
      

Manufacturing Commercial Brick
with Fly Ash from Illinois Coals
The overall goal of the brick manufacturing program at the Illinois State Geological 
Survey (ISGS) is to develop commercially fired bricks using Illinois fly ash. Illinois 
produces about three million tons of fly ash each year as a product of bituminous 
coal combustion. This combustion by-product is currently being landfilled. The 
development and marketing of commercial bricks that contain fly ash should benefit 
the Illinois coal industry, utilities, and brick manufacturers by reducing the disposal 
of coal combustion by-products and providing an economical brick ingredient.
 
Although incorporation of fly ash in fired brick has previously been studied world-
wide using various formulations and different fly ash sources, there are no reported 
studies on using Illinois coal fly ash. In the United States, studies have found that 

the fly ash produced from subbituminous and lignite coals is unsuitable 
for making fired bricks. The few studies conducted on incorporating fly 
ash from bituminous coals used a technology that was not adopted by the 
brick industry.

A three-year study has been conducted by the ISGS staff to determine 
the optimal formulation of 
bricks made using coal fly 
ash. The study is funded by 
the Illinois Department of 
Commerce and Community 
Affairs through the Illinois 
Clean Coal Institute (DCCA/
ICCI), with support from 
the University of Illinois at 
Urbana-Champaign, Global 
Clay Marseilles, Richards Brick 
Co., Ameren Central Illinois 
Public Service, and Central 
Illinois Light Company’s 
Edwards Power Plant. 

During the first year of the 
study (2000), laboratory-scale 
tests were conducted, and 
bricks were made with a fly 
ash content ranging from 20 to 

50%. During 2001, the research focused 
on a pilot-plant demonstration. More than 
1,000 test bricks, produced from both dry 
and ponded fly ash, were produced for 
evaluation. The test bricks had shale-rich 
formulations and met ASTM building 
brick specifications. A market survey and 
economic analysis were also completed 
during this time. During the final year 
(2002), bricks were produced in a com-
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Commercial-
scale Runs
After addressing con-
cerns solving problems 
that arose during the 
pilot-scale trials, three 
commercial-scale runs 
were conducted at 
Colonial Brick Company, 
Indiana,. During the first 
run, about 5,000 full-size 
commercial bricks were 
made with 40 vol% fly 
ash (around 38 wt%) (Figures 1, 2, and 3). During the second run, five batches of 
about 2,000 bricks each were made. Batch A was made without fly ash and was used 
for comparison. Batches B, C, and D were made with 20%, 30%, or 40% (vol/vol) 
fly ash addition, respectively. Batch E was with 30% (vol/vol) fly ash of different 
source. The third run was of two batches each with addition of 20% (vol/vol) fly 
ash of two different sources. Approximately 2,000 bricks were made in each batch. 
Approximately 19,000 full commercial-size bricks were made during these three 
runs. The bricks were characterized according to ASTM standards (ASTM C67 and 
C62; Table 2 and Figure 6).
  
The brick samples produced in the pilot-scale and commercial-scale trials 
were distributed to power plants and brick companies. Several power plants 
and brick companies came forward and showed keen interest in adopting 
the developed technology. DCCA published the details of this project on its 
Web page (http://www.commerce.state.il.us/coal/index.html) and also in its 
Year 2002 Annual Report.

Equal opportunity to participate in pro-
grams of the Illinois Department of Natural 
Resources (IDNR) and those funded by 
the U.S. Fish and Wildlife Service and 
other agencies is available to all individu-
als regardless of race, sex, national origin, 
disability, age, religion, or other non-merit 
factors. If you believe you have been dis-
criminated against, contact the funding 
source’s civil rights office and/or the Equal 
Employment Opportunity Officer, IDNR, 
One Natural Resources Way, Springfield, 
Illinois 62702-1271; 217/785-0067; TTY 
217/782-9175.

This information may be provided in an 
alternative format if required. Contact the 
DNR Clearinghouse at 217/782-7498.

Figure 3 Extruded brick made from Illinois fly 
ash, exiting the extruder and ready to move into 
the cutter.

Figure 2 Fly ash bricks exiting the cutter.

Figure 1 Full-size bricks made in commer-
cial scale run.

Figure 7 Engineering properties of pilot-scale and commercial-scale 
bricks.
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mercial facility (Figures 1, 2, and 3). During May 2002, 5,000 bricks were produced 
at Colonial Brick Company using ponded fly ash from the Ameren CIPS Meredosia 
plant. Another commercial test was conducted in August 2002 at the Streator Brick 
Company in northern Illinois. The test bricks have so far met or exceeded commer-
cial specifications. 

