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ABSTRACT

The present study shows that the H2SO4-modified coconut husk derived activated carbon
powder (CHACP) can be used as a potential adsorbent for the removal of crystal violet
(CV, basic dye) from aqueous solutions. Experiments were carried out as a function of
contact time, concentration, pH, mass dosage, and temperature, the equilibrium was
attained in 60min. The amount of dye uptake (mg/g) was found to increase with increase
in dye concentration, pH, temperature, and contact time. The kinetics of CV on to the
adsorbent can be described well by pseudo-second order > Elovich > pseudo-first order >
intra-particle diffusion equation. The applicability of the isotherm’s model for the present
data follows the order: Freundlich > Temkin > Langmuir. Based on the calculated thermo-
dynamic parameters such as enthalpy (ΔH˚), entropy (ΔS˚), activation energy (Ea), sticking
probability (S*), and Gibbs free energy changes (ΔG˚), it is noticeable that the sorption of
CV dye onto CHACP was a spontaneous and endothermic process. The morphological and
chemical characteristics of the adsorbent were established by scanning electron microscopy
and Fourier transform infrared spectroscopy.
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1. Introduction

Dyes are one of the major constituents of the
wastewater produced from many industries related
to textile, paint, varnishes, ink, plastics, pulp, and
paper. One of the famous dyes in the industry fields
was crystal violet (CV), also called genetian violet is
a triarylmethane dye, extensively used as a purple
dye in textile industry for dyeing of cotton and silk.
It also finds application in the manufacture of
paints, printing inks [1,2], and is also used as an

external skin disinfectant [3]. As such, a considerable
amount of the colored effluents enter the natural
environment and contaminates not only the environ-
ment but also fence through the entire food chain,
leading to biomagnifications [4] due to its potentially
potent genotoxicity, carcinogenicity, mutagenicity,
and teratogenicity on exposed organisms [1]. The
dye is responsible for causing heartbeat increase,
vomiting, shock, cyanosis, jaundice, quadriplegia,
and tissue necrosis in humans [5,6], and in extreme
cases, it may also lead to respiratory and kidney
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failures and permanent injury to the cornea and
conjunctiva [2,7].

Many techniques involving physical, chemical, and
biological methods have been exploited to apply in
treating the dye wastewater [8]. Such as photodegra-
dation [9], coagulation flocculation [10], chemical oxi-
dation, and biological method [11], etc. are available
for the removal of dye from the wastewater. These
methods can remove dyes from wastewater, but they
are often expensive, inefficient, and produce
secondary waste products [12].

Amongst the numerous techniques available for
dye removal, adsorption has been identified to be effi-
cient and economical for the treatment of wastewaters
containing dyes, pigments, and other colorants [13,14].
Several adsorbents have shown good promise for dye
removal from wastewater. Activated carbon is an
effective but expensive adsorbent due to its high costs
of manufacturing. This has led many workers to
search for the use of cheap and efficient alternative
materials. These include rice husk [15,16], peanut shell
[17], eggshell waste [18,19], bottom ash [20,21], coco-
nut husk [22], lignocellulosic waste [23], coconut shell
fibre [24,25], coconut copra meal [26], coconut coir pith
[27], de-oiled soya [28], hen feather waste [29,30], and
coconut bunch waste [31].

Therefore, the objective of this investigation was to
explore the potential of CHACP as a low cost adsor-
bent for the removal of CV dye from aqueous solu-
tions. The present study describes the effects of
contact time, concentration, initial solution pH, adsor-
bent dose, and temperature on CV adsorption rate
have been investigated. Adsorption kinetics,
isotherms, and thermodynamics were also evaluated
and reported.

2. Experimental

2.1. Materials and methods

Coconut husk, obtained from the Hilla Market in
(Babylon/Iraq), are air-dried, crushed, and screened to
obtain two fractions with geometrical mean sizes
ranging from 63 μm to 2.5mm. One hundred grams of
the selected fraction are impregnated with
concentrated H2SO4 (40%) and dried by oven at 80˚C
for 24 h. Then, it is activated in a hot air oven at 400˚C
(2 h). The carbonized material is washed with
distilled water to remove the free acid until the pH of
the activated carbon reached 6.6–6.8 and dried at
105˚C. The clean biomass are mechanically
ground and sifted to get a powder with particle size:
<75 μm.

