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A Study on Delayed Fracture Resistance of Low Carbon Nb-V
Microalloying High Strength Cold Heading Boron Steel

Zhou Xinlong' *, Ye Fei', Chen Weiqing' and Liu Zhenging’
(1 Metallurgical and Ecological Engineering School, University of Science and Technology, Beijing 100083 ;
2 Egang Sub-Institute, Wugang Research Institute, Fzhou 436001 )

Abstract  Test low carbon boron steel (% ; 0.13 ~0.21C, 0.000 5 ~0.003 7B) and low carbon Nb-V microalloying
horon steel (% : 0. 18 ~0.24C, 0 ~0.033Nb, 0 ~0. 050V, 0.000 5 ~0.002 2B) were melted respectively hy laboratory
50 kg vacuum induction furnace and carbon tube furnace, and the tensile specimen and notched delayed fracture specimen
were turned from ®13 mm rolled-forged rod. The delayed fracture resistance of test sieels water-quenched at 950 C and
tempered at 200 °C is presented by delayed fracture strength ratio R = o, ( delayed fracture strength) / o, ( tensile
strength) . Results showed that the tensile strength of 0. 000 5% B steel microalloying with 0. 028% Nb and 0. 032% V was
1480 MPa and its R value was 0. 665 which was higher than that of 40Cr steel and 35CrMo steel queched at 880 C , oil

cold +tempered at 400 C (both g, were respectively 1460 MPa and 1 530 MPa, R value 0. 583 and 0. 556).
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Table 1 Chemical composition, ¢, and R value of test steels
e i L2 5/ % a./ R/
C Si Mn P S T B Nb \Y MPa 9
L] 1 0.15 0.05 0.76 0.010 0.005 1 <0.005 0.000 5 - - 655 0.602
2 0.13 0.04 0.74 0.010 0.0051 <0.005 0.0015 - - 692 0.615
3 0.16 0.05 0.74 0.011 0.0049 <0.005 0.0040 - - 895 0.425
4 0.17 0.05 0.77 0.009 0.0048 <0.005 0.0420 - - 945 0.420
5 0.21 0.06 0.84 0.009 0.004 8 0.033 0.0037 - - 955 0.418
R A4 l 0.24 0.05 0.83 0.018 0.016 0.021 0.000 5 0.011 - 1305 0.768
(LR 2 0.18 0.03 0.74 0.019 0.016 0.017 0.001 7 0.022 - 1410 0.671
3 0.22 0.04 0.84 0.019 0.016 0.016 0.0010 0.033 - 1 420 0.699
4 0.23 0.04 0.83 0.019 0.016 0.018 0.000 5 - 0.050 1280 0.821
5 0.23 0.05 0.85 0.019 0.015 0.017 0.001 6 0.028 0.032 1 480 0. 665
6 0.24  0.05 0.8  0.019 0.019  0.012 0.0022 0.032 - 1490 0.615
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Fig. 1 Schematic diagram of tensile specimen (a) , delayed fracture specimen (b) and delayed fracture test device (¢)
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Fig.2 (a) Morphology of siructure of low carbon Nb-V microalloying boron steel, 950 “C 30 min water quenching +200 C 2 h tem-

pering, x320; (b)Effect of tensile strength of low carbon boron steel on delayed fracture ratio R value of steel; ( ¢} Effect of tensile
strength of different low carbon microalloying boron steels and CrMo steel on delayed fracture ratio R value of steels
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Fig.3 Morphology of delayed fracture of different test steel grades % :
0.050V-0.0005B; (d) 35CtMo
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