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Cr Ni Mo Mn Si N Cu W C P S Fe

UNS S32750 

(UR2507)
24.00 - 26.00 6.00 - 8.00 3.0 - 5.0 Max 1.20 Max 0.80 0.24 - 0.32 0.088 0.042 Max 0.030 Max 0.035 Max 0.020 Bal.

UNS 

S32550/S32520 

(UR2507Cu)

24.50 - 26.50 5.50 - 6.50 3.10 - 3.80 0.80 - 1.20 0.20 - 0.70 0.20 - 0.25 1.50 - 2.00 Max 0.030 Max 0.025 Max 0.005 Bal.

UNS S32760 

(UR2507W)
24.00 - 26.00 6.00 - 8.00 3.0 - 4.0 Max 1.0 Max 1.0 0.20 - 0.30 0.5 - 1.0 0.50 - 1.00 Max 0.030 Max 0.030 Max 0.010 Bal.

• Study within the scope of a PhD thesis at ICB (Dijon, France) and CRMC (ArcelorMittal Industeel, Le Creusot, France) 
• Duplex for highly aggressive environments: super duplex grades 
• Compositions (ASTM standards) below (wt.%) 

  

I.1. Context 
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Passive film 

• Oxide (hydroxide) film of generally few nanometers thick 

• In dynamic equilibrium with electrolyte and metal 

 Protective layer (dissolution of metal kinetically hindered) 

 

  Role of Cu and W? 

  Evolution after immersion? 

 

  

G. Okamoto, “Passive 

film of 18-8 stainless 

steel structure and its 

function,” Corrosion 

Science, vol. 13, pp. 

471–489, 1973. 

• Cl- weakens passive film  local beaking 

• Electrochemical cell is formed 

• Inside pits: low pH, high ions concentration 

• Self maintained process 

 

  Role of Cu and W? 

  Role of electrolyte ([Cl-], T)? 

Pitting corrosion 

XPS/AES study Electrochemical study at global and local scale 

I.2. Passive film and pitting corrosion of stainless steels 
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• Main alloying element of stainless steels (at least 11%wt.) 

• Enables passive film formation (Cr2O3) 

Cr Ni 
• Austenitizer 

• Low impact on corrosion behaviour (might be beneficial in H2SO4 media [1]) 

• NiO present on passive film when Cr/Fe<1 [2] 

• Increases pitting corrosion resistance 

• Adsorbed MoO4
2- repulses Cl- [3] 

• MoO3 is formed during pitting and reduces pitting propagation [4] 

Mo 
• Austenitizer 

• Increases pitting corrosion resistance 

• Adsorbed NH3 and NO3(2,1)
-  can catch a proton and increase pH inside pits [5] 

• Adsorbed NO3 can facilitate Cr2O3 formation [6] 

• CrwNixMoyNz compounds might act as kinetic barrier  

N 

• Can be very detrimental to pitting corrosion resistance if MnS 
inclusions are formed [7] 

Mn 

• In H2SO4: increases corrosion resistance by Cu layer  formation 
(dissolutionCu2+

Cu) and by catching S (CuS) [8] 

• In NaCl: contradictory results [8,9] 

 Study of Cu effect in NaCl media is needed 

Cu 
• Might act like Mo (adsorbed WO4

2-) [10] 

