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It is a great honor for me to be promoted to Associate Professor of the Advanced Research
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RoRyRrzasF4Fr7593Iny 45

Center of Metallic Glass of the IMR, Tohoku University. The major subject of my research is
computer simulation of physical-chemical properties of complex materials that are great scientific
interest and have promising applications.

As an example of previous research, the cooling process of pure Ni was investigated using an ab

‘.I

Tohoku University). The results obtained suggest that the reduced glass transition temperature is only an indicator

Initio molecular dynamics simulation in collaboration with Prof. D. Louzguine group (WPI,

of how easily a glass can be formed and that its stability is a significantly more important feature. Moreover, the high
sorption ability for acetylene on metal-organic framework (MOF) material was determined in collaboration with Prof.
S. Kitagawa group (Kyoto University), using both extensive first-principles calculations and different experimental
measurements, which ascribe to the double hydrogen bond support between the acidic acetylene proton and its
acceptor basic site on the channel surface. It has been shown that the concept using designable regular MOF could be
applicable to a highly stable, selective adsorption system.

My current research subjects are related to materials for hydrogen and carbon dioxide storage, early cancer
diagnosis and treatment, effective targeted drug delivery and separation and molecular electronics.Therefore the
future plan of my research will be connected to computer simulation of physical-chemical properties of materials
related to these areas. Moreover, I have an interest in studying the properties of amorphous solids and the
thermodynamic nature of glass transition phenomena.
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Preparation and characterization of novel biodegradable metals for medical application

Prof. Guangyin Yuan
School of Materials Science & Engineering, Shanghai Jiao Tong University, China

From 19tk of July to 18tk of September 2011, I worked as a biomaterials by using the

visiting professor in Professor Hidemi Kato’s Lab at IMR
of Tohoku University. It was a great pleasure for me to
come back to the same Lab where I've worked as JSPS
researcher 7 years ago, at that time working closely with
Professor Akihisa Inoue, now the president of Tohoku
University.

During the two months visit, my research work focused
on the preparation and characterization of novel
for medical applications, in

biodegradable metals

particular the preparation of novel Fe-based and Mg-based

.4.

advanced apparatus of IMR and
WPI of Tohoku University.Being
biocompatible and biodegradable,
Iron-based and magnesium-based
considered as the

alloys are

promising biomedical degradable
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cardiovascular stents, bone fixtures, plates and screws,

implant materials, such as for

which would avoid secondary surgeries to remove after the

tissue healed.
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The challenge for the current Fe-based alloys as
biomaterials is the low corrosion rate and they would
corrode at a speed that is too low for most prospective
implant applications. In order to enhance its corrosion rate
greatly, I design binary Fe-Mg alloys and succeeded in
fabricating such binary alloy samples by spark plasma
sintering (SPS)(Fig.1). The primary corrosion test results
showed that the corrosion rate in simulated body
fluid(SBF) increased from 0.0018mm/y for pure Fe sample
to 0.0053mm/y for Fe-Mg sample. The biocompatibility

evaluation is under way.

during deformation, which may be explained the high
deformability of the alloy.
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sample;(b)microstructure of sintered sample and cor

EDS

Be contrary to Fe-based metals as biomaterials, the
challenge for Mg-based alloys as biomaterials is the too
high corrosion rate and to slow down its degradation rate
is necessary. Meanwhile, the deformability of Mg alloys
used as cardiovascular stent should be high enough. My
group have developed a patent Mg alloy reinforced with
quasicrystals phase(I-phase)
(Chinesepatent:Z1.200610026842.X),  which

excellent deformability and middle strength and can be

icosahedral

showed

considered to produce the stent. In order to elucidate the
mechanism of excellent deformability, the microstructure
was checked by TEM. Fig.2 showed the as-extruded
microstructure and it can been found that the I-phase
in Mgrich Mg-Zn-Gd-based alloys

morphologies: (1) pm-scale dendritic I-phase formed in

existed in two
solidification;(2) Nano-scale I-phase particles precipitated
in extrusion process(Fig.2). Fig.3 (a) showed the high
resolution micrograph of an i-phase particle in the matrix.
The matrix is in [100] while the i-phase particle in a 2-fold
zone-axis orientation. Fig.3(b) is the SAD patterns of the
i-phase along 2-fold zone-axis orientation. Fig.3(c) showed
the Fourier transformed patterns of the matrix. The
following orientation observed:
[12]//[100]mg, 2-fold//(001)mg; 5-fold//(0-11)mg with a slight

misorientation( ~2°). The (001)mg planes are nearly

relationship  were

parallel to one set of two fold icosahedral lanes, as shown
in Fig.3a. The local coherence of interface between the

I-phase and matrix can be more effectively preserved

responding

Fig.2 As-extruded microstructure of MgoeeZnssGdo.s
alloy (a)O.M. image (b) TEM image indicated I-phase
existed in two morphologies: (1) pm-scale dendritic
I-phase formed in the solidification;(2) Nano-scale
ellipsoids-shape particles precipitated in extrusion.



Fig.3 (a) High resolution micrograph of an i-phase
particle in the matrix. The matrix is in [100] while the
i-phase particle in a 2-fold zone-axis orientation. (b) SAD
patterns of the i-phase along 2-fold zone-axis orientation.

(¢) The Fourier transformed patterns of the matrix.

In addition, during my this visit I also explore the
Mg-Zn-Ca-based Porous Bulk
Glasses(@4x60mm) for degradable Bone Tissue scaffold
application(Fig.4a-b). Although the result is notvery good

possibility of

because of its brittleness of Mg-based metallic glasses, the
synthesis method can also be applied to produce the
porous Mg-based crystalline alloys.

During the two months of collaboration with Prof.

H.Kato and staff members, we have done some valuable

(a)
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Fig.4 MgesZnsoCas glassy rod(a) and its porous sample

explorations to synthesize some novel biodegradable
metals by using the advanced apparatus in IMR and WPI.
These materials have a great potential for medical
applications. Firstly, I'd like to express my sincere
gratitude to Prof. H.Kato for the invitation to IMR of
Tohoku University, and all his co-workers in the Lab(Dr.
T.Wada — for porous samples preparation and fruitful
discussions, Dr. A.D. Setyawan and Dr. X. Li—for very
supportive and helpful discussions, Mr. H.-Wang and
Mr.W.Guo—for samples preparation and XRD, DTA
measurement). I also extend my thanks to Prof. G.Q.Xie
for his enormous help in SPS samples preparation,
Dr.Z.C.Wang and Dr.C.L.Chen in WPI for their great help
in TEM work. Many thanks to Prof.X.M.Wang and
Prof W.Zhang —for their valuable discussions and great
help in my life in Sendai. Many thanks to Ms. K.Sekiguchi
and Ms.Chiba, for their many help with the
administrative paper work and very useful daily life
advices. Finally, I'd like to express my deepest
acknowledge to Prof.A.Inoue who continuously encourage

and support my research work.

Thank you all again and Sayonara Kinken.
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