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Abstract 
 

In this study, the solid waste fly ash is aimed to be used in the production of lightweight 

concrete. Fly ash is an industrial waste obtained from the coal generating thermal power 

plant and it is used in the production of additive construction materials.  

 

In Turkey more than 15 million tones of fly ash is produced for year, but only a small 

amount is utilized. The industrial waste fly ashes used in this study came from power 

plant of Iskenderun Sugozu, Cayirhan, Tuncbilek and Seyitomer. Lightweight aggregate 

manufactured from the fly ash and Na-bentonite were used in pelletization process.  

 

 In the lightweight concrete manufactured from fly ash aggregate, slump and density of 

fresh concrete and density, compressive strength and tensile splitting strength of 

hardened concrete were analyzed. In this study, the fly ash aggregates including the 

effect of different power plant fly ashes for lightweight concrete production purposes 

were investigated and the results obtained are quite satisfactory for the related design 

requirements 
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1. INTRODUCTION 
 

The production of artificial lightweight coarse aggregate  using fly ash allows its large-

scale utilization in the construction industry and this is an area that would merit 

attention in many parts of the world, bearing in mind the rapid dwindling of sources of 

natural aggregates. Most of the research work on the performance of lightweight 

aggregate concrete used sintered fly ash aggregate. Factory-made sintered fly ash 

aggregate is available in many countries and has been used in practice (Wasserman and 

Bentur, 1997; AL-Khalat, 1999; Balendran et al, 2002; Kayali et al, 2003). According to 

the statistics reported for years 1987–1989, 415 million tons of fly ash and 147 million 

tons of bottom slag was produced on all over the world. Only 16% of the total was 

utilized in construction sector. The highest volume utilization was cement replacement 

(in production of mortar, concrete, aerated blocks, etc.) with 17.5 million tons covering 

19.4% of total amount utilized. The fly ash utilization as fill material was 16.4 million 

tons (18.1%), as filler material 14.4 million tons (15.9%). One of the lowest utilization 

areas is lightweight aggregate production, with 1.2 million tons covering 1.4% of total 

amount utilized ( GAI Consultants, 1976). The ash content in Turkey lignite’s varies 

between 20% and 40% and in Turkey bituminous varies between 10% and 15%. The 

electrical power generation industry in Turkey is heavily depend on lignite-based 

thermal stations. They produce more than 15 million tones of fly ash but only a small 

amount is utilized (Turhan 1990). 

 

Bentonite is hydrated alumino-silicate clay primarily composed of the smectite class 

mineral montmorillonite. In the production of iron ore concentrate pellets, binders are 

required to improve pellet green strength. The most popular binder for this purpose is 

bentonite clay, which is added at a rate of approximately 0.5 –1.0% by weight of moist 

concentrate (Ripke and Kawatra, 2002). Pelletization is a well-known technique in the 

metallurgical industry but has not been widely used in the construction industry. 

Lightweight aggregate can be produced by nodulizing the fly ash in a pelletizer with a 

proportionate quantity of water and further hardened by adopting sintering, cold 

bonding or autoclaving. When a fine-grained material is moisturized, a thin liquid film 

develops on the surface of each grain. When the moisturized particles contact each other 

bridges are formed at points of contact and bonding forces develop gradually when 

these particles are rotated into balls. Pellets attain strength by mechanical forces, which 

are produced when the balls bump against each other ad against the walls of the 

pelletizer (Baykal and Doven, 2000; Jaroslav and Ruzikova, 1998; Verma et al, 1998). 

The influence of the speed of revolution of pelletizer disc, angle of pelletizer disc, 

moisture content and duration of pelletization has been studied and their interaction 

effects on the strength, water absorption and size growth of fly ash aggregates are 

investigated (Harikrishnan and Ramamurthy, 2006). 

