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ABSTRACT 

The E l e c t r o c h e m i c a l b e h a v i o u r of m i l d s t e e l i n e q u i m o l a r 
c a r b o n a t e / b i c a r b o n a t e s o l u t i o n s was i n v e s t i g a t e d by means 
o f c y c l i c voltammetry. 

In the p r e - p a s s i v e r e g i o n the p r e s e n c e of t h r e e a n o d i c 
peaks (peak I, I I and I I I ) i n d i c a t e d the p a r t i c i p a t i o n of 
F e ( 0 ) , F e ( I I ) and F e ( I I I ) i n the e l e c t r o c h e m i c a l 
p r o c e s s e s . The p a r t i c i p a t i o n of c a r b o n a t e / b i c a r b o n a t e 
s p e c i e s i n t h i s r e g i o n was d e t e c t e d by X-Rays d i f f r a c t i o n . 

At p o t e n t i a l s > + 0.800 V (SCE) the t r a n s p a s s i v e r e g i o n 
b e g i n s w i t h a s h a r p i n c r e a s e i n c u r r e n t g i v i n g p l a c e to a 
n o v e l peak p r e c e e d i n g oxygen e v o l u t i o n . 

T h i s peak i s a s s o c i a t e d t o F e ( V I ) s p e c i e s , a l s o b e i n g 
o b s e r v e d by the a u t h o r s i n the absence of 
c a r b o n a t e / b i c a r b o n a t e f o r s o l u t i o n s of NaOH w i t h pH > 
11.06. 

The r e d u c t i o n peaks d e t e c t e d i n the r e v e r s e s c a n (peaks 
VI, V I I I and IX) c o r r e s p o n d t o the a n o d i c peaks V, I I I and 
I I r e s p e c t i v e l y . T h i s c h a r a c t e r i z a t i o n was made by sweep 
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r e v e r s a l s t u d i e s . A subsequent c h e m i c a l r e a c t i o n i s 
thought to be c o u p l e d to the e l e c t r o c h e m i c a l p r o c e s s e s 
t a k i n g p l a c e i n the t r a n s p a s s i v e r e g i o n . 

The p r e s e n t r e s e a r c h work aims to c o n t r i b u t e 
d e t e r m i n a t i o n of the mechanism i n the t r a n s p a s s i v e 
F u r t h e r work r e l a t e d to the c h a r a c t e r i z a t i o n 
t r a n s p a s s i v e peak i s i n . p r o g r e s s . 

INTRODUCTION 

The e l e c t r o c h e m i c a l b e h a v i o u r of i r o n and m i l d s t e e l i n 
c a r b o n a t e / b i c a r b o n a t e s o l u t i o n s has been i n v e s t i g a t e d by 
means of g a l v a n o s t a t i c , p o t e n t i o s t a t i c and p o t e n t i o d y n a m i c 
t e c h n i q u e s 11-7]. 

The r e s p o n s e of the system i n terms of E-I p r o f i l e s shows 
g e n e r a l l y two a n o d i c peaks when p o l a r i z a t i o n i s e x t e n d e d 
up to the oxygen e v o l u t i o n r e g i o n [4].The p r e s e n c e of o n l y 
one peak i s b e i n g r e p o r t e d i n the l i t e r a t u r e f o r dynamic 
systems [ 6 ] . 

It i s a n t i c i p a t e d t h a t i n the a c t i v e p a s s i v e t r a n s i t i o n 
range the s t r u c t u r e of the f i l m i s complex, p r o b a b l y a 
m i x t u r e o f i r o n o x i d e s and f e r r o u s c a r b o n a t e [ 4 , 7 , 8 ] . 

The n a t u r e of r e a c t i o n p r o d u c t s p roduced i n the a c t i v e 
p a s s i v e t r a n s i t i o n have been examinated w i t h view t o i t s 
i m p l i c a t i o n s i n the b e h a v i o u r o f n a t u r a l waters and pH 
a l s o a s s o c i a t e d t o s t r e s s c o r r o s i o n fenomena [ 9 ] . 

