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Metallugical Characteristics of Hot Metal Desiliconization

by Injecting Gaseous Oxygen

Yuji KawaucH1, Hirobumi MAEDE, FEiji KAMSAKA,

Singo SATOH, Takashi INOUE, and Minoru NAKI

Synopsis:

The metallurgical characteristics and reaction mechanism of hot metal desiliconization by using gas-
eous oxygen as a desiliconizing agent, which is injected into hot metal through submerged lance, are

investigated and following results are obtained:

1) Desiliconizing reaction is controlled by the rate of oxygen supply until Si content reaches 0.10%,

and efficiency of oxygen used for desiliconization is as high as 50-60%.

Demanganization reaction is

suppressed by the promotion of reduction of MnO with Fe during the floating process from fire spot up
to surface. Decarburization reaction is also suppressed with the effect of ferrostatic pressure at fire spot

with increasing the depth of submerged lance.

2) Hot metal temperature after treatment increases in proportion to the amount of desiliconization
and thermal flexibility of total process increases extensively.
3) The reaction by gaseous oxygen injection starts from the formation of Fe-oxide at fire spot and

succeeds to the oxidation of Si, Mn and C by Fe-oxide.

process.

But MnO is reduced by Fe during floating

4) Hot metal desiliconization technology by gaseous oxygen injection is applied to the stainless steel

production process.

The production of stainless steel with very low P content and the reduction of

production cost of stainless steel are attained by this application.
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Table 1. Experimental conditions in 100t hot
metal ladle and 300kg hot metal ladle experiment.

100 ¢ 300 kg
Heat size 50-75 ¢ 300 kg
Chemical composition ¢ 4.3-4.6% 4.2%
of hot el si 0.80-0.75% 0.28%
before treatment Mn 0.40-0.58% 0.35%
Temp. | 1850-1 400°C 1 380°C
Oxygen injection rate 200-1000 Nm*/h {80 I/min
N: flow rate 50-200 Nm®/h -
Hot metal depth 2 000-2 400 mm 400-600 mm
Nozzle depth 200-1 300 mm 200-500 mm
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Fig. 1. Cooling metal sampler.
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Table 2. Chemical composition of slag in Tammann furnace experiment (Wt%).

S8iO: MnO T.Fe FeO Al;O; MgO TiO; P20Os S
Oxygen injection slag 49.8 15.6 3.5 4.4 5.9 3.0 5.3 0.05 0.04
Scale addition slag 45.7 18.4 20.4 16.3 5.3 1.8 4.5 0.06 0.04
—+ 80
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Fig. 2. Apparatus of Tammann furnace
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Fig. 3. Comparison of desiliconization behavior.
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Fig. 4. Relation between Vg, and ratio of
oxygen combined with Si.
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Fig. 5. Relation between 4[2%Mn]/4[%Si]
and V,.
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Fig. 6. Relation between 4[%C] and nozzle
immersion depth.

COHBEREORENERTHY, RERIEELITS
& TR FER X AR RT 5 RILKEOBEEL H KT
BlcdH AERRIGTH 5 BRRIEVHESh 2 b0 &
Ez 1.

42 AfRSTLEEOBIBHRHMGE

100 t A TOKMBMERR Z ALK X 5 BSHBEL
B WTAER LCBEEA 5 7 0 REHER L BHFRL
Y EHTINECOERMEEA 5 7 L ik U T Table 3
CRT. REOKREA S Z L EHBEg LR N X
h, T.Fe 3 X0 MnO 2MEL SiO, 2@\ tH [ i< B
D, RIBROBEESHERE LXIET 5. ERBRIVELR
ECREABREOBHEE R VO£ B ik
Lo,

—77, 100t B X 2ERND, REORIER S
7 EMERR L L AR OBEEA 5 7 X b dWRILBI
SWEED B B E o7z, Table 3Rl 7T &4,
ABEDOBEEA 5 7 X EAHBLE LS HRMEDOBEEAR 5 7
LHB LT, & SiO,, & T.Fe ThHhdAT /DK
ERNIDEIWEEZ BRD. 2T, EROMED®
PHOEREOREA S ZIIRI LT WO EHESZ R,
EEMER L TET L. COBRFAYHLNCTERDE V

Table 3. Chemical composition of oxygen injection and scale addition slag (wt%).

$i0; MnO T.Fe

FeO

ALO; MgO TiO; P20s S CaO

Oxygen injection slag 52.2 14.7 3.5

4.4

5.7 29 53 0.06 0.04 0.5

Scale addition slag 48.7 19.0 18.2

15.4

4.7 1.9 4.9 0.06 0.05 0.6
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Fig. 7. Comparison of slag foaming height.

Table 4. Fe loss and heat balance in oxygen
injection method and scale addition method.

g:;:cgtei:n scale addition
Fe-oxide in slag 0.62 kg 3.07 kg
granular iron in slag 3.18 kg 2.30 kg
Fe loss
Slag before treatment 2.82 kg 2.80 kg
off after treatment 1.10 kg 1.06 kg

282.45X10° kcal 282.45X10° keal
C 187.77X10° keal 137.77X10° kcal

sensible heat

input |heat of Si 44.42X10° keal  44.42X10° keal
reaction| Mn & P| 11.63X10° kcal 11.63X10’ kcal
heat Fe 0.70X10° kcal -

balance
ane 305.90X10° keal 274.06X10° kcal

C 134.22X10° kcal 187.30X10° keal

sensible heat

output |heat of

. 3 3
reaction Si 11.02><103 keal 11.02><1o, kcal
Mn & P| 8.04X10° kcal  7.80X10° kcal
slag 8.22X10% kcal  7.70X10° kcal

heat loss 9.57X10° kcal 18.21X10° kcal
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Fig. 8. Relation between 4[%3Si] and variation
of temperature of hot metal.
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reaction zone.
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Transitory

reqaction zone
Fe10+ Si == Si0,

Transitory
reaction zone

FetO+Si == Si0,
MnO+Fe== FeO +Mn

Fe+ 02 ==Fet0
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(FeyO+C == CO)

Fig. 10. Mechanism of gaseous oxygen
injection method.
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Fig. 11. Comparison of production steps of stain-
less steel between the conventional process and
new process.
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