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may precipitate on the electrode. 

Table 3 - Time needed lo reach the maximum 
potential value ( t m i X ) , growing time (t g ) and 
plateau potential (E p i ) reached for the galva-
noslalic growth of P-3-Meth. 

j g / m A c m 2 

' m a x ' 5 E p | / m V 

0.4 30 150 1247 

0.6 19 100 1254 

0.8 12 75 1257 

1.0 8 60 1265 

1.2 2 50 1269 

Although olygomers formation 

has been considered the path for 

conducting film formation [7], low 

oxidation rates must be avoided in 

order of obtaining a reasonable 

growth efficiency and electroactivity. 

jg = 0.4 mA c m " 2 

E/V v i SCE / 

jg = 0.4 mA c m " 2 

0.5 m A c i r f 2 

y j j g = 1.2 mA c m " 2 

0 - — — E / v v t S Œ y 1 

Fig. 5 - Redox behaviour of P-3-Meth films obtained 

galvanostatically. 
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An e l e c t r o c h e m i c a l s t u d y o f t h e b e h a v i o u r o f c h a l c o p y r i t e i n 
a c i d a n d a l k a l i n e s o l u t i o n s 

L . l i . A b r a n t e s a n d L . V. A r a ú j o 

Dspariamsnto do Química, Fac. Ciências Lisboa, R. Escola 

Politécnica n° 53, 1SOO Lisboa 

The r e f r a c t o r y b e h a v i o u r t o h y d r a / e l e c t r O i T i e t a l l u r g i c a l 
p r o c e s s i n g o-f m e t a l l i c s u l p h i d e s and t h e mi n e r a l o g i c a l 
c o m p l e x i t y o f t h e r e l a t e d o r e s have j u s t i f i e d t h e s t u d y o f 
s u r f a c e c h e m i c a l / e l e c t r o c h e m i c a l p r o c e s s e s o f t h e i n d i v i d u a l 
m i n e r a l e n t i t i e s C1—31 . B e i n g t h e most i m p o r t a n t s o u r c e f a r 
t h e e x t r a c t i o n o f c o p p e r , c h a l c o p y r i t e ( CuFeS^ ) has 
r e c e i v e d p a r t i c u l a r a t t e n t i o n [ 3 - 5 3 . 

U n f o r t u n a t e l y t h e u s e o f b o t h n a t u r a l s p e c i m e n s from 
d i v e r s e o r i g i n s and l e a c h i n g s o l u t i o n s w i t h d i f f e r e n t 
c h e m i c a l c o m p o s i t i o n makes d i f f i c u l t a c o r r e l a t i o n o f 
p u b l i s h e d d a t a i n o r d e r o f u n d e r s t a n d i n g t h e d i s s o l u t i o n 
mechanism . N e v e r t h e l e s s , r e m a r k a b l e p r o g r e s s has been made i n 
t h e knowledge o f s e m i c o n d u c t o r p r o p e r t i e s o f complex 
s u l p h i d e s lei. 

I n t h e p r e s e n t work e l e c t r o d e s p r e p a r e d from m a s s i v e 
n a t u r a l c h a l c o p y r i t e s were used t o s t u d y t h e i r 
e l e c t r o c h e m i c a l b e h a v i o u r under a c i d i c and b a s i c media 
( H S D 4 0.5 M and NaGH 0.5 fl ) . 

C y c l i c v o l t a m m e t r y i s a b l e t o show t h e c h a l c o p y r i t e 
c a p a c i t y t o un d e r g o r e d u c t i o n / o x i d a t i o n r e a c t i o n s . The 
c u r r e n t r e s p o n s e i n s u l p h u r i c a c i d s o l u t i o n t o a p o t e n t i a l 
sweep s t a r t i n g a n o d i c a l l y from t h e open c i r c u i t p o t e n t i a l i s 
shown i n f i g u r e l a . The m i n e r a l d i s s o l u t i o n c a n be e x p r e s s e d 
by t h e r e a c t i o n s : 

Portugaliae Electrochimica Acta, 11 (1993) 67-71 



68 

C u F e S g C u 1 _ v F e 1 _ y S E _ z + x C u E + + y F e E + + z S + E C x + y ) e ( 1 ) 

