2003 International Ash Utilization Symposium, Center for Applied Energy Research, University of Kentucky, Paper #25. Copyright is held by the Authors.

http://www.flyash.info

Manufacturing Commercial Bricks
with Illinois Coal Fly Ash

A Program Overview
Mei-In (Melissa) Chou'? and Francois Botha®

lllinois State Geological Survey?,

University of Illinois at Urbana-Champaign, Dept. of Natural Resources and
Environmental Science?

and Illinois Clean Coal Institute3

2003 International Coal Ash Utilization Symposium
October 20-24, 2003, Lexington, Kentucky


http://www.flyash.info

Outline

Background Information
Research and Development
— Laboratory-scale tests

— Pilot plant tests
Commercial Production

— Commercial-scale tests
Summary
Recommendations
Acknowledgments



Background Information

e Three million tons of Class F fly ash
generated each year in lllinois

» Majority of this coal combustion by-
product i1s ponded or landfilled

e No high-volume commercial uses Iin
cement-related construction products



Chemical Composition Comparison

Chemical composition of Class F ash is similar to the raw materials of a conventional fired brick

wit% Clay Shale FA-1 FA-2
SiO, 57.10 63.30 53.47 48.96
AlLO, 25.04 16.65 21.10 22.47
Fe,O, 2.33 6.54 10.82 13.34
SiO,+Al,0,+Fe, 0, 84.47 86.49 85.39 84.47
CaO 0.46 0.39 3.28 1.35
MgO 0.53 1.79 1.09 0.83
Na,O 0.02 0.92 1.58 1.50
K,O 1.42 3.14 2.67 2.36
S 0.8 0.2 0.4 0.5

Loss On Ignition 8.84 4.49 2.77 6.64

FA-1 =lllinois Class F, Fly ash-1; FA-2 =lllinois Class F, Fly ash-2



Traditional Fired Brick Manufacturing

Brick Industry Association



Research and Development
ISGS/UIUC Research Project (1999-2001)

Laboratory-scale tests

«Conducted laboratory-scale tests

*Used various Illinois fly ashes

*Produced bricks with inputs of fly ash up to 70 wt%
Performed characterization

*Performed market and preliminary economic analyses

Pilot plant tests
*Performed 300-brick pilot plant tests
Established bench unit tests - resolved various issues
*Produced bricks from pilot plant test with 40 wt% fly ash



Comprassive Strength (osi)

Compressive strength of fired

laboratory-size test bricks

12000 — 1 0_*__“
10000 — 11270 11200 11430 11720
| 79210
8000 —
6610 ™ 7160
6000 — \
4000 — _ |
Compressive strength of regular test brick (50% clay + 50% shale)
2000
0

0% 20% 30% 40% 50% 60% 70%

Fly ash wt %

—=— Fly ash-1 — — - Fly ash-2



Thermal conductivity (at 32°F) of fired

laboratory-size test bricks
with and without 50 wt%o fly ash
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Pilot Plant Tests

Issues

Extrusion
 Low plasticity
* High plasticity
Firing
e Scumming
e Lime pops
 Black cores
* Bloating



Pilot Plant Tests

Successful firing of green brlcks containing 40 wt % fly ash,
produced from a pilot plant test run



Pilot Plant Tests

o SO

Test wall built using fired bricks from pilot plant production



Commercial Production

ISGS/UIUC Commercial Production Project
(2002-2003)

Using a beehive kiln
*Performed 5,000-brick production test

*Performed 10,000-brick production tests
Using a tunnel kiln

*Performed 2,800-brick production tests

Continued market and economic analyses
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Commerual Scale Tests

Regular commercial
bricks with no fly
ash
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Three-hole building bricks with 40 vol% fly ash
- 5,000 bricks per batch fired in a beehive kiln



Commercial-Scale Tests

Ten-hole building bricks with 20 wt% fly ash
- 1,400 bricks per batch fired in a tunnel kiln



Commercial-Scale Tests

Compressive strength and wate r absorption properties of commercial-size test bricks
made with ponded lllinois coal fly ash, Fly ash-2

Pilot plant 3-hole-brick
production test

Commercial-scale 3-hole-brick
production test

Engineering properties ASTM C 62 Fly ash-2 : GCM mix Fly ash-2 : CBC shale : CBC clay
Standard 40 wt% : 60 wt% 40 vol% : 40 vol% : 20 vol%
Specification
Max. water | Cold water #8 6.20 6.50
absorption | 24 hr (%)
Boiling water #17 8.50 9.10
5 hr (%)
Saturation #0.78 0.73 0.71
coefficient
Fired compressive 3,000 12,930 15,770
strength (psi)
ASTM grade SW SW SW

GCM mix = Global Clay Marseilles’ Mix at 60 wt% shale and 40 wt% clay; CBC = Colonial Brick Company;
and SW= severe weather application




Potential Production Cost Saving Estimation:
A Case Study

Based on the current mining and processing costs for the conventional raw
materials, the cost of obtaining fly ash from a nearby available source, and
the production cost of manufacturing fired bricks with 40 wt% fly ash:

«Case I, producing 12 million bricks per year and obtaining
fly ash at $3.25/ton, could realize
an annual production cost savings of $47,650

«Case Il, producing 27million bricks per year and obtaining
fly ash at $5/ton, could realize
an annual production cost savings of $12,891



Summary

Process

*Uses conventional equipment
o|s potentially more energy efficient and less expensive

Product

*Produced with 20 wt% to 40 wt% fly ash from two
lllinois sources
*Properties met or exceeded commercial specifications

Optimization

*Relies on the source and properties of the fly ash and
the operation parameters of a specific brick plant



Recommendations and Further Work

Since guality of the bricks produced with fly ash relies on
the source and properties of the fly ash and the operation

parameters of a specific brick plant, feasibility evaluation
should be conducted on a case-by-case basis.

ISGS/UIUC-developed fly ash brick process is nearly

ready for commercialization at some brick plants. The
ISGS/UIUC will continuously make its facility and expertise
available to assist in advancing the fly ash brick-making
process to commercial status.



An lllinois coal fly ash brick wall on display
at the Chicago Museum of Science and Industry
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Disclaimer Statement

This publication was prepared by the Illinois State Geologic Survey. Neither the Illinois
State Geologic Survey, any of its subcontractors, the Illinois Department of Commerce and
Economic Opportunity, Illinois Clean Coal Institute, nor any person acting on behalf of
either

A. makes any warranty or representation, expressed 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
infringe privately owned rights; or

B. assumes any liabilities with respect to the use of, or damages resulting from the use
of, any information, apparatus, method, or process disclosed in this project.

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring; nor do the views and opinions of authors
expressed herein necessarily state or reflect those of the Illinois Department of Commerce
and Economic Opportunity, the Office of Coal Development, or the Illinois Clean Coal
Institute.

Notice to Publishers: If you borrow information from any part of this project, you must
include a statement about the State of Illinois’ support of the project.
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