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Kinetics Behavior of Iron Oxide Formation under the Condition of Oxygen Top Blowing for
Dephosphorization of Hot Metal in the Basic Oxygen Furnace

Akitoshi MATSUI, Seiji NABESHIMA, Hidetoshi MATSUNO, Naoki KIKUCHI and Yasuo KISHIMOTO

Synopsis

: The effects of hot metal temperature, oxygen gas flow rate from a top lance and argon gas flow rate from an injection lance on iron oxide for-

mation and dephosphorization rates in hot metal were investigated with 3 kg- and 200 kg-scale furnaces. The results were summarized as fol-
lows.

1) Iron oxide formation rate increased with lower hot metal temperature, higher oxygen gas flow rate and lower argon gas flow rate.

2) A kinetic model was developed to estimate the iron oxide formation on hot metal, and a mathematical model for hot metal dephospho-
rization has been made based on the aforementioned model of iron oxide formation and the coupled reaction model.

3) Dephosphorization and the formation rate of iron oxide in 200 kg-scale tests agreed well with those were obtained by the mathematical
model.

4) Oxygen activity at slag/metal interface obtained by the mathematical model agreed with the equilibrium oxygen activity with FeO in
slag.

5) In the early stage of dephosphorization, the gas flow rate of the bottom blowing need to be lower in order to enhance the iron oxide for-
mation. In the late stage of dephosphorization, that needs to be higher in order to enhance the mass transfer of phosphorus in hot metal.

6) Industrial hot metal dephosphorization tests were carried out with a 350 t-scale top and bottom converter. The conditions of top blowing
oxygen and bottom blowing nitrogen have been improved by adopting the mathematical model in order to increase the iron oxide content in
slag. It has been possible to increase dephosphorization efficiency without fluor spar at lower hot metal temperature (below 1300°C) by im-
proving the blowing conditions.

Key words : dephosphorization; hot metal pretreatment; iron oxide formation; mass transfer rate.
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Table 1. Experimental conditions of 3kg scale experi-

ments.
Furnace Inner diameter 0.098m
Metal Weight 3kg
Composition Fe—4.6[mass%C]
Temperature 1523~1673K
Top blowing |Oxygen flow rate [0.67~2.3 %107 Nm®/s

Lance diameter Single hole, 0.001m
0.010~0.050m
0~0.2x107* Nm®/s

Single hole, 0.004m

Lance height

Injection gas |Ar flow rate

Lance diameter

Immersion depth |0.050m
Flux Composition Ca0/Si0,=2
Weight 0.090kg
Additive method |Top add. before top blowing
Table 2. Experimental standards of 3 kg scale experiments.
Exp.| Temperature | Oxygen flow rate | Lance height| Ar flow rate
No. K X107 Nm%/s m X107 Nm%/s
1 1523 1.2 0.020 0
2 1573 1.2 0.020 0
3 1623 1.2 0.020 0
4 1673 1.2 0.020 0
5 1573 0.67 0.010 0
6 1573 1.7 0.025 0
7 1573 23 0.050 0
8 1573 1.2 0.020 0.1
9 1573 1.2 0.020 0.2
0,
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Fig. 1. Experimental apparatus for 3 kg scale experiments.
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Table 3. Experimental conditions of 200kg scale experi-

ments.
Furnace Inner diameter 0.40m
Metal Weight 200kg
Temperature 1623+ 10K
Top blowing Oxygen flow rate [2.5~6.7 x 107 Nm°/s

Lance diameter Single hole, 0.0046m

Lance height 0.070~0.15m
Bottom blowing |Ar flow rate 1.7~50% 107 Nm%/s
Bath depth 0.23m
Flux Composition Ca0/Si0,=4
Weight bkg

Additive method {Top add. before top blowing

Table 4. Experimental standards of 200kg scale experi-

ments.
Exp. Time Oxygen flow rate | Lance height Ar flow rate
No. sec, x 107 Nm®/s m x10™* Nm%/s
1 0~600 4.2 0.10 1.7
2 0~240 6.7 0.15 1.7
240~600 25 0.07 1.7
3 0~240 6.7 0.15 1.7
240~600 2.5 0.07 5.0
o]
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Fig. 2. Experimental apparatus for 200kg scale experi-
ments.

0.004m D MgOH T » Z & EHTIZ0.050mBEEETT
NIV HAEWGAAR, BHRVZ 7 SR OB %
FARB YD, EERGIIA ALY Yy L ELEY VS
T2k, AFTV VT NEPRAT - VIZKDENTE
NEFER LM EZT 572, FHL 722 5 75 v TILO 5
BRIy, BLgREORGZELLARAETL 2.

