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carbon: Kinetics and Thermodynamics Studies
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ABSTRACT: The adsorption of Mn(II) and Co(II) ions from aqueous solution was
investigated using batch adsorption experiment at room temperature. The effect of pH,
contact time, metal ion concentration and temperature were evaluated. The residual
concentrations of the metal ions were determined by atomic absorption spectrophotometer.
The results showed that maximum removal of Mn(II) and Co(II) ions occurred at pH 9.
Some physico-chemical and spectroscopic characterization of the adsorbents were done such
as moisture content, ash content, bulk density, volatile matter, iodine number, point of zero
charge (PZC), XRF, and FTIR. The moisture and ash content of MCAC adsorbent were
found to be 9.85±0.06 and 5.5±0.1% respectively. The bulk density was found to be
0.37±0.01g/m3, iodine number of 367.66±30 mg/g and PZC of 6.8. The SEM micrograph
shows particle grains and jelly like rough surfaces, FTIR analysis results show different
functional group in the MCAB adsorbent such as O-H, C=O, and C=C stretching. Kinetic
study shows that the pseudo-second order kinetic model best described the adsorption of
metal ions. The equilibrium data fitted Langmuir, Freundlich and Temkin adsorption
isotherms, in each case, the Langmuir model appears to have better regression coefficients
than the Freundlich and Temkin. Thermodynamics investigation showed that Gibb’s free
energy change ( ) was negative indicating that the adsorption of Mn(II) and Co(II) ions by
maize cob activated carbon were feasible and spontaneous. The positive value of enthalpy
change ( ) implies that the reaction was endothermic while positive value of entropy
change ( ) implies an irregular increase in the randomness at the solid/solution interface of
the adsorbent during the adsorption process. © JASEM
http://dx.doi.org/10.4314/jasem.v19i4.22
KEY WORD: Adsorption, Heavy metals, Kinetics, Thermodynamics
Introduction
The increase in use of potentially toxic elements over
the past few decades has unavoidably resulted in the
flux of metallic substances in the aquatic and
terrestrial environment (Jimoh et al., 2012). These
metals once released through anthropogenic activities
cannot be destroyed or degraded and thus persist
indefinitely in the environment, accumulate in living
tissues throughout the food chain and pose a serious
menace to human and public health (Renuga et al.,
2010).
Numerous concerted efforts have been made to
remedy this occurrence, which includes the use of
conventional methods such as ion exchange,
membrane processing, electrolytic methods, chemical
oxidation or chemical reduction, filtration, chemical
precipitation and electrochemical treatment (Selvaraj
et al., 2003). However, most of these methods are not
economically feasible for small and medium size
industries; they also suffered from high operational
and maintenance costs, generation of toxic sludge and
elaborated procedure involved in the wastewater
treatment. Commercial activated carbon is

unequivocally accepted as universal adsorbent for
wastewater treatment, but due to its cost, developing
country like Nigeria cannot avoid this treatment
technique as consequence of low income per capital
(Bhatnagar and Sillanp, 2010).
In addition, adsorption technique was considered
better in wastewater treatment because of simplicity
of design, convenience and ease of operation
(Wasewar et al., 2009). In the past two decades,
biosorption process has emerged as a cost effective
and efficient alternative method for wastewater
treatment utilizing naturally occurring agricultural
waste materials as biosorbents. A large variety of
agricultural wastes and by-products have been
examined for their capability to remove pollutants
from wastewater (Cay et al., 2011; Jimoh et al.,
2012). Agricultural wastes are widely available,
affordable and the presence of large amount of
surface functional groups make agricultural wastes
good alternatives to expensive synthetic adsorbents
(Amarasinghe and Williams, 2007).
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Maize (Z. Mays) is the most widely grown grain crop
throughout the West Africa and America. However,
the cob is unutilized, thereby becoming an
environmental nuisance. It is found to contain
abundant functional groups, such as hydroxyl, amino
and carbonyl groups which contain lone pairs of
electrons needed for adsorption of cationic pollutants
in solution (Babarinde et al., 2012a).
The main objective of this work is to convert waste to
wealth by using maize cob, a readily agricultural
waste for the removal of Mn(II) and Co(II) from
aqueous solution.

prepared by appropriate dilution of the stock solution
immediately prior to their use with de-ionized water.

