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Analysis on Composition, Properties and Precipitated
Phases of Duplex Stainless Steel
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Abstract The composition, corrosion resistance and application of normal and super duplex stainless steels have been
summarized ,and different kinds of precipitated phases, harmful phases, pitting resistant equivalent (PRE) and effect of
welding on structure and properties of duplex stainless steel are analyzed. It is obtained that with controlling alloy chemical
composition adjusting pitting resistant equivalent value;scheduling reasonable heat treatment process to control the precipi-
tation of harmful phases and the ratio of dual phase content near to 1,it is able to get better corrosion, higher strength and
wear-resistant duplex stainless steel.
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Table 1 Typical chemical composition and properties of normal duplex stainless steels
) FEENS/ P
e UNS L LS C Cr Ni Mo N Cu w Mn Si
$32001 19D 0.03 20.5 2.0 0.60 0.11 1.00 - 5.0 1.0
$32101 LDX2101 0.04 21.5 1.5 0.45 0.22 0.45 - 5.0 1.0
il $§32202 UR2202 0.03 22.5 1.9 0.45 0.22 0.20 - 2.0 1.0
PRE:20 ~30 $82011 AT2102 0.03 22.0 1.5 0.55 0.21 0.50 - 2.5 1.0
$32003 ATI2003 0.03 21.5 3.5 1.75 0.17 - - 2.0 1.0
$32304 2304 0.03 23.0 4.8 0.30 0.10 0.37 - 2.5 1.0
AT 1.300 mV Bt T ,NaCl 7 CPT {57 F 304 L, #1316 L #14,
/‘ﬁkﬁﬁﬁ 2 EEMPEELY IR E 1000 h, REER 5B,
3T AR LG bt B LI, BE@S3E I CuSO, + H, S0, 4B AR,
E AR FRIR B A B, BEIREE 304 LFU316 L,
$32205 2205 0.03 22.5 5.5 3.25 0.17 - - 2.0 1.0
e 22 1.4 C1 - (R mFL PSR T 18-5Mo RN EM.
%I PRE ;35 B 2.10% FeCl %% 20 °C,72 h 2Rk, 5 H0.52 g fLF 316 L 5 0.69 g,
REFARR TEEALYOIFE P LT R R RS TR AP BBAF 54T, R T 316 L #1317 L,
$31200 441N 0.03 25.0 6.0 1.60 0.17 - - 2.0 1.00
$31260 DP3 0.03 25.0 6.5 3.00 0.20 0.50 0.40 1.0 0.75
$32506 SD40 0.03 25.0 6.4 3.30 0.14 - 0.17 1.0 0.90
Eas5® $32550 255 0.04 25.5 5.5 3.40 0.17 2.00 - 1.5 1.00
PRE ;36 ~40 $32950 7Mo Plus 0.03 27.5 4.3 1.70 0.25 - - 2.0 0.60
—ME 25% Cr, 3B &7 Mo fI N, HHIE R Cu F1 W, X IR PRIERER T 22% Cr FIDUHIAGEN,
DA 1 pwen (799 @B F 316 L BT 329 11 4,
R AR ALY IR o LT Sk R R AR I MR BB RUEE & W A URR AT
BUEHT 10% LU 945 G 0L A= g Rl A e
2 BEWHEAFHNHRBLERSEAMNSLE(PRE)
Table 2 Typical chemical composition and pitting resistant equivalent ( PRE) of super duplex stainless steels
. FEERERA %
*H UNS LELLES C Cr Ni Mo N C w Mn Si
$32520 2507Cu 0.03 25.0 6.8 3.5 0.28 1.25 - 1.5 0.8
$32750 2507 0.03 25.0 7.0 4.0 0.28 0.50 - 1.2 0.8
BEAGRE  S32760 Zeron100 0.03 25.0 7.0 3.5 0.25 0.75 0.75 1.0 1.0
PRE ;40 ~ 50 $32808 DP28W 0.03 27.5 7.6 1.0 0.35 - 2.30 1.1 0.5
$32906 SAF2906 0.03 29.0 6.7 2.1 0.35 0.80 - 1.2 0.8
$39274 DP3W 0.03 25.0 7.0 3.0 0.28 0.50 2.00 1.0 0.8
$39277 AF918 0.025 25.0 7.3 3.5 0.28 1.60 1.00 0.8 0.8
832707 SAF2707 0.03 21.5 7.5 1.60 0.40 1.00 Col.5 1.5 0.5
833207 SAF3207 0.03 31.0 7.5 4.0 0.50 1.00 - 1.5 0.8
1 EARRPHEAYBER S, LEANSUHREEERA CPT i,
2% 6% Mo A LAY EA RIS ML R hikeE,
BEAGHE Bk >0 NaCl0.5% HAC TKYEHR 1 Sk, , SMI/NTF 90% R38BT , R & A2 R h S P2
PRE: >50 A 4 ZEFBABER AT UM S &R RERERAEE,
5.70f 0.25% BY%E +8.9 ~29.3 m/s FEA BAIE/KERE M.
EEREAY K G- FTHENR. BAHER KT SERLERE , 55 h
R R MWERERE, Fit, TEEABMAIAGREMRFMEEELE. SHETENMEL,

