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Effect of refining slag composition on non-metallic inclusions in high-strength
low-alloy steel
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ABSTRACT The effect of strongly reduced refining slag with different basicities and Al,O; contents on non-metallic inclusions in
molten steel was investigated through the slag-metal equilibrium at 1600 °C. When the slag-metal equilibrium is reached the mass ratio
of CaO to SiO, in refining slag is from 1.9 to 4.5 and the mass fraction of Al,O, is from 21% to 33% . Non-metallic inclusions in
steel are mainly the spherical CaO-MgO-Al, 0,-Si0, system with size smaller than 5 wm. The composition of refining slag has a great
effect on inclusions. Inclusions mainly distribute in the low melting point region of the CaO-MgO-Al,0;-Si0, quasi+ernary phase
diagram with stable content of SiO, between 1400 °C and 1500 °C. With the basicity of refining slag increasing and the Al, O, content
decreasing part of inclusions gradually deviate from the low melting point region and the total number of inclusions decreases. When
the mass fraction of Al,0, is 21.22% and the basicity of refining slag is 3.27 lots of inclusions distribute in the high melting point
region and the total number of inclusions is the smallest.
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90 min
6—9 _ N
Al O,
2
mCaO-<nAl,0O,
1 .
(w( Ca0) /w(Si0,))  ALO,
- Si—Mo ( 1) 90 min
(+5%C) 20 cm 2 3
PID +1C 1.9 ~4.5 ALO, 21% ~33%.
1
Table 1 Chemical composition of slags before experiment
1% w( Ca0) /
30mm  MgO Ca0 Si0,  ALO, M0 (Si0y)
200g 40¢g 1 43.00 21.50 25 2.0
Al 0,.Ca0.5i0,  MgO CaO 2 54.25 15. 50 25 3.5
3 55.00 11.00 25 5.0
4 56.78 16.22 20 3.5
20 min 5 48.23 13.77 30 3.5
1 600 °C
2 ( )
Table 2 Composition of molten steel after experiment Y%
C si Mn P S Ca Mg Als T.0
1 0. 048 0.19 1.72 0.0070 0.0010 0. 00088 0.00074 0.004 1 0.0019
2 0. 041 0.18 1.78 0. 0080 0. 0003 0. 00092 0. 00074 0. 0066 0.0014
3 0. 044 0.17 1.78 0.0070 0.0003 0. 00099 0.00048 0.0078 0.0007
4 0. 044 0.17 1.77 0.0065 0.0004 0. 00098 0. 00054 0.0060 0.0010
5 0. 048 0.17 1.76 0. 0082 0.0006 0. 00100 0. 00100 0. 0064 0.0016
3 L. = w( ( S) ) ( 1)
Table 3 Chemical composition of slags after experiment S S)
w( Ca0) / 1% L ((9))
w( Si0,) AL, O, MgO S TFe + MnO w S) .
1 1.93 24.48  13.65 0.011 0. 44 S (1.2 x1077)
2 3.26 25.00 8.66 0.016 0.28 17% 75% 75% -
3 4.54 26.12 9.56  0.017 0.26 67%  50% 2.3.4
4 3.27 21.22 9.76  0.017 0.30 2.2
5 3.31 30.04 1019  0.014 0.27 ( 3 c¢m) (
) ( 1/2
2.1 )
90 min S
(3~10) x107° S 0.011% ~ 20
0.017% 0 40
L 11.53.57.43  23. 5 um ,
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Fig.1 Morphology of typical calcium-magnesium-aluminium silicate inclusions

4 ( )
Table 4 Chemical composition of typical calcium-magnesium-aluminium
silicate inclusions %
MgO Al, Oy Si0, Ca0 MnO

8.38 33.68 21.50 28.75 7.45

7.48 31.91 22.39 32.56 5.43

8.72 39. 05 9.22 40. 80 2.20

? 7.34 37.88 12.02 42. 14 0.62
10. 90 34.06 7.86 46. 16 1.01
} 7.20 33.40 8.81 50. 02 0.58
23.33 31.30 10. 06 33.32 1.93
! 12. 04 33.12 12.93 40. 26 1. 66
5.45 40. 02 11. 69 41.43 1. 19
: 6.54 39.32 11. 68 41. 46 0.94
2.3
2.3.1
- 1.2 3
Al O, 25% (w( CaO) /
w( $i0,) ) 1.93.3.26 4.54. 2
w( Ca0) /w( Si0,)
. ALO,
Ca0/Si0, Ca0
Si0, MnO . w ( CaO) /
w(Si0,)  1.93 3.26
w( Ca0O) /w(Si0,)  MnO w( Ca0) /
w( $i0,)  1.39 3.89 MnO

