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Mathematical Model of LD Converter Process Taken Account of
Oxidation of Phosphorus and Manganese of Rate of Lime Solution

Mamoru Miwa, Shkigeo Asal, and Iwao MUCHI

Synopsis: .

Mathematical model for determining the variations of process variables which take place with the
progress of blowing in LD converter is developed in this work.

Concerning the oxidations of phosphorus and manganese, direct oxidations by oxygen gas occurring
at cavity and indirect oxidation by wustite taking place at the interface between slag and metal have
been taken into account in the model. Furthermore, a modified phase diagram for the ternary system
(Ca0)-(FeO)-(Si0,) has been applied to modeling the process of lime solution.

On the basis of the model, numerical calculations have been conducted under various operating con-
ditions with the aid of digital computer. The results calculated on the variations of process variables
have been compared with the experimental data obtained by other investigators and the former has
been in good agreement with the latter.

The effects of the mass of lime solved in the bath, of the slag basicity and of the bath temperature
on the fractional dephosphorization at the end of blowing have been evaluated by use of the model
under the hypothetical operating conditions and the maximum value of fractional dephosphorization
has been illustrated theoretically in this paper.
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Table 1. Values of coefficients in Eq. (69) calculated by method of lesat squares.

. @gx10-2 E a; X 10-1 a, agx 102 a X 10 ! as X104 L agX 107 {a; X102 agx 103 | a3x 103
I 3-768 | —108:8 3967 | —4146 —2-642 a —1-801- | 1-380 124-0 |—244-1 | —33-11
I 6-107 —64-34 —137 6917 —9-389 0-9821 | 1-664 140-5 |—104-6 | —50-73
)| 2-937 6-272 3:456 0-9713 | —5°-199 1-169 1-329 [(—7-800 0 0
il —1-920 3-987 |—0-7544] —1:0i5 3-541 —1-724 0:2627 |—5-666 | 0-9300] 1i-632
v —30-04 3-167 4979 | —17-94 41-33 | —18-65 28-32 |—4-327 |—1-414 1-153
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Ca0-Si0: ¢ Pse?owollcuor.i?e
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wt %

ey Fig.‘ 1. Phase diagram for the ternary sysfem (CaO)-
(FeO)-(8i0O,) presented by MuaN and OSBORN?-

' Si0;

wt %

Fig. 2. Modified phase diagram for the ternary
system (CaO)-(FeO)-(510y).

(9%Ca0)gar, =ao+ax+ax®+agxd+asy+asy?
4 6 Y8+ Q1P -+ GgxEY + AgxYR vrne e eeeeneos (69)
L, =W/ W, y=Ty TH5D.
25 RMEE
BIERDS T oI T 2 IR R WG,
i ABAKS & LG, MARES LRI Y - BRA
WTOv A, Vo OBERIGE L, MR TAR

T3 Bto 27 7y~ BEEE BEREL
T, REFRBBITLES BMBE O LE k.
¥, RIGEER X OCRABIILITICRTE
ALK
(1) MAiFETORIG
C+(1/2)0,(g) =CO(g)
 4H=—33350% kcal/kg mol (O)
Si+ (1/2) O4(8) =SiOs (1) '
AH~— —91 300 keal/kg mol (O)
Fe+(1/2)0,(g) =FeO(!)
JH= —56900.9 keal/kg mol (O)
Mn + (1/2) O, (g) =MnO ()
AH= —84 5508.9 kcal/kg mol (O)
2P+ (5/2) Oq(g) =P20s (1)
" AH— —64 3009~1% kcal/kg mol (O)

(2) 27 7-EMFETORIG
Mn+ (FeO) = (MnO) +Fe
AH= —29 500% kcal/kg mol (MnO)
2P +5(FeO) +4(Ca0") = (4CaQ-P;05) +5Fe
AH= —183 35011 kcal/kg mol (P.0s)
(3) HELWORT FHR~DES
Si0y (1) — Si0; (in slag)
AH=—285% kcal/kg (SiOg)
FeO(l) — FeO (in slag)
AH=—334® kcal/kg (FeO)
MnO() — MnO (in slag)
AH= —20® kcal/kg (MnO)

3. &t B ¥ R

stE)3, Table 2 & Table 3 WKRLA2@EDT —
2BV 2k. chvbd Table 43, LGP K
X ORI, TR SDOHEIESVWTERLZDIDOTEH
5. Eic, AIY - BEMOERICOFEEREL T,
(34) OB Y LEISIT2OVWTRE, (70) K> WINKLAR-
CurpmMaNn OTID %, (35) R~ o # v OBILRIGIT
ST (7)) D WINKLAR-CHIPMAN DIEERD %,
F1-, (36) ROFEBIOWTIE (72) KD Tavror-
CurpMaN ORIV E LN TNER L 7.
Kp=nce>/ [% P10 nt
—exp [2-303{40 067/ (T+273) — 1506} ]
RN 1)}

Kyn=n¢/ [Y%eMn]nce
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Table 2. Data for numerical calculation,
Diameter of throat 267 mme¢ x1
Furnace capacity 13t
Lance height 0-7m
Back pressure 5'5 atm
Temperature of pig iron 1 260°C
Mass of pig iron- 131t
Carbon concentration of pig

iron 4-39,
Silicon concentration of pig

iron 079,
Manganese concentration of

pig iron 0'6%
Phosphorus concentration of

pig iron 0-29,
Mass of scrap 1-31¢
Mass of ore 0
Mass of limestone 0
Mass of lime 860 kg
Mean diameter of lime particle 30 mm

Parameters used :

k1=1x1012kg(Fe)/kgmol(C)scc, k2/k1=30kgmol (C)/kgmol (Si),
k3Cpp/k1=1x10-*kgmol(C)/kg(Fe), kq/k, = lkgmol (C)/kgmol
(Mn), ks/ky = 2 kgmol (C) /kgmol (P), te=1 X 10-3sec, Az =10kcal/
m?-sec-°C, hg=0'8kcal/m2sec-°C, Ay, =2x 10-3m/sec, hg=1x
10-4m/sec, kcao=1x10-3m/sec, App /Wm=2"24 1/m

Table 3. Data for numerical calculation.

Diameter of throat 35'4mmg¢ x4

Furnace capacity 150t

Lance height 1-8(from O min to 3 min),

1'3(from 3 min to 13 min),

1'2(from 13 min to the end

12(from O min to 3 min),

11 (from 3 min to 5min),

9(from 5min to 13 min),

10(from 13 min to 14 min),

12(from [4min to the end)

Temperature of pig iron  1200°C

Mass of pig iron 150 t

Carbon concentration of pig iron 459,

Silicon concentration of pig iron 0-79

- Manganese concentration of pig iron 079,

Phosphorus concentration of pig iron 0-149,

Mass of scrap 5t

Mass of ore 750 kg(at 3, 6, 9, 12, 15min
respectively)

Back pressure

Mass qf limestone 300 kg (at 1, 4, 7, 10, 13 min,

respectively)
Mass of lime 900 kg (at 0 min)
Mean diameter of lime particle 30 mm
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Fig. 3. Calculated results on the wvariations of
metal composition and bath temperature
in 13 t-LD converter.
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Fig. 4. Calculated results on the variations of the
mass of slag in 13t-LD converter.
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Fig. 5. Calculated results on the variations of
slag composition in 13t-LD converter.
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