The work d e s c r i b e d here u t i l i z e s , b a s i c a l l y , c y c l i c 
voltammetry. F o r the t r a n s p a s s i v e r e g i o n , the a ppearance 
of a c o n j u g a t e d p a i r i n a w e l l d e f i n e d p o t e n t i a l i n t e r v a l 
i s r e p o r t e d f o r the f i r s t t ime. Data s u p p o r t t h a t a 
c h e m i c a l r e a c t i o n i s a l s o p a r t of the complex p r o c e s s 
t a k i n g p l a c e i n t h e t r a n s p a s s i v e r e g i o n . 

to the 
r e g i on. 
o f t h e 
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EXPERIMENTAL 

The working e l e c t r o d e was a c y U n d e r made from m i l d 
s t e e l w i t h the c h e m i c a l c o m p o s i t i o n g i v e n i n T a b l e 1. The 
e l e c t r o d e w i t h an exposed a r e a of 0.078 cm 2 was mounted i n 
epoxy r e s i n . 

B e f o r e each e x p e r i m e n t the working e l e c t r o d e was p o l i s h e d 
w i t h HiC paper of v a r i o u s - g r i t s i z e from 220 to 1000, then 
washed w i t h d o u b l e d i s t i l l e d water and d e g r e a s e d w i t h 
e t h a n o l . 

S o l u t i o n s were p r e p a r e d from b i d i s t i l l e d water and 
c h e m i c a l s of Ana 1ar g rade. When n e c e s s a r y pH was a d j u s t e d 
by a d d i n g c o n c e n t r a t e d NaOH. 

A Greene c e l l [10] was used i n t h i s work. The r e f e r e n c e 
e l e c t r o d e was a s a t u r a t e d c a i o m e l e l e c t r o d e (SCE) p l a c e d 
i n a s e p a r a t e compartment c o n n e c t e d t o the c e l l v i a an 
e x t e r n a l b r i d g e w i t h a I.uggin Harper c a p p i l l a r y . As 
s e c o n d a r y e l e c t r o d e s two c y l i n d e r s made from Pt were 
p l a c e d s i m m e t r i c a l l y to the w o r k i n g e l e c t r o d e . 

T a b l e 1. C h e m i c a l c o m p o s i t i o n of the m i l d s t e e l used as 
w o r k i n g e l e c t r o d e . 

E lement C S P S i Mn Fe 

% 0. 20 -- — 0.31 0.94 b a l a n c e 
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E x p e r i m e n t s were p e r f o r m e d a t room t e m p e r a t u r e (20 ± 2'C). 

C y c l i c voltammograms were o b t a i n e d by r u n n i n g the 
p o t e n t i a l between hydrogen and oxygen e v o l u t i o n r e g i o n s 
(-1500 --> +1500 mV ( S C E ) ) . Sweep r a t e s r a n g i n g from 40 to 
125. mV s- 1 were used. Good r e p r o d u c i b i l i t y was always 
o b t a i n e d . Most of the e x p e r i m e n t s were c o n d u c t e d i n 
e q u i m o l a r s o l u t i o n s of 100 and 600 ppm 
c a r b o n a t e / b i c a r b o n a t e . C o n c e n t r a t i o n s from 50 t o 1200 ppm 
were a l s o used. A c o n v e n t i o n a l equipment from PAR was used 
t h r o u g h o u t . 

RESULTS 

F i g . 1 shows a t y p i c a l voltammogram f o r m i l d 
s t e e l / c a r b o n a t e / b i c a r b o n a t e s o l u t i o n of 600 ppm, pH 10 at 
room t e m p e r a t u r e and a t a s c a n r a t e o f 12.5 mV s~ 1 . 

The p r e - p a s s i v e r e g i o n shows two w e l l d e f i n e d peaks a t 
p o t e n t i a l s -0.636 and -0.262 V(SCE) r e s p e c t i v e l y . When the 
o u t p u t i s p r o d u c e d i n a l o g a r i t h m i c s c a l e a pre-peak and a 
t h i r d peak a r e a l s o e v i d e n t . 

A c o n s i d e r a b l e i n c r e a s e i n c u r r e n t ( d e n s i t y ) was o b s e r v e d 
when the p o t e n t i a l s c a n r e a c h e d the end of t h e p a s s i v e 
r e g i o n g i v i n g p l a c e to a w e l l d e f i n e d peak i n the 
t r a n s p a s s i v e r e g i o n , w e l l b e f o r e oxygen e v o l u t i o n . T h i s 
peak, i d e n t i f i e d i n f i g . 1 as peak V, was o b s e r v e d (by the 
a u t h o r s ) f o r the f i r s t t i m e . 

