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ABSTRACT 

Black cotton soil collected from a borrow pit in Billiri Local Government Area, Gombe State, in 

Northern Nigeria, was treated with up to 12% Bagasse Ash (BA) in stepped increment of 4% by 

mass of soil to explore its potential for use in waste containment facilities. The characterization of 

BA treated soil was investigated through index tests while permeability tests were used to observe 

the rate of flow through the soil matrix. Results showed a decrease in liquid limit from 83.0 to 

65.8%, an increase in plastic limit from 28.2 to 33.1% and a decrease in plasticity index from 54.8 

to 32.7% with increasing BA content for up to 12%. Compaction characteristics revealed increase 

in Maximum Dry Density (MDD) from 2.28 – 2.58Mg/m3 and decrease in Optimum Moisture 

Content (OMC) from 60.8 – 54.8% with increased BA content using West African Standard 

compactive effort. The permeability tests results at different molding water contents satisfied the 

regulatory limit of 1×10-9m/s set by American Society for Testing and Materials (ASTM D – 5084). 
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1. INTRODUCTION

The rapid increase of urban population has 

resulted in a significant increase in waste 

generation and has necessitated 

municipalities to effectively utilized landfill 

space. Solid wastes which are classified 

based on their physical and chemical 

properties as garbage, rubbish trash, junk and 

ashes causes serious threat to our 

environment. Leachates generated from 

landfills could easily contaminate ground 

water which is the major source of clean 

water in urban settlements. Survey has shown 

that in most cities, including Nigeria, there 

exist uncontrolled disposal of solid waste 

according to Andrew et al., (2010). These 

include open dumpsites, rivers, streams, and 

outskirts. Most of the disposal sites are 

chosen solely based on availability of space 

with no scientific or socio-environmental 

landfill criteria (Eberemu et al., 2014). The 

feasibility of utilizing industrial and 

agricultural wastes materials has been a focal 

point of investigation to researchers 

following the skyrocketing cost of 

manufactured materials such as cement and 

lime. Some of these materials include 
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plastics, glass, scrap tyres, fly ash, rice husk 

ash, bagasse ash, millet husk ash etc. 

Black cotton soils, often referred to as 

expansive soils are confined to the semi-arid 

regions of tropical and temperate climatic 

zones and are abundant where the annual 

evaporation exceeds the precipitation 

(Warren and Kirby, 2004). They are fine 

grained soil with a low hydraulic 

conductivity due to presence of clay minerals 

especially montmorillonite. These properties 

have made them suitable material for used as 

a good material in waste containment 

facilities (Osinubi et al., 2011). 

Bagasse is the fibrous residue obtained from 

sugar cane after the extraction of sugar juice 

at sugar cane mills. Bagasse ash is the residue 

obtained from the incineration of bagasse in 

sugar producing factories. In the past decade, 

researchers have undertaken investigations 

on bagasse ash, focusing on its feasibility as 

a supplementary cementitious material and 

its influence on soil amelioration (Osinubi, 

1999; Nalbantoglu, 2004; Umar et al., 2013; 

Eberemu et al., 2014). It was found to be 

valuable pozzolanic material that has the 

potential to reduce cost, conserve energy, and 

minimize waste emission. (Lokesh et al., 

2018).  

The objective of this paper is to explore the 

potentials of bagasse ash as a hydraulic 

barrier material in waste containment 

facilities.  

 

2. MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Black Cotton Soil: The dark grey 

colored black cotton soil used in this study 

was collected from a borrow pit at 

9052’55’’N, 11013’31’’E in Billiri Local 

Government Area, Gombe State, Northern 

part of Nigeria using disturbed sampling 

method.  

2.1.2 Bagasse Ash 

The bagasse was stacked in heaps and burnt 

under normal temperature and pressure (open 

burning). The bagasse was incinerated for 

24hours to ash. The ash generated by burning 

was sieved through BS No. 200 sieve and 

stored in airtight containers to avoid pre-

hydration before usage. 

