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Measurement of Oxygen Potential and Temperature in Liquid Slag,
Me‘;al and Gas Phase of Q-BOP Converter by Oxygen Concentration Cell

Kazuhiro NAGATA, Kyoji NAKANISHI, Fumio SUDO, and Kazuhiro S. GoTto

Synopsis :

The oxygen potential (represented by pp,) and temperature in liquid iron, slag and gas phases in a
Q-BOP converter during blowing were measured by using different types of oxygen concentration cell
with ZrO,-base solid electrolyte for each phase. po, and temperature in liquid iron continuously in-
creased from 1x10-14atm at 1400°C at the initial stage of oxygen blowing to 1x10-1%atm at 1600
°C at the end of blowing. po, in slag at the end of blowing was about 10-9 atm, being close to po,
in equilibrium with Fe?+ and Fe$* and closely rinked with the ratio of wt%Fe3+ to the sum of
wtosFet+ and wtd,Fe2+. Because slags were solid at the initial and middle stages of blowing, o, in
slag was estimated 10-4 to 10-8atm from the value of the above-mentioned ratio. pg, in gas phase
was 3% 10-13 atm at the initial stage and it remained lower than that in liquid iron after the middle
stage. On the basis of experimental findings, the reaction mechanism of the elements in steel with
slag was discussed and the characteristic of Q-BOP as a reaction vessel was compared with that of

LD converter,
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Table 1. Oxygen pressure and temperature in metal, slag and gas phases during Q-BOP operation.

Heat | Sample [Total g;ltygen Metal Slag Gas
T w7 T
No. (N /2D | Temp. (°C) 298P0 " Temp. (°C) 1980 Temp. (°c) 1o8Pg,
1 1-3-1{ T.D. 1592 -10.00 1620 - 9.77
1-3-2 1584 - 9.66
2 2-3-1| T.D. 1606 - 9.96 1630 - 9.00
2-3-2 1620 - 8.52
3 3-1-1| 4.6 1388 -13.92 1244 -14.82
3-1-2 1388 -13.85 1388 -13.85
3-2-1 26.2 1467 -12.27 | 1460 -13.00
3-2-2 1467 -12.33 i 1438 -12.96
3-3-1| 42.7(T.D.)} | 1589* - 9.85 1547 - 8.22
3-3-2 - 9.92 1532 - 8.10
4 H.M. 0.0 1361*
4-1-1| 4.5 1395 -14.28 1388 -14.06.
4-1-2 1388 ~13.96 1381 -14,46
4-2-1] 26.3 1467+ -12.33 1460 -12.74
4-2-2 . -12.35 1460 -12.74
4-3-1 | 43.0(T.D.) | 1605* - 1345 -10.25
4-3-2 --- 1496 - 9.00
5 H. 0.0 1376*
5-1-1{ 4.3 1406* -13.51 1395 -12.21
5-1-2 -13.77 1402 ---
5-2-1126.1 1471* -12.40 1453 -12.33
5-2-2 -12.40 1460 -12.30
5-3-1| 43.5(T.D.) | 1595* - 9.48 1605 - 9.57
5-3-2 - 9.47 1598 - 9.26
6 6-1-1| 4.3 1402* -14.17 1208 -15.20
6-1-2 1400 -14.00 1229 -15.12
6-2-126.1 1491 -12.27 1489 -11.89
6-2-2 1488 -12.46 1489 -
6-3-1| 43.5(T.D.) [ 1595 -10.00 1591 - 9.60
6-3-2 1593 -10.00 1591 - 9.40
8 8-1-G| 4.3 1395 -12.92
8-2-G | 21.7 1402 -13.22
8-3-G | 37.0 1390 -11.59
8-3-2 | T.D. 1593+ -11.11 1603 -10.02
9 9-1-G | 4.3 1422 -12.46
9-2-G | 21.7 1437 -13.01
9-3-G | 37.0 ) 1468 -11,18
9-3-1 | T.D. 1601* - 9.40 1575 - 9.09
9-3-2 1556 - 8.47

T.D. : Turn down, H.M. : Hot metal, * : Data by temperature-sensor, + : Value estimated from temperature at the
inside of oxygen-sensor, ** : Unit of pg, is atm.

Table 2. Composition of metal and slag.
Sample Metal (wt%) Slag (wt%) T

) . Z¥ 3+|Fe” {CaQ
No. C Si Mn | P Mg0 5102 PZOS Ca0 [MnO |Fe“ [Fe T.Fe 5105
1-3 | 0.057 0.22[0.013
2-3 [ 0.052 0.26}0.019 )
3-1 | 4.33 0.058]0.38(0.090{ 7.10|13.48[4.21[51.04]5.83[4.89(2.78(0.36|3.79
3-2 [ 1.59 10.008]0.32]0.039} 5.38(15.11{5.37 |s4.66/3.55]2.08(2.43|0.54|3.62
3-3 | 0.043{0.001)0.18]0.010 | 3.68|11.50|5.14}50.85|5.42]7.78{5.52[0.4214.42
H.M. | 4.37 [0.14 [0.40]0.110
4-1 | 4.25 {0.017/0.25{0.064 | 4.00{10.20]3.05[s7.26{2.29]0.56|3.29]0.86 5. 61
4-2 [ 1.61 [0.0060.41/0.053) 6.85]13 43|5.3955.80|3.28]1.38{2.23]0.62)4.15
4-3 | 0.055]0.002{0.23{0.018 | 6.21|10.63|5.36{51.70|5.49|8.79]3.300.27]4.86
H.M. [ 4.52 {0.22 [0.39]0.144
5-1 | 4.20 10.010(0.25/0.090 | 4.40|18.135.30{48.58]6.57{2.60(4.02]0.61]2.68
5-2 | 1.49 (0.004[0.36/0.049 | 5.53|13.555.80|54.20(3.45(2.34]|2.81|0.54(4.00
5-3 [ 0.025[0.003]0.12/0.009 ] 4.44[10.68(5.60]49.36|5.01]|9.18|5.690.38]4.62
6-1 {4.35 10.038/0.35[0.115| 4.04(20.28(2.84[57.59]3.05]0.80]2.89 |0.78|2.84
6-2 | 1.74 10.003)0.400.067 | 6.09[14.35|4.7656.44]|2.65]1.95|2.90 |0.60]3.93
6-3 | 0.083]0.003}0.21/0.016| 5.33|11.43(5.00(s53.31(4.57[6.63|2.73|0.29]2.66
8-3 | 0.039/0.003]0.20]0.016 | 3.38{12.30}6.18[52.67]5.81[4.67]5.91]0.564.28
9-3 | 0.025[0.003{0.16]0.012 | 3.65[13.17]5.49(47.92[5.93{8.844.28[0.3313.69

[8§]1=0.008-0.026, Al,03;=1
Metallic Fe in slag=0.92-9.2], T.Fe?*{+Fe3+*
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Fig. 9. Relation between carbon content in metal
and oxygen pressures in metal and slag in Q-BOP
and LD converter.
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