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ABSTRACT
    This study evaluates the engineering properties of Igbelowowa Clay for Sanitary landfill. Sanitary landfills are waste disposal method that functions without creating nuisance to the environment. It confines waste to the available area, reduce waste to the minimum practical volume. The waste in a landfill reacts to release a cocktail of contaminants called leachate, which possess treat to the surrounding environment (soil and groundwater). Therefore, barrier soils are required for the lining of a landfill to prevent seepage of leachate into the surrounding groundwater and subsequent contamination of the groundwater system. Some clay in Igbelowowa was assessed using geotechnical techniques to determine its suitability as barrier soils. Two samples of clay were subjected to grain size analysis, atterberg limits, specific gravity determination, hydrometer analysis and linear shrinkage limit. From the grain size analysis and the atterberg limit, the soil is classified as a clayey material. The liquid limit ranged from 45.7% to 49.5% which is an indication of high plasticity and low hydraulic conductivity, the plastic limit ranged from 21.6% to 24.6% and its plasticity index ranged from 24.1% to 24.9% which implies that the clay can withstand volumetric shrinkage on drying and exhibit a low to medium swelling potential when wet. The results of the physical properties of the clay determined suggest that the clay in the area meets the requirement for a barrier soil. Hence, the studied clays are good barrier soils.
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Chapter One
1.0. 	Introduction 
1.1 	Background of the study.
Clay or clay minerals have been mined since the Stone Age and has been indispensable in architecture, industry and agriculture. Today clay are among the most important minerals used by manufacturing and environmental studies. Clay was a wide spread occurrence in the world. In Nigeria, clay is widely distributed, though not always found in sufficient quantity or suitable quality for modern industrial purpose. Clay a naturally occurring material primarily composed of fine-grained minerals, become plastic when mixed with water and borden upon drying or firing, clay are fundamental in production of a wide range pottery, including bricks, wall, tiles, abrasives, and porcelain refractories (Omowumi, 2021). The chemical and physical characteristics of clay used in this application can vary significantly (Neeraj et al., 2021). According to Fakolujo et al., (2012), the capacity of clay to form is one of it’s most critical features. The significance of clay deposit is multifaceted, depending on their unique properties for example, industries such as foundries and ceramics utilize clay for its thermal stability, while the petroleum, rubber, paint, and pharmaceutical industries leverage it’s ability to swell and become sticky upon water absorption, serving as a sealant, filler, or colorant. Additionally in agriculture and environmental remediation, clay’s capacity to act as a reservoir of exchangeable ions enhances soil fertility and aids in the purification of polluted soil or water through ion exchange. Certain clays are directly consume for their health benefits. The cement industry also relies on clay as a raw material for supplying alumina and silica. This clay minerals, which include aluminosilicates arranged in octahedral or tetrahedral geometry to form sheets interlayered with cations, are categorized into kaolin, smectite, polygorskite, saprolite, iltite,, and mixed clays (Omowumi 2021). Soil classification alone does not eliminate the need for detailed soil investigation or testing of engineering properties. However, geotechnical properties has been found to correlate well with soil index and classification properties (Braja, 2020)



1.2 Aim and Objectives of the study 
The aim of this project is to determine the geotechnical properties of Igbelowowa clay deposit Kwara State, Southwest Nigeria while the specific objectives are;
i. To determine the index properties of the clay, including Atterberg limits (liquid limit, plastic limit, and plasticity index), specific gravity, and density.
ii.  Determination of parameters such as shrinkage limits and cation exchange capacity, thermal conductivity and grain size analysis.
iii. Predicts the suitability of the clay deposit
1.3 Problem statement
Nigerian is endowed with abundance clay minerals with various industrial applications. Inadequate data and necessary information on the geotechnical properties of these deposits had grossly and adversely contributed to the in appropriate selection of materials and underutilization of the clay resources. The results of this study will thus give important information that will enable the evaluation of the inherent properties of the selected rocks. Thus ensuring appropriate usage.
1.4 Justification of the Study
The unraveling of the geotechnical properties of Igbelowowa clay deposit will ensure the appropriate application of the clay mineral for engineering purpose. It will also add volume to the studied mineral deposits and encourage their extraction for economic purpose.
1.5 Scope of the study
The scope of this research work is restricted to geotechnical properties of Igbelowowa clay deposit.
1.6 Limitation of the Study
This project is limited to the clay deposit of Igbelowowa area. However the result can be a guide to understand similar clay mineral from other location.
				
