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The corrosion behavior of super austenitic stainless steel was studied by examining the characteristics of
the sigma phase formed in the steel. A range of experimental and analytical methods was employed, including
potentiodynamic polarization tests, critical pitting temperature tests, transmission electron microscopy, and
energy-dispersive spectroscopy. Three steel samples with different sigma phase levels were obtained by
intentionally adjusting the manufacturing process. The results showed that the corrosion resistance of the
samples was strongly dependent upon the size and distribution of the sigma phase precipitated in the samples.
The larger the size of the sigma phase, the higher the Mo content in the sigma phase and the higher the
depletion level of Mo at the interface between the matrix/sigma phase, the more samples with a coarse-sized
sigma phase were susceptible to localized pitting corrosion at the interface. These results suggest that various
manufacturing processes, such as welding and the post-heat treatment of the steel, should be optimized so
that both the size and fraction of the sigma phase precipitated in the steel are small to improve the resistance

to localized corrosion.
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S 7 2 2EHRJIEA A, UAY] 5 2 ER)
tHr 3 sol AN ET ok 7, AA Ae8S fd

stA o7 uHE Al A4 @ A Uo]
AL A87bs do] =k

EA) 2Bl ) o] 2%, e
B A4t 2 ke Aow, A B
dsee] Y 3 Ay 87 )
3% A gsre] A ¥ 20w FhEm ek [7-10].

jal [¢] 1
2 B ARE AHH o ® AAE A gl [11-13]. LRt
Aow, eAHUR|EA AEQlEA s A W e
AR e AU A8 Al mEEe o xR
upet vAEA W AEE Qs olxk e 7t

MC, M7Cs, M23Cs &8 A E7IHF ©&3b=, A 17k (sigma,
c), 7kl (chi, x), g~ (aves) 4, AFA3E(CrN,
CroN) 5 toFst 2oz wus 9t} [14,15]. 53], AH)
el A U AFHE ol 4EEL A7e] £5 U
4ol wek gAle) WA el op] [16-21] & 4
97) WA HEE AE o A B S
7% NAE S1e cheket Aot wansa glek [22,23).
SRAE ek, PR U @YEE HeEe) 94
A3} BAAE 2F el Glo] BHE Ho] 043
A, olo] gk urk 210] gt ola|E wrilw A4
s S1% 7= WA o] AFEojok & Zlojt}
AT s, A 548 BREs 98 PEE 7y
LAHUOEA AHRIE A A (2] A3 A4 (pitting
resistance equivalent number, PREN): 56 [24]) & ©}
Bo Axe 20E A oE 25k wAEA W
A= HEEY & A 7R "3 A HEES]
T 9 EAY FAAE 1 ABEAE g SHoA
3] g starat ekt wAlRA] W 34 5= o)
A flal vheket A IS 28-Skl d715ekE 1
= 3 A o APEAS BEUE oA 1 Aol
st

Wagel dhat MAUES Agle] el =l sgic

21 AIH =H| 3 O|Mz=Z 2E

Boqto] ARgE AJHLE UNS S31254 [25] AA=,

Table 1 Chemical compositions of the tested specimen

Al o3t thEks Q) 3tehA 24S Table. 1 YERY
7

EXDRDEES ES E ERES

M| 22 #2-E $18), Z+2ke] Al S mountingdt § SiC
paperE o] #24007H4] ©@AIA o2 Aul T 1 pm7HA]
micro—polishingS =833} th drbe Al HE &<4=(75 ml
HCl + 25 ml HNOs) WlellA] 2 ~ 3 &3t o3& 53891
o]% 1 EE AAE fl8l oehE dlel 5 3k 259
AHE AR o]F ma|z2] -z 9l o]ald A A
< 18l A AR FAF AAF #n) 7 (field emission scan—
ning electron microscopy, FE—SEM) 4l ofjx] 24+
FE2H (energy dispersive spectroscopy, EDS)©] AF
SEI} TR vAdzA] ] 4% olaldvhs Ao
o7 (30 g KOH + 30 g KsFe(CN)g + 60 ml distilled
water [26]) ¥ Fatan 7 (optical microscopy, OM) 2]
image analyzers &3l X4 W o]xde] &2 AFHow

Z7g3rart.
22 M7IEBIN SXe B3 U CPT AY

Al FAAE S flEl A71sleH FA9] e A
(potentiodynamic polarization) ¥ A&21 % (critical
pitting temperature, CPT) A3-& 4333t} o] & S5
3 A= A" Shof| A potentiostat (Gamry, Reference
600) o] AFE-H ST 71545 (reference electrode, RE)
2 Al = (counter electrode, CE)2 212 ¥ 34z
A= (saturated calomel electrode, SCE) ¥} graphite
Aol AREETE T4 £5 A ASTM G48C
[27]¢] A Eo]Q= &9 (6% FeCls-6H,0 + 1% HCD
el A 7R3 221 ¢) (open circuit potential, OCP) T]#]
—-0.2V ~ 1.2 Ve #9] 77k 0.5 mV/se] A3E4E
2 7kt aE ek =8t CPT A3 ASTM G150
[28] el gdZtste] 1 M NaCl 8- wjellA + 900 mVsce
ALNE A9 BERE Q7kekal, 20 °C ~ 90 C7HA1 9] %
T3HE 1 °C/min?] £ER S A7 WAoo FAHg)

C Si Mn P S Ni Cr Mo Cu N Fe
UNS 17.5 19.5 6.0 0.5 0.18
31254 <0.02 <0.8 <1.0 <0.03 <0.01 ~18.5 205 65 10 022 Bal.
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AlHo] A O 2 FFEOR FRIFITE webA, Al
A E A&t BAatel (A anbde] &3 A7) E 18
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Fig. 1 Microstructures of three tested samples: (a)
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PP 1, (b) PP 2, and (c) PP 3.
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Cr (26.2), Mo (11.72), Ni (11.1)

Fig. 2 SEM images of the 0 phase and EDS analysis at (a) matrix and (b) 0 phase of PP 3.
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Fig. 4 Fraction of 0 phase in three tested samples, determined
by an image analyzer.
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Fig. 5 Potentiodynamic polarization curves of PP 2 and PP 3,
evaluated in a 6% FeCl; -6H,O + 1% HCI solution.
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Fig. 6 Critical pitting temperature curves of three tested samples,
evaluated in a 1 M NaCl solution.

Fig. 7 (a) SEM images showing the pitting morphology of PP
3 after the potentiodynamic polarization test, and (b) magnified
view of (a).
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Fig. 8 Macro-observation of (a, b) PP 2 and (c, d) PP 3 after
immersion test in a 6% FeCl; solution for 72 hours: tested at
(@ ¢) 45 °C and (b, d) 50 °C.
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Fig. 9 TEM image and EDS line scanning of (a, ¢) PP 1 and (b, d) PP 3.
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Fig. 10 Difference in PREN values between matrix and 0 phase in (a) PP 1 and (b) PP 3.
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