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nE Eh
RESIDUAL STRESSES OF Cr-N FILMS DEPOSITED BY ARC ION PLATING
INVESTIGATED USING SYNCHROTRON RADIATION
T. MATSUE*!, T.HANABUSA**, K.KUSAKA*2, 0.SAKATA*), M.NISHIDA*!
*INiihama National College of Technology, **School of Eng., The Univ. of Tokushima,
*3Japan Synchrotron Radiation Research Institute, **Kobe City College of Technology
Materials Science Forum, Vol.652, pp.296-302(2010).

The structures of Cr-N films deposited by arc ion plating on steel substrates
were investigated using a synchrotron radiation system that emits ultraintense X-rays. The
Cr-N films were found to be mainly composed of {110} oriented CrN crystals, but they also
had a small component of randomly oriented Cr,N crystals. The CrN220 diffraction shifts to
a high diffraction angle as the annealing temperature increases. In contrast, the peak
position of the Cr,N211 diffraction hardly changes with an increase in the annealing
temperature up to 873 K. The ratio of nitrogen and oxygen to chromium at the film surface
and inside in the film was estimated by Auger electron spectroscopy. After annealing at 973
K, the surface layer was oxidized, but the composition inside the Cr-N films (N/Cr = 0.83)
remained unchanged. The residual stress in a 1600-nm—thick as—deposited CrN layer was found
to be —11.0 GPa. The residual stresses of Cr-N films relaxed to thermal stress levels on

annealing. However, the residual stress in the Cr,N layer could not be evaluated.

nE Eh
Stress Estimation of Titanium Casting Alloy by X-ray Measurement Technique of Single
Crystal
Masayuki NISHIDA*!, Takao HANABUSA*?, Ayumi SHIRO** and Tatsuya MATSUE*
*IKobe City College of Technology, **School of Eng., The Univ. of Tokushima,
*Graduate Student, School of Eng., The Univ. of Tokushima, *Niihama National College of
Technology
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Materials Science Forum, Vol.652, pp.143-148(2010).

Residual stresses in titanium casting alloy were estimated by X-ray stress measurement
technique. There are two problems in the condition of X-ray stress measurement. Firstly,
the titanium casting alloy has the large crystal grains. These coarse grains were generated
under solidification processes and those sizes are approximately 2 millimeter in this study.
These coarse crystal grains interfere with an accurate stress measurement due to the unstable
diffraction profile. This is because the existence of a sufficient number of isotropic
crystal grains in the X-ray irradiation area are based on the X-ray diffraction theory. In
this study, the stress measurement technique of single crystal materials was adopted for
the solution of this fundamental problem. Because the coarse crystal grain was treated as
a single crystal, the high intensity diffraction profiles were observed from a certain
direction with investigations of crystal orientation. The problem with the coarse crystal
grain in titanium casting alloy were cleaned up by the employment of the single crystal
measurement technique. Secondly, the results from this study show that the position of
crystal grain within the X-ray irradiation area greatly influenced the residual stress
values. Therefore, in the present paper the erasing method of this position effect was tried
and discussed. Finally, the improvement of the accuracy of this method for the residual
stress measurement in titanium casting alloy under the several bending stresses was
confirmed. These results show that the erasing method in this study is an effective

correction method.

nE Eh
Neutron Stress Measurement of Coarse Crystal Grain in Aluminum
Casting Alloy
Masayuki NISHIDA*!, Takao HANABUSA*?, Tatsuya MATSUE*® and Hiroshi SUZUKI*
*IKobe City College of Technology, **School of Eng., The Univ. of Tokushima
**Niihama National College of Technology, **Japan Atomic Energy Agency

+ Materials Science Forum, Vol.652, pp.243-248(2010).

