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Effect of low temperature eutectics on coal ash fusion temperatures

CHENG Xiang-long' , WANG Yong-gang'* , ZHANG Rong’, BI Ji-cheng’
(1. School of Chemical and Environmental Engineering,
China University of Mining and Technology ( Beijing) , Beijing 100083, China;
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Abstract . Coal ash fusion temperature is important for large-scale gasifier/boiler designers and operators. There
has been a big error for fusion temperature calculated by chemical composition of coal ash because the ash is
composed of minerals actually, which has a strong impact on fusion temperature. A new calculation method,
based on chemical composition and low temperature eutectics of minerals being considered, is proposed,
according to 59 typical coal samples from the central and western regions in China. The most predictive values
are not far from preciseness with a mean error lower than 5% , when the calculation is employed to 108 coal
samples. Meanwhile, a roughly sufficient judgment to identify the ash fusion temperature greater than 1 500 C is
suggested by formula, which is 0. 9 < SiO,/Al1,0, <1. 8 and SiO, +A1,0, =78% with accuracy of 92. 2%
among 167 coal samples.
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Table 1 Chemical composition range of coal ash

Coal source Coal rank

Chemical composition range w/ %

Sio, Al,0, CaO FeO KNaO
YM long-flame coal; meager lean coal ;anthracite 16-56 9-39 2-32 2-42 1.2-4.6
HN coking coal; gas coal 39-52 29-45 1-10 2-13 0.7-2.5
ML coking coal; non-caking coal 27-47 14-21 8-16 5-15 1.1-1.9
BD gas coal, lignite, etc. 16-50 6-30 4-31 3-28 1.2-5.9
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Figure 1  Effect of low temperature eutectic
LTECal on coal ash fusion temperature
LTECal : low temperature eutectic
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Figure 2  Effect of low temperature eutectic
LTECa2 on coal ash fusion temperature
LTECa2 : low temperature eutectic
Si0, :Al,0,:Ca0=2.1:1:1.9
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Figure 3  Effect of low temperature eutectic
LTEFe on coal ash fusion temperature
LTECal ; low temperature eutectic
Si0, :Al,0,:Ca0=2.7:1:3.2
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Figure 4 XRD patterns of different ashes at deformation temperatures
1. silicon oxide; 2 lime; 3. iron(IIl) oxide; 4. gehlenite; 5 rankinite; 6: calcium sulphate;
7. wollastonite; 8; potassium iron oxide; 9. sanidine; 10; anorthite; 11. mullite; 12 sillimanite
(a): Yulin ash; (b): Qixian ash; (c¢): Yima ash; (d): Mianchi ash
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Figure 7 Effect of FeO*+Ca0+MgO+Na,0+K,O of low
temperature eutectic LTEFe on coal ash fusion temperature

FeO'; the rest FeO after composing low temperature eutectic LTEFe

2.3 BRIRIEELR E R T
2.3.1 HEERTF 1500 °C

TEME IR AR A 29 FloIARE A BTk TR BE IR
T 1500 C., #4ELLE S04, 2% AR i e s 4 Fn Al
PR B P 20 5 % S R 975 Rl Ui 32 1) 52 i) S K v
A2 o5 B 28 SS9 DA X, DA
AR AL T 1500 CHRORIERIRE , K+
FALYIE A R Y 2 A 2 W3 2

R2 BIRPENWREEARBRR LS FER S E

Table 2 New classification of chemical composition of coal ash at different low temperature eutectics

LTE" Variable 1 Variable 2 Variable 3 Variable 4 Variable 5
Si0, :Al1,0, :CaO . . . CaO+ MgO+
LTECal the residue of SiO, the residue of Al,0, FeO
4.3:1:1.6 K,0+Na,O
Si0, :Al1, 0, :Ca0 . . . CaO+ MgO+
’ LTECa2 the residue of SiO, the residue of Al,0, FeO
2.09:1:1.91 K,0+Na, O
Si0, :Al1, 0, :FeO . ) ) CaO+Fe,0,+MgO
’ LTEFe the residue of SiO, the residue of Al,0,
2.66:1:3.24 +K,0+Na, 0

LTE" . different low temperature eutectics
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Table 3  Fitting values of variable coefficients in formula (3) at different low temperature eutectics

LTE" F.T.”" a b c d e f g cons.

Sio, :A1,0, :CaO DT -1.47 -0.051 -5.30 3.37 -6.74 -17.02 0.46 1551
4.3:1:1.6 ST -2.85 -0.025 -3.06 4.26 -5.46 -16.80 0.50 1525
SiO, :Al,0, :CaO DT -0.75 0.000 -2.52 6.50 -3.86 -12.56 0.73 1295
2.09:1:1.91 ST -5.70 0.067 -1.50 6.10 -3.27 -15.52 0.86 1388
SiO, :Al,0, :FeO DT -6.81 0.027 -4.58 3.04 0.00 -19.01 0.36 1627
2.66:1:3.24 ST -4.50 0.007 -3.03 3.86 0.00 -26.80 0.51 1648

LTE" . different low temperature eutectics; F. T. *: coal ash fusion temperature
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