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Abstract--Rotating ring-disc electrode studies on the anodic dissolution and passivation of iron in 
potassium carbonate/bicarbonate buffers at 25°C show that in the active anodic dissolution potential range 
Fe(II) soluble species are generated. This reaction is favoured by the presence of bicarbonate ions in 
solution and it is explained through the formation of an unstable soluble complex containing Fe(lI) and 
HCO3 ions. This suggests that the anodic layer at a certain stage of its formation contains some amount of 
carbonate species. XPS data of surface layers produced at different anodic potentials confirm the presence 
of the carbonate species in thick anodic layers grown in the prepassive potential region in still solutions, 
whereas the opposite result is found for the thin passive layers formed at high positive potentials. 

I N T R O D U C T I O N  

TrIE corrosion and passivation of Fe in alkaline aqueous solutions as well as the active 
to passive transition and vice versa, depend on the solution composition.t~ These 
processes in alkaline media occur through the initial formation of an oxygen- 
containing surface species usually assigned to Fe(OH)ad,4-6 and the onset of passivity 
initiates with the formation of a Fe(OH)2 layer which subsequently grows to form a 
composite layer. 7-11 This passive layer can be described as an inner Fe304 layer and 
an outer hydrous FeOOH which becomes a matrix where the Fe(III)/Fe(II) redox 
reactions can be observed. 12'13 This description is derived from in-situ Raman 
spectroscopy, 14-16 X-ray photo-electron spectroscopy after specimen preparation 
and transfer into an oxygen-free closed system, 17 M6ssbauer spectroscopy, ~s'19 and 
ellipsometry. 2°-22 The validity of this interpretation covers a very wide range of pH 
for solutions where either aggressive anions are absent or anions which form poorly 
soluble iron salts are present, as is the case for Fe in carbonate-bicarbonate 
containing solutions. 

Previous w o r k s  23-26 o n  the electrodissolution and passivation of polycrystalline 
Fe electrodes in potassium carbonate/bicarbonate buffers based upon electrochemi- 
cal measurements, concluded that the interaction between Fe 2+ and HCO3 ions 
plays an important role, particularly at the outer part of the prepassive layer where 
the local pH becomes determined by the appropriate anodic reaction coupled to 
different Fe ionic species equilibria. According to this interpretation soluble Fe 2+ 
and Fe 3+ species should be formed in the course of the anodic and cathodic processes 
involving the direct participation of CO~-/HCO3 ions. 

The purpose of the present work is to demonstrate the formation of soluble 
species during the anodisation of Fe in K2CO3-KHCO 3 solutions through the use of 
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the ro ta t ing  r ing disc e lect rode techn ique  and to provide  in fo rmat ion  abou t  the 
compos i t ion  of the passivat ing surface layer through XPS analysis. 27-29 

EXPERIMENTAL METHOD 
The experimental arrangement was the same as described elsewhere. 23'24 The formation of soluble 

iron species during the voltammetric sweep of Fe electrodes immersed in carbonate-bicarbonate- 
containing solutions was followed through a rotating ring-disc electrode (RRDE). The latter consisted of a 
polycrystalline Fe disc ('Specpure', Johnson Matthey Chemicals Ltd, 0.40 cm dia.) and a polycrystalline 
Au ring (0.44 and 0.50 cm inner and outer dia., respectively), with a collection efficiency, NT = 0.27. 30 
Before each electrochemical run, the electrode arrangement was successively polished with 400 and 600 
grade emery papers and 1.0 and 0.3/~m grit alumina-acetone suspensions, and afterwards repeatedly 
rinsed with triply distilled water. Finally, the Fe electrode was polarised for 30 s at potentials sufficiently 
negative to produce hydrogen evolution. This treatment furnished a reproducible electroreduced Fe 
surface. The electrical circuitry was completed with a large area Pt plate counter electrode and a SCE 
reference electrode properly shielded and connected to the rest of the cell through a Luggin-Haber 
capillary tip, although potentials in the text are referred to the NHE scale. 

The electrolyte solutions consisted of a mixture of x M KHCO3 + y M K2CO3 (0.075 -< x -~ 2.5; 
0.0015 -< y -< 1.5), covering the pH 8.4-10.5 range. At each pH, values ofx and y were set to cover a wide 
ionic strength range by keeping the HCO3/CO23 - concentration ratio constant. Solutions were prepared 
from analytical grade (Merck) reagents and triply distilled water previously boiled to remove CO2. 
Experiments were made under purified N2 gas saturation at 25°C. 

