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Abstract: The removal of Co(II) ions by two Cameroon clays—kaolinite and smectite as adsorbents—was investigated
in a batch system. The effect of Co(II) ions initial concentration, Co, pH and contact time, t, has been studied in
terms of kinetic models. The experimental data fitted well the pseudo-second order kinetic model allowing the rate
constant to be evaluated. This study shows that these clays could be used as important efficient adsorbent materials
for the uptake of Co(II) ions from aqueous solution at low initial concentrations. This study is important for the
treatment of Co(II) ions effluent where continuous removal can be achieved on a large scale.

Key words: Adsorption, cobalt(II) ions, kinetic models, kaolinite, smectite.

*Corresponding Author

Introduction

The Lomié deposit in Cameroon, which will be exploited
for the next 200 years, will make this country the main
producer of cobalt and nickel in the world. The extraction
of these metals will cause the pollution of ground water
in these areas due to leaching of these metals from the
top soils by rain water, erosion of the exploited sites and
spillage of storage sites. These metals are stable and
persistent in the environment because they cannot
degrade or be destroyed (Kocaoba et al., 2008). The
discharge of cobalt to surface water and their
accumulation by aquatic organisms and sediments are
drawing attention to the cycling and fate of this element
in aquatic systems (Kim et al., 1995; Ebner et al., 2001;
Misak et al., 1992; Boyle et al., 2002; Netzer and Hughes,
1984; Chiu and Wang, 2009; Kocaoba and Akyuz, 2005;

Baek and Yang, 2004; Yavuz et al., 2003; Kara et al.,
2003). For a daily ingestion of 0.04 to 0.14 mg/kg, the
health implication on humans includes pneumonia,
fibroses and respiration irritation.

Considerable research has been carried-out in
developing cost-effective metal removal techniques,
among which are precipitation, ion exchange,
electrochemical treatment, filtration, distillation, reverse
osmosis, ultrafiltration and adsorption. The available
conventional techniques are ineffective or extremely
expensive, especially when the metals are dissolved in
large volumes of solution yielding relatively low
concentration (Kim et al., 1995; Ebner et al., 2001; Misak
et al., 1992; Boyle et al., 2002; Netzer and Hughes, 1984;
Chiu and Wang, 2009; Kocaoba and Akyuz, 2005; Baek
and Yang, 2004; Yavuz et al., 2003; Kara et al., 2003).

Adsorption is frequently the most economical methods
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for this purpose, especially using low-cost naturally
occurring adsorbents as clays (Chiu and Wang, 2009;
Kocaoba and Akyuz, 2005; Baek and Yang, 2004; Yavuz
et al., 2003; Kara et al., 2003). The attraction of
adsorption to researchers is due to the simplicity of the
adsorption process and equipment available. In addition,
the adsorbents are of a wide variety and are abundant.
For this reason, literature has recorded several research
works on the elimination of toxic substances, particularly
heavy metals from liquid solution. The adsorption of
cobalt(II) ions onto solid surface has been investigated
with adsorbents such as inorganic metal oxides (Kim et
al., 1995; Ebner et al., 2001; Misak et al.,1992; Boyle et
al., 2002), activated carbon (Netzer and Hughes, 1984)
and clays (Chiu and Wang, 2009; Kocaoba and Akyuz,
2005; Baek and Yang, 2004; Yavuz et al., 2003; Kara et
al., 2003).

The aim of the present report is to study the adsorption
of Co(II) ions on two local clays obtained from two
different regions in Cameroon. The effect of Co(II) ions
initial concentrations, Co, pH and contact time, t, has
been studied in terms of the kinetic models.

