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Absm s for dlloy systems deveoping amorphous struciure, it is very usefil to pursue the dffusion mechanism of the eutsctic dloys in the viciity of the eutectic point o lucdate the amofos
deysiaomental process. W fherefore investigated interofusion coeficients in the liquid state of AuGe and AuSi aloy, which remarkably have the deep euteeti temperature. The dfusion experiments using a shear cell device
were perfomed from 682K, to 1073K and apparently reiable data were acquired. It was because they were reproducible and overlapping well on fiting curves so that the convection would be suppressed. The impiement of a
space experment s therefore n fulure expected fo confim the conclusive evidence As a result, the temperature dependence of fe ntendifusion coeficients in the Bqwd AuGs aloy was eipressed n the Arhenius equation
and i pecularty in the oifusion mechanism was confimed. The nerdfusion cosfieients of this study were also larger than thase of ab infia MO simulaion camed out i e past. This woukd b2 caused by that the negative

mixing enthalpy which could facitate the dfision was nat considered in the simutation, In addtion, the previous researh on siructure analysis i which the shoulder was not observed in the viciity of the eutectc paint
supponed our confimnation of the Amhenius expression far the temperature dependnce of the interdffusion coefiients in the liquid AuGe.

Purpose Conclusion

. . L iy { Acquired data seemed to be reliable as they were enough smooth & reproducible to consider
We measured the temperature dependence of interdiffusion coefficients in the vicinity of the the convection was suppressed. Space experiment is expected for the conclusive evidence.
eutectic point of AuGe and AuSi alloys, which have a remarkably deep eutectic region, 2 The temperature dependence of the [ in the vicinity of the eutectic point was expressed in

the Amrhenius equation, and no peculiarity in the diffusion mechanism was confimed.
3 The difference that the expermental values were larger than those of the simulation caused

0 Toinspect the validity of experiments in the vicinity of the eutectic pointin 1g

0 To clarify the temperature dependence of interdiffusion coefficients in liquid area by not considering the mixing enthalpy in the simulation study.
. . . i L. . 4‘ The confirmed Arrhenius equation expression of AuGe was supported from the result of no
0 To compare as fo the diffusion mechanisms in the liquid AuGe and AuSi system shoulder observafion in structure analysis. While AuSi showed shoulders in the analysis, so

further experiments are necessary to address if it has lower D than that of AuGe.
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Study on X-ray tomography for 3D modering and porous metal

From 10% of April to 15" of May 2014, | worked as
a visiting professor in the Advanced Research
Center of Metallic Glass at the Institute of Materials
Research, Tohoku University working with
Associate Professor Hidemi Kato and professor
Akihiko Chiba. | already had an experience to stay
at IMR for three short visits of about two days in the
Frame of the Elyt joined lab between Lyon and
Tohoku.

During this visit, | have been focusing my research
on two subjects : at first, | worked on the fabrication
of nano and microporous metallic materials using
the de-alloying in a metallic melt (DAMM) process
developed by Takeshi Wada and H. Kato. Towards
the end of my stay, | made some plans with my
Japanese colleagues to produce samples with the
EBM machine of A. Chiba. The machine being
temporarily unusable, the samples will be prepared
later and sent to France.

1. Description of the results obtained with the
DAMM process :

The DAMM process uses a new idea to produce bi-
phase materials by de-alloying. Electrochemical de-
alloying (EDA) has been used before to produce
porous materials with noble metals. The most
famous example is nanoporous gold produced by
EDA of a gold/silver pre alloy. The DAMM process
was invented only a few years ago by H Kato and T
Wada in order to obtain porous or bi-phased systems
with less noble materials (Ti, Fe/Cr, etc). It uses a
very clever idea : the starting point is the same as
standard EDA. A homogeneous precursor consisting
of a mixture of two elements A and B is first
produced. Instead of de-alloying electrochemically,
the AB precusor is then dipped into a molten third
metal C. If C has a positive mixing enthalpy with B
but negative with A, AB is de-alloyed by dissolution
of B in C. The resulting material is a co-continuous
bi-phase system with regions of A and regions of the
BC alloy. BC can then be etched away to leave us
with porous A or the material can be used as a A/
BC composite.

