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Research Status on Weldability of Duplex Stainless Steel
and Corrosion Resistance of Joint

QIN Qin, TIAN Jinxin, TANG Shijia, YANG Haodong, YAN Ziyi, HUANG Taibo, LI Yunkun
(College of Mechanical Engineering, Chengdu Jincheng College, Chengdu 611731, China)

Abstract: Dual-phase stainless steel has been widely used because of its good mechanical properties and
corrosion resistance, and its weldability has also become an important research object. The welding method and
microstructure of the welded joint of duplex stainless steel are introduced, and pitting corrosion, stress corrosion,

intergranular corrosion and the generation mechanism of embrittlement and cracks of the welded joint are discussed.

Finally, the research direction of duplex stainless steel weldability is prospected.

Key words: duplex stainless steel; weldability; corrosion; crack; embrittlement

0 35

XMUHANGERIEA U519 S22 R P e i
REJ VIS JE P 55 P E T PR A0 e P E AT SV RE
2 WA A i ORISR KR A AR U
BRLAF 5T . UM AN A A0 K2 i HC B P4 A =
BRRhTZ — . (R R R AR A L
INPIEACAN Sl i A AR B I i A g e —
MR AR SRR ERE R TR AP
WAk R AR LA AL 2L, sk i Ak . AL
o FHEEA F AT H o sk G A DORIEREE M) XA il A
RO LA BRSSO FH P JE AT H RIS 19 36 A
FUF A, FVRIT [ A7 0 SR AN 85 B0 ) R e 1 g

i

5 B :2021-01-24; f&IT HHB: 2021-08-24

E&H A FFERHE LI H (2009Z2X040412-023) ; U 48 RHE Q15 1
FILAETH (2017122) ; W) A B K 16 4 TREARDIR O
TFHCRE A (SC-FMYJ2018-07 , SC-FMYJ2018-01)

TEBE N H B (1987 —), 2, UYL - Bl #c8% , l+-

AT T REWIFE L (H 2 RGBT SUR A A e
FEAISCHRE D . MEBZRIR T XU B AR P BEAY
WFERERE A T HARHETT 5 R T XU AN B B 1Y
FHEAESR ALV S BT AR FEE S RO Tt 5 e E LA B
FIREH AR BE | by e SEXURH AN S5 AN AR e RE 1Y
TSR HER S

1 18#E7*%

FAT S A S 2 i 28 —1UAY 3RE60 A 54K
RIEENEE =40 SAF2507 REEM. AH L T —1RRL
FEANEEAN 25 — OB AN S AR 15k B 2 o B
TR VR R SR RS I — 26 1O I
AR AR IEPERE . DU A A IARR T
WL TE TR PRI L IR (TIG) (A s Ui
PRI MIG) A 3 1R A LR 3P HL SR (MAG)
FNZG R L2 I (FCAW) A1, G045 HL - SO 2
VL HOCIRETE S5 B TR PR BRSSO ek
VAR G TR TT 155 . i o B BT AR 3 T5 05

