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rho_Cr203 5.21|gr/em® Density of chromium oxide
MCr203 151.991|gr/mol Molecular weight of chromium oxide
rho_c22 8.69|gr/cm® Density of Alloy 22
F 9.65E+04|C/mol Faraday’s constant \D)
Alcm? Passive current density for Alloy 22, from 5x107° A/cm?to 1.3x10-7 A/cm? ™
Alcm? Passive current density for Cr, page 113 of Scientific Notebook 304: 1.4x10® Alcm?
Assumed fraction of sites occupied by Ni in the Cr203 film on Alloy 22 R
ESTIMATED RATE CONSTANTS h | : Y
kCr ~ 4.83659E-14|mol/(s cm?) mol/(s cmA2) Assuming k1Cr = k3Cr and kMo=kNi ch
kNi 8.72157E-15/mol/(s cm?) mol/(s cmA2) v _ , N
kMo 8.72157E-15|mol/(s o:,_mv k1Ni 7.61E-15/mol/(s cm”2) Necessarily k3Cr > k3Ni N
K3Ni 1.12E-15|mol/(s cm?2) v ] P
N
| &
3
N 72
L <=
Dakath: d:\osvaldo\CLST\¢c-22\rate constants.xls <
rho_Cr203 5.21 [gr/cm® Density of chromium oxide N
MCr203 151.991|gr/mol Molecular weight of chromium oxide N
" |rho_c22 8.69,gr/cm’ Density of Alloy 22 3
F 9.65E+04|C/mol Faraday’s constant _ )
Alem?® Passive current density for Alloy 22, from 5x10° A/cm® to 1.3x10-7 A/cm -
Alem? Passive current density for Cr, page 113 of Scientific Notebook 304: 1.4x10® Alcm? ,
Assumed fraction of sites occupied by Ni in the Cr2083 film on Alloy 22 &W
ESTIMATED RATE CONSTANTS _ _ —
kCr 4.83659E-14/mol/(s cm?) ol/{s cm"2) Assuming k1Cr = k3Cr and kMo=kNi T&
kNi 7.53589E-13|mol/(s cm?) ol/(s cm*2) | ﬁ [
kMo 7.53589E-13|mol/(s cm?) 7.52E-13|mol/(s cmA2) Necessarily k3Cr > k3Ni 1D
1.12E-15|mol/(s cmA2) | ] Q
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Dakath: d:\osvaldo\CLST\c-22\rate constants.xls

9.65E+04|C/mol

Faraday’s constant

. Pos\m =
rha_Cr203 5.21|gr/cm Density of chromium oxide
MCr203 151.991|gr/mol Molecular weight of chromium oxide
rho_c22 8.69|gr/em® Density of Alloy 22
T.

{Alcm?

_ummm_<m current density for Alloy 22, from mon-o >\03 t0 1.3x10-7 >\03m

| Alom?

ESTIMATED RATE CONSTANTS

kCr 2.07282E-14mol/(s cm?) | mol/(s cm? Assuming k1Cr = k3Cr and kMo=kNi

kNi 2.07634E-14/mol/(s cm?) |mol/(s cm?) | ~

kMo 2.07634E-14jmol/(s cm®) L\ k1Ni 2.03E-14|mol/(s cm?) Necessarily k3Cr > k3Ni, but kCr<k1Ni+k3Ni
AN\ kaNi 4.78E-16/mol/(s cm?) 1] ‘ |

_ |

w
_

Dakath: d:\osvaldo\CLST\c-22\rate constants.xls Upp gy
7

rho_Cr203 5.21lgr/em® Density of chromium oxide
MCr203 151.991|gr/mol Molecular weight of chromium oxide
rho_c22 8.69|gr/cm® Density of Alloy 22
F 9.65E+04|C/mol Faraday’s constant _

Alcm? 1mmm_<m current am:m_q for >__o< 22, :oB mxS-o >\03 to 1.3x10-7 >\03m

Alcm? Dsso gk

>mmc3ma :mo:o: of sites oooco_ma by z_ in the O%Ow *__

o: >=o< mw

ESTIMATED RATE CONSTANTS

|

kCr 2.07282E-14|mol/(s cm?) Imol/(s cm?) Assuming k1Cr = k3Cr and kMo=kNi
kNi 7.65631E-13|mol/(s cm?) |mol/(s cm?) ‘ |
w kMo 7.65631E-13/mol/(s cm?) . 7.65E-13|mol/(s cm?) |Necessarily k3Cr > k3Ni, but kCr<k1Ni+k3Ni
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Dakath: d:\osvaldo\CLST\c-22\rate constants.xIs 1.56184E-07 U2
rho_Cr203 5.21 |griem® Density of chromium oxide .

MCr203 151.991|gr/mol Molecular weight of chromium oxide
rho_c22 8.69|gr/cm® Density of Alloy 22
F 9.65E+04|C/mol Faraday’s constant

Alcm®

E 2
Passive current density for Alloy 22, from 5x10 ° Alom®to 1.3x10-7 Alcm

2

Alcm?