				Chapter Two
2.0	 Literature Review	
Review on the previous work clay minerals are formed when rocks are exposed to air, water, or stream, and are the result of a process that involves the instability of other silicate minerals. The most common way clay minerals form is through the chemical weathering of rocks that contain silicate, which is a process that can take a long time. Boyluiferidun (2011) in a relate study, Amuda (2015) explored the refractory properties of clay form southwest Nigerian. The research involved details characterization of these clays, assessing their ability to resist high temperatures and abrasive conditions. The results shows that those possess refactory properties that meet or exceed standard industrial requirement further contributing to the understanding of local clay properties. Nwoye (2020) investigated the moulding properties of clays suitable for casting operations.The study focus on clay sample from Barkinladi and Alkali, funding that this clay are particularly well suited for construction furnace and furnace linings. Alabi (2005) identified two clay deposits in kuttigi. The clay deposits he said were of vary thickness, capped by thin layer of lateritic soil and vary from white to dirty white in color due to stains from the over burden laterite. Ajiboye et al.(2018) provide critical insights into the factory of clay deposits from Northern Nigeria. Their research revealed that this clay are highly resistant to thermal shock and maintain stability under extreme temperature making them suitable for the use in technical applications. This finding emphasizes the potential of local clay to meet the stringent requirement of factory materials and suggests a reduce dependency on imported alternatives.
Geotechnical Properties of Clay
Clay has several geotechnical properties that are significant for construction and engineering properties.
The key point are as follows:
 • High plasticity: clay can be easily molded when wet due to the the it’s plastic nature. The atterberg limits (liquid limit, plastic limit, and shrinkage limit) are used to describe this property.
 • Low permeability: clay has very low permeability, meaning it does not allow water flow through it easily. This makes it useful for application requiring a barrier to water flow, such as lines in landfills.
 • Shear Strength: the shear strength of clay is relatively low compared to other soil like sand or gravel. It can vary significantly depending on moisture content and the degree of consolidation.
 • High Compressibility: clay is highly compressible under load. This can lead to significant settlement over time, which must be considered in foundation design.
 • High swelling potential: clay can swell a lot, it can expand when wet and shrink when dry. This property is important for understanding potential movement and damage in structures built on or with clay.
 • Consistency: the consistency of clay can change drastically with water content, affecting it’s behavior and strength.
 2.2 Industrial and Application of clay
 Clays are widely used in:
 • Construction: For bricks, tiles, and cement production.
 • Road Engineering: As a soil stabilizer in road subgrades.
 • Ceramics and Pottery: Due to their plasticity and workability
 • Drilling and Oil Exploration: As drilling mud to cool and lubricate drilling bits.
2.3 Factor Affecting clay properties
The geotechnical characteristics of clay are influenced by: 
• Mineral composition: Montmorillonite-rich clays exhibit high plasticity. 
• Moisture content: Affects shear strength and compaction.
 • Environmental conditions: Weathering and depositional history impact clay properties.