13



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

ES

B AR R AR IT M A B Sk W R Aok Ak 69 AT R IR

A DAFRAT R A AR S L 40 DR R iR

MUTHUPANDI %6 i 7 S04 42 9 137 1)
RO R B B T A R 3R AT R o
B 42 IR L S IR 20 ARG vh A R AR R R AR L 4]
F14) 5 M) ¥4 030 56 1) 5% ) K, {2 b 42 3k 1 5 114 5
WA, SUN 26 RiF58 3 B L 8 SO 2 A I F T
SURH AN 85 A0 s T LA A5 B 550 6 1) K 4 A/ 00 o 86 0 A
V1] S /N A A SO (GT A J I fL 3 2 388 K
FESLAE T80 3% NaCl ¥ A s, I H.
AT LS J 1 o A ) R i 3 4 Sk Y B A 41
KANG 451 5R FH 24 85 05 2 o ST 12 X BURH R 45
P TR, R IR 2 22 ok B B L
S T Al AL RS A0 O R B AL 7R TR A AR 1020 5
PR VAR PP S A I ALh 7 A Y A BB i S TR
TR R R R 5 A RN A R SIO, FE SR A
AR SRS AT U T A A b i . s B
WFFE & B, 40 BIR F SO G IR Bevh f S s P IR T2
S RAHANE A T IR G Bk I e 41 SV k&R
PRI E AL B, (H 45 B T AR e e Sk AR s 1 2 rp 1Y)
BRMAKLK, B2, S BOZ 3k 1058 B A T4
S rR i L, BAGHDADCHI 455 B 5% & 3E,
R AL AR SRR S O AR AR 25 G KR ikl
DA 2 4 2 RURH AN S5 A o e e e S I e vh R EGf
R i R T B . ALBAIJAN 45
SR T P AR A M 1 M AR CATIG) F 47 2 AR X6 3L
FHAS 85 90 A7 K 2, & B Y4 R B () Fe, Oy-
Cr, O, . ZnO-Mn, O; 1F A %8 500 i, AR 4% TR B L
TIG B 4R & 7T 3.7 A%, K5 4% (14 9% G Al
JE RN 58 SRR BRI s 5 TIG B3k M, 2
i F ZnO-Mn, O, A KRBT, A5 4% LA TR
5 AR B i AR 2R RE T, T Fe, O,-Cr, O, IR AR
SRR L K4 A it I8 e e, X T R A
2R L I 225 4 T Ao VAR AR AR A5 4
PR . & BT S AR A 2 516 A it A
B GRS TR R AR S AT T IRV E O I K B
HRHRRPEAT, RFE5  4i/N B RARAE 2k 3%
PR AR N E AR AT Sk B R w21,
WANG %% 5% FHRUE R 25 TIG K42 WU AS 559
FRATIDILAN P B R 47 ) SR AN 85 B AR e e Sk L 9 HL
FERREE 4 P A T KR R IR SRR AR L
Pz HAT B i (B o o S8 R B {2 4 Sk PR AR T
BRICIRLH LU 25 5 77 A SEM PE T 2, WANG 45
TIFT 2 B0, P A8 K OURE N 5 A e S B X 1Y)

14

T 3 AT 3 B 28 v TR L L AE R Pkt A T4
SANTOS 2510 SR H#22 TIG FEX WA AR N AT
JELEE B PR AR S BT R, A I B A i s . L
oz TIG MRS R 50 TIG M4 R A
TR K T RRERCR

2 EEEINERMAR

MU AN G5 A K e 4 3k — it el AR 6 IR B T
X, Fo R B g X I A I 4 A O
YRR BRI AR 2 AT 2 M — AP R DL S E )
MAZE AN R G R F R A Ah—
Pl DL & AH R A A MUK K Al A RN A S B
LORAD +8—>L+0-+y (R >+ v, 1zt #
FA #RM 2R B A B A & H—
0l HOPR T DABEAS v A SR TE B. BURE AN 45 0 i 4
AR A B o AH 5 A B [ R 32, 1 L G AR
FELE AL & A K WA A AR R AR B AR A AR
LB SFRIE R AS ], T L4308 TG4 20
[CHRLIC AR S N BLICAR . T O AH b AAL T A% ik
AR L 7R R B3R B T B AT e A R R AR
B R R R b AN TEAZ AT B D, BT A Ak A
An S AL LIRS B S Im R B AR i N A1 AR AR IR
BALLCIRNT s 35 A H1 o R A8, 1 ¥4 A, T2 A 4k
FARE A LI, B S N BLICAA , pR e[ 7
SRV R L PRI O A ) L R A AR 1 5 A8 S AN T i
SEAATY X M X T HA A R o MRS 4
FIREAE A% T 9 B8 G AR AR B3 20 . HL 3 7E 38 G R AT
RO LA ZMBERMITR % 1S D1
O TEAZ 3 T U5 A R A A0 B AR P L
PRAP A RS R T R A AR R AR
NORSOK M-601 Frife , BUFHAS 5 40 K 42 32 3k rh LG
TRFRE 5 UK T 30%6 . K5 %) 2 ek [ 361 ¢ Ak 2
S 2 IR A B T i R T 005 AR Bk 2 AR A
P S AR AR o (fF B ECAAAH 5 G IN 2% J8L [RAARFR
R IR BEAAR s 5 — IR B AR (F BEFEISER FA BERE
A Y B ECAO AR IR R TG RS 40N, &
| N & R AL LD SR F DAYAW A L ¢ R S St/ 4
WA PR T 2 7 B R A A X A% L 5 B % SR i
JEE b RE AORRAR

