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Cleanliness study of SWRH82B hard wire steel produced by BOF-LF-CC processes
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ABSTRACT The cleanliness evolution of SWRH82B steel produced by the BOF—LF—CC process was studied by systematic sampling
and lab comprehensive analysis. The results show that the content of oxygen and the number of micro-inclusions significantly decrease
after calcium treatment while the content of nitrogen in molten steel slightly increases. Both the contents of oxygen and nitrogen sharp—
ly increase during the casting process. 97% of the micro-inclusions in casting billets are smaller than 5 pm. They mainly include
trenchant angularity single Al, O, inclusions spherical complex inclusions of oxides with CaS and MnS and complex inclusions of sim—
ple oxides or nitrides with MnS. Calcium treatment after LF refining removes oxygen from molten steel efficiently but increase the
amount of Al, O, inclusions in casting billets which is harmful to the quality of SWRH82B steel. Due to serious lag entrapment re—
fractory erosion and reoxidation caused by unreasonable tundish structure the cleanliness of liquid steel decreases.
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Table 1 Chemical composition of SWRH82B steel %
C Si Mn P S Cr
0.79 ~0. 86 0.15~0.35 0.60 ~0.90 <0.025 <0.025 0.20 ~0.40
0. 82 0.23 0.78 0.014 0.0033 0.20
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Fig.1 Orthographic views of the tundish: (a) front view; (b) left view; () vertical view
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0. 0054% SWRHS2B MgO—AL,0,-8i0, Mg0—5i0,—Ca0
N MgO—AL, 0,—Si0,—Ca0—CaS
3 Ca0  CaS ;1 (3)
AL 0,
3.1 MgO—Al,0,—8i0,~Ca0  MgO—Al,0,—Si0,~CaO—
Feature CaS  MnS MnS
100 N CaS MnS
2. MnS TiN
2 :(1) LF TiN $i0,—Al, 0,—MnO
MgO—Al,0,—5i0, . MgO—Al, 0,—5i0,—~Ca0 ALO,~Si0, . 97% <5 pm.
CaS MnO-MnS (2 3
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Table 2 Typical kinds of micro-inclusions
V041, 0,510, MgO—AL, 0,—8i0,~Ca0—Ca$S
LF Mg0—Si0,~Ca0—Ca$

MgO—Al, 0,—Si0,—Ca0

MnO MnS

MgO—Si0,—Ca0
MgO—AL, 0,—Si0,~Ca0—Ca$S

Mg0—Si0,—CaO—CaS
Si0,—Ca0 MnO
Al, 05,-Si0,

MgO—Al, 0;—Si0,—Ca0—CaS—MnS
MgO—Al, 0;—Si0,—CaO—MnS
Al Oy —MnS TiN—MnS

AL 0,~Si0, MnS
Si0,—Al, 0,—MnO TiN

3 . (a) MgO—Al,0;,—Si0,—Ca0; (b) AL, O5; (¢) MnS; (d) TiN—MnS

Fig.3 Typical morphologies of micro-inclusions: (a) MgO—Al,0;—Si0,—Ca0O; (b) Al,0;; (c¢) MnS; (d) TiN—MnS
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Fig.6 Average composition variations in each steelmaking process: ( a) total aluminum ( AlT); (b) micro-inclusions
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Table 3 Quantity and size variations of large-scale nonmetallic inclusions in casting billet

1%
/kg /mg*(10kg) ~! /(10kg) ~! <80 um 80 ~140 pm 140 ~300 wm >300 pm
1 1.81 13.78 259. 10 31.91 38.30 23. 40 6.38
1 1.8l 16. 00 391. 83 7.04 38.03 52.11 2.82
2 1.98 10. 10 171.72 23.53 32.35 23.53 20. 59
2 1.95 9.75 174. 54 20. 59 41.18 29. 41 8.82
3 1.95 14.35 153.77 13.33 30. 00 36. 67 20. 00
3 1.95 8.21 107. 80 4.76 47.62 19.05 28.57
4 1.91 8.37 141.29 37.04 29. 63 29. 63 3.70
4 1.94 10. 33 361. 38 30. 00 35.71 32.86 1.43
1 1.74 5.74 126.29 27.27 27.27 36. 36 9.09
1 1.67 7.77 119.55 35.00 25.00 35.00 5.00
2 1.59 14. 51 138. 80 13. 64 31.82 36. 36 18. 18
2 1.85 5.93 151.02 17.86 46. 43 32.14 3.57
3 1.69 7. 68 94.51 6.25 31.25 56.25 6.25
3 1.69 7.69 224.72 18.42 52.63 23. 68 5.26
4 1.48 6.07 195. 55 17.24 51.72 31.03 0. 00
4 1.48 7.42 236. 01 31.43 25.71 37.14 5.71
1 1.76 7.37 107.71 15.79 36. 84 31.58 15.79
1 1.76 3.98 45.51 — 12.50 75. 00 12.50
2 1.88 1. 60 32.00 16. 67 83.33 — —
2 1.82 3.84 49. 40 11. 11 55.56 22.22 11. 11
3 1.82 1.65 93.56 35.29 58.82 5.88 —
3 1.81 2.76 44. 15 — 37.50 62. 50 —
4 1.92 2.08 36. 44 14.29 28.57 28.57 28.57
4 1.83 1. 64 49.18 11. 11 66. 67 11. 11 11. 11
1. 80 7. 44 146. 08 18.32 40. 19 32.15 9.35
4 ( )
Table 4 Chemical composition of continuous casting slag and refractory materials %
Ca0 Si0, Al O, MgO Fe, 0 K,0 Na, 0
2.86 13.77 0. 46 78.57 3.68 0.03
30. 05 39.20 2.73 1.78 1.52 0. 69 19.37
62. 12 11.76 15. 61 1.21 2.71 0. 81 2.72
(- 9(b)) - (6) ALO, (1 9(1))
MgO Al, O,
(3) Ca0.Si0, Na,O ( 9 Al, O,
() 16
(4) MnO.AL O, SiO,
( 9(d))
MnO . (5) 10
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5
8 (1)  BOF—LF—CC
Fig. 8  Variations of large-scale nonmetallic inclusions in normal SWRH82B
casting billets in the phase diagram 0.002% N 0. 005%
9 . (a) MgO—Al,0;—Si0,—Ca0—CaS; (b) MgO  CaO ; (¢) Ca0.Si0, Na,O ; (d) MnO.Al, 04
Si0, 7 (e) Si0,; (f) Al, 04

Fig.9 Typical morphologies of large-scale nonmetallic inclusions in casting billets: (a) MgO—Al, 0;—S10,—Ca0O—CaS; ( b) mainly including MgO
and CaO; (c¢) mainly including CaO SiO, and Na,O; ( d) mainly including MnO Al,O; and SiO,; (e) single SiO,; (f) single Al,04
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Fig.10 Source variations of large-scale nonmetallic inclusions in casting billets:

the first billet; ( c) transition billet; (d) normal billet
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