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Table 1 Chemical composition of austenitic stainless steels with
different Si contents (wWt/%)

Steel C Si Nb Ni Cr Mn P S Fe
ASS-0Si 0.11 0.076 0.92 9.66 15.1 0.65 0.007 0.0017 Bal.
ASS-2Si 0.12 2.54 094 9.12 152 0.61 0.006 0.0021 Bal.
ASS-4Si 0.11 3.80 0.95 9.66 15.1 0.62 0.007 0.0015 Bal.
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Fig.1 OM (a—c) and SEM (d—f) images of ASS-0Si (a, d), ASS-2Si (b, e), and ASS-4Si (c, f) austenitic stainless steels after solution treatment
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Fig.2 EBSD phase distributions (a—c) and grain boundary maps (d—f) of ASS-0Si (a, d), ASS-2Si (b, e) and ASS-4Si (c, f) austenitic stainless

steels after solution treatment (black lines show grain boundaries and red lines shows twin boundaries)
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Fig.3 TEM-HAADF images (a—c) and STEM-EDS Si element mappings (d—f) of ASS-0Si (a, d), ASS-2Si (b, ¢), and ASS-4Si (c, f) austenitic
stainless steels after solution treatment (white arrows show grain boundary)
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Table 2 Room temperature tensile properties of austenitic

stainless steels with different Si contents

Steel YS/MPa UTS/MPa EL/%
ASS-0Si 222 716 54
ASS-2Si 272 884 46
ASS-4Si 298 998 42
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Fig.4 Stress-strain curves (a) and work hardening curves (b) of

austenitic stainless steels with different Si contents
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Fig.5 Room temperature impact load curve and impact absorbing
energy curves of austenitic stainless steels with different Si

contents
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Fig.6 SEM (a—c) and BSE (d—f) images of room temperature tensile fracture surfaces of ASS-0Si (a, d), ASS-2Si (b, e), and ASS-4Si (c, f)

austenitic stainless steels
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Fig.7 SEM morphologies and EDS element mappings of the longitudinal section near room temperature tensile fracture surface in ASS-0Si (a),

ASS-2Si (b), and ASS-4Si (c) austenitic stainless steels
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Fig.8 SEM (a—c) images and BSE (d—f) images of room temperature impact fracture surfaces of ASS-0Si (a, d), ASS-2Si (b, e), and ASS-4Si (c, f)

austenitic stainless steels
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Fig.9 Phase maps (a—c) and KAM maps (d—f) of the longitudinal section near room temperature impact fracture surface of ASS-0Si (a, d),
ASS-2Si (b, e), and ASS-4Si (c, f) austenitic stainless steels
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Fig.10 Phase maps (a—c) and KAM maps (d—f) of ASS-0Si (a, d), ASS-2Si (b, ) and ASS-4Si (c, f) austenitic stainless steels deformed to true

strain of 10% at room temperature
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Fig.11 TEM images (a—c) and SAED patterns (d—f) of ASS-0Si (a, d), ASS-2Si (b, ¢) and ASS-4Si (c, f) austenitic stainless steels deformed to the

true strain of 10% at room temperature
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Fig.12 TEM image of ASS-4Si austenitic stainless steels deformed to

the true strain of 10% at room temperature
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during impact test
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Effect of Si Content on Microstructure and Mechanical Properties of Niobium-Stabilized
Austenitic Stainless Steel

Liu Yongtao'?, Chen Shenghu', Jiang Haichang', Rong Lijian'
(1. CAS Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)

Abstract: The microstructure, tensile properties, and impact toughness of niobium-stabilized austenitic stainless steel with Si content of 0.076wt%
—3.80wt% were characterized by OM, SEM, and TEM. The results show that variations in Si content exert minimal influence on grain size and
primary NbC, and the formation of ¢ -ferrite is promoted as the Si content reaches 3.80wt% . The planar slip of dislocation is the dominant
deformation mechanism of the three steels, and deformation-induced martensitic transformation is induced by the high local plastic strain in the
slip band. The increase in Si content promotes the planar slip of dislocation, and the local plastic strain in the slip band is decreased, resulting in
the suppression of the deformation-induced martensitic transformation. As a consequence, the transformation from massive martensite to fine lath
martensite is promoted with the increase in Si content. The enhancement effect of Si addition on the tensile strength is due to the secondary strain
hardening, which is caused by dislocation plane slip and deformation induced martensitic transformation. However, the increased probability of
secondary crack formation at the NbC/austenite interface leads to the decrease in elongation. The increase in Si content reduces impact toughness.
The decrease in slip band spacing can increase the nucleation sites of void, resulting in a decrease in crack initiation energy. At the same time, the
increase in the number of martensite/austenite interfaces leads to a decrease in crack propagation energy.
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