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Abstract: Four coal sources that had different ash contents were evaluated in a drop tube furnace (DTF). Combustion
experiments were conducted by using several sources with different particle sizes and excess air ratios under air-staging
conditions to determine the optimized combustion conditions of high-ash coal, with an emphasis on the combustion
efficiency and NOx emissions. The results show that the higher ash content results in a large amount of carbon
remaining unburned, and that this effect is dominant when the largest particle size is used. Furthermore, the ash content
of coal does affect the Char-NOx concentration, which decreases with the particle size. The results of this study suggest
that an air-staged system can be useful to reduce the NOx emissions of high-ash coal and that control of the air
stoichiometric ratio of the primary combustion zone (SR1) is effective for reducing NOx emissions, especially by
considering unburned carbon contents.
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Table 1 Properties of coals used in this study
Parameter | Gunvor | Glencore | Noble | ECM
Moisture 9.9 9.3 2.5 2.5
Proximate | Volatile 35.8 33.0 33.2 | 29.1
analysis | F. Carbon | 48.0 47.1 473 | 45.8
Ash 6.3 10.6 17.0 | 22.6
(wt%, as | Fuel ratio 1.34 1.43 142 | 1.57
received) HHV
(keal/kg) 5,764 6,049 6,215 |5,843
Ultimate C 77.80 79.57 72.60 [81.58
analysis H 5.66 5.11 573 |5.30
(Wt%, (0] 14.43 12.20 1890 | 9.74
DAF) N 1.72 2.42 141 | 2.13
S 0.40 0.74 1.35 | 1.23

Table 2 Input parameters considered in this study

Parameters
Coal feeding rate (g/min) 0.15
Total flow rate (Ipm) 5
Setting temperature (°C) 1300
. 180-150, 150-90, 90-75, 75-
Coal size (um) 45
Residence time (sec) 1.5
1*-zone 2"_zone
Stoichiomeric ratio 1.16 1.16
(by air staged) ! 1.16
0.85 1.16
0.7 1.16
9 NS S Aos)H FES etV
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Fig. 2 Unburned carbon fraction corresponding to
various particle sizes
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Fig. 3 NOx conversion ratio corresponding to various
particle sizes
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