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Tablel Chemical composition of tested materials (/%)
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Fig.1 Heat treatment processes (a) and dimensions of tensile (b)

and impact (c) specimens

A %1, No.l 1 No.2 #ALEIRFER BRI 2
ik, HAAEDERHERAZ, Nol Wk g
a2 2 0 = T No.2 30 1 3 R 4 43 518 No.1
A1 No.2 i EELE 950,975 F1 1000 “Cil kiR N iR 5,
10, 15 A1 20 min J5 WA B LU o & AT
LB 1, 2 B BEZ 950 CARIE 5 min J&, EMAHA
P4 dm AR s, (R SRR /NN ), B IR s
2, B A IR I G T AR R TR S, 2 A
B B A SUR 5T

5a 1 5b 43 %4 No.1 H1 No.2 i 4 A A58 k.
T S N OR T BT R Ak B S 1T 38 oL RS St . A5G E
3. 4 RIS FTLUE Y, RFE S 2 R R ST $5 Bl IR K
JEE 0 T v R R TR BT ) P 6 0 T 328 4 K . 0B KR



5 5

PUPEVESS : Ti-Nb & A X B4l 30% Cr 48 24k R AR AN H N AL ZURN 772 BE 1 5 1

- 1847 -

TD

B2 No.lFl No.2 #ELERFER SMHAR ND

Fig.2 OM microstructures of hot rolled specimens: (a) No.1 and (b) No.2
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Fig.3 OM microstructures of No.1 specimen after annealing treatment at different temperatures for different time
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Fig.4 OM microstructures of No.2 specimen after annealing treatment at different temperatures for different time
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Fig.5 Average grain size of specimens annealed at different temperature for different time: (a) No.1 and (b) No.2
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Fig.6 Typical inclusions distribution in specimens: (a) No.1 and (b) No.2
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Fig.7 Morphologies and EDS analysis of typical inclusions in specimens: (a, ¢) No.1 and (b, d) No.2
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Table 2 Mechanical properties of specimens at room temperature after annealing at 975 °C for different time

Specimens Annealing time/min YS/MPa UTS/MPa EL/% Hardness, HV/MPa
5 370 501 34.0 1715
10 361 496 32.0 1707
No.1
15 360 493 335 1703
20 362 491 32.0 1715
5 412 540 335 1784
10 393 537 35.0 1760
No.2
15 395 538 32.0 1779
20 394 534 28.5 1746
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Fig.8 Room temperature tensile fracture of specimens annealed at 975 “C for different time: (a~d) No.1 and (e~f) No.2
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Fig.10 Impact fracture surfaces of annealed specimens at different experiment temperatures
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Fig.11 TEM images and EDS analysis of precipitation in specimens annealed at 975 “C for 5 min: (a) No.1 and (b~f) No.2
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Fig.12 Tensile fracture surfaces at room temperature, impact fracture surfaces at 100 ‘C and EDS analysis: (a~c) No.1 and (d~f) No.2
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Fig.13 Schematic of the double effect of Ti-Nb microalloying on the impact toughness for the ultra-pure material: (a) precipitation and

Nb atoms hindering the migration of grain boundary and (b) brittle inclusion acting as the crack initiation site
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Effects of Ti-Nb Microalloying on the Microstructure and Mechanical Properties of
Ultra-pure 30% Cr Super Ferritic Stainless Steel

Zhu Yangyang™?, Ning Likui?, Duan Chaohui?, Liu Enze?, Tong Jian?, Tan Zheng?, Li Haiying?, Zhao Lei?,
Wang Zengrui*, Zheng Zhi?
(1. University of Science and Technology of China, Shenyang 110016, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(3. Liaoning Petrochemical University, Fushun 113001, China)
(4. Shenyang Research Institute of Foundry Co., Ltd, Shenyang 110021, China)

Abstract: The effects of Ti-Nb microalloying on the microstructure and mechanical properties of ultra-pure 30% Cr super ferritic stainless
steel were studied by optical microscope (OM), scanning electron microscope (SEM) and transmission electron microscope (TEM). The
results show that the inclusions in the matrix of ultra-pure material are mainly composed of Cr-rich oxides with size of 2~6 pm. With
Ti-Nb addition, Cr-rich oxides are transformed into Ti-O-N-rich composite oxides with size of 1~4 um. Meanwhile, the nano-scale (Ti,
Nb)(C, N) precipitations are formed in the matrix. The strong growth inclination of ferrite grain is the unique feature for the ultra-pure
material during microstructure evolution. Ti-Nb microalloying can apparently refine the microstructure by weakening the grain growth
inclination and promote the room temperature strength and hardness. Moreover, the susceptibility of room temperature elongation of
material to grain size is enhanced by Ti-Nb microalloying. In addition, Ti-Nb microalloying has the double effect on the impact toughness
for the ultra-pure material. On the one hand, the toughness can be improved by refining the grains; on the other hand, brittle inclusions
formed in matrix deteriorate the toughness of ultra-pure material, especially at low temperature.
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