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Operation Technique of BOF Using Dephosphorized Hot Metal

Kiyoshi YAsuI, Masao TAKEOKA and Masakazu MIYAJIMA

Synopsis :

A new process of hot metal pretreatment has been in operation since April 1984 at Kure Works. The
process has made the mass-production of low phosphorous steels possible.

Until now, investigations of metallurgical characteristics in a top and bottom blowing converter using
dephosphorized hot metal have been carried out, and the efficient operational techniques have been
established. The results obtained are as follows;

1) The oxygen utilization efficiency for decarburization at the last stage of oxygen blowing and Fe yield
in the converter are increased by use of dephosphorized hot metal.

2)The OG dust is mainly composed of iron fume, the dust can be reduced by decreasing the area of hot
spot by top blowing oxygen.

3)Manganese yield and chromium yield are increased and the life of refractories is developed by use of
dephosphorized hot metal.

4) The continuous use of dephosphorized hot metal makes the slag basicity in the converter decreased.
Consequently the refining cost of special steels was able to be reduced considerably.

Key words : hot metal pretreatment ; top and bottom blowing converter; high carbon steel; continuous use of
dephosphorized hot metal.
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Table 1.

steelmaking shop.

Specifications of hot metal pretreatment equipments.

Equipment Item

Specification

Desiliconization equipment

Adding method
(No. 1 and 2 blast furnaces)

Main agents
Sub agents

Other equipments

Top blowing onto runner
Slnter ore

Qulck [Si] analyzer

Dephosphorization and desulphurization equipment

Adding method
(No. 1 steelmaking shop)

Main agents
Vessel
Injection rate
Carrier gas

Slag off

Oxygen gas blowing rate

Injection

CaO based flux (CaO-CaF;-Fey03-NayCO3 mixed)
Charging ladle

Maximum 150 kg/min

N»
Maximum 2 000 Nm%/h
Dragger
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Table 2. Operating conditions in converter using
dephosphorized hot metal.

Item

Content

Top and bottom
blowing converter

Top blowing
converter

Heat size (t/heat)
Oxygen flow rate from top

(Nm®/h)

90
8000(3 min) — 15 000

Oxygen flow rate from
bottom (Nm®/min-t)

Slag volume (kg/t) 30~40
Chemical compositions [C] 4.0
of hot metal (%) [Si] 0.03
[Mn] 0.25
[P] 0.010
[s] 0.007
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WiLoBO ) AR Kp' ((P20s)/[P]12+(T.Fe)®)
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L(2)~(4)R%2/7. (2)REBY Atz V- LE
WEEFOEE%, (3)NkEREEIFORA%:, 7
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log Kp’ = 0.0732-{(Ca0) + 0.3+ (MgO) | +0.698

X10*/T—9.67 r=0.8429 o¢,=0.2733

log Kp' = 0.0479- {(Ca0) + 0.3-(MgO) | + 1.659
X 10*/T—13.28 r=0.5673 o,=0.4621

log Kp’ = 0.0576+ | (Ca0) + 0.3-(Mg0O) | + 2.239
X 10*/T—16.77 r=0.6102 o, = 0.3658
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Fig. 6. Relation between (T.Fe) and (S)/[S].
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Table 3. Comparison of Fe

(High carbon steel).

loss in converter

Item

Dephosphor
(k

ized hot metal
g/t)

Untreated hot metal
kg/t

Slag
Slopping
Dust

3
4
12

18
8
7

Total sum

19

33

40
k— blowing period —

30 r

20 F

Bubbleburst ratio (%)

0 1 1
0 10 20 30

Time (min)

Fig. 8. Change in bubbleburst ratio with time'®.
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(MnO)/[Mn] = 1.408-(T.Fe)+27.77X10%/T

—141.45 r=0.8365 o, =3.1950
.......................................... (5)
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—89.75 r=0.8823 o, = 3.86%4
.......................................... (6)
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CZCT:|E (K), r: EMBEEE, o BUFERICX
LEEE & ERHEOEDOIRERE.

