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Abstract— Use of sanitary landfills for waste containment is 

one of the oldest and most pop-ular waste disposal technique. 

The landfill liner is designed to isolate the waste from the soil 

beneath to minimize the passage of leachate into the 

Groundwater. . Usually compacted liner materials consist of 

soil rich in clay minerals for their low hydraulic conductivity. 

This study is an attempt to assess the use of a waste material, 

fly ash( as a potential liner material by mixing it with 

kaolinite in various percentages ranging from 2-20%. fly ash 

is non-plastic and possess very low shrinkage. With the 

addition of kaolinite in the mixture, the plasticity is expected 

to increase and the fly ash is expected to reduce the swelling 

and shrinkage, pre-venting formation of any cracks. Due to 

its swelling properties, kaolinite in the mixture is expected to 

act as a self-sealing, low permeability hydraulic barrier. To 

determine the viability of fly ash- kaolinite mixture as a liner 

material, the mixture was compacted at its optimum moisture 

content and maximum dry density and laboratory tests were 

conducted to obtain the various geotechnical parameters such 

as plasticity, shrinkage, permeability, free swell index, c,  and 

unconfined compressive strength. It was found that a 

compacted mixture of kaolinite with fly ash with the percent 

of kaolinite in the mixture between 12-20% had the required 

hydraulic conductivity and strength properties to be used as a 

liner material. 
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I. INTRODUCTION 

A. General 

A compacted clay liner or landfill liner comprises, compacted 

cohesive soil having no seepage. The main goal is to decrease 

porosity and soil permeability. Landfills are the most popular 

municipal solid waste disposal system The design of liner is 

made so as to isolate the waste from the environment 

minimizing the passage of leachate into the groundwater. To 

ensure this the important characteristics for compacted 

landfill liners are selection of materials, hydraulic 

conductivity, strength, compressibility and contaminant 

retention capacity. Usually soil rich in clay minerals are used 

as compacted liner materials for their low hydraulic 

conductivity which is required to be less than 1.00×10^ -7 

cm/s . Instead of clay, mixture of expansive soil such as 

kaolinite with fly ash  can be used as compacted barriers. Fly 

ash is generated in tons as a residue from burning of coal in 

the power plants.Utilization of this waste material has high 

environmental value. Even though fly ash and kaolinite have 

extremely opposite properties, when mixed together they 

show complimentary behavior. Fly ash is highly permeable 

but with the addition of kaolinite the hydraulic conductivity 

can be reduced to fulfill the design criteria. 

 Kaolinite being an excellent sealant helps check the 

passage of leachate to the ground water. By compacting the 

fly ash-kaolinite mixture at the optimum range of dry density 

and moisture content the bonding between the particles is 

enhanced which in turn increases the strength and longevity 

of the liner. The bulk availability of fly ash helps reducing the 

cost of raw materials required for liner as well as providing 

their safe disposal in a large scale. 

B. Objective of the study 

 To investigate the basic characterization Kaolinite and 

flyash 

 To study properties of different proportions of kaolinite 

flyash mixture. 

 To evaluate suitability of optimum mixture as a liner 

material. 

II.  MATERIALS AND METHODOLOGY 

A. Materials 

Materials used in this study are kaolinite soil and zeolite 

1) Kaolinite 

Kaolinite for the present study was collected from Associate 

Chemicals; Kochi.Sodium kaolinite was taken from there. 

Various tests were conducted for determining the index 

properties of sodium kaolinite.  
PROPERTIES of Kaolinite VALUE 

Liquid limit (%) 34 

Plastic limit (%) 23 

Plasticity index (%) 11 

Shrinkage limit (%) 21 

Specific gravity 2.67 

Clay (%) 66 

Silt (%) 23 

Sand (%) 11 

OMC (%) 24.5 

MDD (g/cc) 1.424 

UCC (Kg/CM2) 0.468 

Classification CL 

Table 1: Initial Properties of Kaolinite 

2) Flyash:  

Flyash taken from tamil nadu. 

