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Ahatraet-Electrochemically induced passivation of evaporated, enriched “Fe in 0.5 mol dm- 3 Na,SO, 
+ 0.001 mol dmm3 NaHSO, aoueous solution (DH 6.5) was followed bv conversion electron M&batter 

spectroscopy. The transfornkion of amorphous-iron o&de or hydroxide into crystalline y-FeOOH could 
be observed with the increase of the polarization time. The comparison of the original quantity of evapo- 
rated, enriched s7Fe layer on the surface of the samples with the dissolved iron, measured in the solutions 
after the polarization, proved the existence of pitting corrosion at this pH. 
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INTRODUCTION 

The passivation of low carbon steel, as the result of 
electrochemical polarization was studied in aqueous 
solution of 0.5 mol dm-’ Na,SO, + 0.001 mol dmv3 
NaHSO, at 3.5 Q pH < 8.5[1-43. The sulfite was 
used to model the effects of acid rain. These mea- 
surements showed that the main component of the 
passive film was y-FeOOH[l-41. The aim of this 
paper is to collect more detailed information about 
the chemical and crystalline structure of the passive 
film by using a thin, evaporated, enriched “Fe layer 
on the surface of the studied anode. 

EXPERIMENTAL 

The evaporation of enriched (86%) “Fe was 
carried out in a Balzers 350 evaporation equipment 
at a pressure of 1.3 x lo-‘Pa. The thickness of the 
enriched “Fe layer was 15 f 3 nm and its geometric 
surface was 2.5cm’. Carefully polished disks of low 
carbon steel were used as supports. 

The electrochemical treatments were done in 
aqueous solution of 0.5 moldm-’ Na2S04 
+ 0.001 moldm-’ NaHSO, at pH 6.5, while the 

electrolyte was stirred continuously and Ar gas was 
bubbled through it to reach an inert atmosphere and 
a dearated solution. Potentials mentioned in this 
paper are referred to the standard hydrogen elec- 
trode (she) while a saturated Hg/Hg,SO, reference 
electrode was used in the measurements. 

*Dedicated to Prof. Uli Gonser on the occasion of his 
70th birthday. 
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The conversion electron Miissbauer spectra were 
recorded at room temperature using a flow pro- 
portional counter tilled with 96% He + 4% CH,. 
The spectra were fitted by a least squares procedure 
using approximate Voigt functions. All isomer shifts 
mentioned are related to a-iron. 

RESULTS AND DISCUSSION 

The Miissbauer spectra are shown in Fig 1 and 
their parameters are tabulated in Table 1. All spectra 
consist of a magnetically split sextet from the a-iron 
substrate and a quadrupole doublet representing the 
surface layer formed as a result of polarization. The 
minor components can be attributed to iron nitrides 
and carbides formed during the evaporation due to 
residual gases present in the vacuum chamber[5]. 

The evaporated, enriched “Fe layer magnifies the 
Miissbauer lines of the outer passive layer compar- 
ing to those of the substrate. The area percentage of 
the Miissbauer lines belonging to the passive layer 
after 30min passivation is 6.9% in the case of 
natural iron anode and this value is 39.6% in the 
case of an enriched “Fe anode. Thus, very accurate 
Miissbauer parameters of the electrochemically 
formed surface layer can be determined even after a 
short polarization time (30min) if enriched “Fe is 
used on the surface. 

The half width at the half of the maximum of the 
central doublet lines is 0.32 mm s- ’ and the quadru- 
pole splitting is 0.81 mm s- ’ after a polarization time 
of 30min. These relatively high values are evidence 
that the passive layer consists of amorphous or small 
particles (< 100 A) of iron oxide or hydroxide[6]. As 
the time of the polarization increases, these values 
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Fig. 1. Miissbauer spectra of the evaporated, enriched “Fe layer after the polarization at + 1lODmV for 
30 min (a), 3 h (b), 6 h (c), and 12 h (d). 

decrease, demonstrating the process of crys- 
tallization. The Miissbauer parameters of the central 
doublet tinally reach those of the crystalline y- 
FeOOH. (See Table 1.) 

During the polarization we followed the quantity 
of the dissolved iron by spectrophotometric mea- 
surements of the solutions, as well. After 12h of 
polarization the quantity of iron obtained was equal 
to a N 30nm thick surface layer and this thickness is 
more than that of the total evaporated “Fe on the 
surface of the substrate. On the other hand the area 
percentage of the doublet after 12 h of polarization 
was 35% while this value was only 15.9% in the case 
of natural iron (see Fig. 2)[3]. These experimental 
results prove that some enriched “Fe remained on 
the surface of the anode even after 12 h of polariza- 
tion time. If we compare these experimental findings 
with the above mentioned quantity of the dissolved 
iron, we have to conclude that also some natural 
iron (being under the “‘Fe layer) should be dissolved 

through the holes (pittings) of the passive film. The 
current density, measured during the polarization, 
started to increase rapidly after the third hour of 
passivation and this is an other evidence of the 
pitting corrosion. 

The pitting attack of HSO; ions on low carbon 
steel samples under the same conditions was already 
proved by other measurements, as well[Z, 3,4] 

CONCLUSIONS 

The described measurements gave evidence that 
an amorphous layer, a precursor of y-FeOOH, forms 
on the surface of an iron anode in aqueous solution 
of 0.5 mol dm- ’ Na,SO, + 0.001 mol dm-’ 
NaHSOJ at pH 6.5 during the first short period 
(30min) of polarization. This layer transforms into 
crystalline y-FeOOH after a longer time of polariza- 
tion (6 h). 
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Table 1. Results of the computer evaluation of the Massbatter spectra recorded ex situ after the passivation of the evapo- 
rated, enriched “Fe layer in the aqueous solution of O.Sm~ldm-~ NasSO, + 0.001 moldm-3 NaHSOs at the pH 6.5 

Characterization of 
sample 

Polarized + 1100 mV for 
-3Omin 

-3 hours 

Isomer shift, d* 
lllllls-’ 

0.00 

0.00 

0.35 

0.00 

0.33 

0.36 

Quadrupole Magnetic 
splitting field, 

At HS 
Xllllls-1 T 

- 33.0 

0.11 18.5 

0.81 - 

- 33.0 

0.10 20.8 

0.72 - 

Half width, 
HWL? 

IlllUs- 

0.14 
0.12 
0.12 
1.00 
0.80 
0.70 
0.32 

0.14 
0.12 
0.12 
1.00 
0.80 
0.70 
0.26 

Area 
fKiCtiOll. 

All 
% 

45.5 

15.0 

39.5 

37.7 

9.3 

53.0 

-6 hours 0.13 
0.00 - 33.0 0.12 46.1 

0.12 
0.36 0.70 - 0.24 53.9 

- 12 hours 0.16 
0.00 - 33.0 0.14 44.1 

0.14 
1.20 

0.36 0.10 17.8 1.00 20.9 
0.90 

0.36 0.72 - 0.23 35.0 

* Isomer shifts are relative to a-iron. 
t Error of S and A is kO.03 mm s-i. 
$ ErrorofHis: +lT. 
§ErrorofHWis: +O.Olmms-i. 
11 Error at A% is: *3rel%. 
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Fig. 2. Area percentages of the Miissbauer lines of the passive layer for the evaporated, enriched “Fe 
layer (a), and for the low-alloy steel (b) in 0.5moldm-’ NasSQ, + O.tXXmoldm-’ NaHSO, aqueous 

solution at pH 6.5. (The full lines are a guide for the eyes only.) 
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