	Chapter Three
3.0 	Research methodology
Detailed field mapping was carried out around Igbelowowa kwara State, Southwest Nigeria. In order to establish the local geology of the area. The research work involves both primary and secondary data (field and laboratory works) field works involve mapping of sample locations and collecting samples from various depths, in laboratory the samples undergo different types of analysis tests.
3.1 Study Area and Sample Collection
Clay samples were collected from various locations in Igbelowowa Kwara State. This section describes the location, geological setting, and sampling procedures used to obtain representative clay samples from the Igbelowowa clay deposit in Kwara State, Nigeria. Proper sample collection is crucial for ensuring accurate laboratory testing and geotechnical evaluation.
3.1.1 Location and Geological Setting
· Location: The clay deposit is located in Igbelowowa, Kwara State, southwestern Nigeria.
· Geology: The area is part of the Precambrian Basement Complex of Nigeria, characterized by highly weathered metamorphic and igneous rocks. The formation of clay in this region is attributed to the weathering of feldspar-rich rocks, leading to the accumulation of fine-grained materials.
· Climate: The study area experiences a tropical climate with wet and dry seasons, influencing the moisture content and plasticity of the clay.
· Soil Type: The predominant soil type is residual lateritic clay, with variations in mineral composition and geotechnical properties.
3.1.2 Sample Collection Procedure
To ensure a comprehensive geotechnical evaluation, the following sampling procedures were adopted:
A. Sample Locations and Depth
· Sampling Sites: Clay samples were collected from four to five different locations within the Igbelowowa clay deposit to capture variability.
· Sampling Depths: Samples were extracted at depths ranging from 0.5 m to 2.0 m using a hand auger to obtain undisturbed and disturbed samples for testing.
· Number of Samples: A total of X samples were collected for laboratory analysis.
B. Sampling Techniques
· Disturbed Samples: Collected for grain size analysis, Atterberg limits. These samples were air-dried and sieved before testing.
· Undisturbed Samples: Extracted using thin-walled samplers for shear strength and compressibility tests to maintain their natural structure.
C. Sample Handling and Preservation
· Storage: Samples were stored in airtight plastic bags to prevent moisture loss before laboratory testing.
· Labeling: Each sample was properly labeled with location, depth, and date of collection to ensure traceability.
· Transportation: Samples were carefully transported to the laboratory to avoid contamination or structural alteration.
3.1.3 Justification for Sampling Approach
· Multiple depths ensure a representative profile of the clay deposit.
· Both disturbed and undisturbed samples allow for comprehensive testing of geotechnical properties.
· proper sample handling minimizes errors in laboratory results, ensuring reliability.
3.2 Laboratory Testing Methods
Laboratory analysis was conducted at the Geological and Mineral Processing Department of the University of Ilorin. The tests were performed following established protocols, and the results are well detailed in chapter 4.
3.2.1 Particle size Analysis 
This particle determined the proportion of sand, silt, and clay by using sieve and hydrometer analysis. This analysis is crucial for accurately describing soil types. While a general description can be obtained through physical observation of particle distribution, laboratory analysis provides a more precise result. This thorough examination is essential for understanding the exact distribution of different grain sizes in the soil and for differentiating between particles such as silt and clay.
3.2.2 Mechanical Sieve Analysis 
The sieve analysis involves shaking of the soil sample through a set of sieves that have progressively smaller openings. This method is used in the analysis of particles greater than 0.075mm in diameter. It provides a means of evaluating the different grain size types present in soil sample. 
APPARATUS USED
1. Stack of sieves
2. Collecting pan and cleaning brush
3. Drying oven
4. Mechanical sieve shaker
5. Weighing balance
PROCEDURE 
i. The soil particles were gently disaggregated
ii.  The sieve set (i.e. stack of sieves) were arranged in descending order from the top with a retainer beneath it.
iii. 100g of the soil was weighed and poured into the sieve stack.
iv.  The sieve stack was then placed on the mechanical sieve shaker for about 10 minutes
v.  The sieve stack was now separated one by one, then the soil fraction retained in each sieve was weighed and recorded
vi. A statistical data of the result of the analysis was prepared.
3.2.3 Hydrometer Analysis 
This process is used for the determination of the grain distribution of fine-grained soils with soil particles of the order of clay and soil. This method is not applicable if less than 10% of the soil passes through sieve size of 0.075mm mesh size. 
APPARATUS
1. Measuring cylinder 
2. Hydrometer bulb 
3. Drying oven 
4. Thermometer
5. Evaporating dish
PROCEDURE
i. The sieved clay and silt from the sieve washing were collected in a container and allowed to settle
ii. The supernatant water was decanted and the mud residue was dried in the drying oven for about 24 hours 
iii. The dried sample was then pulverized, 50g of it was weighed and dissolved in one liter of water in a measuring cylinder. The water has dissolved in it sodium hexametaphosphate to enhance rate of clay settlement.
iv. The hydrometer bulb is then inserted into the water in the measuring cylinder and its reading was recorded periodically.
v.  As the settling proceeds, the hydrometer sinks into the solution
vi. The temperature at each hydrometer reading was recorded and then a statistical data was produced.
vii. Then, the percentage passing was plotted against diameter to obtain the percentage composition of the studied soil samples.  
3.3 Determination of Specific Gravity 
APPARATUS USED
1. Weighing balance
2. Density bottle
3. Measuring cylinder
PROCEDURE
i. An empty measuring cylinder was weighed as (W1)
ii. It is then filled with soil to about 1/3 of its volume, then its weight together with the soil was taken as (W2)
iii. The water was added to the soil in the measuring cylinder, the weight of the cylinder with both soil and water was taken as (W3)
