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Investigation of Reactions and Alkali Circulation in the Bl_ast
Furnace Stack by the Use of Vertical Probes

Synopsis;:

Hiroshi ITAYA, Tsuyoshi FUKUTAKE,

Kyoji OXABE, and Tamotsu NAGAI

The vertical distribution of gas compositions, temperature, and pressure in the blast furnace stack, and
also dust in shaft gas were investigated by the use of vertical probes. Furthermore, the water vapor con-

tent was determined by the dew point measurement.

Following results were obtained.

(1)  Water gas shift reaction was in equilibrium in the temperature region higher than 800°C.
(2) The rate of indirect reduction of iron oxide showed a maximum between 1 000 and 1 050°C! and
then decreased with formation of the shell of iron reduced.
(3) The rate of solution-loss reaction was controlled by the rate of indirect reduction of iron oxide in
the temperature range higher than 900°C. The rate of solution—loss reaction R§ was expressed as follows.
RE( kg mol c/m® bed. hr) =ks(puy0+feo,) pc (%C/100) - (1/Mc)

ks(1/hr) =5.4x 101 exp(—67 000/RT)

(4) Measured concentration of water vapor differed from that of calculated on the basis of mass—balance.
The difference corresponded to the hydrogen content of heavy oil injected.

(5) Vapor pressure of potassium was estimated at 8.2 x 10~ atm in the temperature range from 1 000
to 1200°C and 3.7 x10~* in the range from 900 to 1 000°C.
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Fig. 1. Vertical distribution of gas composition, pressure and temperature.
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Table l. Chemical composition and results of X-ray analysis of dust.
Ne Distance Teomp. Weight Sag;?led Dusta Chemical composition (%) X-ray Analysis
(m) Ce | @) | &y [@N) e TN za| si | s | zn [Z0CL-4Z0al o
(OH),

1 5.83 912 0.023 383 0.06 O O
2% | 6.00 910 0.013 74 1.80 | 36.2| 1.6 7.3 O
3* | 6.50 960 0.428 80 5.35 | 10.6 | 2.9 1.7 O
4 7.35 973 0.165 78 2.11 O O
5% | 8.00 985 0.207 96 2.16 119.5 2.9 5.1 O
6* | 9.00 986 0-349 74 4.72 | 19.8 | 3.6 3.2 O
7 9.28 925 143 9.5| 1.4 @) @)
g* | 9.50 1 096 0.451 60 7.51 [29.1}2.38 1.5 O
9% | 9.50 1210 1.961 203 9.66 7.112.9 0.8
10 | 10.50 1054 0.600 250 2.40 135.0]0.72|11.8| 5.0 1.2 @)
1* | 10.50 1140 0.566 110 5.14 | 22.3 | 2.7 2.8 O
12 | 14.50 1278 0.969 117 8.30 2.4 | 0.41 O

* Foundry Pig Tron
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Table 2. Comparison of solution-loss reaction rate and its back data.

GaS Measured in the shaft

Temop. H,O (%) CO.{ (%) CO (%) H, (%) N: (%) P(atm)
1 300°K 1.3 8.7 31.4 4.1 54.4 1.27
1 400°K 0.6 1.0 36.8 4.8 56.6 1.32

Reaction rate constants, calculated by eq(8) and eq(9)

Temp. K 1 K2 K 3 Kd KG KS
1 300°K 0.66 1.13 10.3  7.99 3.71 2.95
1 400°K 4.75 3.14 10.3 34.0 27.9 18.8
Temp. Peaction rates, calculated by eq(7), eq(8) and eq(9)
1 300°K R%%*=0.028 kg mol/ kg -hr’ r =0.0032 kg mol/ kg-hr
1 400°K R%%=0.029 kg mol/ kg hr r =0.0044 kg mol/ kg -hr

*  Dimension was translated to kg mol/kg-hr from kg mol/m3-hr by the bulk density of coke pc,

[R¥*=R%/pc)

5.
ks—=5.4% 101 exp (—67 000/RT) «rververe (8)

HeYNERT® |3 b2 FUSEEBIR T COr OAIT L DY
) o m o R REDTERL T %V & — % 80keal
/mol E5xTVAA, AEIEOREELTALF - L
—FH L. EoERY TG Lz A F—% 4.3
kcal ERkDdDTWBD, HO X3V Ja—vauR
Fis2EELTR LT, RISORENE H 2 hDCO:R
EL(3)RXoFH CO, IRELDELLTVS. T
DAEER L FTRTRIER LT AV F—NRE O EF X

bhb.

