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-1600mV(SCE) b r i n g a s a c o n s e q u e n c e t h e f o r m a t i o n o f a f i l m o f 

d i f f e r e n t n a t u r e j u d g i n g b y t h e o b t a i n e d c a p a c i t i v e v a l u e s . 

D a t a i n d i c a t e a c h a r g e t r a n s f e r p r o c e s s t h a t m i g h t i n v o l v e 

l o c a l i z e d c o r r o s i o n ( F i g . 5 a ) . 

An i n c r e a s e o f l i t h i u m i n s o l u t i o n (0.05M L i 2 C 0 3 ) a t t h e 

same p o t e n t i a l i m p r o v e s t h e q u a l i t y o f t h e f i l m w i t h p r o b a b l y 

more i n c o r p o r a t e d l i t h i u m a n d t h e a b s e n c e o f l o c a l i z e d 

c o r r o s i o n ( F i g . 5 b ) . SEM o b s e r v a t i o n o f t e s t e d s a m p l e s c o n f i r m e d 

i t . 

F o r 0.05M L i 2 C 0 3 , a n i n c r e a s e i n p o t e n t i a l g i v e a n AC 

r e s p o n s e t h a t e v i d e n c e d t h e f o r m a t i o n o f a f i l m , a c h a r g e 

t r a n s f e r p r o c e s s a n d a l s o d i f f u s i o n a t l o w f r e q u e n c i e s . 

The q u a n t i f i c a t i o n o f L i p r o f i l e s u s i n g " R B S a n d o t h e r 

t e c h n i q u e s i s u n d e r way i n o r d e r t o c h a r a c t e r i z e d f i l m 

c o m p o s i t i o n u n d e r p o t e n t i o s t a t i c c o n t r o l . 

5 0.8Í 

1863 28 Hz 

L_i I I I I i iL 
Z'l Kf) 

(a) (b) 

F i g . 5 . AC I m p e d a n c e d i a g r a m s f o r A l 9 9 . 9 9 9 % i n 
c o n t a i n i n g s o l u t i o n s a t 1 . 6 0 V ( S C E ) 
0.01M L i 2 C 0 3 ( a ) 
0.05M L i 2 C 0 3 ( b ) . 

T h i s w o r k i s c o - f i n a n c e d b y J N I C T u n d e r 
C o n t r a c t NQ 87 177. 
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C o r r o s i o n of aluminium u s u a l l y r e s u l t s i n the f o r m a t i o n of a 

porous o r b a r r i e r type o x i d e f i l m on i t s s u r f a c e t i l . The f i l m can be 

formed a n o d i c a l l y , except a t low pH, o r c a t h o d i c a l l y even a t low pH due 

t o l o c a l pH i n c r e a s e a t the aluminium s u r f a c e a s s o c i a t e d w i t h hydrogen 

e v o l u t i o n . The c o r r o s i o n r a t e i s enhanced by the presence of c h l o r i d e 

i o n i n s o l u t i o n through a p i t t i n g mechanism, procedure employed i n the 

e t c h i n g of aluminium by h y d r o c h l o r i c a c i d f o r use i n d i e l e c t r i c 

c a p a c i t o r s [ 2 ] . 

The c o r r o s i o n behaviour of aluminium i n 0. 1M HC1 has been s t u d i e d 

i n t h i s work by t h r e e techniques. A c y l i n d e r of pure aluminium, 

diameter 0.5cm, was encased i n T e f l o n and made i n t o • the form of a 

r o t a t i n g d i s c e l e c t r o d e . Experiments were conducted w i t h and wi t h o u t 

e l e c t r o d e r o t a t i o n , and i n a e r a t e d and de-aerated s o l u t i o n . F i r s t l y , 

the v a r i a t i o n of c o r r o s i o n p o t e n t i a l , Eca,- n w i t h time was measured f o r 

f r e s h l y p o l i s h e d smooth and d e l i b e r a t e l y roughened aluminium. 

Secondly, the p o l a r i z a t i o n r e s i s t a n c e , E P, of the a l u m i n i u m / s o l u t i o n 

i n t e r f a c e was measured u s i n g s m a l l a m plitude c y c l i c voltammetry a t sl o w 

scan r a t e a t p o t e n t i a l s w i t h i n 20mV of the c o r r o s i o n p o t e n t i a l . 

