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Hot Ductility and Fracture of an Eutectoid Carbon Steel in the Austenite
Range

Masayuki Ohashi, Takao ENDO and Taku SAKAI

Synopsis:

The hot ductility and fracture behaviour of an eutectoid carbon steel in the austenite range were studied
by tensile tests in a wide range of strain rates from 107 %571 to 1 s . Flow curves and ductility (elonga-
tion to failure &) were expressed uniquely by a parameter Z="¢c-exp (Q/RT) or stress peak g,, Where R
and T have usual meanings and Q is 270 kJ/mol. The ¢ versus g, (or Z) curve showed a remarkable transi-
tion from low to high ductility in a range of g, between 55 MPa and 80 MPa. This result is associated criti-
cally with the relative difference between the nucleation strain of intergranular crack ¢, and that of dynamic
recrystallization ¢,. In the range of low ductility, where &, {({e,, intergranular cracks can be nucleated at
the initial grain boundaries and propagated easily along them. In the transition range from low to high duc-
tility, where e.=¢,, the initiations of cracks and dynamic recrystallization take place simultaneously and -
then cracks become isolated apart from the new grain boundaries and can not grow, leading to increasing
ductility. In the range of high ductility, where e.>> ¢,, dynamic recovery and subsequent dynamic recrystal-
lization can make initial grain boundaries serrated and cause the sliding of them to prevent, leading to no
crack initiation in low strains.

Key words: hot working; eutectoid carbon steel; ductility and fracture; intergranular crack; grain boundary

sliding; dynamic recrystallization.
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Table 1. Chemical composition of steels tested
(mass% ).

Disignation C Si Mn P S (0] Sol. Al
A Steel 0.72 tr tr 0.005 0.017 0.0204 0.050
B Steel 0.71  0.46 0.51 0.010 0.016 0.0174 0.001
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Fig. 1. Strain rate dependence of nominal stress-
nominal strain curves for A Steel at 1173 K.
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Fig. 2. Strain rate dependence of elongation to
failure ¢, for A Steel at 1 073 K and 1173 K. Open
and solid marks indicate a softening type and a flat
type of flow curve, respectively.
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Fig. 3. The relation between elongation to failure
o and peak flow stress o, or a parameter Z=
¢ .exp(Q/RT) for A Steel, where Q is
270 kJ/mol.?
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Photo. 1. Changes in the longitudinal section of fracture-tip with strain rate for A Steel at 1 073 K.
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Photo. 2. Surface cracks near the fracture-tip of
A Steel tested at 1 073 K and a strain rate of 2.7 X
107°%s7 1,
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Fig. 4. Effect of strain rate on the changes in
length of largest crack with straining for A Steel
at 1173 K.
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Photo. 3. Changes in type of crack with strain rate for A Steel at 1 073 K.
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Fig. 6. The relationship between peak strain ¢,,
in flow curves and peak flow stress g,, (or a par-
ameter Z) for A and B steels at 1173 K (open
marks). Elongation to failure ¢, is also plotted
againist ¢,, for A Steel (solid marks).
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