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One of the major materials challenge for continsafe,
reliable and cost-effective utilization of watereded
nuclear reactors for electricity production is depenent
of improved understanding of the synergistic fundatal
mechanisms responsible for corrosion and stresesion
cracking degradation of austenitic steels and hichee
alloys [1]. In this work, surface analysis techraqu
Atomic Force Microscopy (AFM) and Conducting Probe
AFM, have been applied to study oxide films forntgd
interaction of 316L stainless steel with PWR priynar
water at 325°C. The objective was to charactehiee t
nanometer scale structure of the oxide films priogd
corrosion resistance to the substrate and to get ne
knowledge on the relationship between nanostructnde
local properties of the film that is a key aspextlbcal
failure of the protection.

Exposure at 325°C of the specimens to PWR
primary water was performed at EDF. The exposunegi
were varied from 2 to 6000 min.

AFM performed in intermittent contact
(Tapping®) mode revealed a granular morphologyef t
oxide film at the nanometer scale. The mean lateral
of the grains was measured to increase from 18 tond
for oxidation times between 2 and 6000 min. Théngra
size dispersion and the surface roughness were also
measured to increase with exposure time, showiag th
development of a microstructure of the oxide film
becoming less homogeneous with increasing oxidation
time. The mean depth of the grain boundaries ise@a
from 3.9 to 6.7 nm with exposure time but remaiimedll
cases inferior to the oxide film thickness measimgd
ToF-SIMS depth profile analysis. The measured depth
the grain boundaries is consistent with oxide fiforty
covering the 316L substrate but their presence
demonstrate the presence of local heterogenettig® o
film thickness thought to impact the corrosion pabion
at the nanoscale.

Conducting Probe AFM coupled to a Resiscope
module was used to measure simultaneously topograph
and electrical resistance of the oxide film-covesadace
at the nanoscale. For imaging, the sample surfase w
scanned in contact mode at a constant minimal fdrce
topography and the contact resistance R were
simultaneously acquired measuring respectively the
vertical cantilever deflection D and the tip/samplerent
I. The current | was measured by the Resiscope taodu
when applying a constant sample bias voltage V ¢¥ =
V) between the sample and the conducting tip. ©hall
tip/sample contact resistance R is calculated as V/

Figure 1 Surface electrical resistance image f@&L31
stainless steel exposed to PWR primary water at325
for 2 min.

The topography measured in Tapping® mode
could be reproduced and the surface electricadtersie
maps (Figure 1) revealed local heterogeneitieleat t
nanoscale of the granular morphology of the oxilthest
The mean resistance was found to increase withatzid
time in ratio consistent with thickness increaséhef
oxide film. Variations of R could be systematically
measured at the boundaries joining the grains lbatan
grains of similar dimension and height. At grain
boundaries, the resistance was systematically mecsol
be higher than on grains. This was assigned to the
reduction of the contact geometry (i.e. contachpre
between tip and oxide film surface and thus was not
considered as revealing the heterogeneity of thistesce
of the oxide film itself. On the grains with simila
topography, the measured resistance could be fmund
vary by up to two orders of magnitude. Although
variations of the contact geometry between tip @ide
film surface cannot be fully excluded, these local
heterogeneities strongly suggest that the oxidegra
themselves differ in composition, thickness andsjidg
epitaxy so as to exhibit significantly differenpperties
of electrical conduction that may impact locallg th
corrosion protection provided by the oxide film.
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