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ABSTRACT 

The overall goal of the project is to develop a 70-80 pcf, 2,500-3,000 psi-compressive- 
strength cellular concrete-type product from PCC fly ash, PCC bottom ash, and/or FBC 
spent bed ash alone or in suitable combination thereof. The developed combustion residue- 
based lightweight structural material will be used to replace wooden posts and crib 
members in underground mines. This report outlines the work completed in the first 
quarter of the project. The density gradient centrifbge @GC) has been used to separate a 
power plant fly ash sample into fractions of different density. Each of the fly ash hctions 
obtained by DGC, an aliquot of the unseparated fly ash and an aliquot of a magnetic 
component of the fly ash, were digested in strong acids following the procedures outlined in 
ASTM 3050. Preliminary experiments have also been carried out to study the effect of mix 
proportions and curing regimes on the strength and density on the developed material. 

The DGC separation test reveals that most of the fly ash sample (approx. 90%) has a density 
above 1.9 g/cm3. Indeed, nearly half ofthe sample has a density greater than 2.4 g/cm3. Since 
only a very small amount of this fly ash has a reasonably low specific gravity, it appears unlikely 
at this time that enough low density material would be isolated to significantly enhance light- 
weight concrete production using fiactionated material. 

A series of mixes have been made using fly ash, sodium silicate, cement, sand and water. 
Preliminary tests show that both cement and sodium silicate can be used as the binders to 
develop residues-based lightweight concrete. To date, compressive strength 
1,290 psi have been achieved with a density of 133 pcf, with 50 g of cement, 
ash and 300 g of sand. Most of the work during the first quarter was done to 
the characteristics of the component materials. Tests are now being designed 
the required characteristics during the second quarter. The foaming generator an8’fodn@rl rn 
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EXECUTIVE SUMMARY 

Although the use of fly ash as a cement replacement in concrete provides significant 
economic and technical benefits, the utilization rate of coal fly ash in the U.S. remains less 
than 25 % of the amount produced. Within Illinois, less than 10% of the fly ash is utilized. 
Over the past 10 to 15 years, attempts have been made to develop high-or-medium- 
strength concrete with 15 to 20 % of fly ash. In most cases, only a small volume of fly ash 
(5 % to 10 %) has been utilized. Since fly ash utilization technologies are not well- 
developed, the near term utilization technologies could be high-volume-low-value. One 
such possibility is to replace wooden supports (posts and cribs) in underground mines with 
similar supports made from coal combustion residues (CCR). One of the problems with 
this application concept is that ordinary cement-based products are much heavier (1 40 pcf) 
than wood (25-35 pcf) and, therefore, are not received favorably by the industry. 

The overall goal of this project is to develop combustion residues-based lightweight 
structural materials which can be used to replace wooden posts and crib members in 
underground mines. Among other characteristics, the proposed materials should have: (i) 
structural strength to weight ratio similar or close to that of the wood typically used in the 
mining industry; (ii) appropriate load-deformation characteristics in tension, compression 
and shear to effectively control ground in underground mines; (iii) time-dependent failure 
characteristics (ductility) to provide warning of the failure; (iv) water-repelling properties 
and low permeability; (v) low long-term degradation potential; and (vi) very low swelling 
potential. The material should also meet MSHA specifications for artificial supports. 
Specifically, we propose to develop a 70-80 pcf in density and 2,500 to 3,000 psi 
compressive strength structural material. 

The major tasks for the research include: 1) residues characterization; 2) mix design and 
mixing techniques; 3) geotechnical studies; 4) environmental studies; and 5 )  design plans 
for commercial fabrication and preliminary economic evaluation. The results achieved in 
this quarter are given below: 

FLY ASH CHARACTENSTICS STUDIES 

A number of characterization-related tests have been conducted for the fly ash obtained from a 
power plant. Thus some data has been generated during this quarter. 

To investigate the possibility of fly ash being separated into fiactions of dEering density, an 
aliquot of fly ash was processed by the density gradient centdkgation @GC) technique. For 
separating the fly ash from the power plant, six (6)  density zones were established. These were 
specifk gravities 1.0-1.3, 1.3-1.6, 1.6-1.9, 1.9-2.2,2.2-2.4 and above 2.4. 

