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Abstract--The localized corrosion of mild steel in alkaline solutions containing a salt with a sulphur- 
containing anion (sodium sulphate, sodium sulphite, sodium thiosulphate, potassium thiocyanate and 
sodium sulphide) is studied by using potentiostatic and potentiodynamic techniques complemented with 
scanning electron microscopy. Alkaline solutions containing one of those salts produce pitting of mild steel 
at potential values more positive than those of the active-passive transition of iron in base. In the presence 
of either thiocyanate or thiosulphate anion iron pitting takes place through sulphide formation which 
reacts at the electrode surface yielding poorly protective ferrous sulphide. At potential more positive than 
the breakdown potential the kinetic behaviour fits a competitive surface reaction mechanism involving the 
formation of the passive film and the nucleation and growth of a ferrous sulphide salt layer. The proposed 
reaction model reproduces the corresponding experimental current-transients. 

INTRODUCTION 

IN THE last few years,  the localized corrosion of  iron and steel p roduced  by sulphur 
compounds  dissolved in corrosive solutions was carefully considered both  f rom 
practical and fundamenta l  standpoints.t-13 Both  sulphidel 'a and sulphate ions 3-5 in 
solution and elemental  sulphur 6 produce  pitting corrosion in iron and mild steel. 
Sulphide ions p romote  corrosion of  stainless steel by chloride ions. v,8 A similar effect 
is observed  for stainless steel in a mixture of  chloride and th iocyanate  ions as well as 
chloride and thiosulphate ions. 9 In both cases, at a constant  chloride concent ra t ion ,  
the increase of  sulphur containing anion concentra t ion shifts the cor responding  
b reakdown  potential  towards  more  negative values. In tergranular  corrosion and 
pitting of  stainless steel in solutions containing only potassium thiocyanate  is also 
repor ted.  10 

W h e n  pitting of  both  iron and stainless steel occurs in the presence of  ei ther  
sulphide, th iosulphate  or  o ther  polythionic anion,  sulphur and ferrous sulphide are 
fo rmed  inside the pits. 2'9'11 Carbon  steel in neutral  phosphate  buffer  containing 
sodium thiosulphate  exhibits a large increase in the anodic current  related to the 
act ive-passive transition which is assigned to the format ion of  a th iosu lpha te - i ron( I I )  
complex.12 Similar e lectrochemical  behaviour  of  carbon steel is found in alkaline 2'13 
and neutral  phospha te -bora te  solution containing sodium sulphide. 14 

This paper  refers to the pitting of  mild steel in base solution with different  
sulphur-containing anions in order  to determine whether  these anions cause pitting 
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E/i profiles at 0.02 V s 1 between - 1 . 4 0  and 0.0 V (SCE) in 2 x 10 -3 M sodium 
hydroxide. (a) first scan, (b) third scan, (c) fifth scan. 

directly or through other ionic or molecular species resulting from their decom- 
position in solution. In this sense the electrochemical behaviours of mild steel in base 
solution with different sulphur-containing anions, are compared. 

E X P E R I M E N T A L  M E T H O D  

Each working electrode consisted of a 1020 SAE steel rod (mild steel) axially embedded  in an Araldite 
holder to offer an active fiat disc shaped surface of 0.2 cm 2 geometric area. The  metal  surface was firstly 
mechanically polished with fine grained emery paper  followed by successive polishings with 1 and 0.3/~m 
alumina paste. Then  the polished metal surface was rinsed with acetone,  alcohol and distilled water and 
finally dried in air at room temperature.  

