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|.1. Context

* 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.%)

UNS S32750

(UR2507) 6.00- 8.00

Max 1.20 Max 0.80 | 0.24-0.32 Max 0.030 | Max 0.035 | Max 0.020

UNS
(YL Lk 71| 24.50 - 26.50| 5.50- 6.50
(UR2507Cu)

3.10-3.80 | 0.80-1.20 | 0.20-0.70 | 0.20-0.25 Max 0.030 | Max 0.025

UNS 532760
(UR2507W)

24.00- 26.00| 6.00-8.00 0.20-0.30 0.50-1.00 | Max 0.030

Max 0.030 | Max 0.010
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|.2. Passive film and pitting corrosion of stainless steels

Passive film
'\‘
24-0-M=0H:
N /H
44-0—-M—0Hz G. Okamoto, “Passive
7 OH2 film of 18-8 stainless
e MOH* (H;0) steel structure and its
Ha OH: function,” Corrosion
/ OSM-OH Science, vol. 13, pp.
. ‘5: N 471-489, 1973.
-ﬂjM:OHz
(a)

e Oxide (hydroxide) film of generally few nanometers thick
e In dynamic equilibrium with electrolyte and metal
=>» Protective layer (dissolution of metal kinetically hindered)

=>» Role of Cu and W?
=> Evolution after immersion?

\

XPS/AES study

s Conference & Expon

Pitting corrosion

cr Na® Ny
Na’ o o Na*
Na* (=3
cr
o, OH a M
Electrolyte \ /' /
Fe{OH), + H*
Passive film M
~ \ G
+2H,0
Fe?*
H

e (Il weakens passive film =» local beaking
e Electrochemical cell is formed
e Inside pits: low pH, high ions concentration

e Self maintained process

=> Role of Cu and W?
=>» Role of electrolyte ([CI], T)?

¥

Electrochemical study at global and local scale

Stainless Steel World
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|.3. Effect of alloying elements: bibliographic review

Cr Ni

. Main alloying element of stainless steels (at least 11%,,, ) * Austenitizer
. Enables passive film formation (Cr,05) e Low impact on corrosion behaviour (might be beneficial in H,SO, media [1])

NiO present on passive film when Cr/Fe<1 [2]
Mo N
e Increases pitting corrosion resistance e Austenitizer

e Adsorbed MoO,* repulses CI- [3] e Increases pitting corrosion resistance

* MoOs; is formed during pitting and reduces pitting propagation [4] «  Adsorbed NH, and NO,, ;)" can catch a proton and increase pH inside pits [5]

Mn e Adsorbed NO; can facilitate Cr,0; formation [6]

. o ) ) ) e Cr,Ni,Mo N, compounds might act as kinetic barrier
e Can be very detrimental to pitting corrosion resistance if MnS

inclusions are formed [7]

W Cu

e Might act like Mo (adsorbed WO,%) [10] e In H,SO,: increases corrosion resistance by Cu layer
e Few studies in literature (dissolution=»Cu?*=»Cu) and by catching S (Cu$) [8]
=> Study of W effect in NaCl media is needed * InNaCl: contradictory results [8,9]

=» Study of Cu effect in NaCl media is needed

[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. Ly, C. R. Clayton, and A. R. Brooks, “A bipolar model of the passivity of stainless steels. I.-The influence of aqueous molybdate,” Corrosion Science, vol. 29, pp. 863-880, 1989.

[4] T. Mesquita, “Aciers inoxydables et corrosion localisée: le réle du molybdéne,” PhD thesis, Université de Grenoble, Grenoble, 2012.

5] G. Lothongkum, P. Wongpanya, S. Morito, T. Furuhara, and T. Maki, “Effect of nitrogen on corrosiopiPErNavas DR -aupiall and ngf i S in Ait-stanr; wt. NaCl,” Corrosion Science, vol. 48, pp. 137-153, 2006.
2 gkum, P. Wongpanya, g  STAINLESS STEEL TP T1gV SIS CIST (e 8o PP

[6] Y. S. Kim, “Synergistic effect of nitrogen and molybdenum on localized corrosion of stainless steels,
7] A. Pardo, M. C. Merino, A. E. Coy, F. Viejo, R. Arrabal, and E. Matykina, “Effect of Mo and Mn additiqgs.ondfis egrsian-ahayias of Al@qnlﬁasemess&egxs?gog()q@’smn 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.
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|.4. Materials chemical compositions

