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Abstracts 
This study presents the geotechnical properties of two soil samples, A2 and B2 of Igbelowowa 
Clay Deposit, Kwara State. The results show that both samples have distinct characteristics, with A2 classified as salty clay and B2 as sandy clay. The specific gravity of A2 and B2 were 2.60 and 2.68, respectively. The bulk density ranged from 1.54 and 1.59g/km3. Grain size analysis revealed varying proportions of gravel, sand, silt, and clay. The liquid limit, plastic limit, and plasticity index were determined, indicating the soils potentials for volume change. Additionally, the cation exchange capacity, thermal conductivity, and linear shrinkage were evaluated. These findings provide valuable insights into the soils behavour and potential applications in engineering and environmental contexts. The results can inform decision on soil suitability for construction, 
agriculture, and other purposes. 	 
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[bookmark: _Toc44157]CHAPTER ONE 
[bookmark: _Toc44158]INTRODUCTION 
[bookmark: _Toc44159]1.1 	Background of the Study 
Clay is fine-grained earth material that exhibits plasticity when moist, with a high surface area and a high degree of sorption and that becomes hard and non-plastic when dried or fired (Das, 2022).  Clay deposits are vital materials in geotechnical engineering and construction due to their wide range of applications, including ceramics, bricks, and soil stabilization. The geotechnical properties of clay deposits play a crucial role in determining their suitability for these applications, their suitability for these applications depends on their geotechnical properties, such as plasticity, shear strength, compressibility, and permeability (Smith et al., 2015). 
Clay deposits are critical natural resources utilized in various engineering applications, such as ceramics, construction, and environmental remediation. Understanding the geotechnical properties of clay soils is crucial for designing and constructing safe and stable structures.  
In Igbelowowa Ajasepo village, Kwara State, clay soils are prevalent and are used as foundation materials for various structures. This study aims to evaluate the geotechnical properties of clay soils in Igbelowowa Ajasepo, to determine its potential for engineering and industrial Applications.  
The Igbelowowa  Ajasepo  clay deposit in Kwara  State, Nigeria.  This lack of data creates a significant gap in understanding the suitability of Ajasepo, for engineering applications, thus hindering its optimal utilization. 
Previous studies have highlighted the significance of geotechnical evaluations for clay deposits across Nigeria. For instance, Onakunle et al. (2020) conducted geotechnical assessments of clay in southwestern Nigeria, revealing variations in plasticity and strength, which directly influence their industrial applicability.  
This study seeks to fill the knowledge gap by investigating the geotechnical characteristics of Igbelowowa Ajasepo clay through laboratory tests and mineralogical analyses. The findings will provide valuable insights for industries such as ceramics, construction, and waste containment, aligning with the broader goals of sustainable development and regional economic growth. 
[bookmark: _Toc44160]1.2 	Problem Statement 
The lack of understanding of the geotechnical properties of clay soils in Igbelowowa  Ajasepo village, Kwara State, can lead to structural failures and instability. The high plasticity and compressibility of clay soils can cause significant settlement and damage to structures, resulting in economic losses and safety risks. Therefore, there is a need to evaluate the geotechnical properties of clay soils in the study area to provide valuable information for engineers. 
In addition, clay deposits in Nigeria have shown significant variations in composition and properties due to differences in depositional environments (Oluwasola et al., 2018). These variations make generalizations risky and emphasize the need for site-specific studies. The lack of a comprehensive evaluation of Igbelowowa Ajasepo clay’s geotechnical properties has hindered its inclusion in large-scale industrial projects and limited its contribution to regional economic development. 
[bookmark: _Toc44161]1.3 	Aim and Objectives 
The aim of this project is to evaluation of geotechnical properties south western Nigeria while the specific objectives are; 
1. To determine the index properties of the clay, including Atterberg limits (liquid limit, plastic limit, and plasticity index), specific gravity, and moisture content, grain size analysis, shrinkage limit. 
2. To predicts its suitability in the industry 
[bookmark: _Toc44162]1.4 	Justification 
There is a lack of existing data on the geotechnical properties of the Igbelowowa Ajasepo village clay deposit, which makes it essential to conduct a thorough evaluation to inform engineering and construction projects. 
The study will provide essential information for infrastructure development projects in the region, including the construction of buildings, roads, and bridges. 
The study will help to promote environmental sustainability by identifying potential environmental hazards associated with the use of the clay deposit and providing recommendations for mitigating these risks 
[bookmark: _Toc44163]1.5 	Scope of the Study 
Identify and collect clay samples from various sites within the Igbelowowa  Ajesepo clay deposit. Collection of clay soil samples from the study area. Determination geotechnical properties of clay soils. Evaluation of test results and identification of potential problems associated with the use of clay soils in construction and engineering projects. 
                                                     
