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Computer Simulation of Darken’s Uphill Diffusion

Mathematical modeling of multicomponent diffusion coefficients
st2H 0l M Diffusion Coefﬂment (n-1) X9 sz HEWDIt
, Fe-M-C 3 &HUHAM E& C2 M2 &¢t K52 sl &
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du du
J.=— Q.| —+= NV, VC. - Q € V.VC
C yC yVa Cc [ dy )\/S C yC yVa C ( dyM }/S M

C

<y a gy
e 2 o
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Solution Thermodynamics

® Fcc Fe-M-C &g& D242 (Fe,M)i(va,C); 2 formula unit

OlZst 1 mol of formula unit & Gibbs free energy € Ct=S1t 20|
H & SHCY.

Gm = yFe yVa OGFe:Va + yM yVa OGM:Va + yFe yC OGFe:C + yM yC OGM:C
+RT(Yee INYee + Yw INYy )+ RT (Vi INYy, +Ye INYe)
+ Yee Y Yvalremva T Yee Y Ye Lremc

+ yFe yC yVaLFe:C,Va + yM yC yVa I—M:C,Va

® Darken 2| Uphill Diffusion &&0l 0|2 & fcc Fe-Si-C DS A0 Y
A HASH parameter = Ch2 21CF (J/mol)

o

"Greva :oGFfZC

°Gga="Go™™ ™ +51000 -21.8-T

"G ="Gg +°GI*" + 77207 -15.877 T

“Ggc="Gg " +°GE*™ — 20510+ 38.7-T

Lo siva = —125248+41.116-T —142708(Y, — Yg;) +89907(Y, — Ysi)°
Leesic =+143219.9+39.31-T —216320.5(y, — Ys;)

Lrecva =—34671
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& 29 Chemical Potential 2 €= &

Derivation of Diffusion Coefficient

dG,

dy

® Gibbs Energy AL ZFH 2

CtS1 &CF.
For substitutional M,

oG oG
- — mszm+(1_yM)

y =G +(1-y )(
) "oy e

fe
Jo

Xl

For interstitial C

p _(aem _aemj_ dG,

¢ ayC ayVa dyC

2 A0 2k C chemical potential 0] Gt 201 &0
(0] 0 0 0

yFe GFe:Va - YM GMf\/a + yFe GFe:C + YM GM:c

He =—
—RTInl-Yy.)+RTIny,

- yFe yM LFe,M Va + yFe yM LFe,M:C
+(1-2Ye)Yeelrecva + 1 —2Ye)Yu Lucva

S0IGHAI 2.
Fe LFe:C,Va _ 2y|v| LM:C,Va

E5t

Doc HetsS 2ol LSS
RT
— 2y
(yFe LFe:C,Va + yM I—M:C,Va )]

du. RT N
ch 1- yc yC
%] - Q. -RT[L- 2y.(1-yc)
dy. RT

Dcc =Yc VVan[
[yCAHC +(1- Ye )AHVa]]

1- AT T,
RT

Q.RT =M, exp[-

[J. Agren, Scripta Metall. 20, 1507 (1986)]
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Simulation of Darken’s Uphill Diffusion

® [}3°2 Mobility 22t initial condition 2 0l&Z0t0d Darken 2| uphill
diffusion && S FOM 22 simulation StAI2. (SI unit)

Q,,RT =7.0x10"° - exp[-286000/RT]

Q. RT =9.05x1072 - exp[-322465/ RT]

QO RT =4.529x107 -ex

1-2.221-10
o ¢

RT
0.70 R
0.65 4 oDarken L
0.60 -| -
0.55 - L
§ 0507 -
S’ 0.45- O -
§ 0.40 - =
0.35 - L
0.30 =
0.25 4 13 DaysatT=1323 K -
%2030 45 10 5 0 & 1o 15 20
Distance, mm
A3 data
mm wt% C
-19.5 0.472
-17.5 0.45
-15.5 0.455
-13.5 0.432
-11.0 0.432
-9.0 0.418
-7.0 0.401
-4.6 0.379
-3.6 0.363
-2.7 0.359
-1.5 0.333
-0.5 0.422
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A el
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0.5
1.5
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3.5
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15.1
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25 1323 K
A2+ 13 days

wt% C
0.574
0.565
0.55
0.555
0.534
0.518
0.49
0.472
0.458
0.455



