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Prof. Kamanio Chattopadhyay
Department of Materials Engineering,

Indian Institute of Science to Institute of Materials Research, India

It is now close to 21 years that | first visited Institute of
Materials Research and 12 years since | last spend time as a
visiting professor. | watched with fascination the developments in
metallic glass culminating in the discovery of the Bulk Metallic
Glass and contributions of IMR and Professor Inoue in almost
every aspect of this development. My every visit has been a
rewarding experience and the present one has been no exception.
In the last twelve years, IMR has made great strides in almost
every sphere of materials research. It is a world leader in
developing advanced materials. Thus my present visit at the
invitation of Professor Inoue is not only a nostalgic retracing of the
paths | have taken earlier but also a journey to interact with
possibly the most prolific group in the area of metallic glass.
Although two months is a short time, my stay has initiated several
interactions and germinated several ideas which, | hope, will
flower in near future. | shall briefly summarize some of these.

I am fascinated by the recent developments of the copper and
nickel based glasses as they consume much less zirconium, a
relatively more expansive alloying element. In this respect the
work on copper based glasses in the last one year at Professor
Inoue’s laboratory is remarkable. In particular, the recent report of
the bulk metallic glass of Cu-Zr-Ag where Ag replaced the Al
attracted attentions of researchers in this field. Ag has bigger size
than Al. However, interaction energy of Al with both Cu and Zr is
negative while Ag has a mildly positive interaction and phase
separates in solid state in binary Ag-Cu alloys. There is a report
that Ag promotes phase separation in copper based glasses. The
actual packing in the glass not only depends on the size of the
atoms but also their interactions with the neighboring atoms. It can
be argued that both should play roles in stabilizing metallic glass.
In order to test this and to separate the role of interaction, we
proposed replacement of Ag with iron. Iron is much smaller in size
compared to both Al and Ag and the atomic size is similar to
copper. However, the interaction between Fe and Cu is more
positive than Ag. Therefore if the size is the criterion, Fe is
expected to be ineffective in promoting glass formation. On the
other hand possibility exists that the repulsive interaction may
adjust the distances between the atoms to compensate for the
smaller size.

A second line of investigation, which fascinated me, is the work
of Dr. Parmanand Sharma who has been looking at the thin as well
as thick films of metallic glasses obtained by sputter deposition. |
have found the work which has established the extra ordinary
pattering capability of metallic glass not only novel but also
significant in terms of the prospect of application. One, therefore,
can ask the question whether it is possible to disperse
ferromagnetic particles on nonmagnetic glasses like copper based
glasses. It can be argued that addition of iron in copper zirconium

silver glass may promote a phase
separation since Fe has
interaction energy with both copper and
silver.

The glass formation in Cu-Zr-Al or
Ag system is based on the deep

metastable eutectic that exists in binary

positive

Cu-Zr system if the peritectic reaction
leading to the formation of CuyZr; is
suppressed. This feature is present in Zr-Al and too some extent in
the Zr-Ag systems near the equiatomic composition but is absent
in the Zr-Fe system. The melt spinning of Zr;sCugsFe;o alloy
indicates formation of glass with wide undercooled region of 40°C.
Although it is reasonably large, it is much less than that observed
in the Zr-Cu-Ag system. Predictably we did not obtain the bulk
metallic glass in this system. However partial replacement of silver
by Fe yielded a glass- crystalline composite in the 2mm suction
cast sample. We have undertaken detailed characterization of these
samples to understand the role of iron in this class of glass and the
nature of the crystalline product. The work will continue as a
collaboration between my group at 11Sc and the group at IMR, in
particular Dr. Jianbing Qiang.

