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Received 31 March 2015; Accepted 2 August 2015

ABSTRACT

Olive pomace (OP) was used as an adsorbent for the removal of Basic green 4 (BG4) from
aqueous solution using adsorption technique. Effects of contact time, adsorbent dose, initial
dye concentration, solution pH, and temperature, ionic strength on the adsorption were
investigated. Moreover, desorption, isotherm, kinetics, thermodynamics, and process design
studies were performed. The adsorption increased with increasing concentration, tempera-
ture, and pH, while it was decreasing with the increase in ionic strength. The desorption
was highly low in acidic and alkali mediums. Adsorption obeyed the Langmuir, Freundlich,
Temkin and Dubinin–Raduskhevich models, and the pseudo-second-order kinetic model.
The Langmuir adsorption capacity (Qo) was 41.66 mg g−1. The experimental adsorption
capacity of the commercial activated carbon was quite high relatively to the OP. A single-
stage batch adsorber design was suitable for the usage of the OP in removing of the BG4.
Furthermore, Fourier transform infrared, scanning electron microscopy, and thermodynamic
studies were also performed.

Keywords: Olive pomace; Basic green 4; Activated carbon; Adsorption isotherm; Single-stage
batch adsorber design

1. Introduction

Adsorption is a physical technique used to remove
the undesirable pollutants such as heavy metals, dyes,
and pesticides contaminated in wastewaters. Recently,
many researchers have preferred to use the low-cost
adsorbent materials in the adsorption studies for the
removal of undesirable pollutants from wastewaters.
Because these materials are highly cheap and eco-
nomic relatively to the commercial activated carbon.
Some of low-cost materials used extensively as adsor-

bent by some researchers can be ranged as: lignin [1],
flay ash [2], calabrian pine bark [3–5], pine sawdust
[6], peat [7], charcoal ash [8], banana stalk waste [9],
wheat brain [10], rice straw-derived char [11], sepiolite
[12], dead fungal biomass (aspergillus wentii) [13], sea
shell powder [14], peanut shell [15,16], raw pine cone
biomass (Pinus radiata) [17], pineapple leaf powder
[18], red mud [19], chitosan [20], papaya seed [21],
miswak (Salvadora Persia) [22], walnut shell [23], egg-
shell powder [24], eggshell membrane [25], acetonitrile
stannic(IV) selenite composite cation exchanger [26],
bottom ash [27], pyrolytic graphite electrode [28], bot-
tom ash and de-oiled soya [29], hen feathers [30,31],*Corresponding author.
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and modified hibiscus cannabinus fiber [32]. In this
study, olive pomace (OP) was selected as an
alternative low-cost adsorbent for the removal of Basic
green 4 (BG4). On the other hand, commercial acti-
vated carbon was also used for the removal of the
BG4. Some knowledge’s with regard to the OP are
given in the following.

Worldwide, 98% of olives is grown in
Mediterranean countries, and there are approximately
900 million olives in the areas of more than 10 million
hectares [33]. Turkey is one of the Mediterranean coun-
tries growing the olive, and the annual amount of the
olive oil produced in Turkey is approximately
250,000 tons [34]. On average, 20 kg of the olive oil is
extracted from the 100 kg of the olive [33]. The OP is a
solid waste which is the remaining portion after the
extraction of the olive oil from the olive in the olive oil
factories, and it consists of mixture of olive cake and
stone [35]. At the same time, the OP is also known
under the names of olive cake, olive stone, and pirina.
The OP has a heterogeneous property included the
olive oil of 6–8%, the water of 20–33%, the seeds, and
pulps of 59–74% [33]. The OP is used commonly as a
fuel as well as fertilizer and filler in the agriculture
[35]. Recently, the OP has also been used as an adsor-
bent for the removal of heavy metal and dye pollutants
from wastewaters. However, the adsorption studies of
heavy metals and dyes onto the OP are restricted in
literature. Some of the metal and dye adsorption works
done with the OP are summarized in the following.

For example, Pagnanelli et al. have used OP as an
adsorbent for the removal of copper, lead, and cad-
mium [36]. Kula et al. have studied the removal of
cadmium from aqueous solution using the olive stones
impregnated with ZnCl2 and carbonized at 650˚C
under nitrogen atmosphere [37]. Aziz et al. have
investigated the removal of cadmium and safranin
using the olive stone treated with sulfuric acid [38].
Rouibah et al. have studied the removal of Chromium
(VI) and Cadmium(II) from aqueous solutions by the
olive stones [39]. On the other hand, the adsorption
kinetics and thermodynamics of iron III ions onto the
olive stones have been studied by Martinez-Nieto
et al. [40] and Hodaifa et al. [41].

Moreover, a few works of dye adsorption done
with the OP have also been performed. For instance,
the OP activated with ZnCl2 have been used as an
adsorbent for the adsorption of an anionic dye Rema-
zol red B from aqueous solution by Uğurlu et al. [42].
Akar et al. have studied the adsorption of Reactive
Red 198 by untreated OP [43]. Baccar et al. have also
studied the adsorption of Lanaset Grey, an industrial
metal complex dye, by activated carbon produced

from the olive-waste cake [44]. On the other hand, in
our a work, we have investigated the adsorption of
methyl violet by the pirina [45]. In another work, we
have studied the removal of remazol brilliant blue R
from aqueous solution using the pirina and commer-
cial activated carbon [46].

