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During November to December, 2007, as a part of
cooperation research center between IMR of Tohoku
University and School of Materials Science and Engineering,
Dalian University of Technology, I visited IMR. Thanks to
Prof. T. Goto for providing this chance to me. Discussions
with Prof. H. Kimura and Prof. W. Zhang also benefited me
much. It is a memorable experience for me. I visited parts of
Lab in IMR. I did have deeper learning about IMR, the people
in IMR, and the way people working in IMR. The experience
in IMR will benefit me for my further academic life.

My academic research in IMR this time is concerned with
magnetic  properties improving through controlling
crystallization of amorphous alloys. At the beginning of my
arriving, [ discussed my research plan with Prof. H. Kimura
and Prof. W. Zhang.

Nano-composites composed of nano-sized soft and hard
magnetic phases are supposed having higher magnetic energy
product than traditional sintered Nd,Fe 4B magnets because of

so-called exchange coupling between nano-hard and
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Eight weeks at IMR in winter 2007
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soft-magnetic phases. Up to now,
however, magnetic properties of
prepared composite with soft-hard

phases are much lower than that

expected theoretically. Magnetic

properties are very sensitive to

compositions, microstructure,
imperfects and even inner stress state of materials. It is
considered a good candidate to prepare nano-composite
through controlling crystallization of amorphous because less
contamination of oxidation and easily controlling of grain size
can be expected. On the other hand, microstructure complex of
alloys composed of multi components brings about variable
choice about treatment process. During crystallization of
amorphous, appearance of meta-stable phases including
remained amorphous phase has important influence on
properties.

We designed three alloys composed of Fe, Nd, B, Co and Zr
based on Nd-Fe-B alloys. And elemental Co was added to
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improve amorphous forming ability and magnetic properties,
and elemental Zr was added to prevent interface from shifting
and increase coercivity. DSC and XRD were used to
characterized structure and microstructure of samples, and
VSM was used to measure magnetic properties. The influence
of compositions and annealing condition on magnetic
properties and microstructure of melt-spun ribbons was
investigated.

All as-quenched ribbons are amorphous, show significant
undercooling region from DSC curves, and behave soft
magnetic properties. The maximum AT, of one of the alloys is
about 50K. Magnetic properties of as-quenched samples and
annealed ones at different temperature above T, were carried

out by VSM. Changes of magnetic properties after annealing
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are also different for different alloys, the most significant
change in magnetic properties corresponds to the alloy with
the largest AT,. Compared with as-quenched sample, the area
of M-H loop of annealed samples was enlarged. That is,
annealing transform the alloy from soft to hard magnetic
property. And with annealing temperature increasing, the
coercivity and the area of the M-H loop increase first, it
reaches a maximum at some temperature, and further
increasing annealing temperature decreases the coercivity and
the area the M-H loop again. XRD experiments show that the
best magnetic properties correspond to the existing of four
main phases: Fe, Nd,Fe 4B, Fe,Zr and remained amorphous.

Further work is still carrying out.

Prof. B-P. ZHANG
Xiamen University, P.R. China
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Research in IMR for two month 2008

(Challenge in the new field)

As the visit to the IMR for two month, I had experienced
new ideas and projects. I wish to thank for all the consultation
and support by Prof. H. Kimura, Prof. T. Goto, Prof A. Makino

and President A. Inoue.

The research carried out in IMR produced results in 4 theme
in mechanical properties and microstructure analysis. One is a
thermo-electric characterization of Fe-Si-Mn ternary alloy
systems. The others are microstructure analysis of in-situ nano
composites fabricated by the turbulent flow melt mixing
process, and mechanical properties of magnesium alloy and
magnesium matrix composites (MMC).

New research concern of mine has been the fabrication of the

Prof. Yong Ho PARK

School of Materials Science & Engineering

Pusan National University, Busan, Korea
aluminum-ceramic composite by
atomization and the microstructure
analysis by SEM, XRD, TEM.
materials

Thermoelectric were

fabricated by mechanical alloying
(MA) and pulse discharge sintering
(PAS)

processes. Mechanical
alloying is a good process to get homogeneous distribution of
solute elements in alloy matrix. On the other hand, PAS is an
efficient process to obtain fully densified materials in a short
sintering time. Fe-Si alloy are widely used in electronic and
electric power applications and especially as transformer

magnets and magnetic cores because of their excellent soft



magnetic properties. There are several methods for measuring
the effect of Mn content in Fe-Si alloy, that is, electric
resistivity and scanning electron microscope. The relationship
between temperature and the Mn content in the Fe-rich portion

of Fe-Si alloy was investigated using DSC.

A copper matrix composite reinforced with in-situ TiB,
nano-particle was successfully fabricated by tubulent in-situ
mixing process. The microstructure and mechanical and
electrical properties of the in situ composite were investigated.
The results showed that the in situ formed TiB, particles, in
which the size was in the range of 50 - 200nm, were
homogeneously dispersed in the copper matrix. The interface
between the nano-scale particles and the matrix was clean
without a transitional layer. Because of the reinforcement, the
hardness and Young’s modulus of the composite were
improved with the increment of cooling rate. Moreover, the
in-situ  Cu-TiB, composite exhibited higher electrical
conductivity with increasing of cooling rate.

