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Appendix: Mathematical Derivation of Analytical Solution for Oxide Growth

Al:  Growth of a Single Phase Oxide

The metal oxidation flux can be expressed using a modified Butler-Volmer equation:

Jnrr @ lmjox = i - (ex0(a- 7,4, (D)) (A1)
where a = 222F
RT

In the presence of an oxide layer, the effective overpotential is
Tlrdx#(t) = Eelec(t) - Esg# - AVoxide (t) (A2)
The potential drop across the oxide layer is assumed to be proportional to oxide thickness:

AVoxiae(t) = AVoxiae(0) + €pon * Lyos(t) (A3)
Under potentiostatic conditions, E,;..(t) = constant with time. Substituting (A3) and (A2)

into (A1) and by separating constant terms from time-dependent terms:

Tt @) lmjox = 4y - (exp (a (= emon LMO#(t)))> (A4)

where 4; =J71 - (exp (a . (Eelec(t) —E:L — Avoxide(O)))> (A5)

The oxide growth flux is:

Jmo# (O loxigze = fe—mon(t) “Iman+ (t)|m|ox (A6)
knmox(t)
where fi_uou(6) = (f—mar—) (A7)
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Kno(t) = oy (0) - exp (—2roror®) (A8)

This is related to the linear rate of oxide growth as:

dL
%0# = Umo# " Imo# () loxide (A10)

From (A4), (A6) to (A10),

) cmo# * Lmox(t)
dLyos kmo#(0) - exp (— M R;d )

=0 .
dt MO#

c L t
kmox(0) - exp (‘ %{yo#()) + Kaiss#

. (exp (a (= emos - LMO#(t)))>

(A11)
dLyo# _dt
kpyo#(0) - exp (— Cmos " mo#'t) .RL7A~/IO#(t)>
Upmo# * Cro - Laox (6) “Ap- (exp (a ) (_ Emon LMO#(t))))
kpo#(0) - exp (‘ T) + Kaiss#
(A12)
L t
1 kmox(0) - exp (‘ CMO#R—;/IO#()) + Kaiss# dLyou d
. . = dt
R O O e IV G CHCE R IO)))
(A13)

1 kg c L t

Umo# 'A] kmo#(0)
(A14)
1 kaiss# < CMmo# )
lexp(la-e - L t))+ ex —+ta-¢ *Lyox(t) ] ]-dL
Upos -A] ( p( MO# MO#( )) kMO#(O) p ( RT MO#) MO# MO#

=dt
(A15)

The solution for the differential equation is:



1 1
@ emor) (exp(a - emoy * Luou(t)) — 1)

Upmo# * 4y

1 Kaiss# < < Cmo#
+ . lexp ((—+a-¢ “Lyos(®) ] —1) =t
(CMO# +a- sMO#) kmox(0) ( RT MO#) Mo#

RT
(A16)
The typical values of €y;04 and cpp4 are such that (see Table 2 in the text):
C’;’;’# KL a-Eyon (A17)
For an oxide thicker than a few angstroms:
exp(a - eyos * Lyox(t)) > 1 (A18)
Thus,
r 1t . _Kdiss# ) | . : ~
vmouAy (aemow) (1 + kMo#(O)) (exp(a Emot LMO#(t))) t (A19)
By defining
0.5nF
Amos = @ Eyos = R—: " EMo# (A20)
_ kmo#(0)
fie-m04(0) = (kMo#(0)+ kdiss#) (A21)

Jmo#" = Vmow * fk-mo#(0) - 4

0.5n'F

= Umo# " fr—mo#(0) " Jraxs " (exp (?' (Eelec(t) —Egl, — AVoxide(O))>> (A22)

Taking In of both sides of Eq. A19 yields:

Lyox(t) = ﬁ (In(Amos * Juos™) +1Int) (A23)

A2:  Conversion of Chromium Oxide to Chromite




For the conversion of chromium oxide to chromite the same derivation can be performed.
The only difference is that the overpotential in this case is a function of the potential drop

across the two oxide layers:
Urdx#(t) = Eeec(t) — Esg# — AVpyige(t) (A24)

AVoxide(t) = &cr203 " LCr203(0) + (EMCr204—fl ’ 56r203) : LMCr204(t) (A25)

This change also changes the constants in Eq. A23. The thickness of chromite layer is then:

1

Lycr204(t) = 7 (In(Aycr204 * Imcrzo4™) +1Int) (A23)

MCr204

0.5n'F

Jmos" = Vo * fr—mox(0) - ]regx# ) <exp (T (Eelec(t) - Eﬁi’# — &cr203° LCr203(0))>>

(A22)

0.5nF
Amos = %' (emcr204—11 " €cr203) (A25)
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