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Abstract- Raphia taedigera activated carbon was prepared and
impregnated with sodium dodecyl sulphate (SDS) and disodium
ethylene diaminetetraacetic acid (EDTA) to enhance its
performance for the adsorption of lead ions from aqueous
solution. The two modified activated carbons, the sodium
dodecyl sulphate modified Raphia taedigera activated carbon
(SDS-RT) and the disodium ethylene diaminetetraacetic acid
Raphia taedigera activated carbon (EDTA-RT), were
characterized. Fourier transform infrared spectroscopy revealed
the presence of C=C, OH, CN and CO at peaks 1584, 3753, 2000
and 1240 cm-1, respectively, which all aid adsorption. Scanning
electron microscopy coupled with Energy dispersive X-ray
showed an aggregated surface morphology with pores and the
carbon-oxygen ratio of 3.54 and 2.39 for SDS-RT and EDTA,
respectively. The optimum performances of 97.70% and 94.25%
were achieved for the adsorption of Pb 2+ onto SDS-RT and
EDTA-RT, respectively; at pH 5 with 0.5 g using 25 mL of 100
mg/L lead ion solution. Material modified with SDS exhibited
superior performances in all the adsorption conditions evaluated.
Adsorption modelling showed the adsorption fit well into
Langmuir isotherm model and follow the pseudo-second-order
kinetic model. Thermodynamic studies showed that the
adsorption processes are exothermic, feasible and spontaneous.
Index Terms- Raphia taedigera; Activated carbon; Adsorption;
Lead.

I. INTRODUCTION

H

eavy metal pollution is one of the prominent environmental
issues of the present century. Due to the advancement in
industrial activities such as smelting, metal plating, mining,
paint, and metallurgical industries, more heavy metal pollutants
are released into the environment [1]. Heavy metals such as lead,
chromium, mercury, arsenic, nickel and copper find their ways
into the water bodies through the indiscriminate discharge of
industrial and agricultural waste. Heavy metal contamination can
also occur through atmospheric deposition, metal corrosion, soil
erosion and leaching of heavy metals, sediment re-suspension
and metal evaporation from water resources to soil and
groundwater [2, 3]. The presence and accumulation of heavy

metals in aquatic environments pose a significant threat to man,
animal and plant [4].
Among the commonly encountered metal pollutants, lead
is one of the most dangerous water pollutants. Lead toxicity has
been a subject of interest for environmental researchers because
of its toxic effect on plants, animals, and humans [5, 6]. Various
industrial activities such as the extraction and processing of solid
minerals, metal plating, oil refining, and battery manufacturing
among others, had been recognized as the primary means of
releasing lead into the environment [7]. Both Standard
Organization of Nigeria and National Agency for Food and Drug
Administration and Control set the maximum permissible limit of
Pb in drinking water at 0.01 mg/L [8]. At higher concentration,
serious health problems can occur. Lead toxicity poisoning in the
human body can be devastating. Lead poisoning can cause
anaemia, kidney damage, and toxicity symptoms including,
impaired kidney function, headache and hypertension [9, 10].
Lead is highly persistent in the environment, and because of its
continuous use, its levels rise in almost every country, posing
serious threats. Several methods, including Fenton process,
degradation
by
photocatalytic
processes,
chemical
coagulation/flocculation,
ozonation,
oxidation, chemical
precipitation, adsorption, ion exchange and reverse osmosis [11 –
14] had been used. Adsorption, among others, has proved to be
an effective, cheap, simple and save technique for wastewater
treatment [15]. Adsorption techniques use porous materials with
large surface area and suitable surface chemistry. Materials such
as clay, silica gel, activated carbon, synthetic resins, molecular
sieve zeolites, impregnated biomaterials and nanoparticles have
been extensively used as adsorbents for industrial applications in
water and wastewater purifications [14]. Recently, agricultural
waste products have found applications as biosorbents for
adsorption process. Thus, this present work aims at using sodium
dodecyl
sulphate
(C12H25O4S.Na),
and
disodium
ethylenediaminetetraacetic acid (C10H16N2Na2O8) modified
activated carbons prepared from Raphia taedigera seed for the
removal of Pb ions from aqueous solution.

