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Ferritization of waste printed circuit boards for magnetic separation of common metals
Takanori Hino*1, Youichi Sono*2 and Ryuichi Agawa*2
*1 Department of Environmental Materials Science and Engineering, National Institute of Technology
(KOSEN), Niihama College., *2 First inc
Transactions of the Materials Research Society of Japan, Vol. 43, No. 3 (2018) 191-196

In this research, we examined a method that separates and recovers metals from pulverized

powder of printed circuit boards contained in discarded personal computers
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Improvement of self-heating ability in AC magnetic field of MgFe,0, powder prepared by
Polymerization method
Tomomasa Sakaix*1, Hideyuki Hirazawa#*1l, Deleg Sangaa*2, Uyanga Enkhnaran%2, Hiromichi Aono*3
%] National Institute of Technology (KOSEN), Niihama College
*2 Institute of Physics and Technology, Mongolian Academy of Science
*3 Graduate School of Science and Engineering, Ehime University
Materials today: proceedings, in printing

The spinel type MgFe:0, ferrite powder having self-heating ability in an AC magnetic field was
prepared by polymerization method in order to investigated the application for thermal
coagulation treatment of cancer tissue. The single phase of cubic ferrite structure was obtained
for all sample synthesized with different CA/MN (Citric Acid / Metal Nitrate) conditions. The
heat—generation—ability was extremely improved at CA/MN=2.0 sample (AT = 168 °C), however the
heat—generation—property decreased with increase in CA/MN ratio. Hysteresis loss value also
increased at CA/MN=2.0 sample, it was suggested that the heat-generation—ability of MgFes0,
powder prepared by polymerization method was depended on hysteresis loss value.
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Correlation between synthesis and physical properties of magnesium ferrite
Uyanga Enkhnaran*l, H. Hirazawa*2, A.M. Balagurov*3, N. Jargalan*3, D. Sangaa*l
%] Institute of Physics and Technology, Mongolian Academy of Science
*2 National Institute of Technology (KOSEN), Niihama College
*3 Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research
Journal of Materials Science, in printing
Sol-gels with different CA/MN ratios, reverse coprecipitation, and solid reaction methods
have been applied to carry out MgFe,0; magnetic material. The influence of synthesis parameters
was characterized by using analytical tools such as high-resolution neutron diffraction, a B-H
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analyser, and SEM technique. Using a temperature increasing measurement apparatus, the heat
generation ability was also analysed in the AC magnetic field. Structural analysis reveals that
all of the samples possess cubic and ferrimagnetic structures corresponding to the space group
Fd3m and lattice constant a=8.4 A. Fitting high-resolution neutron diffraction data indicates
that the degree of inversion in synthesized ferrites is between 0.78 and 0.95. There were
significant correlations observed between temperature enhancement ability and chemical synthesis
methods.
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Influence of Cu dope on the structural behavior of MgFe,0; at various temperatures
I. Khishigdemberel*1, E. Uyanga*l, H. Hirazawa*2, D. Sangaa*l
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Phisica B, condensed Matter, vol. 544, pp. 73-78, (2018.9)

The influence of Cu doping on the MgFe.0; crystal and magnetic structure has been studied at
various temperatures. A series of Mgl—-xCuxFe204 (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) spinels have
been prepared by a chemical solid-state reaction method. The diffraction patterns confirmed
that the formation of the single cubic spinel phase obtained for samples with a Cu content of
up to 0.6. The second phase of a small amount of tetragonal CuFe;0, phase was observed in the
sample with x = 0.8. Cu doping increased and stabilized the magnetization of MgFe;0; at a high
temperature. The crystal phase of Cu doped MgFes0; was not changed up to 753 K.
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Structural investigation of chemically synthesized ferrite magnetic nanomaterials

E. Uyanga*l, D. Sangaax*l, H. Hirazawa*2, N. Tsogbadrakh#*3, N. Jargalan*4, I.A. Bobrikov#*4, M.
Balagurov*b

*]1 Institute of Physics and Technology, Mongolian Academy of Science
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Journal of Molecular Structure, vol. 1160, pp.447-454, (2018.5)

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
magnetic 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 CuMg—Fe-0, 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
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tetragonal phase.
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Change in Residual Stress due to Heat treatment of Cu layer in Single-, double- and
multi-layer film formed by sputtering method
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%] National institute of Technology (KOSEN), Niihama College
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The 28™ Annual Meeting of MRS—J 2018 Proceedings * pp. G1-019-002 « 20184E.

