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This study showed that kaolinite clay modified with Moringa oleifera pods is a promising low cost adsorbent for
the removal of metals from aqueous solution because the resultant composite has higher adsorption capacities,
and hence a better metal ions removal efficiency. The efficiencies of these adsorbents for the removal of Pb (II) and
Cd (1l) ions from aqueous solutions were studied as a function of pH, time, adsorbate concentration and adsorbent
dose. Adsorption results showed that pH did significantly affect removal of heavy metal ions between pH 3 and 6.
Increasing contact time and initial metal ion concentration increased the sorption capacity of the adsorbent for
the metal ions. Adsorbent dosage indicated mainly surface phenomena involving sharing of electrons between the
adsorbent surface and the metal ion species. The adsorption of metal ions from aqueous solutions of both metal
ions at different initial metal ion concentrations reduced the initial adsorption rates of the adsorption of Pb (II) and

Cd (I1) by unmodified and modified kaolinite clay.
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Introduction

The search for cheap, efficient and accessible water treatment
technologies cannot be overemphasized. Pollutants,
especially metallic species introduced into the environment
by anthropogenic activities persist indefinitely and eventually
accumulate along the food chain through water bodies leading
to unprecedented environmental pollution and impacting
negatively on the ecosystem [1]. The removal of these metal
ions from water and wastewater has become a challenge for
researchers [2].

Heavy metals are one of the most worrisome pollutants in the
natural environment due to their potential toxicity, persistence
and bio-accumulation problems [3]. Direct toxicity to man and
other forms of life and indirect toxicity through the food chains
are the focus of this concern. In order to combat the threat to the
environment and human health, it is highly essential to reduce
their concentration levels to a tolerable limit in municipal
and industrial effluents prior to their final discharge into the
ecosystem. Common sources of heavy metal pollution include
discharge from industries such as electroplating, plastics
manufacturing, fertilizer producing plants and wastes left after
mining and metallurgical processes [4].

Two of the most potentially toxic heavy metal are chromium

and lead. Classified as soluble and strongly hydrating cations,
these metals are particularly toxic to higher animals, causing
kidney and blood diseases among other health disorders.
Exposure to lead (Pb) for instance, is widely recognized as a
major risk factor for several human diseases, and the structure
of ecological systems have made exposure to lead for most
people in today’s world formidable [5]. Cadmium which is one
of the most important heavy metal used in electroplating and
fertilizer industries causes serious toxicological effects at high
doses; after uptake it is known to deposit in brain, skin, liver,
pancreas and myocardium [6,7].

Over the years, various techniques have been employed
to remove metal ions from aqueous solutions, including
conventional methods such as ion-exchange, reverse osmosis,
electrochemical treatment, evaporative recovery, and
adsorption. These techniques have been reported to reduce
metal ions to tolerable level in water, but they do not appear to
be highly effective due to limitations of removal pH range as
well as the high material and operational costs [8].

The quest for a cheaper, effective and eco-friendly method
of heavy metal removal from aqueous solution has led to
the application low-cost materials as adsorbents for heavy
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metal ions ion wastewater. Several low cost adsorbents such
as biological materials, nanomaterial and clays have been
investigated [9]. Among the variety of the natural adsorbents,
the composite of kaolinite clay and Moringa oleifera pod is the
focus of the study.

Moringa oleifera (drumstick), is a drought tolerant and
medicinal tropical tree, available throughout the year. Moringa
oleifera seeds are sometimes removed from more mature pods
and ecaten like peas or roasted like nuts [S]. The flowers are
edible when cooked and are said to taste like mushrooms. It has
various pharmacological uses as analgesic, antihypertensive
and anti-inflammatory effects. The powdered pods of the
Moringa oleifera plant has coagulating properties, thus have
potential to be used for of water treatment especially turbid
water. However, its biosorption behaviour for the removal of
toxic metals from water bodies has not been given adequate
attention [10].

Kaolinite, (Si),(Al),O, (OH),, is the most common two-sheet
layer type of clay [11]. Its formula indicates that there is no
substitution of Si*" with AI** in the tetrahedral layer and no
substitution of Al** with other ions (e.g., Mg**, Zn**, Fe*,
Ca?, Na* or K") in the octahedral layer [12]. Thus, the net
layer charge of kaolinite is zero. But in nature, kaolinite has
a small net negative charge arising on the clay crystals due to
protonation/deprotonation influenced by the solution pH. This
negative charge, although small, is responsible for the surface
not being completely inert; it allows electrostatic interaction
with positively charged ions [12,13].

In this study, synergistic combinations of kaolinite clays and
Moringa oleifera pods (both being low cost adsorbents) was
achieved by combining individual characteristics of each
composite to yield a better adsorbent having properties such
as high cation exchange capacity, elimination of bleeding,
enhanced mechanical strength and higher adsorption efficiency
for water treatment. Also, the biomass-modified sorbents was
tested for the removal of Pb(Il) and Cd(II) ions from aqueous
solutions under various conditions; contact time, solution pH,
temperature and adsorbent dose, and adsorbate concentration.