A f t e r the a n o d i c l i m i t was r e a c h e d , the scan d i r e c t i o n was 
i n v e r t e d r e v e a l i n g 3 r e d u c t i o n peaks a t p o t e n t i a l s o f 
+0.800, -0.650 and -1.080 mv(SCE) r e f e r e d t o as VI, V I I I 
and IX r e s p e c t i v e l y . 
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F i g . 1 - C y c l i c voltammogram f o r the system m i l d 
s t e e l / c a r b o n a t e / b i c a r b o n a t e , 600 ppm, v=12.5 mV s - 1 . 

The p o s s i b l e c o r r e s p o n d e n c e between the a n o d i c and 
c a t h o d i c o b s e r v e d peaks was made by the a n a l y s i s of sweep 
r e v e r s a l e x p e r i m e n t s . 

A c c o r d i n g t o f i g . 2 the c orrespondance i s p roposed to be: 
Peak I - Peak IX, Peak II - Peak V I I I , Peak V - Peak V I . 

I f the p o t e n t i a l scan i s r e v e r t e d b e f o r e the f o r m a t i o n o f 
peak I I , peak V I I I i s not o bserved. I t i s a l s o n o t i c e a b l e 
t h a t a r e d u c t i o n peak (VI) c o r r e s p o n d s to the t r a n s p a s s i v e 
peak ( V ) . An i n c r e a s e i n the c u r r e n t o f peak V I I I 
c h a r a c t e r i s t i c o f Fe ( I I I ) s p e c i e s r e d u c t i o n , i s a l s o 
a s s o c i a t e d t o peak V. 
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+1500 E/mV (SCE) 

F i g . 2 - Sweep r e v e r s a l experiment of the system m i l d 
s t e e l / c a r b o n a t e / b i c a r b o n a t e , 600 ppm, v=12.5 mV s~1 . 

The E-I c u r v e s o b t a i n e d f o r scan r a t e s between 1.25 and 
125 mVs - 1 show w e l l d e f i n e d peaks f o r v v a l u e s < 80 mVs - 1. 
At low sweep r a t e s peak I i s u n f o l d e d i n t o two peaks (see 
F i g . 3 ) , one o f them p r o b a b l y c o r r e s p o n d i n g t o the p r e -
peak e v i d e n t a t h i g h e r sweep r a t e s i n both c y c l i c 
voltammograms and E-I c u r v e s produced i n a l o g a r i t m i c 
s c a l e . Peak p o t e n t i a l s a g r e e w e l l w i t h v a l u e s o b t a i n e d 
from c y c l i c voltammograms. 
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F i g . 3 - Sweep r a t e e f f e c t on t h e p o l a r i z a t i o n c h a r a c t e 
r i s t i c s o f mi Id s t e e 1 / c a r b o n a t e / b i c a r b o n a t e , 100 ppm. 

The g r a p h i c r e p r e s e n t a t i o n o f l o g I vs l o g v d e f i n e s a 
s t r a i g h t l i n e o f s l o p e 0.38 f o r s o l u t i o n s o f 600 and 100 
ppm f o r peak V. 

T a b l e 2 shows the e f f e c t of c a r b o n a t e / b i c a r b o n a t e 
c o n c e n t r a t i o n on the a n o d i c c h a r a c t e r i s t i c s o f t h e system. 



T a b l e 2 - P o t e n t i a l s and peak c u r r e n t s as a f u n c t i o n of 
c a r b o n a t e / b i c a r b o n a t e c o n c e n t r a t i o n , v=12.5 mV s - 1 . 

ELECTROLYTE PEAK I PEAK I I PEAK I I I PEAK V 

Na2C03 / 

NaHCOa (ppm) 
E, (mV) l| (mA) E,| (mV) l„ (mA) E,n (mV) l|H (mA) E v (mV) l v (mA) 

50 -622.9 0.0048 -294.0 0.012 22.7 0.015 1059.7 0.030 

100 -640.9 0.011 -289.0 0.012 25.0 0.011 1064.0 0.050 

300 -620.3 0.034 -266.9 0.029 -61.7 0.024 1097.0 0.170 

600 -621.7 0.0425 -274.1 0.02r +6.6 0.019 1110.4 0.310 

900 -610.0 0.027 -260.0 0.011 0.0 0.0074 1070.0 0.185 

1200 -622.9 0.021 -281.6 0.0175 16.5 0.012 1084.5 0.165 

For a l l t h e peaks o b s e r v e d t h e r e i s an i n c r e a s e i n t h e 
c u r r e n t t h a t r e a c h e s a maximum a t a c o n c e n t r a t i o n o f 600 
ppm. T h i s v a r i a t i o n i s more marked i n the cas e o f peak V. 

