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Silicon Content of Pig Iron in the Blast Furnace
Synopsis :

By the use of a mathematical simulation of Si transfer via SiO in the blast furnace, main operational
factors affecting Si concentration in pig iron were examined.
(1) The concentration ranging from 0.4% up to 2.5% was well simulated on the basis of the operational

data of Chiba No. 2 and No. 3 furnaces.

(2) The observed relation between Si concentration and hot metal temperature was clarified by the
concept of thermal flow ratio, which gave unified explanation to the relation.

(3) In iron production for steelmaking, the main source of SiO was from ash in coke, and the rate de—
termining step of Si transfer into iron was Si absorption by pig iron from SiO.

(4) In the case of foundry iron containing more than 2% Si, the amount of SiO generated from flow—
ing—down slag accounted for over 809%, of the generated SiO, and Si transfer rate was determined by SiO

generation.

(5) Simulation of an operation with a low flame temperature in front of the tuyeres was tried, and it
was proved that even in such a small furnace as Chiba No. 2 furnace (1 380 m?®) an operation with 0.2%,
Si under a hot metal temperature of 1490°C was possible by reducing SiO generation from coke ash.
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Table 1. Cases in calculation.
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Fig. 1. Relationship between Si content and tem-

perature of hot metal under various calculating
conditions.
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Table 2. Operational results of Chiba No. 2 B. F.

Blast vol. Temp. Moist o/C H.M.T. Si Slag rate
(Nm3/min) (°C) (g/Nm?) (=) (§1%)] (%) (kg/t)
Steelmaking iron 1719 1087 13.6 3.37 1 493 0.47 295
Foundry iron 1900 980 30.1 2.87 1557 2.43 309
Table 3. Cases of calculation for Chiba No. 2 B. F.
Case
Variables
a b c d e f g h i i k 1
Ore/coke (~) 3.47 3.37 3.47 3.37 3.42 3.47 3.37 2.77 2.87 2.77 2.72 2.77
Blast temp. (°C) 1037 987 1087 1037 1087 1137 1087 930 980 980 980 1030
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Fig. 2. Distribution of in—furnace variables by
calculation (Chiba No. 2 B. F. : Foundry iron).
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Fig. 3. Distribution of in-furnace variables by
calculation (Chiba No. 2 B. F ; Steelmaking iron).
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Fig. 4. Relationship between Si content in hot
metal and temperature by calculation.
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Fig. 5. Relationship between Si content in hot
metal and temperature from actual operation

(Every tap data of Chiba No. 2 B.F. ; Foundry
iron).
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Fig. 6. Temperature distribution measured in Chiba
No. 2 blast furnace.
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Fig. 9. Transformation of the results intoJthe values under]the constant hot metal temperature.

5% Ore/Coke = Do #E2 1-BE XY, BHIEE DR
—Z BT % Si OB LEIVNE Dk, T TR
RO EFC XD St PBEL BHEE 0%k L
T, H|F— 2 L EMEEAHB LTRSS, KBHE2E
Foo 1980 £ | FR BT B HHEFEF — 2 2 Fiz
Si yipEr Bt o BAfRE Fig. 7 © Fy M CRLAME
Wo ko, Btbko LRIcXh Si PEEOETARL
n3. ZOMOBSEREE 1500~1510°C T3ig—5%
DO URAHERFERT D, FOfdBME & aaiE
ShIREE 7 AR (TFT) 11 Fig. 8 WR$T X 3 IC—ED

