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Abstract— Oxy-coal injection effects on blast furnace raceway temperature were discussed based on coke sampling ex-
periments through the tuyere of blast furnace, measurement by R-type thermocouple and two-color pyrometer. To analyze
the reason for the increase of coal combustion ratio by oxy-coal injection, the oxygen concentration was measured in the
simulated experimental of oxy-coal burner. The one-dimensional mathematical model considering the kinetics of coal and
coke combustion was developed in other to simulate the combustion characteristics, such as gas temperature and composition
in the raceway. It was found that the calculated peak temperature of gas well concurred with the measured temperature ac-

cording to oxygen enrichment through the oxy-coal burner.
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Fig. 1. Variables for calculating heat and mass balance in raceway.
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Fig. 2. Schematic view about mixing oxygen with hot blast and pul-
verized coal around nozzle tip.
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Table 1. Typical characteristics of sample coal
Pyrolysis analysis Ultimate analysis Calorific
IM(%) Ash(%) VM(%) FC(%) C(%) H(%) N(%) O(%) S(%) value(Kcal/kg)
2.64 8.43 31.1 57.83 83.45 5.28 1.88 8.96 0.43 7485

IM(inherent moisture), VM(volatile matter), FC(fixed carbon)
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Table 2. Operating conditions at oxy or non-oxy coal injection
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Fig. 11. Temperature variation measured by thermocouple(TC) around
nozzle tip in blast furnace with pulverized coal injection
rate(PCR).
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: volumetric flow rate of oxygen in the oxy-coal nozzle [Nm

At

1)

k-

: cross section area of tuyere [m’]

: concentration of the reactant, A, in the gas film [kgmol/m’]
: specific heat capacity of coke [kcal/kgmol - °C]

: specific heat capacity of pulverized coal [kcal/kg - °C]

: specific heat capacity of gas [kcal/kg - 'C]

: mole concentration of O, in the combustion area [kgmol O,/m’]
: coefficient due to burner configuration [-]

: volumetric flow rate of output gas from differencial seg-

ment in the combustion area [Nm'/hr]

: coke diameter [m]
: coal diameter [m]
: the size of differencial segment in the combustion area [m]

: volumetric flow rate of input gas to differencial segment in

the combustion area [Nm’/hr]

: volumetric flow rate of blast [Nm’/min]

: volumetric flow rate of oxygen into blast [Nm’/min]

3

/min]

- heat transfer coefficient between particle and gas stream [kcal/

m’ - hr - °C]

stZst AM363 H|5= 1998 108

K : overall reaction rate constant [m/hr]
ks : mass transfer coefficient of reactant A through gas film [m/hr}
P : gas pressure [atm]
R;  reaction rate constant between coke carbon and O, [kgmol/m’ -
hr]
R; : reaction rate constant between coke carbon and CO, [kgmol/
m’ - hr]
R; : reaction rate constant between coke carbon and H,O [kgmol/
m’ - hr]
R; : reaction rate constant between coal and O, [kgmol/m’ - hr]
T : gas temperature [K}
t. : coke temperature {K]
[ : coal temperature [°C)
Vv, : volumetric flow rate of gas [m’/hr]
W, : volumetric flow rate of input coal [kg/hr]
X : arbitrary distance from combustion area forefront [m]
Ya : volumetric ratio of the reactant A in the gas film [-]
Yeo, : volumetric ratio of CO, [-]
Yeo : volumetric ratio of CO [-]
Vino : volumetric ratio of H,O [-]
Vin : volumetric ratio of H, [-]
Yo, : volumetric ratio of O, in the blast at nozzle tip [-]
Yo,  :volumetric ratio of O, [-]
agjojAa 2K}
Y : reaction rate for a coke particle [kgmol/hr]
AV, : volumetric flow rate of the gas generated in differencial seg-
ment [Nm’/hr]
AV, : volumetric flow rate of the output gas from side of differ-
encial segment [Nm’/hr]
3 : porosity of combustion area [-]
P : average gas density [kg/m’]
Ppe : apparent density of a coal particle [kg/m’]
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