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Effect of Online and Offline Quenching on Microstructure
and Properties of Q1300E Ultra—High Strength Structural
Steel Plate

Yan Qiangjun'?, Chen Gang’, Ruan Hao’, Wang Jinsheng’
(1 Institute of Mechanical Equipment, Xinjiang Academy of Agricultural Reclamation Sciences, Shihezi 832000,
China;2 Plate Business Unit, Nanjing Iron & Steel Co., Ltd., Nanjing 211500, China)

Abstract: Ultra-high strength structural steel is widely used in heavy equipment fields, and the synergistic matching of its
strength and low-temperature toughness is a research focus. The conventional offline quenching and tempering (RQ-T)
process has issues such as long processing cycles and microstructural coarsening. In this study, the direct quenching and
tempering (DQ-T) process was adopted to synergistically improve strength and toughness through microstructural refine-
ment. The microstructure and fine structure of Q1300E steel plates subjected to DQ-T and RQ-T processes were compara-
tively investigated by optical microscopy (OM), transmission electron microscopy (TEM) , and electron backscatter dif-
fraction (EBSD). Room-temperature tensile tests and Charpy impact tests at -40 ° C were also conducted. The results
show that the direct quenching and tempering at 190 °C process exhibits the best performance, with a yield strength reach-
ing 1 435 MPa and an impact energy of 52. 5 J at -40 “C. Compared with the RQ-T process, the DQ-T process refines the
lath substructure, increases the dislocation density, enhances hardenability, and simultaneously obtains more retained
austenite, which effectively improves low-temperature toughness, thereby synergistically enhancing both strength and im-
pact energy at -40 °C.

Key Words: Ultra-high Strength Structural Steel; Online Quenching Process; Hardenability; Lath Substructure;
Strength and Toughness
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Fig. 1 Schematic diagram of rolling and cooling process
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Table 2 Data record of rolling and cooling process of experimental steel Q1300
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Table 3 Mechanical properties of online quenching and tempering of experimental steel Q1300

T Jett 258 B /M Pa Ui 5 /MPa M R/% w2 (=40 °C)/)
TELR VK 1370 1770 12.64 47.6(51.2.45.8.45.8)
190 °CJAl k. 1440 1720 12.32 52.5(57.0.51.1.49.4)
210 “CIAl k. 1435 1720 12.32 45.9(43.7.48.3.45.7)
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Table 4 Mechanical properties of offline quenching and tempering of experimental steel Q1300

T Jeit IR 5 B /M Pa PLhr s B /MPa /% w2 (=40 °C)/)
BT 1249 1651 12.64 35.7(32.2.37.1.,37.8)
190 “CIAl 1385 1630 13.16 41.4(40.6.43.4 .40.2)
210 “ClAl %k 1314 1547 11.87 43.8(49.6.41.5.40.3)
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Fig. 2 SEM microstructures of experimental steel Q1300 under different quenching processes : (a) RQ, (b) DQ
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Fig. 3 TEM microstructures of experimental steel Q1300 under different quenching processes: (a) (b) RQ, (¢) (d) DQ
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Fig. 4 Microstructures of experimental steel Q1300 under different processing conditions: (al)- (a3) RQ-T, (b1)- (b3) DQ-T
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Fig. 5 TEM morphology of experimental steel Q1300 under online quenching condition: (a) (b) lath morphology, (¢) (d) precipi-

tated carbides in the matrix
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