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Composite materials made from two or more different components are widely used in fields
ranging from semiconductor devices to mechanical structural materials. Depending on the
environment, this construction material may be subjected to mechanical loads and thermal stress,
and this may lead to problems such as delamination. The occurrence of such delamination is
expected to be strongly dependent on the residual stress subjected to loading processes. In the
present study, the influence of a repeated tensile bending load on the residual stress in the
Cu film and the carbon steel in Cu—coated steel was investigated. In the absence of a Cu coating,
it was shown that the residual stress in the steel changed to the compression side due to the
application of a repeated tensile bending load. Furthermore, the magnitude of the compressive
stress increased as the surface roughness of the substrate decreased. In the case of the Cu-
coated steel under the same load, the residual stress was slightly tensile stress decreased,
but its magnitude did not depend on the surface roughness. In the Cu coating itself, the residual
stress was originally tensile, but its magnitude decreased under repeated loading. This decrease
was much more significant when the surface roughness of the substrate was low.
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1, 2-Bis (2-methyl-1-benzofuran—3—-yl) perfluorocyclopentene shows photochromism in n—hexane at
room temperature. We have identified a new compound produced by the thermal decomposition in a
mixture of cis— and trans—decahydronaphthalene above 100°C in the absence of light
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In this study, the effect of the molar ratio between the GeO; and SiO; components of the
violet-blue GeOy Si0; phosphor glass on its photoluminescence (PL) activity has been examined.
The strongest PL intensity was observed for the (GeOs)9(Si0s) g0 compound, and its room—temperature
internal quantum efficiency estimated at an excitation wavelength of 250 nm was 53%. This value
was further increased by the addition of Al and Zr elements to the (Ge0s)4(Si0y)s phosphor, and
the internal quantum efficiencies of the resulting (Ge0s) 2 (Si0y) g + 2000 ppm Zr and (GeOs) 2 (Si0y) 5o
+ 1000 ppm Al systems measured at room temperature were equal to 66 and 70% respectively.
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Glasses with the composition (SiO2)s0(GeOz)s0-+(Na0)» (x=0, 20-40) were synthesized at1600 []C
by melting in air, and their photoluminescence properties were investigated. Furthermore, the
formation of non-bridging oxygens (NBOs) and oxygen vacancies in the (SiOz)so(GeQz)s0-+(Naz0) «
glasses was examined using X-ray photoelectron spectroscopy. In contrast to the violet-blue
emission of the (Si02)s(Ge02)s glass, the (Si02)s0(Ge0s)20 (Nas0)s0 glass exhibits a quasi-white
emission under ultraviolet light. The internal quantum efficiency of the (SiO2)s0(Ge02) 20 (Naz0)s0
glass at an excitation wavelength of 250 nm was 37%. It was confirmed that the number of NBOs
increases with the addition of Na20 in (Si02)s(Ge02)s0 glass.
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In recent times, interest in ferrite magnetic nanomaterials has considerably grown, mainly
due to their highly promising medical and biological applications. Spinel ferrite powder samples,
with high heat generation abilities in AC magnetic fields, were studied for their application
to the hyperthermia treatment of cancer tumors. These properties of ferrites strongly depend on
their chemical composition, ion distribution between crystallographic positions, magnetic
structure and method of preparation. In this study, crystal and magnetic structures of several
maghetic spinels were investigated by neutron diffraction. The explanation of the mechanism
triggering the heat generation ability in the magnetic materials, and the electronic and magnetic
states of ferrite—spinel type structures, were theoretically defined by a first—principles
method.

Ferrites with the composition of CuxMg;Fes0, have been investigated as a heat generating magnetic
nanomaterial. Atomic fraction of copper in ferrite was varied between 0 and 100% (that is, x
between 0 and 1.0 with 0.2 steps), with the copper dope limit corresponding to appear a
tetragonal phase.