Any work on the adsorption of Bacic Green 4
(BG4), a cationic dye, on the OP has not been met in
the literature, so far. The BG4 is a toxic dye, having
genotoxic, mutagenic, teratogenic, and carcinogenic
effects. If the BG4 is discharged to environment, it
threatens the health of animals and humans. For
example, when this dye comes into contact with
human, it causes damage to the liver, spleen, and
kidney. On the other hand, it leads lesions on skin,
eyes, lungs, and bones [18]. Therefore, in this study,
we have aimed the removal of the BG4 from aque-
ous solution using the OP as an adsorbent. The
effects of contact time, adsorbent dose, initial dye
concentration, solution pH, and temperature, ionic
strength on the adsorption of the BG4 were investi-
gated, respectively. Moreover, desorption, isotherm,
kinetics, thermodynamics, process design, XRD, scan-
ning electron microscopy (SEM), and Fourier trans-
form infrared (FT-IR) studies were performed. On
the other hand, the commercial activated carbon
(CAC) was also used for the adsorption of the BG4.
The obtained findings were discussed in detail.

2. Materials and methods

2.1. Materials

2.1.1. Adsorbent

The OP wastes used for the experiments was
received from a private olive oil factory in Kilis city
located in the southern part of Turkey. The CAC
(Code Number: 434454) was provided from the Carlo
Erba firm. Both adsorbents were utilized without any
pre-treatment in the adsorption experiments.

2.1.2. Adsorbate

The BG4, a cationic dye (C. I. 42000) was provided
from Merck. It was used as received without further
purification in the experiments. The chemical structure
and some physical properties of the BG4 are given in
Table 1. In order to obtain the desired concentrations,
the stock solutions of 500-mg dye L−1 were prepared
with distilled pure water. Initial pH values of the dye
solutions prepared were adjusted using 0.1 N HCl and
NaOH solutions.
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2.2. Methods

2.2.1. Adsorption studies

Firstly, the samples of the OP were dried in an
oven at 100˚C for 6 h to remove the moisture before
experiments, and then they were passed over a 100-mesh
molecular sieve for the adsorption experiments. The
adsorption experiments were conducted by stirring
0.50 g of the OP with the BG4 solution of 100 mL in
250-mL erlenmayer flasks placed on a temperature-
controlled magnetic stirrer for various concentrations
(between 20 and 100 mg L−1), pHs (between 3 and 8),
temperatures (between 20 and 50˚C), adsorbent doses
(between 0.25 and 2.0 g), and ionic strengths (between
0.05 and 0.3 M) as a function of contact time at a con-
stant shaking rate of 400 rpm. After the desired con-
tact times, the samples were withdrawn from mixture
using a micropipette to prevent the transition of the
OP particles to the solution, and then they were cen-
trifuged for 5 min at 3,000 rpm. After centrifuged, the
supernatants were analyzed for the determination of
the final concentration of the BG4 by using an T80
UV–vis spectrophotometer set at a wavelength of
617 nm, maximum absorbance. The amounts of dye
adsorbed by the OP were calculated from difference
between final and initial concentrations. All the

experiments were carried out in twice, and the
average results were evaluated.

2.2.2. Desorption studies

The samples of the dye-loaded OP was gently
washed with water to remove any unadsorbed dye.
Then these were stirred on a magnetic stirrer with
100 mL of 0.1 N HCl solution, of the distilled waters
at different pHs and of an acetone-water mixture of
50% for 30 min, one by one [46]. The amounts of the
BG4 passing from the surface of the OP into the liquid
phase were calculated using a UV–vis spectrometer as
before.

2.2.3. Characterization of adsorbent

For the characterization of adsorbent, firstly, the
OP samples were dried to the constant weight in an
oven at 60˚C for 12 h. The elemental analysis of the
OP was performed using a LECO CHNS-932 analyzer,
and also its the chemical composition was determined
according to methods mentioned elsewhere [47,48]. A
FT-IR spectra were recorded in the wave number
range of 4,000–650 cm−1 using an ATR spectropho-
tometer (FTIR RX-1, Perkin Elmer). A SEM analysis
was performed using a (LEO 435 VP SEM). The XRD

Table 1
Chemical structure and some physical properties of the BG4

Common name Malachite green
Other name Aniline green; Basic green 4; Diamond green B; Victoria green B
IUPAC name 4-[(4-dimetilaminofenil)fenil-metil]-N,N dimetilanilin
Chemical formula C23H25ClN2

Class Basic
Color index 42,000
Molecular weight (g mol−1) 36,491
Solubility in water (g L−1) 25˚C´de 40
Solubility in ethanol Good
Colors at different pH (indicator property) Green-blue in water

Yellow < pH 2
Green at pH 2
Colorless at pH 14

λmax (nm) 617
Molecular structure
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spectra was done by an X-ray diffractometer (Rigaku
RadB-DMAX II) using Cu Kα radiation at 40 kV and
40 mA at 2θ between 0 and 80˚.