The second collaborative work that has been initiated during my
stay deals with mechanical properties. In an elegant experiment,
Dr. Yoshihiko Yokoyama has shown that changes in free volume
do not influence the tensile strength. However, it leads to a change
in modulus and fracture strength. We have recently carried out
detailed indentation experiments to explore the nature of shear
bands in bulk metallic glass and have shown that micro crack
nucleates at the intersection between the bands. We have decided
to explore the morphology and nature of the shear bands as a
function of free volume and strain rate by carrying out wear test
under controlled sliding velocities (and hence different strain
rates) using the same high quality glasses that Dr. Yokoyama has
used for earlier study. Preliminary work suggests that our bonded
interface technique will be successful in following the formation of
shear bands. We hope that this will lead to some major
understanding of the deformation behavior of the bulk metallic
glass.

Lastly I have extensive discussion with Dr. Dmitri V. Louzguine
on the peritectic like reaction that occurs in some of the metallic
glasses. This is an interesting observation and we hope to carry out
experiments in future to unravel the mechanism of such a phase
change.

Beside these, | am fortunate to have extensive discussion with
Professor Mingwei Chen and Professor T. Furuhara of IMR,
Professor B. Jayadevan at Department of Geoscience and
Technology, Tohoku University and Dr. Dan Miracle who is
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visiting IMR at the same time. | must thank Dr. Paramanad Sharma
and Ms. Neelam Kaushik with whom | shared my room for many
enlightening discussions. Finally I must mention the glorious fall
colour that Sendai and it’s neighborhood offer and my encounter

| felt much honored to receive the invitation from Tohoku
University to spend two months (19 January, 2007-18 March,
2007) as a visiting professor at the Advanced Research Center of
Metallic Glasses, Institute for Materials Research (IMR). During
this period at IMR, | attended three workshops, i.e., International
workshop on Spin Currents, IMR workshop on Advanced
Materials, Foundation General Meeting of ACCMS-VO, met
many new visitors from all over the world and interacted with a
large number of enthusiastic hard working researchers. It is a truly
international dynamic place for development of new ideas,
sciences and technology. | think that Tohoku University is a very
good place for materials science research, one of the best in the
world.

During my visit at IMR, | got the opportunity to make many
studies together with various active researchers in different areas,
i.e., corrosion behavior of bulk metallic glasses (Dr. C.L. Qin, Dr.
K. Amiya and Prof. S. Nagata, one manuscript was submitted to
APL), correlation of free-volume with mechanical properties of
bulk metallic glasses (Dr. H. Kato and Dr. A.D. Setyawan, one
manuscript was submitted to APL), development of soft
ferromagnetic bulk metallic glasses (Dr. C.T. Chang and Dr. B.L.
Shen), indentation deformation of bulk metallic glasses (Dr. D.
Pan, Dr. X.J. Yan and Prof. M.W. Chen), mechanical behavior of
Mg-based (Prof. FES. Li),

semiconductors (Dr. P. Sharma and Mr. N. Ohtsu), | have had

composite diluted magnetic
useful discussion with various researchers at Tohoku University,
like Dr. W. Zhang, Dr. N, Nishiyama, Prof. K. Asami to mention a
few. Here | just mention one of my research work carried out at
IMR during my stay.

In the last 14 years, many multi-component bulk metallic glass
(BMG) systems with a critical cooling rate less than 100 K/s for
glass formation and a size larger than 10 mm, which are desirable
for their industrial applications, have been discovered using
conventional copper mould casting, in which more than 50%
systems were found at IMR. In general, BMGs, due to free defects
associated with crystalline state such as grain boundaries,
dislocations and stacking faults, are regarded as materials with
high corrosion resistance. However, Mg- and La-based BMGs, in
which a 35 mm diameter La-based BMG rod was successfully

with the black bear at the bank of Hirose river during my late
evening walk through the beautiful river bank. These will be
carried in my memory as | look back to the times | have spent here.

