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a b s t r a c t
In this paper, coconut (Cocos nucifera L.) leaves, an agricultural waste, were used as precursors to pre-
pare activated carbon by using H3PO4-activation method. Physical properties of the prepared activated 
carbon (PAC) were undertaken using Brunauer–Emmett–Teller (BET), scanning electron microscopy, 
Fourier transform infrared, elemental analyzer (CHN) and point of zero charge method. Batch mode 
experiments were conducted to study the influence of the initial pH (3–11), initial dye concentration 
(30–400 mg/L), contact time (1–300 min) and temperature (303–323 K) on the adsorption of the meth-
ylene blue (MB). The kinetic adsorption is well described by the pseudo-second-order model, and the 
Langmuir model describes the adsorption behavior at equilibrium. The adsorption capacities (qmax) of 
PAC obtained are 357.14, 370.37 and 370.37 mg/g at temperature of 303, 313 and 323 K, respectively. 
PAC has a mesopore content of 93% with an average pore size of 73.94 Å. The BET surface area and 
total pore volume corresponded to 981.79 m2/g and 1.371 cm3/g, respectively. Various thermodynamic 
parameters such as standard enthalpy (∆H°), standard entropy (∆S°) and standard free energy (∆G°) 
showed that the adsorption of MB onto PAC was favorable and endothermic in nature.
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1. Introduction

Activated carbon (AC) is a carbonaceous material with 
high porosity and usually used for the removal of chemical 
species phase (liquid or gas) by adsorption [1,2]. The high 
adsorptive capacity of activated carbon is related to its surface 
area, internal porosity, surface structure, pore volume and 
pore-size distribution [3,4]. These properties have been deter-
mined by physical properties and chemical composition of the 
precursor, activation method, activating agent and the condi-
tion of activation process [5,6]. The properties of AC depend 
on its preparation method along with the nature of the activa-
tion method, physical and/or chemical processes [7]. Physical 

activation involves a two-step process where conversion of 
the precursor into carbonized material (char) is followed by 
activation with oxidizing gases such as carbon dioxide, water 
vapor or their mixtures [8]. In chemical activation, the precur-
sor is impregnated with the activators and simultaneously 
carbonized at different temperatures. However, both of these 
conventional methods transfer heat to the carbon particles by 
conduction or convection which requires high energy con-
sumption and are time consuming in order to obtain the desired 
activation level [9]. The activating agent helps to develop the 
activated carbon porosity by dehydration and degradation. 
Certain dehydrating agent influence temperature of pyrolysis 
decomposition and inhibit the formation of tar, increasing the 
carbon yield [10]. Among the numerous activating agents used 
for chemical activation, H3PO4 has been commonly used due 
to environmental and economic concerns [11].
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Coconut (Cocos nucifera) is a versatile palm tree that 
belongs to the Arecaceae family with widespread use as a 
source of food, fuel and raw materials. In Malaysia, coconut 
is the fourth most important industrial crop after oil palm, 
rubber and paddy [12]. However, large amounts of coconut 
waste materials are produced [13]. The utilization of coconut 
waste by-products such as husks [14], shells [15], fronds [16] 
and dregs [17] as potential precursors for the production of 
AC have been studied. Coconut leaves have limited usage 
and the wastes from natural pruning and silvicultural activ-
ities are often left to decompose on the fields that can cause 
fungi and pest infection. Thus, there is an interest to use these 
materials as a precursor for AC to yield a value-added adsor-
bent and to address waste disposal of this abundant resource. 

In our previous study, unmodified coconut leaves were 
successfully used as a potential adsorbent for removal of 
methylene blue (MB) with a moderate adsorption capacity 
(112.4 mg/g) [18]. The utility of coconut leaves as a precursor 
led to the current study to produce activated carbon. In par-
ticular, the aim of this work was to prepare a high surface area 
AC from coconut leaves (prepared activated carbon [PAC]) 
by using H3PO4-activation method. The structural characteri-
zation of PAC was performed using gas adsorption, scanning 
electron microscopy (SEM) and Fourier transform infrared 
(FTIR) and elemental analyzer (CHN). Whereas, physico-
chemical parameters were evaluated such as bulk density, 
ash content, moisture content, iodine number and point of 
zero charge (pHPZC). The role of porous structure of PAC in 
adsorption process of selected MB as the model adsorbate 
at variable adsorbent dosage, pH, initial dye concentration 
and contact time for this unique biomaterial is considered. 
Among various cationic dyes, MB is the most frequently 
used cationic dye for dyeing silk, wood, paper, cotton, wool 
and temporary hair colorant [19]. The extensive usage of MB 
can often cause eye burns, which may be a main reason for 
permanent injury to the eyes of mankind and animals [20]. 
Moreover, among various wastewater treatment methods, 
adsorption received great attentions owing to its simplicity 
of design, high performance and convenient in operating 
without the production of dangerous end products [21,22]. 

