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Lowering Si Content in Pig Iron by Powder Injection into Blast Furnace

Tomio HARU, Mitsuo SAINO, Kazuo OKUMURA,

Yasuhiko SAKAGUCHI and Toshihiro INATANI

Synopsis:

In order to lower the Si content in pig iron, the injection of powder restraining the reduction of SiO,
was examined at Chiba No. 2 Blast Furnace with 1 380 m?® inner volume and 20 tuyeres.

The powder used is CaCO, or iron oxide and it was injected through 5 tuyeres of 20 ones.

In case of the injection of CaCO, powder in 8 kg/t—p,

1) Si content in pig iron decreased from 0.849, to 0.68%, at 1 500°C.

2) S content in pig iron decreased from 0.0349, to 0.0279% at 1 500°C.

3) Si content in fine particles sampled in raceway is less than that without injection of CaCO, powder.

In case of the injection of iron oxide powder in 32 kg/t—p,

1) Si content in pig iron decreased from 0.72% to 0.579% at 1 470°C.

2) S content in pig iron increased from 0.04% to 0.05% at 1470°C.

3) Si content in fine particles sampled in raceway is less than that without injection of iron oxide powder.
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Fig. 1. Schematic layout of testing apparatus.
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Table 1. Composition of CaCQOj; and iron
oxide (%) .

T.Fe | Si0Oz S Alz03} Ca0 | Mg0 | TiOz Zn Mn P
CaC0s 0.02] 0.2 10.02|0.03[55.6| — - - — |0.002
lron Oxide |68.50] 0.46|0.0021 0.44]0.02 | 0.06 | 0.03|0.001} 0.34| —
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Fig. 2. Change of hot metal temperature and [Si]
content during iron oxide injection.
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Fig. 3. Relation between hot metal temperature

and [Si] content on CaCQj injection.
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Fig. 4. Relation between hot metal temperature
and [S] content on CaCQj injection.

Table 2. Operation results on CaCQOj injection.

Case 1 Case 2
5h before injection CaCOjinjection 5h before injection CaCQginjection
CaCOyginjection rate (kg-CaCOs/t-p) —_ 7.6 —_ 8.6
Injection time (min) —_ 324 — 285
Blast temperature.(*C) 1147 1156 1159 1161
Blast moisture (g/Nm3) 30.1 30.2 26.4 23.7
Hot metal temperature (°C) 1496 1497 1479 1477
[Si] (%) 0. 859 0, 699 0. 667 0. 613
(S1 (%) 0.0289 0.0293 0.0458 0.0384
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Table 3. Operation results on iron oxide injection.

Case 1 Case 2 Case 3 Case 4 Case 5
6h Iron 6h Iron 6h Iron 6h Iron 6h Iron
before oxide before oxide before oxide before oxide before oxide
injection |injection | injection | injection | injection | injection | injection | injection | injection injection
Iron oxide injection rate — 14.3 . 149 _ 16.6 _ 319 . 34.8
(kg-1.0./t-p)
Injection time (min) - 282 —_ 360 — 512 —_ 332 —_ 380
Blast temperature ('C) 1181 1195 1200 1206 1182 1192 1189 1187 1185 1192
Blast moisture (g/Nm?) 40,7 39,3 34.9 351 40, 4 38.8 38.6 37.2 43.2 42.9
Hot metal temperature ('C)| 1469 1476 1477 1484 1 468 1460 1478 1463 1474 1463
£Si] (%) 0, 762 0.632 | 0.552 0.511 0. 845 0.674 0.748 0.539 0.745 0.546
[S1 (%) 0.0415 0.0343| 0.0306 | 0.0275 | 0.0315 | 0.0443 | 0.0326 | 0.0533 [ 0.0310 | 0.0518
0.9 , , : , : Fe;O4(s)+G(s) — 2FeO(1)+CO(g)
Base  [(Si)=4.7X10 3xHMT—6.1 s (2)
0l r=0.79° - FeO(1)+C(s) —Fe(1)+CO(g)-(3)
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Fig. 5. Relation between hot metal temperature

and [Si] content on iron oxide injection.
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Fig. 7. Relation between hot metal temperature
and [S] content on iron oxide injection.
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Fig. 8. Gas analysis at tuyere and in raceway
during CaCO; injection.

Table 4. Analysis of fine particles sampled in
raceway during CaCQOj; injection.

X-ray diffraction EPMA
Fe;04, FeO
CaCOjinjection £-CasSi0, Si count 3279
Ca;3Al;Si0,
Ca;MgSi, 0y
Blank Fe30,, a-Fe Si count 7771
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Fig. 9. Gas analysis at tuyere and in raceway
during iron oxide injection.