Single triangular potential sweeps (STPS) were applied to the Fe electrode between preset cathodic 
(Es.c) and anodic (Es.a) switching potentials, at potential sweep rates (v) within the 0.001 -< 0.100 V s -1 
range. The rotation speed (to) of the RRDE was maintained at to = 1000 rpm. 

X-Ray photo-electron spectroscopy (XPS) measurements were performed with an ESCA B-Mark II 
equipment. For this purpose, polycrystalline Fe electrodes in the form of discs (0.070 cm 2 apparent area) 
resulting from axially embedding an Fe rod in a PTFE tube and cutting the piece at a right angle in the 
lathe, were employed in quiescent solutions. 

EXPERIMENTAL RESULTS AND INTERPRETATION 

Rotating ring-disc electrode data 
V o l t a m m o g r a m s  of Fe in 0.75 M K H C O 3  + 0.15 M H2CO3, p H  9.5, run  at 

~o = 1000 rpm and  different  scan rates be tween  Es, c = - 0 . 8 6  V and Es,a = 0.24 V, 
are shown in Fig. l (a) .  Thus ,  at v -- 0.01 V s -1 the v o l t a m m o g r a m  in the positive 

po ten t ia l  d i rect ion exhibits firstly the H E R  cur ren t ,  and then  two anodic  current  

con t r ibu t ions  (I and  II) at - 0 . 6 4  and  - 0 . 4 2  V, respectively,  and in the reverse 
d i rec t ion a small  cathodic cur ren t  at ca - 0 . 4 3  V fol lowed by an anodic  cur ren t  peak  
(anodic  react ivat ion)  located at - 0 . 5 3  V, and  again the H E R  cur ren t  at potent ia ls  
more  negat ive  than  - 0 . 7  V. The  s i tua t ion changes in the v o l t a m m o g r a m  run  at 
0.1 V s -1,  since in this case an ex tended  anodic  cur ren t  p la teau  is recorded dur ing  the 

posit ive po ten t ia l  going di rect ion be tween  - 0 . 2 0  and 0.24 V. The  cor responding  
reverse  scan shows a b road  a l though small  cathodic cur ren t  peak (IV) at ca - 0 . 4 5  V 
ins tead of anodic  react ivat ion.  The  ident i f icat ion of cur ren t  peaks  follows that  used 
in previous  publ ica t ions .  23'24 In  this case, when  the A u  ring e lect rode is held at 

E R = 0.74 V (Fig. l b ) ,  the fo rmat ion  of soluble Fe( I I )  species becomes  ev ident  in 
the po ten t ia l  range  of peaks  I, II  and  IV and also in the anodic  react ivat ion region of 
the Fe disc e lec t rode  vo l t ammogram.  The  m a x i m u m  a m o u n t  of soluble  Fe( I I )  
species appears  very close to the po ten t ia l  of peak  II. Converse ly ,  no  soluble Fe( I I )  
species can be de tec ted  when  the po ten t ia l  appl ied to the Fe disc is greater  than  
- 0 . 2  V (passivity region) .  Never theless ,  the exper imen ta l  col lect ion efficiencies 
der ived at the po ten t ia l  of peak  II f rom Fig. 1, Nex p = 0.12 for v = 0.01 V s -1 and  
Nexp = 0.11 for v = 0.1 V s -1, are cons iderably  smal ler  than  the theoret ical  value,  
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FIG. 1. RRDE current vs potential plots: 0.75 M KHCO3 + 0.15 M K2CO 3, pH 9.5, 
~o = 1000 rpm. (a) Fe disc electrode data; (b) Au ring electrode data, E a = 0.74V; 

v = 0 . l V s  t(  ) and v = 0.0l V s--I (___); 25oc. 

NT = 0.27. This suggests that the faradaic processes occurring at the Fe disc involve 
the formation of both insoluble and soluble Fe(II) species. 

