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a b s t r a c t
Water contamination by heavy metals and organic waste presents a great challenge in developing 
countries, thereby hampering access to safe water. In this work, activated carbons were prepared 
from Zea mays cob (MC), Anacardium occidentale (cashew nut shells – CNS), sawdust from Pinus 
oocarpa (SPO) and Pterocarpus angolensis (SPA) biomass waste found in Zambia. The activated 
carbons were used as filters to remove heavy metals and organic pollutants from aqueous solution. 
The average adsorption efficiency of heavy metals was 99.10 ± 0.6%, 99.38 ± 0.4%, 98.43 ± 0.6% and 
99.40 ± 0.4% for SPA, SPO, CNS and MC, respectively. Adsorption was found to follow Langmuir 
model for CNS and Freundlich model for SPA, SPO and MC. The adsorbent with high adsorp-
tion efficiency of heavy metals, MC was characterized using Fourier-transform infrared spec-
troscopy and further tested for methylene blue (MB) removal by adsorption. The kinetic data for 
adsorption of MB were best fitted by the pseudo-second-order kinetic model. The highest percent-
age removal of MB at equilibrium was 99.69 ± 0.3% at 50 mg/L and the lowest was 96.47 ± 0.1% 
at 350 mg/L indicating that maize cob activated carbon is an excellent adsorbent in the removal 
methylene blue and heavy metals even at low concentrations.
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1. Introduction

The need for identification and fabrication of cheaper 
methods to remove heavy metals and organic pollutants 
from water is extremely critical in sub Saharan Africa. The 
increase in mining industries, agricultural activities, tex-
tile and abuse of water resources has contributed greatly 
to water contamination by heavy metals [1] and organic 
compounds such as paints [2], dyes [3], waste chemi-
cal effluents [4,5] and agrochemical residues [6]. Heavy 
metal pollution in many developing countries like Zambia 
includes high copper, zinc, cadmium and lead concentra-
tions [7,8]. Accumulation of these metals in the human body 
can cause carcinogenesis, neurotoxicity, cell damage and 

loss of cellular functions [9,10]. The maximum permissible 
limit of cadmium, zinc, copper and lead in drinking water 
by World Health Organization are 0.003, 3, 2 and 0.01 mg/L, 
respectively [11]. Therefore, removal of these heavy metals 
from drinking water is a priority. Additionally, synthetic 
organic dyes are extremely essential in modern society as 
they add beauty and attractiveness to most products [12]. 
Nevertheless, dyes are considered to be among the most 
important water pollutants [13,14] as they are carcinogenic 
and causes many environmental problems [15–17]. The 
conventional techniques for removal of many pollutants 
from water includes; ion exchange process [18], chemical 
precipitation [19,20], ultra-filtration [21], electrodialysis 
[22], reverse osmosis process [23] and many others. These 
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techniques are costly and requires high energy input [24,25]. 
On the other hand, adsorption has been widely utilized in 
practical operation due to its low operation cost, high effi-
ciency and simplicity in operation [26,27]. Activated carbon 
is undoubtedly considered due to its exceptional high sur-
face area, tuneable pore size and high adsorption capacity 
[28]. Waste biomass can be converted into activated carbon 
by physical and chemical processes [29]. Physical activation 
method is commonly used in many industries for production 
of activated carbon at a low cost because of lower activat-
ing agent price (steam and carbon dioxide) [29] and the 
activation process is easy to handle [28]. Nevertheless, con-
trolling the textural characteristics of the activated carbon 
is difficult using physical activation method [28,29]. Unlike 
physical activation, chemical activation requires lower tem-
perature and can be carried out in a single step, that is, 
thermal treatment of raw material with an activating agent 
such as H2SO4 [30], H3PO4 [31], ZnCl2 [32], KOH [33,34] and 
NaOH [35], leading to the development of a more porous 
structure and of high surface area.

