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Mechanism of Deposition of Inclusions and Metal on ZrQ,-CaO-C Immersion Nozzle in Continuous Casting
Ryoji Tsunno, Arata Tanaka, Akira Imamura, Daijyo Takanasui and Shozo MizocucHt

Synopsis :

Conditions of deposition of alumina and metal on ZrO,-CaO-C refractory has been investigated in comparison of Al,

0,-C refractory by laboratory scale test. The results are summarized as follows.
(1) When high aluminum and alumina inclusions were contained in the molten steel, ZrO,-CaO-C refractory was easier

to be deposited than Al,O;-C one.

(2) The deposition may be composed of two steps.

The first is the formation of fine oxide layer (the network alumina) in the hot face during very short time after

immersion.

The second is the deposition of non-metallic inclusions on the fine oxide layer.
(3) The generation of the fine oxide layer is due to the following reactions. Direct reaction of aluminum in the molten
steel with silica and zirconia contained in the refractory. Suboxide gases (SiO,ZrQ) reduced by graphite in the refractory

react with aluminum in the molten steel.
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Fig. 1. Experimental apparatus.
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Table 1. Compositions of test specimens. (mass%)

Material C ZrQ, | CaO | SiO, SiC | ALO,
17.6 59.0 20.9 14
LS § § § § _— E—
ZCG 207 | 60.0 | 217 18
HS 19.8 41.0 26.3 12.7 —_— —_—
AG 24 7 —_— 18 8 40

(LS:Low-Si0,. HS:High-SiO,)

Table 2. Chemical compositions of molten steel. (mass%)

Grade C Si Mn Al

0.04 0.007 0.24 0.015

L-Al-K § § § §
0.06 0.01 0.28 0.026
0.004 0.01 0.23 0.04

M-AI-K § f § §
0.027 0.04 0.28 0.085
0.01 0.23 0.29 0.21

H-AI-K § § § §
0.03 0.28 0.37 0.28
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Fig. 2. Influence of steel grade and cleanliness on
Al203 deposition (dip time=30 min).
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Fig. 3. Relationship of dip time and thickness of

deposits at ZCG materials in M-Al-Killed
dirty steel.
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G BRI B 13T RE D & Il L TAGE THERE 8
T3 TEERTZ VI F PN BET 3 EH 2 enzao 72
770, AGEDHA, 4k ALO;DAD L - TV 5D
XL, ZCGEDHA, ALO;ECaO- 6 ALOMD 6% - T
WEDONRL B,

—%, HEHOBA, FIRD L 5 T EMEEAITHE
D & CBGHER bR X R 6 T, BRENEE Ok
Pk, IEFFMOLA L RRRICH109%Ca0—90%Zr0,
#H £ #950% A1,0, —30%Ca0—20%ZrO, D&l s FH 5 2 7E
LT3,
3-2+3 H-Al-X%VIE#

M-Al-¥v NgRIEE, FEFFMOSE, TEWITE DR
H LA H-Al-F v FERICBI L T, 305MRIFERRDOM X
YRR O 3 2 vl F Fig. 6 \WRT.

BRENEDEAE O KB I3 M-AL- X v N8 L R, #910
% Ca0—90% ZrO, D KL & #150% Al,0;—309% CaO—20%
ZrO, DERL S ARHYFEE L TL 5,

—7, BEEEEOESNC X, M-Al-¥v NETRD

reacted layer (C)

Fig. 4. Microstructure near hot face of ZCG (Low- Si0Q,) material in M-Al-Killed dirty steel

(dip time=30 min).

767 IR



Ml 768 £X & $@Vol. 80(1994)No.I0

reacted
lavyer

metal“

fine layver

(mass%)

S i Z r F e

refractory

fine laver

Fig. 6. Microstructure near hot face of ZCG (High -Si0,) material in H-Al-Killed dirty steel

(dip time =30 min).
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