iv. Empty the measuring cylinder, fill it with distilled water and its weight was taken as (W4). 
v. Specific gravity was calculated using the formulae below:
 (W2 -W1)/ (W4 -W1) – (W3 -W2) 
3.3.1 Bulk Density
Bulk density is defined as the mass of the soil divided by its volume, it is the weight of representative wet soil sample to the volume of the mould containing such sample. It is expressed as mass per unit volume (i.e. g/cm3). It helps to determine how heavy the soil sample is.
APPARATUS USED
1. Mould
2. Drying oven
3. Spatula and pestle 
4. Weighing balance
PROCEDURE
i. An empty mould is weighed (i.e. weight of mould)
ii. The volume of the mould was also determined (V) 
iii. The mould is then filled with fresh soil sample, consolidated and weighed (i.e. weight of mould + soil)
iv. The weighed of the wet soil was calculated by subtracting the weight of empty mould from the weight of wet soil and mould
v. The bulk density was deduced using the formula below:
ϒ = W/V
W = weight of representative wet soil sample
V = volume of mould
3.5 Atterberg Consistency Limits
3.5.1 Liquid Limit (LL):
The moisture content at which the clay transitions from plastic to liquid state. the liquid limit determination is a standard test used to assess the water content at which soil transitions from a plastic to a liquid state. This test is essential for understanding the soil's behavior under varying moisture conditions and is commonly performed using the Casagrande liquid limit device. The procedure begins with the preparation of the soil sample. a dried, fresh soil sample is first ground using a pestle and mortar to ensure that the particles are adequately broken down. the soil is then sieved through a 0.425 mm mesh to remove larger particles, leaving a fine, uniform sample suitable for testing. a 300-gram portion of the sieved soil is carefully weighed, and water is added incrementally until a stiff, workable paste is achieved. This paste is then placed into the Casagrande liquid limit device, which consists of a cup with a rotating handle, a counter, and a cutting groove. The surface of the soil paste is leveled and smoothed with a spatula, and a groove is formed in the paste using the cutting groove tool. The handle of the device is then rotated to produce blows, causing the groove to close. The number of blows required to close the groove is recorded by the counter. The test is conducted until the groove closes with a minimum of 10 blows and a maximum of 50 blows. Following this initial test, a small amount of the paste is scooped into a moisture can using a spatula. the can is then weighed and the paste is dried in an oven for 24 hours after drying, the can and paste are weighed again to determine the water content of the soil to ensure accuracy, the soil is emptied from the Casagrande cup onto a glass plate, and additional water is added to adjust the moisture content. The process is then repeated to obtain a reliable measure of the soil's liquid limit. This method provides valuable data on the soil's consistency and plasticity, essential for understanding its suitability for various engineering applications.
     3.5.2 Plastic Limit (PL)	
The moisture content at which the clay begins to crumble when rolled into threads. The plastic limit determination is a procedure used to identify the moisture content at which soil transitions from a plastic to a brittle state. This test is crucial for evaluating the workability and plasticity of soil. To begin, a small portion of soil paste from the Casagrande cup is scooped and formed into a ball. This ball is then placed on a glass plate and rolled between the palms until it forms a thin thread. The rolling process continues until the thread breaks at a diameter of approximately 3 mm. The crumbled threads are collected and divided into two separate moisture cans. These cans are then dried in an oven for 24 hours. After drying, the cans are weighed to determine the moisture content of the soil. This moisture content is recorded as the plastic limit, which indicates the water content at which the soil changes from a plastic to a semi-solid state.
Linear Shrinkage Determination
Linear shrinkage determination assesses how much soil contracts when it dries, providing insights into its volume change characteristics. To begin, the soil sample is thoroughly mixed with distilled water to achieve a workable consistency. A linear container, which is prelubricated to facilitate the removal of the soil sample, is then filled with this prepared soil. The initial length of the container is carefully measured before placing it in an oven to dry for approximately 24 hours. After drying, the container is allowed to cool in a desiccator to prevent moisture absorption from the air. The final length of the dried soil sample is then measured to determine the extent of shrinkage. This measurement helps evaluate the soil's behavior under drying conditions.
The linear shrinkage of the studied soil samples was calculated using the formula below:
LS = change in length x 100
Original length.
3.6 Cation Exchange Capacity Determination 
APPARATUS AND REAGENTS USED
1. Centrifuge
2. Test tubes
3. Spectrophotometer
4. Distilled water
5. Ammonium acetate (CH3COONH4)
6. Potassium chloride (KCl)
PROCEDURE
i. A representative soil sample was air dried to remove excess moisture
ii. 10 grams of the sieved soil was weighed into a clean, dry container.
iii. The solution was stirred for 30 minutes to 1hr to allow the ammonium ions to exchange with the soil’s cations.
iv. 50ml of 1N ammonium acetate (CH3COONHs) solution was added to the soil sample.
v. The soil sample was sieved using 2mm sieve to ensure uniform particle size
vi. The mixture was centrifuged at 3000 rpm for 10 – 15 minutes to separate the liquid from the soil.
vii. The mixture was stirred for 30 minutes to 1 hour to displace the ammonium ion with potassium ion.
viii. The supernatant liquid was discarded and steps 1-3 were repeated two more times.
ix. The supernatant liquid was collected and the ammonium ion concentration was determined using a spectrophotometer.
The cation exchange capacity was calculated using the following formula:
CEC (cmol/kg) = (Ammonium ion concentration x Volume of solution) / Weight of soil
3.7 Thermal Properties Determination
APPARATUS
1. Thermostat oven
2. Hot plate
3. Thermometer
PROCEDURE
i. Thermometer was used to measure the temperature of the soil sample at regular intervals.

