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Study of Optimum Silicon Content between Iron-making and
Steel-making Process on the Hot Metal Pretreatment

Hiroshi NoMrvama, Hiroshi ICHIRAWA, Katsukiyo MARUKAWA

Shyoji ANEZAKI, and Hiromitsu UEKI

Synopsis :

Optimum silicon contents in hot metal are estimated from the data based on the commercial con-

verter operation in this paper.

Estimations of optimum silicon content are tried in the case with or without the dephosphorization

process between blast furnaces and converters.
for several desiliconization methods.
The results are summarized as follows:

Metallurgical and economical evaluations are also made

(1) Optimum silicon content on the process without hot metal dephosphorization treatment at [P]

=0.110%

If tapping-temperature is 1700°C, optimum [Si]=20.40%
If tapping-temperature is 1610°C, optimum [Si]=0.20%
(2) Optimum silicon content on the process with hot metal dephosphorization treatment by soda

ash [8i]=0.10%;,

(3) Economical evaluations for hot metal desiliconization treatment
(1) In the case of using iron oxide as desiliconization reagent
If [Si] initial>>0.409,, BF runner method is better.
If [Si] initial<<0.409%, torpedo injection method is better.
(i) In the case of refining a high manganese steel, the largest benefit would be obtained by the
desiliconization treatment with manganese ore on blast furnace runner, combining the de-
phosphorization treatment by soda ash and less-slag blowing in top and bottom blowing converter.
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Table 1. Conditions for calculation.
Conditions Hot metal Hot metal Hot metal Tapping Tapping compositions
Heat temperature ratio (P}% temperature [CI (P] Ca0/SiO,
Low tapping-temperature heat 1700410C 4.9
. . 1350°C 90% 0.110% <0.10% <0.015%
High tapping-temperature heat 16104 10C 3.8
Table 2. Temperature constant and the amount 2(Fe,0,) +3[Si]—>4[Fe]+3(Si0;)  -wve- (2)

of slagged burnt lime.

C X CaO

1. 87(Si03) +0. 9%5(TiFe)
1. 87(Si0y) + 1. 4(TiFe)

High tapping-temperature heat —5.352
Low tapping-temperature heat —4.806

High tapping—temperature steel
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Fig. 1. Cost effect by change of silicon
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content in hot metal.
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Pig iron  Slag

(b) / Sinter powder +N;

H Lance

Sinter powder +N2 (c)
or Nz only

Injection lance

2507 transfer ladle

(a) BF runner method
(b) Torpedo injection method
(c) Ladle injection or bubbling method

Fig. 5. Testing apparatus of various desiliconi-
zation methods.
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Fig. 6. Influence of initial [%Si] on desiliconi-
zation efficiency (Desiliconization treatment by
iron oxide).
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Fig. 7. Relation among A4[Si] and 4[Mn],
A4[Ti] on each desiliconization method.
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Table 4. Main compositions of desiliconization reagents.

Compositions (%)

Diameter Ways of
Methods Reagents S
Fe,0; FeO  CaO  Si0;  AlO;  MnO of reagents addition
. Agitation
- Sinter ore 74 5 10 6 2 0.3 <5 mm s
BF runner by falling
Manganese ore 33 _ 1 5 5 44 <10 mm energy
Torpedo si d 59 1 20 7 2 0.3 100 Injecti
Treatmeat inter powder N < @ njection
Ladle Sinter ore 74 5 10 6 2 0.3 <5 mm Bubbling
Treatmeat Sinter powder 59 1 20 7 2 0.3 <100 ¢ Injection
Table 5. Compositions of desiliconization slag (wt%).
Flux CaO Si0, Al,O3 MnO T.Fe Note
Sinter ore 20 35~45 5 10~15 10~20 Lime added
BF runner Mn ore 15~30  30~45 7.5 10~20 <5 Lime added
Torpedo injection Sinter powder 20 45~50 5 <5 =5
Ladle bubbling Sinter ore 10 30~45 5 10 20
100
Mn reduction ratio
80 N M =60%
{0:90), (0.72) ©88)
~ 04 o 30%
< 6of . 8
o 0.711
= /0 [
-
s~ 40 ° ok o/ Zo- Torpedo 03 by @
00 o injection fo.38)
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o o runner I
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/° O BF runner £ 021
{Mn ore) =
0 L L L 1 n <
0 02 04 (X} 08 1.0 oIl (0.12)
[%Si] initio!
. o s . e . ¢ ). slag basicit
Fig. 8. Influence of initial [%Si] on desiliconi- 9 y
zation efficiency. 0 L : . ' '
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341 vy vOHE

Mn ore consumption (kg/ton)

Fig. 9. Relation between manganese ore consum-
ption and the increase of [Mn] in hot metal.
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Fig. 10. Relation between the amount of

desiliconizaton and decarbonization.
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Fig. 11. Relation between slag basicity
and 4[Mn]/4[Si].
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Fig. 12. Influence of slag basicity on manganese
reduction ratio from desiliconization agents.
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Desiliconization reagents (sinter ore , sinter powder)
ASE=030% (050—020%)
Base Si= 050 %
Desiliconization  efficiency
% 50%
o
kS -
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5
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2 20f
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1 1 | |
Ladte Torpedo BF runner Ladle
Nz bubbling njection injection
Fig. 13. Comparison of the benefit for hot metal

desiliconization (Low tapping-temperature steel).
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Fig. 14. Relation between initial silicon content

and cost effect in hot metal desiliconization.
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Fig. 15. Benefit of low silicon containing iron

by desiliconization treatment.
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Fig. 16. Comparison of cost effect by different
treatments of hot metal (dephosphorization by
soda ash).
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