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r eg i ão entre a dupla camada e o pico C, a adso rção 

espec í f ica na reg ião do óxido, e ainda o facto de CIO^ ser 
2-

menos fortemente adsorvido que os iões HSO^/SO^ . 

Postula-se ainda que a espécie percursora do pico C é 

Ir(OH) 3 e que o papel dos aniões se traduz numa indução do 

fenómeno de oxidação, facilitando a t r a n s i ç ã o 

Ir(III) -» IrÜV) (pico D). 
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ABSTRACT 
The p a s s i v a t i o n and l o c a l i z e d c o r r o s i o n of (a-/3) bra s s i s s t u d i e d 

i n b o r a t e - b o r i c a c i d b u f f e r + 0.5 M NaCl aqueous s o l u t i o n ( pH 9) i n the 0 -
60 °C range u s i n g e l e c t r o c h e m i c a l techniques combined w i t h s u r f a c e 
microscopy. P a s s i v a t i o n of a-fi b r a s s i n b o r a t e - b o r i c a c i d b u f f e r i s due t o 
the e l e c t r o f o r m a t i o n of a complex ZnO.xH 0 and Cu 0/CuO/Cu(HO) anodic 

2 2 2 

l a y e r . In b o r a t e - b o r i c a c i d b u f f e r + 0.5 M NaCl p a s s i v i t y breakdown l e a d i n g 
to p i t t i n g c o r r o s i o n i s observed when the a p p l i e d p o t e n t i a l exceeds E , the 

b 
breakdown p o t e n t i a l . The E vs T p l o t g i v e s a s t r a i g h t l i n e w i t h s l o p e 

b 
-5x10 V/ C. At a constant T the l o c a l i z e d c o r r o s i o n r e s i s t a n c e of a -0 

brass r e s u l t s c o n s i d e r a b l y lower than that of p o l y c r y s t a l l i n e Cu. 
INTRODUCTION 

C o r r o s i o n and p a s s i v a t i o n of Cu have been e x t e n s i v e l y c o n s i d e r e d 
over the past years (1). P a s s i v a t i o n i n aqueous a l k a l i n e s o l u t i o n s i n v o l v e s 
the i n i t i a l f o r m a t i o n of a QHD monolayer, and as the a p p l i e d p o t e n t i a l i s 
moved p o s i t i v e l y , an anodic l a y e r c o n s i s t i n g of an in n e r Cu 20 and an outer 
hydrous CuO l a y e r i s formed (2). The e l e c t r o c h e m i c a l behaviour of the 
pas s i v e l a y e r depends c o n s i d e r a b l y on the s o l u t i o n composition and 
temperature (3). The presence of aggr e s i v e anions such as C l ~ , Br" and SO2" 
i n the s o l u t i o n a s s i s t s the l o c a l i z e d c o r r o s i o n of Cu when the a p p l i e d 
p o t e n t i a l exceeds a c e r t a i n c r i t i c a l v a l u e E "(4-6). P i t t i n g c o r r o s i o n of Cu 

b 

i n b o r a t e - b o r i c a c i d b u f f e r c o n t a i n i n g NaCl i n the 0 - 70 °C range showed a 
complex dependence of E b on temperature T (4). Thus, i n the 0 - 20 °C range, 
Eb d e c r e a s e d a s T w a s increased, whereas i n the 20 - 70 °C range the 
opposite dependence was found (4). 

The a v a i l a b l e i n f o r m a t i o n on p a s s i v a t i o n and p i t t i n g c o r r o s i o n of 
(a-8) brass i n moderate a l k a l i n e aqueous s o l u t i o n are much sc a r c e as 
compared to that on Cu (7). 
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In t h i s paper the p i t t i n g c o r r o s i o n of (<x-/3)brass i n b o r a t e - b o r i c 
a c i d b u f f e r c o n t a i n i n g 0.5 M NaCl i n the 0 °C < T < 60 °C range i s s t u d i e d 
using c o n v e n t i o n a l e l e c t r o c h e m i c a l techniques complemented w i t h o p t i c a l 
microscopy. 