Passive current density for Cr, page 113 of Scientific Notebook 304: 1.4x1 0 Alcm

Assumed fraction of sites occupied by Ni in the Cr203 film on Alloy 22

y _ #
IMATED RATE CONSTANTS . .
MMM_. 4.83659E-14{mol/(s oBNV mol/(s oBMV Assuming k1 oﬂ =0 and _AJ\_onxz_
; 2
. 7.53589E-13|mol/(s cm?)" mol/(s cm?) . . . .
”__N_\__o 7.53589E-13|mol/(s cm?) 7.51359E-13;mol/(s cm?) Necessarily k3Cr > k3Ni, but kCr<k1Ni+k3Ni
~ 2 23039E-15/mol/(s cm?) ] 1] | l

AN
N
Y

Dakath: d:\osvaldo\CLST\c-22\rate constants.xls 1.56184E-07 Uy
7

rho_Cr203 5.21|gricm® Density of chromium oxide

MCr208 151.991|gr/mol Molecular weight of chromium oxide

rho_c22 8.69/gr/cm® Density of Alloy 22

F 9.65E+04|C/mol Faraday’s constant

‘TE(W )LD yﬁ' m(o(ds an

5/7/00

W |Alcm? Passive current density for Alloy 22, from 5x10°° Alem?to 1.3x10-7 A/cm?
~ |Alcm? Passive current density for Cr, page 113 of Scientific Notebook 304: 1.4x10° Alem?
~ Assumed fraction of sites occupied by Ni in the Cr203 film on >=o< 22
> ESTIMATED RATE CONSTANTS kCr=k1Cr+k3Cr
N 2
kCr 4.83659E-14/mol/(s cm®) mol/(s cm?) Assuming _2 Cr = 0 and kMo=kNi
kNi 7.53589E-13|mol/(s cm?) |mol/(s cm?) _ ;
kMo 7.53589E-13|mol/(s cm?) - k1Ni 7.52474E-13|mol/(s cm?) Necessarily k3Cr > k3Ni, but kCr<k1Ni+k3Ni
NN (k3N 1.1152E-15/mol/(s cm?) 1| ‘ |
_
Dakath: d:\osvaldo\CLST\c-22\rate constants.xls 6.00708E-09 Yz
rho_Cr203 5.21|gr/cm® Density of chromium oxide
MCr203 151.991gr/mol Molecular weight of chromium oxide
rho_c22 8.69|gr/cm® Density of Alloy 22
F 9.65E+04C/mol Faraday’s constant
Alcm? _ummm_<m current Qm:m_q for >__o< 22, :03 mxS-w >\03 t0 1.3x10-7 >\03M
2
Alem Assumed
ESTIMATED RATE CONSTANTS | _
kCr 2.07282E-14|mol/(s cm?) mol/(s cm?) Assuming k1Cr = 0 and kMo=kNi
kNi 2.07634E-14]mol/(s cm?) mol/(s cm?) ‘ |
kMo 2.07634E-14|mol/(s cm?) 1.98075E-14|mol/(s cm?) Necessarily k3Cr > k3Ni, but kCr<k1Ni+k3Ni
9.55882E-16/mol/(s cm?) 1] | ‘
Dakath: d:\osvaldo\CLST\c-22\rate constants.xls 1.56184E-07 .
rho_Cr203 5.21|gr/cm® Density of chromium oxide
MCr203 151.991 |gr/mol Molecular weight of chromium oxide
% rho_c22 8.69|gr/cm® Density of Alloy 22
. F 9.65E+04|C/mol Faraday’s constant
ﬂ Alom? _ummm_<m current density for >__o< 22, from mxS.mw >\03 to 1.3x10-7 A/lem®
q Alcm?® 364 F539nac)
: >mmc3ma :mozo: of sites ooocv_ma c< z_ in the OBOw film >=o< mm
ESTIMATED RATE CONSTANTS | !
kCr 2.07282E-14]mol/(s cm?) mol/(s cm?) Assuming k1Cr = 0 and kMo=kNi
kNi 7.65631E-13|mol/(s cm?) mol/(s cm?) | A
kMo 7.65631E-13|mol/(s cm?) k1Ni 7.64675E-13|mol/(s cm®)  |Necessarily k3Cr > k3Ni, but kCr<k1Ni-+k3Ni
RN k3Ni 9.55882E-16]mol/(s cm?) 1] ‘ !
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E’ (m )L L ki J i Pmax = 0.1 Pmax = 0.2 Pmax =0.5 Pmax =0.7 Pmax =0.9
. . — o - Srlx T 2 Time to Time to Time to A> Time to Ax Time to
4 ?h' — 9 ﬁ' = C' € A reach Pmax A:L reach Pmax A" reach Pmax reach Pmax reach Pmax
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C / < 0.0001 0.205557 0.0001 0.442613 0.0001 1.491522 0.0001 2.947805 0.0001 9.053338
%Aflﬁ v-L t,) = GT - C,“v" /“ ) ot C(,- /+ ) - (;_40 /+/) 0.001 2.055572 0.001 4.426129 0.001 14.91522 0.001 29.47791 0.001 90.53685
! r i 0.01 20.55522 0.01 44.26132 0.01 149.1522 0.01 294.7799 0.01 905.3686

te

. Osvaldo Pensado 9/21/2000
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The reason of why the lifetime does not depend on the space time step is explored in this worksheet.
Approximations are made to provide an analytical solution to surface concentrations (it is assumed that ail of the
vacancies accumulate on the surface, wich is almost right). It is proved that there is a linear dependence between
the time to achieve the critical concentration, Pmax, and the position step Ax. Let us call this time tc. The
corrosion rate can be computed as Ax/tc, which is a constant. Therefore, the failure time is independent of the
selection of the spatial step Ax. Additional details in Scientific Notebook 304, page 169-171.

The above numbers have been generated with the Mathematica notebook comp4.nb, entries on 9/21/2000
d:\osvaldo\cist\c-22\comp4.nb
See the above notebook and Scientific Notebook 304, p. 169-171 for additional details. //)
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