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EXPERIMENTAL BURNING OF COAL
Experimental Results 

Experiments were carried out as following. On warming and getting required temperature (900оС) of the combustor wall plasma torch was turned off. Thereafter pulverized coal and air were fed to the combustor with consumption 10 and 70 kg/h correspondingly. The gaseous products exit the gas and slag separation chamber and flow into the cooling chambers. Then gaseous products are exhausted to ventilation.

Duration of the experiments was 1 hour. That is quite enough for all meters fulfilment and testing of the material and heat balance of the coal combustion. The duct of Ekibastuzski bituminous coal (Table 1) was used in the experiments.

The coal dust for the experiments was taken from Almaty Thermal Power Plant-2. The sieve analysis of it (Fig. 1) revealed that mean size of the coal dust particles was 75 µm. It corresponds to the sieve residue R90=25% characterising milling finesse.
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Fig. 1. Dispersed composition of the coal dust

As a result of the coal combustion carbon conversion degree Xc and mass-averaged temperatures Tav were revealed (Table 1). After starting-up and adjustment work two test experiments on Ekibastuzski coal combustion in air and in oxygen-enriched air were carried out.

	Table 1. Results of the Experiments 

Тwall1, oC
	Тwall2, oC
	Consumption, kg/h
	Syngas compound
	Xc, %

	
	
	coal
	air
	O2
	SO2
	NO 
	CO
	СО2
	N2
	

	
	
	
	
