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ABSTRACT

This thesis characterizes five clay samples from lyinwaogba Umuosode Alike Ikenanzizi Obowo, Imo State.
The characterization is based on their physicochemical properties, mineralogy and elemental analysis using
Scanning Electron Microscopy (SEM-EDS) for Morphological characterization, Fourier Transform Infra-Red
Spectroscopy (FTIR) for chemical characterization, X-Ray Diffraction (XRD) and Energy Dispersive X-Ray
Fluorescence (EDXRF). The pH ranged froml.91 to 2.89, loss on ignition ranged from 4.75 % -5.32 %, Cation
Exchange Capacity ranged 24.11 meq/lOOg to 26.49 meq/lOOg. Refractive index ranged from 1.45 to 1.68
while the specific gravity ranged from 2.68 to 2.96. SEM-EDs images of clay fractions (A to E), depict a
typical structure of conventional quartz and. Kaolinite. The FTIR analysis of the clay samples XA*®) showed
Kaolinite, C-H stretching, Si-O stretching band at 3283.2 cm'1 to 3302.4 cm’1 1638.9 cm’1 to 1710 cm’1
indicating the presence of Kaolinite. The EDXRF results of the clay samples (Atol?) shows, elements present,
the highest metal in the clay -samples is Fe, and Sr, detected in trace amount are, Pb, Zn, Mn, and Ga. Ni was
not detected, Cu was not detected except in sample D, where it was found in trace amount. The XRD
mineralogical data indicates the presence of some mineral phases of characteristic peak of quartz, kaolinite,
anatase and pyrite in the clay samples (A-E). The general data strongly suggest that the primary constituents of
the clay were kaolinite with high quartz content and average SiO2 of 58.30%. Altogether, the characteristics of
the clay samples are good material for numerous industrial use.

Key words:Mineral, Elemental, Clay, Spectroscopic, Characterization.





CHAPTER ONE

INTRODUCTION

1.1 Background of Study

Clays are naturally occurring materials composed primarily of fine-grained minerals, which

is generally plastic at appropriate water contents and will harden when dried or fired (Bauluz,

et all, & Gonzalez 2003: Benea & Gorea, 2004). Clay deposits consist of the primary and

secondary stages: while the primary clays are formed as a residual deposit in soil and trapped

at the site of formation the Secondary clays rather have been transported by water erosion

from their original location and deposited in a new sedimentary deposit (Baik&Lee, 2010).

Clay deposits can be found in large lakes and marine basins because of its extremely low

energy sedimentary environment. The formation of clay takes a long period of time which is

as a result of what is known as chemical weathering of rocks which occurs gradually, usually

the silicate-bearing ones, by low concentrations of diluted solvents like carbonic acid

(Nyakairu & Koeberl, 2C j 1 The acidic solvent leaches the upper weathered layers and then

move tr.r: _gh the weathering rock, and it is in this process of hydrothermal activity that s:~.;

clay minerals are formed. They have varying chemical composition depending on both the

physical and chemical changes in the environment where clay deposits are found (Ekosse et

al., 2010; Ojo et. al., 2011).

Natural clay minerals are well known and familiar to mankind from the earliest days of



civilization. Because of their low cost, abundance in most continents of the world, high

sorption potential for ion exchange, clay materials are strong candidates as adsorbents

(Buchwald, Hohmann, Posem & Brendler, 2009).Clay minerals share a basic set of structural

and chemical characteristic and yet each clay mineral has its own unique set of properties that

determine how it will interact with other chemical species. The variation in both chemistry

and structure, among the clays leads to their applications in extremely diverse fields (Bundy,

1993; Celik, 2010; Balouga, 2012).

Clay is composed mainly of silica, alumina and water, frequently with appreciable quantities

of iron, alkalies and alkali earths. Two structural units are involved in the atomic lattices of

most clay minerals. One unit consists of closely packed oxygen and hydroxyls in which

aluminium, iron and magnesium atoms are embedded in an octahedral combination so that

they are equidistant from six »

oxygen or hydroxyls. The second unit is built of silica tetrahedrons. The silica tetrahedrons

are arranged to form a hexagonal network that is repeated indefinitely to form a sheet of

composition, Si4O6(OH)4 (Buchwald et al., 2009). The formation of clay minerals is

dependent on physicochemical conditions of the immediate weathering environment, nature

of the starting materials and other related external environmental factors (Wilson, 1999), thus

resulting into various types of clay materials. Consequently, the application potential of any

clay mineral type in nature will depend on its chemical composition, structure and other

inherent properties (Landouisi, 2013). The specific clay minerals are identified by several

techniques including thermal differential analysis, elemental analysis by atomic absorption

analysis, infrared spectrometry and X-ray diffraction. Chemical analysis is an essential step



to establish the nature of minerals. On this regard, clay minerals are classified into different

groups as follows; Kaolinite, Smectite, Vermiculite, Illite and Chlorites (Agwu, Okon &

Udoh, 2015).

In Alike Ikenazizi Obowo, the occurrence of the clay deposit at lyinwaogba is principally

used by the community dwellers to celebrate Maternity (birth and arrival of new bom). It is

obtained, crushed and mixed with common salt (Sodiumchloride) and offered as kola (gift) in

appreciation for Maternity visit. Also, the traditional people of Alike Ikenazizi Obowo use

the clay as anti-diarrhea, antiinflammatory, antiseptic and as medicine for the treatment of

gastrointestinal conditions. It is often used to treat cases such as body idling and chicken pox

by rubbing the ground clay mixed with water on the affected body part. The traditionalists

equally used it with some herbs for wound, i.e for healing or soothing of wounds, cuts and

bruises as well as for muscle damage.

Clay tablets were the first known writing medium (Ebert & John, 2011). It has a lot of useful

application because of its negligible toxicity and the biocompatibility Grin. ... i... 2 ? . The

medical pharmaceutical uses of clay dates back to the

prehistoric limes it could be used to soothe stomach upset and some animals such as Parrots

and pigs ingest clay for similar reasons (Diamond & Jared, 1999). Kaolin and attapulgite clay

have been used as anti-diarrhea medicines (Dadu, 2015).

Clay are used in a wide variety of industries, as soils they provide the environment for almost

all plant growth and for nearly all life on the earth’s surface (Murray, 2002). Clay provide

porosity, aeration and water retention capacity and are reservoir for plants essential elements



(Boggs & Sam, 2006, Foley & Nora 1999). The use of clay in pottery making antedates

recorded human history and provides a record of past civilizations. As building materials,

bricks both baked and adobe have been used in construction since earliest time (Breuer &

Stephen, 2012). i

Impure forms have been used to make bricks, tiles and the cruder type of pottery while kaolin

is required for the finer grades of ceramic materials (Breurer & Stephen, 2012). Another

major use of kaolin is as paper coating and filler in paint making, it gives the paper a gloss

and increases the opacity of the paper, for paints, kaolin increases the adhesion to wall

properties of the paint and enhances the glossy properties (Nesse & William, 2000).

Refractory materials, including fire brick, chemical ware and melting pots for glass make use

of kaolin together with other materials that increase resistance to heat (Foley & Nora K, 1999,

Breuer & Stephen, 2012). Certain clays known as fuller earth have long been used in wool

scouring (Boggs & Sam, 2006). In rubber compounding, the addition of clay increases

resistance to wear and helps eliminate molding troubles (Ebert & John, 2011, Bergaya &

Lagaly, 2006). Clay materials have a wide variety of uses in Engineering, Earth dams are

made impermeable to water by adding suitable clay materials to porous soil, water loss in

canals may be reduced by adding clay (Kockar, Mustafak, Akgun, Haluk & Akturk, 2005).

Bentonite clay is widely used as a mold binder in the manufacture of sand casting (Eisenhour

et al., 2009, Kockar et al., 2005).

Studies in the early 21st century have investigated clay’s adsorption capabilities in various

applications such as the removal of heavy metals from waste water and air purification



(Garcia-Sanchez, Alvarev-Ayuso, & Rodriguez-Martin, 2002, Churchman, Gates, Theng,

Yuan, Faiza, Bergaya, Benny & Gerhard, 2006). The chemistry of clay minerals including

their capacity to retain nutrient cations such as potassium and ammonium is important to soil

fertility (Hodges, 2010).

Clay minerals are the most important industrial minerals. Millions of tons are utilized yearly

in various applications. These applications include uses in geology, the process industries,

agriculture, environmental remediation, construction and as catalyst in petroleum industry.

The most generally used in the manufacture of catalysts are kaolin and montmorillonite

(Benea & Gorea, 2004). In fact, catalysts gi • ±_ mmnh high octane gasoline in petroleum

industry have been produced from clay s composed of halloysite, montmorillonite and

kaolinites (Felhi, Tlili, gaied & Montacer, 2008), so that the quantity of kaolin used annually

for production of petroleum cracking catalysts was estimated at more than 200,000 tons

(Al-Ani, & Sarapaa, 2008; Richard, Afolabi, Oyinkepreye, Orodu, Vincent & Efeovbokhan,

2017).

The reason for utilization of certain clay minerals in specific application is that the physical

and chemical properties of a particular clay mineral are dependent on its structure and

composition. The structure and composition of kaolins, smectites, and palygorskite and

sepiolite are very' different even though they each have octahedral and tetrahedral sheets as

their basic building blocks. However, the arrangement and composition of these octahedral

and tetrahedral sheets account for major and minor differences in the physical and chemical

properties of kaolin, smectites and palygorskite (Loto & Omotosho, 1990; Richard et al.,

2017).



Clays have received considerable attention especially as potential adsorbents for

environmental research. Many researchers around the world, have beamed their search lights

on the phase developments that occurred by sintering clay in the presence of some oxides

(Nazile, 2018).

The most abundant, ubiquitous, and accessible material on the earth crust is clay O:o. Suraju,

Adepoju & Nurudeen, 2014). It was observed that a great emphasis is placed on exploiting

the abundant solid minerals endowments in Nigeria with a view to diversifying the economic

base of the country, improving Gross Domestic Product (GDP) and industrial activity

(Richard et al., 2017). One of these endowments with tremendous potential for economic

utilization is clay (Enu & Adegoke, 1986; Richard et al., 2017).

