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Evaporation Phenomena at the Hot Spot of Oxygen Jet in BOF Process

Kiminari KAWAKAMI

Synopsis:

By the measurements of radiation temperature of the hot spot of oxygen jet and by the calculation of the
radiation coefficient in the field of vision of single-hole oxygen nozzle, definition of the “luminous radiation
temperature” is made as the temperature of the hot spot of oxygen jet ejected onto the molten steel bath
surface in BOF process. The luminous radiation temperature thus obtained is ranged from 2 000 to
2 600°C. Evaporation phenomena of iron at the hot spot are calculated following to the Herz-KNUDSEN-
LANGMUIR’S equation, and values of evaporation rate constant of iron, K%., is obtained. Evaporation of
manganese is controlled by the rate of diffusion in the bath, and the asymptote by R. G. Warp is introduced
to calculate the values of Ky, under an assumption of K%.= Ky, at the boiling point of iron.

The difference on the evaporation phenomena of iron researched as the “Counter-Flux-Transfer” theory
and those at the hot spot of oxygen jet of BOF process are made clear. Effects of oxygen dissolved in iron

on surface activation and relation between fume formation and decarburization reaction are discussed.
Key words : evaporation phenomena ; hot spot; oxygen jet ; BOF ; luminous radiation temperature.
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Fig. 1. Oxygen-lance-top used for measuring

luminous radiation temperature of hot spot.
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Fig. 2. Definition sketch for diffusion of jet.
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Table 1. Temperature of hot spot by spectral
measurement.
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Fig. 4. Change in temperature by two color pyrometer during blowing.
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Fig. 5. Relation between temperature of luminous
radiation and oxygen potential at hot spot.
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Fig. 6. Relation between temperature of luminous
radiation and vapor pressure of molten iron.
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Fig. 7. Relation between temperature of
luminous radiation and evaporation rate
constant for iron and manganese.
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Fig. 8. Experimental and calculated evaporation

rate constants as a function of tem perature7).
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Table 2. Comparison of cooling capacity -between
various flux materials.

S‘})eci_f_ic heat Heat of fusion

Formula

[J-K Lmol™1] [kJ/mol]
Fe303/05Fe;03(Fe0) } .013 [(;gg K] 7:2:090%°C F3es3?4 S70K
. 64.9 8~1 °C 1 m. p. 187
Ca0/0; CaO-Fe203  539'7 (1510~2000°C)  108.3 (at 1513 K;
MnO/0z; MnO 0.174 [keal/kg K] 54.38 (m.p.2058K)
~1600°C
Heat content (at m.p.) Cooling capacity
mo! ratio to methane
Fey03 303+138=441 (1870K 0.27
Ca0 3384108=446 (1513 K 0.27
MnO 105+54 =159 (2058 K 0.42 (Evaporation loss)
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2. TOERICBWTREAR-BRILARI T ARBERE
NOEEE L 8B K D Counter diffusion IHETH5H =
EEREROT. S CRBRESEVEBOERERKLIC
FELBIEIT LIRS, BEABRESEICBWTE,
SROEBIELETTHONLEREEIES . BE
DHENRZOERBLD EBEDT 7 v 7 RAIERAER
DHY Y H—-7F vy 7 ALDKREARY, FRE@MIC
L7 4 VAR L TERIRBIOR 5.

BeE Ty MRKEICBITS Fe 0EFEHS L ERLE
B RAT & OBk Table 3 1 RT.$42bbKETIE
Wigrpkozze Y a yRTHBHZE, BImTHAHI
L, BXUOKARIGRIRE S 5B RETEOMNMIT
BEEN AN 2 — L 2D TEFICRIMNIEHT S 2
L ik, KEIESE Counter-flux-transport HE
PR UMICRBRR O TWALEEXDL I ENTES.
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Table 3. Comparison between counter-flux-trans-
port theory and hot spot of oxygen jet.

Counter-flux-transport theory

Hot spot of oxygen jet

Fe evaporate in oxygen atmosphere;
Fe vapor and oxygen stream are at the
condition of counter flux.

Experimental conditions are stational
and quiet.
Fe vapor movement are possible to
observe.

Constant temperature of 1600°C
(P¥. =10Pa

Counter-flux  condition is  also
achieved with CO; atmosphere.

Outside of oxygen jet are CO
gas atmosphere and CO flows
out very rapidly.

Bath are vigorously stirred,
hot spot is at the condition of
emulsion.

2000~2600°C
(P%, =5/102~3/10* Pa)

Fe fume are reported to be
possible to be decreased widely
by addition of COz to oxygen
jet.

ordinary hot metal  [Cltr.
b
de. |
dt

Desilianization
~=Ze1 period

: end-point

pretreated hot metal with less slag

[Cltr.
[Cltr.approaches
unlimitedly to
the end-point

r AN - dc
dc | Rapidly maximized at
dt l

value.

)
‘1 end-point

Fig. 9. Change in decarburization reaction be-
tween BOF operations by ordinary hot metal and
those by pretreated hot metal with less slag
amount.
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BEY v MXADOERENERSRICO W TIERESNE
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