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ABSTRACT

Aims: Ogwuta clay from Unwana in the South Eastern part of Nigeria was modified by ion exchange
reaction using hexadecyltrimethylammonium chloride (HDTMAC).

Study Design: This study was analyzed experimentally and instrumentally.

Place and Duration of Study: This study was carried out at the Department of Pure and Industrial
Chemistry, Faculty of Science, University of Port Harcourt, Nigeria. The sample collection, literature
search, experiment, results and analysis lasted for one and half years.

Methodology: Physicochemical and thermal properties of the clay were determined after
modification using classical and spectroscopic techniques. A combination of the wet and dry method
(X-ray Fluorescence) was used to determine the metal oxide composition. Other techniques
included; Fourier Transform Infrared (FTIR), X-ray diffraction (XRD), Scanning Electron Microscopy
(SEM), and Thermogravimetry (TG). The Cation Exchange Capacity (CEC) was determined using
the methylene blue method with a value of 16.4 meqg/100g after modification.

*Corresponding author: E-mail: chidi.obi@uniport.edu.ng, chidexcom@yahoo.com;
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Results: The product was slightly acidic with pH 4.3. Silica (SiO,), alumina (Al,O3), Na', and K"
were found to be 47.58 %, 18.99%, 2.27, and 0. 23% respectively. The clay was limited in mineral
impurities with 0.0% T, 0.41% Mg2+ and 0.11% Ca’* but high in carbonaceous matter Wlth loss on

ignition (LOI) of 13.17%. A C-H asymmetric stretching was visible around the 2931.9 cm™

region as

revealed by the Fourier Transform Infra-Red analysis. The X-Ray Diffraction analysis of the modified
clay showed a basal spacing of 8.121 A. Also, the X-Ray Diffractogram revealed kaolinite as the
major clay mineral with the presence of quartz and polygorskite.
Conclusion: This study posits that the modified clay can be potentially suitable for the adsorptive
removal of organic contaminants in aqueous and real life media.

Keywords: Modification; organophilization; characterization; kaolinite; Natural clay.

1. INTRODUCTION

Clay minerals are naturally occurring materials
composed of fine-grained  phyllosilicates
(minerals which show plasticity through a
variable range of water content, trapped in the
mineral structure by polar attractions) [1]. They
could also be referred to as any group of hydrous
aluminum silicates with a layer structure and very
small particle size (< 2um) [2].

Essentially, they are composed of silica, alumina,
magnesia and water. Iron substitute for
aluminum and magnesium to varying degrees
and appreciable quantity of potassium, sodium
and calcium are frequently present [3].
Structurally, clay minerals like all phylosilicates
are characterized by two dimensional sheets of
corner sharing SiO, tetrahedra and /or AlO,
Octahedra. The sheet units have the chemical
composition (AlSi);0,. Different clays have
different ways these layers of sheets are packed
or arranged. Consequently, clays are categorized
depending on the tetrahedral-octahedral sheet
sequence. If there is only one tetrahedral and

one octahedral in each layer, the clay is known
as a 1:1 (T-O) clay. The other composition
known as 2:1 (T-O-T) clay, has two tetrahedral
sheets with the unshared vertex of each sheet
pointing toward each other and forming each
side of the octahedral sheet.

