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ABSTRACT Duplex stainless steels (DSS) are extensively applied in many fields such as petroleum
industry, petrochemistry, desalination service and paper-making industry. They are characterized by
a two—phase structure, offering an attractive combination of corrosion resistance and mechanical prop-
erties. Their best general properties are obtained by keeping approximately equal volume fractions
of austenite and ferrite but averting third harmful phases, such as o, v, X, carbide and nitride, to
be precipitated. These harmful phases can be formed from ferrite when DSS are welded or worked
at improper high temperatures. Recently, a kind of economical DSS 2101 of typical composition Fe—
21.4Cr—-1.2Ni-5.7Mn-0.23N-0.31Mo was developed and shows a wide application potential due to its
higher yield strength, better pitting corrosion resistance and lower cost than traditional 304 austenite
steel. However, limited research has been dedicated to studying the microstructure and mechanical
properties of DSS 2101. Especially research on the nature of precipitations and their effects on mechan-
ical properties in DSS 2101 was still lacking in comparison to many researches on the precipitations in
DSS 2205 and DSS 2507. In the present work, it aims at investigating how the precipitations can affect
the corrosion resistance of DSS 2101. Pitting corrosion resistance of samples aged at 700 ‘C in 1 mol/L
NaCl solution was evaluated by potentiodynamic polarization curve test. The electrochemical poten-
tiokinetic reactivation (EPR) test was also used to evaluate the degree of sensitization to intergranular
corrosion. Scanning electron microscopy (SEM) and optical microscopy (OM) were used to observe
the surface morphology after electrochemical tests. The results demonstrate that both the resistance
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to pitting (Ey,) and intergranular corrosion (R,) decreases with aging time increasing. Pitting nucleates
preferentially in the ferrite phase for the solution—annealed sample, while the initiation of pitting
corrosion takes place around CroN, in the newly formed secondary austenite for the aged specimen.
EPR tests conducted at room temperature are able to detect the sensitization to R, due to CraN
precipitation. With increasing aging time, more CryN particles are precipitated at phase interfaces
and grain boundaries, causing a continuous decrease of resistance to intergranular corrosion.

KEY WORDS duplex stainless steel (DSS), aging, pitting corrosion, intergranular corrosion, sec-

ondary austenite phase

MHARGEWLGE A T BIRER G Z R ENE 2R
M, R FEREEE . WA S . hRE—RIL bR
B ATAM, AL, BEhAEgasT U i Ni
RN #E RISTEETE, 2 FRIFRWTLAEL 304 BICARGEHN
BT ELRLRE “ R A, T TR, Outokumpu
Stainless ZAH]F 2000 4E#F & H T —Fh 15 A ZIAH
A4 DSS LDX210112, XU AZEH S 304 RFIAR
SEEM A IRGR L TS AR AT AP AR S
W, BA) R T B

AR, MR RBNAB A TR, (L2
Z&fEXT DSS 2205 I DSS 2507 gy#Fss 49, mixt
DSS LDX2101 #5925 4k 5 (i F P RE 2 (8156 Z A
SFEHAANEIG. Wang % 0 34 BRI R G (Fe
22Cr-10Mn-0.35N) fTERLE A FIRFAEETT T B9, K3
Sea AP Mn fil N 2 Ni M2 XE45, HEAE
BN T AR BE S, TS M RE S 4. Merello 25 [ g
FE T JURRARAR o [ ¥ A5 AR 1o o o RUDUAE S 485 4 4 i
AT R, FEIRAR T A ST R S A Z AR 25
ZF. Zhang % [ B4 7 DSS LDX2101 7 8400 BF
(700 C) B F B RS AT AT S vh i 2 (RS R
HE, M TR S DSS LDX2101 #r My i &
HXHA LS T P REAY S A AR HRE. SRR DU R4
TEE R T AT ANE 24 A P PR S 25 7 A 2R A, T o
M2 ML x HL BRACHIER ALY, XA AR AT 3N
FARGA P RIREE TR 10 3f B B ik
BPERE. B, #F9E DSS LDX2101 £ £ sl fd f ot B2
A HH M A S X AR S ot R e i LA T R S

AR A M BFSAE 700 C FEBORIE
EF RIS AT H A A, e Hexd DSS LDX 2101 i & fn it
o [ JEE ke R 7 B4 .
1 ZRFE