3. Results and discussion

3.1. Characterization of the adsorbent

3.1.1. Elemental analysis and chemical composition of
the OP

The chemical composition of the OP consists of
37.06% cellulose, 29.39% hemicellulose, 33.65% lignin,
66.45% holocellulose, 3.58% ash, and 21.30% extractive
matter(alcohol-benzen). According to elemental analy-
sis results, it includes 53.23% C, 37.39% O, 7.13% H,
and 2.25% N.

3.1.2. Surface area and XRD analysis of the OP

The BET and Langmuir surface areas of the OP
were determined as 0.018 and 0.0704 m2 g−1, respec-
tively. On the other hand, and total volume and area
in pores of the OP were found to be 0.00004 cm3 g−1

and 0.042 m2 g−1, respectively. XRD analysis of the OP
was done before and after adsorption. XRD spectra
obtained are given in Fig. 1.

From Fig. 1(a), it is seen that any XRD peak for the
OP could not be obtained. After the adsorption, the
diffraction peak did not almost change (Fig. 1(b)). This
indicates to the amorphous and irregular nature of the
OP. A similar result has been recorded for the adsorp-
tion of Lanaset Grey G (a metal complex dye) onto
activated carbon prepared from Tunisian olive-waste
cake [44].

3.1.3. FT-IR analysis

In order to better understand the nature of the
functional groups on the surface of the OP responsible
for the adsorption of the BG4, the FT-IR spectra of the
OP were recorded. Before and after the adsorption,
the FT-IR spectra of the OP obtained are shown in
Fig. 2.

As seen in Fig. 2, the broad and strong peak
between 3,400 and 3,200 cm−1 indicates the existences
of OH groups of cellulose and the stretching vibration
of N–H and NH2 groups [15,48]. This band at
3,330.20 cm−1 is not changed after the adsorption of the
BG4. The strong absorption bands between 2,921.53
and 2,852.19 cm−1 can be assigned to symmetric and
asymmetric stretching of methyl and methylene
groups [9]. These peaks did not almost change after
the adsorption of the BG4. The bands between

1,710.19 and 1,626.46 cm−1 indicate to amide I and
amide II bands of protein peptide bonds [16]. After
the adsorption, the intensity of this band at
1,710.19 cm−1 increased, and also the band at
1,626.46 cm−1 shifted to 1,613.42 cm−1. On the other
hand, the peak at 1,232.32 cm−1 points to the C=O
stretching of carboxylic groups [16,49]. After the
adsorption, this peak shifted very slightly to
1,236.08 cm−1. The peaks at around 1,200–1,000 cm−1

indicate to the existence of C–O single bond in car-
boxylic acids, alcohols, phenols, and esters [15,39].
Herein, a very strong absorption peak at 1,030.19 cm−1

Fig. 1. XRD spectra of the OP: (a) before adsorption and
(b) after adsorption.
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can be assigned to C–O bonds in phenolic and car-
boxylic groups. This band did not change after the
adsorption, also. All this findings show that the OP
has characteristic bonds of proteins, phenolic, and car-
boxylic groups, polymeric compounds which are able
to adsorb BG4 molecules in aqueous solution.

3.1.4. SEM analysis

Before and after adsorption, the SEM images of the
dried samples of both the OP and the dye-loaded OP
are illustrated in Fig. 3.

The image in Fig. 3(a) shows that the surface has
some pores and caves within the particles of the OP.
If it is noticed to Fig. 3(b), it is seen that the surface of
the OP are remarkably coated with the molecules of
BG4, and this situation indicates a surface adsorption.

3.2. Determination of adsorption equilibrium time

Determination of the adsorption equilibrium time
in an adsorption process is a very important issue.
Herein, the equilibrium time was determined as a
function of contact time. Therfore, the effect of contact

time on the adsorption of the BG4 on the OP was
investigated under all the experimental conditions
such as initial dye concentration, solution pH, and
temperature for various contact times (1, 3, 5, 10, 15,
30, 60, 90, and 120 min). From the results obtained, it
was seen that a rapid adsorption of the BG4 occurred
in a short time of 3–5 min and then a gradual increase
in the adsorption maintained up to 120 min. After this
time, the amount of the adsorption did not change
with an increase in contact time. Therefore, this time
was accepted as an equilibrium time. In the next
experiments, the isotherm, kinetic, and thermody-
namic studies of the adsorption process were per-
formed by using the equilibrium data. On the order
hand, the similar results for rapid adsorption within a
very short contact of times have also been recorded
for the adsorption of Malachite green onto neem saw-
dust [50] and beech sawdust [51].

3.3. Effect of adsorbent dose on the adsorption of the dye

The effect of adsorbent dose on the adsorption of
the BG4 on the OP was studied at five different doses
of 0.25, 0.5, 1.0, 1.5, and 2.0 g for the initial dye

Fig. 2. FT-IR spectra of the OP: (a) before adsorption and (b) after adsorption.
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concentration of 100 mg L−1 at pH 4.5, 25˚C and
400 rpm, respectively. The results obtained are shown
in Fig. 4.

