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ABSTRACT

The preparation of an activated carbon from apricot stones (ASAC) with H3PO4 activation
and its ability to remove the Coomassie blue (CB) from aqueous solutions are reported in
this study. The spectroscopy method is used to get information on interactions between the
functional groups of the adsorbent and the CB. Batch adsorption experiments were first
undertaken to assess the effect of various parameters on the removal efficiency of CB. It
was observed that under optimized conditions up to 98.022 mg/g could be removed from
solution at 50˚C. The equilibrium experimental data were analysed using Langmuir and
Freundlich isotherm equations. An error-based statistic study showed that the isotherm data
are well described by the Freundlich model. The suitability of the kinetic models for the
adsorption of CB onto ASAC was also investigated. It was found that the adsorption
kinetics of the dye obeyed pseudo-second-order kinetic model. The evaluation of
thermodynamics parameters such as activation energy of adsorption (Ea: 66.161 kJ/mol)
predicted the chemisorption nature of the sorption process. The negative Gibbs free
energy (−ΔG˚ = 15.21–19.27 kJ/mol) and negative enthalpy change (ΔH˚ = −55.088 kJ/mol)
indicated, respectively, the spontaneous and exothermic nature of the reaction.

Keywords: Apricot stone; Coomassie blue G-250; Isotherm; Kinetics; Thermodynamics

1. Introduction

Dye production industries and many other indus-
tries which utilize dyes are increasing globally by the
day with advancement in technology [1–3]. Textile,
leather, paper, plastic, food, cosmetics, etc. are some of
these industries. Presently, it was estimated that about
100,000 of different commercial dyes and pigments

exist and over 7.105 tonnes are produced annually
worldwide [4,5]. As a result, water pollution by dyes
has become one of the major pollution sources of the
environment with approximately over 40,000 tonnes of
dyes released every year into the environment [5,6].
Furthermore, most dyes are resistant to heat and light
and are not biodegradable [5]. Their presence in
wastewater causes the water pollution by lowering
light penetration and photosynthesis [3]. Hence, the
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removal of dyes from waste effluents has become
environmentally important. Various processes have
been investigated and shown to be effective in reduc-
ing dye concentrations in wastewater: chemical oxida-
tion, biological treatment, coagulation–flocculation,
membrane processes, adsorption, etc. [7,8]. Amongst
these methods, the adsorption onto activated carbon
has been found to be superior: inexpensive and effec-
tive to treat the wide range of dyes in wastewaters
[5,7,8]. The high adsorption capacity of activated
carbon is a result of its high surface area, extensive
porosity in the interior of the particles, and presence of
many different types of surface functional groups [5].
However, the available activated carbons in commerce
are relatively expensive; their production and
regeneration cost may constitute their limiting factors
[6]. Hence, most researchers worldwide have focused
on the search of new low-cost precursors especially
issued from agricultural wastes. Precursors from
wastes and agricultural by-products such as dolomite
[8], date stones [9], waste bamboo scaffolding [5],
wheat bran [10], bagasse [7], pumice and walnut [11],
oil palm [12], lingo-cellulosic materials [13], date palm
[14] and flamboyant pods [15] have shown potential.
The objective of the present study was to use apricot
stones as a low-cost precursor since agriculture in
Algeria generates more than 20.000 tonnes of apricot
stones each year, which represents a significant
amount of solid pollutant. The aim of the study was to
assess the ability of an activated carbon prepared from
apricot stones for the removal of Coomassie blue
(G-250), an acid dye largely used in the textile industry
and commonly used in biology and biochemistry for
staining proteins [16]. The study was carried out with
the aim to optimize conditions for maximum removal
of this dye from aqueous solutions. Besides this, the
equilibrium adsorption data were fitted to various
equations to obtain constants related to the adsorption
phenomena. Finally, thermodynamic and kinetic stud-
ies were performed in order to investigate the adsorp-
tion process and estimate the rate of adsorption in
parallel with thermodynamic parameters such as
activation energy and changes in free energy, enthalpy
and entropy.