The kaolinite clay sample was obtained from a mineral deposit
site at Saminaka village, along Koko-Yauri Road, Kebbi State,
Nigeria. It was grinded into powdered form, after which it
was sieved to 230um particle size to remove large non-clay
fractions from the clay. The Kaolinite clay was then oven dried
at 70°C and kept in air-tight container for use in the study [14].

House to house collection of the Moringa oleifera pods was
adopted using the Basaura Institute Comprehensive vehicle
within Birnin Kebbi town, Kebbi State. The sample was
washed thoroughly with water and then rinsed with deionized
water and oven dried at 105°C for 24 hours, before shielding

and grinding in a mortar using pestle. The sample was sieved
in a 230um sieve and kept in air-tight container for use in the
study.

Equal weight of Kaolinites clay and Moringa oleifera pod
(20g each) were weighed into a 500ml beaker. A 200ml of
0.IM KOH was added to the beaker, followed by stirring.
The mixture was transferred into an oven and heated at 105°%
for 4 hrs. The mixture was then be allowed to stand for 72hrs
and subsequently dried in an oven at 70°C. The dried samples
mixture was weighed into crucibles and calcined at 300°C in
a furnace for 12hrs. The resulting dark powdery material was
washed with deionized water to remove all carbon materials
on the surface of the composite and was subsequently dried
to remove all moisture [15]. The dried sample was stored in
an airtight container and labeled as Modified Kaolinite Clay
Adsorbent (MKC).

FTIR spectra of adsorbents were obtained using Perkin Elmer
infrared spectrometer. For FTIR spectra of the adsorbents,
0.1g of the adsorbents was ground and mixed with 0.5g of KBr
salt and pressed into pellets. This pellet was introduced into
the Perkin Elmer infrared spectrometer (Nexus 870 FT-IR)
which showed peaks corresponding to the spectra of surface
functional groups of the adsorbent [4].

Scanning Electron Microscope (JEOL 6400, Japan) was used to
obtain microgram scan which showed the surface morphology
of the adsorbents.

The synthetic metal ion (Pb** and Cd?*") solutions were prepared
from AnalaR grade of their salts (Pb(NO,), and Cd(NO,),,
from the Kebbi State University of Science and Technology
Chemistry Laboratory Aliero, Nigeria.. A stock solution of
1000 mg/L was prepared by dissolving 2.0319g and 1.8287g
of Pb?* and Cd** salts respectively in 200cm3distilled water
and then made up to mark in a 1L standard volumetric flask.
Working solutions of various concentrations were prepared
from this stock solution as required.

Replicate batch experiments were used to determine metal
adsorption capacity of both the modified and unmodified
kaolinite clay samples in 60 mL polyethylene bottles by
contacting approximately 1.0 g of the unmodified and
modified Kaolinite clay with 20 mL of metal solution, except
where otherwise stated, for determining effect of pH, time,
and temperature and sorbate concentration. Effect of pH on
adsorption of the Pb*" and Cd*" was carried out by varying
pH from 2+0.2 to 8+0.2 at a contact time of 60 min, effect
of time was investigated at a time varied from 10 to 180min,
equilibrium experiments were studied at room temperatures of
27+1°C, while varying the concentrations from 100 to 600mg/L
at optimum solution pH and contact time. The adsorbent-
adsorbate mixtures were shaken on a mechanical shaker during



the course of the adsorption experiment and concentrations of
metal in the filtrate solutions were determined using the Buck
Scientific 205 Atomic Absorption Spectrometer (AAS) with
air-acetylene flame on absorbance mode.

Data treatment

Calculation of the removal of metal ions by Moringa
oleifera pod. (MOP), kaolinite clay (KC) and modified
kaolinite clay (MKC).

The amount of metal ions adsorbed was calculated using the
equation:

_ (Co—Ce)

Qe M

Where; C_ and C_ are the initial and final metal concentrations
insolutions; Q_, ¥"and M are the amount of metal ions adsorbed
(mg/g), volume of the solution (mL) used for adsorption and
mass (g) of sample, respectively.

Calculation of the percentage metal ions removed MOP;
KC and MKC

The percentage removal of metal ions will be calculated using
the following equation;

Co—Ce
R = ———— X 100 vnereersvsnsennns

= (2)

Where; R is the removal efficiency of the metal ions adsor-
bent studied; C_ is the initial metal ions concentration in
solution (mg/L); C,_ is the metal ions concentration removed
or adsorbed by adsorbent at equilibrium (mg/L).