2.2. CV stock solution

CV, λmax = 590 nm, molecular formula C25H30N3Cl,
also known as hexamethyl pararosaniline chloride,
Fig. 1, was purchased from Sigma–Aldrich Chemicals.
A stock solution of 1,000 mg/L CV was prepared by
dissolving 1.0 g/L of the dye in deionized water. The
dye solution pH was adjusted using 0.1M HCl or 0.1
M NaOH. Fresh dilutions of the desired dye concen-
trations were made at the start of each experiment.

2.3. Adsorption experiments

The effect of contact time and initial concentration
was studied by shaking 0.30 g/L of the adsorbent at
controlled temperature and pH 6.0 at different time
intervals and different initial concentrations. Adsorp-
tion kinetic experiments were done, 100mL of CV
aqueous solution of (50, 100, and 150mg/L) in a series
of 250mL flasks, maintained at temperatures (10, 25,
and 55˚C). The flasks were shaken at 120 rpm for an
equilibrium time of 2 h on a shaker water bath control-
ling temperature. The effect of adsorbent dosage on
the removal of CV was studied with different adsor-
bent dosages (0.005–0.20 g) in a 100mL dye solution of
50mg/L concentration, pH 6.0 and shaken till equilib-
rium time (60min).

The effect of pH on the removal of CV was investi-
gated over the pH range of 2.0–9.0 with 0.1 g/L of the
adsorbent for 60min in a dye solution concentration
of 150mg/L. The initial solution pH was adjusted
using 0.05M HCl or 0.05M NaOH.

The effects of temperature on the adsorption
isotherms behavior and their the data were studied by
performing the adsorption experiments at various
temperatures (10, 25, and 55˚C) with 0.1 g/L of the

C

N(CH3)2Cl
+ -

(H3C)2N

N(CH3)2

Fig. 1. Structure of crystal violet: hexamethyl pararosaniline
chloride.
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adsorbent and other conditions remaining constant,
pH 6 and dye concentrations (10, 25, 40, 50, 75, 100,
125, 150, and 200mg/L).

After adsorption, the adsorbent and the superna-
tants were separated by centrifugation at 3,500 rpm
for 10min and samples for analyses (5 mL) were with-
drawn with a clinical syringe and analyzed for resid-
ual dye concentration using a UV–Visible
Spectrophotometer by monitoring the absorbance
changes at λmax 590 nm.

2.4. Spectral analyses

The spectra of CHACP and dye loaded CHACP
were recorded by an Fourier transform infrared (FTIR)
spectrophotometer (FTIR 8400S) in the range of
4,500–400 cm−1 using a KBr disc containing 1% of the
finely ground sample. The mixture was pressed into a
KBr wafer under vacuum conditions and used as such
for IR studies.

Scanning electron microscopy (SEM) analysis was
carried out for the CHACP, and CV loaded CHACP to
study the surface morphology.

The morphological features of the samples were
studied by electron micrographs using SEM type FEI
inspect F50 scanning electron microscope. The powder
samples were placed on carbon tapes, and then coated
with a thin layer of gold–palladium in an argon
atmosphere using Agar Sputter Coater.

3. Results and discussion

3.1. Effect of operational variables on dye adsorption

3.1.1. Initial dye concentration/temperature of the solution/
time effect

The rate of sorption of CV by CHACP was deter-
mined by contacting (50, 100, and 150 mg/L) of the
CV solution (pH 6.0) with 0.3 g/L of CHACP for dif-
ferent intervals of time, the percentage of dye removal
is given in Fig. 2(a). It was found that rate of sorption
of dye were attained in the first 20min of adsorption
very highly and increased slowly to maximum at
equilibrium.

When the exterior surface of CHACP reached satu-
ration, the dye ions entered into the pores of the
CHACP and were adsorbed by the interior surface of
the solid particles. This process takes a relatively long
time and the biosorption was slow [32].

Also, the percentage of adsorption decreased with
an increase in the initial concentration and increased
as the contact time prolonged. However, the increase
in the initial dye concentration caused an increase in

the loading capacity of the adsorbent and this may be
due to the high driving force for mass at a high initial
dye concentration [33]. In other words, the residual
concentration of dye molecules will be higher for
higher initial dye concentrations. In the case of lower
concentrations, the ratio of the initial number of dye
molecules to the available adsorption sites is low and
subsequently the fractional adsorption becomes inde-
pendent of the initial concentration [14].