MATERIAS AND METHOD

Effect of Contact Time: The effect of contact time on
metal adsorption was studied using metal ion
concentration that gave optimal adsorption at
different time intervals (30, 60, 90, 120, 150 and
180min). A 25 ml of metal concentration (equilibrium
concentration) of the adsorbate were contacted with
0.2 g dosage of the adsorbent, the mixture was well
corked and were shaken using multi-purpose flask
shaker for 2hr. After completion of the reaction,
conical flasks were taken out and resulting solution
with adsorbent were filtered and analyzed using
Atomic Absorption spectrophotometer (210VGP
model) (Abdus-Salam and Itiola, 2012).

Sample preparation: The maize cob was obtained
from Ipata market in Ilorin metropolis, Kwara state.
The sample was sun dried for some days, it was later
dried in an oven at 105OC overnight (Fan et al., 2003
and, Itodo et al., 2009) after which it was crushed
using laboratory mortar and pestle, followed by
sieving using smallest sieve size of 0.09mm. Five
grams of the sieved sample was weighed into 10
different pre-weighed crucibles and it was introduced
into the furnace at the temperature of 500 oC for 20
minutes, the pyrolysed sample was cooled and ground
into a granulated size and then activated with H3PO4
(Viboon et al., 2007). The char sample was mixed
with 75% concentrated orthophosphoric acid in a
beaker with the weight ratio of H3PO4/ char to be 0.1.
The slurry was evaporated at 60oC for 24 hours, and a
dried mixture consisting of activated char and H3PO4
were obtained (Lillo- Rodenas et al., 2003). This was
followed by washing to neutral pH of 7 (Viboon et
al., 2007). The sample was then poured in a beaker
containing 250ml of 0.1M HCl for purification and
stirred for 1hour. Finally the sample was rinsed to a
pH 6-7 (Strinivasan et al., 1999). The resulting
activated carbon was kept in tightly closed container
for application (Viboon et al., 2007).
Sample characterization: Fourier transform infrared
spectroscopy (FTIR) spectra of maize cob activated
carbon sample was obtained using a FTIR
spectrophotometer (Model shimadzu 8400S) in wave
number range of 3500-400cm-1. The activated carbon
sample was placed on a silicon substrate transparent
to infrared, and the spectra were measured according
to the transmittance method. The micrographs of
prepared activated carbon were obtained using a
JSM-7001F scanning electron microscopy.
Preparations of aqueous solutions : All chemicals
(BDH, England) used in this study were of analytical
reagent grade and were used without further
purification. Standard solutions of Mn (II) and Co (II)
used for the study were prepared from MnCl2.4H2O
and CoCl2.6H2O respectively. The working solution
with different concentrations of the metal ions was

Adsorption procedure: Effect of initial metal ion
concentration; Different concentrations of the
adsorbate were prepared (5, 10, 15, 20, 25, and 30
mg/l) by serial dilution of the stock solution and then
contacted with a fixed dosage of the adsorbent of 0.2g
and 25ml of the adsorbate in 100ml conical flask. It
was then agitated for 2hrs. At the end of time the
mixture were filtered and analyzed using Atomic
Absorption Spectrophotometer (210VGP model)
(Jimoh et al., 2012).

Effect of Adsorbent Dose: The metal ion
concentration that gave optimal adsorption per 0.2g
was used. A 25 ml of the adsorbate was contacted
with varying amounts of the adsorbent doses (0.1,
0.2, 0.3, 0.4, and 0.5) grams at the equilibrium
concentration
(concentration
of
maximum
adsorption). The mixture was agitated with an orbital
mechanical shaker for 2hr. The resultant solution with
the adsorbent in the flask was filtered and the filtrates
were
analyzed
using
Atomic
Absorption
Spectrophotometer (AAS). This will enable us to see
the exact adsorbent dose which will be sufficient for
optimal removal of the metals (210VGP model)
(Abdus-salam and Itiola, 2012).
Effect of pH: A 25 ml of the optimum (equilibrium)
concentration for Co(II) were contacted with 0.2g of
the adsorbent in a 100ml conical flask and the pH of
the solution matrix was varied with 0.1M HCl and
0.1M NaOH to obtained pH of 3, 5, 7, 9 and 11.The
solution were equilibrated for 2 hr, filtered and the
residual metal ion concentrations were analyzed using
Atomic Absorption Spectrophotometer (210VGP
model) (Elaigwu et al., 2009).
Effect of Temperature: The Temperature was varied
between 30 and 70o C i.e. (30, 40, 50, 60 and 70) oC.
A 25 ml of the optimum concentration for Co (II)
were contacted with 0.2 g of the adsorbent in a 100ml
conical flask. The mixtures were equilibrated for 2 hr
at stated temperatures. The flask were then brought
out and filtered. The filtrates were analyzed using
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Atomic Absorption Spectrophotometer (210VGP
model) (Abdus-Salam and Itiola, 2012). The amount
of metal ion adsorbed by the acid modified and
activated carbon was calculated by using the
following equation Qe =
(1) Where qe is the
quantity adsorbed (mg/L), Co and Ce are the initial and
final concentration of metal ion in solution at any
time, t (mg/L), V is the total volume of the metal
standard solution in the flask (L), M is the mass of
adsorbent used (g) (Ajmal et al., 2000)