II. MATERIALS AND METHODS
Sample preparation
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Raphia taedigera seeds were obtained from Ado-Ekiti.
The seeds were washed under running water, sun-dried and
crushed. The crushed sample was kept in an airtight plastic
container for further analysis.
Preparation of Raphia taedigera adsorbent
Carbonization
The carbonization of R. taedigera was done using method
reported by Bello et al., [16] and Olasehinde and Abegunde [15].
The crushed R. taedigera seeds were carbonized by placing 100
g of the seed in a muffle furnace at 350 ⁰ C for 2 hours.
Chemical activation of the carbonized material
The chemical activation was done on the carbonized
material. 20 g of carbonized material was weighed and
transferred into a clean 500 mL beaker containing 200 mL 0.1 M
sodium dodecyl sulphate, homogenized and left to stand for 24
hours. The impregnated materials were filtered and the residue
was rinsed with 200 mL distilled water to attain a pH of 7. The
acid-free residue was dried to a constant weight at 105 ⁰ C for 4
hours [17]. The dried activated carbon was sieved with 100-mm
mesh to obtain a fine powder of Raphia taedigera activated
carbon labelled as SDS-RT. The procedure was repeated using
disodium ethylenediaminetetraacetic acid as activating agent and
the product labelled as EDTA-RT. The activated carbons were
stored in a separate airtight container for further use.
Preparation of Pb (II) Solution
1000 mg/L of lead nitrate stock solution was prepared by
dissolving 1.6 g Pb(NO3)2 in distilled water in 1000 mL
volumetric flask and made up to the mark with distilled water.
0.1 M HCl and 0.1 M NaOH solutions were also prepared to
adjust the solution pH. All reagents used were of pure analytical
grade.
Batch Adsorption Studies and the Evaluation of Adsorption
Condition
Batch adsorption studies were carried out by shaking 0.50
g of activated carbons (SDS-RT and EDTA-RT) separately with
25 mL of 100 mg/L Pb (II) solution in a 125 mL Erlenmeyer
flask. The pH of the solution was adjusted using 0.1 M HCl or
0.1 M NaOH solution to 7. The flask was agitated at 120-rpm for
60 min to ensure equilibrium was reached. The solution was
filtered with Whatman No 42 filter paper and the filtrate stored in
the sample bottle. AAS was used to determine the concentration
of Pb2+ in the filtrate. The quantity adsorbed by the ACs was
determined using Equation 1. The efficiency of the adsorbent
was determined using Equation 2. The effects of adsorption
conditions such as contact time, solution pH, temperature,
adsorbate concentration and adsorbent dosage were determined.
This was done at constant conditions except the condition under
examination. The quantity adsorbed and efficiency of the
adsorbent were evaluated using Equations 1 and 2 respectively.
=

(1)
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Adsorption efficiency =

x 100

(2)

Where, qe is the quantity of Pb2+ adsorbed per unit mass in
mg/g, Co is the initial Pb2+ concentration in mg/L, Ce is the Pb2+
concentration at equilibrium in mg/L, V is the volume of Pb2+
solution in millilitres and W is the mass of the adsorbent in
grams.
Material Characterisation
The functional groups in the activated carbon were
determined using Agilent Cary 630 FTIR instrument with
scanning range 4000 – 650 cm-1. The surface morphology
examination of the prepared materials was carried out by
Phenom ProX SEM at HV value of 15 KV coupled with EDX.
Adsorption Isotherm
Isotherm predicts the relationship between adsorbent
and adsorbate [18]. It explains how adsorbent materials interact
with pollutants. The results of this present work are modelled by
Langmuir and Freundlich isotherm models.
Langmuir Isotherm
Langmuir isotherm is based on the assumption that
maximum adsorption corresponds to a saturated monolayer of
solute molecules on the adsorbent surface, that the energy of
adsorption is constant, and that there is no transmigration of
adsorbate in the plane of the surface [19].
Langmuir isotherm model can be expressed as;
=