( x > y ) 

a n d 

C u F e S , C u 2 + + F e 3 + + S S ° + 5 e <E) 

d e p e n d i n g o n t h e p o s i t i v e p o t e n t i a l l i m i t 

E ( p o s i t . I i m . ) / V 

0 . 0 0 

0.16 

0 . 6 0 

F i g . 1 : C y c l i c voltammograms o-f c h a l c o p y r i t e minera l 
_ 3 

e l e c t r o d e : a i n 0.5 mol dm H^SO^ 
b in 0.5 mol dm" 3 NaOH 
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D u r i n g t h e r e v e r s e s w e e p i t c a n b e s e e n t h a t t h e 
i n t e r m e d i a t e s u l p h i d e u n d e r g o e s r e d u c t i o n a t p o t e n t i a l 
= + 0.S0 V ( R T > ; when r e a c t i o n ( S ) t a k e s p l a c e , R J T r e f l e c t s 

3+ S+ 
t h e c o n v e r s i o n o-f F e " t o F e . A t f u r t h e r n e g a t i v e 
p o t e n t i a l s , t h e r e d u c t i o n o f t h e e l e m e n t a l s u l p h u r t o H^S 
o r i g i n a t e s o t h e r p e a k ( R J J _ ) . 

F i g u r e l b s h o w s t h e c y c l i c v o l t a m m o g r a m s o b t a i n e d i n 
a l k a l i n e s o l u t i o n . T h e c h a l c o p y r i t e d i s s o l u t i o n d e n o t a t e d b y 

°I 1 5 

C u F e S + 3 0 H ~ -> CuS + F e ( 0 H ) o + 5 ° + 3 e ( 3 ) 

F o r m o r e p o s i t i v e p o t e n t i a l s o t h e r p e a k *̂ u* c a n ' 3 e 

o b s e r v e d d u e t o 

CuS + E 0 H -> C u ( Q H ) p + S + 2 e ( 4 ) 

0 

I n b o t h c y c l e s t h e r e d u c t i o n o f S t o s u l p h i d e i o n s c a n 
b e o b s e r v e d i n t h e r e v e r s e p o t e n t i a l s w e e p . H o w e v e r , i f 
d u r i n g t h e a n o d i c s c a n , t h e o x i d a t i o n o f e l e m e n t a l s u l p h u r 
t o s u l p h a t e i s p r o m o t e d , t h a t c a t h o d i c w a v e i s n o m o r e 
d e t e c t a b l e . 

P o t e n t i o s t a t i c s t u d i e s w e r e a l s o c a r r i e d o u t a n d f i g u r e 
E i l l u s t r a t e s t h e c u r r e n t t r a n s i e n t b e h a v i o u r i n b o t h m e d i a . 
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500 mS 

(250 mV) 

t ( l m i x / 2 ) = 3 7 0 m S 

500 mS 

2.0 mA 

(-200 mV) 

t<lmáx/2) = -

F i g . £ : P o t e n t i o s t a t i c t r a n s i e n t -for t h e o x i d a t i o n o-f 
c h a l c o p y r i t e : a i n 0.5 m o l dm ^ H^SO^ 

b i n 0.5 m o l dm ^ NaOH 
( T h e p o t e n t i a l w a s s t e p p e d -from t h e o p e n c i r c u i t 
p o t e n t i a l t o 6 0 0 mV ( a ) a n d t o £50 mV ( b ) a n d b a c k ) 

T h e t r a n s i e n t - f e a t u r e s a g r e e w i t h t h e r e a c t i o n s s u g g e s t e d b y 
t h e v o l t a m m e t r i c r e s u l t s : s t r o n g s u r f a c e modi-f i c a t i o n 
c a u s e d b y a n o d i c p o l a r i z a t i o n , i n a c i d m e d i a ( - f i g u r e £a >; 
c o n t i n u o u s d i s s o l u t i o n w i t h - f o r m a t i o n o-f s o l u b l e s p e c i e s 
w hen t h e s o l u t i o n i s a l k a l i n e ( - f i g u r e Eb ) . 

I n o r d e r t o e s t a b l i s h i n g t h e p a r t i c u l a r m e c h a n i s m s 
i n v o l v e d a n d t h e e f f e c t o f i n i t i a l a p l l i e d p o t e n t i a l ( o r 
c u r r e n t ) o n t h e c h a l c o p y r i t e d i s s o l u t i o n y i e l d , f u r t h e r 
w o r k i s i n p r o g r e s s i n c l u d i n g t h e c a t h o d i c r e d u c t i o n 
p r o c e s s c h a r a c t e r i z a t i o n . 
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