AR AL B RE ST 2 T U S R R

#£:PREN =Cr +3.3(Mo +0.5W) +16N
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Table 3 Phases in duplex stainless steel and control measures
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Table 4 Critical point corrosion temperature ( CPT) of
duplex stainless steels

TUHER M CPT B/
4404 15
2304 18
4436 18
2205 50
2507 80

254SMO 80

4 FHAARERAEH

XA EBERFOY 2R AU 58 i 1
LEBURMIX = K2, SHEAENEARMMARATM
Y& TEANEEMmh:, RAEFTB SRS,
HAEHHWME— T HRR S8 53— R
T RACEREIEE . H BTN AN (1) QHE
#rA-Bi:1 ~1.5 mol/L NaCl %5¥%; (2) && ] et
At :2 mol/L H,S0, ¥ ; (3) Brib Yy M A ALY iF
A3 :10% FERR (H,C,0, ) K ¥ ; (4) AR RIS R :
Beraha 75K {WE WM (K,S,05) o
4.1 JUHAGHK R

A (FLBh) P S B A TP, RS A
RS EREREIE B R EH SCRBE TR 1]
BERRBRH—FEMIES, BPELERBRMmE
EARSRBEFRNIR, AMEEREESBREREN
EHEXE, me&REANARRBREE R THERE
E. i EEESBRELERERA RN
B0 C17 ) FE ALt T (Fe’ ) MR T o

B 15 7 A& ph 18 B (Critical Pitting Corrosion Tem-
perature,, fii#% CPT) A& 1R H LAJS , SC 5 ol R
F CPT {E1E R i DU A B At S i BB A 48
¥ro. EHl,Sandvik, Outokumpu 23 7] % 7E X4 A A 55
W= AE B ER A CPT 4/E NP e A 468
HIFEIR.

BLAIBHE L3R 4, 1R 88 ASTM G150-1999( 3.4k
e A IR BT B AR AE IR IR T 55 ) F A Avesta {253
EHL R M AE IM NaCl % W B9 s 7 S iR B
(CPT) ™, SRS b At A E BB T &
SR, XBALE TR EEMLKE Cr Mo Ni N, Mn,
Cu.W.C %%, LBr L, BUBAGE MR A It 5 Pl 1 B
BRTEIGE S B JSTREFAT RSB Z
WHYSEEEH LK, AHERTEAERTEES
TESTRSEMERZEIKRR, IRENELTH
2XREZAX, HPNARTEHREABR I LSEE
[PRE], FHILAH TILAEHEIAMART.

(1)PRE =Cr +3.3Mo +16N;
(2)PRE =Cr +3.3Mo + 16N — Mn;
(3)PRE =Cr +3.3Mo +30N - Mn;

(4)PRE =Cr +3.3Mo +20C +20N -0. SMn /5
XE T AZRBITENRLRL:

(5)PRE(S +P) =Cr +3.3Mo +30N — Mn

FEREKE, AKXFRFET Cr Mo N %5
ETLRMEA, MBA B BAR A~ H A
B, ST, XL A PR Cr Mo N
FEEUR R HIE B2 EH AR, 553 H %
—AH 8 PRE B0 EUHE, M8 St A BRR T
PRE &AM 7647 FRIEARAT i, X B0 TR A9
FUX DR R BTN ES X, HILEER R,
LA%AH PRE {H SR R B M8 s kbt IR 18 1R
R Z,BIRY A PR B, @ R A
& PRE {ERFZAC MR QU ph v BEFF A REE B T H
R,