Prof. Jianzhong Jiang
Laboratory of New-Structured Materials,
Zhejiang University, Hangzhou, P.R. China

synthesized by copper mold casting, are
relative poor corrosion resistance. One
common method applied to improve
corrosion resistance of BMGs is
alloying with specific elements, e.g., Nb
and Ta,

reduce the glass forming ability of a

which will, consequently,

e

given system. Therefore, development
of other methods, which can achieve both enhancement of
corrosion resistance and no deteriation of glass formation ability,
is strongly demanded in the BMG research field. During my stay,
we applied an ion-implantation technique to improve corrosion
resistance of a La-based BMG, as a prototype. For all tested
experiments, rod samples (with a diameter of 5 mm) were prepared
by suction-casting in copper molds under a purified argon
atmosphere. The sample surfaces were mechanically polished and
then implanted by niobium ions accelerated with 30 kV in various
doses of 1x10%, 3x10'®, 6x10'° and 1x10% ions/cm?, respectively,
using a MEVVA (Metal Vapor Vacuum Arc) ion implantor at
room temperature. No obvious crystalline peaks were detected in
all samples. This reveals that the thermal effect and alloying by ion
implantation do not induce crystallization of the La-based BMG.
From Rutherford Backscattering Spectroscopy measurements, we
found that the concentration of Nb atoms distributes along depth in
the range of 0-100 nm. The implantation was performed quite
uniformly in the area, and the reproducibility was very good. The
concentration depth profile roughly corresponds to the projected
range distribution of the incident Nb ions at the beginning of the
implantation. The maximum concentration of Nb atoms shifts
from 55 nm for 3x10%® Nb/cm?, 40 nm for 6x10'® Nb/cm?, to 30 nm
for 1x10 Nb/cm?. With increasing the incident Nb influence, the
profile moved to the surface, but the Nb atoms did not diffuse into
the interior of the sample. Although the Nb content at maximum
concentration in the Nb depth profile is relative high in the alloy,
the implanted layer still remains amorphous. Vickers hardness was
found almost the same within experimental uncertainty, to be
19143, 19443 19143, 192+3 and 190+3 for as-cast alloy and
implanted samples for 1x10%¢, 3x10%, 6x10'® and 1x10'" Nb/cm?,

respectively. Corrosion behavior of all samples was evaluated by
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electrochemical measurements in 0.01 N NaCl and pH 2 H,SO,
solutions. Anodic polarization curves were measured with a
potential sweep rate of 50 mV-min™ after open-circuit immersion
for about 10 min when the open-circuit potential became almost
steady. It is found that the corrosion potential shifts to higher
values when the surface of the alloy is treated by ion implantation.
The implanted alloy with 1x10%" Nb/cm? shows nobler pitting
potential and lower anodic current density, leading to the reduction
of pitting susceptibility and the improvement of pitting corrosion
resistance. Accordingly, ion implantation technique is effective for
modifying the surface and enhancing the pitting corrosion
potential against localized corrosion in chloride containing
environments. In pH 2 H,SO, solution, the implantation of Nb
element to the alloy surface causes the ennoblement of the
corrosion potential from -0.72 V for the as-cast alloy, -0.70 V for
the 3x10%® Nb/cm? implanted alloy to -0.64 V for the 6x10%°
Nb/cm? implanted alloy and the decrease of anodic current density.
These results clearly reveal that corrosion resistance in acid

solution is improved for the Nb-implanted BMG alloys. The
results obtained clearly demonstrate that this technique, which is
for the first time to be used in BMGs, could be a useful method to
reach both criteria: enhancement of corrosion resistance and
keeping high glass formation ability of bulk metallic glasses. A
manuscript, entitled ”Enhancement of corrosion resistance in
bulk metallic glass by ion implantation”, has been submitted to
Applied Physics Letters. Due to lack of space I will only mention
that many other studies are in progress of being written up and will
be submitted to international recognized journals soon.

Interactions with many researchers at IMR have been a nice
experience during my visit and | sincerely wish they will visit us in
Hangzhou, P.R. China. Last but not the least I am most obliged to
Prof. Akihisa Inoue and Prof. A. Makino for their continued
support and the opportunity to meet many researchers working on
bulk metallic glasses that has made my visit most enjoyable. | look
forward to continuing the collaboration with the researchers at
Tohoku University.
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