Experimental Section

Adsorbent Samples
The adsorption of Co(II) ions from aqueous solution by
two local clays from Cameroon, kaolinite and smectite,
has been carried out. The kaolinite comes from Mayoum,
a region in the west of Cameroon and the smectite is
obtained from Sabga, a region in the north-west of
Cameroon. The characteristics of the kaolinite and
smectite samples have been reported in an earlier work
(Njoya et al., 2007; Tonle et al., 2003). Their
physicochemical properties are respectively, pHSME
(5.85) < pHKAO (6.27). They are both gray in colour with
their specific surface areas of 700 m2/g and 86 m2/g
respectively. Their cation exchange capacities (CEC) in
meq/100 g are respectively, 86 × 102 and 78 × 102. The
chemical composition of these clay samples are shown
in Table 1. The adsorbents were first dried in air and
then crushed in a china mortar, sieved at 180 mm particle
sizes (mesh). They were then homogenised in a Retsh

shaker and dried in an Hereaus oven at 120°C for 24
hours to remove adsorbed water and volatile impurities.
Initial concentrations of the Co(II) salt solutions ranged
from 8.5 × 10-3 M to 3.5 × 10-2 M. The residual
concentrations were measured by using an Aqualytic UV
Visible spectrophotometer at 519 nm.

Kinetic Batch Adsorption Experiments
The batch kinetic experiments of the adsorption studies
were carried out at room temperature in a 150 mL conical
flask. For each run, 1 g of the adsorbent was weighed
and placed in the flask containing a solution of Co2+ ions
at the desired concentration. Three concentrations of Co2+

ions solutions, namely 8.5 × 10-3 M, 2.75 × 10-2 M and
3.5 × 10-2 M were prepared. The suspension was stirred
for 5 to 90 minutes by using a magnetic stirrer. Care was
taken to ensure that all the particles of the adsorbents
remained in solution during each run. At the end of the
run, the suspension was allowed to settle for about two
minutes and the supernatant liquid obtained by using a
filter paper. The pH values of the Co(II) ions in solution
were maintained at 1 to 6, as measured by using a Hanna
pH-meter and the solutions adjusted by using solutions
of either HCl or NaOH.

From the measurements of the difference between the
initial concentration, Co and the concentration at some
time, Ct, in moles/L, the percent Co2+ ion adsorbed onto
these clay materials was calculated as %P = (Co – Ct)/
Co × 100.

The kinetics of the Co2+ ion adsorption was modelled
by equations shown in Table 2. The conformity between
experimental data obtained and the kinetic models used
was expressed by the correlation coefficient values, R2.
A relatively high R2 value indicates that the model
successfully describes the kinetics data obtained.

Results and Discussion

According to the structures of the kaolinite and smectite
clays (Njoya et al., 2007; Tonle et al., 2003) the adsorption
of metal ions can be described by two mechanisms
(Benhammou et al., 2005; Abollino et al., 2003; Kraepiel
et al., 1999): pH-independent adsorption and pH-

Table 1: Chemical composition of the clay samples

Sample SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 SiO2/Al2O3 L1 Total
Kaolinite 46.4 34.4 1.0 <1.d <1 .d <1.d 0.9 4.0 0.3 1.3 12. 99.9
Smectite 63.3 14.5 4.2 0.2 0.7 0.4 2.3 0.2 <l.d 4.3 13 98.8

LI: Lost at Ignition (25-1000°C)
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dependent adsorption. Generally, pH-independent
adsorption is attributed to cation exchange in the
interlayer resulting from electrostatic interactions
between ions and negative permanent charge. This has
been observed with the isomorphic replacement of Al3+

by Mg2+ or Fe2+ in the octahedral layer. The cationic
exchange reaction mechanism implies that the Na+ is
exchanged for the metal cation as follows:

Con+ + nNa+ – clay æÆ Con+ – clay + nNa+ (1)
A pH-dependent adsorption is a result of surface

complexation reaction mechanisms and uses the silanol
(Si-OH) and aluminol (Al-OH) sites located at the edges
of the layer (Benhammou et al., 2005; Abollino et al.,
2003; Kraepiel et al., 1999). The surface complexation
reaction mechanism of the Co2+ cation can be described
as follows:

Co2+ + H2O æÆ CoOH+ + H+ (2)
CoOH+ + XO- æÆ XOCoOH (3)
Co2+ + nX-OH æÆ nH+ + (X-O) n-Co (4)

 Co2+ + nX-OH æÆ (X-O) n-Co (5)
where X-OH is the amphoteric surface hydroxyl groups
(Si-OH or Al-OH). This mechanism is pH-dependent
because in acidic conditions (pH £ 4) most silanol and
alumino groups are protonated.