4.2 BUHRAGEHE SRR

FEEE , R £ & & RERE B A M
SRA% T GRORLE] BT R AR B — T R AL 2 B B R
AR DGHZ AR SRS B R . IE AN MR DU A 55
MR ERES ISR R ER
WEHZ L, BRFRRRSHEILATTE, NEmE
FRIMARE , B X R Z SR B b,
MR R F X R SR A E R RAR .
X A ETIE IR SE, e R A BB MZE T, &
BRI FIX PR, SR B, &S AR S S
WA, (ERFERITIX A &SP X AR IR R o
Tkt , A AR AR, R R T 2R R & E
FER B , SRR A7 S BAAR 6 4B 1 o B P o 4 2 SR
WiEEE, ARG & RIS A28 AR EAHE
W HRES,

5 WEASHMATEE

SHHAGMIRE SR AFSHR, B THRR IG5
B, — R EEE A AR R A, MR THERK
FRRRY BR B8 & SR PE AL, 7T LLKER
BEEWAT o

SRS RE T4 G SRR A, FE R
BT AR AT SR T

(1) AL RO = AR B A . MK
ERPRAR A A5 B8 ER AR KB , B B T R i Bk
RIEWARN, TS MERRIET MR, e



.58

RT3

L EUE

AL #8844 R AR M X SR X TR, F
A T RE S B F RIF R .
(2)RAZREEIER (8RRt
HLFEL AR, — R AR BRI L
FHERE MM X BKEKNEER B#ERA
GTAW (£35S0 B X ES R SRR 120 A,/
FE 14 V, /88555 30 em/min ES & 15 L/min 2§
AR FRR¥EH 22 kI/cm, B & ZEEE#EH150 C,

6 &HiE
MIAEAGEN E WA & RAFOLES AT A 5 4

BELW

[1]R A SUEARESNM]. L3 184 Tolk ikt ,2000.

(2] PR SR R R M SMNA(Z) [J]. TR &R,
1998(6) :48-51.

[3]] Charles,P Chemelle, $3%8%2 , 2. S RFER IR BICR Bk XK
(). A ME:,2011,11(6) :1-22.

(418 A XRE BRSMMHERERAS M AR EZRIC]. 2009
FEE=EPEREFRIUERERASIEIE, KF,2009.

[51% % .PER GEE JWAGRNHRHRRENAI] &
M REES T ,2005(3) :61-64.

(6] F2E. BF-B&SARERARN(I]. ambkTRESR,
2017,38(2) :54-58

[7]th B BEBAHRIERTHERNBREEERENE R[] BEEL
A ,2018,47(7) :27-29.

(813K M8, BREERK, % o8, 5. THAERUET AT RHREI]. &
ST #:,2018,47(15) :14-17.

[91% B2 B2 8% 2R IEHhREREANER
[J]. &B#A4b 28 2018 ,43(10) :14.

(1013 2 K& R, 2. SERESRLTHMN AR R K
Rra#(J]. $L59,2018,35(2) :59-64.

[11]SA-240/SA-240M | ASME BPVC-II A 2015 Ferrous Material Specifi-
cations[ M ]. New York. The American Society of Mechanical Engi-
neers. 2015 :373.

[12]SA-789/SA-789M ,ASME BPVC-II A 2015 Ferrous Material Specifi-
cations[ M]. New York. The American Society of Mechanical Engi-
neers. 2015 :1417.

(131 A . e 2205 A BRHAR SHEREMBIR([D]. &
MG K& (M2 s0) ,2013:5,10-15.

(14155 Ft. SRR AR SR PR ek RRABI ST D], 38M 48N
KF(W2FA3C) ,2016:6-13.

[15] Nilsson J O. Super Duplex Stainless Steels[ J]. Materials Science and

Technology ,1992,8(8) : 685-700.

[16]2= 3. FHEFEHARE Ma-N SR BRI H & LW EHE
BB D]. B bR (E%ART) ,2010:12-16.

[171 R R¥E. 2205 RGN H o AT H ZHSTHR AR N
[ D]. JoFH : FRALKRZE (B E2A830) ,2013:17-19.

[18)#34RHE, ™ .8 & SUEAEMNREN o IR
#R[1]. MRLS3],2011,25(19) . 105-109.

[19]Sieurin H,Sandstrom R. Engineering Fracture Mechanics[ M ] ,2006,
377-390.

[20] Wiesner C S. Proceedings of the Duplex Stainless Steel. [ C]1997-
Fifth World Conference Maastricht. Netherlands,1997. 10. 979-990.

[21]Han Y S and Hong S H. The Effects of Thermo-mechanical Treatments
on Superplasticity of Fe-24Cr-7Ni-3Mo-0. 14N Duplex Stainless Steel
[J]. Scripta Materialia,1997,36 :557-63.