In Nigeria, clay raw material deposits are widely distributed across the six geopolitical zones

of the country (Oluwafemi, 2012). There are several industries which can utilize the readily

available and cheap clay raw materials after beneficiation in order to support industrial

growth and relieve the government off the burden of importing such products. The improved

industrial utilization of clay minerals in the country will depend mainly on the quality and

durability of the material, and for this to be realized, there is need for rigorous studies on this

resource. Unfortunately, very little attention has been given to clay characterization and

mineralogy in Nigeria (and in particular Imo state) despite the growing demand for clay

products and the possibility of creating jobs through cottage industries. Currently, the local

communities in Nigeria are relying on the indigenous knowledge to make some clay products

whose quality is hard to determine and neither does it meet the export standards as shown in

Figure 1.



Figure 1.0 Locally made clay products (Source: Ombaka, 2016).

Despite the vast potentials, clay minerals are still grossly underutilized and the few pockets of

existing clay-based industries have primarily harnessed the raw material for the production of

ceramic wares and structural products. These clay deposits have the potential to be a major

source of foreign income earning if properly harnessed. Therefore, in order to determine the

profitability of utilizing clay from a particular deposit for any application, it is of paramount

importance to examine the microstructural morphology, determine the mineralogical,

elemental and functional group composition in such clay deposit.

1.2 Problem Statement

Clay raw material deposits have over the years presented man a means of economic

beneficiation. The occurrence of clay mineral deposit, have equally presented the problem of

characterization as to ascertain the economic benefits and industrial applications suitability.

At lyinwaogba Umuosode Alike Hcenazizi Obowo L.G.A of Imo State, South-Eastern



Nigeria, the existence of clay mineral deposit there, are yet to be characterized as to establish

the possible economic beneficiation to the Nigerian economic prospect.

• Characterization of the clay mineral deposit at lyinwaogba Umuosode Alike Ikenazizi

Obowo L.G.A of Imo State South-Eastern Nigeria.

• Determination of profitability of utilizing the mineral clay from this particular deposit for

any possible application(s).

1.3 AIM AND OBJECTIVES OF THE STUDY

This work is aimed at characterization of clays from lyinwaogba Umuosode Alike Ikenanzizi

Obowo of Imo State using X-Ray Diffraction, X-Ray Fluorescence, Scanning Electron

Microscopy and Fourier Transform Infrared Spectroscopy

The specific objectives set to achieve the aim are as follows;

• To determine the elemental composition of the clay samples

• To determine the functional chemicals in the clay samples

• To classify the clay sample using the results obtained i.e Mineralogical classification.

1.4 Justification and Significance of the Study

Imo State is one of the major states in Nigeria enriched with clay raw material deposits. These

clay materials are yet to be properly characterized. The qualities of clay founddetermine its

application and suitability for various applications such as in bricks, ceramic wares, and

refractory. In lyinwaogba Umuosode Alike Ikenanzizi Obowo Local Government Area of



Imo State, clav soils in the lower stream often serve as a filter for the flowing stream and thus

help in itspurification. There are no studies/reports regarding the composition of raw clay

deposits in this area. This study therefore sets to fill this knowledge gap. Furthermore, the

findings of the study will also provide documentation of relevant information on clay

reserves, mineral locations, and the economic significance of the minerals.

1.5 SCOPE OF THE STUDY

The study covered the mineralogical and elemental analyses of clay samples using XRD,

XRF, SEM and FTIR and comparing obtained results with standards andother literature.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1. Characterization of Clay Minerals

The characterization of clay mineral is necessary for the identification of engineering and

physico-chemical behavior of fine-grained soils. In addition,, design of stabilizers also

requires a specific determination of clay mineral. Previous works done in the area of

characterization of clay deposits was based on a regional study of the locations containing

them. Moreover, such studies in Nigeria have indicated that the clays are mostly low-grade

and would require beneficiation using sodium salt as part of methods to improve its quality.

The pioneering characterization study of clay deposits in Nigeria can be traced to the work of

Oyawoye and Hirst (1964). They carried out a mineralogical study using X-Ray Diffraction

(XRD) and thermal analysis of clay samples obtained from Ropp in the Plateau Province of

the old Northern Nigeria. The number of locations sampled in their study was just one. The

clay sample was a calcium montmorillonite with the dominating oxides being siliconoxide

(47.38%). aluminum oxide (21.27%) and ferric oxide (10.66%).Other oxides present in the

clay samples were <1%.

Marine shale units that are vastly supplemented in montmorillonite occur in all known

sedimentary basins in Nigeria. These inarine shale units include the Agwu shale unit in

Eastern Nigeria, Fika shale unit in North-East Nigeria, Imo shale unit (this forms a belt across

the southern part of Nigeria), and the shale units of the Dukamaje and Kalambaina formations

in North-West Nigeria. These formations are known to contain over 80% montmorillonite

enriched in calcium with little or no section with sodium. Inspite of this, it cannot be said



conclusively that the impact of the geology of the environment affects formation, due to the

fact that more needs to be done as not all locations with substantially proven deposits of

bentonite clays have been studied.

James et al. (2008) carried out a beneficiation and characterization study of bentonite clay

sample obtained from Yola in Adamawa State, North-East Nigeria. Compositional study of

this Yolabentonite clay revealed that the clay sample is a low-grade calcium montmorillonite

and this is typical of other samples from regions that have been investigated (James et al.,

2008; Obaje, 2013; Nwekeet al., 2015).

James et al. (2008) compared the wet and dry beneficiation methods in treating raw bentonite

clay samples obtained from Yola in Adamawa State, North-East Nigeria and observed

through material characterization that wet beneficiated Yola clay samples showed improved

values in pH, swelling power, cation exchange capacity. apparent viscosity and yield when

compared to the dry beneficiated Yola clay samples. However, in terms of bulk density the

dry beneficiated Yola clay samples showed higher values than the wet beneficiated Yola

clays. This may be attributed to the inefficiency of the dry method in properly removing

impurities present in the sample (Ajugwe et al., 2012a,b). Some wet beneficiation procedure

may also prove ineffective if the bentonite clay is not allowed to properly hydrate and

homogenize with the chemicals used for the beneficiation study (Ajugwe et al., 2012a,b).

Chemical analysis carried out on samples of kaolin clay collected from Lakiri village,

southwestern Nigeria by Badmus and Olatinsu (2009) showed that the kaolin clay is acidic

and contains high concentration of alkaline metals. The physical analyses revealed the kaolin

clay to have an average porosity of 0.46 and bulk density of 1.4 g cm-3. They concluded that



the properties of the clay make it good as additive for both industrial and mining purposes.

Ahmed et al. (2012a,b) carried out mineralogical studies on clays obtained from the Pindiga

formation in Gombe State, North-East Nigeria. Experimental findings indicate that the clay

samples contain montmorillonite, which is predominantly rich in calcium, and this is more

stable when compared to Magnesium, Potassium and Sodium based montmorillonite.

Compositional analysis of the clay samples showed that it contains oxides of Aluminum,

Silicon, Calcium and Iron.

Obaje (2013) investigated clays in Borno State, North-East Nigeria anc previous works done

on clays in that region discovered that it was rich in montmorillonite containing

predominantly calcium and requires beneficiation to improve the quality of the clay.

Dewu et al. (2011 a,b) carried out mineralogical characterization of clay samples obtained

from the Fika formation in North-East Nigeria. The mineralogy of the clay samples were

mainly calcium-based montmorillonite and would require beneficiation with sodium

carbonate to convert it to sodium based montmorillonite via ion exchange. The mineralogical

and elemental study of Nigerian bentonite clay deposits carried out by researchers in the 80s,

90s and early 2000s has revealed that beneficiation of these bentonite clays is a necessary

step if recourse must be made to it for application in the oil and gas industry. This is important,

as most of the clay deposits studied so far do not meet the requirementsof the .American

Petroleum Institute (API) in terms of rheological properties.

Nweke et al. (2015) carried out mineralogical characterization of clay samples from the

Abakaliki Formation in the Niger-Delta part of Nigeria. The minerals present are mainly

montmorillonite and illite with traces of kaolinite. Elemental analysis indicates high calcium



and potassium oxides. Olugbenga et al. (2013) also characterized bentonite clay samples

from the Niger Delta region of Nigeria. Their mineralogical study using X-Ray Diffraction

(XRD) on the clay sample indicated that it was a montmorillonite rich in calcium and

chemically stable. In addition, beneficiation of the clay samples with sodium carbonate

improved the rheological properties of the clay, which gives a promising sign for drilling

mud application as per American Petroleum Institute (API) and Oil Companies Material

Association (OCMA) recommendation.

Apugo-Nwosu et al. (2011) carried out a suitability study of the Ubakala clays in Abia State.

Mineralogical analysis of these clays using X-Ray Diffraction showed that it was composed

mainly of smectites, kaolin, and albite. Chemical analyses results showed that in the Ubakala

clay, theAl2O3/SiO2 ratio was about 1/4.35. The presence of alkalis and magnesia in the

samples suggests significant presence of montmorillonite.

Osadebe et al. (2011) also carried out chemical and mineralogical analysis of clay deposits

obtained from Okada, Edo State, South-West Nigeria. The analysis was mainly done using

X-Ray Diffraction and the results showed that silicon dioxide was more in abundant in the

clays followed by aluminum oxide. This was comparable with the works carried out by

Ademibawa (1999a,b), James et al. (2008), Abdullahi et al. (201 la,b) and Obaje (2013).

Nwosu et al. (2013) characterized clays samples obtained from Udiin Enugu Sate, South-East

Nigeria using X-Ray Diffraction and Fourier Transform Infrared

Spectroscopy. The findings from the compositional analysis indicated that silicon oxide

(53.2%) was the dominant oxide in the clays samples followed by aluminum oxide (5.906%)

other oxides like Fe2O3, MgO, CaO, Na2O, K2O etc. were bl%. Joel and Nwokoye (2010) also



carried out a study on clay samples obtained from the Niger-Delta region. Silicon dioxide and

aluminum oxide were both in substantial quantities while other metal oxides were less than a

percent.

Olugbenga et al. (2013) also investigated the mineralogy and elemental composition of clays

obtained in the Niger Delta region using X-Ray Fluorescence (XRF) and X-Ray Diffraction

(XRD). Analysis of the clay samples revealed the presence of amontmorillonite, which was

calcium based and would require beneficiation with a sodium salt in order to improve its

properties for drilling mud application. In addition, silicondioxide was in large quantity

(47.4%) followed by aluminum oxide (20.97%) and ferric oxide (5.73%) respectively. Tables

2.3 and 2.4 give a summary of researchers work on Nigerian clays from different parts of the

country.