Internal stresses in aluminum casting alloy were measured by the neutron stress measurement
method with the apparatus RESA in Japan Atomic Energy Agency (JAEA). In usual cases, coarse
crystal grains are included in aluminum casting alloy. These coarse crystal grains make
it extremely difficult to estimate the internal stresses by the neutron diffraction. The
two problems arise because of the existence of the coarse crystal grains. The first problem
is the production of an unstable diffraction profile in the necessary direction. The second
is the edge effect which is generated by the overhang of the coarse crystal grains from the
neutron irradiation area (gage volume). In this study, two kinds of new techniques used were
proposed to resolve these problems. Firstly, the elastic theory based on the sin2 ¢ method
is shown. Diffraction peaks in several directions were found by use of the rocking curve
method. Following that, the lattice spaces in each principal direction were calculated from
these diffraction peaks using the elastic theory. Secondly, the distribution of edge effect
around the gage volume was measured using a small bit of copper single crystal. From this
result, the edge effect was canceled out by the modified measurement method which was done

symmetrically. Finally, the aluminum casting sample which included coarse crystal grains
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was set to the tensile testing machine on RESA’ s measurement table and the applicability

of these new techniques were confirmed experimentally.
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Influence of rare earth additives and boron component on electrical
conductivity of sodium rare earth borate glasses
Susumu Nakayama®, Takamitsu Watanabe®, Taro Asahi®®, Hajime Kiyono®™, Yan Lin Aung™, Masatomi
Sakamoto™
“IDepartment of Applied Chemistry and Biotechnology Niihama National College of Technology,
*Department of Environmental Materials Engineering Niihama National College of Technology,
*Hokkaido University, *World-Lab Co., Ltd., *Yamagata University
Ceramics International, Vol.36, p.2323-2327, 2010

Sodium rare earth borate glasses (Na,0),s ; (RE,05);,(B,0,) s, ; (RE = Sm, Gd, Dy, Ho, Y, Er, and Yb),
were prepared from a mixture of Na,CO;, RE,05 and B,05, and their properties as an Na+ ionic conductor
were investigated. Density increased with increasing atomic weight of RE. Crystallization
temperature and crystal melting temperature of the present borate system was lower than that of
the previously reported silicate and germanate system. Results of the "B NMR measurement suggested
that half of all boron atoms are coordinated by four oxide ions to give a [B0,] tetrahedral unit
and the others are coordinated by three oxide ions to give a [B0,] planar triangular unit. The
electrical conductivity slightly decreased with increasing the ionic radius of RE*.
(Na,0) 55 7 (RE,05) 7 5 (B,03) 57 ; glass exhibited the electrical conductivity which is about one order of
magnitude lower than those of the previously reported (Na,0), ;(RE,0;),,(B,0;) 5 ; and
(Na,0) 55 7 (RE,05) 7 » (B,03) 57 | glasses. It was assumed that this lower electrical conductivity is due
to the lower content of Na+ ions as conduction species in the former glass, compared with the latter

two glasses.

BE #ic
Materials Separation from Pulverized Waste Printed Circuit Boards film
capacitor
T. Hino™, Y. Moriya™, R. Agawa™, Y. Tsugita*™, M. Nishida* and T. Araki*
*IEnvironmental Materials Science and engineering, Niihama National College of Technology, *First
inc., *Sumitomo Heavy Industries, Ltd., *Department of Materials Science and Engineering, Ehime
University
Journal of Environment and Engineering, Vol.5 No.2(2010) 383-388
We investigated the possibility of not only removal of the organic resin, but also magnetic

separation of metals from pulverized PCB powder as a preliminary processing method of fusion
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processing.

BE 4
Effect of Droplets on Corrosion Resistance of Tantalum Oxide Films Fabricated by PLD
T. Hino*, M. Nishida®, Takao Araki®
*IEnvironmental Materials Science and engineering, Niihama National College of Technology
*Materials Science and engineering, Ehime University
Journal of Laser Micro/Nanoengineering Vol.6 No.1 (2011) 10-14
The influence of metal-rich droplets on the corrosion resistance of tantalum oxide films was

studied.
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Photoinduced shape changes of diarylethene single crystals: correlation
between shape changes and molecular packing
Lumi Kuroki, *'Shizuka Takami, **Kenji Yoza, ** Masakazu Morimoto™ and Masahiro Irie™
*IDepartment of Chemistry and Biochemistry, Graduate School of Engineering, Kyushu University,
*Niihama National College of Technology, *Bruker AXS K.K.,
*Department of Chemistry and Research Center for Smart Molecules, Rikkyo University,
Photochemical & Photobiological Sciences 2010, 9, 221-225.