The rate of sorption of CV by CHACP was deter-
mined by contacting at 10, 25, and 55˚C of the CV
solution (50mg/L, pH 6.0), with 0.3 g/L CHACP for
different intervals of time, for estimating the effect of
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Fig. 2. (a) Effect of contact time on crystal violet adsorption
on the CHACP at different initial dye concentration
(Temp. 298 K, pH 6, agitation speed 120 rpm, mass of
adsorbent 0.3 g/L). (b) Effect of contact time on crystal vio-
let adsorption on the CHACP at different solution temper-
ature (initial crystal violet 50mg/L, pH 6, agitation speed
120 rpm, and mass of adsorbent 0.3 g/L).
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solution temperature on dye removal efficiency and
the percentage of dye removal is given in Fig. 2(b). It
was found that rate of sorption of dye was attained in
the first 20min of adsorption very highly and
increased slowly to maximum at equilibrium. This
decline is due to decrease in the total adsorption sur-
face area and less available binding sites [34]. Similar
results have been reported in literature for adsorption
of CV onto coniferous pinus bark powder [35].

As depicted in Fig. 2(b), the percentage removal of
dye increased with increasing temperature, this
observed trend in an increased dye removal capacity
with increasing temperature suggests that adsorption
of CV by CHACP is kinetically controlled by an
endothermic process.

3.1.2. Adsorbent dosage

One of the parameters that strongly affect sorption
capacity is the quantity of the contacting sorbent in
the liquid phase because it determines the capacity of
adsorbent for a given initial concentration of dye
solution [36].

The effect of CHACP dosages on the amount of
dye adsorbed was investigated by contacting 100mL
of dye solution with an initial dye concentration of 50
mg/L for the adsorbent, for a contact time of 60min
at a temperature of 25 ± 0.5˚C, a shaking speed of 120
rpm and optimum pH of 6.0. Different amounts of
adsorbents (0.005, 0.01, 0.025, 0.05, 0.075, 0.1, 0.125,
0.150, and 0.200 g) were added. After equilibrium, the
samples were allowed to settle for sometime after
which the supernatant solutions were collected,

centrifuged and analyzed. Results are shown in Fig. 3.
The percentage of dye removal increased with an
increase in adsorbent dosage. For instance, an increase
from 29.1 to 99.5% was observed when the dosage
increased from 0.005 to 0.075 g. When the adsorbent
dosage was doubled from 0.10 to 0.20 g, dye removal
was only 0.3% indicating that adsorption was almost
complete with 0.10 g of the adsorbent at 50mg/L of
dye concentration.

It was obvious from Fig. 3 that the decrease in
sorption capacity with increasing dose of adsorbent at
constant dye concentration and volume may be
attributed to saturation of adsorption sites due to
particulate interaction such as aggregation [37].

The increase in the percentage of dye removal with
adsorbent dose could be attributed to an increase in
the adsorbent surface area, augmenting the number of
adsorption sites available for adsorption, as already
reported [14].

3.1.3. Effect of solution pH on dye adsorption

The solution pH is an important monitoring
parameter governing an adsorption process. It not
only influences the degree of ionization of the
adsorbate but also the surface charge of the adsorbent
species present in the solution. Effect of pH on
adsorption was studied using 150mg/L dye concen-
tration, pH 2–9 at 25˚C, results are given in Fig. 4.
From Fig. 4, the dye uptake (qe) was found to increase
with increasing pH.

Lower adsorption of CV at acidic pH is probably
due to the presence of excess H+ ions competing with
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Fig. 3. Effect of adsorbent dosage on the percent removal
and amount of adsorbed CV dye onto CHACP (crystal
violet initial concentration = 50mg/L, Temp. = 25˚C,
contact time 1 h, and pH of solution 6).
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the cation groups on the dye for adsorption sites [7].
At higher pH, the surface of CHACP may get
negatively charged, which enhances the positively
charged dye cations through electrostatic forces of
attraction [7].

3.2. Adsorption kinetics

The kinetics of adsorption describes the rate of
adsorbate uptake on adsorbent and it controls the
equilibrium time. The kinetic parameters are helpful
for the prediction of adsorption rate, which gives
important information for designing and modeling the
processes [38].

In this study, the adsorption kinetics data are
analysed using four common models, specifically,
the pseudo-first order [39], pseudo-second order
[40], Elovich equation [41], and intra-particle
diffusion [42].