Figure 1 reveals that most of the fly ash sample (approx. 90%) has a density above 1.9 g/cm3. 
Indeed, nearly half of the sample has a density greater than 2.4 g/cm3. Since only a very small 
amount of this fly ash has a reasonably low specific gravity, it appears unlikely at this time that 
enough low-density material would be isolated to significantly enhance light-weight concrete 



Figure 1 DGC Separation ofFly Ash 

production. Of course, other fly ash samples may have a completely different density profile 
and it may be possible to isolate low-density materials from them in high yield. 

Each of the fly ash fractions obtained by DGC (an aliquot of the unseparated fly ash and an 
aliquot of a magnetic component of the fly ash) were digested in strong acids following the 
procedures outlined in ASTM 3050. Although complete digestion of the fly ash samples was 
not achieved with the treatment, it was clear that significant portions of the samples had 
dissolved. 

Arrangements have been made to analyze both the fractionated and unfi-actionated sample of 
fly ash using the SEM-EDAX instrument housed in the Geology Department at SIUC. It is 
anticipated that the particle morphology and major element specification will be provided fiom 
this analysis. 

STRUCTURAL MATERIALS DEVELOPMENT STUDIES 

Two sets of experiments have been conducted. One used a powder obtained by blending 
cement and fly-ash in various proportions and the other was based solely on fly-ash 
powder. Mixes were designed to study the effect of mix proportions and curing regimes 
on strength and density. The chemistry of sodium silicate and fly ash, which is rich in 
silica, can be given as: 

2NazSiOs + 4H20 = 2H2SiO3 (silicic acid) + 4Na(OH) (alkali) 
Silicic acid is responsible for consolidation of material. If left alone, it forms a gelatinous 
mass (gel) which ultimately turns to silica dust: 

2H2Si03 + 2H20 = 2 Si(0H)d (gel) = Si02 (dust) + 2HtO 
If silicic acid is formed inside a material that carries OH groups on its surface, dehydration 
takes place between the acid and the material, causing the formation of chemical bonds 
that improve the cohesion of the material. 

Si(OH)., + 4H20 ==> this forms gel between silica particles of jly ash and sand 
and thereby bind the silica particles. 



The materials used in the mix are ordinary portland cement (OPC), fly ash (FA), sand 
(common river sand (S) and commercial uniform sands (CS)), sodium silicate (SS) and 
water. The mixes were cured under one of the following conditions: (i) Air cured (AR) at 
temperature (775;- 79%) and humidity (46%); (ii) Water cured (W); (iii) Oven cured (0) 
at 50°C; or (iv) Autoclaved (AC) at 80 psi for 3 hours. 

Since this was the very first set of experiments, specimens were made in small cylindrical 
molds ( 1.25 in. dia and 1.25 in. height) to reduce waste. Once the preliminary 
experimentation is complete, 3 in. x 6 in. cylindrical molds will be used. 

The mix composition and preliminary experiment results are given in Table 1. 

11/22 

11/18 
12 50 50 300 24.8 11/14 AC 815 124 

DC = date of casting, DT = date of testing and Co = unconfined compressive strength. 

It is evident from Table 1 that both cement and sodium silicate can be used as binders to 
develop residues-based lightweight concrete. Compressive strengths between 100 to 1,290 
psi were obtained under various curing conditions, at ages between 3 hr and 17 days. 



OBJECTIVES 

The overall goal of this research and development project is to replace wooden posts and 
crib members in underground mines with similar light-weight elements manufactured from 
combustion residues. It is anticipated that this will be achieved in three years. This report 
includes the research program for year 1 only. The following objectives will be achieved 
during the first year: 

1) Develop lightweight structural materials derived fiom PCC fly ash, PCC bottom ash, 
FBC fly ash and FBC spent bed residues, with a minimal amount of Portland cement or 
other binders. The proposed materials should have ; among other characteristics,: 
(i) structural strength to weight ratio properties similar or close to that of the wood 
typically used in the mining industry; (ii) appropriate load-deformation characteristics in 
tension, compression and shear to effectively control ground in underground mines; (iii) 
time-dependent deformation characteristics to provide warning to failure; (iv) water- 
repelling properties and low permeability; (v) low long-term degradation potential; (vi) 
very low swelling potential; and (vii) conforms to MSHA specifications for artificial 
supports. - 
2) Perform laboratory tests on the physical and strength properties of developed materials. 
The physical properties will include density, porosity, permeability, durability and swelling 
tests. Mechanical tests (including strength-deformation characteristics in compression, 
flexure and shear during loading and unloading) are included to understand their failure 
behavior. Indirect tensile strength tests, without deformation measurements, will also be 
conducted. These tests will be conducted on materials under dry and soaked wet 
conditions. A limited number of incremental-stress creep experiments will also be 
undertaken on two or three of the final selected materials. 