[bookmark: _Toc44164]CHAPTER TWO 
[bookmark: _Toc44165]LITERATURE REVIEW 
[bookmark: _Toc44166]2.1 	Previous Studies of Clay Deposit 
Lydia et al. (2019) Statistical analysis of physico-chemical properties of Nigerian clay deposits. The package, was employed to carry out the Analysis of Variance (ANOVA) by PostHoctambane multiple comparisons and Kristal Wallis at 5% confidence level for the f- and t-tests respectively. 
Ikubuwaje et al., (2019) Comparative analysis of physico-chemical properties of sedimentary and basement clays in southwestern Nigeria. 
Andre-Obayanju (2022) Analysis Geotechnical properties of clay deposits in southwestern Nigeria and their engineering implications. The results revealed that the clays deposits were majorly fine-grained texture (<60%), with Plasticity ranging from 23% to 121%, Liquid Limit (25%~205%) having plasticity of medium to very high with a specific gravity from 1.93 to 2.58.  
Adefunmi Olaleye (2021) Mineralogical and chemical characteristics of clays in southern Nigeria, determining their usability. The study suggests that morphology of kaolinitic minerals is influenced by the kind of parent material (i.e. feldspars or micas) and degree of chemical weathering.  
Clay is an abundant raw material. It’s exceptional and some specific properties lead to various industrial applications that depend also on its dispersions and rheological properties, the presence of organic materials and impurities, type and amount of exchangeable ions and soluble salts, and textural properties.   Plasticity is one of the most important clay properties that are related to different parameters Jock, et al., (2018).   The mineralogical, physical, geochemical and economic appraisals of some clay and shale deposits in South Western and North Eastern Nigeria have been discussed Omowunmi, (2000). 
One of the most important useful and widely abundant industrial minerals in the world is the clay minerals. Their applications in various industries are dependent on their properties. In this study, the mineralogical and physico-chemical properties of RahinSho (RC), Major Porter (MP), Wereng camp (WC), Kwi (KC) and Naraguta (NC) clay deposits in Plateau State, Nigeria were investigated to evaluate their potentials for some industrial uses. Jongs et at., (2018) 
The geotechnical behavior of clay is influenced by factors such as mineralogical composition, particle size distribution, and moisture content. Bell (2007) highlights that properties like plasticity, shear strength, and compaction characteristics determine the clay's performance in construction and industrial processes. The mineralogical composition of clay governs its industrial applicability. Kaolinite, montmorillonite, and illite are common clay minerals, each with distinct engineering and industrial characteristics. Murray (2006) underscores the importance of identifying these minerals through advanced techniques such as X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM). 
The evaluation of clay deposits in southwestern Nigeria has been a subject of significant research due to the region's rich and diverse clay resources. Ajayi and Agboola (2019) conducted an extensive study on the geotechnical properties of clays in this region, focusing on parameters such as plasticity index, compressibility, and permeability. Their findings revealed variations in the mineralogical composition of the clays, affecting their suitability for applications like brickmaking, ceramics, and construction. These studies emphasize the need for localized, detailed evaluations to optimize the use of regional clay resources.  
 Oyediran and Akinkurolere (2006) studied the geotechnical and engineering properties of Igbokoda clay deposit. The engineering and geotechnical properties of Igbokoda clay deposit was investigated due to its economic and engineering significance. Samples were collected at three different locations and subjected to laboratory tests and analysis. The clay has a specific gravity of 2.55 and 55% in situ moisture content. Liquid limit and plasticity index of 38.93 and 18.1 were obtained, respectively. The permeability co-efficient was found to be 2.42x10cm sec. The optimum moisture content and maximum dry density were 17.05% and 17.1 KNm‘%, respectively. The California Bearing Ratio (CBR) was 8.68% with cohesion of 3.83 KN mr and angle of shearing resistance of 7°. Plotting the liquid limit against plasticity index in the casagrande soil and clay mineral classification, chart reveals that Igbokoda clay is a firm, closely fissured greyish illite clay of intermediate plasticity. 
 Akhirevbulu and Ogunbajo (2011) investigated the geotechnical properties of clay occurrences around Kutigi Central Bida Basin, Nigeria. The methodology of research includes detailed mapping of the area, collection of clay samples, determination of; natural moisture contents, Atterberg limit, plasticity index, sieve analysis and coefficients of permeability. The results of the  geotechnical analysis of the clay samples, suggests an average; moisture content of about 0.9% and 0.72%, liquid  limit of about 19.9% and 22.1%, plastic limit of about 14.1% and 
16.8%, plasticity index of about 5.8 and 5.3%, and a linear shrinkage limit of about 7.2% and 
5.9%, for both locations A and B respectively. The results of the geotechnical investigation of the Kutigi clay deposits and an earlier mineralogical and geochemical analysis suggest that the clay can be utilized in the manufacturing of ceramics, refractory bricks, paper, fertilizer and paint. 
