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Abstract

Four typical examples of research and development results in the molten steel teeming refractories
for continuous casting system having been achieved recently in the Krosaki Harima group were
introduced. Nozzles (CFN™, CFP™) with optimized inner bore shape to suppress turbulent flow
and minimize the deposition of the inclusions on the nozzle during casting described with their
actual application results. The sliding device, for sliding nozzle (SN) developed to reduce weight
and labor load aiming to future automation (R-series™), introduced together with the non-
impregnated SN plate with low temperature firing (HYPER™). Finally, casting nozzles with
improved thermal shock resistance, by reforming bond of the alumina-graphite (AG) system nozzle
material focused in low elasticity and high strength (FANON ®-TUBE) were explained.
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2.1.1 TD E&B/ X)L (Clean Flow Nozzle : CFN™)
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2.1.2 @&/ XJl (Clean Flow Port : CFP™)
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(a) TERMIR, (o) FHAFAR
Three-dimensional velocity vectors distribution calculated
by computational fluid dynamics (CFD) at the outlet of the
ports of the SEN for (a) conventional and (b) ideal-line
shapes
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Two-dimensional distribution of the turbulent kinetic energy
at Y=0 mm section in the nozzle and mould calculated by
the CFD for (a) conventional and (b) ideal-line shapes
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Comparison of the appearance of spigots obtained in the
test for (a) conventional and (b) ideal-line shapes
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tional and (b) ideal-line shapes
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Comparison of the cross section of the submerged entry
nozzles for (a) conventional and (b) ideal-line shapes
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Conceptual diagram of ladle sliding nozzle system (a) side
cross view and (b) front cross view
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Appearance of the R-series sliding nozzle system (a)
closed view and (b) open view
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Automatic exchange equipment? for ladle sliding nozzle plate
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®1 EIFABRMOEFE
Properties of materials
Material A B
Metal Al content / mass% (I=a<)) 2a a
ALO, 93 82
Chemical compositions / mass% ZrO, - 5
F.C. 4 2
Bulk specific gravity / — 2.99 3.28
Apparent porosity / % 14.3 9.0
. AtR.T. 44 38
Bending Strength / MPa
At 1400°C 48 19
Thermal expansion / % At 1500°C| 1.29 1.15

Surface abrasion
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(A ERNEW, B: @ERNIEE)
Comparison of the appearance of the SN plate after use,
A: less abrasion and B: surface abrasion

ZRM: Zirconia mullite
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Comparison of the microstructure of the SN plate after use
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TEM images of carbon bond after heat treatment
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Comparison of qualities and thermal shock resistance between FANON and conventional AG materials

Material FANON ‘ Conventional FANON ‘ Conventional
Silica addition on the material Non-silica AG Silica including AG
ALO, 68 68 61 61
Chemical compositions / mass% F.C. 31 31 25 25
SiO, - - 14 14
Tensile strength!'® S / MPa 59 5.0 5.7 47
Hot Bending strength / MPa At 1400°C 11.1 10.9 139 9.6
Elastic modules E / GPa 8.0 10.6 9.2 10
Thermal expansion a / % At 1000°C 0.4 0.42 0.26 0.28
Thermal shock resistance S-E™"'-a™' / — 1.84 1.12 242 1.67
AT 1l test It AT=1500°C 0-0:++0-0 0-X 0-0-0-X X
spalling test results . . AT=1400°C oo »
(repeated water quenching from a certain
. AT=1300°C 0-0-0-0 0-x
tempareture until 10 cycles)
AT=1200°C 0-0-0-0 0-0-0-X
o: No crack, x: Crack observed
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Thermal shock resistance test by water quenching method
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Comparison of qualities between FANON and conventional
ZG materials

Material FANON |Conventional
Chemical compositions Zo, 86 86
/ mass% FC. ’ E
CaO 3.7 3.7
Apparent porosity / % 16.2 19.2
Tensile strength'” S / MPa 6.2 4.8
Hot Bending strength / MPa At 1400°C 10.5 8.4
Elastic modules E / GPa 6.1 6.3
Thermal expansion a / % At 1000°C 0.33 0.37
Thermal shock resistance S-E™'-a! / — 3.08 2.06
Corrosion index 85 100
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ZrO, content / mass%

23 FANONIZEBHD EREKD ZG DA EEF 1%
(AT) D LEER

Comparison of the thermal shock resistance (AT) of the

FANON-ZG with the conventional ZG
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Powder line corrosion resistance test
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