3)  Perform laboratory tests on the environmental properties of developed materials. The 
objectives of these studies is to assess leachate potential and leachate characteristics of 
materials upon wetting. The materials will be subjected to the Toxic Characteristics 
Leaching Procedure (TCLP) and the ASTM Leaching test procedures. The leachates will 
be analyzed for Resource Conservation and Recovery Act (RCRA) elements as well as 
non-RCRA elements. In addition, two or three selected materials will be subjected to fire 
characteristics tests. 

4) IdentifL additives which will minimize wettability of these materials by water to reduce 
environmental impacts. 

5 )  IdentifL two or three mix designs which are suited for manufacturing lightweight posts 
and crib members for use in mines. 

6) Develop plans for manufacturing and marketing of the support elements and perform an 
economic evaluation of the project. 
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The major tasks for the research include: 1) residues characterization; 2) mix design and 
mixing techniques; 3) geotechnical studies; 4) environmental studies; and 5 )  design plans 
for commercial fabrication and preliminary economic evaluation. 

INTRODUCTION AND BACKGROUND 

Currently, coal fired electric power plants produce in excess of 100 m. tons of coal. 
combustion residues annually. It is anticipated that the adoption of new emission control 
measures will double the amount of solid by-products beyond the year 2000. The 
utilization rate, however, is far lower than the production rate. It is estimated that about 
25% of the fly ash, and 40-50% of the bottom ash and boiler slag, are utilized in a variety 
of applications, while the remaining are disposed primarily in surface facilities near the 
power plant or in landfills. Since landfill space is limited and the cost of disposal is high 
(about $ lO/ton), it is essential to develop commercial uses for the residues. 

In Illinois and its vicinity ( Indiana and, Western Kentucky), about 10 m. tons of fly ash and 
3 m. tons of dry scrubber sludge and FBC residues are produced annually. The amount of 
dry scrubber sludge is expected to increase to about 6 m. tons annually and the FBC 
production is expected to increase to 1.5 m. tons annually. Commercial utilization 
technologies for environmentally sound management of PCC fly ash, wet scrubber sludge 
and FBC residues need to be developed and demonstrated. 

Since utilization technologies are not well-developed, near term solutions could be high 
volume - low value utilization technologies. One such possibility is replacing wooden 
supports (posts and cribs) in underground mines with similar supports made from CCR 
and FBC by-products. The Illinois Coal basin produces 70 million tons of coal from 
underground mining while utilizing about 5 million ft3 of wood. Although concrete has 
been suggested for coal mining supports for several decades, it is not favorably used in 
coal mines because of its higher density and poor failure mode. 

As long as the cost of the residues-based product does not exceed the timber cost, and the 
high volume fly ash concrete meet strength and durability requirements, it is estimated that 
replacing wooden posts and cribs with residues-based products has the potential for using 
about 0.25 x lo6 tons of residues in Illinois Coal Basin mines. Therefore, the proposed 
research concerns developing cost-effective and environmentally-sound lightweight 
structural materials which can be used to fabricate posts and crib members suitable for use 
in mines. 



COMPONENT MATERIAL FLY ASH CHARACTERIZATION STUDIES @r. S. Palmer) 

The physical and chemical characteristics of component materials (fly ash, bottom ash, FBC 
spent bed, cement, sodium silicate and sand) are important in developing a structural material 
with the identified characteristics. During this quarter, studies were initiated on fly ash, cement 
and sodium silicate. More specifically, density gradient centfigation @GC) for fly ash, acid 
digestion of fhctionated fly ash components and TCLP analysis of cement and sodium silicate 
were conducted. Fly ash samples were collected fiom a power plant in the Illinois basin, which 
is centrally located with respect to the mining industry in the basin. 