Correlation between the photoinduced shape changes of diarylethene single crystals and
theirmolecular packing in the crystals was studied. Crystals of
1, 2-bis (5—ethyl—2-phenyl-4-thiazolyl) perfluorocyclopentene (3a) and1, 2-bis (2-isopropyl—-5-phenyl-
3—thienyl) perfluorocyclopentene (4a) showed similar photoinduced deformation from square to lozenge
as that of 1,2-bis—(2—ethyl-5-phenyl-3-thienyl)perfluorocyclopentene (la). Although these three
diarylethenes have different electronic structures and exhibit different colours upon UV
irradiation, the crystallographic structures and molecular packing of the crystals are very similar
to each other. The result indicates that the deformation mode is determined by the packing mode
of component molecules in the crystal. X—Ray crystallographic analysis of a micrometre—sized crystal
la (20 x 15 x 8 mm) prepared by sublimation revealed that the small-size crystal, which shows

photoinduced deformation, has the same crystal structure as that of the large bulk crystal.

FE XKz
HEAT GENERATION ABILITY IN AC MAGNETIC FIELD OF NEEDLE-TYPE
Ti—-COATED MILD STEEL FOR ABLATION CANCER THERAPY
T. Naohara®', H. Aono™, H. Hirazawa™, T. Maehara®, Y. Watanabe®™, S. Matsutomo™
*IGraduate School of Science and Engineering, Ehime University, **Department of Environmental
Materials Engineering, Niihama National College of Technology, **Department of Surgery, Graduate

School of Medicine, Ehime University, *Department of Electronic Control Engineering, Niihama
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National College of Technology

Proc. of the 10" International Symposium on Heating by Electromagnetic Sources, pp 507-511, (2010)
Considering for application as a novel ablation therapy of liver cancer, the heat generation
ability of a Ti—coated mild steel rod was studied in an AC magnetic field at 300kHz. The outer diameter
and length of the Ti—tubes were 1.8mm and 20mm, respectively, while the inner diameter was varied
from 1. 6mm to Omm. 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. When the thickness of the Ti surrounding the mild steel rod
was as low as 0. 1mm, the heat generation ability was drastically different among the three
inclination angles (0= 0° 45° and 90°) 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. Based on these results, the prototype ablation needle having a complete non—oriented

heat generation ability was fabricated to use in subsequent animal experiments.

TE K2
HEAT GENERATION ABILITY IN AC MAGNETIC FIELD OF NANO SIZED FERRITE
POWDER PREPARED BY PHYSICAL BEAD MILLING FOR THERMAL
COAGULATION THERAPY
H. Aono*, H. Hirazawa®, T. Naohara®, T. Maehara®, Y. Watanabe®
*IGraduate School of Science and Engineering, Ehime University, **Department of Environmental
Materials Engineering, Niihama National College of Technology, **Department of Surgery, Graduate
School of Medicine, Ehime University
Proc. of the 10" International Symposium on Heating by Electromagnetic Sources, pp 483-489, (2010)

Nano-sized FeFe,0, ferrite powder having heat generation ability in an AC magnetic field was
prepared by bead milling for the application of thermal coagulation therapy. A commercial sample
(non—milled sample) of 2.0 um in particle size showed a temperature enhancement (AT) of 3 °C in
an AC magnetic field (370 kHz, 1.77 kA/m). The heat generation ability in the AC magnetic field
improved with the milling time, i.e., due to a decrease in the average crystal size for all the
ferrites examined. The highest heat ability (AT=26 °C) in the AC magnetic field was shown for the
fine FeFe,0, powder of 4.7 nm crystal size (the samples milled for 6 h using 0. Inm¢ beads). However,
the heat generation ability decreased for excessively milled samples with average crystal sizes
of less than ca. 4.0 nm for FeFe,0,. The heat generation of the samples showed some dependence on
the hysteresis loss for the B-H magnetic property. One of the reasons for the high heat generation
properties of the milled samples would be ascribed to an increase in the hysteresis loss by formation
of a single magnetic domain. Moreover, the improvement in the heating ability was obtained by
calcination at 500 °C of the bead-milled sample. In this case, the maximum heat generation (A
T=59 °C) ability was obtained by the crystal growth with the sample calcinations from the

