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Experiment of Phosphorus and Oxygen Distribution between CaO-SiO»-
MgO-Fe,0 Slag and Liquid Steel and Estimation of Phosphorus Content at
End Point of Top and Bottom Blowing Converter

Tsutomu Usul, Kenzo YAMADA, Yoshihiko KAwAl,
Shigeru INOUE, Hiroaki ISHIKAWA and Yoichi NIMURA

Synopsis :

The phosphorus and oxygen distribution between CaO-Si0,-Fe,O slag and molten steel has been obtained
in the temperature range from 1 600 to 1 700°C. They can be expressed by the following equations.
log[ (%P»05)/ {[%P]*(%Fe,0)%} 1=11.20 log{(%Ca0)+0.3(%MgO) —

0.05(%Fe,0)|+29 600/ T—36.25
lOg( 7Fe,0) =0.0257(%5102) —0.300

It has become clear that phosphorus and oxygen distribution between slag and molten steel at end point of
250t top and bottom blowing converter has attained equilibrium by investigating the data at end point on the

basis of equations ( i ) and (ii).

Solving the phosphorus distribution equilibrium and the mass balance

equations has made it possible to estimate phosphorus content at end point with high accuracy.
Key words : steelmaking ; phosphorus and oxygen distribution ; slag; top and bottom blowing converter ;

estimating phosphorus content.
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Schematic diagram of induction furnace.
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Table 1. Metal and slag composition after dephosphorization equilibrium.

Metal (%)

Slag (%) Temp.

No. ™5 Ts [mMn| O |Feo

Fez0a| FetO

Ca0

SiOp [Al2O3] MRO[MgO[TiO2| P | S [(oc)

199 |0.091/0.034{0.04(0.0493| 9. I |

196(10.83

3210

34.79| 3.71 | 361|1361]|0.490.22300!!

200 |0.050|0028)|0.02/0.0800i4.99|

3991803

2957

3079 1.92| 3.38(13.06| 0.420.580002!

201 |0045(0.035|0.020.1030 |19.84

5.39|24.75

2642

28.19| 1.95| 4.94{11.74| 0.34|0.647|0.020

163 |0.016{0.037/0.28|0.0570| 7.44

3.30]10.40|

47.70|27.53| 1. 84| 6.24| 1.09/| |. 19{0870/0015

164 |0.008/0034(0.14 |0.0744| 6.54

7911385

47.28(2687| 1.52| 6.35| 0.88(0.28/0.851|002I

165 |0.005/0027|0. 19|0.0480| 684

9.23|1508

53.31

1940| 1.67|4.41 | 0.91|0.91|1.050/0.085

166 |0004|0026|0.18/0.0463| 9.22

923|17.56

53.89/1544| 1.50| 6.86| 0.79| 0.28|0.933/0.092

167 |0004/0029/0.22|00422| 5.35

11.61]15.83

56.82/12.93| 2.28| 6.43| 0.94|0.71|0.959/0.059

168 |0009|0034{0.07|0.0895|15.91

2.64{18.29

46.352494| 0.27 | 5.28| 0.88| 0.67|1.030/0031

169 [0.004/0026)Q 12 | 00598 12.20,

7.91|1932

51.39

2020 0.28 (443 0.88| 0.37,06980.090

170 |0004{0.023|0.21 |0.0556| 863

1286|20.2
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4428/17.88| 1.32] 464 1.19 | 1.37/0854/0.064
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12.60|24.30

4846|1766 0.54| 3.69] 1.28 |062|0953|0022

175 |0.003/0019 |0.10{0.0584|15.7|

1355|2797

46.63/12.69/0.75| 4.96| 268 | 062 |0882/0.132

232 |0010 |0025/0.11 | 0.0834|1343

3.57(1833

4864(2355| 1.15| 5.13| 1.568|0.32/0914|0052

233 (0009[0.012{0.2010.0580{15.04]

22717.13

5245|16.63| I. 15| 7.62| 1.46 | 0.18/0.942/0.102

234 (0.008(0.019(0.18 | 0.0536|14.74

373(18.15

51. 14

17.05| 1.70| 6.09| 1.95 |0.72|0.955|0088 1650
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276|17.87

5206(15.1012.31| 7.11 | 1.70 |0.30/0.903/0094

245 |0010 [0022|0.16|0.0655|11.24

8.69|19.21

51.48(17.15|2.16 | 4.51 | 1.40 |0.36/0.861 0.1 18

254 |0.017 |0028[0.21| 008661890

3.52{2212

143.18
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Fig. 3. Comparison between Qo and Total [O].
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57O RIGEER I 30 min BETHSTH - 1245, 5
DITH 5D MgO DOEMEER & LTixiE <, EBRED R
7 73 MgO AREZFI T, (%MgO) i V%R L /.
Table 2 & Fig. 4 (CEBREDO A 5 VB EH % ftR D
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Table 2. Experimental condition.

Temp. .
Symbol (°C) Skig composition (%)
Present 1% 1600 =26~ 57, MqO=1~14, MnO=|~ =10~
ork S 1650 Ca0=26~57, MgO=|~14, MnO=|~9, FetO=I0~ 28,
A 1750 | Al20s=0.3~38, 5i0=12~35,P205=05~ 2.4
) )
T-Winkler = | 1530 ~ | Ca0=0~48,MgO=2~30, Mn0=0~39,Fe0=I~77,
J.Chipman 1738 | Fee03=0~ 8, SiOz=i~40, Pz 0s=0~I9,CaF2=4~I8
—)
K.Bollo jiva 585 Ca0=30~ 6], Mg0=2~20Mn0=|~12,Fe0=5~32,
et al. Fez03=1~9, Alz03=2~8, S5i02=9~2l, P2 Os=2~13
8 1550 | Ca0=31~54, MgO=3~7, MnO=l~I |, FeO=I1~25
' 1635 | FeeOs=4~9,Al203=I~3,Si0z=11 ~I8, Pz0s=5~I0
15
VonF. Barden| l'ggg Ca0+Si0+Fet0=80, MnO=I0, P20s=3.8,
heuer et al. 1680 MgO=3, Al203=2, Cr203=1,5=02
Hosuto V| | 1550 | ca0=0~42,Mg0=6~29,Fe0x |1 ~83,Fes0s=I ~14,
et al. 1999 | 5i02=0~34, P20s=0.1~1.0
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Fig. 12. Comparison between [%P] ., and
[%P],,. at end point of top and bottom blowing
converter.
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