In g e n e r a l t h e a n o d i c c h a r a c t e r i s t i c s e v i d e n c e d i n the 
pr e s e n c e o f c a r b o n a t e / b i c a r b o n a t e a r e a l s o r e p r o d u c e d i n 
i t s absence eventhough h i g h e r v a l u e s of pH s o l u t i o n s have 
t o be used as seen i n f i g . 4. Peak V, as o b s e r v e d , i s 
markedly a f f e c t e d by pH changes. 
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F i g . 4 - E f f e c t o f pH on the a n o d i c c h a r a c t e r i s t i c s o f 
m i l d s t e e l i n NaOH s o l u t i o n s , v=12.5 mV s - 1 . 

DISCUSSION 

A c t i v e - p a s s i v e 

The l a s t decades have seen a c o n s i d e r a b l e development i n 
the f i e l d o f o p t i c a l t e c h n i q u e s a p p l i e d t o t h e e l u c i d a t i o n 
of the c o m p o s i t i o n and s t r u c t u r e of the p a s s i v e f i l m on 
i r o n . T e c h n i q u e s such as E l i p s o m e t r y [12] and Auger 
s p e c t r o s c o p y [13,14] have been used t o i d e n t i f y t he 
c o n s t i t u e n t s p e c i e s o f the p a s s i v e f i l m on i r o n . To t h a t 
r e s p e c t and depending on the e x p e r i m e n t a l c o n d i t i o n s , 
F e ( 0 H ) 2 , F e 3 0 4 , F e 2 0 3 , Fe 2 0 3 .H 20 and FeOOH a r e some o f 
the i d e n t i f i e d s p e c i e s . 
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Eventhough t h e r e i s abundant l i t e r a t u r e d a t a a v a i l a b l e , 
t h e r e a r e s t i l l d i s c r e p a n c i e s on the i d e n t i f i c a t i o n of the 
o x i d e / h y d r o x i d e phases on i r o n produced d u r i n g a n o d i c 
d i s s o l u t i o n . 

A c c o r d i n g t o P o u r b a i x [15] ( i n the range of p o t e n t i a l s 
used i n t h i s work) the e q u i l i b r i u m p o t e n t i a l s f o r the 
p o s s i b l e redox c o u p l e s i n v o l v e d i n f i l m f o r m a t i o n i n the 
a c t i v e - p a s s i v e r e g i o n can be e v a l u a t e d u s i n g the f o l l o w i n g 
e q u a t i o n s : 

Fe/Fe(OH) 2 Eo " -- -0 047-0 0591pH ( 1 ) 
Fe(OH) 2 / F e 3 0 4 Ko : -0 197-0 0591pH (2) 

F e / F e 3 0t Eo : -0 085-0 0591pH (3) 

F e / F e 2 0 3 So " - -0 051-0 0591pH (4) 

Fe(OH) 2 / F e 2 0 3 Eo • : -0 057-0 059lpH (5) 

F e 3 0 4 / F e 2 0 3 Eo : +0 221-0 0591pH (6) 

The peak f r e q u e n t l y i d e n t i f i e d i n the l i t e r a t u r e as peak I 
i s not o b s e r v e d i n a l k a l y n e s o l u t i o n s o f pH = 10. At 
p o t e n t i a l s of v -1000 mV ( SCE ) the peak i n q u e s t i o n i s 
o b s e r v e d as a pre-peak [1 6 J . The r e p r o d u c i b i l i t y o f t h i s 
peak i s not s a t i s f a c t o r y so t h a t i t does not a l l o w 
q u a n t i t a t i v e a n a l y s i s as i s a l s o r e f e r r e d i n the 
1 i t e r a t u r e [ 1 7 ] . 