[22]Sagradi M, Pulino-Sagradi D and Medrano R E. The Effect of the Mi-
crostructure on the Superplasticity of a Duplex Stainless Steel[J]. Ac-
ta Materialia, 1998 ,46.3857-3862.

[23]Lu-X C,Li S and Jiang X. Effects of o Phase in Stainless Steels on
Corrosive Wear Dehavior in Sulfuric acid [ J]. Wear. 2001,251 ;1234
8.

WA LLE S, SRR E— MR R AR R
HIAGH™ &, ERA R, iR, ik,
EATERAYEh T AEEM L, ARIER
ARG AR R R, B A S R
oy RS RE, RIERMAREC Hla R
T Z, At hil A FARNT H, R S B HE
iR 1, FEEBRMARR S, B8RO M6
TR SR, AR, it & B
ZTH, TRNAWESEN .

[24]Escriba D M, Materna-Morris E, Plaut R L. Chi-phas Precipitation in
a Duplex Stainless Steel, Materials Charaterization [ J]. 2009, 60;
1214-1219.

[25] Joanna Michalska ,Maria Sozariska. Qualitative and Quantitative Anal-
ysis of ¢ and y Phases in 2205 Duplex Stainless Steel[ J]. Materials
Characterization ,2006 ,56 ;355-362.

[26 ] Dominguez-Aguilar M A,Newman R C. Detection of Deleterious Pha-
ses in Duplex Stainless Steel by Weak Galvanostatic Polarization in
Alkaline Solution[ J]. Corrosion Science ,2006 ,48 :2560-2576.

[27] Akisanya A R,Obi U and Neill C. Renton,Effect of Ageing on Phase
Evolution and Mechanical Properties of a2 High Tungsten Super-duplex
Stainless Ssteel[ J]. Materials Science and Engineering. A 2012,535;
281-289.

[28 JHochmann J A, Desestret P and Jolly, et al. Properties of Ductile Fer-
ritic Stainless Steels with high Chromium Content and Duplex Stain-
less Steel[ J]. Metal Corrosion Industries. 1974 ,49(591 ) :390-414.

[9]EEBKR, K F, N EH, % 00C22NiSMa3N JUH A G K HA
SHTT]. #4b3R,2008(1) :3746.

[30]Kuroda T,Matsuda F. Role of Secondary Austenite on Corrosion and
Stress Corrosion Cracking of Sensitized Duplex Stainless Steel Weld-
ments[ ] ]. Transactions of JWRI,1994,23(2) :205-211.

[31]Hertzman S,Roberts W, Lindenmo M. Micro Structure and Properties
of Nitrogen Alloyed Duplex Stainless Steel Weld Metal [ J ]. Duplex
Stainless Steels. The Hague. Netherlands, 1986 :257-267.

[32]3m%E. ZFRBMHAEN 2101 KFMATHHE(D]. L% &
BRZE(WL2EAET0) ,2010.

[33]Newman R C,Shahrabi T. The Effect of Alloyed Nitrogen or Dissolved
Nitrateions on the Anodic Behaviour of Austenitic Stainless Steel in
Hydroelectric Acid [J]. Corrosion Science,1987,27(8) :827-838.

[34]Nilsson J O,Kangas P. Mechanical Properties. Micro Structural Stabil-
ity and Kinetics of (alpha)-phase Formation in 29Cr-6Ni-2Mo-0. 38N
Super-duplex Stainless Steel [J]. Metall Urgicaland Materials-trans-
actions A,2000;31A(1);3545.

[35]Bhattacharya A,Singh P M. Role of Micro-structure on the Corrosion
Susceptibility of UNS $32101 Duplex Stainless Steel [ J]. Corrosion,
2008,64 (6) :532-540.

(36 1X5 R, TR, &R M]. 4630 BB T iRat 2002,

[37]i8 £ IUERBRNBLEHARESRMTNHE(D]. 8. &
BREZ(HEE2AWI0) ,2012.

[38]Lopes B L S. Nfluence of MIG/MAG Welding Process on Mechanical
and Pitting Corrosion Behaviors on the Super-Duplex Stainless Steel
SAF 2507 Welded Joints[ J ]. Materials Sciences and Applications.
2018.9,228-245.

T A% (1980-) B, A+, (2010 SE{EARITR2E) , BIBE K ,2002
FEd KRN, & BRI,
E-mail ; 13889401187@ 163. com

YLK H $A.:2018-12-16



