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Abstract : To study the effects of chemical composition on the fusion temperatures of coal ashes, the chemical composition,
mineral matter, and fusion temperature were studied with 54 kinds of coal ash samples including Korean anthracite coals.
Ca0, MgO and Fe;0; were observed to be major fluxing elements in reducing and oxidizing atmosphere. The fluxing effect
of FexOs was increased more in” reducing atmosphere. In a base/acid ratio, the fusion temperature decreased with increasing
amounts of basic components. Nevertheless, the correlation between a fusion temperature and base/acid ratio was not shown
well in a higher ratio of Fex0y/Ca0. The differences of fusion temperatures between oxidizing and reducing atmosphere
showed close relationship with SiO»/AlQs ratio rather than with FexOs contents. Multiple regression was used to predict the
fusion temperature of coal ashes, and it was established that the major predictors in oxidizing atmosphere were Base/Acid,
Fex0s/Ca0, SiOy/AlOs, and (SiO»/ALOs) - (Base/Acid) and Base/Acid, Fex05/Ca0, Si0s, and Ti0» were major ones in reducing
atmosphere.
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Table 1. Chemical Analyses of Coal Ashes(wt%)
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Coal Name Si0, AbOs Fex0s Ca0 MgO Na,O K0 TiO: Rank

HSB2 55.49 3036 5.48 0.23 052 104 58 082

GAB 50.72 3021 9.09 0.33 183 121 548 094

GAC 5477 3163 409 0.74 192 173 320 093

DGBL 4614 3973 454 19 0.70 139 352 1.89

DGB2 4365 25,64 1652 0.77 0.92 114 451 152

SDB4 4404 798 1558 201 1.00 067 574 131

DWB2 61.88 2733 2.10 05 0.42 090 6.11 054

DWC1 4973 29,07 1379 05 0.64 096 376 121

HTBL 3776 29.30 21.81 0.64 262 130 442 19

HTB2 50.70 3867 45 0.41 0.69 109 325 043

BMBI1 56.43 2418 1171 153 111 0.36 359 089

BMB? 5761 2.63 6.38 429 1.26 085 575 102

DCALl 6252 923.89 445 0.69 123 0.40 6.07 056

DCA2 61.01 25.43 331 131 117 045 635 0.70

DCA3 64.13 250 476 176 0.11 045 525 0.84

DCA4 70.17 16.80 315 245 0.82 029 422 141

DCA5 5815 2697 347 172 120 049 6.69 0.79

DJBI 65.66 1231 14.39 1.2 445 031 035 111

DJB2 59.04 2550 6.88 1.30 158 0.69 360 121 Korean
DJB3 7% B 570 171 120 064 729 2.16 Anthracite
DJB4 60.34 21.15 12.87 1.08 118 059 2.44 022

ESB2 4848 2890 9.99 135 299 1.60 528 122

GRB1 5893 24.79 1085 0.46 0,64 0.20 339 055

GRB2 65.67 9.05 277 056 0.49 0.18 098 015

HMB 8865 373 6.00 0.2 041 01 056 0.14

MKAL 5557 21.56 10.82 40 299 0.74 305 1.14

MKA2 5412 29.14 441 38 1.39 227 340 117

MKB 4791 2066 787 40 323 142 445 1.14

MKC 57% 777 453 134 176 1.80 341 122

NJB2 64.22 1827 1093 182 121 0.40 2.27 0.70

SLA 55.76 2756 59 042 135 0.30 750 095

SYBI 60.01 20.42 9.17 2.33 352 026 3.22 094

SYB2 50.42 %687 5.22 0.76 162 031 42 131

SYB3 6297 282 570 1.14 17 031 403 1.17

SYB4 60.45 2713 350 182 1.60 0.24 400 1.08

WSB 5895 24.39 8.20 0.32 0.83 028 589 091

HSB2 4400 40.36 6.06 178 0.33 107 527 0.9

HSB3 5590 2987 6.24 0.98 0.84 0.60 405 141

HSB5 50.07 .84 5.30 122 086 078 49 176 H.V. Bituminous
EYC7 6363 23.20 583 1.08 0.76 055 381 0.99

