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ABSTRACT
Moringa oliferia seed pod was modified using orthophosphoric acid (H3PO4) and used as 
adsorbent for sequestering Rhodamine B (Rh-B) dye from aqueous solution. The acid-modified 
adsorbent (MOSPAC) was characterized using Scanning Electron microscopy (SEM), Fourier 
Transform Infra Red (FTIR), Energy Dispersive X-ray (EDX), pH point of zero charge (pHpzc) and 
Boehm Titration (BT) techniques, respectively. Operational parameters such as contact time, 
initial dye concentration, adsorbent dosage, pH and solution temperature were studied in batch 
process. Optimum dye adsorption was observed at pH 3.01. Equilibrium adsorption data was 
tested data using four different isotherm models: Langmuir, Freundlich, Temkin and Dubinin-
Radushkevich. Langmuir isotherm model fitted most with maximum monolayer adsorption 
capacity of 1250 mg g–1. Pseudo-second-order kinetic model provided the best correlation 
for the experimental data. Thermodynamic study showed that the process is endothermic, 
spontaneous and feasible. MOSPAC is an effective adsorbent for the removal of RhB dye from 
aqueous solutions.

Introduction

Color is a visible pollutant and one of the most 
important substance found in industrial effluents. 
The presence of dyes and pigments in water, even 
in very low concentrations, is highly undesirable [1]. 
Textile, pharmaceutical, paper and plastic industries 
generate large volumes of colored wastewater mostly 
resulting from the dye preparation, spent dye, bath 
and washing stages. Textile industries generate vast 
volume of wastewater. It contains a number of con-
taminants including suspended solids, acidic or caus-
tic, dissolved solids, sulfite, chromium, lime, organic 
solids, toxic compounds, and different types of dyes. 
Their presence in water bodies restricts light pene-
tration thereby reducing photosynthetic activity [2]. 
Thus, water pollution is a highly undesirable cause of 
ecological problems which needs attention. Pollutants 
make water unsuitable for drinking. Discharge of 
dye-colored water into water bodies causes allergy, 
dermatitis, skin irritation, and could in extreme 
cases, provoke cancer and mutation in humans [3]. 
Furthermore, the color and non-biodegradable nature 
of the spent dye baths constitute serious environmen-
tal problems.

Rhodamine B (Rh-B) is a basic dye, which is widely 
used in textile, trace, biological laboratory purposes etc. 

It is a red dye used to dye wool, silk and tannin mordant 
cotton. Effluents containing Rh-B are generated from a 
number of industrial activities such as textile, printing 
and dyeing processes, paper manufacturing, rubber 
and plastic production, production of biological stains, 
etc. In addition to its application in dyeing industries, 
Rh-B in combination with Uramine-O (a basic dye) is 
used as a biological stain widely used in biomedical 
research laboratories as well as in the dyeing of leather 
and paper. Various techniques, such as adsorption [4], 
coagulation/flocculation [5,6], photocatalytic pro-
cesses [7,8], membrane technology [9,10] and biologi-
cal treatments [11,12] have been employed to remove 
dyes from wastewater. Other conventional methods 
employed in removing dyes include oxidation or ozona-
tion and membrane separation. However, these meth-
ods are not widely used due to their expensive costs. 
Chemical, electrochemical oxidation and coagulation 
are generally not feasible for large scale industries. 
Adsorption techniques for treatment of effluents have 
become widely used due to their higher efficiency in 
removing pollutants as compared to biological meth-
ods. Adsorption has great potential for effluent treat-
ment because it converts effluents to both safe and 
reusable forms [13].

The most widely used adsorbent in industrial scale for 
effluent treatment is activated carbon. As documented in 
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Materials and methods

Sample collection and pre-treatment

Moringa seed pod were collected from local agricultural 
field in Ogbomoso, Oyo State. Nigeria, washed with dis-
tilled water and dried to constant weight. Thereafter, the 
seed pods were ground, then sieved to a size of 106 μm. 
It was then dried using a hot air oven at 105 °C for 6 h. 
Finally, it was stored in vacuum desiccators.

Activated carbon preparation

A carefully weighed 30.0 g of the prepared adsorbent 
was placed in a beaker containing 600 cm3 of 0.3 mol/
dm3 ortho-phosphoric acid (H3PO4). The content of the 
beaker was thoroughly mixed and heated until it formed 
a paste. It was then transferred to an evaporating dish 
which was placed in the furnace and heated to 300 °C 
for 30 min. This was allowed to cool and washed with 
distilled water to maintain a pH of 6.8, oven dried at 
105 °C for 6 h to constant weight and then ground. It was 
sieved with 106 μm mesh size to obtain fine powdered 
Moringa seed pod activated carbon (MOSPAC) which 
was kept in an air-tight container and used for various 
experiments.

Adsorbate used

All chemicals used for this experiment are of analytical 
grade. Rhodamine B (Rh-B) dye was used as adsorb-
ate to determine the adsorption performance of the 
prepared activated carbon from moringa seed pod. It 
has the following properties: C.I Number: 45170, C.I 
Name: Basic Violet 10, Class: Rhodamine, λmax: 554 nm, 
Molecular formula: C28H31N2O3Cl, Formula weight: 
497.02  g/mol. The chemical structure of Rh-B dye is 
shown in Figure 1.

Preparation of dye solution

1000 mg/L of dye solution was prepared by dissolving 
1.0 g of Rh-B dye powder in 1000 ml of distilled water. 
Different dilutions, ranging from 200 to 1000 mg/L, were 
then prepared by serial dilution using distilled water.

