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Abstract

The present study focuses on the preparation of activated carbon (AC) from grape leaves as a low cost, non-toxic, efficient
and available adsorbent for the removal of methylene blue (MB) from aqueous solution. The experimental design and data
modeling have been carried out using response surface methodology (RSM) through DoE software version 8.0.0. The
effect of independent variables including initial dye concentration (100500 mg/L), pH (3—11), contact time (10-90 min)
and adsorbent dosage (0.25-12.25 g/L) on dye removal was determined using the response surface methodology (RSM).
The results of analysis of variance (ANOVA) displayed high R* value of 0.91% for dye removal that shows the developed
model has acceptable accuracy. The highest removal efficiency of MB (97.4%) was obtained at optimum condition (pH: 11,
adsorbent dosage 12.5 g/L, MB concentration 100 mg/L and contact time 90 min). The results indicated that the initial dye
concentration and adsorbent dosage play an important role in increasing the adsorbent efficiency for adsorption of MB. The
equilibrium data onto the adsorption of MB were measured using Langmuir and Freundlich, isotherm models. The experi-
mental data obtained follow the Langmuir model (R*=0.88). In addition, the second-order kinetic model is more consistent
with the adsorption data.
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increased (Mondal 2008; Mahamad et al. 2015). According
to estimates, more than 100,000 types of dyes are used in
various industries and about 7 x 10 tons of dyes is produced
annually in the world. Researchers estimate that about 2%
of the dye produced annually is discharged into wastewater
(Allen and Koumanova 2005). Therefore, dyes as an impor-
tant group of pollutants discharge into industrial wastewater
(Garg et al. 2003).

Dyes in wastewater are often resistant to oxidizing agent,
and microbial attack and temperature due to their complex
(aromatic) molecular structures and are difficult to decom-
pose in the environment (Nekouei et al. 2015). Therefore, the
discharge of dyes into the environment, even in very small
amounts (less than 1 ppm), for toxicological and aesthetic
reasons is in terms of very concern for researchers (Cherifi
et al. 2013). In addition to creating an unpleasant appearance
in the environment, colored effluents can prevent light from
penetrating into the water and as a result may disrupt bio-
logical processes in the aquatic environment (Malik 2004).
In addition, most dyes discharged into the environment are
toxic, carcinogenic and mutagenic (Mahmoudi et al. 2015).
Among the dyes used in industry, methylene blue (MB) is
widely used today in various fields, including the textile
industry, silk fabrics, paper staining, chemicals agent in
printing and dyeing companies (Ghosh and Bhattacharyya
2002; Guo et al. 2014; Yang et al. 2017). MB can cause
burns and may even cause permanent damage to the eyes
of humans and animals. On the other hand, excessive oral
intake may cause burning sensation, vomiting, nausea, men-
tal impairment and excessive sweating (Sartape et al. 2015).

In order to remove dye from industrial wastewater, vari-
ous methods such as electrochemical methods (Carneiro
et al. 2005), coagulation and flocculation (Riera-Torres et al.
2010), reverse osmosis (Abid et al. 2012) and ozone oxida-
tion (Szpyrkowicz et al. 2001) can be used. However, many
of treatment methods are restricted because of high capital
and operating costs, sludge production and the complex-
ity of treatment processes (Toor and Jin 2012). Adsorption
is one of the most promising methods compared to other
water treatment methods to remove dyes from water solu-
tions (Mittal et al. 2013). The adsorption process has more
advantages than other methods, including the high potential
for dyes removal, high flexibility in design and process pro-
duction, simple design, and comfortable performance (Sei-
dmohammadi et al. 2015). Adsorption with activated carbon
(AC) is currently the most common dye removal process
from wastewater (Robinson et al. 2002). For the past few
years, scientists have been trying to use agricultural waste
to build inexpensive adsorbents to remove various types of
pollutants from water and wastewater. The advantages of
using agricultural wastes as the raw material for AC produc-
tion have been highlighted that they are renewable, biode-
gradable and environmentally friendly (Hameed et al. 2017).
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Some studies have shown that agricultural ancillary products
such as durian shell (Hameed and Daud 2008), mango seed
kernel powder (Kumar and Kumaran 2005) and grape stalks
(Ozdemir et al. 2014) can be used to make low-cost adsor-
bents dye removal from wastewater.

