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Relation between Hot Ductility and Grain Boundary Embrittlement
of Low-Carbon Killed Steels

Kazuo YAMANAKA, Fukunaga TERASAKI, Hiroo OHTANI

Mitsuo ODA, and Masahiro YOSHIHARA

Synopsis:

The hot ductility of low-carbon killed steels has been studied by the hot tensile tests, microscopic
observations and the fracture surface observations.

The ductility during cooling after solution treatment at 1350°C decreased remarkably in the tem-
perature range between 700 and 800°C and the fracture surface showed the intergranular ductile frac-
ture accompanied with AIN or MnS precipitates. This loss of ductility is related to the formation of
the primary ferrite along the austenite grain boundaries and the precipitation of AIN or MnS particles
at the grain boundaries, and becomes very large when it occurs concurrently. The intergranular
ductile fracture can be induced by the micro-void coalescence nucleated at the grain boundary precip-
itates as the result of strain concentration at the film-like primary ferrite formed along the austenite

grain boundaries,
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Table 1. Chemical composition of steels (wt%,).

steel Cc Si | Mn P S isolAl| N
. H 1023 |031 {148 (0026|0020 {0084 |00
H-0 (022 [037 |1.42 (0016 |0005 | —~ 00048

H-1_j021 {039 {145 0018 |0031 | — 00059
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Fig. 1. Schematic diagram of the apparatus.
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Fig. 2. Shape of the hot tensile test specimen.
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Fig. 4. The results of the measurement of fracture
strain by hot tensile tests.
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Fig. 5. The results of the fracture surface observ-
ation by scanning electron microscope.
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Photo. 1. The micro-structure of the hot tensile

test specimen of the steel H showing
the ferrite network along the austenite
grain boundaries.
Etched by 29, nital. (Test specimen
was heated for 10min at 1350°C,
cooled rapidly to 750°C and then
drawn at 750°C.)
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Photo. 2. The fracture surface of the hot tensile test specimen of the steel H showing the

integranular {ductile fracture. (Test specimen was heated for 10 min at 1350°C
cooled rapidly to 750°C and then drawn at 750°C.)
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Photo. 3. AIN precipitates extracted from the intergranular ductile surface of the steel H.
(Test specimen was heated for 10 min at 1350°C, cooled rapidly to 750°C and
then drawn at 750°C.)

a) the bright field image, b) eclectron diffraction paitern
¢ ) its schematic representation
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extracted from the
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Photo. 4. AIN precipitates

at 900°C after solution-treated at
1 350°C.

a) the bright field image

b) electron diffraction pattern

c) its schematic representation
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Fig. 6. Temperature variation of the strain ratio
of ferrite-austenite two phase eq/er,
where ferrite phase is pure iron.
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Fig. 7. Temperature variation of the strain ratio
of ferrite-austenite two phase ¢,/e7,
where ferrite phase is 29, alumina doped
iron.
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Fig. 8. Schematic diagram of the relation between
the formation of the primary ferrite
along the austenite grain boundary and
the fracture strain.
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Fig. 9. Schematic diagram of the intergranular
ductile fracture mechanism,
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Fig. 12. Comparison of the calculated fracture
strain with the experimental value for
the steel H.
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