A simple kinetic analysis of adsorption is
Lagergren (pseudo-first order) in the form:

qt ¼ qe½1� expðkf tÞ� (1)

where qt is the amount of adsorbate adsorbed at time
t (mg/g), qe is the adsorption capacity in the equilib-
rium (mg/g), kf is the pseudo-first-order rate constant
(min−1), and t is the contact time (min).

Lagergren equation represents the pseudo-first-
order kinetics for the whole adsorption reaction, with
a one-partial order with respect to the free concentra-
tion sites and a zero-partial order with respect to the
solute in the solution.

A pseudo-second-order equation based on
adsorption equilibrium capacity may be expressed in
the form:

qt ¼ ksq
2
et

1þ ksqet
(2)

where ks is the pseudo-second-order rate constant
(g/mgmin), the initial sorption rate (ho, expressed in
mg/gmin) can be obtained when t approaches to zero
Eq. (3):

h0 ¼ ksq
2
e (3)

The Elovich equation is for general application to
chemisorption. The equation has been applied
satisfactorily to some chemisorption processes and has
been found to cover a wide range of slow adsorption
rates. The same equation is often valid for systems in

which the adsorbing surface is heterogeneous, and is
formulated as:

qt ¼ 1

b

� �
ln / �bð Þ þ 1

b

� �
lnðtÞ (4)

where / is the chemisorptions rate constant
(mg/gmin)

The intra-particle diffusion model based on the
theory proposed by Weber and Morris [42] was used
to identify the diffusion mechanism. According to this
theory, the adsorbate uptake qt varies almost propor-
tionally with the square root of the contact time, t½
rather than t, Eq. (5):

qt ¼ kid
ffiffi
t

p
þ I (5)

where I is the intercept and kid (mg/gmin) is the
intra-particle diffusion rate constant.

The fitted parameters of adsorption kinetics of CV
(50, 100, and 150mg/L) at different temperatures 10,
25, and 55˚C (Table 1) were calculated from the non-
linear regressions of the integrated Eqs. (1), (2), (4),
and (5). The profiles of the fitted curve of the experi-
mental kinetics of CV (100mg/L) displayed in Fig. 5
were very similar to the ones of fitted kinetic plots at
CV (50 and 150mg/L) (figures not shown).

From Fig. 5, it was found that the uptake of the
dye by the sorbent adsorption capacity increases with
increasing temperature from 10 to 55˚C, indicating that
the adsorption is an endothermic process [43].

An increasing number of molecules may also
acquire sufficient energy to undergo an interaction
with active sites at the surface [44], also the increase
in the adsorption may be a result of increase in the
mobility of the dye with increasing temperature [45].
The best correlation for the system provided by the
pseudo-second-order model suggests that chemical
sorption involving valency forces through sharing or
exchanging of electrons between adsorbent and adsor-
bate might be significant. A similar phenomenon was
also observed in the adsorption of CV on wheat straw
[46].

3.3. Adsorption isotherms modeling

Adsorption data are most commonly represented
by the equilibrium isotherm value, which is a plot of
the quantity of the sorbate removed per unit sorbent
(qe) as the solid-phase concentration of the sorbent
against the concentration of the sorbate in the liquid
phase (Ce).
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At position of dynamic equilibrium of adsorption
process, there arise a require to determine the adsor-
bate spreading between the liquid phase and solid
phase; this information can be obtained through
adsorption isotherms studies [47].

Several isotherm models have been used to pre-
dict validity of the experimental data. In the present
study, three of the most commonly used models,
namely the Langmuir, Freundlich, and Temkin iso-
therms were used to describe the adsorption equilib-
rium.

The non-linear form of the Langmuir isotherm
model [48] is given as:

qe ¼ qmaxKLCe

1þ KLCe
(6)

where KL (L/mg) is the Langmuir adsorption constant
related to the energy of adsorption, qmax and qe
(mg/g) are the maximum and equilibrium adsorption
capacity, respectively. Langmuir constants generated
from adsorption data plot of qe against Ce, shown in
Fig. 6, are summarized in Table 2.

