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Abstract In this study, activated carbon was blended with grape stalks powder to adsorb methy-

lene blue (MB) dye with various concentrations from a wastewater. For this purpose, five indepen-

dent variables involving pH (2–13), contact time (5–270 min), grape stalks powder dosage (0.1–10 g/

l), methylene blue initial concentration (20–300 mg/l), and activated carbon dosage (0.1–10 g/l) for

methylene blue adsorption were studied. The Central Composite Design (CCD) under Response

Surface Methodology (RSM) was applied to estimate the independent variables effects on the

methylene blue adsorption. The pseudo- first order, pseudo-second order, Elovich and intraparticle

diffusion models were employed to study the adsorption kinetics and isotherm. The Langmuir, Fre-

undlich, Temkin and Dubinin-Radushkevich isotherm models were applied to investigate the

adsorption isotherm. It was concluded that the intraparticle diffusion isotherm and pseudo-

second order kinetic models could show the best results. Furthermore, some data such as physical

adsorption (by analyzing FTR and applying some standard equations) and mean free energy (E)

were discovered in this research. Finally, activated carbon blended with grape stalks powder as

an effective bio-adsorbent for the methylene blue reduction from a wastewater was introduced.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The toxic substances into the lakes, rivers, currents, oceans

and other aquatic ecosystems which are associated with disso-
lution, deposition and sedimentation on the beds affect the
water quality. The pollutants may affect groundwater

resources, as well (Maučec et al., 2018; Arami et al., 2005;
Zhu et al., 2004; Ayyappan et al., 2005).

Dyes as the organic materials are themost commonly used in
the various applications such as ink production and textile

industries (Jadhav and Singhal, 2013; Moussavi and Khosravi,
2011), rubber and plastics (Barros et al., 2014), cosmetics
(Dahlan et al., 2017), paper industry (Abbott et al., 2015),

leather industry (Huang et al., 2015), tannery (Krishni et al.,
2014), food processing (Datta et al., 2013), and pharmaceutical
industry (Royer et al., 2009). In fact, dyes can reduce light
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Table 1 Factors and levels design surfaces for each

parameter.

Variable Levels

�1 0 +1

pH 2.00 7.50 13.00

MB initial concentration (mg/l) 20.00 160.00 300.00

grape stalks powder dosage (g/l) 0.10 5.05 10.00

Contact time (min) 5.00 137.50 270.00

Activated carbon dosage (g/l) 0.10 5.05 10.00
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penetration and assist the photosynthesis process in the water
resources (Royer et al., 2009; Lima et al., 2008). Therefore, dyes
have negative effects on the water quality (Royer et al., 2010;

Brookstein, 2009; de Lima et al., 2007; Carneiro et al., 2010).
The cationic dyes generally are in the form of hydrochloric

compounds such as terphenyls, thiazines, oxazines and azines.

One of the most important of cationic dyes is methylene blue
(C16H18N3SCl) which belongs to the thiazines (Han et al.,
2008; Wang et al., 2005; Xiao et al., 2015). However, this widely

uses to various industries but, it cases the several diseases. There-
fore, the dyes removal recently is one of the great environmental
challenges (Gupta et al., 2004; Tsai et al., 2009; Sen et al., 2011).

Some methods used in the dyes removal from wastewater

are oxidation, photochemical degradation, ion exchange,
reverse osmosis, ion exchange, membrane filtration, conven-
tional coagulation and chemical precipitation (Dawood and

Sen, 2012; Mahmoodi et al., 2011; Ciardelli et al., 2001). Most
of them are expensive and produce hazardous materials.
Adsorption process is low cost, efficient and easy in design

and operation (Yagub et al., 2012; Mahmoodi, 2015; Saadati
and Makvandya, 2016).

Activated carbon is widely used due to having high adsorp-

tion capacity. Currently, abundant, low-cost and efficient bio-
adsorbents such as agricultural wastes have been encouraged
for wastewater treatment (Mahmoodi, 2015; Zietzschmann
et al., 2016; Malik, 2004; Bulut and Aydın, 2006; Guo et al.,

2012; Baccar et al., 2013). Activated carbon and related materi-
als such as graphene and carbon nanotubes were used in many
adsorption processes due to having active surfaces. Another

advantage of activated carbon and its derivatives is its partici-
pation during activation process of peroxide oxidants such as
H2O2, persulfate and peracetic acid. The activation process

can strongly produce the reducing free radicals. So, they are
widely used as catalysts support which can effectively degrade
some organic pollutants in aqueous environments (Xue et al.,