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

Wt. % At.%

UR2507 UR2507 Cr

Cr Ni Mo Mn Si N Cu w Fe Ni Mo Mn Si N Cu w Fe
IER 248 | 643 | 370 [ osss | o035 [ 0271 | o0ss [ 0042 | bal | Global 263 | 605 | 214 | 0859 | o6 | 1068 [ 0076 | 003 | bal |
LB 5 | 49 [ 45 | o8 [ o4 | o008 [ o008 | 006 [ bal | LB 273 | 47 [ 26 | o8 [ o079 | 03 [ o007 | o002 | bal |
] 31 | 74 [ 20 | o9 | 03 | o045 | o010 | 003 [ bal | | s | 69 | 17 ]| 0% | o067 [ 176 | o009 [ o001 | bal |

UR2507Cu UR2507Cu

Cr Ni Mo Mn Si N Cu w Fe Cr Ni Mo Mn Si N Cu w Fe
R 248 | 632 | 357 | 0942 | 0372 | 0239 [ 161 [ 002 [ bal | CIER] 264 | 596 | 206 [ 0949 | 0733 [ 094 | 1402 [ 0007 | bal. |

LB 56 | 49 | 44 [ o098 [ 0% [ 009 | 130 | 003 | bal | L 275 | 47 | 26 [ 100 [ o074 [ 03 [ 114 | o001 | bal |
] 25 | 75 | 28 | 110 | o032 [ om [ 179 [ o001 [ bal | ] 39 | 71 | 16 | am | o6 [ 161 | 15 [ 000 | bal |

UR2507W UR2507W

Cr Ni Mo Mn Si N Cu w Fe Cr Ni Mo Mn Si N Cu w Fe
T 2529 | 697 | 354 | 0633 | 0382 | 0235 [ 0565 [ 0638 [ bal | T 270 | 659 | 205 | 0639 | o754 | 0930 [ 0493 [ 0192 [ bal |
a | %2 | 51 [ 44 | o064 [ 046 | 008 [ 045 | 08 [ bal | a | 282 | 49 [ 26 | o065 [ 0% | 032 [ o040 | 026 [ bal |
v | 234 | 78 [ 29 | o072 [ 03 | o040 [ o061 | 042 [ bal | v | 2490 | 73 [ 17 | o072 [ o7 | 157 [ 05 | 013 [ bal |

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

\ 4

Differences only in Cu and W concentrations
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|.5. Phase ratio and grain size

XRD: phase ratio EBSD: grain size

: 53.0
50 47.1
40
30
20
10
0

UR2507 UR2507Cu UR2507W

47.6

Phase ratio (%)

mferrite W austenite

UR2507C UR2507W

8%

7%
10%

= Ferrite

g

Austenite

Proportion
Proportion

Grain size {(um?) Grain size (pm?)

——UR2507 =———UR2507Cu

UR2507W

=———UR2507 =———UR2507Cu UR2507W

No differences in phase ratio and grain size

Stainless Steel World
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RD RD
UR2507 UR2507Cu UR2507 UR2507Cu

001

Ferrite Austenite

Similar texture: no meaningful differences
UR2507W between grades UR2507W

ORLD
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|.7. Other materials parameters and conclusions

e 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)

\ 4

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.

Stainless Steel World
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Il. Analysis of passive film by AES and

XPS

[I.1. Set up

I1.2. Surface preparation

11.3. Immersion

I1.4. Results before immersion

I1.5. Results after 28 days of immersionin 1.7 M NaCl 70°C

11.6. Results after 28 days of immersionin 5 M NaCl 90°C
[I.7. Focus on copper
11.8. Conclusions
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1I.1. Set up

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

* Electron energy 5 kV Emission current 1 uA

* Spot size =200 nm

* Spectra 50-1000 eV Resolution = 4%

* lon gun energy 5 keV (sputtering rate 1.3 nm/min on SiO,)

* Phases spotted and marked before analysis

» X-ray Photoelectron Spectroscopy (XPS) analysis using Versaprobe PHI
5000

* Al primary ions source (1486.7 eV, incidence angle of 45° )
* Spot size = 200 um for global analysis (power 4.5 W)
* Spectra 200-1400 eV (pass energy = 58.7 eV)

