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The s u r f a c e processes o c c u r i n g on AISI 304 s t a i n l e s s s t e e l 
immersed i n b o r a t e / b o r i c a c i d s o l u t i o n (pH 9.2) were s t u d i e d by l i n e a r 
p o l a r i z a t i o n and a.c. impedance, i n the presence and i n the absence of 
CI" ion. 
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F i g . 1 - L i n e a r p l o t f o r AISI 3 0 4 s t a i n l e s s s t e e l i n 
b o r a t e / b o r i c a c i d s o l u t i o n and t y p i c a l Nyquist p l o t s 
f o r the d i f f e r e n t regions. 
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F i g . 1 shows s c h e m a t i c a l l y the d.c. p o l a r i z a t i o n p l o t , as w e l l as 
the shape of the Nyquist p l o t s o b t a i n e d i n the c a t h o d i c , p a s s i v e and 
t r a n s p a s s i v e r e g i o n s . 

The c a t h o d i c and the t r a n s p a s s i v e impedance r e s u l t s are t y p i c a l 
of charge t r a n s f e r c o n t r o l l e d processes, whereas the p a s s i v e r e g i o n i s 
c h a r a c t e r i z e d by l a r g e diameter s e m i - c i r c l e s w i t h wide s c a t t e r i n g at the 
low f r e q u e n c i e s . 

A) Cathodic Potentials 
T y p i c a l Bode p l o t s o b t a i n e d i n the c a t h o d i c r e g i o n (-1.1V), as 

w e l l as the e q u i v a l e n t c i r c u i t , are shown i n Fig.2. The a d d i t i o n of 
0.5g/l of NaCI does not s i g n i f i c a n t l y change the c a p a c i t a n c e , but r a i s e s 
the value of the p a r a l l e l r e s i s t a n c e , meaning t h a t the c a t h o d i c r e a c t i o n 

fcOa + R*0 + 2e- -> 20H~ 
proceeds mare s l o w l y i n the presence of the c h l o r i d e . 
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F i g . 2 - Bode p l a t s o b t a i n e d at -1.1V, SCE 
+ 0.5g I a C l / 1 
• no NaCI 
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B) Transpassive Potentials 
T r a n s p a s s i v i t y s t a r t s at about +0.9V (SCE), which i s i n the 

range of p o t e n t i a l s f o r oxygen e v o l u t i o n . 
The Nyquist p l o t s show two s e m i - c i r c l e s p l u s d i f f u s i o n at the 

low f r e q u e n c i e s ( f i g . 4 ) . 
The s m a l l s e m i - c i r c l e at the higher f r e q u e n c i e s i n F i g . 3 was 

proven to be due t o the s a l t bridge used i n the setup. The second semi­
c i r c l e i s s e n s i t i v e t o both the c h l o r i d e a d d i t i o n and the anodic 
p o t e n t i a l . I t s diameter becomes s m a l l e r as the p o t e n t i a l becomes more 
anodic, which i s a symptom of the a c c e l e r a t i o n of the anodic r e a c t i o n . 
The presence of C l ~ i n a s m a l l c o n c e n t r a t i o n (0.5g/l) provokes an 
enlargement i n the s e m i - c i r c l e , which can be e x p l a i n e d by some degree of 
i n h i b i t i o n of the anodic r e a c t i o n by the c h l o r i d e i o n . 
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F i g . 3 - Nyquist p l o t at +1.150V, without NaCl 
+ experimental 
Q> s i m u l a t i o n 
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C) Passivation Potentials 
The numerical s i m u l a t i o n s made f o r the pa s s i v e r e g i o n a t OV, 

0.3V and 0.8V r e v e a l e d the i n f l u e n c e of a d i f u s i o n a l process, o n l y i n 
the presence of C I - . 

The val u e s i n Table I show t h a t , i n the presence of the NaCl, 
the measured c a p a c i t a n c e r i s e s about 30-40 uF/cm 2, the measured 
r e s i s t a n c e decreases 1.25xl0*-2.6x10* P.. cm* and the de p r e s s i o n angle 
i n c r e a s e s from 16° t o 21°. 

TABLE JL 

V (SCE) 1 no CI 0.5g FaCl/1 
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C i 
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D) Discussion 
The r e s u l t s o b t a i n e d f o r the c a t h o d i c and t r a n s p a s s i v e r e g i o n s 

are compatible w i t h i n h i b i t i o n of the s u r f a c e r e a c t i o n s by the c h l o r i d e 
io n , p o s s i b l y due t o s p e c i f i c a d s o r p t i o n (1). 

In the p a s s i v e r e g i o n , a d s o r p t i o n of C I " on the s u r f a c e normally 
i n c r e a s e s the measured cap a c i t a n c e , due t o the i n t r o d u c t i o n of another 
ca p a c i t a n c e i n p a r a l l e l i n the e q u i v a l e n t c i r c u i t (2). The i n c r e a s e i n 
the d e p r e s s i o n angle t h a t occurs i n the presence of c h l o r i d e can a l s o be 
e x p l a i n e d by ani o n a d s o r p t i o n , l e a d i n g t o an i n c r e a s e i n the 
he t e r o g e n e i t y of the f i l m . 

The r e s u l t s are not d e c i s i v e i n what concerns the process 
r e s p o n s i b l e f o r the d i f f u s i o n impedance, but the f o l l o w i n g two are 
suggested: 
- d i f f u s i o n of C I - from the bulk of the s o l u t i o n t o the oxide s u r f a c e , 
and 
- d i f f u s i o n of m e t a l - c h l o r i d e complexes i n t o the s o l u t i o n . 

The main c o n c l u s i o n drawn from the data i s t h a t even very s m a l l 
C l ~ c o n c e n t r a t i o n s have a sharp e f f e c t on the s u r f a c e r e a c t i o n s , by 
means of a d s o r p t i o n . 
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