Adsorption experiments

Adsorption of Rh-B dye on MOSPAC was carried out using 
batch method at 30, 40 and 50 °C respectively. Effects of 
the initial dye concentration, contact time, adsorbent 
dosage, pH and solution temperature were investigated. 
The adsorption process was carried out at five different 
initial dye concentrations at 200, 400, 600, 800, and 
1000 mg/L. 0.1 g of adsorbent was weighed in 200 mL 
Erlenmeyer flask. Hundred milliliter of Rh-B dye solution 
was added to the flask. Sample solutions were withdrawn 

other studies, the use of activated carbon in the removal 
of dyes is effective and technically easier. Activated car-
bon has high surface area and a microporous structure, 
which contributes to a high adsorption capacity. These 
properties confer on it wide usage as an adsorbent. 
However, there are certain drawbacks associated with 
its use especially the expensive nature of high quality 
activated carbon. As such, there has been an increase 
in research into cheaper and more readily available 
adsorbents [14]. Some of the non-conventional, low 
cost adsorbents that have been utilized for the removal 
of dyes and other pollutants from wastewater include 
durian seed [15,16], mango leaf [17], wheat husk [18], 
coconut shell [19], periwinkle shell [20], Indian spinach 
leaf, bottom ash and de-oiled soya [21–23], brown lin-
seed deoiled cake [24], waste tyre[25], native and citric 
acid modified bamboo sawdust [26], chir pine (Pinus 
roxburghii) sawdust [27], magnetic chitosan-bamboo 
sawdust composite [28], Multiwalled carbon nanotube–
polyurethane (MWCNT/PU) composite [29], Magnetically 
modified multiwalled carbon nanotubes [30], magne-
sium oxide-coated kaolinite [31].

Moringa seed pod husks are a bountiful low-cost 
source of activated carbon. Unlike other sources of acti-
vated carbon that requires extensive processing prior 
to use, moringa seed pods can be processed using sin-
gle-step steam pyrolysis, a simple method that can be 
performed even in remote areas and without advanced 
technological tools. This study is focused on converting 
moringa oleifera seed pods into activated carbon and 
testing its efficiency in the removal of Rh-B dye from 
aqueous solutions. Rh-B was selected for the adsorption 
experiment due to its presence in the wastewaters of 
several industries (such as textile, leather, jute and food 
industries). The effects of operational factors such as the 
initial dye concentration, adsorbent dosage, pH study, 
contact time, and temperature were investigated. The 
kinetics of Rh-B dye adsorption was analyzed by fitting to 
four different isotherm equations: Langmuir, Freundlich, 
Temkin, and D-R isotherms. Four different kinetic model 
equations namely pseudo-first-order, pseudo-second- 
order, Elovich and intraparticle diffusion models were 
also used to fit the adsorption data.

Figure 1. Structure of Rhodamine-B dye.
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at pre-determined time intervals after shaking in a water 
bath shaker at 150  rpm to determine the percentage 
Rh-B dye removed from the solution. The residual con-
centrations of the dye solutions were calculated by meas-
uring the absorbance at a wavelength of 554 nm with 
UV-Visible spectrophotometer. The amount of Rh-B dye 
adsorbed was calculated by: 

where qe is the amount of dye adsorbed by the acti-
vated carbon, C0 is the initial equilibrium concentration 
of adsorbate, and Ce is the equilibrium concentration 
of dye solution, w is the mass of the adsorbent in 
grams  (g) and V is the initial volume of dye solution 
used in dm3.

Adsorption isotherm studies

This was carried out by fitting the equilibrium data to four 
different isotherms namely: Langmuir, Freundlich, Temkin, 
and Dubinin-Radushkevich isotherms respectively.

Langmuir isotherm
This model assumes that intermolecular forces decrease 
rapidly with distance. It helps to predict the existence 
of monolayer coverage of the adsorbate on the outer 
surface of adsorbent. The Langmuir isotherm equation 
[32] is given by:
 

Ce is the equilibrium concentration of adsorbate 
(mg/L), C0 is the initial concentration of adsorbate 
(mg/L), qe is the amount of adsorbate adsorbed per 
unit mass of adsorbent (mg/g), qm is the monolayer 
adsorption capacity of the adsorbent (mg/g), b is the 
Langmuir adsorption constant (L/mg). A graphical plot 
of Ce/qe against Ce will give a straight line with slope 
of 1/qm and intercept of 1/KLqm. Further analysis of the 
Langmuir equation was made using a dimensionless 
equilibrium parameter, RL also known as the separation 
factor, given by:
 

where; C0 is the highest initial solute concentration 
(mg/L), KL is the Langmuir adsorption constant related 
to the free energy of adsorption (L/mg).

Freundlich isotherm
The Freundlich isotherm assumes that the adsorption of 
ions occurs on a heterogeneous medium through multi-
layer means and that the amount of adsorbate adsorbed 
increases infinitely with an increase in concentration. It 

(1)
qe =

(

C0 − Ce

)

V

w

(2)
Ce

qe
=

1

qm
Ce +

1

KLqm

(3)RL =
1

(1 + KLC0)

is the most popular model for a single solute system. It 
is based on the equilibrium distribution of molecules of 
solute between the solid and aqueous phase. It can be 
expressed as [33]:
 

It can then be further rearranged to:
 

qe is the amount of adsorbate adsorbed per unit mass 
of adsorbent (mg/g), 1/n is the adsorption intensity, 
Cₑ is the equilibrium concentration of the adsorbate 
(mg/L), Kf and n are Freundlich constant related to the 
adsorption capacity and adsorption intensity respec-
tively. A plot of log qe vs. log Ce gives a slope of 1/n 
with intercept of log Kf. The slope of the graph nor-
mally ranges from 0 to 1. When the value is close to 
0, it indicates that the system is more heterogeneous. 
Meanwhile, with the value lower that 1, it shows a nor-
mal Langmuir isotherm. While, when the value is above 
1, it shows that the system has cooperative adsorp-
tion. Kf is a constant related to the binding energy of a 
system. It is the adsorption or distribution coefficient 
that represents the quantity of dye adsorbed onto the 
adsorbent at a unit equilibrium concentration (i.e. when  
Ce = 1 mg/dm3).