2018a,b).
Grape stalks are an agricultural waste which is abundantly

found in Iran and some countries. Since, they are containing
several functional groups such as tannins, resins, tartrate,

potassium and organic acids (Portinho et al., 2017), they can
be blended with activated carbon without further processing
to modify its properties. Furthermore, grape stalks have sev-

eral functional groups. In fact, they make them more applica-
ble for the cationic dyes (such as methylene blue) adsorption
and was used in this research. Furthermore, various parame-

ters such as initial methylene blue concentration, initial solu-
tion pH, contact time and adsorbent dosage were considered.
Moreover, the applied bio-adsorbent was characterized and
its functional groups were carefully studied by Fourier Trans-

form Infrared Spectroscopy (FTIR). The Scanning Electron
Microscope (SEM) was applied to consider its morphology
during the adsorption process. UV–Vis spectrophotometer

was used to investigate the methylene blue percentage in a
wastewater (before and after adsorption process).

2. Materials and methods

2.1. Chemicals and instrumentation

The grape stalks were washed, dried, grinded and powdered.
Then, the produced powder was analyzed by Tyler standard
screens (with mesh of 100 mm). The solutions with concentra-
tions of (20–300 mg/l) were prepared by dissolving methylene
blue [supplied by Merck Co. with molar mass of 319.86 g.-

mol�1 (anhydrous)] in the distilled water. All of the batch tests
were done in a beaker with volume of 250 cm3. pH was set by
0.1 M HCl and 0.1 M NaOH, and controlled by a pH-meter

(model: Lutron 206, Taiwan). The adsorbent with various
dosages was used for different solutions at various times,
pHs and at ambient temperature (25 ± 0.5 �C). The experi-

ments were initially designed by Design-Expert software (ver-
sion: 11). After each run, the solid phase was separated by
the cellulose nitrate filter [Whatman, England (S&S 5891)]. A
standard solution of methylene blue was made to find maxi-

mum adsorption [during scanning a range of wavelengths
(400–700 nm)]. The UV–Vis spectrophotometer (model: SPE-
CORD 250, Czech) showed a maximum peak at 664 nm.

The methylene blue concentrations (before and after each
run) were determined by the UV–Vis spectrophotometer at
664 nm. A calibration chart was provided (adsorption versus

methylene blue concentration data) to find each sample
concentration.

Fourier Transform Infrared apparatus (FTIR spectrome-

ter, Unicam 5000, Japan) was employed to study the func-
tional groups of adsorbents. Morphology of the adsorbents
was also analyzed by scanning electron microscope (model:
AIS2100, Seron Technology). It uses a focused beam of

high-energy electrons to generate a variety of signals at the sur-
face of solid specimens.

Finally, the methylene blue removal percentage was calcu-

lated by some routine equations as reported in the literature
(Chowdhury and Saha, 2010; Olivella et al., 2011).

2.2. Experiments design and statistical analysis

Central Composite Design (CCD) is one of the most common
techniques from the Responses Surface Methodology (RSM).

It is a useful and practical method for designing, minimizing
and considering the experiments. This method has a good
potential to predict response(s) and optimize the operating
conditions (Davarnejad et al., 2018; Konicki et al., 2017;

Peng et al., 2014; Gusmão et al., 2012; Pang et al., 2017;
Rahimdokht et al., 2016).

Table 1 shows five independent variables in four surfaces

including pH, time (min), grape stalks powder dosage (g/l), ini-
tial concentration of methylene blue (MB) (mg/l) and activated
carbon dosage (g/l). Then, the regression analysis was done to

determine the response model coefficients and standard error
by applying the Design of Expert software. The process



Activated carbon blended with grape stalks powder: Properties modification and its application in a dye adsorption 5465
response and variables can be modeled by a quadratic equa-
tion. The quality of the fitness of the model equation is
assessed by R2 and adjusted R2. The adjusted R2 modifies

the value of R2 for the sample amount and the number of
expressions in the model.