Magnesium alloys have great potential for high performance
structural applications because of their low density and high
specific strength. Mg-Al based alloys, such as AM60B and
AZ91D, which exhibit a good balance of strength, ductility and
corrosion are used extensively in automotive applications such
as panel beams, transfer case, steering components and various
housing. However, Mg-Al based alloys have poor creep
resistance at temperature above 120°C, which has made them
inadequate for major power-train applications; automatic
transmission cases and engine blocks can operate at the
temperature up to 200°C and show large decrease in strength at

elevated temperature due to the thermally unstable phase,

Mg;;Al(B). In order to improve mechanical properties of the

magnesium alloys at elevated temperature, the formation of
thermally stable precipitates or dispersoids are required. the
of as-cast

microstructure and mechanical

Mg-xSn-5Al-1Zn

properties
alloys  were  investigated. = The
microstructures of the alloys were characterized by the
presence of Mg,Sn and Mg,,Al;, precipitates. The greatest
tensile strength and elongation were obtained at the alloy
containing S5wt% Sn at room temperature. The micro-hardness
of the alloys and volume fraction of the Mg,Sn precipitates
increased with increasing Sn content. Fractographic analysis
demonstrated that dimple and cleavage facet were dominant
mechanisms of these alloys tested at room and elevated
temperature. The portion of cleavage facet was increased with
the increment of the Sn content at room and elevated
temperature.

Mg matrix composites were fabricated by a squeeze casting
process. Reinforcement was aluminum borate whisker (AIBOw,
Alborex). The advantage of the Alborex as the reinforcement
for magnesium matrix composite were its chemical stability in
magnesium alloy and low cost. A AIBOw preform was
infiltrated by the molten magnesium alloy and sound
composites were successfully fabricated. The aging behavior
aluminum borate whisker (AIBOw) reinforced AS52 alloy was
examined by hardness test and interface was investigated by
transmission electron microscopy (TEM). The results showed
that peak aged conditions of the AS52 composite were 15hrs
aging at 170°C. The MgO layer, the interfacial reaction of
between reinforcement and matrix, with 20nm in thickness was
produced at the interface. As increasing aging time, the
thickness of interfacial reaction layer increased to 50nm in

thickness.
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The formation of Ca-P layer on

TiO2 nanotubes prepared in organic electrolytes

A new method for preparing a bioactive apatite layer on pure
titanium surface was reported. Firstly, A layer of TiO,

nanotube film was fabricated on titanium by electrochemical

oxidation in glycerol-water electrolytes containing fluoride ion.

Then, the bio-mimetic growth of Ca-P layer on the surface of
TiO, nanotubes film was carried out in 1.5 SBF. In this work,
we described the influence of potential on the morphology of
TiO, nanotubes and the effect of growth time on the thickness of

Ca-P layer.

An electrochemical cell with a two-electrode arrangement
was employed to form the self-organized TiO, nanotubes. As
shown in Fig.1(a), the nanotubes are opened at the top, and
closed at the bottom. The morphologies of the nanotubes are
mainly round or oval with half-shell bottom, and the array of
them on Ti surface distributes vertically and evenly. The
ultimate length of the nanotubes reaches approx.1425+5nm
with an optimal diameter distribution at a potential of 30V
during electrochemical oxidation. When the voltage is above
40 V, the nano-structure of the TiO, film will be destroyed and
turn to form an irregular porous structure. In order to determine
the phase composition of self-organized nanotubes, the related
sample (anodized at 30V) was analyzed by XRD. The result
reveals that the sample contains not only the amorphous phase
but also trace amount of crystalline TiO,. This result verifies
the presence of crystalline anatase structure after anodizing at
30V without thermal treatment. This phenomenon is very
interesting, because an annealing process is usually necessary
for converting the amorphous phase into the crystalline one
such as anatase or rutile phase.

The investigation of bio-mimetic growth on pure titanium
after anodization treatment was further pursued in this work.
The aim of this research is to confirm whether Ca and P

elements can be deposited on the surface of the nanotubes or
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not. The samples were anodized at
30V in water/glycerol (1 : 1vol%)
/0.3M NH,F (Fig 1la), and
subsequently immersed in
1.5SBF(Simulated body fluid ) for
1d, 3d, 5d, and 7d for biomimetic

growth of Ca-P layer. Fig.1(b)

shows the sequence of corresponding SEM images of the
sample that was immersed in 1.5SBF for 5d. We observed that
many small spherical particles were formed on the surface of
the TiO, nanotubes only after 1d immersion in 1.5SBF, which
implied that the Ca-P layer can be synthesized on the surface of
TiO, nanotubes. The spherical particles of Ca-P layer deposited
firstly on the top of nanotube wall, and then the distribution of
the spherical particles gradually became dense with the
expansion of the growth time. The thickness of the coating
increased from 60 to 240+£5nm with time from 1 day to 7 days.
The result of EDS shows that the surface layer mainly contains

Caand P.

100nm

(@) (b)

Fig. 1 SEM images of the nanotube grown in water-glycerol
electrolyte (1:1 vol %) containing 0.3M NH,4F at 30V(a) and

Ca-P layer grown in 1.5SBF for 5d(b)
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