• Few studies in literature  

 Study of W effect in NaCl media is needed 

W 

[1] J. R. Kish, M. B. Ives, and J. R. Rodda, “Corrosion mechanism of nickel-containing stainless steels in concentrated aqueous solutions of sulphuric acid,” Corrosion, vol. 60, pp. 523–537, 2004. 
[2] V. Vignal, O. Delrue, O. Heintz, and J. Peultier, “Influence of the passive film properties and residual stresses on the micro-electrochemical behavior of duplex stainless steels,” Electrochimica Acta, no. 55, pp. 7118–7125, 2010. 
[3] Y. C. Lu, C. R. Clayton, and A. R. Brooks, “A bipolar model of the passivity of stainless steels. II.-The influence of aqueous molybdate,” Corrosion Science, vol. 29, pp. 863–880, 1989. 
[4] T. Mesquita, “Aciers inoxydables et corrosion localisée: le rôle du molybdène,” PhD thesis, Université de Grenoble, Grenoble, 2012. 
[5] G. Lothongkum, P. Wongpanya, S. Morito, T. Furuhara, and T. Maki, “Effect of nitrogen on corrosion behaviour of 28Cr-7Ni duplex and microduplex stainless steels in air-staurated 3.5%wt. NaCl,” Corrosion Science, vol. 48, pp. 137–153, 2006. 
[6] Y. S. Kim, “Synergistic effect of nitrogen and molybdenum on localized corrosion of stainless steels,” Corrosion Science and Technology, vol. 9, pp. 20–28, 2010. 
[7] A. Pardo, M. C. Merino, A. E. Coy, F. Viejo, R. Arrabal, and E. Matykina, “Effect of Mo and Mn additions on the corrosion behaviour of AISI 304 and 316 stainless steels in H2SO4,” Corrosion Science, vol. 50, pp. 780–794, 2008. 
[8] T. Sourisseau, E. Chauveau, and B. Baroux, “Mechanism of copper action on pitting phenomena observed on stainless steels in chloride media,” Corrosion Science, vol. 47, pp. 1097–1117, 2005. 
[9] T. Ujiro, S. Satoh, R. W. Staehle, and W. H. Smyrl, “Effect of alloying Cu on the corrosion resistance of stainless steels in chloride media,” Corrosion Science, vol. 43, pp. 2185–2200, 2001. 
[10] M. K. Ahn, H. S. Kwon, and H. M. Lee, “Quantitative comparison of the influences of tungsten and molybdenum on the passivity of Fe-29Cr ferritic stainless steels,” Corrosion Science, vol. 40, pp. 307–322, 1998. 
 

I.3. Effect of alloying elements: bibliographic review 
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UR2507 Cr Ni Mo Mn Si N Cu W Fe

Global 24.8 6.43 3.72 0.855 0.355 0.271 0.088 0.042 bal.

α 25.5 4.9 4.5 0.83 0.40 0.08 0.08 0.06 bal.

γ 23.1 7.4 2.9 0.92 0.34 0.45 0.10 0.03 bal.

UR2507Cu Cr Ni Mo Mn Si N Cu W Fe

Global 24.86 6.32 3.57 0.942 0.372 0.239 1.611 0.022 bal.

α 25.6 4.9 4.4 0.98 0.37 0.09 1.30 0.03 bal.

γ 22.5 7.5 2.8 1.10 0.32 0.41 1.79 0.01 bal.

UR2507W Cr Ni Mo Mn Si N Cu W Fe

Global 25.29 6.97 3.54 0.633 0.382 0.235 0.565 0.638 bal.

α 26.2 5.1 4.4 0.64 0.46 0.08 0.45 0.84 bal.

γ 23.4 7.8 2.9 0.72 0.39 0.40 0.61 0.42 bal.

UR2507 Cr Ni Mo Mn Si N Cu W Fe

Global 26.3 6.05 2.14 0.859 0.698 1.068 0.076 0.013 bal.

α 27.3 4.7 2.6 0.84 0.79 0.32 0.07 0.02 bal.

γ 24.5 6.9 1.7 0.92 0.67 1.76 0.09 0.01 bal.

UR2507Cu Cr Ni Mo Mn Si N Cu W Fe

Global 26.4 5.96 2.06 0.949 0.733 0.944 1.402 0.007 bal.

α 27.5 4.7 2.6 1.00 0.74 0.36 1.14 0.01 bal.

γ 23.9 7.1 1.6 1.11 0.63 1.61 1.56 0.00 bal.

UR2507W Cr Ni Mo Mn Si N Cu W Fe

Global 27.0 6.59 2.05 0.639 0.754 0.930 0.493 0.192 bal.

α 28.2 4.9 2.6 0.65 0.92 0.32 0.40 0.26 bal.

γ 24.9 7.3 1.7 0.72 0.77 1.57 0.53 0.13 bal.

• The materials studied must have the same properties except in Cu and W composition! 
 

Wt. %          At.% 

  

Global composition measured by ICP except for N (melting + IR and thermal conductivity) / Phases (except N) compositions measured by electron microprobe / N phases compositions 
evaluated by internal developed software based on previous results on electron micro probe analyzer / Elements with concentration < 0.1 wt.% not mentionned 
 

 
 

Differences only in Cu and W concentrations 

I.4. Materials chemical compositions 
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I.5. Phase ratio and grain size 

EBSD: grain size  

UR2507 UR2507Cu UR2507W 

XRD: phase ratio 

No differences in phase ratio and grain size 

Ferrite Austenite 
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I.6. Texture 

