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Analysis and Improvement of Nozzle Clogging of
Ti—bearing Welding Wire Steel
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(Institute of Research of Iron and Steel, Jiangsu Shasteel, Zhangjiagang 215625, China)

Abstract: The element content, phase composition and interface reaction of nozzle clogging for titanium-bearing welding
wire steel SJ-60 during continuous casting were analyzed by means of XRF, XRD and SEM. It is found that the interface of
the nozzle is rough and porous due to decarburization reaction, which causes nozzle to be easily invaded by high melting
point phases. In addition, the calcium treatment and erosion of refractory during the refining process will produce a large
amount of CaTiO, and MgAl,O, in the molten steel, and the deposition of both at the interface of the nozzle is the main
cause of nozzle clogging. The practice has shown that replacing ordinary ferrosilicon with low titanium and low aluminum
ferrosilicon can reduce the aluminum content in steel from 0. 008 0%~0. 009 5% to 0. 005 0%~0. 006 5%, which is benefi-
cial for reducing the content of Al,0, inclusions in steel. Cancelling the refining calcium treatment can reduce the calcium
content in steel from more than 0. 001 4% to less than 0. 000 5%, which is beneficial for reducing the content of CaTiO; in-
clusions in steel. Reducing the amount of fluorite from 0. 8~1. 0 kg/t to 0. 3~0. 5 kg/t can reduce the erosion of refractory,
and the magnesium oxide content in slag is decreased from more than 10% to less than 5%, which is beneficial for reduc-
ing the content of MgAl,O, inclusions in steel. Through the above measures, the problem of nozzle clogging caused by
CaTiO, and MgAl,O, has been effectively solved, and the number of continuous casting heats is increased from 4-5 heats to
more than 12 heats.
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Table 1 Chemical composition of SJ-60 steel %

C Si Mn S p N Ti (0]
0.07 0.64 1.626 0.0079 0.0148 0.0053 0.0974 0.002
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Photograph of nozzle clogging morphology
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Fig. 2 Electron microscopic scanning results of nozzle clogging
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Table 2 Elemental interaction coefficients in molten steel

JuE  C Si Mn S p N Ti 0
N 0.3 0.047 -0.036 0.007 0.045 0 -0.153 0.05
Ti -0.19 -0.050 -0.043 -0.270 -0.064 -1.8 0.013 -1.80
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Table 3 Influence coefficient of element in molten steel on
liquid phase line and solid phase line
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Table 4 XRF analysis results of inner wall on the nozzle

%
KO MgO  ALO,  Si0, Ca0  TiO, C  Hil
B 5664 419 2659 - - 9.05  3.53
B 2490 2355 402 17.66 2327 -  6.60

hy itk — 25 43 B SI-60 4W /K 1 4598 I AL, i D/
max-2500/PC 5 [)) XRD (X-ray diffraction) 53 H1 3 |
IH/K AR, 25 S e 3 FiE 4 iR . LR
K P EE S YA O MgO-Si0,-C, fifi 1 5 7k
14 41 4 CaTiO-MgO-MgAl,0,-Mg,Si0, , | &5 fiif 1
A FE YA N CaTiO-MgO-MgALO,., 7K F1d [
J& , PUBEDTRLUK AR CaTiO, Al MgALO, 45 5 15 s I A
Al RESE UK 1459 1 R 2R B, XRD 455 5 XRF
GERFA 3
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Fig. 3 XRD analysis of the inner wall on the new nozzle
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Fig. 4 XRD analysis of the inner wall on the old nozzle
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Table 5 Molten steel element content at different working stations %
T A C Si Mn P S Al Ca Ti
5 0.07 0.64 1.617 0.0137 0.005 7 0.007 8 0.001 4 0.106 0
) 0.07 0.64 1.626 0.014 8 0.007 9 0.006 7 0.001 1 0.097 4
F6 E7HAKOLEBYTRAR(RENH)
Table 6 Fig 7 elemental composition of nozzle clogging %
IiH C (6] Mg Al Si Ca Ti Mn Fe Zr YIAH
R 040 5499 1037 18.92 - 7.50 7.82 - - - MgALO,
jEE 2 0.84 - - - 0.70 - - 1.83 96.63 - Fe
EE 3 226 48.56 34 5.44 - 17.92 19.45 - - 2.98 CaTiO,
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Fig. 5 EM scanning results of the inner wall on the new nozzle
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Fig. 6 EM scanning results of the inner wall on the old nozzle
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Fig. 7 Point scanning analysis of nozzle clogging
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Table 7 Molten steel composition before and after process optimization %

Tz C Si Mn p S Al Ca Ti
A 0.06~0.08 0.6~0.65 1.58~1.63 <0.015 0.007 5~0.008 5 0.008 0~0.009 5 >0.001 4 0.085~0.15
lRLAE 0.06~0.08 0.6~0.65 1.58~1.63 <0.015 0.005 5~0.006 5 0.005 0~0.006 5 <0.000 5 0.085~0.15
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Table 8 Slag ingredient before and after process optimiza-
tion %0
TZ S0, ALO, Ca0  MgO0  TFe+tMnO  CaF,
Hefkni  15~20  7~10  50~60  >10 <1 5~8
AbfE  15~20  7~10  60~70 <5 <1 <3

W& % % 0.005 09%~0.006 5%, 5N o' w [Cal HI >
0.001 4% [ &= <0.000 5%, # HF w (MgO) H1 > 10%
AR 2 < 5%, A U T SJ-60 4K 7K 171 45 98 ] &
SI-60 B EGEY B 4~S R E = 1200 D)
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