Densitv Fractionation of Flv Ash 

To investigate the possibility that fly ash could be separated into fractions of differing density 
an aliquot of fly ash was processed by the density gradient centfigation @GC) technique. 
Sice the goal of this project is to make a light-weight concrete, the separation and use of a fly 
ash fi-action with a relatively low specific gravity could enhance the likelihood of success. 

DGC has been used to separate coal materials which usually have a density spread of 1 .O to 1.6 
specific gravity. The density gradient required for this separation can be prepared fiom 
solutions of cesium chloride. However, to separate fly ash, we must use a solution with a 
much higher density capability. Solutions with densities up to 2.89 specific gravity can be 
obtained using sodium polytungstate. 

The technique of DGC involves establishing a density gradient that covers the desired density 
range, loading a hely divided sample of the analyte at the top of the gradient and then spinning 
the whole system in a centfige; this can be done in centrihge tubes or in a bowl 
configuration. During spinning, the density gradient remains intact and the particles of different 
density report to the zone of the density gradient that has the same density as the particle. 
After spinning, the density gradient solution which now contains the suspended particles of 
different density is pumped out into a series of collection tubes. The material in each tube is 
recovered by filtration, weighed and the yield is plotted against density to give the density 
profile of the material. For separating the fly ash, six density zones were established, with 
specific gravities of 1.0-1.3, 1.3-1.6, 1.6-1.9, 1.9-2.2, 2.2-2.4 and above 2.4. The yields of fly 
ash in each fi-action are shown in Figure 1. 

Figure 1 reveals that most of the fly ash sample (approx. 90%) has a density above 1.9 g/cm3. 
Indeed, nearly half of the sample has a density greater than 2.4 g/cm3. Since only a very small 
amount of this fly ash has a reasonably low specific gravity, it appears unlikely at this time that 
enough low density material would be isolated to significantly enhance light-weight concrete 
production. Of course, other fly ash samples may have a completely different density profile 
and it may be possible to isolate low density materials fi-om them in high yield. 

Although this density separation of the fly ash may not significantly affect light-weight concrete 
production, the demonstration that low density materials can be separated presents the 
possibility that these fi-actions may find use in very specialized applications, such as sound 
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proofing and thermal insulating materials. Another possibility is that trace elements may be 
concentrated in one or another density hctions. If this were found to be true, then the 
removal of many of the toxic and leachable elements found in fly ash could be obtained by 
density separation. Since this project is largely concerned with the leachability of such elements 
fiom the concrete products, it was decided to examine this possibility. 

Variation of Trace Elements Concentration with Fly Ash Density 

Each of the fly ash fractions obtained by DGC, an aliquot of the unseparated fly ash and an 
aliquot of a magnetic component of the fly ash were digested in strong acids following the 
procedures outlined in ASTM 3050. Although complete digestion of the fly ash samples was 
not achieved with the treatment it was clear that signiscant portions of the samples had 
dissolved. These digestates were filtered and made up to a standard volume. At this time these 
samples are awaiting analysis by ICP-ES and no trace element data is available yet. However, 
fiom the intensity of the color of the solutions, a variation in trace element concentration with 
density is strongly suggested. 

SEM-EDAX andor X-Ray Dieaction 

Arrangements have been made to analyze both the fractionated and unfiactionated sample of 
fly ash using the SEM-EDAX instrument housed in the Geology Department at SIUC. It is 
anticipated that the particle morphology and major element specification will be provided from 
this analysis, which will help determine how morphology and, perhaps, the sample mineralogy 
vary as a fbnction of density. If SEM-EDAX is inconclusive, then fbrther information 
regarding the mineral phases can be obtained by X-ray dfiaction. This instrument is also 
available in the Department of Geology at SlUC. 

Optical Microscopy 

A sample of the unf?actionated fly ash has been delivered to the coal characterization 
laboratory of Dr. Jack Crelling. The sample will be pelletized and examined under the optical 
microscopes available in the laboratory. Both white light and fluorescence microscopy will be 
used. Depending on the results, a classification system for fly ash particles may be developed. 