EYBS 67.26 21.50 499 0.45 060 058 373 0.83 L.V. Bituminous
EYC9 5653 31.34 385 234 0.70 074 287 148 —
Ulan 74.20 1578 345 1.69 050 028 066 0.80 Sub-Bituminous
Nova 6253 28,64 119 05 026 007 188 121

C&A 5175 2300 410 223 094 041 152 1.02
Palmco 6690 2052 456 1.49 051 025 0.72 0.9

Alaska 4923 18.13 608 1217 298 047 1.32 0.82

Roto 3258 2749 21.23 411 185 0.24 087 025

VT 5057 2544 547 1% 1.47 033 474 0.84 Imported
NK 56.07 2B57 564 159 107 123 408 1.42 Anthracite
RU 62.82 %50 490 153 0.76 0.76 2.00 1.08

CH 5261 209 6.73 449 122 1.00 210 104

UsS 62.20 24,02 683 176 081 096 2,60 157

SA 50.14 2823 518 8.99 157 155 1.49 140

Min. 3258 373 119 023 0.11 007 035 0.14

Mean 57.14 %61 756 1.89 129 073 374 104

Max. 8865 4036 07T 1217 445 227 750 2.16
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Fig. 1. Pseudo-ternary diagram(Base-AlQ3-Si02) of
coal ash samples ; (Base : Fe;O3+Ca0+MgO+K20
+NayO, O : domestic coal ashes, W : imported
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Fig. 2. X-ray diffraction patterns of low temperature
ashes; (a: DGBL, b:DWBI, c:GAB, d:SDB4,
[:illite, K:kaolinite, Ch: chlorinite, P:pyro-
phylite, F:feldspar, Q:quartz, S:siderite, C:
calcite).
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Table 2. Ash Fusion Temperatures(C)
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Coal Oxidizing Condition Reducing Condition
Name IDT ST HT FT 4T IDT ST HT FT AT
HSB2 < < < < - < < < < -
GAB < < < < - 1411 1521 1563 1569 158
GAC 1376 1521 1557 1572 196 1093 1107 1229 1262 169
DGB1 1570 < < < - < < < < -
DGB2 1244 1294 1391 1434 190 1232 1283 1377 1445 213
SDB4 1359 1409 1431 1454 B 1132 1191 1314 1373 241
DWB < < < < - < < < < -
DWC1 1476 1503 1537 1549 73 1382 1434 1531 1591 209
HTBI1 1375 1411 1440 1448 73 1210 1278 1366 1428 218
HTB2 < < < < - < < < < -
BMBI1 1350 1351 13% 1414 64 1305 1323 1368 1407 102
BMB2 1161 1263 1287 1327 166 1147 1261 1307 1323 176
DCA1l 1342 1425 1486 1524 182 1209 1436 1463 1521 312
DCA2 1335 1521 1600 1650 315 1411 1464 1491 1508 97
DCA3 1244 1376 1434 1475 231 1300 1374 1435 1487 187
DCA4 1333 1383 1484 1508 175 1220 1406 1461 1518 298
DCA5 1337 1413 1482 1517 180 1175 1355 1416 149% 321
DJB1 1371 1491 1512 1517 146 1189 1302 1388 1394 205
DJB2 1340 1419 1451 1499 159 1348 1445 1473 1494 146
DJB3 1223 1350 1399 1436 213 1083 1141 1297 1386 298
DJB4 1323 1406 1437 1454 131 1334 1343 1385 1401 67
ESB2 1154 1299 1369 1433 279 1133 1277 1328 1396 263
GRBI1 1344 1433 1493 1600 256 1205 1397 1473 1547 342
GRB2 1352 1389 1401 1432 80 1378 1413 1421 1432 4
HMB < < < < - < < < < -
MKA1 1183 1249 1280 1323 140 1172 1201 1256 1316 144
MKA2 1270 1352 1403 1457 187 1273 1336 1381 1441 168
MKB 1183 1281 1304 1420 237 1246 1269 1284 1310 64
MKC 1334 1407 1460 1486 152 1331 1382 1451 1492 161
NJB2 1216 1322 1387 1388 172 1167 1288 1271 1351 184
SLA 1276 1489 1499 1600 324 1301 1494 1518 1523 222
SYB1 1252 1293 1333 1351 99 1203 1253 1304 1337 134
SYB2 1352 1427 1488 1600 248 1332 1424 1501 1529 197
SYB3 1339 1395 1452 1521 182 1309 1400 1457 1481 172
SYB4 1286 1315 1346 1363 77 1373 1476 1519 1561 188
WSB 1349 1413 1454 1492 143 1266 1374 1433 1497 231
HSB2 1180 1486 1600 < - 1111 1381 1498 1600 489
HSB3 1318 < < < - 1231 1546 1559 1569 338
HSB5 1228 1600 < < - 1084 1176 1569 1600 516
EYC7 1229 1410 1456 1489 260 1189 139% 1428 1468 279
EYB3 1254 1432 1523 1600 346 1164 1397 1482 1538 374
EYC9 1248 1600 < < - 1225 1517 1552 1567 342
Ulan 1427 1474 1496 1563 136 1423 1457 1476 1502 79
Nova < < < < - < < < < -
C&A 1452 1489 1520 1541 39 1373 1474 1498 1523 150
Palmco 1446 1494 1520 1538 2 1414 1478 1499 1516 102
Alaska 1199 1222 1249 1283 34 1154 1197 1217 1243 89
Roto 13% 1424 1430 1437 42 1204 1236 1257 1271 67
vT 1153 1429 1449 1476 323 1116 1235 1413 1446 330
NK 1156 1461 1503 1515 359 1116 1374 1456 1496 380
RU 1279 < < < - 1467 1521 1543 1550 83
CH 1191 1241 1486 1494 303 1147 1417 1442 1460 313
Us 1264 1446 1487 1508 244 1129 1386 1447 1516 387
SA 1191 1327 < < - 1241 1312 1320 1326 35
Min. 1153 1222 1249 1283 42 10838 1107 1217 1243 54
Mean 1299 1393 1442 1480 182 1241 1346 1403 1445 387
Max. 1476 1521 1600 1650 359 1423 1494 1531 1591 203
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Table 3. Correlation Coefficients between Chemical Composition and Fusion Temperature of Coal Ashes