37, BELTPYETHS 1680°C & LA (T.
Fe) & Mn 9ECLLOBIFR % Fig. 11 1O/R 9. Mn FBCH
i, R ASFERORE, EKREOFEI»PHLLT,
(T.Fe) "R THNIEFEETH D, e LTidEH

O:mean value
30 Temp.:1680°C
Top blowing converter using

20

(Mn0) /[Mn]

= ,//Top and bottom blowing
— converter using dephosphorized
10 hot metal
Top blowing converter using
dephosphorized hot metal
L ] 1
10 15 20
(T.Fe) (%)
Fig. 11. Relation between (T.Fe) and (MnO) /
[Mn].
100
°% 5 O
80t -0 O-
/0
;’; 60D
e 401
=
-
=
O
= 20
pe
(&)
0 1 1 1 ! 1 ' 1
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

[C] at turn down (%)

Fig. 12. Relation between [C]
yield.
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HZwEEzZonS, 2% Fig. 10 IZ/R L7 Mn 2580
DmEix, (T.Fe) DERBIURAI FEDOERTHN
L5%. %3 Fig 7 CHYASEHOEE, K- FRE
BT (T.Fe) LA+ 52 & %R LD, Fig 11 Tl
(T.Fe) OFHEAFE L T b, i, @ESEMA
DA, EIFNTOR Y ARED 720 [C] FKTIFE
A o TV L, By ASEROSE, RiLD
[Cl2 bR TAIENTETDTHA.

oM EES L, BFENTE% Mo 05X Cr 8L
AFFEATAHILICXD, AE&KOHEC, WIEDIRE
DIRBATTREE %A, —fBl& LT, Cr #l5 5~8kg/t
O Cr A2 EFATHER L2580k [C] & Cr
RE Y OBME* Fig. 12 12 d. T/, Crrlickt %
(T.Fe), BEBLURAT VEXETERL(8)X 2
A

(Cr)/[Cr] =0.761-(T.Fe) + 8.286 X 10*/ T

— 1.615-(Ca0)/(Si0,) — 40.28
r=10.8901 reerrerrerrerrererenatiannis ( 8 )

2T T:EE (K), r: EHEEREE

Wik® Cr ® ERIZE, (T.Fe) OIEBB LR T
HEEOWMRKIEHTHY, (T.Fe) DRVERFERT
80~90 % D&V Cr HE ) (o5 h .

4:2-6 BN R

BRFRIEOMEBICL D, BLO ASKIKEEREDOELN T
AR BEGRFERFOMINT A LB L Fig. 13 IZ7R
¥, BHEH-BROBTIR, 25 7BOKET—HH
bRTWAD, b= VTR ASBEHOEE, Gk
BIHBE LT T~8 %AME o Tndh, TOBEARI,
BHEFOLACABH CEOFMILOFEI 2 AT
%, CRICKARABREIIN 5°C/C-kg/steel t Th 5.

disadvantage ¢—(Mcal/t ) ———p advantage

Item -4 -20 20 40
1 i 1

Sensible heat
of hot metal

C

L1,

Si
Mn
P

Cambustion heat

Fe
Heat of slag
formation

Sensible heat
of slag

M0 [

1]

Sensible heat :]

of waste gas

Fig. 13. Heat balance in converter using de-
phosphorized hot metal compared with untreated
hot metal.

Total sum © 36.8Mcal/t
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Fig. 14. Corrosion rate calculated by MgO
balance.
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Table 4. Effects of continuous use of dephospho-
rized hot metal (High carbon steel).

Ttem Developed Convent?onal
operation operation
Slag (Ca0)/(Si0s) 3.0 3.8
(T.Fe)(%) 8.0 11.0
CaO consumption (kg/t) 13.0 20.0
Manganese yield (kg/t) 90 80

15 Top and bottom blowing converter
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Fig. 15. Relation between (CaO) / (SiO,) and
(T.Fe) in case of [C] at turn down = 0.30%.
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Fig. 16. Influence of ratio of heats using dephos-
phorized hot metal on wearing rate of refractories.
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