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Analysis of Si Transfer Reaction in the Lower Part of Blast Furnace

by Kinetics Theory

Takashi SUGIYAMA, Shinroku MATSUZAKI and Hiroji SATO

Synopsis :

Fundamental experiments and development of 2 dimensional mathematical model were carried out to clar-

ify Si transfer mechanism in the lower part of blast furnace by the reaction kinetics theory.

According to

experiments and calculation results, SiO gas generation from coke and slag near the raceway zone was con-

trolled not by equilibrium theory, but by reaction kinetics.
the most important factor for controlling Si concentration in molten iron.

Especially, SiO generation rate from coke is
Decreasing of gas temperature

in the region near raceway and improvement of permeability in the deadman is effective for the decreasing

of Si concentration in molten iron.
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Fig. 1.

Distributions of temperature (a) and Si
concentration in iron (b) in the dissected NAGOYA
No. 1 blast furnace.
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Fig. 2. Verification experiments for Si transfer

under the equilibrium condition change.
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Fig. 3. Experimental apparatus for comparison of
generation rate of SiO gas.

Table 1. Generation rate of SiO gas under the
BF condition.

Experiment | Calculation

5.22

SiO - generation rate | |01/ 3h0q.51600°C | 1.36% 1072 %621

from SiO; in coke

1.96
X1073®

S0 ng(')':'i‘:f:}gg rate | L ol/mdbed-s 1600°C | 5.24X 104
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Fig. 4. Relation between holding time and change
of SiO, (High SiO, coke).
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LR FERICHLCREEZbDTH S, 3— 2 Ath
Si0, it 1800°C T3 20 S EEETCLENIERMIET L,

Si0, 2RI T B Si0, 3 20% RETH B 2 & Hb
Motz BEDOI—7ATHLIOMMEIRELS 2h o
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BEELHBEE CTH 5 (Fig. 5). Kb~/ k5 12 [Si)
DHMIHEIZ DWW T IZEYH B & LTHHRICBIT B
Hix (FeO) "Fr&EEzr kL TwasEEZLR
(FeO) I & BABMEHEERIIIBVWTH I OHEELHEIZL
Twh,

LA L (FeO) DS BIZHFET HHERHEICHEST
BNENIIT 5% (FeO) 2d 5725 ) . RICFO
VARLVTHRERI SN TWAS [Si] 798K 1%, H$ET
[Si] =0.3%, BEHERL 20%> LIEETHIEZ D Si
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KESICLNERMT Y ~ FTHRBPICHIES RS
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Fig. 5. Vertical changes of [Si] in metal and FeO

in slag above tap hall level in the dissected KIMIT-
SU No. 3 blast furnace.
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TS FOBBTY 7)) ZIlE o THO LA
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[Si] HEEETA-ELTH (FeO) 25+ ThN
WIREECHF S 3572 (FeO) DEPS5AT FeO 125
FREBTO+S L REGHRFTELVWEEZ LGRS, »
5B RO PEEMEEFL T [Si] 2HlHT S
CERHEEETHD, K Si 2D HT i ERE I SRR
MRS 2 WIS 2 heniI e ThHrLE L
5.

3. BEREKRICL3EFA Si RSOBH

BEERERICX AEFN Si SO ZRICHHT (2L
T Si B8E7N) CLELEFAORESH, F A
WA, W ES A OEHIBEICHI% L 72 BRIGHT®
PH/LIENEESL. AMBETEFTHE - VEFN
EREA LU EE L WERSI L ER L Si BEI€T
VERFE L LTI Si BBIEFVOBMELHHET 5.
31 EFNTERLLERER

BIERTO [Si] da—2 R, RS 7, 29N, HA
OWUESEVIIFEIBLD ) LXK -THRTIA. SiE
d25 ¢ Si0, £ a— 7 At Si0, TH D, Si DT
i Si0O FRAIWELABTAXZVEIGATEMNTHDL & Wn

Fig. 6. Calculation method of SiO gas reaction
along gas stream lines.

bhTwsd, ZITCRIFRTIEHRD 32O e % EER
(A% TR AR

Si0, (coke) + C (coke) = SiO (gas) + CO----+( 1)

Si0, (slag) + C (coke) = SiO (gas) + CO -+ (2)

Si0 (gas)+ C (metal) = Si (metal) + CO --+-- (3)
CITERT VA NVOREIEFRBEIIELVE L,
ZDOBESKF IO LBHICEEL T A,

FUCOFEHEER(1)(2)(3)o AG o8B L 7.
3:2 SiO HADREEKE Pyo 9%

3 — 7 ZIKGH Si0y 26 D Si0 A O KICHEE R,
BIES DD UGS EER L 21— 7 2% Si0, B & DO
B (4)(5)RTHEND. Fioc RI—F7 ZAHT y
v o Si0, BEO—FEMEE L.

