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ABSTRACT

This study focused on the liquid phase sorption of methylene blue (MB) using low cost agro-waste from moringa pod husks.
Moringa pod husk was carbonized at 450 °C for 30 min, which was later activated with 0.1 M phosphoric acid. The
physico-chemical properties of moringa pod activated carbon (AMP) were determined. The results of the physicochemical
parameters are: moisture content (13.6 ± 0.02), ash content (2.61 ± 0.11), point of zero charge (pHZPC) (7.2) and bulk density
(0.6 g L–1). The sample was also characterized using Brunaeur Emmett Teller (BET), scanning electron microscopy (SEM), energy
dispersive X-ray spectroscopy (EDX) and Fourier-transform infrared spectroscopy (FTIR). The BET surface area obtained for
AMP is 1340.234 m2 g –1. The effect of optimized parameters such as initial concentration, contact time, pH, adsorbent dosage, and
temperature on methylene blue removal was investigated. The obtained maximum monolayer adsorption capacity value (qmax) is
9.5785 mg g–1. The three adsorption isotherm models, namely Langmuir, Freundlich and Temkin, were employed to describe the
fitness of equilibrium data. The Langmuir equation fitted the adsorbent system better with a R2 value of 0.9958. The pseudo-
second-order kinetic equation also fitted the data well. Thermodynamic studies showed that the AMP-MB adsorption system is
spontaneous and endothermic as a negative and positive value was obtained for G0 (–0.460 KJ mol–1) and H0 (4.482 KJ mol–1),
respectively.
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1. Introduction
In recent years, synthetic dyes have often been used in various

industrial dyeing and printing processes. The textile industry is
the largest consumer of synthetic dyes utilizing about 56 % of
the total world dye production per annum of 7 × 105 t.1 During
the textile dyeing process, released untreated effluent may
contaminate water bodies which poses a great threat to aquatic
organisms and the people who use these water bodies for living
purposes. In a water supply system, when a concentration as
low as just 1.0 mg L–1 of dye is present in the water supply, it
could be dangerous for human consumption.2

Physical and chemical properties of water such as the colour,
taste, odour, alkalinity, acidity, etc., are affected when these
dyes are present. Other effects include: toxicity to aquatic life,
mutation of DNA, carcinogenicity, and damage to some vital
organs in human beings, such as dysfunction of the kidneys,
reproductive system, liver, brain and central nervous system.3

Dyes possess complex aromatic structures and therefore they
may not be biodegradable.

The treatment of these water bodies before water consump-
tion is very important. A broad number of reported methods,
e.g. UV/H2O2 oxidation, adsorption, flocculation, precipita-
tion, micro-filtration, and membrane separation processes have
been applied in the removal of dyes from water.4–5 Despite the
reported treatment methods, adsorption has been found to be

more useful in the removal of contaminants from wastewater.
Adsorption has some advantages over other methods of
treatment which include low cost regeneration, known process
equipment, non-sludge system operation and adsorbate
recovery.6

Owing to the high cost of production of activated carbon
industrially, activated carbon from agricultural wastes such as
orange peel, moringa seed, cashew nut, neem seed, coconut
husk rice husk, almond seed, etc.7–8, are now being considered
for adsorbing contaminants onto their surfaces. These natural
materials are cheap, can be produced in large quantities, and
have good sorption capacity.

Therefore, this work is aimed at sorption of methylene blue
from aqueous solution onto activated carbon from moringa
pods.

2. Experimental

2.1. Sampling and Preparation of Adsorbent
Moringa pod (MP) husks were largely collected from the

grounds of the University of Ilorin, Ilorin, Nigeria. They were
washed with running tap water to remove impurities in the
form of sand, dust, soluble and coloured components. The
moringa pods were then dried in an oven at 110 °C for 4 h.9 The
dried moringa pods were pulverized with mortar and pestle
to reduce the size. 50 g of the ground MP was impregnated for
24 h. with 200 mL of 0.1 M of phosphoric acid to form 1:4 of
impregnation ratio; after 24 hours of impregnation, the excess
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acid was decanted and the material was pyrolyzed in a muffle
furnace at 723 K for 30 min.2

The prepared activated MP was washed with 200 mL of
distilled water to remove the activating agent (H3PO4) used for
impregnation. The washing was continued until pH of between
6.5 and 7 was achieved. It was oven-dried at 105 °C for 4 h to
constant weight.10 The dried sample was sieved with 0.05 mm
mesh to obtain fine powdered activated carbon denoted as AMP.
The activated carbon moringa pods (AMP) were kept in airtight
vials and used for further studies.