Based on their structures and chemical
compositions, the clay minerals can be divided
into four main classes of kaolinite, smectites,
illites and micas [4]. However, Sarkar et al. [5]
and Walter [6] refer to two or three classes of
clays since illites are sometimes referred to as a
2:1 layer and not a 2:1:1. Also, illites/micas are
sometimes grouped with smectites. Clays have
particle size less than 2um and are distinguished
from other fine-grained particles such as silt by
their plasticity properties. Most clay particles are
characterized by high swelling capacity, large
specific surface area and high cation exchange
capacity [7]. Kaolinites on the other hand have
low shrink-swell capacity and a low cation
exchange capacity (1-15 meqg/100g) with a
triclinic crystal system and specific gravity of
2.16-2.68.
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Fig. 1. Structure of a 2:1 clay [5]
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These properties make clay minerals find wide
applications. Smectites are useful as an annular
seal or plug for water wells and as protective
liner for landfills. Other uses include as an anti-
caking agent in animal feed. Approximately 40%
of kaolin produced worldwide is used in the filling
and coating of paper. Cellulose fibers are mixed
with kaolin to give it body and enhance its
printability and opacity [8]. Also, due to high
fusion temperature and white  burning
characteristics of kaolin, it is very suitable for
making white wares. In the oil and gas industry,
montmorillonite is a major component of the
drilling mud which helps in keeping the drill bit
cool and removing drilled solids. The
endothermic dehydration of kaolinites produces
disordered metakaolin which is a complex
amorphous compound that when added to
concrete mix, accelerates the hydration of
Portland cement [9]. Bhattacharyya and Gupta
[10] added that they are effective as an
adsorbent for the removal of heavy metals. This
is possible because clay minerals have a net
negative charge due to the isomorphous
substitution of silicon ion by aluminum ion in the
tetrahedral layers or likely substitution of
aluminum ion by magnesium ion. Thus, cations
such as sodium, potassium and calcium may be
attracted to the mineral surface to neutralize the
layer charge. This property reduces the
application of clay in an organic medium. To
enhance its application, it becomes imperative to
modify it with organophilic molecule to increase
its organophilic property.
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Organoclays are prepared by either
impregnation, ion exchange, intercalation or
grafting quaternary ammonium salts of the
form [(CHs)s NR]" or [(CHs), NRR'l" unto
clay minerals. The substituents, R and R" are
alkyl or aromatic hydrocarbons. The presence of
this compound increases the interlaminar
distance or basal spacing of dip plane and
modifies the surface properties of the clay by
changing from hydrophilic to organophilic [11].
This change enhances the application of
organoclays as an effective material for removing
hydrocarbon  contaminants in  wastewater
treatment.

There are several identified and unidentified clay
deposits in Nigeria ranging from the Northern to
the Eastern parts of the country [12,13]. It is
therefore imperative that these clay minerals be
x-rayed in physical, chemical, thermal, refractory
properties and documented for immediate and
future use.

In this study, source clay from Unwana
Afikpo was modified with
hexadecyltrimethylammonium chloride salt. The
organoclay product was characterized by X-ray
Fluorescence (XRF), Fourier Transform Infra-red
(FTIR), X-ray diffraction (XRD), and
Thermogravimetric  analysis (TGA). Other
physical parameters such as pH, surface area,
pore volume, and cation exchange capacity were
investigated.

Plate 1. Ogwuta clay deposit
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2. MATERIAL AND METHODS

2.1 Materials

The clay sample was collected from its natural
deposit 12 cm below earth surface in Unwana,
Afikpo North Local Government Area of Ebonyi
State, South Eastern Nigeria. The sample was
sun - dried for 2-3 days. The impurities found on
the clay sample were removed by hand. The
sample was further oven-dried at 105°C for 2 hrs
using BTOV 1423 oven, crushed with an iron
roller to fine particle sizes. These clay particles
were sieved into 63 um size and stored in a
glass bottle.

Hexadecyltrimethylammonium chloride
(HDTMAC) surfactant was obtained from Sigma-
Aldrich and used without further purification. All
other chemicals were of analytical grade.

2.2 Organophillization of Source Clay

According to Ltifi et al. [14], a 20 g of clay was
dispersed in a 2 L capacity beaker containing
1000 ml of water for 90 min at a rotation of 250
rotations per min (rpm) and at 80°C. A solution
containing 10 g of HDTMAC with 4.2 ml
concentrated HCI in 500 ml hot distilled water
was subsequently added and allowed to mix for
another 90 min at the same rotation after which
the solid was filtered using a vacuum filtration
apparatus. The modified clay was oven-dried for
24 hrs at 80°C, ground into powder using mortar
and pestle, labelled and then stored in a
desiccator.

2.3 Characterization of Modified Clay
2.3.1 pH determination

A 50 ml of deionized water was added to 10 g of
the modified clay sample in a 250 ml beaker in
the ratio of 1:5 of clay to water. The mixtures
were stirred with glass rod and allowed to stand
for 30 min and the pH taken.

