
      

Manufacturing Autoclaved Aerated Concrete
with Fly Ash from Illinois Coals
The overall objectives of this project, undertaken at the Illinois State Geological Survey 
(ISGS) with collaboration from the University of Illinois at Urbana-Champaign (UIUC), 
are (1) to determine the suitability of Illinois coal fly ash as a raw material to make auto-
claved aerated concrete (AAC) and (2) to provide technical assistance to corporations 
interested in constructing an AAC production plant in Illinois. Use of this fly ash, a by-
product of coal combustion that is currently ponded or landfilled, as an inexpensive raw 
material to produce AAC commercially can reduce the amount of discarded fly ash and 
provide an added revenue resource to help reduce the cost of burning Illinois coal (Figure 
1). This project is supported in part by grants made possible by the Illinois Department 
of Commerce and Economic Opportunity (IDCEO) through the Illinois Clean Coal 
Institute (ICCI).

Although construction materials made from AAC were introduced to the United States 
15 years ago, AAC, which was first developed in Sweden, has been used throughout 
Europe for the past 70 years and in the Far East and Middle East for about 40 years. The 
ISGS is currently working with Babb International, the leading AAC-producing com-
pany in the United States, to develop a process that uses large amounts of Illinois coal fly 
ash to manufacture AAC products. In this project, Illinois coal fly ash was substituted for 
the ordinary river sand that is the main ingredient of regular AAC products.

The ISGS team, in cooperation with UIUC, has conducted 
preliminary screening tests (data not shown) on nine Illinois 
coal fly ash sources (some dry-processed and some collected in 
ponds) generated at five power plants. Preliminary test results 
showed that the majority of Illinois coal fly ash is suitable for 
use as a raw material for AAC production. Four sources were 
chosen as good candidates for larger-scale tests, now in prog-
ress, to determine the characteristics of the materials that most 
affect the characteristics of AAC. The ISGS-UIUC team 
plans to assess the chemical, physical, and engineering proper-
ties of the products and to perform tests to show that AAC 
products are environmentally safe. Economic analysis and 
technical assistance will be provided to companies interested in 
constructing an AAC production plant in Illinois. 

Fly Ash Generation
Combusting coal in a boiler generates ash as a by-product. The heavier bottom ash par-
ticles remain in the boiler, but the lighter fly ash particles, carried by the flue gases, are 
captured in an electrostatic precipitator. According to a report by the American Coal Ash 
Association, about 71 million tons of fly ash were generated in the United States during 
2001. The major metal oxides, mercury contents, and loss on ignition (a measure of the 
unburned carbon content) of nine Illinois coal fly ash samples are shown in Table 1.
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Compressive Strength
Preliminary tests of nine coal fly ashes indicated that the majority of dry Illinois coal fly 
ashes are suitable for AAC production. AAC blocks produced at the ISGS-UIUC that 
contain 60 to 70 wt% fly ash have compressive strengths that range from 318 to 519 psi, 
which is comparable with the commercially accepted range of 350 to 435 psi (Table 4).
 

Conclusions
Four specific fly ash sources were 
used for pilot-scale tests for the 
next phase of the project. The 
chemical composition, including 
the mercury content, of the raw 
and final products was character-
ized. Leaching experiments using 
simulated acid rain (USEPA 
Method 1320) were conducted on 
the raw material and on the AAC products made from Illinois coal fly ash. The concen-
trations of the eight inorganic elements (arsenic, barium, cadmium, chromium, mercury, 
nickel, selenium, and lead) identified by the USEPA in its toxicity list were analyzed. In 
the preliminary leaching tests, the metal ion concentrations in the autoclaved and non-
autoclaved aerated concrete extracts were much less than limits specified by the USEPA. 
Based on these findings, fly ash may be characterized as an environmentally safe raw 
material that may be used to produce AAC. For 2003–2004, two sources of Illinois fly ash 
are proposed for further production tests at Babb International’s plant in Adel, Georgia.

The ISGS-UIUC team is led by Sheng-Fu J. Chou (ISGS), Principal Investigator. Co-
investigators are M.-I.M. Chou (ISGS) and J.M. Bukowski (UIUC). Francois Botha is 
Project Manager of ICCI, and Daniel Wheeler is Technical Program Coordinator of the 
IDCEO. This research and development project is administrated at ISGS by Robert J. 
Finley, Energy and Earth Resources Center Director; Jonathan H. Goodwin, Assistant to 
the Chief; and William W. Shilts, Chief.
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Table 4  Moisture content, density, and compressive 
strength of AAC blocks produced at the ISGS-UIUC.

