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LIQUID   Ÿ   SOLID  (crystalline or glassy?)

control of shape

ˈ casting into final shape

ˈ casting into billet for later mechanical working

ˈ viscous flow forming of glasses

control of microstructure

ˈ single crystal

ˈ polycrystalline solids:  control of grain size & shape

ˈ glass

ˈ glass & crystal:  partial devitrification
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Growth of the crystalline phase as the liquid is cooled

multi-pass cooling

Cooling air

single pass cooling

Complex cast shapes:   turbine blades

DC Casting of Aluminium

Annual production of Al:

23 x 106 tonnes

at $1370 per tonne

gives annual value of  $31 billion

 
 

DC-cast Al ingots are rolled into sheet, 

and made into, for example,

beverage cansð

Typical composition is Al with 

0.4%Fe - 1.0%Mn - 1.0%Mg - 0.2%Cu - 0.12ï0.3%Si
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Equiaxed

Crystal Structure

Directionally

Solidified Structure
Single Crystal

Improving the strength of Ni-based superalloys Microstructure of a Ni-base superalloy turbine blade, 

showing / ô structure and dislocation arrays

SEM TEM 

ô 

dislocation
networks 

[Vandyoussefi, Worth & Greer, Mater. Sci. Technol., 16 (2000) 1121.]

Inoculation gives a uniform structure of fine equiaxed grains, shown 

here in TP-1 grain-refining test samples Al88Ni4Y8 (at.%) rapidly solidified 

by melt-spinning into a fully 

glassy state and then heated 

through the first devitrification to 

give a dispersion of -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 

ð provide greater capacity by using shorter wavelengths
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C-AFM of optical discs

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

Å Oxidation while scanning 
(due to heating of 
chalcogenide layer) is 
problematic ïa capping 
layer is required to prevent 
this

Northern Wood Frog

Rana sylvatica

ð the only frog found 

north of the Arctic circle

ð when frozen, the frogôs 

breathing, blood flow and 

heartbeat stop

X-ray diffractometer trace (Cu K radiation) from a óginger snapô 

biscuit.  The sharp Bragg peaks are mostly from NaCl crystals.  

There is a broad amorphous óhaloô from the predominant glassy 

sugar phase.
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from the

Financial Times

insulin by 

inhalation?

Crystal

Å regular atomic

arrangement

Å slip planes for

plastic deformation

Glass

Å no periodicity, but

Å density ~ same as

crystal

Å local configurations

~ same as crystal

Å plastic flow is difficult

How to make a glass?

Å a glass forms if crystallization is avoided on cooling

Å the density of the glass depends on cooling rate
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The Glassy State

ð is found for all classes of material:

Å oxide (e.g. SiO2)

Å ionic (e.g. ZnF2)

Å polymeric

Å metallic

Å carbohydrates

C. A. Angell:  Science 267 (1995) 1924.

Will focus on ð

Å Metallic Glasses ð by rapid quenching or in bulk

Å Carbohydrate Glasses ð preserving life

Å Chalcogenides ð for data storage

Will focus on ð

Å Metallic Glasses ð by rapid quenching or in bulk

Å Carbohydrate Glasses ð preserving life

Å Chalcogenides ð for data storage



8/20/2007

8

Metallic Glasses

Å metals and alloys are naturally crystalline

Å pure metals cannot form glasses ð their simple 

structure crystallizes too easily on cooling the liquid

Å alloying can stabilize the liquid, and aids glass 

formation  (ñconfusion principleò)

Å for a binary alloy such as Fe80B20 (atomic %), the 

critical cooling rate for glass formation is 

105 to 106 K sï1

Bulk Metallic Glasses

Å multicomponent compositions aid glass formation

Å the critical cooling rate is much lower (~1 K sï1)

Å glasses can be formed in bulk

from The Times Higher Education Suppl. 3 Feb. 2006

John Desmond Bernal
1901-1971

The dense random packing model for the 

structure of liquids.
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Interpenetrating clusters in the efficient cluster packing model of 

Miracle et al.

D B. Miracle, Acta Mater. 54 (2006) 4317.

Short-to-medium-range order in metallic glasses.

H.W. Sheng, W.K. Luo, F.M. Alamgir, J.M. Bai & E. Ma, Nature 439 (2006) 

419..

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)

Elastic limit y plotted against density for 1507 metals, alloys, 
metal-matrix composites and metallic glasses.  The contours 
show the specific strength y/ .

Metallic glasses for structural applications

Ce70Al10Cu20 ð Tg = 338 K,  Tx = 390 K                

B. Zhang, D.Q. Zhao, M.X. Pan, W.H. Wang & A.L. Greer:

ñAmorphous metallic plasticò, Phys. Rev. Lett. 94 (2005) 205502.
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Microformability of BMGs

Å of interest for micro-

& 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. Saotome et al.  ñThe micro-nanoformability of Pt-based metallic glass and the 

nanoforming of three-dimensional structuresò, Intermetallics 10 (2005) 1241.
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The worldôs smallest motor

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

Elastic limit y plotted against Youngôs modulusE for 1507 
metals, alloys, metal-matrix composites and metallic glasses.  The 
contour is for maximum elastic strain.

Metallic glasses for structural applications

Pressure Sensors

Diaphragms

Annual production now nearly 50 million units

Conventional silicate glasses 

are brittle.

What about metallic glasses?