Fly Ash Generation
Coal combustion in boilers generates ash as a by-product. The heavy part, called 
bottom ash, remains in the boiler. The lighter ash particles are carried in the flue 
gases and become spherical due to attrition. These particles, called fly ash, are 
captured in an electrostatic precipitator. Per a recent American Coal Ash Association 
report, approximately 71 million tons of fly ash were generated in the United States 
during 2001.

Fly Ash Characterization
The American Society for Testing and 
Materials (ASTM) classifies fly ash as Class 
F or Class C according to ASTM standard 
C618 (Standard Specification for Coal Fly 
Ash and Raw or Calcined Pozzolan for Use 
As a Mineral Admixture in Concrete). Class 
F fly ash is normally produced from burning 
anthracite or bituminous coal and contains 
a minimum of 70 wt% for SiO2, Al2O3, and 
Fe2O3 combined. Class F fly ash has pozzo-
lanic properties. Class C fly ash is normally 
produced from lignite or subbituminous coal 
and contains a minimum of 50 wt% SiO2, 
Al2O3, and Fe2O3 combined. Class C fly ash 
has pozzolanic and some cementitious prop-
erties. The fly ash generated from burning 

Illinois bituminous coal is Class F fly ash.

The content of major metal oxides in Class F fly ash is similar to that of the clay and 
shale used in making fired bricks (Table 1).

Fired Brick Production
The basic process consists of eight main 
steps: (1) mining, (2) crushing and storage, 
(3) pulverizing, (4) screening and mixing, (5) 
forming and cutting, (6) drying, (7) firing, 
and (8) storage and shipping. Coating and 
glazing are optional and are carried out after 
forming and cutting per market demand 
(Figure 4).

The composition of fly ash is comparable with that of clay and shale, and fly ash can 
be substituted for clay and shale to make fired bricks. Because fly ash is fine, pow-
dery, and readily available from power plants, the use of fly ash eliminates the first 
three brick-making steps (mining, crushing and storage, and pulverizing), thereby 
reducing production costs.

ISGS Project: Making Fired Bricks
from Fly Ash Labratory-scale Trials
After studying the benefits of making bricks from fly ash 
and a vigorous literature search, a team at the ISGS started 
working on this DCCA/ICCI-funded project. Samples of 
fly ash, clay, and shale were collected and characterized. 
A laboratory facility at Global Clay Marseilles (now Glen 
Gery Brick) was used to carry out laboratory-scale trials. 
Approximately 750 test bar bricks were made, and the pro-
cess was optimized (ingredients, proportions of additives, 
firing temperatures, etc.). The test bar bricks were made 
with fly ash addition ranging from 20% to 70%, and regular 
test bars were made with no fly ash for comparison. The 
test bar bricks were tested (ASTM C67 test methods) to 
confirm that they met standard specifications for building 
bricks (ASTM C62; Figures 5 and 6). The results were so 
encouraging that the decision was made to proceed with 

scaled-up runs.

Pilot-scale Runs
Based on the optimization in the laboratory, pilot-scale runs were carried out at a 
pilot-plant facility of J.C. Steele & Son, North Carolina. Four pilot-scale tests were 
carried out; about 300 bricks were produced in each test. Fly ash was substituted for 
clay and shale at 40% and 50%. A small-
scale facility that included a mixer, pug 
mill, mold, press, and firing kiln was also 
installed at the ISGS Applied Research 
Laboratory. Approximately 200 mold-
pressed, full-size bricks were made at 
this facility to address concerns regarding 
fly-ash brick manufacture. The full-size 
bricks made at these facilities were char-
acterized per ASTM methods C67 and C62 (Table 2 and Figure 7).

Figure 5 Maximum water absorption prop-
erties of test bar bricks.

Figure 6 Compressive strength of test bar bricks.

40% Fly Ash Brick Compressive Strength, psi

Pilot scale 12,930

Commercial scale 15,770

Table 2 Compressive strength of pilot- and 
commercial-scale bricks containing 40% fly Figure 4 Fired brick manufacturing steps.

Table 1 Chemical composition of fly ash, 
clay, and shale.
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Wt% Fly Ash 1 Fly Ash 2 Clay Shale

SiO2 51.06 51.88 57.69 62.02

Al2O3 18.78 21.05 22.38 16.2

Fe2O3 12.3 10.33 2.4 6.73

SiO2 + Al2O3 + Fe2O3 82.14 83.26 82.47 84.95

CaO 4.54 3.17 0.35 0.51

MgO 1.07 0.99 0.63 1.83

Na2O 0.92 1.41 0.04 0.92

K2O 2.46 2.4 1.64 3.1

S 0.35 0.34 0.67 0.61

Loss on ignition 5.92 6.04 8.13 4.61


