, H. Hirazawa*2 and Y. Watanabe*3
*1 Graduate School of Science and Engineering, Ehime University
*2 National Institute of Technology, Niihama College
*3 Graduate School of Medicine
Proc. of 8th International Conference on Electromagnetic Processing of Materials, pp.465-468,
(2015. 10)

For the purpose of developing a novel ablation therapy for oral cancer, the heat generation
behavior of a prototype Ti—coated needle with an inserted carbon steel rod was simulated in a
high—frequency induction field at 350kHz. Based on the magnetic field analysis performed at the
inclination angle of 6= 0o relative to the magnetic flux direction, both the magnetic flux density
and eddy current density were the highest at the surface and in its vicinity, but drastically
decreased with the depth in the inserted ferromagnetic carbon steel rod. For the simulation image
at the inclination angle of 6= 900, the eddy current flowed on the outer Ti component which has

an enlarged area perpendicular to the magnetic flux direction.
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Heat generation properties in AC magnetic field for YsFes0:, powder material synthesized by a reverse
coprecipitation method
Hiromichi Aono*1, Yuhi Yamano*1, Tadahiko Nishimori*1, Takashi Naohara*l, Yoshiteru Itagaki*l,
Tsunehiro Maehara*l, Hideyuki Hirazawa#*2
*1 Graduate School of Science and Engineering, Ehime University
*2 National Institute of Technology, Niihama College
Ceramics International, Vol.41, pp.8461-8467 (2015.5)

Ferrimagnetic Y3Feb012 powder was synthesized by a reverse coprecipitation method in order to
study its heat generation property in an AC magnetic field. An orthorhombic YFeO3 phase having a
small particle size (0100 nm) was obtained for the samples calcined at a low temperature. The maximum
heat generation ability in an AC magnetic field was obtained for the Y3Feb012 ferrite powder by
calcinations at 1100 1C. The heat generation ability was reduced for the samples calcined at a higher
temperature. The particle growth with the formation of the cubic single phase might influence the
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heat generation ability. The heat generation ability and the hysteresis loss value were proportional
to the cube of the magnetic field (H3), because the coercivity value of the B-H curve was proportional
to the square of the amplitude of the AC magnetic field (H2). The heat generation ability(Wg_1)
of the Y3Feb012 sample sintered at1100 1C can be expressed by the equation 2.2 10_4-f-H3 using the
frequency (f/kHz) and the magnetic field (H/kA m_1), which has the highest heat generation ability
of the reported magnetic materials. The hysteresis loss value for the B-H curve agreed with the
heat generation ability of the samples calcined at 1100 1C and lower temperatures.
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['IN-SITU THERMAL STRESS MEASUREMENT OF TUNGSTEN FIBER REINFORCED TITANIUM COMPOSITE BY
HIGH-LOW TEMPERATURE X-RAY DIFFRACTION ]
Masayuki Nishida*l, Taisei Doi*2, Tatsuya Matsue*3 and Takao Hanabusa*4
*] Kobe City College of Technology, *2 Advanced Course, Kobe City College of Technology, *3 National
institute of Technology, Niihama College, *4 The University of Tokushima
20th International Conference on Composite Materials, Copenhagen * 19-24 th - 20154E7 7.
The tungsten fiber reinforced titanium composite (W/Ti composite) was produced by the spot welding

method. This manufacturing method used only a simple spot welding system, and it did not need a
vacuum chamber and a high temperature furnace such as existing common methods. The thermal residual
stress alteration of W/Ti composite was estimated by the x-ray diffraction with the cryogenic cooling
system. Residual stress alterations were measured by the in—situ x—ray stress measurement technique
under the cooling cycles from 25°C to —250 °C. Residual stresses in tungsten—fiber were investigated
at several temperatures. In the longitudinal fiber direction, the initial thermal residual stress
generated in the manufacturing process was —810MPa. These thermal residual stresses change to the
maximum value of —1000MPa in the lowest temperature at —250°C. It is assumed that these results
depend on the thermal expansion mismatch between the titanium—matrix and the tungsten—fiber. The
calculated results of the simple elastic model consisting of the thermal expansion mismatch and
the volume fraction agreed with the experimental results of in—situ thermal stress measurement
qualitatively. Furthermore, these results of the thermal stress alteration were discussed with the

other results in the high temperature state which has been reported same author.
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lN[n-situ Thermal Stress Measurement of Tungsten Fiber Reinforced Composite by X-ray

Diffraction]

Masayuki Nishida*1, Taisei Doi*2, Tatsuya Matsue*3 and Takao Hanabusa*4

*]1 Kobe City College of Technology, *2 Advanced Course, Kobe City College of Technology, *3
National institute of Technology, Niihama College, %4 The University of Tokushima
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lResidual stress and bending strength of ZnO films deposited on polyimide sheet by RF

sputtering system]
Kazuya Kusaka*1, Yutaka Maruoka*2 and Tatsuya Matsue*3
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%1 The University of Tokushima , *2 Advanced Course, the University of Tokushima, *3 National
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ISSP2015 * Tyoto Japan - 201547 H.

