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This paper briefly reviews the history of the development of duplex stainless steels and summarises the grades
that are currently standardised in JIS and used industrially. The chemical composition, phase equilibrium and
phase transformation of duplex stainless steels are described, showing the basic data. The physical and mechanical
properties of the duplex stainless steels are touched upon, and in particular the resistance to uniform corrosion and
localised corrosion such as pitting corrosion, crevice corrosion and stress corrosion cracking are outlined, citing
previously published data. Finally, the main environments in which duplex stainless steels are used and the results

of their use are mentioned.
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Fig.1 3D microstructure of DSS(SUS329J4L)
A: Rolling section, B: Transverse section, C: Longitudinal
section
RD: Rolling direction, TD: Transverse direction, ND:
Nomal direction

Table1 Chemical composition of 6 DSS grades standardised in JIS (mass %)

Steel C Si Mn P S Cr Ni Mo Cu N
SUS329J1 <0.08 =1.00 =1.50 = 0.040= 0.030 23.00~28.00 3.00~6.00 1.00~3.00 —_ —_
SUS329J3L =<0.030 = 1.00 =200 = 0.040= 0.030 21.00~24.00 4.50~6.50 2.50~3.50 — 0.08~0.20
SUS329J4L =<0.030 =1.00 =150 = 0.040= 0.030 24.00~26.00 5.50~7.50 2.50~3.50 — 0.08~0.30
SUS821L1 =< 0.030 < 0.75 2.00~4.00 = 0.040 < 0.020 20.50~21.50 1.50~2.50 = 0.60 0.50~1.50 0.15~0.20
SUS323L =<0.030 =1.00 =250 = 0.040= 0.030 21.50~24.50 3.00~5.50 0.05~0.60 0.05~0.60 0.05~0.20
SUS327L1 =< 0.030 <080 = 1.20 = 0.035= 0.020 24.00~26.00 6.00~8.00 3.00~5.00 = 0.50 0.24~0.32
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Fig. 3 Effect of heat treatment on pitting corrosion resistance of

SUS 329]1 DSS(10% FeCl, +0.05 M HCI, 30C, 24 hr)”
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Fig.4 Effect of 475 heat treatment on pitting potential (in

artificial seawater)and Charpy impact values of DSS
(25Cr-6Ni-2Mo-N)*
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Table 2 Comparison of physical and mechanical property values of various stainless steels standardised in JIS

Duplex Austanitic Ferritic
SUS329J1L | SUS329J3L | SUS821L1 SUS327L1 SUS304 SUS430
density (g/cm’) 7.80 7.80 7.80 7.80 7.93 7.70
tensile strength (N/mm’) 590= 620= 600= 7952 520= 420=
proof stress (N/mm”) 390= 450= 4002 5502 205= 205=
fracture strain (%) 18= 18= 202 152 40= 22=
hardness (HV) 292< 320< 310 330 200< 200<
J = OGS B 2 MBREALER R B LSS vV — FIX . . ,
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7 — R AR 2R 3. MRVEBREE CIlIAKRFEA &
YL B 720, WAFBRFEORITTHIIS X D dK = 2r i :‘2159_2 _
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Fig.5 Effect of alloying elements on pH, of stainless steels (in
deaerated chloride solution)'”
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Fig. 6 Observation photograph of preferential dissolution of
SUS329J4L at corrosion potential (after 24 h)in the high
chloride concentration and low pH environment (4.3 mol/kg
NaCl, pH 0/HCI, 23 =2C)*
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Fig. 7 Anodic polarisation curves of each phase of SUS329J4L in
the high chloride concentration and low pH environment
(4.3 mol/kg NaCl, pH 0/HCI, 23 27T )%
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Fig. 8 Polarization curves for 18-8 stainless steel and its
constituent metals, i.e., Fe, Ni and Cr. The schematic
sketch indicated in the upper part of the figure is a model

of the film formed in the corresponding potential region >
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WHHORERICB VT, INWIREZEHEHTETH it S S
BEMEPENRTWDE I EDbRs. TRETTAHMIRD S
{AlEDLNTE7-SUS34 2 E[ET 5% 51F, 3 XHBEI
—JEFAT B & ZOHER A Z 0.1~10 mm/year™ ' & ik
LTREL, BRI HERIANOREIZS 529,
LA L, EHKBREABROMEE, WHE—ATF 4 bAT
L 28T dH % SUS316 O3 & B £ (0.3~0.5 mm/year)
WA, BT E AT 5 DSS TId 3 & M AR R
JEAS<0.3 mm/year /N E W EHHE IR TWS Y,