Using this very clever principle, I have worked in
the following directions. | produced and started to
characterize porous metals where our objective

Prof. Maire Eric

Mateis Lab, Elyt Lab, Université de Lyon, CNRS, France

was to obtain anisotropic
pores (elongated in one or
two directions). This was
achieved on the Fe/Cr system
by producing first a
(FegoCrag)x Niy,) precursor
by arc melting

and tilt casting. Once obtained, this precursor
being rather ductile, I cold rolled it in the form of
two kinds of sheets of 1mm and 0.3 mm thickness
respectively. The flat samples were then de-
alloyed in a molten Mg bath. Using several
modifications to the technique previously used,
we were able to produce a large number of flat de-
alloyed samples. Some of these were kept as is
and will be used to characterize the 3D structure
and the mechanical properties when | get back to
France. This will be achieved both in the
composite Fe/Cr + Mg state but also after etching
the Mg phase to produce porous materials.

We intentionally produced coarse pores (using 1
hour soaking time at 820° C), large thickness
samples because we targeted pores of a rather
large size (10 pm), these being easier to
characterize in 3D using the X Ray tomography
method developed in France. We also produced
thinner samples (0.3mm) that could be fully de-
alloyed at 700° C in 6 minutes, leading to a 10
times finer microstructure.

Some of these samples were cold rolled in the
composite de-alloyed state. This was intended to
deform the microstructure and make it anisotropic.
The Fe/Cr Mg composite is not very ductile and
not very easy to cold roll because of the presence
of hexagonal Mg. Despite this, some samples
could be cold rolled quite substantially before
appearance of cracks led us to stop cold rolling.
These samples will be analyzed in 3D in France.
To increase the cold rollability, we also produced
Nig;Cr; samples de-alloyed in a silver bath. Ag

and Ni composites were much easier to co deform.

Smaller pore sizes will also be produced later to
analyze the effect of pore size on the properties.
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Using this procedure, we produced samples with
different amounts of Feg,Cr,, phase. We also
produced, one batch with a lower Cr content to
analyze the effect of chromium on the corrosion
resistance of these materials. We have also produced
Ti based precursors that will be de-alloyed in the
form of thin sheets (currently being cut by EDM).

2. Description of the plans made to use the EBM
machine

The EBM machine was unfortunately unavailable
during my stay but we made plans and samples will
be produced as soon as the machine is operational.
Two different kinds of samples will be produced.
First, we have designed tensile samples containing
seven different model configurations of holes, to
study the condition for coalescence during ductile
damage. The tensile samples contain couples of
holes and different parameters are changed for these
couples : angle between the two cavities, distance
between the thow cavities and cavity aspect ratio. 5
samples of each model configurations will be
produced by EBM (35 samples), the axis of the
tensile sample being vertical. 35 more samples will
be produced with a horizontal orientation of the
tensile axis. These two configurations should be
tested because EBM is a layer deposition technique
et the orientation compared to the layers has
probably a strong effect on the design of the cavities.
We also planned second set of experiments where
instead of obtaining dense titanium, we plan to
produce partially sintered samples. This can be
achieved by varying the parameters during the EBM
fabrication. This is an attempt to produce Ti samples
with two different types of porosity :

Figure 1 : SEM micrograph of a FeCr porous sample
produced by de-alloying at 820°C during 1 hour and
subsequent etching in nitric acid. The pores formed
are isotropic and about 10 um thick

a large scale porosity can be designed in the CAD
model, but the solid part of the model could also
be porous at a micron scale, because only partially
sintered by the electron beam, if we find
appropriate conditions to do this.