TENRIE ARG IR VE FH R o OURH AN 55 A0 8 4 2 3
FEASTREE M X7 B A ] W AU BE 4R . FEAIRIR
TR DX, AR A T T Ak R L Bk R AR S
B LA AH LA AR A AN, ARk Z A B B4 &



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

ES

B AR R AR IT M A B Sk W R Aok Ak 69 AT R IR

TR BEGAAR , HLRE R AR AR TR S e X E A A
ST, WESTIN B9 & 3, UNS S32205
(S31803),S32304 LA 4 SUHAS 5 4N 7E A IR #45E
Wi X AR B %A Cr, N FI o MAOHT H . 76 0GR
Ao T Ak LTI ) g R PR T X, B PG AR S A
S AHH A LT R R AR, BRI Y & HAHZ
21, 3Rl & MRV H I A P n] Rl 2 AR L TG G
T FEOZ X SR A i 5 M BRI BT R AR R
A [V B LA B AR T /N i R R R T
FURFER P E TR & Al (A5 R R A ) X 7
BRI AR T Cr, NTS2, Cro N AT H i ik 3
AR 313 SRR ST A B A TR R AN, DT S —
UL ECAR AT HE A T 45 k. WSR2 SR I, 7 A
SR DX A 3R A 4 i AE T N AR vk R B A
(Fe,Cr),,Cy 80 o MiitH.

3 IREESRE R

aa 8] & 1
RN AN A 42 3 I T 8 ol g 2 2 R e 1
BlALITT R 1 i DL SRR B S B R AR B8 [ AR PR AH
el ™ . SURIAN AR ek A S A FRAVE D R 5
KA SRR ol X 25 | AR A% 4 T M BEAE D12 ERE
T 65 e P B O BT L P LB & 2T BT

SHI 2 R M 2 SR % S32101
MURHAN G A T4 42, FF HLR FHOSUA 3 B A5 5175 4k
TEVEAS S 1] 5 P SRR L 2 B . I o B A B R AR
FE 3 P [ B8 ok P o 4 v 5 R A A R A5 IR
FCAAR & A DA /IN A BE o A 1) R B O e A S —
FEFRE L85 1 4% 00 e 7F b A 4 0 B R AT
FEMA T i S A AR e DT G KT R R
KUMAR %550 5% FH B2 165 b 38, 56 1 0 [ 5 el 22
FL A TG AL AR ST 1 it RURF AN 45 89 10 S il 7oA
RINES BN AR ZUIE R T RS AL B9 TR
AW AT P IEFE, DTS R T A Rk
fiE. ZHANG 455V HFoe 20, 6 4l A b i n
ARTUY 0 2 %6 RUSAT AR R SURE ASEB B0 TG 4542
FESI AR BE O Tt & 1) J8 b 1 B X R o R T
Cry N M, Cy FEARZEAR T BT o8, e e TR R k30
FAbFEE T HE T LA B hEe 7 .

25 AT AT B 1B SURH AN 55 B0 K 4% 4 o (0] J55 ol
FIFE LS B A D & BRI BN 45 4N
BERF B INAE 19 & & e R IR E ARG i ik
FHG A R T A4,

3.1

32 & ik

SRR S CU A b s e e sk e i pli 4k
I A SR S IR T 7= A /N FL B/ NS il B =X, 2
J T DI P 7= A AR 2R W P 5 SR . e AR
TR v 42 J8 & A AN A AR A S K 32 Sk s B X ST A
BECR AR 0 MH3E £, 7 -0 MR EATH Cr, N,
CrN.Cry Gy %5, M7 HAH R DB s 37486 2 i S & A=
JEE I G ik L0 o AR B S v T A i)
X, AFE & A R AT ALRES O 5 b i i o
FO AR o S R Bk T BRI R R
PRAESUHANEE A9 T (0T B 40 B AR 1 77 A, DT
PO S A AP e 1. YANG 2599 i 5¢
RI, 241 080 °C b B [ i 7K ¥ 4b 3 J5 , UNS
S31803 UAHAN G 4K K 42 12 3k 1y i o5 ol 1k B A5 31 i
FE ., ZHANG 25D §E98 k B, UNS S32750 XY
AN A AR LR KR (GTAW) 23k 3k 15
Tpe e S T e ol R ) 9 A BRSO 1 080 °C
SANTOS S5 L BAIE T [ b HH ] i 3 4 K s
SKLARERF BTN s R PERE A ZS SR . 25 n] A, o] DA i
TINA AT TRV A B AR 2 SR AN S5 40 Ay i o ot
PERE.
3.3 NMAEM