2. Experimental

2.1. Materials and methods

Analytical grade reagents are used in all experi-
ments. Acid dye, Coomassie blue (CB) (99%) is
purchased from Merck Company. Chemical and
physical properties of CB are listed in Table 1.

Apricot stones obtained from Boumerdes region in
Algeria, are air dried, crushed and screened to obtain
two fractions with geometrical mean sizes ranging
from 63 μm to 2.5 mm. One hundred grams of the
selected fraction are impregnated with concentrated
H3PO4 (85%) and subsequently subjected to carboniza-
tion and an activation process in a hot air oven at
250˚C for 4 h. After, the produced activated carbon is
cooled to room temperature, washed with distilled
water to remove free acids until the pH reached 6.8
and then dried for 6 h at 105˚C. Finally, the obtained
biomass is grinded and sieved to get different particle
sizes: <63, [63–80], [80–100], [100–200], [200–315],
[315–800] μm and [0.8–1], [1–1.6], [1.6–2] mm.

2.2. Adsorption studies in batch mode

The effects of the experimental parameters such as,
the initial CB concentration (10–100 mg/L), pH (2–10),
adsorbent dosage (1–7 g/L) and temperature (295–
329 K) on the adsorptive removal of CB ions were
studied in a batch mode of operation for a specific
period of contact time (0–60 min). ACB stock solution
(1,000 mg/L) is prepared by dissolving the accurate
amount of CB (99%) in distilled water. The CB solu-
tions with required initial concentrations are prepared
by diluting the stock solution and the pH is adjusted
by adding solutions of HCl (0.1 M) or NaOH (0.1 M).
For kinetic studies, desired quantity of ASAC is
contacted with 10 mL of BC solutions in Erlenmeyer
flasks. The flasks are then placed on a rotary shaker at
300 rpm and samples are taken at regular time inter-
vals. Subsequently, the samples are centrifuged at
3,000 rpm for 10 min and the CB content in the
supernatant is measured by a UV–vis spectrophotome-
ter (Perkin Elmer model 550S) at its maximum
wavelength of 595 nm.

The amount of CB ions adsorbed by activated car-
bon qt (mg/g) is calculated using the following Eq. (1):

qt ¼
ðC0 � CtÞ � V

m
(1)

Table 1
Chemical properties of acid dye, Coomassie blue (G-250)

Name Coomassie brilliant blue (G-250)

Brute formula C47H49N3NaO7S2
Molecular weight (855.028 ± 0.054) g/mol
Density 0.96 g/mL
Wave number (λmax) 595 nm
Refractive index 1.334

15038 M. Abbas et al. / Desalination and Water Treatment 57 (2016) 15037–15048



where C0 and Ct (mg/L) are the liquid-phase concen-
trations of CB at initial and a time t, respectively. V is
the volume of the solution (L) and m is the mass of
dry adsorbent used (g). Due to the inherent bias
resulting from linearization of the adsorption isotherm
models, a nonlinear regression by the root mean
square error (RMSE) test was employed as criterion
for the quality of fitting. The better accuracy of the
theoretical models is obtained for the smallest values
of RMSE [17]. The RMSE is evaluated by the following
equation:

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

N � 2
�
XN
1

ðqe;exp � qe;calÞ2
vuut (2)

where N is the number of experiments, while qe,exp
and qe,cal are the experimental and calculated values
of the CB uptake at equilibrium.

3. Results and discussion

3.1. Structural characterization by infrared spectroscopy
analysis

The Fourier transform infrared (FTIR) spectrum of
ASAC, shown in Fig. 1, displays a number of absorp-
tion peaks, noticed around 3,436, 2,929, 1,732, 1,599
and 1,508 cm−1, indicating that many functional
groups of the absorbent may be involved in the
adsorption. The wide band between 3,122 and
3,680 cm−1 is attributed to the hydroxyl (–OH) groups
(libber and intermolecular hydrogen band). The band
at 2,929 and 1,508 cm−1 suggest the presence of

(–CH2) groups (symmetric and asymmetric), while the
band at 1,599 cm−1 indicates the presence of groups
(C–H, –C=C– and C=C).

