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Effect of Cooling Process After Rolling on Microstructure and
Properties of V-N-Cr Microalloyed Q550E High Strength Steel

Wang Baohua'*?, Zhang Mingbo’, Cheng Yujun’, Hu Jun’, Xue Qihe' and Du Linxiu®
( 1 School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083 ;
2 Chengde Branch, HBIS Company Limited, Chengde 670102 ;
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Abstract The controlled rolling and cooling test was conducted on V-N-Cr microalloyed low carbon steel. There are
three cooling mode, indluding cooling with furnace, cooling with insulation quilt, and air cooling, and the microstructure,
mechanical properties and fracture morphology of three kinds of cooling system were analyzed. The results that show the fine
polygonal ferrite and acicular ferrite multiphase structure were obtained in air cooling steel plate. The grain size of ferrite is
5 to 8 pm. Acicular ferrite consists of interwoven laths with width of 1 to 3 pm. The tempering occurred in polygonal ferrite
and acicular ferrite, and small dispersed carbides were precipitated due to the slow cooling rate in cooling witk furnace and
cooling with insulation quilt. Under three kinds of cooling conditions, the yield strength =585 MPa, tensile strength =694
MPa, elongation =27% , and 1/2 sample impact toughness at —60 °C =36 J are obtained. The comprehensive mechani-
cal properties is better than GB requirements of Q550F grade. Fine grain strengthening, precipitation strengthening, and
microstructural strengthening were the main ways to strengthen the steel. The impact fracture are composed of dimples, ex-
hibiting toughness fracture mode. The grain refinement and acicular ferrite formation caused by controlled rolling and cool-
ing effectively resist the propagation of cleavage cracks, enhancing the low temperature toughness.

Material Index V-N-Cr Microalloying, Controled Rolling and Cooling, Q550E, Acicular Ferrite, Strength and
Toughness
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F1 BRRUFRHN/ %
Table 1 Chemical compositions of experimental steel/ %
C Si Mn S P Als v N Cr
0.10 0.27 1.72 0.004 0.012 0.022 0.095 0.012 0.23
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Table 2 Parameters of controlled rolling and cooling
process of experimental steel

gu TREE GREE SLEE A0RE  AH
T T T (GB4)/C  HA

1 1200 906 856 561 =H
2 1 200 902 846 564  IRBEGS
3 1 200 904 843 557 Bl
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Fig. 1 Optical micrographs of experimental steel with different cooling conditions after rolling: (a) air cooling; (b) insulation quilt cool-

ing; (c) furnace cooling
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Table 3 Tensile properties of experimental steel

WHFR  BE/mm  R/MPa  R/MPa  A/%
=W 9 585 712 27.0
BREHEEA 9 592 694 27.5
Siated 9 625 709 29.0
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Fig.2 Comparison of tensile test results

Wi SEM B4R A 3 BN, @t Xt 3 Fhvd 20
T BT O -0 T 0, BT O T 4R 5 B S SR A
WFE S H KB RAEBAN/MIBEE, B

Ve e o e

3 LBWELEAFRRHERENT -60 Tt OBH: (a) 25%; (b) RBHER; (o) BEFE ,SEM

—

Fig.3 Morphology of impact fracture of experimental steel at —60 °C with different cooling conditions after rolling: (a) air cooling; (b)

slow cooling by heat retaining felt; (c) furnace cooling
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