2.3. Adsorption studies

The percentage removal of methylene blue at ambient temper-
ature and adsorbent mass of 9 g was measured at different ini-

tial methylene blue solution concentrations based on the
following equation:
Fig. 1
%R ¼ ðC0 � CeÞ
C0

� 100 ð1Þ

where, C0 and Ce are the initial and equilibrium concentrations

(after adsorption process) of MB (mg/l), respectively.
The equilibrium amount of adsorbed methylene blue was

investigated according to the following equation:

qe ¼
ðC0 � CeÞV

m
ð2Þ

where, qe is the equilibrium adsorbate amount per mass of the
adsorbent (mg/g), V is the solution volume (l), and m repre-
sents the adsorbent mass (g) (Salehi et al., 2018).
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2.4. Adsorption kinetics

Adsorption kinetic models are used to inspect the rate of
adsorption process and specify rate-controlling step. In the
present study, the kinetic data from batch studies were ana-

lyzed by pseudo-first order, pseudo-second order, Elovich
and intraparticle diffusion kinetic models. The MB adsorption
was determined according to the following relation:

qt ¼
ðC0 � CtÞV

m
ð3Þ
Fig. 2
where, qt and Ct are amounts of adsorbate per mass of the

adsorbent with time (mg/g) and MB concentration in solution
with time (mg/l), respectively (Salehi et al., 2018).

3. Results and discussion

3.1. FT-IR analysis

In order to recognize the characteristics of the adsorbent
functional groups, the infrared spectroscopy (FT-IR) was
performed. According to FT-IR test, the grape stalks powder
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is containing many active functional groups which are properly
able to adsorb the ionic dyes. Fig. 1(a) and (b) show the func-
tional groups of the grape stalks powder and the blends of the

grape stalks powder with activated carbon before adsorption
process (Davarnejad et al., 2018; Konicki et al., 2017).

The peaks in the wavelengths of 3328 and 3411 cm�1 are

related to hydroxyl group (–OH) and the spectrums from the
wavelength of 2853 and 2920 cm�1 are related to the functional
group of -C-H (aromatic rings). The wavelengths of 1601 and

1736 cm�1 belong to the functional groups of amines and car-
bonyl group (C = O), respectively. FT-IR analysis after
adsorption process indicates that there are some changes in
the adsorption peaks. Fig. 2(a) and (b) show functional groups

change in the pure grape stalks powder and grape stalks pow-
der blended with activated carbon after the MB adsorption
(Davarnejad et al., 2018; Konicki et al., 2017). As shown in

these figures, an increment in the wavelengths of peaks affects
methylene blue removal. Since there were no considerable
changes in the peaks during the adsorption process, it is con-

cluded that the process may be as a physical one.
Fig. 3 a) SEM of grape stalks powder before adsorption b) SEM

adsorption.

Fig. 4 a) SEM of grape stalks powder after adsorption b) SEM of ac
3.2. SEM analysis

SEM analysis is a useful test for the adsorbent surface struc-
ture attention. The SEM images of grape stalks powder
(without activated carbon and with activated carbon) before

adsorption process are shown in Fig. 3(a) and (b),
respectively.

As shown in these figures, the adsorbent surface is hetero-
geneous. A heterogeneous surface supplied more available

active sites which are more suitable for the adsorption pro-
cess. This property plays an important role in the MB
adsorption. Fig. 4(a) and 4(b) show the internal structure

changes for the both adsorbents after the adsorption process
obtained from the SEM analysis. However, bio-adsorbents
normally have low specific surface area but, they have many

functional groups in their structures. The adsorption capacity
and removal percentage can be modified with blending with
activated carbon due to high porosity of carbon surface

and high specific surface area (Portinho et al., 2017;
Fiolet al., 2008).
of activated carbon blended with grape stalks powder before

tivated carbon blended with grape stalks powder after adsorption.
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3.3. Statistical analysis

In order to optimize five independent factors of the present
research, twenty six experiments were designed by the soft-
ware. The matrix related to the parameters and the remained

concentrations of MB as a response are shown in Table 2.

Y ¼ 94:21þ 0:9200X1 þ 26:90X2 þ 5:74X3 � 8:20X4

� 2:92X5 � 24:02X1X2 � 4:46X1X3 � 3:50X1X4

� 10:29X1X5 � 13:84X2X3 � 14:91X2X4

� 5:24X2X5 þ 21:26 X3X4 � 0:9785X3X5

þ 14:75X4X5 � 1:17X1
2 � 23:37X2

2 � 2:19X3
2

� 3:08X4
2 þ 3:36X5

2 ð4Þ
where, Y is the remained concentration of MB in the solu-

tion after adsorption process. X1, X2, X3, X4 and X5 are pH,
initial concentration of MB in the solution (mg/l), activated
carbon dosage (g/l), contact time (min) and grape stalks pow-

der dosage (g/l), respectively.