Control of Leachate Ouality via Clay Additions 

If these materials are to be accepted for use, the release of toxic trace elements via the leaching 
of concrete containing fly ash has to be controlled. Since certain clays have the ability to act as 
cation exchangers, it has been suggested that the addition of these clays to the concrete mix 
during preparation could trap the toxic elements, and thereby prevent their release. To 
investigate this possibility, a number of different clay samples have been requested fiom a clay 
sample bank. 
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STRUCTURAL MATERIAL DEVELOPMENT STUDIES @R. A. K. Ghosh) 

Introduction and Obiectives 

Wood (timber) was the most important material for support in mine operation until the 
second world war. Steel and concrete have replaced wood to some extent, but, even 
today, a typical mine in USA spends $0.50 per ton of coal mined for timber supports. The 
average cost of timber is about $6 per cu. ft; thus, replacing wooden posts and cribs with 
residues based products has the potential to utilize about 2.5 x lo6 tons of residues in 
USA alone. With this in mind, we started our investigation to develop a fly-ash-rich 
composite with the potential for totally replace wood in mine posts and cribs. Thus, the 
goal of the project is to use PCC fly-ash, PCC bottom ash, FBC fly-ash and FBC spent 
bed ash alone or in suitable combination thereof to develop a 70-80 pcf, 2500-3000 psi 
compressive strength cellular concrete product having a specific strength (strengthhpecific 
gravity) as that of wood ( i.e. around 0.021 in-’). 

Pertinent Literature Review 

Fly-ash (FA) is a condensation product from droplets of molten coal ash, and is therefore 
mostly spheroidal, with individual particles ranging from less than lpm to greater than 1 
mm. Fineness is the single most important physical attribute which influences the property 
of the fly ash-cement concrete. Particle size and surface area play a dominant role in 
determining the relative rates of reactivity. Fly ash reactivity is greatly influenced by the 
curing temperature and the fineness of fly-ash. Also, fly-ash particles smaller than 10 pm 
have a positive influence on the early strength development rates of Portland cement-fly 
ash mixtures. 

The hydration of fly ash in the presence of portland cement (OPC) involves a three-stage 
reaction. Immediately after mixing with water, reaction rims of impermeable coatings 
surround the fly ash particles. No hrther reactions occur until alkali or calcium hydroxide 
and sulfates ions in sufficient concentration are available in the solution phase. Thus, 
during the second stage, it is primarily the hydroxide ions which activate the hydration of 
glasses in fly-ash. The third phase, which is the main reaction, involves fly ash hydration is 
the slow pozzolanic reaction, which continues to consume calcium hydroxide and form 
calcium silicate hydrates as long as calcium and hydroxyl ions are available. 

Condensed silica h m e  (SF), which, typically, has extremely fine particle size in 
comparison with the average particles in slag or fly-ash, begins to contribute to the 
strength of portland cement mortar or concrete after 1-day curing, whereas slag take more 
than 3 days, and fly ash residues between 7 and 14 days[l]. With the hydrated cement 
pastes containing slag or fly ash, the main characteristics of the micro-structure of cement 
pastes containing 30% condensed silica h m e  are a dense structure free from large pores 

[ 11 Mehta, P.K., “Pozzolanic and Cementitious By-products as Mineral admixtures for concrete - A 
Critical review,” ACI, SP-79, 1983, pp. 1-46 
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the absence of crystalline calcium hydroxide. Mehta [2] determined pore size distribution 
for various blended cement pastes at a given W/C and hydration ages 7, 28, 90 of days. 
The threshold pore diameter (the minimum pore diameter in a solid at which a continuous 
pore system exists) decreased with silica &me addition, even after 7 days of hydration. 
After 90 days, the threshold diameters decreased in the order: 

OPC > OPC + FA > OPC + FA + SF > OPC + SF 

A close relationship exists between the threshold diameter and the permeability in 
hardened cement pastes. Sellervold [3] confirmed that, at a constant W/C, increasing the 
content of silica fbme in concrete leads to the refinement of the pore structure. Feldman 
[4] showed that a relatively discontinuous system of fine pores exists in hydrated cement 
pastes containing silica fbme. Kumar and Roy [ 5 ]  have determined the cumulative pore 
size distributions as given in Table 1 in pastes containing blends of cement made with 
increasing fly-ash and silica fume contents. 

A TCLP run on Portland cement has indicated the presence of chromium and cadmium, 
with an intensity higher than the permissible limits. Thus, efforts are also underway to 
develop a mix design without cement. 

