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Introduction

Glasses are materials with 

“amorphous structure 

showing a gradual 

transition from the liquid 

to the solid without well 

defined melting point.”

No or only minor changes 

in the static structure at 

the transition
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Introduction

Physical properties change 

gradually on lowering the 

temperature

Cross-over depends on 

cooling/heating rate

i.e. properties depend on thermal 

history

Glasses are in a frozen in meta-

stable state

►►►► susceptible to crystallization



Hermann Franz |  Master course mod. X-ray physics | July  20113 |  Page 5

History

Art of glass making known since 

ca 3000 b.c.

Earliest records in Egypt and 

Mesopotamia, later many 

records in Rome

Sacophagus of Tut Ench Amun
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Examples for glasses in everyday life

Traditional glasses

SiO2, B2O3, P2O5 based

Window glass

SiO2 with sodium or potassium 

minerals (soda, potash)

Glasses for art work

doped with variety

of elements

Industrial glasses

Polymers

Plastic materials: PE, PMMA, PS…..

SMO (small organic molecules)

Glycerol, OTP, salol, squalane, ……

Metallic glasses
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Examples for typical glass formers
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Bulk Metallic Glasses

Courtesy of prof. A. Inoue
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Systems

> Historically first alloy AuSi (1960) cooling with 10 6 K/s

> 1969 PdCuSi – only 10 3 K/s needed 

> First commercial amorphous alloy, Vitreloy 1 (41.2% Zr, 13.8% Ti, 12.5% 
Cu, 10% Ni, 22.5% Be)

> Families of alloys
� Pd based: PdCuNiP

� Zr based: ZrNi, ZrTiCuNiBe (v4), ZrAlNiCuAg, ZrPd, Zr AlCu, ZrAlCuNiFe

� La based

� Fe based: FePCAlBGa

� Cu based: CuZr, CuTiZr

� Al based: AlLaNi

� Ni based: NiZr, NiNbY

� and many more

> Comparatively simple structure  -> ideal model syst ems
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Systems
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Favorable conditions for glass formation

Couple of empirical rules in literature

However up to now still empirical (trail and error)  development

• Three or more alloy components

• Very different atomic radii

• Negative heat of mixing

• Low eutectic

• Competing crystalline phases
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Applications

Transformers

low thermal losses 

Light weight compounds in space crafts

high specific strength

Surface coating

very hard thin films
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Magnetic properties
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High strength
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Sample preparation  - melt spinning

Rather wide spread

Cooling rate up to 10 5 K/s

Production of large quantities

However only thin films (couple of 10 µµµµm)
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Sample preparation  - splat cooling

Rather wide spread

Cooling rate up to 10 6 K/s

Production of small quantities

Only thin disks (couple of 10 µµµµm)

Laser

Furnace

Anvils
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Sample preparation  - mold casting

Cooling rate up to 100 K/s

Production of “large”, bulk samples

Flexible shapes
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Structure vs. macroscopic properties

Understanding relation between 
the structure and macroscopic 
properties is important for 
improving performance of 
existing and crucial for designing 
novel materials
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[1] - rear yoke, [2] - front yoke, [3] - clamping, 
[4] - leading screws, [5] -load cell, [6] - motor, 
[7] - displacement gauge

In-situ tensile experiments

Tensile/compression module

Zr64.13Cu15.75Ni10.12Al10

Y. H. Liu, G. Wang, R. J. Wang, D. Q. 
Zhao, M. X. Pan, and W. H. Wang,
Science 315, 1385 2007.
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Structure by X -rays

Reminder:

Scattering amplitude from a crystal

leading to reciprocal lattice

As there is no lattice in amorphous structures we have 
to treat the whole sample like a molecule

With the sum running over all atoms in the illuminated 
volume
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N. Mattern et al APL  2003

Structure by X -rays - temperature dependence



Hermann Franz |  Master course mod. X-ray physics | July  20113 |  Page 22

0 2 4 6 8 10 12 14 16 18 20

-2

-1

0

1

2

3

4

5

6  experimental data
 RMC fit

Q
.(

S
(Q

)-
1)

Q (Å-1)

Zr
70

Cu
30



Hermann Franz |  Master course mod. X-ray physics | July  20113 |  Page 23

The glass transition temperature T g

What is glass (solid) ?

What is liquid ?

There are also complex fluids

• Emulsions

• Colloids 

• Gels

• Ketchup, honey, starch, ………
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Tg determined by state of the experimental technique

The glass transition temperature T g

( )







−
−=

0

0exp
TTk

Eη

VFT law

transition 
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Very strong 
variation of η / τ
with temperature

strong

fragile
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Viscosity and T g
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Viscosity and share modulus are connected by a 
characteristic relaxation time 
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Differential Scanning Calorimetry  (DSC) 



Hermann Franz |  Master course mod. X-ray physics | July  20113 |  Page 27

Differential Scanning Calorimetry

Tg
Tonsetx Tonsetm TL

Tm

Tx

Supercooled liquid region:

∆T=Tonsetx-Tg

Glass forming ability (GFA)

∆T

Trg=Tg/Tm

and many others

inflexion
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Kautzmann paradoxon

Glass transition at TK when 
entropy of the amorphous is lower 
than in the corresponding crystal

All realsystems fall out of 
equilibrium before
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Glass transition

Dynamics in real disordered solids
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• microscopic process: rather 
harmonic in most glasses

τ

• cage (ββββ)- process: intermediate 

times

glass transition Tc: αααα and 
ββββ process merge

αααα- process: long range diffusion, 
very strong T-dependence, 
stretched exponential
fq exp(-(t/ττττ)ββββ)