From Fig. 4(a), it was seen that a rapid adsorption
occurred in a first few min and then a gradual
increase in the adsorption maintained up to 120 min
as a function of contact time for each adsorbent dose.
The amounts of the BG4 adsorbed per unit mass of
the OP were found to be higher at lower dose and
lower at higher dose. At the same time, the amount of
an adsorbate adsorbed per unit mass of an adsorbent
can also be expressed as unit adsorption (UA). The
UA is equal to the ratio of the amount of adsorbate
adsorbed/the adsorbent dose. Therefore, the UA is
higher at lower adsorbent dose. Fig. 4(b) shows the
relationship between the UA and the percent adsorp-
tion (PA) for various adsorbent doses at equilibrium
time. It can be seen from Fig. 4(b) that there is an
opposite effect between the UA and the PA. If it is
noticed to this figure, it can be seen that the PA
increases while the UA decreases at higher adsorbent
dose. Because, the higher adsorbent dose has more
active site on the surface of the adsorbent, causing the
higher percentage of the dye adsorption. A similar

result has also been recorded for the adsorption of the
BG4 onto sea shell powder [14].

3.4. Effect of the initial concentration on the adsorption of
the dye

The initial concentrations for the adsorption of the
BG4 on the OP were selected as 20, 40, 60, 80, and
100 mg L−1 at pH 4.5, 25˚C and 400 rpm, respectively.
The effect of the initial concentration on the adsorp-
tion of BG4 on the OP is shown in Fig. 5.

As seen from Fig. 5 that a rapid adsorption
occurred within a few minutes, and then a gradual
increase in the adsorption maintained up to 120 min
for all concentrations. For the initial concentrations of
20, 40, 60, 80, and 100 mg L−1, while the adsorption of
the BG4 on the OP were 3.54 mg g−1 (88.43%),
6.26 mg g−1 (78.24%), 9.96 mg g−1 (83%), 13.94 mg g−1

(87.10%), and 14.97 mg g−1 (74.87%) at 1 min, the

Fig. 3. SEM image of the OP: (a) before adsorption and (b)
after adsorption.

Fig. 4. Effect of adsorbent dose on the adsorption: (a) effect
of adsorbent dose on the adsorption and (b) relationship
between the UA and the PA for various adsorbent doses
at equilibrium time.
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maximum adsorption were found as 3.88 mg g−1

(96.90%), 7.84 mg g−1 (98,0%), 11.23 mg g−1 (97.74%),
15.58 mg g−1 (97.43%), and 19.55 mg g−1 (97.75%) at
120 min, respectively. From these values, it was seen
that the PA increased, while the maximum amount of
the BG4 adsorbed was increasing with an increase in
the initial concentration of the dye. This situation may
probably indicate to a shift in the adsorption equilib-
rium. A similar result has also been recorded for the
adsorption of Congo red on calcium-reach fly ash [2].

3.5. Effect of solution pH on the adsorption of the dye

The pH values of the initial solution for the
adsorption of the BG4 on the OP were adjusted as 3,
4.5, 7, and 8 for the initial concentration of 100 mg L−1

at 25˚C and 400 rpm, respectively. The effect of the ini-
tial solution pH on the adsorption of the BG4 on the
OP is illustrated in Fig. 6.

From Fig. 6, as to be in the concentration effect, it
was seen that a rapid adsorption occurred within first
a few minutes for all pH values. Moreover, it was
seen that the highest adsorption occurred at pH 8,
while the lowest adsorption taking place at pH 3. For
instance, while the adsorption of the BG4 on the OP
were 11.76 mg g−1 (58.79%), 14.97 mg g−1 (74.87%),
15.53 mg g−1 (77.65%), and 15.74 mg g−1 (78.72%) at
1 min, the maximum adsorption were determined as
17.78 mg g−1 (88.92%), 19.55 mg g−1 (97.75%),
19.54 mg g−1 (97.69%) and 19.48 mg g−1 (97.41%) at pH
values of 3, 4.5, 7, and 8 at 120 min, respectively.
Herein, we can clarify the effect of pH on the adsorp-
tion. The pH value of the solution affects both the
chemical structure of an adsorbent and the ionization
of a dye molecule. Because, the excess OH− ions is

released into the solution in a higher pH medium
while the excess H+ ions is released into the solution
in a lower pH medium. The chemical structure of the
OP consists of the various groups such as cellulose,
hemicellulose, lignin, amine, phosphate, and some
extractive materials. These groups have become more
negatively charged in the higher pH medium, and
they lead to a higher adsorption via the electrostatic
interactions with positively charged BG4 molecules. A
similar result has also been recorded for the adsorp-
tion Malachite green onto rattan sawdust [52]. On the
other hand, the determination of surface charge of the
adsorbent is also important to obtain better informa-
tion about the adsorption. Therefore, the surface
charge of the OP was estimated by measuring the zeta
potential of its suspension at different pH values of
the medium (between pH 2 and 10). The potential of
zeta was found to be between 4.12 and −12.85 mV for
medium pHs between pH 2 and 10. However, zeta
potential has negative values over about pH 2.3. This
situation indicates to negative charge density on the
surface of the OP, probably deprotonating of phenolic
and carboxylic groups. This charge density was
observed to increase with the increasing medium pH.
In this study, the lower adsorption was obtained at
pH 3, and after this pH the adsorption was observed
to be increased due to the increase in the negative
charge density of the surface of the OP.