Electrolyte solutions, 2 x 10 -3 M N a O H  + x M of a sulphur-containing sodium or potassium salt 
(Na2SO4, Na2S203, Na2S, Na2SO3, KSCN; 10 -5 M < x < 2 × 10 -3 M) were prepared from twice distilled 
water and purged with purified nitrogen for 3 h. Runs  were made at 25 4- 0. I°C using a single compar tment  
electrochemical cell. The potential of the working electrode was measured  against a saturated calomel 
electrode (SCE) (Radiometer  K-701) connected to the rest of the cell through a Lugg in -Haber  capillary 
tip and shielded with a second salt bridge filled with saturated potassium nitrate to avoid chloride ion 
diffusion into the cell. The counter  electrode was a plat inum wire. Potential current  density (Eli) profiles 
resulting from single (STPS) or repetitive triangular potential scans (RTPS) and potentiostatic current- 
transients (i/t) were recorded. Prior to the experiments  each electrode was held at - 1.40 V (SCE) for 90 s 
to electro-reduce any possible oxidized surface species. Several exper iments  were also made  without 
precathodic t rea tment  to eliminate the influence of possible electro-reduction products from sulphur-con- 
taining anions present  in solution. The breakdown potential (Eb) was determined by the potentiostatic 
method,  15 by using a new electrode each time. The latter was subjected to the following pretreatment :  90 s 
at - 1 . 4 0  V (SCE), 90 s at - 0 . 7 4  V (SCE) and then the potential was held at the present  value (Es), the 
current  being recorded during 5 min. Finally, the electrode was removed from the solution and polished 
as described above and subjected to a stepwise (0.02 V) potential increase. This procedure was repeated 
until the potential corresponding to the sudden current  increase was reached. 

Microscopic observation of the electrode surface was made after removing the  electrode from the 
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FIG. 2. STPS E/i profiles at 0.02 V s ' beteen - 1.40 and -0.20 V (SCE) in 2 x 10 ~ M 
sodium hydroxide containing different sodium thiosulphate concentrations: (a) 1 x 10 5 M, 

(b) 1 × 10 4 M, (c) 2.4 x 10 -a M, (d) third scan in 1 × Ill 4 M. 

electrolyte, washing with nitrogen-saturated twice distilled water and dried under nitrogen. SEM patterns 
were pictured from a Philips SEM 500 equipment. 

EXPERIMENTAL RESULTS 

Voltammetric data 
E/i displays recorded  in 2 x 10 3 M N a O H  using a STPS at 0.02 V s ~ between 

E~, c = - 1 . 4 0  V (SCE) and Es, a = 0.00 V (SCE) show three b road  and poorly  defined 
current  peaks at - 0 . 8 7  V (SCE) (peak I), - 0 . 6 0  V (SCE) (peak I ' )  and - 0 . 2 0  V 
(SCE) (peak I I ' )  (Fig. la) .  The negative potential  going scan shows a cathodic 
current  contr ibut ion f rom - 0 . 5 5  V (SCE) downwards  involving a h u m p  at - 1.30 V 
(SCE) (hump IV).  The E/i displays resulting f rom RTPS show additional anodic and 
cathodic  current  peaks,  the fo rmer  located at - 0 . 5 0  V (SCE) (peak II) and the latter 
at - 0 . 9 5  V (SCE)  (peak III)  (Fig. lb).  Dur ing the RTPS,  the heights of  peaks II and 
I I I  increase while those of  I, I ' ,  I I '  and IV remain unchanged  (Fig. lc). In the first 
level (peaks I and I ' ) ,  the iron electro-oxidat ion main product  is assigned to 
Fe(OH)2,  t6 which is fur ther  electro-oxidized to F e O O H  in the second level (peaks II 
and I I ' ) .  17 The  iron oxy-hydroxide  layer can also be t ransformed into a more  stable 
film approaching  the Fe3 O4/hydrated Fe z 0 3 structure.  18 The e lectro-reduct ion of  the 
iron oxy-hydroxide  layer to Fe(OH)2 has been related to peak I I I  while h u m p  IV may 
involve the e lectro-reduct ion of  some Fe(I I )  containing species. In the presence of  
Na2S203 ( < 1 0  -5 M) the E/i displays are qualitatively similar to those described for 
the plain base solution (Fig. 2a). The increase of  Na2S203 concent ra t ion  results in the 
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STPS E/i profile at 0.02 V s 1 between -1.40 and 0.00 V (SCE) in 2 x 10 3 M 
sodium hydroxide +1.2 x 10 .3 M sodium thiosulphate. 