4.4 MEHEERE QM

SUS304 %> SUS316 £ Wo ot —AFF 4 FAF ¥ L
A ALY R B BT e )1 & E I (Stress
Corrosion Cracking, SCC) YA\, Z D7z B fE k)5
ELTRiRE, BXOMNMLITETHADTEERIN
Twab, HEIITIEE NIRIIPAER E S Tw D,
A &L b, 7254 b AT ¥ L A3 ALY
2B AT SCC DTS, HHEEB X W0 T
MDA, DSS X, affldB X Oy MHH 5 7 5 & HRk
EHELTBY, MRAT v L AMOEN 2>, 3
bbb, WALWEREIIBWTEF—ATFF AL P AT VLA
S HERE W SCCHERL, 7294 PAT YL A
AN LIS X ORI B TH 5.

BT SCC % AT 5 DSS Th %A%, iEIE LB
BT CIESCCREZMZRTHADTH 5. 22Cr ZtlY
DSS & 25-90C @ i B #ii P > NaCl I 12 B\ Tl g
26 mass% ¥ T SCC &2 7R S h o 72 2%, 40 mass%
CaCl(100C) K FF T ld a M OB JE B % v SCC %2
PEZRT ZEBWESR TS Y. F 72 DSS Diif SCC
PEIZDWT, bl 42% MgCI2 i T o SCC B IC B
VF BRI R SR o MR D BEATRE T W5 2,
a DK 40~50% D L &, ThbbatlE yHOLH
10 1T TR S IR K & 2 5.

5. T ERARE

51 BkHERRICE T BER

EEALEREE T B B ik Tl SUS304 %° SUS316L 7
ETIERSBEVPEDRET D 20HT 52 &AW
WTH D, MK ERTF > L A E LTS L7z DSS
i, TNSONAF—ATFF AL P AT YL AHON DY
R - A &, KRR B A RS .
TR BGEILLE, WA V7, KgKIbEE, BXUOr
IANT A= EPMEHIHETH B,

4. ETH Uz Y, DSSIENHA —ATFF AL VAT~
L 2 R BRI BT A ILAEAM R T X WS

MR & B

FIAEBMIZE VISR TE TS 55, DSS OifEKER
BECTOBEBRMSPINS OFAEBMN %82 2841213
DOEFMEE FAMRMEEEZAELCL. —FNICAT YL
2SO HEK T T OB - 0.1~ — 0.2 V vs.SCE £
TH DA, MEWE S AR BRI TRMED O
7% T ABMAY0.2~04 Vs SCE #21£  THALT 5
HLd0 Y, REEEREBEN B D ERIEND 572
OEEZET 5.

FEBRIZ DSS i AKB A IS LA, A B
EARFEL TS W, F72, DSS ¥ & M558
ORIEERER B 1ER) Ok, FEMBEOIED
BEgINTwE Y, BICBRX7-EY, TEMEERLls
W, X0 BAEEOHVWERBIICBVLT AR LGS
DFEHAICH72> TR TEMBENOMNRPRELETDH
., REL T TEMMBEZ BT LABTFLNL
A, ANHERSAIE Mo R NIRME %2 Bz A—/3—
DSS 7 LMt Ao Em VM EET 50, HDHVIFE
KB EOBEH 2 MG 5. MK TEV Y & B AN
ZRY A—3—=DSS 1 Lk D HEDO T ARG H
R EORE, KR T, SVT, B KR 7 7
AF—7 8, WEBRBEICBOWTLALEHENTWAS, F
KGHZREE TO/HIZBWTIE, — KT EMEE
FHEURTOWEINZTZ S Y VMTETH Y, @Y EH A
oy bEBRELRITIUEA—/3=DSS L vz &7 X[
WEDGFETHTRESES Y. 72, BRMELEH
T BB, DSS etz & ATE Y RERILERZM %
BT 57208 E~ORESLETH S 7.

