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Abstract—Ash and deposits were made using Alaska sub-bituminous coal in a drop tube furnace(DTF) and the
effects of their compositions on fusion were compared with those of the ashes prepared from the ASTM ashing
procedure. It has been found that the ASTM ash includes alumina, silica, mullite, and Ca compounds as crystalline
phases, whereas the DTF ash includes spherical drops with K, Fe, and Ca condensed on the surface. In a DTF
ash, only mullite existed as crystalline phase. The deposits existed as glass phases which were formed by solidification
from melts, and Fe was transformed to Fe®* silicate and Si was concentrated on the lower part of the deposit. This
fact indicates that, among various inorganic elements in coal, Si controls the fusion. Although it was initially predicted
that Alaska coal ash have strong slagging propensity based on the results of ASTM ash characterization, the results
of analysis of the DTF deposits shows that the deposits can be easily removed from the heat transfer area because
it is enriched with Ca which reduces the strength of its adhesion to the solid surface.
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Table 1. Basic analytical results of Alaska sub-bituminous coal

Proximate analysis Moisture 16.7
(air dry basis) Volatile matter 351
Fixed carbon 395
Ash 8.7

Ultimate analysis C 6384
(Dry ash free basis) H 471
0 30.84
N 048
S 0.13
Gross calorific value(Kcal/kg, air dry basis) 6050
Ash analysis Si0, 49.23
Al,O, 18.13
TiO, 0.82
P:0; 0.65
FEZO;; 6.08
Ca0 12.17
MgO 228
Na,O 047
K0 1.32
BaO 0.56

Reducing condition Oxidizing condition
Ash fusion IDT 1154 1199
temperature(C) ST 1197 1222
HT 1217 1249
FT 1243 1283

wt%

IDT(Initial Deformation Temperature), ST(Softening Temperature),
HT(Hemispherical Temperature), FT(Fluid Temperature)
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Fig. 1. Schematic diagram of experimental apparatus.

Iil >
Cooling water 3 E 3
Outlet+——]
Inlet —q:( I

9°0

1030
1098

Cooling water
Inlet—HC]

Outlete———(ﬁ ’

nia b

A

— — 320

Y

Coal injector Sampling probe

DEPOSITION PROBE

? Castable or
Alumina Constrictor

421D X 500D X 220 L
Mulille Tube 40 ID x 70 OD

Muliite Tube

Mullite
Supporlor 7 shpet%kmq
Z T/C
~/

Stainless Steel

out to Yacum pump
Water Oullet t,¢

Combustion gases ‘
Water Inlet

Fig. 2. Details of coal injector, sampling probe and deposition probe.
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Table 2. Experimental conditions

Coal feed rate(g/min) 0.3

Temperature(C) Main reactor 1450
Gas preheater 900

Gas stream(ml/min) Primary(Air) 3454
Secondary(Air) 2763.6
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Fig. 4. Comparison of particle size distribution for ASTM and DTF ash.
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Table 3. EDX results of ash and deposit

Sample type Mg Al Si K Ca Fe
ASTM 38 228 529 1.7 13.8 49
DTF-Ash 427 1977 416 267 2657 5.11
Deposit-upper - 1513 5415 332 2103 6.36
Deposit-lower 153 1382 6154 233 1753 3.15
atomic %
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Table 4. EDX results of sample of Fig. 10(b & ¢)

Sample Mg Al S K Ca  Fe
Fig. 10b 47 1609 2892 426 4023 482
Fig. 10c 1354 3085 1762 139 2351 13.09
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Fig. 11. Mosbauer spectra of ash and deposit.

Table 5. Mosbauer parameter of sample coal ash and deposit

Isomer  Quadrupole .
Sample shift splitting Assignment
ASTM-ash 0.36 —0.41 CasFe;_ Al Os(Octahedral)
(14°K) 0.17 0.74 CasFe,_,Al,Os(Tetrahedral)
04 —-0.2 Hematite
0.22 1.14 Fe3* mullite
—0.004 0.49 Fe?* paramagnetic phase
DTF-ash 0.278 1.08 Fe’* silicate
DTF-deposit 0.19 1.28 Fe** silicate
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Fig. 12. XRD patterns of ash and deposit.
a: anorthite, A: alumina, G: gehlenite, M: mullite, S: silica
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Table 6. Crystalline phases in sample ash and deposit

Sample type
ASTM

Crystalline phase

ALO;,

SiO;

Mullite(3AL,05- 2Si0,)
Gehlenite(2Ca0- AL,O5-Si0,)
Anorthite(Ca0- Al,O5-2Si0,)
Mullite

No peaks

DTF-Ash
DTF-Deposit
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