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High Temperature Viscosity Measurement of Coal Ash Slags
in Oxidizing Atmosphere
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Abstract —The measurement of the viscosity of coal ash slag as a function of temperature was carried
out using high temperature rotating bob viscometer in an oxidizing (air) atmosphere. A set of 4 coal ashes
was prepared from coals ranging from lignite to bituminous in rank. This provides not only an evaluation
of the suitability of coals for use and a guidance of operating condition but also an understanding of slag-
ging propensity of coal ash slag in coal combustor. The general relationships between coal ash slag viscos-
ity and major parameters such as Base/Acid Ratio, Lignite Factor and Silica Ratio etc. based on coal ash

compositions were also found to describe the slagging propensity of coal ash slag.
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Fig. 1. Overall schematic diagram of the experimental apparatus for viscosity measurement of coal ash slags.
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Fig. 3. Determination of instrument factor for viscos-
ity of coal ash slag.
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Table 1. Proximate and ultimate analyses of coal samples.
Beulah lignite EagleBllme quinspn E}k (.Zreek
subbituminous subbituminous bituminous
Proximate(wt.%)

Moisture 30.0 259 211 0.9
Volatilematter 31.0 329 29.1 302
Fixed carbon 33.0 35.8 41.2 62.8

Ash 6.0 54 8.6 6.1
Ultimate(dry, ash-free, wt.%)

Carbon 48.6 54.0 58.8 86.2

Hydrogen 32 6.3 59 5.2

Nitrogen 0.7 0.6 1.0 1.7

Sulfur 0.7 0.4 0.9 0.7
Oxygen(by diff.) 46.8 38.7 334 6.2
Table 2. Ash and slag compositions of coal samples.
Beulah Eagle Butte Robinson Elk Creek
lignite subbituminous subbituminous bituminous
Component Ash Slag Ash Slag Ash Slag Ash Slag
Si0, 276 213 285 26.1 349 314 56.7 49.0
ALO, 15.8 28.6 15.5 275 15.6 309 30.1 29.4
TiO, 0.7 18.6 08 7.3 0.6 32 1.7 13.0
Fe,0, 10.8 1.7 10.2 45 11.7 10.9 6.7 42
CaO 19.8 201 227 253 16.4 16.8 1.1 0.8
MgO 54 5.0 5.6 55 2.7 25 0.9 1.2
Na,0 55 45 39 35 4.4 4.1 0.5 0.5
K,O 0.1 0.1 0.1 0.2 0.1 0.1 2.0 1.8
SO, 143 0.1 12.7 0.1 13.6 0.1 0.3 0.1
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Table 3. Parameters for analyzing slagging propensity on coal ash samples.

Beulah Eagle Butte Robinson Elk Creek
lignite subbituminous subbituminous bituminous
Base/Acid Ratio* 0.943 0.949 0.691 0.127
Lignite Factor** 2.333 2.774 1.632 0.299
Silica Ratio*** 43.396 42.537 53.120 86.697
*Base/Acid Ratio = (Fe,0, + CaO + MgO + Na,0 + K,0)/ (SiO, + ALO; + TiO,).
**Lignite Factor = (CaO + MgO)/(Fe,0;).
**xSilica Ratio = 100 SiO,/(Si0, + “Fe,0; + Ca0 + Mg0), where “Fe,0; =Fe,0;+ 1.11FeO + 1.43Fe.
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Fig. 4. Viscosity/temperature curves of Beulah lignite
and Robinson subbituminous coal ash slags.
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Fig. 5. Viscosity/temperature curves of Eagle Butte
subbituminous and Elk Creek bituminous coal ash
slags.
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