2. Materials and methods

2.1. Materials

The fallen coconut leaves were collected and used for 
the preparation of activated carbon at Universiti Teknologi 
MARA (UiTM), Arau Campus, Perlis, Malaysia. The coconut 
leaves were cut, washed with tap water to eliminate any con-
taminants, dried at 100°C for 24 h, before being grinded and 
sieved to 150–212 µm particle sizes. Phosphoric acid (H3PO4) 
obtained from HmbG Chemicals (Malaysia) was used as the 
chemical reagent for activation of the coconut leaves. MB 
dye (chemical formula: C16H18ClN3S3H2O, molecular weight: 
373.9 g/mol, solubility in water: 40 g/L) purchased from R&M 
Chemicals (Malaysia) was used as the adsorbate. 

2.2. Preparation of activated carbon

The coconut leave based activated carbon (PAC) was 
prepared by predetermined optimum impregnation ratio of 
H3PO4:biomass (1:3 wt%) with occasional stringing, and then 

kept in an oven for 24 h at 110°C. The sample was then placed 
in a stainless steel vertical tubular reactor and put in the fur-
nace. The carbonization process was conducted under high 
purified nitrogen gas (99.99%) with 700°C under the pressure 
of 1 atm for 1 h. The activated products were then cooled to 
room temperature and washed with 3 M of HCl solution fol-
lowed by hot distilled water until the filtrate turn neutral pH 
(~pH 7). The PAC was then dried in an oven at 110°C for 24 h. 
After that, the PAC was ground and the powder was sieved to 
obtain a particle size range of 150–212 µm. Finally, the PAC was 
stored in tightly closed bottles for subsequent use. The yield of 
the activated carbon was calculated by the following Eq. (1):

Percentage yield (%) Wt. of activated carbon
Wt. of dried coco

=
nnut leaves

×100  (1)

The physicochemical properties of PAC were calculated 
through the bulk density, ash content, moisture content, 
iodine test and pHPZC. Bulk density, ash content, iodine num-
ber and moisture content were determined according to pro-
cedure described by Ahmed and Dhedan [23], pHPZC is from 
Makeswari and Santhi [24]. 

2.3. Characterization of activated carbon

Textural characterization of the PAC was carried out 
by N2 adsorption at 77 K using Autosorb I (Quantachrome 
Corporation, USA). The SEM micrographs of the samples 
were obtained using Quanta (Leica Cambridge S360). FTIR 
spectrometer (PerkinElmer , Malaysia) was used to verify the 
presence of surface functional groups before and after MB 
adsorption. The elemental analysis was carried out using a 
CHN analyzer (PerkinElmer, Series II, 2400).

2.4. Batch adsorption experiments

A predetermined amount of selected adsorbents (0.12 g 
of PAC) was added to 250 mL Erlenmeyer flasks containing 
200 mL of MB solution. The flasks were capped and agitated in 
an isothermal water bath shaker (Memmert, water bath, model 
WNB7-45, Germany) at fixed shaking speed of 120 strokes/min 
and 30°C until equilibrium was achieved. Batch adsorption 
experiments were carried out on common variables of interest 
such as initial pH (3–11), initial dye concentration (30–400 mg/L) 
and contact time (1–300 min) to determine the optimum condi-
tions for MB adsorption. The pH of MB solution was adjusted 
by adding either 0.10 M HCl or 0.10 M NaOH to the desired 
pH value by monitoring with a pH meter (Metrohm, Model 
827 pH Lab, Switzerland). After the stirring, the supernatant 
was collected with a 0.20 µm Nylon syringe filter and the con-
centrations of MB were monitored at a different time interval 
using a HACH DR 2800 Direct Reading Spectrophotometer at 
a wavelength of 661 nm. For the thermodynamic studies, sim-
ilar procedures were applied at 313 and 323 K, with the other 
factors keeping constant. The adsorption capacity at time t, qt 
(mg/g), the adsorption capacity at equilibrium, qe (mg/g) and 
the percentage of color removal (CR %) of MB were calculated 
using Eqs. (2)–(4), respectively.

q
C C V
Wt

t=
−( )0  (2)
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q
C C V
We

e=
−( )0  (3)

CR%
( )

=
−

×
C C
C

e0

0

100  (4)

where Co is the initial dye concentration (mg/L); Ct is the dye 
concentration (mg/L) at time t (min); Ce is the dye concentra-
tion at equilibrium (mg/L); V is the volume of dye solution 
used (mL) and W is the dry mass of the adsorbent used (g). 
Adsorption experiments were conducted in triplicates under 
identical conditions and the results are reported as average 
values.