UR2507 UR2507Cu 

UR2507W 

Ferrite 

UR2507 UR2507Cu 

Similar texture: no meaningful differences 
between grades UR2507W 

Austenite 
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I.7. Other materials parameters and conclusions 

• Internal misorientations (EBSD): similar (could have led to favourable initiation sites 
[1]) 

• Inclusions (ASTM E45-13 D): same amount and same type  

• No clue of secondary phases (XRD, SEM) 

 

  

Only one difference bewteen grades: composition (in Cu and W) 
 Study of influence of Cu and W on passivity and corrosion resistance possible 

[1] V. Vignal, D. Ba, H. Zhang, F. Herbst, et S. Le Manchet, « Influence of the grain orientation spread on the pitting corrosion resistance of duplex stainless steels using electron backscatter diffraction and critical pitting 
temperature test at the microscale », Corrosion Science, vol. 68, p. 275-278, 2013. 
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II. Analysis of passive film by AES and 
XPS 

II.1. Set up 
II.2. Surface preparation 
II.3. Immersion 
II.4. Results before immersion 
II.5. Results after 28 days of immersion in 1.7 M NaCl 70°C 

II.6. Results after 28 days of immersion in 5 M NaCl 90°C 

II.7. Focus on copper 

II.8. Conclusions 
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II.1. Set up 

• Auger Electron Spectroscopy (AES) analysis using Cameca-Riber 

 

 

 

 
• X-ray Photoelectron Spectroscopy (XPS) analysis using Versaprobe PHI 

5000 

 

• Electron energy 5 kV Emission current 1 µA 

• Spot size = 200 nm 

• Spectra 50-1000 eV Resolution = 4% 

• Ion gun energy 5 keV (sputtering rate 1.3 nm/min on SiO2) 

• Phases spotted and marked before analysis 

• Al primary ions source (1486.7 eV, incidence angle of 45°) 

• Spot size = 200 µm for global analysis (power 4.5 W) 

• Spectra 200-1400 eV  (pass energy = 58.7 eV) 
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Cutting 
14mm 
thick 

plates 

Mechanical 
polishing 

4x4x2mm3 
or 

2x2x2mm3 
samples 

Electropolishi
ng 

Polished 
samples 

Pickling 
Electropoli

shed 
samples 

II.2. Surface preparation 

A critical step for corrosion study: each step must be mastered 

Samples 
prepared 

• Goal: reduce roughness 

• SiC papers down to grade 
2400, followed by diamond 
paste polishing until 1 μm 

• Pb: cold-worked layer 

• Goal: supress cold-worked 
layer 

• 20-30V, 10%vol. HClO4 + 90%vol. 
ethylene glycol monobutyl 
ether,  3-6min, 5°C 

• 1500 nm must be removed, 
roughness and step between 
phases must be lowered 

 Controlled by profilometry 

• Pb: Polluting elements in the 
passive layer 

 

 

• Goal: Remove most of 
polluting species of the passive 
layer (Cl-), close to industrial 
surface conditions 

• 3:15 % HF:HNO3, 55°C, 2h 

• 20 % HNO3, 55°C, 1h 
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Study before and after immersion 



II.3. Immersion 

• 4 weeks in 1,7 M NaCl 70°C or 5 M NaCl 90°C at OCP 

• 2 L container, one sample/container 

• OCP followed 

Due to salt 
precipitation 

No significant differences in OCP measurements 

UR2507 UR2507Cu UR2507W 

5 M NaCl 90°C 1.7 M NaCl 70°C 
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II.4. Results before immersion 
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UR2507 UR2507Cu UR2507W 

No differences except in Cu content in the passive film 

α γ

UR2507 1.5 1.4

UR2507Cu 1.5 1.4

UR2507W 1.5 1.4

thickness (nm)
Grade

Passive film thickness (ASTM E1127-08): 

Cu and W not detected 
α γ

UR2507 1.2 1

UR2507Cu 1.2 1

UR2507W 1.1 1

Cr/Fe
Grade
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II.5. Results after 28 days of immersion in 1.7 M NaCl 70°C 
UR2507 UR2507Cu UR2507W 

No differences except in Cu content in the passive film 
Effect of immersion: ↑ passive film thickness, ↑ Cr/Fe in passive film 

Cu and W still not 
detected 

α γ

UR2507 1.7 1.5

UR2507Cu 1.7 1.5

UR2507W 1.7 1.5

Grade
thickness (nm)