2.3.2 Surface area determination

The surface area of the clay sample was
determined according to the method of Alvarez et
al. [15]. A 1.5 g of clay sample was agitated in
100 ml of dilute HCI, that had been diluted to pH
of 3.0. Then, 30 g of NaCl was added while
stirring the suspension. The volume was made
up to 150 ml with deionized water, resulting in
the change of pH to 4.0. A 0.1M NaOH was used
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to raise the pH from 4.0 to 9.0 and the volume
(V) of NaOH used was recorded. The surface
area (S)was calculated using the equation:

S=32v-25 1)

2.3.3 Specific gravity determination

This was determined using the Archimedes
principle described by Dada et al. [16]. Briefly,
the weight of an empty 50 ml specific bottle (w;,)
was measured on a weighing balance. Then the
bottle was filled with water and the weight (w,)
measured. The clay sample (10 g each) was
added to an empty dry specific bottle and the
weight ( w; ) recorded. Finally, the bottle
containing the sample was then filled with water
and all air bubbles expelled before the weight
(w,) was measured. The specific gravity (s.g) of
the clay was calculated as below:

weight ofsample

- weight of equal volume of water
W3 — Wy

S.

T (wa - wy) — (Wy — w3)

s.g

2
2.3.4 Determination of total pore volume

The total pore volume of the clay sample was
determined by boiling 20 g of the sample
immersed in water. After the air in the sample
had been displaced, the sample was superficially
dried and weighed. The total pore volume was
calculated as increase in weight divided by the
density of the water (1 g/cm?®).

2.3.5 Cation exchange capacity determination

The cation exchange capacity of the clay was
determined according to the standard test
method for methylene blue index for clay
designated by C837-09. A 2.0 g of previously
dried clay was placed in 1L beaker containing
300 ml of water. The mixture was stirred until
uniform dispersion was achieved. The pH of the
slurry was determined and sufficient sulphuric
acid added to bring the range to within 2.5-3.8.
With the slurry still under the mixer, 5 ml of 0.01N
methylene blue solution was added and stirred
for 1-2 min. With the help of a dropping pipette, a
drop of the slurry was made on the edge of a
filter paper and the appearance of the drop
observed. This continued until the endpoint
marked by the appearance of a light blue halo
around the drop. The Methylene Blue Index
(MBI) was calculated thus:
0.01xV

MBI = === x 100 3



Where V represents the volume, in mL of the
methylene blue solution required for the titration

2.3.6 Metal oxide composition determination

This was done using a combination of the wet
and the dry methods. Oxides of K, Al, Mg, Fe, Ca
and Na were analyzed using XRF Analyzer
(DCC-6000 Mineral mode).

Silicon dioxide (SiO,) was analyzed according to
the method of Costanzo [17]. Briefly, 1.0 g of the
sample was washed three times with a homo-
ionic solution of 1M NH,CI and then with a 50%
(v/v) mixture of ethanol and distilled water until
the supernatant solution is free of CI' by the
AgNO; method. The sample was oven-dried
overnight at 105°C. The elemental composition
of the sample was determined following digestion
with analytical grade aqua regia and boric acid in
an oven using platinum crucible. The oxide was
determined using Atomic Absorption
Spectrophotometer. The loss on ignition (LOI)
was determined by burning 1.0 g of sample at
1000°C in a muffle furnace.

2.3.7 Fourier Transform Infra-Red (FTIR) scan

A 1.0 mg of the sample was mixed with a little
quantity of KBr in the ratio of 1:10 (1 mg: 10 mg)
and finely pulverized in an agate mortar with
pestle to homogenize the mixture. A little amount
of the mixture was placed in a miniature press
and compressed to form a disc or pellet of about

Imm thickness. This was placed in the
appropriate sample holder, the holder, with
sample, was mounted on the sample

compartment of the FTIR Spectrometer. The
system was set to make 16 scans within 4000
cm™ to 400 cm™ and on completion of the scan,
the spectrum was displayed on the ‘view’ window
automatically. The individual peaks on the
spectrum were labeled with their corresponding
wavelengths and the spectrum printed out.

2.3.8 Scanning Electron Microscopic (SEM)
scan

SEM scan on modified clay sample was done
according to the method reported by Rajkumar et
al. [18].

2.3.9 Thermogravimetric analysis
The thermal analysis of sample was done using

a simultaneous TGA-DTA (Pekin Elmer TGA
4000) analyzer. Approximately 11.209 mg of
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powder sample was loaded into the platinum
sample pan and heated from ambient
temperature to 950°C at a heating rate of
10°C/min under air purge gas drawn at 20 ml/min
and pressure of 2.5 bar. Traces were recorded
as percentage weight loss versus temperature.