 

The vitrified products proved to be suitable for use as aggregates in Portland cement or 

asphaltic concretes for roadways, as well as for walking or garden tiles and hig h 

temperatures mineral wool insulation (Sakai and Hiraoka 2000). However, vitrification 

appears to be a too expensive process. On the other hand, the possibility of using 

sintered products as concrete aggregates is largely depending on the operating 

conditions adopted for sintering. It is undoubted that the compaction degree of powders, 

the sintering temperature and time, as well as the chemical composition of fly ash can 

significantly affect the type and amount of porosity and, consequently, the specific 

gravity, mechanical strength and heavy metals leachability of sintered products, as well 
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as their chemical stability in aqueous solutions (Mangialardi, 2001). In this regard, 

Wang et al. found that, for one municipal solid waste fly ash collected from a mass 

burning incineration plant located at Taiwan, changes in the compact pressure (14–35 

N/mm2), sintering temperature (1100–1140ºC) and sintering time (10–60min) caused a 
relevant variation of the apparent density, compressive strength, moisture absorption,  

and heavy metals leachability of sintered products (Wang et al, 1998). Based on the 

sintering theory, the main objectives of this research then, were to investigate the 

compressive strength, heavy metals leachability of sintered fly ash and the effects of  

particle size on the process, by using size fractionated municipal solid waste incinerator 

fly ash, sintered at 400–1000°C, for 1–4 h. The results, reported here, should be 

beneficial to the safe treatment and disposal of the ash and should also lead to the 

possibility of the recycling and reuse of municipal solid waste incinerator fly ash (Lin et 

al, 2003). 

 

 

2.EXPERIMENTAL 
 

2.1 Material 

 

Table 1. Chemical composition of Na-bentonite and Ca-bentonite 

 
Components (%) Na-Bentonite Ca-Bentonite 

SiO2 70.2 69.8 

Al2O3 18.0 17.0 

Fe2O3 3.6 3.8 

CaO 2.3 3.3 

MgO 3.4 4.2 

Na2O 1.9 0.8 

K2O 0.6 1.1 

TiO2 0.02 0.03 

 

The fly ashes in this study were provided from Cayirhan (Ankara), Seyitomer 

(Kutahya), Iskenderun Sugözü (Adana) and Tuncbilek (Kutahya) Thermal Power  Plants 

located in the Aegean region of Turkey. All of the fly ash was collected for 2 years. So 

it was better peflected properties of fly ashes. Na-bentonite and Ca-bentonite were used 

as binder in 0.5%, 0.7%, 0.9% and 1.0% by weight of fly ash for pelletization. The 

chemical composition of Na-bentonite and Ca-bentonite are listed in Table 1. 

 

Each of fly ash preliminary dried in an oven at 105ºC and then analyzed for its chemical 

composition and microstructure. The chemical composition was determined by XRF 

technique. The chemical characteristics of fly ashes used, which are listed in Table-2, 

indicate that all of fly ashes conform to class- F as per ASTM C 618 and TS 639. Value 

of calcium oxide of the fly ash Cayırhan (FACH) is higher than value of standard. The 

values of loss of weight, chloride, sulfur trioxide and free calcium oxide of fly ashes 

conform to values of the standard TS EN 196-2, TS EN 196-21 and TS EN 450 (Table 

2). 
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Table 2. Chemical composition of fly ashes 

 
 

Components (%) 
 

FAIS 

 

FACH 

 

FATB 

 

FAST 

 

STAN. 

 

ASTM C 618         (F class) 

SiO2 59.17 50.49 54.16 51.76 - - 

Al2O3 21.51 14.08 24.34 23.29 - - 

Fe2O3 5.77 8.09 9.7 11.83 - - 

SiO2+Al2O3+Fe2O3 86.45 78.65 88.2 86.88 - 70 (min) 

CaO 3.22 10.58 3.09 3.65 -  10 

MgO 1.47 2.39 3.54 3.16 - 5 (max) 

Na2O 0.85 3.56 1.33 1.5 - - 

K2O 1.49 2,04 1.2 2,44 - - 

TiO2 0.92 0,46 0.5 0,61 - - 

Loss of Weight 2.35 0.65 0.91 1.43 5 (max) - 

Cl
-
 0.017 0.024 0.013 0.022 0.1 (max) - 

Free CaO  0.73 0.83 0.13 0.37 1 (max) - 

SO3 0.77 1.57 0.66 1.32 3 (max) - 

 

Also the microstructures of fly ashes were determined by SEM (Figure 1, 2, 3 and 4).  

