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A Mathematical Model of Blast Furnace Based on the Assumption
of Uniform Distribution of Burdens and Gas

Chon MyYONG and Mitsuru TATE

Synopsis:

A new mathematical model of the blast furnace has been developed for estimating the effect of the
coke reactivity on the operational results of the experimental blast furnace in Institute of Industrial
Science, University of Tokyo.

The furnace volume above the tuyere level is divided into three regions, namely, “indirect reduction”,
“direct reduction” and “meltscontaining’’ by two isotherms, and the temperatures of which are considered
to be determined by the coke reactivity and by the melting point of metal. The model is made up of
the stagedheat balance on the regions and a rate equation of indirect reduction expressing the topoche-
mical progress of two interfaces. Heat of reaction is included in the water equivalent of condensed
phases and “heat level” of the furnace is represented by the coke temperature at the tuyere level.

It is estimated from the calculation that coke consumption in the experimental furnace might be
reduced by 119 kg/t-metal, of which 33 kg/t-metal can be attributed to the reactivity, be the use of
petroleum coke differing from metallurgical coke in several properties besides reactivity.

The model can also be applied to the investigation of the effect of natural gas injection on coke
rate and replacement ratio in a commercial furnace. The calculated coke rate and CO-utilization

coincide well with the operational results.
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Fig. 1. Chemical subdivision of blast furnace.
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Table 1. Blast condition in the 22th compaign

of experimental blast furnace at Chiba.

\H Unit
V B E Nm3/ min ' 4-66
TB ﬂ °C 843
o ﬁ Nm3/Nm? 0-0305
2 i Nm3/Nm? 0
vy Nm3/Nm? 0
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Table 2. Operational resalts in the 22th campaign.

““‘“~\\\\\\\‘H Unit
Consumption of sinter kg/hr 272
Consumption of coke kg/hr 104

Ore-to-coke ratio 2-61
Productivity kg/hr 160
Coke rate kg/t-pig | 649
CO-utilization % 38-8
Degree of direct reduction % 31
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Table 3. The variation of temperature and gas composition along the furnace height in the

22 th campaign.

Distance from tuyere level (m) Temperature °C % pco % pco,
~300 2'5 470~620 26°3~27-7 13-4
Upper shaft 19 885~-950 29:6~30 10:7~11-6
Middle shaft 1'5 925~965 34:1~34'6 67
Lower shaft 10 1 035~1 050 38-2~.38:6 0'3~1-2
Belly . 05 1130 37 ~37'5 0

Table 4. Comparison of A-a decided by two methods.

(unit : keol/m3-hr°C)
\ -
h-a Estimated from the measured
\ Calculated from Eq. (6) temperature profile Re
Indirect reduction zone 2950 2 590 103
Driect reduction zone
melting zone 3750 3450 72
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Fig. 4. Longitudinal distributions of temperature
at normal operation.
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Fig. 5. Equivalent electrical circuit of reduction.
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Table 5. The variation of metallic Fe along the
furnace height.

Level — M.Fe/T-Fe
Upper shaft 0-03
Middle shaft 0-18
Lower shaft 055
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Fig. 6 The variation of gas composition and the reduction of charging materials along the

furnace height in the 22th campaign.

Table 6. Comparison of rate constant decided
by two methods.

(unit : m/hr)

Estimated from
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Estimated from the
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Fig. 9. The effect of coke reactivity on the
distributions of temperature.

Table 7. The effect of coke reactivity on coke
ratio.

- Reduction of
\ Condltlon coke ratio
G. HEYNERT(® Sample : 50~-70 kg
coke whose ga-
H, KAHLHOFER® | sfication rate is 28~41 kg
a half at
From this work 1100°C 33 kg
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NIARERREBRVW—HER LTS, Az —2 20
BE, REI—VATHNTY Y o —¥ 2 0 AFED
EITESIHENS D Fig. 9imFE LA L S5y v+ 7 b
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Fig. 10. The effect of fixed carbon on operational '
results,
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Fig. 11. The effect of packing density of coke
bed on operational results.
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Table 8. The effect of fixed carbon on coke
ratio.
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W. SCHAEFERS?)

Reduction of

Condition
coke rate

29, fc coke rate

H. Asan® 194 reduction 10 ke

of coke ashes

From this work 8~9 kg

VW—EERLTWS. BEEREOFSHEMT S Lot
RS RS DM T 5 0C, BAHBEYN VORI VR
MBIRPTD. FODIBRCLELRENES. XET
EE D RLT SO THRIARMSMELET S & WO REREIC
o, a— 2 2ARPEHBEINDG T LT 5.

FIRC RIEEE S A E hiE, BTEREORIIT X
L H AFFROMLESFEINS. I— 2 AOFREAFE
22100 kg/me BN+ 5 C ek, HAFARTH LT
Ypttha — o AT 17 kg BELD.