EXPERIMENTAL 
Working e l e c t r o d e s were made from (a-0) brass rods (DIN 8513 L, 

0.3 cm d i a , chemical composition 60.0% Cu, 39.3% Zn, 0.2% S i , 0.3% Sn, 0.2% 
Mn). The working e l e c t r o d e was a d i s c (base of c y l i n d r i c a l specimens) i n 
contact w i t h a hanging e l e c t r o l y t e column. Each working e l e c t r o d e was 
mechanically p o l i s h e d and t h e r m a l l y t r e a t e d at 150 °C d u r i n g 2 hs to 
e l i m i n a t e r e s i d u a l mechanical s t r e s s e s and to make the s u r f a c e 
c h a r a c t e r i s t i c s more uniform. 

P o l a r i z a r t i o n curves at v = 0.02 V/s and v = 2x10 V/s were made 
i n a con v e n t i o n a l t h r e e - e l e c t r o d e s Pyrex g l a s s c e l l i n the 0 °C < T < 60 °C 
range. P o t e n t i a l s were measured a g a i n s t a s a t u r a t e d calomel e l e c t r o d e (SCE). 
A platinum wire was used as coun t e r e l e c t r o d e . 

100 
o 

-100 

RESULTS AND DISCUSSION 
The current d e n s i t y ( j ) vs p o t e n t i a l (E) p l o t s of (a-/3) br a s s i n 

the b o r a t e - b o r i c a c i d b u f f e r 
run at 0.02 V/s and 25 °C show 
anodic c u r r e n t peaks A , A^and 
A , and c a t h o d i c peaks C , C*, 2 r r 2 
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Current d e n s i t y ( j ) - p o t e n t i a l (E 
e ( f i r s t scan) f o r the (a-/3) brass a 

0.02 V/s i n the b o r a t e - b o r i c a c i d b u f f e r 
at 25°C 

and C ( F i g . 1 ) . Peaks A 2 2 1 
(-1.1 V) and A' (-0.8 V), can 
be assigned to the Zn 
e l e c t r o o x i d a t i o n y i e l d i n g 
Zn0.xH20 and s o l u b l e s p e c i e s as 
these peaks are observed f o r 
Zn i n b o r a t e - b o r i c a c i d b u f f e r 
(8). 
At p o t e n t i a l s more p o s i t i v e 
than -0.7 V the anodic c u r r e n t 
decreases due to the growth of 
the ZnO.xiyD l a y e r (8). The 

l a y e r i s 
e l e c t r o r e d u c e d to Zn i n the 
p o t e n t i a l r e g i o n of peak C 
(-1.25 V). Broad anodic peak A 

ZnO.xH 0 
2 
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(-0.05 V) which i s observed f o r p o l y c r y s t a l l i n e Cu i n b o r a t e - b o r i c a c i d 
b u f f e r (5) corresponds to the e l e c t r o f ormation of a Cu 20 l a y e r and i t s 
f u r t h e r e l e c t r o o x i d a t i o n to a Cu 20/Cu0/Cu(H0) 2 complex l a y e r (2-5). On the 
other hand, the constant anodic c u r r e n t observed at p o t e n t i a l s more p o s i t i v e 
than 0.3 V i s due to pa s s i v e l a y e r growth and metal e l e c t r o d i s s o l u t i o n 
through the p a s s i v e l a y e r (2,5). F i n a l l y , Peak C" (-0.35 V) i s r e l a t e d 
to Cu0/Cu(0H) 2 l a y e r e l e c t r o r e d u c t i o n y i e l d i n g Cu 20, whereas peaks C'2 (-0.68 
V) and C (-1.0 V) correspond to Cu 0 e l e c t r o r e d u c t i o n to Cu (2,5). 