(3)

The linear expression of this isotherm can be written as Equation
4
=

+

(4)

Where qe and qmax are the equilibrium and the maximum
amount of the metal per unit weight of the adsorbent
respectively, Ce is the residual metal concentration at equilibrium
(mg/L), and KL is a constant related to the affinity of the binding
sites.
The shape of this isotherm can also be expressed in terms
of separation factor (RL) [20], which is given as follows:
RL =

(5)

Where KL (L/mg) is Langmuir constant and Co is the
initial MB concentration in mg/L.
Freundlich isotherm
The Freundlich isotherm assumes adsorption takes place
on a heterogeneous surface with a non-uniform distribution of
heat of biosorption through a multilayer adsorption mechanism
[17]. It is expressed by Equation 6.
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(6)
The logarithmic form of the Equation becomes:
(7)
Where qe is the equilibrium amount adsorbed (mg/g), Ce the
equilibrium concentration of the adsorbate (mg/L), Kf and n are
Freundlich constants.
Kinetic Isotherm
The adsorption kinetics in wastewater treatment is
significant as it provides valuable insights into the reaction
pathways and the mechanism of an adsorption reaction [15].
Pseudo-first-order and pseudo-second-order kinetic models are
used for the present work.
Pseudo-first-order kinetic model
Pseudo - first-order kinetic model assumes that the overall
adsorption rate is directly proportional to the driving force, that
is, the difference between initial and equilibrium concentration of
the adsorbate,
[21]. Therefore, the pseudo-first-order
kinetic can be expressed in linearized form as Equation 7.
)
(8)
Where qeq is the amount of Pb2+ adsorbed at equilibrium
(mg/g), qt is the amount of Pb2+ adsorbed at time t (mg/g); k1 is
the equilibrium rate constant of pseudo-first sorption (min-1).
A straight line plot of log (qe -qt) versus t suggest the
applicability of this kinetic model.
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the adsorption [17, 21]. The thermodynamic parameters can be
evaluated using Equation 10:
Kc =

(10)
Where Cs is the metal ions concentration on the ACs at
equilibrium in mg/g, Ce is the equilibrium concentration of the
metal ions in a solution in mg/L, and Kc is the thermodynamic
equilibrium constant.
The Gibbs free energy, ΔG⁰ (kJ/mol) for the adsorption
metal onto the adsorbents can be calculated using Equation 11:
ΔG⁰
ln Kc
(11)
Enthalpy and entropy are obtained using Van’t Hoff’s Equation
[21]:
ΔG0

ΔH0 - TΔS0

(12)

(13)
Where T is the absolute temperature (K), R is the universal
gas constant (8.314 J/mol/k), ΔH⁰ is changed in enthalpy, and
ΔS⁰ is the degree of disorderliness of a reaction.

(

Pseudo-second-order kinetic model
The pseudo-second-order reaction kinetics model is based
on the sorption equilibrium capacity. The linearized form can be
expressed as:
t
(9)
Where, qt is the amount of Pb2+ adsorbed at time t (mg/g);
k2 is the equilibrium rate constant for the pseudo-second- order
adsorption (g/mg/min).
A plot of t/qt versus t should give a straight line of pseudosecond-order kinetics where qe and k2 can be determined from the
slope and intercept of the plot, respectively.

III. RESULT AND DISCUSSION
FTIR Spectral analysis
FTIR analysis was done to know the functional groups in
activated carbons. The spectral for SDS-RT and EDTA-RT were
presented in Figures 1 and 2, respectively. The spectral revealed
the presence of a band at about 3753 cm-1 corresponding to free
OH group, a band at about 2000 cm-1corresponding to stretching
vibration of -C≡N, a band at 1584 cm-1 corresponding to
stretching vibration of aromatic C=C, a band at 1240 cm-1
corresponding to stretching vibration of carboxyl group C=O.
However, Figure 1 revealed the presence of a band at about 2877
cm-1 corresponding to Aliphatic C-H group, a band at about 1423
cm-1corresponding to =C-H bending vibration alkane which
were not present in Figure 2. The difference in the FTIR spectral
of the materials may be due to the different chemical used for
surface modifications during the production process [22]. A
similar result was reported by Olasehinde and Abegunde [15].