© 2018 Elsevier B.V. All rights reserved
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In recent time, interest to ferrite magnetic nanomaterials has considerably grown mainly due
to their much promising medical and biological applications. The spinel ferrite powder samples
having high heat generation ability in AC magnetic field was studied for application to
hyperthermia treatment of cancer tumor. These properties of ferrites are strongly depending on
their chemical composition, ion distribution, spin orientation and method of preparation in
general and crystal structure in particular nature of the material. In this study, several
samples of ferrite magnetic structures were investigated by neutron diffraction. The
explanation of the mechanism to occurs the heat generation ability in the magnetic materials
and the electronic and magnetic states of ferrite—spinel - type structures were theoretically
defined by the first—principles calculations within the framework of DFT.
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Unusual dynamic precipitation softening in induced by dislocation glide in biomedical beta-
titanium alloys
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Softening of metallic materials containing precipitates during cyclic deformation occurs

through dissolution of the precipitates. because the to—and—fro motion of the dislocation
causes dissolution of the precipitate particles by cutting them. Here., however, we found the
completely opposite phenomenon for the first time; a “dynamic precipitation softening” phenomenon.
In a Ti-35Nb-10Ta-5Zr body—centered cubic structured B-Ti alloy single crystal developed for
biomedical implant . the toand—fro motion of the dislocation “induced” the selective
precipitation of the w-phase whose c—axis is parallel to the Burgers vector of the moving
dislocation, which led to the significant cyclic softening of the crystal. The formation of
the w—phase is generally believed to induce significant hardening of B-Ti alloys. However. the
present results suggest that this is not always true., and control of the anisotropic features
of the w—phase via control of crystal orientation can induce unusual mechanical properties in
B-Ti alloys. The unique anisotropic mechanical properties obtained by the cyclic—deformation—
induced oriented w—phase formation could be useful for the development of “single—crystalline
B-Ti implant materials” with advanced mechanical performance
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Al-Zn-Mg and Al-Cu-Mg alloys have been known to be susceptible to stress corrosion cracking,
which is based on intergranular fracture. The crack propagation mechanism depends on alloy
system with cracking in the Al-Zn-Mg alloy resulting from hydrogen embrittlement. Hydrogen
microprint technique, a method to visualize hydrogen atoms as silver particles on a specimen
surface, was performed to investigate hydrogen evolution in Al-Zn-Mg and Al-Cu-Mg alloys during
tensile deformation. Hydrogen was introduced into the specimens using hydrogen plasma gas. In
Al-Zn-Mg alloy, silver particles were observed on some grain boundaries where a surface relief
was formed. In Al-Cu-Mg alloy, silver particles were observed on the constituent particles as
well as the grain boundaries
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Duplex stainless steels (DSSs) are usually used in many industrial applications due to their
high mechanical properties, good resistance to pitting corrosion, stress corrosion cracking
(SCC) and good weldability. Also, another advantage of DSS, compared with austenitic type is
low cost. However, in hydrogen containing environments, hydrogen embrittlement phenomena occur,
leading to a degradation of the mechanical properties. For better understanding of the hydrogen
embrittlement in duplex stainless steels, it is necessary to characterize the distribution and
transport of hydrogen in or between the ferrite and austenite phases. To do this, it is effective
to charge the specimens with hydrogen of amount larger than the impurity or internal hydrogen
level. Two charging methods have been reported so far: electrolytic cathodic charging and plasma
charging. Little has been known for the latter although it has several advantages: larger
hydrogen amount and less extent of surface damage. In this paper, hydrogen has been introduced
into a DSS, JIS SUS329J4L, by plasma charging method, and then its behavior has been evaluated
as a function of charging condition, by means of tensile test, and thermal desorption

spectroscopy.
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Alteration of residual stress due to heat treatment of Cu layer in single-, double—film deposited by
sputtering.

