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Abstract. The growing demand for electricity resulted in the construction of many coal fired power 

plants. The increment of the consumption of coal by power plants lead up to production of coal ash. 

Coal ash contains a range of toxic elements that may have negative effects to human and 

environmental health. Fly ash (FA) and bottom ash (BA) are the solid residues and mostly arise 

from coal combustion that being disposed in large quantities every year. The focus of the study is to 

determine the leachability of Self Compacting Concrete (SCC) incorporated with FA and BA by 

using Static Leachate Test (SLT) method. In this study, FA and BA were collected from Kapar 

Energy Ventures Coal Power Plant in Selangor. The characteristics of Ordinary Portland cement 

(OPC), FA and BA were determined by using X-Ray Fluorescent (XRF) technique. The different 

percentages of FA (replace cement) and BA (replace sand) which is 0%, 10%, 20% and 30% were 

incorporated respectively into SCC. Ten reactors were set up for the leachability test for each solid 

specimen by using SLT method. The concentrations of leachate samples were analyzed for selected 

heavy metals content by using Atomic Absorption Spectroscopy (AAS) method.  After 40 days 

conducting the test, the concentrations of selected heavy metals (As, Mn, Cu, Cr, Zn, Ni, Fe and Pb) 

in the synthetic acid rain leachates from the SCC specimens were significantly lower than the limit 

specified by the USEPA and EPAV. Therefore, incorporating of FA and BA up to 30% into SCC is 

potentially feasible.  

Introduction 

Coal has been one of the most important primary energy sources for countries all over the world. 

According to Association of Canadian Industries Recycling Coal Ash (CIRCA), 2010, worldwide 

coal reserves are estimated to be 8 × 1012 tones with annual consumption of 5 × 109 tones among 

which the majority is consumed by electric power utilities. Coal combustion products; 

predominantly consist of FA and BA are typically treated as waste materials and usually disposed 

into secure landfills and ash pond. The general production of coal ash mostly consists of FA and BA 

approximately in the ratio of 80:20 by weight [1]. 

Basically, there are about 10% total weights of the coal burned produces ash [2] with very high 

environmental risk. FA can be recognized as a fine grey powder consisting mostly of spherical in 

shape and their surfaces appeared to be smooth [3]. On the other hand, BA is coarse, with grain 

sizes spanning from fine sand to fine gravel ranging between 10 mm to 0.075mm and typically grey 

to black in color [4, 5].  

At present, the utilization of FA and BA from power stations includes in road construction, brick 

making and the production of cement and concrete. FA is the famous type of cement replacement 

material to replace the certain amount of cement content in the concrete and can be increased the 

workability properties of SCC mix. Reference [6] state the cementitious compound in FA may 

Applied Mechanics and Materials Submitted: 2014-09-15
ISSN: 1662-7482, Vols. 773-774, pp 1261-1265 Revised: 2015-01-18
doi:10.4028/www.scientific.net/AMM.773-774.1261 Accepted: 2015-01-18
© 2015 The Author(s). Published by Trans Tech Publications Ltd, Switzerland. Online: 2015-07-15

This article is an open access article under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0)

https://doi.org/10.4028/www.scientific.net/AMM.773-774.1261


produce when siliceous material reacts with calcium hydroxide at the presence of water at ordinary 

temperature. Meanwhile, many investigations found that the BA has some cementaneous properties 

in which may increase the strength and long-term than concrete with natural sand [7]. 

Even though, the utilization of FA and BA have been practiced in worldwide with positive 

results, but weathering and erosion over time will ultimately cause the heavy metal contents have a 

tendency to leach out and  a diversely would affect human and environmental health. Therefore, this 

research was conducted to determine the leachability of SCC incorporated with fly ash and bottom 

ash by using static leachate test (SLT) method. 

 

Experimental Programs 

 

Materials. FA and BA were collected from Kapar Energy Ventures (KEV) Coal Power Plant in 

Selangor. The XRF test was conducted to determine the chemical content of FA, BA and OPC. FA 

and BA were become part of the SCC mix composition by replacing cement and sand in the 

percentages of 0%, 10%, 20% and 30% respectively. Ten design mix proportions were made, which 

had total binder content of 530 kg/m
3
 to 550 kg/m

3
. The workability of the design mix proportions 

was determined by referring to specification and guidelines for SCC prepared by EFNARC [8].The 

size of specimens used throughout this research was 150 mm
3
 cubes. There were 10 specimens of 

SCC were prepared for conducting the static leachate test. 

Testing of the specimens. Each mixed proportions were tested for their workability of SCC in 

order to classify it at SCC. These tests are the filling ability, passing ability and segregation 

resistance according to BS EN 12350-8, 12, 11 [9] respectively. Curing was then done in 

accordance to BS EN 12390-2 and compressive strength at 28 days were determined from 

compression test in BS EN 12390-3 [10]. 