3.4. Effect of parameters on adsorption

The effect of solution pH on the MB adsorption was investi-
gated in the pH range of 2–13. As shown in Fig. 5(a), the
adsorption sharply increased with increasing the initial
Table 2 Central Composite Design with five independent variables

blended with grape stalks powder.

Trial

No.

pH MB initial concentration

(g/l)

Grape stalks powder

1 7.5 160 5.05

2 7.5 160 10

3 7.5 160 5.05

4 7.5 160 5.05

5 2 300 0.1

6 7.5 160 5.05

7 13 300 0.1

8 2 20 0.1

9 13 160 5.05

10 2 20 10

11 2 300 10

12 7.5 160 5.05

13 7.5 160 0.1

14 13 20 10

15 13 20 0.1

16 7.5 20 5.05

17 7.5 160 5.05

18 13 20 10

19 7.5 160 5.05

20 7.5 160 5.05

21 2 300 10

22 13 300 10

23 13 300 0.1

24 2 160 5.05

25 7.5 300 5.05

26 7.5 160 5.05
concentration of MB and then stayed almost constant during
pHs 7–13.

A sharp increase of MB removal was observed at pH range

of 2–7. Since MB is a cationic dye, its adsorption was affected
by changing in pH of solution. In addition, the low adsorption
of aqueous methylene blue at acidic pH may be due to the

presence of excess hydrogen ions that compete with dye charge
for the available sites. Another possibility is the development
of a positive charge on the adsorbent surface in an acidic solu-

tion that inhibits the adsorption of dye and reduces the adsorp-
tion process.

Fig. 5(b) shows interaction effect of the grape stalks powder
dosage and pH on the level of the MB adsorption. As shown in

this figure, the grape stalks powder dosage increment (from 0.1
to 10 g) gradually decreased the MB concentration. In general,
the number of adsorption sites increases with increasing the

adsorbent dosage. In the other words, the adsorbent contact
(with the methylene blue charge) increased with the adsorbent
dosage enhancement. Furthermore, a slight change in the

adsorption percentage was observed with further increment
in the grape stalks powder dosage.

Fig. 5(c) shows the effect of pH and contact time on the MB

adsorption. As shown in this figure, the rate of adsorption
gradually decreased with increasing time. It is due to the inter-
nal diffusion of dye molecules into the grape stalks powder
which takes time (Peng et al., 2014). In the other words, some

active sites decrease, and the surface is saturated.
and MB removal percentage (response) on the activated carbon

dosage (g/l) Time

(min)

Activated carbon dosage

(g/l)

Removal

(%)

270 5.05 82.32

137.5 5.05 94.04

137.5 5.05 95.19

5 5.05 98.72

270 10 99.97

137.5 5.05 95.19

270 0.1 39.08

5 0.1 4.300

137.5 5.05 93.35

270 10 97.92

5 10 98.99

137.5 5.05 95.19

137.5 5.05 99.87

5 10 32.85

270 10 99. 69

137.5 5.05 43.32

137.5 5.05 95.19

270 0.1 40.49

137.5 0.1 85.67

137.5 10 97.15

270 0.1 98.50

5 0.1 99.88

5 10 98.65

137.5 5.05 91.51

137.5 5.05 97.13

137.5 5.05 95.19



Fig. 5 a) Interaction between pH and initial concentration of MB (mg/l) on the MB adsorption process, b) Interaction between pH and

grape stalks powder dosage (g/l) on the MB adsorption process, c) Interaction between pH and contact time (min) on the MB adsorption

process, and d) Interaction between contact time (min) and initial concentration of MB (mg/l) on the MB adsorption process.
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Fig. 5(d) shows the interaction between the time and initial
concentration of MB on the adsorption process. The reaction
time is another important factor in the adsorption. As shown

in this figure, MB removal increased with reaction time incre-
ment because the adsorbent contact time with the dye in the
solution increased and adsorption process was completed with

time.