OURF AN 55 A 11 Jet P i 8 ¢ v » 2 T Ak o 2 2
FIAE R MR BT 5 R 13K, HXAHA G
TAHHITR M Z TR B IR ) il 3
MELLBA AL ; [R1A P T & AR RITEE FQAAHH A9 LS AN ], 24
S RHLRIATE, MO G P RSB A5 5N
SRS PR R IR B IR SUR A7, S 808k
by R N 7 ik

ALWIN 2559 Bif 58 % 80 . 5 XA TIG 45
Fep L AR L, ATIG SR 3L 7F 155 °C L it & 40 4K
A5 0 A BE VW T B A TG T N T TS el Pk e
ATIG AR 25 & Jm AL AL 1T TIG S35
SLAERE A [X 23, TOPOLSKA %5113 5% & B8,
1E 2205 SAHAEE M /316 L W RIA R T 7l 48
JREEHE S T KORH AN 55 A0 1 A ) IX v 5 K
AR 28 AR IR B LA, LT S A W 1 g g ot o 24
RE 1B, HRIS- " BF ST B . 25 0 138 ST T MW
FHANES AR S AR B TN R AR AR 0L T, B v Mo e
AT 15 7 J TR g 5 AR BT 7 A Y R AR N )
SEPAERGE I X, H IR P i 5% 3 R TR R
PR R AN T BRI A DX BRI 1R FAGE ) X5
AN T

15



ML EH

ES

B AR R AR IT M A B Sk W R Aok Ak 69 AT R IR

MATERIALS FOR MECHANICAL ENGINEERING

4 IRHEGREA

4.1 #H ¢

XUAEAN G5 R 1 S B 55 1) IX SR 0 B e B
AT A G AR AR i DX, 3 542 X sk A A L9 2K Al
YA BT A G FE R R rh i X B & 7
AL, KA B4 8 4 1 3k () R ) A58/ 0N » 7
NIRRT 2000 5544 Hpr A 2R Re 3 L 55 10
R SRR AN 5 A Ll 5 R T R 4R 1
VLA THABE o AT 384 ROBURH AN 5 4 7 42 422 S 1 I Rt
], B A AEAR (4 R AR B SUPH AN AN AR B Sk
BRI 1] s 25 8 K, YANG 2504 3 78 T4 U
100 CAAMTAEIES 0.2 MPa &4 Figf7 1 a iy
SUAHANGS 0 B o HE 25 25 AT 0o AT I R B - 4
FERRFZ A X A SR 4 4 Ja TS T R A 5
mn TR RS AU B R AR S Lol 8090 ~90005 7
AL B R R AR TR G L, o PR A
HRFHURE SR PP A Z 6 A, H RO K, 7]
i 5 s G B AR IS T 423k 1 A S
42 KBELEMIEL

SN B4 70 S 42 ) 2 v Ar e ML A e 1k L o AR
Jadb LA Bz 475 CHafb g . BURANGS A9 A i s 1k
i & AH M FEAE LA SR A8 1 F R A 56, 185
R 22-5 B 25-5 FSUMI AN AR e 3k p i R4
P BIT HE X B ) DX 18 900 5 e AR K 5 214 B EG A A
07 Lb/NT 30 %0 B, ALY B 2 FRGE e IX ) 497) P e
2o B2 X ITESZ T 0~y FEAR BRI I
[CIARAH AT A, XY B8 O AH 2 B0 Q2 SURRIE I, B2k
FARIR I B K . ZHONG 2 1F 5% & 3, %
HV T 32 5 ) RUAH N 55 50 A 25 R0 B g O e PR
3 BEE VR H AR A BRI B CCAACRE RUST ) 36
T e A R AR B A