2.2. Batch Adsorption Experiments
A stock solution of 100 mg L–1 methylene blue was prepared

and standard working concentrations ranging from 5–100 mg L–1

were prepared by serial dilution of appropriate volumes from
the stock. The stock solution was scanned with a Beckmann
Coutler UV-visible spectrophotometer to obtain maximum
wavelength (λmax = 682 nm) at peak absorbance.

A batch adsorption study was done in order to determine the
effect of optimum conditions such as pH, contact time, adsor-
bent dose and initial concentration of the dye solution. The effect
of pH on the dye was carried out using 0.1 M HCl and 0.1 M
NaOH, whereas the adsorbent dose and contact time were
carried out by varying the quantity of the adsorbents and time,
respectively. The temperature was varied between 30 °C and
80 °C. From the conducted experiments, the optimum parame-
ters were obtained and were used for further studies. The quan-
tity of the dye adsorbed was calculated using Equations 1 and 2,
respectively.
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where Q = quantity of solute adsorbed in (mg g–1), V = specific
volume of the adsorbate (L), Ci = concentration of adsorbate
before adsorption (mg L–1), Ce = concentration after adsorption
(mg L–1) and M = mass of the adsorbent used (g).

2.3. Adsorption Isotherm
Langmuir, Freundlich and Temkins equations were employed

to study the adsorption isotherms of the dye.

2.3.1. Langmuir Isotherm Model
When the Langmuir equation was linearized, Equation 3 was

obtained
C
q
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where Ce represents the equilibrium concentration of methy-
lene blue (mg L–1), qe is the equilibrium quantity of methylene
blue adsorbed onto the adsorbent (mg g–1), qm represents the
monolayer maximum adsorption capacity of adsorbent (mg g–1)
and Kl is the Langmuir adsorption constant (L mg–1).11

2.3.2. Freundlich Isotherm Model
This linearized equation can be expressed in term of a logarith-

mic form as follows:
log Q = log Kf + 1

nlog P (4)

When the log Q is plotted against log P, the slope of 1/n and
an intercept of log Kf were obtained. Hence, from the intercept
and slope of the linear plot, Kf and n can be calculated.

2.3.3. Temkin Isotherm Model
The assumption of this model is based on heat of adsorption

(function of temperature) in which all layers of the molecules
would decrease linearly when the lowest and largest value of
concentration is ignored.12

qe = B lnAT + B lnCe (5)

where AT represents the Temkin equilibrium binding constant
(L g–1), and B and kf are the constants of the Temkin isotherm.
B = RT/b and T represents temperature (K).

2.4. Adsorption Kinetics
The sorption kinetics describes the rate at which the solute is

taken up by the adsorbent, which in turn controls the time of
sorption to take place. It is an important characteristic used to
express the power of adsorption.13

In this study, the kinetics liquid phase sorption of methylene
blue onto activated carbon from moringa pod husk (AMP) was
tested with different adsorption kinetics models, including
Lagergren pseudo-first-order and pseudo-second-order equa-
tions.

2.4.1. Pseudo-First-Order Equation
This model of adsorption kinetics and can be expressed by the

following equations.
dqt
dt

k (q q )1 e t= − (6)

where qe and qt are the adsorption quantity at equilibrium and
time t, respectively (mg g–1), and k1 is the adsorption pseudo-
first-order rate constant (min–1).

By integrating Equation 6 where boundary t = 0 to t = t and
qt = 0 and qt = qe was applied, the integrated form becomes:

log(qe – qt) = log(qe) –
k t

2.303
1 (7)

When log (qe–qt) against t was plotted, a linear relationship
graph was obtained, and constant k1 and qe can be determined
from slope and intercept, respectively.14

2.4.2. Pseudo-Second-Order Kinetics Equation
This adsorption kinetic rate equation can be expressed as:
dqt
dt

k (q q )2 e t
2= − (8)

k2 is the pseudo-second-order adsorption rate constant
(g mg–1 min–1).