Thermodynamic Studies
The values of the thermodynamic parameters such as a
change in free energy (ΔG0), enthalpy (ΔH0) and entropy (ΔSo)
help to have a better understanding of the temperature effect on
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Figure 1: FTIR Spectrum of SDS-RT

Figure 2: FTIR Spectrum of EDTA-RT
SEM Result
The surface morphologies of the SDS-RT and EDTA-RT
were observed using scanning electron microscope. The
micrographs at magnification 500x are presented in Figures 3
and 4. The SEM revealed an aggregated and rough surface
morphology with pores at the surfaces of the ACs. Semiquantitative chemical elemental analysis was conducted using
EDX coupled with SEM. The detector allows the detection of
elements such as C and O. EDX results of SDS-RT and EDTA-

RT presented in Figures 3 and 4. The figures revealed the ratio of
carbon to oxygen (C/O) in the two samples as 3.54 and 2.39 for
SDS-RT and EDTA-RT, respectively. The high ratio of carbon to
oxygen can be due to pyrolysis and chemicals used for surface
modification. Sample rich in carbon content is a good and
effective adsorbent for the removal of heavy metals, dyes and
other organic pollutants from an aqueous solution [23]. This
result was in agreement with previous reports by Bello et al.,
[16].
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Element
Symbol
C
O
Others
C/O

Element
Name
Carbon
Oxygen

Atomic
Conc.
75.25
15.95
8.80

Weight
Conc.
71.09
20.07
8.84
3.54

+

Figure 3: SEM image of SDS-RT with EDX
Element
Symbol
C
O
Others
C/O

Element
Name
Carbon
Oxygen

Atomic
Conc.
73.73
23.11
3.16

Weight
Conc.
66.81
27.90
5.29
2.39

+

Figure 4: SEM image of EDTA-RT with EDX
Effect of Parameters in Adsorption Experiments
Effect of Contact Time
Equilibrium time is used to evaluate the efficiency and
feasibility of an adsorbent. The adsorbent-adsorbate equilibrium
time was evaluation at the time range of 10, 30, 60, 90 and 120
min using 100 mg/L Pb2+ on 0.5 g adsorbent, agitated at 120-rpm
at room temperature. The plot of efficiency percentage against
time is presented in Figure 5. From the plots, it was observed that
the efficiencies of SDS-RT and EDTA-RT increased with
increasing contact time. The highest performance of 98.663 and
97.001% obtained for SDS-RT and EDTA-RT respectively at
120 min. The rapid adsorption at the initial stage could be as a

result of the availability of abundant vacant sites on the surfaces
of the adsorbents [22]. The responses of the adsorbents to time
were in accordance with previous reports by AbdulRahman et
al., [10, 24]
Effect of pH
The pH of an aqueous solution is an important controlling
factor that influences the uptake of the adsorbate. The pH
influences the surface charge of the adsorbent particle and the
degree of the ionization and speciation of the adsorbate. The
effect of pH on the adsorption was experimented using 0.5 g AC,
in 60 min with 25 mL of 100 mg/L Pb 2+ agitated at 120-rpm. The
pH of the solution was adjusted using 0.1 M sulphuric acid or 0.1
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Effect of Temperature
The temperature dependence of adsorption capacity of
SDS-RT and EDTA-RT for the adsorption of Pb2+was
investigated. The evaluation was done at 298, 303, 308, 313 and
318 K on 0.5 g with 25 mL of 100 mg/L Pb 2+ agitated at 120-rpm
for 60 min. The plots of the adsorbent efficiency against
temperature are presented in Figure 7. An increase in the
percentage removal was observed up to 313 K for both ACs. The
results showed the adsorption system could be exothermic which
indicates that an increase in the temperature will result to an
increase in desorption of the adsorbed Pb 2+. Similar result was
reported by Sari et al., [26].
Effect of Initial Concentration of Solution
The adsorbate concentration provides the needed driving
force to overcome mass transfer resistance of the adsorbate