The peak at 1,732 cm−1 is assigned to C=O in
carboxylic groups. This clearly indicates that
functional groups including carboxylic and hydroxyl
groups contribute to CB adsorption on the binding
sites.

3.2. Effect of ASAC size

The effect of the ASAC particle sizes on the CB
uptake efficiency was the first investigated amongst
the series of batch experiments. As shown in Fig. 2,
significant variations in uptake capacity were observed
at different particles sizes; the best performance was
obtained with particle sizes ranging in [315–800] μm.
Indeed, generally the small particles provide a large
surface area, which allows a high uptake capacity and
removal efficiency. For the rest of the study, the
[315–800] μm class was used in all adsorption
experiments.

3.3. Effect of pH

The pH of the CB solution plays an important role
in the whole adsorption process and particularly on
the adsorption capacity. As shown in Fig. 3(a), the
uptake capacity of CB onto ASAC increases consis-
tently with the decrease in pH. This effect of the pH
may be explained on the basis of the pH of the point
of zero charge (pHpzc) value at which the adsorbent is
neutral. Under the pHpzc value of the ASAC found to
be 7.05 as shown in Fig. 3(b), the surface charge of the

Fig. 1. Spectrum of FTIR analysis from ASAC.
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adsorbent is positive [18] and consequently due to
electrostatic attraction, the adsorption of CB anions is
favourized. Indeed, the CB molecule presents differ-
ently charged states, corresponding to the amount of
positive charges at the three nitrogen atoms present,
while the two sulphonic acid groups are normally
always negatively charged. Above pH 2, only one
nitrogen atom carries a positive charge and the dye
molecule is a blue anion with an overall charge of −1.
Similar experimental details have been reported by
Demirbas [19].

3.4. Effect of stirring speed

The effect of stirring speed on ASAC adsorption
capacity is also investigated. Optimal value of adsorp-
tion capacity is obtained for a stirring speed of
300 rpm (Fig. 4). Such moderate speed gives a good
homogeneity for the mixture suspension while high
speeds, may lead to a swirling flow with surface
vortex formation and poor solids distribution.

3.5. Effect of contact time and initial concentration

As shown in Fig. 5, for all studied concentrations,
the adsorption capacity of CB increases with time and
reaches a maximum value at 55 min indicating an
equilibrium state, where no CB ions can be removed
from the solution. It can also be concluded from Fig. 5
that when the initial concentration increases from 10
to 100 mg/L, the amount of CB adsorbed at equilib-
rium (qe) increases eightfold, from 8.09 to 66.17 mg/g
indicating that the initial CB concentration plays an
important role in the adsorption process. Indeed, the
initial concentration provides the necessary driving
force to overcome the resistances to the mass transfer
of CB between the aqueous and solid phases.

3.6. Dosage effect of the adsorbent

The effect of the ASAC dosage on the removal of
CB ions is shown in Fig. 6, where significant

Fig. 2. Effect of particle size on the CB adsorption
efficiency (T = 20˚C, C0 = 20 mg/L, contact time = 45 min
and stirring speed = 300 rpm).

Fig. 3. (a) Effect of pH on the CB adsorption efficiency (T = 20˚C, C0 = 20 mg/L, contact time = 45min, stirring
speed = 300 rpm and particle size = [315–800 μm]) and (b) pH of the point of zero charge pHpzc of the ASAC.
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variations in the uptake capacity can be observed at
different adsorbent dosage (1–7 g/L). The best perfor-
mance with a maximum removal of 39.55% is
observed with a dosage of 7 g/L. This result was
expected because by increasing the mass of the adsor-
bent, the contact surface and the active sites offered to
the adsorbate increase, and therefore the removal
efficiency increases too.