The linear form of Equation 8 can be written as follows:
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From the linearity plot of (t/qt) against t, the k2 and qe can be
determined from the slope and intercept, respectively.

2.5. Thermodynamic Studies
The importance of thermodynamics in spontaneity and heat

change of the adsorption route and parameters can be assessed
through such parameters as free energy, enthalpy and entropy
and the relationship which were calculated using the following
equations.15

ΔG0 = –RTlnKc (10)

ΔG0 = ΔH0 – TΔS0 (11)

where R represents the universal gas constant (8.314 J mol–1 K–1)
and T represents the temperature (K). The change in enthalpy
ΔH0 and the change in the degree of disorderliness ΔS0 can be
calculated from the slope and intercept of the plot.
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3. Results and Discussion
The result of the physicochemical characterization are pre-

sented in Table 1. The result of moisture content obtained could
not have effect on the quantity of activated carbon adsorbed but
apparently dilutes the carbon.16 The ash content obtained in this
study for AMP (2.61 %) is higher compared to those reported by
Sivakumar et al.17 (2.39 %). It was attributed to lower inorganic
content and high fixed carbon.18 Bulk density indicates the fibre
content of the precursor. It was shown that the bulk density
obtained for AMP (0.64) is almost the same by those obtained
from Martynia annua L. by Sivakumar et al.17 (0.63).

Iodine number (mg g–1) and surface area (m2 g –1) of 935 and
1340.234 was observed, respectively, with higher values than
those reported for Hemidesmus indicus by Srihari and Ashutosh19,
base-treated and carbonized rice husks by Wuana et al., 20 banana
empty fruit bunch and Delonix regia fruit pod by Sugumaran
et al.21 The iodine number gives an idea of the total surface area of
an adsorbent. It has been reported that adsorbents with high
iodine number/surface area perform better in the removal of
small-sized contaminants.22 The point of zero charge (pHZPC) of
AMP was obtained at 7.2. This implies that the prepared carbon
is free from surface charges near neutral pH. Hence the carbon
sample is suitable for the treatment of water even at the neutral
medium.12

3.1. Instrumental Characterization of the Synthesized
Adsorbent

Different spectroscopic techniques were employed for charac-
terizing the synthesized AMP adsorbent which includes BET,
FTIR, SEM and EDX.

3.1.1. Fourier Transform Infra Red Spectroscopy
FTIR analysis was carried out in order to identify the different

functional groups present in the adsorbent which may possibly
be responsible for adsorption process. From the FTIR spectra
shown in Fig. 1a, AMP shows a very broad peak at 3392.08 cm–1

which may be attributed to OH group stretching suitable for
inter- and intra-molecular hydrogen bonding of polymeric
compounds such as carboxylic acids, alcohols or phenols as in
hemicellulose, cellulose and lignin.23 The peak observed at
2920.3 cm–1 may be attributed to C-H of sp3. The band at
1701.32 cm–1 may be attributed to C=O stretching of carbonyl
group and also the band at 1606.33 cm–1 C=C stretching of
alkene. After the adsorption experiments, there were obvious
absorption band shifts from the spectral of the loaded adsorbent
compared to the freshly prepared adsorbent. The absorption
bands at 3382.59 cm–1 may be assigned to OH group stretching.
Also, the band at 2923.48 cm–1 may be assigned to C-H of sp3. The
band at 1694.99 cm–1 may be attributed to the C=O of carbonyl
group as shown in Fig. 1b.

3.1.2. BET Analysis
The BET analysis was carried to establish the surface area of the

adsorbent. Different BET methods that are used for the analysis
are Multi-point Bet method and the surface area observed was
1432.923 m2 g –1. The micro-pore volume of 0.047 cc g–1 was
obtained by the T plot method, micro-pore area of 92.689 m2 g –1

and external surface area of 1340.234 m2 g –1. The average half-
width, adsorption energy, micro-pore volume and micro-pore
surface area of AMP are given by DR method to be 14.827 Å, 8.768
KJ mol–1, 0.735 cc g–1 and 2067.371 m2 g –1, respectively.