Temkin isotherm
The Temkin isotherm model [34] has been developed 
on the concept of chemisorption. It assumes that the 
heat of adsorption of the molecules of the adsorbate 
linearly decreases with adsorbent layer coverage due to 
adsorbate-adsorbent interactions. The Temkin model can 
be expressed as [30]:
 

This can then be further rearranged to:
 

where: qₑ is the amount of adsorbate adsorbed at equi-
librium (mg/g), B = RT/b = Constant related to the heat 
capacity (L/mg), R is the Universal gas constant (8.314 J/
mol K), T is the absolute temperature (K), KT is the equi-
librium binding constant (L/mg), Cₑ is the equilibrium 
concentration of adsorbate (mg/L).

Dubinin-Radushkevich isotherm
The Dubinin-Radushkevich is expressed as [35]:
 

where:
 

(4)qe = Kf C
1∕n
e

(5)log qe =
1

n
log Ce + log Kf

(6)qe = B ln(KTCe)

(7)qe = B ln KT + B lnCe

(8)qe = qm exp
(

−B�2
)

(9)� = RT ln

[

1 +
1

Ce

]
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Plots of t/qt vs. t gave linear graphs from which qe and 
k2 were estimated from the slopes and intercepts of the 
plot for temperatures 30–60 °C.

Test of kinetic models

Besides the value of R2, the applicability of both kinetic 
models are verified through the sum of error squares 
(SSE, %). The adsorption kinetics of Rh-B onto MOSPAC 
was tested at different initial concentrations. The valid-
ity of each model was determined by the sum or error 
squares (SSE, %) given by:
 

where: N is the number of data points. The higher is the 
value of R2 and the lower is the value of SSE; the better 
is the goodness of fit.

Elovich kinetic model
The Elovich equation is suitable in describing the kinet-
ics of adsorption on heterogeneous solids. The Elovich 
model is expressed by the following equation [39]:

 

where: α is the initial sorption rate (mg/g min), β is the 
extent of surface coverage and activation energy for 
chemisorption (g/mg), The slope and intercept of the 
plot of qt vs. ln t can be used to calculate the values of 
the constants α and β respectively.

Intraparticle diffusion model
The adsorption process is generally made up of a series 
of steps. The steps include: transport of adsorbate from 
the boundary film to the external surface of the adsor-
bent; adsorbate at a site on the surface; Intraparticle 
diffusion of the adsorbate molecules. The slowest of the 
three steps controls the overall rate of the process. In the 
intraparticle diffusion model, the uptake varies almost 
proportional to t1/2. It can be expressed as [40]:
 

where: qt is the amount of the adsorbate adsorbed at 
time t, kdiff is the intraparticle diffusion rate constant 
(mg/g min1/2), C is the intercept, Therefore, a graph of qt 
against t1/2 will give a straight line with the slope of kdiff 
and intercept of C. The intercept of the plot reflects the 
boundary layer effect. The contribution of the surface 
sorption in the rate-controlling step depends on the 
value of the intercept. Also, if the plot of qt vs. t1/2 is lin-
ear and passes through the origin of the plot, then only 
the intraparticle diffusion model can be considered as 
the rate-limiting step. Otherwise, it indicates that there 

(14)SSE(%) =

√

∑

(

qe,exp − qe,calc

N

)2

(15)qt =

(

1

�

)

ln (��) +
1

�
ln t

(16)qt = kdifft
1∕2 + C

where: qe is the amount of adsorbate adsorbed at equi-
librium, qm is the maximum adsorption capacity.

B is the Dubinin-Radushkevich constant, R is the uni-
versal gas constant, T is the absolute solution temper-
ature, Ce is the equilibrium concentration of adsorbate. 
Therefore, a graph of ln qe against ε2 will give a straight 
line with slope of B and intercept of ln qm. Also, from 
the value of B, the free energy of sorption per molecule 
of the adsorbate, E, can be determined by using the 
equation:

 

The adsorption energy E helps in determining the nature 
of adsorption. The adsorption is physical if E ranges from 
1 to 8 kJ/mol. If the value of E ranged between 9 and 
16 kJ/mol, it is chemical adsorption [36].

Adsorption kinetic studies

Kinetic study provides valuable information on the reac-
tion pathways as well as the mechanism of the reaction. 
It relates the relationship between adsorption rate and 
concentration of adsorbate in the solution besides 
determining how the adsorption rate is affected by the 
adsorption capacity. Four kinetic models were used to 
test the adsorption data; they are pseudo-first-order, 
pseudo-second-order, Elovich and intraparticle diffusion 
models, respectively.

Pseudo-first order kinetic model
The pseudo-first order kinetic model is the earliest equa-
tion used to describe adsorption rate based on adsorp-
tion capacity. The model assumes that the rate of change 
of adsorption of solute with time is proportional to the 
difference in saturation concentration and the amount of 
solid uptake with time. It is generally expressed as [37]:
 

The values of k1 and qe can be obtained from the slope 
and intercept of the linear plot of ln (qe − qt) vs. t.

Pseudo-second order kinetic model
The pseudo-second order kinetic model is based on the 
adsorption capacity onto a solid phase. It is used to pre-
dict the behaviour over the entire range studied. It can 
be expressed as [38]:
 

The slope and intercept of the plot of t/qt vs. t give the 
values of qe and k2, respectively.

If the initial adsorption rate, h (mg g−1 min−1) is
 

(10)E =
1

√

2B

(11)ln
(

qe − qt
)

= ln qe − k1t
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t
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1
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qe
t
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2
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Characterization of adsorbents

Scanning electron microscopy (SEM)
The Scanning Electron Microscopy (SEM) is a technique 
based on electron-material interactions, capable of pro-
ducing images of the sample surface. The principle of the 
SEM is based on the fact that an electron beam bom-
bards the surface of the sample to be analyzed which 
re-emits certain particles. These particles are analyzed 
by various detectors which give a three dimensions 
image of the surface. This technique was used to study 
the morphological feature and surface characteristics of 
the prepared adsorbents.

Fourier transform infrared (FTIR)
Fourier Transform Infrared (FTIR) spectroscopic analysis 
was used to study the surface chemistry of raw and acti-
vated carbon prepared from moringa seed pod samples 
using FTIR (FTIR-2000, Perkin Elmer). The FTIR spectral 
gave the information about the characteristics functional 
groups on the surface of these adsorbents.

