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Abstract

The passivation behavior of hyper duplex stainless steel $S32707 in acidified seawater solution
was investigated by laser-scanning confocal microscopy, electrochemical workstation and XPS
method. The structure and composition of the passivation film were analyzed in detail. The result
shows that the passive zone width is about 800 mVscg, and pitting corrosion occurred when the
corrosion potential increased to 900 mVsce. The pitting pit is located at the ferrite and austenite
boundary with a depth of about 1.0 pum. Under the applied potential of 100 mVscg and 700 mVscg,
passive film surface is Ni-depleted and N-rich, and passive film is consisted of Fe,03, Cr.03, Cr(OH)s,
Mo0., NiO oxides, CrN nitride and Fe, Cr, Mo, Ni metals. In addition, the thickness of the passive
film decreases with increasing the applied potential.
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1. 51§

HT & &R Cry Mo, N 564705 K5 LUF] 8k 3 A B IR, FREZOUUEAN S S32707 A
o S R ek B R 7 b RE LT S Y B FR BU(PREN = wt.% Cr + 3.3 wt.% Mo + 16 wt.% N) 1A
48, IR TR mE . AR T AR A R B IR, Al Al A AU A SR e
#=[1][2][3]-

FI R OG TR5 ZOSUR AN AN AT 5 AT R SHLEE, [ P Ah 3 AT TR IRF AT . 38 A S N [4] IR
REEH A 00Cr27Ni7MoSN TE 1100 °C [ 775 Ab 3 v F 2R L 5 A8 R i 3 ek i o Li 552 N[5 143 H 2707
R AR N S B 14 KIZIEJE R4 T A B . Jeon Ml Kim %5 A[6] [7] [8]KIL W.
Cu. Ce JCEIIBEFARHT IS &, MRS 27Cr-TNi #5825 XU AN FAR B TR JE o bE Ag . AR, Xt
Tt 90 32 2 JR3 BT AT H AR T AN S Tk e BB A B2, AT AN B IS5 8 . By FE JE AT PEANRAE . A
RIS FES b R T B T A ISR SRR AN 2 AR I B IR KR 7, R R SRR 4 XURH AN AN
BAL N ZH RO PR 2 L i PR L B R

AR SCR O I B A s . WAL AR R XPS MR 7 vE, BFST T R SR AR AN $32707 1B
BRI IK R B BEAAT g, 43T T BN ) 25 A RS 53 o

2. SEEME5TE

SEI6 R SRS N S32707 SKH 25 kg BLZS BN H s Mk, 28 BV EL ) 2% 1 5 mm JE AR AS
HAZE R0 1 FiR. B HELRLE 1200°CEVAKLTE 1 h Gk, DAIRTSEE AR 43 B 2k 2544 (o) HH AT B
AR [ A5 AR 4R IR BE 31 2000 H/EH%, KA 30%1) KOH ¥ il e il Re k47 i
fRIE M, FLEA SV, HLARES A 2~10 s. FIF Olympus OLS4100 't 4t 5 A8 5 e W 528 b 5 il RE 1)
O 2H SO SRR S5 0T 3D TESR MR T 43 AT » K Gamry Reference 600 HLAL 2% A vl 3E4T 3l A7 AR AL I
R, PLEAZ 3 2 0.3333 mV/s MAHXTHFE HAZ—200 mV 1E [ B siib i P o s i ah ik
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Table 1. Chemical composition of S32707 used in the present study (wt-%)
= 1. KRB FE RS (Wt %)

C Cr Ni Mo N P S Mn Cu Co Si Fe

S$32707  0.0044 26.83 7.14 4.88 0.39 0.005 0.003 1.11 0.98 0.97 0.42 Bal.