MAHARGE N T o FHEHT PR 2 Bl —Flo2
T Y8 LA Rk 28 A AH A rPad o 2RI I AE M, C
5B AR A AL 7= A 0 o MEPEA; 5 —FP o
BRE RSN RN B R o WEPEA™S . o MR AE ., 5
W, G HE o/ v MV E B BHAN BT H & BRI AS 5
BB AR 250 Rl o AR T BB BT R A
ARARK » 3 o5 A AN 5 9 A TR o5 ot 1 T RS
BADJT 2 B 58 % . XF 2205 XU A 45 30 49 1%
SRR A TR K AR B K as v o kR IR 4
fif e o AR Croy G kAbH » H EZE53H 4 O/ #H
Bk b 25 AR R BE I TE R o A R Bl D

16

BADJT 2V 5 % B, i 6 [ % Ab B 2205 BUAH
AW TR SR Y o MAE 8/ MR & &
LT [ B e 135 3 B AT 4B 5R o AH A BT
WANG 252 BF 58 S B0 A I AN 1 & §hki B
% A4k T BRI 2020, R T BH RN A% 1) i BT A B, O
T o AHBIHT .

SRS AL AE 430~480 °C i X JA] K i
NI ZAS R HUG AR R A 24T & 5 o
W tEAE S B B 475 CEfe % H
T P P A 38 2 B 5 T A A 700~800 CMIM G
23V AL T ORI bR 475 CHafb 4.

5 #RiE

KA B A5 5 1 B8 EC A8 R B 3R A4 1) £
A s FUAT R AR R BE | TV ol P R T P E LA
LA B 1A RE . BRSNS SURAN 5 A9 B A
ARV T TR OIS, IS T 2 B BUrE Al
SR (ELI S g S 4 Sk ok R PR Bk 2K R B PR A
PP AP P-4 4ol S e o A BB A 72 L
fap A A T AH BB ) LB AR SEALBE A R 2 5 2
— D ARIR AR, A DU AN B AR PE RE RO F 5T
HELAR  BRFHT BRI T7 18 o P AR R AL
i HRE AR 4R T U 06 2 B IR AR B R4 05 126 19
BB AN BRI o s B AL SR TT % R A I
HETTIRAERE LHEAT 2 Fhalal Z2 R AR 5 s I
PR FE T 20, PRAUERS 5 L ARG E | b A Hh B fit
At BRERLIR L URH AT L B4 i) DX B P A5 A
AEAEILAR s WEFE AR A A AL LR B8 R 25
A LARASPEREDL 53 A SURT AN AN AR 4k

S 3k

[1] MUTHUPANDI V, BALA SRINIVASAN P, SESHADRI S
K. et al. Effect of weld metal chemistry and heat input on the
structure and properties of duplex stainless steel welds[]J].
Materials Science and Engineering: A,2003,358(1/2) :9-16.

[2] SUN Z,KUO M, ANNERGREN 1, et al. Effect of dual torch

technique on duplex stainless steel welds[J]. Materials Science

and Engineering: A,2003,356(1/2) :274-282.

KANG D W,LEE H W. Study of pitting resistance of duplex

stainless steel weldment depending on the Si content [ ] ].

(3]

International Journal of Electrochemical Science,2014,9(11):
5864-5876.

KB, 2507 UGS AR A7 #2 T L M BF 52 (D, JUAR - T4 H K
2£,2018.

ZHANG Y. Study on the welding process of 2507 duplex
stainless steel plate[ D]. Chengdu: Xihua University,2018.



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

B AR R AR IT M A B Sk W R Aok Ak 69 AT R IR

BAGHDADCHI A, HOSSEINI V A, HURTIG K, et al
Promoting austenite formation in laser welding of duplex
stainless steel—Impact of shielding gas and laser reheating[ ] .
Welding in the World,2021,65(3):499-511.