% Removal

100
99
98
97
96
95
94
93
92
91
90
89

SDS-RT

0

50

100

150

Time (min)
Figure 5: Effect of contact time

between aqueous and solid phase. The effect of initial
concentrations
was
determined
with
the
initial
Pb2+concentrations of 20, 40, 60, 80 and 100 mg/L onto 0.5 g AC
agitated for 60 min. Figure 8 presented the responses of SDS-RT
and EDTA-RT for the adsorption of Pb2+. The percentage
removal increased with increasing in initial concentration for two
ACs. The observed percentage removal increase can be attributed
to the driving force due to a higher initial concentration of the
solution. This was in agreement with earlier reports that
pollutant removal through the adsorption process is
concentration-dependent [27].
Effect of Adsorbent Dosage
Adsorbent dosage is crucial to adsorption process because
it provides the binding sites for the uptake of the pollutant from
solution. The adsorbent surface chemistry determines the
potential of the adsorbent to remove metal pollutants. The dosage
effect of the ACs was evaluated for the removal of Pb 2+ from
aqueous solution using 0.1, 0.3, 0.5, 0.7 and 0.9 g of the ACs, 25
mL of 100 mg/L Pb2+, at room temperature for 60 minutes. The
plot of the percentage of removal against the ACs dosage was
presented in Figure 9. The plot showed an increased in
percentage removal with increase in the ACs dosage. The
increase observed in the percentage removal by the two ACs
could be due to the increase in the number of active sites at the
surface because of the increase in the bulk of the adsorbents [25].

99
98
97
96
95
94
93
92
91
90
89

% Removal

M sodium hydroxide. The plots of percentage of Pb 2+ removal by
SDS-RT and EDTA-RT against pH are presented in Figure 6.
From the plots, the percentage removal increased with increasing
pH until the pH maximum removal was attained at pH 5.for both
SDS-RT and EDTA-RT. Low adsorption of Pb2+ at low pH is
probably due to the presence of H+ ions competing with the metal
ions for the adsorption sites. This result supports that the
adsorption depends significantly on the pH of the surrounding
solution, which affects the adsorbent surface charge and the
degree of ionization of the adsorbate [25].
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Figure 6: Effect of solution pH
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Figure 7: Effect of Temperature
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Adsorption Isotherm
Adsorption isotherm explains the interaction between
adsorbent and pollutants; hence, it is, necessary to establish the
most suitable correlation for the equilibrium curve. The
adsorption isotherm models employed in this study are Langmuir
and Freundlich adsorption isotherm models. Langmuir isotherm
plots of Ce/qe against Ce for the adsorption of Pb2+ onto SDS-RT
and EDTA-RT at temperature values of 298, 308 and 318 K are
presented in Figures 10 and 11, respectively. From the plots, the
correlation coefficients (R2) values equal to 1 for both ACs at all
temperatures indicating a perfect relationship between the
adsorption data. The values of qmax obtained from the Langmuir
plots and the calculated qe are presented in Table 1. The value of
qmax was very close to its corresponding calculated value, qe
indicating Langmuir isotherm gives a good fit for the adsorption

of Pb2+ onto the adsorbents. Separation factor (RL) was evaluated
using Equation 5 to establish if the adsorption process is
favourable or not. The RL value determines the shape of the
isotherm to be unfavourable (RL > 1), linear (RL = 1), favourable
(0 < RL < 1), or irreversible (RL = 0). The values of separation
factor (RL) at all temperatures were greater than 0 and less than 1
for both ACs, indicating favourable adsorptions.
The Freundlich isotherm describes heterogeneous
adsorption process. It assumes adsorption takes place on a
heterogeneous surface with a non-uniform distribution of heat of
biosorption through a multilayer adsorption mechanism (Rauf,
2008). Plots of log qe against log Ce representing Freundlich
isotherm are presented in Figures 12 and 13 for SDS-RT and
EDTA-RT respectively. The correlation coefficients (R2) from
the plots are contained in Table 1. The correlation coefficients
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adsorption isotherm model suggest Langmuir isotherm with a
better conformation for the adsorption of Pb 2+ onto SDS-RT and
EDTA-RT.

