el A= | (812 EILE)

Computer Simulation of Darken’s Uphill Diffusion

Mathematical modeling of multicomponent diffusion coefficients

® [} &ZHO0A Diffusion Coefﬂment (n—1) Xl s SENDt
CIMH, Fe-M-C 33 H0MH E& C2 M2 i RE2 s &0
H S =IC.
du du
Jo ==YV € VCi = ye Vi Lc < vVCy,
dyc dy,,
=-D..VC.-D,,VC,,
dt dir,
Jy (yFeyMQ Ay Y@y TV C,
dy. dy.
du ditg,
- (yFeyM‘QM — Vs VeeL2pe = vCy,
dy,, dy,,
=-D,,.vVC.-D,,,VC,,
0 A FRE2 & C2o JI2JIE 0|20t ESotAIBH A X simulation
HAsE V&% CE =8t U-fraction 0| AtZE L.
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Solution Thermodynamics

® fFccFe-M-C Z & DE&2 (Fe,M)i(va,C); & formula unit

023t 1 mol of formula unit & Gibbs free energy € CIS1t & 0|
S S}

—

G, =VeVve Oreva ¥ Y Vva Gurwa + YreYc OGFe:C +VYuVe OGM:C
+RT(ypInyp +yy Iny, )+ RT(yy, Iny,, +y.Iny.)
+ yFeyMyVaLFe,M:Va + yFeyMyCLFe,M:C

T VEeYeva LFe:C,Va T VYuYcVva LM:C,Va

® Darken 2| Uphill Diffusion &&0| 0|20 & fcc Fe-Si-C D40 CH&t
A HASH parameter = Ct2H 21CF. (J/mol)

OGFe:Va :OGJJ;ZC

°Gypy="G2" " +51000—21.8-T

G ="GL+°GEPM + 77207 -15.877-T

°Gyo="G o +°GEP —20510+38.7-T

Ly, sive =—125248+41.116-T —142708(y, — ¥5;) 89907 (¥, — ¥;)’
Ly, gc =+143219.9439.31-T -216320.5(y,, — ys;)

Lyecy, =—34671

123



ro

Al
Al

| Chemical Potential & 2= 2

Derivation of Diffusion Coefficient
2| A 9

® Gibbs Energy AICZ2H 2t

CtS &C.
For substitutional M,
oG oG dG
luMsz—i_(l_yM)( - — m]ZGm_l_(l_yM) o
oYy ayFe Y v
For interstitial C
p _(OGM _aij_ dG,
¢ We Oy, dy,
20| 2UHEZS =QIGHAIL.

2 Aol ek C chemical potential O CtS 1t
He ==Ye ' Greva = Vi "Cua + Ve Grec + V1 G

—RTIn(l1-y.)+RTIny,
—VrJ) MLFe,M:Va + Vr) MLFe,M:C
+(1=-2y)yrLpecya T A=2Y) Yy Larcya

st = FAI L.
o 2yFeLFe:C,Va o 2yMLM:C,Va

Dcc HEts Rl ThSS £8F &0lo

d RT
He _ N
Yc
d 2y.(1=y.)
D :ycyVan£$§J =Q. 'RT[I_%

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

T/T,
T

1_
Q.RT =M, exp[— Ii l[ycAHc"‘(l_yc)AHVa]]
-7 .18338.9 ne -4 )
De = #5310 {14y {1~y )==5Pexpl-{7 - 2.221.10 ") (17767 - y.26436)}
[J. Agren, Scripta Metall. 20, 1507 (1986)]
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Simulation of Darken’s Uphill Diffusion

® [}S2 Mobility 22} initial condition & 0I23dt0 Darken 2 uphill
diffusion &8 FOM 22 simulation StAI 2. (SI unit)

Q, RT =7.0x107 - exp[-286000/ RT]

Q,RT =9.05x107" - exp[-322465/ RT]

(1-2.221-10°'T)

Q.RT =4.529x107" -exp[ (=72007y, +147723y,.)

RT

070 1 | [ | | | |

0.65 4 oDarken L

0.60 - L ® 2 AH 20| 50mm

0.55- . e X AH XI| 4
S 050- : Fe — 3.8wt% Si — 0.478wt% C
5 oas T - e 92= AM )| X4
g odod i Fe - 0.441 wt% C

0-957 T e ZX2l 2% 1323K

. e ZH2l A2t 13 days

0.25 1 13 Daysat T = 1323 K -

0.20 T T ‘

T T T
20 45 10 -5 0 5 10 15 20
Distance, mm

A% data
mm wt% C mm wt% C
-19.5 0.472 0.5 0.574
-17.5 0.45 1.5 0.565
-15.5 0.455 2.5 0.55
-13.5 0.432 3.5 0.555
-11.0 0.432 5.5 0.534
-9.0 0.418 7.0 0.518
-7.0 0.401 11.0 0.49
-4.6 0.379 15.1 0.472
-3.6 0.363 19.4 0.458
2.7 0.359 23.3 0.455
-1.5 0.333
-0.5 0.422
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