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Mathematical Model of Blast Furnace Considering the Degradation of

Coke by Gasification

Michiharu HATANO, Tomio Mivazaki, and Yuji IwaNaca

Synopsis:

The reaction rate of solution loss with CO, gas was measured under the conditions which are cor-
responding to those in the blast furnace. It is represented by the following equation.

k1 Pco,

1 +k2PCO+k3PCOZ
where R =reaction rate
ky, ko, kg=reaction rate constant

R=

-f(Dy) -h(SL)

Pco, Pco,=Partial pressure of carbon monoxide and carbon dioxide

S(Dy), h(SL) =corrective term

From the results of the experiments and the dissection of blast furnace, a mathematical model of
blast furnace was made by presuming the degradation of coke by gasification.
This model is used for discussing what kind of effects the coke properties have on the blast furnace

operation.
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Table 1. Change of mean size and microscopic texture in the blast furnace.

Sampling | Mean Microscopic texture (%)
No. .. i T
position (ngn) Isotropic me;. SIO?;EC Ig%omplete gg mplete | 1 eaflet Fragment | Fusite like
texture fn?s 1c ,.?, . _,C 'rOES . _{ous texture texture texture
texture texture texture texture |
Before
| charging 63.7 9.3 4.5 28.6 21.3 1.0 8.1 2.1 3.2
Tuyere \ 31.5| 6.8 2.3 98.6 17.2 0.6 10.8 33.4 0.3
B Before
, | charging | 3-8 ] 7.6 b 4.3 | 99.4 19.2 0.6 7.0 99.9 2.6
Tuyere | 30.9 8.2 3.0 31.4 17.4 1.5 6.9 29.9 1.7
Before | gg g \ 11.7 5.4 35.3 15.3 0.6 8.8 992.1 } 0.8
3 charging
Tuyere 31.5‘ 10.5 $ 3.5 36.9 16.9 0.5 9.5 21.9 \ 0.5
Before |53 5| 1.8 t 5.4 37.6 14.4 0.4 8.4 92.5 0.9
4 charging
Tuyere |33.2| 12.4 2.5 37.0 16.3 0.2 7.6 93.5 0.5
Before ‘52.8 11.4 ’ 4.4 37.3 15.9 ] 0.6 1 7.4 92.2 0.8
5 charging
Tuyere | 30.7 | 11.0 3.6 38.0 15.4 ﬁ 0.5 { 9.0 22.1 0.3
Before 60.3 ‘ 11.2 5.3 38.2 ‘ 14.6 0.3 6.9 22.6 0.9
6 charging
Tuyere | 28.4| 10.7 3.3 36.4 17.6 0.3 8.3 92.7 0.7

1
Change of coke size by @'Change of macro strength l
@ gasification of carbon
at the surface | i
@ Change of coke size by
the descending burden

L |

Coke size at the
lower boundary of
solution loss region

Fig. 1. Flow diagram of the degradation of coke
by gasification.
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Fig. 2. Experimental apparatus for testing coke
reactivity.

Table 2. Characteristics of sample coke,

Kind of coke A B C D
])runlsnfg%gg OfCOkZé 92.6 | 93.6 | 93.2 | 93.5
])r“nlsnggﬁg’OfCOk%é 44.7 | 42.3 | 41.4 | 42.1
Ash o | 12.2]12.3]11.4 | 11.9

Tensile strength* kg/cm? | 67.5 | 52.8 [54.0 [61.2
Micro strength (+65 mesh)
0,

%0

47.1|46.5 | 49.0 | 48.1

Reactivity®* (SL) 9, | 26.7 | 30.0 | 34.3 | 41.7

Porosity %, 49.4 | 46.5 | 47.8 | 47.1

*

The cylindrical test piece, 1.5cm in diameter and 0.75cin
in thickness, is cut out from the bulk sample of coke by
boring machine.

Then, the vertical force W is loaded to the test piece in
the radial direction.

In this case, the tensile strength Q is given as

Q-2¥ (kg/cm?)

n-D-t

where D : diameter of test piece (cm)
t : thickness of test piece (cm)
** Weight loss after 2 hours by reaction with 5 Nl/min
CO;, gas at 1100°C.
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Fig. 3. Effect of CO, partial pressurc on
gasification rate.
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Fig. 4. Effect of coke size on gasification rate.
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Fig. 5. Relation between gasification rate and tem-
' perature of different kinds of cokes.
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Table 3. Base values of calculation.

Blast volume 6 036 Nm3/ min

Blast temperature 1243°C
Blast humidity 6.7 g/Nm?
Top pressure 1.77 kg/cm?2
Oxyge enrichment 2.9%,
Oil ratio 53.6 kg /t
MESN A o—eamrn
;c ;Sf \SK Coke reactiyity B &A—A300%
D X—X4l3%]
167 %;(\)\\w
£ E 12 T\_
E ER )\L\K\CA\‘
g _‘:’ r\A\?\\
2F ]

400 800 1200 1600  2Q00 2400
Temperature (K}

Fig. 9. Effect of coke reactivity on temperature
distribution of blast furnace.
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Fig. 11. Effect of coke reactivity on the blast
furnace operation.
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Fig. 12. Relation between 4P/Vy and coke
reactivity,
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Fig. 14. Effect of the blending ratio of non-coking
coal on the blast furnace operation.
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Fig. 15. Blast furnace operations as influenced by coke reactivity.

*+% The degradation index means the weight fraction of + 3 mm sinter after the reduction
test of the sampled sinter in a reaction tube by introducing the reducing gas.

sampled sinter 19~21 mm X500 gr

reducing gas CO=30%, N:;=70%, 15N//min

Table 4. Operation factors influencing on
solution loss reaction.

Coke reactivity Blast temperature

Coke strength (DI) Blast humidity

Coke mean size Top gas pressure

Ore/Coke Oil rate

Blast volume Oxygen enrichment
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reaction tube 75 mm¢g X600 mm!
reaction temperature 500°C
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Fig. 16. Relation between DXC and 4WL.
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Fig. 17. Relation between coke reactivity and
medium term control of TS3 and DKR.
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