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Abstract

The structural composition and formation mechanism of Ti-IF steel submerged nozzle plugging
were studied. The plug is loose to dense from the outer layer to the base, which main components
are composite oxides and Al;0s inclusions. Due to the oxidation reaction in the pouring process
and the reaction between the oxide in the molten steel and the refractory of the tundish working
layer, aluminum and titanium oxides and their based composite oxides are constantly generated
and deposited at the bottom of the submerged nozzle, eventually forming a blockage. By optimiz-
ing the composition of molten steel and strengthening protective pouring, the problem of nozzle
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blockage was alleviated, and the number of stable continuous pouring furnaces was increased
from 6~8 furnaces to 10~12 furnaces, with remarkable effect.
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Table 1. Typical composition of test Ti-IF steel
= 1R Ti-IF R 5y

JGZ (element) C Si Mn P S
[wt%] 0.003 0.011 0.161 0.016 0.009

Jt% (element) Al AlS Ti Nb N
[wit%] 0.036 0.025 0.072 0.002 0.0015
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Figure 1. Schematic diagram of SEN structure and blocking profile morphology of IF steel with titanium
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Figure 2. Morphology and composition of nozzle blockage Part 1
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IR Y RAT A K B, SR, SR ataie. PR A4l ALO;,
WA Ti-Al-O E&£6Y), [FEEF CaO-AlL,0; & MIIAELE . SH/K T KI[Calhy ppm Ik AT R,
AN E A CaO-AlLO; B & T AW 24, T 45 A Ry i 1) CaO B2 5 [ M A2 7E SEN L&
. FUAK B i b (A AL BT R T K AR R 5 CaO, i KA RIS S MEAE 54K R [AN RN K A4k
HIER > AT TE I T AW . BEAGTN KA R 8 4 4 0 R [3] .

3[0]+Ca0(s)+2[Al]=Ca0-Al,0,(s) 1)
AG =1244824+371.41T +RT Inaj, -a/s,
MgO(s)+2[Al]+3[0]=MgO-Al,O, (s) (2)
AG® = -1225857 +376.16T J/mol
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A, ERY)N CaO-MgO-Al,O; B & Wy ak A il oy i M2 A4 -
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BRI B Bh 8 A HH/K 598 51 S B BE B BE AN 2 ) ) 8 B S BRAIE B & T AR R AR R AR B AN
KIS FE W B AL B E N, IREALA R ALTIOs e 4, &%k IF AR ™ s MR R . 1F 3 461
R S I Z= e ALOs Fe gk, HEH T Ti KARWN RV .

5Fe0 + 2Al+Ti = Al TiO, + Fe (3)
FeO + Al,O, + Ti = Al TiO, + Fe 4)

2 P A AR R T,V A ) AR I e A ST R AN B I R A, e R AR DL B TR R

N, SEARNH I A Ti-Al-O A Je e, Iy 2.

Table 2. Ti-Al-O thermodynamic conditions of composite inclusion reaction

%= 2. Ti-Al-O E8 R NHANFEH

J ¥ (reaction) AGgy(J/mol) 1873K T IgK
Al,O; = 2Al + 30 867300-222.5T —12.58
TisOs = 3Ti + 50 1307000-381.8T -16.53
Ti,03 = 2Ti + 30 822100-247.8T -9.99

Al,TiOs = 2Al + Ti + 50 1435000-400.5T —19.12

GnRTRNIR, 4 2 PR, W AEANTE S, AR AT CAAEARK SR AL A A A . DRI, S EORE AR AL
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A E TR TRN K R ES T OH FE I AT RE . T 4 P22 MLl Ti-AIO EaWhE, 518 2 g
R R R B B TiL AL Ba KU, R oK PR A BT B a5 28 10 2

NIRNBEFOK I SEIERIHLE, BORRTORZAT 73— tr. & 1 hRUa 58 —JR (&AL 2). S0
JZEBAL S)FESA 7 i 5] 51 & 6 Fra.
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Figure 3. Calcium titanium salt compound inclusions separated from molten steel by water-soluble electrolysis
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Figure 4. Al,05-TiO,-CaO compound oxide separated from molten steel by water-soluble electrolysis
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Figure 5. Morphology and composition of nozzle blockage Part 2
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Figure 6. Morphology and composition of nozzle blockage Part 5
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Figure 7. Attachment morphology and composition of nozzle blockage Part 6 (SEN inner wall)
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