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Coke Disintegration Behavior in the Raceway of the Blast Furnace at Pulverized Coal Injection
Michitaka SATO, Ryota MURAI, Tatsuro ARIYAMA, Akira MAKI, Akio SHIMOMURA and Kimitoshi MOR1

Synopsis : To clarify the effect of pulverized coal injection on coke disintegration behavior in the raceway, hot model experiments were carried out and

changes in reaction mechanisms of coke in the raceway were examined by a mathematical model. Furthermore, a coke disintegration model
had been newly developed to analyze the effects of the pulverized coal injection and the coal combustibility on the coke disintegration rate
quantitatively.

As the result of the analysis using this model, pulverized coal injection had a great effect on increasing the coke disintegration rate due to
the shrinkage of the oxidation zone existing in front of the tuyere that had a burn-out effect of the degraded layer on coke particles generated
by the solution-loss reaction in the depths of the raceway. However, the disintegration rate could be decreased by improvement of the com-
bustibility of the pulverized coal. It was assumed that increase in consumption of carbon dioxide by the pulverized coal resulted in suppress
the formation of the degraded layer on the coke particles.

Based on above mentioned results, the injection lances at Fukuyama No.S5 blast furnace were changed from the conventional single lance
to the eccentric double lance with high combustibility, then the permeability at the lower part of the blast furnace was considerably improved,
and it was suggested that the improvement of the lance structure could be an effective way to restrain the generation of coke fines from the

raceway.
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Fig. 1. Schematic illustration of hot model for coke disin-
tegration experiments.

Table 1. Experimental conditions.

* Experimental conditions

Blast temp. 1200 °C
Blast flow rate 350 Nm3/h
Blast gas composition O, 21 vol%
CO, 10 vol%
H,0 13 vol%
N, 66 vol%
Coal injection rate 0, 65 kg/h
Oxygen excess ratio (PCI) 0.72
PCR 0, 200 kg/t
size distribution PC -74 um, 80 mass%
Coke 25 - 40 mm
Lance type single, double lance
« Proximate analysis of coal (dry base, mass%)
VM Ash F.C.
33.3 9.8 57.0
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Table 2. Method of carbon balance calculation in hot
model.

M Considered reactions
(Inlet) (outlet)

Gas (0, CO,, H,O,N;) —*€ o CO+H,+N,

PC (C, O, H, N, ash) decomposition,  cO+H,+N,+char(C, ash)

Char(C, ash) +02C0,H0

Coke (C, H, ash)

CO+H,+C (dust)+ash

+02C0:H0 _  CO4H,+C (dust)+ash

H Carbon balance

- Coke feeding rate
. Inlet and outlet

i Gasified C Ceoke
gas composition _
- PC injection rate Gasified Coore (dust)

nec Gasified Cpc Exhcausted
Input Cpc (d::t)

PC : pulverized coal, npc : combustion efficiency of PC

Table 3. Carbon balance calculation in hot model.

PCI PCI
[kg/h] | All coke Single Double
lance lance
Input Ceoke 117.9 98.1 85.9
Cpoc 0.0 47.4 a7.4
| Crotal 117.9 145.5 133.3
Gasified C . 110.4 80.6 71.9
Crc 0.0 16.2 24.7
| Crotat 110.4 96.8 96.6
Exhausted C_,,, 7.5 17.5 14.0
Cpc 0.0 31.2 22.7
| Crom 7.5 48.7 36.7
M pe [%5] - 45 65
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Fig. 2. Comparison between calculated and measured car-
bon rate exhausted from hot model.
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Fig. 3. Change in exhaust rate of coke fines calculated by
carbon balance in hot model.
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Fig. 4. Distribution of weight fraction of lumpy coke and
coke fines at tuyere level.
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Table 4. Carbon consumption reactions considered in
mathematical model.

Chemical reactions Reaction rate

Cym+1/20, = CO : R,
Cenart1/20, = CO ‘R,
CehartCO, = 2CO :R;
CihartHO = CO+H, R,
Ceoket1/20, = CO :Rg
Cioke+CO, = 2CO :Rg
CeoketH0O = CO+H, :R,

300 T .

All coke
200} CeoketC0,=2CO -
100+ Ceoket1/20,=CO |

N

Cooke+1/20,=CO

Single lance

200+ Ceoxe+C0,=2CO |

ConartC0,=2C0O
100 | Cvm+1/20,=CO ohar 2 4

0 /XF\

Double lance
| Cym+1/20,=CO
Cepart1/20,=CO

200 Ceoke*1/20,=CO |

Change in carbon consumption rate
along tuyere axis [(kg/m- h]

Ceoxe*C0,=2CO

100 - CenartC0,=2CO 1

0 ) 1
-0.4 -0.2 0.0 0.2 0.4 0.6

Distance from tuyere nose [m]

Fig. 5. Change in calculated carbon consumption rate
along tuyere axis.
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Fig. 6. Calculated carbon consumption rate in raceway.
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Fig. 7. Schematic illustration of coke oxidation and degra-
dation zone.
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Fig. 8. Schematic representation of coke disintegration
model.
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Fig. 9. Change in generation rate of coke fines along
tuyere axis.
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Fig. 10. Effect of lance on combustion efficiency and ex-
haust rate of coke fines calculated at Fukuyama
No. 5 blast furnace.
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Fig. 11. Effect of lance on lower part permeability resis-
tance index at Fukuyama No. 5 blast furnace.
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