 Rahil et al., (2019) conducted a study on geotechnical properties of clayey soils Induced by the Presence of Sodium Chloride. The presence of appreciable quantities of soluble salt indicates that engineering properties of clayey soils may change in the presence of percolating water. Hence, an attempt was made in laboratory investigation to study the geotechnical properties of clayey soils mixed with (0%, 5%, 10% and 15% by weight) of sodium chloride. Three type of clayey soils used having plasticity indices (12, 26 and 44%) were taken from three sites in Baghdad. Test Atterberg limits, unconfined compression, specific gravity, compaction and consolidation test, were conducted to investigate the effect of salt content on soil properties. The results showed that the plasticity index, optimum moisture contents, compression index, and unconfined compressive strength decrease with increasing salt content. The max dry unit weight slightly increases with increase salt content while it increases up to 5% salt then decreases for high plasticity. 
 Ayininuola et al., (2018) evaluated the influence of gravel on the geotechnical properties of clayey soil. The clayey soil samples were obtained from a dug pit from two different locations in Osogbo, Osun State and the gravels were collected locally. Three different gradations of gravel 
(2mm-6mm, 6mm-12mm, and 12mm-20mm) were mixed in a dry state in percentages of 5%, 10%, 15%, 20%, 30%, 40% and 50% with the two clayey soils collected respectively. The result of particle size analysis shows that the addition of gravel to the clayey soil changed the class of the clayey soil from A-5-7 to A-2-7. Index property test and Compaction were determined in accordance with BS 1377 and analyzed. The addition of gravel to the clayey soil led to an increase in Maximum Dry Density (MDD) and reduction in Optimum Moisture Content (OMC) as the concentration of gravel increases with size in the clay-gravel mixtures.  
 Fatimoh et al., (2020) conducted a research on the soil properties of the Chad formation of which plasticity characteristics of the samples are of low to medium plasticity as indicated by matching the result with the DIN. chart. The results of free swell showed that the samples are susceptible to swelling when they absorbed water. The particle size distribution tests indicate that the percentage of fine (i.e. samples passing the 75µm sieve) is about 1.7 % implying that the grain sizes are within the texture of medium grain fraction.  The results of free swell showed that the samples are susceptible to swelling when they absorbed water. The particle size distribution tests indicate that the percentage of fine (i.e. samples passing the 75µm sieve) is about 1.7 % implying that the grain sizes are within the texture of medium grain fraction. 
 Motaka et al., (2012) determined the geotechnical and physico-chemical properties of clays associated with landslides in volcanic and metamorphic terrains in Cameroon, Central Africa. Mineralogical properties obtained from X-ray diffraction (XRD) patterns indicated the predominance of feldspars, chiefly microcline and gibbsite, with appreciable proportions of clays (montmorillonite, kaolinite, goethite, chlorite and halloysite) within the volcanic rocks while the gneisses were dominated by quartz and muscovite with some proportions of montmorillonite, kaolinite and feldspars with the clay fractions being more variable in the volcanic rocks (13 to 44%) than in the metamorphic rocks (23 to 29%). The presence of montmorillonite, a type of clay which has the ability to absorb water and swell, is an indication of a major contributor to the susceptibility of both terrains to sliding when subjected to high rainfall. This was revealed by data on intense precipitation during the specific months of the landslide events which led to elevated groundwater levels with raised pore water pressure in the highly weathered and loose materials resulting in increased shear stress and reduced shear strength with the eventual failures of the slopes causing the landslide disasters witnessed in both geological terrains.  
 Akbulut, (2012) analyzed the geotechnical properties of clay soils mixed with recycled nano carbon black. In this study, the effect of recycled nano carbon black (nano-CBr) on consistency limits and unconfined compressive strength properties of clayey soils was investigated. For this purpose, 4 different ratios (1%, 3%, 5% and 10%) nano-CBr were mixed to 3 different clay soils (White, Green and Red clays). In order to determine the mineralogical and chemical properties of mixtures, pH, TDS, X-Ray, SEM and contact angle tests were also performed. In this study, 1% nano-CBr ratio was generally determined as the limit value in all experiments. The consistency properties of the mixed samples have not significantly changed for the red and green clay but have importantly affected the white clay properties. Based on the 1% nano-CBr ratio, the unconfined compressive strength (UCS) values of all mixed samples increased. Addition of super hydrophobic nano-CBr to clay soils, turned clay soils into a hydrophobic material, is resulting in an increase in the contact angle values. On the other hand, pH values did not show a significant change with the increase of the nano-CBr ratio. The total dissolved solids (TDS) measurements showed a series of rise and fall steps with the increase of nano-CBr ratio and showed a tendency to stabilize at 10% nano-CBr ratio. 
[bookmark: _Toc44167]2.2 	Geotechnical Properties of clay  
Geotechnical properties of clay deposits, such as plasticity, strength, and compressibility, are crucial in determining their suitability for various applications. These properties are influenced by factors like mineralogical composition, grain size distribution, and moisture content. Studies have shown that clay deposits with high kaolinite content tend to have better plasticity and strength, making them suitable for ceramics and refractories. The mineralogical and physico-chemical properties of RahinSho (RC), Major Porter (MP), Wereng camp (WC), Kwi (KC) and Naraguta (NC) clay deposits in Plateau State, Nigeria were investigated to evaluate their potentials for some industrial uses. Jongs et al., (2018) Investigating the Industrial Potentials of Some Selected 
Nigerian Clay Deposits. 
 