3. Results and discussion

3.1. Physicochemical properties of PAC

The measured physicochemical properties of PAC are 
summarized in Table 1. This table shows 35.5% yield of PAC. 
Moreover, PAC has relatively low bulk density, ash content 
and moisture content. This observation indicates that PAC 
has high carbon content, low mineral content or inorganic 
residue with low water content. PAC also indicates rela-
tively high iodine number with 909 mg/g. On the other hand, 
PAC has a large Brunauer–Emmett–Teller (BET) surface 
area (981.79 m2/g), which is in good agreement with results 
for mesoporous AC materials obtained from other biomass 
sources [25,26].

3.2. Characterization of PAC 

Nitrogen adsorption/desorption curve offers qualitative 
information on the adsorption mechanism and porous struc-
ture of the carbonaceous materials [27]. Fig. 1(a) shows the N2 
adsorption/desorption isotherm of PAC at 77 K with the cor-
responding pore-size distribution. Based on plotted graph, 
isotherm profile belongs to the type IV. Type IV isotherm is 
given by many mesoporous industrial adsorbents and this 
type indicates the multilayer formation at low pressure after 
monolayer coverage [28]. The average pore diameter of PAC 
is approximately 73.94 Å, implying that the structure of PAC 
is dominated by the mesoporous structure. The International 
Union of Pure and Applied Chemistry defines the pores based 
on their pore diameter as micropores (<20 Å), mesopores (20–
500 Å) and macropores (>500 Å) [29]. The shape of the PAC 
adsorbent N2 adsorption–desorption isotherm (Fig. 1(a)) can 
also be used to determine what type of hysteresis is present 
during N2 adsorption/desorption. Fig. 1(a) can be classified 
as type IV, it was observed that the curve indicates the pres-
ence of H3 type hysteresis loop which is associated with 

Table 1
Physicochemical characteristics of PAC

Typical properties

Bulk density (g/mL) 0.14
Iodine number (mg/g) 909
Yield (%) 35.5
Proximate analysis (wt%)
Ash content 2.33
Moisture content 7.46
Fixed carbon (yield) 35.5
Ultimate analysis (wt%)
C 63.27
H 2.66
N Not detected
S Not detected
O (by difference) 34.07
Textural properties of PAC
Total pore volume (cm3/g) 1.371
Micropore volume (cm3/g) 0.095
Mesopore volume (cm3/g) 1.276
Average pore size (Å) 73.94
BET surface area (m2/g) 981.79

(a)

(b)

Fig. 1. Textural properties of PAC: (a) isotherms of N2 adsorp-
tion/desorption and (b) pore-size distribution.
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capillary condensation that occurs in the mesoporous. The 
textural parameters are summarized in Table 1 and show 
that mesopores are prominent since it accounts for 93% of 
the total pore volume. The pore-size distribution shown in 
Fig. 1(b) reveals the mesopore character of PAC. 

The SEM images of PAC before and after MB adsorption 
with 3,000× magnifications are presented in Figs. 2(a) and (b), 
respectively. As observed in micrographs, chemical activation 
process was useful in developing pore structure within the car-
bon (Fig. 2(a)). The pores on the surfaces of PAC are resulted 
from the evaporation of the activating agent during carboniza-
tion, leaving behind the ruptured surface of activated carbon 
with pores previously occupied by the activating agent [30]. 
The external surface of the activated carbons has cracks and 
crevices as well as irregular and heterogeneous morphology 
with a well-developed porous structure in various sizes. Due 
to the presence of these cavities, large number of MB molecules 
could easily diffuse and be trapped into the pore structure of 
PAC. This assumption was supported by Fig. 2(b) where the 
surface of PAC after MB adsorption became denser and less 
open pores are seen on the surface of PAC due to adsorption 
of MB molecules on the PAC surface. 

