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Introduction

Usual electrochemical techniques used to study the corrosion behaviour of structural materials are linear 
polarization  (LP) and electrochemical impedance spectroscopy (EIS).

LP gives the global behaviour of the material, and corrosion kinetic parameters such as corrosion 
parameters, corrosion rate, Tafel slopes.

EIS allows to model the electrochemical behaviour of metal/electrolyte interface, accounting for the 
presence of passivity layers, adsorption mechanisms...

These techniques give a global response of the sample but further insights may be needed to actually 
identify and understand the specific mechanism responsible for corrosion and its relationship with 
microstructural characteristics.

In this regard local probes give spatial insights at the microscale of the corrosion processes.

The following slides give some examples of results found in the literature and obtained using our 
instruments, M370/M470. 

A general knowledge of each local technique is required.

Enjoy !
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dc-SECM

M. Terada, A. F. Padilha, A. M. P. Simoes, H. G. de Melo and I. Costa
Materials and Corrosion 2009, 60, No. 11

Study of the electrochemical behavior of DIN 1.4575 superferritic stainless steel aged at 
475° C

SECM is used in competition mode : the 
same reaction occurs on the sample and 
on the probe

The sample and the probe are polarized at 
-0.7 V/SCE.

The reaction under study is O2 reduction.

The current shown is the probe current.

Both materials are more prone to O2

reduction than the resin.
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dc-SECM

Study of the electrochemical behavior of DIN 1.4575 superferritic stainless steel aged at 
475° C

The sample and the probe are polarized at 
0.6 V/SCE.

The reaction under study is Fe dissolution.

The current shown is the probe current.

The aged steel is less prone to Fe 
dissolution, and hence more corrosion 
resistant.

The decrease of corrosion is related to the presence of Ωh ǇŀǊǘƛŎƭŜǎΦ 

M. Terada, A. F. Padilha, A. M. P. Simoes, H. G. de Melo and I. Costa
Materials and Corrosion 2009, 60, No. 11
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dc-SECM

Study of the sensitisation of a highly alloyed austenitic stainless steel, Alloy 926 (UNS N08926)

Electrochimica Acta 70 (2012) 105ς111
R. Leiva-García, R. Akid, D. Greenfield, J. Gittens, M.J. Munoz-Portero, J. García-Antón

Unsensitised

SECM polarized at -0.7 V/SCE to study O2 reduction in aerated 
35 g/L NaCl solution. Each scan took 2 hours to be performed.

Sensitised alloys show more reduction and consequently 
more corrosion due to a more conductive passive film.
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dc-SECM

SECM study of defect repair in self-healing polymer coatings on metals

Electrochemistry Communications 13 (2011) 169ς173
Y. González-García , J.M.C Mol, T. Muselle, I. De Graeve , G. Van Assche ,G. Scheltjens, B. Van Mele , H. Terryn

SECM used in feedback mode. 
The tip is polarized at -0.6V/Ag/AgCl. 
The studied reaction is O2 reduction over a 
scratch in a sample with shape-memory 
polyurethane coating.

Corrosion activity in the defect increased as a 
function of immersion time in the solution (Fig. 
2bςd), and cathodic processes were mainly 
located at the top and bottom of the scratch.

a) 4 h, b) 1 day, c) 2 days, d) 4 days of immersion in 0.05 M NaCl 
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dc-SECM

SECM study of defect repair in self-healing polymer coatings on metals

Electrochemistry Communications 13 (2011) 169ς173
Y. González-García , J.M.C Mol, T. Muselle, I. De Graeve , G. Van Assche ,G. Scheltjens, B. Van Mele , H. Terryn

SECM used in feedback mode. 
The tip is polarized at -0.6V/Ag/AgCl. 
The studied reaction is O2 reduction over a scratch in 

a sample with shape-memory polyurethane coating.

Prior to thermal healing a) 1 day of immersion in 0.05 M NaCl
After thermal healing b) 4 h and c) 1 day  of immersion in 0.05 M NaCl

One can see cathodic activity in the 
non-healed 
sample.
In the non healed sample cathodic 
activity 
only occurs at a defect in the polymer.
After 28 h no sign of corrosion on the 
heat-treated polymer coated sample.
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dc-SECM

SECM study of Friction Stir Welded Al alloys

Fe2+ is used as a mediator and is oxidized at the 
probe.

Decrease of the current on the «nugget» means 
that the surface layer is more resistive and likely to 
be less prone to corrosion than the heat affected 
zones.

Ph.D. thesis, Djoudi Sidane, Université de Bordeaux, 2012
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Since ac-SECM is a mediator-free technique, it can be used to investigate freely corroding surfaces.
It was coined 4D-SECM by Schuhmann, the 4th dimension being the frequency.
It is used in constant-height mode to detect a scratch in the lacquer.

Katemann et al., Electrochim. Acta 48 (2003) 1115-1121

B) 3D-image of the scratch shown in (A) 
obtained with ac-SECM in a constant-height 
mode. The impedance of the probe is lower 
over the scratch.

ac-SECM

A) A single line-scan displaying the modulus |Z| as a function of the 
tip position in x-direction. Inset: optical image of the scratch. 

Investifgation of lacquered tin plates
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A. Schulte et al., Mat. Sci. and Eng. A 378 (2004) 523ς526

Heterogeneities are imaged using ac-SECM at 1 kHz.

The brighter regions correspond to areas 
of higher local surface conductivity.
Very small heterogeneities can be 
imaged.

ac-SECM

Oxide-covered Ni-Ti memory shape alloys