Stainless Steel World
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I1.2. Surface preparation

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

4x4x2mm3

or Polished Azl Samples
2x2x2mm3 samples shed d
samples samples prepare
e  Goal: reduce roughness e Goal: supress cold-worked e Goal: Remove most of

e SiC papers down to grade
2400, followed by diamond
paste polishing until 1 um

e  Pb: cold-worked layer

layer

e 20-30V, 10%,, HCIO, + 90%,,
ethylene glycol monobutyl
ether, 3-6min, 5°C

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

=>» Controlled by profilometry

e  Pb: Polluting elements in the

' passive layer

polluting species of the passive
layer (CI), close to industrial
surface conditions

3:15 % HF:HNO;, 55°C, 2h

20 % HNO;, 55°C, 1h

Study before and after immersion

Stainless Steel World
m— conference s Expon CONfErence & Expo 2017
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11.3. Immersion

e 4 weeksin1,7M NaCl 70°C or 5 M NaCl 90°C at OCP

e 2 L container, one sample/container Due to salt
recipitation
e OCP followed bt
1: ’ 0 100 200 300 400 500 600 700 800
-50
o 752 100 200 300 400 15<)Z IvlsoNaGliO%Q = -100 5 M aCI 90°C
E*lOO % 150
g -150 s
3 200 £ 200
- -250 £ 250
-300 -300
-350 Time (h) 2350 S—
— JR2507 m——  UJR2507Cu e JR2507W

No significant differences in OCP measurements

Stainless Steel World
m— conference s Expon CONfErence & Expo 2017
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11.4. Results before immersion

UR2507

at.%

100

90 -

80 -

704

60

50 - §

Austénite

L |
at.%

UR2507Cu

Ferrite

thickness (nm)

6 7 8 0o 1 2 3 4 5 6 7 8

thickness (nm)

thickness (nm)

Passive film thickness (ASTM E1127-08):

—m—0
1009 Austenite —=fe
: —m—Cr
%04 —m—Ni
: —m—Mo
80 -] : _a_cy
704 i —=—N

F S -...._-.—-'-'
L} H

507\'\§ -

R
40 i
%

30+ }/

0o 1 2 3 4 5 6 7 8
thickness (nm)

1.2
1.2 1
1.1 1

¥

UR2507W

100 100 )
TFerrité JAusténite —=—Fe
904 i 904 —=—Cr
: : —m—Ni
804 80 i —m—Mo
: : —=—N
o 28 - cl
60 —\_ : ..._...I..—-'— 60 —\ : .—.—-'—_-d
. :
L] H L] H
X 50 m: F = 504w o=
= . z \ o m
© H | -
Y H
404 \-:l 409 \:R
i/ L¥ |
30 k 30 H
w:\
20 20 4
o H
ot o e
o — -
0 T T T T T T T 1 0 T T T T T T T 1

thickness (nm) thickness (nm)

Cu and W not detected

No differences except in Cu content in the passive film

Stainless Steel World
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I1.5. Results after 28 days of immersion in 1.7 M NaCl 70°C

UR2507

UR2507Cu

UR2507W

—m—0
100 v 100 4 . —=—0 100 4 L. 100 . —m—Fe 100 4 . 100 . —=-0
Femte' Austgmte —m—Fe Ferrite Austenite —m—Cr Ferrite: Austenite —m—Fe
90 90+ —m—Cr £y 904 i —m Ni %0 i 904 i —m—Cr
80 wl ~=Ni 80 80 —= Mo 80 80 e
H i —=—Mo : ] : —=—Cu J —=— Mo
o4 i LR o 'él R S 04 i - gl
[ ] H H L} . H
G\ i — ] 60 —\-\ 60w e l
L . i B w
X 50 '\_3 -~ 50 '\ " R 504 \.\ J s0- Wi - =
e i m: ® = ;o PR | =
® 44 =T 0 w 4 ® 4w -i " w04 % o« ®
& I § N\ *J
30 -} SR o4 i 0] et
. E H i
20—_.-"',:?:_'-’.. 20| 20 20
- ﬁ'}-::: R
A T sy o P ] ]
10 F#__\_ 10 g g . 10 '.p'; ~ ;; 10 fa
0 0 0 0 0 0

01 2 3 4 5 6 7 8

thickness (nm)