The correlation between peak IV in the voltammogram of the Fe disc and the 
current hump at about the same potential observed in the negative potential 
direction IR/E D profile obtained at 0.1 V s -1, suggests that the reduction of some 
constituent of the anodic layer produced in the positive potential going scan produces 
simultaneously soluble Fe(II) species. Such a process has been described for Fe 
passive layer electroreduction in buffer borate electrolyte. 8"1° 

At a constant pH the heights of the voltammetric peaks I and II as well as the 
magnitude of the anodic reactivation, increase considerably with the HCO3 ion 
concentration. Correspondingly, an anodic current contribution appears at the Au 
ring (Fig. 2). Otherwise, for a constant HCO3 concentration within the 8.9 to 10.5 
pH range, a change in the CO32- ion concentration produces only a slight negative 
potential shift of the various current peak potentials on increasing pH (Fig. 3) on the 
entire electrochemical response of the RRDE. The influence of Es,a on the RRDE 
response was particularly considered at pH 10.5 (Fig. 4). It becomes clear that with 
increasing Es,a, the anodic reactivation peak diminishes progressively, and finally it 
is replaced by the cathodic peak IV. Furthermore, the electroreduction of the anodic 
layer produced by sweeping the potential up to 1.04 V is accompanied by the 
appearance of a double anodic current peak at the ring. This fact can be associated 
with a sequence of electroreduction reactions yielding soluble Fe(II) directly. 
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In order to demonstrate the formation of soluble Fe(III) species during the 
anodisation of Fe, voltammetric runs were also made at the RRDE by keeping the 
Au ring at ER = --0.66 V to indicate the soluble Fe(III) species through its electro- 
reduction reaction to Fe(II) (Fig. 5). The corresponding results show that Fe(III) 
species are produced at the Fe disc when the applied potential is greater than 
-0 .35 V. Under these conditions the currents at both the Fe disc and the Au ring 
reach limiting values. This behaviour suggests that on the passive layer either a 
diffusion control or a chemical dissolution reaction is determining the total anodic 
process at the Fe disc. 

The interpretation of  RRDE data 
The R R D E  data can provide information about the order of magnitude for the 

rate of formation of soluble Fe(II) and the Fe(II) concentration both at the electrode 
surface and in the bulk of the solution. It should be noticed that in the present case an 
exact evaluation of R R D E  data becomes extremely difficult because the ionic 
transport at the interface involves a complex multicomponent system at a film 
covered electrode. However, this situation can be simplified by considering that the 
electrode behaves as a rotating flat disc involving only the Fe(II) species concen- 
tration profile extending from the reaction layer to the bulk of the solution. 
Correspondingly, the pH profile as well as the ionic equilibria involving Fe(II) 
species are neglected. It is further assumed that the process at the Fe disc occurs 
under quasi-steady conditions in the potential range of peak II (Jp,lt). The latter can 
be justified because in the voltammograms at Fe disc electrodes run at a scan rate 
w ~ 0.025 V S -1, Jp,II becomes practically independent of v (Fig. 6). This simplified 
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FIG. 2. R R D E  current  vs potential plots: 2.5 M K H C O  3 + 0.5 M KzCO3, pH 9.5, 
w = 1000 rpm. (a) Fe disc electrode data; (b) Au  ring electrode data; ER = 0 .74V,  

Vo = 0.01 V s - l ;  25°C. 
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approach allows concentration data to be estimated and relevant qualitative infor- 
mation about  the participation of anions in the process to be derived. 

For this purpose the diffusion coefficient of Fe(II)  species in the ca rbona te -  
bicarbonate solutions was determined by using a Au disc electrode (0.07 cm 2 
apparent  area) in 1.5 M KHCO3 + z M Fe(NH4)2(SO4) 2 . 6H20  solution (0,0001 -< 
z-< 0.0014). The anodic limiting current density, JL, for the reaction 
Fe(II)  = Fe( I l I )  + e -  was measured in the 300 rpm -< w -< 3000 rpm range. Figure 7 
shows the linear ]L vS w 1/2 plots for different concentrations of the Fe(II)  salt. The 
value of DFe(n ) was derived from the slope of the linear Jk VS w 1/2 relationship, by 
considering Levich's equation 3l with n, the number  of electrons involved in the 
reaction at the disc equal to one, and @oIn), the corresponding concentration of the 
Fe(II)  salt in solution. The resulting value at 25°C is Dve(m = 3 x 10 -6 cm 2 s -  1. This 
figure becomes practically independent  of the Fe(II )  salt concentration and is 
comparable  to data reported in the literature for the Fe z+ ion in other solutions. 

Let us now consider the current detected at the ring electrode, I R, when 
E D = Ep, i i .  If ID is the total current at the disc electrode under a certain applied 
potential value, then IDx, the fraction of ID related to Fe(II )  soluble species, can be 
expressed in terms of IR as follows. 