T h i r d l y , impedance s p e c t r a were r e c o r d e d over a frequency range of 

10~ 2 -» 10 dHz at a v a r i e t y of a p p l i e d dc p o t e n t i a l s u s i n g a 5mV rms 
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s i n u s o i d a l p o t e n t i a l p e r t u r b a t i o n from a S o l a r t r o n 1250 Frequency 

Response A n a l y s e r w i t h 1286 E l e c t r o c h e m i c a l I n t e r f a c e . With a l l 

techniques the e f f e c t of c y c l i n g the p o t e n t i a l from Ec=..-,- t o 0V vs SCE 

and back, which a c t i v a t e s p i t t i n g c o r r o s i o n [ 3 ] , was s t u d i e d . 

C o r r o s i o n p o t e n t i a l measurements gave i n i t i a l v a l u e s of around 

-0.70V vs SCE which became g r a d u a l l y more n e g a t i v e d u r i n g 4 hours i n 

s t a t i o n a r y s o l u t i o n , the f i n a l , e q u i l i b r i u m v a l u e b e i n g a p p r o x i m a t e l y 

-0.91V. At the same time a f i l m of aluminium oxide was formed on the 

s u r f a c e . A c t i v a t i n g the s u r f a c e t o p i t t i n g by p o t e n t i a l c y c l i n g caused 

the s t a b l e value of ECo,-.- t o descend t o -0,95V. The e x p l a n a t i o n f o r 

the change on a c t i v a t i o n l i e s i n the i n c r e a s e d anodic p a r t i a l c u r r e n t . 

R o t a t i n g the e l e c t r o d e decreased the time n e c e s s a r y t o r e a c h an 

e q u i l i b r i u m value of -0.87V t o 1 hour. T h i s more p o s i t i v e v a l u e i s 

because e l e c t r o d e movement causes s o l u t i o n renewal and the pH a t the 

e l e c t r o d e s u r f a c e remains lower; t h i s e x p l a n a t i o n i s supported by the 

f a c t t h a t Ecoi-r i s almost independent of r o t a t i o n speed. D e - a e r a t i o n 

i n c r e a s e d the time n e c e s s a r y t o reach e q u i l i b r i u m , but not the 

p o t e n t i a l s . 

Small amplitude c y c l i c voltammetry i s a convenient method f o r 

d e t e r m i n i n g the p o l a r i s a t i o n r e s i s t a n c e of c o r r o d i n g i n t e r f a c e s C41. 

I t was found t h a t a s c a n r a t e v a l u e of 0.lmV s" 1 was necessary t o a v o i d 

h y s t e r e s i s and l e d t o R p = 3.8kP_, showing the e x i s t e n c e of an o x i d e 

f i l m . V a r i a t i o n i n R P v a l u e s a c c o r d i n g t o the d i f f e r e n t e x p e r i m e n t a l 

c o n d i t i o n s d e s c r i b e d e a r l i e r i s s m a l l . T h i s v a l u e of R P i s not v e r y 

high, s u g g e s t i n g a porous f i l m or one a c r o s s which t r a n s p o r t i s f a i r l y 

easy. 

Complex plane impedance p l o t s o b t a i n e d a t two dc p o t e n t i a l s are 

shown i n F i g . l . The shape of the p l o t s i s i n d i c a t i v e of a m u l t i s t e p 
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F i g . 1 Impedance p l o t f o r A l i n 0. 1M HC1 s t a t i o n a r y s o l u t i o n a f t e r 
p i t t i n g a c t i v a t i o n . Ecorr- = -0.95V; dc p o l a r i s a t i o n (a) -0.93V 
and (b) -0.80V vs SCE. F r e q u e n c i e s i n Hz. 

c o r r o s i o n mechanism and c o n t a i n s two s e m i c i r c l e s c e n t r e d below the r e a l 

a x i s . The p o l a r i s a t i o n r e s i s t a n c e corresponds t o the r e a l a x i s 

i n t e r c e p t of the low frequency s e m i c i r c l e , but i s d i f f i c u l t t o 

determine a c c u r a t e l y by impedance measurements owing t o n o i s y s i g n a l s 

at v e ry low f r e q u e n c i e s . T h i s i l l u s t r a t e s the advantage of d e t e r m i n i n g 

R P by s m a l l amplitude c y c l i c voltammetry. I t i s found t h a t d e a e r a t i o n 

of the s o l u t i o n and r o t a t i n g the aluminium e l e c t r o d e do not a f f e c t the 

shape of the impedance p l o t s , I n t e r f a c i a l c a p a c i t a n c e s c a l c u l a t e d from 

the h i g h e r frequency s e m i c i r c l e are of the o r d e r of IOOJULF c u r 2 . A f u l l 

i n t e r p r e t a t i o n of the impedance s p e c t r a r e q u i r e s an e l e c t r i c a l analogue 

model, p r o b a b l y i n terms of t r a n s m i s s i o n l i n e s , f o r the i n t e r f a c e , f o r 

which f u r t h e r experiments are necessary. 

