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Faceted Interfaces

* small interfacial added-atom density

» small interfacial vacant site density

e narrow interfacial transition thickness,
e.g. 2-5 molecular spacings

* large free energy dissipation per layer

added
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Non-faceted Interfaces

* higher interfacial concentration of added-atoms
* higher interfacial population of vacant sites

e difficulty in distinguishing added-atoms on one
atomic layer from vacant sites on an

adjacent layer

* relatively wide, i.e. diffuse, interfacial transition,
e.g. 5-20 molecular spacings

* small free energy dissipated per layer added
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growing crystallographic planes become exposed as growth facets. (b) Non-facetted interfaces, at
which there are many equivalent addition sites, advance continuously, with no preferential exposure of
particular crystaliographic planes.
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Solid-liquid interface structure
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Solidification is by atom jumping from liquid
into solid phases and attaching to the solid
interface one by one. The easy that atom can
attach themselves into growth solid interface

depends on the interface structure. The interface

structure is determined by thermodynamics of | -

solidification. <
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Suppose that an atom in solid has totally 77bonds, each bond is then
with energy of Ld/m.

For a perfect surface where all the possible atom positions are
filled, the bonding energy for an atom at interface is

L
d (ml + mb)
m ,\
In interface In bulk
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For a non-perfect interface where only x fraction of atom positions
are occupied

A("”’Ix + mb)
m

The difference between bonding energy at the perfect and
fractal interfaces is
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N possible atom positions at interface

The entropy for x occupations and 1-x vacancies

AS . =—-NK (xIn x + (1 - x)In(1 - x))

mix
The free energy change between the perfect and fractal

AF = Au—TAS,,

o yiduo Juad O13T 65,50 5uIUT ¥
AF

=axil-x)+xInx+(1—-x)In(1-x
NET.~ ° (1-x) (1-x)In(1 - x)

where
AH (m,
o =
KT \ m
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An ideal diffuse liquid - solid interfaceis predicted to continuous growth
at a rate varyinglinearly with theamount of undercooling at theinterface.
* The jump rateof theatomsin a pure metalliquid :
v, =6D, /| 1*

v; : jump rateof atomsin pure metalliquid
D, :liquid diffusion coefficient
A :themean jump distance

D, = 2*v, exp[-AG, / RT]
v, :atomic vibration frequency

v, =6v, exp[-AG, / RT]
AG; :freeenergy of activationfor liquid diffusion
Therateof atoms jump from theliquid to solid

v, =v;/6=v,exp[-AG,/RT]
Thecorresponding atomic jump ratefromsolid toliquid, v;, involvesthe
breaking theatomicbonds so, v =v, exp[-(AG, +AG,,)/ RT]

H0
B

(continuous growth ) awgw i

_ AG,, :thefreeenergy of melting
Thenetrateof interchang of atomsbetween solid toliquid :
Vet = Vi =V =V, €xp[-AG, / RT]- {l —exp[-AG,, / RT}
‘near theequilibriu m freezing point,AG , << RT, so that
1—-exp[-AG,,/RT]= AG,,/ RT

V.., =V, exp[-AG,/ RT]-(AG,, / RT) = D,AG,, | *RT
At T,,, theequilibriu m freezing temp.AG,, =0

AG, =AH -T,AS =0

m




(continuous growth ) auwgw o)

If undercooling should occur :
AG,, =AH-TAS #0
T:is thetemp.at which freezingoccurs. Now let 7' =T7,, — AT
AG, =AH -T, AS + ATAS
Since most bulk metalstendtofreezeat temp.veryclose toT,
AH-T AS=0 = AS=AH/T,
AG, =AHAT /T,
V.., = D,AHAT [(A*RT,)
assumed A equal tothelatticeparameter(a),
therateof advance of theinterface,V = axv,,,
V =av,, = fD,AH, AT (aRT>)
simplified
V = BAT
thesolidificationrateof a diffuse interfaceis a linear function
of theinterfacesupercooling
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Consider a pure nickel single crystal growing with a planar interface at a velocity of 107
m/s. Assuming growth by the continuous growth mechanism, calculate the growth constant

and the kinetic undercooling.




Answer:
To conserve units consistency, the growth constant in Eq. (15.26) is written as:

u, = BD,AH, [lak, N ,T?)
N, 1s Avogadro’s number. Assuming f= 1 (which is true if a = 4 and v; 3 = v;/6) and taking

D; =3-10"m%s it is calculated that 1, =7.84:10°m s™ K. Note that, again for units consis-
tency, the latent heat must be expressed in J/mole. Then: AT, = V/u, = 1.28-107°K.

9-5  What is the approximate kinetic undercooling of the liquid-solid interface in a pure
nickel single crystal growing with a plane front 1072 cm/s? (Assume continuous
growth.) Explain why the solidification rate of metals is seldom limited by interface
kinetics. Assume D, = 5 x 10~% cm?/s, ¥, = 6.6 cm®/mol, AH = —4,320 cal/mol.
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The free-energy barrier AG); required to form a critical two-dimensional
cylindrical nucleus of step height a

AG}; = 2nr*ac + nr*™%a AG

s

Two-dimensional clusters on a flat close-
packed surface.
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the undercooling AT for which the critical nucleus of single
radius of curvature r* will neither melt nor freeze is

_ O'TMVm

AT =
AH,r*

the number of critical two dimensional nuclei per unit area ng*i 18

-— * .

g

U390 Ol y b (S d ol |

The rate of formation of new nuclei is then given simply as

%, %
I,;=n,;0"v;s

where I, is the nucleation rate (per unit area), n’; is the number of critical nuclei per
unit area, and w* is the number of atoms sufficiently close to the edge of the critical
nucleus so that they reach it when jumping from liquid to solid; v.g is the jump
frequency from liquid to solid.

rate of growth by two-dimensional nucleation

the rate of nucleation times the surface area of the growing face A4,

.R = A]Zda

A is the surface area of the growing plane.

BRAVZED
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For a cylindrical nucleus this is

%
*=27U" (2+g_1/2)

step width is proportional to g~1!/2

where g varies from unity for the sharp step to a very small number for very diffuse
interfaces.

the equation for rate of growth by two-dimensional nucleation can now be written as

R = _B3 EL_ e(TEO'ZaVS/’k AH ATy)

LM
Gowg0 dy b (S s al ﬁﬁiiﬁ

where the preexponential B; depends on the variables AT, g, and 4. D;,, is the
liquid diffusion coefficient at the equilibrium melting point, and so D; /Dy, represents
a correction to the growth rate from varying diffusivity. This expression has the form

D ont
R = B, —k o~ (BAATY)
DLM

where both B, and Bj are constants. As in the case of homogeneous nucleation,
quite large variations in B, should have little effect on overall growth rate.
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Figure 4: Crystal growth by two-dimensicnal mechanism
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THE END