3.7. Adsorption isotherms

The shape of the isotherms is the first experimental
tool to diagnose the nature of a specific adsorption
phenomenon. The isotherms have been classified
according to the classification of Giles et al. [20] in

four main groups: L, S, H and C. According to the
above classification, the isotherms of ASAC at differ-
ent temperatures (22.5 and 50˚C) displayed an L curve
pattern (Fig. 7). The initial part of the L curve
indicates small interaction between acid dye and the
carrier at low concentrations. However, as the concen-
tration in the liquid phase increases, adsorption
occurred more readily. This behaviour is due to a
synergistic effect, with the adsorbed molecules facili-
tating the adsorption of additional molecules as a
result of attractive adsorbate–adsorbate interactions.

Equilibrium relationships between adsorbent and
adsorbate are described by adsorption isotherms.

Two adsorption isotherms are used in the present
study namely, Langmuir [21] and Freundlich [22]. The
applicability of the isotherm models to the adsorption
study was compared by evaluating the statistic RMSE

Fig. 4. Effect of stirring speed on the CB dye adsorption
capacity (T = 20˚C, C0 = 20 mg/L, contact time: 45 min, pH
2 and particle size: [315–800 μm]).

Fig. 5. Effect of the contact time on the adsorption of CB onto ASAC (T = 20˚C, pH 2, particle size = [315–800 μm]),
stirring speed = 300 rpm and absorbent dosage = 1.5 g/L).

Fig. 6. Effect of adsorption dosage on the CB dye adsorp-
tion capacity (T = 20˚C, C0 = 20 mg/L, pH 2, particle size:
[315–800 μm] and stirring speed = 300 rpm).

M. Abbas et al. / Desalination and Water Treatment 57 (2016) 15037–15048 15041



values. The linear forms of the Langmuir and
Freundlich isotherms are represented by the following
Eqs. (3) and (4) respectively:

1

qe
¼ 1

qmax

� 1

qmax:KL:Ce
(3)

where Ce is the equilibrium concentration (mg/L), qe
the amount of adsorbate adsorbed (mg/g), qmax the
monolayer capacity (mg/g) and KL is the Langmuir
adsorption equilibrium constant (L/mg).

ln qe ¼ ln KF þ 1

n
� ln Ce (4)

where KF is a constant indicative of the adsorption
capacity of the adsorbent (L/g) and n is an empirical
constant related to the magnitude of the adsorption
driving force.

The linearized Freundlich and Langmuir isotherms
of CB at different temperatures (22.5 and 50˚C) are
shown in Figs. 8 and 9 respectively.

The theoretical parameters of adsorption isotherms
along with the regression coefficients are listed in
Table 2. The smaller RMSE values obtained in
Freundlich isotherms models indicate the better curve
fitting.

The favourable nature of adsorption can be
expressed in terms of dimensionless separation factor
of equilibrium parameter, which is defined by Eq. (5)
[23]:

RL ¼ 1

1þ KL � C0
(5)

where KL is the Langmuir constant and C0 is the initial
concentration of the adsorbate in solution. The values
of RL indicates the type of isotherm to be irreversible
(RL = 0), favourable (0 < RL < 1), linear (RL = 1) or
unfavourable (RL > 1). In this study, the RL obtained
values are less than 1, confirming that adsorption
process is favoured in both the cases as well as
applicability of Langmuir isotherm.

3.8. Adsorption kinetics

The kinetic study is important to an adsorption
process because it describes the uptake rate of adsor-

Fig. 7. Adsorption isotherms of CB by ASAC.