Effect of Initial Concentration
The percentage Co2+ ions removed at two different initial
concentrations on the two adsorbents, used in this work
for the same mass of adsorbent, decreases with increased
initial concentration (Figure 1). At this low initial
concentration, the kaolinite adsorbs better than the
smectite.

Effect of Contact Time
Figure 1 represents the percent Co(II) ions removed from
solution and increases with increased contact time for
both the smectite and the kaolinite. It was observed that
60 minutes was enough time to reach equilibrium. The

silanol (Si-OH) and aluminol (Al-OH) sites located at
the edges of the layer (Benhammou et al., 2005; Abollino
et al., 2003; Kraepiel et al., 1999; Bouras, 2003) are well
exposed and the adsorption mechanism is easier (Bouras,
2003). When Co2+ ions are fixed on specific sites in the
first 60 minutes, the pores are occluded and the percent
adsorption of the Co(II) ion becomes constant. A
maximum adsorption is observed at 90% for the kaolinite
and 70% for the smectite. As the positively charged ion
approaches the surfaces of the adsorbents, it induces the
surface to exhibit negatively charged property and the
attraction between the two dipoles which are likely to
lower the potential energy between them occurs and
eventually brings about adsorption.

Similar results on the equilibrium adsorption capacity
were reported for the removal of metal ions from
synthetic waste water by activated carbon obtained from
eucalyptus bark (Kongsuwan and Patnukao, 2006). It has
been shown that adsorption takes place on the edge-
surface Al3+ present on clays (Siffert and Trescol, 1982).
The enhanced adsorption of cobalt(II) ions with increased

Table 2: Equations for fitting different kinetic models

Kinetic models Linear plots Equations
First order ln (qeq–qt) vs. t ln (qeq–qt) = ln (qeq)–k1t
Second order t/qeq vs. t t/qt = 1/h + 1/qet
Elovich qt vs. ln (t) qt = 1/bx ln (ab) + 1/b ln t
Intraparticle diffusion ln (%P) vs. t ln (%P) = ln kid + a ln (t)

where qeq is adsorbed Co(II) ion at equilibrium, t is adsorption reaction time, qt is adsorbed Co(II) ion at time
t, k1 (min-1) is the first order adsorption rate constant, vo is the initial sorption rate, (mol g-1 min-1) = k2 qeq, k2
(g mol-1 min-1) is the second order adsorption rate constant, kid (min-1) is the overall diffusion adsorption rate
constant, and a, h and b are constants.

Figure 1: Percentage of Co(II) ions adsorbed by different
adsorbents (A = Kaolinite; B = Smectite)

as a function of time.

8.5 × 10 M
–3
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agitation time may be due to the decrease in boundary
layer resistance to mass transfer in the bulk solution and
an increase in the kinetic energy of hydrated ions.

Effect of pH
The adsorption of Co2+ ions on kaolinite and smectite
shows a significant variation with pH in the range of 1-6
as shown in Figure 2. For the same concentration ca
8.5 × 10-3 M, the plots of %P against pH show that the
removal on smectite increases from pH = 1 and reaches
a maximum at pH = 3; there is then a slight decrease to
pH = 5 before getting finally to pH = 6. At the high Co(II)
ion initial concentration ca 3.5 × 10-2 M, both the kaolinite
and the smectite show a decrease percent Co(II) ion
removal with a decreased pH from pH = 1 to pH = 3
before showing an increase from pH = 5 to pH = 6. Clays
can accumulate ionic species at their surfaces by many
types of interactions due to the presence of hydroxyls
groups: silanol and aluminol. The mechanism is an
exchange of Co2+ ions for Al-O– groups at the rate of
one cation per adsorbing anion (Hefne and Mekhemer,
2008). It was concluded in this work that the adsorption
of Pb(II) ions on natural bentonite over a pH range of
2-8 at a constant clay amount of 10 g/L, the system
controls the adsorption capacity due to its influence on
the surface properties of the adsorbents and ionic forms
of the lead ions in solution (Hefne and Mekhemer, 2008;
Demirbas, 2003).