PROPERTIES VALUES 

Specific gravity 2 

Liquid Limit 29 

Plastic limit Non plastic 

Plasticity index Non plastic 

Percentage clay(%) 16.25 

Percentage silt(%) 29.75 

Percentage sand(%) 46 

OMC(%) 31.3 

Dry density 1.16 

UCC(kg/cc) .94 

Table 2: Initial properties of flyash 
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B. Methodology 

1) Compaction Test 

The test to determine the optimum moisture content and 

maximum dry density were done using standard proctor test 

according to IS 2720. 1980 (Part VIII). The variation in 

optimum moisture content and maximum dry density was 

studied with the addition of various percentages (0, 8,12,16, 

20%) of  flyash to kaolinite. 

2) Unconfined Compression Test 

The unconfined compressive strength tests were carried out 

on specimens prepared by compacting Fly ash-kaolinite 

mixtures at their MDD and OMC. Variation of UCC value in 

the addition of flyash according to to IS 2720 (part VII) 1980. 

3) Permeability Test 

The permeability tests were carried out on specimens 

prepared by compacting Fly ash-kaolinite mixtures at their 

MDD and OMC. Variation of k value in the addition of flyash 

according to to IS 2720 (part 17) 1980. 

III. RESULTS 

Experiments were conducted on Fly ash mixed with various 

proportions of kaolinite to explore their potential as liner 

material. The detailed description of the results obtained are 

discussed and presented here. 

A. Compaction Characteristics 

Light compaction test was carried out on specimens as per IS 

2720 ( part VII) 1980. The values of OMC and MDD obtained 

from laboratory compaction test provides a reference point 

while estimating the actual water content of the field-

compacted soil liner. If the water content is not in the proper 

range, the engineering properties of the soil are not likely to 

be in the range desired. For example, if the soil is too wet, the 

shear strength of the soil may be too low. Similarly, the dry 

unit weight of the field-compacted soil may be compared to 

the maximum dry unit weight determined from a specified 

laboratory compaction test. 

% REPLACEMENT OF FLYASH OMC MDD (g/cc) 

KAOLINITE +0% FLY ASH 24.5 1.424 

KAOLINITE  +10% FLYASH 24 1.5 

KAOLINITE +15%FLYASH 23.6 1.59 

KAOLINITE  + 20%FLYASH 23 1.63 

KAOLINITE + 25%FLYASH 23.2 1.6 

Table 3: Compaction chracteristics of kaolinite flyash 

mixture 

1) Unconfined Compression Strength 

The unconfined compressive strength tests were carried out 

on specimens prepared by compacting Fly ash-kaolinite 

mixtures at their MDD and OMC. Variation of UCC value in 

the addition of kaolinite is illustrated in the TABLE. 

% REPLACEMENT OF KAOLINITE UCC 

KAOLINITE+10%FLYAsh .482 

KAOLINITE+15%FLYASH 1.28 

KAOLINITE+20%FLYASH 2.36 

KAOLINITE+25%FLYASH 3.23 

KAOLINITE+30%FLYASH 2.81 

Table 4: UCC values of Kaolinite flyash mixture 

2) Permeability Test 

The permeability tests were carried out on specimens 

prepared by compacting Fly ash-kaolinite mixtures at their 

MDD and OMC. Variation of k value in the addition of flyash 

according to to IS 2720 (part 17) 1980. Results are illustrated 

in the table, 

%  Replacement of  flyash Permeability value (k) 

0 2.56 x 10^-6 

10 2.01 x 10^-6 

25 1.78x 10^-6 

30 1.82 x 10^-6 

Table 5: K Values of Kaolinite Flyash Mixture 

IV. CONCLUSIONS 

 Based on the experiments done on compacted fly ash 

amended with kaolinite following results were drawn. 

 Fly ash and Kaolinite alone posses some liner properties 

 The maximum dry density of both the fly ash increased 

and the OMC decreased with the increase in kaolinite 

content. 

 The UCS of compacted Fly ash-kaolinite mixture 

increased at a constant rate with the increase in kaolinite 

content 

 Permeability is minimum at an optimum percentage of 

25% 

 It is found that 25% replacement of kaolinite by flyash 

gives better results. 
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