3.1.3. Energy Dispersive X- Ray (EDX)
The EDX analysis gives a semi-quantitative analysis of the

adsorbent. The EDX spectrum is shown in Fig. 2 and the percent-
age load of the element in each adsorbent is embodied in Table 2.

3.1.4. Scanning Electron Microsocopy
A surface morphology of activated carbon moringa pod (AMP)

shown in Fig. 3a and Fig. 3b was carried out at different magnifi-
cations. The micrographs of the designated sample show the
occurrence of irregular and highly porous surfaces. The exis-
tence of highly porous surface may be suitable for the evapora-
tion of the activating agent (H3PO4) used in the production of the
activated carbon.24

3.2. Adsorption Experiment Results

3.2.1. Effect of Initial Adsorbate Concentration
This is one of the vital parameter to be determined as it enables

us to know the optimum concentration at which the methylene
blue could be adsorbed from aqueous medium. This effect was
done as the solution concentration was varied between
5–80 mg L–1 keeping parameters such as adsorbent dose, pH,
time and temperature constant. Fig. 4 represents the graph of
effect of initial concentration. A noticeable boost in the adsorp-
tion capacity from 1.1695 mg g–1 to 9.0466 mg g–1 was observed
until there was no any considerable alteration in the adsorption
capacity. The highest percentage (93.5593 %) of dye removed
was observed at 5 mg L–1 and the least percentage (51.3075 %)
was observed at 70 mg L–1 in that order. This decline in the corre-
sponding increment with adsorbate could be traced to the fact
that the available pore volume of the adsorbents had been occu-
pied thereby reducing the interaction between the adsorbents
and the subsequent dye intake.

3.2.2. Effect of Adsorbent Dose
This is one of the crucial parameters which established the

capability of an adsorbent for a specified concentration of
methylene blue solution. From Fig. 5 it can be shown that the in-
creases in the quantity adsorbed can be evidenced by the de-
crease in the mass of the adsorbent This alteration can be eluci-
dated on the basis on the mass balance relationship in Equation 2
which shows that mass of adsorbent is inversely proportional to
the adsorption capacity.25

A gradual boost in the percentage adsorbed also occurred as
the adsorbent dose increases after which an additional increase
in the adsorbent dose does not have impact on the dye removal.
It has been reported elsewhere that as the adsorbent dose
increases, the movement of dye ions to the energetic adsorption
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Table 1 Physico-chemical characterization of activated carbon moringa
pods (AMP).

Sample number Properties AMP

1 Moisture content 5.16 ± 0.62
2 % Ash content 2.61 ± 0.11
3 Bulk density/g L–1 0.64
4 Surface area /m2 g –1 1340.234
5 pH 6.9 ± 0.02
6 % Yield 65.28
7 pHZPC 7.2

Table 2 Weight (%) of element in AMP.

s/n Elements Weight/%

1 Carbon 73.51
2 Oxygen 26.49

https://journals.co.za/content/journal/chem


sites will be restricted as well, hence reduced the adsorption
efficiency.26

3.2.3. Effect of Contact Time
The role of contact time in the adsorption system is very essen-

tial irrespective of the other experimental parameters affecting

the adsorption kinetics.27 The graph of the effect is represented
in Fig. 6. In this study, it was observed that 60 min agitation time
was sufficient to reach equilibrium which shows the highest
percentage of adsorption unto the adsorbent.

There is an increase in the adsorption percentage of methylene
blue from 73.2 to 77.2 % for the first hour, but after some time,
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Figure 1 (a) FTIR spectra of activated carbon moringa pod (AMP) before adsorption. (b) FTIR spectra of activated carbon moringa pod (AMP) after
adsorption.

(a)

(b)
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Figure 2 EDX spectra of activated carbon moringa pod (AMP).

Figure 3 (a)  SEM image of AMP at ×1000. (b) SEM image of AMP ×50000.

Figure 4 Graph of Qe (mg g–1) and percentage adsorbed vs concentration (mg L–1) for AMP.