There is a strong dependence of pH on the kinetic
adsorption of Co(II) ions on these clay materials used in
this work, consistent with work reported in the literature.
In solution, species that tend to ionise are more affected
by pH of the solution; and as the pH changes, the surface
charge also changes and the adsorption of charged species
are affected. At pH = 1, the affinity for H+ ions to adsorb
on the clays is higher than Co2+ ions. The clay fixes H+

ions in the medium at the same moment with Co2+ ions,
such that there is competitive adsorption on same sites
on the clays. This will reduce the possibility of Co2+ ions
adsorbing and explains why for both clays, the percent
uptake is lower. Similar phenomena were observed for
the adsorption of Copper(II) and Cadmium(II) ions onto
activated carbon from rice hulls (Teker and Imamoglu,
1999).

At low pH values, where the initial pH values are
between 1 and 3, a decrease in Co(II) ions removal
efficiency is observed. This phenomenon has been
attributed to the fact that in solution, cobalt species exist
only in the divalent ionic form (Co2+), which is favourable
for removal by the clays (Kim and Lee, 2001). At pH = 5
and pH = 6, metallic ions in solution are in the hydrolysed
form. These are the species that are most favoured by

the reaction mechanism whereby there is a direct
exchange of the Co2+ ions with specific silanol (Si-OH)
and aluminol (Al-OH) sites located at the edges of the
layer clay adsorbents (Benhammou et al., 2005; Abollino
et al., 2003; Kraepiel et al., 1999; Bouras, 2003).

A variety of the chemical forms of cobalt (CoOH+,
CoX+) existing at high pH regions may play roles that
diminishes the overall Co(II) ion removal efficiency on
smectite. However, at the pH of 6, the performance of
kaolinite is unaffected by the appearance of hydrolysed
species. This could be explained by the fact that the high
surface area of kaolinite: 700 m2/g as against 86 m2/g
for smectite, also plays a significant role. It further
explains why the amplitude of oscillation is less in
kaolinite than in smectite. As shown in Figure 2, the pH
of the solution is clearly a key factor affecting the
adsorption characteristics of Co2+ ions onto clays in
aqueous solution (Serpaud and Alshukry, 1994).

Figure 2: Influence of pH on the percentage of adsorption
of cobalt(II) ions at different initial concentrations on

A = Kaolinite and B = Smectite.
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Adsorption Kinetics Models
The kinetics of Co2+ ion adsorption on kaolinite and
smectite in aqueous solution to obtain kinetic parameters
was modelled by equations represented in Table 2. The
conformity between experimental data and model
predicted values was expressed by the correlation
coefficient, R2, values that were close or equal to 1 as
shown in Table 3. A relatively high R2 value indicates
that the model successfully describes the kinetics of the
adsorption of Co(II) ion. The kinetic parameter values
obtained for each model including the correlation
coefficient, R2 values are represented in this table. For
the pseudo 1st order equation, with the least R2 value of
0.423 is obtained for smectite and the highest value of
0.645 is obtained for kaolinite. It would appear it may
not be a straight forward linear mechanism and the
transfer resistances are important. The non-applicability
of the pseudo1st order model shows that the adsorption
rate does not directly depends only on Co(II) ions
concentration, but on other surface interactions. The k1
value increases from kaolinite to smectite confirming the
fact that greater adsorption occurs at the surface of the
smectite.