2.2 Methods 

2.2.1 Oxide Composition 

The oxide composition of BA which is gray 

after the incineration and sieving was 

determined using X-ray fluorescence (XRF) 

analysis conducted at the National 
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Geological Research Centre, Kaduna. One 

gram of well homogenized BA was taken into 

the machine. The XRF analysis is based on 

the principle that individual atoms, when 

excited by external energy source, emit x-ray 

photons of a characteristic wavelength. 

By counting the number of photons of each 

energy emitted from a sample, the elements 

present is identified and quantified (Ehi-

Eromosele et al., 2012). 

2.2.2 Index Properties 

Laboratory tests were performed to 

determine the index properties of the natural 

soil and soil admixed with bagasse ash (BA) 

in accordance with British Standards BS 

1377 (1990) and BS 1924 (1990) 

respectively. Soil samples were mixed with 

0, 4, 8, and 12% BA by dry weight of soil to 

explore the most effective dosage in the soil 

treatment. 

2.2.3 Compaction 

Compaction tests were carried out in 

accordance with BS 1377 (1990) to 

determine the compaction characteristics of 

black cotton soil admixed with BA. 

Specimens were prepared in stepped 

concentrations of 0, 4, 8 and 12% BA by dry 

weight of soil. Specimens were compacted 

with West African Standard energies that 

involve a 4.5kg rammer falling 450mm onto 

five layers in a mould, each receiving ten (10) 

blows. 

2.2.4 Hydraulic conductivity 

The specimens were placed into rigid-wall 

permeameters for hydraulic conductivity 

testing. All tests were conducted using the 

falling-head method in accordance with 

procedures described by Head (1992). The 

sample was connected to a standpipe, which 

provided the water head flowing through it. 

Black cotton soil – BA samples at the 

different BA contents (0, 4, 8, and 12%) and 

different molding water content (-2%, 0%, 

+2% and +4%) of the OMC were compacted 

using West African compactive effort 

(Osinubi et al., 2011). Specimens were 

soaked in a water tank for a minimum period 

of 24hours to allow for full saturation and the 

samples were restrained from swelling 

vertically during saturation. In the course of 

the permeation however, the specimens were 

allowed to swell vertically i.e. no vertical 

stress was applied. The fully saturated test 

specimens were then connected to a 

permeant liquid (tap water). Tests were only 

discontinued when hydraulic conductivity 

readings were steady.
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3. RESULTS AND DISCUSSIONS 

3.1 Index properties 

The index properties of the bagasse ash (BA) 

treated black cotton soil is shown in Table 1. 

The Atterberg limits results of the BA treated 

black cotton soil indicated improved index 

properties with a decrease in liquid limit from 

83.0 to 65.75%, an increase in plastic limit 

from 28.18 to 33.10% and a decrease in 

plasticity index from 54.82 to 32.69% with 

increasing BA content  for up to 12%. This is 

due to the physic-chemical reaction i.e. 

cation-exchange that depends on particle 

surface ion hydration and inter-particle 

attractive forces. This finding was consistent 

with a result reported by Eberemu and Sada 

(2013). The specific gravity result also has a 

trend, the value decreased from 2.36 to 2.21 

for up to 12% BA dosage. This reduction was 

due to the lower specific gravity (2.20) of the 

BA which gradually replaces the soil 

material. The decrease also indicated that 

mineralogical alteration has not taken place 

with the BA (Kumar, 2012). 

 

Table 1: Index Properties of Natural and BA Treated Soil 

Property 0% BA 4% BA 4% BA 12% BA 

Specific gravity 2.36 2.28 2.25 2.21 

Liquid Limit (%) 83.00 78.80 75.00 65.75 

Plastic Limit (%) 28.18 31.10 33.33 33.06 

Plasticity Index (%) 54.82 47.70 41.67 32.69 

*USCS Classification CH CH CH CH 

**AASHTO Classification A-7-6 A-7-5 A-7-5 A-7-5 

*CH; Fat Clays (U.S Army, 1970) **A-7-6/A-7-5; Silt – Clay materials (AASHTO, 1986)  