FHmRALHEK[9], TEMRALECA 0.5M Hy,SO, + 0.5M NaCl, RN 25°C. N T IR/NLIRIR %, R4S R
4 ANTATIREE R FH 2 ThRE LR TH 70 248 ESCALAB250 20 #T S32707 7EBRAL /K 7 W AS 5] i I e 52100
mVscg 1 700 mVeg) BRI S5 T0RIRE DT KKK Al Ka (1486.6 eV)F7 A4 X 4k, @il
REEN 50 eV, REEMIERHN 0.05eV, SEIER R Cls 454 284.6 eV Ehro

3. IRGERE R
3.1. 832707 By &HELELA

1 AR OUMIANER AN S32707 &7 )5 &R AL 2. v] LLE HY, 832707 Hh 32 B4 & P A € i A
o B AN R (0), BomrIA N B (). BIRAR R BpREK R 510 A TR =k, AE EL )
W %), B EDS % a MF0 y MR AT 00T, GRANE 2 B, WLLEH, PR S SR A
B15], o fHHE S Cro Mo. Si HFEHREMBIEMICE, y HEH Niv No Cu. Co FHRIMATLHIcE. Wil
TCRMAY S S B R~ E 225, y MR N CRES TR IS vERe, il sk &
THEARATRLE N IGO0 AR S BB I DTk LI  & T Cry Mo 5546 it midp i e (1 & 4ot
2[10].

3.2. 832707 BB ALHRHLIT

2 A 832707 fERRI A IS AL AR AL B2k . ] DL HA AR R 2R A7 78 T FOAALIX (4 800
mVsce), BENBLIX G, BE ARG, 6 2 B 2218 10 0 5F HARKEE BRI, XA fE
A AL, B B R T R BELAS R e A g — 2D i o, C B RGP ORVE R 11] [12] [13]. 4N T+
B E129 900 mVgep BF, T B i 2 GRS o, UE R B AR B AR, SRR R AR ko

S EAIAGSE, S32707 RFERI AR A= AUk, I PO S 50 A S B 0T st e 6 B S RN R B AT 4
M, SRWE 3 Froc. HETTCLEMHE H, siibeR RS AR B AR AR S A, mUpbn iR R BE K2
A 1.0 pm,

3.3. 832707 BISE 1L FEE I #

¥ 4 24 S32707 #£ 100 mV scg A1 700 mV scg it M1 FEAL T BR A 7K I W T/ 1 A B Ao 8 3 170 1) 4 1541 47
A LLEH, WP IE R P74 Fes Cre O N. C. Mo JC&EMIIE, H Fe. Cr. O. C JT& KM
> BT CRIESRIE T B2 15 44 14], RIULBEAb IR 3= 2 Fe. Cr 1 O JLR A K.

NT B e R IR, WIS 10 s FEELEH Fe. Crv N. Mo~ Ni fl O R H#ATH
X & #R, FrS ik Shirley 1EAIMBR TS IR BREL, Z55RWIE 5 Fror. Kl 5(a)v Fe2ps, 19 XPS E
B, AT 100 mVscg 1 700 mVscg Jt I HLAL T B3G5 70 3 AN, 73l N.45& fE 706.9 eV, 708.3 eV
17109 eV, H4E XPS 255 Re i d P15 #IE B 45 G Be B nT %1, 3 NS I B Fepers Fe;04 5 Fe O3,
YL EIAL I  Fe 322 LL Fe* Al Fe® I RAFLE. 18] 5(b) N Cr2ps, I XPS 3,  HoAe w b in s K #5
SN 3 N, 53 IR Cripee (574.0 €V). Cr,05 (575.5 eV)F Cr(OH); (577.4 V), #lifb A Cr EELL Cr,0;
R, T R AL IR A M. 1€ 5(c) A NiLs A Mo3psy, I XPS E3E, JLrb Nis B XS B CeN (397.1 eV),

DOI: 10.12677/meng.2018.52007 49 ek


https://doi.org/10.12677/meng.2018.52007

(NG Z

Figure 1. Metallographic microstructure of S32707
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Figure 2. Potentiodynamic polarization curves of S32707 in
acidified seawater