Ojoet. al., (2015)studied the chemical and mineralogical compositions of the clay deposits at

Akerebiata area in Ilorin (north-central Nigeria), southwestern basement complex, Nigeria.

X-Ray Diffraction (XRD) method was employed for the mineralogical analysis while X-Ray

Fluorescence (XRF) and Inductively Coupled Plasma-Mass Spectrophotometer (ICPMS)

methods were used to for thedetermination of the bulk elemental composition. XRD analysis

revealed kaolinite as the predominant clay mineral (54.2 to 90.9 wt. %) indicating intensive

chemical weathering of aluminium-rich source rocks and exhaustive leaching under a warm,

humid condition. Other non-clay minerals in the assemblages are quartz, rutile, anatase,

microcline and plagioclase. Results of geochemical analysis from their study showed the

predominance of SiO? (47.14 to 64. 92 wt. %) and A12O3 (19.47 to 29.39 wt. %) which

support the kaolinitic nature of the clay and classify the clay as aluminosilicates. The



relatively high mean values of the Chemical Index of Alteration (CIA) and Chemical Index of

Weathering (CIW) (87.15 and 90.09) also suggest an intensive chemical weathering in the

source area. Other relevant geochemical indices; plot of TiO2, ratios of Th/Co, Th/Cr, Cr/Th

and relative proportion of Ni and Cr reveal felsic igneous parent rock. The clays were

characterized by light colour, fmeness, low-moderate LOI, mineral assemblage and chemical

composition that make them favorably compared with standards for refactory, ceramics,

pottery and paints.

Oyedoh et al. (2016) carried an experimental investigation into the use of clays obtained from

Afuze in Edo State for drilling mud formulation. The mineralogical analysis showed that the

clays are mainly calcium montmorillonite and would require beneficiation with sodium salt

into order to convert to sodium montmorillonite.



Table 2.1. Mineralogical Analysis of some Clay Deposits in Nigeria

Location Mineralogical composition References
Ropp Montmorillonite, Biotite, Quartz and Beidillite Oyawoye and Hirst (1964)

Igbokoda Montmorillonite, Kaolinite and Illite Loto and Omotosho (1990)

Pindiga Montmorillonite, Kaolinite. Quartz, Calcite, Biotite,

Feldspar

Falode et al. (2008)

Ibere Montmorillonite, Kaolinite, Quartz, Feldspar, Illite,

Chlorite

Mark and Onyeamaobi

(2009)Uzuakoli Montmorillonite, Kaolinite, Quartz, Feldspar, Illite

and ChloriteOhiya Montmorillonite, Kaolinite. Quartz, Calcite

Feldspar, Illite, ChloriteOboro Montmorillonite, Kaolinite, Quartz, Calcite

Feldspar, Illite, ChloriteOdukpani Kaolinite, Quartz, Feldspar and Illite Osabor et al. (2009)

Benue Trough • Montmorillonite, Kaolinite, Dolomite, Ankerite.

Quartz and Microcline

Abdullahi et al. (201 la,b)

Kutigi Kaolinite, Quartz, Feldspar and Illite Akhirevbulu et al. (2010a,b)

Ubakala Montmorillonite, Kaolinite, Quartz, Biotite, Calcite

and Feldspar

Apugo-Nwosu et al. (2011)

Maiduwa Montmorillonite, Kaolinite, Quartz and Illite Dewu et al. (201 la,b)

Pindiga Montmorillonite, Quartz and Graphite Ahmed et al. (2012a,b)

Kaduna &Sokoto Calcium-Smectites. Illite, Chlorite, Kaolinite,

Vermiculite

Omole et al. (2013)

llorin Kaolinite, Quartz, Rutile. Anatase, Microcline and

Plagioclase

Ojo et. al., (2014)

Abbi Montmorillonite, Kaolinite, Illite and Chlorite Akinade and Afolabi

(2015a,b)
Abakaliki Montmorillonite, Kaolinite, Quartz, Calcite,

Feldspar and Illite

Nweke et al. (2015)



Table 2.2. Elemental analysis of some clay deposits in Nigeria.

References Location SiO2 AI2O3 Fe2O3 MgO CaO K2O Na2O TiO2 P2OS LOI

Oyawoyeand 11 irstf 1 9

64)

Ropp 47.38 21.27 10.66 0.42 0.78 0.08 0.12 — — 9.60

Ademibawa( 1999a,b) Pindiga 53.06 12.09 2.71 1.10 1.30 1.25 6.40 1.53 — 20.19

Jamcsctal.(2008) Yola 61.35 14.09 7.14 0.87 0.12 1.05 1.15 1.453 0.06 12.23

Osaborctal.(2009) Odukpani 47.52 24.01 2.38 0.188 0.038 — 1.78 — — 12.00

Akhirevbulnetal.(201

Oa.b)

Kutigi 66.00 26.87 0.99 — — — — 1.45 — —

LawalandAbdullahi(2
010)

Lokoja 27.18 13.76 5.82 — 1.17 2.68 — 0.71 — —

Mark(2010) Ibere

1

52.06 27.87 3.25 1.43 0.34 2.92 0.38 — 9.2

Oboro 60.21 19.05 3.78 1.50 0.30 2.16 0.42 -10.2

Olokodeetal.(2010) Ajebo 46.40 34.00 2.49 0.04 0.02 0.08 0.03 0.04 17.70

Abdullahietal.(201 la, b) Fika 35.17 13.05 7.35 6.17 10.36 1.69 0.06 0.64 0.31 15.73

Dewuetal.(2011 a,b) Pindiga 53.00 18.00 4.68 2.60 0.67 2.28 0.6 1 0.90 15.12

Futuk 46.76 18.40 8.17 2.34 0.57 2.59 0.45 0.70 14.82

Arawa 52.80 20.80 7.53 2.95 0.77 2.61 0.28 0.67 1 5.63

Dewuetal.(2012) Ngalda — 7.32 — 2.71 2.68 — 1.25 0.45
— 9.73

Maiduwal — 4.64 — 3.56 5.59 — 2.43 0.28 — 8.77



Maiduwa2 — 6.5 I — 4.19 5.07 — 2.04 0.28 — 9.24

Osadebeetal.(201 1) Okada 55.77 20.60 0.70 0.20 0.30 0.30 2.0 1.15 0.012 16.80

Apugo-

Nwosuetal/201 1)

Ubakala 69.60 16.00 2.99 0.156 0.22 0.59 0.06 2.64 — —
Ahmedetal.(2012a,b) Pindiga 46.90 15.00 24.15 — 2.46 3.71 3.52 2.15 — 6.63

Obaje(2013) New Marte 24.21 60.05 0.03 3.02 0.60 1.01 1.98 — — 9.10

Dikwa 26.30 58.40 0.01 3.22 0.45 0.98 2.01 — — 7.71
Olugbengaetal.(2013 ) Niger-Delta 47.40 20.97 5.73 9.48 4.23 0.98 — 1.18 —

Nwosuetal.(2013) Udi 53.20 5.91 0.44 — 0.01 0.12 1.42 —
__ 4.00

Aramideetal.(2014) I fon 56.77 27.46 1.32 1.96 0.18 0.04 1.62 — 10.27

Ipetumodu 54.82 25.90 1.44 2.08 0.12 0.20 1.57 — — 11.64

Iseyin 59.42 35.88 2.42 1.40 0.17 0.04 0.09 — — 1 1.66
Nwekeetal.(201 5) Abakaliki 58.96 25.08 4.67 2.02 5.42 1.40 1.98 2.10 — —



The mineralogical and chemical analysis done by most researchers on Nigerian clays has

largely been on the determination of the oxide components of the montmorillonite that

make up the clay deposits and quantifying it. Silicon dioxide. SiO2 and Aluminum Oxide,

A12O3 are the major oxide of the clay deposit and the A12O3 to SiO2 ratio ranges from

0.23 to 2.48 which compares favorably with standard Wyoming clay ratio of 0.38.

Some clay samples obtained from deposits in Nigeria has been observed to contain

impurities in its raw form hence the need for beneficiation(James et al., 2008; Obaje,

2013). Beneficiation is simply a procedure for removing impurities or associated

minerals that are not needed thereby improving the quality of the bentonite clay

(Olugbenga et al., 2013). Beneficiation can be done using sodium salt such as sodium

carbonate (Na2CO3) or sodium hydrogen carbonate(NaHCO3)which allows for the

conversion of the mainly calcium montmorillonite clays to sodium montmorillonite via

an ion exchange mechanism. Furthermore, the beneficiation method used in treating the

raw clay does play an important role in enhancing the quality of the resulting clays.

It cannot be said precisely if regional distribution of clays in Nigeria play an important

role in the mineralogy, elemental composition and performance of these clays since not

all deposits of clay have been studied. The mineralogy of these clay deposits could be tied

to the geolog}’ of the environment (basin) from which they were obtained. A broad

characterization of Nigerian clay deposits is still required as well as the partitioning of

the compositional elements and spatial distribution of the elements. This is

necessary for subsequent treatment and processing.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials

3.2 Study area

The study area is located at lyinwaogba Umuosode Alike Ikenanzizi Obowo Local

Government Area of Imo State. The area is situated in a complex geological setting.

The stratigraphic units observed include: the Benin Formation, The Ogwashi - Asaba

Formation, the Bende - Ameki Formation, Imo Shale Formation, Nsukka Formation

and Ajali Formation. (Akaolisa & Selemo, 2009). The Benin Formation is overlain by

lateritic overburden and underlain by the Ogwashi - Asaba Formation which is in turn

underlain by the Ameki Formation of Eocene to Oligocene age (Mbonu et al., 1990).

The Benin Formation consists of coarse - grained gravelly sandstones with minor

intercalations of shales and clay. The sand units which are mostly coarse grained,

pebbly and poorly sorted, contain lenses of fine grained sands (Onyeaguocha, 1980;

Short & Stauble, 1967).