3.2 Oxide Composition of Bagasse Ash 

The oxide composition of bagasse ash 

generated from XRF analysis is presented in 

Table 2. The result shows that the essential 

oxides of BA, comprised of SiO2 (57.09%), 

Al2O3 (8.66%) and Fe2O3 (5.00%), which 

offer cementitious compound the suitability 

for use as pozzolana. The summation of these 

oxides indicated that BA has met the 

requirement set by the American Standard for 

Testing and Materials (ASTM C618, 2000) 

which suggested the total sum of these oxides 

be greater than or equal to 70%.  
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Table 2: Oxide Composition of Bagasse Ash 

Elements                                                          Composition (%) 

Al2O3                                                                                  8.66 

SiO2 50.09 

CaO 10.72 

Fe2O3 5.00 

K2O 1.70 

MgO 1.00 

Na2O 1.16 

 

3.3 Compaction Characteristics 

The compaction characteristics of black 

cotton soil treated with the various dosages of 

BA is presented in Figure 1. It is observed 

that the Maximum Dry Density (MDD) 

increased with increased BA content for up to 

12%. The value increases from 2.28 to as 

high as 2.58 Mg/m3 at 12% BA content. This 

is as a result of BA occupying the void within 

the soil matrix and the flocculation and 

agglomeration of the clay particle due to 

exchange of ions (Oriola and Moses, 2010; 

Prakash and Nagakumar, 2014; Niken et al., 

2017). 

 

 

Figure 1: Variation of Maximum Dry Density and Optimum Moisture Content with BA 
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On the other hand, the Optimum Moisture 

Content (OMC) has a trend of decreasing 

pattern. The value decreased from 60.8 to 

54.8% with increase in BA content for up to 

12%. The decrease in OMC is probably due 

to self – desiccation in which all the water 

was exhausted resulting in low hydration. In 

the absence of water movement to or from 

BA –paste, the water is used up in the 

hydration reaction, until too little is left to 

saturate the solid surfaces and hence, the 

relative humidity within the paste decreases. 

The process described above might have 

affected the reaction mechanism of BA 

treated black cotton soil, which conforms to 

a study conducted by Moses et al., (2012), 

Prakash and Nagakumar (2014) and Niken et 

al., (2017). 

3.4 Hydraulic conductivity 

The variation of hydraulic conductivity with 

compaction molding water content for black 

cotton soil with different bagasse ash dosages 

is shown in Figure 2. Generally the hydraulic 

conductivity obtained its lowest value at the 

wet side of compaction, especially at +2% 

and +4% OMC for most of the specimen. The 

increasing molding water content facilitates 

deflocculating of the particle structure, 

reducing the void, which is also in line with 

the findings of; Osinubi and Eberemu (2009) 

and Ramesh (2015). The bagasse ash treated 

black cotton soil attained the regulatory 

hydraulic conductivity value of 1 x10-9m/s 

for both 8 and 12% bagasse ash content. 

 

Figure 2: Variation of Hydraulic Conductivity with Molding Water Content 

2.10E-09 1.52E-09 1.03E-09 1.00E-09

0.00E+00

1.00E-08

2.00E-08

3.00E-08

4.00E-08

5.00E-08

6.00E-08

18 20 22 24

H
y

d
ra

u
li

c 
co

n
d

u
ct

iv
it

y
 (

m
/s

)

Moulding water content (%)

0%BA

4%BA

8%BA

12%BA

https://www.bayerojet.com/


  ISSN: 2449 – 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.14 NO.2,  pp101-108  AUGUST, 2019 
 

Available on line at https://www.bayerojet.com      107 
 

4. CONCLUSION 

The results of the experimental investigation 

into the use of BA treated black cotton soil as 

a hydraulic barrier in waste containment 

system have been presented. However, the 

addition of BA (4 – 12%) in black cotton soil 

improves the Atterberg limits and 

compaction characteristics of the soil. The 

BA materials has met the requirement of up 

to 70% (SiO2 +, Al2O3 + Fe2O3) and exhibit 

pozzolanic quality with it cementing 

compound in reaction. More so, the treatment 

of black cotton soil with up to 12% BA using 

West African Standard of compactive energy 

at four different molding water content (-2%, 

0%, +2% and +4%) to explore its suitability 

in waste containment barrier application 

showed good improvement. The requirement 

of 1×10-9m/s hydraulic conductivity was 

attained at +2% molding water content using 

both 4 and 8% BA dosages.  
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