0.09

0.16

0.08

0.14

0.07

0.12

0.06

Ce/qe (g/L)

Ce/qe (g/L)

(R2) at all temperatures are > 0.97, indicating a strong
relationship between the adsorption data. The values of 1/n
below 1 indicate a normal Langmuir isotherm. The results of the
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Figure 10: Langmuir isotherm plot for the adsorption of Pb
on SDS-RT

2+

Figure 11: Langmuir isotherm plot for the adsorption of Pb2+
on EDTA-RT
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Figure 12: Freundlich isotherm plot for the adsorption of
Pb2+ on SDS-RT
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Figure 13: Freundlich isotherm plot for the adsorption of
Pb2+ on EDTA-RT
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Table 1: Results of adsorption isotherm for the adsorption of Pb 2+ onto SDS-RT and EDTA-RT
Isotherms Equation

Langmuir
=
+

Freundlich

Parameters

SDS-RT

EDTA-RT

298 K

308 K

318 K

Exp. qm

49.75

49.75

49.75

Cal. qe (mg/g)
KL (L/mg)
RL x 10-3
R2
-1/n x 10-2
-N x 102
Kf
R2

49.87
251.26
0.04
1.00
0.20
5.00
49.96
0.99

49.81
201.01
0.05
1.00
0.22
4.55
49.97
0.98

49.72
201.01
0.05
1.00
0.22
4.55
49.96
0.99

Adsorption Kinetics
Pseudo-first-order and the pseudo-second-order kinetic
models were used to model the adsorption data in order to
investigate the mechanism of adsorption of Pb 2+ onto SDS-RT
and EDTA-RT. These empirical mathematical models are proven
useful as tools for scale-up process optimization [15]. A plot of
Log (qeq – qt) against t representing Pseudo-first-order kinetic
model are presented in Figures 14 and 15. The values of the qe, k1
and R2 obtained from the plots are presented in Table 2. The
value of R2 at all temperatures was greater than 0.7 but less than
1, indicating a strong relationship between the data. However, the
calculated value of qe was far below the corresponding
experimental values; hence; the pseudo-first-order kinetic model
cannot be said to be the best fit for the present work.
The Pseudo-second-order linearized Equation is expressed
as given in Equation 9. The plots of t/qt against t for the kinetic

298

308 K

318 K

49.51

49.51

49.26

49.87
67.34
0.15
1.00
0.41
2.44
50.07
0.99

49.81
40.40
0.25
1.00
0.51
1.96
50.15
0.99

49.72
25.38
0.39
1.00
0.65
1.54
50.28
0.99

model are presented in Figure 16. The pseudo-second-order
parameters qe, k2 and R2 were calculated for the two adsorbents
and presented in Table 2. The value of R2 was found to be 1.000
at each temperature for both SDS-RT and EDTA-RT, indicating
a perfect relationship between the adsorption data. Also, from
Table 2, the value of qe(cal) was close to the corresponding qe(exp)
value for the adsorption Pb2+ onto the two ACs.
The results of the kinetic modelling showed that the
pseudo-second-order kinetic model has a better agreement with
the adsorption data. The applicability of the pseudo-second-order
model predicts that chemical reaction might be responsible for
adsorption of Pb2+ onto SDS-RT and EDTA-RT. The results of
similar findings have been reported for the adsorption of
Pb2+onto Onion skin [21].

