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Analysis of the Thermal Processes in the Iron-Making Facility - Modeling
Approach

Won Yang, Changkook Ryu, Sangmin Choi, Eungsoo Choi, Deokwon Ri and Wanwook Huh
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Iron-Making Process (A4 &), Iron Ore Sintering (3 341 4~7Z), Modeling Approach

Abstract

Thermo-fluid characteristics in coke oven, sintering machine and blast furnace in iron-making facility are
key processes related to the quality and productivity of the pig iron. Solid material in the processes usually
forms a bed in a gas flow. For simulation of the processes by mathematical model, the solid beds are idealized
to be a continuum and a reacting solid flow in the gas flow. Governing equations in the form of partial
differential equations for the solid material can be constructed based on this assumption. Iron ore sintering
bed is simulated and limited amount of parametric study have been performed. The results have a good
agreement with the experimental results or physical phenomena, which shows the validity and applicability of

the model.
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Fig. 2 Schematic diagram of a coke oven
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2.2 iron ore sintering bed
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Fig. 3 Schematic diagram of an iron ore sintering bed

Sintered Ore
Raw Mix
Combustl
zone

Fig. 4 Extension of 1-D unsteady model to the 2-D

model
<10m
lron ore
+ Coke -+
+ Limestone
=
I
%
Lumpy E]
Zone 5
-
-
a
e
3
Cohesive
Zone Dripping
Molte:
Tuysre
Raceway 4'

Fig. 5 Schematic diagram of a blast furnace

2.3 Blast Furnace
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Table 1 Comparison of the 3 processes of iron-making

Coke oven Iron ore sintering bed | Blast furnace
Bed type Fixed bed Moving bed Fixed bed
Dimension
(Model) 2-D unsteady 1-D steady 2-D steady
. . Iron ore +
Solid . Iron ore + Limestone
Material Coling coal + Coke fine Cok‘e(+coal)
+ Limestone
Supp!y of No Suction Hot blast
oxidizer
Ignition - Gas burner Hot blast air
Heat Heating wall Coke combustion Coke and/or
source coal comb.
Physical Coking coal . S .
change properties Melting, sintering Melting
Feeding Batch Continuous Continuous
Chemical . . Iron roe
reaction Pyrolysis Coke combustion reduction
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Table 2 Major phenomena, initial conditions and boundary conditions for each process

Categories Coke oven Sintering bed Blast furnace
. . Char reactions
Solid-gas S Char reactions . ctio .
. devolatilization . . Limestone decomposition
Reac- | reactions Limestone decomposition .
tions Iron ore reduction
Gaseous N CO, H; oxidation
; - CO oxidation . .
reactions Water-gas shift reaction

Heat transfer

Conduction / Convection
Radiation

Conduction/Convection/Radiation
Heat exchange among solid
phases

Conduction/Convection/Radiation
Heat exchange among solid phases
Heat transfer between liquid -gas-
solid

Generation of the internal

Particle diameters

Particle diameters

Geometrical . . Generation of the internal pores
pores Generation of the internal pores
changes Bed structural changes
Bed structural changes Bed structural changes . -
Melting of iron ore
Tbed =~ 300K Tbed =~ 300K

Initial conditions

Solid composition, internal
pores

Solid composition, internal pores,
diameters

Steady state

Tgas in=~1400K (ignition) Solid composition, internal pores
Boundary Tyar=1400~1500K Tgas.in = 300K (after ignition) diameters ’ ’
conditions No gas inlet :j'ia;i;" + dependent on the pressure Conditions of blast air
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Fig. 9 Schematic diagram of the sintering pot

Table 3 Experimental conditions of sintering pot

Parameters Value Parameters Value
Mass Iron ore 83.2 Water contents (%) 7.0
fraction Coke 38 Porosity of the bed 0.4
(%) Limestone | 13.0 Ignition time (sec) 90
Particle Iron ore 32 AP Ign. 1000
diameter Coke 1.6 | (mmAq) | After-ign. | 1500
(mm) | Limestone | 1.6 | Airvelocity (avg. m/s) | 045
Table 4 Computational conditions
Parameters Value Parameters Value
Ay (cm) 1 Initial Iron ore 0.025
Time step (sec) 1 internal Coke 0.025
porosity | Limestone | 0.025
Gaseous | CO+0.50,—~CO, | Solid-gas | Drying/ Condensation
reaction | H; +0.50,~CO, | reactions Char combustion
CaC0O;—Ca0+CO,
42 g1t o H
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Fig. 10 Temperature distribution (unit : K)
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