Energy dispersive X-ray (EDX)
Elemental analyses were carried out using EDX, it deter-
mine the component elements present in both raw and 
activated MOSP. Line spectra (peaks) are obtained, each 
corresponding to a particular element. The intensity of 
the characteristic lines is proportional to the concentra-
tion of the element.

Determination of point of zero charge (pHpzc)
The pH point of zero charge determination (pHpzc) of 
both raw and activated MOSP were carried out by add-
ing 0.1 g of activated carbon to 200 ml solution of 0.1 M 
NaCl whose initial pH has been measured and adjusted 
with NaOH or HCl. The containers were sealed and placed 
on a shaker for 24 h after which the pH was measured. 
The pHpzc occurs when there is no change in the pH after 
contact with adsorbent.

Determination of oxygen containing functional 
groups
The Boehm titration method was used for this analysis 
[43]. One gram of the raw and the activated MOSP were 
kept in contact with 15 ml solution of NaHCO3 (0.1 M), 
Na2CO3 (0.05 M) and NaOH (0.1 M) for acidic group and 
0.1 HCl for basic group/site respectively at room temper-
ature for more than 2 days. Subsequently, the aqueous 
solution were back titrated with HCl (0.1 M) for acid and 
NaOH (0.1 M) for basic groups. The number and type of 
acidic site were calculated by considering that NaOH 
neutralises carboxylic, lactonic and phenolic groups, 
Na2CO3 neutralises carboxylic and lactonic groups and 
that NaHCO3 neutralises only carboxylic groups. The 
amount of oxygen containing functional groups, Fx, is 
calculated as follows:

are some other mechanisms that are involved along with 
intraparticle diffusion.

Thermodynamic studies

Thermodynamic parameters are used to reveal the 
energy changes that occur in an adsorption process. In 
order to investigate the adsorption process, three ther-
modynamic parameters were evaluated. They include: 
Standard enthalpy change (ΔHo), Standard entropy 
change (ΔSo); and Standard free energy change (ΔGo). 
These values can be calculated by using the following 
equation:
 

where: KL is the Langmuir adsorption constant (L/mg), 
ΔSo is the change in standard entropy (kJ/mol  K), R 
is the Universal gas constant (8.314  J/mol  K), ΔHo is 
the change in standard enthalpy (kJ/mol  K). T is the 
absolute solution temperature (K), Hence, a plot of ln 
KL against 1/T yields the values of both ΔHo and ΔSo 
from the slope and intercept of the graph respectively. 
Fundamentally, a positive ΔHo value indicates that an 
adsorption process is endothermic in nature while 
a negative value represents exothermic reaction. A 
positive value of ΔSo signifies an increase in random-
ness at the solid/solution interface that occurs in the 
adsorption process besides reflecting the affinity of the 
adsorbent toward the adsorbate [41]. Furthermore, a 
negative ΔGo value indicates that an adsorption pro-
cess is a spontaneous process at the study tempera-
ture and vice versa. ΔGo can be calculated using the 
following relation:
 

As the nature of adsorption is determined by the mag-
nitude of activation energy, Ea, the Arrhenius equa-
tion was applied to determine whether the process is 
physical or chemical. The physisorption process has 
activation energy ranging between 5 and 40 kJ/mol. 
If the adsorption is a chemisorption process, the acti-
vation energy is higher and ranges from 40 to 800 kJ/
mol [42].

Arrhenius equation is represented by:
 

where: K2 is the the rate constant obtained from the 
pseudo-second order kinetic model (g/mg  min). A 
is the Arrhenius factor Ea is the Arrhenius activation 
energy of adsorption (kJ/mol). R is the universal gas con-
stant (8.314 J/mol K), T is the absolute temperature (K). 
Therefore, a plot of ln K2 against 1/T is expected to give 
a straight line. The value of Ea can be obtained from the 
slope of the graph.

(17)ln KL =
ΔSo

R
−

ΔHo

RT

(18)ΔGo = −RT ln KL

(19)ln k2 = lnA −
Ea

RT
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thereby developing large pores on the sample. The 
C–H3PO4 reaction also increased the porosity of the 
adsorbents as well as creating new pores due to loss of 
volatile components in the form of CO and CO2 [ 45]. The 
physiochemical treatment was able to produce porous 
adsorbent thereby increasing the surface area. The acti-
vation process had resulted in enhancement of porous 
structure of the adsorbent.

Fourier transform infrared spectroscopy (FTIR)
In order to investigate the surface chemistry of the 
sample, Fourier Transform Infrared Spectroscopy (FTIR) 
analysis was carried out to reveal the presence of several 
peaks or functional groups. The FTIR spectra of the adsor-
bent before and after activation are shown in Figure 
3(a) and (b) respectively. The figure reveals that some 
peaks are shifted, disappeared and some new peaks 
are also detected which may be due to the activation 
process. Similarly, FTIR data of the moringa olifera seed 
pod adsorbent are shown in Table 1. Similar observa-
tions have been reported by other researchers. Lim and 
co workers observed the disappearance and appear-
ance of several peaks in their study on the adsorption 
of toxic Rhodamine B on Artocarpus odoratissimus peel 
[46]. Similarly, in a study conducted by Muhammad and 
other investigators, shifts in FTIR bands are observed in 
their study conducted on remediation of Rhodamine B 
dye from aqueous solution using Casuarina equisetifolia 
cone powder as a low cost adsorbent [47].

Energy-dispersive X-ray (EDX) technique
The elemental composition of the moringa olifera seed 
pod adsorbent before and after adsorption was also stud-
ied using the Energy-Dispersive X-ray (EDX) technique. 

 

 

Where Fx (mmolg−1) is the amount of oxygen containing 
functional groups, Vbx is the volume of titrant used to 
titrate the blank, Vex is the volume of the titrant used to 
titrate the extract, Mt is the molarity of the titrant used 
and DF is the dilution factor.