In the recent past, many studies have been conducted 
on the evaluation of low cost activated carbons from agri-
cultural waste and some of them include; cashew nut shells 
[36], olive branches [37], honeydew peel [38], pistachio 
shells [39,40], olive stone waste [41], neem and mango bark 
[42] and many others. Although extensive research has 
been carried out on low cost agricultural waste adsorbent, 
few comparative studies of multiple low cost adsorbents 
exposed to the same conditions and at low metal ion con-
centrations have been carried out. Therefore, the present 
study was carried out to compare the adsorption efficiency 
of activated carbons prepared from Anacardium occidentale 
(cashew nut shells – CNS), Zea mays cob (MC), sawdust 
from two timber sources, Pterocarpus angolensis (SPA) and 
Pinus oocarpa (SPO) using sulphuric acid (H2SO4) activa-
tion [30]. Thereafter, batch adsorption experiments were 
carried out to compare the performance of the adsorbents 
for removal of Cu(II), Zn(II), Cd(II) and Pb(II) ions from 
water at very low metal ion concentrations. The adsor-
bent with high adsorption efficiency was characterised 
using Fourier-transform infrared spectroscopy (FT-IR) and 
further tested for adsorption of methylene blue (MB) by 
studying the effect of contact time, initial methylene blue 
concentration and kinetics.

2. Materials and methods

2.1. Materials

Cadmium nitrate tetrahydrate (Cd(NO3)2·4H2O), zinc 
nitrate hexahydrate (Zn(NO3)2·6H2O), copper(II) sulphate 
(CuSO4), lead(II) nitrate (Pb(NO3)2), sulphuric acid 98%, 
methylene blue (C16H18CIN3S) and distilled water.

Stock solutions of 1,000 mg/L metal ion concentrations 
were prepared by dissolving a specific mass of metal salt. 
Aqueous solutions of the standards were further prepared 
by serial dilution with distilled water. Methylene blue (MB) 
stock solutions were prepared by dissolving 1 g of MB made 
up to 1,000 mL solution from which other concentrations 
were prepared. All the reagents used in the experiments 
were of analytical grade.

2.2. Preparation of activated carbons from waste biomass

SPA and SPO saw dust shavings were washed severally 
with distilled water and dried at room temperature. Dry 
maize cobs (MC) were pulverized to 2 mm particle size. 
CNS were washed with distilled water and dried at room 
temperature and after size reduction, the cashew nut shell 
oil was extracted using solvent extraction. The raw materi-
als were pre-heated at 110°C for 2 h in a Carbolite AAF 11/7 
furnace at a heating rate of 10°C/min. Chemical activation 
with 50% sulphuric acid was carried out using an impreg-
nation method [43,44]. The impregnation ratio of sulphuric 
acid to the raw materials were 2:1 [30]. Thus, 60 g of the pre-
heated precursors were soaked in 86 mL of 50% sulphuric 
acid for 24 h. After soaking, the precursors were dried in an 
oven at 110°C. The dried precursors were carbonized in a 
Carbolite AAF 11/7 Furnace at 400°C for 3 h at a heating rate 
of 10°C /min. The carbonized products were cooled to room 
temperature and washed severally with hot distilled water 
until the pH was neutral. Thereafter, the cooled carbonized 
samples were then dried in an oven for 4 h, grounded and 
sieved using a 0.5 mm sieve. The activated carbons were 
stored in airtight bottles until use.

2.3. Adsorption experiments

Batch adsorption experiments were carried out to deter-
mine an adsorbent with higher percentage removal of 
Zn(II), Cu(II), Cd(II) and Pb(II) ions from aqueous solution 
using prepared activated carbons. The initial concentration 
of metal ions was varied from 0.05 to 3 mg/L whilst other 
parameters (1 g AC, pH = 6.98, temp. = 25°C and pres-
sure = 1 atm) were kept constant. Thus, 1 g of each activated 
carbon was added to 30 mL of initial metal ion concentra-
tions and the solution was agitated by shaking for 60 min at 
250 rpm. Methylene blue adsorption was carried out using 
1 g of activated carbon and 30 mL of MB and agitated at 
250 rpm. All the experiments were carried out at 25°C and 
1 atm. Heavy metal concentrations (initial and after adsorp-
tion) were measured on a Perkin Elmer AAnalyst 400 Atomic 
Absorption Spectrophotometer with detection limit of 0.002, 
0.03, 0.01 and 0.02 mg/L for Cd, Cu, Pb and Zn, respec-
tively (PerkinElmer, Inc., 940 Winter Street, Waltham, MA 
02451 USA). A Shimadzu UV-2600 Spectrometer was used 
to determine the concentration of methylene blue standard 
before and after adsorption. Fig. 1 shows the calibration 
curve for MB adsorption.