The Freundlich isotherm is based on the premise
that adsorption occurs on rare heterogeneous surface
sites with different energies of adsorption and are also
non-identical. The non-linear form of the Freundlich
isotherm was used to investigate the adsorption
process adherence to the model [49]:

qe ¼ kfC
1=n
e (7)

kf can be defined as the adsorption or distribution
coefficient and represents the quantity of dye
adsorbed onto adsorbent for unit equilibrium concen-
tration, 1/n is the heterogeneity factor, and n is a mea-
sure of the deviation from linearity of adsorption. Its
value indicates the degree of non-linearity between
solution concentration and adsorption as follows: if
the value of n is equal to unity, the adsorption is lin-
ear; if the value is below unity, this implies that
adsorption process is chemical; if the value is above
unity, adsorption is a favorable physical process [50].
The values of the model parameters obtained from the
plot of qe against Ce shown in Fig. 6 are presented in
Table 2.

The non-linearized form of Temkin isotherm [51] is
represented by Eq. (8):

qe ¼ RT

b
log KTCeð Þ (8)

where b Temkin constant related to the heat of adsorp-
tion(kJ/mol), R gas constant (8.314 J/mol K), T temper-
ature (K), and KT Empirical Temkin constant related
to the equilibrium binding constant related to the
maximum binding energy (L/mg).

The adsorption data can be analyzed according to
Eq. (8). A plot of the qe vs. log Ce shown in Fig. 6
enables the determination of the isotherm constants KT

and b shown in Table 2.
All the three isotherms under study described the

adsorption of CV on CHACP. The best fit of isotherm

Table 1
Pseudo-first-order, pseudo-second-order, chemisorption, and intraparticle diffusion model constants and correlation
coefficients for CV adsorption onto CHACP at pH 6, particle size 75 μm, mass catalyst 0.03mg, and agitation speed 120 rpm

Kinetic model Parameter

Initial dye concentration
(50mg/L)

Initial dye concentration
(100mg/L)

Initial dye concentration
(150mg/L)

T/283 K T/298 K T/323 K T/283 K T/298 K T/323 K T/283 K T/298 K T/323 K

Pseudo-first
order

kf 0.142 0.115 0.557 0.077 0.095 0.318 0.14006 0.09102 0.31854
qe 128.2855 156.1966 165.357 175.9027 194.8431 249.3610 215.4026 229.4700 261.7038
R2 0.9987 0.9942 0.99977 0.88447 0.99785 0.97209 0.98023 0.96562 0.97114

Pseudo-second
order

ks 0.1878 0.13949 2.63825 0.07262 0.10457 0.60097 0.18238 0.10219 0.60502
qe 145.7184 167.8506 182.2054 224.2203 234.7971 265.1940 245.9373 276.2942 278.2264
ho 3987.717 4630.902 74329.64 3650.953 5764.911 42264.9 11031.28 7801.033 46834.58
R2 0.97238 0.98963 0.96184 0.76708 0.96531 0.79874 0.98743 0.96201 0.80677

Chemisorption α 94.127 65.345 5.98E(18) 28.023 1737.49 16,963 150.454 65.634 17015.98
β 0.03888 0.027823 0.246064 0.017827 0.01954 0.03961 0.022762 0.017309 0.03775
R2 0.97568 0.98688 0.9991 0.88995 0.97269 0.99648 0.99659 0.99486 0.99821

Intra-particle
diffusion

kid 16.72381 20.95723 32.8345 25.18684 26.64599 30.02313 28.60493 31.48072 31.55103
I 24.91279 23.23567 17.45328 5.70061 20.44345 78.87116 39.68738 23.33808 82.66436
R2 0.81552 0.88103 0.45702 0.82534 0.89011 0.66193 0.86483 0.95387 0.66498
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was selected based on the highest correlation
coefficient (R2) value (closer to unity) which describes
the fitness of the isotherm to the experimental data.

As observed from Table 2, although the equilib-
rium data fitted well to the Langmuir, Freundlich, and
Temkin adsorption isotherm models, the Freundlich
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Fig. 6. Different adsorption isotherm models fit for
adsorption of CV dye on CHACP at (a) 10˚C, (b) 25˚C, and
(c) 55˚C. (Experiment conditions: pH 6 and mass dosage
0.1 g/L).
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and Temkin models exhibited a slightly better fit to
the adsorption data than the Langmuir model. The
increase in values at higher temperatures suggests that
the adsorption process was favorable at higher tem-
peratures. In general, n > 1 illustrates that adsorbate is
favorably adsorbed on an adsorbent. In particular, the
value of (n) is significantly higher than unity at all the
temperatures studied.