This study aimed to investigate the methylene blue (MB)
removal using prepared activated carbon from leave wastes
of grape as low-cost adsorbent from aqueous solution. To
achieve the optimal conditions for methylene blue adsorp-
tion, the effects of contact time, initial dye concentration,
adsorbent dosage and pH solution were investigated using
central composite designs (CCD) through the response
surface methodology (RSM). The physical and chemical
properties of the prepared activated carbon were investi-
gated using SEM and FT-IR analysis. Then, the adsorption
mechanism was considered through isotherm and kinetics
studies to investigate the nature of MB adsorption on the
surface of activated carbon.

Materials and methods
Chemicals and reagents

Applied reagents including MB with 98% purity
(C,6H,5CIN;S), H,SO, (98%) and NaOH with the analyti-
cal reagent grade were purchased from Merck (Germany,
Merck). The dye specifications of the purchased MB are
given in Table 1 (Kuang et al. 2020). The pH of the solutions
was adjusted using NaOH (1 mol 1) and H,SO, (1 mol 1I71).

Adsorbent preparation

In order to prepare the adsorbent, wastes of grape leaves were col-
lected from Kermanshah rural area in the western region of Iran.
The raw material has been transferred to the laboratory for further
works. At first, in order to remove any contaminants or impurities
such as debris and dust, the grape leaves are thoroughly washed
with distilled water and then dried at 150° C for 3 h in Oven
(Germany, Mammoth 854). In next phase, the thermal activation
carried out by electric furnace (Naberthem 11. s27 Germany) at

Table 1 Characteristics of MB

Chemical formula C,¢H;3CIN;S
Molar mass 319.85
Structure N a
H,C\ +CH;
N S II\I
u, &,
Class Cationic dye
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500 °C for 2 h under nitrogen atmosphere. Finally, after complet-
ing the steps, in order to prevent moisture adsorption, the grape
leaves activated carbon (GLAC) was kept in a desiccator.

Characterization of activated carbon

Microscopic characteristics and chemical properties of GLAC
were determined by scanning electron microscopy (SEM) and
Fourier Transform Infrared (FTIR) method. Adsorption micros-
copy images were obtained to study the surface morphology
and to investigate the porosity (Jeol JSM 840A, Japan). Fou-
rier transform infrared spectroscopy was used to determine the
vibration frequency changes in the activated carbon functional
groups. The spectra were determined by FTIR (Shimadze IR
Prestige, Japan model) in the range of 400-4000 cm™".

Batch adsorption process

This empirical study carried out at a laboratory bench scale
by using activated carbon prepared from grape leaves waste
for removing MB from aqueous solution. First, a series of
batch experiments were performed to evaluate the efficiency
of prepared activated carbon to remove MB dye from syn-
thetic wastewater. In the second stage, batch experiments of
the adsorption process were designed in different values of
independent variables. In this study, four variables, pH (3
to 11), adsorbent dosage (0.25 to 12.5 g/L), MB concentra-
tion (100 to 500 mg/L) and contact time (10 to 90 min), have
been selected to evaluate the efficiency of GLAC. All run
adsorption processes were performed using a series of Pyrex
glass with a total volume of 250 ml and a working volume of
100 ml. In addition, in all stages, ambient temperature and
mixing speed were constant during the process of 25+2 °C
and 100 rpm, respectively. NaOH or H,SO, was used to adjust
the initial pH of the dye solutions. At the end of the adsorption
time, the GLAC was separated by centrifugation (Shimi fan,
Iran) at 3800 rpm for 7 min. Finally, the residual concentration
of the dye was calculated by measuring its absorbance in an
UV-Visible spectrophotometer (Germany, Jenway 6305) at a
maximum wavelength of 665 nm (A,,,, =665 nm) (Eq. 1, 2).
Also, the experiment was repeated when an error higher than
5% was observed in the samples (Idris et al. 2012).
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where C;, and C, are the initial, and final dye concentra-
tions (mg/L), respectively; q. is the amount of adsorbate per

mass of the adsorbent (mg/g), V is the volume of solution
(L); and W is the mass of adsorbent (g).