Adsorption percentage (%) and the amount of adsorbate 
per unit mass of activated carbon (qe) [36,45] was calculated 
using Eqs. (1) and (2).

% Adsorption =
−( ) ×C C
C
e0

0

100
 (1)

q
C C V

me
e=

−( ) ×0  (2)

where C0 is the initial concentration of adsorbate (mg/L), 
Ce is the final concentration of adsorbate after adsorption 
(mg/L), qe is the amount of adsorbate adsorbed at equilibrium 
(mg/g), m is the mass of activated carbon used (g) and V is 
the volume of adsorbate solution used (mL).
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2.4. Adsorption isotherm models

Three commonly models used to fit adsorption exper-
iment results are the Langmuir, Freundlich and Temkin 
adsorption isotherm models [45,46].

2.4.1. Langmuir isotherm model

The isotherm assumes that, the monolayer adsorption 
process happens between the adsorbate and homogenous 
surface of the adsorbent [47–49]. The binding sites have 
the same affinity for adsorption [50]. The linear equation is 
given below:

C
q K q

C
q

e

e L

e= +
1

max max

 (3)

where qe is the metal ions adsorbed (mg/g) at equilibrium, 
Ce is the equilibrium concentration (mg/L), qmax is the mono-
layer adsorption capacity (mg/g) and KL is the Langmuir 
adsorption constant which is related to the energy of 
adsorption and is a measure of the metal ions affinity to 
the adsorption sites. The higher the magnitude of KL the 
more affinity between the adsorbent and the adsorbate 
molecules while a smaller value indicates a weak interac-
tion [51,52]. The Langmuir parameters qmax and KL were 
calculated from the slope (1/qmax) and intercept (1/qmaxKL) of 
the plot of Ce/qe vs. Ce. An important characteristic of the 
Langmuir isotherm can be expressed in terms of the dimen-
sionless equilibrium parameter or the separation factor, 
RL [53,54], which is defined as:

R
K CL
L

=
+

1
1 0

 (4)

where KL is the Langmuir adsorption constant and C0 is 
the initial metal ion concentration. The value of the separa-
tion factor gives an indication of the shape of the isotherm 
and the nature of the adsorption process. The values of the 
RL between 0 and 1 indicates favourable adsorption, unfa-
vourable adsorption occurs when RL is greater than 1 and 
adsorption is linear when RL is equal to 1 [55].

2.4.2. Freundlich isotherm model

The Freundlich isotherm model is an empirical model 
that explains that adsorption occurs on an unevenly dis-
tributed or heterogeneous surface of the adsorbent [56,57]. 
The adsorbent surface has different affinity and energy for 
adsorption [58]. Stronger binding sites are occupied first 
and then the binding strength decreases with the rise in the 
degree of site occupation. It is represented by the equation  
below:

log log log q
n

C Ke e F= ( ) +
1  (5)

where qe is the metal ions adsorbed at equilibrium (mg/g), 
Ce is the equilibrium concentration (mg/L), and KF is the 
Freundlich constant and n is the adsorption intensity. The 

value of n indicates the degree of non-linearity between 
metal ions concentration and its adsorption in the follow-
ing manner; if n is equal to 1 (n = 1) then adsorption is 
linear, adsorption becomes a favourable physical process 
when n is greater than 1 (n > 1) and when n is less than 
1 (n < 1) then adsorption is a chemical process [36,46]. 
From the slope (1/n) and intercept (logKF) of the plot of 
logqe vs. logCe, the constant KF and n can be calculated. 
Fig. 2 shows the Fourier-transform infrared spectrum of 
the raw and activated carbons between 4,000 and 400 cm–1.

2.4.3. Temkin isotherm model

The Temkin isotherm model considers the effect of 
indirect adsorbate–adsorbent interaction on the adsorp-
tion process [59,60]. It is based on the assumption that the 
heat of adsorption of all the molecules in a layer decreases 
linearly due to increase in surface coverage of the adsor-
bent [61–63]. The decrease in heat of adsorption is linear 
rather than logarithmic, as implied in the Freundlich iso-
therm. Further, the adsorption is characterized by uniform 
distribution of binding energies, up to a maximum bind-
ing energy. The Temkin isotherm model is represented 
by the following equation [45]:

Fig. 1. Calibration curve for MB adsorption.