Instead of Portland cement, the alkali activation of slag by using sodium or potassium 
hydroxide , carbonate, sulfate and silicate has been intensely investigated. In Finland, an 
activator was developed which consisted of a mixture of NaOH, Na2C03 and a water- 
reducing admixture ( a ligno sulphonate). Anderson [6]  tested both normally-cured (room 
temp curing ) and steam-cured (up to 80°C) mortars containing slag, a fine aggregate and 
water in the ratio of 1:3:0.43 by wt. The amount of activator was varied between 3% and 
11% by wt. of cement, and air curing rather than moist curing was used. At room 
temperature, with -530m2/kg slag, compressive strengths up to 55 MPa (7977 psi) at 28 
days were obtained with 6% sodium silicate addition. With steam curing, 56 MPa (8121 
psi) was achieved in 8 hrs, only with a 11% sodium silicate activator. In general, the 
higher the amount of alkali activator, the higher the compressive strength was. 

[2] Mehta, P.K., and Gjorv, O.E.,”Properties of Portland Cement Concrete Containing Fly Ash and 
Condensed Silica Fume”, bid., Vol. 12, 1982, pp.587-593 

[3] Sellevold, E., and Nilson, T.,”Condensed Silica Fume in Concrete - A World Review”, Chapter 3 of 
Ref. No. 5, 1987, pp.167-243. 

[4] Feldman, R.F.,”Pore Structure Damage in Blended Cements Caused by Mercury Intrusion”, J. Amer. 
Ceram. Soc., Vol. 62, No. 1, 1984, p.30. 

[5] Kumar A., and Roy, D.M.,”Pore Structure and Ionic Diffusion in Admixture Blended Portland 
Cement Systems.” Proc. 8th Intl. Congr. Chem. Cement, Brazil, V.V., 73-79, 1986b. 

[6] Anderson, R., and Gram, H.,”Properties of Alkali Activated Slag Cement”, Nordic Concrete Res., 
Publ. No.6, 1987, pp.7-18 
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Experimental and Analvtical Procedures 

The objective in designing experimental mixes at this stage is to acquire a density (around 
135 pcf) and a compressive strength of about 4000 psi. Stable micro voids will be 
injected into the mass through a compatible foaming agent, resulting in the required 
density and strength. Studies show that with the generation of foam in a mix, compressive 
strength decreases by about 15-20%, with a decrease of density of about 30-40%. 

Two (2) sets of experiments are carried out. One uses a powder obtained by blending 
Cement and fly ash in various proportions, and the other one is based solely on fly ash 
powder. Mixes are designed to study the effect of -mix proportions and curing regimes on 
strength and density. 

The samples were cured using one of the following regimes: (i) air cured (AR) at 
temperature (77°F- 79'F) and humidity (46%) which is the prevailing room environment 
where curing is done; (ii) water cured (WC) or completely immersed in water; (iii) oven 
cured (0) at 50°C as a first trial; and (iv) autoclaved (AC) at 80 psi for 3 hours. Various 
duration will be checked in the next quarter. 

Since this is very first set of experiments, specimens are made in small cylindrical moulds ( 
1.25 in. dia and 1.25 in. height) to reduce waste. Once a preliminary set of 
experimentation is over, 3 in. x 6 in. cylindrical moulds will be used. 

The chemistry of sodium silicate and fly ash, which is rich in silica, can be given as: 

2NazSiO3 + 4H20 = 2H2Si03 (silicic acid) + 4Na(OH) alkali 

Silicic acid is responsible for consolidation of material. If left alone, it forms a gelatinous 
mass (gel) which ultimately turns to silica dust. 

2HzSiO3 + 2H20 = 2 Si(OH)4 gel = Si02 dust + 2HzO 

If silicic acid is formed inside a material that carries OH groups on its surface, dehydration 
takes place between the acid and the material causing the formation of chemical bonds that 
improves the cohesion of the material 

+ 4H20 ==> this forms gel between silica particles and 
thereby bin& the silica particles. 

Results and Discussion 

Material: 
Ordinary Portland cement (OPC) : Figure 2 gives the particle size distribution 
of the cement used. 
Fly ash (FA) : Figure 3 gives the particle size distribution of FA. 
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Figure 2 Particle size distribution of cement 
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Figure 3 Particle size distribution of fly ash 
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Proposed size dlstrlbutlon of sand (ASTY 33) 

Figure 4 Proposed size distribution of sand (ASTM 33) 

Sand : Common river sand (S) as well as commercial uniform sands (CS) are 
used. Common river sand is sieved through sieves (ASTM Nos. 4, 8,18, 30, 50,100) and 
the graded sands are used in different proportions (Figure 4). 