FTIR analysis of PAC before MB adsorption shows that 
several adsorption bands are observed in Fig. 3(a). The broad 
absorption band at 3,300–3,600 cm–1 with a maximum at about 
3,400 cm–1 is characteristic of the stretching vibration of hydro-
gen-bonded hydroxyl groups (from carboxyls, phenols or 
alcohols) and water adsorbed in the activated carbons [31]. The 
band at 1,678 cm–1 relates to C=O stretching of ketones, alde-
hydes, lactones or carboxyl groups, and the band at 1,576 cm–1 
is assigned to C=C vibrations in aromatic rings [32]. Broad band 
at 1,000–1,300 cm–1 is usually found with oxidized carbons and 
has been attributed to C–O stretching in acids, alcohols, phe-
nols, ethers and esters. Nevertheless, it is also a characteristic 
of phosphocarbonaceous and phosphorus compounds pres-
ent in the phosphoric acid activated carbons [31]. Assignment 
in this region is difficult because absorption bands from are 
overlapped. The shoulder at 1,050–1,080 cm–1 was assigned to 
ionized linkage P+–O– in acid phosphate esters, and to sym-
metrical vibration in a P–O–P chain [33]. New bands assigned 
to anhydride (1,600–1,700 cm–1) and nitro (1,370–1,380 cm–1) 
are attributed to MB. The bands at 3,400 and 1,080 cm–1 shifted 
to lower bands. Therefore, the functional groups of PAC that 
likely contribute to interactions with MB cations are the O–H 
and –COOH Lewis base functional groups.

The charge of PAC surface was identified by pHPZC analy-
sis. The pHPZC of an adsorbent is a very important characteris-
tic that determines the pH at which the adsorbent surface has 
net electrical neutrality. As shown in Fig. 4, the pHPZC of the 
PAC obtained was 4.2. Below the pHPZC value, surface of PAC 
is positively charged, favoring the adsorption of anions, and 
above the pHPZC value the PAC has a negative surface charge, 
promoting the adsorption of cations.

3.3. Batch adsorption studies 

3.3.1. Effect of pH

The pH solution is expected to influence the adsorption 
capacity of dyes due to its impact on both the surface bind-
ing sites of the adsorbent and the ionization process of the 

Fig. 2. Typical SEM micrograph of PAC particle (3,000× magni-
fication): (a) before MB adsorption and (b) after MB adsorption.
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dye molecule. However, as illustrated in Fig. 5, MB uptake 
(qe) onto PAC was not affected by pH within the range from 
3 to 11 due to buffering effect of the adsorbent [34]. Similar 
observations have been reported for the adsorption of MB by 
Parthenium hysterophorus [35], Prosopis cineraria sawdust [36] 
and Posidonia oceanica (L.) fibers [37]. Therefore, the pH value 
of unadjusted MB solution (pH 5.6) was used throughout this 
study. 

3.3.2. Effect of initial MB concentration and contact time

The effect of adsorption capacity with contact time was 
investigated with the initial MB concentration that ranged 
from 30 to 400 mg/L, as shown in Fig. 6. The amount of MB 
adsorbed by PAC at equilibrium increased rapidly from 44.70 
to 361.49 mg/g with an increase of initial MB concentration 
from 30 to 400 mg/L. This was attributed to an increase of 

the collision rate between MB cations and PAC surface at a 
higher initial dye concentration. Hence, more MB cations 
were transferred to the PAC surface.

3.3.3 Effect of temperature on dye adsorption

Temperature is one of the parameters influenced the 
adsorption of MB onto PAC. The temperature effect on the 
adsorption capacity of PAC was studied at 303, 313 and 
323 K with the initial concentrations of 30–400 mg/L. Based 
on the graph plotted in Fig. 7, it is generally observed that the 
adsorption capacity increase with increasing temperature at 
all MB concentration studied. This indicates that the adsorp-
tion process of MB onto PAC was favored at higher tempera-
ture, in agreement with an endothermic adsorption process.

3.4. Adsorption isotherms

The application of adsorption isotherms are useful to pre-
dict the interaction between the adsorbate and the adsorbent, 

Fig. 4. pHPZC of PAC suspensions.