Takuo Sakai*l, Tatsuya Matsue*2, Masayuki Nishida*3 and Takao Hanabusa*4
*] National Institute of Technology, Niihama College, Advanced Engineering Course
*2 National Institute of Technology, Niihama College
*3 Kobe City College of Technology.
*4 Tokushima University
PROCEEDINGS, THE FOURTEENTH INTERNATIONAL SYMPOSIUM ON SPUTTERING & PLASMA PROCESSES~ISSP 2017
~, pp. 205-208, Kanazawa Institute of Technology, Kanazawa, Japan July 5~7, 2017
The field of conventional semiconductor densified the integrated circuit by the decrease in
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wiring width. However, there is a problem that the wiring is fracture due to stress migration
caused by thermal stress in the use environment. The present study, Cu single—layer film and
double-layer of Cu/Ti and Cu/TiN films were deposited on glass substrates by DC sputtering
method. Fach specimen was heated from 100°C to 400°C in 50°C steps. Those specimens investigated
surface observation, the change of the crystal structure and the residual stress of the Cu
layer. In the crystalline state, the Culll diffraction peak is stronger than other diffraction
peaks. Therefore, Cu film seems to 111 crystal orientation and random crystalline state are
mixed. The surface morphology of Cu film showed that the surface was smooth and homogeneity in
all specimens. In additions, uniform crystal growth was observed in both the Cu single layer
film and the double layer film. Residual stress of the Cu film exists about 70 MPa. On the other
hand, the residual stress of the Cu/Ti and Cu/TiN double layer films tends to be larger on the
tensile side than the Cu single layer film. After heated treatment, the residual stress of the
Cu layer in the Cu single layer film, Cu/Ti and Cu/TiN double film increases toward the tensile
side as the processing temperature increases. On the other hand, the tensile residual stress of
the double layer film is larger than that of the Cu single layer film, and it is the same after
the heated treatment. Furthermore, the tensile residual stress of the Cu layer has a larger
value as the elastic constant of the lower layer increases
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Effect of Heat Treatment on Residual Stress of Cu Film Deposited on Steel Substrate
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~, pp.217-220, Kanazawa Institute of Technology, Kanazawa, Japan July 5~7, 2017

Cu films are used in a very wide field from semiconductors to machine structural materials.
In the semiconductor field, stress migration occurs due to thermal residual stress generated
in the Multi-layer film, causing problems such as breakage of the wiring. Therefore,
clarifying the state of the residual stress of the deposited thin film in the use environment
is also important for improving the reliability of the product. In the present study, Cu
films were deposited by sputtering using carbon steel (JIS: S45C) substrates. The thickness
of Cu films was 1.4 and 0.7 um. The substrate was ground to the surface roughness of 0.3
and 0.03 um(JIS: Ra), and then annealed for 60 min at 1083 K. The residual stress of both
the Cu film and the substrate was evaluated by X-ray diffraction method. Furthermore, the
residual stress state of the Cu coating material by heat treatment up to 600° C was examined.
As the results, the crystal state of the Cu film could obtain large peak of Culll diffraction,
but since other diffraction peaks were also observed, it is in a random crystalline state
Tensile residual stress of about 80~170MPa was existed in the Cu film deposited on the
carbon steel substrate. Further, the tensile residual stress of the Cu film tends to
increase as the surface roughness of the substrate is small and the film thickness is
thinner. On the other hand, residual stress on the substrate side have about 020 MPa. When
the surface roughness is large, it becomes tensile residual stress. After the heat treatment,
residual stress of the Cu film tended to increase tensile residual stress as the treatment
temperature increased in either of the steel substrates. In addition, the residual stress
of the steel substrate also becomes a tensile stress depending on the increase in the heat
treatment temperature
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Self Heating Ability of YisFes0:, Ferrite Powder Prepared by pH Control Reverse
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YsFes01, ferrite with the highest heat generation ability in AC magnetic field was studied for
application in thermal coagulation therapy of cancerous tissue. In my recent study, the heat
generation ability of YsFes0;» was found to exhibit a strong dependent on synthesis conditions.
In this study, we tried to prepare the YsFe;02 with highest heat generation ability in AC
magnetic field by pH control reverse co—precipitation method and clarify the mechanism of heat
generation behavior in alternating magnetic field.
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Compar ison of heat generation ablity for nano-sized MgFe,0; powder prepared by various
chemical synthesis and bead milling