R1=k1‘FSiozc'{6(1"5)/(7TDP3)l ............ (4)

ky=2.0 X 10*exp (— 69 000.0/RT)
AT 7 Si0y 76D Si0 BARE Ry 3 fUSHEEN &
LTHBERSYORX, 25 7L a—r 20FERERE Aw
BRERHESOOR T Hv, Si0, DiEFE L OBE»5(6)
(7)RDEIITKENS,

ko =3.5X 10%exp (— 101 600.0/RT) ++--o-+++ (7)
Si0 D * & M ~OWILIE( 3 ) O RIS HEE ZFER 5
DWEITR SN BMEE VT, NS G & E W
L, BOGEER(9)R%EM L TRV L. KBASEM
g Ay AEHESPOR L Hv .

FEHD SO BE Yaio PETERIRE(1)E(2)D&E
EREFHARAALZENZR(10)RICEL - Th s D,
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(a) Distribution of solid temperature calculated from blast furnace total model

(b) Si0O gas from SiO3 in coke
(¢) SiO gas from SiO; in slag

Fig. 7. Generation rate of SiO gas from SiOz in coke and slag.

FBR RIS (1) 0l Si0 S 2518 L 7 486 P
BEErBA VI RHBELNX 5. Ff Si0 5
BRIE(1)D AG= 162300 — 79.36 T L nEt& L
7o, SiO BEoZRILHAE (10) REB B LT
WAHEFD F—5 LEFN (“BRIGHT”)® 12 X D EHE
ERTVBHTRDFEB I TS TLI LS
TRDBIEDTES. Fig. 6 [TRT XS CTOLHH
BYBHADFMIH - C Grid #HWHEEREL L
735 Grid Ei2B 15 Si0 FRBEZKD L. 20T
[l —= T Si0O OWPLEE ¥ FHE L, SiO DMm* 58
LTw5,

Gr(9Ysi0/0r) + Gz (9 Yg0/92)

= G*(FRsio — Ysio* TFR)/{ TVML + dTVML)

(10)XBa— 2 2ABILUTRF 5D 5D Si0 FELERL
TBY, PRIZOoWTHREELZACEHEL TS

Fig. 7 (a) WHIBEEDRRL 22BHF—5 VETF
VOXDEBESNIFTHROBRDOBESRH TH 5. %
Ji & 4700 Nm®/min, L— 2 2 ANTa~27 A 20
mmé, R 70% & L. a—27 2% Si0, 50
SiO BAEFEOKE RMBRIRESMHICKFEL VS
B, BiCEWiIEIR, REOBVWL -2y 2 AREFR
PICAo b =27 24 E#IH % (Fig. 7 (b)). I
PRICA- BT SIO BEFENWKEL 2o TWHH
Hida— 2 ABOTEFEN ST A L LRENE VL
WIEHNRELR D EEIONDE, —HRAT I
Si0, 5D Si0 BAEFE E 32— 2 21 810, 25 DEH

(a) Distribution of Ps;o
Fig. 8. Distribution of Pg;o caused by generation
from coke and slag.

(b) Deciding factor of Psip

A1/ BRETHDPLDAZVE EXbD 572 (Fig
7(c)). SOOI LMD S0 OFEAEIF VI OREHEE
WKBWTHI— 27 ZAKGH Si0, 2BFE L TEHLDOHFK
BEHTHILLEZOLNS.

D=7 2ARFRAT TOWE,HHAEL I Si0 O5HE
% Fig. 8 (a) I1Z/R L 72, Pgio DEWIEIZFHEHZTIX
BEOEVL— 27 2 A WIHEET S5, EERTIRIP
BHCA o L BCHET S, COBHEIL—2A Y24
WTIE SI0ODRERBEOREOVSTAAE-FBLU
HADBERENKEVWORENER L 2. FEA
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TRATADEREEIHI D B2 Si0 BEFEED
BwintEIORL, TE(1)0FE Si0 4F
EBARTEE SiO AR V= & S # B SRS
V=2 LTCEHETAHE Fig. 8 (b) IZ/RT X230
FHOMCEE 3m LNOEBT &b b 1700°C M Eo
BRIRE IR T Si0 OREGRER THE SRS Z

Edbh st LMo TIDHEBETHO S0 D5t %
WHIT 203 FEGRTIE Peo 2B 5 &0 ) Bk
BEHTHHD, BWEHFTIE Poo I > hO—VIZEH
MEWRHLT, BEZTIFAZIEEI— 27 2D Si0,
DBEEXT L EDPEMFERE LS.