The Temkin isotherm takes into account the effects
of the interaction of the adsorbate and the adsorbing
species. By ignoring the extremely low and large con-
centration values, the model assumes that the heat of
adsorption (a function of temperature) of all of the
molecules in the layer would decrease linearly rather
than logarithmically with coverage due to adsorbate–
adsorbent interactions [52].

An accepted fit of the Langmuir model showed
that there was monolayer coverage of CV on the
adsorbent surface.

The favorability of the adsorption (RL) was evalu-
ated from the parameters of the Langmuir adsorption
isotherm model. The RL can calculate from the follow-
ing equation [45]:

RL ¼ 1

1þ KLC0
(9)

where KL is the Langmuir constant (L/mg) and C0 is
the initial concentration of dye. The RL can vary: for
RL > 1, the adsorption is unfavorable; RL = 1, the
adsorption is Linear condition; the adsorption is
favorable when 0 < RL < 1; and RL= 0 is for irreversible
conditions. The value of RL for the sorption of CV
onto CHACP is shown in Fig. 7, which indicates that
sorption of CV on CHACP was “favorable”. Accord-
ing to Fig. 7, the RL values for CHACP were achieved
between 1 and 0 indicating favorable adsorption of

CV onto CHACP surface. The monolayer coverage
obtained from this is 396.97mg g−1, considering good
for a comparison with previous data in literatures
[1,35,36,46,53–57].

3.4. Thermodynamic parameters

The understanding and prediction of thermody-
namic parameters are the most suited conditions for
the evaluation of an adsorption process. The thermo-
dynamic parameters were developed under the
assumption that the sorbate molecules are absorbed
into a porous adsorbent with a constant void fraction,
providing a uniform distribution on the surface [58].
The parameters chosen in this study are change in
enthalpy (ΔH˚), entropy (ΔS˚), and Gibbs free energy
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Fig. 7. Value of separation factor RL for adsorption of
crystal violet by CHACP at different temperatures.

Table 2
Langmuir, Freundlich, and Temkin model isotherms parameters for CV adsorbed on the surface of CHACP, in the
presence of different temperatures

Isotherm models Parameters T/283 K SE T/298 K SE T/323 K SE

Langmuir qm (mg/g) 315.860 16.987 396.977 25.735 418.068 19.479
KL (L/mg) 0.028 0.006 0.035 0.005 0.162 0.044
R2 0.9400 0.9434 0.8422

Freundlich KF 48.803 4.7108 50.062 2.6959 158.728 5.408
1/n 0.384 0.022 0.341 0.0120 0.202 0.008
R2 0.9928 0.9825 0.9908

Temkin B (J/mole) 83.967 5.904 65.487 3.572 63.374 3.248
KT 0.311 0.064 0.408 0.072 5.615 1.581
R2 0.9910 0.9829 0.9939
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change (ΔG˚). The experimental values obtained from
the following equations inform whether the adsorp-
tion process was spontaneous or non-spontaneous
[59].

ln Kdð Þ ¼ ln
Ca

Ce

� �
¼ ��G�

RT
(10)

lnðKdÞ ¼ �S�

R
��H�

RT
(11)

where Kd is the equilibrium constant, Ca is the
amount of CV adsorbed at equilibrium (mg/L), Ce is
the concentration of CV remaining in the solution at
equilibrium (mg/L), T is the solution temperature
(K), and R is the perfect gas constant (8.314 J/mol K).
The isosteric enthalpy ΔH˚ and entropy ΔS˚ of
adsorption were also calculated from the slope and
the intercept of the plot of ln(Kd) vs. 1/T, respec-
tively, using the equation: ΔG˚ = ΔH − TΔS˚ (figure
not shown).

Results are shown in Table 3, that indicates that
the adsorption process was endothermic in nature and
the magnitude of adsorption supports the formation
of partial chemical processes that are involved during
the removal process [60]. The negative value of the
Gibbs free energy change (ΔG˚) reveals that the
adsorption process was spontaneous in nature [61]
and the decreasing value of ΔG˚ with increasing
temperature shows the spontaneous nature of the
adsorption of CV dye. The entropy change ΔS˚ shows
positive value, this confirms that the increasing
randomness between the solid–solution interfaces
during the adsorption process, probably due to the
desorption of solvent molecules prior to CV dye
adsorption [59].