3.6. Effect of solution temperature on the adsorption of the
dye

The solution temperatures for the adsorption of the
BG4 on the OP were selected as 20, 30, 40, and 50˚C

Fig. 5. Effect of initial concentration on the adsorption.
Fig. 6. Effect of pH on the adsorption.
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for the initial concentration of 100 mg L−1 at pH 4.5
and 400 rpm, respectively. The effect of temperature
on the adsorption of the BG4 on the OP is shown in
Fig. 7.

From Fig. 7, as to be in the concentration and pH
effects, it was seen that a rapid adsorption took places
within first a few minutes for all temperatures. Then,
a gradual increase in the adsorption maintained up to
120 min for all temperature. For example, for the vari-
ous temperatures of 20, 30, 40, and 50˚C, while the
adsorption of the BG4 on the OP were 14.97 mg g−1

(74.87%) and 17.75 mg g−1 (88.77%), 18.11 mg g−1

(90.54%), and 18.83 mg g−1 (94.18%) at 1 min, the
maximum adsorption were found to be 19.55 mg g−1

(97.75%), 19.58 mg g−1 (97.90%), 19.59 mg g−1 (97.96%),
and 19.61 mg g−1 (98.10%) at 120 min, respectively.
From these values, it was observed that a slight
increased in adsorption occurs with increasing tem-
perature. Namely, an increase in temperature was in
favor of dye adsorption and indicated to an endother-
mic process. A similar result has also been recorded
for the adsorption of Malachite green onto beech
sawdust [51].

3.7. Effect of ionic strength on the adsorption of the dye

The effect of ionic strength on the adsorption of
BG4 on the OP was studied in the presence of NaCl,
KCl, and CaCl2 salts with the ionic strength concentra-
tions of 0.05, 0.10, 0.20, and 0.30 M (mol L−1). The
results obtained are shown in Fig. 8.

From this figure, it was seen that the adsorption of
the BG4 decreased in the presence of NaCl, KCl, and
CaCl2. With the addition of NaCl, KCl, and CaCl2 into
the solution, the salts dissociate into their ions (namely

Na+, K+, Ca2+, Cl− ions). These ions hindered the
adsorption of positively charged BG4 molecules onto
the OP, and they led to an decrease in the adsorption.
While this decrease was lower in the presence of NaCl
and KCl, it was higher in the presence of CaCl2 pos-
sessing higher ionic strength (see Fig. 8). This situation
may be explained in two ways: firstly since ionic
strength of calcium is four times more than that of
sodium and potassium, calcium ions may more hinder
the orientation of BG4 molecules to surface of the OP.
Secondly, in the presence of calcium, the surface of
the OP may become more positively charged, and
consequently more repulsion may occur between the
surface of the OP and positively charged BG4 mole-
cules according to the presence of sodium and potas-
sium. In no case of salt in medium, the PA was found
to be 97.75%. Similar results have also been recorded
for the adsorption of Rhadamine B and Methylene
Blue onto Fomes fomentarious and Phellinus igniarius
which are bioadsorbents prepared from dead macro
fungi [53].

3.8. Adsorption of the BG4 onto the CAC

The CAC was also utilized for the adsorption of
the BG4. The ratios of the CAC to liquid dye solution
(LDS) were selected as 0.05 g/100 mL, 0.10 g/100 mL,
0.25 g/100 mL, 0.50 g/100 mL, 1.0 g/100 mL, and
1.50 g/100 mL, respectively. The adsorption capacity
obtained of CAC for the adsorption of the BG4 was
compared with the adsorption capacity of the OP. For
all concentrations, PA was found as 100%. At the
same time, it was seen that the color of the BG4
turned to colorless within a very short time of
1–2 min. These results indicate that the CAC has a

Fig. 7. Effect of temperature on the adsorption. Fig. 8. Effect of ionic strength on the adsorption.
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very high adsorbing effect than the OP for the adsorp-
tion of the BG4.

3.9. Isotherm Studies

The adsorption isotherm were studied using the
equilibrium data obtained for the initial dye concen-
trations of 40, 50, 60, 70, and 80 mg L−1 at pH 4.5,
25˚C and 400 rpm. The adsorption isotherm of the
BG4 onto the OP was studied according to the
Langmuir, the Freundlich, the Temkin, and the
Dubinin–Radushkevich (D–R) models, respectively.
The linearized equations of these isotherms can be
expressed as fallows, respectively [2,54–56].

Ce=qe ¼ 1=Qo bþ Ce=Qo Langmuir (1)

ln qe ¼ ln kþ 1=n lnCe Freundlich (2)

qe ¼ B ln AT þ B ln Ce Temkin (3)

ln qe ¼ ln X0
m�K0e2 Dubinin�Radushkevich (4)

where qe is the amount of the dye adsorbed at the
equilibrium time (mg g−1), Ce is the concentration of
the dye remained in solution at the equilibrium time
(mg L−1). Qo and b show the Langmuir constants
which indicate to the adsorption capacity and energy,
respectively. k and n are the Freundlich constants
denoting the capacity and intensity of the adsorption,
respectively. B is a constant indicating the heat of the
adsorption (J mol−1), and it is equal to RT/bT. bT is
Temkin constant, and AT is equilibrium binding con-
stant (L g−1). T is absolute temperature (K), R is an
ideal gas constant (J mol−1 K−1). ε is Polanyi potential
and it is equal to RT ln (1 + 1/Ce). X

0
m indicates to the

adsorption capacity (mg g−1). K´ is a constant showing
the adsorption energy (mol2 J−2). E indicates to the
mean adsorption energy per molecule of the adsor-
bate, and it is given as E = 1/(2 K´)1/2. All of the
isotherm graphs obtained are shown in . 9.