The specific stream where the clay samples were collected is located geographically

between latitude 5.5774167 °N and longitude 7.3279617 °E with altitude of 137.30

meters. The stream is a small one with length of < 100 m and



2.5

depth of < 100 cm (Figure 3a). The clay soils in the stream serve as a filter for

the stream water purification (Figure 3b).

(a)



2.5



2.5

(b)

Figure 3.0. Photographs of the study area showing, (a) entire stream where

the clay was collected; (b) clay soils at the bottom of the stream

3.3 Sample collection

Sampling sites were carefully selected based on physiographic zones of the area with

samples collected to properly represent the parent materials. Sampling design involves

the selection of the most efficient method for choosing the samples used to estimate the

properties of the population. Probability sampling was adopted that selects sampling

points along the water course. The clay soils were retrieved from the area using a shovel

and were then plastic wrapped and air tight.



Fiveclay samples were collected randomly around Ikenanzizi Obowo Local Government

Area of Imo State, South Eastern Nigeria (Figure 3.1). Samples were taken at an average

depth of 90cm below the water surface.

Figure 3.1. Photograph of clay samples in the lab for analysis

3.4 Sample preparation and analysis

The samples were characterized on the basis of their mineralogical and elemental (trace

and oxides) composition. Each of the samples was split into two halves with each half

used for mineralogical and elemental analysis. The compositional and mineralogical

analyses were done using X-Ray Diffraction (XRD) and X-Ray Fluorescence (XRF)

equipment respectively.

3.5 Qualitative and quantitative XRD

The samples were prepared for XRD analysis using a back loading preparation method

(Abdoulaye et. al., 2019). They were analysed using a PANalytical



X'Pert Pro powder diffractometer with' X'Celerator detector and variable

divergence- and receiving slits with Fe. filtered Co-Ka radiation. The phases

were identified using X'Pert Highscore plus software. The receiving slit was

placed at 0.040s. The counting area was from 5 to 70° on a 29 scale. The

count time was 1.5 s. The temperature-scanned XRD data were obtained

using an Anton Paar HTK 16 heating chamber with Pt heating strip.

The relative phase amounts (weight %) was estimated using the Rietveld

method (Autoquan Program). Amorphous phases, if present were not taken

into consideration in the quantification.

3.6 Scanning electron microscopy

Morphology and microanalysis of the clay and composite samples were

determined using ultra-high resolution field emission scanning electron

microscope (UHR-FEGSEM) equipped with energy7 dispersive

spectroscopy (EDS). The pulverized clay samples were previously gold

coated. The samples were studied using ultra-high resolution field emission

scanning electron microscope (UHR-FEGSEM) equipped with energy

dispersive spectroscopy (EDS). Particle images were obtained with a

secondary electron detector.

3.7 Chemical analysis

3.8 X-Ray Fluorescence (XRF)

The major elements were determined by X-ray fluorescence with an ARL®

9800 XP spectrometer. The pulverized clay samples were mixed with lithium



tetraborate for chemical analysis. The ignition loss was measured by

calcinations at 1000 °C.

3.9 Fourier Transform Infra-Red Spectroscopy (FTIR)

Infrared (IR) spectroscopy was performed in Attenuated Total

Reflectance(ATR) mode with a Fourier Transform Bruker Alpha spectrometer

equipped with a diamond crystal in the range of wavelengths from 400 cm'1 to

4000 cm-1 (Abdoulaye et. al., 2019).

3.10 Data Analysis

The obtained., were analyzed for mean and standard deviation. One factor

analysis of variance (ANOVA) was used to determine significant differences at

p < 0.05. All data analysis were conducted using Microsoft Excel 2013.



CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Physicochemical characteristics of clay samples

Clay mineral characterization is important to identify the engineering and

physico-chemical behavior. The physicochemical properties of clay samples

are presented in Table 4.1. The pH measures the acidity and alkalinity of the

clay samples and relies upon the mineral arrangement of the parent material,

and the enduring responses experienced by that parent material. The pH

ranged from 1.91 in sample C to 2.89 in sample D, indicating that the clay

samples are ultra-acidic (USDA, 1993). The ultra-acidity of the clay could be

due to the use of fertilizer in the area as ammonium (NHty) composts respond

in the soil by the procedure of nitrification to shape nitrate (NOs'). and in the

process discharge FT particles. Furthermore, the formation of Kaolinite is

favorable at very low pH (~ 3) (Uzoegbu and Agbo, 2019).

Electrical conductivity (EC) is an estimation of the broke down material in a

fluid arrangement, which identifies with the capacity of the material to direct

electrical flow through it (Enyoh & Isiuku, 2020). The higher the dissolved

material in a water or soil sample, the higher the EC will be in that material.

According to the United States Department of Agriculture (USDA),

electrical conductivity (EC) of soils is classified as: non-saline (0 μS/cm to

2000 μS/cm);slightly saline (2100 to 4000 μS/cm), moderately saline (4100

μS/cm to 8000 μS/cm), strongly saline (8100 μS/cm to16,000 μS/cm); and

very saline (>16,000 μS/cm). The obtained EC ranged from 735 to 2276



μS/cm, indicating non-saline to slightly saline at sample D.

Table 4.1. Physicochemical properties of clay samples

A B C D E
PH 2.02a 2.48 a 1.91C 2.89d 2.65d

EC (pS/cm) 735 a 833b 2276C 509 d 538 d

LOI (%) 4.77 a 4.99 a 4.84 a
4.75 a 5.32 b

CEC (meq/100 g) 25.72a 24.97 b
26.49° 24.1 lb 24.93 b

RI 1.45 a 1.62 b 1.60 b 1.68 b 1.57b
Density 1.708 a 1.736 a 1.785 b

1.742° 1.725 a

SG 2.74 a 2.68 a 2.96 b 2.72 a 2.76 a

Sand (%) 6.98 a 6.61 b 4.93° 5.50 d 6.69 b

Silt (%) 10.12 a 7.62 b 10.65a 11.74° 5.21d

Clay (%) 82.90 a 85.87b 84.42 b
82.76 a 88.10 b

Textural class Clay Clay Clay Clay Clay
The values with the same alphabet in rows are not significantly different while
values with different alphabet are significantly different (p > 0.05).

The loss on ignition of the selected clays used in this study lie in the range of

4.75 % - 5.32 %, an indication that heating clays to 105°C results in loss of

structural water from the clay. The reactions occurring in the clay materials

include dehydration and dehydroxylation of soil used, therefore the obtained

LOI of clay samples might imply that, they possess finer grains, high content of

A12O3 and could be more compact. Average quantities of LOI value obtained

from clayed minerals ranged from 6.087 to 12.933% in Kenya (Ombaka, 2016),

from 10.27 to 11.66 % for clay samples from Southwestern Nigeria (Aramide et

al., 2014) which are higher than the current study while comparable to clay

samples in Northern Tunisia reported by Sghaier et al., (2014).

The cation exchange capacity or the CEC level is the proportion of isomorphic



replacements that happen with the clay minerals (Mitchell, 2005). The

isomorphic replacements are expected to tetrahedral and octahedral sheets

containing cations rather than a glorify structure (for example aluminum in the

spots of silicon, magnesium rather than aluminum, and so on.). At the point

when the isomorphic replacement happens, various cations are supplanted with

different cations of different valances inside the structure to keep up harmony

inside the clay structure (Firoozi et al., 2016). The CEC value is a manual for

gauge the overwhelming clay mineral. Also, the CEC shows how stable the clay

mineral is to isomorphic replacement. When the quantifiable CEC increases the

isomorphic replacement inside the clay mineral also increase. The highest and

lowest CEC were recorded in clay sample C (26.49 meq/100 g) and D (24.11

J

meq/100 g) which falls within the standard range for Kaolinite (10-150 meq/100

g) (Uzoegbu & Agbo, 2019).

The complex refractive index of soil particles is central to the appreciation of

light associations with soil and the estimation of amounts, for example,

reflectance and albedo (Ishida et al., 1991). The recorded refractive index for the

clay samples ranged from 1.45 to 1.68, this is typical for clay minerals

(Mukherjee, 2013). For most clay minerals, the specific gravity is within the

range from 2 to 3.3 (Mukherjee, 2013). The current study obtained a specific

gravity which ranged from 2.68 to 2.96.



4.2 Scanning Electron Microscopy and Energy Dispersive Analysis

(SEM-EDS)

SEM-EDS images of the clay fraction are shown in Figures 4.1-4.5. This

SEM imaging of clay fractions (A to E) depicts a typical structure of

conventional quartz and kaolinite. The weakly resolved structures are

probably due to the presence of other crystalline structures as impurities

in the sample. The pseudo- hexagonal and stratified structures of

kaolinite are further observed.

Figure 4.1.SEM-ED Sresult of clay sample A

Figure J.2.SEM-EDS result of clay sample B



Figure 4.5.SEM-EDS result of clay sample E

Figure 4.3.SEM-EDS result of clay sample C

Figure 4.4.SEM-EDS result of clay sample D



4.3 FTIR analysis of clay samples

The results for the Fourier transform infrared analysis of the plant extracts are

presented in Figures 4.6- 3.10,and summarized in Tables 4.2-4.6. The FT-IR

spectrum was used to identify the functional groups and mineralogy of the soil

based on the peaks values in the region of Infra-Red radiation either directly or

by inference. When the soil samples were passed into the FT-IR, the functional

groups of the components was separated based on its peaks ratio. The associated

changes in the spatial arrangement of the groups involved are reflected in the

infrared spectrum as additional bands and added complexity.