ii. The studied soil samples of known dimensions 0.4m by 0.4m cubes were made and then dried in an oven at 1050C for 24hrs to remove moisture

iii. The dried soil samples were placed on a hot plate and heated to a specific temperature for 10hrs at controlled rate.

iv. The heat flow through the soil samples were measured by multiplying the current with the voltage.
Then, the thermal conductivity of the soil samples was calculated using the following formula:
Thermal conductivity (λ) = [Q/ (A x DT/t)]
Where:
Q = heat flow through the soil sample
A = cross sectional area of the soil sample
DT = temperature gradient
T = thickness of the soil sample









Chapter Four
4.0 	Results and Discussions 
This chapter involves the results and its necessary interpretations based on relevant standard tables, chart and schemes. The results are represented in tables and graphs.
    
  4.1 Bulk Density

Table (4.1): Results of Bulk Density

	Sample Name
	A2
	B2

	Wt. of mould + wet soil (g)
	652.92
	665.49

	Wt. of mould (g)
	265.64
	265.64

	Wt. of wet soil (g)
	387.28
	399.85

	Volume of mould (cm3)
	251.48
	251.48

	Bulk density (g/cm3)
	1.54
	1.59

	Average bulk density (g/cm3)
	                                1.57


 
Table 4.1 showed that the bulk density of the investigated clay samples was found to be 1.54g/cm3 and 1.59g/cm3respectively, with an average value of 1.57g/cm3; bulk density of clay can affect its durability as manufactured products like ceramics, bricks, pots e.t.c. High bulk density gives low porosity, which increases the strength and durability during industrial processes as well as during their usage as finished products. The obtained bulk density values were favorably compared with the general standard value range of between 1.0 and 2.5g/cm3 recorded by (Oniseije and Olaniyi, 2018). Thus, the examined clay deposits are suitable for industrial products such as brick making, ceramic, crucible e.t.c. 






