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Table 1 Second phases precipitated in austenitic stainless steel™!

Chemical Crystal Lattice
Phase
formula structure parameters/nm
o (Sigma) Fe(CrMo) Tetragonal a=0.88, ¢=0.454
x (Chi) Fes6Cri2Mo10 bcc a=0.892
n (Laves) Fe:Mo Hexagonal a=0.473, ¢c=0.772
M>3Cs (FECI’)23C6 fcc a=1.064
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Table 2 Chemical composition of the initial sample (/%)

C Si Mn Ni Cr Mo Fe
0.022 0.60 1.72 1154 18.34 2.43 Bal.
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Fig.1 Microstructure (a) and ¢,=45<0ODF figure (b) of the

initial sample

2 HR5ITIE

2.1 AOFTEHEETE

Kl 2 4y 316L BRI EFMNIE T 5 PHDIRES T
Frib Ml SEEZ KR, WK 2a Fiwn, & 475k
T 1445 CHURA L 0 BRE AR, 1424 CHLMEAE
FRBLIRAR . 6 BRERARBE R R T %, m B RAEEAE,
T 1150 CHAREA . BEH R — P FFIK, Sigma
AHLE 955 CHF B, MasCe HHFE 917 CHIJEHL, Chi
AHAE 911 CHEJEEL, T Laves #H7E 728 ‘CHf K. K
2b A& 2a T 800~1200 °C 2 [a] f Ja 3 i K P o o Pl i
AN, AE G RE Y BN BT AR B IR, Sigma A
TEAE 910 CiAFH KIEHN 2.66%, 1ML 900 CHf
Chi FHFT MosCg AH ) 2 584X 0.51%A1 0.08%. HiMLH]
UL, 7£ 900~1100 °C ¥t [l Py X 316L B [ AR ANER AN it 47
[ V5 AL I, TTREAE I BT B AHAA Sigma AH. Chi AH
A1 MpsCo #H, 17 Laves AH % A8 T B2 B, X LAAE Al
2.2 PHEEMEESHIT

B 3a >y 900 °C[& A AL HE 30 min £ i 1 3635 5t
HLBE A 1%, AT L4k A& (bee) A Sigma AHAH AR 4045
BIRAR (Fee) Ze AR P A TE 2R 0, A N 2t R A 21 R &2
AR, Em KL P A R S B R > o X AR AT A
o3 AT e X AT bR E . 45 2R WK 3b~3d.

100
X ) / Liquid a
§ 80 Austenite —
2
o
G 601
o
2
S Laves )
s 40+ Ferrit
g errite < _
8
= 20} Sigma

0 1 1
600 800 1000 1200 1400
10

M,.C, Ferrite
Sigma
4r 9 \

0 L > - L L
800 900 1000 1100 1200
Temperature/C

b

Mass Fraction of Phases/%
()]

K2 JEaAPRHRI BT A& B ST IR R R
Fig.2 Calculated temperature-dependent phase mass fraction in

the initial sample: (a) 600~1400 C and (b) 800~1200 C
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Fig.3 STEM BF image (a) and corresponding SAED patterns (b~d)

of different locations in 900 ‘C solution treated sample
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Fig.4 STEM image of three phases and EDS mapping of the

900 ‘C solution treated sample
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Fig.5 EBSD phase distribution images of the initial sample (a) and samples after solution treatment at temperatures of 900 ‘C (b),

950 C (c), 1000 ‘C (d), 1050 C (e), and 1100 C (f)
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Fig.6 Frequencies of different phases of the initial sample and

samples after solution treatment
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Table 3 Average grain sizes (d) and hardness of austenite (HVs ) of

the initial sample and samples after solution treatment

Initial . i ) ) ]
sample 900 C 950 C 1000 C 1050 C 1100 C

d /um 4.33 435 441 5.52 10.15 16.20

HVs/ X 10

158 179 173 172 153 146
MPa
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Fig.7 Texture evolution of ¢ in the samples after solution

Treatment at temperatures of 900 C (a), 950 C (b),

1000 C (c), 1050 ‘C (d), and 1100 C (e)
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Fig.8 Typical textures of austenite in initial sample (a) and the

solution treated samples at temperatures of 950 C (b)
and 1100 ‘C (c)
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Effect of Solution Temperature on Transformation of é-ferrite in 316L Austenitic
Stainless Steel

Xu Feng?, Yang Li?, Deng Changchun?, Xiao Ying?', Xu Hu', Lu Kaijian®, Zhang Yaocheng*
(1. Changshu Institute of Technology, Changshu 215500, China)
(2. Guilin University of Aerospace Technology, Guilin 541004, China)
(3. Soochow University, Suzhou 215021, China)

Abstract: The 316L austenitic stainless steel samples containing residual ¢ ferrite were solution treated at different temperatures. The SEM,
EBSD, TEM and hardness tester were applied to investigate the microstructure, texture, hardness and precipitate phase characterization of
the experimental samples. The results show that there are three phases of austenite, ferrite and sigma in austenitic stainless steel after
solution treatment at 900~1100 °C for 30 min. The sigma phase forms in the range of 900~1000 C, which also enhances the hardness of
the matrix. Sigma phase is mainly formed by decomposition of residual ¢ ferrite. The {001}<110> and {001}<100> oriented ¢ ferrite
preferentially transforms to sigma phase. With the increase of temperature, the content of sigma phase decreases, the average grain size of
austenite increases, and the hardness decreases gradually. After 1050 ‘C, sigma phase is completely dissolved into austenite, and the
average grain size of austenite grows significantly. This results in the rapid decrease of hardness. Meanwhile, {001}<110> and
{001}<100> textures of o ferrite are re-enhanced. After solution treatment at 1100 °C, the content of residual ¢ ferrite decreases to 0.2%.

Key words: austenitic stainless; solution; precipitates; microstructure
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