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ABSTRACT Four heats of V and Nb microalloyed 40Cr steel containing 0 to 1.54% Mo were used
to study the effect of Mo on delayed fracture resistance. The results of both notched tensile sustained
load test and stress corrosion cracking test show that the delayed fracture resistance increases with
increasing Mo content. Maximum delayed fracture resistance is obtained at a Mo concentration of
about 1.15%. The result of EDS (energy dispersive spectroscopy) analysis shows that Mo tends to
segregate in the grain boundary in a scale of no more than a few nanometers. EELS (electron energy
loss spectra) measurement indicates that the segregation of Mo in grain boundary tends to increase
the strength of grain boundary. The pronounced effect of Mo in raising the tempering resistance and
the ability to strengthen prior austenite grain boundary are the main reasons for the beneficial effect of
Mo on delayed fracture resistance. Hydrogen trapping effect caused by fine Mo,C precipitation could
also improve the delayed fracture resistance. It is also confirmed that the tested steels could have a
much higher delayed fracture resistance when the secondary hardening carbides of V and Mo are in
the condition of slight over-raging.
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Table 1 Chemical compositions of the steels used

(mass fraction, %)

Steel No. C Mn Si P S Cr Mo A% Nb Als

1 (40Cr) 0.40 0.44 0.24 0.002 0.003 1.11 0.00 0.28 0.038 <0.005
2 (40Cr) 0.42 0.48 0.30 0.003 0.003 1.12 0.52 0.30 0.038 <0.005
3 (40Cr) 0.42 0.46 0.27 0.002 0.003 1.12 1.15 0.30 0.042 <0.005
4 (40Cr) 0.40 0.44 0.25 0.003 0.002 1.12 1.54 0.30 0.042 <0.005
5 (42CrMo) 0.43 0.65 0.33 0.023 0.018 1.04 0.19 - - 0.020
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Fig.1 Low (a) and high (b) magnified microstructures of
steel No.3 tempered at 600 C for 2 h, showing fine
tempered martensite and precipitated carbides 20 . L .
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Fig.6 Fractographs of crack initiation area for the steels Nos.1 (a), 2 (b), 3 (c) and 4 (d) of notched tensile

delayed fracture specimens with a tensile strength of 1500 MPa, showing fracture characteristic changes

from intergranular to transgranular when molybdenum content is higher than 1.15%
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Table 2 Heat treatment conditions and carbide types in steel No.3

Condition Heat treatment condition o, MPa Carbide type
A 950 ‘C, 0.5h, 0.Q.—450 C, 2h, A.C. 1580 Film-like M3C+undissolved (V, X)C
B 950 ‘C, 0.5h,0.Q—670C, 24h, A.C— 1590 (V, X)C+M2C+film-like M3C+undissolved (V, X)C
850 C, 0.25 h, 0.Q.—420 C, 2h, A.C.

C 950 C, 0.5 h, 0.Q.—500 C, 2h, A.C. 1570 Sphere M3C+undissolved (V, X)C

D 950 C, 0.5h, 0.Q.—585 C, 2h, A.C. 1550 Moo C+(V, X)C+sphere M3C+undissolved (V, X)C
E 950 C, 0.5 h, 0.Q.—600 C, 2h, A.C. 1550 (V, X)C+MoyC+sphere M3C+undissolved (V, X)C
F 950 'C, 0.5 h, 0.Q—630 C, 2h, A.C. 1530  (V, X)C+MoyC+sphere M3C+undissolved (V, X)C
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