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ABSTRACT: The liners play an important role in controlling migration of contaminant present in the leachate in waste 

containment system such as landfills. Compacted clay liners are widely used because of their low permeability and large 

attenuation capacity. Now a day the lack of availability of natural clay with satisfactory engineering properties resulted to 

look for an alternative material for liner. Commercial clay such as bentonite is commonly used for liner material. Fly ash 

is an industrial waste produced from thermal power plant and disposal of this material is a serious problem. Present study 

is carried out to evaluate the capability of laterite-fly ash-bentonite liner to attenuate contaminant in municipal solid waste 

leachate. Laterite soil for the present study is collected from NIT Calicut campus. A series of laboratory tests were 

conducted to investigate the combined effect of fly ash and bentonite added at different percentage of lateritic soil as 

landfill liner. Suitable laterite - fly ash - bentonite mixes satisfying liner criteria were identified and batch adsorption tests 

are performed on this mixes with hexavalent chromium as model contaminant. 78% removal efficiency was achieved for 

laterite soil mixed with 30% fly ash and 5% bentonite. 
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1 INTRODUCTION 

With increasing economic growth and rapid 

urbanization of developing country like India, 

the amount of municipal solid waste generated 

increases rapidly and their safe disposal is an 

environmental challenge. Different treatment 

processes can be used such as incineration, 

disinfection and landfilling. Landfill is the 

more attractive due to its less investment, if a 

suitable disposal area can be found. An 

important component of a landfill is a layer of 

compacted, low permeability soil that is 

intended to act as a hydraulic barrier and 

prevent the leachate from contaminating the 

ground water. Many experimental and 

analytical studies have been reported regarding 

utilization and application of laterite, fly ash 

and bentonite as liner material and adsorption 

studies on soil with various admixtures 

(Hettiaratchi et al., 1999; Heike B. Bradl., 

2004; Bellir et al., 2005; Chalermyanont et al., 

2008; Sayeed Mohammed and  Maya Naik, 

2009;  Agapitus et al., 2010; Sree Dhanya et al., 

2010; Agapitus et al., 2012; Amadi et al., 2013; 

Geetha Varma et al., 2013; Satyanarayana et 

al., 2013; Shankara et al., 2014). Most of these 

studies mainly focused on the suitability of 

laterite, fly ash, bentonite and their 

combinations as a low permeability barrier in 

engineering landfill. But not much study has 

been conducted on their capabilities for 

attenuation and retention of contaminant in the 

leachate. This study is to verify the efficacy of 

fly ash stabilization in enhancing compatibility 

between lateritic soil and solid waste leachate. 

It will give the feasibility of using fly ash-

bentonite-soil mix for attenuation and retention 

of contaminants in the leachate using 

hexavalent Chromium as the model 

contaminant. 

2 MATERIALS USED FOR THE STUDY 

2.1 Laterite soil  

The laterite soil used in the study was 

locally available soil. The basic Properties 
of laterite are given in Table 1.  
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Table1. Basic properties of Laterite 

 Sl. No Properties Value 

    

 1. Specific Gravity 2.6 

 2. % fines 64 

 3. % sand 26 

 4. % gravel  10 

 5. Liquid limit (%) 40 

 6 Plastic limit (%) 20 

 7. Maximum dry unit weight (kN/m
3
) 16.4 

 8. Optimum moisture content (%) 18 

 9. Permeability (cm/s) 5.12E-05 

    

2.2 Fly ash 

The fly ash used in the investigation was class 

F fly ash collected from Mettur thermal power 

plant, Tamilnadu. The basic properties of fly 

ash are given in Table 2.  

Table 2. Basic properties of Fly ash 

 Sl. No Properties Value 

    

 1. Specific Gravity 2.07 

 2. Maximum dry unit weight (kN/m
3
) 12.8 

 3. Optimum moisture content (%) 24 

    

2.3 Bentonite 

The bentonite used in the investigation was 

Sodium bentonite. The basic properties of 

bentonite are given in Table 3.  

