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Abstract By analyzing on ingredient of nozzle clogging and mechanism of clogging-forming it is obtained, that the
nozzle clogging in casting process of Ti-bearing Al-killed ultra-low carbon steel has a hierarchical structure, consisting of a
reaction layer and a bonding layer; inside, the reaction layer is caused by the reaction of the acid material in refractory with
Al in the steel and the precipitation of inclusions caused by the temperature of molten steel decreasing due to contact with
the wall surface of the clogging, while the bonding layer is caused by the accumulation of inclusions accompanied by cold
steel; the mass percentage of Al in the bonding layer increases from the inner to the outer layer, and the mass percentage of
Ti decreases. By taking such measures as (FeO + MnO) is controlled below 8% by modifying top slags, the mass percent
[ O] after RH decarburization is controlled within 0. 030% , the tundish argon replacement process before casting is imple-
mented and so on, the number of continuous casting heats of Ti-bearing Al-killed ultra-low carbon steel increases from origi-

nal 3 to 5, and the nozzle clogging rate has been reduced from original 80% to 30%.
Material Index Al-Killed Steel, Ti-Bearing, Nozzle Clogging, Ultra-Low Carbon Steel
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Table 1 Chemical composition of Ti-bearing aluminum
killed steel /%
C Si  Mn P S Als Cu Ti N

0.0020 0.01 0.15 0.014 0.025 0.030 0.050 0.110 0.0060
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Table 2 Sampling pesition and analysis method
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Table 3 Results of EDS on clogging in the opening side of
nozzle /%

RES 0 Al Ti Zr Na
I 8.14 60.32 - 31.54 -
2% 11.37 63.76 21.81 3.06 -
3* 11.20 82.09 4.72 1.98 -
4* 11.11 84.06 2.66 - 2.18
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Fig.2 Macro morphology of clogging nozzle slag line (a) and side opening hole (b)
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Fig.3  Morphology of clogging at the opening side of nozzle: side (a) and front (b) of

specimen
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Table 4 Changes in ingredient of ladle top slag before and after optimization

. . process / %
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Ti G B E K D E R AT RH#& S 45.8~50.5 34.5~41.5 4.0~6.1 6.9-8.1 4.5-7.7
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