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Effect of Refractory Materials on Inclusion Deposition of Immersion Nozzle in Continuous Casting and
Mathematical Modeling of Inclusion Deposition

Kusuhiro MUKAL, Ryoji TSUIINO, Tkuo SAWADA, Masafumi ZEZE and Shozo MIZOGUCHI

Synopsis : New immersion nozzle materials preventing inclusion deposition have been investigated by laboratory scale test. A new mathematical model

has been proposed to explain the behavior of inclusion in the turbulent boundary layer near the nozzle and deposition rate of inclusions in the

molten steel has been numerically evaluated.

(1) The quantity of deposited inclusions has drastically decreased in the materials composed with high ALO; in comparison with

AL O,—C one. There is no deposition of inclusions on the material composed with pure AL, O, (Sapphire).

(2) About 30% of the inclusions less than 20 ym in diameter reach at laminar sublayer and they are forced to move onto the refractory

wall due to the interfacial tension gradient between inclusions and molten steel, formed by concentration gradient of silicon etc. in molten

steel.

(3) Deposition rate of inclusions in the molten steel was evaluated to be 0.75 pum/s (1.35 mm thickness in 30 min) which is almost equal

to the experimental results.

Key words : continuous casting; liquid steel; immersion nozzle; nozzle clogging: alumina-graphite; high alumina; non-metallic inclusion; motion of small

particle; interfacial tension; Saffman force; Magnus force; turbulent boundary layer; mathematical model.
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Table 2. Chemical compositions of molten steel.
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Fig. 1. Thickness of deposited inclusions and metal on
various kind of refractories.
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Fig. 3. Development of velocity boundary layer and diffu-
sion boundary layer in turbulent flow.
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Fig. 4. Behavior of an alumina particle in the turbulent
boundary layer.
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8:Cukw/L:Cimkm/Leddy ..................................... (A-1)
Dy~ vmrb:kWL:CLMkl/zLeddy ............................... (A-2)
L= C,L11/4Leddy ...................................................... (A-3)

&é%%ﬁ”mﬁ&tféoﬁﬁ%ﬂﬁﬁﬁ@amﬁ,
Tegdy = 0. 1OA/E ++vvevneennenn (A-4)

Tiéh5m®T,mnw&b&ﬁ&ébﬁfiﬁ%%
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Toddy :0'53(L§ddy/Dmrb) ......................................... (A-5)
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HWTHERT L

U = 2RI3) 2 (A-6)

T@h,maxgw:m%mﬁiﬁ0m~g&ﬁ&ébﬁé
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(Tﬁ/pf)zzcﬂkz ................................................... (A-9)
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UF=C YR oo (A-10)
k~G2u? &b
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