The peak i d e n t i f i e d i n t h i s work as peak I f o r the system 
c a r b o n a t e / b i c a r b o n a t e , o c c u r s i n the p o t e n t i a l r e g i o n 
c o r r e s p o n d i n g to Fe(11) s p e c i e s . The r e c e n t d e t e c t i o n o f 
the e l e c t r o f o r m a t i o n o f FeOH s p e c i e s l e a d s t o the 
f o r m u l a t i o n o f the f o l l o w i n g sequence of r e a c t i o n s f o r the 
f o r m a t i o n o f the F e ( O H ) 2 h y d r a t e d f i l m : 

Fe + H 20 --> F e ( O H ) a d s + H + + e (7) 

F e ( O H ) a d s --> FeOH + + e (8) 
F e ( O H ) + + OH- — > Fe(OH) 2 --> Fe(OH) 2 h i d r a t e d (9) 

In the p o t e n t i a l r e g i o n c o r r e s p o n d i n g t o peak I the 
f o l l o w i n g e x p e r i m e n t a l f a c t s were e v i d e n t : 

- an i n c r e a s e i n the c h a r g e w i t h c a r b o n a t e / b i c a r b o n a t e 
c o n c e n t r a t i o n [ 1 8 ] ; 

- s p l i t t i n g of the peak a t lower scan r a t e s (v= 4 mV s - 1 ) ; 

- p r e s e n c e o f FeC0 3 i n the r e a c t i o n p r o d u c t s (X- Ray 
Di f f r a c t i o n ) . 

C o n s i d e r i n g t h a t f o r t h e system Fe-C0 2-H 2O the FeCOj i s a 
s t a b l e phase [ 1 5 ] , we can c o n c l u d e t h a t i n the i n d i c a t e d 
p o t e n t i a l r e g i o n the f i l m i n c l u d e s f e r r o u s h y d r o x i d e and 
f e r r o u s c a r b o n a t e . 

A c c o r d i n g t o D a v i e s and B u r s t e i n [7] f o r 
c a r b o n a t e / b i c a r b o n a t e s o l u t i o n s o f pH 8.8 the f o r m a t i o n 
o f FeC0 3 can o c c u r a c c o r d i n g t o : 

F e(OH) 2 (s) + H C O 3 - --> F e C 0 3 ( s ) +H2O + OH- (10) 

and/or 

Fe + H C O 3 - --> F e C 0 3 ( s ) + H + + 2e (11) 

Due t o the f a c t t h a t a h i g h e r pH s o l u t i o n i s used i n t h i s 
work, r e a c t i o n (10a) i s p r o p o s e d t o o c c u r i n s t e a d of 
r e a c t i o n (10) 

F e ( 0 H ) 2 + 2HCQ 3- --> FeC0 3 + C0 3
 2 - + 2H 20 (10a) 

P r e l i m i n a r y s t u d i e s i n d i c a t e t h a t i n the p o t e n t i a l domain 
of peak I t h e r e i s a c h e m i c a l r e a c t i o n c o u p l e d t o the 
e l e c t r o c h e m i c a l p r o c e s s (EC mecanism) [ 1 8 ] . The f e r r o u s 
c a r b o n a t e phase i s a t t a c k e d by HC0 3- and i t s d i s s o l u t i o n 
o c c u r s a c c o r d i n g t o [ 7 ] , 
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F e C 0 3 ( s ) + H C O 3 - — > F e ( C 0 3 ) 2 2 - + H + (12) 

Peaks I I and I I I were o b s e r v e d a t p o t e n t i a l s o f -0.260 and 
0 V(SCE) r e s p e c t i v e l y b e i n g s i t u a t e d i n the s t a b i l i t y 
r e g i o n o f F e ( I I I ) s p e c i e s . The f o r m a t i o n of f i l m s t h a t 
c o n t a i n F e 2 0 3 , Fe 3C>4 and FeOOH i s b e i n g p r o p o s e d by o t h e r 
a u t h o r s [ 1 2 ] . F u r t h e r s t u d i e s i n the p r e - p a s s i v e r e g i o n 
might l e d t o t h e p r o p o s a l o f e l e c t r o d e r e a c t i o n s 
r e s p o n s i b l e f o r peak I I I . 

A p a s s i v a t i o n r e g i o n extends from -0.100 V to « 0.800 V 
(SCE). The peak p o t e n t i a l v a l u e s f o r peaks I and II a r e i n 
agreement w i t h p u b l i s h e d work [12, 19]. 

T r a n s p a s s i v e r e g i o n 

The d e t e c t i o n o f a t r a n s p a s s i v e peak i n a l k a l i n e s o l u t i o n s 
o f c a r b o n a t e / b i c a r b o n a t e and sodium h y d r o x i d e was a c h i e v e d 
i n the p r e s e n t work by e x t e n d i n g the p o l a r i z a t i o n i n t e r v a l 
up t o the end o f the p a s s i v e r e g i o n i n adequate pH 
c o n d i t i o n s . I t was p o s s i b l e , then, to e s t a b l i s h the 
e x p e r i m e n t a l c o n d i t i o n s so to s e p a r a t e the p r o c e s s e s 
c o r r e s p o n d i n g to the f o r m a t i o n o f F e ( V I ) s p e c i e s and the 
oxygen e v o l u t i o n r e a c t i o n . 