i. 	Atterberg Limits 
Liquid limit, plastic limit, and plasticity index, which determine the clay's suitability for construction and engineering applications. 
ii. 	Mineralogical Composition 
The types and proportions of clay minerals, such as kaolinite, illite, and montmorillonite, which affect the clay's properties and potential uses. 
iii. 	Physical Properties: 
Porosity, density, and firing shrinkage, which are important for ceramics, refractories, and other industrial applications. 
[bookmark: _Toc44168]2.2.1  Evaluation of Clay Deposits in Kwara State 
The evaluation of the geotechnical properties of clay deposits will provide valuable information on their suitability for industrial applications. This study will contribute to the understanding of the deposits' potential uses and limitations, enabling informed decisions on their  
Andre-Obayanju et al. (2022) in Advances in Geological and Geotechnical Engineering 
Research, Vol. 4, Issue 3. Evaluated the geotechnical properties of clay deposits in Southwestern Nigeria, revealing fine-grained texture, medium to very high plasticity, and fair to poor subgrade quality. 
[bookmark: _Toc44169]2.2.1.1 Assessment of Lateritic Soils:  
Assessment of the Geotechnical Properties of Lateritic Soils in Minna, North Central Nigeria for Road design and Construction" by Osinubi et al. This study assessed the geotechnical properties of lateritic soils, including compaction characteristics, shear strength, and California 
Bearing Ratio (CBR). 
[bookmark: _Toc44170]2.2.1.2 Mineralogical and Geochemical Properties: 
Mineralogical and geochemical properties of clay deposits in parts of southeastern Nigeria" in International Journal of Physical Sciences. Evaluated the mineralogical and geochemical properties of clay deposits, revealing kaolinite as the dominant clay mineral and potential uses in ceramics, refractories, and paper production. 
[bookmark: _Toc44171]2.2.1.3 Comparative Analysis of Clay Deposits:  
Comparative analyses of physiochemical assessment of Sedimentary and Basement clays, Southwestern, and Nigeria: Implication for Engineering application" by Ikubuwaje et al. (2019) compared the physiochemical properties of sedimentary and basement clays, highlighting their engineering implications. 
  