ID,c = [IR(nD/nR)/NT] = (kiD ( l )  
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where 0 < a - 1 and NT = 0.27, no = 2 is the number of electrons involved in the 
reaction at the Fe disc electrode: 

Fe =Fe(II)(aq) + 2 e - ,  (2) 

and nR = 1 is the number of electrons participating at the Au ring electrode reaction: 

Fe(II)(aq) = Fe(IXI)(aq) + 1 e - .  (3) 

Under stationary conditions: 

Ip,c = 2FJFc(II) (4) 

where JVeOl) is the flow of Fe(II) species from the Fe disc surface outwards. Hence, 
from the rate of transport of Fe(II), the dissolution current ID,c (A cm -2) at the disc 
electrode can be expressed through Levich's equation: 

2/3 v - l / 6  0)1/2 I ox  = --0.62 2FADw(II) Ac (5) 

where O F e ( l l )  ( e ra  2 S -1) is the diffusion coefficient of soluble Fe(II) in carbonate- 
bicarbonate solutions, A (cm 2) is the disc electrode geometric area, Ac = 
c~(n) - c~(n) is the difference between the FE(II) concentration (mole cm -3) in the 
bulk of the solution and at the Fe disc electrode surface, respectively, 0) (s-  l) is the 
rotation speed of the RRDE,  v ( cm 2 s -1) is the kinematic viscosity of the solution, 
and F (coulomb eq -1) is Faraday's constant. 

By using DFe(II)  = 3 X 10  - 6  c m  2 S - 1 ,  v = 0 . 0 1  c m  2 s - 1 ,  0) = 1 0 0 0  rpm = 1 0 4 . 7  s - 1  , 

NT = 0.27, and A = 0.126 cm 2, one obtains from equations (1) and (5): 

Ac = klR (6) 
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FIG. 5. RRDE current vs potential plots. (a) Fe disc data; (b) Au ring data, E R = 0.74 V; 
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where k = 0.108 eq A -  1 cm 3, IR is given in A, so that Ac results in eq cm-  3. In order  
s s to estimate the value of CVe(lt), let us assume that CFe(ii)* << AC, SO that Ac ~ CFe(n). 

To justify this assumption, one can estimate nFe0t ), the total amount of soluble 
Fe(II) species produced at the disc electrode, by sweeping the potential from 
Esx = - 0 . 86  V up to Ep,u, from the value of QR, the anodic charge detected at the 
Au ring for E R = 0.74 V. This charge is related to Qo,c, the charge involved in the 
generation of soluble Fe(II) at the Fe disc, through the expression: 

QDx = QR(nD/nR)/NT • (7) 

Equation (7) allows to estimate the total number of moles of soluble Fe(II): 

nve(n) = QDx/2F. (8) 

FIG. 6. 
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The values of C~:e(ii ) c an  be approximated to the average concentration (Ct~e(ii)) 
derived from riFe(U) and the electrochemical cell volume (ca 0.3 cm3). Under the 
present working conditions the values of Ac fall between 10 -3 and 10 -4 mole dm -3, 
and those of (C~e(zt)) are in the 10-8-10 -9 mole dm -3 range. On the other hand, the 
concentration of Fe(II)(aq) calculated from the solubility products of either 
Fe(OH)2 or FeCO3 (Ksp[Fe(OH)2] = 8 x 10 -16 and Ksp[FeCO3] = 5.7 X 10 -11 )  32'33 

are close to the CFe(II)* values. 
These results indicate that for the anodisation of Fe in K2CO3-KHCO3 solutions 

the values of c~e(ii) exceed by far those predicted from solubility data of Fe(OH)2 and 
FeCO3. This difference can be explained to the fact that the Fe dissolution in these 
media is assisted by the presence of HCO3 ions. This is consistent with the linear 
logjD,c vs log Cuco; plot obtained in the 8.9 -< pH -- 10.5 range at E = Ep,ii (Fig. 8) 
whose slope is practically equal to unity, independently of pH and CO;-  ion 
concentration. Therefore, the RRDE data demonstrate the participation of HCO3 
ion in the anodic dissolution of Fe through the formation of Fe(II) soluble species 
probably [HCO3Fe] + or Fe(CO3H)2 complex ion species. From these results one can 
infer that the composite struture of the passivating layer under certain conditions 
involve the presence of carbonate-containing species. Direct information about this 
matter can be obtained from XPS data. 