3-3 BHAOMERIS

MEERUE(3)iE Si0O F 2% SiHETAHHT Z-X 7V
bk, 297 Si0, % SifHE TR -2 ¥ VK
BhEZbNL, AT 7H Si0, &EHkE C & ok
HRER LR S DO ERE RS, SE WD, ZORE
BEETZ-2 5 VEIGICEALO LD b 1HHEA » 72,
L7:Ao TR T COEBER~NDOMEERILIE Si0 A %
SIBETDHHARIAMPIBIL L2 THb8NBHD
EEZOLND,

SiO HARRRFEE T 5HH A-A 5 VLB FUSEEE 13
(9)X et L2 (3)RoEoFH [Si] ik AG
= —20700 — 14.55 T*® CEHHE L Tw % A% 1600°C
Tz 17% b ETHZ L 2 SOFNOESET O [Si] &
MBSO FEHICIZE L TE ST 2 ORI HE TR &
%%, ZORSHEE (Fig 9)13 Si0 %40 E# K (Fig.
7 (b)) KENTEDLDHTHNI ENDLNS., Lho
THEELL SIO R LIZBESHPICRDATIATLE
I DT, BEHH Si oKEE B TICIR SI0 DRER
G, FFlla—2 AHh 50 Si0 OEIHITEH Z LA

mol-Si0/m3bed s

=

Fig. 9. Absorption rate of SiO gas to molten iron.

MEDBEEL DI ENbh T,
4. SIFAD Si REFHOHE

HADFA > T Si0 OFERINKIG % 5TE L,
EHIEWHRNEFT VYD LEE SN ZESHO TS
o THRIE NI Si 2R TAHILIL-> THEBEHD
[Si] #HETAHIEMNTES. Fig. 10 (a) FEHE =
N-BFENOBST O [Si] offiERLTwa, @i
o [Si] i£0.1~2.0% FTHHL TS5, D
BOMEED [Si] 12 0.5% TH o7l L— A7 = 1%
Tt 1.0% BEDBEIIZ - TWANY, L—RA7 (5%
WA S FRNCES 2T [(Si] @B LTWwE, &
o [Si] A RRESIDFHT Y v FIC X > THEBTF O
BIFAD Y 7Y v 7 LRESRT O [Si] #EsAh
RA—HTHbDTHo 7. [Si] oFBESIIIIOL
NI TOREEARICH S, ZOBEIE Z O ESE
DFETHL%L, TAELES W DII® - hem
HEThnvrEZXbnsL, L LIOEHSD [Si] 15
BETH-> TOHBBEICKEL2FBRITFz 2V, L—2
T xARNDH B CIZIFEOERRB IR - 85 TIRESRLIS
BICHET T 5 0BH~OBIT [Si] 7% THBRI
ML bkv (Fig. 10 (b)), LA L Z 055 skgks
D[Sl *HFORELXBET AT THAEEZEZOND.

5. FASIi AHICKEERITTHREER

DXLIEGFE M- VEFLODFHELEAL THER
[Si] DAICHES RITTHREERICOWTHRET L.
FEOR—25LM%E Fig. 7T ERLTHA. Fig. 11 2=

(a) Si in pig iron

(b) Mass velocity of molten iron
Fig. 10. Distributions of Si in pig iron and mass
velocity of molten iron.
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\\\ (a)
™ Cal. Si% = 0.62
. Act. Si% = 0.53
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“-Cal. Si% = 0.31
{7 Act. Si% =0.36

EN

RN )]

. (%)

Cal. Si% = 0.193

(a) Tfis higher than base condition
(Tf=2325°C, ed=0.36)

{(b) Base condition
(Tf =2 157°C, Void fraction in dead man £d
=0.36)

(c) Void fraction in the dead man is larger than
base condition (Tf = 2 157°C, ed = 0.42)

Fig. 11. Effects of dead man per-
meability and flame temperature
(Tf) on the Si distribution in the

lower part of blast furnace.