All of the isotherm parameters obtained from
regression analyses of all plots shown in Fig. 9 are
given in Table 2.

The values of Qo and b were calculated from the
slope and the intercept of the plot of Ce/qe against Ce

using the Langmuir equation, respectively. The values
of Qo and b were calculated as 40.90 ± 1.83 mg g−1 and
0.30 ± 0.02 L mg−1, respectively. Its correlation
coefficient (R2) was found as 0.997. On the other hand,
the Langmuir adsorption capacity (Qo) obtained was
compared to some other adsorbents, and they are
given in Table 3.

The values of k and n were determined from the
slope and the intercept of the plot of ln k vs. ln Ce

using the Freundlich equation. The values of k and n
were determined to be 9.40 ± 0.04 mg g−1 and 1.38
± 0.08 g L−1, respectively. The R2 was found as 0.994.
The values of B and AT were estimated from the slope
and the intercept of the plot of qe vs. ln Ce using the
Temkin equation. The values of B and AT were found
to be 8.14 ± 0.21 (J mol −1) and 3.24 ± 0.08 (L g−1),
respectively and the R2 was determined as 0.994. The
values of K´ and X0

m were calculated from the slope
and the intercept of the plot of ln qe vs. ε2 using the
D–R equation, respectively. The values of K´ and X0

m

were calculated to be 2.10−7 ± 0.0 mol2 J−2 and 18.47
± 0.43 mg g−1, respectively. The R2 was determined as
0.987.

As seen in Table 3, the fact that the values of the
R2 obtained from all isotherm equations were 0.991
and 0.996 indicated that the adsorption was in con-
sistent with these models. A similar result has also
been recorded for the adsorption of Malachite green
onto bentonite [57]. The fact that the adsorption
obeys the Langmuir isotherm indicates to be the uni-
form of binding energy and the homogeneous
adsorption on the surface of the OP. A similar result
has also been reported for the adsorption of the BG4
on the surface of sea shell powder [14]. The fact that
the adsorption obeys the Freundlich and the D–R iso-
therms indicates to the heterogeneous adsorption on
the surface of the OP. On the other hand, the D–R
isotherm gives information about a physical or
chemical adsorption, also [55]. Herein, from the D–R
isotherm the value of the mean adsorption energy (E)
per molecule of the OP was found to be
1.58 kJ mol−1, indicating a physical adsorption. A
similar result has also been recorded for the adsorp-
tion of the BG4 on the surface of sea shell powder
[14]. The fact that the adsorption obeys the Temkin
isotherm indicates to the decrease in the adsorption
heat with the increasing dye coverage of the surface
of the OP [56].

3.10. Desorption of BG4 from the surface of the OP

Desorption studies was done to determine the des-
orption degree of the BG4 from the surface of the OP.
The desorption experiments were performed using
various alkali waters at pH values of 5.0, 7.0, 9.0, and
10, an acetone-water mixture of 50%, and 0.10 N HCl
solution (pH 1.27), respectively. For this purpose, the
dye-loaded OP was stirred with 100 mL of all solu-
tions for 30 min, one by one. The desorption graph is
shown in Fig. 10.
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It can be seen from this figure that the percent des-
orption (PD) was very low in 0.10 N HCl solution and
in alkali water mediums. For example, the PD was
found as 3.29% in 0.10 N HCl solution, indicating not
to be any ion-exchange mechanism between the OP
and the BG4. On the other hand, the PD was found
between 0.52 and 0.81 in alkali waters between pH 5
and 10. The low desorption indicated that a chemical
adsorption might be occurred between the OP and the
BG4 molecules. In the case of an acetone water mix-
ture of 50%, a desorption of 42.40% was observed.

3.11. Kinetic studies

The adsorption kinetics were studied for the initial
dye concentrations of 20, 40, 60, 80, and 100 mg L−1 at
pH 4.5 and 25˚C and 400 rpm, respectively. The kinetics
of the adsorption of the BG4 onto the OP were studied
in terms of the pseudo-first-order kinetic model [58],
the pseudo-second-order kinetic model [59,60], the
intraparticle diffusion model [61] and the Elovic kinet-
ics [57,62]. The linearized equations of these kinetic
models can be expressed as follows, respectively.

Fig. 9. The isotherm plots of the adsorption: (a) the Langmuir isotherm, (b) the Freundlich isotherm, (c) the Temkin
isotherm, and (d) the D–R isotherm.