supermagnetic particles to single magnetic domain particles.
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Preparation of MgFe,0, microsphere using spray dryer for embolization

therapy application

Hiromichi AONO*!, Takashi NAOHARA®', Tsunehiro MAEHARA™, Hideyuki HIRAZAWA** and Yuji WATANABE®
*IGraduate School of Science and Engineering, Ehime University, **Department of Environmental
Materials Engineering, Niihama National College of Technology, **Department of Surgery, Graduate
School of Medicine, Ehime University

Journal of the Ceramics Society of Japan 118 (12), pp. 1207- 1211 (2010).

MgFe,0, microspheres having a 2032 um diameter range were prepared by a spray dryer using
bead—milled nano—sized particles. A commercial powder having a several um particle size was
bead—milled to an approximate 6. 2nm crystallite size. The microspheres were obtained using the spray
dryer when the air pressure was low (0. 03 MPa). The yield of the MgFe,0, 2032 um microspheres was
improved by combination of a low air pressure and high ferrite concentration in the slurry. The

heat generation ability in an AC magnetic field (370 kHz, 1.77 kA/m) was improved by the bead milling.

FE B2
Heat Generation Ability in AC Magnetic Field and Their Computer Simulation
for Ti Tube Filled with Ferrite Powder
Hiromichi Aono™, Takashi Naohara®, Tsunehiro Maehara™, Hideyuki Hirazawa®, Shinya Matsutomo™,
Yuji Watanabe™
*IGraduate School of Science and Engineering, Ehime University, **Department of Environmental
Materials Engineering, Niihama National College of Technology, **Department of Electronic Control
Engineering, Niihama National College of Technology, *Department of Organ Regenerative Surgery,
Ehime University Graduate School of Medicine
J. Magn. Magn. Mater., 323, 88-93 (2011.11)

The heat generation ability of needle—type materials was studied for the application of thermal
coagulation therapy in an AC magnetic field. Although the Ti tube without the MgFe,0, powder or
Ti rod showed poor heat generation abilities in an AC magnetic field, the temperature was
significantly increased by the presence of ferrite powder in the Ti tube. We confirmed using a
computer simulation that the eddy loss of the Ti tube was increased by the enhanced magnetic flux
density due to the ferrite powder in the Ti tube. The heat generation of the ferrite filled Ti tube
was increased by utilization of the quenched MgFe,0, powder from elevated temperature. The relative
magnetic permeability of the quenched ferrite was enhanced with the decrease in the inverse ratio
of the cubic spinel structure. The heat generation ability was increased with the increase in the
relative magnetic permeability of the Ti tube with ferrite powder. The calculated joule loss based

on the experimental results showed an agreement with those using the computer simulation.

_44_



FE K2
Heat generation ability in AC magnetic field of nano MgFe,0,~based ferrite
powder prepared by bead milling
Hideyuki Hirazawa®, Hiromichi Aono*, Takashi Naohara®, Tsunehiro Maehara®, Mitsunori Sato™ and
Yuji Watanabe™
“IDepartment of Environmental Materials Engineering, Niihama National College of Technology,
*Graduate School of Science and Engineering, Ehime University, **AdMeTech Co. Ltd. *Department of
Surgery, Graduate School of Medicine, Ehime
Journal of Magnetism and Magnetic Materials, vol323, Issue6, pp.675-680, (2011)