BAREHEFE LTI b, ZHITIBIBHIGEI) b BRI
HrhBBRTHBY, Todks, RIFD TFT 2R BB

Z, PFodiz— 2 ARER TFT o 0.75 FELEELT
W5,

—%, FEIBIF 2T OHERSREYBHEE v
NA—FE LTETERDIS>CD. A~D g
Y — X0 ERY BHRE & Bk, SI0 BHEEE
TFT Lotk & LCET L Fig. 9 @ a), b) &
5. Zha LEgEEE LT 1480, 1500, 1520°C o
3kEER LY, ThiHT s #diitb: TFT %354
EBH., HY) AL ZREC WIET S SUEBER
Fig. 1 2bh 2%, ZOX5LTEFAE IS
< Si BEEE Bl & OBfRE Fig. 10 Rd. —F
BHRIEE T S #T B¥EY T2 Si BERET
L, EEFXOHEME S —FT 5. FASMICE LTtz
Titb 23 L BRI S IR TAOTE ), Bfitkonri
DI Si BEL BRIESI%E2T3h Fig. 10 r A
VB EE B, Fig. 1l WiRT X5, BHBEEY—
TBFE B s TFT L ORI EBEEDOE S LR
CTHhb. Tihbb, AFdzEAMLEOEHEC
O Si BESHHRERE v <rof bixk e F A CTFHIT
&% EEx 5. foks, Fig. 11 kT Ore/Coke %
Wind %) -XADEAEE, BIitEine X 288

06 N

[oJoNg
N © Is20rc

0st o
o S~

©——0p _1500°¢

(%)

0Lk — A series
o) O™——o__
14800,
03
02 - ' j
080 085 0.90 095

Thermal flow ratio {-)
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Si by calculation.
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Table 4. Estimation of operational indices by the model calculation.

Blast temp. Hot metal temp. Si Fractional SiO Fractional SiO at Height of melting
°C) (4] (% at tuyere (—) melting zone (—) zone (m)
1250 1497 0.44 4.45x10-3 1.54x10-3 4.1
1150 1468 0.37 4.45%10-3 2.06x10-3 3.4
1050 1440 0.29 4.45%10-3 2.57x10-3 2.7

Table 5. Results by calculation.

c o/C H.M.T. Si Height of melting  [SiO] at tuyeres [SiO] from slag

fase (=) § (%) zone (m) (kg-Si/m2-h), (%)  (kg-Si/m?-h), (%)

A 2.77 1576 2.30 6.6 8.36 (20) 33.5 (80)

B 3.42 1 488 0.50 1.9 9.08 (31) 20.6 (69)

G 2.97 1491 0.18 3.3 0.36 (5) 6.4 (95)
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5. PliE, ks HREVEHETIR, RIGC X 2HREE
EHADD 2 — 2 ANDBBEHE 2 — 7 A{RE TS

SvAThH LTORKBRE SIOREEE SI BEXEZEA
ExEb LT, BHEEORMETTS. ok & Fig.
4 e, FIMERMKTRS., Tibb, X DEL
BETOSMSEREOTRELTRET 5.

—%, 2BFEOBMA#kDr — A B (Table 5) i
WT Si BEOBSHEREKRFESREVWI LRIRDO XS
CHBEERS, ELbLFE SIO BEofy1/3rxn x50
s St L LTIRIL Ehady, WMTXS 7hbo Sio
RAELLSHF X\ T, SIO BAERIEOEEKREMD
Stk St EECLEELTWS, LehoT, RERK
FHCET 2 HEE LT EEORIIIT T A S 72 b D
SiO A DHELEMNHETCIIBARC AT bbb EEL
bbb, Lo, ZOX5hERIXDHOTHEBMHALD
BAETRT S 2 2 0~D S1 BITEIX, 3FFOHEL
B SIO HAMEB A & L~AD Si RIVETE & /o> T
Wwa, PFOFiToz -7 ARSEED SIO FRIZELFE
£BD 31% w5, ik St RECHTEFSEL
36% THH. LU EROHEM G, #ghh Si ofit
BEL L TOz — 7 ARSDOHFFIZIIDOE LD KE V&
eI h, SURANEOKRE TR\ Eied RS
Ex b, WThiEwX, MFASZ7Ea—2x Ky
S10, D@k Si k35 HFERIL BREHFTIVRE
th, HEEMCEET 5.

3-5 {E Si RHEEORE

THE2EFOHEWHRIFEDO Y I s v—va vERELCL
T, Ore/Coke &iT, IAKZEZIH LK SIERECE
HEHERIT O, TOE, KB 2ZEFORRTILDL,
i Ore/Coke o * ¥ JAEMRPEH AMEZ{E T ¥,
Wit 4w Ore/Coke %L, HEMIX Ore/Coke
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_5  Table 6. Cases for the calculation of low Si
content in hot metal.

