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Hot Ductility in Steels in the Temperature Range between 900 and 600°C

—Related to the Transverse Facial Cracks in the Continuously Cast Slabs—

Hirowo G. Suzuxi, Satoshi NISHIMURA, Jun IMaMURA, and Yasushi NAKAMURA

Synopsis :

The embrittlement of carbon steels in the temperature range from 900 to 600°C was studied by the hot—
stage tensile test as well as fractographic analyses, and the mechanism of formation of transverse facial cracks

in the continuously cast steels was discussed in terms of this embrittlement.

Factors affecting the embrit—

tlement are the austenite grain size, the precipitates such as sulfide and oxide and the film-like proeutectoid
ferrite formed along the austenite grain boundary. Thus, lowering the impurity content, refinement of
the austenite grain and also slower rate of cooling are effective to minimize this embrittlement. How—
ever, the best way to have sound slabs is to avoid this poor ductility temperature region at the bending point.
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Table 1. Chemical compositions of alloys (wt%).
Heat No. C Si Mn P S Al N O Nb Ni Cr
1 (P)* 0.003 0.02 0.02 0.003 0.004 — 0.0015 0.004 — — —
2 (Si-Mn)* 0.05 0.20 1.46 0.002 0.005 <0.01 0.0014 0.0028 — — —
3 (Al-K)** 0.12 0.01 0.38 0.014 0.012 0.06 0.0023 0.002 — — —
4 (Nb)** 0.06 0.27 1.6 0.016 0.003 0.03 0.006 0.003 0.04 0.2 —
5 (16 Cr)* 0.002 0.01 <0.01 0.002 0.001 — — — — — 16.1
6 (20 Ni)* 0.002 <0.01 <0.01 0.003 0.001 — 0.0098 — 20.3 —

0.0013

* VIM, #** CC as cast
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Photo. 1. Photomicrograph of the transverse facial
cracks in a continuously cast Al-Si killed steel show-
ing austenite grain boundary fracture.
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Fig. 2. Dependence of hot ductility on the strain
rate and temperaturc in austenitic Fe-20 Ni alloy
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Fig. 3. Dependence of hot ductility and maximum
strength on the strain rate and temperature in fe-
rritic Fe-16Cr alloy (Heat 5) (Gleeble).

Photo. 3. Fracture appearance obtained by the Gleeble test.

Pulled at 750°C and £=5x10-3/s on the

way of cooling from the melting temperature (Heat 3).
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Fig. 4. Effect of nitrogen on the hot ductility in
low carbon steels (Gleeble).
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Fig. 5. Effect of nitrogen and aluminum on the
hot ductility in low carbon steels (Gleeble).
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Fig. 6. Effect of phosphorus on the hot ductility
in low carbon steels (Gleeble).
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Fig. 7. Effect of the cooling rate on the embrittle-
ment in 900~700°C range (IHeat 3) (Gleeble).
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Fig. 11. Dependence of maximum true stress on
temperature and strain rate in electrolytic iron
(Heat 1) (Instron type test).
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Photo. 6. Grain boundary fracture composed of two modes, i. e., grain boundary sliding and void coa{es’— ' f
cence. Pulled at 750°C and é=5%10-3/s on the way of cooling from-the melting temperature using
vacuum melted heat with the similar chemical composition with Heat 3.
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