ALBAIJAN I, HEDHIBI A C, TOUILEB K, et al. Effect of
binary oxide flux on weld shape, mechanical properties and
corrosion resistance of 2205 duplex stainless steel welds[]].
Advances in Materials Science and Engineering,2020,2020.1-13.
XRS5 B S HEDT L 45, 2205 S AR N2 542 CMT 4
Pk HA S YERERTFE) 1. B T T2, 2020.49(5) - 23-26.
LIU S.FANG W P,YI Y Y,et al. Study on microstructure and
properties of flux cored twin-wire CMT welded joint of 2205
duplex stainless steel[ J]. Hot Working Technology, 2020, 49
(5):23-26.
WANG L L, ZHAO P C, PAN ] J, et al. Investigation on
microstructure and mechanical properties of double-sided
synchronous TIP TIG arc butt welded duplex stainless steel
[J]. The International Journal of Advanced Manufacturing
Technology,2021,112(1/2) :303-312.
WANG W Y, WANG Z X, XU L X, et al. Dissimilar friction
stir welding of austenitic and duplex stainless steel: Effect of
material position offset [ J ]. Steel
International, 2020,91(10) : 2000156.

SANTOS N F D, ESTEVES L.NERY GARCIA ] H.et al.

Microstructural and corrosion resistance of lean duplex

stainless steel UNS S32304 welded by SAW with cold wire

addition[ ] ]. Corrosion,2020,76(7):619-627.

ZHANG Z Q. JING H Y, XU L Y, et al. Investigation on

microstructure and impact toughness of different zones in

and  tool Research

duplex stainless steel welding joint[]]. Journal of Materials
Engineering and Performance,2017,26(1) ;134-150.
ZHANG Z Q. JING H Y, XU L Y, et al. Microstructural
characterization and electron backscatter diffraction analysis
across the welded interface of duplex stainless steel [ ] ].
Applied Surface Science,2017,413:327-343.

KHAFAGY S M,MORSY M A,EL SHERBINI H M, et al.
Effect of thermal cycle on microstructure and corrosion
behavior of duplex stainless steel SAF 2205 electron beam
welded joint[ ] ]. Key Engineering Materials, 2018,786:119-127.
RAMIREZ A ], LIPPOLD ] C., BRANDI S D. The
relationship between secondary
steels [ ] .
Metallurgical and Materials Transactions A, 2003, 34 (8):
1575-1597.

SRAR R TR HE B 7% 55 L 45 R U/ B8 QAR UM AS 5 19 o 422
LSRR (Y W 5T 3 S [ ] 4 RHAAL 322412 . 2020, 41
(5):13-27.

ZHANG Z Q.JING H Y, XU L Y,et al. Research progress on

microstructure and properties of welded joint of ferrite/

chromium nitride and

austenite precipitation in duplex stainless

austenite duplex stainless steel[ J]. Transactions of Materials
and Heat Treatment,2020,41(5):13-27.
KACAR R. Effect of solidification mode and morphology of

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

microstructure on the hydrogen content of duplex stainless
steel weld metal[ ] ]. Materials & Design,2004,25(1):1-9.
MUTHUPANDI V, BALA SRINIVASAN P, SESHADRI S
K., et al. Effect of weld metal chemistry and heat input on the
structure and properties of duplex stainless steel welds[ ] ].
Materials Science and Engineering: A,2003.358(1/2) :9-16.
EGHLIMI A, SHAMANIAN M, RAEISSI K. Effect of
current type on microstructure and corrosion resistance of
super duplex stainless steel claddings produced by the gas
tungsten arc welding process [ J ]. Surface and Coatings
Technology,2014,244 :45-51.

EGHLIMI A, SHAMANIAN M, ESKANDARIAN M, et al.
Characterization of microstructure and texture across
dissimilar super duplex/austenitic stainless steel weldment
joint by filler metal [ J J. Materials
Characterization,2015,106:27-35.