Fig. 8. Freundlich isotherms for the adsorption of CB ions
onto ASAC.
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bate, and controls the residual time of the whole
adsorption process. Two kinetic models, pseudo-
first-order and pseudo-second-order are selected in
this study to describe the adsorption process. The
pseudo-first-order equation is given below [24]:

log qe � qt
� � ¼ log qe �

k1
2:303

� t (6)

The pseudo-second-order model is given by Eq. (7)
below [25,26]:

t

qt
¼ 1

k2 � q2e
þ 1

qe
� t (7)

where qt (mg/g) is the amount of metal adsorbed on
the adsorbent at various times t (min), k1 is the rate
constant of pseudo-first-order kinetics (min−1), k2 is

the rate constant of the pseudo-second-order kinetic
(g/mg min). The rate constants, predicted uptakes and
the correlation coefficients for ASAC are summarized
in Table 3. For the pseudo-first-order kinetic, the
experimental data deviated greatly from linearity
(Fig. 10). This was evidenced by low qe and low
correlation value. Therefore, the pseudo-first-order
model was inapplicable to this system. The correlation
coefficient and the qe,cal value from the pseudo-
second-order kinetic model are seen to be in good
agreement with the experimental results (Fig. 11).

The possibility of intraparticle diffusion during the
transportation of adsorbate from solution phase to the
surface of the adsorbent particles was also investi-
gated using the intraparticle diffusion model given
below by the formula (8) of Weber and Morris [27]:

qt ¼ Kid � t12 þ C (8)

where Kid is the intraparticle diffusion rate constant
(mg/g min1/2), qt the amount of CB adsorbed at time t
and C (mg/g) is the intercept. If intraparticle diffusion
is rate limited then the plot of adsorbate uptake qt vs.
the square root of time (t1/2) would result in a linear
relationship and Kid and C values can be obtained
from these plot. The data collected at 22.5˚C for an ini-
tial concentration of CB of 10 mg/L exhibit multilinear
plots (two separate regions) (Fig. 12). This indicates
that two steps occur during the adsorption process.
The first step in diffusion model is the mass transfer
of adsorbate molecules from the bulk solution to the
adsorbent surface or instantaneous stage and second
stage is the intraparticle diffusion on activated apricot
stones. Moreover, the particle diffusion would be the
rate-controlling step if the lines pass through the
origin.

3.9. Effect of temperature

The activation energy Ea of the acid dye sorption
was calculated using the Arrhenius equation (9) [28].

Fig. 9. Langmuir isotherms for the adsorption of CB ions
onto ASAC.

Table 2
Sorption isotherm coefficients of Langmuir and Freundlich models

Langmuir 1/Ce = f(1/qe) Freundlich ln qe = f(ln Ce)

T = 22.5˚C T = 50˚C T = 22.5˚C T = 50˚C

qmax (mg/g) 10.09 98.02 1/n 0.52 0.52
KL (L/mg) 2.46 0.25 KF (mg/g) 7.25 19.00
R2 0.96 0.99 R2 0.99 0.96
RMSE 0.45 1.93 RMSE 0.014 1.34
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log k2 ¼ � Ea

R � T þ A (9)

where A is the pre-exponential factor (g/mg min), R
the universal gas constant (J/mol K), T the absolute
temperature and k2 is the pseudo-second-order rate
constant (g/mg min). The coefficient k2 has been deter-
mined at different temperatures using the pseudo-
second-order kinetic model. The values obtained from
the slopes of the plots t/qt vs. t (Fig. 13) are consigned
in Table 4. It is clear from the table that the value of k
increases with the increase in temperature, indicating
that sorption is favoured at high temperature.

The plot of ln k2 vs. 1/T gave a straight line as
shown in Fig. 14, where the slope gives the activation
energy Ea (66.161 kJ/mol), while the intercept indicates
the pre-exponential factor A (ln A = 20.187 g/mg min).
The magnitude of the activation energy gives an
idea about the type of biosorption of CB onto
ASAC. Indeed, the relatively high value found
here belongs to the marge [60–800 kJ/mol] and
consequently suggest that the phenomenon is mainly
chemical.

Thermodynamic parameters, namely, free energy
(ΔG˚), enthalpy (ΔH˚) and entropy (ΔS˚) changes were
also calculated using Eqs. (10) and (11) and are given
in Table 5.

