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Electropolishing technology uses an electrochemical reaction and improves surface roughness, glossiness,
and corrosion resistance. In this investigation, electropolishing was performed to improve the corrosion
resistance of super austenitic stainless steel. As a result of electropolishing, surface roughness (0.16 pum)
was improved by about 76.5% compared to mechanical polishing (0.68 um). In addition, the electropol-
ished surface was smooth because the average and variance values of the depth histogram were small.
Tafel analysis was performed after a potentiodynamic polarization experiment with seawater temperature,
and the microstructure was compared and analyzed. The corrosion current density at 30 °C, 60 °C, and
90 °C was reduced by 0.083 pA/cm?®, 0.296 pA/cm?, and 0.341 uA/cm?, respectively. Pitting occurred in
the mechanical polished specimen at 30 °C, but partial intergranular corrosion was observed in the elec-
tropolished specimen, and pitting occurred predominantly at both 60 °C and 90 °C. In addition, the damage
depths of the electropolished specimen were shallower than those of mechanical polishing at 30 °C and

60 °C, but the opposite result was seen at 90 °C.
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el e] FAmAE ddshy] fdl 2w, YA,
EElad, da 59 TS T A e EH Lo
E AERIgAo] MEEAT [4]. 2H 7= el
w2} 73 @ H U E AEJIE A A @) 7
28], FHE dlFatdolA dnte AHUolE AHQIE
27 UG o ® ARES] AlESEITE ole wet TF
¥ e AEUo|E AHI| AT d7)8keA] EA AT
7 8] W8 Foltt [5-7].
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INVESTIGATION OF THE ELECTROCHEMICAL CHARACTERISTICS OF ELECTROPOLISHED SUPER AUSTENITE STAINLESS

STEEL WITH SEAWATER TEMPERATURE

e AHUO|E AHRIZ ALY 73 L AH U] E A
HQlg|n7de] 32 Aol diste] A7kl [6]. A
b= FAAEA el diste] A%, =gEd 9y
A Ar T 4S5 st [6]. K. H. Jung
et al> 3.5% NaCl g-<ol|X] Fr3 A HUo]E AHE|])
g 27ke] ot 9l FEEjst 54 tiste] A6l
ok [7]. olelgt A= 7IAE § AAsE How
T A Ae AL, AR 24, A ¥ 283 EeEel
oal F-AS FRAA ZIA s AsAE 5 Sk
[8]. ZHIQIE| 7] Hafddnk= s Fdsta w1l
Al 7hgeta® oy et Al A tleo] WA R
B E = o] i) S. H. Kim®} E. S. Lee et al
< YRk AHUo|E ARl A el thste] st
HAZHAE FEsA [89]. S. J. Lee e al-> HafAd
nt & A EEAE BE AVisete] SAS A
33T} [10]. 1A= AES(Atomic Emission Spectroscopy)
9} XPS(X-ray Photoelectron Spectroscopy) w212 E3l %
ajAntel] ol FFEf vure] A9} dFo] FrhEt)
v Ae AR EEGIT olgh o] oyt e~
HuolE A Qlgja7te] dafjdnt A= Bol 738
Hoaou, e AHUolE ARl AT Hafjdnt
AT-el dafdnt + A At et

b 2 At 573 QAE U E AEQlE A7
tfate] ZIAIArCd A AnE )k Asfidnt & Sl =
Lo W Arlgtea SAS vla - A8

H}EH

2. ALY

i

2.1 HMsioin}

2 Aol AR FrE e AHUO|E AERIE AT
(UNS N08367)2] 83220 24.62 wi% Ni, 20.6 Wi%
Cr, 6.44 wt% Mo, 0.015 wt% C, 0.27 wt% Si, 0.72 wt%
Mn, 0.017 wt% P, 0.53 wt% Cu, 0.0232 wt% N, “12]1L
U= Feolth 32 A&/ %] 5(Pitting  resistance
equivalent number, PREN):= U &A1& H7keh= A
EE AREEM, AFE A equation (1)¥ 2t

PREN = %Cr + 3.3%Mo + 16%N (1)