Table 5. Analysis of material sampled in raceway
during iron oxide injection.

Metat (%6)
Fe Si Si02
Injection [ 94.33 | 0.26 [12.70 | 1.01 48.9 | 54.5 9434
Blank 87.47 | 4.07 125.91| 1.03 23.9| 4.97 34737

Slag (%) EPMA
Si{count)

Ca0/Si0z | T.Fe | FeO

miltcdbntEZbhb.
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Table 6. Change of calculated Si transfer parameter change on CaCOj; injection.

Case 2

Tuyeres with injection

Tuyeres without injection

Tuyere with injection

Case 1
Tuyeres without injection

Flame temperature (*C) 2323
Coke temperature (C) 1742
ks (kcal/m?h) 0,23
asios (—) =1
ke at 1520C (kcal/m?h atm) 3.7

at 1460C 2.0

2268
1701
0. 090
0.34
3.7
2.0

2376
1782
0.53
=1
3.7
2.0

2316
1737
0.20
0.24
3.7
2.0

FERIEYF L, St BINRIE® BRO X Stz bh

5.

Si0,(1)+C(s)—Si0(g)+CO(g)

R5= ksAs,sl aSiOZ

ks=3.57x 1018 exp (— 177 000/RT) -+ -+ (6 )

SIO(g) + [C1>[Si]+CO(g) woreerermvees (7)
) (8)
ko=4.77 x 108 exp (—66 500 /RT ;) +++ree-- (9)

MM ORI, FATEETS SIO #Ag

a2 — 7 AWK o Si0, kL, $hh~o S OBIT
(7)) ROREH BHET 5.

CaCO, i1, Fprv—A Y = 1 AT(1)ROBNH
ez L, CaO ks, ZOREK(4), (MADOK
ISR ERTHZ LRI DT, kDX 5 S ETOER
NEZLRA.

D (DHROBRBEIGE X > T HRFHEEAE T L,
SiO #ADRERIESAIEIIN S,

2) Papito CaO o X >T, 2 — 2 ARy
o Si0, 7325 7L L, Gsio, HBMETT%. ZDOFEHE,
SiO # ARARIGESIE I 5.

3) (HRoOKITHEETS CO, X% Po, D LR
I oT, SiIO HFADRENHI IS,

Table 4 WiRLFcV—AY oA H¥v 7 J vIRE
FHMEHOSVRKERL2) OBEROGELEL bhb.
7, VAUV 2 ANTOHENHFD Si EFBEOET
ik, SIO BERGEOWHOBELEL bhb.

Table 6 1, CaCO; XK ZAALEEOF OO Si §
AFEROE (POpiEE, SiO # AR4ER L0 Si 0
SHH~DOBRINDOEEER) DOHERKELRT. EHO=
— 7 AREE, FOFHRED 75% L1LTA L T
5. FoaiREx, CaCO; ok xALE 1kg/t-p Hic
p T°CETT5. ZOKR, # 8kg/tp OREAA
T, SiO HARERIEDOEEER ks Y, WEiAEE L
TWihWBED 40% LA T E7eh, Gsio, 12 0.24~0.34
Llgot. chbxy, ) ¥ 2) oBRIHENC

Table 7. Distribution ratio of S between slag and
pig iron on CaCOyj; injection.

Case 1 Case 2

5h CaCOs 5h CaC0s

Before Before

Injection | Injection | Injection | Injection
(s} (%) | 0.0289 | 0.0293 | 0.0458 | 0.0384
(Ca0) (%) | 42.50 | 42.79 | 40.56 | 40.90
(Fe0) (%) | 0.355 | 0.381 ([ 0.350 | 0.429
log Cs —3.74 | —=3.75| —3.86| —3.84
log Poz —14.0| —13.9| —14.0§ —13.8
log L% —13.5| —13.5| —13.6} —13.5

BE T, Si REIGEEN, D, SIO ¥ ARERIG
BECBT LD EEL bh b, —F, BESKRE
(1460°C) Tix, Si OWINRIE O EEEH A 1520°C
B> 60% LAFieinnoT, Fig. 2 @b RLIL DK,
CaCO; R EAZIIZ X % SIO # AF4E © WEZ R H
K/ NEL It db D EEZ BRS.

CaCO; DR ALK T HEHF O [STBEOET
1%, A7 7o (CaO) @EO LR X 5 S EHEHEL
DERZIBbDEEZ BRBMN, Table 7 KT X5
TR T -2 X B E L 1, BEAEEELT

WL D T, SEOBANDETH L. s, Ly 11(10)
AT, BEHSE Po, 12 (12)5KCTRD 7=,
(%8) }
log LY =1 {—-—
08 s =B £ 1% 51 eq.
4
= log Cs—1/2 log Po,— 705t | 994
Ty
ceerenneesnnen (10)
FeO(1)—Fe( 1) +1/20,(g) e (11)
IOgPoz=— 2‘;,874‘ +5.174+2 logaFeo—2log QApe
m
R ¢ 1))
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Table 8. Calculated Si transfer parameter change on iron oxide injection.