0 1 2 3 4 5 6 7 8
thickness (nm)

0o 1 2 3 4 5 6 7 8
thickness (nm)

o 1 2 3 4 5 6 7 8
thickness (nm)

0o 1 2 3 4 5 6 7 8
thickness (nm)

o 1 2 3 4 5 6 7 8
thickness (nm)

Cu and W still not
detected

No differences except in Cu content in the passive film
Effect of immersion: 4 passive film thickness, 4 Cr/Fe in passive film

Stainless Steel World
Conference & Expo 2017
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I1.6. Results after 28 days of immersion in 5 M NaCl 90°C

UR2507 UR2507Cu UR2507W

—a—0
100 4 7= R 100 4 . —n— 100 4 . . 100 . —m—Fe 100 4 ] 100 4 . =9
Ferrite : Austenite 7:7 Se Ferrite : Austenite : —m—Cr Ferrite : Austenite —m—Fe
90 4 904 —m—Cr 90 4 904 —m N 90 4 90+ 7:7 ﬁr
: : —m—Ni : : —m—Mo : : ==\
80 H 80 : 4 : B : 4 : - H —m—
i i a— Mo 80 : 80 i _m_Cu 80 i 80 : =— Mo
70-m H 70 H —=—N 70 i —=—N 704 i 70 i .
L L o] : cl LI H Cl
60| my ey N 60 [y : " 60 w i N aneamnen I T .-_-—-"_
W N | - - . W PR
2 50 -| H so4 R - 50 -] " o 2 50 - Vg 04 Ny iom
© [ ] \:om o o © JE— m: =
40 - 404 H 40 -| w: ® 404 L H 404 \: o m
= 7 om ] J | L
™ B " h ;.
304 N 30 o 30 :.\../ 30 -3- 30 \m
" J Fay' .
20 | Pm 20 H 20 | 20 H 20 H
L] m m H ® o
b H K L] H
R 7 10—?"2: 104 -~ Y 10—E£3 u 10 R
T T T 0 T 0 0 0
01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8
thickness (nm) thickness (nm) thickness (nm) thickness (nm) thickness (nm) thickness (nm)

Cu and W still not
detected

Effect of Cu (in UR2507Cu): 1 passive film thickness
Effect of immersion: 4 passive film thickness, 4 Cr/Fe in passive film

Effect of 5 M NaCl 90°C (/1,7 M, 70°C): 4 passive film thickness

Stainless Steel World
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II.7. Focus on copper
AES XPS

5 5 pe
Ferrite Austenite initial ogs . o
—m— after 28 days 16600 - Initial Aj&ﬁr 28 days inl.7M NaCI, 70°C
in 1.7 M NaCl 70°C
4 4 —m— after 28 days
in 5 M NaCl 90°C 164004 134004

=3
132004

. ™ \ h 3 16200 :
= o/ » st
) O N . L 4
. e \_:'-"/ fa, ) \ _'\' \.\/ : 16000 13000
Wl L T T
N I LR
e E T I b 15800 +— r r r T 12800 +— r : T r r
i i 938 936 94 32 930 928 938 936 4 B2 930 928
BindiIg enefy (eV) Bindli; ene}y (eV)

thickness (nm) thickness (nm) CuO cu or CuO CU or
cuzo Cu20

. . . After 28 days in 5 M NacCl, 90°C

e Cu or Cu,0 (more probable) in passive film o0,

* Same concentration before and after immersion = high stability
96004
g 9400
9200 T T T T T
938 936 94 2 930 928
Bindi|g eneli/ (eV)
CuO Cuor
Stainless Steel World Cu,0
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11.8. Conclusions

* Before immersion: only difference between grades = Cu in UR2507Cu in
passive film (Cu,0), 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 T

* Immersion + Cu (in UR2507Cu): 1 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

onRLD

s Conference & Expon Cor'lferenCe & EXpO 201? 19



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

1. Set up
.2. Results

.3. Results analysis

4. Conclusions
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[11.1. Set up

Experiment

*Anti-crevice system (paper joint supplied in water: dilution
= 5%/ hour)

*Volume= 1 L, Surface area of sample exposed: 5 cm?

«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 yA/cm?2
(or reverse curve) at 0.25 mV.s?
*Epit when I1= 100 pA.cm?