T. Sakai *1, H. Hirazawa#*l, D. Sangaa*2, Kiselva T.Yu %3, H. Aono*4

*1 National Institute of Technology, Niihama college

*2 Mongolian Academy of Science

*3 The Schmidt Institute of Physics of the Earth RAS,

*4 Ehime University

The 6th International Symposium on Advanced Ceramics, 201883 H

Powdered magnetic materials capable of high heat generation in AC magnetic field have been
studied for application in the thermal coagulation treatment of cancer tumors. For this type of
therapy, it is important that the powdered sample is micronized small enough to encapsulate in
liposome (<100nm) to fix them on cancerous tissue (DDS: Drug Delivery System).

In this study we prepared MgFe;0, with high heat generation ability in AC magnetic field by
three type synthesis method e.g. polymerized synthesis, coprecipitation method, and solid
reaction method. The highest heat generation ability was found to exhibit for polymerized
synthesis sample (2.0um in particle size), the similar tendency was also determined in
hysteresis loss value. Moreover, nano—sized MgFes0, particle having high heat generation ability
was obtained by bead milling. However, the hysteresis loss was decreased with decreasing the
particle diameter, it suggests that excessive milling might be formed with magnetic single
domain having superparamagnetism.

TE XKz

Self Heating Ability of YisFes0:, Ferrite Powder Prepared by pH Control Reverse
Co—precipitation Method

T. Goda*1, H. Hirazawa*l, D. Sangaa*2, N. Tsogbadrakh*3, S. Shigaxl, T. Matsue*l, H. Aono*4
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*1 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 Ehime University
27" Annual Meeting of MRS-J(2017) , 20174124
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Development of Intelligent Lunch Box Using Induction Heating
A. NINOMIYA*1, R. KATO%1, H. HIRAZAWA*1, S. MATSUTOMO*1, M. ASATO*1
*1 National Institute of Technology, Niihama college
27" Annual Meeting of MRS—J(2017) (invited speaker), 20174F12H

Induction heating is an accurate, fast, repeatable, non—contact technique for heating
metals or any other electrically conductive materials. Generally, when an alternating magnhetic
field is applied to a metal, EMF is induced in the material itself according to Faraday’ s
law. These circulating current produce the heat generation ability which is estimated as
follows: Q=RI’t Q: Calorie [J], R: Electric resistance [Q], I: Current [A] respectively. In
this study we try to develop self heating lunch box that can generate selective heat in AC
magnetic field, and clarify the mechanism of heat generation property by computer simulation.

FiE RZ

HIGH HEAT GENERATION ABILITY IN AC MAGNETIC FIELD OF YsFesO;, POWDER SYNTHESIZED WITH
DIFFERENT PH CONDITION

Koki Ishikawa*1, Hideyuki Hirazawa*l, Deleg Sangaa*2, Namsrai Tsogbadrakh#*3, Hiromichi Aono*4
*] National Institute of Technology

*2 Institute of Physics and Technology, Mongolian Academy of Science

*3 Department of Physics, School of Arts and Sciences, National University of Mongolia

*4 Ehime University

17th Asian BioCeramics Symposium, 20174117

Powdered magnetic materials having high heat generation ability in AC magnetic field was
investigated for application in the thermal coagulation technique of cancerous tissue. In our
previous study, the YsFes0;2 was found to exhibit the capable of high heat generation ability in
AC magnetic field. However, their heat generation property was strongly dependent on synthesized
conditions, especially the pH control was important to improve their heat generation ability.
In this study, we tried to prepare the YsFes02 ferrite powder with highest heat generation
ability by pH-controlled reverse co—precipitation method in older to apply the thermal
coagulation therapy of cancerous tumor.

For the reverse co—precipitation step, the precursors of YsFes02 was prepared using Y(NOs)s *
6H,0, Fe(NOs)s * 9Hs0 as a starting material. The pH value of precursors were controlled in the
range of 7 12 by decantation, and calcined at 1200°C to form the YsFesOp, structure

Single phase of YsFes0y» ferrite structure without any impurity peak was detected in all samples
from XRD pattern (not shown in figure). Figure 1 shows the heat generation ability in AC magnetic

field of YsFes012 ferrite with different pH conditions. Heat generation ability was increased
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with decreasing pH value, the highest heat generation ability ca. 180°C in enhanced temperature

was obtained at pH=7.10 sample.