α γ

UR2507 1.5 1.3

UR2507Cu 1.7 1.4

UR2507W 1.7 1.5

Grade
Cr/Fe
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II.6. Results after 28 days of immersion in 5 M NaCl 90°C 
UR2507 UR2507Cu UR2507W 

Effect of Cu (in UR2507Cu): ↑ passive film thickness 
Effect of immersion: ↑ passive film thickness, ↑ Cr/Fe in passive film 

Effect of 5 M NaCl 90°C (/1,7 M, 70°C): ↑ passive film thickness 

Cu and W still not 
detected 

α γ

UR2507 2.1 1.8

UR2507Cu 3.4 2.9

UR2507W 2.1 1.8

Grade
thickness (nm)

α γ

UR2507 1.7 1.2

UR2507Cu 1.5 1.3

UR2507W 1.7 1.3

Grade
Cr/Fe
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II.7. Focus on copper 
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• Cu or Cu2O (more probable) in passive film 

• Same concentration before and after immersion  high stability 

 

  

AES XPS 

Initial After 28 days in 1.7 M NaCl, 70°C 

After 28 days in 5 M NaCl, 90°C 
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II.8. Conclusions 

19 

• Before immersion: only difference between grades  Cu in UR2507Cu in 
passive film (Cu2O), Cu and W not detected in UR2507W  effect of alloying 
elements mainly due to substrate concentration 

• Immersion: ↑ passive film thickness and Cr/Fe (so passivity) when [Cl-] and 
T of electrolyte ↑ 

• Immersion + Cu (in UR2507Cu): ↑ passive film thickness in very aggressive 
solution (5 M NaCl 90°C 28 days) 

 

NB: XPS spectra were analysed for each elements and are not presented here: 
same for all grades 

 

 

  



III. Pitting corrosion resistance of super 
duplex in different media (T, [Cl-]) 

 III.1. Set up 
III.2. Results 

III.3. Results analysis 

III.4. Conclusions 
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III.1. Set up 

Experiment 

•Anti-crevice system (paper joint supplied in water: dilution 

≈ 5%/ hour) 

•Volume= 1 L, Surface area of sample exposed: 5 cm² 

•Samples polished down to P600 SiC grade and passivated 

in laboratory air during 24 h 

•For each grade at least 2 different samples are tested 

•Solution: pure NaCl of different concentrations in water 

 

Polarisation curve 

•1 h OCP 

•Anodic polarisation from E= OCP–50 mV to I= 500 μA/cm² 

(or reverse curve) at 0.25 mV.s-1 

•Epit when I= 100 μA.cm-2 
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III.2. Results 

High [Cl-], high T: UR2507Cu > UR2507W ≈ UR2507 
Lower [Cl-], lower T: UR2507W > UR2507Cu  ≈ UR2507W 

Effect of Cu for lower pitting potentials (Cu2O in film), W for higher pitting potentials (change 
in film  positive effect of W) 
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III.3. Results analysis 

• Assumption: Epit = A – B.T – C.log[Cl-] [1] [2]  
A, B, C being constants  

• Equation considered for T ∈ [70,90] °C and [Cl-] ∈ [1.7,5] M 
 

 

𝐸𝑝𝑖𝑡,𝑈𝑅2507 = 𝐴𝑈𝑅2507 − 1307 ± 50. log 𝐶𝑙− − 55 ± 10. 𝑇 

𝐸𝑝𝑖𝑡,𝑈𝑅2507𝐶𝑢 = 𝐴𝑈𝑅2507𝐶𝑢 − 761 ± 200. log 𝐶𝑙− − 29 ± 13. 𝑇 

𝐸𝑝𝑖𝑡,𝑈𝑅2507𝑊 = 𝐴𝑈𝑅2507𝑊 − 1786 ± 10. log 𝐶𝑙− − 80 ± 11. 𝑇 

[1] J.R. Galvele, “Transport processes and the mechanism of pitting of metals”, Journal of the Electrochemical Society, vol. 123, pp. 464-474, 1976. 
[2] J-H. Wang, C.C. Su, S. Szklarska-Smialowska, “Effect of Cl-concentration and temperature on pitting of AISI 304 stainless steel”, Corrosion,  vol. 44, pp. 732-737, 1988. 
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III.4. Conclusions 

24 

• In less aggressive ([Cl-] and T) solutions: UR2507W better (effect 
of W at higher potentials) 

• In more aggressive solutions: UR2507Cu better (effect of Cu at 
lower potentials, effect on metastable pits…)  