Fig. 2. FT-IR spectrum of maize cob activated carbon (MC-AC).
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q RT
b

K RT
b

Ce T e= +ln ln  (6)

where KT is the equilibrium binding constant (L/mol) cor-
responding to the maximum binding energy, b is related 
to the adsorption heat, R is the universal gas constant 
(8.314 J/K mol) and T is the temperature at 298 K. The con-
stants KT and b can be calculated from the slope (RT/b) 
and intercept (RTInKT/b) of the plot of qe vs. ln(Ce) [45].

3. Results and discussion

In order to assess the use of biomass-derived activated 
carbon from various types of waste generated in various 
processes of Zambia as low cost sources of filtration mate-
rial, two experiments were set up to model removal of 
heavy metals and dyes from waste water. Batch adsorp-
tion was carried out for the removal of Cu(II), Pb(II), Cd(II) 
and Zn(II) using SPA, SPO, CNS and MC adsorbate. The 
average percentage removal was 99.10 ± 0.6%, 99.38 ± 0.4%, 
98.43 ± 0.6% and 99.40 ± 0.4% for SPA, SPO, CNS and MC 
respectively. Overall, activated carbon from maize cob 
had slightly the highest average removal percentage for 
the metal ions and the least was activated carbon from 
cashew nut shells as shown in Table 1. Nevertheless, SPO 
was a better adsorbent for lead (Pb) ions at 99.50 ± 0.3% 
followed by MC at 99.40 ± 0.7%, SPA and MC had the 
highest removal percentage for zinc (Zn) and cadmium 
(Cd) ions respectively. The highest removal percentage of 
copper (Cu) ions was 99.40% by SPO and CNS.

Table 1 shows the percent removal of heavy metals from 
aqueous solution at 25°C. Overall, MC, SPO, SPA and CNS 
showed a higher removal capacity at 99.4 ± 0.4%, 99.38 ± 0.4%, 
99.1 ± 0.6% and 98.43 ± 0.6%, respectively.

3.1. Adsorption isotherms

3.1.1. Langmuir isotherm model

The Langmuir parameters of Cu(II), Pb(II), Cd(II) 
and Zn(II) using SPA, SPO, CNS and MC were obtained 
from the plot of Ce/qe vs. Ce and using Eq. (4). The cor-
relation coefficient (R2), qmax, KL and RL are summarized 
in Tables 2–5. The regression correlation coefficient was 
highest for the removal of Cu(II), Pb(II), Cd(II) and Zn(II) 
using CNS. Thus, adsorption of heavy metals using CNS 
followed Langmuir adsorption isotherm. The finding that 
CNS followed Langmuir isotherm was supported by [64] 
but was also contrary to the finding by [65] whose isotherm 

followed Freundlich isotherm. The differences in isotherms 
can be attributed to the differences in activation of CNS 
biomass and the functional groups present on the acti-
vated carbon. Thus, adsorption of heavy metals onto CNS 
was monolayer and the binding sites had equal affinity for 
adsorption [66–68]. The higher magnitude of KL suggested 
a high affinity between the adsorbent and the metal ions 
[30]. The estimated minimum and maximum RL ranged 
from 0.0003 to 0.881, which indicated favourable adsorp-
tion [69–71]. The adsorption capacities were low for all the 
adsorbents, this is because the adsorption capacity of any 
adsorbent increases with increasing metal ion concentra-
tion [72] and the concentrations of metal ions used were 
very low (0.05–3 mg/L). Also, the low adsorption capac-
ity may be due to the high adsorbent amount (1 g) which 
leads to an increase in the number of active sites available 
for the adsorption process compared to the metal ions [73].

3.1.2. Freundlich isotherm model

The Freundlich parameters KF and n (Tables 2–5) were 
calculated from the slope and intercept of the plot of lnqe 
against lnCe. The Freundlich regression correlation coeffi-
cient (R2) values of Cu(II), Pb(II), Cd(II) and Zn(II) for SPA, 
SPO and MC were higher compared to those of Langmuir 
and Temkin isotherm models. Adsorption using SPA, SPO 
and MC followed Freundlich isotherm model. Therefore, 
heterogeneous adsorption of heavy metals on the surface 
of the adsorbents was predominant [74,75].