Oxidizing condition Reducing condition
Oxides
4T 4T
IDT ST HT FT IDT ST HT FT
(FT-IDT) (FT-IDT)
Si0s 0.184 0.161 0.114 0.122 0.032 0.322 0.365 0310 0.292 0.100
AlOs 0.000 0.235 0.316 0.344 0.445 0.063 0.045 0.187 0.226 0.422
Fe 05 -0.063 -0.283 -0.359 -0.400 -0.420 -0.224 -0.375 -0415 -0412 -0.265
Ca0 -0.424 -0.497 -0.330 -0.362 -0.170 -0.303 -0.378 -0.506 -0.559 -0.245
MgO -0.307 -0.430 -0.469 -0.474 -0.205 -0.365 -0.503 -0.566 -0.609 -0.288
K20 -0.161 -0.032 0.032 0.045 0.420 -0.1% -0.077 0.055 0.141 0.397
NaO -0.145 -0.017 0.09% 0.084 0.212 -0.125 -0.126 -0.110 -0.0% 0.09%
TiO: -0.237 -0.063 0.032 0.022 0.100 -0.285 -0.221 -0.063 0.000 0.358
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Table 5. Multiple Regressions on the Ash Softening Temperatures

Multiple regression equations R%a([R])

(Oxidizing) , , , , 0.618(0.786)
v1=1779.65-1788 64X, +3101.77X,"+15.14X-0.33X5"-804.68X+526.60X,-0.015X5"

V2=2458.70-5926.95X,+7327.30X ™+ 14.30X2-0.35X5"-400.01 X5+42.61 X5"+1049.52X,-307.93X" 0.605(0.778)
v5=1911.38-2648 25X, +3874.39X,+16.62X>-0.45X5"~157.62X5+21.98Xs" 0.560(0.748)
(Reducing) , , , 0.426(0.653)
y4=1483.70-1752.75X,+2174.86X,"+0.14X>+0.47Xe+174.73X7-101.01X7”

y5=1421.30-1542.76X,+ 1863 57X,"+0.104X5°+2.25X5 0.363(0.603)
v6=1579.62-1689.93X,+1795.41X,°+0.12Xo” 0.363(0.602)

y= Softening temperature
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