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I g uicgstaliine solid Complex cast shapes: turbine blades

(i.e. freezing, crystallization, solidification)

requires NUCLEATION of the crystalline phase

I i q u iathorphdus/glassy/vitreous solid

(i.e. glass formation, vitrification)

r e q wioidanse of significant Nucleation and
Growth of the crystalline phase as the liquid is cooled

P Cooling air

single pass cooling multi-pass cooling

DC Casting of Aluminium

Refiner
Addition
Copper
Mould

Liguid Al

DC-cast Al ingots are rolled into sheet,
and made into, for example,
beverage cans o

Copper

/ Plug

l l ECasting Table

Annual production of Al:

23 x 106 tonnes
at $1370 per tonne
gives annual value of $31 billion

Typical composition is Al with
0.4%Fe - 1.0%Mn - 1.0%Mg - 0.2%Cu - 0.127 0.3%Si




Improving the strength of Ni-based superalloys

SilejlCrysitzi|

Inoculation gives a uniform structure of fine equiaxed grains, shown
here in TP-1 grain-refining test samples

Before

addition 5 min 30 min 60 min 180 min 360 min

[Vandyoussefi, Worth & Greer, Mater. Sci. Technol., 16 (2000) 1121.]
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Microstructure of a Ni-base superalloy turbine blade,
showing y/y0=(rsitre wct=wrsenand di sl oc a

AlggNi, Yy (at.%) rapidly solidified
by melt-spinning into a fully
glassy state and then heated
through the first devitrification to
give a dispersion of o-Al
nanocrystals in a glassy matrix.

The nanocrystals are so small
that they are dislocation-free.
Their formation increases the
yield stress of the material,
without embrittlement.

[Z. C. Zhong, Ph.D. Thesis (1997), University of Cambridge]
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Tsimshian spearhead point from
volcanic glass (obsidian)

Blu-Ray discs
0 provide greater capacity by using shorter wavelengths

CabBle comparision. A copper cable containing 6000 pairs and an 8 fibre optical cable which has the same capacity



C-AFM of optical discs

A Conductive atomic force
microscopy (C-AFM)
provides clear images of
written marks

A Oxidation while scanning
(due to heating of
chalcogenide layer) is
problematic i a capping
layer is required to prevent
this

Northern Wood Frog
Rana sylvatica

& the only frog found
north of the Arctic circle

O when frozen,
breathing, blood flow and
heartbeat stop
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X-ray diffractometer trace (Cu Ko radiation) fromaé gi nger s
biscuit. The sharp Bragg peaks are mostly from NaCl crystals.
There is a broad amapregommansgladdya | «
sugar phase.



TECHNOLOGY

Inkaling a drug has advantages over an injection or
a pill. Daniel Green reports on delivery systems

A sharp intake
of breath

from the
Financial Times

insulin by
inhalation?

Critics arg
inhalation wil never
wark for materials that

delivered i
ultra-precise doscs

Glass

A no periodi

A density -~
crystal

A local conf
~ same as crystal

A plastic f

Crystal

A regular

arrangement
—1
A slip pl r -
plastic deformation
.
How to make a glass?
T
equilibrium
liquid
Volume undercooled, 1
liquid |
I
fast |
slow !
—%‘:
Temperature Tm
A a glass forms if crystall.
A the density of the gl ass
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Will focus on &
AMetallic Glasses 8 by rapid quenching or in bulk AMetallic Glasses 8 by rapid quenching or in bulk

AcCarbohydrate Glasses 8 preserving life
AcChalcogenides 8 for data storage
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Metallic Glasses

A metals and alloys are nat.

A pure metals c @ntheosimpleor m gl
structure crystallizes too easily on cooling the liquid

A alloying can stabilize the
f or ma tcontusion prifcipleod )

A for a binar yBadmcys), haich acs
critical cooling rate for glass formation is
105to 106K st

Bulk Metallic Glasses John Desmond Bernal

1901-1971
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Amulticomponent compositions aid glass formation
A the critical coddlKsey rat ¢

A gl as s efermed m bulkb e

from The Times Higher Education Suppl. 3 Feb. 2006
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ommwwmmmms&summ Fs <036,0>
Cluster neighbour pairs

Interpenetrating clusters in the efficient cluster packing model of

Miracle et al. Short-to-medium-range order in metallic glasses.
D B. Miracle, Acta Mater. 54 (2006) 4317. H.W. Sheng, W.K. Luo, F.M. Alamgir, J.M. Bai & E. Ma, Nature 439 (2006)
419..

Metallic glasses for structural applications
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Elastic limit o; plotted against density p for 1507 metals, alloys,
metal-matrix composites and metallic glasses. The contours
show the specific strength a/p.

M.F. Ashby & A.L. Greer: Scripta Materialia 54 (2006) 321.
(in Viewpoint Set on Mechanical Behavior of Metallic Glasses, edited by T.C. Hufnagel)




8/20/2007

10



8/20/2007

CaBle comparision. A copper cable containing 6000 pairs and an 8 fibre optical cable which has the same capacity

Microformability of BMGs

A of interes
& nano-imprinting of
surfaces

AFM and SEM
images of a patterned
(100) Si die and a Pt-
based BMG imprinted
with the die (10 MPa,
550 K, 300 s)

Y. Saot ome et -nanbformabifitylohRe-based meatabic glass and the
nanoforming of three-d i me n s i on al Intermetallics LQU(2085% 1241.
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The worldoés smallest motor

Pressure Sensors

Diaphragms

Annual production now nearly 50 million units
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Metallic glasses for structural applications

Elastic limit | plotted againstYo un g 6 s mifor 501 s
metals, alloys, metal-matrix composites and metallic glasses. The
contour is for maximum elastic strain.

M.F. Ashby & A.L. Greer: Scripta Materialia 54 (2006) 321.

Conventional silicate glasses
are brittle.

What about metallic glasses?
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