 
 
 
 	 
[bookmark: _Toc44172]CHAPTER THREE 
[bookmark: _Toc44173]3.1 	Introduction 
This chapter describes the procedures and methodologies adopted in evaluating the geotechnical properties of clay deposits at Igbelowowa Ajesepo, in Kwara State. It outlines the materials used, sampling methods, laboratory procedures, and testing techniques essential for analyzing the engineering behavior of the clay soil. 
[bookmark: _Toc44174]3.2 	Materials Used 
The following materials and equipment were used during the course of the research: 
i. Field Sampling Equipment:  
ii. Hand auger iii. 	Sample bags iv. 	Core cutters 
v. 	Measuring tape vi. 	Global Positioning System (GPS) device Laboratory Equipment: 
vii. 	Casagrande apparatus (for Atterberg limits) Sieve shaker and standard sieves Hydrometer 
(for particle size analysis) viii. 	Compaction apparatus ix. 	Permeameter 
x. 	Unconfined compression testing machine xi. 	Moisture cans xii. 	Oven 
[bookmark: _Toc44175]3.3  	Sample Collection 
Soil samples were collected from three (2) different points across the Igbelowowa  Ajesepo clay deposit area using disturbed and undisturbed sampling methods. The disturbed samples were packed in labeled polythene bags and used for classification and index property tests, while undisturbed samples collected using core cutters were used for strength and permeability tests. 
GPS coordinates were recorded for each sampling point to ensure spatial accuracy and 
repeatability. 
[bookmark: _Toc44176]3.4 	Laboratory Methods 
Various standard geotechnical laboratory tests were conducted to evaluate the properties of the clay soil. These include: 
3.4.1 Determination Of Specific Gravity  
Apparatus Used 
Density bottle 
Measuring cylinder 
Weighing balance 
Procedure 
a) An empty measuring cylinder was weighed as (W1) 
b) It is then filled with soil to about 1/3 of its volume, then its weight together with the soil was taken as (W2) 
c) 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) 
d) Empty the measuring cylinder, fill it with distilled water and its weight was taken as (W4).  
e) Specific gravity was calculated using the formulae below 
(W2 -W1)/ (W4 -W1) – (W3 -W2)  
3.4.2 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 
Mould  
Weighing balance 
Drying oven 
Spatula and pestle 
Procedure 
a) An empty mould is weighed (i.e. weight of mould) 
b) The volume of the mould was also determined (V)  
c) The mould is then filled with fresh soil sample, consolidated and weighed (i.e. weight of mould + soil) 
d) The weighed of the wet soil was calculated by subtracting the weight of empty mould from the weight of wet soil and mould 
e) The bulk density was deduced using the formula below: 
ϒ = W/V 
W = weight of representative wet soil sample 
V = volume of mould 
 
 
3.4.3 Grain Size Analysis 
Grain size refers to the diameter of the soil particles that make up the soil mass. This                         
analysis covers the quantitative determination of the various sizes of these soil particles, their proportions to the nearest percentage and the distribution of the various grain sizes that makes up the soil. 
Grain size analysis is a very important analysis, which is done in an attempt to describe a 
soil type. A roughly concluded result is made by the physical description of the soil particles grain distribution, but a more accurate result is gotten by performing the laboratory analysis. This analysis is done in order to know the accurate distribution of the various grain sizes that make up the soil, and helps to solve the problem of confusion between silt and clay. This method entails mechanical and hydrometer analyses respectively. 
3.5 	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 
· Stack of sieves  
· Mechanical sieve shaker 
· Drying oven 
· Collecting pan and cleaning brush 
· Weighing balance 
 	 
Procedure 
(a) The soil particles were gently disaggregated 
(b) The sieve set (i.e. stack of sieves) were arranged in descending order from the top with a retainer beneath it. 
(c) 100g of the soil was weighed and poured into the sieve stack. 
(d) The sieve stack was then placed on the mechanical sieve shaker for about 10 minutes (e)  The sieve stack was now separated one by one, then the soil fraction retained in each sieve was weighed and recorded 
(f)  A statistical data of the result of the analysis was prepared. 
3.5.1 Hydrometer Analysis 
This method is used in 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 Used 
· Hydrometer bulb 
· Measuring cylinder 
· Drying oven 
· Thermometer 
· Evaporating dish 
Procedure 
(a) The sieved clay and silt from the sieve washing were collected in a container and allowed to 
settle. 

