£b 2N
off] jz
‘ v $% & 48 Tetsuto-Hagané Vol. 89 (2003) No. 10

R O aAITHFIEIC K 2 SR HwE

DhiRE ke - MEE At - i B - R BB

Improvement of Hot Ductility in Continuously Cast Strand by Ferrite Precipitation Control

Yoshiki 110, Toru Kato, Akihiro Y AMANAKA and Tadao WATANABE

Synopsis : In order to clarify the correlation between susceptibility to transverse cracking and microstructure of slab surface, an apparatus and a method

of new hot tensile test were designed. Tensile specimens in a cold crucible type heater were in-situ remelted preceding the deformation. Two
thermal history for simulating solidification process, mild cooling and SSC (Surface Structure Control) cooling, were examined. Mild cool-
ing means gradual cooling after solidification corresponding to conventional secondary cooling. SSC cooling is a trial cooling pattern aimed

at microstructure control which provides rapid cooling until the y—o duplex phase region and reheating up to y region.

The results obtained are summarized as follows.

(1)

cation process.

It was possible to evaluate hot ductility of slab surface with microstructures by means of this hot tensile tests simulating the solidifi-

(2) By SSC cooling, the ductility is significantly improved and the fracture mode changes into transgranular ductile, because film-like

ferrite is restrained.

(3) Susceptibility to transverse cracking could be reduced with this microstructure.

(4) Decrease of transverse cracking susceptibility and microstructure control result from fine precipitates dispersion, such as

(Ti, Nb)(C, N), caused by SSC cooling.

(5) By utilizing carbonitride precipitation, film-like ferrite along ¥ grain boundary could be restrained and idiomorphic ferrite could be

formed throughout the matrix.

(6) Remelting of specimen before deformation is indispensable to evaluate cracking susceptibility on the hot tensile test.

Key words: continuous casting; hot ductility; transverse cracking; film-like ferrite; hot tensile test; cold crucible; secondary cooling; SSC cooling.
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Fig. 1. Two representative temperature profiles measured
at 5 mm below the surface.
(*: Surface Structure Control (SSC) cooling)
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Fig. 2. Schematic diagram of the apparatus.
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Fig. 3. Shape of the specimen after solidification.
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Fig. 4. Schematic illustration of temperature profile.
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Table 1. Chemical composition of steel (mass%).
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Fig. 6. Temperature profile in melting zone.
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Fig. 7. Relation between temperature by thermocouple and temperature by pyrometer.
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Fig. 8. Comparison between measured temperature and es-
timated temperature.

B SRR L 72,
4.3 BERTEREOKR

AERF & FTED @AM TERL, BB HERIC, ARG
EREMCIDEBRAELZREL, BERERICLIHE
HIRE & 2xtb s, REMELRIEL 72, BRUIAREY S
By, HORE LR & REEECHE ST - 7.
BERBERIC L SEMMES , MEXNIC L S FAMED L L
Fig. 8127 ¢, FiR@EME TR, FHE L OETDOENRD
bhdy, BEMMEICHEL RITTEHEEREICS N TE,
SHRRBEERELOKT 52, RANEE, BARAZROR
BRE—HLTWS, DLEOKE, +0uBE THRER
BEHZ KO RIBETRE TS 5 Z L AR S i,

5 HABRER

5.1 REBEOEE

REHEZV->ABRL, BERE TCOREEE+ZEL
X 7= &M (Fig. 4(a), (D)2 1T BBI5RIEE & Wy m IaE=
RAYDBER% Fig. 9IS T, HRGHIE R L TRWAE
i3, A—BERIZEWTLESEEIKkE<ALT S,
HRME TN TS y>aBEREREREFEORICEE R

22

100 € =33%x107% (1/s) ]

S 5

<t

c 80 A

8 60 1

E 40 @® SSC cooling
g O Mild cooling
2 2 1

3]

S

'8 0 ! 1 1 1

o 800 1000 1200 1400

Deformation temperature (K)

Fig. 9. Effect of temperature profile on the hot ductility.
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Fig. 10. Macrostructure of specimens deformed at 1073K. (a) Mild cooling, (b) SSC cooling.
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Fig. 11. Effect of remelting process on the hot ductility
with SSC cooling.
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Fig. 13. Revealing of y grain. (a) Mild cooling, (b) SSC cooling.
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Fig. 14. Microstructure of slab surface in continous cast-
ing test.
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Fig. 15. Precipitates at y grain boundary and matrix by
TEM. (a) Mild cooling, (b) SSC cooling.
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Fig. 16. Precipitates extracted from matrix treated intensive cooling.
(a) EDS spectra, (b) electron diffraction pattern, (c) its schematic representation.
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Fig. 17. Schematic illustration of mechanism forming microstructure.
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