T, EREWE CO,-H,O-CO-Hp-Np REH AGD
- 2D W ALEEEZAEL, BEREZ(9)XNTEX
TW5b.

_ kipco.+ kapnso . 1
1+ kapco, +kspcothspuzo  Mc
Table 2 iz A&BETE SRz 1300°K, 1400°K D¢

BH AR EFERE»S(7), (8)R& (XX vzt

BLrVY a—vara ARGRERRT. b~k 3E

WO SDEEAVTS. AAIED, bRkDI: RET 7T

HR6H WL IEAREW. COERBRDX DWCFERT

Wh Y KGR SEBICIFET B2 7 v h ) &EORELh
R\ bhizbD EFELLND.
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Fig. 13. Vapor pressure of K, Zn, KCl and ZnCl,.

Table 3. Vapor pressure of volatile element.

Vapor pressure (atm)

Temp. (°C) ‘ K Na Zn
900~1000 | 3.7x10-4| 1.0x10-4| 4.2x10-5
1000~1200 [ 8.2x10-4] 1.5x10-4| 5.2x10-5

P#xRTEans <, F2 MIGHEI D EHER L
AR K E .

BENTO7 VR Y & Zn OfFRERETT 59, &
EEo K & Zn ORfiRKJUE LIBEOBR% Fig. 13
R Uie. SEMiZERE DS E R AABIE THELh &R
EToFEHH AHMEE V72435, 1200°CBLETIE pco
=0.7, pn,=1.2 atm, JRFEOFEIIT L &L RAEK
¥ KCl & ZnCl, 0FRSAEDRT. HPOER L TR
BENFRERED K L Zn OFE[EEZT L, ST

oK K[EETRT. Zn L ZnCL 3 K, KCl X b %
CETRIEL, KoRER(LAE K050, 3 1200°

CLUETRAESHCETINKOERZFEET 5.
XigEofRcrIRmAEtc Zn, ZnCl, 25, #%
Pz KCl sttt X nTyv a8, 2ok 1000°C BT
DR ORE, TicbbiERtRHORECI b0
Exbns.

Table 3 X$REE L7258 2 PPN TIREEKTH D & L

CTEMR L K, Na, Zn QEKETHS. K OEKE

1% 1000°C LI LT 900 7 L 1000°C iy 245Th %

DEH L Zn OERK[EZTNS v, FHEI VPSS
FRANRD Znix7oh ) D5 ELH D, Fig. 130
KEE LIBEORGZR» D Zn OXESE 1000°C LLIF
TEAL LFEX v Ehs eFz o5, —F, 7
# Y &Eix Table 3 oOffR X D 1000°C Ll EDIRE B
TR LTS EEIABNS.

5. ¥

THEE -SSP WTERE /TR VFATZ, ]
B, FEHOBEELFRZ 2 FOBRRETR v, DR
Refgriz.

(1) ®\FERTO CO+H,=CO+H,O /rnki:s
ARG 800°C DULEDIREIK CEAHTET D, A AR
DOREKRIREITWEN L L D ET2EE RN, E
P EIMORBEETNC G T 5 KEROLEILETT.

(2) BELSkoMEETRGHEEE 900°C MHEX b
Aictainy, 1000 v L 1050°C TRKICET 5.
AR A b BEODA R 900°C (AP DIEE Y, %
DBRVIGFEOERIC X 5 RTTHEEDOEKT 2R T

(3) VVa—vaso AREEERBILEOMER
TER S HREE & —3 L, 950°C DL b iR S o s HE
CEDASEINE EALNS. VY o~V =z u ARG
HERRRTEDLINS.

R§=ks(pu,0+ pco,) pc- (%C/100) - (1/Mc)
ks=5.4x 10" exp(—67 000/RT)

(4) Hipgk, WMASRKEEEL L 950°C FhTic 2L
REFLERDLN, WEOFPESEL,L, FERAER
B F—IREAERSHMEEO L 27 L 3 m T
b5,

(5) PFrREESIEIHER O X 1000°C [fhir & <y
0.05 722N EA EDIRE T3 A Ic i L 1200°C ©
i 0.18 t7r 3. 1000°C FHEh 50 @ D& X
TR LB EDFENS A PORMBICELBEEZLR
5.

(6) %MBX DK LIz:s6ns K, Na, Zn 2%
BICELFENF 2 b RIKSh, K oEKET 900~
1000°C ¢ 3.7%10-¢, 1000~1200°C = 8.2x10-4 &
HEINI. FKiiEw 1000°C DL EoBE S cER
LTWwbEEZLNRS.
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