Results and Discussion

Physicochemical properties

The infra-red (IR) spectra of both the unmodified kaolinite
(KC) and modified kaolinite (MKC) samples were obtained
while the band assignments are presented in figures 1a and 1b.
The absorption band at 3716 and 3668.3 cm™ for the unmodi-
fied kaolinite sample represents the inner surface—OH stretch-
ing vibration and those at 1021.8 and 918.7 cm™! represents the
Si—O and Al1-OH bending vibrations, respectively. An increase
in wavelength from 1021.8 cm™ in the unmodified kaolinite
sample to 1035.6 cm—1 respectively, with disappearance of the
peak at 918.7 cm™' in the modified kaolinite sample was ob-
served. The latter peaks were broader and more intense. This
suggests that the modification may have been effected at the
Si—O— and Al-OH linkages that are negatively charged. The
small shift in the 1021.8 cm™ peak in the unmodified sample to
1035.6 cm™ in modified sample also confirms the involvement
of the Si—O bond linkage in the modification. Similar observa-
tion was reported by Adebowale et al. (2006) and Unuabonah
etal. (2013). The spectra of the raw clay exhibit a band at 3350
cm™!, which suggests the presence of inner hydroxyl groups
(—OH stretching vibration) lying between the tetrahedral and
octahedral sheets in the kaolinite clay mineral with a vector
orientation near to the (001) plane (pointed in the direction of
the vacant octahedral site) [14].

For the modified kaolinite (MKC), the 1035.6 cm™' Si—O bend-
ing vibration shows a significant shift when compared to the
raw clay. This suggests that this position is perhaps one of the
active sites for interaction of the kaolinite with the Moringa
oleifera pods. An amine —N—H band was observed in the com-
posite spectrum at 1606 cm™ with a characteristic weak —C—N
band at 1205 and 1324 cm™! respectively. The other bands are
identical to those of the kaolinite clay. Overall, IR confirms
that the MK C material is indeed a composite consisting of ka-
olinite and organic matter arising from the Moringa oleifera
pods.
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Figure 1a: FTIR spectra of unmodified kaolinite clay
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Figure 1b: FTIR spectra of modified kaolinite clay

When viewed under a Scanning Electron Microscope (SEM),
the shapes of MKC adsorbent particles were quite similar to
those of the unmodified adsorbent (KC). MKC and KC adsor-
bents gave particles with irregular structures. The unmodified
adsorbent showed some white particles on the surface of the
mineral particles (Figures 2a and 2b). These are likely to be
non-clay minerals like sodium, potassium, calcium, iron and
magnesium [8]. The SEM images suggest that the MKC ad-
sorbent is a heterogeneous composite (Figure 2b). From the
images of MKC adsorbent (Figure 2b), it is observed that the
clay particles have reduced sizes.
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Effect of pH

Figure 3 showed that increasing pH enhanced the uptake of
the metal ions, with the modified adsorbent (MKC) showing
better performance and Pb ions being more adsorbed onto both
adsorbents than Cd ions. This enhanced metal ion uptake by
kaolinite was also reported by Adebowale et al. (2006) and
Unuabonah et al. (2013). This may be as a result of increased
overall negative charge on both the unmodified and modified
kaolinite samples especially between pH 4 and 6. In addition,
increasing pH decreases the concentration of H+ therefore

Figure 2b: SEM image of modified kaolinite clay

BSD Full

reducing the competition between metal ions and protons for
adsorption sites on the particle surface. Another factor that
could also contribute to enhancing metal ion adsorption is the
increasing pH which encourages metal ion precipitation from
the solution in the form of hydroxides.

Several reasons may be attributed to the increased adsorption
of metal ions by unmodified adsorbent relative to adsorbate
solution pH. The surface of the kaolinite clay sample contains
a large number of active sites and may become positively
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charged at very low pH, thus increasing the competition be-
tween H' and the metal ions for available adsorption sites.
However, as pH increases, this competition decreases as these
surface active sites become more negatively charged, which
enhances the adsorption of the positively charged metal ions
through electrostatic force of attraction [12].

These results showed that pure and modified kaolinite clays
could be used for adsorption of metals in solutions having pH
between 3 and 6. This is a wide pH range of adsorption unlike
those of most adsorbents in literature with narrow optimum pH
range of adsorption; hence, these adsorbents may be applied
for pollutants adsorption from a wide range of aqueous acidic
solutions.