Results and discussion

Characterization of moringa seed pod adsorbent

Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) was used to 
demonstrate the surface morphology of MOSPAC. 
Figure 2(a) and (b) show the SEM micrographs of raw 
MOSP and MOSPAC respectively. The surface structures 
of the raw sample were not well developed, however, 
for MOSPAC, lots of pores were observed as a result of 
the modification of the adsorbent using H3PO4 as the 
activating agent. A significant pore structure exists with 
a series of rough cavities distributed over the surface of 
the adsorbents. This was due to the breakdown of the 
lignocellulosic material at high temperature followed 
by evaporation of volatile compounds leaving sam-
ples with well-developed pores. These pores provided 
a good surface for the Rh-B dye to be adsorbed into 
[44]. During activation process, the C–H3PO4 reaction 
rate was increased. This resulted in carbon ‘burn off’ 

(20)Fx =
(Vbx − Vex)

mx

× Mt × DF

(21)DF =
initial volume

selected volume for titration

Figure 2. Sem micrograph of (a) moSpR and (b) moSpaC (magnification = 500×).
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generally, could only be neutralized by NaOH, Na2CO3 
and NaHCO3 while all basic groups would be neutralized 
by HCl. Table 3 shows the summary of the properties 
of the surface functional groups through the Boehm 
titration. The total acidic group for the activated carbon 
produced from moringa seed pod is 1.038 mmol/g, while 
the total basic group value is 0.054 mmol/g, this shows 
that the basic group is lower when compared with the 
acidic group. The significant increase of acidic groups 
when compared to the basic group, suggests that the 
majority of functional group on the adsorbent surface 
are acidic. Prominent acidic group indicate more oxygen-
ated functional groups, resulting in higher adsorption 
of dyes [50,51].

The EDX spectra (Figure 4) and data of the adsorbent are 
shown in Table 2. From Table 2, it can be deduced that 
activation of the adsorbent increased the carbon content 
of MOSPAC. Since adsorption capacity is a function of 
the active carbon present in a sample, this implies that 
acid activation has led to increased adsorption capacity 
of the adsorbent [48,49].

Oxygen containing functional groups (Boehm 
titration)
Boehm’s technique was used to characterize the surface 
chemical property of the adsorbent. Several assumption 
were made before the surface acidity and basicity could 
however be calculated. It was assumed that acidic group 

Figure 3. FtiR spectrum of (a) moSpR and (b) moSpaC.

Table 1. FtiR spectra characteristics of raw and acid activated moringa olifera seed pod (moSp).

Wave numbers (cm−1)

I.R peaks MOSPR MOSPAC Differences Band assignments
1 3447 3412 −35 o–h stretching, h-bonding of alcoholic phenols
2 2926 2930 4 C–h stretching of alkanes
3 1649 1612 −12 n–h bend of alkenes
4 1423 1462 39 C–C (in ring) stretching of aromatics
5 1254 1254 0 C–n stretching of aromatic amines
6 1115 1094 −21 C–n stretching of aliphatic amines
7 910 920 10 o–h bending of carboxylic acids
8 635 773 38 C–Cl stretch of alkyl halides
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Figure 4. eDX spectra of (a) moSpR (b) moSpaC.

Table 2a. energy dispersive X-ray (eDaX ZaF) quantification of 
moSpR.

Element Wt. % At % K-ratio Z A F
C 61.69 81.18 0.2522 1.0356 0.3947 1.0001
o 6.28 6.20 0.0083 1.0183 0.1304 1.0001
me 2.13 1.38 0.0115 0.9772 0.5531 1.0017
al 1.97 1.15 0.0125 0.9485 0.6686 1.0024
Cl 2.15 0.96 0.0195 0.9181 0.9636 1.0235
K 13.92 5.63 0.1299 0.9251 0.9952 1.0140
Ca 6.08 2.40 0.0542 0.9470 0.9388 1.0030
Ce 2.55 0.29 0.0199 0.7319 1.0616 1.0027
Cu 3.24 0.80 0.0269 0.8307 1.0016 1.0000
total 100.00 100.00

Table 2b. energy dispersive X-ray (eDaX ZaF) quantification of 
moSpaC.

Element Wt. % At % K-ratio Z A F
C 78.44 88.80 0.2367 1.0156 0.2971 1.0001
o 5.23 4.44 0.0076 0.9987 0.1451 1.0002
Si 1.32 0.64 0.0117 0.9579 0.9124 1.0028
p 12.20 5.36 0.1074 0.9193 0.9573 1.0004
Ca 0.74 0.25 0.0069 0.9273 1.0014 1.0020
Fe 2.07 0.50 0.0177 0.8410 1.0180 1.0000
total 100.00 100.00
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hindrance or repulsive forces that exist between the dye 
molecules and the surface of adsorbent. At this point, 
equilibrium was reached. This stage also reflects the max-
imum adsorption capacity of each adsorbent under cer-
tain operating conditions [42]. Apart from this, the time 
required for adsorption process to reach equilibrium 
stage is strongly dependent on the initial dye concen-
tration. At higher initial dye concentration, the amount 
of dye adsorbed at equilibrium was high. For Rh-B dye 
adsorption onto MOSPAC, at 200 mg/L initial concentra-
tion, the maximum adsorption uptake was 188.93 mg/g 
while that at 1000 mg/L was 1014.99 mg/g. At higher 
initial concentration, the concentration gradient was 
higher, thereby developing a higher driving force dur-
ing the adsorption process. As a result of the increased 
diffusion process, the equilibrium adsorption uptake 
increased [53]. When the initial concentration was low, 
the ratio of dye molecules to vacant sites was smaller, 
and this indirectly led to higher amount of dye removal 
in solution.[54] As the initial concentration increased, the 
ratio of dye molecules to vacant sites increased and most 
of the vacant sites become saturated. At this stage, dye 
molecules tend to compete among themselves to diffuse 
into the internal pores, resulting in lower percentage dye 
removal. [54].