UNS N083678] &2 A 375 21(1)ell 7]*1s}

o] 45.6°% AFEE UL o= aelA 7 del A
25+ A8 5 3l UNS S31603 (23.6)K.tF oF 2
v =k dsfidnt AT Al AFEES WS HA
slalr] S8l W2t duEHE nAEwrE ARS)
o 7ttt 7heE APES 1emt REHES
NZA] HRl oz nReESIGlt 7 Al E s A=)
dAF o=z owzso]s #2207H4] 717IvHMechanical
polishing)E A8t ZHsd=E obllEd T7F
2 AlEsielon, 24X 35} A2 ol A &
AsArts AAEIT daldvhis AARY)7F 2
5 H{zdo, oA AAEAE o8-8t A%
B zhaog AN [11]. Asidn) A] =S
A3 £ A2 (UNS N08367)%, 2 H](Anode :
cathode)= 1t 12 H=(Gap)y> 5 mmz TJ3I3It 7]
FATL 2/932(Ag/AgCl saturated 3.3M KCI)H=
S AHEsIGlTh Asldnte g ket QA Hlgo] 2
o] 8o]az, 75°CQl M &olA 400 mA/em*E *17Fs}ko]
S A=

2.2 7|55 E

AsAntel] ogt A7|stetA B4 AFE dTE
of W FHAY BIAHS HAISHITE Table 1> 3
As42 A4S vebd Flolt) W7)stel g
= A7 Agsilon, 7|EdS ) gedae 7zt &
/8 3F2-(Ag/AgCl saturated 3.3M KCl) A=z} Wl ==
S AMESEAITE QY EAITH3600% 2 A1 S Sl
Z]1ete] MAEGl o, sH9 ESAEE RS
715 =025 VollA 1.9 V(vs. Ag/AgC7HA] 1 mV/s9]
FAREER FEIT wE EE 30°C, 60°C,
83 90 °CE A stlom, o= ARzt U
WX ATE FxEdth w49 E5AY B
Aoz FAdFUEet FAHIE AEsT
[12]. dafjdn}t & FH49 224 & 2di4e 3D
o] A& 1] 7 (OLYMPUS™, OLS5000LEXT)¥} AR
k&1 7 (BRUKER™, SN E-4500MPlus)yS AHE-3FIT

3.1 ™sliedot

Fig. 1= 400 mA/em?2] A7PdFH =l Hafint

Table 1. Chemical compositions and properties of sea water (wt%)

Main component (mg/L) oH Dissolved oxygen Electric conductivity
S0 Ccr Na* K Mg* Ca** (mg/L) (mS/em)
1746 15721 8401 344 1121 357 7.9 16.1 453
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Al AZEE el whE A QHEkE UERd Zlolth A7k
of W M9 Wl 87 343 S ¥, 40%
M 7343 Asler e, o]% 7027k A A5] 7
28k8in). o] % Aa|dAnt FE7MA oF 2.6 VE HH
wE FAEIh 27 543 A9 s F A d
Q1 TheFst 7ol Qlot, dntA o thgi} Tt
ol9} 2 2 HaldAvtadEN, waxce uE
Aol gal&w o]z sttt thEke] 2k (Mountain)
I A W g Ao gke Firg|u|ute] g
AR dlimel 7)) whE SRR g3lEnt [13]. 5
o] gekslz Feabsialuke] /= szl
1 Ay, 359 AsRES(Fe — Fe*' + 26)&5%E A

3.2
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Fig. 1. Time dependences of potential during electropolishing

A7) white] ML HgEH, Abdolo] &l
AbgkE]o] A (0* — O + 2e)2 WAAIZITH [13].

