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Experiments of the effects of reaction atmosphere on the coal ash sintering temperature

WANG Qin-hui JIE Tao LI Xiao-min LUO Zhong-yang JING Ni-jie CEN Ke-fa
State Key Laboratory of Clean Energy Utilization Zhejiang University Hangzhou 310027 China

Abstract The understanding of sintering temperature of coal ash is of significance for the design and operation of
fluidized bed combustion and gasification systems. So the ash sintering for different coal ash samples under different
reaction atmospheres was studied by means of a coal ash sintering temperature measuring system based on the
variation of the pressure-drop and the effects of reaction atmosphere and ash composition on coal ash sintering
behavior were discussed. The results show that the sintering temperature increases with the ratio of the acidic oxide
to the basic oxide in coal ash and an increment of iron in coal ash will decrease the sintering temperature
obviously. The sintering temperature of coal ash under reducing reaction atmosphere is lower than that under
oxidizing reaction atmosphere and the sintering temperature under CO atmosphere is higher than that under H,
atmosphere because an eutectic substance of Na,S-FeS can be formed easily under H, atmosphere for the coal ash
including Fe,O; Na,O and SO,. The coal ash sintering temperature under typical fluidized bed gasification
atmosphere is between that under CO atmosphere and H, atmosphere which is closer to the sintering temperature
under CO atmosphere.
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Figure 1 Mechanism of sintering of particles with wide
size distribution showing the decrease of the size of

the closed pores and increasing the size of the open pores
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Figure 2 Particle size distribution for the ash samples of coal
D collected from the laboratory and CFB reactor
A ash sample from the laboratory

] ash sample from a CFB reactor
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Table 1  Chemical analysis of the samples

Content w /%

sample A sample B sample C  sample D

Sio, 29.33 59.49 34.20 48.10
Al 0, 23.52 18.39 33.74 31.84
Fe, 0, 10.40 4.94 10.73 5.90
CaO 15.32 5.19 13.43 4.96
MgO 7.60 2.38 1.25 0.98
K,0 0.17 2.92 0.84 1.09
Na, O 0.70 1.42 0.98 1.14
SO, 7.36 2.31 5.79 3.07
1.2
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Figure 3  Experimental setup of pressure-drop
sintering technique PDS
1-temperature controller 2-measured temperature thermocouple
3-tube furnace 4-quartz tube 5-u-tube manometer

6-mass flow controller 7-temperature controller thermocouple
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Figure 4  Quartz tube with sheath
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Figure 5 Quartz tube without sheath
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Figure 6 Comparison of sintering process among
different quartz tube
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Figure 9  Comparison among the sintering temperatures

obtained from pressure-drop technique under

different atmospheres
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Table 2 Chemical composition of coal gas under typical fluidized bed gasification
Casificati d&i Producing as Gas composition ¢/ %
asification medium roducing gas i, o CH, co, N,
Air + steam fuel gas 12.0 22.0 0.7 10.0 55.3
Rich oxygen air + steam synthesis gas 26.0 38.0 0.2 14.0 21.8
Oxygen + steam water gas 40.0 38.0 2.0 19.0 1.0
2
H,40.8% C€0-36.5% CO,- co H,
20.8% CH,-1.92% H, CO
CO

co H,
10
10
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CO,
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