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Recent Progress of Refractories in Highly Efficient
Continuous Casting

uE

NI Rk T, O SRERb T XL AR RMIERT S L TLUFD
PRFE % AT~ fz, TS 3 THO Ex 24 L %14 %
AN, BT oy Y B ARl Lafisic, MITNREICL Y IRK
S ANDREEEELLEE, FRY T a0y b2 OIS ERERED
DIz, MO 3 —F 4 » ZHEDBEE M EPLA LAY ¥+ X
FTARKMERAL, BICHXMOEFHHREERETLI IR L

i Kt el E4L ST S DN BRI AR E KL A T, R BRI 4L 5k
Taichi Nakamwa Michihiro Kuwayama Yasuo Imaiida T, EEENLE, HTAAXF—, B LUK NN
HJ JE M i B F—7 Mk
e " oD E LR RBL BRI KN %
AL
Synopsis:

Kawasaki Steel has developed several new refractory technologies to support higher efficiency in continuous casting. To
improve the productivity of Chiba Works No. 3 Continuous Casting Shop, the life of the submerged nozzle was extended
by improving the nozzle material properties in order to raise the continucus-continuous index of the tundish ; a castable
lining refractory characterized by little burning with the MgQ coating was developed ; and monolithic refractory material
was adopted to the tundish lining following an improvement in the refractory supporting structure. On the other hand,
Mizushima Warks No. 4 Continuous Casting Shop has adopted hot recycling of the tundish in order to enhance productivity,
save energy, and raise the effective use ratio of refractories. With this technique, the tundish has been reused as many as
450 times, achieving a substantial cost reduction in comparison with conventional continuous casting machines.
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Table 1 Properties of submerged nozzles

A B
Chemical compesition (%)

Al O, 0.4 0.3

Si0, +5iC 5.1 14.9

ZrQ, 69.6 69.1

CaO 5.2 1.8

F.C. 17.3 14.5

m-ZrQ, ratio in Zr(Q, (%) 12.7 88.9

Apparent porosity (%) 14.4 17.3
Bulk density (g/cm?} 3.49 3.42

Modulus of rupture (MPa} 12.1 10.4
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Fig. 1 Relation between casting time and wear of submerged
nozzle at powder line
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Fig. 4 Curve of thermal-expansion
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Fig. 5 Profile of 3 C C tundish
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Fig. 7 Effect of improvement
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Fig. 8 Result of heat-calculation ef tundish
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Fig. 9 Improvement of tundish slag-line refractories
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Table 2 Quality of sliding-nozzle

Improved | Cenventional
Chemical composition (%)
Al O, 76.9 96.0
SiQ, 3.5 2.0
Zr0, 9.3 -
F.C. 8.4 3.5
Bulk density (g/cm 3.33 3.17
Apparent porosity (%) 4.3 7.5
Compression strength (MPa) 220 127
Bending stresses (MPa)
room temp. 43.2 27.3
600°C 39.1 28.4
800°C 50.2- 43.9
1000°C 52.7 42 .4
1400°C 19.6 34.3
Thermal expansion (%) +1.04 +1.21
Ind f ft
ndex of damage after 20 100
heat-treatment”

*Blasting of AlLQ, particle(0.7 mm}
after metal dipping test (1 600°C X 3 cycle)
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Fig. 10 Effect of using improved sliding-nozzle
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