Effect of adsorbent dosage
The amount of RhB dye adsorbed decreased with 
increase in adsorbent dosage. Maximum sorption was 
obtained at 0.1  g of adsorbent dosage (Figure not 
shown). As expected, percentage Rh-B dye removal 
increased with the increasing amount of adsorbent; how-
ever, the amount of dye adsorbed unto MOSPAC (mg/g) 
decreased with increasing amount of adsorbent. When 
the adsorbent dose was increased from 0.1 to 0.5 g, the 
amount of Rh-B dye adsorbed decreased from 96.43 to 
31.62  mg/g. This can be attributed to overlapping or 
aggregation of adsorption sites, resulting in a decrease 

pH point of zero charge (pHPZC)
The pH point of zero charge of MOSPAC was determined, 
the results is as shown in Figure 5. The value was deter-
mined where the resulting curve cut through the pH0 
axis as shown in Figure 5. The pHPZC was found to be 3.05 
for MOSPAC. Cation adsorption is enhanced at pH value 
higher than pHPZC, while adsorption of anions is favoured 
at pH value less than pHPZC [41,50–52].

Batch adsorption studies

The effect of contact time and initial Rh-B dye 
concentration
The effect of contact time on adsorption of Rh-B dye 
onto MOSPAC at various initial concentrations (200–
1000 mg/L) at 30 °C is presented in Figure 6. The adsorp-
tion rate increased with time at the initial stage and 
became slower before reaching equilibrium. This can 
be attributed to the fact that vacant sites were available 
on the adsorbents at the initial stage. This developed 
a strong driving force for dye molecules to overcome 
the mass transfer resistance between aqueous and solid 
phases. After a period of time, the remaining surface 
site became difficult to occupy due to the electrostatic 

Table 3. Different functional groups on moSpaC.

Adsorbent

Different functional groups on MOSPAC

Carboxylic (mmolg−1) Phenolic (mmolg−1) Lactonic (mmolg−1) Basic (mmolg−1) Acidic (mmolg−1)
moSpaC 0.696 – 0.341 0.054 1.037

Figure 5.  plot of phpzc of acid activated moringa oleifera seed 
pod (moSpaC).

Figure 6. plot of adsorption of Rh-B dye onto moSpaC against 
adsorption time at various initial dye concentrations at 30 °C.

Figure 7. plot of percentage Rh-B dye removal at different ph.
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interactions between the carboxyl and xanthenes groups 
of the monomers [60].

Effect of temperature on adsorption of Rh-B dye
Temperature is an important parameter that influence 
dye adsorption. The effect of RhB dye adsorption onto 
MOSPAC as a function of temperature is shown in Figure 
8. It is clear that adsorption of dye decreased when the 
temperature was increased, which reveal the exothermic 
adsorption process of Rh-B dye onto MOSPAC. The max-
imum amount of dye adsorbed was 80.64% (1250 mg/g) 
at 303 K, while 8.06% (125 mg/g) was adsorbed at 323 K 
respectively. Percentage removal showed that increase 
in temperature leads to reduction in percentage of dye 
removed (Figure 8). The decrease in dye adsorption at 
higher temperature was due to the weakening of sup-
portive forces between active sites on the adsorbent 
and dye to that between adjacent dye molecules during 
adsorption process [61]. A sharp reduction after 303 K 
was due to the decrease in surface activity at higher tem-
perature, which indicates that the adsorption process 
was exothermic and Rh-B dye adsorption onto MOSPAC 
occured mainly by physical adsorption [62]. In other 
reported studies, palm kernel fibre gave similar adsorp-
tion pattern for anionic dyes as a function of temperature 
[63]. Therefore, Rh-B dye molecule desorbed at higher 
temperature was due to deterioration of adsorptive 
forces between dye molecule and functional groups on 
the adsorbent surface.

Adsorption isotherms

Table 4a reports the parameters of the isotherm 
models employed in this study at 30  °C. These mod-
els are: Langmuir, Freundlich, Temkin, and Dubinin-
Radushkevich. The suitability of these models were 
determined by choosing the model with the value of R2 
closest to 1. According to theoretical Langmuir adsorp-
tion isotherm, it assumes that the maximum monolayer 
adsorption occurs when the surface is covered by a mon-
olayer of adsorbate. This isotherm can be used to deter-
mine the highest adsorption capacity that corresponds 

in total adsorbent surface area available to the dye and 
an increase in path length [55]. The same behavior has 
been reported by other authors [56]. As a result of this, 
0.1 g of MOSPAC was chosen for subsequent studies.

Effect of pH on dye adsorption
The effect of pH on the adsorption of RhB dye onto 
MOSPAC was studied. The result is as shown in Figure 7. 
The uptake of RhB at pH 3.01 was 94.76%, at pH 9.0, it 
was observed that the uptake decreases with increase in 
pH (36.45%) (Figure 7). The change in pH of the solution 
results in the formation of different ionic species and 
surface charge. At pH values lower than pHpzc (3.05), the 
RhB dye are of cationic and monomeric molecular forms 
[57], thus the dye molecule can enter easily into the pore 
structure of the adsorbent. At pH value higher than pHpzc, 
the zwitterionic forms of RhB dye exist in solution mix-
ture. This form increases the aggregation of RhB dye 
molecule to form larger molecules (dimers). These mole-
cules are unable to enter the pores as a result of their size 
thereby resulting in lower percentage removal at high 
pH (36.45%). Ghanadzadeh et al., [58] also studied the 
aggregation of RhB dye in the microporous solid hosts. 
Lopez Arbeloa and Ruiz Ojeda [59] determined the equi-
librium constant for the dimer – momoner transition of 
RhB dye in aqueous solution. The greater aggregation of 
the zwitterionic form is due to the attractive electrostatic 

Figure 8.  plot of percentage Rh-B dye removal at different 
temperatures.

Table 4a. isotherm parameters for Rh-B dye adsorption onto moSpaC at 30 °C.

Langmuir Freundlich Temkin DBR
qm (mg/g) 1250 Kf 139.4 Kt (mol/g) 8.592 Xm (mg/g) 934.4
Kl (l/mg) 0.1096 n 1.817 bt (mol/kJ) 0.0142 β (10−6) 1.00
Rl 0.0086 1/n 0.5504 R2 0.9940 Εa (kJ/mol) 0.707
R2 0.9979 R2 0.9920 R2 0.9968

Table 4b. isotherm parameter for Rh-B dye adsorption onto moSpaC at 40 °C.