The plot of the equation of the pseudo 2nd order gave
very good straight lines values of the correlation
coefficient, R2 close to 1. These values of R2 show that
the pseudo 2nd order equation gave a better fit to the
adsorption process (Kim and Lee, 2001). It has been
shown in the literature that the rate mechanism is
appreciably controlled by chemisorption of the different
species that exist at the surface of the adsorbents (Hefne
and Mekhemer, 2008). Thus, exchanges between the
cationic exchange reaction mechanism implies that the
Na+ is exchanged for the metal cation OR surface
complexation reaction mechanisms that uses the silanol
(Si-OH) and aluminol (Al-OH) sites located at the edges
of the layer to complex the Co(II) ions that are more
determinant than forces of physicosorption (Benhammou

et al., 2005; Abollino et al., 2003; Kraepiel et al., 1999).
This is because pH-independent adsorption is attributed
to cation exchange in the interlayer resulting from
electrostatic interactions between ions and negative
permanent charge; and pH-dependent adsorption is a
result of surface complexation reaction mechanisms and
uses the silanol (Si-OH) and aluminol (Al-OH) sites
located at the edges of the layer. This has been observed
with the isomorphic replacement of Al3+ by Mg2+ or Fe2+

in the octahedral layer. Therefore, chemisorption is the
rate limiting step. It involves valence forces caused by
the sharing or exchange of electrons between adsorbent
and adsorbate as shown by the complexation reaction
mechanism equations 2, 3, 4 and 5 above.

As regards the Elovich model, the variation of the
correlation coefficient, R2 value shows that this model
gives a better fit with the experimental data for the
adsorption of Co(II) ions on kaolinite. The higher value
of the desorption constant b shows that during this
process, desorption occurs. It has been shown from
published results that this can be due to the phenomenon
of bond breaking and bond forming of ionic bonds on
specific sites on the adsorbents during the adsorption
process of Co2+ ion (Gupta et al., 2007).

The plots of Ln (%P) against Ln t of the intraparticle
diffusion model equation are straight lines. The highest
correlation coefficient, R2 value obtained is R2 = 0.9228
for the adsorption of Co(II) ions on kaolinite (Table 3).
In the equation, in the Table 1, a represents the adsorption
mechanism and kid is a rate factor. Higher values of kid
illustrates an enhancement in the rate of adsorption,
whereas larger a values show a better adsorption
mechanism.

Therefore, the intraparticle mass transfer resistance is
the rate limiting step. A similar result has been reported
in the literature for the kinetic study of nitrite adsorption
onto Sepiolite and powdered Activated Carbon (Kose
and Ozturk, 2007).

Table 3: Determination of the kinetic parameters for cobalt(II) ions adsorption on
the different clays from linear plots

Samples Pseudo 1st order Pseudo 2nd order Elovich Intraparticle diffusion
k1 × 103 R2 k2 × 103 h R2 a × 104 b R2 Kid a × 102 R2

(min-1) (g/mol min) (min-1)
Kaolinite 4.8 0.65 22.5 12.55 1.000 1.67 38.02 0.915 85.48 9.70 0.923
Smectite 6.5 0.42 665.2 1.50 0.998 185.45 14.62 0.438 69.29 5.09 0.440
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Conclusion

The Cameroonian kaolinite and smectite clays can be
suitable adsorbents for the efficient removal of Co2+ ions
at low concentrations from water and wastewaters, as
the kinetics are highly favourable. The results reported
here show that they can be compared to other adsorbents
used to treat Co(II) ions contaminated wastewaters. The
kinetics of their adsorption is rapid in the initial stages
of the adsorption process, followed by a slow rate. The
adsorption of Co(II) ions onto these clay materials was
complete in 60 minutes.

The adsorption of Co2+ ions from synthetic solutions
was examined. The process of uptake was found to be
pH-dependent; the efficiency of the adsorption onto the
two Cameroonian clay samples generally increases with
increasing pH from 3 to 6. The variation of pH for the
three different initial concentrations of Co(II) ions in
solution on the two clays shows that the maximum
condition of elimination of Co2+ ions are at 8.5 × 10-3M
at pH = 6 (73.13%) and at 2.75 × 10-2M at pH = 3
(76.20%) for kaolinite and at 8.5 × 10-3M at pH = 3
(87.46%) for smectite.

The adsorption kinetic model that gives the best fit
for the adsorption conditions used to obtain the
experimental data in this work is the pseudo 2nd order.
The limiting step is therefore the chemisorption of Co2+

ions at the surfaces of kaolinite and smectite.
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