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A Study on Property of Passive Film Formed on Duplex
Stainless Steel Partially Substituted by W

Jin Suk Kim and Kyoo Young Kim
Center for Advanced Aerospace Materiuls

Pohang University of Science & Technology

The W-substituted duplex stainless steels (DSS) have been developed to improve
the formability and corrosion resistance by suppressing precipitation of o-phase.
The beneficial effect of W substitution on the corrosion resistance has been investi-
gated mainly about the localized corrosion which may be induced by depletion of
alloying element during precipitation of the secondary phases. However, no
systematic study on the effect of W substitution on the passivity of DSS has been
performed extensively. In this study, the role of W is investigated with respect to
dissolution behavior of the DSS and stability of the passive film.

The DSS specimens equivalent to SAF 2507 grade were evaluated by electrochem-
ical test methods and the property of passive film was analyzed by XPS method.
The specimens were homogenized at 1100C for 10 minutes followed by water
quenching. Both the homogenized DSS specimens with and without W substitution
had approximately 43% ferrite by volume. During potentiodynamic test in 1N HCI
solution at 60°C, the substitution of W decreased current density of the passive re-
gion. During potentiodynamic test in 1N HCI solution at 80C, however, the modi-
fication of W accelerated dissolution of Fe in active region. In potentiostatic test, it
was observed that the dissolution of Fe, which was increased with substitution of
W, subsequently improved the stability of passive film. The W-substituted DSS
showed higher passivation rate than the DSS without W. XPS analysis has shown
that W substitution enhances formation of Fe’" ion comparing to dissolution behav-
ior of the DSS without W. In the W-modified DSS, the relative amount of the mo-
lybdate and dehydrated chromium oxide present in the passive film is in creased. It
seems that W enhances dissolution of Fe’® ions which consequently contribute
greatly stability of the passive film by forming FeMoO,. The W helps further to in-
crease the stability of molybdate ions in the passive film.

Keywords | duplex stainless steel, W substitution, passive film, acidic solution, Fe dissolu-
tion, molybdate.
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Fig. 1. Microstructure of homogenized specimens.
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Fig. 2. Result of potentiodynamic test in 1N HCI
solution.
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Fig. 3. Result of potentiostatic test in 1N HCI so-
lution at 60°C with an applied voltage to -0.27 V
(vs SCE).
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Fig. 4. Result of potentiostatic test in 1N HCI so-
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Table 2. Binding energies of various chemical

species in XPS spectra ®'¥
S 7 éirndrirﬁg o o E;;dmg
Species Energy Species Energy
(eV) (eV)
FeM 7068 CrM T s741
Fe'* 709.3 Cr,0, 576.3
Fed? 711.0 Cr(OH), 577.3
CrO, 578.1
Mo 227.7 CrO,° 579.3
MoM 230.9
Mo** 230.2 wM4f7/2) 30
Mo** 233.4 WM4f5/2)  32.1
MoS* 231.9 WO,(4f7/2)  34.9
Mo®” 235.1 WO4(4f5/2) 369

Intensity

580 575 570 580 575 570

Binding energy(eV) Binding energy(eV)

after 30sec, take off angle 30° " after thr, take off angle 30°
""" after 30sec, take off angle 90° ----after Thr, lake off angle 90°

(a) (b)

Fig. 5. Cr2p photoelectron spectra recorded at
take-off angle of 30° and 90° after holding at
0.00 V in 1N HCI solution at 60°.
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Table 3. Peak area for the main spectra of Cr for
3.8Mo passived at 0.00 V(vs SCE) for 1 hr in 1IN
HCI

Take off angle crM Cr,0, Cr(OH); Cr0, Cr0,~
30° 7.8 300 37.1 19.1 6.1
90° 148 287 326 183 56

Table 4. Peak area for the main spectra of Cr for
1.5Mo-4.4W passived at 0.00 V(vs SCE) for 1 hr
in TN HCI

Take off angle CrM Cry0; Cr(OH), CrOy _(‘rO4

30° 63 358 360 151 6.8
90° 153 453 194 148 5.1
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Fig. 6. Mo 3d photoelectron spectra recorded at

take-off angle of 30° and 90° after holding at
0.00 V in 1N HCI solution at 60°C.

Table 5. Peak area for the main spectra of Mo
for 3.8Mo passived at 0.00 V(vs SCE) for 1 hr in
1N HCI

Take off oM Mo0, MoO(OH), MoO3 MoO,*
angle -
30° 147 231 28.5 1.2 225
90° 217 150 347 88 197

Table 6. Peak area for the main spectra of Mo
for 1.5Mo0-4.4W passived at 0.00 V(vs SCE) for 1
hr in 1N HCI

Take off  \oM Mo, MoO(OH); MoO; MoO,*
angle o -
30° 9.1 210 368 73 259
90° 171 189 331 79 231
st WOl B e 01d 5 Ao
9l ‘ﬂ%"ﬂ olaf A" MoO,” slgEe et
ME W 3.8MoZd| Hlste] 1.5Mo-4.4W7ke] 7
<7b o EA e} MoOj 2 Helztze] Fav)
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sl oglaf Afigo)
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Fig. 7. Fe 2p photoelectron spectra recorded at
take-off angle of 30° and 90° after holding at
0.00 V in 1N HCI solution at €0°C.
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Fig. 8. W 4f photoelectron spectra recorded at
take-off angle of 30° and 90° after holding at
0.00 V in 1N HCI solution at 60C.
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