Experimental design and data analysis

In this study, Design-Expert software (version 8.0.0) was
applied for the design of experiments and data analysis
through response surface methodology (RSM) using CCD
technique. RSM is a statistical method that uses the quanti-
tative data from experiments to examine the interaction of
the several parameters affecting the process and study the
responses of various factors by varying them simultaneously
(Zahangir et al. 2007; Jaiswal et al. 2011). In the present
study, the optimization and effects of four main independent
variables including contact time (A), pH (B), adsorbent dos-
age (C) and initial concentration (C) on MB removal using
central composite design (3-level-4-factor) were examined.
The levels and range of variables that affect the removal
efficiency of MB are listed in Table 2, which consist of low
level (— 1), central (0) and high level (+1). The effect of
input factors on the responses was investigated by analy-
sis of variance (ANOVA) through statistical evaluation of
P-value and F-value of regression coefficients (P < 0.05). In
addition, the validity of the model was reported in terms of
the coefficient of determination (R?), adjusted coefficient of
determination (Rzadj.) and sufficient accuracy (AP). Finally,
the three-dimensional response level diagrams have been
developed to show the interrelationship between independ-
ent factors and their related effects on the response.

With the suggestion of DOE (version 8.0.0) software, the
experiments were carried out at 78 runs (with three repeti-
tions). The average of each run, except for the 6 central run,
is presented in Table 3.

The quadratic equation model (Eq. 3), which includes
all interaction terms, was used to calculate the predicted
response (Shahbazi et al. 2020).

k-1 k

k k
Y= Pok 2 BXi+ 2PN+ Y D By +e 3)
i=1 i=1

i=1 j=2

The quadratic model based on Eq. (3) was applied to
evaluate the coefficients of the statistical model, where Y
is the response, po is the constant coefficient, fi is the lin-
ear coefficients, Pij is the interaction coefficients, fii is the
quadratic coefficients, xi and xj are the coded values of the
investigated variables and e is the statistical error term.

Table 2 Independent variables and their levels for designing the
experiments used in the present study

Parameters name Unit Symbols Low High
Contact time min A 10 90
pH - B 3 11
Adsorbent dosage g C 0.25 12.25
Initial concentration mg/L D 100 500

@ Springer
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Table 3 Experimental
conditions for adsorption

Run No Parameters

MB removal (%)

process in the presence of Coded Factor A

Coded Factor B

Coded Factor C Coded Factor D

prepared GLAC
1 +1 90 -1
2 -1 10 +1
3 -1 10 -1
4 +1 90 +1
5 +1 90 +1
6 +1 90 -1
7 -1 10 +1
8 -1 10 -1
9 0 50 0
10 0 50
11 -05 30 0
12 0 50 -0.5
13 0 50 0
14 0 50 0
15 0 50 0
16 0 50 0
17 0 50 0
18 0 50 0
19 0 50 0
20 0 50 0
21 +05 70 0
22 0 50 0
23 -1 10 +1
24 -1 10 -1
25 +1 90 -1
26 +1 90 +1
27 -1 10 +1
28 -1 10 -1
29 +1 90 +1
30 +1 90 -1

+0.5

3 -1 0.25 -1 100 14.32
11 -1 0.25 -1 100 21.66
3 -1 0.25 -1 100 17

11 -1 0.25 -1 100 24.66
11 +1 12.25 -1 100 97.4
3 +1 12.25 -1 100 94

11 +1 12.25 -1 100 83.66
3 +1 12.25 -1 100 69

7 0 6.25 -0.5 200 38

9 0 6.25 0 300 26.33
7 0 6.25 0 300 20.86
5 0 6.25 0 300 15.06
7 0 6.25 0 300 29.3
7 0 6.25 0 300 30.6
7 0 6.25 0 300 30

7 +0.5 3.25 0 300 16.6
7 +0.5 3.25 0 300 15.3
7 +0.5 3.25 0 300 14.3
7 -0.5 9.25 0 300 32.1
7 0 6.25 0 300 30.06
7 0 6.25 0 300 34.86
7 0 6.25 +0.5 400 13.9
11 -1 0.25 +1 500 0

3 -1 0.25 +1 500 0

3 +1 12.25 +1 500 33.86
11 -1 0.25 +1 500 0

11 +1 12.25 +1 500 2.93
3 +1 12.25 +1 500 24
11 +1 12.25 +1 500 33.86
3 -1 0.25 +1 500 0

Result and discussion
Adsorption mechanisms: SEM and FT-IR

The SEM method was used to observe the surface physi-
cal morphology of the raw material and the prepared acti-
vated carbon (Yang and Qiu 2010). As shown in Fig. 1, after
activating the porosity and honeycomb pores, the level of
activated carbon has increased. As a result, as the porosity
level of activated carbon increases, the adsorbents ability to
remove dye from the aqueous solution increases.

