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During the above period interactions took place between
myself on the one hand and President A. Inoue, Dr Louzguine,
Dr Takeuchi and Dr Wei Zhang as well as Professor A.
Makino:

Interactions with Professor Inoue (and Dr W. Zhang):
Discussions with Pr Inoue always cover a large numbers of
areas regarding metallic glasses. However, in the above
period work was concentrated on new 90at%-copper alloys
we have developed which are as strong as stainless steel but
with pleasant colors including some with color of yellow gold.
These alloys developed in the framework of an award by the
International Copper Association (ICA) possess a thick
nanostructured surface layer that makes them scratch
resistant.

Applications are many and work is continuing.

Interactions with Dr D. Louzguine (and Pr Inoue)

These interactions concern atomic structures of various
Cu-Zr-based metallic glasses and evolution with Al, Ti and Ni
additions. Data is taken in transmission at the European
Synchrotron Radiation Facility (ESRF) in Grenoble and then
reduced radial distribution functions (RDFs) are derived by

Dr Louzguine for subsequent joint interpretations.

Interactions with Dr A. Takeuchi

These interactions are connected with recent approaches by
Dr Takeuchi to connect glass-formability of liquid alloys with
the clustered atomic structures of their crystalline
intermetallic phases. Our work concerns metastable Zr;Al,
and FepBg — type phases that form in broad families of
Zr-based and Fe-based metallic glasses upon heating as well

as on fracture surfaces. Dr Takeuchi connects the medium

range (clustered) atomic structure
of these phases with those of

metallic glassy states.

Interactions with Professor A.

Makino

Discussions with Professor
Makino concern magnetic properties of metallic glasses.
Iron-based metallic glasses and effects of Nb addition as well

as high boron contents are the subject.

Participation in a Joint Conferences

From May 23 to 25, 2007, I had the opportunity, together with
several members of the IMR, to participate at Joint First
International Conference on the Science and Technology for
Advanced Ceramics (STAC) and the Second International
Conference on Joining Technology for New Metallic Glasses
and Inorganic Materials (JTMC) which was held in Shonan
Village Centre in Kanagawa. My presentation was entitled
“Joint Research at the European Synchrotron Radiation
Facilities ESRF” where by joint is meant research done in
collaboration with the IMR.

Shonan Village Center (Kanagawa), Japan

IMR Lecture

A two-hour lecture entitled “Development of newly designed
nano-structured materials and bulk glasses by stabilization of
supercooled liquids” will be given at the IMR on June 28",
2007.


http://www.shonan-village.co.jp/english/

creesnsercecncccecneeeeeeeee. e Eight weeks at IMR in Summer 2007:
The year of Centenary Celebrations at Tohoku!

My two month visit to IMR, this summer of 2007, has been a
most enjoyable experience because of the Tohoku University
Centennial celebrations during the last weeks of August. To
witness, as a representative from KTH, Sweden, the historical
traditions, the remarkable achievements by the famous
institution over the years, and the beautiful documentary on the
past and present happenings, with a glimpse of the futuristic
‘Inoue plan’ for the University was indeed a memorable
experience. In addition, the ‘Open House’ with popularized
demonstrations on the research highlights of current
accomplishments at various institutions of the University was a

noteworthy event.

The work carried out during the four weeks has resulted in
new collaborations, one publication in APL, and three
manuscripts expected to materialize in the next few weeks.
Mostly, the work has been in the area of Bulk glassy materials,
and new oxide magnetic materials suitable for potential

applications in spintronics.

The consequence of quantum tunnelling among the species
in the local short order, at low temperatures, on the magnetic
properties of bulk glassy Ndg FespAl;q (at%) systems continues
to produce new surprises. Last year we had submitted a
manuscript to PRL reporting reversible and reproducible
evenly placed magnetization steps (staircase effect) at
temperatures below 3.5K in NdFeAl bulk glassy alloy, both in
the virgin as well as the branches of the hysteretic loops, in the
magnetizing external fields. The origin of these steps is
quantitatively explained in terms of field-tuned resonant
tunnelling related to the Nd*"ion in a strong uniaxial crystal
field with effects arising from the weaker inter Nd exchange
interactions and higher order crystal terms through the large
anisotropy energy barrier between Nd and Fe atoms in the short
range ordered structure of Nd atoms surrounding Fe. The

regularity of the steps on each line, the universality of the onset

field and the similarity of the slopes of the lines are very

Prof. K. V. Rao
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striking. Nine to ten steps are visible in each case for the first
(k=1) ladder. This accords with the number of spin states for a
Nd*" ion, for which J = 9/2 and the degeneracy 2J +1 =10. We
find that the steps occur universally at values of By, of the

internal field given by

| Bk,n

=By +tnb k=12...n=0,1,2,...9

The value of B -, is found to be close to 6.5T, and is
remarkably consistent with our measurements. This technique
has enabled us to observe the second ladder (k=2) of steps at
2.3K, which otherwise was indiscernible in the VSM data. Itis
this new finding which has been striking and on the suggestion
by the Referee has been the addition in the resubmitted latest
version of the paper to PRL. At first it is surprising that sharp
coherent tunnelling is observed in a glassy alloy because of the
expected effect of averaging over random directions and
magnitudes of local anisotropy. We explain all these issues

with a simple theoretical model

The above studies show that in magnetic bulk glassy
materials it is the local spins and their coupling with the
‘hard’

neighbouring elements which determine or soft

magnetic properties. Manifestations of local electronic
structure as well as spins determine the functional properties of
these materials possibly enabling multifunctional properties of
magnetic Bulk Glassy materials.