(a) (b)
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there was no considerable transformation as the constant
percentage removal tends to be observed despite an improve-
ment in the contact time. The reduction in the percentage dye
removal en route towards the end of experiment signifies the
feasible monolayer of the adsorbate on the external surface and
pores of the adsorbent. This causes pore diffusion onto interior
surface of the adsorbent particle.27 Million et al.28 reported similar
observation for the sorption capacity of methylene blue from
aqueous solution onto untreated Parthenium hystrophorous weed.

3.2.4. Effect of pH
The influence of initial pH on adsorption percentage of MB

dye was examined over a range of pH values from 2 to 12 and the
graph is shown in Fig. 7. At low pH, there is an increase in the
percentage of removal indicating that the adsorbent showed
good adsorption competence in the acidic medium than in the
basic medium. This is because it was observed that towards the
end of the experiment and after the pH 8 point, the percentage

dye removed tends to decrease gradually for the adsorbent
AMP. Incremental dye removal was not noticed beyond pH 8
and was selected for further studies. The finding obtained in this
study is in line with the work reported on dye removal from tex-
tile wastewater using orange peels.26

3.2.5. Effect of Temperature
It was observed from the experiment that an increase in the

temperature apparently increases the removal percentage of
methylene blue. As the temperature increases from 30 °C to
55 °C, there is an increase in the quantity adsorbed from 86.47 to
88.05 % (Fig. 8). This may be as a result of increase in the mobility
of large dye ion with temperature. An increasing number of mol-
ecules may also acquire sufficient energy to undergo an interac-
tion with active sites on the surface of the adsorbent. This study
was in agreement with some work reported by Hashem and
Amin29 on the adsorption of methylene blue by activated carbon
derived from various fruit peels.
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Figure 5 Graph of Qe (mg g–1) and percentage adsorbed vs adsorbent dose (g) for AMP.

Figure 6 Graph of percentage adsorbed vs contact time for AMP.

https://journals.co.za/content/journal/chem


3.3. Adsorption Isotherm
Several models have been reported by different researchers to

show equilibrium relationships between sorbent and sorbate.
The most commonly-employed models are the Langmuir
and Freundlich adsorption models. In this study, to describe

the relationship between the amount of methylene blue and its
equilibrium concentrations, both models were employed.

3.3.1. Langmuir Isotherm
The graph of the Langmuir adsorption is plotted in Fig. 9. It can
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Figure 7 Graph of percentage adsorbed vs pH for AMP.

Figure 8 Graph of percentage adsorbed vs temperature for AMP.

Figure 9 Langmuir adsorption isotherm of methylene blue onto AMP.
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be shown from the isotherm parameters (Table 3), that the
adsorption efficiency of methylene blue from aqueous medium
onto AMP is favourable as the RL value obtained is less than 1 and
the adsorption data fitted well into Langmuir isotherm as the
R2 value obtained for AMP is 0.9958.

In comparison, the RL value (0.0391) obtained for AMP is lower
than those reported by Inyinbor et al.30 (0.19) in the ‘Kinetics,
isotherms and thermodynamic modelling of liquid phase
adsorption of Rhodamine B. dye onto Raphia hookerie fruit
epicarp’ and Dada et al.31 (0.133) in the ‘Langmuir, Freundlich,
Temkin and Dubinin – Radushkevich isotherms studies of equi-
librium sorption of Zn2 + onto phosphoric acid modified rice
husk’

3.3.2. Freundlich Isotherm
In this study, the values obtained for Kf, R2 and n are 2.960,

0.8858 and 2.6385, respectively, as shown in Table 4. The slope
from the Freundlich plot ranges between 0 and 1 adsorption
intensity or surface heterogeneity (Fig. 10). The heterogeneity
increases as the values get closer to zero. A value below unity
implies chemisorptions process as reported by Haghseresht and
Lu32. Whereas the Kf and n values obtained in this study are
higher than the ones obtained by Sachin and Gaikwad33 (0.071
and 0.9).

3.3.3. Temkins Isotherm Model
In this model, the value of correlation coefficient R2 obtained

was establish to be 0.974 and Temkin isotherm constant BT

obtained is 4352.12 (Table 5; Fig. 11), which is related to heat of
sorption, indicating physicochemical nature of the sorption
process.

