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Because austenitic stainless steel causes localized corrosion such as pitting and crevice corrosion in envi-
ronments containing chlorine, corrosion resistance is improved by surface treatment or changes of the alloy
element content. Accordingly, research using cyclic potentiodynamic polarization experiment to evaluate
the properties of the passivation film of super austenitic stainless steel that improved corrosion resistance is
being actively conducted. In this investigation, the electrochemical properties of austenitic stainless steel
and super austenitic stainless steel were compared and analyzed through cyclic potentiodynamic polariza-
tion experiment with varying temperatures. Repassivation properties were not observed in austenitic stain-
less steels at all temperature conditions, but super austenitic stainless steels exhibited repassivation
behaviors at all temperatures. This is expressed as o values using a relational formula comparing the local-
ized corrosion rate and general corrosion rate. As the a values of UNS S31603 decreased with tempera-
ture, the tendency of general corrosion was expected to be higher, and the o value of UNS N08367
increased with increasing temperatures, so it is considered that the tendency of localized corrosion was

dominant.
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EFFECT OF SEAWATER TEMPERATURE ON THE CYCLIC POTENTIODYNAMIC POLARIZATION CHARACTERISTICS AND
MICROSCOPIC ANALYSIS ON DAMAGE BEHAVIOR OF SUPER AUSTENITIC STAINLESS STEEL
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Table 1. Chemical compositions of UNS S31603 and UNS N08367 (wt%)

Ni Cr Mo C Si Mn P S Cu N Fe
UNS S31603  10.19 16.7 2.03 0.023 0.60 1.05 0.034 0.0028 0.282 0.012 Bal.
UNS N08367 24.62 20.6 6.44 0.015 0.27 0.72 0.017 0.001 0.53 0.232 Bal.
Table 2. Chemical composition of sea water
Main component (mg/L) Dissolved Electric
N - . . . - pH oxygen conductivity
SO,” Cl Na K Mg” Ca’ (mg/L) (mS/cm)
2,605 17,388 10,414 361 1,215 402 7.9 10.2 49.7
CORROSION SCIENCE AND TECHNOLOGY Vol.20 No.6, 2021 413



HYUN-KYU HWANG AND SEONG-JONG KIM

1.6 . .
——90°C .
6 12 Breakdown potential oo A
) Y
g 4 {
on :
g 0.8
;3 @ Pitting potential .
Z 0.4 :
Hﬁ ® Anodic to cathodic / —_— / )
= transition o _ocasimind @ Area in
E 0.0 A Hysteresis loop |
£ d —
g e~
04 et S 4L, @ Repassivation
: IRV potential
-0.8 ! ; !
107 10° 10° 10 10° 10° 10" 10" 10 10° 10°

Current density, mA/cm’

Fig. 1. Example interpretation of cyclic potentiodynamic
polarization curves for UNS N08367 in seawater (=2,
Scan direction)

?ﬂ F9E vehlE 49] dlaEA]l oot} [7]. & A3
= AEL] Ao FA A H7F 891 T O &4
XJH (Pitting potential, E;), @ A58 %1](Repassivation
potential, E ), @ &=l 5= REg-O0% Holu= 49
(Anodic to cathodic transition, E_ ;.  wiodic ransiton) —L & -L-
@ 3B)AEHEA A =4 U 23 P39 Blo](Enclosed
area of hysteresis loop, sky-blue color)s ©]-838}3It} [7].
o]g]_ 7LQ_ E_N ;<1€ﬂ—/\4 ﬁ:l7]_ OO]O] ].Q_Ql: o].lgrli
ey 72} A= EHXL,J‘— oﬂqu Asd=r7 A
kel AFdErt 2w WA= glolw, 34 A
ol W] wel ol B d9etas i) B
anodic to cathodic transitiongl— Ecom“] Aol ghe Sl s el Ak}
ut S0 A5 P sE Hrtsh=d ol ke
H5e Abslyjuto] oIvlEF Al Anodic to cathodic
transition 9] ©]% thA] 3|&3517] wiiEolt}. 3] ~H|E]
AT | HAE 22 A9 3 dFdee o
wrekbd 2w xjo] gl & 61(;@1:')3 1/}.]:/}.1,]11:4 o] =z}
o] # F-wE] ¥utk vt Aujo]r] wjFol AH] 7}
K AAAR] E4E vttt
Fig. 2a$} b= <A sll=8-<ellA] UNS S316037 UNS
N08367°] theto] 2k of mE £e-side 254 4
5 YR Zojth, 5 F4S Sl 250 mE 7}
A=) A7)5let AeS ekt
UNS $316032] 73, =8&d9] 255402 2
SollA FrAkeE A T E YERTh W Al
Nz elA 329074 ALPdsel et dRrd=
7F 2 STV A UEReH, o] B H| A
st QAT oF7ke] FALENES(Fe —> Fe * 260
FAl dofuks 7FsAdo] =Tt (8] A o] A
FEE7F 5A48] F7FsE e, 13k 30°C, 60°C 4

les|

rln
rfo

¢

414

Potential, E/V vs. Ag/AgCl

Current density, mA/cm’
(a) Polarization curve for UNS S31603

Potential, E/V vs. Ag/AgCl

-0.4 | ! T 1o |L T JI :_ o
0.8 7 I4s I5 Ir4 I3 I72 I1 Iu I1 '2 3
10 10 10 10 10 10 10 10 100 10 10

Current densitv. mA/cm”

(b) Polarization curve for UNS N08367

Fig. 2. Cyclic potentiodynamic polarization curves for UNS
S31603 and UNS NO08367 with temperature in seawater
(Open symbol : Forward scanning, Solid symbol : Reverse
scan)
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Table 3. Alpha(a) value calculation process after cyclic potentiodynamic polarization experiment with temperature for UNS

S31603 and UNS N08367 in sea water

E.W (1/Ng,) D (g/cm?) Temperature (°C) 1, (WA/cm?) MPY MM/ Year
30 0.148 0.062 0.0015
UNS S31603 25.73281 7.99 60 0.199 0.083 0.0021
90 0.839 0.351 0.0089
30 0.045 0.02 0.00046
UN N08307 25.66358 8.06 60 0.081 0.034 0.00085
90 0.117 0.484 0.00123
Temperature (°C) Corroded depth (um) MM/ Year 0/1000
30 330.83 19.99 13.32
UNS S31603 60 441.06 26.64 12.69
90 523.74 31.64 3.55
30 19.33 1.17 2.54
UNS N08307 60 73.83 4.46 5.21
90 292.76 17.68 14.37
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Fig. 12. Alpha (a) value after cyclic potentiodynamic
polarization experiment with temperature for UNS S31603
and UNS N08367 in sea water
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