RESULTS AND DISCUSSION
Physico-chemical and spectroscopic characterization
of the activated carbon sample
Table 1: Physico-chemical properties of adsorbent
prepared from maize cob
Properties
Moisture content (%)

Activated carbon
9.85±0.06

Ash content (%)
Bulk density (g/m3)
Yield (%)
Volatile matter (%)
Point of zero charge
Iodine number (mg/g)

5.5±0.1
0.37±0.01
72.50±0.01
22.21±1.0
6.8
367.66±30

Moisture content is the amount of water retained by
the sample and suggests extensive porosity in the
structure of all adsorbents. Although, moisture
content of the activated carbon has no effect on its
adsorptive power, it has been observed that if the
moisture content of adsorbent is high its adsorptive
capacity will be reduced and it would necessitate
utilizing an additional weight of the carbon during
treatment process. (Sugunadevi et al., 2002). The
moisture content of the activated carbon was
9.85±0.06%, higher than the value reported elsewhere
Mane et al., 2005, (9.7%), and Salman et al., 2011,
(4.5%)
The ash content shows the amount of inorganic
constituents associated with carbon. Ash content of
adsorbents usually increases with increase in
carbonization temperature. This was believed to be
due to lowered volatile matter (Gan et al., 2004). The
percentage ash contents for the adsorbent obtained
was 5.5±0.1%, lower than the value of adsorbents
reported by Salman et al., 2011, (10.5%), Aloko and
Adebayo, 2008, (29.24) and close to the value
reported elsewhere, Mane et al., 2005, (5.6%) and
Elnasri et al., 2013, (5.9%). The ash content of
adsorbents increased with decreased percentage of
volatile matter which indicates that ash is non-volatile
as reported (Gan et al., 2004).
Bulk density indicates the fiber content of the
precursor. It is an important parameter when carbon

is removed by filtration, because it determines the
quantity of carbons that is contained in a filter of a
given solid capacity and how much treated liquid is
retained by the filter cake. Carbons with adequate
density also help to improve the filtration rate by
forming an even cake on the filter surface. Activated
carbon adsorbent density is 0.37±0.01, which was
lower than the value reported by Itodo et al., 2011,
(0.53g/m3), Onundi et al., 2011, (0.864g/m3), the
value was moderate when compared with literature
values. Generally, an adsorbent with high bulk
density need not be regenerated frequently because it
can hold more adsorbate per unit weight (Yang and
Lua., 2003).
The percentage yield obtained for the activated
carbon adsorbent is 72.50±0.01%. This is an
indication of high percentage yield compared to the
reported percentage yield of 51% by Faust and Aly,
(1983); Sahu et al., 2010, (46.08%). The activated
carbon adsorbent obtained have good percentage
yield, Ash content and volatile matter than the acid
modified adsorbent as reported elsewhere, Raffiea et
al., 2012.
Volatile matter is due to the presence of organic
compounds present in the raw material. It was evident
that at longer carbonization period, more volatiles are
released from the char, thereby resulting to a higher
burn off and a corresponding lower yield (Itodo et al.,
2011). The volatile matter obtained for the activated
carbon adsorbent was 22.21±1.0%, which is higher
than the value reported by Raffiea et al., 2012
(20.9%).
The Point of Zero Charge (PZC) is a phenomenon of
adsorption, and it describes the condition when the
electronic charge density on a surface is zero (Kirby
2010). The PZC is located at the point of interception
of the curves when traced to the pH axis. The PZC is
(usually) the pH value at which a solid submerged in
an electrolyte exhibit zero net electronic charge on
the surface. The pHpzc of the adsorbent is 6.8 which
are lower than the value reported elsewhere by
Elnasri et al., 2013 (7.3).
The Iodine number is the most fundamental
parameter used to characterize activated carbon
performance. It is measure of activity level of the
adsorbent, the higher the iodine number, the higher
the degree of activation and the development of the
microporous structure (Raffiea et al., 2012). It is
often reported in mg/g. The iodine number of the
activated carbon adsorbent is 367.66±30mg/g, which
is lower than the one reported by Raffiea et al., 2012,
(798 mg/g).
The surface morphology of the activated carbon was
analyzed by scanning electron microscopy (SEM),
the corresponding SEM micrographs being obtained
at 1000 and 10000 magnifications as shown in
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Figures 1 and 2. The micrographs revealed particle
grains and jelly like rough surface area which
generally believe to be a good requirement for the
adsorptive properties. It can be clearly seen that
chemical activation resulted in a porous structure and
the opening of pores on the surface of activated

