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Formation Pattern of Inclusions in Ti-deoxidized Steel and
Their Effect on Microstructures
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Abstract: The change pattern of oxygen content and inclusions in liquid steel during deoxidizing was in—
vestigated through experiments and the relationship between inclusions and microstructures was also
analyzed. The results show that the oxygen content stabilizes around 0. 001% ( mass fraction) after de—
oxidizing and the inclusion size reaches the average minimum value of 1. 27 um after deoxidizing for 4
minutes when acicular ferrite distributes uniformly in the steel.
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Table 2 Designed chemical compositions of the tested steel %
C Si Mn P S Nb Ti Alg
0.14 0.30 1.50 <0.015 <0.010 0.04 0.030 <0.005
3" 4* 5*
o 2 min
2.1
B 0.001% o 3,
3
Table 3 Chemical compositions of the liquid steel %o
0 C Si Mn P s Nb Ti Al
1# 0.005 9
2% 0.002 7 0.130 0.200 1.510 0.018 0 0.006 1 0.054 0 0.003 0 <0.005 0
3# 0.000 9 0.120 0.190 1.460 0.018 0 0.006 3 0.047 0 0.0350 <0.005 0
4* 0.001 0 0.120 0.190 1.560 0.018 0 0.006 1 0.046 0 0.012 0 <0.005 0
5* 0.001 1 0.120 0.150 1.480 0.018 0 0.006 2 0.043 0 0.012 0 <0.005 0
o 3
o (0.1 mm?)
1#
2.2
4,
4 N
Table 4 The amounts total amounts and average sizes of inclusions in different size range
/
d<1 pm I pm <d<2 pm 2 pm <d<3 um d>3 pm /pm
2* 31 15 2 5 53 1.39
3* 29 19 3 7 58 1.38
4* 41 24 3 5 73 1.27
5" 24 17 4 9 43 2.01
84% o
d<l1 pm 1p,m<d<2p,m m o 4
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Table 5 The formulas of chemical reaction and AG’ *
Fig. 1 The relationship between oxygen content
AGY/(J + mol ™) in liquid steel and Gibbs free energy of
1 Ti + O = TiO(s) —367752 +122.4T Ti oxides at 1 873 K
2 Ti +2 0 =TiO,(s) —-678132 +235.0T
3 2T +3 0 =Ti,04(s) ~1092504 +358. 17
1 1873 K
6 183K ¢ 0. 001% N
Table 6 FElement interaction coefficient ¢/ at 1 873 K 2 Ti +3 0 =Ti,0,(s)
' Ti + O =TiO(s) Ti +2 O =TiO,(s)
. J
' C Si Mn P S Ti 0 ) ) )
0 45 -13.1 -2.1 7 -13.3 60 -20 Tio Ti0, 13,05
Ti -16.5 5 0.43 -6.4 -11 1.3 -180 7
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Fig.2 Microstructures of different specimen
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