2 2 
Micrographs of (oc-0) 

brass s u r f a c e a f t e r c y c l i n g at 
0.02 V/s ( F i g . 2) show two 
d i f f e r e n t r egions, the 
c o r r o s i o n - f r e e a-phase (white 
r e g i o n s ) amd the S-phase (dark 
r e g i o n s ) which presents a 
p r e f e r e n t i a l d e z i n c i f i c a t i o n . No 
p i t s are detected on (ot-0) brass 
s u r f a c e . 

The anodic p o l a r i z a t i o n 
curves of (a-6) brass i n the 
b o r a t e - b o r i c a c i d +0.5 M NaCl at 

2 
10 ' V/s i n the 0°C < T < 
60°C range show peak A 2 

f o l l o w e d by a p a s s i v e r e g i o n 
which extends up to a c e r t a i n 
c r i t i c a l p o t e n t i a l Efe. At 
p o t e n t i a l s more p o s i t i v e than E 

b 
a remarkable anodic c u r r e n t 
i n c r e a s e i s observed ( F i g . 3). 
Micrographs of (a-/3) brass a f t e r 
t h i s anodic p o l a r i z a t i o n r e v e a l 
that the c u r r e n t i n c r e a s e should 
be r e l a t e d to the n u c l e a t i o n and 
growth of p i t s on (a-0) brass 
s u r f a c e ( F i g . 4 ) . 

Fig. 2 Micrograph of the a -0 brass 
s u r f a c e a f t e r the J/E runs at 0.02 V/s 
i n the b o r a t e - b o r i c a c i d b u f f e r at 25°C. 

s t a r t e d from -0.6 V at « = 
-4 

J/mAjcm 
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J 
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Fig. 3 Anodic p o l a r i z a t i o n curve at 
v = 2.10 - 4 V/s i n the b o r a t e - b o r i c 
a c i d b u f f e r c o n t a i n i n g 0.5 M NaCl 
at 25°C. 

P i t s are not observed when the anodic p o l a r i z a t i o n l i m i t i s r e s t r i c t e d 
to p o t e n t i a l v a l u e s more negative than E 



F i g . 4 Micrograph of the (a-S)brass s u r f a c e a f t e r the anodic p o l a r i z a t i o n 
curves run at « = 2 1 0 - 4 V/s i n the b o r a t e - b o r i c a c i d b u f f e r c o n t a i n i n g 
0.5 M NaCl at 25° C. 

Nuc l e a t i o n and growth of p i t s take p l a c e p r e f e r e n t i a l l y at g r a i n boundaries 
which are r i c h e r i n Zn, and a c c o r d i n g l y , more r e a c t i v e . The dynamics of p i t 
n u c l e a t i o n and growth i n v o l v e s c u r r e n t b u r s t s due to the b i r t h and death of 
p i t s . 

The E values d e r i v e d from the j vs E curves move n e g a t i v e l y as T 
b - 3 o i s r a i s e d . The E vs T p l o t g i v e s a s t r a i g h t l i n e w i t h slope -5x10 ± V/ C b 

(F i g . 5). The dependence of 
E on T f o r (a-8) bras s 
b 

d i f f e r s d r a s t i c a l l y from 
that observed f o r 
p o l y c r y s t a l l i n e Cu under 
comparable c o n d i t i o n s (4). 
This d i f f e r e n c e i n 
temperature dependence of Efc 

r e f l e c t s the d i f f e r e n t 
composition and p r o p e r t i e s 
v a r i a t i o n w i t h temperature 
of the corresponding p a s s i v e 
l a y e r s . The p a s s i v e - l a y e r 
produced on (a-B) bras s i s 
l e s s p r o t e c t i v e than t h a t 
formed on p o l y c r y s t a l l i n e Cu 

as E values f o r (a-/3) brass are more negative than those of p o l y c r y s t a l l i n e 
b 

Cu. 

F i g . 5 E b vs T p l o t . B o r a t e - b o r i c a c i d + 
0.5 M NaCl 
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