(b) The supernatant water was decanted and the mud residue was dried in the drying oven for about 24 hours 
(c) 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. 
(d) The hydrometer bulb is then inserted into the water in the measuring cylinder and its reading was recorded periodically. 
(e) As the settling proceeds, the hydrometer sinks into the solution 
(f) The temperature at each hydrometer reading was recorded and then a statistical data was produced. 
(g) Then, the percentage passing was plotted against diameter to obtain the percentage composition of the studied soil samples.   
3.6 	Atterberg Consistency Limits 
3.6.1  Liquid Limit Determination 
Apparatus Used 
· Casagrande liquid limit device (made up of a cup, a rotating handle, counter and a cutting groove) 
· Pestle and mortar 
· Spatula 
· Moisture can 
· Wash bottle with distilled water 
   	Sieve 0.425mm 
  	Oven 
  	Glass plate 
Procedure   
(a) A dried, fresh soil sample is pounded using the pestle and mortal 
(b) The sample was sieved using the 0.425mm sieve size, 300g of the sieved sample was weighed and water was added to it until a stiff paste was produced. 
(c) The stiff paste was packed into the Casagrande apparatus and then had the surface leveled and smoothened using the spatula. 
(d) A groove in the soil was made with cutting groove and rotated the handle (blows) until the groove close. (Note that the number of revolutions the handle makes blows is recorded by the counter). The minimum number of blows is 10 while the maximum is 50. 
(e) A small paste was scooped into the moisture can with the spatula, weighed and dried in the drying oven for 24 hours and then reweighed in order to determine its water content. 
(f) The soil is then emptied from the cup into the glass plate and water is added to the soil and the process is performed all over again. 
(g) The water contents (%) were plotted against numbers of blow (N), water content corresponding to 25 number of blows is the liquid limit   
3.6.2 Plastic Limit Determination 
Apparatus Used 
· Glass plate 
· Moisture can  
· Spatula 
  	Wash bottle with distilled water 
  	0.425mm sieve 
  	Thermostat oven  
Procedure 
(a) A small part of the paste in the Casagrande cup is scooped and rolled into a ball 
(b) The ball is placed on the glass plate and rolled into thread until it breaks 
(c) The crumbled threads are put into two different moisture cans. Then, the cans with crumbled soil sample were oven dried for 24 hours so as to determine the moisture content of each sample, which was taken as plastic limits. 
3.6.3  Determination Of Linear Shrinkage  
(a) The soil sample was thoroughly mixed with distilled water 
(b) A linear container of known length was taken and lubricated for easy removal of the soil sample 
(c) The container was then filled with the soil sample and its original length was measured before it was oven dried for about 24 hours  
(d) The container was allowed to cool in a desiccator, and then the final length of the dried soil sample is measured.  
(e) The linear shrinkage of the studied soil samples was calculated using the formula below: 
LS = change in length x 100 
Original length 
3.7  	Determination Of Cation Exchange Capacity 
Apparatus And Reagents Used 
· Centrifuge 
  	Test tubes 
 	Spectrophotometer 

 	Distilled water 
· Ammonium acetate (CH3COONH4) 
· Potassium chloride (KCl) 
Procedure 
(a) A representative soil sample was air dried to remove excess moisture 
(b) The soil sample was sieved using 2mm sieve to ensure uniform particle size. 
(c) 10 grams of the sieved soil was weighed into a clean, dry container. 
(d) 50ml of 1N ammonium acetate (CH3COONHs) solution was added to the soil sample. 
(e) The solution was stirred for 30 minutes to 1hr to allow the ammonium ions to exchange with the soil’s cations. 
(f) The mixture was centrifuged at 3000 rpm for 10 – 15 minutes to separate the liquid from 
the soil. 
(g) The supernatant liquid was discarded and steps 1-3 were repeated two more times. (h)  After the third wash, 50ml of 1N potassium chloride (KCl) solution was added to the soil sample. 
(i) The mixture was stirred for 30 minutes to 1 hour to displace the ammonium ions with potassium ions 
(j) Then, the mixture was centrifuged at 3000 rpm for 10-15 minutes to separate the liquid from the soil. 
(k) The supernatant liquid was collected and the ammonium ion concentration was determined using a spectrophotometer. 
(l) The cation exchange capacity was calculated using the following formula: 
CEC (cmol/kg) = (Ammonium ion concentration x Volume of solution) / Weight of soil 
3.8  	Determination Of Thermal Properties  
Apparatus 
· Thermostat oven 
· Hot plate 
· Thermometer 
Procedure 
(a) 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. 
(b) The dried soil samples were placed on a hot plate and heated to a specific temperature for 10hrs at controlled rate. 
(c) Thermometer was used to measure the temperature of the soil sample at regular intervals (d)  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 
[bookmark: _Toc44177]3.9  	Data Analysis 
The results from the laboratory tests were analyzed using: 
i. Descriptive statistics (mean, standard deviation) to summarize geotechnical properties. 
ii. Graphical representation (histograms, scatter plots) for data visualization. iii. 	Comparative analysis with previous studies on Nigerian clay deposits. 
iv. Geotechnical classification based on Unified Soil Classification System (USCS) and 
AASHTO system. 
v. The results obtained from the laboratory tests were analyzed statistically and interpreted using standard geotechnical engineering principles. The values were compared with standard values for clay materials to evaluate their suitability for various civil engineering applications. 
 	 

