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Tracing the pathway to vitrification of a liquid metal in
levitation
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Bernal: with his first ball-and-spoke model of liquid structure

John Desmond Bernal - 1901-1971

The dense random packing DRP model for the structure of liquids.

DRP of A atoms gives a packing fraction of about 66.4% as compared to 74%
for fcc and hcp packing or a difference of 11.4%.

from The Times Higher Education Suppl. 3 Feb. 2006
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-D. Miracle, Nature Materials 2004
- Yavari, Nature Materials 2005
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- Sheng et al, Nature 2006
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The variation with temperature, of wave-vector Q.. or angular position of the
diffracted intensity 1(Q) below Tg can be treated somewhat as that of a crystal Bragg
peak with the volume expansion of glassy structure represented by:

{Qmax (To) / Quax (MF = VM) 7/ V(T)} = {1 + oy (T - T)}

dy, , the volume coefficient of thermal expansion below T, can thus be obtained from
the temperature slope or derivative of of {V(T) / V(T,)}.
Yavari et al Acta Met 2005
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Ir Ti.Cu Ni AL Ga_, "1 Zr Ti.Cu Ni Al Ga,

=exo (a.u)

Heat Flow
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Zr.TicCu,,NigAl; ;Ga, ¢ bulk metallic glass,
a) left: isentropic Tg determined calorimetry;
b) right: isochoric Tg determined from diffraction data.
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container-less solidification:
aerodynamic levitation
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Schematic view of the experimental arrangement: laser heads (a.b),
spherical mirrors (c¢), NaCl windows, (d) video camera (e), and levitation
device (f).
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Levitation apparatus for neutron diffraction investigations on high
temperature liquids
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We describe a new high temperature environment based on aerodynamic levitation and laser heating
designed for neutron scattering expenments up to 3000 °C. The sample i1s heated to the desired
temperature with three CO, lasers from different directions in order to obtain a homogeneous
temperature distribution. The apparent temperature of the sample 1s measured with an optical
pyrometer, and two video cameras are employed to monitor the sample behavior during heating. The
levitation setup is enclosed in a vacuum-tight chamber, enabling a high degree of gas purity and a
reproducible sample environment for structural investigations on both oxide and metallic melts.
High-quality neutron diffraction data have been obtained on liquid Y AlsO; and ZrNi alloy for
relatively short counting times (1.5 h). @ 2006 American Institute of Physics.



Levitation environment at ID11. Laser heads (a,b), pyrometer (d), video
camera (c), levitation chamber (e), Frelon detector (f).

Hennet L. et al, J. Non-Cryst. Solids 354 (2008) 5104
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Al addition in Zr-Cu metallic glasses

Zr60Cu30AI10

Zr60Cu30Al10 / Cooling From 1200°C to ~90°C
From file Zr60Cu30AI10 0101 To Zr60Cu30AI10 0300

1600 Zr60Cu30AI10_300_1stCool_INSAM_Background_Subtracted
4 acquisition time: 100ms
1400 +
i —Pyro 1 (0C)
1200 temparature (oC)
1 expo fit Range 1200-3600C (y = 1476.1e-0.136x)
¢ 1000+
o | aver Cooling Rate
2 good range 12000C - 3500C:
=3
© ] 96 Kisec
—
@  §00- 1
g ] y = 1476.1 e *'*
L 400 + -
1 Tg 398°C
200 + Tx 475°C
TL 878°C
0 - Yokoyama, J Non-Cryst Sel, 355 (2009) 317
T T v T ¥ T ¥ T
0 5 10 15 20

wavelength: 0.12454 A
energy: 100 keV
esrf July 2012- ID15

* increase the frequency of icosahederal clusters

time (sec)

e enhance their stability through electronic interactions associated with bond
shortening

* |eading in sluggish kinetics in the supercooled liquid

enhance glass forming ability.
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Cooling from the melt
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Structure factor S(Q) of Zr,,Cu;,Al,,during cooling from 1400 K to 370 K.
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Reduced atomic pair distribution function G(r) of theZr,Cu,,Al, liquid during
cooling from 1400 to 370K, AG(r) functions (AG(r)= G(r)-G(r),,00«) Showing
the growing difference between G(r) at 1400K and those at various
temperatures during cooling, close up of the 1st G(r) peak evolution and the
AG(r)
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Thermal expansion of the 1st nn atomic shell during cooling

0.6 -
0.4 -
0.2 -

0.0 ke

iz
04 4

AG(r)=G(r)-G(r)

1400K

r(A)

Wij r (A) AH pix
(kJ/mal)
Zr-Zr 0.498 3.20
Cu-Cu 0.066 2.56
Al-Al 0.001 2.86
Zr-Cu 0.361 2.88 -23
Zr-Al 0.054 3.03 -44
Cu-Al 0.02 271 -1




Total pair distribution functions of the simulated Zr,Cu;,Al,, alloy at various
temperatures in comparison with the experimental data, Representative
clusters in Zr,Cu;,Al,, extracted from an MD configuration at 300K: WS:

nearly perfect, DT: Distorted or Truncated.
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Populations of the various types of clusters as a function of temperature:
Rhombic Dodecahedra (RhD), Icosahedra (ICO) and Cuboctahedra (Cb). RhC
denotes the sum of RhD and Cb.
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Density function theory calculations of the effect of Al addition to Cu-Zr glass:
When aluminium atoms are at the center of the cluster, charge transfer of
the Al atoms leads to pd-d interactions with the surrounding Zr shell atoms

resulting in a densely packed cluster.
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Viscosity
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Vogel Fulcher Tammann
Equation

