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ABSTRACT

Leachate virtually is one of the problems in landfill system. The landfill liner with 

different types has widely been used in modem landfill to overcome the problems. In 

this study, improvement was made by studies further properties of kaolinite at nano­

scale of lnm to lOOnm for soil liner application. In this study the new design of nano- 

kaolinite is compared with current practice soil liner material to compare the 

effectiveness of nano-kaolinite properties. Various percentages of bentonite and 

sodium bentonite (2.0%, 5.0% 7.5% and 10.0%) are tested to evaluate the compaction 

parameters to choose the best percentage of both admixtures. This result will reflect 

for this admixture according to their properties pH value, shrinkage limit, Atterberg 

limits and compaction parameter. Based on the determination of the compaction test, 

we can determine the hydraulic conductivity of the kaolinite clay mixtures. The best 

and desired compaction parameter is the ones that can be compacted with little 

amount of water and gives the best compacted result. From this study, it can be 

concluded that the addition of 3% nano-kaolinite to the kaolinite gives the best 

compaction result which is 1.39 Mg/m3 for maximum dry density and 27.34% for 

optimum moisture content. It is because of when dry density is increased, it reduces 

the air voids, thereby reducing permeability. Furthermore, based on the Atterberg 

limit test, all of the samples are suitable to be used as a compacted kaolinite liner. 

Linear shrinkage result for K + 3% Nano was decreased the result of kaolinite itself 

and the lower shrinkage limit 7.17% compare to kaolinite, bentonite and sodium 

bentonite and is suitable to be used for a liner purpose. Ph value for the Kaolinite 

itself is 5.66 (Acidic) and also the other 2 samples which are K +3.0%Nano, 

K+5.0%B and K+2.5%SB resulting in the range of 5.66 to 6.37. This means that, the



present of the additives did not assist the kaolinite to reach the neutral value of pH as 

expected for soil liner but the value is closer to the neutral value. From the results, the 

addition of finer particles such as nano-kaolinite, even at low amount, could improve 

the properties of soils. In addition this compaction parameter is predicted by using 

hydraulic conductivity compaction plane which gives k value of 2.55 x ]0“ 9 m/sec for 

3.0% of nano-kaolinite compared with k value of blank kaolinite gives 4.3lx 1(T9  

m/sec. Therefore, this can be conclude that by using nano-kaolinite as additives will 

develop new liner design and reduce groundwater contamination by leachate into 

ground and gives great benefits to the environment and also human health.

Keywords: soil liner, landfill, kaolinite, nano-kaolinite, bentonite, sodium 

bentonite, compaction



ACKNOWLEDGEMENT

I owe my deepest gratitude to my supervisor, Dr. Mazidah Mukri, for all her 

support, guidance and encouragement from the initial steps to final levels. This work 

would not have been possible without her advice and unsurpassed knowledge. I am 

grateful for her continuous support and encouragement in many respects other than 

research as well. 1 am also indebted to laboratory technician, En Akhbar, for his 

assistance in almost all the tests. 1 will never forget how patient and kind he is.

Words fail me to express my deepest appreciation to Siti Norullain bt Jamal, 

fo :• being the best friend ever she was always a constant source of support and 

encouragement. She supported me in all and every single step of this work from 

getting admission from university until submitting this thesis. Thanks to Allah S.W.T. 

for giving me health until I complete this proposal. I would like to dedicate this thesis 

to my parents,my husband, my sister and brother. Without their unending support and 

unconditional love, 1 could not have completed my graduate study.


	STUDY OF NANO KOALINITE AS ADDITIVES IN KAOLINITE CLAY TO DEVELOP NEW CLAY LINER DESIGN
	AUTHOR’S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLES OF CONTENT
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1 INTRODUCTION
	1.1 Introduction
	1.2 Problem Statement
	1.3 Objectives of the Study
	1.4 Scope of Study
	1.5 Significance of Study

	CHAPTER 2 LITERATURE REVIEW
	2.1 Landfill and Leachate
	2.2 Clay liner
	2.3 Material Properties
	2.4 Kaolinite
	2.4.1 Structure and Mineralogy of Kaolinite
	2.4.2 Properties of Kaolinite
	2.4.3 Compacted Kaolinite

	2.5 Bentonite
	2.6 Sodium Bentonite
	2.7 Nano Particles
	2.7.1 Nano Particles in Clay liner
	2.7.2 Production of Nano-Kaolinite
	2.7.3 Nano-Kaolinite Properties
	2.7.4 SEM Image of Nano-Kaolinite
	2.7.5 Effect of Nano-Kaolinite on Hydraulic Conductivity

	2.8 Gap of Study

	CHAPTER 3 RESEARCH METHODOLOGY
	3.1 Introduction
	3.2 Sample Preparation
	3.2.1 Preparation of Nano-kaolinite

	3.3 Laboratory on Engineering Properties
	3.3.1 Compaction Test

	3.4 Basic Laboratory Test
	3.4.1 Atterberg Limit
	3.4.2 Shrinkage Limit Test
	3.4.3 Specific Gravity
	3.4.4 pH Test
	3.4.5 Scanning Electron Microscope (SEM)


	CHAPTER 4 RESULT AND ANALYSIS
	4.1 Introduction
	4.2 Physical Classification of Soil
	4.3 Scanning Electron Microscope Analysis on Nano-Kaolin
	4.4 Compaction Test (Optimum Moisture Content vs Maximum Dry Density)
	4.4.1 Compaction Characteristic for Kaolinite
	4.4.2 Compaction Characteristic for Kaolin+3.0% of Nano-Kaolinite
	4.4.3 Compaction Characteristic for Kaolin with different Percentages of Bentonite
	4.4.4 Compaction Characteristic for Kaolin with different Percentages of Sodium Bentonite

	4.5 Summary of Compaction Characteristic
	4.6 Physical Classification of Soil
	4.6.1 Atterberg Limit
	4.6.2 Linear Shrinkage
	4.6.3 pH Value


	CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS
	5.1 Conclusions
	5.2 Recommendation

	REFERENCES
	APPENDICES



