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Hot Cracking of Low Alloy Steels in Simulated Continuous
Casting-direct Rolling Process

Yasuhiro MAEHARA, Ken NAKAI, Kunio YASUMOTO and Tateshi MISHIMA

Synopsis : ,

Surface cracking during direct rolling of continuously cast low alloy steel slabs has been investigated by
means of hot tensile tests simulating the above process. The hot ductility of directly cooled specimens is not
reduced by high strain rate deformation corresponding to that in rolling. While, in the specimens prede-
formed at temperatures ranging from ¥/a duplex phase to lower temperature ¥ region at slow strain rate
corresponding to that in bending and/or straightening processes of CC slabs, ductile intergranular fracture
of austenite is easily induced by the subsequent deformation even at high strain rate, resulting in poor duc-
tility. ‘This ductility loss can be explained in terms of dynamic precipitation of carbonitrides such as AIN
and/or NbC within the matrix as well as on the grain boundaries during the prior slow strain rate deforma-
tion. Although the embrittlement mechanism is essentially the same as in CC slabs, the ductility is also in-
fluenced by the final deformation conditions because of the morphological change of carbonitride precipitates
in the process. ‘

Key words: continuous casting; direct rolling; low alloy steel; hot ductility; hot ecracking; dinamic
precipitation; hot tensile test; intergranular fracture.
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“Table 1. Chemical compositions of the steels used. (wt%)
Steel C Si Mn P S Nb Ti Al N
X1 0.14 0.41 1.34 0.021 0.006 — — 0.027 0.0024
X2 0.14 0.40 1.34 0.022 0.006 0.038 — 0.025 0.0027
Xi 0:14 015 1% 0’054 0006 0.034 001 0.0% 0000
2 £ B 5 & 16 —
N
BEAM DALEBS % Table 117, X1 & Al £ €%72/£
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Fig. 1. Variation of tensile properties with strain
rate ; Steels X1 to X4 specimens, deformed at
800°C after directly cooled from the solution treat-
ment temperature of 1 300°C.
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Fig. 2. Variation of tensile properties with de-
formation temperature ; the specimens, deformed at

¢ =0.83X10" 1 s, after directly cooled to the de-
formation temperatures (é : Strain rate).
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Fig. 3. Effect of thermo-mechanical history on
tensile properties of various steels fractured at
800°C at ¢ =0.83X10""s™ 1. The prior treatments
were (A) none, (B) isothermally held at 800°C for
20 min, and (C) predeformed to 10% at 800°C at ¢
—4%10"*s ! and held for 10 min at 800°C.
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Fig. 4. Variation of tensile properties with final
deformation temperature ; the specimens, prede-
formed to 10% (O, 2. @, A) or 5% (O) at é =4X
10~ *s™ 1, held for 10 min at various temperatures
and then fractured at ¢ =0.83X107 s~
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Fig. 5. Effect of strain at predeformation on ten-
sile deformation ; the specimens, predeformed at
800°C at é=4X10"*s ™ !, held for 10 min at
800°C, and then fractured at § =0.83X10"1s™ 1,
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Fig. 6. Effect of strain at predeformation on ten-
sile properties ; the specimens, predeformed at
800°C at é=4 X 10 " *s 1, held for 10 min at
760°C, and then fractured at 760°C at é=0.83 X
107 s,
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Fig. 7. "Effects of pre- and final deformation
temperatures on the ductility in the final deforma-
tion. Reduction of area in the region surrounded by
contour lines were less than 50% for each steels.
The specimens were predeformed to 10% at ¢ =4 X
10~ *s ™!, held for 10 min at the final deformation
temperatures, and then fractured at ¢ =0.83X 107}
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Photo. 1. Fracture surfaces ; the specimens, directly cooled to the deformation temperature of 800°C, and
fractured at € =4X10"* s L. The steels and RA are (a) X1, 21%, (b) X2, 14%, and (c) X3, 40%.

Photo. 2. Effect of thermo-mechanical history on the fracture surface of steel X2 specimens ruptured at
800°C at ¢ =0.83X10" s~ L. The prior treatment and RA are (a) none, 68%, (b) held for 20 min at 800° C 48%,

and (c) predeformed to 10% at 800°C at ¢ =4X10™*s
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Photo. 5.  TEM micrographs showing precipita-
tions of (a) coarse TiN particle and (b) finely lined

Photo. 3. Fracture surface and microstructure on up NbC particles around coarse TiN particles with-
the longitudinal cross section of Steel X3 ; the in the matrices of Ti added steels ; (a) Steel X3,
specimen, predeformed to 10% at 760°C at ¢ =4 X predeformed to 10% at 800°C at é =4X10"*s},
10~ *s ™, held for 10 min at 760°C, and then frac- held for 10 min at 830°C, and then fractured at é =
tured at € =0.83X10" 1571, 0.83X107*s™ % (b) Steel X4, predeformed to 10%

at 800°C at é=4X10"*s ™!, held for 10 min at
900°C, and then fractured at ¢ =0.83X10"1s™ 1.

Photo. 4. Extraction replica images of Steel X2 specimens ; (a) fractured at 800°C at ¢ =4X10"*s™ ! with-

out prior treatment (RA=14%), (b) predeformed to 10% at 800°C at § =4X10 %57}, held for 10 min, and then
fractured at 800°C at ¢ =0.83X 107! s~ {(RA=20%), (c) predeformed to 10% at 800°C at é=4X10"*s™ 1,
held for 10 min at 1 100°C, and then fractured at ¢ =0.83X10 ! s™! at 800°C (RA=78%).
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