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Diffusional growth and kinetic effects

Transport equation in the bulk (diffusion equation)

+ boundary conditions at the interfaces :

- energy/mass conservation

- local equilibrium + kinetic effects

thin interface analysis : kinetic effects depend
1. ¢(x) strongly on W/

1/2 | => which boundary conditions the phase field
model corresponds to ?
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Phase field models for diffusional growth

—> @ : non-conserved field

—> (' : conserved field C +V-J=0

F - / AV { () + WAV + g(6,C))
g

thermodynamic coupling between phase field and diffusion field

classical phase field model :

_(;_Z o
—> 2 velocity scales : W/T, D/W
giF 3

5C ~ D(¢)
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Macroscopic approach (sharp-interface description) of
diffusional transformations in binary alloys A|.cBc

Diffusion equation in the bulk: (O = DiVQC

Conservation of mass at the interface :

Dl(VCl y Il) + VCl — DQ(VCQ y Il) + VCQ — JB

\ \

total number of atoms number of solute atoms

Interface kinetics :

grand potential:

Oy — O = AV 4+ BJp + dpk b, = fz(Cz) — C’i,ui
Uy — iy = BV +CJp chemical potential:
i = f;(Cy)

—> 3 velocity scales describing interface kinetics
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Non diagonal model (1)

0F

lassical di | model : _ Y
classical diagonal mode 5o T+ 0
0F J
Ve =" D)
oF -
non diagonal model : —% =70+ (MWV¢o)-J —> 3 velocity scales :
W/r, D/W , 1/M
0F - J
—V—= (MWV |
positiveness of the Onsager matrix: M? < maX[D(gb)TWQ(qu)Q]

Phys. Rev. E 86, 60601 (R) (2012)
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determinant > 0

Non diagonal model (2)
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Non diagonal model (2)

determinant > 0

!

_—

 D@)MWV)?] . 16F  MWD(6) 5F
! T ] b= T 00 | T Vo VE
. ‘ ST —

C =V- D(¢)V50 | ]\jWD(qb)qbVJ¢

same structure as anti-trapping current
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Non diagonal model (2)

determinant > 0

!
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D(¢)(MWV¢)2_ .1 OF | MW D(¢) al

! T ] b= T 00 | T Vo VE
. ‘ ST —
=V D(¢)V50 | MWD(¢)¢VJ¢

same structure as anti-trapping current

one-sided model: [ < D»

DMI) L VO, =Jg = Ds(VCy -n) + VC,

€ . .
—— Jp=VC(C{?" — no requirement concerning Onsager symmetry
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Thin interface limit

00 50 [ O2 (r eq\2 eq\2 |

_ ~ / 2 - Ce(l<x) . qu - C2€q
B—/_Ooda: MW, (x) /_ooda: [D(%) -k

C / T [ L 1 1 ] Phys. Rev. E 88, 22406 (2013)
p— T _——
— 00 D(¢€q) 2ljl 2D2
. NG oL
[ eag\ L) — tanh C —
eal) (ﬂw> 2

Equilibrium profiles : <

{ Ceq(x) = C + AC p[gbeg(a:)] AC = C — O%1
Switching function : p(¢) = i (qb —20°/3 + §Z55/5)
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Contrast of diffusivity

1 1 1 r i — L + L 1 1 1
— = — - D N 20D 2D2 E 2—D1 B ﬁ
D(QS) D AD Q(gb) with

Lq(¢) = —q(—¢) 5 q(£1) = £1

T W2 _
1 — BAC? _
A= (1 ) s
W
— aM — ~vA
B=a«a VCAD
C=0

ow [ o
-2/ f;’; 1 (6)]

v = /OO Qd;/ [ (¢eq) ((/56(1) o 1]
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Contrast of diffusivity

]_ ]_ ]_ ( ;l_ — __LE__ _+_ __LE__ __;E__ __J;__ 1
_ .| D 2D, 2Dy’ AD 2D; 2D,
D)~ D T apl®  wh
Lq(@) = —q(—¢) ; q(£1) = £1
T 2W2 — Al . o _ B _
A= 72 1 — BAC D —2CB mgren: o — p1 = BV +CJp =0
A
W ifB:Oi.e.M:WCAM;
B =aM — &
o) WAC'AD
then &5 — &1 = AV + dyk
C=0 W
with A— T (1 — BAC DT)
a=W / dz [, ( Phys. Rev. E 89, 60402(R) (2014)
8= /OO ﬁff (1 — P (deq)] Karma-Rappel: 1/AD =0

Y= /OO Qd;[c/[ (¢eq) ((beq) -

1]

>L5=C=0if M =0
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Conclusion

- The kinetic cross coupling is necessary to fully describe interface kinetics.

-> allows to have the same number of degrees of freedom in phase field model
and sharp-interface description

-> solves problems:

- elimination of temperature jump when finite contrast of diffusivity

- introduce the Ehrlich-Schwoebel effect in MBE A

MW/ =04

- tuning the solute trapping effect in alloys

—> open question:

introduction of kinetic cross coupling for multi- 0
phase systems (treatment of the triple junction ?)
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