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Table 1 Chemical composition of LDX2101 and 21Cr-DSS
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Steel C Cr Ni Mo Mn N Fe

LDX2101 0.02 21.77 165 0.25 499 0.22 Bal

21Cr-DSS 0.10 2180 115 0.32 460 0.16 Bal
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Fig.1 Thermodynamic phase diagram of 21Cr-DSS calculated by
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Fig.2  Photos of the hot-rolled plates: (a) 21Cr-DSS and
(b) LDX2101
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Fig.3 Microstructures of hot-rolled 21Cr-DSS plate with different solid solution treatments: (a) without heat treatment, (b) 950 “C X 30 min,
(c) 1050 °C>30 min, (d) 1050 °‘C>60 min and (e) 1150 C>30 min
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Kl 4 SZEGEN 21Cr-DSS 7EAN[R] [ 7 4b BT 20T (W AH L)
Fig.4 Volume fractions of ferrite and austenite in hot-rolled
21Cr-DSS plate with different solid solution treatments
(P1: without heat treatment, P2: 950 ‘C>30 min, P3:
1050 ‘C>30 min, P4: 1050 C>60 min, P5: 1150 CTx
30 min)
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Fig.5 EBSD microstructure analysis of hot-rolled 21Cr-DSS plate without solid solution treatment: (a) phase map and (b) deformation

distribution map
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Fig.6 EBSD microstructures of 21Cr-DSS with different solid solution treatments: (a) 950 °C>30 min, (b) 1050 ‘C>30 min, (c) 1150 C
>30 min, (d) 1050 ‘C>60 min; (e) average grain size of 21Cr-DSS with different solid solution temperature, (f) average grain size
of 21Cr-DSS with different holding time
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strain curves and (b) true stress-true strain curves and variation of the strain hardening rate (do/dw) with true strain
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Fig.7 Mechanical properties of 21Cr-DSS and LDX2101 solid solution treated at 1050 °C for 30 min: (a) engineering stress-engineering
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Kl 8 Fion S 4N 21Cr-DSS £ A [A] [ v b B 4%
PRI PR SREE . WS R 2 S R B AR A . A
R mr LR, B IR N 900 CHY, 21Cr-DSS )
SRPEAR R, (RIS . ME VA B 900 C b
% 1100 ‘CH}, 21Cr-DSS [Pi+is & #1100 MPa [#
fik %2 886 MPa, T 1 /5 1 2 U B 32%3%E il 42 68%.
BE & [ ViR P 4k 42 T & 11650 °C,  Prhnom FE A S
KRR TR AT, [E R EXT 21Cr-DSS 1 7)
Sk pe A B E . Y B E A 1050 11100 C
I}, 21Cr-DSS 15 B F1 4y 7)1k 1 58.9 Al 60.2 GPa%,
UEI, SRISANTT LR RAF SR I &, SRR
it LDX2101 1 2 f. HAEIHE WA AISI 304 B RAKAA
5 AN LR KR JE IR R E A 262~276 MPa,  fi iy ok
J¥ 4 650~675 MPa, ZE{fiZ A 53%~58%". 5 AISI
304 B AR AEEAMAR EL, 21Cr-DSS B A W s i sR i,
T YE P FE AR AR 2

2 [ I FE AR, 21Cr-DSS 1) &Rz 58 in g /N,
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AR /DB AT AR th 2 S BB YRR SRR B, DA
I B VA IS 21Cr-DSS A A iR i, (HR BV E 22 .
I il FEE P AR o 3 SRR 3R A BB AR L ) e A
VAR, [RIIN IR 2 S AR (8] ST 2K 7 EE AT 50 B G
PRFGE N, RE 52 S UG AN A s 2B R . B A [ I Ab B
BRI TR, SRR R Bl b, Bz AR A B4R
A RA TR HL . AR BRI T [ AL FE T DL
A A5 409 P SR A AR 1 R s R OO, R R R
T PRIV A B A ) Ly R PR e ARl e, BB AR T
AR RO AR BT 51 B R AT BLRGE R T, AT SE SR A
RHEEL, 3RAFHAF IO 51 R P 200, {H 2, Y
BB R, SRR, PIRERGIRET, SBUREME
R R
2.3 BB 21Cr-DSS i H EH MR 2