Fig. 2= Hafdnt A7 $2] mHS FARAAER] A
o2 #AS Zloth, 7AIArRSE Al HS AnfEH oz
sl A wd ohe] vjAW L BEE Q. ds)
Avt T Fe V| AArEH o] BE AAE o] w11
9 Fdo] #AETE g 2o AajdnS A

735, o] &4 F ik ol w2 ARdE
QI7FE Q13| H-sEjT]uto] o] wm, As)Ante] vheFst
7l a2 2AdH| (AL, acid concentration), <>
T 9l AvpAzt BE AREEe] FEHSoIT [14].
b Aajd 2Agnel 25l ue) ArkE d9)g
AfellUAl= GeiA7] wgolth, & 719 49, 4
Aot AFEEE 7kete] mizmele xS JERS
7] wiizell Haldntayhs Adet 2 o= siAE 4= Qe

Fig. 3 WA A7)9} 3D 23] X0 o3k AF
(Mountains)¥} Z(Valleys)®] =o]xh& yERd Zloltt,
AsAnt A-2o] TAAAT]= 247} 0.68 pmP} 0.16 um
ojt}, Mal|dAnt & TUAAT] MNAPEE wds}7] 9
& 7§44 equation(2)S ©]&3H} [11].

100 — ( Roughness after Electropoling 1 00)

Roughness before Electropoling
= Improvement rate of roughness, % 2)

HEERE RIE S
Ao dajlnt

Surysijod [eITURYIIA]

Surystjodo.nddry

Fig. 2. Surface morphologies for mechanical polished and electropolished specimens
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Fig. 3. Surface roughness and height difference between mountain and valley for mechanical polished and electropolished

specimens

Histogram, Scattering and Significance test
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”:‘r 717410413}?& ﬁuu 2k
T2 o A 0}0% AHEA #EE oM, A
Ao e ak =2 AAgle], FEu
Zu| it [15]. ol dafdntde] = veksiAl &
s wet Absls Gkl o] dEkA]Y]
of 2t} =e] g3 HEAR ﬁEH‘SHXVl wjzoloh
[15]. % 3EH9] Absl5 S-S Abellx e gk, =
M= Fr?éhﬂ FAH. o] TS Tl 5> 7
WafjEm, AojA oz gk AtollA A T§]'XL‘9‘O] s
At 5, 2= FEo] o] SallGEs AT wiE
of WS HAA}F w1zl Rl Ao ALEET [16).

Flg 4= =o] #hs S|IAETHOR e A o]

£ 71eAIQE BX e AAAAE B35 dafolt), 1
?1?4 SIAETHE 545 W] Zo|(XF)el digh vl
ER(YEH)E 222 el Zlojtt, s|AETRo] 4

THEEE YER =X tiste] 7HpAE B4R A
A BA4e FdsEelon, o]F ROE ZsIiTh
T3 o] A9 it (Mean)¥ -Ak(Variance)S AtE
Sith AR o2 RE Hl AEE ov|siE,

A7177F E55 veFst wolg Zteth ZAdnke A

%, Bt ap Bk Z47E 779 ume} 0.840]a1, Hafedn}
o] 7%, 2.98 um¥} 0.05% AHEE U} 71 A|ednte] H
#2 A AntRt) Zojzrt 77] Wi =& Zho)
AEE ) Aadnl= 9ukEt o)yl ko] Rl
#ol AA AkEd RS & 5 Sk
32 X7|518HAl8

Fig. 5= 30°Ce] ZdalgelA dalidnt 159 =}
A4 574 Aoltt. Z1AIARKSE A9, A 9= <F 500
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Fig. 5. Potential measurement in sea water for mechanical
polished and electropolished specimens
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27 ARl W} E7he F, 2500274 7haahal
ow, 0% ARFR/A tizk 015 Vel HgH 7k
& §AS9 W Qe A, A7k g A

A= 5002744 F7EeE 00&77%1 askgion,
o]& AHZE7A .05 VE A kS e
o} AAAE BAG BN AE e FHo] o
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s3] 27) W] 42 Az Algo] mh=r [17].
AsfAulAzt, AAR9E 71AAvte] ula) A el
o, O e HE gks Rl ol9h 2 A
AR wWE =M FAE] et s E Y]
uqu /\H;Hoﬂ Lq.é i}o]g /\].g_ﬁu]. E\:ﬂo] 7{721/“&
=29 Jias FrkebH, FEEl ke vy

flo

& 3ol vlsl Eebdste] AbsNkgo] WA Az
ZAog AlmH} [18].
Fig. 6 Al 250 & dafjdnt 4% 54