ORLD

SRS 208 Stainless Steel World
s Conference & Expon Conference & EXpO 201?
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111.2. Results

700
600
500
400

: “h I I;

100 5 MNacCl 1 NaCI 3MN cl 5MNaCl 1,7MNaCl 5McCacCl2
yo°C 80°C 80°C 90°C 60°C

Epit - Epit,ur2so7 (MV)

-200
-300
-400

B UR2507CU  m UR2507W

High [CI-], high T: UR2507Cu > UR2507W = UR2507
Lower [CI-], lower T: UR2507W > UR2507Cu = UR2507W
Effect of Cu for lower pitting potentials (Cu,O in film), W for higher pitting potentials (change

in film = positive effect of W)

Stainless Steel World
m— conference s Expon CONfErence & Expo 2017
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I11.3. Results analysis

e Assumption: Epit = A - B.T— C.log[CI]] [1] [2]
A, B, C being constants

e Equation considered for T € [70,90] °C and [CI'] € [1.7,5] M

Epit,UR2507 = AUR2507 — 1307 i SOIOg[Cl_] — 55 i 10.T
UR2507Cu

Epit.ur2507cu = Aurzsozcu — 761 £ 200.10g[Cl"] — 29 £ 13.T

Temperature ("C)
o
(=]
@

Epit,UR2507W = AUR2507W — 1786 i 1010g[Cl_] — 80 i 11.T

~
[=a]

UR2507W

~
E=

~
oS

-
o
®

1.5 2 2.5 3 35 4 4.5
NaCl (M)

w

5.5

[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.

Stainless Steel World
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111.4. Conclusions

* |n 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...)

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

Stainless Steel World

s Conference & Expon Conference & EXpO 201?
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IV. Interesting results with local
electrochemical techniques

V.1. Experiments
V.2. Effect of pH: PPT-Experiment

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

IV.5. Conclusion

i Stainless Steel World
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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

N\

s E
=S
3
Lens: e o
target area Ct-electrode
of interest .
(behind) ref. -
electrode 5
c
tank a
Tube E
(electrolyte t
entry) Glass 3
microcapillary

sample

+ local analysis (microscope)

H. Krawiec, V. Vignal, et R. Akid, « Numerical modelling of the electrochemical behaviour of 316L stainless steel based upon static and J. Gao, Y. Jiang, B. Deng, Z. Ge, et J. Li, « Determination of pitting initiation of duplex stainless steel using potentiostatic pulse

dynamic microcapillary-based techniques », Electrochimica Acta, vol. 53, p. 5252-5259, 2008. technique », Electrochimica Acta, vol. 55, p. 4837-4844, 2010.

Stainless Steel World
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IV.2. Effect of pH: PPT - Experiment

Potential applied

1000 100

400
200 0 1 3 40 '

]
8 8

I~
8

o
Current (mA)

Potential (mV/SCE)

3 8
& &

~
«

~

IS}
«

ooooooooooooooooooooooooo
mmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmm

HHHHHHHHHHH

Area of open pits (um?)

Number of pits {cm™)




IV.3. Effect of pH: PPT - Results

1,7 M NaCl, pH= 5,4 (buffer), 90°C

1,7 M NaCl, pH= 4 (HCl), 90°C

* Positive effect of Cu if pH high enough
e Can be linked to « global » result (in less aggressive
media low pH needed to depassivate)

Stainless Steel World
m— conference s Expon CONfErence & Expo 2017
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Cu, CI (OH),
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)
~§g/
 HCuOy () /
Cu 0,* (aq.)

Cu, CO, (OH),
Malachite

‘e
Cuotat
-4}
-6 =
-8k
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1
7
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.
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Cur. Density (HA.cm™)

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

Polishing 1 um (cold-work layer)

UR2507

62°C
56°C 61°C 76°C

Grade

UR2507

UR2507Cu

T T T
60 70 80

Temperature (°C)

Nb tests

10

50

% stable +
metastable

Cur. Density (WA.cm2)

140 4
1204

100 4

%stable

UR2507Cu

68°C

T T T T |
50 60 70 80 90 100
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IV.5. Conclusion

* Local techniques enables to have new results

e 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: !l Of
surface conditions when corrosion testing
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Conclusion

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

* Results presented here however show the
oetter pitting corrosion resistance of
UR2507Cu in electrolyte with high T and high
CI']
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