5.3 A®1-—7XAEFMI— 7 ADBRBERDOLE

Wa— o AFAVCIRE LMD — 2 AR L
THE. Wa—2 20RO > b e LTRIGHE, BE
RE, FEEEC=SICERTE e F v BT, 119
kg D3 — & APEIREIND Z LTl B (Table 9). UH»
LEMTIEB kg & EFVFHEEE 3~ 7 R0 ED L

TV, SBARWLLSHE LTWE X diD, EREE®
FEHER, SWERE» OB THM 2 — 7 AERARRTE,
BEE ORI ERAHESH, thea— o AMEMARKRI
HRTFEHKEES LR L TWAZ &t 5. LD T
EEITIVIBEGEASTIAETSH D, 2 — 7 A X DHI S
LT, EFAGELOERIE, BLT5H5THS

>

3.
6. XRHAWAH DR

G. SIROND'® 55134 # ) 7@ Bagnoli 8IgkRT D IFPREE
8306 mm, JJOFIL D OEX 29869mm DOFE 4 BIFT
BFE 7o ANORRART ARIAS L BRFEIRIND 52 E =2
E LA TFIVCLDRRIARAH DO RO TFEIZTT
v, FEEEIE LA ZoB—40Mm T F RS
BHEE LT Lichs, REBRF LAEEFoRMicir 7o ¢
ZADBREDEIT F VT, FREWHEIT/R L, ZDOEERE
SEB U CHS T e FARERNC/R D2 T TH 5.
L LAEBIFERFR T AEREPRE WD, KBRS
FEDXSTIFELMAT, HTAEREE—EEHILT I EH
TELV. BRIP4 EF LTI, BEAMOSTR
-l EOBRBOEEMNRILD. I LT TDEEFN
DEENCONWT, Vo FRERIBERT — LD
T, KT 4 — X OHEEVIRITHIEMTITR S Lk
V. KRH ARABOHERE, 3y B o>T{Thd

Table 9. Reduction of coke rate estimated from this model in using petroleum coke compared

with metallurgical coke.

\\«r-»._,‘m\ Metallurgical coke Petroleum coke Reduction of coke rate
Reactivity 1000°C 1 060°C 33 kg
Fixed carbon 0-879 0-982 70 kg
Density of coke bed 585 » 690 16 kg
Total | 119 kg

Table 10. Blast condition from three experimental periods®

\ Unit Period I Period 1 Period 11

Dry blast volume Nm$/hr ] 146 400 143 700 140 700
Blast temperature °C 1033 1035 1031
Blast H,O g/Nms? 13-6 15-1 16-4
CH, rate Nms3/hr 5 400 7033 8 350
O, rate Nm3/hr 0 1755 3720
Blast pressure kg /cm? 1-92 1-96 1-90
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Table 11. The values of various rate parameters.
—_—

Reaction \,\ Rate constant

f 7 000
Fe,054 CO=2Fe0+CO, | m/hr 5Mﬁ4_RJE)

- f p

FeO+CO=Fe+CO, 9Wmm( RTS)
14 000
Fe;Oy-+ Hy— 2FeO 4+ H,O ” 50 000 ex ( o )
14 000
FeO -+ H,=Fe+ H,O z 13 000 ex p< s TS)
H,0+CO=H,+CO, 7 440 000 exp( 9800 )

h (kecal/m2hr°QC)
Zone

Commercial furnace®
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Fig. 12. The variation of gas composition and the
reduction of charging materials along
the furnace height in the commercial
furnace!?®,
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Fig. 13. Longitudinal distributions of temperature in commercial furnace!®.
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Fig. 15. Coke rate vs. methane rate.
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1. MESTH CRITHESEMSFTER
Mg r® o/ NEY TR T 5HMENRE, o5
VADPLROEBEINFEM 2SR RABEESHE T LB TE
.

dP

—=_{1‘75+ 150 (1 — e)}_

dZ Re

l—e _GUTGPA

€3  DP-TG-P-ogc- po
dGOH/dZ:XCOH+XH2H

dGOW /dZ= Xcow + Xy ,w
dFco/dZ= — (Xcon + Xcow +Xws) - S
dFco,/dZ= (Xconu +Xcow +Xws) - S
dFy,/dZ=— (Xy,u+Xu,w —Xws) S
dFy,0/dZ=(Xy,u+Xu,w —Xws)-S
2. MEESTHFLEABEETHROERIISISH vk
AEHDHE

) ZovRATORELT ARDIRE

Frn,=VB-60-(0°79+ay,-vs) /22 4

Fu,=VB-60(p+acu,-vs-2)/22 4

Fco=VB-60.(0°42+¢+2-0,+2-aco, vs) /22°4+DR

F=Fy,+ Fu,+Fco

Py,=Fy,/F

Py,=Fu,/F

Pco=Fco/F

PCOZ:O'O

PHZOZO'O

P=PS+ RLIx003

HERORBREF OREEM TR, BUEY ) OEED
0:04~0'02 THEZ2LHbLbHPDOTHWEDT, WETHOD
BRICEILSENHERE LT ERXEREL 2.

2) ZOUrvATORTHE

GOD=DR/S

GOB= (SFE-1'5/56—SFEQ0-0-5/72) - F§/S§

f=1—GOD/GOB
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