Fig. 5. Effect of pH on the adsorption capacity of MB by PAC 
([MB]o = 100 mg/L, V = 100 mL, T = 303 K, shaking speed = 120 
stroke/min, contact time = 60 min and PAC mass = 0.06 g).
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Fig. 7. Effect of temperature on the equilibrium adsorption capac-
ity of PAC at different initial MB concentrations (V = 200 mL, 
pH = 5.6, shaking speed = 120 stroke/min and PAC mass = 0.12 g).
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where the equilibrium distribution of adsorbate molecules 
occurs between the liquid and solid phases of any system [38]. 
To quantify the adsorption capacity of PAC for the uptake of 
the MB dye from aqueous solutions, we tested the Langmuir 
[39] and Freundlich [40] isotherm models. Langmuir model 
describes the monolayer adsorption process for uniform 
adsorption sites and can be expressed in Eq. (5):

C
q q K q

Ce

e m L m
e= +

1 1  (5)

where Ce is the equilibrium concentration (mg/L), qe is the 
amount adsorbed species per specified amount of adsorbent 
(mg/g), KL is the Langmuir equilibrium constant and qm is the 
amount of adsorbate required to form an adsorbed mono-
layer (mg/g). Hence, a plot of Ce/qe vs. Ce should be a straight 
line with a slope (1/qm) and an intercept as (1/qm KL) as shown 
in Fig. 8(a).

Freundlich isotherm describes the multilayer adsorption 
process on heterogeneous adsorption sites, which can be 
expressed in Eq. (6):

ln ln lnq K
n

Ce F e= +
1  (6)

where KF and n are Freundlich constants. KF (mg/g (L/mg)1/n) 
represents the adsorption capacity and 1/n indicates the 
adsorption intensity and curvature. KF and nF can be calcu-
lated from the intercept and slope of the plot of lnqe vs. lnCe. 
The plot of lnqe vs. lnCe yields a straight line with slope of 
1/n, whereas; KF was calculated from the intercept value as 
illustrate in Fig. 8(b). The parameters of these models were 
calculated and summarized in Table 2 where it is observed 
that the Langmuir model is found to be linear over the whole 
concentrations range. Langmuir model assumes that adsorp-
tion occurs over a surface with homogeneous energy sites, 
which are equally available for interaction. However, this 
statement is only valid for complete monolayer, the transmi-
gration of adsorbate onto adsorbent surface does not occur 
[41]. Langmuir model provides a better description of the 
adsorption process according to the R2 values. The calcu-
lated qmax was found to be 357.14, 370.37 and 370.37 mg/g at 
temperature of 303, 313 and 323 K, respectively. In addition, 
the qmax of PAC is favorably high in comparison to other acti-
vated carbon reported in the literature, as recorded in Table 3. 
Therefore, PAC has been proven here to be an effective adsor-
bent and coconut leaves should be a possible precursor for 
the production of activated carbon. 

3.5. Adsorption kinetics 

The kinetic adsorption data can be processed to under-
stand the dynamics of the adsorption reactions in terms 
of the order of the rate constant [41]. The kinetic data 
were analyzed using two different kinetic models namely 
pseudo-first-order (PFO) model and pseudo-second-order 
(PSO) model. The PFO model was proposed initially by 
Lagergren [47] and its linearized form is expressed by 
Eq. (7) as follows:

ln( ) lnq q q k te t e− = − 1  (7)

(a)

(b)

Fig. 8. Isotherm models for the adsorption of MB onto PAC at 
variable temperature: (a) Langmuir and (b) Freundlich.

Table 2
Isotherm parameters for removal of MB by PAC at variable 
 temperatures

Temperature 
(K)

Langmuir isotherm
qm (mg/g) KL (L/mg) R2

303 357.14 0.275 0.995
313 370.37 0.203 0.995
323 370.37 0.165 0.992

Temperature 
(K)

Freundlich isotherm
KF ((mg/g) 
(L/mg)1/n)

1/n R2

303 106.62 0.25 0.952
313 131.95 0.20 0.982
323 114.00 0.23 0.970
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where qe (mg/g) and qt (mg/g) are the amount of MB adsorbed 
by PAC at equilibrium and time t, respectively; while k1 
(1/min) is the PFO model rate constant. 

The values of k1 and qe,cal can be estimated from the slope 
and intercept of ln(qe – qt) vs. t, respectively, as shown in 
Fig. 9(a). The linear form of the PSO model [48] is described 
by Eq. (8):

t
q k q

t
qt e e

= +
1

2
2  (8)

where k2 (g/(mg ⋅ min)) is the PSO rate constant. The values of 
k2 and qe,cal were calculated from the intercept and slope of t/qt 
vs. t, respectively. The plotted graph is shown in Fig. 9(b). The 
kinetic parameters of the two models are shown in Table 4 
along with its linear regression coefficients, R2, where R2 val-
ues are favorable (R2 ≥ 0.99) for the PSO model. Furthermore, 
the values of qe,cal are in agreement with the experimental val-
ues (qe,exp). Therefore, the PSO model shows a better fit relative 
to the PFO model for kinetic uptake properties of MB onto 
PAC. The PSO model was used to evaluate the rate-limiting 
step controlling the adsorption of MB onto activated carbon 
derived from palm date seeds [49] and apricot stones [50].