E=A3 Arfo|rt, AREF O F FHQAHYC|E A
HRlYA7e F5Hi58S vebdeh e & A4
oA F FH BE5F 30°C, 60°C 1Al 90 °ColA <k
a0 g met AFdEs 258 SR
o} o] HO| g (Fe — Fe*' + 2¢)°] 2=
7] WEoltt [19]. B8 ZAA Fseaete] d4H
lellA el FAESoY, s W ol =
gAoz 27| we] EAMA FFste] SaliN-e-(Fe
+ 2CI — FeClL)S 4o7 Ao AFHT} [19]. ©]F
FEeHE o] Ao R sEo] ARUEs 543
S7HE AL AZALd A FA A7 A
gldntst AlFAS AFRUEs U AfleA 7AA
upst 7ol vjsl] 2] wiel] Ad-g-slink-go] e
HAoR A8k = gtk 30°CellA 71AIAnke} A
vkl FAHL= 24 1.0 Vel 095 V2 & ZJol7)
ZHe| 2] ok}, WhA | 60 °CeF 90 °CollA s} Ax
AL B 110 mV F7ksto] fojul g Wt
HEE U o= F-wHjg o] XU =] ¥
Aol z|dE Zlow s|Agk 4= glrt

Fig. 72 7} Ex7deoA daldnt A3 F44
H(Econ)glr B Nx at‘le =t (Icon') 7/{.0_ E].:ﬂl ﬂx\hﬁ o= /‘\_}
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Z1A1Au}et 749 -144.0 mV, -282.7 mV L —432.8mV
2 2kzE Sk dalAnket 49, 0.03 mV, -230.6 mV,
-389.8 mVE UERTE TEA Al 93] 43
~ 144 mV A% Az A5 JeRd BAARARUT
= 71A1A Qutel vlste] dafdntst A9, 30 °C, 60 °C
9 90°ColA  Z+ZE 0.083 pA/em?, 0.296 pA/em? 2
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E} A2 2t 3% (Raman spectroscopy ) &
3l 71AIArke} dafAnfel s F A9)d -2 (Spinel
matrix)E I o, HAajAvnte] A9, 727 4
vlAlskaL xdate] s)d9 a7t AskAl vERsTE [21].
TS FgH v RSl H dhkol, diF-el
A A ol T7Fe7] well WAL
th A55S 35 9 AbAho] 9] gl gt Ay
2 sho] Fafo] AdE Ao oAZG [21].

Fig. 82 AafdAntel] w w49 E54% 5, &4
sy Aol 30 °CollA ZAIAnEsE Al ES A
up Al RS fAA S Aq R el FAo] whEE b,
daArkgt AlAL o] A9 F3IgE QAR e
o] wEEAT. VIAArte] B A= =

ddste], g oz EBelgst oA o] wAysh
Zo R Abmeh vbd dadnst ¢, FE e
Ae dAste] st oz oA 7t & gAlelA
SAH o7 NhE Zlow 4 & 5= Qlu} [22]. 71
Ante] 7, 60 °ColA w2lo] 30°CH A ¥y
Rom, &2 QAR 9 A EE o, Ml
nhsh AJEE RS YAIF-A FAo] Aol THEE )
th ol AsfdntE sl FsE) Fuh> YA AL,
e g9 o 25 v]Eo] Frkske] siAlgk dull=
SAl UaAdo] adE o, AAITAE o)4do]Y]
wjitol] F2lo] FAlel WAYTE Ao w AlnET) [23,24].
Az el dsjAntet AsAS] AFA 25 (Critical
pitting temperature) equation (4)= o}l T} [24].

Mechanical polishing

Electropolishing

2, 0¢

2. 09

J. 06

Fig. 8. Surface morphologies after potentiodynamic polarization experiment for mechanical polished and electropolished

specimens
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Fig. 9. Surface roughness and maximum damage depths after potentiodynamic polarization experiment for mechanical

polished and electropolished specimens
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