4.2 Specific Gravity 

Table (4.2): Results of Specific Gravity

	Sample Name
	A2
	B2

	Wt. of empty bottle, W1 (g)
	112.05
	112.05

	Wt. of empty bottle + 1/3 of soil, W2 (g)
	120.27
	123.64

	Wt. of empty bottle + soil + water, W3 (g)
	162.91
	165.12

	Wt. of empty bottle + water only, W4 (g)
	157.85
	157.85

	Specific gravity 
	2.60
	2.68

	Average specific gravity
	                         2.64



The specific gravity of the examined clay samples in table 4.2 ranged from 2.60 to 2.68, with a mean value of 2.64. Specific gravity of a clay is very important in its industrial applications, especially in pottery and ceramic production, it affects the durability, strength and density of the finished products. It is pertinent to note that the obtained specific gravity of the investigated clay soils was compared favorably with international range of 2.0 and 2.9 (Obi, 1995).
	
4.2.1 Discussion on the specific gravity 
The specific gravity values suggest that B2 has a higher density compared to A2. This could imply that the soil used in B2 is denser, or there could be a difference in composition affecting the specific gravity.The slight variations in measurements may result from experimental error, different soil characteristics, or environmental factors.   The experiment effectively illustrates how specific gravity can vary based on material composition. Further analysis could include examining the type of soil used, moisture levels, or potential errors in measurement. Overall, the results highlight the importance of consistent methodologies in determining physical properties of materials.



4.3  Determination of Density
Table(4.3):  The density test result 
	Sample Name
	A2
	B2

	Wt. Of mould + wet soil (g)
	652.92	
	665.49

	Wt. Of mould (g)
	265.64
	265.64

	Wt. Of wet soil (g)
	387.28	
	399.85

	Volume of mould (cm3)
	251.48	
	251.48

	Bulk density (g/cm3)
	1.54
	1.59




4.4 Grain Size Analysis

Table (4.4): Summary of Results of Grain Size Analysis of Soils in the Study Area
Soils in the Study Area

	Sample Name
	Gravel (%)
	Sand (%)
	Silt (%)
	Clay (%)
	% fine
	Soil Classification
 

	A2
	1
	13
	26
	60
	86
	Silty clay 

	B2
	3
	24
	20
	53
	73
	Sandy clay



The results of the grain size analysis test of the studied clay samples revealed fine-grained soils are in abundance (i.e. silt & clay), the percentage of clay varied between 53% and 60%, percentage of silt varied between 20% & 26%, and the percentage of sand varied between 13% and 24%. While the percentage of gravel is in order of 1% to 3%.
 Table 4.3 shows the results of the grain size distribution, and figs 1&2 show the grain size distribution curves of the investigated clay samples. However, particle size is one of the most important geotechnical characteristics used to select clay for industrial purposes such as ceramic, tiles and crucible (Ndengwe et al, 2022). The studied clays contain little amount of coarse-grained soils (gravel and sand), moderately amount of silty and high percentage of clay contents, which make them suitable in their raw forms as fillers and coating materials in paint industries (Adedeji et al., 2025).  




Table (4.5): The result of grain size distribution for Sample A2
	Diameter (mm)
	% Passing

	3.35
	100.0

	2.00
	99.3

	1.18
	96.7

	0.60
	94.4

	0.30
	93.0

	0.212
	91.6

	0.150
	89.1

	0.075
	86.3




[image: ]

       Figure 1: Grain size distribution curve for sample A2
Table(4.6): The result of grain size distribution for Sample B2
	Diameter (mm)
	% Passing

	3.35
	100.0

	2.00
	97.5

	1.18
	93.1

	0.60
	89.6

	0.30
	85.2

	0.212
	80.3

	0.150
	76.4

	0.075
	73.1



[image: ]

Figure 2: Grain size distribution curve for sample B2
4.5 Atterberg limit
 Table (4.7): Results of Atterberg Consistency Limit
	Sample Name
	Liquid limit (%)
	Plastic limit (%)
	Plasticity limit (%)
	Linear shrinkage (%)

