Chapter Four
Result and Discussion
4.1 Specific Gravity Determination	
The results of specific gravity determined s hereby presented in Table 4.1
Table 4.1: The Specific Gravity Test Result 
	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 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 (Brady and Weil, 2017).
4.2 	Determination of Bulk Density 
Table 4.2: The Bulk 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

	Average bulk density (g/cm3)
	                                   1.57



Table 4.2 showed that the bulk density of the investigated clay samples was found to be 1.54g/cm3 and 1.59g/cm3 respectively, 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 and crucible.
4.3	 Grain Size Analysis 
4.3.1	 Mechanical Sieve Analysis of Sample A2 and B2
Table 4.3: The Mechanical Sieve Analysis 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
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Figure: 4.1 The mechanical sieve analysis for Sample A2
Table 4.4: The Mechanical Sieve Analysis 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
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Figure 4.2: The mechanical sieve analysis for Sample B2
Both samples display a similar trend of decreasing percentage passing with decreasing size, but A2 retains finer materials compared to B2. Sample B2 has larger average particle sizes due to its higher percentages at the coarser sieve sizes and lower percentages at the finer sizes. The differences in grain size distribution would affect how these materials are used in engineering or construction. A2, being finer, may be suited for applications requiring more compact and cohesive properties, while B2 may provide better drainage or structural support (Das and Sobhan 2017) as shown in Table 4.3, 4.4 and figure 4.1 and 4.2 respectively.
4.3.2 	Hydrometer Analysis of Sample A2 and B2
Table 4.5: The Hydrometer Analysis for Same A2
	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



Table 4.6: The Hydrometer Analysis For Sample B2
	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



The provided hydrometer analysis results for samples A2 and B2 reveal valuable information about the particle size distribution within each sample. Sample A2 seems to have a wider range of particle sizes, including a greater fraction of both coarse and fine particles compared to Sample B2. Sample B2 shows a consistent decline in the % finer results, indicating a more homogenous composition in terms of particle size compared to the more segmented nature of Sample A2. The findings could affect applications such as soil analysis, sediment transport studies, and material handling where particle size influences behavior (Das and Sobhan 2017).

Table 4.7: 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



Table 4.7 shows the results of the grain size analysis test of the studied clay samples. The result  revealed that 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%.  Figures 4.1& 4.2 showed 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).  
4.4 	Atterberg Limits 
4.4.1	 Liquid Limit Determination of Sample A2 And B2 
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


[image: ]                                               LL = 49.5%
Figure: 4.3 The liquid limit of sample 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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Figure: 4.4 The liquid limit for sample B2

Sample A2 has a higher liquid limit, suggesting it is more plastic than Sample B2. This could affect how these soils behave in construction or agricultural applications. The similarities in water contents and blows indicate that other factors such as soil type, texture, and mineral composition may contribute to the differing liquid limits. In civil engineering or geotechnical assessments, understanding the liquid limit and the associated water content helps in predicting the suitability of these soils for construction projects (Das and Sobhan, 2018).

4.4.2 	Plastic Limit Determination Of Sample A2 And 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 – 21.6
P I = 24.1%
[image: ]Figure 4.5: The plastic limit and liquid limit of sample A2 and B2
Sample A2 has a higher plastic limit (24.6%) compared to Sample B2 (21.6%). This indicates that Sample A2 can retain plasticity at higher moisture content levels than Sample B2. Sample A2 has a plasticity index of 24.9%, while Sample B2 shows a similar plasticity index of 24.1%. This suggests that both samples exhibit similar behavior concerning their plasticity. Sample A2 has a higher moisture content of 25.0% compared to Sample B2 at 19.7%. This could imply that Sample A2 may present more challenges in construction or engineering applications due to its ability to retain more water. Higher plastic limits are often associated with more cohesive soils, which can influence considerations such as compaction, stability, and load-bearing qualities in engineering projects (Craig, 2004; Das and Sobhan, 2018).
4.5 	Determination Of Shrinkage Limits
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



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 (Nelson and Miller, 1992; Das and Sobhan, 2018).

4.6	 Determination of Cation Exchange Capacity
Table 4.13 : The Cation Exchange Capacity Results 
	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 4.13 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).
4.7 	Determination of Thermal Conductivity
Table 4.14: The Thermal Conductivity Result 
	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



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.
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