Figure 4.6. FTIR spectra for sample A



Table 4.2. Infrared band position and assigned mineralogy of clay sampleA

Peaks (cm1) Functional group

3280.2 Kaolinite

2922.2 C-H Stretching

2855.1 C-H Stretching

2083.6 C-H Stretching

1994.1 C-H Stretching

1744.4 Kaolinite

1761.1 Kaolinite

1640.0 H-O-H bending of water

1543.1 N-0 Stretching

1457.4 C-H Stretching

1338.1 C-H Stretching

1241.2 Si-O Stretching

1103.3 Si-O Stretching

1077.2 Si-0 Stretching

995.2 Al-OH bending vibration

861.0 Si-0 Quartz

760.4 Si-0 Quartz
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Figure 4.7. FTIR spectra for sample B



Table 4.3. Infrared band position and assigned mineralogy of clay sample B

Peaks (cm4) Functional group

3276.2 Kaolinite

2922.2 C-H Stretching

1628.8 Kaolinite

1543.1 N-0 Stretching

1408.9 C-H Stretching

1338.1 C-H Stretching

1241.2 Si-0 Stretching

1148.0 Si-0 Stretching

1103.3 Si-0 Stretching

1077.2 Si-O Stretching

995.2 Al-OH bending vibration

928.1 Al-OH bending vibration

861.0 Si-O Quartz

760.4 Si-0 Quartz



Figure 4.8. FTIR spectra for sample C



Table 4.4. Infrared band position and assigned mineralogy of clay sample C

Peaks (cm1) Functional group

3302.4 Kaolinite

2926.2 C-H Stretching

2154.4 C-H Stretching

1710.9 Kaolinite

1621.8 Kaolinite

1401.5 C-H Stretching

1043.3 Si-0 Stretching

924.4 Al-OH bending vibration

868.3 Si-0 Quartz

816.3 Si-0 Quartz
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Figure 4.9. FTIR spectra for sample D



Table 4.5. Infrared band position and assigned mineralogy of clay sample D

Peaks (cm1) Functional group

3265.1 Kaolinite

2922.2 C-H Stretching

2109.7 C-H Stretching

1982.1 C-H Stretching

1636.3 Kaolinite

13*75.4 e-H Stretching

1148.3 Si-0 Stretching

1077.2 Si-0 Stretching

1013.2 Si-0 Stretching

Figure 4.10. FT1R spectra for sample E



Table 4.6. Infrared band position and assigned mineralogy of clay sample E

Peaks (cm1) Functional group

3283.2 Kaolinite

2922.2 C-H Stretching

1636.3 Kaolinite

1453.4 C-H Stretching

1379.1 C-H Stretching

1241.2 Si-0 Stretching

1148.0 Si-0 Stretching

1077.2 Si-O Stretching

1013.8 Si-0 Stretching



The infrared spectrum of the clay fractions A-E are summarized in Table 4.2 tc 4.6.

The clay samples generally showed Kaolinite, C-H Stretching, Si-0 Stretching.

A1-0H bending vibration and Si-0 Quartz. The stretching band at 3283.2 cm-1 to

3302.4 cm”1 and around 1638.9 cm-1 to 1710 cm-1indicate the presence of kaolinite

(El Kasmi et al., 2016).Generally, the interatomic bonds Si-0 and Al-0 which

indicate the alumino-silicate nature of sample (Farmer. 1974; Murray, 2006;

Abdoulaye et al., 2019) correspond with the band between 600 and 1200 cm'1. The

absorption bands around 861.0 cm'1 to 760.4 cnf’are due to Si-0 stretching band for

quartz275(Tables 4.5 to 4.10). The C-H stretching band in the clay mineral may be

due to the intercalationbetween the clay with soil organic material containing

aliphatic CH group. In this process of intercalation the reactive guest molecules enter

the interlamellar space and break up the hydrogen bonds and new bonds are formed.

4.4 Chemical composition

4.5 Trace elemental composition

The results of trace elemental analysis of samples A to E conducted with EDXRF are

shown in Figures 4.11-4.15. The spectra were similar for all clay samples. The

highest metal in the clay samples was Fe, Zrand Sr, and trace amount of Ni, Pb, Zn,

Mn, Ga and Cu. High concentrations of the metal in the natural kaolin negatively

affect catalyst performance. Thus, the chemical composition of the clayey fraction

makes it an excellent raw material for

producing zeolite for catalysis after further purification to improve its catalytic

properties.
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Figure 4.11. EDXRF scans for clay sample A

Figure 4.12. EDXRF scans for clay sample B
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Figure 4.13. EDXRF scans for clay sample C

Figure 4.14. EDXRF scans for clay sample D
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Figure 4.15. EDXRF scans for clay sample E





4.6 Major Elemental composition

Elemental analyses of clays have always revealed the class of alumino-silicates

to which the analyzed material belongs. For example, smectites commonly give

different elemental compositions from kaolinites. In a study involving clays, it is

important to establish the elemental constitution of the solid because surface and

bleaching properties of clays and clay material depend on the elements present.

The averaged data obtained in the elemental analyses of selected clays are in

Table 4.7. The elements present in clays have been presented as relative

percentages of the elements expressed as oxides in the entire sample.

The clay samples had more than 50% silicon dioxide except for clay sample D.

This is in correlation with the pH as sample D had the least acidity and

diagenetic paths for theclay may be different. High silica/quartz content gives

higher chances of exposing hydroxyl groups and adsorption of water on silica

which causes the clays to be acidic. The small differences in silica content

indicated that the parent rocks in these sets of deposits are very similar because

of similarity in the parent rock which weathered to give the clays. Similarly

aluminum oxides were lowest in claysample D (4.07 %) than all other

claysamples (23.53 to 25.13 %). Aramideet. al., (2014) obtained similar results

for

clay samples from South western Nigeria.

All clay samples had low iron oxide concentrations except for sample D

(67.22 %). The presence of higher concentrations of iron oxides in sample D



deposit and all other deposits sampled and may indicate higher surface acidities

and bleaching capacities when acid-leached than other clays studied. All other

elements were in low concentrations for all samples. The low values of alkaline

oxides (K2O) in clay mineral samples implied presence of low percentage of flux

minerals. The very low presence of Magnesium oxide in the clay samples

suggests little or no presence of a talc phase (Marcos and Rodriguez, 2010).



Table 4.7.Major elemental composition of clay samples

Element Elemental composition (%) •
A B c D E Mean SDV

Fe2O3 2.73 2.30 2.47 67.224 2.53 15.45 28.94
SiO2 65.17 68.29 70.9 24.16 62.97 58.30 19.32
AI7O3 24.15 23.54 23.53 4.07 25.13 20.08 8.98
MgO 3.36 2.4 4.02 0.202 2.07 2.41 1.46
P2O5 0.17 0.19 0.2 0.8 0.20 0.31 0.27
SO3 0.54 0.56 0.6 1.81 0.18 0.74 0.62
TiO2 1.58 1.82 1.87 0.02 1.67 1.39 0.78
MnO 0.01 0.02 0.02 0.04 0.01 0.02 0.01
CaO 0.04 0.03 0.05 0.19 0.08 0.08 0.07
K2O 0.24 0.19 0.21 0 0.34 0.20 0.12
CuO 0 0 0 0.01 0 0.00 0.00
ZnO 0.02 0.01 0.02 0.01 0.01 0.01 0.01
Cr2O3 0.02 0.01 0.01 0.03 0.01 0.02 0.01
v205 0.04 0.03 0.03 0 0.04 0.03 0.02
As2O3 0 0 0 0.02 0 0.00 0.01
PbO 0.02 0.03 0.01 0.02 0.03 0.02 0.01
Rb2O 0 0 0 0 00 0.00 0.00 0.00
Ga2O3 0.01 0.01 0 0 0.01 0.01 0.01
NiO 0 0 0 0.00 0.00 0.00 0.00
Cl 0.06 0 0.09 0.07 0.04 0.05 0.03
ZrO2 0.19 0.22 0.24 0.21 0.01 0.17 0.09
Bao 0 0.01 0 0 0.01 0.00 0.01
Ta2O5 0.01 0.01 0.01 0.02 0.02 0.01 0.01
W03 0.07 0.05 0.07 0.05 0.04 0.06 0.01
Br 0 0 0 0 0 0.00 0.00
SrO 0.44 0.45 0.41 0.41 0.49 0.44 0.03
CeO2 0.02 0.02 0.02 0.02 0.02 0.02 0.00
ThO2 0 0 0 0 0.00 0.00 0.00
Y203 0 0 0 0 0.00 0.00 0.00
Nb2O5 0 0 0 0 0 0.00 0.00



4.7 Silica to Alumina ratio

In Figure 4.16, the results for the Silica to Alumina ratio (SiO2/Al2O3) of different

samples were presented. The result showed that SiO2/Al2O3 ratios ranged from 2.51

to 5.94 with mean of 3.41. These ratios are higher than those of standard kaolinite

reported to be in the range of 1.73 and 1.8. These SiO2/Al2O3 ratios values are

probably due to an abundant quartz contents and interbedded mineral pyrite/anatase

(Zaki et al., 2008) and the presence of free quartz in the samples studied. Similar

results were reported by Abdoulaye et al., (2019) for clay samples collected from

Niger. The order for the ratios were E < I

A<B<C<D.

Figure 4.16. The Silica to Alumina ratio of different samples



4.8 XRD analysis

XRD patterns of samples (A-E) are shown in Figures 4.16 to 4.20. The XRD

mineralogical data indicates the presence of some mineral phases. The limited

number of minerals measured could be as a result of equipment detection limit,

which could mean that low concentrations are hard to be picked up by the equipment

or could be due to the dominance of these mineral phases in the samples, given that

they are clay samples (Moore & Reynolds, 1997).These patterns generally indicated

the characteristic peak of quartz, kaolinite, anatase and pyrite in the clay samples.

Counts

Figure 4.17: X-Ray diffraction pattern of Sample A clay material.



Counts

Figure 4.18: X-ray diffraction pattern of Sample B clay material.

Counts

Figure 4.19: X-ray diffraction pattern of Sample C clay material.



Counts

Figure 4.20: X-ray diffraction pattern of Sample D clay material.

Counts

Figure 4.21: X-ray diffraction pattern of Sample E clay material.



The distribution summary of different phases present in the clay samples is

presented in Table 4.8.



The values with the same alphabet in columns are not significantly , different while
those in different alphabet are significantly different (p > 0.05).