 

 
Figure 1. SEM micrograph of fly ash Cayirhan (X350) 

 

 
Figure 2. SEM micrograph of fly ash Seyitomer (X350) 

 

 
Figure 3. SEM micrograph of fly ash Iskenderun Sugozu (X350)  
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Figure 4. SEM micrograph of fly ash Tuncbilek (X350) 

 

Fly ash specimens mounted on metal stuns and stupper coated before subjecting to the 

electron beam from Jeol scanning electron microscope. For micrographs, a 

magnification of 350 was used. The microstructure of fly ash Cayirhan (FACH) in 

Figure 1 indicates that the shapes of microstructure in general are big and spherical and 

its cause bigger pores than thin spherical structure. Figure 2 and Figure 4 show the 

micrograph of fly ash Seyitomer (FAST) and fly ash Tuncbilek (FATB), respectively. 

The shapes of microstructures same each other, shapeless, porously and its indicated 

higher water absorption. Figure 3 shows the micrograph of fly ash Iskenderun Sugozu 

(FAIS). The shapes of microstructure in general are thin and spherical and its cause 

smaller pores than bid spherical structure. 

 

2.2 Procedure 

 

2.2.1 Pelletization process  

 

A laboratory-scale pelletizing disc used to produce the fly ash pellets. The diameter of 

the disc is 40 cm, the operation angle (of the disc) is 60º and revolution speed is 25 rpm 

(Figure 5). Before the bentonite was added (0.5%, 0.7%, 0.9% and 1.0% by weight of 

the FACH and 0.7% by weight of the other fly ashes) to the fly ash. Then these were 

mixed together for 5 minutes. A small amount of the material was then added to the 

pelletizing disc, rotating at 25 rpm, to create pellet seeds. The seeds were moistened 

with water mist to retain the moisture content while adding additional material to 

enlarge them into pellets. The pellets were removed from the disc periodically, and 

screened to control the pellet diameter. This procedure was continued until 1–2 kg of 

finished pellets, screened between 8 and 11 mm in diameter were produced for testing.  

The time required for pelletization was approximately 20 min. The finished pellets were 

then immediately dried at 105ºC, and held at this temperature for 20–24 h to ensure that 

they were completely dried before testing to determine the dry crushing strengths.  

 

 
 

Figure 5. Pelletization disc 
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Sintering of the palletized aggregate is done at a temperature of 1000ºC for 1-hour 

duration. Figure 6 show sintered fly ash pellets. 

 

 
Figure 6. Photograph of sintered fly ash 

 

In addition moisture content of pellet was calculated difference from weight fresh pellet 

and dry pellet. Moisture content and average size of pellets are show in Table 3. 

 

Table 3. Moisture and loss of weight of the fly ash pellets 
Fly ash pellet  Moisture (%) Loss of weight (%) 

FACH pellet (%0.5 Na-bentonite) 11.72 0.611 

FACH pellet (%0.7 Na-bentonite) 11.23 0.549 

FACH pellet (%0.9 Na-bentonite) 8.73 0597 

FACH pellet (%1.0 Na-bentonite) 8.84 0.615 

FACH pellet (%0.5 Ca-bentonite) 9.72 0.625 

FACH pellet (%0.7 Ca-bentonite) 11.31 0.702 

FACH pellet (%0.9 Ca-bentonite) 10.07 0.695 

FACH pellet (%1.0 Ca-bentonite) 7.64 0.667 

FAIS pellet (%0.7 Na-bentonite) 12.59 2.319 

FATB pellet (%0.7 Na-bentonite) 25.13 1.239 

FAST pellet (%0.7 Na-bentonite) 21.49 1.286 

 

2.2.2 Test on the pellets  

 

The values reported of the each procedure are average the standard deviation of testing 

10 pelets. During crushing, the pellets are individually crushed between flat parallel 

platens (Ripke and Kawatra, 2000). In the Table 4 show descriptions of the tests used 

for evaluating pellet quality.  