decrease of peak I and the increase of peak II (Figs. 2b and c). In this case, hump IV 
becomes a well defined current peak. During the RTPS, the height of peak II 
increases and peak III becomes clearer (Fig. 2d). The Eli profile depends considera- 
bly on Es,a and particularly, when it exceeds Eb, there is a net increase in the anodic 
current which is related to the localized corrosion of the mild steel. The threshold 
potential for the increase in the anodic current decreases as the Na2S203 concentra- 
tion increases. Thus, at 10 -3 M, the anodic current increase is already observed at 
-0 .20 V (SCE) (Fig. 3). Likewise, the localized corrosion of mild steel shows isolated 
spots of a black corrosion product which are related to pitting corrosion. The EDAX 
analysis of these black spots reveals both sulphur and iron signals, indicating that the 
main corrosion product consists of iron sulphide. 

To discard the electro-reduction of Na2SzO 3 to sulphide during the cathodization 
at -1 .40 V (SCE), STPS were made in 2 x 10 .3 M NaOH + 1 x 10 .3 M Na2S203 
between the open circuit potential and 0.02 V (SCE). The Open circuit potential 
approaches a quasi-stable value ( -0 .70  V (SCE)) after 10 min of immersing the 
specimen in the solution. In this case, the activation of the metal occurs at greater 
potential values [0.02 V (SCE)], probably because of the presence of a pre-existing 
oxide film on the electrode (Fig. 4). However, pitting and the simultaneous FeS spots 
are observed. This result is not surprising as $2 O2- ions undergo different dis- 
proportionation reactions yielding sulphite, sulphide and sulphate ions. 19 To clarify 
the possible participation of $202- ions in the pitting corrosion of mild steel, STPS 
Eli profiles were recorded in 2 x 10 -3 M NaOH containing, in one case, 1.0 x 10 -3 
M Na2SO4 (Fig. 5) and another 1.2 x 10 -3 M NazS (Fig. 6). The addition of SO42- ions 
produces no remarkable change in the STPS profile recorded between -1 .40 and 
0.00 V (SCE) (Fig. 5). However, when Es.a increases to 0.60 V (SCE), a considerable 
increase in the anodic current which is associated with pitting corrosion of mild steel 
is already seen when the applied potential is greater than 0.05 V (SCE) (Fig. 5). A 
similar behaviour is observed in 2 x 10 -3 M NaOH containing 1 x 10 -3 M Na2SO3. 
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STPS E/i profile at 0.02 V s -t between - 1 . 4 0  and 0.0 V (SCE) in 2.0 x 10 -3 M 
sodium hydroxide + 1.2 × 10 -3 M sodium sulphide. 

In 2 x 10 -3 M NaOH + 1.2 x 10 -3 M Na2S, the E/i profiles are similar to those in 
solutions containing Na2S203 (Fig. 6). When the potential becomes more positive 
than -0 .20  V (SCE) pitting corrosion and FeS spots appear simultaneously. 

Several experiments were also made in 2 × 10 .3 M N aO H  containing 1 × 10 -3 M 
KSCN. The corresponding E/i displays are similar to those described for $2032- and 
S 2- containing solutions. However,  the activation of the metal corrosion occurs at a 
potential more positive than that observed in either thiosulphate or sulphide-contain- 
ing solutions at the same concentration (Fig. 7). 

Breakdown potentials 
Breakdown potentials of mild steel in 2 × 10 -3 M N aO H  with different sulphur- 

containing anions as sodium or potassium salts (1 × 10-3~M) are shown in Table 1. 