Table 3. Basic properties of Bentonite 

 Sl. No Properties Value 

    

 1. Specific Gravity 2.5 

 2. % clay 65 

 3. % silt 34 

 4. % sand 1 

 5. Liquid limit (%) 400 

 7. Plastic limit (%) 56 

    

3 EXPERIMENTAL INVESTIGATIONS 

3.1 LATERITIC SOIL- FLY ASH MIXTURES 

Lateritic soil and fly ash of different 

proportions (10%, 20%, 30% and 40%) were 

combined to check the design criteria of liner 

materials. Various laboratory tests like 

Compaction, falling head permeability, UCC 

strength was conducted and results are 

tabulated in Table 4.  

Table 4. Compaction, permeability and UCC with Fly ash 

content 

% 

Laterite 

% 

Fly 

ash 

d max 

(kN/m3) 

OMC 

(%) 

k 

(cm/sec) 

UCC 

(kPa) 

100 0 16.4 18 5.12E-05 245 

90 10 16.3 18.6 7.63E-06 264 

80 20 15.8 19 5.81E-06 335 

70 30 15.5 20 3.40E-06 235 

60 40 15 20.5 2.34E-06 220 

3.2 LATERITIC SOIL- FLY ASH AND 

BENTONITE MIX 

Bentonite content of 3% and 5% were 

incorporated with different proportions of 

lateritic soil-fly ash mixtures to check liner 

material design criteria.  

Fig.1 shows variation of plasticity index of soil 

with fly ash and bentonite. It was observed that 

liquid limit and plasticity index of the soil 

increased with increase in the bentonite content. 

 

 

 

 

 

 

Fig.1 plasticity index of soil with fly ash and bentonite 

Fig.2 shows variation of permeability of soil 

with fly ash and bentonite. The permeability of 

soil gets decreased by the addition of bentonite 

because it forms a gel and fills most of voids. 
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Fig.2 permeability of soil with fly ash and bentonite 

Fig.3 shows variation of UCC of soil with fly 

ash and bentonite. UCC of samples decreased 

while adding bentonite, the reduction is partly 

attributed to the increase in clay content that 

filled void between soil particles, which 

lowered the frictional resistance between the 

soil particles at their contact points. However, 

the recorded values of the various soil mixtures 

exceeded the general specification for the 

performance of liner. 

 

 

 

 

 

 

 

 

             Fig.3 UCC of soil with fly ash and bentonite 

 

 

 

 

 

 

 

 

 

Fig.4 Volumetric shrinkage of soil with fly ash and 

bentonite 

Fig.4 shows variation of volumetric shrinkage 

of soil with fly ash and bentonite. Volumetric 

shrinkage increased by the addition of 

bentonite. But it is less than acceptable limits (< 

4%). 

3.3 DETERMINATION OF BEST MIX  

From the studies best mixes satisfying 

geotechnical criteria for liner is found out. The 

best mixes in Table 5 can be used for finding 

out the attenuation capacity for major   heavy 

metals in solid waste leachate. 

 Table 5.  Best mixes satisfying all the geotechnical 

criteria for liner materials 

Late

rite 

(%) 

Fly 

ash 

(%) 

Bento

nite 

(%) 

k 

(cm/sec) 

UCC 

(KPa) 

PI 

(%) 

VS 

(%) 

67 30 3 1.70×10
-7

 

 

212 28 2.9 

65 30 5 9.90×10
-7

 

 

209 29 3.2 

57 40 3 1.40×10
-7

 

 

205 26 3.3 

55 40 5 8.00×10
-7

 

 

201 27 3.7 

 

3.4 ADSORPTION CHARACTERISTICS 

For the present study metal solutions were 

prepared synthetically for investigating 

adsorption characteristics of blended laterite 

soil. For hexavalent Chromium the adsorbate 

solution was prepared as follows: About 2.828 

g Potassium dichromate (K2Cr2O7) was 

dissolved in 1 litre distilled water to get 

Chromium (Cr (VI)) concentration of 1000 

mg/L. Both low and high concentrations of Cr 

(VI) solutions were prepared by diluting with 

deionized water. Solutions of 5 - 35 ppm (Cr 

(VI)) were prepared for the analysis. 

3.4.1 BATCH ADSORPTION TEST 

The study was carried out for determination of 

sorption capacity of soil mixes using Cr (VI) as 

contaminant, optimum dosage of adsorbent and 

isotherm parameters for the optimum dosage. 
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Fig.5 shows percentage adsorption of Cr (VI) 

as a function of optimum dosage. 