The field of conventional semiconductor densified the integrated circuit by the decrease in
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—, double— and
multi—-layer of Cu, Cu/Ti, Cu/TiN, and Ti/Cu/Ti films were deposited on glass substrates by DC
sputtering method. Each 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 100
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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Stirring state of the bonding layer of the jointed aluminum alloy by friction stir welding
S. Takeuchi*1, T. Matsue*2, M. Nishida*3

%] Advanced Engineering Course student, National institute of Technology (KOSEN), Niihama College
*2 National institute of Technology, Niihama College

*3 Kobe City College of Technology

The 28™ Annual Meeting of MRS—J 2018 Proceedings * pp. G1-019-003 + 20184F.

Friction stir welding is a technique of solid phase joining in which a metal material is
joined by frictional heat and plastic flow. This method is used not only for bonding the same
kind of metal but also for bonding different metals. However, depending on the bonding conditions,
various defects are introduced at the joint. Therefore, it is necessary to clarify appropriate
bonding conditions. The purpose of this research is to clarify appropriate processing conditions
from the state of plastic flow to the aluminum alloy subjected to friction stir welding. As a
specimen, two kinds of aluminum alloys (JIS: A2017, A5083) were used and joined by a friction
stirring method. At this time, the rotation speed of the main shaft is 775 rpm, and the feed
speed is 35, 70, 140 mm/min. The stirring state was examined by measuring the X-ray diffraction
profile from the difference in the peak position of the Al222 diffraction line of the two
aluminum alloys. Mechanical strength of the stirring layer was measured by Vickers hardness
measurement. Figure 1 and 2 show the stirring state and the Vickers hardness distribution of
both phases in the cross section of the sample subjected to friction stir welding. From these
results, it was found that the material of the RS side (Recession Side) is distributed upward
and the material of the AS side (Advance Side) is distributed downward by friction stir
processing. That is, the Vickers hardness is high in the region of A2017 material and low in
the region where A 5083 is obtained
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We investigated crystallization mechanisms of 70B.0: (10-x)TiO— (20+x)Sr0 (x=1"3) (mo1%)
glasses. These glasses were crystallized at 719 ° C for 60 min., and the precipitated
crystals were identified using XRD. It was found that anatase type TiO, was precipitated from
the glasses containing Ti0:=8 mol% or more. In addition, precipitation of [-Ti0., was also
observed in the glass with Ti0,=8 mol%. When this glass was heat-treated at 654 to 756 ° C,
precipitation of B-Ti0O; was not observed at 738 ° C or higher. From this result, it is
considered that the crystallization mechanisms of Bs0yTi0;—SrO system are firstly to
precipitate B—Ti0O; and then to change to structure of anatase type TiO..
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The field of conventional semiconductor densified the integrated circuit by the decrease in
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—, double— and
multi-layer of Cu, Cu/Ti, Cu/TiN, and Ti/Cu/Ti films were deposited on glass substrates by DC
sputtering method. Each 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
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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 100
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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%1 Advanced Engineering Course student, National institute of Technology (KOSEN), Niihama College
%2 National institute of Technology (KOSEN), Niihama College
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Friction stir welding is a technique of solid phase joining in which a metal material is
joined by frictional heat and plastic flow. This method is used not only for bonding the same
kind of metal but also for bonding different metals. However, depending on the bonding conditions,
various defects are introduced at the joint. Therefore, it is necessary to clarify appropriate
bonding conditions. The purpose of this research is to clarify appropriate processing conditions
from the state of plastic flow to the aluminum alloy subjected to friction stir welding. As a
specimen, two kinds of aluminum alloys (JIS: A2017, A5083) were used and joined by a friction
stirring method. At this time, the rotation speed of the main shaft is 775 rpm, and the feed
speed is 35, 70, 140 mm/min. The stirring state was examined by measuring the X-ray diffraction
profile from the difference in the peak position of the Al222 diffraction line of the two
aluminum alloys. Mechanical strength of the stirring layer was measured by Vickers hardness
measurement. Figure 1 and 2 show the stirring state and the Vickers hardness distribution of
both phases in the cross section of the sample subjected to friction stir welding. From these
results, it was found that the material of the RS side (Recession Side) is distributed upward
and the material of the AS side (Advance Side) is distributed downward by friction stir
processing. That is, the Vickers hardness is high in the region of A2017 material and low in
the region where A 5083 is obtained
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Visualization of Gas Tungsten Arc Welding skill using brightness map of backside molten
pool
T. Hino*l, S. Fujioka#*2, S. Kira*2, T. Sakiyama*3, R. Kato*4, T. Matsubara#*5 and H. Yanagimoto*6
*1 Department of Environmental Materials Science and Engineering, National Institute of Technology
(KOSEN), Niihama College, *2 Center for Engineering Design Education, *3 Department of Electrical
Engineering and Information Science, *4 Faculty of Fundamental Science, *b5 Tokushima Prefectural
Industrial Technology Center, *6 Shikoku Kakoki Co., Ltd
28th Annual Meeting of MRS-J, G1-019-004 (2018.12.19)