3.4. Adsorption Kinetics

3.4.1. Pseudo-First-Order Kinetic Model
From the kinetic plot (Fig. 12) and Table 6, it can be deduced

that the adsorption process did not fit well into pseudo-
first-order as the R2 value (0.4489) obtained is very low compared
to the other adsorption kinetic models.

3.4.2. Pseudo-Second-Order Kinetic Model
It was revealed in Fig. 13 and Table 7, that the adsorption pro-

cess followed pseudo-second-order kinetic model as the R2

value obtained is 0.999. Similar observations have been reported
in the adsorption of methylene blue onto dehydrated wheat
bran carbon by Özer and Dursun,34 and also in experimental
study of methylene blue adsorption from aqueous solutions
onto carbon nano tubes by Shahryari et al.35

3.5. Thermodynamic Studies
The thermodynamic plots are shown in Fig. 14, and the values

obtained for ΔG0, ΔS0 and ΔH0 at 313 K are – 0.295 KJ mol–1,
0.0158 KJ mol–1 and 4.648 KJ mol–1, respectively, as shown in
Table 8. It is clear that reaction is spontaneous in nature as ΔG0

values for methylene blue onto AMP is negative for a spontane-
ous process under the applied conditions. The decrease in ΔG0

(i.e increase negative) values with increase in temperature indi-
cated more efficient adsorption at higher temperature. This is
because at higher temperature, ions are easily desolvated and
therefore their adsorption becomes more favourable.36–37

A positive ΔH0 and ΔS0 values confirmed that the adsorption
processes were endothermic and showed the increase in the de-
gree of randomness during the adsorption process. This type of
adsorption can be explained in terms of the magnitude of ΔH0.
The heat evolved during physisorption generally lies in the
range of 2.1–20.9 KJ mol–1, while the heat of chemisorption falls
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Table 3 Langmuir isotherm parameters for adsorption of MB onto AMP.

Langmuir parameters AMP

R2 0.996
KL/L g–1 0.551
qm/mg g–1 9.578
RL 0.039

Figure 10 Freundlich isotherm plot of adsorption of methylene blue onto AMP.

Table 4 Freundlich isotherm parameters for adsorption of MB onto AMP.

Freundlich parameters Activated carbon

Kf 2.960
R2 0.885
n 2.638
(1/n) 0.379

Table 5 Temkin isotherm parameters for adsorption of MB onto AMP.

Temkin parameters AMP

R2 0.974
AT/L g–1 0.029
BT/mg g–1 4352.12
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Figure 12 Pseudo-first-order plot of adsorption of methylene blue onto AMP.

Table 6 Parameters of pseudo-first-order kinetic model for adsorption of
methylene blue onto acid modified activated carbon (AMP).

Pseudo-first-order parameters Activated carbon

R2 0.448
qe/mg g–1 0.879
K1/mg g–1 0.036

Figure 13 Pseudo-second-order plot of adsorption of methylene blue onto AMP.

Table 7 Parameters of pseudo-second-order kinetic model for adsorp-
tion of methylene blue onto activated carbon moringa pod (AMP).

Pseudo-first-order parameters AMP

R2 0.986
qe/mg g–1 6.485
K2 /g mg–1 min–1 0.147
h/mg g–1 min–1 6.184

Figure 11 Temkin isotherm plot of methylene blue onto AMP.
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into a range of 80–200 KJ mol–1.38 The adsorption of methylene
blue onto AMP may be attributed to a physical adsorption
process.

4. Conclusion
This study shows that the adsorption capacity of adsorbent can

actually be affected by initial concentration of the adsorbate,
adsorbent dose, contact time and temperature. Also, the
percentage removal of MB increases with the increase in initial
concentration, adsorbent dosage, contact time and temperature.
Hence, activated carbon moringa pod (AMP) is a potential adsor-
bent that can remove colourants from wastewater through an
adsorption process, i.e. physisorption. From this study, it is,
therefore, demonstrated that adsorbents produced from low
cost agricultural materials (moringa pod husk) can be used effec-
tively to remove colourants from wastewater.
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