Figure 1  A truck dumps a load of 
fly ash as part of an ISGS coal slurry 
reclamation project in Farmersville, 
Illinois. The amount of discarded fly ash 
can be reduced by using it as an inex-
pensive raw material to produce AAC 
commercially.

Dry Fly Ash 
Sample

Moisture (%)
Density 
(lbs/ft3)

Compressive 
Strength (psi)

64%  Cayuga 6.02–9.41 39–41 418–452

64%  Edwards 5.33–8.51 32–38 318–370

64%  Meredosia 7.05–12.68 33–41 382–500

64%  Vermilion 7.68–9.2 36–41 456–519
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Manufacturing AAC
AAC is made by mixing together fly ash, lime, cement, water, and 
aluminum powder. The aluminum powder acts as an expanding 
agent, causing the raw materials to give off gas bubbles that make 
the mixture rise like bread dough and form countless small air 
pockets. This mixture is poured into molds of the desired size and 
shape. Once the mixture has risen and solidified, it is removed 
from the mold, cut to precise dimensions, and cured for 10 to 12 
hours in an autoclave at 375°F under pressurized steam at 175 psi. 
During this process, the ingredients combine to form compounds 
such as calcium silicate hydrate that give the finished product some 
of its special properties. Two representative AAC blocks made 
from 64 wt% of Illinois coal fly ash are shown in Figure 2.

AAC Properties
General Properties
AAC is lightweight yet durable, withstands all climates, has low 
maintenance costs, allows for quick and easy construction, and 
provides an unprecedented fire rating of up to 8 hours for an 
8-inch thick block.

Energy Efficient
The millions of tiny air cells created in the AAC by the manu-
facturing process provide thermal insulation properties that are 
approximately 3 to 6 times greater than the insulation properties 
of conventional dense concrete blocks (Table 2). Figure 3 shows 
how AAC walls maintain a comfortable interior environment 
over a 24-hour period. In these tests, the inside temperature of 
the AAC wall remained at a comfortable 68°F while the out-
side wall temperature fluctuated by 126°F. In addition to saving 
energy through its insulation properties, the manufacture of AAC 
requires less energy than that of other building materials. AAC 
requires two thirds less energy to produce than brick and at least 
half the energy required to produce concrete or porous bricks 
(Hums 1992). 

Environmentally Friendly
AAC is recyclable, inert, nontoxic, and non-polluting. Table 3 shows the concentra-
tions of heavy metals extracted from AAC products that were bathed with synthetic 
acid rain (pH 3) for 24 hours. The concentrations of arsenic, barium, cadmium, 
chromium, nickel, lead, and mercury dissolved by the synthetic acid rain from both 
autoclaved and non-autoclaved aerated concrete were far below the limits allowed by 

the U.S. Environmental Protection Agency (USEPA) for these 
toxic metals.

Excellent Acoustic Barrier
Buildings constructed of AAC can greatly reduce outside envi-
ronmental noise and provide a more peaceful interior for occu-
pants than buildings constructed with standard concrete blocks. 
AAC has an excellent sound reduction capacity due to its unique 
aerated structure, which consists of tiny air cells that are not 
interconnected. AAC meets all building code requirements

Impervious to Pests and Rot
AAC is an inorganic material impervious to rainwater, rot, insects, and other pests. 
Because AAC is a solid, rock-like material, it is impossible for termites and other insects 
to feed on it.

Buildings Constructed with AAC in Illinois and Indiana
A school, a duplex condominium, a few single-family homes (Figure 4), a university 
dormitory, and a hospital have been constructed from AAC material in Cahokia and 
Waterloo, Illinois, and in Indianapolis and Evansville, Indiana. All structures built with 
the AAC materials were well received by the customers, especially the school, which 
appreciated the noise level reduction between classrooms. The AAC buildings are very 
energy efficient due to their high R-value (insulation properties), thermal mass, and 
airtightness.

Table 3 Concentrations of specific elements in a simulated acid rain extract after AAC samples were 
agitated with acidified water for 24 hours.

Figure 4 AAC blocks were used to build a school in Cahokia, a duplex in Waterloo, and this single-family 
house in Evansville, Indiana. (Photos provided by AAC of Mid America, East St. Louis, Illinois.)

Table 2  Thermal conductivity of AAC 
blocks in dry nitrogen based on ASTM 
Method C-177.

Figure 3 Excellent heat insulation proper-
ties of a precast AAC (PAAC) wall over 
24 hours.

Figure 2  AAC blocks produced at the 
ISGS-UIUC with 64 wt% of Edwards and 
Meredosia fly ash.

Table 1 Metal oxides (wt%), 
mercury content (mg/kg), 
and loss on ignition (LOI; 
wt %) of coal dry fly ash samples 
(Wehrhahn 2002).