N=No exp (D Ty/ T-Ty)

2<D"<100



The 22M |nternational
Symposium on Md&asihlde,
Amorphous and Nanostructured

Contact info

Web: http://ismanam.org/
euronano@minatec.inpg.fr
Tel: +33 76826766

Fax: +33

Paris, France

situated on the Seine R orth of the
country, at the heart of the ile-de-France region.
Paris, one of the largest population centres in
Europe with more than 12 million inhabitants, has
the reputation of being the most beautiful and
romantic of all cities, brimming with historic
associations and remaining vastly influential in
the realms of culture, art, fashion, food and
design. Dubbed the City of Light (la Ville Lumiére)
and Capital of Fashion, it is home to the world's
finest and most luxurious fashion designers and
cosmetics, such as Chanel, Dior, Yves Saint-
Laurent, Guerlain, LancoOme, L'Oréal, Clarins, etc.
A large part of the city, including the River Seine,
is a UNESCO World Heritage Site.

The city has the second highest number of
Michelin-restaurants in the world (after Tokyo)
and contains numerous iconic landmarks, such as
the world's most visited tourist site the Eiffel
Tower, the Arc de Triomphe, the Notre-Dame
Cathedral, the Louvre Museum, Moulin Rouge,
Lido etc, making it the most popular tourist
destination in the world with 45 million tourists
annually. For centuries, Paris has attracted artists
from around the world, arriving in the city to
educate themselves and to seek inspiration from
its vast pool of artistic resources and galleries. As
a result, Paris has acquired a reputation as the
"City of Art". Italian artists were a profound
influence on the development of art in Paris in
the 16th and 17th centuries, particular in
sculpture and reliefs.

Paris is a global hub of fashion and has been
referred to as the "international capital of style".
Paris has a large number of high-end fashion

boutiques, and many top designers have their Parls, France

flagship stores in the city, such as Louis Vuitton's
‘storeI Christian Dior's 1200 Sﬂuare foot store and‘ 12'17 J u |y 2015




ISMANAM 201

Amorphous and Nanostructured Materials
(ISMANAM 2015) will be held at the Maison de la
Mutualité in Paris, France, from 12 to 17 July
2015. The ISMANAM conference series started in
1994, when the 1st Symposium was held in
Grenoble (France). The first event was followed
by the subsequent symposia organized in Quebec
(1995), Rome (1996), Sitges (1997), Wollongong
(1998), Dresden (1999), Oxford (2000), Ann Arbor
(2001), Seoul (2002), Foz do Iguagu (2003), Sendai
(2004), Paris (2005), Warsaw (2006), Corfu Island
(2007), Buenos Aires (2008), Beijing (2009), Ziirich
(2010), Gijén (2011), Moscow (2012), Turin (2013)

and Cancun (2014).

The ISMANAM conference is a
multidisciplinary  forum  which promotes
international  scientific and  technological

exchanges on all aspects related to Metastable,
Amorphous and Nanostructured Materials.

The conference will cover the following Topics:

¢ Rapidly quenched alloys

¢ Nanocrystalline materials and materials with
submicrometer-sized grains

¢ Quasicrystalline materialse Thin films and
coatings

e Synthesis techniques and metastable phase
formation

e Structure and structure analysis

* Theoretical modeling and computer
simulations

* Phase transformations and thermodynamics

¢ Advanced analytical tools at both the atomic
and meso-scale

e All aspects of physical, chemical, and biological
properties

e Magnetic properties from the nanoscale to
bulk materials

e Mechanical properties at different length

scales
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Steering Committee National Advisory Committde

M. Atzmon, USA
M.D. Baro, Spain
W.J. Botta, Brazil J.M. Dubois CNRS-UHP-INPL
A. Calka, Australia K. Georgarakis -INP Grenoble
M. Chen, Japan/China T. Rouxel, Rennes

J. Eckert, Germany M. Pons, CNRS-INP Grenoble
G.A. Evangelakis, Gree¢a Vahlas — ENSIACET

J. Loffler, Switzerland

N. Lupu, Romania

J. Perepezko, USA

K. Samwer, Germany

R. Schulz, Canada

P. Tiberto, Italy

A.R. Yavari, France (Chair)

Symposium Organizer: Fabienne Fonseca

E. Blanquet CNRS-INP Grenobfe
Y. Champion Paris-Est- UMR 71§

A.L. Greer, UK G. Vaughan- ESRF — Grenoble

K. Kelton , USA A.R. Yavari - CNRS-INP Grenolld
A. Inoue, Japan

T. Kulik, Poland

The ISMANAM 2015 will be held at Maison de la
mutualite. Located on the banks of the Seine in
the Latin Quarter, the Maison de la Mutualité is
one of the emblems of historic Paris, along with
the Notre-Dame Cathedral, the Pantheon, the
Sorbonne, the Jardins des Plantes and the
Luxembourg Palace.

Address

Maison dke R Mutualité

24, rue Saint-Wiattor. 775005 Fais
www.maisondelamutualite.com
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