 

 

 

 

 

 

 

Fig.5 Percentage adsorption of Cr (VI) as a function of 

optimum dosage. 

3.4.2 ADSORPTION ISOTHERMS 

For developing adsorption isotherms, the 

equilibrium adsorption data obtained through 

batch studies were used. After determining 

concentration of Cr (VI) in aliquot using 

spectrophotometer, the Cr (VI) uptake by 

blended soil was calculated using the following 

equation: 

  
(     ) 

 
 (1) 

Where   is the amount of adsorbate adsorbed 

(mg adsorbate/kg of adsorbent),    and    are 

the initial and final concentration of adsorbate 

(mg/L),   is the volume of solution taken (L) 

and   is the mass of adsorbent taken (g). 

There are several adsorption isotherm models. 

Among them most commonly used ones are 

linear isotherm, Langmuir Isotherm and 

Freundlich Isotherm. 

The linear adsrption isotherm can be 

established by plotting a graph of q vs Ce. The 

relationship can be expressed as 

        (2)

  

Where    is the distribution coefficient which 

is a direct measure of separation of contaminant 

between solid and liquid phase. 

The Langmuir equation can be expressed as 

    
    

(     )
 (3)

  

Where  , number of moles of solute adsorbed 

per unit weight of adsorbent; b, a constant 

related to energy of adsorption. 

Freundlich isotherm is the most commonly 

used isotherm to describe the adsorption 

characteristics of the adsorbent used in water 

and wastewater treatment. It is expressed as:  

   
 

 
       

 
 ⁄  (4) 

Where Kf, Freundlich capacity factor; 
 

 
, 

Freundlich intensity factor; 
 

 
, amount of solute 

adsorbed per unit mass of adsorbent(mg/g). 

 Table 6.  Isotherm parameters for Cr6+ 

  

Type of 
isotherm 

Paramet
ers 

Soil proportions 

67-
30-3 

65-
30-5 

57-
40-3 

55-
40-5 

Linear 
isotherms 

Kd (L/Kg) 12.4 14.58 10.2 8.39 

R2 0.5 0.793 0.81 0.82 

Freundlich 
isotherm 

Kf 

(mg/Kg) 
43 24 22 17.95 

n 2 2.5 1.48 1.5 

R2 0.95 0.96 0.995 0.966 

Langmuir 
Isotherm 

a 
(mg/Kg) 

676 1000 733 500 

b (L/Kg) 0.17 0.05 0.06 0.07 

R2 0.99 0.98 0.998 0.978 

Various adsorption isotherm parameters for 

Chromium adsorption are listed in table 6. By 

comparing the regression values of various 

isotherms, it can be seen that adsorption is 

suitable for both Langmuir and Freundlich 

isotherms. However, Langmuir model is best 

fitted one due to greater R
2
 value i.e., 

monolayer adsorption is taking place in this 

case. The value of n is found to be greater than 

1, which indicates favorable adsorption. Fig.6 

shows variation of initial concentration with % 

adsorption.  
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Fig.6 Variation of Initial concendation Vs % Adsorption 

4 CONCLUSIONS 

Addition of fly ash from 0-40% to the soil 

resulted in the reduction of permeability from 

10
-5

 to 10
-6

cm/s. 

Fly ash content up to 20% increases the 

unconfined compressive strength of soil from 

245 to 335 kPa. The maximum dry unit weight 

decreased and optimum moisture content 

increased with increasing fly ash content. 

Addition of 3-5% bentonite to soil fly ash mix 

causes significant reduction in the permeability. 

Unconfined compressive strength of laterite-fly 

ash mix decreased with the addition of 

bentonite. Volumetric shrinkage increased more 

than 300% when fly ash and bentonite is added 

to laterite soil.  

Batch adsorption test on mixes satisfying 

geotechnical criterion with hexavalent 

Chromium as model contaminant showed that 

the soil mixes possess good adsorption 

capacities. 

78% removal efficiency was achieved for 

laterite soil mixed with 30% fly ash and 5% 

bentonite. 

By comparing the regression values of various 

isotherms, it was noticed that adsorption is 

suitable for both Langmuir and Freundlich 

isotherms 

Based on the test results, it can be concluded 

that the lateritic soil, fly ash and bentonite 

mixes can be effectively used as a liner material 

to control the mitigation of contaminant present 

in the leachate. 
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