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Abstract

Repassivation behaviour of the passive film formed on lean duplex stainless steel UNS $32101 and
austenitic stainless steel UNS S30403 in a CO;-saturated oilfield environment has been studied.
The native passive film on the alloys was thinned /removed by stepping the potential of the alloy to
—850 mV/Ag/AgCl for 30 minutes. Potentiostatic measurements were then taken at potentials of
-200,-100, 0, 100 and 200 mV versus Ag/AgCl. Results show that the passive film repassivates at
potentials of —200 and —100 mV and 0 mV for both alloys at 50°C. The current density however
continues to rise for potentials of 100 and 200 mV. This shows that both alloys are susceptible to
pitting at potentials above 100 mV at the test temperature of 50°C.
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1. Introduction

The behavior of stainless steels in aqueous solution has been widely studied. It is widely agreed that the alloying
elements help in the formation of the protective passive film [1] [2]. This film is stable, invisible, thin durable
and extremely adherent and self-repairing. The stability of the film depends on the nature of the corroding metal
and ions present in the solution [3]. In order to prevent corrosion, it is important that stainless steels have stable
passive film with rapid passivation in severe environments [4]. It is believed that the stability of passive film and
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their repassivation kinetics are dependent on the metallurgy, applied passivation potentials, pH and chloride ion
concentration in the aqueous solution [1] [5] [6]. Therefore, it is necessary to know the kinetics at which the
passive film is formed on the stainless steels.

Reasons for the choice of UNS S32101 and UNS S30403 for this research are because these two alloys have
been found to be competitors for applications in marine and oilfield environments [7]-[11]. Moreover, very few
literatures exist on the repassivation kinetics of passive film in a CO,-saturated oilfield environment replicating
service conditions where these two alloys find applications.

2. Materials and Method

Potentiostatic polarization tests were performed using EG & G 263A model potentiostat/galvanostat and a
three-electrode electrochemical set up consisting of an Ag/AgCI reference electrode and a platinum counter
electrode in order to obtain the current decay at constant applied potentials. The working electrode was polarized
to a potential of =850 MV ag/agci for 1800 s to thin/remove the passive film formed in air [12]-[14]. The potential
was then stepped to —200, —100, 0, 100, and 200 MV ag/agci- The chosen passive potential was then applied for 5
minutes and the potentiostatic current density was recorded. The data acquisition was 50 points/s in order to
record higher number of points.

Meanwhile, in this study, oilfield brine (Table 1) was adopted. The oilfield brine was initially sparged with
CO, gas for 8hrs and stored in an air tight container. Before each experiment, the oilfield brine was sparged for
one hour resulting in a pH of approximately 5.0 and the oxygen level less than 50 ppb. Moreover, CO,was con-
tinuously fed into the solution throughout the duration of the experiment. Table 2 shows the composition of the
alloys used for this research.

3. Results and Discussion

Figure 1 and Figure 2 show the anodic current transient for both alloys. It can be observed that for both alloys,
the passive film repassivates at potentials of 0, =100 and —200 mV. This is shown by the steady decrease of cur-
rent with time. The steady current decrease indicates anodic film growth [15]. A steady increase of current with
time is however observed for both alloys at potentials of 100 mV and 200 mV. A steady increase in current in-
dicates corrosion as a result of anodic film dissolution. This indicates that the passive film is not protective at
these potentials. Park et al. [16], also described such steady current increase to be as a result of metastable or
stable corrosion pits.

Table 1. Qilfield brine adopted for the research.

Salts mg/L
NaCl (Sodium Chloride) 24,090
KCI (Potassium Chloride) 706
CaCl,-2H,0 (Calcium Chloride Di-hydrate) 1387
MgCl, (Magnesium Chloride) 4360
BaCl,-2H,0 (Barium Chloride Di-hydrate) 16
SrCl,-6H,0 (Strontium Chloride Hexa-hydrate) 33
Na,SO, (Sodium Sulphate) 3522
NaHCO; (Sodium Bicarbonate) 304
Table 2. Composition of the alloys in solution annealed condition.
Type Cr Ni Mo Cu Mn N Fe PREN
Austenitic 18.2 8.15 0.39 0.33 1.61 0.07 Bal. 20.6
Lean duplex 21.26 1.60 0.24 0.26 4.81 0.23 Bal. 25.7
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Figure 1. Anodic current transient for UNS S32101 after cathodic stripping at

50°C.
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Figure 2. Anodic current transient for UNS S30403 after cathodic stripping at
50°C.