3.6. Adsorption thermodynamics

The adsorption thermodynamics parameters of MB onto 
PAC were computed from the experimental data conducted 
at 303, 313 and 323 K. The changes in Gibbs free energy (∆G°), 
enthalpy (∆H°) and entropy (∆S°) were calculated using the 
following Eqs. (9)–(11) [51]: 

K
q
Cd
e

e

=  (9)

∆ ° = −G RT K dln  (10)

lnK S
R

H
RTd =

∆ °
−
∆ °  (11)

where Kd is the distribution coefficient, qe is the concentration 
of MB adsorbed on PAC at equilibrium (mg/L), Ce is the equi-
librium concentration of MB in the liquid phase (mg/L), R is the 
universal gas constant (8.314 J/(mol K)) and T is the absolute 

Table 3
Comparison of adsorption capacities of MB onto different activated carbons prepared by H3PO4 activating agent

Adsorbent Adsorbent  
dosage (g)

pH Temperature  
(K)

BET surface  
area (m2/g)

qmax 
(mg/g)

References

Coconut leaves 0.06 g/100 mL 5.6 303–323 981 357.14–370.37 This study
Coffee grounds 0.1 g/100 mL 6 298 1,400 367.0 [33]
Shea cake 0.2 g/100 mL 6 303 1,148 333.33 [42]
Cotton cake 0.2 g/100 mL 6 303 584 250.0 [42]
Cotton stalk 0.4 g/100 mL 6 298 653 245.7 [43]
Jute fiber 0.1 g/100 mL 4 303 – 225.6 [44]
Bamboo 0.1 g/100 mL 6 298 1,335 183.3 [45]
Corn cob 0.02 g/100 mL 8 298 – 28.65 [46]

(a)

(b)

Fig. 9. Kinetic profiles for the adsorption of MB onto 
PAC at variable temperature: (a) pseudo-first-order and 
(b) pseudo-second-order models.
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temperature (K). The values of ∆H° and ∆S° were calculated 
from the slope and intercept of van’t Hoff plots of lnKd vs. 1/T, 
respectively. The thermodynamic parameters are listed in 
Table 5. The values of ∆G° of MB adsorption at the temperature 
of 303, 313 and 323 K were determined as –55.11, –56.21 and 
–57.30 kJ/mol, respectively. As stated by Jaycock and Parfitt 
[52], the value for ΔG°, energy for physisorption ranges from 
–20 to 0 kJ/mol, the physisorption together with chemisorp-
tion falls at the range of –20 to –80 kJ/mol and chemisorption 
is in the range of –80 to –400 kJ/mol. Thus, the MB adsorption 
by PAC shows both physisorption and chemisorption prop-
erties. The negative values of ΔG° indicate spontaneous and 
favorable MB adsorption onto the surface of PAC. According 
to Noll et al. [53] the enthalpy for physisorption is normally 
below 0 kJ/mol, while for the chemisorption is in the range of 
–80 to –420 kJ/mol. The calculated ∆H° value was +21.91 kJ/mol 
indicating that the adsorption process is endothermic in nature. 
The positive value of ∆S° (109.59 J/(mol K)) shows that the 
affinity of PAC to MB and its randomness at the solid/solution 
interface increases during the adsorption process [54]. 

4. Conclusion

This study investigates the feasibility of coconut leaves as 
a new and low cost precursor for the preparation of activated 
carbon using H3PO4 as an activator via thermal method. 
PAC has high BET surface area and total pore volume of 

981.79 m2/g and 1.371 cm3/g, respectively. The adsorption 
experiments indicated that the adsorption equilibrium data 
were better simulated by the Langmuir model with max-
imum adsorption capacity of 357.14 mg/g at 303 K and 
370.37 mg/g at temperature of 313 and 323 K, respectively. 
On the other hand, the PSO model provided the best kinetic 
model for the system. The thermodynamic parameters indi-
cate that the adsorption process is endothermic and driven 
by entropy to yield a spontaneous adsorption process. The 
results indicated that PAC is an efficient adsorbent for MB 
adsorption. 
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