	A2
	49.5
	24.6
	24.9
	6.4

	B2
	45.7
	21.6
	24.1
	4.1

	Average
	
	
	
	


The Atterberg consistency test was carried out in accordance with American Standard (ASTM D4318, 2004), in which the liquid limit of the examined soils ranged from 45.7% to 49.5%; the plastic limit values were in range of 21.6% to 24.6%; the plasticity index varied between 24.1% to 24.9%; and the linear shrinkage also ranged from 4.1% to 6.4% respectively (table 4.4 and figs 3&4). Plasticity is an important parameter to put into consideration when manufacturing ceramic products because it allows easier shaping and cohesion of manufactured products (Abdelmalek et al., 2017). The plasticity index threshold limit at which raw material is considered good for the ceramic industries is greater than equal to 10% (Elimbi, et al., 2011), clay materials with plasticity index of less than 10% can cause cracks in manufactured product. According to the findings of this study, the two clay samples have plasticity index > 10%, validating their use as suitable materials for industrial applications. The clay plasticity diagram proposed by Casagrande (1948) shows that the studied clays fall in the medium plasticity (figure 5). The linear shrinkages of the studied clay samples were within the threshold of 10% proposed by Abolarin et al., (2004), thereby the clay samples will exhibit low swelling properties.
Table (4.8):  The liquid limit result for Sample A2 
	Can No.
	A
	B
	C
	D

	Wt. Of wet soil + can (g)
	32.82
	31.43
	28.39
	33.10

	Wt. Of dry soil + can (g)
	29.58
	28.90
	26.32
	29.95

	Wt. Of can (g)
	21.83
	23.11
	21.74
	23.25

	Wt. Of dry soil (g)
	7.75
	5.79
	4.58
	6.70

	Wt. Of moisture (g)
	3.24
	2.53
	2.07
	3.15

	Water content, w%
	41.8
	43.7
	45.2
	47.0

	No of blows, N
	52
	39
	28
	14


                                                                        LL = 49.5%
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Fig 3: Liquid Limit Graph for the Soil Samples A2
Table (4.9):  The liquid limit result for Sample B2 
	Can No.
	A
	B
	C
	D

	Wt. Of wet soil + can (g)
	32.82
	31.43
	28.39
	33.10

	Wt. Of dry soil + can (g)
	29.58		
	28.90
	26.32
	29.95

	Wt. Of can (g)
	21.83
	23.11
	21.74
	23.25

	Wt. Of dry soil (g)
	7.75
	5.79
	4.58
	6.70

	Wt. Of moisture(g)
	3.24
	2.53
	2.07
	3.15

	Water content, w%
	41.8
	43.7
	45.2
	47.0

	No of blows, N
	52
	39
	28
	14


                                      LL = 45.7%
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	Fig 4: Liquid Limit Graph for the Soil Samples B2
Table (4.10): The plastic limits result for Sample A2 
	Can No.
	A1
	B1

	Wt. Of wet soil + can (g)
	45.58
	46.65

	Wt. Of dry soil + can (g)
	40.43
	41.91

	Wt. Of can (g)
	20.47
	21.65

	Wt. Of dry soil (g)
	19.96
	20.26

	Wt. Of moisture (g)
	5.15
	4.74

	Water content (%)
	25.8
	23.4

	Plastic Limit (%
	                                              24.6



PI = LL – PL
PI = 49.5 – 24.6
PI = 24.9%




Table (4.11) The plastic limits result for Sample B2 
	Can No.                                    
	A1
	B1

	Wt. Of wet soil + can (g)
	45.59
	45.65

	Wt. Of dry soil + can (g)
	40.81
	41.70

	Wt. Of can (g)
	20.47	
	21.65

	Wt. Of dry soil (g)
	20.34
	20.05

	Wt. Of moisture (g)
	4.78
	3.95

	Water content (%)
	23.5
	19.7

	Plastic Limit (%)
	                                              21.6



PI = LL – PL
PI = 45.7 – 24.1
PI = 21.6%
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Fig 5:  Classification of the Soil Samples Based on Plasticity Chart (After Casagrande)