6.52% 1.39%; w( Ca0) /w( Si0,)
3.26 4.54 w( Ca0) /w( Si0,)
MnO w( Ca0) /w( Si0,)  3.89
5.77 MnO 1.39% 0.81%.
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) / !
Ca0 0.90.80.70.60.50.40.30.20.1 ALO, Ca0 0.90.80.70.60.50.40.30.20.1 ALO,

3 . (a) w( CaO) /w( Si0,) =1.93; (b) w( CaO) /w( Si0,) =3.26; (c) w( CaO) /w( Si0,) =4.54

Fig.3 Distribution of inclusions in steel with different basicities of slags: (a) w( CaO) /w( Si0,) =1.93; (b) w( Ca0) /w( Si0,) =3.26; (c)

w( Ca0) /w( Si0,) =4.54

5
Table 5 Inclusion number and size distribution in steel with different basicities of slags
/mm ~?
w( Ca0) /w( Si0,) 1~3pm 3~5um 5~10 pm >10 pm B=3um
1.93 14.28 4.44 1.35 0.19 27.51
1
1.93 17.37 4.05 0.58 0 18.55
3.26 10. 42 3.09 0.58 0 13.74
2
3.26 13.70 2.90 0.39 0 13.65
4.54 12.35 2.32 0.39 0 12.02
3
4.54 13.51 2.32 0.19 0 11.33
5
1 Ca0 ALO,
1 ~3um 70% OO BSNSi0,  mmMgo
g &R Mn()
|
oF
0L
2 30
1.2 3 31;
N .H_ 20 =
E
v 10F
B =3 pm ®
0
21.22 25.00 30.04
3 um B ALO, TR AN 1%
4 Al O,
2.4 A12 03 Fig.4 Relation between the composition of inclusions and Al, O,
2.4.1
- 42 5 ALO, ALO,  CaO
3.3 ALO, 21.22% \25% w( Ca0) /w( ALO,) 1
30. 04% 4 MgO Si0,  MnO
AL O, ALO, 21.22%
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25% ALO,.Ca0  MgO
25% 30. 04% ALO, . 1400 ~ 1500 °C . AL O,
CaO0  MgO . 21.22%
5 3.3 AL O, MgO 50%
Ca0—MgO—AL, 0, —Si0, 1600 C
AL 0,

ey [N}

M) ML radlP 1 L N M M e L IN
Ca0 0.90.80.70.60.50.4030.20.1 ALO, CaO 090.80.70.6050.40.30.20.1 ALO, Ca0O 090.80.70.60.50.403020.1 ALO,

5 . (a) w(AlLO;) =21.22%; (b) w( Al,05) =25.00%; (c) w( Al,05) =30.04%
Fig.5 Distribution of inclusions in steel: (a) w( Al,05) =21.22%; (b) w( Al,05) =25.00%; (c) w( Al,05) =30.04%

2.4.2 . AL O,
6 AL O, ( 4.2 5)
B =3 pm
I ~3 pm AL O, 21.22%
B =3 pm
6

Table 6 Inclusion number and size distribution

-2

w( Al,03) /% fmm
1~3pm 3~5um 5~10 pm >10 pm B=3pm
21.22 8. 11 3.28 0.39 0 11.85
! 21.22 10. 81 2.32 0.19 0 10. 13
25.00 10. 42 3.09 0.58 0 13.74
? 25.00 13.70 2.90 0.39 0 13.65
30. 04 12.93 2.51 0.58 0 13.83
: 30. 04 19. 69 3.28 0.58 0 18.20
3 w( Ca0) /w( Si0,) w( CaO) /w( ALO;)
MnO MgO
(1) - S Si0, CaO—
(3~10) x10°° 2.3 4 MgO—Al,0, —SiO, 1400 ~ 1500 °C
67% ~75% . w( Ca0) /
w( Si0,) 1.9 ~4.5 AlLO, 21% ~ :
33%. Ca0—MgO—AL 0, —Si0, .
MnO. (3) - 3.3
5 pm AL O,
. AlLLO, CaO w( Ca0) /w( Al,0,)
(2) - Al, O, MgO Si0,  MnO

259, . Si0,
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Ca0—MgO— AL, 0, — Si0, 1400 ~
1500 C AL,0,
ALO, 21.22%
1600 °C
(4) 4

w( Ca0) /w( Si0,)  3.27.ALO0,

21.22%
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