2.0

a: «d=0.36
—~ -~ o : ¢d=0.42
0 &2
o = (b)
:‘2 E 1.5 :_u
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8 =
“— 2
o N
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= =
8 et
s 8
> [
@ >
} ] 0 a. :
= é D'DCH:L

o
o.o L L ) " . o'o —r L . 1 e
0 1 2 3 45 6 0 1 2 3 4 5 6

Distance from center ( m ) Distance from center ( m )

(a) Gas velocity (b) Metal velocity
Fig. 12. Radial distribution of metal and gas
velocity at 0.5 m over the tuyere level.

O EEt Lt s n: [Si] phirRLE. ©F
VidHERE-EIEOBRESEG BV, —EE [Si]
il & FeBE L 7=, 3RJEURKE 200°C 7 v 7 C Tf 2 LR &
% EIPEERl O Si0 FAERMEAF ML, B [Si)
BRI T » 7 L7 ((b)—(a)). 74 to BRIk
PET e s EBHD [Si] BT LA ((b)—=(c)).
Fig. 12 32 Z OO HF MO F A & X & VD5 i
FART. FEOEEZE o(d=0.36 LEVIFAIZGEL
DIVl % BIRIED Si0 £ FABKRO N R L SRBOE
BB HDOT A I NAD [Si] OBITHERICITD
ha, Chic LR Eo#EaEs BIficTsc 3y
ZARFEOEE CHATHILICR D, SO DEIEE
FEIR & BSEATEE T A EHEBAE LB TTRE &
I Si liohhbbOrErLNS. (a) & (b) Dr—

ZZ2WCEE D [Si] BEREO [Si] L i3iF—F L.
6. % E )

RN O Si BEIOERERS XUV RLOBNET
NMEREL, FTEHO Si BEHE L EERNICHS >
L7 RO I IHFTHOFERAEOEL L TFL
TSz L dRETH Y, K Si 2 B
BEEIIMEERIE F EERMICVWAICHIE T Al Z
ETHSH. BIFNT SI0O FHEDE WALE X FHmO L —
27 2 AT % (PERBEICHFET S, £/ Si0
DEGFEA~ ORI LR <, Bgtd o [Si] DR 7:
DIk a— 27 2 Si0, 25D Si0 DEANHIIFEE
Thb. TOREEKELLLEATHERETIOFRE &
a—7 2t Si0, TH 5. T ALEOBEEOM L
AYNVOFETHEEBE SIO 2EU M A EFBHEIE L &
fRcarzicny, KSifticEFGTrbneEInN
5.

7. S ® 0ORAE

BEFEFOL -2 A T I E RS
sz (FeQ) FEFEL, TD (FeQ) &4 NED
B o (Sl oRECHEFST L LEZ LN ((11)FK).
(FeO) BS54 AL ZDIEMCHEHFDOC D
s(12)3, a—2 2 C LoRohHdH b, Thbx
TEEBEWICHBN T A LRAESTELV. LALIO
(FeO) BFTHTORIE, HBEICERE2RIEHES
TBOSBEER=Z2OCORBHFT S EE 2 FE L
LAIEAS.

Si (metal) + 2Fe0 (slag) = Si0, (slag) + 2Fe (1)
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H =
Ap: AL X5 VOFREMERE (n?/m® bed)
asio, : A7 7 Si0, DIERE (—)
Aw: I— 2 AL 27 FOENTHME (m%/m® bed)
Dp: 2— 2 Z§if%E (m)
FR;: 155 i OENVEELE (mol/m? bed-s)
Fsio,c: 3 — 2 ZHD Si0; E L (mol SiO,/Coke)
G, Gr, Gz : ¥ A'EE#E (kg/m?-s)
ky: Si0 BA ORI EEER (1/s)
ko : SiO BAE O KIGHEE € (mol/s m?)
k3 : Si0 IR S EEE (mol Si/s*m?Pa)
Psio : Si0 % A5 E (Pa)
R: 7 A%EH (=1.987 cal/mol-K)
Ry: a—27 A7 50 Si0 FAEE (molSiO/s m® bed)
Ry: A5 75D Si0 FA4EE (mol/s m® bed)
R3: 2 % v~AD Si0 BIGEE (mol Si/s*m? bed)
T: EEE (K)
TFR : 5 A D€ VEHZEALE (mol/m? bed-s)
TVML : # ZADELVHER (mol/m?-s)
Ysio @ Si0 ¥ ADENGFHE (—)
e: FEIBRB Z2RHHE (—)
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