1.4755

1.4765
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1.4745
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1.4755
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Figure 14: Plot of Pseudo-first-order Kinetic model for the
adsorption of Pb2+ on SDS-RT

0
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Figure 15: Plot of Pseudo-first-order Kinetic model for the
adsorption of Pb2+ on EDTA-RT
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Figure 16: Plot of Pseudo-second-order Kinetic model for the adsorption of Pb2+ on SDS-RT and EDTA-RT

Table 2: Results of Adsorption Kinetics Parameters of the adsorption

Kinetic Model

Parameters

SDS-RT
298 K 308 K
qe (mg/g)
29.83 29.84
Pseudo-first-order
-3
K1 x 10
0.02
0.02
= +
R2
0.94
0.86
50.00 50.00
Pseudo- second-order qe (mg/g)
K
(g/mg/min)
0.40
0.57
2
=
+ t
R2
1.00
1.00
Thermodynamic Studies
The values of thermodynamic parameters such as Gibbs
free energy change (ΔG), enthalpy change (ΔH) and entropy
change (ΔS) are the real indicators for practical application of the
adsorption technique. A plot of ln Kc against 1/T for the
adsorption of Pb2+ onto SDS-RT and EDTA-RT is presented in
Figure 17. The thermodynamic were determined and presented in
Table 3. From Table 3, the values of ΔG and ΔH are negative,

318 K
29.79
0.05
0.93
50.00
0.29
1.00

EDTA-RT
298 K 308 K
29.72 29.66
0.05
0.05
0.79
0.96
50.00 49.75
0.40
0.34
1.00
1.00

318 K
29.63
0.02
0.93
49.75
0.58
1.00

while the value of ΔS is positive.. The negative values of the ΔG
indicate spontaneous and feasible adsorption process. The
negative value of ΔH⁰ confirmed that the adsorption of Pb2+ onto
SDS-RT and EDTA-RT were exothermic. The positive value of
entropy indicates that the degrees of disorderliness increased at
the AC-metal ion interface during the adsorption process
predicting a low energy of attraction between the adsorbent and
metal ions [15].
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4.58
4.57

ln kc

4.56

SDS-RT

4.55
4.54
4.53
4.52
0.0031

0.00315

0.0032

0.00325

1/T

0.0033

0.00335

0.0034

(K-1)

Figure 17: Thermodynamic parameters for the adsorption of Pb 2+ on SDS-RT and EDTA-RT
Table 3: Thermodynamic parameters for the adsorption of Pb2+ on SDS-RT and EDTA-RT

Adsorbent
SDS-RT

EDTA-RT

Temperature
298 K
308 K
318 K
298 K
308 K
318 K

ΔG0 (KJ/mol)
-11.33
-11.70
-12.07
-11.25
-11.61
-11.97

IV. CONCLUSION
Sodium dodecyl sulphate (SDS) and disodium ethylene
diaminetetraacetic acid (EDTA) modified activated carbons were
successfully prepared from Raphia taedigera seed. The two
activated carbons showed the presence of some functional groups
that are important for the adsorption of metal ions from aqueous
solution. The carbon-oxygen ratio of 3.54 and 2.39 for SDS-RT
and EDTA, respectively were calculated indicating the
potentiality of material for adsorption process. The optimum
performance of 97.70% was obtained for the adsorption of Pb 2+
onto SDS-RT while the optimum performance of 94.25% was
achieved for the adsorption of Pb2+ onto EDTA-RT at pH 5 with
0.5 g using 25 mL of 100 mg/L lead ion solution. Adsorption
modelling showed the adsorption processes best fit into
Langmuir isotherm model and follow the pseudo-second-order
kinetic model. Thermodynamic studies showed that the
adsorption processes are exothermic, feasible and spontaneous.
The results of the present work showed that the sodium dodecyl
sulphate (SDS) and disodium ethylene diaminetetraacetic acid
(EDTA) modified activated carbons prepared from Raphia
taedigera seed are good adsorbents for the removal of lead ions
from aqueous solution.

ΔH0 (KJ/mol)

ΔS0(J/mol/K)

-0.35

36.85

-0.54

35.94
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