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The Magnetic Fraction of Coal Fly Ash:
Its Separation, Properties, and Utilization

M. J. MURTHA and G. BURNET

Ames Laboratory USDOE and Department of Chemical Engineering and Nuclear Engineering
Iowa State University, Ames, lowa 50011

A laboratory-size electromagnetic device has been built to separate the high-iron magnetic fraction from coal fly ash. Fly ash, the _fine
particulate matter produced when pulverized coal is burned, contains an average of 18 wt. percent iron expressed as Fez03 found in a
distinctive fraction of finely divided, dense, largely spheroidal particles of high magnetic susceptibility. Seventy to eighty percent of the iron
in bituminous coal fly ash is found in this fraction which represents about 20 weight percent or 10 volume percent of the fly ash. In this work
the iron-rich fraction has been characterized as to particle size, composition, and density. It appears to have a market potential as a material for
preparation of high-density media used in coal washing and other mineral dressing processes. Dense-media material, which costs about $100
per metric ton, is being utilized in increasingly large quantities as the demand for washed coal expands. The magnetic fraction also appears to
have potential as a source of iron. If further processing can reduce the silica level found in the fraction as it is separated from the ash, pellets
with a composition similar to taconite can be prepared for use as blast furnace feed. Separation and use of this fraction of the coal ash could be
profitable for utility companies and could be the beginning of the utilization of the large amount of ash which now constitutes a waste disposal

problem.
INDEX DESCRIPTORS: Fly ash, magnetite, coal beneficiation.

Coal fly ash, a waste product of combustion, is being produced in
increasing quantities as the use of coal to meet our nation’s energy
needs continually increases. The reduced availability of fuel oil and
natural gas, and the slowed development of nuclear power, have raised
coal consumption to unexpected levels. As the demand for coal in-
creases, lower grade, higher ash content coals are being burned. At the
same time, better ash removal facilities are more effectively removing
ash particles from the combustion gases. Both of these factors tend to
further increase coal ash production. The data for coal consumption and
ash production during this period of reduced oil and natural gas avail-
ability are presented in Figure 1 (1).

Coal ash is collected in two forms, bottom ash which falls from the
flame, and fly ash which is entrained in the combustion™gases and
constitutes about 60 percent of the total. In 1976, over 36 million metric
tons of coal fly ash were produced. There are construction and agricul-
tural applications for fly ash, but about 90 percent of the material is
buried or ponded as waste. Now utility companies are finding ash
disposal more difficult because leachable toxic elements from the ash
can contaminate ground water (2-4).

Chemical analysis shows that coal fly ash contains valuable metal
constituents, the major ones being aluminum and iron. Figure 2 pre-
sents analytical information for fly ash recovered from bituminous
coals mined in the United States (5,6). A typical fly ash will contain
about 18 wt. percent iron oxide and about 20 wt. percent aluminum
oxide.

Table 1. Composition of Fly Ash and Fractions Obtained by Magnetic

Separation®
Chemical Composition, Wt. Percent
Constituent Whole Fly Ash Magnetics® Nonmagnetics®

SiO2 43.1 9.7 48.4
Al203 18.0 5.1 19.7
Fe:0s3 18.8 85.0 6.7
CaO 4.5 0.7 5.3
MgO 0.7 0.8 0.2
TiO2 0.8 0.8 0.3

a Fly ash was collected by mechanical precipitators from a dry bottom type
boiler using coal from western Kentucky and southern IHlinois. This particular
sample was received from the Lakeside Power Plant, Milwaukee, Wisconsin.

b Whole fly ash separated as 15 wt. percent magnetics and 85 wt. percent
nonmagnetics.
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SEPARATION OF FLY ASH FRACTIONS

Our research has shown that the major part of the iron oxide in fly ash
can be separated by taking advantage of its magnetic susceptibility.
Using a low gradient electromagnetic separator, about 70 to 80 percent
of the iron can be extracted from the bulk of the ash, and the aluminum
oxide and silicon oxide contents in the magnetic fraction will each be
about 10 wt. percent or less. To accomplish this separation, the
laboratory-scale moving field electromagnetic device shown in Figure
3(a) was designed and built. Dry fly ash material is fed by a vibrator into
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Figure 1. Coal consumption and ash production by U.S. electric
utilities (1).
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