1Each value is a mean of duplicate analyses. 
2NA, not applicable.

Dry Fly Ash 
Source

SiO2 Al2O3 Fe2O3 TiO2 MnO MgO CaO Na2O K2O P2O5 Cr2O3 Hg LOI 

Meredosia 47.35 26.5 9.18 1.02 <0.05 1.1 4.71 1.26 2.3 0.19 0.02 0.08 5.04

Coffeen     45.83 21.42 6.67 1.23 <0.05 1.3 4.39 2.04 2.8 0.25 0.01 0.03 12.9

Edwards    48.74 25.03 9.71 1.11 <0.05 1 3.05 1.44 2.3 0.17 0.02 0.33 6.24

Vermilion  46.99 24.05 10.69 1.07 0.05 1 4.02 1.35 2.4 0.23 0.03 0.36 6.99

Cayuga      49.18 28.28 9.44 1.21 0.05 1 3.06 0.89 2.5 0.15 0.02 0.03 2.92

Basic 
Requirement 

>45 10–30 <10 NA NA <2 <5 <2 <2 NA NA NA <5

Sample Nominal Temp. (°C) -23 0 32

Sand/Cement 
Quickrete Mix

Tested Temp. (°C) -24 -1 32

Conductivity (W/mK) 0.707 0.647 0.647

Babb 60% Dry Fly 
Ash

Tested Temp. -23 0 30

Conductivity (W/mK) 0.209 0.219 0.223

Meredosia 70% Dry 
Fly Ash

Tested Temp. -23 0 32

Conductivity (W/mK) 0.155 0.162 0.172

Meredosia 64% Dry 
Fly Ash

Tested Temp. -23 0 32

Conductivity (W/mK) 0.171 0.180 0.191

Meredosia 64% Dry 
Fly Ash

Tested Temp. -24 0 32

Conductivity (W/mK) 0.170 0.178 0.189

Edwards 64% Dry 
Fly Ash

Tested Temp. -23 0 32

Conductivity (W/mK) 0.186 0.197 0.213

Edwards 65% Dry 
Fly Ash

Tested Temp. -23 0 32

Conductivity (W/mK) 0.165 0.167 0.173

Vermilion 72% Dry 
Fly Ash

Tested Temp. -24 0 32

Conductivity (W/mK) 0.250 0.196 0.201

Cayuga 72% Dry 
Fly Ash

Tested Temp. -23 0 32

Conductivity (W/mK) 0.127 0.123 0.130

Dry Fly Ash 
Sample Autoclaved

Concentrations of Elements in Extracts (solid to liquid ratio is 1:20) (mg/L)

As B Ba Ca Cd Cr Ni Pb K Na Mg Se Hg

Coffeen     No <0.10 3.57 0.09 170 <0.01 0.38 <0.01 <0.05 134 79.3 <0.01 102 <0.00002

Coffeen    Yes <0.10 4.71 0.028 298 <0.01 0.1 <0.01 <0.05 105 101 0.1 271 <0.00002

Edwards    No <0.10 <0.01 1.31 731 <0.01 0.1 <0.01 <0.05 73 25.1 <0.01 0.4 <0.00002

Edwards   Yes <0.10 2.84 <0.01 129 <0.01 0.1  <001 <0.05 99 72.7 <0.01 131 <0.00002

Meredosia No <0.10 <0.01 1.2 742 <0.01 <0.01 <0.01 <0.05 81 21.9 <0.01 0.4 <0.00002

Meredosia Yes <0.10 3.58 <0.01 113 <0.01 0.1 <0.01 <0.05 92 62.4 <0.01 110 <0.00002

Cayuga No <0.10 0.05 0.906 681 <0.01 0.1 <0.01 <0.05 83 104 <0.01 1.7 <0.00002

Cayuga      Yes <0.10 4.08 <0.001 70.4 <0.01 0.1 <0.01 <0.05 89 113 <0.01 82.5 <0.00002

Vermilion No <0.10 <0.01 0.932 260 <0.01 0.1 <0.01 <0.05 143 85.3 <0.01 2.3 <0.00002

Vermilion Yes <0.10 4.48 0.01 108 <0.01 0.1 <0.01 <0.05 92 124 <0.01 130 <0.00002

Blank  1 None <0.10 <0.01 <0.001 0.24 <0.01 <0.01 <0.01 <0.05 <1.0 0.1 <0.01 17.1 <0.00002

Blank  2 None <0.10 <0.01 <0.01 0.26 <0.01 <0.01 <0.01 <0.05 <1.0 0.1 <0.01 15.1 <0.00002

USEPA Limit None 5 NA 100 NA 1 5 5 5 NA NA NA NA 0.2