Langmuir Freundlich Temkin DBR
qm (mg/g) 175.4 Kf 629.7 Kt (mol/g) 15.61 Xm (mg/g) 181.6
Kl (l/mg) 2.5915 n 1.542 bt (mol/kJ) 0.0120 β (10−6) 1.00
Rl 0.0004 1/n 0.6486 R2 0.9080 Εa (kJ/mol) 2.236
R2 1.0000 R2 0.9893 R2 0.9989
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the least error was Langmuir. These findings suggests 
that the adsorption process can best be described using 
the Langmuir model. The Langmuir equation can be 
expressed in a term of dimensionless separation factor, 
RL. The value of RL reflects the type of isotherm to be 
either: (i) irreversible (RL = 0); (ii) favorable (0 < RL < 1); 
(iii) linear (RL = 1); or (iv) unfavorable (RL < 1). From Table 
4a–c, it was obvious that the value of RL was in the range 
of 0–1 for the adsorption process. This indicates that the 
adsorption of Rh-B dye onto MOSPAC was favorable [74].

Adsorption kinetic studies

In order to investigate the adsorption kinetics of 
Rh-B dye, four different kinetic models, namely pseu-
do-first-order, pseudo-second-order, Elovich and intra-
particle diffusion models were used in this study. The 
pseudo-first-order kinetic model was use to predict 
the adsorption kinetics. Plots of ln (qe − qt) vs. t gave 
a straight line, with negative slope of k1 and intercept 
of ln qe. Inferring from the values of R2 obtained from 
the adsorption of Rh-B dye onto MOSPAC, R2 values are 
lower than those obtained for the pseudo-second-order 
model. On the other hand, the plots of t/qt vs. t for the 
pseudo-second-order model were also used to study 
the adsorption process. As can be seen from Table 6, 
the values of R2 calculated for the adsorption process 
are higher than that obtained for the pseudo-first 
order model. This shows that adsorption of Rh-B dye 
onto MOSPAC fitted the pseudo-second order model. 
Similarly, the Elovich model was used to describe the 
pseudo second-order kinetics by assuming that the 
actual solid surfaces are energetically heterogene-
ous. Theoretically, when there is increase in solution 
temperature, the extent of surface coverage, b should 
decrease owning to the fact that the number of sites 
available for trapping the dye molecules will be less at 
higher temperature. Unfortunately, the low values of R2, 
ranging from 0.78 to 0.9019 in the adsorption process 
shows that the experimental data did not agree with 
the Elovich kinetic model [75]. Comparing the values 
of R2 for the kinetic equations used, adsorption of Rh-B 
dye onto MOSPAC can be described by the following 
kinetic order: pseudo-second-order > pseudo-first-or-
der > Elovich. Adsorption rate is controlled by several 
factors which include: diffusion of the solute from the 
solution to the film surrounding the particle, diffusion 
from the medium to the particle surface, diffusion from 
the surface to the internal sites (surface diffusion or 
pore diffusion) and uptake which can involve several 

to the complete monolayer coverage on MOSPAC. The 
values of qm at different temperatures are shown in Tables 
5. Maximum qm was 1250.0 mg/g at 30 °C. Comparison of 
the maximum monolayer adsorption capacities of Rh-B 
dye onto various adsorbents revealed that MOSPAC is an 
effective adsorbent (Table 5). The Freundlich isotherm is 
used to illustrate the non-ideal heterogeneous behav-
ior of the adsorption process. The extent of adsorption 
can be reflected by the value of Kf. It was found that the 
extent of adsorption at 50  °C (Kf  =  81.4) was approxi-
mately 1.71 times lesser than that of 30 °C (Kf = 139.4). 
The value of 1/n calculated from the Freundlich model 
was lesser than 1. The equilibrium binding constant, 
bT (mol/g) which is the Temkin isotherm constant, was 
determined from the Temkin isotherm model. The 
Dubinin-Radushkevich isotherm model can be used to 
examine the porosity apparent free energy, E and the 
characteristics of the adsorption process. The values of 
Ea for MOSPAC at 30, 40, and 50 °C are 0.707, 2.236, and 
0.236 kJ/mol respectively. Since all these values range 
between 1 and 8  kJ/mol, it shows that physisorption 
was responsible for the adsorption of Rh-B dye onto 
MOSPAC [35,36]. After summarizing all the important 
parameters for each isotherm, the value of R2 was used 
to judge the most suitable model for the adsorption 
of Rh-B dye onto MOSPAC. The results obtained were: 
Freundlich (R2 = 0.992) < Temkin (R2 = 0.994) < Dubinin-
Radushkevich (R2 = 0.996) < Langmuir (R2 = 0.998). Error 
analysis was conducted in other to identify the model 
that fitted most. The standard errors of the mean for 
the entire isotherm studied were carried out. Langmuir 
(±0.00069), Freundlich (±0.022783), Temkin (±0.029427) 
and D-R (±0.0353). The isotherm with the least error was 
Langmuir. The isotherm with the highest R2 value and 

Table 4c. isotherm parameters for Rh-B dye adsorption onto moSpaC at 50 °C.

Langmuir Freundlich Temkin DBR
qm (mg/g) 125 Kf 81.4 Kt (mol/g) 3.626 Xm (mg/g) 944.0
Kl (l/mg) 0.1538 n 1.304 bt (mol/kJ) 0.0054 β (10−6) −9
Rl 0.0060 1/n 0.767 R2 0.9974 Εa (kJ/mol) 0.2357
R2 0.9981 R2 0.9224 R2 0.9976

Table 5.  Comparison of maximum monolayer adsorption ca-
pacities of Rh-B dye on various adsorbents.

