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Effect of P and - Ti on Surface Tension of Molten Iron
and Entrapment of Inclusion by Liquid/Solid Interface in Molten Steel

Takahivo Yoxovama, Yoshiyuki Uesuiva, Katsuhiro Sasai, Yoshimasa Mizukami, Hidenobu Kaxmv and Makoto Kato

Synopsis :

Surface tension of molten iron and molten ferroalloys was measured by a sessile drop method in order to make clear

the effect of P and Ti on surface tension of liquid iron in the concentration range of less than 1 mass%. Based on the
present results, effect of P, Ti, Mn and C on entrapment of alumina inclusion in a solidified shell was discussed, taking
account of gradient of boundary tension between alumina inclusion and molten iron in a boundary layer at a solidification

front.
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Fig. 1. Shape of a sessile drop.
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Table 1. Chemical composition of samples (%)

alloys C Si Mn P S Al Ti Cr Mo Cu Ni 0 N
pure Fe <0.002 | 0.002 0.01 [ <0.001|0.001 |0.002 - 0.008 | 0.001 |0.002 |0.003 [0.0074 |0.001
Fe-0.05%P | <0.002 | 0.004 0.01 |0.050 {0.001 {0.002 |0.002 - - - - 0.0055 | 0.001
Fe-0.1XP <0.002 | 0.004 0,01 {0.107 |0.001 |0.001 |0.002 - - - - 0.0037 | 0.001
Fe-1%P <0.002 | 0.004 0.01 1.0 0.001 |0.001 |0.002 - - - - 0.0028 | 0.001
Fe-0.15%Ti | <0.002 { 0.001 0.01 {(0.001 {0.0003{ 0.01 |0.137 - - - - 0.0018 | 0.001
Fe-0.5%Ti | <0.002 | 0.002 0.01 {0.001 [0.0003]| 0.02 | 0.536 - - - - 0.0018 | 0.001
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Fig. 2. Variation of surface tension of pure Fe melt
with temperature.
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Fig. 3. Variation of surface tension of pure Fe melt
with temperature.
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Fig. 4. Variation of surface tension of Fe-P melts
with P content at 1600°C.
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Fig. 5. Variation of surface tension of Fe-Ti melts -
with Ti content at 1600°C.
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Fig. 6. Surface tension of pure Fe. Reported data

were cited from Ref.3).

Table 2. Measured and calibrated sﬁrface tension

at 1600°C.
alloys Omeas. Aa Ocatib.
pure Fe 1676 +193 1852
Fe-0.05%P 1685 +143 1828
Fe-0.1XP 1726 + 96 1822
Fe-1%P 1737 + 73 1810
Fe-0.15%Ti 1627 + 47 1674
Fe-0.5%Ti 1658 + 47 1705

Ocalib. = Omeas. +A 0. 0 was calculated by Eq. (2)
with oxygen contents shown in Table 1.
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Fig. 7. Surface tension of Fe-P alloys.
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Fig. 8. Surface tension of Fe-Ti alloys.
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Fig. 9. Behavior of inclusions at a solidification front.

Table 3. Equilibrium distribution coefficient
Ko!"'®, diffusion coefficients in liquid DY
and those in solid Dg'?.

elements | Ko Du(cn®/s) | Ds(cn®/s)
C 0.19 8.4x107° 5.6x1077
Mn 0.77 5.5x107° 2.4x107"7
P 0.23 2.3x10°® 6.3%10°"7
Ti 0.4 5.7x107° 2,1x107°
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Fig. 10. Velocity of inclusions in the boundary layer

before dendrite tips. Content of every alloying
element is fixed at 0.01%.

Table 5. Calculated values of V,* and V,
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Fig. 11. Variation of interdendritic microsegrega-
tion ratio with solid fraction. C. is content
in liquid. C, is average content. fs is solid
fraction.

Table 4. Effect of alloying elements on -V,.

C Mn P Ti

-Vz (ca/s) 0.05 0.025

1.5 2.2

Content of each element is fixed at 0.01%.

in these grades and effect of each alloying element (cm/s).

steel grade C Mn P Ti sum
super-ultra-low carbon steel -V,* 0.06 0.9 0.4 20.5 21.9
(SULC) -V 0.01 0.4 5.0 7.3 12.7
P-bearing super-ultra-]ow- -V,* 0.09 1.1 1.7 9.3 12.2
carbon steel (P-SULC) -V 0.02 0.5 5.6 3.3 9.4
low-carbon Al-killed steel -V:* 1.2 1.4 | 0.9 - 3.5
Lc) -Ve 0.2 0.6 | 3.0 - 3.8

Inclusion diameter was assumed to be 40um in every case.

Compositions are 0.002%C-0.01%Si-0.17%Mn-0.008%P-0.013%S-0,03%Ti-0.04%A1 for SULC steel,
0.003%C-0.01%Si-0,2%Mn-0.04%P-0.014%S-0.015%Ti-0.04%A1 for P-SULC steel and 0.04%C-
0.01%Si-0,25%Mn-0.02%P-0,015%S-0.04%A! for LC steel.
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