3.1.3. Temkin isotherm model

The equilibrium experimental data was also fitted 
with the Temkin isotherm model. The Temkin adsorption 
parameters bT and KT were calculated from the plot of qe 
vs. lnCe (Tables 2–5). The regression correlation coefficient 
(R2) values obtained for Temkin isotherm model was less 
than that of Langmuir and Freundlich adsorption model. 
Thus, the isotherm couldn’t be used to describe and fit the 
adsorption process [76].

Therefore, adsorption followed Langmuir model for 
CNS and Freundlich model for SPA, SPO and MC. Maize cob 
activated carbon (MC) exhibited a high adsorption efficiency 
and was used in the production of AC-Ag-SiO2 composite.

Tables 2–5 show the data for the four heavy metals; Cu, 
Cd, Pb and Zn with respect to Langmuir, Freundlich and 
Temkin adsorption isotherms and the respective adsorbent.

Table 6 compares the adsorption efficiency of various 
activated carbons from different sources including the ones 

Table 1
Adsorption efficiency of heavy metals onto the adsorbents

Adsorbent % Adsorption

Cu Pb Cd Zn Average

SPA 98.6 ± 1.1 98.7 ± 0.7 99.4 ± 0.4 99.7 ± 0.1 99.10 ± 0.6
SPO 99.4 ± 0.3 99.5 ± 0.3 99.3 ± 0.4 99.3 ± 0.6 99.38 ± 0.4
CNS 99.4 ± 0.5 95.4 ± 1.5 99.4 ± 0.2 99.5 ± 0.1 98.43 ± 0.6
MC 99.1 ± 0.5 99.4 ± 0.7 99.5 ± 0.3 99.6 ± 0.2 99.40 ± 0.4
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from SPA and SPO, some of the bulky waste biomass in 
Zambia derived from the timber and saw milling industries.

3.2. Study of the adsorption kinetics of methylene blue using 
maize cob activated carbon

3.2.1. Characterization of maize cob activated 
carbon using FT-IR

The FT-IR analysis of activated maize cob confirms a 
band at around 3,010 cm–1 which can be assigned to O–H 
stretching vibration of carboxylic group [81], the band at 

1,784 cm–1 relates to C=O stretching of carboxylic group [82], 
The band at 1,556 cm–1 confirms the presence of C=C stretch-
ing vibration in aromatic rings [82,83], the band around 
1,185 cm–1 can be assigned to C–O or C–O–C stretching 
vibrations [84]. Thus, the presence of O–H and C=O bands 
suggests that the maize cob was activated by sulphuric acid.

3.2.2. Effect of contact time and initial methylene 
blue concentration

The study of effect of contact time is significant in 
calculating kinetic parameters and in the determination of 

Table 2
Langmuir, Freundlich and Temkin isotherm constants for the removal of Cu(II), Pb(II), Cd(II) and Zn(II) using SPA

Metal Langmuir Freundlich Temkin

R2 qmax KL RL R2 KF n R2 bT KT

Cu 0.695 0.044 100.6 0.0003–0.33 0.969 0.0182 –0.51 0.726 –137,643 0.94
Zn 0.697 0.064 882.8 0.0004–0.36 0.865 0.0203 –0.54 0.495 –168,542 0.63
Pb 0.817 0.084 103.7 0.0032–0.82 0.964 0.0181 –0.71 0.593 –184,893 1.34
Cd 0.707 0.084 195.2 0.0017–0.72 0.919 0.0191 –0.64 0.689 –193,560 1.12

Table 3
Langmuir, Freundlich and Temkin isotherm constants for the removal of Cu(II), Pb(II), Cd(II) and Zn(II) using SPO

Metal Langmuir Freundlich Temkin

R2 qmax KL RL R2 KF n R2 bT KT

Cu 0.749 0.081 214.3 0.0016–0.70 0.920 0.0190 –0.62 0.776 –134,650 1.01
Zn 0.989 0.099 316.3 0.0009–0.58 0.923 0.0190 –0.68 0.492 –165,171 0.65
Pb 0.866 0.065 801.3 0.0004–0.38 0.758 0.0233 –0.80 0.587 –184,893 0.75
Cd 0.679 0.055 972.3 0.0003–0.34 0.923 0.0178 –0.62 0.699 –195,084 0.90