Adsorbents qm (mg/g) References
modified Coir pith 14.90 [64]
Baker’s yeast 25.00 [65]
Cedar cone 4.55 [66]
Sugarcane baggase 51.50 [67]
acid treated Kaolinite 23.70 [68]
acid treated montmorillonite 188.67 [68]
Raw dika nut waste 212.77 [69]
acid treated dika nut waste 232.00 [69]
Raphia hookerie fruit epicarp 666.67 [56]
Jute stick powder 87.70 [70]
microwave treated nilotica leaf 24.39 [71]
Fly ash 10.00 [72]
artocarpus odoratissimus 131.00 [46]
Casuarina equisetifolia cone powder 49.50 [47]
peat from Brunei Darussalam 162.90 [73]
Moringa olifera seed pod 1250.00 This work
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It can be seen, however, that the second adsorption 
stage is characterized by the intra-particle diffusion. This 
is the rate-controlling step for the adsorption process of 
the modified MOSPAC. The plots did not pass through 
the origin (i.e. C ≠ 0). This shows that the intra-particle 
diffusion occurred in the adsorption process, but was 
not the only parameter controlling the rate of the reac-
tion. The intercepts C, are proportional to the bound-
ary layer thickness. The extent of thickness of boundary 
layer was observed from the MOSPAC at 30 °C. The effect 
of boundary layer increases with the value of C [81,82]. 
The boundary layer also helps to know the tendency of 
the adsorbent to adsorb the dye or remain in solution. 
Higher values of C, i.e. the boundary layer thickness, 
depict higher adsorption capacities (Table 7).

Adsorption thermodynamics

Thermodynamic parameters are important in adsorp-
tion studies; they provide a better understanding of 
the effect of temperature on the adsorption process. 
The thermodynamic parameters are tabulated in 
Table 8. The positive values of ΔH° obtained in the 
adsorption of RhB dye onto MOSPAC signify that the 
adsorption process was endothermic in nature (Table 
8). The ΔH° value was calculated to be 127.56 kJ/mol. 
The positive values of ΔS° indicate that increase in 
randomness occurred at solid-solution interface dur-
ing the adsorption process. This indirectly shows the 
affinity of adsorbent toward dye molecules [74]. As 
contained in Table 8, ΔG° values were negative at all 
temperatures studied, inferring that the adsorption 
was spontaneous in nature. Since the values of ΔG° 
decreased with increasing temperature, it suggests 
that at higher temperature, the driving force was 
less, resulting in lower adsorption uptake [83]. The 
values of Ea obtained fall within the energy range of 
0–40 kJ/mol, it connotes that the adsorption process 
was physisorption.

mechanisms such as physicochemical adsorption, 
ion-exchange, precipitation or complexation [76,77]. 
The most important mechanism controlling adsorption 
kinetics is the diffusion mechanisms such as the initial 
curved portion which occurred due to rapid external 
diffusion and surface adsorption [78]. In this study, the 
plots obtained were multi linear. The first and sharper 
portion is attributed to the boundary layer diffusion of 
CR dye molecules, whereas the second portion corre-
sponds to the gradual adsorption stage, where intrapar-
ticle diffusion was the rate-limiting step. Mass transfer is 
governed by several relationships, taking into account 
the diffusion mechanisms and their related equations, 
the coupling between liquid and solid phases and the 
initial and boundary conditions. Therefore, it means that 
the rate of equilibrium attainment may be intraparti-
cle-diffusion controlled [79]. Following the fast phase, 
there was a gradual adsorption stage, where intrapar-
ticle diffusion is rate controlling. Thereafter, adsorption 
became very slow and stable, approaching an equilib-
rium stage and maximum adsorption, i.e. a plateau 
profile. Similar findings were reported by Vimonses 
and coworkers [80]. The plot of qt vs. t1/2 profiles of Rh-B 
dye adsorption by MOSPAC adsorbents was non-linear 
(Figure 9). The deviation from the origin shows that 
intraparticle transport is not the only rate-limiting step. 

Figure 9.  plot of intraparticle diffusion model for Rh-B dye 
adsorption onto moSpaC.

Table 6. parameters of the pseudo-first order, pseudo-second order and elovich kinetic models together with their regression coef-
ficient for moSpaC at 30 °C.

200 mg/l 400 mg/l 600 mg/l 800 mg/l 1000 mg/l
Pseudo-first order kinetic model
k1 (min−1) 0.0550 0.0528 0.0385 0.0325 0.0443
qe calc (mg/g) 62.565 108.245 144.301 284.975 370.591
qe exp (mg/g) 188.933 406.089 605.522 834.444 1014.989
SSe (%) 24.320 56.287 87.163 103.840 121.780
R2 0.8937 0.8746 0.7885 0.8395 0.9318
Pseudo-second order kinetic model
k2 (min−1) 0.0023 0.0013 0.0009 0.0004 0.0004
qe calc (mg/g) 192.308 416.667 625.000 833.333 1000.000
qe exp (mg/g) 188.933 406.089 605.522 834.444 1014.989
SSe (%) 0.650 1.999 3.681 0.210 2.833
h 85.059 225.695 351.563 277.778 400.000
R2 0.9998 0.9998 0.9999 0.9995 0.9998
Elovich model
Β 0.0374 0.0194 0.0134 0.0090 0.0080
α 627.831 2652.872 4644.563 2865.565 6148.686
R2 0.8495 0.7902 0.7800 0.8762 0.9019
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aqueous solutions. Appl Water Sci. 2015;5:407–423. DOI: 
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Conclusions

In this study, the potential of MOSPAC for the adsorp-
tion of Rh-B dye was investigated. Findings revealed that 
moringa oleifera seed pod wastes are useful precursors 
in the preparation of alternative adsorbents in lieu of 
expensive commercial activated carbon. Optimum Rh-B 
dye adsorption was observed at pH 3.01. Characterization 
revealed that MOSPAC has large pores resulting in high 
dye adsorption activity. Adsorption data was best fitted 
using Langmuir Isotherm and pseudo-second-order 
kinetic model. The study shows that moringa oleifera 
seed pod was both effective as well as economically 
viable adsorbent for Rh-B dye removal from wastewaters.
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