3. RESULTS AND DISCUSSION

From Table 1, the pH of the HDTMAC-modified
clay sample at 30°C was 4.3 indicating slight
acidity. Generally, the acidic value of clay can
largely be accounted for by the composition of
the parent rock-material from which it was
formed and partly by environmental factors such
as rainfall [19], that is, clay samples from areas
with lots of rainfall have pH values less than 3.5.
The result agrees with the observation by
Suedina and Carla, [20] that clays have 0.67
units of negative charge per unit cell resulting
from the isomorphic substitution of A** by Mg®
and Si** by AP**. Consequently, they behave as
weak acids with pH values less than 4.
Therefore, this higher than expected pH value
may have arisen from the reduced capacity of
the modified clay to hold hydrogen ion which is a
consequence of reduced cation exchange
capacity [10].

Table 1. Some physical properties of clay
used in this work

Parameter modified clay
pH 4.3

Surface Area 129.2 m’g™
Specific Gravity 2.11gcm?
Pore Volume 0.53 m%g™
CEC 16.4 meqg/100g

3.1 Specific Surface Area

The specific surface area of the HDTMAC-
modified clay was found to be 129.2 m°g™. This
value agrees with that made by Uzochukwu [21]
after measuring the surface area of modified
clays using Ethylene Glycol Monoethyl Ether
method. Finer particles of a given sample pose
values that are higher than coarser particles.
Specific surface area values range from 50 m2/g
to as high as 736 m2/g in silica-bonded
montmorillonite [22].

3.2. Specific Gravity

The observed specific gravity of 2.1lg/cm3 for
the HDTMAC-clay falls within the range of a



minimum of 1.8 to a maximum of 2.6 for clays
[23]. This however is expected to be less than
the unmodified source clay due to the
intercalation of surfactant molecules.

3.3. Cation Exchange Capacity

The cation exchange capacity of the HDTMAC-
clay at pH 6 was found to be 16.4 meqg/100g.
This property of clay arose from isomorphous
substitution, a crystal lattice defect in which a
given ionic series may be replaced by another in
a crystal lattice [24]. According to Neeraj and
Chandra [4], values of CEC range from 3-15 in
kaolinites through 15-40 in chlorites and illites,
70-100 in montmorillonite and 100-150 in
vermiculite.

3.4 Metal Oxide Composition

The results of the metal oxide composition of the
modified clay as presented in Table 2 showed
that the alumina and silica oxide was in major
quantity. The high iron oxide content of over 6%
was consistent with other local clays such as
Oboro and Abakaliki [25]. The loss on ignition
value of 13.17 % revealed that the modified clay
was high in carbonaceous matter (Pushpaletha
et al. [26]. Also, the recorded percentage
composition of Mg, Ca, Na and K are 0.41, 0.11,
2.28, and 0.23 respectively. Substantial amount,
1.12 % of CI, which could be as a result of
possible interaction of the non-substituted
cations with the anion was recorded. Also noted
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was the considerable amount of iron suggesting
the presence of impurities, which was commonly
seen in clays formed from soils under tropical
conditions [27]. However, with zero Ti content
and less than 2% Mg and Ca content, the clay
showed limited mineral impurities [28].

Table 2. Metal oxide compositions (%) of the
clay used in this study

Parameter Modified Clay
Al 18.99
Si 47.58
Mg 0.41
Ca 0.11
Na 2.28
K 0.23
Fe 6.87
Ti 0.00
cr 1.12
LOI 13.17
Moisture 0.43

3.4 Scanning Electron Micrograph (SEM)

The Scanning Electron Micrograph of the
HDTMAC-modified clay as presented in Fig. 2
revealed apparently smaller in sized, disordered,
thin sheet particle aggregates. This observation
could be due to the fact that organophilization
enhanced the formation of a disordered and less
cohesive aggregates arising from the reduction
of edge-to-edge and face-to-face interactions
[19].