Table 4
Langmuir, Freundlich and Temkin isotherm constants for the removal of Cu(II), Pb(II), Cd(II) and Zn(II) using CNS

Metal Langmuir Freundlich Temkin

R2 qmax KL RL R2 KF n R2 bT KT

Cu 0.929 0.090 173.6 0.0019–0.74 0.831 0.0212 –0.65 0.450 –208,199 0.51
Zn 0.995 0.089 597.7 0.0006–0.46 0.510 0.0494 –3.34 0.411 –196,632 0.48
Pb 0.874 0.089 67.30 0.0049–0.88 0.751 0.0235 –0.88 0.513 –203,079 0.61
Cd 0.873 0.090 199.5 0.0017–0.72 0.909 0.0201 –0.56 0.356 –302,142 0.26

Table 5
Langmuir, Freundlich and Temkin isotherm constants for the removal of Cu(II), Pb(II), Cd(II) and Zn(II) using MC

Metal Langmuir Freundlich Temkin

R2 qmax KL RL R2 KF n R2 bT KT

Cu 0.838 0.077 192.7 0.002–0.722 0.870 0.0202 –0.60 0.511 –182,174 0.64
Zn 0.813 0.075 455.1 0.0007–0.52 0.732 0.0241 –0.89 0.330 –313,616 0.22
Pb 0.995 0.089 535.0 0.0006–0.48 0.920 0.0190 –0.68 0.606 –184,893 0.77
Cd 0.762 0.077 309.2 0.0011–0.62 0.927 0.0188 –0.65 0.606 –193,560 0.76
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the rate and kinetic behaviour of the adsorption process [85]. 
Thus, the effect of contact time and initial concentration on 
adsorption of MB on maize cob activated carbon were car-
ried out using 30 mL solution of initial MB concentration 
of 50, 150, 250 and 350 mg/L at different time intervals. The 
experimental results of adsorption of MB at different ini-
tial concentrations and time are shown in Fig. 3. The per-
centage removal of MB increased as contact time increased 
until equilibrium was achieved at 180, 160, 140 and 100 min 
for 350, 250, 150 and 50 mg/L, respectively. This trend is in 
agreement with the results obtained by [86–88]. Also, the 
percentage removal of MB decreased from 99.69 ± 0.3% to 
96.47 ± 0.1% as initial MB concentration increased from 50 to 
350 mg/L and the results are supported by [89,90].

3.2.3. Adsorption kinetic models

The adsorption kinetic models are important in evalu-
ating the rate and kinetic behaviour of the adsorption process. 
The kinetic parameters provide substantial information 
in designing and modelling of the adsorption process [91]. 
The kinetic of methylene blue (MB) adsorption onto maize 
cob activated carbon was analysed using pseudo- first-
order and pseudo-second-order kinetic models.

A pseudo-first-order kinetic equation is given as [30,41]:

log log
.

q q q
K

te t e−( ) = − 1

2 303
 (7)

where qe and qt (mg/g) are the amounts of methylene blue 
(MB) adsorbed at equilibrium and at time t (min), K1 (min–1)  
is the adsorption rate constant. The parameters qe and K1 
were determined from the intercept and slope of a plots of 
log(qe – qt) vs. t as shown in Fig. 4. The parameters of pseudo- 
first-order kinetic are tabulated in Table 7.

Pseudo-second-order kinetic model is expressed as [92];

t
q K q q

t
t e e

= +
1 1

2
2  (8)

where K2 (g/mg min) is second-order adsorption rate 
constant, h (mg/g min) is the initial adsorption rate.  

Table 6
Comparison of adsorption efficiency for various adsorbents

Adsorbent Adsorption efficiency (%) References

Cu(II) Pb(II) Cd(II) Zn(II)

SPA 98.6 ± 1.1 98.7 ± 0.7 99.4 ± 0.4 99.7 ± 0.1 This work
SPO 99.4 ± 0.3 99.5 ± 0.3 99.3 ± 0.4 99.3 ± 0.6 This work
CNS 99.4 ± 0.5 95.4 ± 1.5 99.4 ± 0.2 99.5 ± 0.1 This work
MC 99.1 ± 0.5 99.4 ± 0.7 99.5 ± 0.3 99.6 ± 0.2 This work
OSAC 99.24 99.32 – – [41]
Corn cob – – 93.63 – [77]
African palm tree 96.71 ± 0.08 97.75 ± 0.17 99.24 ± 0.15 – [78]
Sugarcane bagasse 90 99.9 – – [79]
Coconut shell – – 83.7 – [80]
Melanin AC 93.8 91.1 – – [66]

 Fig. 3. Effect of contact time and initial concentration on MB 
adsorption. The graph was plotted using GraphPad Prism ver-
sion 6.01. Fitting was done by using the points and connection 
option.