3. Conclusion

During this month of collaboration with Prof. H.
Kato, A Chiba and staff members, we have done
some valuable explorations to synthesize some
novel materials and to understand more deeply
together the two different fabrication processes
studied and developed at IMR. These materials
have a great potential for different types of
applications in several fields ranging from energy
to health and the collaboration started gave us
some new ideas to explore together in the future.
Now it is time to leave back to the French lab
where they are also waiting for me. Before doing
this, 1 would like to express my sincere gratitude
to Profs. H. Kato and A. Chiba for the invitation to
IMR of Tohoku University. | also extend many
thanks to Ms. K. Sekiguchi for her many helps
with the administrative paper work and very
useful daily life advices.

Thank you all again and “Sayonara Kinken”

Figure 2 : SEM micrograph of a FeCr porous sample
produced by de-alloying at 700°C during 6 minutes and
subsequent etching in nitric acid. The pores formed
are isotropic and about 1 um thick and ductile fracture
traces can be observed on this fracture surface



Figure 3(a) : Ni95Cr5 sample dealloyed in silver, and Figure 3(a) : same batch as in Figure (a) but the sample
subsequently etched. The microstructre is isotropic was colled rolled after de-alloying and before etching.
The microstructure is anisotropic

Figure 4 (a) : Deformation bands at the surface of the Figure 4 (b) : Same as in figure (a) but this sample was
porous nickel, induced by co-rolling in the dealloyed rotated 90 ° between each rolling path. 2 slips systems
(composite) state with silver. The sample was cold were activated.

rolled in the same direction and each grain mostly

shows one slip system.
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Dependence of the Glass Transition Temperature
and Elastic Properties of Metallic Glasses on the Atomic Packing Density

Prof. Tanguy ROUXEL

Institut de Physique de Rennes, IPR, UMR-CNRS 6251, Université de Rennes 1, France

From 15 of April to 14" of May 2014, | worked
as a visiting professor in the Cooperative Research
and Development Center for Advanced Materials at
the Institute of Materials Research, Tohoku
University hosted by Prof. A. MAKINO and Ass.
Prof. Y. YOKOYAMA. | already had an experience
to stay at Tohoku University for two months in
2006 in the laboratory of Prof. H. WATANABE and
Ass. Prof. S. TSUREKAWA (Aobayama campus).

During this visit, | have been focusing my
research on the relationships existing between
metallic glass composition and structure, and
mechanical properties. In particular, the atomic
packing density and glass transition temperature
showed up as interesting parameters to get insight
into the mechanical behavior. Elastic moduli can be
viewed as a signature of the volume density of
energy. Therefore they chiefly depend on T, which
provides an indication for the energy content, and
on the atomic packing density (C,). As a matter of
fact a low energy content (low Tg) might be
compensated by a high C,, and vice-versa, and
there are several examples of such situations among
metallic glasses. Although the atomic packing
density as well as the energy density are not
determined with a high accuracy, clear differences

are observed from a chemical system and to another.

There are various ways to define C,. Metallic
glasses exhibit a high packing density, close to - or
larger than - the one of the crystalline phase of the
same alloy composition when available, so that the
packing density is often estimated relative to the
crystalline phase.

In the present work, in order to allow for a
straightforward comparison with previous data on

oxide glasses, Cq is defined as the ratio between
the minimum theoretical volume occupied by the
atoms and the corresponding effective volume of
glass

Cy= PV (E M) (1)

with  for  the it
constituent: V;=4/3np N
r3, where p is the
specific mass, N is
Avogadro number, r; is
the metallic radius (i.e.
half the shortest distance
between two atoms in
the pure metal), f; is the
molar fraction and M; is
the molar mass.
The use of the experimental values for the
interatomic distance to calculate C, instead of the
classical values for pure metals was found to have
only a minor incidence on C, in cases actual
interatomic distances were available. For example,
for CusyZrs, and NigyP,, glasses, accounting for
the actual average interatomic distances changes
C, from 0.737 to 0.723 (-2%), and from 0.701 to
0.725 (+4%). The energy content <U_ > was
estimated from existing thermochemistry data for
the elements constituting the studied glasses. For
instance in the case of a binary system, <U_> is
expressed as

<U>=xAH, (A)+yAH, (B)- AH

RT (2)

Here <U_> represents the dissociation energy
(standard pressure), i.e. necessary to obtained
separate gaseous atoms from the solid material (a
gram atom is considered: x+y=1).

