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A Quantitative Evaluation of Combustion Characteristics of
Coke/Anthracite in an Iron Ore Sintering Bed

Won Yang®, Sangmin Choi™t

ABSTRACT

Combustion of coke/anthracite in an iron ore sintering bed is characterized quantitatively by
introducing newly defined parameters related to propagation and thickness of combustion zone and
maximum temperature. The parameters are obtained by sintering pot experiment and 1-D,
unsteady numerical model which treats solid material as multiple solid phases. Experiments and
calculations are performed for various major operating parameters: air inlet velocity, different type
of fuels which have different reactivity and diameter of the solid fuel. Effects of the operating
parameters on the productivity and quality of the sintering process are investigated and evaluated
quantitatively and the results show that optimized air supply rate and diameter of anthracite for
replacement of coke can be obtained. This approach can be applied to other kinds of combustors
for characterization of the combustion in the solid fuel beds.
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Parameters Definition Obtained by
Flame front Distance between two points | Measurement/
speed (FFS) | Time consumed for propagation| Computation
Sintering time | Elapsed time until the flue gas | Measurement/

sT temperature indicates maximum | Computation
Duration time | Retention time above the
in combustion | initiation temperature of char hgar:url’le‘;r;ir:l
zone (DTCZ) | combustion P
Combustion | Thickness of the zone whose
zone thickness | solid temperature is over the Computation
(CZT) initiation of char combustion
Melting zone | Thickness of the zone of which
thickness solid temperature is over the Computation
(MZT) initiation of iron ore melting
Maximum .
Maximum temperature of the .
temperature . ) R : Computation
(MaxT) solid material at the given time
Table 1. Definition of the parameters for

characterization of bed combustion
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Fig. 2. Definition of sintering time
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Fig. 3. Detfinition of the parameters for
characterization of solid bed combustion
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Fig. 5. Concept of the model with
considerations of multiple solid phases

General 1-D unsteady
Consideration of | Homogeneous porous media
solid material Multiple sofid phases
. Mass, energy, and species
Eg::gggsg conservation for each solid
phase and gas phase
Heat Conductioniconvection]radiatioq
wansfer heat exchange between solid
phases
Sclid-gas | Drying, Pyrolysis
Sub- | reactions | Char combustion/gasification
models; Gaseous | CO combustion
reactions | My combustion
. Particle shrinkage by reactions
Gt;(:;nr%tggal Genera!ion of internal pores
Bed height / Porosity changes

Table 2. Outline of the combustion model in
the sintering bed
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Solid Phases
Phase Iron ore | Coke |Anthracite { Limestone
Mi(%) 83.3 3.7 38 13.0
Moisture(%}) 7.0 7.0 7.0 7.0
Initial internal
pore 0.025 | 045 0.1 0.025
Particle
diameter (mm) 32 | 20 20 1.6
Cther input parameters
time 80
Ignition gas velocity 4 mis
temperature 1400 K
Cell # 57 Time step| 1 sec
Table 3. Major input parameters of the
calculation
. Averaged air Particle
Casename | Solid fuel velocity {m/s) | diameter {mm)
Air0.26 Coke 0.26 20
Air).32 Coke 0.32 2.0
AirQ.52 Coke 0.52 2.0
Coke100 (Ref)
= A0.45 Coke 0.45 20
Anth100 Anthracite 0.45 2.0
Anth1.2 Anthracite 0.45 1.2
Anth1.4 Anthracite 0.45 14
Anth1.6 Anthracite 0.45 1.6
Anth1.8 Anthracite 0.45 18

Table 4. Experimental and calculation cases
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