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1. Darken’ s Uphill Diffusion by FDM

Simulation of Darken’s Uphill Diffusion
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1. Darken’ s Uphill Diffusion by FDM
~ Giveninfo

Fe-M-C 2| =% Gibbs Free E
aGFetVa :OG;;,C O Gm = yFeyVa IEJGFe:Va + yMyVa DGM:VH + yFeyC aGFe:C + yMyC OGM:C
Gt G+ 51000 - 21.8-T

+RT(ypIny, +y,Iny, )+ RT(y,Iny, + Ye Iny.)

°G, ==°szc+a G &raphie 4 177207 -15.877-T
Fec " ¢ + yFeyMyVaLFe,M:Va tVeYu yC’LFe,M:C

OGS;‘;C ] aGgiamondr_aGgmpki:e ~20510+387-T

, + VeV Yvalrecya ¥ YuYeYvaLlarcya
Ly e =—125248+41.116-T —142708(y,, — y4) +89907(y,, - ys,)

Ly, g0 =+143219.9+39.31-T - 216320.5(y,, — vy
For substitutional M,

LFe:C,Va = _34671
: - oG oG dG
\ du dpt, My =G, +(1-y )[ = ”‘]'=Gm+(1-y )—
'DMC = \yFeyMQM dyf — YuVreS2r dyz_ Y " Ny Wk Y day

For interstitial C
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2. Getting u- Related Derivatives
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3. Algorithms
K1 A list Ol &3

Diffusion
Coefficients()

FDM OIZ0H
M=2 yc. ysi HILI

Dx = Imm or 0.1mm *

Dt = 60 sec

Plot
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# ve

#Chemical

#

def DiffC(si, c):

HEEFDM METHOD

G_FeVa = @

G _S5iVa = 51888 - 21.5%T
G _5iC = -28518 + 38.7%T
G_FeC = 77287 - 15.877%T
value

L_Fe Siva = -125248 + 41.116%T - 142708*(1 - 2*si) + BO9BT7*((1- 2*si)**2)
dL_FeS5iva= 142785%2-4%399@87%(1-2%s1)

L_Fe5iC= 143219.9 + 39.31%T -216328.5%(1-2%si)

dL_FesiC= 216328.5%2

L_FelCVa = -34671

ddL_Fe5ivVa = B¥39987

Potentials

dam_dyC=-(1-si)*G_FeVa-si*G_SiVa+(1l-si)*G_Fel+si*a SiCHR*T*(np.log(c/({1l-c})
ddGm_dyC2= R*T*(1.8/c + 1/(1-c)) - 2%(1 - si)*(-34671)
ddGm_dySidyC=G_FeVa-G_SiVa-G_FeC+G_SiC-(1-2*si)*L_ Fesiva+{1 2*si)*L_FeSiC-(
:J'G.“’.'_:J)-'JI— (c- 4..'”_ FeVa+(1-c)* a_ Sivia- c*a_Fel+c™a_ 5iC + RT lﬁll‘_'!.i.-:.'!:__?[;-,"l::'-ﬁlﬂ.

ddGm_dySi2=R*T*({1/51-1/(1-51)) -2%(1-c)*L _FeSiva+2*(1- 2*51} (1-c)*dL_FeSiva

DiffusionCoeffients.append{c*{1-c)*0hm_C{c)*ddam_dyC2)
DiffusionCeoeffients.append(c*{1-c)*0hm_C{c)*ddam_dySidyC)
DiffusionCoeffients.append(si*(1-si)*(dam_dyC*({Ohm_Si-Ohm_Fe) + ddaGm_dySidy
DiffusionCoeffients.append(si*(1-si)*((1-5i)*0hm_Si+si*0Ohm_Fe)*ddom_dy5i2)

return DiffusionCoeffients

ct[i]= ctii + dt/ (dx**23*(np.sqrt(DCCp*DCC)* (c[i4+1]-c[1i])-np.sqri(DCC*DCCm) *(c[1i]-c[1-1]))
+dt/dw/dw* (np.sqri(DCSip*DCSi)* (si[i+1]-5i[1i] ) -np.sqrE(DCSim*DCSi)* (si[i]-si[1i-1]))

sit[i] = si[i] +dt/(dx**2)*(np.sqri(DSiCp*D5iC)*(c[i+1]-c[i])-np.sqri(DSiC*DSiCm)*(c[i]-c[1-1])
fdt/dx/dx* (np.sqrt(DSiSip*DSisi)*(si[i+1]-si[i])-np.sqrt(DSiSim*DSisi)*(si[i]-si[i-1]))

ct[8] = c_neard

sit[@]= si_near@

ct[n-1] = c_nearlee

sit[n-1]= si nearl@@

for i in range(@, n):
e[i] = ct[i]
si[i] = sit[i]

J-(1-si)*si*L_FeSiVa+si*(1-si)*L_FeSiC+(1-si)*(1-2%c)*L_FelVa

1-2%c)*L_FelVa-(1-si)*si*dL_Fes5iVa

pg(I-s1i)) +(1-2%s1)¥*(1-c)¥L_FeSiVo+ (I-51)%Fsi*(1-c)}¥dl_FesiVa + |

+(1- 51}*51*{l—cj*ddL_Fe51Va—Z*c*L_FESiC +2%(1-2%s1)*c*dL_FesiC

C*(Ohm_Si*(1-si)+0hm_Fe*si)))
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Dx=1 mm
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B dGm
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wt% Si vs x(mm)
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0.py