In the absence o f c a r b o n a t e / b i c a r b o n a t e and f o r a l k a l i n e 
s o l u t i o n s o f sodium h y d r o x i d e of pH > 13 Beck e t a l [20] 
d e t e c t e d a t r a n s p a s s i v e a n o d i c " s t e p " w i t h a c o r r e s p o n d i n g 
r e d u c t i o n peak t h a t was a s s o c i a t e d t o t h e c o u p l e 
F e ( I I I ) / F e ( V I ) . In t h e i r e x p e r i m e n t a l c o n d i t i o n s the 
t r a n s p a s s i v e peak was n o t o b s e r v e d . 

In the p o t e n t i a l r e g i o n c o r r e s p o n d i n g t o peak V t h e 
f o l l o w i n g e x p e r i m e n t a l f a c t s were o b s e r v e d : 
- The c h a r g e under peak VI i s v e r y s m a l l when compared 
w i t h the c o r r e s p o n d i n g a n o d i c peak (peak V ) ; 
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- An i n c r e a s e i n the charge under peak V I I I i s a s s o c i a t e d 
to the r e d u c t i o n of F e ( I I I ) s p e c i e s p r o b a b l y r e s u l t i n g 
from c h e m i c a l d e c o m p o s i t i o n o f F e ( V I ) s p e c i e s ; 
-An i n c r e a s e i n t h e peak c u r r e n t w i t h an increase i n 
t e m p e r a t u r e [ 1 8 ] . 

The o b t a i n e d r e s u l t s a r e i n d i c a t i v e o f a p r o c e s s t h a t 
i n c l u d e a p a r t from the e l e c t r o c h e m i c a l p r o c e s s a c o u p l e d 
c h e m i c a l r e a c t i o n . The f o l l o w i n g r e a c t i o n s a r e a d m i t t e d as 
p r o b a b l e , 

FeOOH + 50H- --> F e 0 4
2 " + 3H 2 O + 3e (13) 

4 F e 0 4
2 - + 2H 20 --> 4Fe0 2- + 30 2 + 40H" (14) 

A s i m i l a r sequence was p r o p o s e d by Beck e t a l [20] 
f o r the t r a n s p a s s i v e r e g i o n i n the absence o f 
c a r b o n a t e / b i c a r b o n a t e f o r NaOH s o l u t i o n s o f pH > 13. 

It i s b e l i e v e d t h a t the main r o l e p l a y e d by 
c a r b o n a t e / b i c a r b o n a t e i s t h a t o f l o w e r i n g t h e a c t i v a t i o n 
energy f o r the g e n e r a t i o n o f F e ( V I ) s p e c i e s . T h i s has a l s o 
been s u g g e s t e d by Armstrong and C o a t e s [6] f o r t h e a c t i v e 
d i s s o l u t i o n r e g i o n . 

CONCLUSIONS 

The system m i l d s t e e l i n c a r b o n a t e / b i c a r b o n a t e s o l u t i o n s 
when s t u d i e d by means o f c y c l i c v oltammetry r e v e a l e d : 

i n the p r e - p a s s i v e r e g i o n 

- t h r e e o x i d a t i o n and two r e d u c t i o n peaks 
c o r r e s p o n d i n g t o the p a r t i c i p a t i o n o f F e ( 0 ) , F e ( I I ) and 
F e ( I I I ) s p e c i e s i n e l e c t r o c h e m i c a l r e a c t i o n s t o g h e t h e r 
w i t h H C O 3" and or C0 3

 2 - a c c o r d i n g t o peak p o t e n t i a l . 
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- a c h e m i c a l r e a c t i o n c o u p l e d to the e l e c t r o c h e m i c a l 
p r o c e s s : the decom p o s i t i o n of Fe(VI) to F e ( I I I ) s p e c i e s 
p r o b a b l y a c c o r d i n g to eq. (14). 

- an EC mechanism a c c o r d i n g to evidence produced by 
c y c l i c voltammetry. 

Research i n t h i s f i e l d c o n t i n u e s with the k i n e t i c 
c h a r a c t e r i z a t i o n of the chemical and 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 c c u r i n g i n the t r a n s p a s s i v e r e g i o n . 
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