Fig. 4. Pseudo-first-order adsorption kinetics of MB. The graphs 
were plotted using GraphPad Prism version 6.01. Fitting was 
done using the linear regression mode with R2 value being 
0.9931, 0.9858, 0.9821 and 0.9813 for the 50, 150, 250 and 350 mg/L 
adsorption, respectively.
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The parameters qe and K2 were calculated from the slope 
and intercept of the plots of t/qt vs. t as shown in Fig. 5.

Pseudo-first-order and pseudo-second-order kinetic 
parameters for different initial concentrations of methy-
lene blue are tabulated in Table 7. The value of the cor-
relation coefficient (R2) for pseudo-second-order model 
is higher than the value of pseudo-first-order adsorption 
model. Furthermore, pseudo-second-order model has 
values of qe,cal which are close to qe,exp. It can be concluded 
that the adsorption of methylene blue onto maize cob 
activated carbon follows pseudo-second-order kinetic 
model. The results are in agreement with the results 
obtained by [93,94]. This implies that, the rate-limiting 
step is the surface adsorption that involves chemical 
adsorption with the polar functional group (carboxylic 
acid) present on activated MC which acts as a chemical 
bonding agent. Thus, chemical adsorption likely occurs 
through the formation of a covalent bond.

Table 7 shows the kinetics for maize cob activated carbon 
and adsorption of methylene blue dye. The pseudo- second-
order kinetics fitted well with the experimental data.

The kinetic data were best fitted by the pseudo- second-
order kinetic model. The obtained results for adsorption 
kinetics were rather inconsistent with Jawad et al. [82] 
but were in agreement with [93,94] presenting an oppor-
tunity to further study the adsorption kinetics of maize 
cob activated carbon.

4. Conclusion

Activated carbons from maize cob, cashew nut shells, 
Pinus oocarpa and Pterocarpus angolensis saw dust were 
prepared using sulphuric acid activation and used for 
removal of Cu, Pb, Cd and Zn ions from aqueous solution. 
The percentage removal was 99.10 ± 0.6%, 99.38 ± 0.4%, 
98.4 ± 0.6% and 99.40 ± 0.4% for SPA, SPO, CNS and MC 
respectively. Activated carbon from MC had a slight high 
percentage removal compared with the other activated car-
bons. Adsorption followed the Langmuir model for CNS 
and Freundlich model for SPA, SPO and MC. Based on 

the results obtained, the prepared activated carbons have 
the potential to be used as filters in removing Cu, Pb, Cd 
and Zn ions from water. The highest percentage removal 
of MB at equilibrium was 99.69 ± 0.3% at 50 mg/L and 
the lowest was 96.47 ± 0.1% at 350 mg/L indicating that 
maize cob activated carbon is an excellent adsorbent in the 
removal of methylene blue and heavy metals even at low 
concentrations.
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Table 7
Pseudo-first-order and pseudo-second-order kinetic models for the adsorption of methylene blue (MB) onto maize cob activated 
carbon

Kinetic parameter Initial concentration (mg/L)

50 150 250 350
qe,exp (mg/g) 1.495 4.448 7.322 10.129

Pseudo-first-order kinetic

R2 0.9931 0.9858 0.9921 0.9813
qe,cal (mg/g) 0.135 0.365 0.626 0.991
K1 0.006 0.035 0.027 0.02

Pseudo-second-order kinetic

R2 1 1 1 0.9874
qe,cal (mg/g) 1.507 4.482 7.375 11.211
K2 1.004 0.205 0.101 0.01

Fig. 5. Pseudo-second-order adsorption kinetics of MB. 
The graphs were plotted using GraphPad Prism version 6.01. 
Fitting was done using the linear regression mode with R2 
value being 1.000, 1.000, 1.000 and 0.9874 for the 50, 150, 250 
and 350 mg/L adsorption, respectively.
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