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Research and application of on Line Direct-Quenching
(DQ) Process for 500 MPa S500QL High Strength
Quenching and Tempering Steel Plate

Zhao Guochang, Zhang haijun, Liu Sheng, Shi Li,Lin Mingxin,Zhang Meng and Cheng Hanwen
(Science and Technology Department, Wuyang Iron and Steel Company, Hebei Iron and Steel Group, Wugang,462500)

Abstract Low cartbon (C=<0.12% ) Nb-V microalloying S500QL high strength steel plate has been developed. And
15 ~50 mm steel plate are produced by two-stage controlled rolling ( first stage rolling at 950 ~ 1 070 °C ,second stage starting
rolling at<<890 °C and finishing rolling at <850 °C) ,on-line cooling direct-qenching( DQ) with 7 ~20 °C/s after rolling,and
tempering at 620 ~670 °C for 3 min/(mm - T) ,clean steel smelting process with 120 t BOF + LF + VD. The steel plate has
fine granular bainite + small amount of proeutectoid ferrite with yield-tensile strength ratio <0. 90, elongation A=19% and
impact energy at —50 °C =100 J to meet the market demand. And the welding crack sensitivity test and the welding joint
property test of DQ process steel plate was carried out. The results show that the steel plate produced by this process has good
welding property.

Material Index High Strength Quenching and Tempering Steel SS00QL, DQ, Plastic Toughness, Weldability
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Table 1 Chemical composition requirements of SS00QL steel plate/ %
C Si Mn P S Ni Cr Cu Mo v Ti Nb B Pem
<0.20 <0.80 <1.70 =<0.020 <0.010 <2.0 <1.50 <0.50 <0.70 =<0.12 =<0.05 <0.06 =0.0020 =<0.23

Pem(% ) =C +5i/30 + (Mn + Cu + Cr)/20 + Ni/60 + Mo/15 + V/10 +5B
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Table 2 Mechanical and technological properties requirements of SS00QL steel plate
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Table 3 Range of control for chemical composition of SS00QL steel plate/ %
C Si Mn P S Ni Cr Mo v Nb Pem
<0.12 0.15~0.40 1.30~1.50 =<0.015 <0.003 0.30~0.50 0.15~0.35 0.10~0.30 0.02~0.05 0.02~0.05 =0.22
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Table 4 Rolling and direct-quenching process parameters
of SS00QL steel plate
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Table 5 Steel plate tempering and simulated heat treatment after welding
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A DO - - - -
B DQ 620 3 izf\ - - -
c DQ 620 3 SH 580 8 50 ~ 80
D DQ 670 3 S - _ -
E DQ 670 3 =R 580 8 50 ~ 80
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Table 6 Results of tensile test of steel plate at room tem- 280
perature 260
RE/  REE BRI HiRGE M 32401 13wl
BE T n oms OB v g Mpa m R i 220f
¥ 15 A 615 721 18.5 0.85 £ 200
B 606 671 19.0 0.90 i 180}
c 504 659 20.5 0.90 ® eof
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E &g 574 647 21.0 0.89 120 24 iR RH
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B 618 68 19.0 0.9 1 A B C D E
C 582 655 19.5 0.89 B_E
D 599 662 20.0 0.90 1 15~24 mm#Z ~50 C Wﬁﬁgﬁ%%
E 5710 640 21.0 0.89 . .
Fig.1 Results of impact test of 15 ~24 mm plate at — 50 C
3* 38 A 579 672 20.0 0.86 low temperature
B 589 669 21.5 0.88
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Fig.2 Results of impact test of 38 ~50 mm plate at —50 C
low temperature
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Table 7 Bending test results of steel plate at room temper-
ature
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Fig.3 Metallographic structure of DQ +620°C tempering 38 mm plate at 1/4 (a) and at 1/2 (b) ;and 50 mm plate at 1/4 (c) and

at 172 (d)
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Table 8 Chemical composition of deposited metal/ %

C Mn Si S P Ni
0.06 0.89 0.45 0.006 0.01 2.41
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Table 9 Mechanical and Technological Properties of de-
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Fig.4 50 mm test plate welding pass diagram
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Fig.5 Results of impact test for welded joints
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Fig. 6 Metallographic structure of welding area: (a) welding seam center; (b) fusion line;(c) superheating area; (d) normalizing ar-

ea;(e) part phase transformation area; (f) base metal
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