Fig. 1 (SEM micrograph for activated carbon at 1kx)

The chemical structure of the adsorbent is of vital
importance in understanding the adsorption process.
The FTIR technique is an important tool to identify
the characteristic functional groups, which are
instrumental in adsorption process (Das and Mondal,
2011). The FTIR spectrum of the maize cob activated
carbon was used to determine the vibrational
frequency changes in the functional groups in the
adsorbent. As seen in Fig.3, the adsorption peak
around 3410.26 cm-1 indicates the existence of free
hydroxyl groups, the C-H stretching vibration around
.

carbon as reported elsewhere (Deng et al., 2010). It is
generally observed that pore structure development is
influenced by many factors, such as inorganic
impurities and the initial structure of the carbon
precursor (Deng et al., 2010).

Fig. 2 (SEM Micrograph for activated carbon at 10kx)

2906.82 cm-1 indicate the presence of alkanes. The
peaks around 1693.56cm-1 corresponds to the C=O
stretching that may be attributed to the hemicelluloses
and lignin aromatic groups (Deng et al., 2010).The
C=C stretching vibrations around 1593.25cm-1
indicative of alkenes and aromatic functional groups.
The peaks in the 1141.90 cm-1 corresponds to
vibration of CO group in lactones. Some week bands
were also observed in the range of 600-700 cm-1,
indicating the presence of C-C stretching

cm-1
Fig. 3. FTIR spectrum for the activated carbon
Adsorption experiment results: Effect of Initial
Concentration: The adsorption of metal ions by an
adsorbent is strongly dependent on the initial
concentration of metal ions in solution. It can be seen
that as initial concentration of metal ions were

increased from 5 ppm to 30 ppm, corresponding
increase in the adsorption capacities also occurred
until the maximum adsorption attained at initial
concentration of 20ppm after which the adsorption
decreases. The actual amount of Mn (II) and Co (II)

*1ADEBAYO, GB; ADEGOKE, HI; JAMIU, W; BALOGUN, BB; JIMOH AA

Adsorption of Mn(II) and Co(II) ions from aqueous solution

741
ions adsorbed per unit mass of activated carbon
increased with increase in metal ion concentration. It
has been reported that as the metal ion concentration
is increasing, more ions are available for adsorption
on the adsorbent (Adegoke et al., 2014). The rapid
increase in the rate of adsorption have also been
attributed to the sufficient surface area to
accommodate more metal available in the solution

due to the effect of concentration gradient which is
the main driving force for the adsorption process
(Mishra et al., 2009). The results obtained
corroborated the findings of Okeimen and Onyenkpa
(2000) and Elaigwu et al. (2009) that as the
concentration of the adsorbate increase, the metal
ions removed also increase.