Case
Variables e
m n o P q r s
Ore/coke 2,77 2.77 2.97 3.17 3.17 3.22 3.,22%*
Blast temp. (°C) B30 630 630 860 860 860 860
Burden & Product* F F r ¥ S S S
5

* F; 05,0,=0.094, [Mn7]=0.45%, [Ti]==0.1295, [P]=0.10¢
S; 0.06, #  0.32%%, # 0.075%, # 0.087%
** Dpo=11 mm

E Ty LA I >CHEEOBAGKCRESHET Uik
Lot Hiigkie% Table 6 iid. ErhoipeF,
Si% Ore/Coke & T\ LISto EEAWGMR BB
2, ThXh 5o getheh, WHBEEO KEERE LR
CLThaHT Ex T, TIH2EP O MSRERr 11K
Ore/Coke b bT 7co MEGDT, Dyo=7
mm & L T3P, # —As TiX Dpo=1lmm kLT
co AL DL~ SRR OBSEE & S1 B
EoBfRE Fig. 4 ho@HI(F) s JOQHI(S)TRL
To. F—BGHERECIEESRFT LY ST RENKEL
DT B, Si PEI I HIE L e 4l o L2\,
Si BATivE BT 5 b BE%E Table 5 0 CeiR
T FRTHRET S SI0 LA, BLETAKL,
EREHARITRET S SIO REhdpThdiw. i
Ore/Coke #{E< LT\ % 7cd, ESMAgKOLEOBIC
HATERE v il e Tuh b, Tihbhb, Th
¥ COEBMLIC X5 St BREETREMTEILET
EH, SIOF ARG A g ~D Si BIRIEE L7 T%
T EWARTE LT e, BB T o TFT Tl
Si BRI BEET R LU TR CRET D SiIO v 2fak
ETERBERCIBLDTHS. ¥, Dyo DX
BT o XETF B L, Fig. 4 D r 2 s ~DOF
Bhoo X 51 Si WipE L WEkREIZR—o Ore/Coke &
Ty, ObETELTETTASA, SiREOE TR
Hgkor — 2 (A XTI, ZOBHREE
TRz E To D ERC XOTHIL S L35 &, Bbew
L THHNOBRELEAL, £ roBha i d Sig
EpEinT 5. & Si s, Y AFIEROM
I BAB R OER L LT X 0 #isk t Yo ) OFTEAZE
BTCELNT T BZENEETHSZ EMbh 5.

4. &

e

FHTD SIO A% ML Si BT REEWM =5
MO% LT, gkskh Si BB RITTRESEORE

FHREL, UToEHEL.

(1) grgkep Si REE 0.4% ORFIMAEEMH, 2.5%
O E T, IRVEEETIEIC b D BB & X <
—HTAEHERRE LR

(2) Si @fFEL BHRIEEE OMGY i Y AT
BT E . C OFRIIEROEHET — 5 O
@B TE, Baliimly 5.

(3) Sigp 0.4% witko RMMsE kil 55
&, FPATRETS SIO 7 ADKERF O FiT REET
Ba—-sARGhv Y HiclRT B, 0L EHEHE~D
Si BITIL SIO b2 2 ~D Si RINGEECEE SR
5,
(4) SiRE 2% D Eogipgiofaciy, i
TAZ7 70 FET 5 SIO 4 SIO &R0 80%
Ub% 885, OHEHE~0 Si 172 S1I0 0F
HEEECTHEINS.

(5) HoROREEy AREXET 28T, K Si i
DFERERIH T HHELRHFEXBHRT L, —OI& LTTHEE
2EiF (1380m?) is\~C, HEEREE 1490°C, Si i
£ 0.2 Ok aRENT 5 . & DL
TT, FATHETSE SIO IPMETFL, &R
ARIT=2 — 2 AR5 6HET S SIO HaFH LA
I BZ ENFRTEL.
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