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Abstract: The impact energy of quenched and tempered ( Q&T ) 07MnNiMoDR steel was
measured. The brittle fracture micro-mechanism in the ductile-brittle transition temperature
(DBTT) region was studied. The results showed that the brittle fracture behavior is controlled by
bainitic packets size. A critical packet size exists. When a micro-crack formed in the bainitic
packet with a size exceeding the critical size propagates into adjacent packets under normal stress,
brittle cleavage fracture occurs. The discrete distribution of the coarse bainitic packets leads to the
scatter of brittle fracture load, which results in the impact energy scattering. It is suggested that
homogenizing the distribution of fine bainitic packet sizes is an effective method of improving the
impact energy and reducing its scattering in the DBTT region.
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Fig. 1 Tensile true stress-strain curve at —60 C and FEM mesh arrangements around the notch root

for calculation of Charpy V specimen
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Fig. 2 Impact absorbed energy in the temperature range
from —100 C to 20 T of 07MnNiMoDR steel
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Fig. 3 Load-displacement curves with different Charpy V impact absorbed energy at —60 C and

schematic of typical load-displacement curve
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The microstructure of OM and TEM images with impact absorbed energy 166 J fractured at —60 C
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Fig. 6 Observed maximum length of the micro-cracks retained in the Charpy V specimens fractured at —60 C
and the histograms of comparison of the lengths of retained cracks with bainitic packets, blocks and
austenite grain sizes randomly measured by random field of vision
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Fig. 7 Observation of the fracture surface and cleavage initiation site which fractured at —60 C
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Table 1 Calculation results of o, *

and d, of 15 Charpy impact specimens

AR 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

of/MPa 1638.11665.71767.31707.61597.41791.51748.3 1634.21725.31686.3 1872.81817.71524.41608.21757.7

d/pm 21.3 20.6 18.3 19.6 22.4 17.8

18.7 21.4

19.2 20.1 16.2 17.3 24.5 22.1 18.5
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Fig. 8 Schematic diagram of the effect of cleavage
initiation site location on the P, scattering
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