Nanosized MgFe,0,~based ferrite powder having heat generation ability in an AC magnetic field was
prepared by bead milling and studied for thermal coagulation therapy applications. The crystal size
and the particle size significantly decreased by bead milling. The heat generation ability in an
AC magnetic field improved with the milling time, i.e. a decrease in crystal size. However, the
heat generation ability decreased for excessively milled samples with crystal sizes of less than
5.5 nm. The highest heat ability (A 7=34 C) in the AC magnetic field (370kHz, 1.77kA/m) was obtained
for fine MgFe,0, powder having a ca. 6 nm crystal size (the samples were milled for 6-8 h using
0.1 mm § beads). The heat generation of the samples was closely related to hysteresis loss, a B-H
magnetic property. The reason for the high heat generation properties of the samples milled for
6-8 h using 0.1 mm ¢ beads was ascribed to the increase in hysteresis loss by the formation of
a single domain. Moreover, the improvement in heating ability was obtained by calcination of the
bead-milled sample at low temperature. In this case, the maximum heat generation (A 7=41 C) ability
was obtained for a ca. 11 nm crystal size sample was prepared by crystal growth during the sample
calcination. On the other hand, the A7 value for Mg, ;Ca, ;Fe,0, was synthesized using a reverse

precipitation method decreased by bead milling.

FE K2
NEW HEAT GENERATION MATERIAL IN AC MAGNETIC FIELD FOR Y;Fe;O0,,~BASED
POWDER MATERIAL SYNTHESIZED BY REVERSE COPRECIPITATION METHOD
Hiromichi Aono*, Kenji Moritani*, Takashi Naohara™, Tsunehiro Maehara®, Hideyuki Hirazawa*, and
Yuji Watanabe™
*IGraduate School of Science and Engineering, Ehime University, **Department of Environmental
Materials Engineering, Niihama National College of Technology, **Department of Surgery, Graduate
School of Medicine, Ehime
Materials Letters, in press (2011)

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, 370kHz,
1. 77kA- m™ ') was obtained for the powder materials by the calcination at 1100°C for the Y, (Gd¢Fe;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 Gd;Fe;0;,

(X=3) has no heat generation ability in an AC magnetic field.

TE E2
Heat Generation Ability in AC Magnetic Field for Y;Fe;0,,~based Garnet Ferrite
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H. Hirazawa™!, H. Aono™? T. Naohara™? T. Maehara™? and Y. Watanabe™®

*Department of Environmental Materials Engineering, Niihama National College of Technology,
*Graduate school of Science and Engineering, Ehime University, **Department of Organ Regenerative
Suegery, Graduate School of Medicine, Ehime University

I0P Conference Series: Materials Science and Engineering, in press (2011)

The Y;Fe;0,,—based ferrite, i.e., Y;GdiFe;0,, system was synthesized using a reverse coprecipitation
method for application of new thermal coagulation therapy using an AC magnetic field for the
treatment of cancerous tissues. The mixed phase of the Y;Fe;0,,—type orthorhombic and cubic materials
without any impurities were obtained for this systems calcined at low temperature in XRD results.
However the orthorhombic phase almost disappeared by the calcination at 1150°C or higher temperature
for all the X samples. The calcination temperature strongly influenced the heat generation ability.
The maximum heat generation ability (AT=40-63°C, 370kHz, 1.77kA/m) was obtained for the powder
materials sintered at 1100°C for the Y, GdiFe;0,, system. The particle growth with the formation

of the cubic single phase strongly influenced to the heat generation.
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Glass—ceramics prepared by B,0;-Ti0,~SrO system were characterized by XRD, DTA and
photodecomposition method. The glass was crystallized at 610 to 700C for 60 min in the atmosphere.
The glass heat—treated at 650C was only an anatase—type Ti0, crystal. The anatase—type TiO, crystal
in the glass—ceramics heat—treated at 650C had an effect on the degradation behavior of methylene
blue. In heat—treatment at 670C, a crystal of SrBy0,, was deposited in the glass. The crystals of
anatase and rutile type were deposited in the glass heat—treated at 700C. The above result shows
that SrO in the glass raises the transformation temperature from an anatase—type of TiO, to a

rutile—type. It is possible to prepare a bulk of glass—ceramics with a photocatalytic function.
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Synthesis and photochromic properties of 1-thiazolyl-2—vinylcyclopentene derivatives
Shizuka Takami®, Yusuke Abe*, Kazuyuki Shimizu* and Ayano Shimizu*
*Niihama National College of Technology
6th International Symposium on Organic Photochromism, October 17-21, 2010