The manuscript submitted to PRL is entitled ‘Quantum
Resonant Tunneling in a Bulk Glassy Metallic Magnet’
coauthored by Ricardo Ortega, GA. Gehring, K.V. Rao and A.

Inoue to appear in 2007-8.

‘Transport and soft Magnetic properties of Ultra-high
Strength CoysFeypTassBs; s Bulk Glassy Alloy’ is the topic of a
paper to be presented at the Symposium Z on Bulk Metallic
Glasses, to be held under the auspices of MRS, Boston during
Nov 25-29, 2007. This collaborative study on the Electrical



Resistivity and the Vickers hardness dependence on the heat
treatment of the above well known soft magnetic material is for
in-depth understanding of their mechanical and electrical
properties especially in the superliquid regime. The material
exhibits a negative temperature dependence in the resistivity
which then changes sign on heat treatment at temperatures
above the glass transition temperature while retaining the
glassy character. These results are explained in terms of the
relative position of the Fermi vector with respect to the first
maximum in the structure factor. The co-authors are Ziyan Gu,
and Lopes Ponce Enrique from the Royal Institute, Stockholm
and B.L. Shen and A. Inoue from IMR, Sendai. A manuscript

will be submitted for the proceedings.

Search for new soft magnetic Bulk Glassy Materials has
produced a new single transition metal based Fe-PBSi material
in Prof. Makino’s group at IMR. These BMG alloys exhibit a
rather significant wide range of superliquid region. We have
investigated in collaboration with Prof. Makino and found a
method to determine uniquely the glass transition temperature
using a Magneto-Thermogravimetric technique. Extensive
studies of this method and its significance in understanding the
variations in Short Range Order, structural relaxation, and the
glass transition temperatures are now in progress in my
division in Stockholm. In addition, we have now been
investigating the consequences of patterning using FIB from a
Nova 600 Nanolab facility in Stockholm. We expect to
elucidate the magnetic local structure at nano to micron length

scales by high resolution magnetic imaging in our group in

Sweden.

Interaction with Dmitri Louzguine to investigate by High
Resolution TEM, the local structure of a new series of
(In;<Fe,), Os
ferromagnetic properties has resulted in a publication in the

July issue of Appl. Phys. Letters (Vol.91, 052504 (2007). This

exhibiting robust above room temperature

is a truly international collaboration involving XAS, magnetic,
XRD, TEM and Raman Spectroscopic studies to establish the
structural and magnetic properties of these alloys prepared by
gel combustion method. The collaboration involved work

carried out at USA, India, Sweden and Sendai.

The great advantage and benefit of short visits to IMR sendai
is opportunities to collaborate with new ideas and projects. 1
have benefited immensely interacting with Prof. Makino,
Mikio Fukuhara, Dr‘s Takeuchi, Yokoyama, Nishiyama,
Katosaan, Parmanand, Erno Soinila, T. Shima, to name a few,
and many colleagues in Japan. Some of these will lead to
exchange of visits, collaboration in new areas of advanced
materials which are already in progress. The seminar’s held at
the IFCAM Centres have always been enjoyable and thought
provoking on some of the current topics of interest. While it is
a pleasure to be in Sendai during the Tanabata Festival, I wish
to thank for all the spontaneous help and support from the
administrative staff at IMR, Chika Shishido, and Satoko
Oikawasaan during my stay at IMR.

Last but not the least I am most obliged for the wonderful
hospitality and many discussion meetings with President
Akihisa Inoue despite his otherwise heavy schedule of events.
It is a pleasure to listen to his vision and approach to the Inoue

Project with the futuristic touch to it.

Publications, Abstracts and manuscripts during summer
2007:

1. ‘Structural and Magnetic Properties of (Inl-xFex )2 O3
(0.0 < x <0.25) system: Prepared by gel combustion method’
O.D. Jayakumar, I.K. Gopalkrishnan, S.K. Kulashreshtha,
Amita Gupta, K.V. Rao, D.V. Dmitri Louzguine-luzgin, A.
Inoue, P. -A, Glans, J. -H Guo, K. Samanta, M.K. Singh, and
R.S. Katiyar. Appl. Phys. Letters 91, July Issue 052504 (2007)

2. Transport and Soft Magnetic Properties of Ultra-High
Strength CoysFexnTassBs s Bulk Glassy Alloy’ Ziyan Gu, and
Lopes Ponce Enriqu, B.L. Shen and A. Inoue, MRS annual
Fall meeting, Symposium Z: Bulk Metallic glasses paper Nr.
Z8.22, Nov 28, 2007

3. ‘Quantum Resonant Tunneling in a Bulk Glassy Metallic
Magnet’ Ricardo Ortega, G.A. Gehring, K.V. Rao and A. Inoue
(submitted to PRL, August 2007)

+ two more to be submitted soon.
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