Kl 9 Fras Ay 21Cr-DSS #AELARAE A 7] 8] ¥ b PE T

- 70
s 1200 : A - é .
* <

e Z1CrDSS g scross 4 \ £ oof «—
B V 5 60r o . i 21Cr-DSS
8 1000} . g o \/
o . 5 50l S & s0p )
g 9001 E o gg ,
= £ LDX2101 ~39% S2 00
£ 8o0o0f LDX2101 ~770 MPa P 40r * g .
£ * . — g ¢ LDX2101 ~30.0 GPa%
5 700f 30+ 3 30 *
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Fig.8 Mechanical properties of 21Cr-DSS with different solid solution treatments: (a) ultimate tensile strength, (b) total elongation, and

(c) product of strength and elongation
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Fig.9 Impact energy of 21Cr-DSS solid solution treated at

different temperatures
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(BB LA Rt AL, A5 T A AR A T 2 1 B AL B B3 R 4%
TR RS, BIRAE T RS A R
5 GBIT 17899-1999, LAFHM AR Ak, il 2 b xf i i it 25
JZ 10 5% 100 pA/cm?® i A7 HF 5% 1E ) AL B SR s o5
TR Ay . 7E 1050 °C [ ¥ 30 min i, 21Cr-DSS i 54
RS B, HS AN 0.43 V, AR TR [E VA 4
47 LDX2101 M itk A 0.47 V. WL, RH
“CIN+Mn X Ni” (86 & B iE 7 72 BT 3R 15 B AN i 4
SREAT R i AE . 5 AISI 304 B AR A5 4
CHA TR 2541 R R s e s A2 2008 0.24 V) A EE,
21Cr-DSS FIfif s bk B8 H A B AL 35 o [ VA I

[ 10 S25G4M 21Cr-DSS 7R A [ 8 % 12 T By vh i b A B3R

Fig.10
>30 min, (c, g) 1050 C>30 min, (d, h) 1150 C>30 min
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Impact fracture morphologies of 21Cr-DSS with different solid solution treatments: (a, €) without heat treatment, (b, f) 950 C
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Fig.11 Pitting corrosion resistance of 21Cr-DSS with different solid solution treatment temperatures: (a) potentiodynamic polarization

curves and (b) variation of pitting potential with temperature
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1050 F1 1150 °C B FE i Atk P B8 248 T 950 °C [ ¥
WFE, X 3 SR E % 5 A BB E A k.

i s pd Pk RE AT LGB PREN L #E4T 344, PREN
BB R, FRoRTm AL REBR YT . 21Cr-DSS Hr k= A
B PG AR B AH AR AS R FE R ) PREN B 40 & 12 TR iR
i Imatpro B AT EAF B [F)R FE N SLIR AN Bk Z AR A
BIRAAH Cro Mo. N cRMEE, REREX (D
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Effect of Solid Solution Treatment on Pitting Corrosion and Strength-Toughness
Properties of Low-Nickel Duplex Stainless Steel

Zhao Yan', Wang Xu?, Chen Dayu®, Gao Yongliang®, Yang Xiaoyu®, Chen Wei*
(1. Ningbo Branch of Chinese Academy of Ordnance Science, Ningbo 315103, China)
(2. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: A novel low-nickel duplex stainless steel of 21Cr-DSS with excellent hot workability was prepared by the alloying design of
“CIN+Mn instead of Ni”, while the effects of solid solution treatment on its microstructure, strength-toughness and pitting corrosion
resistance were studied. The results show that the ferrite of 21Cr-DSS during hot-rolling is more susceptible to dynamic softening than
austenite. The effect of solid solution treatment temperature on the ferrite/austenite ratio in 21Cr-DSS is more obvious than that of holding
time, and the stability of austenite grain size is better than that of ferrite. The strength and toughness of 21Cr-DSS are improved with the
increase in solid solution temperature, but when the temperature exceeds 1100 <C, its strength and toughness are decreased. The 21Cr-DSS
solid solution treated at 1050 <C for 30 min have the excellent comprehensive properties, with the PSE (product of strength and plasticity),
-40 <C impact energy and pitting potential in 3.5% sodium chloride solution having been measured to be about 58.9 GPa%, 84 J and 0.43 V,
respectively. The 21Cr-DSS has the more excellent hot workability and strength-toughness than LDX2101, and the similar pitting
corrosion resistance. Compared with AISI 304 austenitic stainless steel, the 21Cr-DSS has the higher strength and pitting corrosion
resistance.

Key words: duplex stainless steel; solid solution treatment; phase ratio; mechanical properties; pitting corrosion resistance
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