Crystal orientation and residual stress in zinc oxide (Zn0) films deposited on soft polyimide sheet
substrate by radio frequency (RF) sputtering with ZnO powder target are investigate by X-ray
diffraction as functions of argon atmosphere gas pressure and substrate temperature. We obtained
c—axis oriented ZnOfilms deposited by the sputtering with the ZnO powder target. The ZnO films had
a large compressive residual stress between —0.7 and —1.4 GPa. Finally, we examined the strength
of the obtained film by applying tensile bending loads. After the bending test, we observed no crack
on the surface of the ZnO films.
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Thermoelectric properties of Sn—doped Mg,Si prepared by mechanical alloying and spark plasma
sintering.

Yuta Iwasaki*l and Shinya Shiga*2

*1 National Institute of Technology, Niihama College, Advanced Engineering Course, Production
Engineering Program.

*2 National Institute of Technology, Niihama College, Department of Environmental Materials Engineering
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January 2016 in Penang, Malaysia

MgoSi is one of the promising thermoelectric materials, which has high Seebeck coefficient and
low electrical resistivity. On the other hand, thermal conductivity is rather higher than common
thermoelectric material. In this study, thermoelectric properties of MgewSiixySny (0=X=0.1, 0
=<Y=0.2) prepared by mechanical alloying (MA) and spark plasma sintering (SPS) were measured. Sn
was doped into MgxSi in order to reduce the thermal conductivity. In order to evaluate the
thermoelectric properties, Seebeck coefficient (a) and electrical resistivity (p) were measured
by using ZEM-3. The thermal conductivity (k) was measured by laser flash method. The dimensionless
figure of merit ZT=a’T/px was calculated from these data. Thermal conductivity of Mg:Sig eSno 1 was
reduced about 59% by comparison with Mg,Si at 574[K]. Maximum Seebeck coefficient shows —514[uV/K]
at 375[K] for Mg.Si (SPS823K). Minimum electrical resistivity shows 8.1X10°[Qm] at 843[K] for
Mgy, 06S10.845n0.1. Maximum ZT shows 0. 0735 at 563[K] for Mg:Sio oSno ;. The ZT value is higher than that
of Mg»Si due to the reduction of thermal conductivity by doping Sn.
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FE ORZ
The magnetic properties for Mg1-XCuXFe204 having high heat generation ability in an AC magnetic
field
T. Shiraishixl, H.Hirazawa#*l, D.Sangaa*2, N.Tsogbadrakh*3, H. Aono*4, T. Naohara*4
*] National Institute of Technology, Niihama College
*2 Institute of Physics and Technology, Mongolian Academy of Science
*3 Department of Physics, School of Arts and Sciences, National University of Mongolia
*4 Graduate School of Science and Engineering, Ehime University
The 2" International Symposium on Frontiers in Materials Science (FMS2015) , 2016 411 H

The magnetic material such as fine ferrite powder having high heat generation ability in AC
magnetic field was studied for application to thermal coagulation therapy of cancer tumor. The
Mgl-XCuXFe204 type ferrite powders that have high heat generation ability in AC magnetic field were
prepared by solid reaction method. The cubic type ferrite structure was obtained for X=0-0. 6 samples
calcined at 12000C, and the mixture phase of cubic and tetragonal structures were obtained for X=0. 7,
0.8 samples from XRD result. FIG. 1 shows the temperature enhancement from room temperature for
Mg1-XCuXFe204 powder in AC magnetic field for 20min. The heat generation ability was improved over
X=0. 6 sample, and the highest heat generation was obtained for X=0. 6 sample. Moreover, the hysteresis
loss value for X=0.6 in AC magnetic field was greatly improved. The hysteresis loss value of X=0
sample was 6. 2470mW/g, however the X=0.6 sample shows 116. 70mW/g respectively. In this study, we
investigated the reason for this high heat generation and their magnetic properties in AC magnetic
field