TABLE 1. BREAKDOWN POTENTIALS OF MILD STEEL IN 

2 × 10 -3 M SODIUM HYDROXIDE CONTAINING VARIOUS 

SULPHUR ANIONS AT 2 5 ° C  

Added electrolyte Eb 
(10 -3 M) [V (SCE)] 

Sodium sulphite - 0 . 31  + 0.02 
Sodium sulphate - 0 . 4 4  + 0.02 
Potassium thiocyanate - 0 . 4 4  + 0.02 
Sodium thiosulphate - 0 . 5 2  + 0.02 
Sodium sulphide - 0 . 5 4  + 0.02 
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STPS E/i profile at 0.02 V between - 1.40 and 0.0 V (SCE) in 2.0 × 10 3 M sodium 
hydroxide + 1.0 × 10 _3 M potassium thiocyanate. 

For the same concentration, in the presence of Na2S203 and Na2S E b values are 
more negative than those obtained in either Na2SO 4, Na2SO 3 and KSCN containing 
solutions. 

Curren t  transients  
Curent transients were recorded in 2 × 10 3 M NaOH solution containing 1 × 

10 -3 M NazS203. For this purpose, the electrode was precathodized at Ec = - 1.40 V 
(SCE) during tc = 90 s, later it was anodized at Ea = -0 .74  V (SCE) during t a = 300 s 
and finally, stepped to the present potential, Es [ -0 .60  V (SCE) < Es < - 0 . 2 0  V 
(SCE)] at which the current transient was recorded. Thus, when E~ < E b the current 
decreases continuously to attain the corresponding stationary value but when E~ > 
E b (Fig. 8), the current transient exhibits firstly an induction time (ti), then increases, 
reaches a maximum and finally attains a quasi-fluctuating relatively large value (Fig. 
9). Macroscopic observations of the electrode surface during the rising transient 
reveals the appearance of black corrosion spots related to mild steel pitting. Initially, 
these spots grow radially at a fast rate and after a certain time the whole electrode 
surface becomes covered by the corrosion product. At a constant potential, the 
current associated with pit growth increases with time following the well known 
relationship 

1 = Ip + K ( t -  ti) h (1) 

where I is the current measured on the whole electrode surface, lp is the background 
current, t i is the induction time, K and b are constants. The slope (b) of the linear 
log ( / -  Ip) vs log (t - ti) plot is between 1.25 and 1.30 (Fig. 10a). As the value of the 
potential step increases, ti decreases and in the -0 .48  V (SCE) < Es < - 0 . 3 0  
V (SCE) range, the following relation is obeyed (Fig. 11). 

log (ti/to) = K ' ( E ~ -  Eb)  i = K '  A E - '  (2) 
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where  K '  is a cons tant  which depends  on the electrolyte composi t ion  and to = t~ when 

AE--~ ~ .  However ,  when  E~ > - 0 . 3 0  V (SCE),  t i becomes  constant .  
Cur ren t  t ransients  recorded in 2 x 10 3 M N a O H  + 1 x 10 -3 M Na2S and in 2 x 

10 -3 M N a O H  + 1.0 x 10 3 M KSCN are, in principle,  similar to those already 

descr ibed for the Na2S203 at the same pH and  concen t ra t ion  (Figs. 12 and  13) as well 
as the cor responding  log (I  - Ip) vs log (t - ti) and log ti vs AE i plots (Figs. 10b,c 

and 11). In Na2S conta in ing  solut ions the quasi-s table  current  is lower than that 

observed in Na2S203 (Fig. 9). 
Af te r  anodic  polar izat ion of the specimen for 2 h at - 0 . 2 0  V (SCE) in KSCN 

conta in ing  solut ions a thick film of corrosion product  is fo rmed on the metal  surface, 

the solut ion becomes  slightly yellow t inged and a yel low-brown mater ia l  appears  at 
the cell bot tom.  The  part  of the film which contacts the metal  is black and that of the 
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Ft~i. 14. (a) SEM pa t t e rn  of mild s t e e l s u r f a c c  af ter  a n o d i z i n g m  1.1) × ltl ~ M sod ium 

hydrox ide  + 1.0 × 1{) ~ M sod ium th iosu lpha te .  13'~ 1.4{) V (SCE) ,  t, - OO s, E'~, 0.74 

