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Computer Simulation of Darken’s Uphill Diffusion

Mathematical modeling of multicomponent diffusion coefficients

® (2 & ZHO0IAM Diffusion Coefficient = (n—1) X2l & SEHD}
T, Fe-M-C 3 2 HOUNHAM & C2 M2 &t RE2 S 20|
TS EC
Diffusion coefficient in an Fe—M-C ternary alloy forms a 2 x 2 matrix
djic djic
Jo ==YV VC:o = YeVr&2e vCy,
dy. dy,,
= _DCCVCC _DCMVCM
duy, A,
S :_(J’FJMQM J = YuVreLr J VCe
e Ve
du dfir,
[yFeyMQ 5 Vit YeeLre = vC,
dy,, dy,,
D, .VC.-D,, VC
0 =N RE2 & CO JI2JIE 0|20t ES oK A X simulation
M= VS C =&t U-fraction 0| At=ELC}.

(volume) is multiplied to C, vielding U—fraction.
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Solution Thermodynamics

® Fcc Fe-M-C & g& D242 (Fe,M)i(va,C)i 2 formula unit S
OlZst 1 mol of formula unit & Gibbs free energy € Ci&1t 20|
T3S Gibbs energy of (Fe,M)i(va,C) solution phase:

G, =YVrVva Oreva ¥ Y Vva Guya + YreYc OGFe:C +VYuVe OGM:C
+RT(yp Inyp +yy, Iny, )+ RT(yy, Inyy,, +ycIny.)
+ yFeyMyVaLFe,M:Va + VEeYu yCLFe,M:C

+ yFeyCyVaLFe:C,Va T Vu yCyVaLM:C,Va

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

’ GFe:Va =° GJ{:ZC

°Gypy="G2"" +51000 —21.8-T

G ="GL+°GEP™ +77207 -15.877-T

G =" G +°GEP"™ —20510+38.7-T

Ly, give =—125248+41.116-T —142708(y ;. — y5;) +89907(y, —ySl.)2
Ly, g0 =+143219.9439.31-T -216320.5(y, — vs;)

LFe:C,Va = _3467 1
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Derivation of Diffusion Coefficient
| Chemical Potential 2 &€= 2
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® Gibbs Energy &1L Z2H 2
To obtain chemical potential from Gibbs energy.

CtS1 &CF.
For substitutional M,
oG oG dG
m_ ﬂlszm_}_(l_yM) m
dyM

=G, +(1-
lLlM m ( yM )( ayM ayFe

For interstitial C

ﬂ — (aGﬂl _ aC‘;ﬂ‘l J — dGm
¢ ayC ayVa dyC
2 A0 2k C chemical potential Ol CIsS1F &0 20H&AE =2 EQIGHAI2L.
M:C

Vee Greva = Vur ' Grwa ¥ Ve Groe + Yy °G

He =—
—RTIn(l-y.)+RTIny,

- yFeyMLFe,M:Va + yFeyMLFe,M:C
+(1-2y, )yFeLFe:C,Va +(1-2y. )yMLM:C,Va

Lot E0IotAIL.

RT
=2y FeLFe:C,Va —2y MLM:C,Va

0
o
o

Dcc Het= 2ol Ch

RT
+

I-ye e
dﬂc]: Q. - RT[I- 2yc2; ve)

(yFeLFe:C,Va +Vu LM:C,Va )]

D :ycyVan[d
Y c
1-pT/T,
Q.RT =M, exp[— o7 Ly AH . +(1-y)AH, ]

b, = 4.53-1077 (14 (1-y )83 Depl-e] - 22211074 (17767 - y 26436))
[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&Z0ot0d Darken 2| uphill

diffusion A& =

Q, RT =7.0x107° - exp[-286000/ RT]

Q RT =9.05x10" - exp[—322465/ RT]

Q.RT =4.529x1077 -exp[

0.70 '

_(1-2.221-107'T)

FDM © 2 simulation otAI2. (S| unit)

[ | | | |
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213 data (experimental data)

mm
-19.5
-17.5
-15.5
-13.5
-11.0
-9.0
-7.0
-4.6
-3.6
-2.7
-1.5
-0.5

wt% C
0.472
0.45

0.455
0.432
0.432
0.418
0.401

0.379
0.363
0.359
0.333
0.422
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(=72007y,. +147723y,.)

|H 20| (length) 50mm
AME =D =4 (left):

e — 3.8wWt% Si — 0.478wt% C
QREZE ABE =I| XA (right):
Fe — 0.441 wt% C

2Hel 2% (T) 1323 K

2 el A2t (time) 13 days

mm wt% C
0.5 0.574
1.5 0.565
2.5 0.55
3.5 0.555
5.5 0.534
7.0 0.518

11.0 0.49

15.1 0.472

19.4 0.458

23.3 0.455