The static leachate test was conducted to investigate the mechanism of leaching from solidified 

waste forms [18-19].The objective of the test is to study the long-term leaching behavior and to 

determine maximum concentrations of heavy metals leached out from both fly ash and bottom ash. 

Ten reactors were prepared to locate or submerged the SCC specimens (Fig.1) containing 

percentages of 0%, 10%, 20%, 30% FA and BA respectively into synthetic acid rain leachant.  A 

dilute sulphuric acid/nitric acid (60/40 weight percent mixture) was used to prepare the solution 

until the pH was attained 4.2 ± 0.05. The USEPA Regulatory Method 1312 – Synthetic 

Precipitation Leaching Procedure (SPLP) [11] with some modification was used as a reference. The 

leaching of the solidified waste specimen without renewal of leaching solution was collected over 

durations of 4, 8, 12, 16, 20, 24, 28, 32, 36 and 40 days. Then, all the samples were analyzed for the 

concentrations of heavy metals by using Atomic Absorption Spectroscopy (AAS) method. 

 

  

 
 

 

 

 

 

 

 

 
Figure 1: Static Leachate Test 
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Result and Discussions 

Characteristics of the Materials. The chemical compositions of ordinary Portland cement 

(OPC), FA and BA were determined by using X-Ray Fluorescent (XRF) test. A total of 26 chemical 

compounds or elements were detected in FA, BA and OPC. However there were 8 elements 

involved in the analysis of the leachability of SCC incorporated with FA and BA and detectable by 

Atomic Absorption Spectrometry (AAS). These elements are As, Cr, Pb, Zn, Cu, Ni, Mn and Fe. 

Leachability of heavy metals. Ten SCC specimens with different design mix proportion which 

is control specimen, FA10BA0, FA20BA0, FA30BA0, FA0BA10, FA0BA20, FA0BA30, 

FA10BA10, FA20BA20 and FA30BA30 (Fig. 2-11) were analyzed for the concentrations of 

selected heavy metal elements (As, Mn, Cu, Cr, Zn, Ni, Fe and Pb) along the period of 4, 8, 12, 16, 

20, 24, 28, 32, 36 and 40 days by using AAS method. 

 

 

 

 

 

 

 

 

 
     

Figure 2 : Comparison of heavy metal concentrations in SCC    Figure 3: Comparison of heavy metal concentrations in  

         (control) for different leaching periods using SLT        SCC (FA10BA0) for different leaching periods using SLT 

 

 

 
 

 

 

Figure 4: Comparison of heavy metal concentrations in SCC    Figure 5: Comparison of heavy metal concentrations in  

      (FA20BA0) for different leaching periods using SLT      SCC (FA30BA0) for different leaching periods using SLT 

  

 

 

Figure 6: Comparison of heavy metal concentrations in SCC   Figure 7: Comparison of heavy metal concentrations in  

     (FA0BA10) for different leaching periods using SLT         SCC (FA0BA20) for different leaching periods using SLT 
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Figure 8: Comparison of heavy metal concentrations in SCC   Figure 9: Comparison of heavy metal concentrations in  

      (FA0BA30) for different leaching periods using SLT     SCC (FA10BA10) for different leaching periods using SLT 

Figure 10: Comparison of heavy metal concentrations in SCC    Figure 11: Comparison of heavy metal concentrations  

   (FA20BA20) for different leaching periods using SLT   in SCC (FA30BA30) for different leaching periods using SLT 

 

The concentrations of selected heavy metals (As, Mn, Cu, Cr, Zn, Ni, Fe and Pb) in the synthetic 

acid rain leachant collected from the SCC specimens were significantly lower than the limit 

specified by the USEPA (1996) and EPAV (2005) [12-13]. The materials of FA and BA maybe 

bound up in the SCC due to the lack of heavy metals concentration leach from the specimens. The 

concentrations of heavy metals in the leachate was lower than the detection limit is due to the 

solidification/stabilization process that takes place when apply cement binders [14]. Besides that, 

the immobilization of heavy metals is believed to be caused by chemical changes like pozzolonic 

reactions incorporate into a solid matrix during the process of solidification take place [15, 16].  

Conclusions 

The concentration of heavy metals elements such as V, Cr, Ni, Cu, Zn, As, Ba and Pb showed 

that FA contained the highest concentration value compared to OPC and BA. The casting process of 

SCC were involved ten different design mix proportions involved 0% of fly ash and bottom ash 

(control sample), 10%, 20% and 30% of fly ash, 10%, 20% and 30% of bottom ash and 

combination of 10%, 20% and 30% of fly ash and bottom ash. After 40 days conducting the static 

leachate test on ten specimens of SCC, the results obtained from AAS test shows that the 

concentrations of all heavy metal elements detected were significantly lower than the limit specified 

by the USEPA and EPAV.As a conclusion, the utilization of fly ash and bottom ash up to 30 % to 

be incorporated into SCC are potentially feasible and these materials are safe to be implemented as 

a part of the building materials. 
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