V (SCE) ,  t~-- 3{10 s, E, 0.20 V (S(TE). 1, - 120s. Scale l ( I / ,m.  (b) SEM pa t t e rn  of mi ld  

s teel  surface af ter  anod iz ing  in 2 × 10 ~ M sod ium hydrox ide  + I.II x ll) ~ M sod ium 

sulphide .  E~ 1.4(I V (S( 'E) ,  t, - 90 s, t::~ (I.74 V (SCE) ,  t, - 3(1~) s. f-~ 0.20 V 
(S ( 'E ) .  T, 120s. Scale 11)/~m. 
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Fig. 14(Cont.) ( c ) S E M p a t t e r n o f m i l d s t e e l s u r f a c e a f t e r a n o d i z i n g i n 2  × 10 3 M s o d i u m  

h y d r o x i d e  + 1.0 × 10 -3 M s o d i u m  t h i o s u l p h a t e .  E~ = - 1.40 V ( S C E ) ,  t~ = 90 s, E~ = - 0 . 7 4  

V ( S C E ) ,  t~ = 300 s, E~ = 0 .35 V ( S C E ) ,  t~ = 120 s. Scale  10 /zm.  (d)  S E M  p a t t e r n  o f  the  

m e t a l  su r f ace  a f t e r  a n o d i z i n g  in 2 × 10 3 M s o d i u m  h y d r o x i d e  + 1.0 x 10 -3 M s o d i u m  

s u l p h a t e .  E c = - 1 . 4 0 V  ( S C E ) , t  c = 9 0 s ,  E ,  = - 0 . 7 4  V ( S C E ) , t ~  = 3 0 0 s ,  E~ = 0 .20  

V ( S C E ) ,  t~ = 120 s. Scale  10 ~xm. 
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Optical results 
Microscopic observations of mild steel specimens anodized at -0 .20 V (SCE) 

during 2 min in base solution (pH 11.30) in the presence of different sulphur-contain- 
ing anions show qualitatively similar corrosion patterns as those resulting in 10 .3 M 
Na2S203 and 10 -3 M Na2S containing solutions. In both cases hemispherical pits are 
produced on the mild steel surface (Figs. 14a and b). Each hemispherical pit is 
surrounded by a secondary etched area containing a large number of small crystallo- 
graphic pits. The size of the secondary etched area decreases as the anodizing 
potential moves towards more negative values (Fig. 14c). 

Hemispherical pits were also observed in the electrolyte containing potassium 
thiocyanate solutions. In this case, the secondary etched area at the same potential 
value is, however, smaller than that observed in the presence of thiosulphate and 
sulphide anions. Conversely, under comparable conditions, both in sodium sulphate 
and sodium sulphite, crystallographic pits are observed (Fig. 14d). 

DISCUSSION 
There is agreement that S and FeS are present within pits and cracks formed 

during stainless steel localized corrosion in chloride solutions containing thiosulphate 
anions. The localized corrosion is explained through a hindering of metal repassiva- 
tion due to the local accumulation of sulphur and sulphides. 9 Likewise, the role of 
polythionate ions in pitting corrosion can be explained in a similar way by taking into 
account that polythionates can be electro-reduced to thiosulphate on the steel 
surface. 912 It is already known that during stress corrosion cracking, the solution in 
the growing crevice contacts steel which has been depleted in chromium and has lost 
its stainless behaviour. Results obtained with carbon steel show that H2S promotes 
hydrogen permeation 2° while thiosulphate ions promote anodic disolution without 
producing hydrogen permeation. 12 Therefore, it was concluded that the corrosive 
effect of thiosulphate ions is due to the formation of a thiosulphate-iron (II) 
complex, so that the participation of sulphide species could be neglected. 12 

The present results show that thiosulphate anions are able to produce pitting of 
mild steel at a potential more positive than the potential of the active-passive 
transition and the main corrosion product related to pitting is FeS. It is already 
known that thiosulphate ions are metastable and undergo different reactions yielding 
sulphur species. For example, thiosulphate ions tend to decompose in alkaline 
solutions into sulphide and sulphate ions 19 according to the following reaction: 