Table 2
Isotherm parameters for the adsorption of the BG4 onto the OP

Langmuir Freundlich Temkin Dubinin–Radushkevich

Qo (mg g−1) = 40.90 ± 1.83 k (mg g−1) = 9.40 ± 0.04 B (J mol−1) = 8.14 ± 0.21 X0
m (mg g−1) = 18.47 ± 0.43

b (L mg−1) = 0.30 ± 0.016 n (g L−1) = 1.38 ± 0.025 AT (L g−1) = 3.24 ± 0.08 K0 (mol2 J−2) = 2 × 10−7 ± 0.0
r2 = 0.997 r2 = 0.994 r2 = 0.994 r2 = 0.987
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log ðqe � qtÞ ¼ log qe �
k1

2:303
t (5)

t

qt
¼ 1

h
þ 1

qe
t (6)

qt ¼ ki t
1=2 (7)

qt ¼ 1=b lnðabÞ þ 1=b ln t (8)

where t is contact time (min), qe and qt are the
amounts of dye adsorbed per unit mass of adsorbent
at the equilibrium and any time (mg g−1), respec-
tively. The h in Eq. (6) indicates to the initial adsorp-
tion rate (mg g−1 min), and it is expressed as h = k2 q2e
k1 is the rate constant for the pseudo-first-order
kinetic model (1/min). k2 is the rate constant for the
pseudo-second-order kinetic model (g mg−1 min−1). ki

is the rate constant for the intraparticle diffusion
(mg g−1 min−1/2). α is the initial adsorption rate
(mg g−1 min−1). β is a constant related with the extent
of surface coverage and activation energy for
chemisorptions (g mg−1). All of the graphics obtained
using these kinetic models are shown in Fig. 11.

All of the isotherm parameters were calculated
from the linear regression analyses of all plots in
Fig. 11, and they are given in Table 4.

The values of qe and k1 were determined from the
slope and the intercept of the plots of log (qe − qt) vs. t
in Fig. 11(a), respectively. If it is noticed to Table 4, it
was seen that the values of the r2 obtained for the
pseudo-first-order kinetics were between 0.236 and
0.357 for the initial dye concentrations between 20 and
100 mg L−1. The very low values of the r2 indicate that
there is not any congruity to the pseudo-first-order
kinetic model.

The values of qe and k2 were calculated the slope
and the intercept of the linear plots of t/qt vs. t in
Fig. 11(b), respectively. The values of k2 were deter-
mined to be 1.585, 0.448, 0.516, 0.455, and
0.144 g mg−1 min−1 for the initial concentrations of 20,
40, 60, 80, and 100 mg L−1, respectively. The values of
the r2 obtained for the pseudo-second-order kinetics
model were found to be 1 for all concentrations. On
the other hand, it was seen that the values of theoreti-
cal qe estimated from the pseudo-second-order kinetic
model was in consistent with the experimental data, qe
(exp). Because of the high values of the r2 and of a
congruity between the theoretical qe and experimental
qe (exp), it can be said that adsorption obeys the
pseudo-second-order kinetic model. A similar result
has also been reported for the biosorption of the BG4
onto pineapple leaf powder (Ananas comosus) [18].

The values of ki and C were determined from the
slope and the intercept of the plots of qt against t

1/2 in

Table 3
Comparison of the Langmuir adsorption capacity (Qo) to some other adsorbents

Adsorbent/biosorbent Adsorbate dye Qo (mg g−1) Refs.

Olive pomace Basic green 4 41.66 This study
Sea shell powder Basic green 4 42.33 [14]
Pineapple Basic green 4 54.64 [18]
Walnut shell Malachite green 90.80 [23]
Neem sawdust Malachite green 4.35 [50]
Rattan sawdust Malachite green 62.71 [52]
Dead leaves of plane tree Malachite green 85.47 [62]
Acid-activated low-cost carbon Malachite green 9.73 [64]
Zeolite Malachite green 23.94 [67]
Rice husk-activated carbon Malachite green 63.85 [68]
Bentonite Malachite green 7.72 [69]

Fig. 10. Desorption of the BG4 from the OP.
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Fig. 11(c), respectively. As seen in Table 4, the values
of the ki were found to be between 0.017 and
0.30 mg g−1 min−2 for the initial dye contractions
between 20 and 100 mg L−1, and the values of the r2

were between 0.393 and 0.503. From the results
obtained, it was seen that the adsorption process did
not obey the intraparticle diffusion kinetics.

The values of β and α were determined from the
slope and the intercept of the plots of qt vs. ln t in
Fig. 11(d), respectively. The values of α, β, and r2

obtained are given in Table 4. The values of the r2

from the Elovic kinetic model were found to be
between 0.477 and 0.787 for the initial concentrations
between 20 and 100 mg L−1. The low values of the r2

indicate that the adsorption do not obey the Elovic
kinetic model. This situation suggests that a chemical
adsorption does not occur on a heterogeneous adsor-
bent surface [57].

3.12. Thermodynamic studies

In order to better understand the effect of tempera-
ture on an adsorption process, it is important to study

the thermodynamic parameters of the adsorption.
Herein, the thermodynamics of the adsorption were
studied using the equilibrium data obtained at tem-
peratures of 20, 30, 40, and 50˚C for the initial dye
concentrations of 80 mg L−1 at pH 4.5 and 400 rpm,
respectively. Thermodynamic parameters with regard
to the adsorption of the BG4 onto the OP are
calculated from the following equations [63,64].

DG� ¼ �RT ln Kc (9)

Kc ¼ CAe=CSe (10)

lnKc ¼ �DH�
ads

RT
þ DS�

R
(11)

where Kc is the equilibrium constant. CAe and CSe are
the concentrations of the dye on the adsorbent and in
solution (mg L−1) at the equilibrium time, respectively.
ΔG˚ is standard Gibbs free energy change, ΔH˚ is stan-
dard enthalpy change, and ΔS˚ is standard entropy
change. R is the ideal gas constant.