The distributions were; in sample A: quartz (42.42 %) / kaolinite (42.42 %) >

anatase (15.15 %), in sample B: quartz (55 %) > kaolinite (33 %) > anatase

(15 %), in sample C: quartz (54 %) > kaolinite (32 %) > anatase (14 %), in

sample D: quartz (55 %) > kaolinite (33 %) > anatase (15 %), in sample D:

quartz (38 %) > kaolinite (31 %) > anatase (14 %) > pyrite (7 %) while in sample

E: quartz (41 %) > kaolinite (59 %). These showed that quartz and kaolinite were

the most distributed phase in the clay samples while the anatase and pyrite could

be impurities. Similarly, high weight %for quartz and kaolinite was reported by

Umbugadu and Igwe (2019) for Panyam clays, North - Central Nigeria, for

Mamu and Nsukka formation in Southeastern, Nigeria (Uzoegbu & Agbo,

Samples Quartz (%) Kaolinite (%) Anatase (%) Pyrite (%)

A 42.42a 42.42a 15.15a o.ooa

B 55.00b 33.00b 15.00a o.ooa

C 54.00b 32.00b 14.00b o.ooa

D 38.00c 31.00b 14.00b 7.00b

E 41.00a 59.00° o.ooc o.ooa

Mean 46.08 39.48 11.63 1.4

Standard Deviation 7.85 11.83 6.52 3.13

%CV 17.04 29.96 56.06 223.57

Table 4.8.XRD Result of the raw clay samples showing the quantity of

different phases present



2019) and Ifon, Ipetumodu and Iseyin clay samples in Southwest Nigeria by <

Aramide et al., (2014). Although these studies also found other phases not found

in the current study such as Microcline, Muscovite/Illite, Plagioclase/Albite.

Hence, the clay from the study area is a candidate for the production of mullite

fibber reinforced ceramic composite (Aramide et al., 2014).



CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATION

A

5.1 CONCLUSION

The study undertaken here has dealt with the mineralogical and morphological

characterization of clay from lyinwaogba Umuosode Alike Ikenanzizi Obowo Local

Government Area of Imo State. This clay is mainly composed of kaolinite with a

high quartz proportion of about. The kaolin character of the sample studied is

confirmed by the X-Ray Diffraction and Infrared spectroscopy. The CEC,

SiO2/A12O3 ratios and the loss on ignition values of the clay fraction is closed to the

standard values despites the presence of free quartz as impurity. The

pseudo-hexagonal and stratified structure of kaolinite was also observed by.

Scanning Electron Microscopy. Altogether, the characteristics of the clay from

lyinwaogba Umuosode Alike Ikenanzizi Obowo Local Government Area of Imo

State are a good candidate as a support in the manufacture of industrial catalysts for a

petroleum catalytic cracking operation and can be used also to produce good

refractory materials for high temperature applications because of their high content

of kaolinite.



5.2 RECOMMENDATIONS

• It is recommended that further research on economic beneficiation of the

clean samples at lyinwaogba Alike Ikenazizi Obowo L.GA. of Imo State be

carried out.

• Investigation on applications of the clay samples obtained from lyinwaogba

Alike Ikenazizi Obowo L.G.A. be carried out.

• The Imo State government should as a matter of urgency look into the

economic viability of the clay samples at lyinwaogba Alike Ikenazizi Obowo

L.G.A. to ascertain a possible economic earning.

• Efforts should be made by Imo State Government to gazette the occurrence of

the clay at lyinwaogba Alike Ikenazizi Obowo L.G.A with the Nigeria

Mining Corporation and The Raw Material Research Development Council

and Federal Ministry of Mining Steel and Power in order to put to record the

existence of such natural deposit.

5.3 CONTRIBUTION TO KNOWLEDGE

• The existence of mineral clay deposit at lyinwaogba Umuosode Alike

Ikenazizi Obowo Imo State has been investigated and basic information

established.

• The economic values of the clay deposit have been exposed as to make

revenue return to the government.



• The characterizations of the clay mineral deposit for economic beneficiation

have equally been carried out.

• The possibility on further research of the mineral clay deposit at lyinwaogba

Alike Ikenazizi Obowo of Imo State has been laid out.



REFERENCES

Abdel-Fattah MK, & Merwad AMA (2015). Effect of different sources of
nitrogen fertilizers combined with vermiculite on productivity of wheat and
availability of nitrogen in sandy soil in Egypt. Am. J. Plant Nutr.Fertil.
Technol. 5(2):50-60.

Abdou MI, Al-Sabagh AM, & Dardir MM (2013).Evalution of Egyptian
bentonite and nano-bentonite as drilling mud. Egypt. J. Pet. 22:53-59.

Abdoulaye O.D.M., Yao B.K., Ahmed A.M., Adouby K., Abro D.M.K., &
Drogui P. (2019). Mineralogical and morphological characterization of a clay
from Niger. J. Mater. Environ. Sci., 10(7):582-589.

Abubakar UAB, Yauri UAB, Faruz UZ, Noma SS, & Sharif N
(2014).Characterization of Dabagi clay deposit for its ceramics potential. Afr.
J. Environ. Sci. Technol., 8(8):455-459.

AGIBE AN, UZOEGBU MU, NDUKWE OS, & NDUKWE VA
(2019).Composition of Smectite from Maastrichtian Sediment of the Afikpo
Basin, Southeast Nigeria. J. Appl. Sci. Environ. Manage. 23 (8) 1579-1587

Agwu, O.E., Okon, A.N., Udoh, F.D., 2015. A review of Nigerian bentonitic
clays as drilling mud. Paper SPE-178264-MS Presented at the Nigeria
Annual International Conference and Exhibition. Society of Petroleum
Engineers, Lagos, pp. 1-18.

Ahmed, A.S., Salahudeen, N., Ajinomoh, C.S., Hamza, H., Ohikere, A., 2012a.
Studies on the mineral and chemical characteristics of pindiga bentonitic
clay.Petrol. Technol. Dev. J. 1:1-8.

Ahn CH, & Jong WH (2015). Investigation of key parameters of rock cracking
using the expansion of vermiculite materials. Materials, 8(10):6950-6961.

Aigbedion, I., & lyayi, S.E., 2007b. Formation evaluation of Oshioka field using
geophysical well logs. Middle-East J. Sci. Res., 2: 107.

Akaolisa, C.C.Z. & A.O.I. Selemo. 2009. “A Study of the Sand and Gravel
Deposit Around the Permanent Site of the Federal University of Technology,
Owerri using the Vertical Electrical Sounding (VES) Techniques”. Nigeria
Journal of Physics. 21:81- 88

Akinade, A., & Afolabi, F., 2015a.Experimental investigation of the use of local
clay (Abbi, Delta State, Nigeria) as a substitute for foreign imported
bentonite clay in the formulation of aqua base drilling fluid. Int. J. Sci. Eng.
Res., 6(6), 1138-1143.

Ako TA, Vishiti A, Ateh KI, Kendia AC, Suh CE (2015). Mineral alteration and
chlorite geothermomentry in Platinum group elements (PGE)-Bearing meta-
utramafic Rocks from South East Cameroon. J. Geosci. Geomatics 3(4):96-



108.

Al-Ani T, & Sarapaa O (2008). Clay and Clay Mineralogy, Physicalchemical
properties and Industrial Uses.Geological Survey of Finland 94 p.

Albee AL (1962). Relationships between the mineral association, physical
properties of the chlorite series. Am. Mineral 47:851-870.

Amel EM, Memia B, Malika A, & Sebastian S (2013). Morphology, structure,
thermal stability, XR-Diffraction and infrared study or Hexadecy-
trimethlylammonium Bromide-modified smectite. Int. J. Chem., 5(2): 12-28.

Amrita M, Arun M, Ashoke G, & Shivesh J (2011). Significance of mica in
Ayurvendic products: An overview. Int. J. Res. Ayurveda Pharm. (IJRAP)
2(2):3 89-392.

Apugo-Nwosu, T.U., Mohammed-Dabo, I.A., Ahmed, A.S., Abubakar, G.,
Alkali, A.S., & Ayilara, S.I., 2011. Studies on the suitability of ubakala
bentonitic clay for oil well drilling mud formulation. Br. J. Appl. Sci.
Technol. 1 (4): 152-171

ARAMIDE Fatai Olufemi , Kenneth Kanayo ALANEME 1,2, Peter Apata
OLUBAMBI 3 & Joseph Olatunde BORODE. (July-December, 2014)
“Characterization of some clay deposits in South West Nigeria”. Leonardo
Electronic Journal of Practices and Technologies ISSN 1583-1078, 25: 46-57

Aroke UO, El-Nafaty UA, Osha OA (2013). Properties and characterization of
Kaolin Clay from Alkaleri, North-Eastern Nigeria. Int. J. Emerg. Technol.,
Adv. Eng., 3(ll):387-392.

Badmus S. & Olatinsu O. B. (2009). Geophysical evaluation and chemical
analysis of kaolin clay deposit of Lakiri village, southwestern Nigeria.
International Journal of Physical Sciences, 4 (10): 592-606

Baik, M.H. & Lee, S.Y. 2010.Colloidal stability of Bentonite Clay Considering
Surface Charge Properties as a Function of pH and Ionic Strength JomvM/ of
Industial and Engineering Chemistry, 16: 837-841.

Balouga, J., 2012. Nigerian local content: challenges and prospects. Int. Assoc.
Energy Econ.23-26.

Barton C.D. and Karathanasis A.D. (2002).Clay Minerals.Encyclopedia of Soil
Science. Pp. 187-193.

Bauluz, B., Mayayo, M.J., Fernandez-Nieto, C., Cultrone, G. & Gonzalez Lopez,
J.M. 2003. Assessment of Technological Properties of Calcareous and
Non-Calcareous Clays Used For Brick-Making Industry of Zaragoza (Spain).
Applied Clay Science, 24: 121-126

Bauluz, B., Mayayo, M.J., Yuste, A. & Gonzalez Lopez, J.M. 2008. Genesis of
Kaolinite From Albian Sedimentary Deposits ofthe Iberian Range (NE



Spain): Analysis by XRD, SEM and TEM. Clay Minerals, 43: 459-475.

Belhouideg S, & Lagache M (2014). Experimental determination of mechanical
behaviour of compacted exfoliated vermiculite strain. Int. J. Exp. Meeh., 51
(2): 1 OF-109.

Benea, M. & Gorea, M. 2004. Mineralogy and Technological Properties of
Some Kaolin Types Used in the Ceramic IndustryA/z/^m Universitatis
Babes-Bolyai, Geologia, XLIX: 33-39.