The BMP suggests that the GTAW torch control skill and the quality of the backside bead were
able to visualize.
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Behavior of hydrogen in a weldable high-strength steel
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*1 Department of Environmental Materials Science and Engineering, National Institute of Technology
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In the present study, hydrogen behavior in a weldable high—strength steel was investigated
using tensile testing and silver decoration technique.
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Kakoki Co., Ltd.
28th Annual Meeting of MRS-J, G1-P20-015 (2018. 12.20)

We have suggested the brightness map of back side molten pool (BMP) and have determined the
welding situation. In this study, we construct a program to analyze 3D-BMP using programing
language (MATLAB) in order to evaluate and realize the welding skill.
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Development of Self-Heating MgFe,0, Prepared by Chemical Synthesis and Bead Milling
T.Sakai*1, H. Hirazawa*l, D. Sangaa*2, U. Enkhnaran*2 and H. Aono*3

*] National Institute of Technology (KOSEN), Niihama College

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

*3 Graduate School of Science and Engineering, Ehime University

28" Annual Meeting of MRS—Japan (2018, 12)

Powdered ferrite materials capable of self-heating in an AC magnetic field have been studied
for application in the thermal coagulation therapy of cancer tumors. For this type of therapy,
it is important that the powdered sample is micronized small enough to encapsulate in liposome
(<100nm) in order to fix them on cancerous tissue (DDS:Drug Delivery System). To date, spinel
type Fes0s powder has been investigated as a candidate material for this therapy, but was found
to have insufficient heat generation ability in AC magnetic field. We then briefly reported
that the MgFe.0, powder prepared by solid reaction method exhibit highest heat generation ability
among various spinel ferrite. Moreover, we found that the heat generation ability of MgFes0; was
significantly improved by sol-gel synthesis due to increasing hysteresis loss. In this study,
we prepared MgFe;0, powders by several chemical synthesis methods such as solid reaction, reverse
co—precipitation and polymerized complex method in order to obtain highest heat generation
ability in AC magnetic field. Furthermore, we utilized bead milling in order to obtain MgFe;0,
nano particle to clarify the mechanism of heat generations in AC magnetic field

TE K2z

Development of High Heat Generation Ability in AC Magnetic Field of YiFes0:, Based Ferrite
Powder Prepared by Polymerized Complex Method

M. Miyazaki*1, *H.Hirazawa*1, D.Sangaa*2, U.Enkhnaran*2, H.Aono*3

%] National Institute of Technology (KOSEN), Niihama College

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

*3 Graduate School of Science and Engineering, Ehime University
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28" Annual Meeting of MRS—Japan (2018, 12)