[ 2. S32707 FEER 1L IBIKIA R P RIS EE AR (L R Lk

Table 2. Chemical composition of ferrite and austenite phases (wt-%)

2. BRERMFNRERAERLF RS (wt-%)

Cr Ni Mo N Cu Co Si
a 28.42 5.59 4.25 0 0.69 1.02 0.42
y HH 25.33 7.27 2.49 0.35 0.95 1.34 0.37

Al RE A2 TR A1 I BEMEAT T T B[ 16], Mo3ps, BITERT R Mo (393.9 €V). 4] 5(d)9 Mo3ds), If] XPS
B, FEPIMEINEAL T, ERESEE 2 ME, 735108 Mo (227.6 eV)F1 MoO, (230.9 eV), 7KK,
PR BRI D AR E, B EE T HH MoOs RefaEfitE, st A Moo, fitfae
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Figure 3. Morphology and depth distribution images of cor-
rosion pit after potentiodynamic polarization
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Figure 4. XPS wide scan spectrum of passive film

& 4. $i{LBE XPS it

FEAE[17]0 BAGIE RAAAAE S 8 Mo Il MoO, R B, BliAb JELF [ ] Gl T H PEFR SR . 534k, Mo it A=
FSHME T I EH A, BEAS ) 0E 28 i Bl AR, AT B IS Tl 26 . 14] 5(e) 9 Ni2psy, I XPS K3, nJLAE H,
100 mVgcg A1 700 mVgep R EEALAE AP 34746085 Nipe (852.8 eV) A NiO (853.9 eV). |4 5(f) 4 Ols [ XPS i,
A, BT LA OF (530.5 eV)AT OH (531.5 eV), 700 mVseg FibfL& /& H,0 (534.0 eV), H
O AR, XM Fe;04n FeyO3 CryO3n MoO,. NiO A1 H,0, OH X8 Cr(OH);.

6 & 100 mVgcg 1 700 mVscg 0 HLAL T BEAG IR R 73 BE T B (B 284k . W DA, 76 PR i H
AL, Fev Cr & 2S5 0E ZI Dl () 6 SURIBS NG B8 & TAae, O S AR MEREM R, AT, PN
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Figure 5. XPS narrow zone scan of passivation film: (a) Fe; (b) Cr; (c) N; (d) Mo; (e) Ni; (f) O
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Figure 6. XPS sputtering depth profiles of the alloying elements in passive film at different applied potential: (a) 100
mVgcg; (b) 700 mVsce

6. [EIHEAN AL T SEAL AR Ak 53 B Tl [B) 2 4k

AR Fe. Cr Al O & BEAUEMIN FAIAR, 100 mVscp F %11 40 s JEIERIFLE, 1T 700 mVscg I 21 30 s B
FasE, TUER A E AL B BN/ fA S, DRI e I e L I A 5 SR PN o 558k, Ni JT SRR Al
WRBILIRR R Ni 504, 1) 10 s WS RERIRA, W Ni BEEEEMNEBENER. Mo SEE
TR R HEASZ T KA BIREE » N 5 BBl P 220 I [A] SE RO B, i N TR AR IR R = 4R -

4. &g

1) ERRAHEEKIER, $32707 BATZ) 800 mVsce B2 MIBEALIX, HIALTF 2] 900 mVee Ji, WAEAE
s, RUTTR AR AR R SR AR B IR AR S A, IR BE R 2008 1.0 pme

2) 7E 100 mVgcg F1 700 mVgeg i HLAL T, BiAL IR E T Ni & N, #4017 Fe;04-Fe,05+ Cry0s.
Cr(OH);« MoO,. NiO E M. CrN &AW S Fev Cr. Mo. Ni &J@HJi .

3) $EE AL, B R RN o

& H
E & BRI # LW LI H (51774074), JRBHTT XU E TAE(E KRG R 10)(Z217-5-003).
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