4.6 Determination of Shrinkage Limits 
The higher shrinkage in sample A2 implies that it may be less stable during drying or processing, which could affect applications in construction or manufacturing where dimensional stability is critical. Depending on the intended applications, different shrinkage behaviors might inform the choice of material. For example, materials like A2 might need additives or special processing techniques to minimize shrinkage. It could be beneficial to explore the conditions under which these samples were tested to identify factors contributing to the observed differences in shrinkage, such as moisture content, temperature, or material composition.
Table (4.12):  The shrinkage Limit results
	Sample label	
	A2
	B2

	Original length of sample(cm)
	20.3
	22.0

	Final length of sample(cm)
	19.0
	21.1

	Change in length (cm)
	1.3
	0.9

	Linear shrinkage (%)
	6.4
	4.1



4.7 Cation Exchange Capacity Test
Table (4.13): Results of Cation Exchange Capacity Test
	Sample Name
	A2
	B2

	Wt. of soil sample (g)
	10.00
	10.00

	Vol. of solution (g)
	50.00
	50.00

	Ammonium ion concentration (cmol/kg)
	0.068
	0.042

	Cation ion exchange (cmol/kg)
	0.34
	0.21



The cation exchange capacity of the studied clay is presented in table 4.5 with the values are 0.34 cmol/kg and 0.21 cmol/kg for sample A2 and B2. Cation exchange capacity significantly impacts the industrial applications of clays, influencing their suitability for industrial usages. Clays with high cation exchange capacity are used in drilling muds due to their ability to retain and exchange cation, enhancing drilling efficiency (Ahuwan, 2002). While clays with low CEC, kaolinites, are suitable for applications where low cation exchange are desired such as ceramics, pottery e.t.c, the studied clays fall within the low cation exchange capacity, thus they are suitable in making ceramic and pottery (Adnan, 2011).
4.8 Thermal Properties Test
Table (4.14): Results of Thermal Properties Test
	Sample Name
	Heat Flow
(Q)
	Surface Area of the Sample, A
(m2)
	Thickness of the Sample, t
(m)
	Tempo at the initial end, t1 (K)
	Tempo at the final end, t2 (K)
	Change in Tempo, Dt
(K)
	Thermal conductivity, λ (W/mK)



	A2
	872
	0.16
	0.03
	761.6
	532.5
	229.1
	0.714

	B2
	872
	0.16
	0.03
	1281.2
	97.3
	1183.9
	0.138



Clay behaves as a good insulator due to its low thermal conductivity, which helps retain heat or cold. It has a high specific heat capacity, allowing it absorb and release heat slowly, which can regulate temperature fluctuations (Job, 2017). Thermal conductivity of the examined clay samples ranged from 0.138W/mK to 0.714W/mK and fell within the standard value of 0.01 – 1.1W/mK for fireclay refractory bricks (Cengel and Ghajar, 2015). The thermal conductivity was obtained as a result of the atomic and lattice vibration which is impeded via structural disorder using the steady state method. Temperature gradient determines the direction of heat flow.










Chapter Five

5.0  				Conclusions and Recommendations 
5.1  Conclusions 
The geotechnical evaluation of the studied clay samples has been evaluated and the following conclusions were drawn:
The geotechnical results show that the clay samples show that the percentage of fine is greater than 50% has low linear shrink and has low swelling potential which make the soil suitable as linear in constructing sanitary landfill because the geotechnical results have compared favorably with standards. The clay samples exhibit desirable properties for use in sanitary landfill, therefore, they will contribute to the long-term stability and integrity of the waste containment system. The groundwater within the studied area will not be affected by leachate because the clay soils can impede the flow of the leachate.
	
5.2   Recommendations
Base on the results of this research work. The followings are recommended:
Analyzing the chemical composition of the clay samples is very paramount to ensure it does not react with waste or leachate, potentially compromising the landfill’s integrity.
Conducting field tests, such as compaction and permeability test to validate the laboratory results and ensure the clay’s suitability in the actual landfill environment.  
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