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Abstract— Fly ash produced in coal combustion is a fine-grained material consisting mostly of
spherical, glassy, and porous particles. A physical, morphological, and chemical characteristic of fly
ash has been analyzed. This study may contribute to the data base of domestic fly ash, the im-
provement of combustion efficiency, ash recycling and ash collection in the electrostatic precipitator.
The physical property of fly ash is determined using a particle counter for the measurement of ash
size distribution and gravimeter. Morphological characteristic of fly ash is performed using a scanning
¢lectron micrograph and an optical microscope. The chemical components of fly ash are determined
using an inductively coupled plasma emission spectrometry (ICP). The distribution of fly ash size was
ranged from 15 to 25 pm in mass median diameter. Exposure conditions of flue gas temperature and
duration within the combustion zone of the boiler played an important role on the morphological pro-
perties of the fly ash such as shape, relative opacity, coloration, cenosphere and plerosphere. The
spherical fly ash might be generated at the condition of complete combustion. The size of fly ash was
found to be increased the with particle-particle interaction of agglomeration and coagulation. Fly ash
consisted of Si0,, AL,O,, and Fe,O, with 85% and carbon with 3~10% of total mass.
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Fig. 1. Mechanism of ash generation in the pul-
verized coal powar plant.
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Table 1. Frequency and cumulative size distribution of fly ash generated from the combustion of field blending

coal.
Ash Ash from Ash from Ash from
Type NOVA(60%) & MPCC(40%) Macquarie(50%) & MPCC(50%) Drayton(50%) & NOVA(50%)
Size Blending Coal Blending Coal Blending Coal
Range Frequency Cumulative Frequency Cumulative Frequency Cumulative
(1m) Distribution Distribution Distribution Distribution Distribution Distribution
<2 0.55 0.5 1.94 1.94 1.99 1.99
<4 1.51 2.01 4.12 6.06 3.44 5.43
<6 1.88 3.89 5.44 11.5 5.87 11.3
<8 4.72 8.61 9.8 21.3 10.1 214
<10 4.59 13.2 7.3 28.6 7.7 29.1
<20 20.1 433 373 65.9 34.8 63.9
<30 20.8 64.1 16.2 82.1 17.1 81.0
<50 18.4 82.5 6.1 88.2 8.0 89.9
<70 8.1 90.6 4.4 92.6 7.7 96.7
<100 9.4 100 7.4 100 33 100
MMD* 232 15.7 16.0

*MMD: Mass Median Diameter.
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Fig. 2. Size distribution of fly ash generated from bi-
tuninous coal: (a) Mixture of Nova and MPCC coal
ash, (b) Mixture of Macquaire and MPCC coal ash,
(c) Mixture of Drayton and Nova coal ash.
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Fig. 3. Morphological analysis of nonspherical fly ash
by the optical microscopy.
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Fig. 4. Morphological analysis of spherical fly ash by
the optical microscopy.
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Fig. 5. Scanning electron micrographs of fly ash.
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Fig. 6. Scanning electron micrographs of fly ash: (a) unburned carbon particle, (b) honeycombed structure, (c)
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Table 2. Chemical composition of fly ash from the pulverized coal power plant.

Ash
Type Ash from Ash from Ash from Ash from
Ash NOVA & MPCC Macquarie & MPCC  Drayton & NOVA LCR & Drayton
Component Blending Coal Blending Coal Blending Coal Blending Coal
(%)
SiO, 64.52 62.89 59.09 54.75
ALO; 15.63 16.98 22.03 25.60
Fe,O 5.33 5.71 6.47 6.89
Ca0 217 297 2.86 2.15
MgO 1.02 1.62 1.75 0.58
Na,0O 0.22 0.23 0.24 0.70
K;O 0.19 0.20 0.21 0.55
MnO 0.15 0.15 0.43 -
C 8.11 8.64 7.04 8.40
Table 3. Chemical composition of fly ash from coal combustion in the electric furnace.
Coal
Type
Ash MPCC Alled Drayton NOVA  Macquarie BHP AMCOL  Kideco
Component
(%)
Si0,0 64.45 69.95 64.42 61.61 55.81 63.26 52.23 49.85
ALO, 23.95 20.44 23.48 26.52 24.26 24.53 37.77 26.24
Fe,O, 5.04 4.37 6.24 3.15 5.21 4,52 3.69 9.25
Ca0 0.95 1.12 3.27 1.46 2.72 0.54 0.95 1.91
MgO 0.73 0.93 0.65 0.96 1.15 0.62 0.38 1.32
Na,O 0.23 0.30 0.28 1.07 0.42 0.21 0.89 0.39
KO 1.30 0.97 0.68 1.68 0.58 0.84 0.92 0.73
MnO 0.17 0.15 0.15 0.08 0.08 0.18 0.05 0.18
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Fig. 8. Scanning electron micrographs and energy
dispersion X-ray analysis of fly ash: (a) plerosphere
particle and (b) sphrical particle.
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