3 7 8 9 10

—8— KC-Cd(|l) —e— MKC-Cd(I1)

— KC-Pbill) MIKC-Pb(I1}

Figure 3: Effect of pH on adsorption of Pb (IT) and Cd(II) onto
KC and MKC adsorbents

Effect of time on adsorption

From figure 4, it was observed that modification of kaolinite
clay enhanced adsorption of Pb (II) and Cd(Il) ions ions as
well as altered the rate of adsorption these metal ions by the ad-
sorbent. Unlike the unmodified adsorbents, there was a sharp
increase in the adsorption of both metal ions on the modified
adsorbent within the first 30 min of the reaction. For adsorp-
tion of lead on modified adsorbent, equilibrium was reached
after 60 min with 96.8% adsorption while for the unmodified
adsorbent, equilibrium was attained after 60 min with 87.5%
adsorption. However, for cadmium adsorption, equilibrium
condition was attained after 60 min for the modified adsorbent
and 30 min for the unmodified adsorbent with 78.6 and 68.9%
adsorption, respectively. This accelerated adsorption of these
metal ions onto modified kaolinite clay may be as a result of
the blocking of some pores on the surface of unmodified ka-
olinite clay [16]. As a result, Pb and Cd ions may not be able to
diffuse further into the pores and this will increase the overall
rate of adsorption. A similar observation was reported by Sa-
nusi et al. (2016).

Effect of time
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—&— KC-Cd(ll) —@— MKC-Cd(ll) 8— KC-Pbill) MEKC-Pb(ll)

Figure 4: Effect of contact time on adsorption of Pb (II) and
Cd(IT) onto KC and MKC adsorbents

Effect of adsorbent dose

Figure 5 shows the effect of adsorbent dose on the adsorption
capacity of the KC and MKC. Increase in the dosage of both
adsorbents from a range of 0.5-3.0 g resulted in a decrease in
equilibrium adsorption capacity, qe, of the adsorbents. How-
ever it was observed that the percentage of adsorbate adsorbed
increased with increase in adsorbent dose until an equilibrium
is reached at a mass of 2g for both Pb (95.5%) and Cd (97.8%)).
A similar trend has been reported in a previous study by Un-
uabonah ef al. (2013). The increased percentage adsorption of
these metal ions with increasing adsorbent dose is possibly due
to increased surface negative charge and decrease in the elec-
trostatic potential near the solid surface that favors sorbent—
solute interaction [17]. However, the decreased equilibrium
adsorption capacity, qe, of the modified clay sample for the
metal ions, as its dosages were increased, can be attributed to
decreasing total surface area of the adsorbent and an increase
in diffusion path length, which is the result of aggregation of
adsorbent particles [14].

Effect of adsorbent dose

05 i 15 2 25 3 35

—8— KC-Cdill) —8— MKC-Cd(ll) KC-Pb{Il} MKC-Pb(ll}

Figure 5: Effect of adsorbent dose on adsorption of Pb (II) and
Cd(IT) onto KC and MKC adsorbents

Effect of initial metal ion concentration

It was observed from figure 6 that increasing initial metal ion
concentration from 100 to 600 mg/L resulted in an increase
in the metal ions adsorbed for both modified and unmodified
kaolinite adsorbent until adsorption equilibrium is reached
at 300mg/L. At very low initial concentrations 83.7% of Pb
ions were adsorbed on modified kaolinite clay compared with
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78.5% of Pb ions on the unmodified sorbent. However, 58.1%
Cd ions were adsorbed on modified kaolinite clay whereas
31.5% of Cd ions were adsorbed on unmodified kaolinite clay
samples. With increasing metal ion concentration, there is in-
crease in the amount of metal ion adsorbed due to increasing
driving force of the metal ions towards the active sites on both
the modified (83, 91.6%) and unmodified (62.7, 78.9%) ad-
sorbents for Cd and Pb ions respectively. The sorption of both
metals is more favorable on the modified kaolinite adsorbent
than on the unmodified kaolinite adsorbent due to enhanced
adsorption capacity qe of the MKC. The results obtained were
in correlation with that reported by Stephen ef al. (2017) [18].

Effect of Sorbate conc.

100 200 300 400 500 600

—&— KC-Cd(ll) —8— MKC-Cd(ll) KC-Pb(1) MKC-PB (11}

Figure 6: Effect of adsorbate concentration on adsorption of
Pb (II) and Cd(II) onto KC and MKC adsorbents

The modification of kaolinite clay mineral was found to be on
both silanol (Si—O) and aluminol (AI-OH) sites of the clay
mineral and not on the edge - hydroxyl groups on the surface
of the adsorbent. Adsorption studies on the aqueous solutions
of both Pb (II) and Cd(II) ions revealed that adsorption of both
metal ions is suppressed by the presence of either metal ion
concentration with respect to effect of time, solution pH and
adsorbent dosage. There was an observed increase in the ad-
sorption capacity of the kaolinite after modification with Mo-
ringa oleifera pods which corresponds to its increase in cat-
ion exchange capacity. The results showed that the modified
kaolinite adsorbent has the potential of holding heavy metal
ions from the aqueous solution. The low cost composite adsor-
bent MKC, has a strong potential for replacing other expensive
methods in treatment of water laden with heavy metals.
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