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Figure 8. Linear elemental distribution and correlation between
aluminum and calcium in the whole sample of fly ash C-1.
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Figure 9. Linear elemental distribution and correlation between
iron and silicon in the whole sample of fly ash C-1.

—100+ 140 mesh. Figure 6 is an X-ray diffraction pattern of
the whole sample of flv ash C-1. The relative intensity of the
mullite peak is less in the whole sample than in the individual
size fraction.
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Electron Microprobe Analysis

The appearance in the X-ray diffraction patterns of possi-
ble aluminum bearing minerals other than mullite js intri-
guing, since their presence could be a clue to the formation of
individual fly ash particles. Calcium aluminates (CazAl,Og and
CayAl,O;) appear as identifiable peaks in the diffraction pat-
terns with a fairly low intensity. In order to verify the pres-
ence of calcium aluminates, a linear elemental distribution
analysis using the electron microprobe provided a method to
detect the correlations of calcium and aluminum as well as
iron and silicon. Figures 8 and 9 are linear elemental distribu-
tions of elemental pairs and show the correlations of these ele-
ments as a function of distance scanned across the sample of
C-1 fly ash. In Figure 8 the indicated aluminum and calcium
traces show correlations at about 72 microns and 200 microns.
Although the correlations indicate the existence of calcium
and aluminum as possible calcium aluminates, the quantities
present are probably not large.

Figure 9 shows the linear elemental distribution of iron and
silicon with no apparent correlation of the two elements. From
the results obtained, it appears that the aluminum can exist
in a crystalline form other than mullite, and indeed possibly
as a calcium aluminate. Iron, however, is still present primar-
ily as hematite and magnetite in its crystalline forms.
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Figure 10. Differential thermal and thermal gravimetric analyses
of the 654100 fraction of fly ash sample C-1.
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Thermal Analysis

The use of thermal gravimetric analysis enabled a more
detailed investigation of the temperaturc ranges resulting in
drying and ignition losses. Figure 10 is a differential thermal
and thermal gravimetric analysis of the =65+ 100 screen size
of fly ash sample C-1. The thermal gravimetric analysis trace
shows a sharp exothermic trace between 150°C and 800°C.
The exothermic reaction taking place is an ignition loss due
primarily to carbon burnoff. Figure 11 shows a differential
thermal and thermal gravimetric analysis of the —200 screen
size of fly ash sample C-1. Moisture losses occur slightly to
about 120°C, with ignition losses appearing from 120°C to
650°C, 650°C to 800°C and between 1020°C and 1080°C.
The ignition loss between 1020°C and 1080°C is a result of
sample fusion. This fusion point assisted in the prediction of
a suitable sintering temperature for studies of aluminum
recovery from fly ash by lime fly ash or similar sintering.
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Figure 11. Differential thermal and thermal gravimetric analyses

of the fly ash sample C-1.

Examination of the differential thermal analysis trace of
Figure 10 shows an exothermic reaction occurring between
150°C and 800°C. Figure 11 shows an initial drifting DTA
baseline frequently arising due to slight inequalities in th=
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sample and AlLO; reference weights. An exothermic carbon
ignition reaction appears to begin at slightly above 400°C
and proceeds mntil interrupted by an endothermic reaction
between 500°C and 575°C. This could be a result of the loss
of lattice water in one of the mineral species present in the
—200 fraction. The sharp dip of the DTA trace after the car-
bon ignition, complete at about 630°C, is another endothermic
reaction. This reaction is difficult to explain, although the
loss of CO, from a carbonate compound not detected by
X-ray diffraction may be the answer.

At temperatures approaching 1020°C in the =200 fraction
of fly ash sample C-1, the DTA trace indicates a possible fu-
sion of material. This may in fact be due to preliminary grain
fusion, which may be indicative of the lower limit on tem-
perature for a possible lime sintering alumina recovery pro-
cess.

Emission Spectroscopy

Emission spectroscopic analysis of the size fractions of
sample C-1 fly ash shows that aluminum is dispersed rela-
tively evenly in all the size fractions, with a slightly higher
concentration in the —140+ 200 fraction. Calcium, iron and
silicon appear to increase in the =200 fraction. The results
indicate that screening separates fractions smaller than =100
+ 140 which have somewhat higher concentrations of alumi-
num, iron, calcium and silicon, and a lower residual carbon
content.

SUMMARY

The analytical techniques employed in this study to pro-
vide the basis for research on iron and aluminum recovery
from fly ash demonstrate what can be done to characteriz>
a given fly ash according to composition and physical prop-
erties. The methods used are standard and call for facilities
and instruments available in many laboratories today. The
results should be useful in determining in what ways and
under what conditions a given flv ash might be treated to ve-
cover the metals present in a usable form,
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