NILSSON J O,KARLSSON L, ANDERSSON J O. Secondary

austenite for mation and its relation to pitting corrosion in

super duplex

duplex stainless steel weld metal[J]. Materials Science and
Technology,1995.11(3):276-283.
ZHANG Z Q,JING H Y, XU L Y, et al. The influence of
microstructural evolution on selective corrosion in duplex
stainless steel flux-cored arc welded joints [ J]. Corrosion
Science,2017,120:194-210.
CHEHUAN T,DREILICH V,DE ASSIS K S, et al. Influence
of multipass pulsed gas metal arc welding on corrosion
behaviour of a duplex stainless steel[ ] ]. Corrosion Science,
2014,86:268-274.
WESTIN E M. Microstructure and properties of welds in the
lean duplex stainless steel LDX 2101 [ EB/OL]. [ 2020-12-
247]. http: //kth. diva-portal. org/smash/record. jst? pid =
diva2.:376827.
LIAO J S. Nitride precipitation in weld HAZs of a duplex
stainless steel[ ] . ISIJ International, 2001,41(5) :460-467.
NOWACKI J, LUKOJC A. Microstructural transformations
of heat affected zones in duplex steel welded joints [ ] ].
Materials Characterization, 2006,56(4/5) :436-441.
BADJI R, BOUABDALLAH M, BACROIX B, et al. Phase
transformation and mechanical behavior in annealed 2205
duplex stainless steel welds[ ]J]. Materials Characterization,
2008,59(4) :447-453.
KANG D W,LEE H W. Study of pitting resistance of duplex
stainless steel weldment depending on the Si content[ ] .
International Journal of Electrochemical Science, 2014, 9
(11) :5864-5876.
CRONEMBERGER M E R,NAKAMATSU S,MARIANO N
A, et al. Effect of cooling rate on the corrosion behavior of as-
cast SAF 2205 duplex stainless steel after solution annealing
treatment| ] |. Materials Science Forum,2016,869:620-624.
SHI' Y H, CUI S W, ZHU T, et al. Microstructure and
intergranular corrosion behavior of HAZ in DP-TIG welded
DSS joints[ J]. Journal of Materials Processing Technology.,
17



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

[30]

[31]

[32]

337

[34]

[36]

[37]

[38]

[39]

[40]

[41]

18

B, AR R AR AT P A B Sk W R Aok Ak 69 AIF A IR

2018,256:254-261.

KUMAR P A,BABU S P K, VARGHESE A S. Comparative
study on intergranular corrosion characteristics of cast duplex
stainless steel stabilized with zirconium[]]. Metallography,
Microstructure.and Analysis.2017,6(4):324-331.

ZHANG Z Q,JING H Y, XU L Y,et al. Effects of nitrogen in
shielding gas on microstructure evolution and localized
corrosion behavior of duplex stainless steel welding joint[J].
Applied Surface Science,2017,404;110-128.

KIM H J,JEON S H,KIM S T, et al. Investigation of the
sensitization and intergranular corrosion of tube-to-tubesheet
welds of hyper duplex stainless steel using an electrochemical
reactivation method[ ] . Corrosion Science,2014,87:60-70.

R AR UL IR B 55 SR 2 2 2B IR R
WAL BURAELT ], 24, 2017, 38(5) : 79-82.

ZHANG Z Q, JING H Y., XU L Y, et al. Microstructure
characterization of duplex stainless steel multi-pass welded
joint[ ] |. Transactions of the China Welding Institution, 2017,
38(5):79-82.

ALWIN B, LAKSHMINARAYANAN A K, VASUDEVAN
M, et al. Assessment of stress corrosion cracking resistance of
activated tungsten inert gas-welded duplex stainless steel
joints[ ] . Journal of Materials Engineering and Performance,
2017,26(12) :5825-5836.

W, ST HR L FFSL AE A T DU AN B0 S A 7 A F 5
L1, MRS 24, 2017, 31(7) :553-560

CAO J,AN L C,QI X, et al. Pitting corrosion behavior of cast

3

>

Ti-bearing duplex stainless steel [ J ]. Chinese Journal of
Materials Research,2017,31(7) :553-560.

YANG Y Z.,WANG Z Y, TAN H,et al. Effect of a brief post-
weld heat treatment on the microstructure evolution and
pitting corrosion of laser beam welded UNS S31803 duplex
stainless steel[ ] . Corrosion Science,2012,65:472-480.
ZHANG Z Y,ZHAO H,ZHANG H Z. et al. Microstructure
evolution and pitting corrosion behavior of UNS S32750 super
duplex stainless steel welds after short-time heat treatment
[J7. Corrosion Science,2017,121.22-31.