SZU FIAPREN 2101 BUHASEMN, HasS (RES
¥, %) K: C 0.03, Si 0.4, Mn 5.7, P 0.019, S 0.005,
Cr 21.4, Ni 1.2, N 0.23, Mo 0.31, Fe & . B R-FH
10 mmx 10 mmx3 mm. GRS ESEAE 1050 CTHE
VEAbFE 30 min, SRJF/KTLAHIERE R S BE)E, ¥
FESLAE 700 CTREPECRFBSE (3, 6, 30 A1 120 min). F
i 2 A AR A AT [ Vs AN R A Y L ER A 5 8k AR P A B

Fl. AT AR O AL s M, RS AR A
7.6 mol/L KOH W ik EZ)E, H LOM
4XC BD62 B Phillips XL30 FEG Bl # Bk
(SEM) #47TViEE.

K FH Bl L SIAR A B 2R Y s Pl L. R
W 1 mol/L ) NaCl ¥W, #EHR (30£1) C. HEFM
—300 mV JFFG 1 FHAR 7 1, FR#EZEN 0.5 mV /s,
U O LR B ST IR I 100 pA /em? 5 FARSEEI R
60 s {13, & EMBEHEHEE R 100 pA/cm? BT
Xt A B A kB AL (ASTM G150-99(2004)).

K FH 2y LRI A A 1 KR o o P ol B .
MEREWEH 33% HaSO4+ 0.1% HCI(JREAE) HRES
VW, RN (20£1) C. SEBOETXTRE SR AT
WAL AR R H T B2 oA —420 mV (KT E ik fr).
SRIE INTF B AL TFAG, A 2.5 mV /s 38 BE HEA T FE AR AR AL
Hi%, B EALET] 300 mV )5, FLUAH R 258 A 5,
L2 TT 5 F IS5 L. )P 38 1 e R P VG A P A 2
I 5IEEMHRKERREE L MHE R.(R. = I/1.)
S L IRAN b (D i 02 ket
T B AL 2 H AR R SR AT H SR B (SCE).

2 LRERESH
2.1 AR

K la & 1050 CEEALHE 30 min RIFER RN,
R DI IR, ER AR AER A XIB R g E R,
B WEERIAT IR = R & AR AR 3 IR
RIERSECN 48.5%, WA HBIEET 101, ITiHRIE T HE
R R AT E kR 1S & 1b 2 700 €
B 120 min #£4# SEM &, WL, B @it sesr A
R KR GERRARAARL, FEREIENTY R, W,
TR A TR BRI . T B e Fl
%, RABAZEERIEL G XRD B E#ETHIR, #ie
it EEh CroNElL Zhang!® 2854 CroN i A6,
X (& 1b drdiskfiR) #4777 EDS 4347, KBLH Cr
SN 18.15%, T RIKMAFH Cr &, @EHHRELN
TWRR. FI, YRGS R B A A AT R R R
a — 79 + CraN.

2.2 BEX 2101 WAREN = BT AR
B 2 7R [ 280 i Bl F AR AL B £R.  H T4



F8 M

B AL ORI 2101 XU A B AL 22 B AT A i 5 921

FrE W R S A WA R AL X, X A E O A
1070 A 7oy, EHIRE S 7E Bk X 0 2 T 1 Ak AR 4 4
FRARTRE M, W& R AR R g W B R
BE, BRI SRARSE AR R, RS
FEERAERSSM. MNFIraERS, WAL E Rt
KAFER AR A L B 3, Moayed #1 Newman4!
R AFF 5T 45 SR 3% W HOR R AR B 5 BH AR HE F IR BE A AE X
WRFR. EEMEFHERE R 100 pA/cm? BFHFXHRY H
HALH S AL By, By 8, U B R AR RS 4 ) B
K 8 2 1 E T B By K A REEAL oo

1 SIS KAE 700 CHIZL 120 min #) 2101 SAHAEE
4 SEM &
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Fig.2 Potentiodynamic polarization curves of DSS 2101

specimens aged at 700 C for different times
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Table 1 FEcorr and Eyp, of DSS 2101 specimens aged at 700 ‘C
for different times

Aging time, min Ecorr, mV Ep, mV
0 —158 326
3 —173 313
6 —185 263
30 —185 195
120 —186 105
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Fig.3 SEM images of metastable pitting (a) and stable pit-
ting (b) of as—annealed DSS 2101
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Fig.5 Metallographs of DSS 2101 specimens as—annealed (a), aged at 700 ‘C for 30 min (b) and 120 min (c)
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