In this study, we have synthesized two 1-thiazolyl-2-vinylcyclopentene derivatives 2a and 3a to
obtain yellow photochromic compounds having a low photocycloreversion quantum yield. The
photochromic properties of 2 and 3 were also compared with that of 1. All of these compounds underwent
reversible photochromic reactions. Compounds la, 2a and 3a in toluene solutions changed the color
upon 313 nm light irradiation from colorless to yellow, in which absorption maxima were observed

at 416 nm, 424 nm and 419 nm, respectively.
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IREREF RS FEEER FERCRER 1A 21 B SEKRFMR S v N

o VBRI Y 2 = VR R EA LEFE R laB L 202 A L2074 by a3 v @ AR LT,
la LW 2a O MLz UPFERICERSE 313 nm 2 -5 & 67 b AT H A L mRRIGEEIZZENnE
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The heat generation ability of powder—type magnetic materials was studied for the application of
new thermal coagulation therapy in an AC magnetic field. We found that the Y;Fe;0,,~based powder
material shows high heat generation ability in AC magnetic field. The obtained precursors of
homogeneous hydroxides using this method were calcined at 1000°C-1300°C for the preparation of
Y,Fe:0,, powder. The maximum heat generation ability (AT=40-63°C, 370kHz, 1.77kA/m) was obtained
for the samples sintered at 1100°C for the Y, yGdFe:0,, system. The mixed phase of cubic and
orthorhombic for Y;Fe;0;, was formed for the samples calcined below 1100°C. The single cubic phase
was obtained for the samples calcined at 1150°C and higher. The particle growth with the formation

of the cubic single phase acted to decrease the heat ability for higher sintering temperature.
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Nano-sized FeFe,0, ferrite powder having heat generation ability in an AC magnetic field was
prepared by bead milling for the application of thermal coagulation therapy. The heat generation
ability (W-g—1) can express using 3.5X10-4:-fH2 in frequency (f/kHz) and the magnetic field
(H/kA'm-1) for the sample milled for 4 using 0.1 mm¢ beads
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Fine nano—-sized FeFe,0, powder was prepared by bead milling for 6 hours using 0. Imm ¢ beads. Heat
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generation ability in the AC magnetic field for nano-sized FeFe,0, was proportional to its frequency
and square of magnetic field. Heat generation ability P (W« g-1) can express using following equation
P=1.07X10-4 « f « H2, where f and H are frequency (kHz) and magnetic field (kA < m—-1), respectively.
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ERFEANDGAZEMNELIERTL—RSMEIZES YiFe0, TS5/ A IOBREDER
ilfse R, HFEPZ@E™, M Y. ARELT.  JEEAET. s
ERR R T S R P BR A B TR
AAEZ Iy 7 AHa 2011 4F42 201143 H
Y;Fes0,, microspheres having a 20-32 um diameter range was prepared by a spray dry method using
bead—milled nano—sized particles. Although commercial YsFe;0,, showed poor heat generation ability,
the bead—milled powder having about 16 nm in crystal size showed high heat generation ability in

an AC magnetic field. The yield of 20-32 um particle was 6.6 wt%h versus the starting powder.
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We prepared the Y;Fe 0,5 ferrite using a reverse coprecipitation method. The maximum heat generation
ability (AT) was obtained for the samples calcined at 1100°C. The calcined temperature of the
maximum AT value would depend on the crystal growth with the phase change between orthorhombic
and cubic phases. Heat generation ability of the Y;Fe;0,, is proportional to the cube of the strength

of magnetic field.
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