SANTOS N F D, ESTEVES L.NERY GARCIA ] H.et al.
Microstructural and corrosion resistance of lean duplex
stainless steel UNS S32304 welded by SAW with cold wire
addition[ J ]. Corrosion,2020,76(7) ;619-627.

ALWIN B, LAKSHMINARAYANAN A K, VASUDEVAN
M, et al. Assessment of stress corrosion cracking resistance of
activated tungsten inert gas-welded duplex stainless steel
joints[ J]. Journal of Materials Engineering and Performance.
2017,26(12) :5825-5836.

TOPOLSKA S, LABANOWSKI .

degradation of dissimilar austenitic 3161, and duplex 2205

Environmental

stainless steels welded joints[ J]. Archives of Metallurgy and
Materials,2017,12(3):2107-2112.

TG A B R A5 S AR 4 17 g I 2 21 5 PE e 1) 2 )
(D] 22JH . 22N BT K%, 2017,

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

HAN P. Effects of heat treatment on the welding stress and
microstructure and properties of duplex stainless steel[D].
Lanzhou: Lanzhou University of Technology,2017.

CHEN T H, YANG J R. Microstructural characterization of
simulated heat affected zone in a nitrogen-containing 2205
duplex stainless steel[ ] ]. Materials Science and Engineering:
A.2002,338(1/2):166-181.

RAMIREZ A ], LIPPOLD ] C, BRANDI S D. The
relationship chromium nitride and secondary
steels [ ] .
Metallurgical and Materials Transactions A, 2003, 34 (8):
1575-1597.

YANG ] Q. WANG Q Q. WEI Z K, et al. Weld failure
analysis of 2205 duplex stainless steel nozzle[ J]. Case Studies
in Engineering Failure Analysis,2014,2(2):69-75.

ZHONG H G.CHEN X R.AO L.et al. Effect of cooling rate
on solidification structure and linear contraction of a duplex
stainless steel[ J]. China Foundry.2012,9(3) :239-243.
FEMELT AR OF ARk, A5 AN IR [V IR B X S AR K o A
Br it Kb B 0 52 m [T ], A4 RE B AL B2 41 2013, 34 (8)
136-141.

BINY H.LIP F,LIZ Z.et al. Precipitation of s-phase and its

effect on impact toughness of a duplex stainless steel solution-

between

austenite precipitation in duplex stainless

temperatures [ J |. Transactions of
Materials and Heat Treatment,2013,34(8):136-141.

R Rt KBS » 48, [ 3 i BE XS 00Cr22NiSMo3N 426
LR 3 RE R L) 1. A BRAIT ST 440 . 2004, 16 (6) : 47-50.
SONG Z G, CHEN B, ZHENG W ], et al. Influence of
solution temperature on microstructure and mechanical
property of 00Cr22Ni5Mo3N[]]. Journal of Iron and Steel
Research,2004,16(6) :47-50.

DONG C F, LUO H.XIAO K, et al. Effect of temperature

and Cl™ concentration on pitting of 2205 duplex stainless steel

treated at different

[J]. Journal of Wuhan University of Technology (Mater Sci
Ed),2011,26(4):641-647.

RS W o HE. A IRLEEUT 2205 BUKEAS 85 4 41 4 Al
REAY R[] ], 4@ #b 3, 2014, 39(12) : 38-42

CHEN X R, PAN ] X. Influence of solution temperature on
microstructure and pitting corrosion of 2205 duplex stainless
steel[ J]. Heat Treatment of Metals,2014,39(12) :38-42.
BADJI R, BOUABDALLAH M, BACROIX B, et al. Phase
transformation and mechanical behavior in annealed 2205
duplex stainless steel welds[ J]. Materials Characterization,
2007,59(4) :447-453.

BADJI R, BOUABDALLAH M, BACROIX B, et al. Effect
of solution treatment temperature on the precipitation kinetic
of o-phase in 2205 duplex stainless steel welds[ J]. Materials
Science and Engineering: A,2008,496(1) :447-454.

WANG Q,WANG L J,SUN Y H,et al. The influence of Ce
micro-alloying on the precipitation of intermetallic sigma
phase during solidification of super-austenitic stainless steels

[J]. Journal of Alloys and Compounds,2020,815:152418.



