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Fig.1: Ex situ XFS measurement on 3 nm SS 304L 

thin film under XSW excitation generated by Ru/B4C 

multilayer, measured at P64 beamline at PETRA-III, 

DESY, Hamburg. X-ray reflectivity and fluorescence

plotted on logarithmic and linear scale, respectively 
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1. Introduction- Corrosion of metal structures made of alloys like steel in aqueous

environments (seawater, rain, surface- or ground water, etc.) has an important economic

impact [1-2] costing ~3% of worldwide GDP [3]. Corrosion of stainless steel (SS) can be

strongly enhanced locally, at atomic level, leading to pitting corrosion, responsible for

structural weakening and subsequent failure [4]. Our main aim is to understand the very early

stages of pitting of steel alloys at the nanometer scale.

2. Experimental- We investigated two widely used stainless steel alloys i.e. SS304L

(low carbon) and highly corrosion resistant SS316 (~3% of Mo). Thin films (3-80nm) of each

steel were deposited using DC magnetron sputtering (at UGC-DAE CSR, Indore, India) [5] on

Si-wafer and multilayer substrates with commercially available foils serving as reference. We

examined chemical composition and structure of the films at the onset of galvanic corrosion

ex situ and in situ employing synchrotron X-ray based techniques such as X-ray diffraction,

X-ray fluorescence (XRF) and X-ray absorption fine structure, complemented by

electrochemical techniques (i.e. cyclic voltammetry and chronoamperometry). We combined

XRF with X-ray standing wave excitation to obtain structural and compositional details about

the film surface region with sub-monolayer and

sub-nm sensitivity [6].

3. Results and discussion- XFS measurement

along with XSW excitation at P64 beamline,

PETRA-III, Hamburg using pristine SS 304L thin

film (3 nm) on Ru/B4C multilayer substrate is

shown in Fig.1. Upon galvanic corrosion of ultra-

thin films in 0.1M potassium chloride in situ and ex

situ with different X-ray techniques, we observed

discrete structural changes.

4. Conclusion- The depth distribution of Ni,

Fe and Cr in the SS 304L thin film on Ru/B4C

multilayer was inhomogeneous in the pristine film

(Fig. 1) and changed upon the onset of corrosion.
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