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Pb-caustic Stress Corrosion Cracking (PbSCC) can occur in the secondary side of pressurized water reactors,
affecting the integrity of the Alloy 690 (Ni-30Cr-10Fe) steam generator tubes [1]. PbSCC can occur in
concentrated caustic conditions that might arise in crevices where Pb (a contaminant) may accumulate. A
hybrid mechanism consisting of a film-rupture/slip-dissolution mechanism aided by the occurrence of de-
alloying has been proposed to explain PbSCC of Ni-base alloys, but definitive data are required for
confirmation. The present work aims to improve the mechanistic understanding of the early stages of cracking
through the use of advanced electron microscopy techniques with particular attention on surface finish effects
on PbSCC initiation.

PbSCC tests were performed on C-rings samples of thermally-treated Alloy 690 (A690TT) compressed (1.5%
strain at the apex), and exposed in a NaOH solution containing 1000 ppm of PbO at 310°C (pH310c 10) for
500 h. Surface conditions examined were as-received (AR) from tube processing, or polished to remove the
deformed near-surface layer. Post-test characterisation included SEM (Zeiss Sigma FEG-SEM equipped with
Oxford Instruments X-Max 150 SDD, an EBSD detector and Aztec analysis system), analytical S/TEM (FEI
Tecnai T20 LaBg S/TEM operated at 200 kV, and an FEI Talos G2 S/TEM with X-FEG and Super X), and
cross-section TEM specimen preparation using an FEI Helios 660 FIB/FEGSEM.

Evaluation of metallographic cross-sections prepared from the tested C-ring samples revealed that the
transgranular crack depth was not affected by surface condition (~ 120 um), although the polished specimen
contained ~ 4 times more cracks than the sample with the AR surface finish [2]. In addition, analysis of the
post-test samples revealed that the PbSCC environment had different effects on AR and polished surface. The
cross-sectioned AR specimen exhibited a near-surface deformed zone characterized by an outer ultrafine-
grained layer and a deformed layer beneath it. After the PbSCC test, this deformed surface layer had oxidized,
resulting in an Cr-Fe-enriched oxide containing Pb. In addition, “islands” of Ni metal were observed within
the oxidized layer, Fig. 1. In contrast, localised attack in the form of corrosion slots containing Cr,O3 (Fig. 2)
was observed on the surface of the polished specimen. Electron diffraction and EBSD confirmed that that
these crystallographic slots formed along {110} planes and some {100} planes.

The analysis of FIB cross-section TEM specimens and crack-tip samples further confirmed the presence of
metallic Ni as islands (Fig. 1 (c)-(e)) and along the flanks of cracks originated from corrosion slots (Fig. 2 (f))
with more fracture surface cross-section analysis in [2]), indicating that de-alloying occurred under the Pb-
caustic conditions. The presence metallic Ni surrounded by oxide can be explained by the oxidation behaviour
of Ni, Cr and Fe in this environment: Ni is more noble then Cr and Fe. Thus, metallic Ni would be “left behind”
during the oxidation of the deformed zone in the AR specimen.

Tunnel corrosion along {110} planes has been reported by Scamans and Swann [3]; they proposed that
preferential oxidation along specific crystallographic planes at crack tips was related to SCC initiation [3-4].
In particular, these observations support the hypothesis that anodic dissolution is a major factor, supporting a
film-rupture/slip-dissolution mechanism to the case of PbSCC in A690TT [4]. Based on these observations,
the near-surface deformed layer promoted the oxidation limiting any crystallographic crack nucleation within
this region, unlike the crystallographic slot formation observed for the polished specimens, which led to the
higher proportion of cracks [2]. These results are consistent with a film-rupture/slip-dissolution mechanism,
assisted by de-alloying for Pb-caustic SCC of A690TT.
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Figure 1. (a) SE image of cross-sectioned post-test AR sample. (b)) HAADF STEM image from the oxidised
region; (c) BF and (d) corresponding DF TEM images of a nodule of metallic Ni, with (e) associated [013]
CBED pattern. (f) HAADF STEM image, and corresponding STEM-EDX maps for (g) Ni Ka (green) - Cr Ka.

(blue) - Fe Ka (red), (h) O Ko and (i) Pb Ma showing Ni metal regions within the oxidised layer.
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Figure 2. (a) SE image of post-PbSCC tested polished surface containing crystallographic slots (red lines); (b)
TEM image of a corrosion slot; (c) [110] SADP with Cr203 in slot; STEM-EDX maps of (d) Ni Ka (green),
Cr Ka (blue), and Fe Ka (red), (¢) O Ka and (f) Pb Ma .
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