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Table 1 Composition of austenitic stainless steel (/%)

Steel C Ni Si Mn Ti Mo Fe
Q1 (1.0 Si) 0.062 15.20 16.86 1.04 1.45 0.38 1.51 Bal.
Q2 (1.5 Si) 0.064 15.20 16.90 1.50 1.47 0.38 1.51 Bal.
Q3 (2.0 Si/1.5 Mn) 0.063 15.10 16.85 2.01 1.45 0.38 1.51 Bal.
Q4 (2.0 Mn) 0.064 15.80 16.86 1.97 1.90 0.38 1.51 Bal.
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Fig.1 Schematic of tensile test specimen (unit: mm)
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Fig.2 OM images of different austenitic stainless steels under cold-worked conditions: (a) Q1, (b) Q2, (c) Q3, and (d) Q4
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Fig.3 SEM images of different austenitic stainless steels under cold-worked conditions: (a) Q1, (b) Q2, (c) Q3, and (d) Q4
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Fig.4 EPMA images of different austenitic stainless steels under cold-worked conditions: (a) Q1, (b) Q2, (c¢) Q3, and (d) Q4
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Fig.5 Volume fraction of twins of different austenitic stainless

steels under cold-worked conditions
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Table 2 Mechanical properties of austenitic stainless steel

Steel 00.2/MPa oyMPa 0/%

Q1 (1.0 Si) 620 703 16.1

Q2 (1.5 Si) 666 758 16.4

Q3 (2.0 Si/1.5 Mn) 682 779 16.0
Q4 (2.0 Mn) 627 741 21.3

FIOWEE, B AR TR ECR A RSP IE I B R, A
PR T ARSI SG, AR TR AR A R &G ke
LIS

Bl 8a J& i JZ #H AEA 11 S L i TRl A - B
Ak, o TEEAAT o ok 4 ANB B, XA R
ERLHRT AR AR AL, AT A6 AR AR JE 1) i
e, ARG ERE . 5 1B, BIBYIZE
VIR TG, AL AL T 2025 [ I AW, RN
AN TR R SR T BB, AR
KETERG, N TIIRARSEIG T, AFUHT T A1 22 it BELAG
TALHSE SRR, 3K L {07 A e 1) 22 O /D (R Y
AR, AN TR Ak R A T B AT AT I I, B
JUTAAR s BT B, A8 T 28 1) B B0 2 K R B
AR Y R EE R, i A R s BE A A AT A W
O, DRI A A rn TREAL R QR4 R . BRIV B,
BT LA B R 28 St R B AS AL B i 3, AR B &
Froti K 5 4 4 i adls20230

AN S, A S50 P F AR AE o7 A 52 56 i 28 0 v
ATEAL B, A2 B CAFAE K350 0 A A8 TR 28 i
Kl 8b J& Q3 A 4 1y hn A Ak % - TT N AR il 2k, L0 T4
WAT AR 53 2 AN B 565 T B, E Y, B
SR ARG AL, BT AR T AR S R TG R, A S
FEAE A 40 LA Ak e SR N B o ARAE R AR fR A
T2 i PRV P 238 5 A KR 388 0 Fn s B ) e sl i 2
Kt Q3 &4k /b T HiIR 158 1L B Be A TR B, B
AR TG AR BEEAT THUR S IV BLH 2 WL

K9 45t Q3 (2.0% Si)f 4 AE a i b 5 I 4128
JES, B 9a & Q3 A4 Wi gl SEM K%, 4l
PLARAR TG, SRS A N ) 7 b, W AL R RS2
KK A S8 SEM JE 3 b 3L 0 A sfi DL ¢ . 1
9b Al 9c 5 Q3 &4 Wt i A T T 1) 4 A1 4L 20
i, i OM AZUE i ge, WG B i doRL A A
TEREMAR TG, AWK KIS 2 A, W
Ja AN R S E R S 2 T RET . ] 9d ¢ Q3 A
W7 1A AR TR ¥ SEML B, R A S 0 07 1 2 21 5 IR0 B
AR, R B EE A BT . B 9e /2 Q3 & 4l
ZLTE M TEM JES, AHE A X —I. K2R RE
{1 () BELAS 7 45 7 5

g LT, ERRKAANEWT AN Si ik, &4
JEETREPRAG, AR AR G S TR, A A 1 e IR AT
S B R, [T R T AR TR AR O 7 B S IR BEASE
o FEE B v T [ I O R AR I s 78 R IR BB 4N
IIN Mn Jo#, S&Z4aeits, MEEBENTER
Ky, RV ph T A8 T8 2 o B 1 ek D A LA 4
PIBHASFVE I FRAK, & En e, w8 R,



* 192 -

Mty @A RS TR

%50 %

111m

"200m

Kl 6 AR B IGAE A AL AR 1) TEM 13
Fig.6 Bright-field TEM images of different austenitic stainless steels under cold-worked conditions: (a) Q1, (b) Q2, (c) Q3, and (d) Q4;

(e) [011]m SAED pattern of the deformation twins and austenitic matrix
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Fig.7 Engineering stress-strain curves (a) and true stress-strain curves (b) of austenitic stainless steel; work hardening rate-true strain

curves for strain of 0.05~0.2 (c¢) and 0.03~0.06 (d)
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Fig.8 Comparison of work hardening rate-true strain curves between a low SFE steel (a) and Q3 alloy (b)
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Fig.9 SEM image of Q3 alloy after tensile (a); OM images of Q3 alloy before (b) and after (c) tensile; tensile fracture morphology of Q3

alloy (d); TEM image of Q3 alloy after tensile (e)
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Effect of Si and Mn on Microstructure and Tensile Properties of
Austenitic Stainless Steel

Lu Chengxu' %, Yi Haoyu®, Liang Tian’, Wang Min?, Xue Hailong', Ma Yingche?, Liu Kui®
(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

(2. CAS Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research,

Chinese Academy of Sciences, Shenyang 110016, China)
(3. China Nuclear Power Technology Research Institute, Shenzhen 518000, China)

Abstract: Si and Mn are usually added into austenitic stainless steels to improve their corrosion resistance by improving the oxide film

forming ability and increasing the stability of austenite matrix. However, the addition of Si and Mn significantly affects the microstructure

and mechanical properties of the cold-worked material. In this study, austenitic stainless steels with different Si and Mn contents were

designed. The microstructure of the alloys is characterized by SEM, EPMA, and TEM, and the mechanical properties are evaluated by

tensile tests at room temperature. As Si content increases from 1.0wt% to 2.0wt%, the volume fraction of deformation twins increases from

4.98% to 8.33%, the yield strength increases from 620 MPa to 682 MPa, and the elongation basically remains constant; as Mn content

increases from 1.5 wt% to 2.0wt%, the volume fraction of the deformation twins decreases from 8.33% to 7.22%, the yield strength

decreases from 682 MPa to 627 MPa, and the elongation increases from 16.0% to 21.3%. Si addition increases the quantity of deformation

twins in the alloy, improves the strength of the alloy and maintains plasticity; Mn addition reduces the number of the deformation twins in

the alloy, reduces the strength of the alloy and enhances plasticity.

Key words: metallic materials; austenitic stainless steel; tensile properties; microstructure; deformed twins
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