Thermal coagulation therapy using magnhetic materials that have high heat generation ability
in an AC magnetic field has been expected as a new treatment technique of cancerous tissue. In
general, fine magnetite powder have been investigated as a candidate material for this therapy
but was found to insufficient heat generation ability in AC magnetic field. We then briefly
reported that the YsFes0» have highest heat generation ability among various commercial ferrite.
In this study, we tried to develop YsFes01» based ferrite powder by polymerized complex method
in order to improve heat generation ability in AC magnetic field. YsFes0;; Powder material was
prepared by polymerized complex method using metal nitrates (=MN) e.g. Y(NOs)s * 6H:0, Fe(NOs)s *
9H;0 and Dy (NOs)s * 5H;0 as a starting materials. Citric acid (=CA) and ethylene glycol were mixed
for accordance with (CA)/(MN)=1.0 in molar ratio. The mixed solution was heat treated at 200° C
for 3h and held at 400° C for 1lh to obtain precursors, after that calcined at 1100° C and
1200° C for 1h to form garnet ferrite structure.

TE Ez

Development of YsFes0;, Powder Having High Self-Heating Ability in AC Magnetic Field
A. Takahashi*1, H.Hirazawa*l, D.Sangaa#*2, U.Enkhnaran#*2 and H. Aono*3

%] National Institute of Technology (KOSEN), Niihama College

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

*3 Graduate School of Science and Engineering, Ehime University

The Irago Conference 2018 (2018, 11)

Thermal coagulation therapy was investigated as a new cancer treatment technique that utilize
the heat generations of ferrite powder in AC magnetic field. We then briefly reported that the
YsFes02 type garnet ferrite was found to exhibit the biocompatibility and high heat generation
ability in AC magnetic fieldl). However, the heating ability of YsFesO;» was strongly depended
on the synthesis method, it is required to find the optimum conditions for chemical synthesis.
In this study, the YsFe;012 powder with highest heat generation ability was prepared by chemical

synthesis method and its mechanism of heat generation in AC magnetic field investigated

TE K2

High Heat Generation Ability in AC Magnetic Field of Al Substituted MgFe,0, Powder Prepared
by Chemical Synthesis

S. Tanaka*1, H.Hirazawaxl, D.Sangaa*2, U.Enkhnaran*2 and H. Aono%*3

%] National Institute of Technology (KOSEN), Niihama College

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

*3 Graduate School of Science and Engineering, Ehime University

The Irago Conference 2018 (2018, 11)

Thermal coagulation therapy was investigated as a new cancer treatment technique that utilize
the heat generations of ferrite powder in AC magnetic field. We then briefly reported that the
YsFes02 type garnet ferrite was found to exhibit the biocompatibility and high heat generation
ability in AC magnetic fieldl). However, the heating ability of YsFesOi» was strongly depended
on the synthesis method, it is required to find the optimum conditions for chemical synthesis
In this study, the YsFes02 powder with highest heat generation ability was prepared by chemical
synthesis method and its mechanism of heat generation in AC magnetic field investigated
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Development of FineYsFes01, Powder having High Heat Generation Ability in AC Magnetic
Field
T. Goda*x1, H.Hirazawa*1, D.Sangaa*2, U.Enkhnaran*2 and H.Aono*3
%] National Institute of Technology (KOSEN), Niihama College
*2 Institute of Physics and Technology, Mongolian Academy of Science
*3 Graduate School of Science and Engineering, Ehime University
International Conference 2018, Modern Trends in Natural Science and Advanced Technology in
Science Education, 2018.8

Powdered magnetic materials having high heat generation ability in AC magnhetic field was
synthesized by pH controlled reverse coprecipitation method. For the reverse co—precipitation
step, the precursors of YsFes0i2 was prepared using Y(NOs)s * 6H,0, Fe(NOs)s « 9H;0 as a starting
material. The pH value of precursors were controlled in the range of 7712 by decantation, and
calcined at 1200 °C to form the YsFes012 structure. Single phase of YiFe;012 ferrite structure
without any impurity peak was detected in all samples from XRD pattern (not shown in figure).
Fig.1 shows the heat generation ability in AC magnetic field of YsFes0i; ferrite with different
pH conditions. Heat generation ability was increased with decreasing pH value, the highest heat
generation ability ca. 180°C in enhanced temperature was obtained at pH=7.10 sample.
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