BE4DSSIE, AR TON 3 & B a5
TdH %A, % EH (Multiple Effect Distillation : Bl F
MED & #¢) KR KL T 5~ B ENRTWw 5,
MED 75 » b OZBHNIEIBRREVPRKVERETH
0, WARPIZHRBALEIML . 2020, HEkK 3161
F—2AFF A4 MPATF VLRGN TER SN B A% e
TEBIEND, ARBWORE, &, B, BIOLHEK
IZ316L S HW SN T E 7248, BA4 DSSIIZHsED <
BKIARNTIRARMST =<V AIENDL 2D, TFED
MED 75 ~ MZIZEAEDSS VSR TW S,

52 {tF7S5> b 7O REZEOEBHRBICH T
21EH

kR & RS, JERICBAELOE WIS Z I
BLWIBEBRETHALET T v MR T ak AEEDE
BEEMIIBWTHEVWIHEEEZ AL, FHiCtH—2A7F+A4
FAF YL AHITHIEL 7 % SCC IR A2 v
720, DSSHAHMENTEBY, IhF CIEREIS
CH 5. DSS VI MICHRH SN EED—DIZ VT -
BEGERETH Y, Fv A I LA 2B Y -5 TH
5297 M7t ATHWSR. 316L Y O+ — X
TFAMAT VLV ASTIERE L WEER SCCIZR#ED
N7z%%, DSS IR - BHiREOWE Y — 7 d CEEN
AMERT Y ENSWASH, NSO ERE IR
Pes N7z, LWL 22Cr S Y OFEHENG 7 DSS S DR
MDBETH 7275, 316L X 0 21l 7 4 A 4 DSS A
- BAZINT2HIE, TRHDDSSADY Y FZ A
EHIHEATE. T/2DSSIEHKGMIFETHEET LA
K, pH4-5, CI°, SO}, BXUS0 %7 =%~



Vol. 73, No. 3

Et) Y TOmE RS ICERTWE I E RS
BB ORARL L7227 Y a va— VI STy
L., TZTHHEEEDSS X, FAKTTOmIE 574
PEAEHRENY 7 DSS i fili & M ERETH 2720, o R
b OEI E L TEIRDIEZ AT TN 5,

oMo b7 a v AEEIIBIT A &L, FlZE,
TS FORER TS VY, RETT Y FOR
BTt A, B LT I ARSI O RS YT
HoH, BIETT LV MORER T T Y VETIE, SUS304
%> SUS316 T3 M TR £ B b N, Bk
IZE 5> TW7z28, SUS329J4L #$RH 35 2 & 12 & ) #kes
DOFGMPRIBCEE SN2 E VI IFRHEREZRL TV A,
WR#ET T v P TIIREGBGERTAKT 2B EEOEN
HNNI VBT VEZ Y LFEICLDBENMEE 25T
WIS, A —/8—DSS # WM T 5 Z 212X Y fishH
BEAEET S IR LTS, 73 LE &M
G 25 (180~220°C) T & SUS304L 12 B\ TA W & 28
B S NT2A%, SUS329JAL IC AT I &AL L &
Moz THLH. ZDX) BERPLEHEITLNT
O 2B SN2, DSS OEN 7 SFEANERH &
NAWREEEVEEZ LS.
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MR & B

= g

AETld, “MHAT Y LV ABORHIEDOIER 2 fiHIIR D RS & & b IZBHE JIS IZHBL S TSR AE
HAENTw 28tz BT 5. F72, ZMHAT ¥ L ASOLEME & HHF - HERIZOWTHERARY A
T—F R LOORBNL. MHOWEIZOWTIE, WEMEEZ S IR IS HNh 2 & & b1, §F
T EY, BLOILE, TEMBE, &2 IS ERN L o 2 RE O W TR
T &5 | HLOoOME S 5. mi%IZ, “HAT Y LV ASIO T REHERDS L OHERICOWTERT 5.
F—TU—-F  ZHAT UV AM, LR, BULH, BEMATER, Wk