This is the normal consequence of the combination
of physical adsorption, which takes place through
electrostatic interactions. In order to further support
the assertion that physical adsorption is the predomi-
nant mechanism, the values of the activation energy
(Ea) and sticking probability (S*) were estimated from

the experimental data. They were calculated using a
modified Arrhenius type equation related to surface
coverage (h) as follows [62]:

S� ¼ 1� hð Þe� Ea
RTð Þ (12)

The sticking probability (S*) value concern to adsor-
bate–adsorbent system under investigation. Its value
lies in the range 0 < S* < 1 and is dependent on the
temperature of the system. The parameter (S*)
indicates the measure of the potential of an adsorbate
to remain on the adsorbent indefinite. The surface
coverage (h) can be calculated from Eq. (13):

h ¼ 1� Ce

C0

� �
(13)

The activation energy and sticking probability are
shown in Table 3, from a plot of ln(1 − θ) vs. 1/T
(figure not shown).

The magnitude of activation energy gives an idea
about the type of adsorption which is mainly physical
or chemical. Low activation energies (<40 kJ mol−1) are
characteristics for physical adsorption, while higher
activation energies (>40 kJ mol−1) suggest chemical
adsorption [7]. The activation energy obtained for the
adsorption of CV onto CHACP indicates that the
adsorption process is chemisorption.

3.5. Structural characterization by infrared spectroscopy
and scan electron microscopy analysis

The adsorption process is mainly influenced by
the presence of functional groups on the surface of
the adsorbent material. If the surface of the adsor-
bent attains positive charge, then that adsorbent
adsorbs anionic dyes; whereas, if the surface of the
adsorbent attains negative charge, then it adsorbs
cationic dyes [60]. This phenomenon of adsorption
mainly depends on the presence of surface charges
of an adsorbent. The presence of various functional
groups in the adsorbent material was identified with

Table 3
Thermodynamic functions ΔG, ΔS, ΔH, Ea, and S* of CV dye adsorbed on the CHACP

T/K Kd ΔGo (kJ/mol) ΔHo (kJ/mol) ΔSo (J/K.mol) S* Ea (kJ/mol)

283 2854.759 −18.7211 11.86574 107.7328 0.1838 116.7347
298 3302.264 −20.0742 122.922
328 5602.731 −23.5367 135.2967
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FTIR in the range of 4,000–400 cm−1. The FTIR
spectrum of CHACP (figure not shown) displays a
number of absorption peaks, indicating that
many functional groups of the adsorbent may be
involved in the adsorption. The wide band in the
region (3,420–3,680 cm−1) is attributed to the hydro-
xyl (–OH) groups (libber and intermolecular hydro-
gen band). The band at 1,599 cm−1 indicates the
presence of groups (C–H and C=C), while CV dye
loaded CHACP shows peaks at 3,550, 2050, 1,500,
and 960 cm−1.

SEM technique was applied in order to confirm
the adsorption of CHACP on CV dye, the SEM
micrographs of CHACP samples before and after
adsorption of CV dye (figure not shown). SEM
enables a direct observation of any surface micro-
structure changes in the samples that would have
occurred due to the adsorption of CV dye. Some
slight differences at the micrographs are noticeable.
The number and shape of cracks and attached fine
particles over the carbon surface clearly differ before
and after adsorption. Minor decrease in the size of
the particles after adsorption is apparent. However,
the effect that would cause vast changes in the pore
structure of CHACP during adsorption is not present
in this case.

4. Conclusions

The present study shows that the coconut husk
activated carbon powder (CHACP) can be used as a
potential adsorbent for the removal of CV dye from
aqueous solutions. The operational parameters such
as pH, adsorbent dose, contact time, and tempera-
ture, were found to have an effect on the adsorption
efficiency of CHACP. The adsorption was highly
dependent on reaction temperature and solution pH.
The dye was optimally adsorbed at pH 9. The
calculated thermodynamic parameters showed the
endothermic and spontaneous nature of the adsorp-
tion process. The applicability of the three isotherm
models for the present data follows the order:
Freundlich > Temkin >> Langmuir. The kinetics of CV
onto the adsorbent can be described well by
pseudo-second order > Elovich > pseudo-first
order > Intra-particle diffusion equation. The overall
rate of dye uptake was found to be controlled by
external mass transfer at the beginning of adsorp-
tion, while intra-particle diffusion controlled rate of
adsorption at a later stage. FTIR analysis showed
that the main functional sites taking part in the
sorption of CV included carboxyl and hydroxyl
groups.
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