During the current decrease (repassivation stage at lower potentials), three stages can be described. The stage
of adsorption of metal-hydroxide species on the bare metal surface exposed to the medium, the stage of trans-
formation of the adsorb layer to passive film and the stage of growth of passive film [17].

At higher potential, local anodic dissolution are promoted with the formation of pit nuclei [17]. However, at
lower applied potential range that falls within the Tafel region, adsorbed metal-hydroxide species on bare sur-
faces of metals seems to be sufficiently stable to hinder metal dissolution [18]. This can be related to the beha-
vior of the alloys at potentials of —200 mV, —100 mV and 0 mV as shown in Figure 1 and Figure 2. As the ap-
plied anodic potential increased from the Tafel region to the active region, the rate of the dissolution of the pas-
sive film into solution increased. Hence the behavior of the alloys at potentials of 100 and 200 mV as showed in
Figure 1 and Figure 2.

Figure 3 and Figure 4 show the anodic current transients in logarithm scale for UNS S32101 and UNS
S30403 in a CO-saturated oilfield brine at 50°C. Both figures show three stages [16] [19] corresponding to con-
stant current stage, transition stage and a stage where the current either decreases or increases with time. The
first stage (constant current) seems to be similar for both alloys at all potentials. Stage two also looks similar
showing the start of current decay at potentials of —200 mV, =100 mV and 0 mV and the start of increasing cur-
rent at potentials of 100 mV and 200 mV. The third stage also shows similarity for both alloys with a steep in-
crease or decrease in current. There is a general decrease in current with time in logarithm scale for both alloys
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Figure 3. Anodic current transients in logarithm scale for UNS S30403 after
cathodic stripping at 50°C.
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Figure 4. Anodic current transients in logarithm scale for UNS S32101 after
cathodic stripping at 50°C.

at potentials of —200 mV, =100 mV and VO mV. The current, however increases with time for potentials of 100
mV and 200 mV at stage IlI.

The current density recorded corresponds to the total current density resulting from the film formation and
dissolution of the alloys in the solution [5]. The three stages (Figure 3 and Figure 4) described above can be
explained thus: Stage I is the constant current stage where the rate of oxide formation and dissolution is equal
[16] [19]. At this stage oxide film hardly grows. Stage Il corresponds to the transition zone where the current
density either starts to decrease or increase, depending on whether the passive film is protective or non-protec-
tive. Stage 111 is the region where the anodic current density either decreases or increases linearly in logarithm
scale depending on whether the passive film is passivating or dissolving/depassivating. If the current decreases it
means that the passive film is repassivating and hence it is protective. The converse is the case when the current
increases.

It can also be observed that at potentials of —200 mV, —100 mV and 0 mV, the rate of passivation dominates
the rate of dissolution. This implies that the alloy may not be susceptible to pitting corrosion at these potentials.
However, at potentials of 100 mV and above, the rate of dissolution is higher than the rate of passivation as in-
dicated by a steady rise in the current density in logarithm scale in Figure 3 and Figure 4. This implies that the
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passive film may not be protective at potentials above this value.

4. Conclusions

1) The passive film formed on both UNS S32101 and UNS S30403 after an initial cathodic stripping repassi-
vates at potentials of —200 mV, =100 mV and 0 mV at 50°C. This is shown by the continuous steady anodic
current decrease for both alloys at these test potentials.

2) The passive film formed on both UNS S32101 and UNS S30403 does not repassivate at potentials of 100
mV and 200 mV the test temperature of 50°C. This is shown by the continuous steady anodic current in-
crease for both alloys at these test potentials, both alloys are therefore susceptible to pitting corrosion at these
potentials.

3) UNS S32101 and UNS S30403 behaved similarly in the oilfield brine used for this research. Both alloys are
therefore likely to have similar resistance to localized corrosion and stress corrosion cracking. This is be-
cause both pitting corrosion and stress corrosion cracking depend on the repassivation behavior of passive
film.
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