XPS data 
The composition of the anodic layer formed on Fe in different conditions was 

determined by XPS to about 900 ,& in depth. The following specimens were analysed. 
Specimen E1 was polarised for 120 min at -0.43 V, that is at Ep,n, in still 0.75 M 
KHCO3 + 0.05 M K2CO3 solution. Specimen E 2 was held at -0.18 V, i.e. in the 
passive potential region, in the same still solution for 120 min. Specimen E3 was 
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anodised in still 0.1 M NaOH for 120 min at potentials located in the net passivity 
range. Specimen E 4 was treated similarly to Specimen E1 but previously subjected to 
ethanol cleaning, drying, and Au metallising to protect the surface film formed at 
Ep, n. To determine the presence of Fe, O, and C the XPS spectra (Figs 9 to 12) were 
obtained at different depths 0 -< d - 900 ~,34,35 

The XPS results can be summarised as follows. Specimens E 2 and E 3 which were 
polarised in the passive region exhibit the Fe signal corresponding to Fe20 3 to a 
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FIG. 9, XPS spectra obtained with an Fe disc electrode polarised in still 0.75 M 
KHCO 3 + 0.05 M K2CO 3 for 120 rain at Ep. n. The Fe, O and C peaks for different anodic 

layer depths are indicated. 
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d e p t h  of  d <  1 2 A  (Figs 10 and  11). F o r  d >  1 2 A ,  the  main  p e a k  at  707.3 e V  
c o r r e s p o n d s  exclus ively  to the  F e  subs t ra te .  The  in tens i ty  of  O - a t o m  signal  fol lows 
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residual spectrometer atmosphere. Specimens E1 and E 4 which were polarised at 
Ep,tb show the formation of thick anodic layers. In this case the appearance of Fe203 
reaches a depth of about 860 A (Figs 9 and 12) and the presence of CO2--species in 
the film can be concluded from the signal detected at 290.9 eV. 

In conclusion, XPS data reveal the existence of carbonate containing species in 
the thick layers formed at low anodic polarisation in still solutions, whereas no 
C-signal (as CO~-) could be detected in the thin passive layers produced at high 
positive potentials. 

DISCUSSION 
From previous studies z3-26 covering a wide range of v, co, and ionic strengths, it 

becomes clear that the active to passive transition of Fe in carbonate-bicarbonate 
buffers involves at least two stages associated with the anodic peaks I and II. Peak I 
can be related to the surface formation of Fe(OH)2 according to the overall reaction: 

Fe + 2H20 ~- Fe(OH)2 + 2H + + 2e (9) 

although R R D E  results clearly show (Figs 1-3) that reaction (9) occurs together with 
the dissolution of Fe producing also soluble Fe(II) species. The latter reaction 
becomes the major contribution in the potential range of peak II, including the 
anodic reactivation in the reverse negative potential going voltammetric scan. At 
potentials close to  Ep,ii the gradual formation of F e 3 0 4  as a constituent of the passive 
layer takes place. 24 

For all electrolyte solutions used in this work, the R R D E  results indicate that the 
concentration of soluble Fe(II) species at the Fe disc electrode largely exceeds the 
expected equilibrium concentration for either Fe(H20)  2+ or Fe(OH)  + species under 
saturation conditions with Fe(OH)2 and FeCO3 as derived from the corresponding 
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Ksp values. Therefore, those large Fe(II) concentration values resulting from the 
anodic dissolution of Fe in carbonate-bicarbonate buffers must be associated with 
the formation of soluble compounds containing Fe(II) and HCO3,  probably 
FeHCO~- and Fe(HCO3)2, instead of a local supersaturation of Fe(OH)2 or FeCO3. 
This conclusion emerges from the linear 1ogjD,c VS log CHCO3 relationship with a 
slope close to one (Fig. 8). The possible formation of Fe(CO3) 2- has also been 
postulated, 36 but this type of complex has only been detected in solid state as part of 
the salt KzFe(CO3)2 . 4H20. 

The formation of soluble Fe(II) species at relatively high positive potentials 
makes possible the appearance of insoluble compounds through a dissolution- 
precipitation mechanism. Accordingly, the local saturation of soluble Fe(II) species 
at the disc electrode/solution interface, particularly in the absence of forced convec- 
tion, should favour the precipitation of FeCO3 through a sequence of reactions such 
as~ 

FeHCO~-(aq) ~- Fe(II)(aq) + HCO3(aq) (10) 

Fe(II)(aq) + CO2-(aq) ~ FeC03(s ). (11) 

The XPS results show that carbonate species appear in the composition of the 
anodic layers formed by polarising the Fe specimens in the potential range of peak II 
in quiescent carbonate-bicarbonate buffers solution (Figs 9 and 12). The cor- 
responding anodic layer can then exceed 850 A in thickness. The formation of such a 
thick type of anodic layers can be understood through the participation of a 
dissolution-precipitation process. 

