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Fuel-N transformation and NO_ emission characteristics of coal gasification

fly ash during preheating process in the flameless combustion mode
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Abstract: To achieve the clean and efficient utilization of the coal gasification fly ash,experimental studies which adopted advanced self-
preheating combustion technology were carried out on a 30 kW preheating flameless combustion test rig for solid carbon—based fuel. Fuel-
N transformation and NO, emission characteristics from fine ash of bituminous coal gasification fly ash under different preheating tempera-
tures and primary air equivalence ratio were discussed. The results show that the coal gasification fly ash can achieve stable flameless com-
bustion on this experimental system. The combustion characteristics of coal gasification fly ash are greatly improved after preheating. Al-
most all volatile=N is removed in advance under the strong reducing atmosphere in the self—preheated burner,and is mainly converted to
three nitrogen—containing substances: N, ,NH; and HCN. Thus char—N is the main source of NO_ emission in subsequent combustion. Dur-
ing the preheating progress , preheating temperature has an obvious effect on the conversion of fuel-N to N, ,while the primary air equiva-
lence ratio mainly affects the conversion rate of fuel-N to N, ,NH, and the nitrogen precipitation from char—N. The effects of preheating
temperature and primary air equivalence ratio of preheated burner on NO_ emission concentration and conversion rate of fuel-N to NO_ are
obviously different. The concentration of NO, emission and conversion rate of fuel=N to NO, both reach the lowest value when the prehea-
ting temperature is 902 °C and the primary air equivalence ratio of preheated burner is 0.45 ,which are 83.02 mg/m’*(6% 0,) and 5.94%,
respectively.
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Table 1 Thermocouple arrangement of experimental system

TR e
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HE 5 T8 TUAREE 25/ mm 100 500 1 450 IR TATRBEEAR
TrikbEE
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BN A7 48 2 THUAREE B/ mm 100 250 400 600 800 1 200 1 600 2 100 2600 3200
L3 KRR FiAR 3 A5 5 Ll 0 ~ 100 wm, o 509% B %KL 4%
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Table 2 Proximate and ultimate analyses of Chiping gasification fine powder ash

Tk 53 #r/ % TR N/ % Qnet,ar”’
M, V., FC,, A, C,, H,, 0, N, S (MJ - kg™")
0.73 2.16 81.51 15.60 81.88 0.81 0 0.60 0.52 28.81
&3 HEESLEMRIKE S 5 RFRS RIS
Table 3 Ash composition analysis and ash fusibility analysis of Chiping gasification fine powder ash
RIS 353Kt/ % TRA R (5838 )5 ) /C
Si0,  ALO;, Fe,0,  Ca0  MgO  TiO, SO,  K,0 Na,0 P,05 S0  MnO DT ST HT  FT
49.16  16.44 9.03 12.11 2.17 6.28 0.87 0.37 1.21 0.66 0.40 0.15 1128 1147 1158 1172
ool YK PR R A TR %, T 2 A
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Fig.3 Particle size distribution curve of gasification fine powder ash
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Table 4 Experimental conditions
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TH HWAZIR ke W/ SR M, A beas TR TWNE My, TR SE My, SR By
0/kW (kg - h7h) (1) M A, Too/C (md-h7')  HEA, (P .opt)  HELA B

1 37.61 4.70 8.83 0.25 854 14.13 0.40 19.42 0.55 1.20

2 35.29 4.41 8.28 0.25 902 13.25 0.40 18.21 0.55 1.20

3 38.57 4.82 9.05 0.25 950 14.48 0.40 19.91 0.55 1.20

4 40.81 5.10 13.41 0.35 900 15.33 0.40 16.85 0.44 1.19

5 45.06 5.63 19.03 0.45 903 16.92 0.40 13.95 0.33 1.18
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Fig.4 Temperature variations over time

in preheating burner in case 2
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Fig.5 Pressure differences variations over time
in preheating burner in case 2
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Table 5 Composition analysis of high temperature coal

gas at different preheating temperatures( dry base)

U5 T 1 T2 T4 3
CO A H % 2.43 4.48 4.40
CO, KBUI U % 15.41 15.36 16.89
H, B 4 % 1.26 2.31 3.29
CH, BN % 0.41 0.35 0.34
N, R 8 % 80.49 77.50 75.08
O, R E % 0 0 0
NO #J#/(mg - m™) 0 0 0
NO, %%/ (mg - m™) 0 0 0
N,O ¥/ (mg - m™) 0 0 0
NH,# %/ (mg - m™) 132 139 145
HCN ¥/ (mg + m™) 138 141 150
Qu/(MJ - m™) 1.77 1.81 2.09
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Fig.9 Temperature profiles along the axis of down—fired

combustor at different preheating temperatures
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Fig.10 Flame images along the axis of down—fired combustor at different preheating temperatures
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Table 6 Composition analysis of high temperature

coal gas at different A, ( dry base)

TS5 T2 T 4 TH S
CO BT % 2.48 3.26 2.83
CO, BT 4 % 15.36 14.27 15.45
H, B350 % 1.31 2.42 2.88
CH, R F 5345/ % 0.35 0.56 0.71
N, KB % 80.50 79.49 78.13
0, B4/ % 0 0 0
NO #J%/(mg - m™) 0 0 0
NO, ¥/ (mg - m™) 0 0 0
N,O ¥/ (mg + m™) 0 0 0
NH; ¥/ (mg - m™) 139 258 267
HCN ¥/ (mg - m™) 141 90 73
Q./(MJ-m™) 1.85 1.74 1.95

T2, 4,=0.25
60 emm 1.4, 1,=035

AL 2%
S
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Fig.12  Conversion rate of each component at different A,
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