O'  S_~O~-+OH- = S H - + S  ~ . (3) 

This reaction is enhanced by the presence of cations which form insoluble suiphides. 
Otherwise, thiosulphate disproportionates in acid solutions as follows 

2H + + $203 - = S ° + SO3H2 (4) 

SO3H2 = SO2 + H20 (5) 

The following reactions was also proposed to explain the FeS formation in the 
Fe(II)/Fe(Hg) system containing thiosulphate ions 2° : 

Fe + $20~- = SO~- + FeS. (6) 



764 D.V. VASQUEZ MOLL, R. C. SALVAREZZA, H. A. VIDELA and A. J. ARVfA 

Besides, the electroreduction of thiosulphate ion to sulphur according to the 
reaction: 

$2 O 2 - + 6 H  + + 4 e  = 2 S + 3 H 2 0  (7) 

was also suggested. ~l Recent studies on the mild steel corrosion in neutral water 
containing elemental sulphur show that sulphur is metastable and decomposes 
according to the following reaction 22 

4S + H20  = 3SH 2 + SO4H2 . (8) 

Nevertheless, sulphate ions produce pitting of iron and carbon steel 4'5'23 but I × 10 -3 
M NazSO 4 in 2 × 10 -3 M NaOH promote pitting at more positive potential values 
than 1 × 10 -3 M Na2S20 3 and pit morphologies are quite different (Fig. 
14a, b and d). Sulphite ions are also pitting producers on iron in acid media. 24 
However,  the behaviour of sulphite ions is similar to that described for sulphate ions. 
On the other hand. E/i displays, breakdown potentials, induction times and corrosion 
patterns resulting in NazS and NazS203 are to some extent comparable. The presence 
of FeS within pits and the way of corrosion spread out on the metal indicates that 
sulphide ion is mainly responsible of mild steel pitting. 

The appearance of FeS during mild steel pitting in thiocyanate solutions suggests 
that thiocyanate is also metastable. The following reaction has been proposed to 
explain the electrochemical behaviour of Fe(II)/Fe(Hg) system in thiocyanate 
solutions in the 3.85 to 9.70 pH rangefl 5 

Fe + SCN- = SFe + CN-.  (9) 

In thiocyanate-containing solutions E b values are more positive and t i values are 
larger than those corresponding to thiosulphate and sulphide containing solutions 
suggesting that mild steel pitting in the former case becomes more difficult than in the 
latter. 

From the above discussion, it can be concluded that in base solution and the 
presence of either thiosulphate or thiocyanate ions pitting takes place through the 
formation of sulphide ions which react at the electrode surface yielding ferrous 
sulphide. 

The electrochemical formation of FeS in base containing either NazS, Na2S203 or 
KSCN apparently fits a nucleation and growth mechanism involving FeS nuclei 
formation on the metal before pitting. This conclusion comes out from the fulfilment 
of equation (2) and from the current transients at E a > E b. Following the reaction 
model recently applied to pitting corrosion of mild steel in sodium fluoride solutions 26 
let us assume that the formation of salt nuclei competes with the formation of the 
passive layer at the iron surface so that the instantaneous anodic current (it) can be 
considered as the sum of three main contributions: 

i t = ip + ic + is (10) 

where ip, ic and i s are the current for growing the passive film, the current of metal 
corrosion through the passive film and the current related to the salt growth, 
respectively. 

The instantaneous passivity current (ip) under potentiostatic conditions fits the 
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equation predicted for an instantaneous nucleation and circular bidimensional 
growth under diffusion control, 27 that is: 

ip = PI  e x p  ( - P e t )  (11) 

where P1 = qmonrrSeDNo and P2 = rrSZDNo • D (cm 2 s ~) denotes the diffusion 
coefficient of the reacting species coming from the solution, qmon (mC cm 2) is the 
charge density required for the full coverage of the metal surface by the passivating 
species, S is a proportionality constant, N0 (cm 2) corresponds to the number of sites 
per unit area available for nucleation at the metal surface. 

