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ABSTRACT 

Fly ash is produced by a l l  coal-fired utilities, and it must be removed from the plant 
exhaust gases, collected, and disposed of. While much work has been done in the past to 
utilize fly ash rather than disposing of it, we nevertheless do not find widespread examples 
of successful industrial utilization. This is because past work has tended to find uses only 
for high-quality, easily-utilized fly ashes, which account for less than 25% of the fly ash 
that is produced. The main factor which makes fly ashes unusable is a high unburned 
carbon content. In this project, physical separation technologies are being used to remove 
this carbon, and to convert these unusable fly ashes into usable products. The main 
application being studied for the processed fly ash is as a binder for inorganic materials, 
such as iron-ore pellets. 

The project began in the current quarter. Work has concentrated on obtaining samples of 
all of the materials to be used (fly ash, and magnetite ore). Also, several batches of 
magnetite pellets were made in the research laboratories of a commercial producer of iron- 
ore pellets, using conventional binders. These pellets were then tested to provide a 
baseline for comparison with the future work to be done with fly-ash as a binder. A 
laboratory-scale pelletizing drum was also provided by the iron ore pellet producer, which 
was transported to the MTU research labs so that test pellets could be made on-site. 
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EXECUTIVE SUMMARY 

All coal-fired power plants produce a great deal of ultrafine particulates in the form of “fly 
ash” as a residue of coal combustion. The fly ash is suspended in the exhaust gases, and 
since the particles have a mean size of less than 30 micrometers, they would present a 
serious dust problem if they were released. The fly ash is removed from plant exhaust 
gases by electrostatic precipitation or similar processes, but once the fly ash has been 
recovered, it must be dealt with in some way. 

While much work has been done in the past to utilize fly ashes in applications such as 
cement manufacture, only a small fraction of the fly ash produced is actually used 
industrially. This is because most fly ashes in their raw state contain impurities such as 
unburned carbon, which make them unusable for the applications that have been 
developed for this material in the past. The majority of the fly ash produced must 
therefore st i l l  be landfilled. 

In this project, a Merent approach from past research is being taken. Instead of searching 
for markets that can be adapted to take raw fly ash (and will therefore have strict quality 
requirements on the fly ash that can be used), methods are being developed for treating 
currently unusable fly ashes to convert them into a useful product. 

The goal of this project is to convert fly ashes into a material that can be used as a binder 
for inorganic powders. Such a binder will be useful for several high-volume markets, such 
as production of iron ore pellets for blast-furnace feed. The conversion will be 
accomplished by first treating the fly ash by physical separation techniques to remove 
unburned carbon and coarse particles, which are the components that make the majority of 
fly ashes unusable. The separation will be accomplished by a combination of cyclone 
separation and froth flotation. Following separation, the fly ash will be used both alone 
and in combination with other low-cost materials as a binder for iron ore pellets. 

The project began in the current quarter. We are currently in the process of obtaining 
samples of several different types of fly ash (selected based on their calcium and 
magnesium oxide contents) from Illinois power plants for use in the project. Initial 
testwork was conducted in the research laboratories of a commercial producer of iron ore 
pellets. In these tests, several batches of pellets were produced using conventional 
Bentonite binder, and these pellets were tested by compression and by “wet-knock” 
(repeated dropping from a fixed height until failure) to determine their strength. This 
provides a baseline for comparison of the fly ash based binder with conventional binders. 
A laboratory-scale pelletizing drum was provided by the iron ore pellet producer, for use 
in the Michigan Tech research laboratories. This testwork and equipment was provided by 
the company as a portion o f  their cost-share for the research 
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OBJECTIVES 

The objective of this project is to convert fly ashes that are currently unusable into a 
marketable form, particularly into a binder for inorganic powders such as iron ore 
concentrate. The tasks which are scheduled to accomplish this in the cment year are: 

1. 

2. 

3. 

Sample collection and characterization, which will entail collection of samples of fly 
ash from a number of Illinois power plants, and characterization of these samples by 
both physical and chemical analysis; 

Carbon removal experiments, which will use froth flotation and cyclone separation 
to remove unburned carbon and other contaminants that interfere with the utilization 
of fly ash; and 

Agglomeration experiments, where the fly ash will be used as a binder component 
for production of iron ore pellets, and the properties of the pellets produced will be 
measured to determine how their quality compares with pellets produced using 
conventional binders. 

INTRODUCTION AND BACKGROUND 

All coal-fired power plants produce a great deal of ultrafine particulates in the form of “fly 
ash” as a residue of coal combustion. The fly ash is suspended in the exhaust gases, and 
since the particles have a mean size of less than 30 micrometers, they would present a 
serious dust problem if they were released. The fly ash is removed from plant exhaust 
gases by electrostatic precipitation or similar processes, but once the fly ash has been 
recovered, it must be dealt with in some way. Handling and disposal of this fly ash is a 
significant problem, and is one of the factors that tends to drive utilities to switch to fuels 
other than coal. 