2-2 PBBEEBEEAE 200 kg X

AL E BB OB SR\ OB & a4 5 729
12, SRR A T 200kg B RER AT > 72, T4
FER S A % Table 312, SEBAKUER Table 412, EFRFEEM
WX % Fig. 2122 2 hm . FEBRIL200kg DFEE 7= 5
L, &5 - BEAREL 2%, BHELECEDT 790 A
AWML, FR&ES VA XDREBERB L, 7797 R
BRI IX10PmBL FO CaO ) & SiO M2 B 62 U



CaQ/Si0, Ei/S— v v M4 55 L HRAELZED%
WL 72, FWRE 5 v 21378 0.0046 m D ARG HIL T ~ X
aHW, 7V ARSFEREMFICIEL T0.07~0.15mDH
HTaf &8z, FERPETE, R v — 710K D AR
FEANE L, 1623+10K & &5 X 5 FBEIEE 4 3B L 72,
EEEPFRREPOL D 7LV HRAEEAL, BEeHE
U7z, FEBENo. | ORBRMEE, KK X ez L LT,
FEEE No. 2 AT ORIRE &+ G0 /2 KMEE L, 5 No. 3
BEICHRFORKEME AN B KL L, Hok
KO A7 THRORREAC AR D 720, € k12
AANY Y TN RAT T Y TILERBR UG AT -
Too BRERU 729 v LD A HER & D, Bk e)%E %+
L7,

3. XERiER
3-1 EMELIREREE)

EERRED , BHURE, VEHH [mass% C)], KU T 7 #
RO RERFZEAL O —l % Fig. 3127, EERT, WHIERE
FIZE—E TR TETH D, AT [mass% ClIZ KRR
BIZEOWWEAS L, £72, 27 7B (mass% CaO)/
(mass% SION ITIEIF—FEE B> TWB I LB Gh1 5, &h,
REBRD 2 7 27 RIE B ITIE FeO-Fe,0,8 Th 5 78, &K
EEIZ BT B (mass% Fe,ON I VT h o KEIZH T
3L 10mass% Al THh -7~ Z &5, LIFEOBK I
Fe,0=FeO+Fe,0, & L THID 7Y,

WEHIRE, LIRERREE, ROWGAAT LTV H A5
HEZELEE2BED, 25 2741 (mass% Fe 0) DRI ZAL %
ZMNZFNFig. 4~6 12T, Gk, XrhoEGIERS 28
LEAERCE T LIZ K BB TH 5, WThOFFIThy

Temperature
Meas. Cal.
1523K A ~-----ee-
80 11573k A
1623K g it
1673K
70 [
60 [ A
<) L
E‘J 50 P o ——
s -
2 40 | A A
£ s
0 b/ | @
7/’/ E[L ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
20 [ f7 o o
10 § DOxygen flow rate=1.2 X 1074 Nm?/s
Ar flow rate=0Nm3/s
O L i 1 1 1

0 60 120 180 240 300 360 420 480

Time (sec.)
Fig. 4. Effect of metal temperature on temporal change of

iron oxide concentration in slag (3 kg scale experi-
ment).
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Fig. 5. Effect of oxygen flow rate on temporal change of

iron oxide concentration in slag (3 kg scale experi-
ment).
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Fig. 6. Effect of injection Ar flow rate on temporal change
of iron oxide concentration in slag (3 kg scale ex-
periment).

Table 5. Composition of hot metal and slag at 200 kg scale

experiments.
Exp. Composition of hot metal (mass%) Composition of slag (mass%)
No. C Si Mn P Cal Sio, FeQ | Fe,0,
1 | Initial 452 0.12 0.18| 0.137
Final 325 0 003 0.031 39.9 145 30.8 1.2
2 | Initial 448 0.1 013 0133
Final 3.23 0 0.02| 0029 417 174 235 762
3 | Initial 445 0.11 0.14] 0.136
Final 321 0 002 0019 51.0 18.2 18.3 8.29
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Fig. 8. Behavior of temporal change of iron oxide concen-
tration in slag (200 kg scale experiment).
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Fig. 10. Calculation steps for dephosphorization model.

Table 6. Calculation data for dephosphorization model.

Mass transfer coefficient of slag, &, cm/s From Eq.(3)
Mass transfer coefficient of metal, k,’ cm/s From Eq.(18)
Metal density, o, g/om® 7
Slag density, oy g/cm’ 3
Temperature, 7 K 1623
Total molar concentration in slag, ¢ mol/cm® 0.035
Oxygen activity coefficient, /, 1
Partial pressure of CO gas, 7, atm 1
Phenomenological rate parameter, G, mol/cm?/s 8.0x 1077
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ICTEH L7, PoidlatmE U, G &2/ 89 4 =4 1L T
BRBERDOCHREHERIZT « v T4 ¥ 7 L2BR,
Geotd8.0X107 " mol/em?/s & 78 - 7=, AHHIEMIZIMHEL L,
Z DMDEHRRAIT IR KA - 72, FIEBRIZH VT,
ABNEAEAINED 7T v o ABBDIE~ ANT VA
FoTEEL, "Ly oBEBREI(2H)RLDEGNS
(RN NEVAN

200 kg BB RERO K AKMIZK LT, EdoEF L%
FVNCETSE L 72455 % Fig. 7, Fig. STOEHTRT, W
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m
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Fig. 11. Change in calculated oxygen activity of slag/
metal interface.
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Fig. 14. Comparison of iron oxide concentration in slag
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Fig. 15. Changes in phosphorus content in hot metal in in-
dustrial plant.
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