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Prediction model for flow temperature of coal ash

XU lJie, LIU Xia, LI De-xia, ZHOU Zhi-jie, WANG Fu-chen, YU Guang-suo
(Key Laboratory of Coal Gasification and Energy Chemical Engineering of Ministry of Education
East China University of Science and Technology, Shanghai 200237, China)

Abstract: Ash flow temperature (FT) is an important index for coal gasification, determining the slagging
model of coal-combustion and gasification process. On the basis of flow temperature of 181 coal ash samples,
the FT prediction model associated with ash composition and acid/basic ratio was set up. The correlation
coefficient is 0. 934, indicating the FT prediction values is in good agreement with the experiment values. The
liquidus temperature was calculated by FactSage software. The formula between FT and the liquidus temperature
was established, and the correlation coefficient is 0. 924.
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Table 1 Chemical composition and fusibility property of coal ashes
No. Ash composition w/% Temperature ¢/ C
Sio, Al, O, CaO Fe, O, SO, TiO, MgO Na, O K,O A/B” FT LT
1 41.36  31.82 10.87 5.11 5.06 1.50 1.76 0.75 0.40 3.95 1370 1522
2 34.92  27.10 19.01 4.88 8.50 1.25 2.07 0.68 0.40 2.34 1320 1478
3 32.67 24.73  29.00 4.17 3.92 1.00 2.24 0.58 0.31 1.61 1260 1336
4 37.98 14.05 20.80 7.15 12.70 0.67 1.62 2.64 0.94 1.59 1147 1362
5 52.79 17.02 8.90 6.36 8.97 0.67 1.86 0.69 1.64 3.62 1285 1326
6 26.40 14.17 23.56 13.14 16.56 0.65 2.00 1.71 0.48 1.01 1198 1282
7 42.44  26.06 12.03 6.53 6.78 1.02 1.18 1.54 1.28 3.08 1335 1454
8 40.24  17.56  13.43 7.69 9.87 0.96 5.81 2.14 1.58 1.92 1165 1362
9 38.11  16.13  12.25 9.57 12.23 0.89 5.62 1.93 1.50 1.79 1176 1389
10 20.94 10.91 21.45 15.26 13.34 0.57 12.78 3.27 0.26 0.61 1134 1421
11 32.68 15.24 18.68 7.66 19.02 0.70 1.64 2.7 0.35 1.57 1217 1397
12 58.61 18.09 5.98 6.43 4.23 0.71 1.79 0.78 2.41 4.45 1258 1389
13 42.04 30.57 8.30 6.54 6.15 1.65 1.61 0.87 0.66 4.13 1356 1550
14 44.20 27.35 9.68 3.42 5.86 1.18 6.29 0.38 1.02 3.50 1340 1430
15 24.24 8.99 5.77 50.96 0.97 0.34 2.21 1.17 1.02 0.55 1515 1493
16 24.23 11.06 22.20 12.72 14.31 0.74 10.56 2.73 0.27 0.74 1248 1193
17 40.24 16.23 16.14 14.89 0.56 0.91 5.31 2.87 1.59 1.41 1200 1415
18 39.78 16.15 16.53 15.34 0.67 0.87 4.75 3.11 1.54 1.38 1192 1412
19  40.08 17.94 14.25 9.67 6.54 0.93 5.96 2.18 1.52 1.76 1429 -
20 50.80 28.44 3.30 9.67 4.02 1.29 0.72 0.22 0.87 5.45 1548 -
21 39.76  22.05 23.47 7.64 3.1 1.00 1.46 0.16 0.66 1.88 1247 1435
22 36.67 20.27 29.10 7.07 2.86 0.80 1.66 0.15 0.61 1.50 1233 1352
23 35.32  19.49 31.57 6.82 2.74 0.60 1.75 0.14 0.58 1.36 1236 1300
24 23.15 13.46 27.21 15.62 13.57 0.52 2.96 1.98 0.30 0.77 1280 -
25 50.79  30.75 5.39 3.85 4.54 1.35 0.99 0.47 1.21 6.96 1519 1635
26 37.78 15.76 14.77 12.55 14.24 1.28 1.60 0.59 0.63 1.82 1284 1399
A/B=acid/base=( SiO,+ Al,0,+ TiO,)/( CaO+ Fe,0,+ MgO+ Na,O+ K,0) ;
“-"". liquidus temperature can not be calculated by FactSage software
TFALLE 181 PR K S s A PR R R, WAk 2,
*®2 BRASSHHEEEANEEXERY
Table 2 Correlation coefficient between ash components and flow temperature
Correlation Ash composition
coefficient SiO, Al O, CaO  Fe,O, SO, TiO, MgO  Na,O K,O S/A A/B
R 0.311 0.636 -0.490 -0.169 -0.441 0.393 -0.313 -0.384 0.075 -0.290 0.675
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Table 3 Relevant degree between coal ash components and flow temperature

No. 1 2 3 4

5 6 7 8 9

FT AlLO, Ca0 SO, TiO,

Na,O MgO Sio,

Fe,0, K,0
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Table 4 Order of average value for each kind of coal ash composition

No. 1 2 3 5 6 7 8 9
Component SiO, Al, O, CaO Fe, O, SO, MgO K,O TiO, Na,O
Average value w/%  41.986  21.296  13.460  9.816 6.474 2.789 1.130 1.093 0.910
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Table 5 Effect of prediction ash flow temperatures

Empirical formula [

Empirical formula Il

Empirical formula Il Fromula (5)

Number of coal saumples 142 153 145 153
0<50 C 23 32 99 127
50 T<o<70 C 14 7 19 19
70 CT<o<80 C 8 6 10 7
>80 C 97 108 17 0
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Table 6 Chemical composition of coal ashes

Chemical composition w /%

Name S0, ALO, Ca0 Fe,0, SO, TiO, MgO NaO KO
Slag of Ning coal 24.24 8.99 5.77 50.96 0.97 0.34 2.21 1.17 1.02
Lump coal of yangyi area 24.23  11.06 22.20 12.72 14.31 0.74 10.56 2.73 0.27
Fine coal of yangyi area 40.08 17.94 14.25 9.67 6.54 0.93 5.96 2.18 1.52
Number 1 slag 40.24 16.23 16.14 14.89 0.56 0.91 5.31 2.87 1.59
Number 2 slag 39.78 16.15 16.53 15.34 0.67 0.87 4.75 3.11 1.54
Mei hua jing 39.42  15.76  11.98 6.06 14.84 0.88 7.62 1.66 1.17
Suo pu yi 3 48.78  17.61 16.92 4.26 6.33 0.97 2.00 0.56 1.47
x7 AKX RRBBETNESNEENEE
Table 7  Deviation temperatures of actual and calculated FT in correlation (5)
Name FT measured value t/ C FT calculated value #/ C Deviation
Slag of Ning coal 1515 1473 42
Lump coal of yangyi area 1245 1177 68
Fine coal of yangyi area 1190 1193 3
Number 1 slag 1210 1156 54
Number 2 slag 1190 1150 40
Mei hua jing 1220 1223 3
Suo pu yi 3 1250 1261 11
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