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Abstract : Theoretical analysis was conducted on the combustion and the NOx formation characteristics of the
coal-derived synthetic gases with medium-BTU heating value. The synthetic gas was assumed to contain the
major species of CO, Hy, CO», and N, and the minor species of CH4 and NH3. Through thermochemical analysis
on the combustion of the synthetic gas, the flame temperature, major and minor species of exhaust gas, and
thermal and fuel NOx emissions were computed. In addition, the effects of the CH, and the NH;3 components in
syngas fuel on combustion and NOx emission were investigated. Based on the computed results on the synthetic
gases, basic direction and guidelines were provided for the low NOx design of gas turbine combustor.

Key words : Coal-derived synthetic gas, Chemical equilibrium, Flame temperature, NOx emission, NH;
conversion
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Table 1. Composition of Syngas Fuel

Composition Syngas #1 Syngas #2 Syngas #3 Syngas #4

Hx(%)

CO(%)
COA%)
N%)
CHy«(%)

NH;(ppm)

30 30
60 60
> 5
D) b}
- 50
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4
p)
1
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50

Thermal NOx (modified Zeldovich mechanism)

O+ Ny>N+ NO
N+ 0,0+ NO

N+ OH— H+ NO

Fuel NOx (NHj; oxidation mechanism)

NH, + H <> NH, + H,+ M
NH, + OH<> NH, + H,O
H+ NH, <> NH+ H,

NH, + OH< NH + H,0
O + NH, < HNO+ H
NH + 0,«<>NO+ OH
NH, + O« NH + OH
NH + OH« H+ HNO
HNO + M~ H+ NO+ M
HNO + OH< NO + H,0
NH, + HNO<«> NH, + NO

NH + O, <> HNO + O

OH. H
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Figure 1. Fuel NOx formation mechanism and paths.
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Figure 2. Flame temperature of syngas.
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Figure 3. Flame temperature of natural gas.
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Figure 5. Composition of major species (Syngas #2).
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Figure 6. Composition of major species (Syngas #3).
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Figure 7. Composition of major species (Syngas #4).
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Figure 8. Composition of minor species (Syngas #1).
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Figure 9. Composition of minor species (Syngas #2).
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Figure 10. Composition of minor species (Syngas #3).
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Figure 11. Composition of minor species (Syngas #4).
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Figure 12. NH3 conversion ratio of syngas fuel.

10000 |
1000 -
E
o
L
O
=
100 - /
Y ~—————  Natural gas
/'/' — Syngas#I(NoNH3 & CH4)
B ; — ——— Syngas #2( NH3 = 50 ppm, CH4=0%)
,/ - ——— Syngas #3( NH3 = 50 ppm, CH4 = 1%)
/ ——— Syngas ¥4 NH3 = 50 ppm, CH4 = 2%)
10 T T T T T T T T T
0.5 06 07 08 0.9 1.0 1.1 12 13 14 15
Excess air ratio

Figure 13. NOx emission from syngas fuel.
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