[bookmark: _Toc44178]CHAPTER FOUR 
[bookmark: _Toc44179]4.0 	Results and Discussion 
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. 
[bookmark: _Toc44180]4.1  	Result of Grain Size Analysis 
The results for the grain size analysis of the two clay samples are shown in table (4.3) and grain size distribution curves (figure1). 
Table 4.1: Summary of the Results of Grain Size Analysis 
	Sample Name 
	Gravel (%) 
	Sand (%) 
	Silt (%) 
	Clay (%) 
	Soil Classification 
 

	A2 
	1 
	13 
	26 
	60 
	Silty clay  

	B2 
	3 
	24 
	20 
	53 
	Sandy clay 


 
Grain size is important in assessing clay material for characteristics required for various industrial applications. The grain size composition of clay controls the ceramic strength, shrinkage, paper coating and glossiness (Aref, 2002). Forbus et al., and Veglio et al., (1993) specified that fine-grained minerals such as kaolinitic are very useful industrially, in making paper, pulp filler, coating and also as an essential material in pharmaceutical and ceramic industries. The grain size of kaolinite for example is said to high percentage of fines (Heinskanen, 1996). The clay deposits in this study fall in this category and could be useful especially in ceramic industries and as additive in cement production. 
[image: ] 
Figure 4.1: Grain size distribution curve for sample B1 and B2 
[bookmark: _Toc44181]4.2 	Result of Atterberg Consistency Limit  
Table 4.2: Results of Atterberg Consistency Limit 
	Sample Name 
	Liquid limit (%) 
	Plastic limit (%) 
	Plasticity limit (%) 

	A2 
	49.5 
	24.6 
	24.9 

	B2 
	45.7 
	24.1 
	21.6 


 
Atterberg limits designate the relative ease with which a clay soil can be deformed and is used to describe the degree of firmness of the clay soil mass. Atterberg limits include, the liquid limit, plastic limit, and plasticity index. In this study, liquid limit ranges from 49.5 – 45.7%, plastic limit ranges between 24.6 – 21.6%, and plasticity index ranges between 24.9 – 21.6% table 4.2. 
 
4.2.1 Liquid Limit 	 
Liquid limit and plasticity index are used to classify fine-grained soils. Liquid limit less than 30% indicates low plasticity, between 35% and 50%, indicates intermediate plasticity, between 50% and 70%, indicates high plasticity and 70% and 90% indicates very high plasticity and greater than 90% indicates extremely high plasticity (Whitlow, 1995). 
 The liquid limit values in this study are 49.5% and 45.7%, classifying the clay as inorganic 
clay.  
4.2.2 Plasticity Index 
Plasticity index ranging from 24.9 – 21.6% indicates the clay is of medium plasticity. This observation was further supported using Casagrande plasticity chart. Thus, the clay samples could easily be moulded and satisfy requirements for use in the ceramic industry. 
[image: ] 
Figure 4.2: Liquid Limit Graph for the Studied Soils 
 
[image: ] 
Figure 4.3:  Classification of the Soil Samples Based on Plasticity Chart (ASTM – D2487, 2017) 
4.2.3 Shrinkage Limit 
Table 4.3: Results of Linear Shrinkage 
	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 


 
The result of linear shrinkage of the studied clays ranges between 6.4 and 4.1%, and is presented in table 4.5, low linear shrinkage values were observed and recorded when compared to the range for normal kaolin (Al2O3. 2SiO2 2H2O) which is between 7 – 10%. Therefore, the studied clay samples are suitable for ceramic and can also be used as an additive in cement production because they can withstand heat. Abolarin et al., (2014) pointed out that lower values are more desirable as this means the clay is less susceptible to volume change. 
[bookmark: _Toc44182]4.3 	Result Specific Gravity 
Table 4.4: 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 


 
The result of the specific gravity analysis is shown in table 4.4. The specific gravity for sample A2 and B2 is 2.60 and 2.68 respectively. Comparing the results obtained with Lambe (1951) cited in Krishna (2017) specification as shown in table 4.2 below, the studied clay sample can be classified as inorganic clay. However, the studied soil samples fell within the ranges for Nigerian clays as reported by Hussaini (2017), it is pertinent to note the values compared favorably with international range of 2.0 and 2.9, the specific gravity of the clay samples supports the fact that they are kaolinitic in nature, based on the classification of mineral (Gary, 2018). 
 	 
