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The Influence of Hot Forming and Heat Treatment on the
Mechanical Properties of INi Steel Plate for Small Pressure
Storage Tanks

Zhang Jun, Shen Yan, Yu Xiong
(The Research Institute of Jiangyin Xingcheng Special Steel Works Co., Ltd., Jiangyin 214400, China)

Abstract: Taking 9Ni steel plate as the object of analysis, the different heat treatment processes of INi steel plate in the
head manufacturing process were simulated in the laboratory, and the properties of the test plate in hot-formed state , hot-
formed state+QT state, hot-formed state+NNT state and the corresponding post-welded stress relieving state were investi-
gated respectively. The results show that: 20 mm thick 9Ni steel test plate after 930 °C high-temperature hot forming, the
base material structure was completely destroyed, its reverse austenite basically disappeared, the yield strength decreased
by 100 MPa, and the maximum impact energy absorbed at -196 “C was only 10 J, it must be re-heat treated to restore the
mechanical properties. After hot forming, the mechanical properties of the test plate were restored using the NNT process.
Compared with the QT recovery process, the -196 ‘C impact absorption energy, room temperature yield strength, and room
temperature tensile strength were significantly lower. The reason for this was that the NNT process test plate contained sig-
nificantly lower content of inverted austenite than the QT process test plate. Therefore, the mechanical properties restored
by QT process were good and stable. After the elongation cold deformation of 2. 5%-7. 5%, when the aging treatment tem-
perature reached 250 °C, the average aging sensitivity coefficient of 20 ‘C and-196 °C shock absorption energy was 0. 62%
to 10%, and the aging sensitivity of the base material was low ; When the aging treatment temperature reached 540 °C, the
average aging sensitivity coefficient was 13. 93% to 30. 63%. Although the aging sensitivity of the base material slightly in-
creased, the impact absorption energy showed a small decrease, but all were greater than 180 J. The surplus of impact ab-
sorption energy of the base material was still relatively large.
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Table 1 Chemical melting composition of the 9Ni steel %
C Si Mn P S Ni Al Nb
<0.05 <0.25 0.60 ~ 0.80 0.003 ~ 0.005 0.0005 ~ 0.005 8.60 ~ 9.40 <0.025 0.010 ~ 0.030
&2 20 mm B INi IR MHEAE
Table 2 Mechanical property of 20 mm thick 9Ni steel plate
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Table 3 Requirements for sampling and performance testing of 20 mm thick 9Ni steel plate
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Table 4 Heat treatment process of 20 mm thick 9Ni test plate
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B (930+20) “Cx(40%5) min, 25¥%+(900+£20) ‘Cx(40+5) min, Z5¥+(800+20) ‘Cx(40+5) min, 2574 +(580+20) “Cx(60+10) min, 2574

(930+20) “Cx(40+5) min, 55¥%+(900+20) ‘CX(40+5) min, 55 ¥%+(800+20) ‘Cx(40+5) min, 254 +(580+20) “Cx(60+10) min, 25 1% +(540+

¢ 20) Cx2 h, 2514
D (930+20) °‘Cx(40+5) min, 238 +(800+20) ‘Cx40+5 min, 7K +(580+20) ‘Cx(60+10) min, =V

E (930+20) Cx(40+5) min, 4572 +(800+20) °Cx(40+5) min, 7K¥%+(580+20) ‘Cx(60+10) min, 5513 +(540+20) ‘Cx2 h, %5 ¥




=90 - 5 R W

546 4

540 Cx2h

2 <50 C/h
Bl S0%h 2 N\ZoTw

v

B fEl/h

BT 20 mm 5 ONG AR B Ty A BT 2
Fig. 1 Stress relief process of 20 mm thick 9Ni steel plate
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Table 5 Properties of 20 mm thick 9Ni steel plates under
different heat treatment processes
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(a) Fig.2 Metallographic structure with different heat treatment processes of 20 mm thick 9Ni : (a) base material, (b) process A, (¢) process B, (d)

process D
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Fig. 3 Impact absorption energy at different temperatures of 20

mm thick 9Ni steel plate
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Table 6 Strain aging test results of 20 mm thick 9Ni steel plate

LR sk bitmiggieo o MTRBUBREC iempgemios o MTRIUERA
BEpF 0 324,333,310(°F1323) - 280,279,254(F19271) -
2.5 303,315,307 (°F-309) 433 271,264,280 F3272) 0.37
I +250 “CHIRL 5.0 315,317,330(3F#4321) 0.62 255,270,246 (F3257) 5.17
7.5 309,312,304 (°F1309) 4.33 223,239,271 (F#)245) 9.96
25 256,251,247 F-#252) 21.98 197,197,171 (5F-¥ 189) 30.63
AFIE+540 “CHFRL 5.0 271,284,277(3F)278) 13.93 195,181, 194(3F190) 29.89
7.5 250,249,263 (F-#4254) 21.36 181,195,190 189) 30.26
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