3.5. Optimization process

The optimum conditions for 98% of MB removal was statisti-
cally obtained at pH of 12.97, MB initial concentration of
299.30 mg/l, grape stalks powder dosage of 9.98 g/l, activated
carbon dosage of 0.11 g/l and contact time of 260 min on the

blends of grape stalks powder with activated carbon while it
experimentally was around 96.50%. This shows good agree-
ment between both data. According to the literature, MB
removal percentages with the other bio-adsorbents such as
Abelmoschus esculentus seed, Elaeagnus angustifolia and Bir-
nessite respectively were at 86.00, 89.00 and 92% (Pang et al.,

2017; Rahimdokht et al., 2016; Santhi and Manonmani, 2009).

4. Adsorption isotherm models

The isotherm study is one of the best ways to explore the struc-
tural properties of a material which is chosen as an adsorbent.
The equilibrium adsorption of MB on an adsorbent was mod-

eled by some well-known isotherms such as Langmuir, Fre-
undlich, Temkin, and Dubinin-Radushkevitch (D-R).
Nonlinear regression analysis was provided to fit the curves

of isotherms. Langmuir isotherm equation is as follows:

qe ¼
qmaxkLCe

1þ kLCe

ð5Þ
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where, qmax (mg/g) is the maximum adsorption capacity of the

adsorbent and kL (l/mg) is the Langmuir constant related to
the adsorption energy. Separation factor (RL) can be also cal-
culated by the following formula:

RL ¼ 1

1þ kLC0

ð6Þ

RL shows suitable conditions based on the Langmuir iso-
therm model. Adsorption should be favorable when
0 < RL < 1 while adsorption is unfavorable when RL > 1.

Adsorption is linear and irreversible when RL is equal to one
and zero, respectively (Gusmão et al., 2012).

Freundlich isotherm equation is given by:

qe ¼ kf � C1=n
e ð7Þ

where, kf [mg1- (1/n)/g] is the Freundlich constant related to the
adsorption rate. 1/n is the Freundlich exponent which is
related to the adsorption intensity (Gusmão et al., 2012).

Temkin isotherm equation is as:

qe ¼ BlnAþ BlnCe ð8Þ
where, B (mg/g) is the isotherm constant related to the heat of
adsorption, and A (l/g) is the equilibrium binding constant cor-

responding to the maximum binding energy. A and B will be
found by the plot of qe versus ln Ce (Gusmão et al., 2012).

The Dubinin-Radushkevitch (D-R) model is as:

Lnqe ¼ Lnqm � be2 ð9Þ
where, qm (mg/g) is the maximum adsorption capacity, b

(mol2/J2) is a coefficient related to the mean free energy of
adsorption, and e is Polanyi potential as:
Fig. 6 MB adsorption isotherm models: a) Langmuir, b) Fre
e ¼ RTLnð1þ 1=CeÞ ð10Þ
The constants qm and b are calculated from the intercept

and slope of ln qe versus e
2. R (Jmol�1K�1) is the ideal gas con-

stant, and T (K) is the absolute temperature.
E (Jmol�1) is defined as the mean free energy required

transferring per mole of ion transferred from dye solution to
the surface of adsorbent. E can be calculated by the following

equation:

E ¼ 1
ffiffiffiffiffiffi

2b
p ð11Þ

The adsorption process would be physical when E is<8
kJmol�1 while it would be chemical when E is higher than 8

kJmol�1 (Gusmão et al., 2012).
Fig. 6 indicates different isotherm models fitted to the MB

adsorption data. Table 3 shows the isotherm models parame-

ters and regression coefficients (R2). According to this table
data, Langmuir isotherm model could excellently legitimize
the MB adsorption process on the blends of grape stalks pow-

der with activated carbon. Therefore, the MB adsorption pro-
cess on the applied adsorbent is monolayer and homogeneous
although (according to the Temkin isotherm model which

showed a good result) the adsorption heat of all molecules in
a coated layer (comes from adsorbent interactions) linearly
decreased.

According to the calculations, the adsorption capacity

(qmax) is equal to 5.084 (mg/g) and KL is equal to 0.9043 (1/
mg). 1/n is equal to 0.1672 (<1) which shows the favorability
of the adsorption process. The separation factor (RL < 1) indi-

cates that the adsorption process is favorable, as well (Gusmão
undlich, c) Temkin, and d) Dubinin-Radushkovich (D-R).



Table 3 Isotherm models constants for the MB adsorption on the activated carbon blended with grape stalks powder.

Isotherm Langmuir Freundlich Temkin D-R

Parameters qmax KL R2 n Kf R2 B A R2 E qm R2

Amounts 5.084 0.904 0.990 5.98 2.56 0.615 2.87 0.75 0.974 0.572 5.53 0.660

Fig. 7 MB adsorption versus time on the activated carbon

blended with grape stalks powder at ambient temperature.

