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The f a v o u r a b l e e f f e c t o f l i t h i u m a d d i t i o n on t h e 

s t i f f n e s s t o d e n s i t y r a t i o o f a l u m i n i u m h a v e g e n e r a t e d a g r e a t 

d e a l o f i n t e r e s t i n t h e A l - L i f a m i l y o f a l l o y s f o r u s e a s 

a i r c r a f t c o m p o n e n t s . E n v i r o n m e n t a l d e g r a d a t i o n p r o b l e m s c a u s i n g 

e i t h e r g e n e r a l l o c a l i z e d c o r r o s i o n h a v e r e c e i v e d l i t t l e 

a t t e n t i o n s o f a r . 

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

t o t h e s o l u t i o n a n d a i m s t o a s s e s s i t s i n f l u e n c e on t h e 

r e s i s t a n c e t o c o r r o s i o n o f a l u m i n i u m 9 9 . 9 9 9 % . 

An e l e c t r o c h e m i c a l s t u d y was c o n d u c t e d u s i n g a s o d i u m 

c a r b o n a t e s o l u t i o n a s b a s e e l e c t r o l y t e . 

F i g . l s h o w s t h e E - t p r o f i l e f o r A l 9 9 . 9 9 9 % i n 0.05M 

L i C O s s o l u t i o n . A p o t e n t i a l d i s p l a c e m e n t t o w a r d s n o b l e v a l u e s 

r e a c h i n g - 5 00mV(SCE) a f t e r 50h e x p o s u r e i s e v i d e n t . T h i s 

p r o f i l e i s i n d i c a t i v e o f a f i l m f o r m a t i o n p r o c e s s . The a b s e n c e 

o f l i t h i u m g a v e a s a r e s u l t a r e t h e e n d o f 50h e x p o s u r e , v a l u e s 

o f «-1640mV a s s h o w n i n F i g . 2 ( e v o l u t i o n d u r i n g t h e f i r s t h o u r s 

i s s h o w n i n t h e i n s e r t s o f t h e f i g u r e s ) . 

O b s e r v a t i o n on t h e o p t i c a l m i c r o s c o p e a g r e e d w i t h t h e 

Portugaliae Electrochimica Acta, 7 (1989) 119-122 



- 120 -

i n d i c a t e d E - t p r o f i l e s . L i t h i u m i n c o r p o r a t i o n i n t o t h e f i l m on 

a l u m i n i u m was c o n f i r m e d q u a l i t a t i v e l y by ESCA a n d b y n u c l e a r 

r e a c t i o n s . 

t/hora 
i " " i"' 1111111111111111111111111111111111 ii 111 n I u i ii 1111111 

-10 o 10 20 30 « 80 «0 70 ao oo 100 110 120 t/hora 
A1/LÍ2C03 

F i g . l . E - t c u r v e f o r t h e 
s y s t e m A l 9 9 . 9 9 9 % i n 
0.05M L i 2 C 0 3 . 

F i g . 2 . E - t c u r v e f o r t h e 
s y s t e m A l 9 9 . 9 9 9 % i n 
0 . 0 5M N'a2 C 0 3 . 

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

a b s e n c e o f l i t h i u m was o b s e r v e d on t h e s c a n n i n g e l e c t r o n 

m i c r o s c o p e ( S E M ) . F i g . 3 a a n d 3b show t h e t y p i c a l SEM i m a g e f o r 

L i 2 C 0 3 a n d N a 2 C O 3 a t t h e o p e n c i r c u i t p o t e n t i a l . 

(a) 
2 900 x 2900 x 

(b) 

F i g . 3 . M o r p h o l o g y o f t h e f i l m o b s e r v e d o n t h e SEM f o r A l 
9 9 . 9 9 9 % i n L i 2 C 0 3 ( a ) a n d N a 2 C 0 3 ( b ) a t t h e o p e n c i r c u i t 
p o t e n t i a l . 

A p o r o u s s t r u c t u r e i s o b s e r v e d i n t h e a b s e n c e o f L i 
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w h i s i t a more c o m p a c t f i l m w i t h a c i c u i a r p r e c i p i t a t e s i s on t h e 

b a s e s o f t h e p r o t e c t i n g c h a r a c t e r o f L i . 

P o l a r i z a t i o n c u r v e s w e r e r u n i n t h e same m e d i a . The 

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

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

c u r r e n t t h r o u g h o u t t h e w h o l e s c a n n e d p o t e n t i a l i n t e r v a l . 

The a n o d i c b e h a v i o u r o f t h e s y s t e m i n t h e p r e s e n c e ana 

a b s e n c e o f l i t h i u m was s t u d i e d by AC i m p e d a n c e a t p o t e n t i a l s 

c o n s i d e r e d o f i n t e r e s t a l o n g t h e E - i c u r v e s . 

A t - 1 . 6 0 V ( S C E ) t h e N y q u i s t p l o t ( F i g . 4 a ) e v i d e n c e s a 

c h a r g e t r a n s f e r p r o c e s s s h o w i n g 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 . 

A t more p o s i t i v e p o t e n t i a l s t h e I m p e d a n c e s p e c t r a show a l o o p 

f o l l o w e d b y a v e r t i c a l l i n e , c h a r a c t e r i s t i c o f a c a p a c i t i v e 

f i l m ( F i g . 4 b ) . A t e v e n h i g h e r p o t e n t i a l t h e p i c t u r e i s t h e 

same, i n d i c a t i n g a d i s s o l u t i o n p r o c e s s o c u r r i n g on a f i l m 

c o v e r e d s u r f a c e . 

300 
1000 -

(a) (b) 

F i g . 4 . 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 0.01M N a 2 C 0 3 a t 
-1.60VUSCE) ( a ) 
- 1 . 2 0 V ( S C E ) ( b ) . 

A d d i t i o n s o f l i t h i u m t o t h e s y s t e m ( 0 . 0 1 M L i 2 C 0 3 ) a t 
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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. 

L i t h i u m 

R e s e a r c h 
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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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