TE XKz
High Heat Generation Ability in AC Magnetic Field of YsFes0:, Ferrite Powder Prepared by
Polymerized Complex Method
Moe MIYAZAKI*1, Hideyuki HIRAZAWA*1, Deleg SANGAA*2, Namsrai TSOGBADRAKH#*3, Hiromichi AONO*4
*] National Institute of Technology
*2 Institute of Physics and Technology, Mongolian Academy of Science
*3 Department of Physics, School of Arts and Sciences, National University of Mongolia
*4 Ehime University
The 34th International Japan—Korea Seminar on Ceramics, 20174F11H

Thermal coagulation therapy using magnetic materials in AC magnetic field has been expected
as a new treatment technique of cancerous tissue. We then briefly reported that the YsFes0io
type garnet ferrite was found to exhibit the biocompatibility and high heat generation ability
in AC magnetic field. However, the heat generation ability of YsFes0; was strongly influenced
by synthesis condition e.g. sol—-gel synthesis and reverse co—precipitation method. In this
study, the YsFes02 powder with highest heat generation was prepared by polymerized complex
method in order to clarify the mechanism of heating ability in AC magnetic field

YsFes0, Powder material was prepared by polymerized complex method using metal nitrates
(=MN; Y(NO3)3 * 6H;0 and Fe (NOs)s * 9H,0) as a starting materials. Citric acid (=CA; C¢llsO7) and
ethylene glycol were mixed in accordance as follows : (CA)/(MN)= 3/8~32/8 in molar ratio.
The mixed solution was heat treated at 200° C for 3h and held at 400° C for 1lh to obtain
precursor powder. The precursors were calcined at 1100° C and 1200° C for 1h, to formed the
garnet type ferrite structure

TE RZ
Heat Generation Behavior for Nano-sized MgFe,0, Powder Prepared by Polymerized Synthesis
Method and Bead Miling
Tomomasa SAKAI*1, Hideyuki HIRAZAWA*1, Deleg SANGAA*2, Namsrai TSOGBADRAKH*3, Hiromichi AONO#*4
%] National Institute of Technology
*2 Institute of Physics and Technology, Mongolian Academy of Science
*3 Department of Physics, School of Arts and Sciences, National University of Mongolia
*4 Ehime University
The 34th International Japan—Korea Seminar on Ceramics, 20174E11H

The powdered ferrite materials capable of high heat generation ability in AC magnetic field
have been studied to application for thermal coagulation therapy of cancerous tissues. For this
type of therapy, the preparations of fine ferrite particle is important to encapsulated in
liposome (<100nm). In our previous study, we found that the heat generation ability of MgFes0,
powder was significantly improved by polymerized synthesis method, but was found to have large
particle size. In this study, we prepared nano—sized MgFe;0; powder with highest heat generation
ability in AC magnetic field using bead milling

TE XKz

Development of ferrite powder material having self-heating ability in AC magnetic field
ROURARL, IER SRR, VR Bkl SEE SRz, AR Hikk2, ZHE O3

*1 TR ER B LR, 2 B E i SRR LR, *3 S E ) SR
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Development of intelligence lunch box using induction heating
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Mossbauer and Magnetic Studies of Substituted Mg-Ferrites for Mediated Hyperthermia
Kabanov V.M. *1, Kiseleva T.Yu.*1, Ilyushin A.S.#*1, Markov G.P.*2, Sangaa D.*3, Hirazawa H. x4
*1 Moscow M. V. Lomonosov State, Department of Physics
*2 The Schmidt Institute of Physics of the Earth RAS.
*3 Institute of Physics and Technology, Mongolian Academy of Science
*4 National Institute of Technology, Niihama College
The International Conference on the Applications of the Mossbauer Effect, 20174E9H

