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Analysis of Nozzle Plugging of E355S Sulfur
Bearing Steel and Process Improvement
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(1 Key Laboratory for Ferrous Metallurgy and Resources Utilization of Ministry of Education, Wuhan University of Science
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Abstract For the problem of nozzle blockage in the production of sulfur-containing steel (0.10% ~0.21% C,
0.010% ~0.050%3S) in a steel plant, a comprehensive analysis of the steel samples and nozzle plugging samples of each
key process has been carried out by SEM and EDS. The results show that the inclusions with particle size less than 10 pm
in each process steel are more than 94% , the number of inclusions per unit area decreases first and then increases with the
process flow. The types of inclusions are mainly CaS, Ca0-MgO, MnS, Mg0-Al,0,, Al,O,, Ca0-ALO,, CaO, CaO-
MgO-Al, O, composite inclusions; the nozzle plug is mainly composed of FeO, Al,O,, MgO - Al,0,, CaO - AL, O,, CaO -
2A1,0,. With blowing a certain amount of coke powder to the molten steel before EAF the tapping; controlling the refined
slag (FeO) <1. 50% , basicity 2. 0 ~4. 0 and taking appropriate calcium treatment and staged argon blowing operation; to
control the feeding speed of the sulphur wire in the range of 50 ~ 150 m/min; and cleaning the tundish and using special
slag for sulfur-containing steel etc process measures, the nozzle blockage decreases, the sulfide rating is <3, the secondary
oxidation of liquid reduces, and the casting accident is avoided.

Material Index SEM, EDS, Nozzle Clogging, Improvement Measures
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Table 1 Chemical composition of E355S steel / %
C Si Mn P S Cu Ni Cr Mo Nb Al
0.10~0.21 0.15~0.50 1.20~1.60 =0.025 0.010~0.050 =<0.5 =<0.50 =<0.50 =<0.30 0.005~0.050 0.005~0.050
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Table 2 Inclusions Analysis of E355S steel

—_ BRARBYRBES B/ % SERk
TR 0- 5~ 10~ 15~ > ’7#4%’1‘&2
S5pm  10um 15pm 20 pm 20 pm (B -mm™?)
LF44 60.2 3441 430 0 1.07 4.7
VD #iZs 88.79  8.89 0 .40 0.9 2.79
IR 76.00  19.27  2.47 0 2.17 1.73
BERIK 7464 23.03 146 0.87 0 10.82

#®3 E355S MMRFHEBMEE/ (4 - mm )

Table 3 Inclusion type and number in E355S steel /(No -

mm ~?)

KRETHF  Ca0O-Mg0-AL O, Ca0-Si0,-Al, 0, MnS  CaS
LF 4 5 2.6 2 0.35 0.45
VD %% 2.54 0.25 0.11 0.11
BEERR 1.48 0.24 0.09 1.57
Bk 3.48 1.04 9.77 1.58
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Fig. 1

Change of distribution of inclusions ingredient; (a) LF end; (b) after VD; (c) after adding calcium, soft argon blowing for

15 min, and (d) after feeding sulfur wire, soft argon blowing for 3 min
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Table 4 Atoms percent and ingredient at each point in nozzle blockage sample
WE S BREEAER/ % Lewa s’/ %
R e Mg Al Ca 0 FeO  Ca0 ALO, Mg
g . 1 - - 40.00 -  60.00 - - 100 -
2 2 - - 40.00 - 60.00 - - 100 -
ty 3 - - 34.79 6.51 58.70 - 17.07 82.93 -
4 - - 33.94 7.58 58.48 - 19.72 80.28 -
+10 5 50.00 - - - 50.00 100 - - -
6 - - 33.97 7.54 58.49 - 19.63 80.37 -
h 7 - - 28.24 14.70 57.06 - 36.4 63.6 -
8 - 7.71 28.20 7.04 57.05 - 18.43 67.07 4.5
" + 9 - 13.65 29.08 - 57.27 - - 72.94 27.06
1 mm 10 50.00 - - - 50.00 100 - - -
11 50.00 - - - 50.00 100 - - -
12 50.00 - - - 50.00 100 - - -
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Fig.3 Activities equilibrium diagram of Ca-S in liquid at 1 873 K
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Table 5 Electric arc furnace process data

IR A EHITE R
we BAk A C/% P /% T/C
1734197 VL 61 0.110 0.010 1643
1734198 VL 61 0. 100 0.010 1623
1734199VL 60 0.143 0.009 1 636
1734200VL 60 0.140 0.008 1630
1734201 VL 60 0.080 0. 007 1 640

1734202VL 80 0.109 0.012 1635
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