Bennet RH, Hulbert MH. Clay Microstructure. Boston: International Human
Resources Development Corperation Press, Prentice Hall; 1986. p. 161

Buchwald, A., Hohmann, M., Posem, K.-& Brendler, E. 2009. The Suitability of
Thermally Activated Illite/Smectite Clay as Raw Material For Geopolymer
Binders. Applied ClayScience 46 (2009): 300-304

Bundy, W.M. 1993.The Diverse Industrial Applications of Kaolin. In: Murray,
H.H., Bundy, W.M. & Harvey, C.C. (Eds.), Kaolin Genesis and Utilisation.
Special Publication of the Clay Mineral Society, Colorado, USA, 1:43-73

Capedri S, Venturelli G, Photiades A (2004). Accessory minerals and 818 O and
8 13 C of marbles from the mediteranean area. J. Cult. Herit., 5:27-47.

Celik, H. 2010. Technological Characterization and Industrial Application of
Two Turkish Clays for the Ceramic Industry Applied Clay Science, 50 (2010):
245-254

Chandrasekhar S, Vogt V, Raghavan P, & Gock E (2006). Possibility of
recoating of impurities on product Kaolin during frost flotation. HRTEM-
EDS STUDY. Proc. Intematiol seminar on mineral processing and
Thechnol.And Indo-Korean workshop on resource recycling (MPT 2006),
NML, Chennai, pp. 243-253.

Christidis GE (1998). Physical and chemical properties of some bentonite
deposits of kimolos island, Greece. Appl. Clay Sci. 13:79- 98.

Christidis GE, & Huff WD (2009). Geological Aspects and Genesis of
Bentonites. Elements 5(2):93-98.

Collins K, McGown A. The form and function of microfabric features in a
variety of natural soils.Geotech-nique. 4974;24(2):223-254

Dewu, B.B., Arabi, S.A., Oladipo, M.O., Funtua, LI., Mohammed-Dabo, LA.,
Muhammad, A.M., 2011 a.Improvement of rheological properties of
bentonitic clays using sodium carbonate and a synthetic viscosifier. Int. Arch.
Appl. Sci. Tech, 2 (2), 43-52.

Dewu, B.B., Funtua, I.I., Oladipo, M.O., Arabi, S.A., Mohammed-Dabo, LA.,
Muhammad, A.M., & Hamidu, L, 2011b. Evaluation and beneficiation of
bentonic clays from pindiga formation in benue trough. Am. J. Eng. Appl. Sci.



4 (4), 497-503.

Dewu, B.B., Oladipo,M.O., Funtua, I.I., Arabi, S.A., Mohammed-Dabo,
LA.,Muhammad, A.A., 2012. Evaluation of the rheological and other
physical properties of bentonitic clays from fika formation in parts of North-
Eastern Nigeria. Pet. Technol. Dev. J. 1.,

Ekosse, G.E., L. deJager, & V. Ngole, 2010.Traditional mining and mineralogy
of geophagic clays from Limpopo and Free State provinces, South Africa;
African Journal of Biotechnology, 9 (47): 8058-8067.

El-Geundi MS, Eman AA, Reda MA, & Nabilia S (2014).Determination of
specific surface area of natural clay by comparative methods. Int. J. Sci. Eng.
Tech. Res., 3(8)‘2100-2104.

El-maarry MR, Pommerol A, & Thomas N (2013). Analysis of polygonal
cracking patterns in chloride bearing terrains on mars: indicators of ancient
playa settings. J. Geophys. Res. Planets, 118:2263-2278.

Enu, E.I. & O.S. Adegoke, 1986.1ndustrial Potential of the Ifon Clay Belt,
Southwest Nigeria; Joum. Geoscience, 2 (1): 29-39.

Erdogan Y (2015). Physicochemical properties of Handere clays and their use as
a building material. J. Chem. pp.1-6.

Falode, O.A., Ehinola, O.A., & Nebeife, P.C., 2008. Evaluation of local
bentonitic clay as oil well drilling fluids in Nigeria. Appl. Clay Sci., 39:19-
27. http://dx.doi.Org/10.1016/j.clay.2007.04.011.

Farmer V.C., Infrared spectra of minerals. Mineralogical society, Mineralogical
society. ISBN-13: 978-0903056052 (1974).

Felhi, M., Tlili,A., Gaied, M.E. & Montacer, M. 2008. Mineralogical Study of
Kaolinitic Clay From Sidi El Bader in the Far North of Tunisia. Applied Clay
Science, 39: 208-217.

Gaafar I, Cuney M, & Gawad AA (20,14). Minerals chemistry of two mica
granite rare metals: Impact of geophysics on the distribution of uranium
mineralization at El Siela shear zone, Egypt. J. Geol. 4:137- 160.

Garcia-Sanchez, A.; Alvarez-Ayuso, E.; & Rodriguez-Martin, F. (1 March
2002). "Sorption of As(V) by some oxyhydroxides and clay minerals.
Application to its immobilization in two polluted mining soils". Clay
Minerals, 37 (1): 187-194.

Guggenheim, Stephen; & Martin, R. T. (1995), "Definition of clay and clay
mineral: Journal report of the AIPEA nomenclature and CMS nomenclature
committees", Clays and Clay Minerals, 43 (2): 255-256,

Heckroodt RO (1991). Clay and clay materials in South Africa. J. S. Afr. Int.
Min. Metal. 91(10):343-363.

http://dx.doi.org/10.1016/j.clay.2007.04.011


Hillier S, Marwa EM, & Rise C (2013). On the mechanism of exfoliation of
“vermiculite”clay minerals. Clay Miner, 48:563-582.

Inegbenebor, A.I., Sanya, O.O., Ogunniran, K.O., Inegbenebor, A.O., &
Adekola, A.O., 2014. Potentially exploitable base-metal containing bentonite
clay minerals of Ibeshi-Ikorodu South-Western Nigeria for oil bleaching.
Covenant J. Phys. Life Sci., 2 (2), 123-137.

Ingles OG.Soil chemistry relevant to the engineering behavior of soils. In: Lee
IK, editor. Soil Mechanics—Selected Topics. New York: Elsevier; 1968. pp.
1-57

Ishida, T., Ando, H., & Fukuhara, M. (1991).Estimation of complex refractive
index of soil particles and its dependence on soil chemical properties.Remote
Sensing of Environment, 38(3): 173-182. doi:
10.1016/0034-4257(91)90087- m

James, O.O., Mesubi, M.A., Adekola, F.A., Odebunmi, E.O., & Adekeye, J.I.,
2008. Beneficiation and characterization of a bentonite from North-Eastern
Nigeria. J. N. C. Acad. Sci. 124 (4): 154-158.

Kerr PF (1952). Formation and Occurrence of Clay Minerals".Clays and Clay
Minerals. 1 (1): 19-32. doi:10.1346/CCMN.1952.0010104

Landoulsi O, Megriche A, Calvet R, Espitalier F, Ferreira JMF, & Mgaidi A
Ombaka 431 (2013). Effect of heating and acid activation on the structure
and surface properties of a kaolinite-illite-Smectite clayey
mixture.Miner.Process. J, 6:13-20.

Lescano 1, Marfil S, Maiza P, Sfragulla J, & Bonalumi A (2013). Amphibole in
vermicule mined in Argentina. Morphology, quantitative and chemical
studies on different phases of production and their environmental impact.
Environ. Earth Sci, 70:1809-1821.

Loto, C.A., & Omotosho, E.O., 1990.Analysis and development of igbokoda
clay as a binder for synthetic moulding sand. Appl. Clay Sci., 5, 85-96.

Madejova (2003). FT-IR techniques in clay mineral structures: Review.
Vibrational Spectroscopy, 31(1): 1-10.

Marcos C., & Rodriguez I., Expansion behaviour of commercial vermiculites at
1000°C, Applied clay science, 2010, 48: 492-498

Marek SZ, Wayde NM, Ray LF, Yen-Fang S, & Yi-Ming CJ-HC (2010).
Smectite flocculation structure modified by Al 13 macro-molecules - As
revealed by the transmission X-ray microscopy (TXM). J. Colloid. Interf. Sci.,
345:34-40.

Mark, U., 2010. Characterization of ibere and oboro clay deposits in Abia State,
Nigeria for refractory applications. Int. J. Nat. Appl. Sci., 6 (3), 296-305.



Mark, U., Onyeamaobi, O.O., 2009. Assessment of the industrial potentials of
some Nigerian kaolinitic clay deposits. Int. Res. J. Eng. Sci. Tech., 6 (1), 77-
84.

Mbonu, P.D.C., J.O. Ebeniro, C.O. Ofoegbu, & A.S. Ekine. 1990. “Geoelectric
Sounding for the Determination of Aquifer Characteristics in Parts of the
Umuahia Area of Nigeria”. Geophysics, 56(2):284-291.

Melo VF, Sing B, Schaefer CEGR, Novais RF, & Fontes MPF (2001). Chemical
and mineralogical properties of kaolinite rich Brazilian soils. Soil Sci. Soc.
Am. J., 65:1324-1333.

Miranda-Trevino JC, & Coles CA (2003). Kaolinite properties structure and
influence of metal retention on PH. Appl. Clay Sci, 23(1): 133- 139.

Mitchell, J., SOGAK, “Fundamentals of soil behavior”, New York: John Wiley
& Sons, 2005.

Mukherjee S. (2013) Physical Properties of Clay and Soil Mechanics. In: The
Science of Clays. Springer, Dordrecht.https://doi.org/l 0.1007/978-94-007-
6683-9 5

Murray H.H., Applied Clay Mineralogy, Volume 2 1st Edition Occurrences,
Processing and Applications of Kaolins, Bentonites, Palygorskitesepiolite,
and Common Clays, Elsevier. Hardcover ISBN: 9780444517012 eBook
ISBN: 9780080467870 (2006).

Murray HH (1999).Applied clay mineralogy today and tomorrow. Clay Miner,
34:39-49.

Murray HH (2007).Applied clay mineralogy, occurrence, processing and
application of Kaolin, Bentonite, palygorskite-sepiolite and common clays.
Amsterdam: Elsevier's Science & Technology Right Department in Oxford,
UK. pp. 210-217.

Nazile Ural (2018). The Importance of Clay in Geotechnical Engineering,
Current Topics in the Utilization of Clay in Industrial and Medical
Applications, Mansoor Zoveidavianpoor, IntechOpen, DOI:
10.5772/intechopen.75 817.

Njoka EN, Ombaka O, Gichumbi JM, Kibaara DI, & Nderi OM (2015).
Characterization of clay from Tharaka Nithi County in Kenya for industrial
and agricultural applications, Afr. J. Environ. Sci. Technol., 9(3):228-243.