On the other hand, the instantaneous current related to the salt layer growth 
apparently fits the kinetic expression for the instantaneous nucleation and tri- 
dimensional conical growth under charge transfer control, zs The corresponding 
expression is: 

i~ = P4[I - exp ( -Ps t2) ]  (12) 

where P4 = zFk~c; P5 = rrM2k~cNo/6Z; k~c and k3c are the formal rate constants for the 
layer growth in the direction perpendicular and parallel to that of the metal plane, 
repectively; ~ is the density of the salt whose molecular weight is M. When t ---, 
equation (13) results: 

i~ = P4. (13) 

Finally, the rate of metal dissolution through the passive layer appears as a time 
independent contribution, namely: 

ic = P3. (14) 

On the basis of equations (11), (12) and (14), the current transients shown in Figs. 8, 
12 and 13 can be reproduced over the whole time range covered in the present work, 
within a maximum error of 5%, by using the parameters assembled in Table 2. 

In thiosulphate solutions as E S increases P1, P2 ,  P3 ,  P4 and P5 increase while in 
sulphide and thiocyanate solutions a similar behaviour of P1, P2, P3 and P~ is 

TABLE 2. PARAMETERS USED TO REPRODUCE THE EXPERIMENTAL CURRENT TRANSIENTS (FIGS. 8, 12 AND 13) 

Pi P2 P3 P4 P5 
Anions  Es(V) ( m A c m  -2) (min i~ (mAcro 2) ( m A c m - 2 )  (min- : )  

Thiosulphate - 0 . 4 8 V  0.136 13.03 0.0123 0.160 0.212 
[E b = - 0 . 5 2  V (SCE)] - 0 . 35  V 0.190 30.14 0.0321 0.649 0.441 

- 0 . 3 0 V  0.337 57.47 0.1143 0.785 11.68 
-0 .25  V 1.368 201.34 0.359 1.003 18.72 

Sulphide - 0 . 4 8 V  0.101 12.25 0.0152 0.281 0.0889 
[E b - - 0 . 5 4  V (SCE)] - 0 . 35  V 0.261 19.29(I 0.0621 0.296 0.533 

- 0 . 2 5 V  0.406 80.830 0.254 0.254 10.88 
- 0 . 2 0 V  0.389 68.33 0.327 0.283 12.99 

Thiocyanate - 0 . 3 5 V  0.275 14.16 0.0250 0.296 0.0619 
[E b = - 0 . 4 4  V (SCE)] - 0 . 3 0  V 0.325 23.24 0.0409 0.296 0.337 

- 0 . 2 0 V  0.458 41.34 0.0968 0.434 5.321 
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observed, but P4 remains practically constant. However, for the three anions, the 
potential dependence of P3 and P5 expressed as A log P/AE is greater than that of P4. 
This means that as the potential is set more positive, the parallel salt layer growth and 
the corrosion of the base metal is enhanced, both contributions assisting the fast 
radial growth of pits. This explains the corrosion patterns observed in the presence 
of the sulphur containing anions at high E S values (Figs. 14a and b). The presence of 
a certain amount of Fe(III) is related to the large values of P3 when the applied 
potential is close -0 .20 V (SCE). More defined pits are formed at more negative Es 
values (Fig. 14c). In this case, the rate of change of the perpendicular salt growth with 
potential is smaller than that corresponding to the rate of change of parallel growth. 

When the current transients reach the maximum, in the presence of the sulphur 
anions, the pitting area was close to 1% of the electrode surface. Then, the current 
associated with the perpendicular salt growth (P4) should be comprised between 16 
and 100 mA cm -2. Finally, when P4 values are compared at the same polarization 
measured with respect to Eb, larger values are observed in thiosulphate and 
thiocyanate anion containing solutions than those corresponding to solutions con- 
taining sulphide. This is probably related to a ferrous suphide thin layer which is 
present inside the pits due to the formation of soluble iron(II) complexes in the 
presence of thiosulphate, 12 thiocyanate or cyanide 25 as already reported for iron 
pitting in the presence of complexing substances. 29 
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