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(Sintering of Coal Ashes Under Fluidized Bed Combustion Condition)
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Abstract

The sintering behaviour of coal ashes was studied to obtain preliminary trend and
prediction as to the level of bed agglomeration in fluidized bed combustion. The roles and
mechanisms of bed materials (sand, CaCQ, ,CaO Un¥ CaSO,) as well as additives (gibbsite
and andalusite) to be used for possible bed agglomeration controlling were investigated. The
chosen sintering atmospheric environment was air (0, ,N,). However, the atmosphere of
fluidized bed combustion contains more of other gases such as CO,, therefore the effect of
gas atmospheres (CO, + N, , CO, ,and N, ) were also examined.

The four sample coals used are low-rank coals from Maerﬁoh seam, Banpu secam,
Chiengmuan seam and Lanna seam. Elemental and mineralogical analyses of the test ashes
were determined by X-ray-Fluorescence Spectrometer {(XRF) and X-ray Diffractometer
(XRD). The compressive strength was used to follow the extent of ash sintering under the
temperature range 800-1056°C. Physical and chemical changes of the sintered products were
ascertained from Scanning Electron Microscope-Energy Dispersive X-ray detector (SEM-
EDX) and XRD.

Results from mineralogical analyses indicated that Maemoh ash and Lanna ash
contain anhydrite (CaSO,) as major phase with quartz ($i0,) being the minor phase.
Chiengmuan ash and Banpu ash show different results , with quartz being the major phase
and anhydrite the minor phase. XRF results are in agreement with the phase compositions
anatyzed by XRD. ‘

Results from sintering test showed a clear difference in the strength-temperature
relationship of the test ashes. This difference was attributed to the role and relative amounts
of clays and anhydrite components that could form the low-melting temperature eutectics.
That is Maemoh ash contains high percentage of both clays and anhydrite giving rise to
highest strength at temperature <1000°C, Banpu ash contains highest amounts of clays but
lowest anhydrite giving rise to highest strength at temperature >1000°C. Lanna ash contains
lowest clays but highest anhydrite, showing lowest strength and was not influenced by

changes in sintering temperature.



At the temperatures higher than 1000°C chemical reaction between the ash
components occurred, resulting in higher strength or lower strength of ash pellets as
compared to that observed at lower temperatures. For Maemoh ash and Chiengmuan ash,
some of the low melting eutectics was removed to form the new high melting crystailine solid
phase which retarded the sintering rate, and hence a reduction in strength. The new crystalline
phases were anorthite (CaAl,Si,0,) and albite (NaAlSi,0,). For Bangpu.ash, chemical
reaction resulted in the formation of more liquid glassy phase, thus giving the continued
increasing pellet strength, For Lanna ash the very low pellet strength and the chemically
unchanged phases indicated that the ash composition was very stable.

From these results, if the bed temperature is at the normal operating temperature of a
fluidized bed combustor, Maemoh ash should pose the highest tendency for bed
agglomeration. However, at higher temperatures (>900°C), Banpu ash should give the
greatest tendency for bed agglomeration. Lanna ash poses no tendency for such problem.

Incorperation each of bed materials and additives into the ashes caused a general
strength reduction (50%) due to the inert dilution effect that prevented the association of
anhydrite and clays to form the low melting eutectics. To comprehend the mechanism of bed
agglomeration more clearly, modified ashes which produced extra amount of glassy
materials, by addition of 15wt% amorphous silica, were prepared and tested. The bed
materials and additives, when sintered with these modified ashes, gave reduction of strength
by varying extents based on three distinct mechanisms namely, a pure inert effect, an
inert/reaction effect and an inert/adsorption effect, with gibbsite being the most effective.

Variation of gaseous atmospheres in the temperature range of 800-1056°C had little
effect on the sintered strength of ash pellets. It is possible that the temperature range studied
is not high enough to induce a significant change on the ash compositions caused by possible

gas-ash component reactions, hence the sinteting behaviour is relatively unaffected.