Fig. 11. The kinetic plots of the adsorption at different concentrations: (a) the pseudo first-order plots, (b) the pseudo-sec-
ond-order plots, (c) the intra-particle diffusion plots, and (d) Elovic kinetic plots.
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The values of Kc and ΔG˚ are calculated from Eqs.
(9) and (10). The Eq. (11) is known as Van’t Hoff equa-
tion, the plot of ln Kc vs. 1/T according to Van’ Hoff
equation is shown in Fig. 12. The values of ΔH˚ and
ΔS˚ are determined from the slope and intercept of
this plot, respectively. The thermodynamic parameters
estimated from the Van’t Hoff plot for the adsorption
of the BG4 onto the OP are given in Table 5.

As seen in Table 5, the negative values of ΔG˚ indi-
cates the spontaneous nature of the adsorption pro-
cess. The values of ΔH˚ and ΔS˚ were calculated as
4.24 kJ mol−1 and 45.8 J mol−1 K−1, respectively. The
positive value of ΔH˚ indicates to the endothermic nat-
ure of the adsorption. Namely, the adsorption is in
favor of increasing temperature. The positive value of
ΔS˚ indicates to an increasing randomness adsorption
between the OP and BG4 molecules. Similar values of

negative ΔG˚, the positive ΔH˚ and ΔS˚ have also been
reported for the adsorption of Malachite green on ben-
tonite [57], for the removal of Remazol Brillant Blue R
by both the polyurethane foam [65] and the pirina
[46].

3.13. Single-stage batch adsorber design

The design of the single-stage batch adsorption
process for the adsorption of the BG4 onto the OP is
illustrated in Fig. 13.

If g adsorbent (M) is added to a certain volume of
dye solution (L), the initial dye concentration (Co) is
reduced to C1. Moreover, the amount of dye adsorbed
per g adsorbent (Qo) is increased to (Q1) [66]. Ther-
fore, a mass-balance equation sets up between the con-
centration of dye removed from the liquid and the
amount of adsorbate adsorbed by the adsorbent. The
mass balance equation for the system in Fig. 13 can be
written as follows:

V Co � C1ð Þ ¼ M Q1 �Q0ð Þ ¼ M Q1 (12)

where V is the volume of dye solution. Co is the initial
concentration of dye solution. C1 is

concentration at any time. In the case of the equi-
librium, it can be accepted as Co = Ce and Q1 = Qe,
and Eq. (12) can be written as follows (Eq. 13):

V Co � Ceð Þ ¼ M Qe �Q0ð Þ ¼ M Qe (13)

If Eq. (13) is rearranged, Eq. (14) is formed as

Fig. 12. Van’t Hoff graph of the adsorption.

Fig. 13. Single-stage batch adsorber design.

Fig. 14. Relationship between adsorbent mass (M) and the
volume of solution (L).
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M=V ¼ Co � Ce=Qe (14)

where If the coequal of Qe from the Langmuir equation
is written, Eq. (15) can be obtained as follows:

M=V ¼ Co � Ce= QobCe=1þ bCeð Þ (15)

where L is the volume of dye solution removed by
M g adsorbent. According to Eq. (15), the graph of M
against L is shown in Fig. 14.

As can be seen from Fig. 14 that more mass of
adsorbent will remove more dye from aqueous solu-
tion. For example, the mass of the OP required for 60,
70, 80, and 90% removal of the BG4 in a dye solution
of 10 L were found as 200, 305.51, 514.12, and
1,087.50 g, respectively. If the OP is thought to be a
waste agricultural material for the adsorption of dye,
these results obtained is meaningfull.

4. Conclusions

OP and CAC were used as adsorbents for the
removal of basic green four from aqueous solution by
adsorption technique. The effects of contact time, ini-
tial dye concentration, temperature, pH, and ionic
strength on adsorption were investigated. The adsorp-
tion increased with increasing concentration, tempera-
ture, and pH, while it was decreasing with increasing
ionic strength. The experimental adsorption capacities
of the CAC and the OP for the adsorption of BG4 was
determined as 200 mg g−1 (100%) and 19.55 mg g−1

(97.75%), respectively. The Langmuir adsorption
capacity (Qo) of the OP was found to be 41.66 mg .g−1.
The adsorption was in consistent with the Langmuir,
Freundlich, Temkin, and Dubinin–Raduskhevich
(D–R) isotherm models and with the pseudo-second-
order kinetic model. The adsorption was of
spontaneous and endothermic nature. The desorption
of the BG4 from the surface of the OP was very low.
The adsorption had also a physical process as well as
some chemical activation on the surface of the OP.
The OP could be preferably used for the process

design, and it could be used as a potential adsorbent
for the removal of various dyes from wastewaters.
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Removal of Remazol brilliant blue R from aqueous
solution by pirina pretreated with nitric acid and com-
mercial activated carbon, Water Air Soil Pollut. 225(3)
(2014) 1899.

[47] Anonim, TAPPI Test Methods, Tappi Press, Atalanta,
GA, USA, 1998.

[48] A. Ergene, K. Ada, S. Tan, H. Katırcıoğlu, Removal of
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