While much work has been done in the past to utilize fly ashes in applications such as 
cement manufacture, only a small fraction of the fly ash produced is actually used 
industrially. This is because most fly ashes in their raw state contain impurities such as 
unburned carbon, which make them unusable for the applications that have been 
developed for this material in the past. The majority of the fly ash produced must 
therefore still be landfilled. 

In this project, a different approach from past research is being taken. Instead of searching 
for markets that can be adapted to take raw fly ash (and will therefore have strict quality 
requirements on the fly ash that can be used), methods are being developed for treating 
currently unusable fly ashes to convert them into a useful product. The application being 
studied initially is the use .of fly ash as a binder for iron ore concentrate during the 
production of iron ore pellets. Successful use of treated fly ash for this application will 
lead to use of the fly ash based binder for other numerous other applications, such as sand 
molds in foundries. 

EXPERTMENTAL PROCEDURES 

For pelletizing experiments, the following procedure is used: 



2 

1. Finely ground iron ore concentrate (magnetite) is mixed thoroughly with the binder 
and with 8-10% water by weight. After mixing, a screen is used to break up any 

Pellets are formed in a pelletizing drum, rotating at 25 rpm. A small amount of 
material is added first to create pellet “seeds”, and these are then moistened by a 
water spray while additional material is added to cause the seeds to grow into full- 
sized pellets. The pellets are removed from the drum periodically and screened to 
control the size, 

lumps. 

2. 

3. The finished pellets are screened to between 1/2 inch and 7/16 inch for impact and 
crushing strength testing. Impact testing (“wet-knock”) is carried out by repeatedly 
dropping pellets individually from a height of 18 inches onto a steel plate until they 
fracture, and recording the number of drops for fracture. Crushing strength is 
determined by gradually increasing the load on a pellet, and recording the force 
needed to fracture the pellet. Impact testing is conducted only on fresh, wet pellets, 
while crushing strength is determined on both wet pellets and on pellets that have 
been dried at 105°C. Twenty pellets are used in each test, to ensure that the results 
are statistically valid. 

RESULTS AND DISCUSSION 

In tests at the Cleveland Cliffs Iron Co. research laboratories, three batches of iron-ore 
pellets were produced using Bentonite clay as binder. These tests provide a baseline for 
comparison with pellets which will be produced later using fly ash based binders. Each 
batch was run by a different operator, to determine the normal inter-operator variation. A 
summary of the results are given in Table 1 : 

Table 1: Test results for iron ore pellets produced using Bentonite binder. 
Each value given is the average of the values measured for 20 
individual pellets, and the +/- values are one standard deviation. 

Wet-Knock Crushing force, Crushing force, 
(no. of drops) pounds (wet) pounds (dry) 

Batch No’ 

1 6.3 +/- 1.3 2.69 +/- 0.26 5.87 +/- 0.89 

12 I 6.0 +/- 1.3 I 2.44 +/- 0.37 I 5.56 +/- 1.10 I 
I 5.9 +/- 0.9 I 2.73 +/- 0.29 I 6.15 +/- 1.07 I 

CONCLUSIONS AND RECOMMENDATIONS 

Baseline results for pellet production using conventional binders have been obtained, and 
will be used to determine when the fly-ash based binders are producing satisfactory 
results. 

Samples of fly ash are being obtained from the Central Illinois Light Co., which will be 
analyzed by chemical analysis, size analysis, and X-ray diffraction. After 
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characterization, these fly ashes will be used in the carbon-removal and pellet-production 
work to be conducted in the next phases of the project. Additional fly-ashes will also be 
obtained which have different compositions. 

DISCLAIMER STATEMENTS 

This report was prepared by S. K. Kawatra of Michigan Technological University with 
support, in part, by grants made possible by the U. S. Department of Energy Cooperative 
Agreement Number DE-FC22-92x92521 and the Illinois Department of Energy through 
the Illinois Coal Development Board and the Illinois Clean Coal Institute. Neither S. K. 
Kawatra, Michigan Technological University, nor any of its subcontractors, nor the U. S. 
Department of Energy & Natural Resources, Illinois Coal Development Board, Illinois 
Clean Coal Institute, nor any person acting on behalf of eitheq 

(A) Makes any warranty of representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report, or 
that the use of any information, apparatus, method, or process disclosed in this report 
may not infiinge privately-owned rights; or 

(€3) Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of, any information, apparatus, method, or process disclosed in this report. 

Reference herein to any specific commpercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the U. S. Department of 
Energy. The views and opinions of authors expressed herein do not necessarily state 
or reflect those of the U. S. Department of Energy. 

Notice to Journalists and Publishers: If you borrow information from any part of 
this report, you must include a statement about the DOE and Illinois cost-sharing 
support of the project. 
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COMMENTS 

The project began in the current quarter. Work is proceeding on schedule. 