• Consistent with AES/XPS results (even if surface preparation 
and experiments are not the same) 

 

 

  



IV. Interesting results with local 
electrochemical techniques 

 IV.1. Experiments 

IV.2. Effect of pH: PPT-Experiment 

IV.3. Effect of pH: PPT-Results 
IV.4. Effect of cold-work layer: electrochemical 
microcell 

IV.5. Conclusion 
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IV.1. Experiments 
• Examples for UR2507 and UR2507Cu grade 

• Study of effect of pH and cold-work layer 

• Either electrochemical microcell or potentiostatic pulse technique 

Objectif pour 
repérer zone 

d’intérêt

Tuyau 
d’arrivée de la 

solution

Contre-électrode

(derrière) électrode 
de référence

Réservoir

Microcapillaire

Echantillon

Lens:  
target area 
of interest 

Tube 
(electrolyte 

entry) 

Ct-electrode 

(behind) ref. 
electrode 

tank 

Glass 
microcapillary 

sample 

H. Krawiec, V. Vignal, et R. Akid, « Numerical modelling of the electrochemical behaviour of 316L stainless steel based upon static and 
dynamic microcapillary-based techniques », Electrochimica Acta, vol. 53, p. 5252-5259, 2008. 

+ local analysis (microscope) 

J. Gao, Y. Jiang, B. Deng, Z. Ge, et J. Li, « Determination of pitting initiation of duplex stainless steel using potentiostatic pulse 

technique », Electrochimica Acta, vol. 55, p. 4837-4844, 2010. 
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IV.2. Effect of pH: PPT - Experiment 

27 

Potential applied 

Image treatment 

Grade
Avg 200+ 

(μm²)

σ 200+ 

(μm²)
% pits 800+ 

Avg 800+ 

(μm²)

σ 800+ 

(μm²)
% pits 1000+ 

Avg 1000+ 

(μm²)

σ 1000+ 

(μm²)

UR2507

UR2507Cu

Sample 4 cm² 



IV.3. Effect of pH: PPT - Results 

Grade
Avg 200+ 

(μm²)

σ 200+ 

(μm²)
% pits 800+ 

Avg 800+ 

(μm²)

σ 800+ 

(μm²)
% pits 1000+ 

Avg 1000+ 

(μm²)

σ 1000+ 

(μm²)

UR2507 390 260 4 1390 660 2 1420 440

UR2507Cu 450 370 9 1320 760 5 1610 830

Grade
Avg 200+ 

(μm²)

σ 200+ 

(μm²)
% pits 800+ 

Avg 800+ 

(μm²)

σ 800+ 

(μm²)
% pits 1000+ 

Avg 1000+ 

(μm²)

σ 1000+ 

(μm²)

UR2507 420 230 5 1020 210 4 1210 180

UR2507Cu 420 210 11 990 220 1 1300 190

1,7 M NaCl, pH= 5,4 (buffer), 90°C 

• Positive effect of Cu if pH high enough 
• Can be linked to « global » result (in less aggressive 

media low pH needed to depassivate)  

1,7 M NaCl, pH= 4 (HCl), 90°C 

28 

M. B. McNeil et B. J. Little, « Corrosion mechanisms for copper and silver 
objects in near-surface environments », Journal of the American 
Institute for Conservation, vol. 31, p. 355-366, 1992. 



IV.4. Effect of cold-work layer: electrochemical microcell 
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CPT tests: increase of 1°C.min-1 (start 40°C), 700 mVECS, 4,5 M NaCl pH=4 

Grade Nb tests
% stable + 

metastable
%stable

%stable/tot

al
CPT (°C)

UR2507 10 50 50 100 58-76

UR2507Cu 10 40 40 100 65-78

Grade Nb tests
% stable + 

metastable
%stable

%stable/tot

al
CPT (°C)

UR2507 10 60 20 33 68-94

UR2507Cu 10 70 60 86 71-98



IV.5. Conclusion 
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• Local techniques enables to have new results 

• Effect of pH  effect of Cu depends of pH so of conditions 
when metastable pits may form ( global results) 

• Effect of cold-work layer: may smoothen the results: !!! Of 
surface conditions when corrosion testing 

 

 

  



Conclusion 

• Effect of Cu and W in super-duplex is highly 
dependant of electrolyte (T, [Cl-], pH) 

• Results presented here however show the 
better pitting corrosion resistance of 
UR2507Cu in electrolyte with high T and high 
[Cl-] 
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