Table 3
Kinetic parameters for adsorption of CB ions onto ASAC

C0 (mg/L) qe,exp (mg/g)

Pseudo-first-order kinetic Pseudo-second-order kinetic

k1 (min−1) qe,cal (mg/g) R2 k2 (g/mg min) qe,cal (mg/g) R2

10 8.09 0.0608 3.376 0.99 0.0389 8.389 0.99
40 12.14 0.0566 3.645 0.94 0.0318 12.583 0.99
70 38.72 0.0562 4.036 0.94 0.3644 39.200 0.99
100 66.18 0.0022 0.630 0.79 0.017 68.493 0.99

Fig. 10. First-order kinetic for the adsorption of CB onto
ASAC.

Fig. 11. Pseudo-second-order kinetic for the adsorption of
CB onto ASAC.
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DG� ¼ �RT � ln KL (10)

DG� ¼ DH� � T � DS� (11)

where KL (L/mg) is the Langmuir constant, T the
absolute temperature and R is the universal gas
constant (8.134 J/K mol).

The negative values of ΔG˚ and ΔH˚ indicate that
the adsorption of CB onto ASAC is spontaneous and
exothermic in the studied range of temperatures. The
positive value of ΔS˚ states clearly that the random-
ness increased at the solid–solution interface during
the CB adsorption onto the ASAC, indicating that
some structural exchange may occur amongst the
active sites of the sorbent and the ions.

3.10. Performance of the prepared ASAC

In order to have an idea about the efficiency of the
prepared ASAC, a comparison of acid dye adsorption
of this work and other relevant studies has been done
as shown in Table 6. The adsorption capacity of the
adsorbent qmax was the parameter used for compari-
son. One can conclude that the value of qmax in this

Fig. 12. Intraparticle diffusion plot for the adsorption of
CB onto ASAC (T = 22.5˚C, C0 = 10 mg/L and adsorbent
dosage = 1 g/L).

Fig. 13. Pseudo-second-order rate constant estimation for
the adsorption of CB onto ASAC at different temperatures.

Table 4
The rate constant k2 at different temperatures

T (˚C) qe (mg/g) k2 (g/mg min) R2

42 10.18 6.10 × 10−3 0.998
47 11.63 9.64 × 10−3 0.999
50 13.49 11.90 × 10−3 0.999
52 17.58 13.12 × 10−3 0.999

Fig. 14. A plot of ln k2against 1/T for the adsorption of CB
onto ASAC.

Table 5
Thermodynamic parameters for the CB adsorption on ASAC

T (K) KL (L/mg) ΔG˚ (kJ/mol) ΔH˚ (kJ/mol) ΔS˚ (J/mol K)

295.5 2.55 −19.27 −55.088 121.209
329 0.26 −15.21
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study is in good agreement than those in most of
previous works which suggests that CB could be
easily adsorbed by ASAC used in this work. This indi-
cates that the apricot stone, very abundant in Algeria,
is a type of cheap and effective adsorbent for the CB.

4. Conclusions

This study has shown that activated carbon pre-
pared from apricot stones can be employed as an
effective adsorbent for the removal of CB ions from
aqueous solution. Under optimized conditions, the
maximum adsorption capacity was 10.04 mg/g at
22.5˚C and 98.04 mg/g at 50˚C. The Freundlich iso-
therm model provided a better fit of the equilibrium
adsorption data than the Langmuir model, while the
pseudo-second-order kinetic equation gave the best
description of the kinetic data. The negative values of
ΔG˚ and ΔH˚ indicated that the adsorption of CB onto
ASAC is spontaneous and exothermic in the studied
range of temperatures. The evaluation of the activation
energy of adsorption (Ea = 66.161 kJ/mol) predicted
that the fixation of the dye on the adsorbent surface is

controlled by chemisorption, meaning that the CB ions
form chemicals bonds with functional groups of the
adsorbent.
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