Table 4.5: Typical Values of Specific Gravity of Soil Sample (Lambe, 1951) 
	Soil type 
	Specific gravity 

	Sand 
	2.65 – 2.67 

	Silty sand 
	2.67 – 2.60 

	Inorganic soil 
	2.70 – 2.80 

	Soil with mica or iron 
	2.75 – 3.0 

	Organic 
	Variable but may be under 2.0 


 
 
 	 

[bookmark: _Toc44183]CHAPTER FIVE 
[bookmark: _Toc44184]5.0 	Conclusions and Recommendations 
[bookmark: _Toc44185]5.1 	Conclusions 
The economic potential and industrial applications of Igbelowowa clay Kwara state was investigated based on the engineering and physical properties.  This is with the view to ascertain its industrial suitability. The results from parameters determined, the findings revealed that the clay from the study area can be used as refractory, ceramics and pottery industries based on their geoengineering properties. 
It is rare for any clay deposit to completely meet the entire requirements for any industrial application. Obviously different set of criteria are important to the production of any blend for specific industry. Therefore, clay sample from the study area can be subjected to further beneficiation in order to improve on its engineering requirements for particular industrial needs. 
[bookmark: _Toc44186]5.2 	Recommendations 
A comprehensive investigation is needed, including both field and laboratory testing. This should involve determining the soil's index properties (Atterberg limits, grain size distribution, etc.), strength characteristics (shear strength, bearing capacity), and compressibility. Furthermore, mineralogical analysis (e.g., X-ray diffraction) can provide insights into the clay's composition and potential behavior. The results will inform recommendations for suitable engineering applications like foundation design, embankment construction, or use as a barrier material.   
Government of Nigeria should sensitize various industries on the numerous industrial applications of clay through their agencies such as Raw Materials research and Development Council and likes so as to mine and utilize clay appropriately. In addition, funds should be made available for extensive research work and favorable environment should be provided for local and foreign investors in raw materials (Clay inclusive) development. 
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SPECIFIC GRAVITY DETERMINATION 
	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 


 
DETERMINATION OF DENSITY 
	Sample Name 
	A2 
	B3 

	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 


  	 
GRAIN SIZE ANALYSIS SAMPLE NAME: A2 
	MECHANICAL SIEVE ANALYSIS 
	

	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 

	HYDROMETER ANALYSIS 
	

	Diameter (mm) 
	% Finer 

	0.025 
	80.2 

	0.0053 
	74.7 

	0.0046 
	72.1 

	0.0022 
	60.3 

	0.00081 
	52.1 

	0.00073 
	48.5 

	0.00045 
	31.8 


  	 
GRAIN SIZE ANALYSIS 
SAMPLE NAME: B2 
	MECHANICAL SIEVE ANALYSIS 
	

	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 

	HYDROMETER ANALYSIS 
	

	Diameter (mm) 
	% Finer 

	0.019 
	68.6 

	0.0063 
	60.2 

	0.0045 
	57.4 

	0.0021 
	53.5 

	0.00075 
	44.3 

	0.00042 
	28.6 


 
 
  	 
Table: Summary of Results of Grain Size Analysis of Soils in the Study Area 
	Sample 
Name 
	Gravel (%) 
	Sand (%) 
	Silt (%) 
	Clay (%) 
	Soil Classification 
 

	A2 
	1 
	13 
	26 
	60 
	Silty clay  

	B2 
	3 
	24 
	20 
	53 
	Sandy clay 


 
SAMPLE NAME: - A2 LIQUID LIMIT DETERMINATION 
	Can No. 
	 A 
	B 
	C 
	D 

	Wt. of wet soil + can (g) 
	28.36 
	27.01 
	29.63 
	31.48 

	Wt. of dry soil + can (g) 
	26.28 
	24.88 
	27.15 
	28.75 

	Wt. of can (g) 
	21.74 
	20.39 
	22.14 
	23.42 

	Wt. of dry soil (g) 
	4.54 
	4.49 
	5.01 
	5.33 

	Wt. of moisture (g) 
	2.08 
	2.13 
	2.48 
	2.73 

	Water content, w% 
	45.8 
	47.4 
	49.5 
	51.2 

	No of blows, N 
	49 
	38 
	26 
	13 


                                                                                            LL = 49.5% 
PLASTIC LIMIT DETERMINATION 
	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% 
 
SAMPLE NAME: - B2  LIQUID LIMIT DETERMINATION 
	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% 
PLASTIC LIMIT DETERMINATION 
	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% 
 
DETERMINATION OF SHRINKAGE LIMITS 
	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 


 
 
DETERMINATION OF CATIO EXCHANGE CAPACITY 
	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 


 
DETERMINATION OF THERMAL CONDUCTIVITY 
	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/Km) 
 
 

	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 
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