The FeCO3-containing anodic layer precipitated on the Fe disc surface in 
quiescent solutions undergoes oxidation at more positive potentials. 24 Thus, the 
anodic process occurring in the potential range of peak III appears to be the same 
already reported for the same solutions in the absence of stirring at potentials close to 
that where the onset of passivity takes place.24 The reaction related to peak III can be 
stated as follows: 

2FeCO3 + 3H20 ~-- 7-Fe203 + 2CO 2- + 6H + + 2 e- .  (12) 

The equilibrium potential of reaction (12) at pH 8.9 and Cco]- = 0.05 M lies close to 
-0.172 V .  37 In contrast to previous descriptions, the XPS results obtained with Fe 
passivated electrodes (Figs 10 and 11) show very little differences between Fe 
specimens passivated either in carbonate-bicarbonate buffers or in NaOH solutions. 
In both cases the anodic layer thicknesses are smaller than 10 .A, Fe20 3 being the 
only constituent detected in the anodic layers. 

According to RRDE results soluble Fe(II) species are also produced during the 
electroreduction of iron oxide formed at potentials more positive than 0 V (Fig. 4). 
This fact is in agreement with results reported in the literature about 15 years ago for 
the electroreduction of thin y-FeOOH layers. 3s For this reaction no magnetite was 
detected as reaction product and the total cathodic charge was related to the 
formation of Fe(lI) species. Correspondingly, the cathodic process occurs through 
the reduction of Fe(III) species with the simultaneous protonation of the oxide 
yielding a thin reduced Fe(II) containing layer which subsequently generates soluble 
Fe(II) species as follows: 
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v - F e O O H ( s )  + H + ( a q )  + e -  ~ { F e .  O H . O H } ( s ) ( t h i n  r e d u c e d  f i lm) (13) 

{ F e .  O H .  O H } ( s )  ~ F e ( I I ) ( a q )  + 2 O H - ( a q ) .  (14) 

T h e  o v e r a l l  p r o c e s s  r e p r e s e n t e d  by r e a c t i o n s  (13) and  (14) can  f a v o u r  the  f o r m a t i o n  

o f  F e H C O ~  w h i c h  is d e t e r m i n e d  by t h e  e q u i l i b r i u m :  

F e ( I I ) ( a q )  + H C O f ( a q ) ~  F e H C O f ( a q ) .  (15) 

T h e  t o t a l  o r  pa r t i a l  e l e c t r o r e d u c t i o n  o f  the  p a s s i v a t i n g  l ayers  on  F e  g ives  r ise to  a 

f u r t h e r  c o n t r i b u t i o n  o f  so lub l e  F e ( I I )  spec ies  3°'4~ by r e l e a s i n g  the  Fe ( I1 )  spec ies  

r e t a i n e d  in t he  a n o d i c  l aye r ,  as t he  l a t t e r  can  be  a s c r i b e d  to  a c o m p o s i t e  s t r u c t u r e  

c o n t a i n i n g  b o t h  F e ( I I I )  and  F e ( I I )  spec ies .  

T h e  c o n c l u s i o n s  d e r i v e d  f r o m  the  p r e s e n t  w o r k  a re  in a g r e e m e n t  wi th  r e c e n t  

a t t e m p t s  to c o r r e l a t e  e l l i p s o m e t r i c  and  R R D E  resu l t s  in c a r b o n a t e  b u f f e r  at p H  9.2 

w h i c h  led  to  p o s t u l a t e  t ha t  t h e  i ron  p a s s i v a t i o n  o c c u r s  in i t ia l ly  t h r o u g h  a d i s s o l u t i o n -  

p r e c i p i t a t i o n  p r o c e s s  y i e ld ing  a f e r r o u s  h y d r o x i d e  o r  bas ic  f e r r o u s  c a r b o n a t e  l aye r .  

w h e r e a s  in t h e  pas s ive  r a n g e  resu l t s  a re  c o n s i s t e n t  wi th  a th in  i n n e r  m i x e d - v a l e n c e  

l aye r  and  an o u t e r  h y d r a t e d  l aye r  e s sen t i a l l y  f r ee  o f  f e r r o u s  spec ies  at h igh  a n o d i c  
potent ia l .41 
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