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Reaction Mechanism between Alumina Graphite Immersion Nozzle and Low Carbon Steel

Katsuhirvo Sasai, Yoshimasa Mizukami and Hideak: Y amamura

Synopsis : Reaction between refractory and molten steel causes clogging in the immersion nozzle in continuous casting process.
Reaction mechanism between alumina graphite nozzle containing silica and molten steel was studied on the observation
of immersion nozzle after casting and the fundamental experiment. The results are summarized as follows,

(1)The reacted zone with a lot of pores where contents of SiO, and C decreased were observed in immersion nozzle

refractory after casting.

(2)The reaction in refractory was given by the following reaction formula as a whole,

Si0a(s)+C(s) =SiO(g) + CO(g)

(3)The overall reactions between Al killed steel and the alumina graphite refractory, and between Ti killed steel and
the alumina graphite refractory were given by the following reaction formulas respectively,
(Al killed steel) : 3Si0,(s) +3C(s) +4Al=2A1,04(s)+3Si+3C

(Ti killed steel)

low C, high Ti region : 5Si0,(s) +5C(s)+6Ti=2Tiz0s(s) +5Si+5C
high C, low Ti region : 5Si0,(s)+5C(s)+3Ti=TiyOs(s)+5Si+5C0O(g)
(4)In Si0,—C refractory 50% of SiO, was evaporated as SiO and the other 5094 changes into SiC by the carbothermic
reduction of SiO,. On the other hand, in Al,05;-Si0,~C refractory 100% of SiO, was evaporated as SiO.
Key words : continuous casting ; refractory ; low carbon steel ; immersion nozzle ; alumina graphite ; carbothermic reduction.
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Fig. 1. Schematic view of immersion nozzle.
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Fig. 2. Micrographs of reacting zone on the cross section of immersion nozzle after casting.
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Fig. 3. Intensity of X-ray on the cross section of immersion nozzle after casting.

a)Microstructure before casting b)Microstructure near the interface after casting
c¢)Microstructure of the inside after casting d)Characteristic X-ray image of Al

Fig. 4. Microstructures and characteristic X-ray image of the refractory.
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Fig. 5. Intensity of X-ray on surrounding of silica
particle.
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Fig. 6. Experimental apparatus.
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Table 1. Experimental conditions and compositions
of molten steel at the beginning of experi-
ments. (wt%)

Charge No. C Si sol.Al Ti Specimen
a-1 0.004 0.005 0.077 tr The refractory
a-2 0.005 0.009 0.107 tr The refractory
b-1 0.014 0.010 tr 0.073 The refractory
b-2 0.012 0.008 tr 0.087 The refractory
c-1 0.016 0.013 0.118 tr
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Fig. 7. Changes in AC, ASi, AAl and ATi with time.
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Fig. 8. Relationships of ASi to AC and AAl in the reaction between the refractory and Al-killed steel.
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Fig. 9. Relationships of ASi to AC and ATi in the reaction between the refractory and Ti-killed steel.
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+6Ti=2Ti,0; (s) +5Si+5C
EmCIETifE% © 5810, (s) +5C(s)
+3Ti="Ti;05 (s) +5S5i+5CO(g)
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(4)ALO: % &4 L 2 v Si0,-CR Dt KT i, Si0,DC
BICIZ & b Si0,D50% 3SIOH 2 12, 5% b 50% HSICIZETT
ahs, L»l, ALO,#50%fREEH T 5 Al0,-Si0,-C
FROWMAMTIE, ALO, DEFEPHEKRT 5 L HICSI0,DIE
B »ETT 5729, Si0,134 TSIOF R ZRIT S (i ki
» 6K T B, '
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