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    The studies on initial oxidation of materials are important in 
elucidating the oxidation mechanism in the thin film stage and on the 
basis of passive film growth. Historical model on initial oxidation 
phenomena of pure metals in thin film stage was firstly proposed by 
Mott1 , which was expanded and elaborated upon by Cabrera and Mott2.  
This model was referred to as the inverse logarithmic law of the Mott-
Cabrera theory. The Mott theory was expanded to taking in the 
contribution of ionic concentration gradient to the nonlinear diffusion 
current by Fromhold3. He also proposed the hopping model based on the 
discrete lattice and presented the results of numerical analysis3.  
However, theories on the initial oxidation of materials have been 
confined to pure metals. Here, we derived analytically the initial 
oxidation rate law of binary alloys, which produced the single layer solid 
solution oxide film with the equal valence of ions. 
      We propose the discrete lattice multi-element hopping model, then, 
the ion currents in the thin film on alloys of the initial oxidation can be 
generally expressed as follows. 

��
��
�

�
���

����	 −
−⋅⋅ν=

∑
=

− Tk

EeaZW
exp

n

n
nJ

B

k
)ss()s()ss(

r

l

)l(
k

)s(
k)s(

k
)s()s(

k

1

1  








�

�
�

����� −
−+∑

∑≠

=

r

st B

k
)st()s()st(

r

l

)l(
k

)t(
k

Tk

EeaZW
exp

n

n

1

 

��
��
�

�
���

����� +
−⋅ν−

∑
=

−

−

Tk

EeaZW
exp

n

n
n

B

k
)ss()s()ss(

r

l

)l(
k

)s(
k)s(

k
)s(

1
1

1  

    






�

�
�

����� −
−+∑

∑≠

=
−

−
r

st B

k
)ts()s()ts(

r

l

)l(
k

)t(
k

Tk

EeaZW
exp

n

n

1
1

1             (1) 

In the above expression of the current of s-th species, symbols are 

common ones3, except for )st(W of potential barrier height and )st(a  
of the distance between s-th and t-th cations and so on.   We assume here 

that s = A, B (binary alloy), )B()A( ZZZ == (i.e., equal ionic 
valence), 

)BA()BB()AB()AA( aaaaa ====  and X/VEEk == 0  

(i.e., homogeneous electric field). Then,  the current of  A-th cation can 
be shown from Eq.(1) as follows, if a strong electric field can be set up 

(i.e., TkZeaE B>>0 ). 
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The current of B-th cation can be expressed as well.  The initial 
oxidation rate of oxide film growth on binary alloy can be defined as 

follows3.  { })B(
k

)A(
k JJ

dt

dX +⋅Ω=       (3) 

 
 
 
 
 
 
 
 
 
 
 
By substituting Eq. (2) and others into Eq. (3), the initial oxidation rate 
of binary alloy (A-B) becomes 
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In the Eq. (4) Tk/ZeaVX B=1 , Ω volume per a cation, and )B(ν  

jump frequency and also 0u is shown as follows. 

( ) [ ( )
n

nnn
nn,nu

AB
B

)A(
k

A
B

)A(
kA

B
)A(

k
)A(

k
)A(

k

α⋅−+α⋅
⋅ν⋅= −− 110  

                     
( ) 445

6
α⋅+−

⋅
−

+
−

−

n

nnn

n

nn BA
B

)A(
k

)A(
k

)A(
k

)A(
k

1

1           (5) 

where  
)B(

)A(
A
B ν

ν=ν , 778
9::;< −=α
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)AA()BB(
A
B  and so on. 

Integrating Eq. (4) yields  ( )∫ −=+
X
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If we replace x=X/y, Eq. (6) can be translated as follows. 
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This integral of the right side is the exponential integral4 as same as R. 
Ghes used to check numerically the inverse logarithmic law of Mott-
Cabrera theory in detail5.  The exponential integral can be approximated 
by the next expansion equation 5.   

 ( )[ ]211 1 −−− +⋅−−⋅≅ zOzn)zexp(z)z(En                      (8) 

Since 11 >>= X/Xz , the above approximate expansion equation 

becomes as follows in the case of  n=2. 

)zexp(z)z(E −⋅≅ −1
2                                                     (9) 

Therefore, the initial oxidation rate law of binary alloys with equal ionic 
valence can be obtained as follows. 
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      The above initial oxidation rate law depends on areal density 
distribution in the oxide film.  If metal ion A is dilute, the areal density 

)A(
kn  can be obtained as the extended theory of the single hopping 

model3 under the steady state condition and homogeneous-field limit. 
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where )A(n0 and )A(
Nn are areal densities at alloy/oxide-film and oxide-

film/gas interfaces  respectively, 

( )Tk/kZeaEexp Bk 02=γ  , ( ) ( )11 −α−αν= BB
A
Beff /C . 

Consequently, equations (10) and (11) mean that the inverse 
logarithmic type initial oxidation rate law of dilute binary alloys can be 
expressed by the areal densities at the both interfaces and physical 
constants. 
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