Fig. 2. SEM image of HDTMAC-Clay

25



3.5 Thermal Analysis

The thermal behavior of the modified ogwuta clay
as presented in Fig. 3 showed thermal behavior
similar to most kaolinitic clay samples in literature
[29,30]. The clay showed initial exothermic
weight gain that peaked at 39.84°C. This might
be attributed to hygroscopic behavior of the
samples enhanced by not using very dried air
[31]. However, all gained weight was lost
completely at 45.51°C. The sample exhibited
characteristic exothermic weight loss (2%)
around 100-150°C, which could be associated
with the physically adsorbed water [32]. From
153-325°C, the observed weight percent loss
was due to the removal of water of crystallization
of the interlayer cations. Drastic loss of weight,
characteristic of the sample was observed
between 388-450°C, was assumed to be due to
the degradation of ammonium chloride
surfactant. The last step of weight loss was
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observed between 532°C and 776°C which,
according to Conconi et al. [30] was due to the
dehydroxylation of the hydroxyl group of the clay
sample.

3.6 X-Ray Diffractogram

Clay materials are made of layers of silicates. To
study the interlayer distance and displacements
after organophilization, the X-ray defractometry
(XRD) was employed. The Ogwuta HDTMAC-
modified clay was subjected to this method. The
dooz peak displacements of modified clay as
shown in Figs. 4-6 showed a value of 12.398° at
the 20 angle. This led to a corresponding
increase in the dyg, to 8.11 A. Consequently, this
change in the 26 and the interlayer spacing of
the organoclay confirms the intercalation of the
organic HDTMAC surfactant into the interlayer
spacing of the clay. This also shows that clay
interstice did not collapse after modification [33].
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Fig. 3. TGA/DTA of HDTMAC-Clay

Table 3. Interlayer spacing of HDTMAC-modified clay

d&)

Sample

26()

HDTMAC-Clay 8.121
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Table 4. Vibrational bands for the HDTMAC-modified clay

S/IN  Band (cm™) Assignment
1 671.25 Al-O-Si stretching
2 771.55 Al-OH-Fe bending in quartz
3 918.15 Al-OH-Al bending (deformation of inner surface hydroxyl group
4 1010.75 Si-O stretching in Kaolinite
5 1651.12 H,O bending
6 2931.9 C-H asymmetric stretching
7 3371.68 H,O bending from Inner octahedral Al-OH
8 3618.58 OH stretching in Kaolinite
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Fig. 7. FTIR spectrum of HDTMAC-clay

3.7 FTIR Spectrum

The Fourier Transform Infra-Red spectrum and
the vibrational band assignment for the
HDTMAC-modified Ogwuta clay sample as
presented in Fig. 7 and in Table 4 revealed that
the peak at 671.25 cm™ was due to Al-O-Si
stretching while that at 771.55 cm-! belongs to
the Al-O-Fe bending in quartz [34]. The inner
surface hydroxyl group (AI-OH-Al) deformation
band was observed at 918.15 cm™ and the
bands associated with Si-O stretchinq,
characteristic of kaolinite was 1010.75 cm™.
Kaolinite H,O bending bands was observed
at1651.12 cm™, while water molecule stretching
characteristic of montmorillonite was observed at
3371.68 cm™ [35]. One distinctive band was
observed at 2931.9 cm® showing the C-H
asymmetric stretching [36]. This band may have
been the product of activation of the source clay.
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4. CONCLUSION

Ogwuta clay was sourced from its natural deposit
and modified by ion exchange using
hexadecyltrimethylammonium chloride. Some
physical properties of the product showed that it
was slightly acidic with a pH of 4.3 and a total
surface area of 129.2 ng'l. Spectroscopic
techniques such as FTIR, XRD, SEM, and XRF
were employed for further characterization of the
organophilic product. The Fourier Transform
infra-red micrograph showed a C-H asymmetric
stretching at 2931.9 cm™ in the sample usually
absent in most natural clays from the Eastern
part of Nigeria. XRD results, in addition to
showing an increase in the basal spacing to
8.121A, which was indicative of intercalation of
organic surfactant, matched a kaolinitic clay with
reference code 96-9-9235. The number of steps
from the TG results, in addition to the CEC value



of not more than 19 meq/100g fits values of clays
that are composed of predominantly kaolinite
mineral. This evaluation of source clay makes it a
veritable tool for diverse industrial application.
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