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Ash fusion temperature and crystal composition of multi—-component coal ash

MIAO Miao, KONG Hao, ZHANG Man, WU Yuxin, YANG Hairui, ZHANG Jiansheng

(Department of Energy and Power Engineering, State Key Laboratory of Control and Simulation of Power System and
Generation Equipment, Tsinghua University, Beijing 100084, China)

Abstract: The ash fusion temperature of coal at high temperature is an important parameter for the efficient and
safe operation of coal gasifiers. The equipment of ash fusion temperature was used to measure the ash fusion
temperatures of the oxide components composed of SiO,, Al,O,, Fe,0;, MgO, and CaO with different proportions.
Five variables composed of Si/Al, Si+Al, Fe,0, MgO, and CaO were selected to verify the effect of the change on the
coal ash fusing characteristics and the range of variables cover most domestic coal ash. Factsage was used to
calculate the liquidus temperature of coal ash components, and to obtain the solid phase ratios of each crystal in
each slag system and the simulation results are verified by experiments. With the contents of CaO, Fe,0, and Si/Al
increase, the ash fusion temperature gradually decreases while with the content increasing of Si+Al and MgO, the
ash fusion temperature of the coal ash gradually increases. The ash fusion temperature varied with the contents of
the oxide components and was closely related to the corresponding liquidus temperature, which was always higher
than the ash fusion temperature about 200°C. Factsage was also used to predict the crystal compositions of the slag
system at different temperatures. It could be concluded that there was no necessary relationship between the

transformation of different slag systems with the change of a certain variable, and further analysis was needed for the
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slag system dominated by a specific factor. In the crystal phase experiment, after the slag was fused, quenching

could be performed quickly to maintain the original crystal form at the high temperature. When X-ray diffraction

analysis was completed, the precipitation ratios of different crystals at various temperatures could be obtained,

which was in good agreement with the simulation results. The differences between the simulation and experimental

results were also explored. The effects of different oxide compositions on the slag solidification ratios were

investigated. The conclusion of this paper lays a foundation for further analysis of the product and characteristics of

the molten state of multi—oxide system, and is of great significance for the optimization design operation of gasifier.
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Table 1 Standard ash component/% (mass)

Si0, ALO, Fe,0, MgO Ca0

38.37 14.84 19.10 6.85 20.84
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Table 2 Ash components

- FE ) ) (Si+
Bl SI0M% ALOJ% Fei0,% MgOI% Ca0l% SIAL 1

Si/Al 1.1 26.61 26.6 19.1 6.85 20.84
1.2 38.37 14.84 19.1 6.85 20.84 2.59 53.21
1.3 4139  11.83  19.1 6.85 20.84 3.5 53.21
1.4 43.54 9.68 19.1 6.85 20.84 4.5 53.21
Si+Al 2.1 28.84 11.16 2449 879 26.73 2.59 40
2.2 38.37 14.84 19.1 6.85 20.84 2.59 53.21
2.3 4327 1673 1632 586 17.82 2.59 60
2.4 50.48 19.52 1224 439 1336 2.59 70
Fe,0, 4.1 45.06 1743 5 8.05 24.47 2.59 50.55
4.2 42.68 16.51 10 7.62 23.18 2.59 47.89
4.3 40.31 15.59 15 72 219 259 45.23
4.4 3837 1484  19.1 6.85 20.84 2.59 53.21
MgO 5.1 3837 1484  19.1 6.85 20.84 2.59 53.21
52 37.07 1431 1848 10 20.14 2.59 51.38
5.3 35.01 13.52  17.45 15 19.02 2.59 48.53
5.4 3295 1272 1648 20 17.9 2.59 45.67

1 5321

CaO0 3.1 46.05 17.81 2292 822 5 259 63.86
32 43.63 16.78 21.71 1.79 10 2.59 60.5
33 41.2 1594 205 736 15 259 57.14

34 38.37 14.84 19.1 6.85 20.84 2.59 53.21
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Table 4 Experimental results of different Si+Al contents
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Table 5 Experimental results of different Fe,O, contents
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Table 7 Experimental results of different CaO contents

Fedh CaO % TR il T #ik CEER W
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3.1 5 1224~ 1269 1224 1249 1262 1269
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33 15 1192~1226 1192 1217 1219 1226
3.4 2084  1190~1220 1190 1215 1218 1220
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4.3 15 1194 ~ 1236 1194 1230 1233 1236
4.4 19.1 1190 ~ 1220 1190 1215 1218 1220
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Table 6 Experimental results of different MgO contents
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