 

Table 4. Descriptions of the tests used for evaluating pellet quality 
Test Procedure Use of data 

Wet- knock Individual freshly made undried pellets were dropped 
repeatedly from a height of 18 in. onto a steel plate. 
The number of drops required for fracture was 
recorded. 

Measures the ability of the wet 
pellets to remain intact during 
handling. 

Wet- crush Individual undried pellets were compressed using 
compression test machine with a crosshead speed of 40 

mm/min. The peak load required.to fracture the wet 
pellet was recorded. 

Measures the ability of the wet 
pellets to retain their shape during 

handling 

Dry- crush Individual pellets dried at 105°C for at least 1 h, were 
compressed using compression test machine. The peak 
load required to fracture the dry pellet was recorded. 

Measures the ability of dried pellets 
to survive handling during the 
firing process.  

 

The sintered pellet crushing strength test; individual pellets sintered at 1000°C 

temperature for at least 1 h, were compressed using compression test machine. The peak 
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load required to fracture the dry pellet was recorded. This is the most critical 

measurement of binder strength and aggregate strength.  

Wet knock, wet crush, dry crush and size of the pellets and sintered pellet crushing 

strength test results are show in the Table 5 and Figure 7. 

 

Table 5. Strength test of the fly ash pellets 
 

Fly ash pellet Size (mm) Wet-

knock 

Wet-crush 

(gr) 

Dry-crush 

(gr) 

Sintered-

strenght 

(N) 

CHFA pellet (0.5% Na-bentonite) 9.87 2.1 293.6 89.4 130.0 

CHFA pellet (0.7% Na-bentonite) 10.71 2.3 223.7 168.0 265.0 

CHFA pellet (0.9% Na-bentonite) 9.49 2.1 180.3 186.0 213.3 

CHFA pellet (1.0% Na-bentonite) 9.62 2.5 223.0 87.7 180.0 

CHFA pellet (0.5% Ca-bentonite) 12.00 1.2 140.2 93.3 123.3 

CHFA pellet (0.7% Ca-bentonite) 11.32 2.2 166.0 90.2 93.3 

CHFA pellet (0.9% Ca-bentonite) 11.76 1.6 169.0 111.7 100.0 

CHFA pellet (1.0% Ca-bentonite) 10.75 1.9 135.8 78.0 120.0 

ISFA pellet (0.7% Na-bentonite) 10.57 1.8 217.4 215.4 403.3 

TBFA pellet (0.7% Na-bentonite) 10.83 2.0 167.9 118.8 26.7 

STFA pellet (0.7% Na-bentonite) 9.46 1.7 162.8 42.5 110.0 
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Figure 7. Effect of bentonite content on crushing strength of sintered aggregates  

 

 

3. RESULTS AND DISCUSSION 

 
A factorially deigned experiment was performed to investigate the strength of the fly 

ash pellets prepared from feeds with different bentonite contents and fly ashes. The 

strength of sintered fly ash pellets is most critical measurement of inorganic binder 

quality. The results in Figure 7 show that, when dosage of Ca-bentonite FACH pellet 

increased the sintered FACH pellet crushing strength decreased from 123.3 N to 93.3 N 

and then increased from 93.9 N to 120 N. There is not big change in the crushing 

strength of fly ash pellets on variation of Ca-bentonite content. Also in the Na-

bentonite-bonded FACH pellets, pellet produced with %0.7 Na-bentonite had highest 

strength from other dosage of Na-bentonite. The microstructure of FAST aggregate is 

shown in Figure 8. Also this structure cause less water absorbent. The microstructure of 

FACH bonded with Na-bentonite and Ca-bentonite, which are showed in Figure 9 and 

10, indicates that microstructure of FACH pellet bonded with Na-bentonite was strict 
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and had fewer the pores from microstructure of other pellet. It causes FACH pellet 

bonded with Na-bentonite was indicated more strength. From this, the binding ability of 

Na-bentonite is better than Ca-bentonite’s. 