Table 5 Comparison of the MB adsorption on some

adsorbents.

Adsorbent Adsorption

capacity

(mg/g)

Ref.

Beer brewery waste 4.92 (Tsai et al., 2008)

Neem saw dust 3.62 (Khattri and Singh,

2000)

Cow dung ash 5.31 (Ozdemir et al.,

2009)

Coir pith carbon 5.87 (Kavitha and

Namasivayam,

2007)

Almond shell activated

carbon

1.33 (Ayg€un et al.,

2003)

Fly ash 5.57 (Kumar et al., 2005)

Glass fibers 2.24 (Chakrabarti and

Dutta, 2005)

Clay 6.30 (Gurses et al., 2004)

Activated carbon blended

with grape stalks powder

7.81 Present study
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et al., 2012). The energy parameter from D-R isotherm (E) is
around 0.572 (kJmol�1) which shows adsorption process

mechanism as physical one.

5. Adsorption kinetic models

Fig. 7 shows the MB adsorption on the activated carbon
blended with grape stalks powder at ambient temperature for
kinetic study.

Pseudo-first order, pseudo-second order, Elovich, and
intraparticle diffusion kinetic models were applied to investi-
gate the adsorption rate. All of models equations were illus-

trated in the literature (Salehi et al., 2018). The kinetic
constants and regression coefficients are reported in Table 4.
As shown in Table 4, the pseudo-first order model could prop-
erly legitimize the adsorption process. According to this model,

the regression coefficient of determination for the MB adsorp-
tion on the adsorbent was favorable compared with the other
ones. Therefore, physical adsorption mechanism is more prob-

able than the chemical one. According to the results, MB mole-
cules adsorption onto the adsorbent surface is boundary layer
effect but, intraparticle diffusion also is irrefutable in this

process.
Table 4 Constant parameters and coefficient of determinations for

intraparicle diffusion and Elovich kinetic models for adsorption pro

powder at ambient temperature.

Model Pseudo-first order Pseudo-second ord

Parameter qe,calc. k1 R2 qe,calc. k2

Amounts 4.85 0.009 0.97 9.89 0.002
The MB adsorption process on the various adsorbents was
compared in Table 5. It was observed that the grape stalks

powder blended with activated carbon properly adsorbs MB
from an aqueous solution due to having high adsorption
capacity.

6. Conclusions

Adsorption of MB was investigated using grape stalks powder

as a biocompatible and effective herbal adsorbent. The FT-IR
tests showed that the grape stalks powder is containing many
active functional groups. In fact, the electrostatic interactions

between the carboxyl groups and the lignin moieties carry
the MB adsorption out. The data analysis showed that the
adsorbent capacity was dramatically increased for the acti-
vated carbon (as base adsorbent) blended with grape stalks

powder. The CCD (under RSM) was applied to study the
effects of five independent variables including pH, contact
time, initial concentration of MB, grape stalks powder dosage

for the MB adsorption from an aqueous solution. Pseudo-first
the curve-fitting of the pseudo-first order, pseudo-second order,

cess of MB on the activated carbon blended with grape stalks

er Intraparticle diffusion Elovich

R2 Kid R2 B A R2

0.94 0.254 0.95 0.823 1.66 0.86
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order, pseudo-second order, Elovich and intraparticle diffu-
sion kinetic models were applied to study the adsorption pro-
cess kinetic. The results showed that pseudo-first order (and

intraparticle diffusion) kinetic model can control the adsorp-
tion process mechanism. Furthermore, Langmuir, Freundlich,
Temkin, and Dubinin-Radushkevitch (D-R) isotherm models

were used to consider the equilibrium adsorption. The Lang-
muir isotherm model could legitimize the adsorption process
isothermal behavior which was monolayer and homogeneous.

According to the Freundlich model data, grape stalks powder
blended with activated carbon was an excellent adsorbent for
the MB adsorption because 1/n was equal to 0.1672 (0 < 1/
n < 1 for an excellent adsorbent). According to the calculated

absorption mean free energy (E = 0.572), it was concluded
that the absorption process was a physical one confirmed by
the pseudo-first order kinetic model. The adsorption capacity

showed that grape stalks powder blended with activated car-
bon can properly be used (as an adsorbent) in treating the
aqueous wastewaters.
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