BEEFOHIOO8R, 77 v 7 AOWAAKIZ L BHE Si % 1625

SRR S DA, 7T v 7 ADWIAL

12 X B Si HREE

KE i - i
R WL R BT -/

© 1991 1S1J
1IN0
SO

B X

1H110111101001117

#£* @m0 AT

B - %2
Kith

Reduction of Silicon in Hot Metal by Iron Ore and Flux Injection

through Blast Furnace Tuyere

Kanji TAKEDA, Yoshitaka SAWA, Seiji TAGUCHI,
Nobuhiro TAKASHIMA, Toshiyuki MATSUMOTO and Hiroshi OBATA

Synopsis :

A Multi-Purpose Injection (MPI) System was installed at Chiba No. 5 blast furnace and a test
operation on the injection of iron ores and fluxes was conducted twenty one days for the purpose of

lowering silicon content in hot metal.

The results obtained from the trial are summarized as follows :

1. Reduction of silicon content of 0.08% in hot metal was obtained by the mixed powder injection of iron

ore and flux powder of 5.0 kg-CaO/t.

was the absorption of SiO(g) by the injected powder.

by a sideways tuyere probe.

It was suggested that the major factor inducing the silicon reduction
That was made on the basis of sampling examination

2. Significant reduction of silicon content was not observed during the iron ore powder injection up to

50.4 kg/t with constant coke rate.

On the other hand, increases of (FeQ) and [S] indicated that the

oxygen potential in a hearth became higher by the iron ore powder injection.
Key words : blast furnace; iron ore; flux ; powder; injection; silicon content; tuyere; de-siliconization;

raceway.
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Table 1. Estimation of operating conditions

during the iron ore powder injection.
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Table 2. Chemical compositions and mean sizes of
injecting materials.

Iron ore powder
Base iniectri’on
Iron ore injection rate (kg/t) 0 50
Production (t/d) 5000 5165
Blast temperature (°C) 950 993
Blast volume (Nm%/t) 996 993
Theoretical flame temperature (°C) 2208 2141
Top gas volume (Nm®3/t) 1531 1532
Carolific value of top gas (kcal/Nm®) 728 744
Latent heat of top gas (Mcal/t) 1114 1140
Energy consumption at hot stove (Mcal/t) 352 372
Total output heat (Mcal/t) 762 768

T.Fe| FeO | CaQ | MgO | SiO. Mean size
(%) | (%) | (%) | (%) | (%5 | " (um)
Iron ore powder 66.3 | 8.57 | 0.46| 0.31] 4.12 250
Limestone 0.1 — [54.9 | 0.90( 0.48 109
Magnesia clinker — — 1.98(84.2 | 6.98 100
Maximum length 3.0 m -

of slag and metal

- Measuring length 115
G No.’l5 ot Sampling position
, |
f o .

() 16°30

“¥~High blast volume

Low blast volume

=

NO. 24 0T

Fig. 1. Effect of blast volume on the distance
from the sampling position to the raceway boundary

of No. 24 OT.
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@ Powder injection period
O Others

PCI : Pulverized coal injection

Ore : Iron ore powder injection

Ca0 : Mixed powder injection
(Limestone and iron ore)

MgO : Mixed powder injection
(Magnesia clinker and iron ore)
Fig. 2. Operation data at the iron ore
and flux powder injection through the
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blast furnace tuyeres.
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o Base (1/Nov. - 7/Nov. )
Iron ore powder injection
Iron ore (kg/t)
32.0

0.6 A 50.4

- Tap data -

[Si] (%)

01 '/ A Il . [ ] 1 A 1 i
1440 1460 1480 1500 1520
Hot metal temp. (*C)

Fig. 3. Relationship between hot metal tempera-
ture and Si content with the iron ore powder

injection.

O |Base
_ __. |iron ore powder injection
L 0 k
1.0 38.0 kgt
- Tap data - L4

[Si] (%)

0.0 1 L 1 1

1440 1460 1480 1500 1520 1540
Hot metal temp. (°C)

Fig. 4. Relationship between hot metal tempera-
ture and Si content with the fine iron ore powder
injection (mean diameter 100 um)").
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o Base (1/Nov. - 7/Nov.)
Mixed powder injection (kg/t)
Iron ore] CaO | MgO
_® [28°32 ] 25 0.0
_A | =-28]50 |00
=]
0.5 |===———— 28 0.0 3.9
0.4
L
-('g‘
= 03
0.2
0.1 . .
1440 1460 1480 1500 1520
Hot metal temp. (°C)
Fig. 5. Relationship between hot metal tempera-
ture and Si content with the mixed powder
injection.
CO| N2
® | O [Iron ore powder injection
® | o |Noinjection
100

l\./l

o33
o

n
o

N2 and CO content (%)
By (2]
o [}
m e
\b(}./

o

0 0.5 1 1.5 2 2.5 3
Distance from NO.25 tuyere nose  (m)

Fig. 6. Change in gas compositions around the
raceway with the iron ore powder injection.
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Fig. 7. Change in (FeO) + (Fe;03) in slag
sampled in and around the raceway.
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Bl B CREBEXVLZL—27 2 A D/NE VT
O, VrFRV—2AY 2 A NEBEBETICHENICELE L
T, A7 7RI E IR S L b 3EF—% 0T,
Wil B Cit, L=—A7 248 TRAI7ERML T 5
e, WM AT, HBICL—2ATAHADAT
FEFRPELTWAEI LIRS, ThbLORRIE, @EE
58 (FeO) A7 7L — 2% 2 {NICHTEL, B
AVGARIZE S (FeO) AL ZBHBEICERATE 2w
&, F, NAPGKREATNRIHEANL— AT 2
1 OHNFRICROUH L& (FeO) 27 72 HET HEH
LRV EERLTWVAS,