(AB)-

mixing
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Bulk elastic modulus, K (GPa)
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Fig.1. Experimental bulk elastic modulus as a function of the estimated volume density of energy.

Such a derivation was already proved quite
successful to predict the elastic moduli of oxide
glasses. However the elastic moduli of alkali- and
alkaline-earth silicate and borate glasses are greatly
overestimated and on the contrary, K is greatly
underestimated (by over 20%) in the case of
germanate, aluminate and high modulus glasses in
general (beryllium and nitrogen containing glasses
for instance) - among which transition metal based
metallic glasses - and when a relatively good
correspondance is noticed between theoretical and
experimental data, opposite trends are sometimes
observed (as for basalt glasses for instance). The
discrepancies mostly stem from the difficulty to
account for the structural features of the various
atomic glass networks, such as the presence of
double P=0 bonds which do not contribute to the
network stiffness in phosphates, or the weak bonds

between the planar BO; triangle (to be
compared to 3D interconnected BO, units). Nor is
the introduction of C; as an ersatz of the Madelung
constant straightforward. However, such simple
analysis tells that in the case of metallic glasses (Zr-,
Cu-, Pd-, Pt-based for instance) the relative

weakness of the interatomic bonding is
efficiently compensated by a large atomic
packing density, so that the actual volume
density of energy in the glass is as high as in the
case of high strength glasses such as boro-
alumino-silicate  (reinforcement  fibers) or
silicon-oxyniride glasses.
This study demonstrated that elastic moduli
intimately correlate with the volume density of
energy but that there is thus no one to one
relationship between an elastic modulus and Tg,
since one can find glasses with a high T
(energy) and a low atomic packing density, or
with a lower T, but a larger C; which exhibit the
same elastic modulus. For instance
Zr41Ti14Clyp sNioBey; 5, CugoHF10Zr Ty,
Pd,oNi;oCusyP,g, PtgoCu,sC0,P,, glasses possess
a Young's modulus of ~96-102 GPa while their
T, cover the 506-754 K interval, and among non
metallic glasses Ca, jgAlj 15514 1500 62:
Ca5.90S119050.95N7.0s aNd SiCy 330, 33 glasses
with a similar E value exhibit Tg of 1125, 1221,
and 1600 K respectively.
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Although for glassy materials belonging to oxide,
oxynitride, and metallic chemical systems Poisson's
ratio (v) is found to increase almost monotonically
with Cy there is no obvious correlation among
metallic glasses with different compositions. For

instance, Ce- and La-based glasses with C; as large as

0.75 exhibit v as small as 0.3, whereas Pt- and Pd-
based glasses with C, ~0.65-07 shows v>0.4. This
calls for more detailed structural investigations, in
particular focusing on the bond directionality and
electron localization.

e

During the one month stay with Prof. Y.
YOKOYAMA and staff members, we have done
some valuable explorations of fundamental
properties of metallic glasses synthesized at IMR
as well as binary oxide systems synthesized in
Rennes (France) together with AIMR, and WPI.
Since then the collaboration between both
Universities and research teams is still developing.
I would like to express my sincere gratitude to
Profs. A. MAKINO and Y. YOKOYAMA for the
invitation to IMR of Tohoku University, and to Dr.
A HIRATA (AIMR) for TEM analysis on oxide
glasses, and to Profs M. CHEN (WPI) and H.
SHIBATA and S. SUKENAGA (IMRAM) for very
stimulating and encouraging discussions. Many
thanks also to the efficient administrative staff for
their help with the paper work and very useful
daily life advices.

Thank you all again and “Sayonara Kinken”
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