0.7
0.6

Qe(mg/g)

0.5
0.4
0.3

Mn(II)
ion

0.2

Co(II) ion

0.1
0
0

20

40

Conc. (mg/L)
Fig 4. Effect of initial metal ions concentration on the adsorption of Mn(II)
and Co(II) ion by Maize cob activated carbon

amount adsorbed Qe
(mg/g)

Effect of Contact Time: The adsorption of metal
activated carbon sample had maximum adsorption
ions from aqueous solution is controlled by the rate of
capacity within 120 minutes of the experiment;
reaction which determines the equilibrium time. It is
further increase in contact time had no significant
one of the important characteristics defining the
effect on the adsorption capacity. The maximum
efficiency of an adsorbent (Krishnan and Anirudhan,
adsorption capacity observed at 120 minutes of
2003). The time of the adsorbent-adsorbate is of great
contact time may be due to large number of vacant
importance in adsorption, because it depends on the
sites available, which later slowed down and may be
nature of the system used. The effects of agitation
attributed to exhaustion of remaining surface sites
time for the adsorption of Mn(II) and Co(II) ions
and repulsive force between the adsorbent and metal
were studied between 30 and 180minutes. Maize cob
ions
.
1.6
1.4
1.2
1
0.8
Mn(II) ion
0.6
0.4
Co(II) ion
0.2
0
0
50
100
150
200

Contact time

(minutes)
Fig 5. Effect of contact time on the adsorption of Mn(II) and Co(II) onto maize cob activated carbon
Effect of pH: The initial pH of a solution is a very
important factor to be considered in adsorption
studies as it has been observed to play a major role in
the adsorption of metal ions by various adsorbents,
because it affects the solubility of the metal ions,

concentration of the counter ions on the functional
groups of the adsorbent and the degree of ionization
of the adsorbate during reaction (Badmus et al., 2007;
Sheng et al., 2004). The effect of pH on the Mn(II)
and Co(II) ions adsorption capacities of maize cob
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amount adsorbed Qe
(mg/g)

adsorbent was conducted at various pH ranging 3-11
with 20 mg/L fixed initial metal ion concentrations
and contact time of 2hours. The result shows that the
maximum adsorption was observed at pH 9 for both

metal ions, it can be seen that the amount adsorbed
increases with increases in pH. Similar trend were
reported in literature elsewhere (Kobya et al., 2005).

0.8
0.6
0.4

Mn(II) ion

0.2

Co(II) ion

0
0

5

10

15

pH
Fig. 6. Effect of pH on the sorption of Mn(II) and Co(II) onto maize cob adsorbent

amount adsorbed Qe (mg/g)

Effect of Adsorbent dose: The influence of different
amounts of adsorbents dose 0.1-0.5g on Mn(II) and
Co(II) ions adsorption at constant initial metal ion
concentration of 20 mg/L, contact time of 2hours and
the temperature of 298K, showed decrease in the
quantity adsorbed with increase in adsorbent dosage
rate as the number of sorbate ions concentration
decreases per active site available for sorption on the

surface (Yu et al., 2000). The effect of adsorbent dose
on adsorption of Mn(II) and Co(II) ions on maize cob
adsorbent, and maximum adsorption was observed at
0.1g for maize cob adsorbents. The observation
shows that small amount of adsorbent gave maximum
adsorption; this may be due to the high surface area
and micropore volume of the sample (Babarinde et
al., 2012a).

2.5
2
1.5

Mn(II) ion

1

Co(II) ion
0.5
0
0

0.2

0.4

0.6

Adsorbent dose (g)
Fig 7. Effect of adsorbent dose on the adsorption of Mn(II) and Co(II) onto maize cob activated carbon
Effect of Temperature: The study showed that there
was gradual increase in the removal efficiency for all
the metal ions as temperature increases from 303 to
343K. The increase in the amount of metal ions
adsorbed as temperature increases might be attributed
to the fact that the adsorption by maize cob adsorbent
may involve not only physical but also chemical

