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        Motivation    LSP Corrosion 

LASER PLASMA INTERACTION 
SIMULATION AND DIAGNOSIS 

NUMERICAL SIMULATION 
OF SOLID BEHAVIOUR 

 
 

EXPERIMENTAL CHARACTERIZATION 
 OF MATERIAL PROPERTIES 

  Metallic alloys 

• Aluminum alloys: AA2024-T3 
• Stainless steel: AISI 316L 
• Titanium alloys: Ti-6Al-4V 
 



Experimental procedure    LSP Corrosion 

Wavelength (nm) 1064 Pulse width (ns) 9 

Frequency (Hz) 10 Spot diameter (mm) 1.5 

Energy (J/pulse) 2.8 Overlapping (pulses/mm2) 900 and 1600 

  Process parameters 



Experimental procedure    LSP Corrosion 

• Open Circuit Potential  evolution (OCP) 
• Polarization curves 

a. Cyclic voltammetry 
b. Potentiostatic tests 

• Electrochemical Impedance Spectroscopy (EIS) 

WE= Working Electrode 
 RE= Reference Electrode 
 CE= Counter Electrode 

Potentiostat PGSTAT 302N  

Electrochemical techniques 



Experimental procedure    LSP Corrosion 

• Open Circuit Potential  evolution (OCP) 
• Polarization curves 

a. Cyclic voltammetry 
b. Potentiostatic tests 

• Electrochemical Impedance Spectroscopy (EIS) 

Electrochemical techniques 



Experimental procedure    LSP Corrosion 

Confocal microscopy 

• Roughness measurements 
• Morphology and size of pits 

SEM / EDX 

• Composition analysis 
• Evolution of the microstructure 



     Results    AA2024-T3 

• Untreated material 
• LSP 900 (pulses/cm2) 
• LSP 1600 (pulses/cm2) 
 

Residual stress Roughness 



     Results    AA2024-T3 

Polarization graph 

Medium NaCl 0.5M T= 25ºC 
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     Results    AA2024-T3 

Untreated LSP 900 LSP 1600 

Ecorr(mV) -841 -595 -600 

icorr(μA/cm2) 9.821 0.312 0.170 

bc(mV/dec) 2597.03 788.57 910.58 

ba(mV/dec) 191.38 145.82 148.54 

C.R.  (μm/year) 103.97 3.31 1.80 

• Significant improvement compared to 
untreated samples 

 
• Negligible differences on corrosion rates for 

LSP-treated samples 
 

• Localized attack is clearly reduced on LSP 
specimens 



     Results    AA2024-T3 

EIS 

1 h 
24 h 
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Bode 



     Results    AA2024-T3 

EIS 

Porous Layer (Rt, CPEdl) 

Compact Layer (Rc, CPEc) 

Extra Layer (Rext, CPEext) 

LSP treated material 

Porous Layer (Rt, CPEdl) 

Compact Layer (Rc, CPEc) 

Base Material  



     Results    AA2024-T3 

Electrical equivalent circuit 

Rct  
Cdl  

Roxd  
Coxd  

Rredox  
Credox  

Protective electrolytic layer 

Al Pasivation layer 

Localized corrosion degradation 



     Results    AA2024-T3 

Roxd  
Coxd  

Difference in roughness 



     Results    AA2024-T3 

Rct  
Cdl  

Differences due to protective oxide 

Differences due to protective oxide 



     Results    AA2024-T3 

Rredox  
Credox 

Differences due to protective effect ofinduced RSs 



     Results    AA2024-T3 

• Protective oxide layer in LSP treated samples 
 

• Reduction of IMCs. Lower localized attack 

SEM images of S phase particles: a) Untreated AA2024 b) LSP-treated AA2024  

See J.A. DeRose et al.: Corrosion Science 55 (2012) 313–325 



     Results    AISI 316L 

• Untreated material 
• LSP 900 (pulses/cm2) 
• LSP 1600 (pulses/cm2) 
 

Residual stress Roughness 



     Results    AISI 316L 

Polarization graph 

Medium NaCl 0.5M T= 25ºC 
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     Results    AISI 316L 

Untreated LSP 900 LSP 1600 

Ecorr(mV) -328 -249 -236 

icorr(μA/cm2) 0.298 0.077 0.064 

Ep (mV) 161 151 234 

ip (μA/cm2) 3.241 2.156 1.253 

Erp(mV) -21 -72 -54 

irp(μA/cm2) 715.103 801.306 924.582 

C.R.  (μm/year) 2.35 0.61 0.50 

• Improvement compared to untreated samples 
 
• Higher stability of the passive film with a 

compressive residual stress field  
 
• Repassivation is related to roughness 

parameter 



     Results    AISI 316L 

EIS 

1 h 
12 h 

14 d 14 d 

Bode 



     Results    AISI 316L 

Electrical equivalent circuit 



     Results    AISI 316L 

Analysis of pits 

• Reduction in number and size 
 
• Higher difference among pits 

larger than 200 μm 
 

• Benefitial effect of compressive 
residual stress field 



     Results    Ti6Al4V 

• Untreated material 
• LSP 2500 (pulses/cm2) 
• LSP 5000 (pulses/cm2) 
 

Residual stress Roughness 
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     Results    Ti6Al4V 

Polarization graph 

Medium NaCl 0.5M T= 25ºC 



     Results    Ti6Al4V 

Untreated LSP 2500 LSP 5000 

Ecorr (mV) -144 -126 -196 

Icorr (μA/cm2) 0.042 0.637 0.754 

Ecorr2 (mV) 194 1285 1283 

Icorr2 (μA/cm2) 3.973 0.020 0.020 

Reverse scan Direct scan 



     Conclusions    LSP Corrosion 

1. The systematic evaluation of the electrochemical changes induced in relevant 
materials by LSP treatment has been envisaged 

2. Analysis of cyclic polarization curves with clear identification of corrosion 
parameters (Ecorr, Icorr, Mcorr, Ep, Ip) has been succesfully performed for 
Al2024-T351 and AISI 316L steel. 

3. Electrochemical Impedance Spectroscopy (EIS) has been used in order to 
correlate the observed electrochemical behaviour (even at long timescales) with 
surface modifications induced by the LSP treatment, especially roughness and 
elemental chemical composition. A good physico-chemical process understanding 
has been gained in the case of Al2024-T351 and AISI 316L steel.  

4. Work has been initiated for other key materials with a more complex behaviour 
(i.e. Ti6Al4V). 

5. The development of a systematic assessment capability for the corrosion 
susceptibility modification effects of the LSP technique is under way.  



     Future work    LSP Corrosion 

SCC 

Tensile stress 

Corrosive 
environment 

Material 
susceptibility 

Interaction stress-corrosion (SCC) 

1. Stress corrosion cracking tests (SSRT, CBT) 
2. Influence of Temperature on pitting (CPT) 
3. Electrochemical noise analysis (ECN) 
 



Thank you for your attention! 
 

For further information, please contact: 

jlocana@etsii.upm.es 
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