The e x p e r i m e n t a l r e s u l t s o b t a i n e d can be examined i n the l i g h t of 

a mechanism proposed f o r c o r r o s i o n i n n e u t r a l s o l u t i o n C53 i n which Al" 1" 

i s formed at the Al/Aln-Oa i n t e r f a c e , the A l * then m i g r a t i n g through the 

oxide f i l m (which has a h i g h e l e c t r i c f i e l d ) t o the o x i d e / s o l u t i o n 

i n t e r f a c e where o x i d a t i o n t o A K I I I ) occurs. The r e s u l t s o b t a i n e d i n 

0. 1M HC1 appear t o agree w i t h t h i s model. More work i s under way t o 
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e s t a b l i s h t h i s c o n c l u s i o n and t o enable the q u a n t i t a t i v e d e t e r m i n a t i o n 

of c o r r o s i o n r a t e k i n e t i c parameters. 
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ELECTROCHEMICAI BEHAVIOUR OF THE BASAL PLATINUM f 1 10!) 

SINGLE CRYSTAL I N 0.1 M NaOH. 

E. M o r a l l o n , M. L o p e z - A t a l a y a , F. C a s e s , J • L . V a z q u e z a n d 

A. A l d a z 

D e p a r t a m e n t o de Q u i m i c a - F i s i c a . U n i v e r s i d a d de A l i c a n t e . 

A p a r t a d o 99. A l i c a n t e ( S P A I N ) . 

INTRODUCTION: 

W h e r e a s t h e e l e c t r o c h e m i c a l b e h a v i o u r o f t h e p l a t i n u m 

e l e c t r o d e h a s b e e n e x t e n s i v e l y s t u d i e d i n a c i d m e d i a , m a i n l y 

due t o i t s u s e a s e l e c t r o l y t e i n f u e l c e l l s , o n l y a few 

s t u d i e s h a v e b e e n made i n o f p l a t i n u m i n a n a l k a l i n e 

s o l u t i o n [ 1 - 5 ] , b e c a u s e t h i s e l e c t r o l y t e s u f f e r f r o m 

p r o g r e s s i v e c a r b o n a t i o n d u r i n g t h e o x i d a t i o n o f o r g a n i c 

m o l e c u l e s . I n s p i t e o f t h i s , i t i s i n t e r e s t i n g t o s t u d y t h e 

a d s o r p t i o n o f h y d r o g e n a n d o x y g e n i n a n a l k a l i n e e l e c t r o l y t e 

a n d t o c o m p a r e i t w i t h t h a t i n a c i d m e d i a . 

EXPERIMENTAL: 

The e l e c t r o l y t e was a n 0.1M s o d i u m h y d r o x i d e ( P . A . 

M e r c k ) s o l u t i o n a n d t h e w a t e r u s e d f o r i t s p r e p a r a t i o n was 

f r o m a M i l l i p o r e - M i l l i Q s y s t e m . A P t c o u n t e r e l e c t r o d e was 

u s e d a n d a l l p o t e n t i a l s a r e r e f e r r e d t o t h e r e f e r e n c e 

h y d r o g e n e l e c t r o d e i n t h e same s o l u t i o n ( R H E ) . 

The c y c l i c v o l t a m m o g r a m s w e r e r e c o r d e d a t room 

t e m p e r a t u r e a t a sweep r a t e o f 50 mV/s, s t a r t i n g i n t h e 

n e g a t i v e s e n s e f r o m a n i n i t i a l p o t e n t i a l o f 0.7V. 

The s i n g l e c r y s t a l e l e c t r o d e , k i n d l y p r e p a r e d by 

J . C l a v i l i e r , was t h e r m i c a l l y t r e a t e d b e f o r e e a c h e x p e r i e n c e 

u s i n g t h e c u s t o m a r y e x p e r i m e n t a l p r o c e d u r e d e v e l o p e d by 

J . C l a v i l i e r [ 6 ] . 

RESULTS AND DISCUSSION: 

A f t e r t r e a t m e n t i n f l a m e a n d a f t e r c o o l i n g , t h e s u r f a c e 
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