FiE B2
Heat Generation Ability in AC magnetic Field of MgAlxFe2-x04 Ferrite Powder Prepared by Sol-Gel
method
Y. Ito*l, H.Hirazawa*l, D.Sangaa*2, N.Tsogbadrakh#*3, H.Aono*4, T.Naoharax4
*] National Institute of Technology, Niihama College
*2 Institute of Physics and Technology, Mongolian Academy of Science
*3 Department of Physics, School of Arts and Sciences, National University of Mongolia
*4 Graduate School of Science and Engineering, Ehime University
The 2" International Symposium on Frontiers in Materials Science (FMS2015) , 2016 411 H

The powdered ferrite samples having high heat generation ability in the AC magnetic field have
been investigated for application to the thermal coagulation therapy for cancerous tissue. The Al3+
substituted MgAlxFe2—x04 ferrite was prepared by sol-gel method and calcined at 12000C. The
MgAlxFe2—x04 where X=0-0.7 samples shows the single phase of cubic type spinel structure from XRD
result (not shown in figure). Moreover, the shift of the peak was confirmed with increasing X value.
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It suggests that the Al3+ having small ionic radius compared with Fe3+ was substituted in cubic crystal
structure. FIG.1 shows the temperature enhancement from room temperature (AT) for MgAlxFe2—x04
ferrite powder in AC magnetic field (370kHz, 1. 77kA/m) for 20min in ambient air. The heat generation
ability was improved by Al3+ substitution for MgAlxFe2—x04 (0. 1<X<0.3) ferrite sample, the highest
heat generation property ca. 80.30C was obtained X=0.2 sample. Reason for this tendency was

investigated from magnetic properties such as hysteresis loss value and the Neel relaxation.
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Heat generation ability in AC magnetic field of bead-milled nanosize Y:Fes0;, and preparation of
microsphere for embolization therapy
H. Aono*l, H. Hirazawa*2, T. Naohara*l
*1 Graduate School of Science and Engineering, Ehime University,
*2 National Institute of Technology, Niihama College
The 8th International Conference on Electromagnetic Processing of Materials (EPM2015) , 20154
10 A

YsFes012 microspheres having high heat generation ability in AC magnetic field for embolization
therapy were prepared by a spray dryer using a bead—milled nano—size powder. After sifting using
20 [m and 32 [m sieves, the yield was 13.5 % for the 20-32 mm microspheres. The heat generation
ability (W-g-1) of the microsphere sample was expressed as 3. 5x10-4-f-H2, where f and H are frequency
(kHz) and magnetic field (kA'm—1), respectively. This value was almost the same with that for the
bead—-milled powder, because the temperature enhancement mechanism was the Néel relaxation of the

superparamagnetic material.

FE HE2
Simulation of Heat Generation Behavior in Ti—coated Ablation Needle for Cancer Therapy using
High-frequency Induction Technique
T. Naoharaxl, H. Aono*l, T. Maehara*l, S. Matsutomo*2, H. Hirazawa*2 and Y. Watanabe*3
*] Graduate School of Science and Engineering, Ehime University
*2 National Institute of Technology, Niihama College
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*3 Graduate School of Medicine
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For the purpose of developing a novel ablation therapy for oral cancer, the heat generation
behavior of a prototype Ti—coated needle with an inserted carbon steel rod was simulated in a
high—frequency induction field at 350kHz. Based on the magnetic field analysis performed at the
inclination angle of 0= 0o relative to the magnetic flux direction, both the magnetic flux density
and eddy current density were the highest at the surface and in its vicinity, but drastically
decreased with the depth in the inserted ferromagnetic carbon steel rod. For the simulation image
at the inclination angle of 0= 900, the eddy current flowed on the outer Ti component which has
an enlarged area perpendicular to the magnetic flux direction.
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(1) ZEBA LSRR (T6) 12 X D 6-4 A& MR OB LI BT, T40°C~831°CHT E THMRANZ X v gL, %
DOEALDIFHEAL = RV F — 1, 263 k]/mol TH D, Q) AKRMIKRAEDERIBLIEBRICLY .

Janders : (1-3¥1-a)? =k,t (o :ER(LE, kI:RORHEEERL, ) AANIT %, Ti BLO6-4 A4
Jander HUZ X DAL OIEHAL =R X —1F, FNENTi ¢ = 228 kJ/mol, 6-4:¢ = 315 kJ/mol TH D,
(3) EHRFLORUGIE, FUHRSEE) DILREHIC 2 D, (4) Ti B LN 6-4 &P OREFE DO OIENE
b= X — X, ZNEI. Gay = 199 kJ/mol, @en-wm = 262 kJ/mol TH D,
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