Sodium Silicate ‘(SS): It is one of the cheapest commercial binder (liquid). 
Experiments are carried out using a sodium silicate having specific gravity of 1.37. 

Water (w) : It is used for cement hydration. 

The following remarks are based the results given in Table 1 : 
(i) The higher the ratio of SS/FA, the less the strength is; 
(ii) When SS is used as the binder, water curing can not be recommended; 
(iii) The bigger size of sand has a worse effect on strength, which contrary to 

popular belief. This may be because of the smaller size of the mold used; thus more tests 
are recommended using bigger sized molds; and 

(iv) From the preliminary results, it can be said that both sodium silicate in fly ash 
and fly ash-cement in water have potential. More tests are needed to develop definite 
conclusions. 

Plans for next quarter: The following activities will be carried out in the next quarter: 

(i) It is well-known that the fineness modulus of aggregate in a concrete mix 
dictates, to a great extent, the compressive strength that can be achieved. On the basis of 
ASTM 33 recommendation , a mix is designed as given in Figure 4. The mix has a fineness 
modulus of 2.97. Two other mixes are designed to have fineness modulus as 2.85 and 
2.63; 
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(ii) More tests will be carried out using common river sand as it is the cheapest 

(iii) Various ratios of fly ash and cement will be tried out; 
(iv) The effect of CaC12 as strength accelerator will be checked; 
(v) The effect of curing in Autoclave for various duration on strength will be seen; 
(vi) Petrography on samples will be run, and an effort will be made to relate 

strength with the petrographic images. This may add to the understanding of strength 
prediction. 

(vii) To achieve lightness and ductility foaming agent, fiber and some compatible 
latex will be incorporated into the mix and their effects will be studied on the over all 
behavior of the material developed. 

grade of sand that is available; 

CONCLUSIONS AND RECOMMENDATIONS 

During this quarter, a number of characterization-related tests have been conducted for the 
tested fly ash, and some data have been generated. It has been found from DGC that most of 
the fly ash sample (approx. 90%) has a density above 1.9 gkm3, and nearly half of the sample 
has a density greater than 2.4 g/cm’. Approximately 10% of the sample has a specific gravity 
less than 1.75. Although this density separation of the fly ash may not significantly affect light- 
weight concrete production, the demonstration that low-density materials can be separated 
presents the possibility that these fractions may find use in very specialized applications, such as 
sound proofing and thermal insulating materials. 

A series of mixes has been made using fly ash, sodium silicate, cement, sands and water. 
Preliminary tests show that both cement and sodium silicate can be used as the binders to 
develop residues-based lightweight concrete. The compressive strengths at ages of 3 hr to 
17 days were obtained between 100 to 1,290 psi. 

Materials characterization studies will be continued in two aspects related with 
environmental concerns. Arrangements have been made to analyze both the fractionated 
and unfiactionated samples of fly ash using SEM-EDAX and /or X-ray difiaction. Optical 
microscopy will be used to determine the mineralogical and microstructural effects of fly 
ash and suitable binders. 

More mix designs are being planned with various ratios of fly ash and cement. Foaming 
agent, fibers and compatible latex will be incorporated to achieve the proposed 
lightweight and strength requirements. The developed materials will be tested for 
geomechanical properties, including unconfined compressive strength, indirect tensile 
strength, flexural strength, porosity, density and swelling. 



11 .' 
i 

DISCLAIMER STATEMENT 

This report was prepared by Yoginder P. Chugh of Southern Illinois University at Carbondale with 
support, impart by grants made possible by the U. S. Department of Energy Cooperative Agreement 
Number DE-FC22-92PC92521 and the Illinois Department of Energy through the Illinois Coal 
Development Board, Illinois Clean Coal Institute. Neither Yoginder P. Chugh of Southern Illinois 
University at Carbondale nor any of its subcontractors nor the U. S. Department of Energy, Illinois 
Department of Energy & Natural Resources, Illinois Coal Development Board, Illinois Clean Coal 
Institute, nor any person acting on behalf of either: 

(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 
infringe privately-owned rights; or 

(I3) 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 commercial 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. 