adsorption, and sometimes may also involve bond
rupture (Jimoh et al., 2013). From the result obtained,
it can be seen that the number of adsorption sites tend
to increase with increase in temperature which may
be an indication of possible chemical interactions
between the adsorbate and the adsorbent (Ekop and
Eddy, 2010).
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Fig 8. Effect of temperature on the sorption of Mn(II) and Co(II) ions onto maize cob adsorbent.
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Adsorption isotherms: Three adsorption isotherms were employed on the experimental data obtained in this
research work and their respective formula are given
Equation above can be linearized into the following::
below. (i) Langmuir adsorption isotherm, Langmuir
(5)
adsorption isotherm equation is given below:
Regression of qe against lnCe enables the
determination of isotherm constant KT and B. The KT
(2)
where Ce is the
is the equilibrium binding constant (L/mg)
corresponding to maximum binding energy and
equilibrium concentration (mg/L), qe is the amount
constant is related to the heat of adsorption.
adsorbed at equilibrium (mg/g), qmax is the maximum
amount of adsorption with complete monolayer
The Langmuir isotherm plots are presented in Figure
coverage on the adsorbent surface (mg/g) and KL is
9 & 10. The various parameters are shown in Tables
the Langmuir constant (L/mg) (Langmuir, 1918). (ii)
2. From Table 2, the adsorption of Mn(II) and Co(II)
Freundlich adsorption isotherm
ions onto maize cob activated carbon can best be
described by Langmuir isotherm based on the
Freundlich isotherm is the earliest known relationship
correlation coefficient values and other constant
describing the adsorption equation and is often
parameters obtained. This means that the adsorption
expressed as
(3)
of the metal ions onto maize cob activated carbon
Where Qe is the quantity of solute adsorbed at
was physical, heterogenous and multilayer in nature
equilibrium (adsorption density: mg of adsorbate per
(Najua et al., 2008). The parameters of the Langmuir
g of adsorbent). Ce is the concentration of adsorbate
isotherms show that Langmuir isotherm model is a
at equilibrium, Kf and n are the empirical constants
better isotherm than the Freundlich and Temkin
dependent on several factors and n is greater than
model as represented in Table 2. The order of fitness
one. (Najua et al., 2008)
was Langmuir> Freundlich > Temkin. This is similar
(iii) Temkim isotherm Temkim isotherm is given by
to the obtained results by (Jimoh et al. 2011 and
the following equation:
(4)
Wasewar et al. 2009).

y = 1.0055x + 23.574
R² = 0.9057

30
20

y = 1.0866x + 15.142
R² = 0.9251

10
0

10

20

30

Ce
Fig 9. Langmuir plot for Mn(II)
onto Maize cob adsorbent

40

0
0

5

10

15

Ce

20

Fig 10: Langmuir plot of Co(II)
onto Maize cob adsorbent
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Table2. Langmuir, Freundlich and Temkin isotherm parameters for the adsorption of
Mn(II) and Co(II) ions by maize cob activated carbon.
Metal ion

Mn(II)
Co(II)

Langmuir parameters
qmax KL
R2
(mg/g) (L/mg)
0.930 0.045 0.915
0.920 0.071 0.925

Freundlich parameters
Kf
1/n R2
(mg/g)
0.054
0.726
0.887
0.048
0.843
0.864

Temkin parameters
B
KT
R2
(Kj/mol) (L/mg)
0.179 1.094 0.679
0.256 0.463 0.256

Adsorption kinetics: In analysis of the kinetics profile
of this sorbent material, pseudo-first, pseudo-second
order and Elovich kinetics model were employed and
the equations are stated as follows.
(i) Pseudo-first order kinetics: The rate law is given
below:
(6) Where, qe and qt are
the amount of Co(II) adsorbed at equilibrium and
time t, respectively. K1 is the rate constant for the
pseudo first order adsorption. The integrated law is
given as follows:
(7)

Where is the initial adsorption rate (mg.g -1 min -1).
is the desorption constant (g.mg -1) during any
experiment. If the adsorption process fits the Elovich
model, a plot of qt against ln(t) should yield a linear
relationship with a slope of
and an intercept of

A plot of
against t was made and the
values of k1 and qe were obtained from the slope and
intercept, respectively (Ho and Mckay, 2000). (ii)
Pseudo-second order kinetics: The linear form of
pseudo-second order kinetics model is given as:
(8) Where, qe and qt are the

The kinetics of an adsorption is probably the most
important factor in predicting the rate at which
adsorption takes place for a given system. Three
kinetic models were employed. These are the pseudofirst order, the pseudo-second order and the Elovich
equations. The models were examined for suitability
using their correlation coefficient, R2 as reported
elsewhere (Jimoh et al., 2013). Our result revealed
that the adsorption of the metal ions could be best
explained using the pseudo-second order. This was
due to the higher correlation regression coefficient R2
value. This trend was the same as reported elsewhere
(Idris et al., 2012). The pseudo second order plots
were presented in figure 11, and the parameters are
shown in Table 3.

amount of metal ion adsorbed per unit mass of the
adsorbent (in mg g−1) at equilibrium and time t,
respectively, and k2 is the pseudo second order rate
constant. A linear plot of t/qt against confirms the
fitness of data to this model (Ho and Mckay, 2000)
(iii) The Elovich Model
The Elovich model equation is generally expressed
as:
(9)

( )

. The conformity between experimented

data and the model- predicted values was expressed
by the correlation coefficients (R2, value close or
equal to 1). A relatively high R2 value indicates that
the model successfully describes the adsorption
kinetics (Chien and Clayton, 1980; Sparks,1986).