 

 
Figure 8. SEM micrograph of fly ash Iskenderun Sugozu pellet (X750) (%0,7 Na 

bentonite) 

 
Figure 9. SEM micrograph of fly ash Cayirhan pellet (X750) (%0,7 Na bentonite) 

 

 
Figure 10. SEM micrograph of fly ash Cayirhan pellet (X750) (%0,7 Ca bentonite) 

 

Table 5. Strength test of the fly ash pellets 

 
Fly ash pellet Size (mm) Wet-

knock 

Wet-crush 

(gr) 

Dry-crush 

(gr) 

Sintered-strenght 

(N) 

CHFA pellet (0.5% Na-bentonite) 9.87 2.1 293.6 89.4 130.0 

CHFA pellet (0.7% Na-bentonite) 10.71 2.3 223.7 168.0 265.0 

CHFA pellet (0.9% Na-bentonite) 9.49 2.1 180.3 186.0 213.3 

CHFA pellet (1.0% Na-bentonite) 9.62 2.5 223.0 87.7 180.0 

CHFA pellet (0.5% Ca-bentonite) 12.00 1.2 140.2 93.3 123.3 

CHFA pellet (0.7% Ca-bentonite) 11.32 2.2 166.0 90.2 93.3 

CHFA pellet (0.9% Ca-bentonite) 11.76 1.6 169.0 111.7 100.0 

CHFA pellet (1.0% Ca-bentonite) 10.75 1.9 135.8 78.0 120.0 

ISFA pellet (0.7% Na-bentonite) 10.57 1.8 217.4 215.4 403.3 

TBFA pellet (0.7% Na-bentonite) 10.83 2.0 167.9 118.8 26.7 

STFA pellet (0.7% Na-bentonite) 9.46 1.7 162.8 42.5 110.0 

The results in the Table 5 shows that sintered FATB had lowest crushing strength. The 

microstructure of this pellet is loose and had bigger the pores. Particles of this fly ash 
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bonded poor. The pores in the core and the shell of the aggregate were interconnected 

resulting in a more water absorbent and low strength aggregate (Figure 11). 

 

 
Figure 11. SEM micrograph of fly ash Tuncbilek pellet (X750) (%0,7 Na bentonite) 

 

 
Figure 12. SEM micrograph of fly ash Seyitomer pellet (X750) (%0,7 Na bentonite) 

 

The microstructure of FAST aggregate appeared to have a loose outer shell with bigger  

porosity as shown in Figure 12. This loose outer shell was probably the reason of the 

more water absorption property and low strength of this aggregate. The results in the 

Table 5 show that sintered FAIS aggregate had highest crushing strength of 403.3 N. To 

obtain a high crushing strength, the microstructure of this aggregate should have been 

owned dense structure and particles of this fly ash bonded side to side.  

 

4. CONCLUSIONS 
 

On the basis of the findings of this study the following conclusions may be drawn: 

 

 In the results of pelletization of CHFA, Na-bentonite became a more effective 

binder than Ca-bentonite. 

 Na-bentonite content of 0.7% by weight is the best binding dosage for 
manufacturing fly ash pellet products. 

 The optimum pelletization period is determined as 20 min The reasons of choosing 

20 min operation time are to provide enough period for agglomeration of larger 

particles with addition of water and powder material.  

 The crushing strength test showed that the FAIS aggregate had the highest strength 
value followed by FACH aggregate FAST aggregate and FATB aggregate, 

respectively. The dense structure and fewer the pores provided a marked 

improvement in the aggregate strength. 

 FATB aggregate had a highly similar outer shell and core with open and 

interconnected pores. In the case of FAIS, however, the pores were non-

interconnected, water free, full of ettringite which fairly explained the less 

absorption of FAIS.  
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