	
	mg/m3
	Volume %
	

	1. No additive

	1035 - 1135
	870 - 877
	9.63
	20.3
	11.4
	1150
	599
	695
	16.3
	77.2
	96.1

	2. Additive DX1 – 5 ml per 1 kg of coal

	1135 - 1075
	877 - 1165
	9.68
	20.3
	11.4
	1137
	403
	105
	16.5
	77.1
	96.1

	3. No additive

	1038 - 1124
	872 - 979
	9.57
	20.3
	11.4
	1120
	552
	689
	15.8
	76.9
	96.9

	4. Additive DX1 – 5 ml per 1 kg of coal

	1124 - 1085
	979 - 1173
	9.63
	20.3
	11.4
	1110
	274
	53
	15.9
	76.8
	96.9

	5. No additive

	1029 - 1107
	804 - 983
	9.87
	20.3
	11.4
	1141
	700
	740
	13.0
	85.9
	95.7

	6. Additive DX1 – 2 ml per 1 kg of coal

	1107 - 1114
	983 - 1105
	9.75
	20.3
	11.4
	1130
	520
	726
	12.7
	86.8
	95.7

	7. No additive

	1048 - 1178
	838 - 941
	9.72
	20.3
	11.4
	1202
	562
	1260
	11.4
	88.0
	96.4

	8. Additive DX1 – 3 ml per 1 kg of coal

	1178 - 1164
	941 - 1152
	9.68
	20.3
	11.4
	1100
	266
	510
	11.4
	87.8
	96.4

	9. No additive

	1043 - 1108
	877 - 881
	10.02
	20.3
	11.4
	1401
	663
	970
	11.7
	87.7
	96.1

	10. Additive DX1 – 2.5 ml per 1 kg of coal

	1108 - 1083
	881 - 1176
	9.78
	20.3
	11.4
	1208
	345
	580
	11.8
	87.7
	96.1

	11. No additive

	1050 - 1117
	827 - 937
	9.93
	20.3
	11.4
	1295
	561
	887
	11.7
	87.7
	96.0

	12. Additive DX1 – 1.5 ml per 1 kg of coal

	1117 - 1110
	937 - 1089
	10.05
	20.3
	11.4
	1290
	565
	898
	11.7
	87.8
	96.0

	13. No additive

	1059 - 1153
	863 - 970
	9.72
	20.3
	11.4
	1199
	561
	837
	11.9
	87.5
	96.5

	14. Additive DX1 – 1.5 ml per 1 kg of coal

	1153 - 1040
	970 - 1054
	9.6
	20.3
	11.4
	1191
	535
	808
	12.0
	87.4
	96.5

	15. No additive

	1050 - 1161
	949 - 1009
	9.99
	20.3
	11.4
	1287
	460
	771
	12.0
	87.4
	95.9

	16. Additive DX1 – 1.5 ml per 1 kg of coal

	1161 - 1010 
	1009 - 1038
	9.9
	20.3
	11.4
	1285
	456
	758
	12.0
	87.4
	95.9

	17. No additive

	1070 - 1174
	847 - 1003
	9.81
	20.3
	11.4
	1187
	560
	1070
	12.0
	87.4
	95.1

	18. Additive DX1 – 1.5 ml per 1 kg of coal

	1174 - 1074
	1003 - 1039
	9.78
	20.3
	11.4
	1170
	505
	959
	12.2
	87.2
	95.1

	19. No additive

	1079 - 1110
	827 - 952
	10.08
	20.3
	11.4
	1232
	462
	1300
	11.4
	88.0
	95.9

	20. Additive DX1 – 2.5 ml per 1 kg of coal

	1110 - 1075
	952 - 1024
	10.2
	20.3
	11.4
	1108
	246
	600
	11.4
	87.8
	95.9

	21. No additive

	1081 - 1125
	859 - 989
	9.7
	20.3
	11.4
	1136
	472
	558
	11.8
	88.0
	96.7

	22. Additive DX1 – 2.5 ml per 1 kg of coal

	1125 - 1073
	989 - 1078
	9.6
	20.3
	11.4
	1106
	288
	156
	12.5
	87.0
	96.7

	23. No additive

	1051 - 1225
	840 - 1076
	9.66
	20.3
	11.4
	1298
	474
	672
	12.0
	87.6
	95.4

	24. Additive Open Flame – 2.5 ml per 1 kg of coal

	1225 - 1115
	1076 - 1140
	9.66
	20.3
	11.4
	1106
	276
	237
	13.6
	86.2
	95.4

	25. No additive

	1061 - 1200
	882 - 1082
	9.78
	20.3
	11.4
	1109
	518
	520
	11.9
	86.2
	95.9

	26. Additive DX1 – 2.5 ml per 1 kg of coal

	1200 - 1115
	1082 - 1147
	9.84
	20.3
	11.4
	1102
	315
	64
	13.7
	88.0
	95.9


A complex of numerical and experimental studies of high-ash coal incineration in a specially designed combustion chamber with coal consumption of up to 10 kg/h, air flow up to 62 kg/h, and oxygen flow up to 20 kg/h allowed estimating the effectiveness of the fuel additives Omstar -DX1 and Open Flame. During the tests  28 adjustment experiments and 26 serial comparative tests coal burning without the use of additives and by using additives of different weight ratio additive : carbon (0 - 5 ml/kg of coal) were conducted. As a result of commissioning tests consumption of coal and oxidant flow (air + oxygen) required for complete coal burning-out in the compact experimental combustion chamber were identified. The adjustment tests have shown that the fuel additives increase the flame temperature at the exit of the combustor and reduces the concentration of unburnt carbon in the ash and slag of combustion products by 1-2%.
Research results (Table 1) show that increasing the concentration of the additive Omstar -DX1 to 1.5 ml/kg of coal increases the temperature of the wall of combustion chamber, and therefore the flame, but has little effect at change in the measured concentrations of the gaseous products of combustion (SO2, NO, CO, CO2). At concentration of the additive 2 ml/kg of coal a slight decrease of SO2, CO, CO2, and a noticed decrease in the concentration of NO were recorded. The additive is beginning to have a significant impact on the efficiency of burning low-grade coal from 2.5 ml/kg of coal. The greatest influence of the additive on the effectiveness of coal combustion was recorded at a concentration of the additive Omstar -DX1 5 ml/kg of coal. For control tests concentration of both additives (Omstar -DX1 and Open Flame) was chosen 2.5 ml/kg of coal. In the framework of the tests of burning low-grade coal, both additives showed a similar efficacy. The degree of carbon conversion (Xc), which characterizes the completeness of burnout coal, is quite high when using both additives. Xc varies in the range of 95.1 - 96.9%. Tendency to increase the degree of coal conversion with increasing concentration of additives is revealed.
The final results of the tests of fuel additives Omstar -DX1 and Open Flame are shown in Plasmotechnika (Research & Development) Ltd. «Opinion». Both additives significantly increase the efficiency of burning low-grade coal: the flame temperature, its brightness, and CO2 concentration increase, emissions of CO, NO, SO2 decrease, which indicates an increase in coal combustion efficiency.
Taking into account the positive results of the tests of efficiency of the fuel additives in combustion of low-grade high-ash coal, we consider it expedient to test their effect on burning high-grade coal in test-bench conditions, then go to the industrial testing fuel additives in thermal power plants.
Plasmotechnika (Research&Development) Ltd. OPINION
Tests of Omstar -DX1 and OpenFlame additives influence on to incineration efficiency of Kazakhstan steam coal of 40% ash content and 16632 kJ/kg calorific value 

	NOx decreasing by 47%
	CO decreasing by 89%

	SO2 decreasing by 5%
	CO2 increasing by 25%


Kazakhstan bituminous steam coal of 40% ash content and 16632 kJ/kg calorific value proximate and ultimate analyses, weight %

	Proximate Analysis
	Ultimate Analysis

	Moisture (Total)
	5.8
	Hydrogen
	3.05
	SiO2
	23.09

	Volatile Matter
	24.0
	Carbon
	48.86
	Al2O3
	13.8

	Fixed Carbon (By Difference)
	30.2
	Sulfur
	0.73
	Fe2O3
	2.15

	Ash
	40.0
	Nitrogen
	0.8
	CaO
	0.34

	Total
	100.0
	Oxygen
	6.56
	MgO
	0.31

	Higher Heating Value 
(Dry Mass Basis)
	16632 kJ/kg
	Ash
	40.0
	K2O
	0.16

	
	
	Total
	100.0
	Na2O
	0.15

	
	
	
	
	Ash ∑
	27.15


Tests of Omstar -DX1 

	Quantity of the additive, 

ml per 1 kg of coal
	0
	2.5 
	5

	Maximal temperature of wall on the combustor’s exit, oC
	1115
	1147
	1173

	NOx, mg/m3
	518
	315
	274

	SO2, mg/m3
	1109
	1102
	1050

	CO, mg/m3
	520
	64
	53

	CO2, vol.%
	11.9
	13.7
	15.9


Tests of Open flame 

	Quantity of the additive, ml per 1 kg of coal
	0
	2.5 

	Average temperature of wall on the combustor’s exit, oC
	1115
	1140

	NOx, mg/m3
	518
	276

	SO2, mg/m3
	1109
	1106

	CO, mg/m3
	520
	237

	CO2, vol.%
	11.9
	13.6


