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Crystallographic classification
of niobium and the most
iImportant miller indices
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Mechanisms of nucleation

/ AGO=G'4TC‘I'K2

T
3 P
)
0

liquid / fAG min ( nucleation work )
",—F“_
_ nucleus radius 'K
solid

AGt =-AGy + AG,

4 tr2 = surface of a spherical nuclei
4/3  r3 = volume of a spherical nuclei

g, = volume energie

AG, = surface energie
AG,, =volume energie
c = free surface energie
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Influence of building nuclel by undercooling
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Nucleation by phase transition liquid-solid

homogeneous heterogeneous
nucleation nucleation
solid . foreign body
- 3 - ' )
V = 4/37Tr Muld,
impurities,

A = 47Tr?

liquid \ / etc. )

interface between ~ ~T°°°°
solid-/ liquid phase

large undercooling small undercooling
by large free by low free
interface energie interface energie
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Critical nucleus size for homogeneous /
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Heterogeneous nucleation of spherical cap
on a flat mould wall

liquid melting
ML Ts @ nuclei

AGpet =f AGhom ;T 1
= wetting angle

foreign body
( mould,

impurities,
etc.)

R

for a plain wall:
f=1/4(2+cos )(1-cos )2

if  very large, f—=1 (no wetting)
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Tiiquid = Tsolid
latent heat will be deduced by the solid state
A

AH growth direction —=

>
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A
solid ¢ liquid

solidification temperature

temperature
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T

solid = Tliquid latent heat will be deduced by the melting

growth direction —»

solid ¢ liquid

undercooled melting

temperature

solidification temperature

distance between interface solid / quuid-—
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Speed of crystallisation

S diffusion coefficient
. -..- number of nuclei
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\ — speed of crystallization
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Preferred growing positions an the chrystal-
surface characterized by the binding energy
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Different types of surface growth
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Schematic of a kossel crystal

(S) stepped

(K) kinked

(F) flat —_

(100)
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Displacement steps for a
(a) slow and a (b) fast growing area
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Kinematic expansion during crystal growth
fast growing areas will be eliminated
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Czochralski-process
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Bridgman-process
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Bridgman-process with selector

monocrystal

selector

polycrystal
cold wall
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Zone melting
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Electron Beam melting
furnace

ingot
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Crystal growing conditions in dependence of
the angle between solid- and liquid surface

Schoelz, EMD-TCE, Crystal-growth, 14.11.2006, Seite 24 W. C. Heraeus



Heraeus
High disorder leads to grainboudaries

A -
| B

grain boundary
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Convection in the melting in dependence of
the viscosity, surface tension, density etc
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boundary

grain

surface growing errors

W. C. Heraeus

Seite 27

Schoelz, EMD-TCE, Crystal-growth, 14.11.2006,



Heraeus
Thermal economy of the EB-melting
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Thank you for attention
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