350
300
y = 1.5746x + 8.1976
R² = 0.9684

t/q

250
200

Mn(II) ion
150

Co(II) ion

100

y = 0.7215x + 6.7625
R² = 0.9971

50
0
0

50

100

150

200

Time (mins)
Fig 11. Pseudo-second order plot for adsorption of Mn(II) and Co(II) onto maize cob activated carbon.
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Table 3. Parameters of the Pseudo-second order kinetic model for the adsorption of Mn(II) and Co(II) ions by
maize cob activated carbon.
pseudo second-order
parameters
Metal ion
qe (mgg-1)
R2
K2 (gmg-1min-1)
0.076
1.386
0.997
Mn(II)
0.302
0.635
0.968
Co(II)

Adsorption thermodynamics: The thermodynamics
parameters such as Gibbs free energy change ( ),
enthalpy change ( ) and entropy change ( ) were
also studied in order to understand better the effect of
temperature on the adsorption of Co(II) ions. The
Gibb’s free energy change ( ) is related to the
thermodynamics equilibrium constant by the
following equation:
(10)
(11)

(12)

Where, Kc is the equilibrium constant, Ce is the
equilibrium concentration in solution (mg/L) and C Ae
is the solid-phase concentration at equilibrium
(mg/L).,
and
are changes in Gibbs free
energy (kJ/mol), enthalpy (kJ/mol) and entropy
(J/mol/K), respectively. R is the gas constant (8.314
J/mol/K) and T is the temperature (K). The values of
and
was determined from the slope and the
intercept of Van’t Hoff plots of log Kc versus 1/T
(Mohan and Singh, 2002).

From Table 4, it could be observed that enthalpy
change ( ) and entropy change ( ) was positive
for all the metals ions while Gibb’s free energy
change ( ) were negative in the same way. The
negative values of Gibb’s free energy change ( ) at
all temperatures examined indicates that the
adsorption of Mn(II) and Co(II) ions by maize cob
was feasible and correspond to a spontaneous
physical adsorption of the metal ions, which indicate
that this adsorption process does not gain external
energy (Vimonses et al., 2009). The positive values
of enthalpy change ( ) revealed that the adsorption
process was endothermic and non-physical in nature.
Furthermore, positive values of entropy change ( )
was an indication of an irregular increase in the
degree of the randomness at the adsorbent-adsorbate
interface during the adsorption. The order of
spontaneity of the biosorption process was found to
be Mn(II) < Co(II) which was contrary to the findings
reported for the biosorption of these metal ions with
banana leaf by Babarinde et al. (2012b).

Fig 12. Thermodynamic plots for the adsorption of Mn(II) and Co(II)
by maize cob activated carbon.
Table 4. Thermodynamic parameters for the adsorption of Mn(II) and Co(II)
by maize cob activated carbon
Metal ion
Mn(II)
Co(II)

KJ/ mol
+16.803
+46.475

J/mol/K
303K
+20.502 - 6.195
+119.805
36.254

Conclusion: Based on the above study the following
conclusions were drawn: (i) pH, contact time, metal
ions concentration and temperature had a remarkable

(KJ/mol)
313K
323K 333K
343K
--6.400 - 6.605 6.810
7.015
-37.452 38.650 39.848 41.046

effect on the metal uptake level by the substrate. (ii)
The biosorption process of the metal ions was best
described by a pseudo-second order. (iii) The
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equilibrium data could be best explained by
Langmuir than Freundlich and Temkin isotherm. (iv)
Thermodynamics investigation showed that Gibb’s
free energy change ( ) was negative indicating that
the adsorption of Mn(II) and Co(II) ions by maize
cob activated carbon were feasible and spontaneous.
The positive value of enthalpy change ( ) implies
that the reaction was endothermic while positive
value of entropy change ( ) implies an irregular
increase in the randomness at the solid/solution
interface of the adsorbent during the adsorption
process.
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