Nweke, O.M., 2015. Evaluating the suitability of clays from Abakaliki Area,
Southeastern Nigeria for oil industrial application using geotechnical and
rheologicalproperties.Sci.Innov.,3(2):22-31.http://dx.doi.Org/10.11648/j.si.20
150302.ll.

https://doi.org/l_0.1007/978-94-007-6683-9_5
https://doi.org/l_0.1007/978-94-007-6683-9_5
http://dx.doi.org/10.11648/j.si.20150302.ll
http://dx.doi.org/10.11648/j.si.20150302.ll


Nweke, O.M., Igwe, E.O., & Nnabo, P.N., 2015. Comparative evaluation of
clays from Abakaliki formation with commercial bentonite clays for use as
drilling mud. Afr. J. Environ. Sci. Technol.,
9(6):508-518.http://dx.doi.org/10.5897/AJEST2015.1904.

Nyakairu, G.W.A. & C. Koeberl, 2001 .Mineralogical and chemical
composition and distribution of rare earth elements in clay-rich sediments
from central Uganda; Geochem. Jour, 35, 13-28.

Obaje, S.O., 2013. Suitability of bomo bentonites as drilling mud. Int. J. Sci.
Technol. 3 (2), 151-152

Odom IE (1984). Smectite clay Minerals: Properties and Uses. Philos. Trans. R.
Soc. Lond. Ser. A 311:391-409.

OJO Olusola J., Suraju A. Adepoju & Nurudeen Alhassan (2014). Geochemical
and Mineralogical Studies of Kaolinitic Clays in Parts of Ilorin,
Southwestern Basement Rock Area, Nigeria. Universal Journal of
Geoscience 2(7): 212-221, http://10.13189/uig.2014.020704

Ojo, O.J., S.A. Adepoju, T.M. Adewole, & A.O. Abiola, 2011. Sedimentological
and geochemical studies of Maastrichtian clays in Bida basin, Nigeria:
Implication for resources potential; Centerpoint Journal (Science Edition), 17:
71-88.clay. J. Miner. Mater.Charact. Eng., 3:353-361.

Olokode, O.S., Aiyedun, P.O.; Kuye, S.I., Adekunle, N.O., Lee,W.E., 2010.
Evaluation of a clay mineral deposit in Abeokuta South West Nigeria. J.
Natural Sci., Eng. Technol., 9 (1): 132-136.

Olugbenga, A.G., Garba, M.U., Soboyejo, W., & Chukwu, G.,
2013.Beneficiation and characterization of a bentonite from Niger Delta
Region of Nigeria. Int. J. Sci. Eng. Invest., 2 (14): 14-18.

Oluwafemi S.A. (2012). Documentation, Application and Utilisation of Clay
Minerals in Kaduna State (Nigeria), Clay Minerals in Nature - Then-
Characterization, Modification and Application, Marta Valaskova and
Grazyna Sirnha Martynkova, IntechOpen, DOI: 10.5772/48093.

Ombaka Ochieng (2016). Characterization and classification of clay minerals
for potential applications in Rugi Ward, Kenya. African Journal of
Environmental Science and Technology,
10(11):415-431.10.5897/AJEST2016.2184

Omole, O., Adeleye, J.O., Falode, O., Malomo, S., & Oyedeji, O.A., 2013.
Investigation into the rheological and filtration properties of drilling mud
formulated with clays from Northern Nigeria. J. Petrol. Gas Eng. 4 (1): 1-13.

Omole, O., Malomo, S., & Akande, S., 1989.The suitability of Nigerian black
soil clays as drilling mud clays.Nature and technical properties. Appl. Clay
Sci. 4: 357-372.

Onyeaguocha, A.C. 1980. “Petrogrphy and Depositional Environment of the

http://dx.doi.org/10.5897/AJEST2015.1904
http://10.13189/uig.2014.020704


Benin Formation”.Joumal of Mining Geology, 17(2): 147—151

Orlando JR (2002).Adsorbtion of polyelectrolyts on mica.Encyclopedia of
surface and colloid science. Marcel Dekker, inc. Venezuela: pp. 517-535.

Osadebe, C.C., Obrike, S.E., & Sulymon, N.A., 2011. Evaluation of Imo clay
shale deposit (Paleocene) from Okada, Edo State, South Western Nigeria as
drilling mud clay. J. Appl. Technol. Environ. Sanit, 1 (4): 311-316.

Oyawoye, M.O., & Hirst, D.M., 1964. Occurence of a montmorillonite mineral
in Nigerian younger granites at Ropp, Pleateu Province, Northern Nigeria.
Clay Miner. Bull, 5: 427.

Oyedoh, E., Odumugbo, C., & Ebewele, E.O., 2016. Suitability of Nigerian
Bentonite in Drilling Fluid Formulation. Int. J. Eng. Res. Afr, 24: 26-34. <
Push R. (1973) Influence of salinity and organic matter on the formation of clay

microstructure. Proceedings of the International Symposium on Soil
Structure. Gothenburg, Sweden: Swedish Geotechnical Society. 1973. pp.
161-166

Ramaswamy S, & Raghavan P (2011). Significance of impurity mineral
identification in the value addition of kaolin - acase study with reference to
acidic kaolin from India. J. Miner. Charact. Eng., 10(11):1007-1025.

Ray SS, Okamoto M (2003). Polymer/layered silicate manocomposites: A
review from preparation to processing. Prog.Polym.Sci., 28:1539- 16.

Richard O. Afolabi, Oyinkepreye D. Orodu, & Vincent E. Efeovbokhan (2017).
Properties and application of Nigerian bentonite clay deposits for drilling
mud formulation: Recent advances and future prospects. Applied Clay
Science, 143 (2017): 39^19.

RMRDC (2007). Raw Materials Research, Development Council, 2007.
Technical Brief on Mineral Raw Materials in Nigeria - Bentonite. RMRDC,
Abuja.

Saggerson EP, & Turner L (1982). General comments on the identification of
chlorites in tin sections.Mineral. Mag., 46:469-473.

Schulze DG (2005). Encyclopedia of soils in the environment. Clay Miner.
1:246-254.

Sghaier D., F. Chaabani a, D. Proust b, & Ph. Vieillard (2014). Mineralogical
and geochemical signatures of clays associated with rhyodacites in the Nefza
area (northern Tunisia). Journal of African Earth Sciences, 100; 267-277

Short, K.C. & A. J. Stauble. 1976. “Outline of Geology of Niger Delta”. Amer.
Soc. Petr. Geol. Bull., 51:76-79.

Tang Q, Wang F, Tang M, Liang J, & Ren C (2012). Study on pore distribution
and formation rule of sepiolite mineral nanomaterials. J. Nanomater. 2:1-6.



Trekova M, Matlova L, Dvorska L, Parlik 1 (2004). Kaolin, bentonite, and
zeolites as feed supplements of animals: health advantage and risks.
Vet.med-Czech, 49(10):389-399.

Ucgul U, & Girgin I (2002). Chemical Exfoliation characteristics of Karakoc
phlogopite in hydrogen peroxide solution. Turk. J. Chem., 26:431-439.

Umbugadu A. A.l and Igwe O.Mineralogical and major oxide characterization of
Panyam clays, North - Central Nigeria International Journal of Physical
Sciences, 14(11): 108-115, 16 July, 2019 DOI: 10.5897/IJPS2019.4804

Unal H, & Mimaroglu A (2012). Mechanical and Morphological Properties of
Mica and Short Glass Fiber Reinforced Polyamide 6 Composites. Int. J.
Polym. Mater.Polym. Biomater., 61(ll):834-846.

USDA (1993).Soil Survey Division Staff.Soil survey manual. 1993. Chapter 3.
Soil Conservation Service.U.S. Department of Agriculture Handbook
18.Retrieved 2017-05-15.

Uzoegbu MU, & Agbo CC (2019). Evidence of Clay Mineralization on Tropical
Sediments from Afikpo Graben, SE Nigeria. International Journal Geology
and Mining, 5(2): 275-283.

Vaculikova L, & Plevova E (2005). Identification of clay minerals and micas in
sedimentary rocks.Acta Geodyn. Geomater., 2(138):167- 175.

Van RLP (2002). Procedure for soil analysis: Technical paper number 9 (6th
edition). ISRIC Wageningen. pp. 45-56.

Wiewiora A, Weiss A (1990). Crystallo-chemical classifications of
phyllosilicates based on the unified system of projection of chemical
composition: II. The chlorite group. Clay Miner., 25(1 ):83-92.

Williams RB, Environmental US (2005). Bentolite, kaolin, and selected clay
minerals: Environmental health criteria. 15:1-196

Wilson M (1999). Formation of clay minerals in soil: past, present and future
perspective. Clay Miner., 34:7-25.

Yong RN, & Sheeran DE. (1973) Fabric unit interaction and soil
behavior.Proceedings of the International Symposium on Soil Structure.
1973. p. 176-183

Zaki O., A. Abdoulaye, D.L. Nomao, P. Rumori, G.T. Palomino, & I. Amadou,
(2008). Caracterisation des Sols de Perimetres Irrigues de FOuest du Niger
par Diffraction de Rayons X, J. Soc Ouest-Afr Chim., 26 89-97.


	CERTIFICATION
	DEDICATION
	ACKNOWLEDGEMENTS
	Lists of Tables
	Lists of Figures
	CHAPTER ONE
	1.1Background of Study
	1.2Problem Statement
	1.3AIM AND OBJECTIVES OF THE STUDY
	1.5SCOPE OF THE STUDY
	2.0LITERATURE REVIEW
	2.1. Characterization of Clay Minerals
	3.2 Study area
	3.3Sample collection
	3.4Sample preparation and analysis
	3.5Qualitative and quantitative XRD
	3.7Chemical analysis
	3.8X-Ray Fluorescence (XRF)
	3.9Fourier Transform Infra-Red Spectroscopy (FTIR)
	3.10Data Analysis
	4.1 Physicochemical characteristics of clay sample
	4.3FTIR analysis of clay samples
	4.4Chemical composition
	4.5Trace elemental composition
	4.6Major Elemental composition
	4.7 Silica to Alumina ratio
	4.8 XRD analysis
	5.0CONCLUSIONS AND RECOMMENDATION
	5.1 CONCLUSION
	REFERENCES