Specific structural, electrical and magnetic properties of ferrites are determined as by the
type of metals, included in their composition, as well the cationic distribution and interaction
between them. A modern attractive application of ferrites is their use in nanosized forms in
biomedical technologies as components in systems for magnetically mediated hyperthermia [1].
Specific important magnetic properties of ferrites used for this purposes may be modulated as
by type of substituting metals, included in their composition, the cationic distribution and
interaction between them, as particles sizes distributions [2-3]. Polycrystalline ferrite
powders of Mgl-xCuxFe204 (x = 0.2, 0.4, 0.6, 0.8, 1) system were prepared by solid state
reaction. Synthesized samples showed the non—monotonic dependence of heat generation effect in
AC magnetic field with increasing concentration of copper. To reveal peculiarities of the
structural and magnetic state of the samples and its influence on the heat generation ability
we performed Mdssbauer spectroscopy at different temperatures and in applied magnetic field
together with magnetic properties investigation. Structure, morphology and particles sizes were
studied by X-ray diffraction and Scanning electron microscopy.

TE HE2
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AN OVERVIEW OF INVESTIGATION FOR FERRITE MAGNETIC NANOMATERIAL

D. Sangaa*l, B. Khongorzul*l, E. Uyanga*l, N. Jargalan*l, N. Tsogbadrakh*2, H. Hirazawa*3
*] Institute of Physics and Technology, Mongolian Academy of Science

*2 Department of Physics, National University of Mongolia

*3 National Institute of Technology, Niihama College

The 6th International Conference on Materials Science, 201748 H

In recent time, interest to ferrite magnetic nanomaterials has considerably grown mainly due
to their much promising medical and biological applications. The spinel ferrite powder samples
having high heat generation ability in AC magnetic field was studied for application to
hyperthermia treatment of cancer tumor. These properties of ferrites are strongly depending on
their chemical composition, ion distribution, spin orientation and method of preparation in
general and crystal structure in particular nature of the material. In this study, several
samples of ferrite magnetic structures were investigated by neutron diffraction. The explanation
of the mechanism to occurs the heat generation ability in the magnetic materials and the
electronic and magnetic states of ferrite—spinel - type structures were theoretically defined

by the first—principles calculations within the framework of DFT.
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STRUCTURAL AND MAGNETIC PROPERTIES OF COPPER SUBSTITUTED Mg-FERRITES FOR MEDIATED
HYPERTHERMIA

Kiseleva T. Yu. *1, Kabanov V.M. *1, Ilyushin A.S.*1,2, Markov G.P.*3, Sangaa D.*4, Hirazawa H.*b
*1 Moscow M. V. Lomonosov State, Department of Physics

*2 The Ibragimov Complex Institute, RAS

*3 The Schmidt Institute of Physics of the Earth RAS.
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*4 Institute of Physics and Technology, Mongolian Academy of Science
*5 National Institute of Technology, Niihama College
Moscow International Symposium on Magnetism, 20174E7H

Magnesium ferrite (MgFe:01) is one of the most important ferrites, which finds a number of
applications in heterogeneous catalysis, adsorption, sensors, and in magnetic technologies. A
modern attractive application of Mg—ferrites is their use in nanosized forms in biomedical
technologies as components in systems for magnetically mediated hyperthermia [1]. Specific
important magnetic properties of ferrites used for these purposes may be modulated as by type
of substituting metals, included in their composition, the cationic distribution and interaction
between them, as distributions of particles’ sizes [2-3].

In our work, polycrystalline ferrite powders of Mgi—xCuxFes0s (x = 0.2, 0.4, 0.6, 0.8, 1) system
obtained by ceramic technology have been investigated. Synthesized samples showed the non—
monotonic dependence of heat generation effect in AC magnetic field with increasing concentration
of copper. To reveal peculiarities of the structural and magnetic state of the samples and its
influence on the heat generation ability we performed complex study, including X-ray
diffractometry, Mossbauer spectroscopy, Scanning electron microscopy, measurements of

temperature dependences of susceptibility and saturation magnetization, hysteresis parameters.
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