2
Ohm_5i=0.@85*18**-3*np.exp

00, py+ 1.y a.py ex.py=E  fpy
c.append(x_C/(x_Sit+x_Fe))
ct.append (x_C/(x_5itx_Fe))
si.append(x _S5i/(x_Fet+x_5i))
sit.append(x_Si/(x_Fe+x 5i))

ARFTY I/ (R*T)
465/ (R*T) )/ (R*T)

def Ohm _C(c):

return 4.529%(18%*-7)*np.exp( - (1-2.221% (18%*-4)*T)*(-72087*c+147723*(1-c) )/

2

def DiffC(si, <)

B.reva =
G_5iva =
G_5iC
G_FeC

L FeSiVa = -125248 + 41.116%T - 142788%(1 - 2¥si) + 59967%((1- 2¥si)**2)
dL_FeSiVa= 142785%*2-4*39987%(1-2%si)

L FeSiC= 143219.9 3 2
dL_Fe5iC= 216328.5%2

L FelWa = -34671

ddL_FeSiva = 5*39987

dam_dyC=-(1-s51i)%a_FeVa-si*@_Siva+(l-si)*6_FeC+si*a_SiC+R*T*(np.log(c/(1-c))
ddGm_dyC2= R*T*(1.@/c + 1/(1-c)) - 2*(1 - si)*(-34671)
ddGm_dySidyC=G_FeVa-G_SiVa-G_FeC+G_SiC-(1-2%*si)*L_FeSiVa+(1-2*si)*L_FeSiC-(

ddGm_dy5i2=R*T*(1/5i-1/(1-51)) -2*(1-c)*L_FeSiVa+2*(1-2%si)*(1-c)*dL_Fe5iVa
DiffusionCoeffients.append{c*(1-c)*0hm C(c)*ddam_dyC2)
DiffusicnCoeffients.append(c®(1-c)*0hm_C(c)*ddGm_dySidyC)
DiffusionCoeffients.append(si*(1-51i)*(dGm_dyC*({0Ohm_5i-0Ohm_Fe) + ddGm_dySidyi
DiffusionCoeffients.append({si*(1-s51i)*((1-51i)*0hm_5i+si*0hm_Fe)*ddGm_dy5i2)

return DiffusionCoeffients

def Plot(ct, si, p):

wt_C,wt_5i=[],[]

for 1 in range(@, n):
Cf = ct[i]/(1+ct[1i])
sif= si[i]/(1-CF)

=] =1 =

1o —

Diffusion Coefficient
Function@= &t [




| Opy 00, py = 1.py a.py= BH. Py f.py
G_Feva = @
G Siva = 51888 - 21.3%T
G_SiC = -28518 + 38.7*T
G_FeC = 77287 - 15.877*T
while(1):
time += dt

148

for i in range(@, n):

L_FeSiva[i] = -125248 + 41.116*T - 142788*(1 -
dL_FeSiVa[i]= 142788*2-4*899@7*(1-2*si[i])

L FeSiC[i]= 143219.9 + 39.31*T -216328.5%(1-2%si[i])
dL_FeSiC= 216320.5%2

L FeCVa = -34671

ddL_FeSiva = B*B99@7

dGm_dyC[i]=-(1-si[i])*6_FeVa-si[i]*G_SiVa+(1-si[i])*G_FeC+si[i]*G_SiC+R

ddGm_dyc2[i]= R*T*(1.@/c[i] + 1/(1-c[i])) - 2*(1 - si[i])*(-34671)

ddGm_dySidyC[i]=6_FeVa-G_SiVa-G_FeC+G SiC-(1-2*si[i])*L_FeSiva[i]+(1-2*
d6m_dySi[i]= (c[i]-1)*G_FeVa+(1-c[i])*G_SiVa- c[i]*G_FeC+c[i]*G_5iC + R
ddGm_dySi2[1i]=R*T*(1/si[1]-1/(1-5i[i])) -2*(1-c[i])*L_Fesiva[i]+2*(1-2*

2*si[i]) + 89987%((1- 2*

DCC[i] =c[1i]*(1-c[i])*Ohm_C(c[i])*ddGm dyc2[i]
DCSi[i] = c[i]*(1-c[1])*Ohm_C(c[i])*ddGm_dySidyC[i]

DSiC[i] = si[i]*(1-si[i])*(dGm_dyC[i]*(Ohm_Si-Ohm_Fe) + ddGm_dySidyC[i]
DSiSi[i] = si[i]*(1-si[i])*((1-5i[i])*Ohm Si+si[i]*Ohm_Fe)*ddem dySi2[i

for

i in range(l, n-1}):
ct[8] = c_neard
sit[@]= si_near@
ct[n-1] = c_nearlea
sit[n-1]= si nearlee

ct[i]= c[i] + dt/(dx**2)*(np.sqri(DCC[i+1]*DCC[1i])*(c[i+1]-c[1i])-np.sqr

Sit[i] = si[i] +dt/(dx**2)*(np.sqre(D5iC[i+1]*DSiC[1])*(c[i+1]-c[i])-np
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6. Conclusion

Ml A 0] Chemical PotentialQil loll 291210 At EXP|
Uphill Diffusion0l F0{4E Eo(=T E[ = Chemical Potential [iZ!)

Si= Substitutional A0 L0, A HE
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