Case 1 Case 2 Case 3 Case 4 Case 5
Tuyeres | Tuyeres | Tuyeres | Tuyeres Tuyeres | Tuyeres | Tuyeres | Tuyeres | Tuyeres | Tuyeres
without with without with without with without with without with
injection | injection | injection | injection | injection | injection | injection | injection | injection | injection
Flame TemDer(ang;e 2291 2152 2332 2221 2292 2137 2293 2097 2262 2078
Coke Tempera(t%rs)a 1718 1614 1749 1665 1719 1603 1724 1573 1697 1558
ks (Keal/m?-hatm}| 0.1354 | 0.0112 | 0.2629 | 0.0390 | 0.1354 | 0.0085 | 0.1515 | 0.0039 | 0.0822 | 0.0027
ks (Kcal/m?-hatm)
at 1450C 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
at 1480C 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
3-3:-2 BALERWR X ALEFOKIG 4 =
. =

BIEB AR EAAHEGD [Si] BEOE FOER &
LTk, TRERT IS HEDOAEZ LIRS,

D (2)AB LB R0BEHERTRIGK X 2T, H
ARTRESME T L, SIO REREI MG EHhS.

2) A7 70 FeO oi§nc X>7C, Po, B EHL,
SiO » A RERIEIIMEI SR .

3) FeO & ghb [Si] &t O®ADORIGIC X>C, [Si]
BEMETT5.

[Si]+2(FeO)— (Si0,) + 2Fe

V=AY e AR BEE LA 2 ADSHRER LD,
3) OREOFESE 2R BHEELDNE. Fk, AT
aIe kT 5 CaO/8i0, DE T, SiO0 FAREOM
Wb BV gk [Si] O34 D0EEL bR,

BLSEARERAALEEOR RO Si BHEROE
LDt HFER %Y Table 8 1R, Ebika# 15kg/t-
p Kk EAAT Case 1~3 DFAHIT, WERARRX LT
Wi o LT 5 E, FoFiEE 110~150°C (&
TL, AR 1% T ok, —F, # 30kg/t-p o
R EAZD Case 4 15XV 5 BT, FORHEER
190~210°C {ETF L, 45 1t 4% LT & ot oo
ik ) OBEROWEHS IS EERLT 5.

[S] BECRITTEMILHR XA & OB BT S
fedbie, SEHLEERAS 7D FeO wahd 2%
xR LI, CaCO, M XiAn LAk, KEAL
CEAZEIRD LRI Dfk. hil, REALPOR
BWT, RATRIE, SKHFLET I RG,AfThh T 57
BDLEZOLNSD. S8, ThbiOWnT, B LT
FETHS.

BEZERHO» D, CaCOp ks X OB LEED kX AL
wERL, g [Si1] DETFTHERELL. [SI]IETOE
K& LTz, CaCO; K ZALDIFHIL,

) PFomiREOE T

2) CaO Hic k% =5 7 SiO0, DFEEE T

3) CO, #4HwxX?b Psio DIET
LS XA DB AT,

1) PoiHREOE T

2) FeO #nic X% Psio DIETF

3) gk S1 DER{LERic X HERML
BEz RS,

S8, ThoDERIKOWT, FMCKRI 2z T
R LA

Hl 5
Ag,m: Gfk-2 2 v OFHHERHE (n2?/m?(bed))
Assi: A5 72— 2 AL DER L ETH
(m?/m? (bed))

Apo : Weih o Fe OiF&E (—)

dFeO: AT ﬁ't{ﬂ@ Feo ‘7)%% (")

dsmz AT 9'430) Sioz OEE (_)

Cs : sulfide capacity (—)

Ss: kb SoFEEGRE (—)

ks: (4) KoK #EEEH (k mol/mh)

ke : (T)RoRIGEEEH (k mol/m?h atm)

Ly : SEHEyELE ()

Po,: BRLE (atm)

Pgio : SiO » 2 0 4 (atm)

R : ftkE#H (cal/mol deg)

Rs: (4)RoRm#EE (k mol/ms3h)

Re: (T)RoRIGEE (k mol/m3h)

(98] : BgFoSEE (%)

(%8S): 27 7D SEE (%)

Tw: 22r0fEE (°C)

Ts: HE0BRE (OC)
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