FHTROY > FCRIL - 5 2 P FNOERME,
WA A B AIZHR L, WAHBAEOIFNTOER) % X
MLTWwh =272 A BBETRMNLATZA D
X #uFokERE % Table 3 I2RT. FAFHOYE
ELCR%ETE 72D, K,Fe(CN)g, KsZn(CN),,
NaHCO;, C # & TH D, EELWKALBEOEIT TH
% Ca0, MgO # &4 fbaWiERE s hTwiz v,

WA v FIchrsiENE, vy FRETCa—7
Z%MLBIBHTHY, HHOELL HIFNOEAY
DFIBIREESR, BEHEMELHEETE S, Fig 8 IZRA
FYWGA A BRI & 7 LRI 2 3 ) DAL & IR
DHEMERT. Yy TFOFAOTHS 25 FHOL—
A ANTIRENIZITLACTIEWD, 25 FHO
L—2 2 A cEMIIHEIPERT S, 20K,
HAPETL, 24 FROFO L — X7 = 1 FLETH

Table 3. Results of X-ray diffraction analysis of
dust sampled in and around the raceway.

The first peak height (s™!)
Injecting materials

K4Fe(CN)g| K2Zn(CN)4| NaHCO3 | Graphite
Iron ore powder >1000 240 >1000 —
Iron ore powder >1000 >1000 400 >1000
Iron ore powder >1000 >1000 — >1000
Mixed powder
(Limestone+Iron ore) >1000 210 >1 000 >1000
Mixed powder
(Dolomite+Iron ore) >1000 340 >1 000 —

(arbitrary scale)

Thrust

Densely packed zone

NO. 24 OT

Fig. 8. Typical change in thrust force as mea-
sured in the mixed powder injection period.

PCI : Pulverized coal injection
O :lIron ore powder injection
M : Mixed powder injection

f T T T T T T 1
o} M O M (6] M PCI

Unable to insert due to high thrust

(OOO OO, 00 o 000

vod °
30
:: ° [+] o
220 o o o °,
£ ° o °

[ o
1.0 0o
....... A2 AVErage thrust during PCI o
0

50 55 60 65 70 75 80 85 90
Measurement NO (-)

Fig. 9. Change in thrust force at No. 25 tuyere
with the iron ore and mixed powder injection.
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Lo FEEICET 5. WED [Si] ~OE
P BHE LD > T [Si] BYVGAABOBAL EHIIRR
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AT OEEBERS
ZESD 3SHTHOV Y FE AW TRANGAAL % 1T 5

0.34
0.32
T - «
iZ 0.30
0.85 2250
©- Heat flow ratio
—_— ®.
T ~ - TET 22006‘
IS L\Q\. L
0.80 — 21504
5 ~=
[ ¢ 2100
T
0.75 2050

0 10 20 30 40 50
Iron ore injection rate (kg/t)

Fig. 10. Change in silicon content with the iron
ore powder injection estimated with the heat and
mass balance model.
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MgO HEMAAIIZ X VPOF R T 7D asio, RT3 5
CEIEDIK [Si] ILZERTED EHELTWAL,
AEEETIE, CaO IEKAAIZD »hb o FHHEICIX S
TEBIEIED Ca0/Si0, DEILIZED SN2, ik
WA AEE (BAFOED) & B RmGA & % LEE (X @E))

0 /\1 00
O Iron ore and mixed
powder injection

® No injection or pulverized
coal injection

0 50 100
FeO + Fe2 03 (%)

Fig. 11. Change in slag compositions in the
raceway region with the iron ore or mixed powder
injection.

© Mixed powder injection
(Limestone and iron ore)
4.5 |® Mixed powder injection
(Dolomite and iron ore)

()

(Ca0)/(MgO)

0 100 200 300 400
Injection rate ( CaO kg/hr)

Fig. 12.. Change in CaO/MgO of dust with the
mixed powder injection.
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KE¥B., —AHrFuwA MEABHWGAARIZIE Fa< 4 b
@ CaO/MgO #* 2.58 LIFTEE A+ d CaO/Mg0O &
N/NE W8, CaO/Mg0 iR RIETFTLTWD. —7,
CaO/Si0, REIKFA, FO~v 4 FYGAKICZLD, CaO
MOAABDBERE EHIIHEML TS, chsDF 2 b
#LE D%k, Table 3 @ X MBI ORERIE, WAhH 7
Ty I AD—EHBERAT ZALL TR b LTRSS NT
WhHZEERT.

BHRVGAAR & ¥ 2 B O %L % AlLO;, Ca0, SiO,
D=JCHAT Fig 14 1R $. BB IZBRIRA & A7 W

O Mixed powder injection
(Limestone and iron ore)

O Mixed powder injection
(Dolomite and iron ore)

1.4 |

0.8

B 2(Ca0/SiO, ) of dust (-)

0.6 C
0 100 200 300 400

Injection rate (CaO kg/hr)

Fig. 13. Change in B;(Ca0/Si0O;) of dust with
the mixed powder injection.

100

AN
o No injection

A Mixed powder injection
(Limestone and iron ore)

< Mixed powder injection
(Magnesia clinker and iron ore)

0 50
Al203 (%)

Fig. 14. Change in chemical compositions of dust
around the raceway.
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