The FT-IR spectrum is used to characterize the functional
groups of the adsorbent surface as well as their changes during
the adsorption process. The FT-IR spectra of the adsorbent
after MB adsorption are shown in Fig. 2. The band at 3200
to 3600 cm™! with O-H stretching vibration is in accord-
ance with the hydroxyl functional groups. The strong peak
about 1400 cm™! and 1500 cm™! is associated with carboxyl

@ Springer

structures (Mousavi et al. 2017). The peak at 1600—1700 cm ™!
associated with C=0 stretching vibrations (Mousavi et al.
2020). The peak around 960 cm™' may be due to C—C or C-H
groups stretching vibration (Mousavi et al. 2017).

Process analysis and modeling of the MB
removal

In order to study the relationship between response value and
four parameters including initial concentration of MB, ini-
tial pH, adsorbent dosage and contact time, multiple regres-
sion analysis was used. The results of analysis of variance
(ANOVA) are summarized in Table 4. Based on the evaluation
of F and P values of the variables studied in this study, adsor-
bent dosage, initial dye concentration, contact time and pH
indicated a positive effect on the removal efficiency of MB.
In addition, the P value of AC, BD, AD and CD is less than
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Fig. 1 SEM image of activated carbon prepared from grape leaves before a and after b activation

Fig.2 FTIR image of the pre-
pared GLAC
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0.05, which indicates that the effect of these variables is sig-
nificant on MB removal. The adsorbent dosage and initial dye
concentration have the most effect on dye removal. Adjusted
R? and correlation coefficients (R?) for the MB removal are
0.90 and 0.9178, respectively, which confirms that there is
a good correlation between the predicted and experiment
data. On the other hand, the Model F-value (50.85) indicates
that the model was significant for MB removal. Interpreting
values of Prob>F less than 0.05, it means that the model
terms were significant, while values greater than 0.05 indi-
cate that the model terms are not significant. The lack of fit
value 3.53 is not significant and confirms that the model is
adequate. Adequate precision measured the signal to noise
ratio that a value of this parameter greater than 4 is generally
essential (Mousavi and Ibrahim 2016). In this work, obtained
adequate precision was 29.696 for the degradation of MB that

f [ L)

3000 2000 1000

Wave numbers (cm™)

confirmed an adequate signal, thus obtained model in this
work could be used to navigate the design space (Eq. 4).

Removal= +24.70 + 11.15A +2.56 B + 1639 C
~16.59 D - 0.85AB + 11.49 AC
~3.66AD + 0.64 BC - 2.12 BD @)
~7.52 CD - 3.70A2 - 10.03B2
+2.23C2 + 12.70 D2

Effect of initial pH

pH is one of the important parameters in the adsorption process
that can have a significant effect on the adsorption capacity
of the adsorbent(El Qada et al. 2006). The pH of the solution

@ Springer
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Table4 ANOVA results for the

. . . Source Sum of squares df Mean square F value p Value
regression equation describing
MB removal efficiency as a Model 43,486.73 14 3106.19 50.85 <0.0001 significant
function of the variables studied 6153.41 1 6153.41 100.74 <0.0001 significant
B 323.53 1 323.53 5.30 0.0247
C 13,305.32 1 13,305.32 227.82 <0.0001 significant
D 13,616.99 1 13,616.99 222.92 <0.0001 significant
AB 34.51 1 34.51 0.56 0.4551
AC 6331.91 1 6331.91 103.66 <0.0001 significant
AD 643.14 1 643.14 10.53 0.0019
BC 19.89 1 19.89 0.33 0.5703
BD 215.48 1 215.48 3.53 0.0650
CD 2713.52 1 2713.52 44.42 <0.0001 significant
A? 6.83 1 6.83 0.11 0.7391
B? 50.25 1 50.25 0.82 0.3679
C? 2.49 1 2.49 0.041 0.8407
D’ 80.49 1 80.49 1.32 0.2554
Residual 3848.28 63 61.08
Lack of fit 1537.50 10 153.75 3.53 0.0013
Pure error 2310.77 53 43.60
Cor total 47,335.01 77

plays an important role in the ionization rate of acidic and alka-
line compounds, which in turn can affect the ionic forms of the
adsorbent molecule, the electric charge of the adsorbent sur-
face and the dissociation of different functional groups in the
active sites of the adsorbent (Almasi et al. 2017a, b). In order
to evaluate the adsorbent efficiency, the initial pH of the solu-
tion was examined at 5 levels (3, 5,7, 9, and 11). As shown in
Fig. 3, with increasing the pH from 3 to 11, the adsorbent effi-
ciency in MB removal increases. Increasing the pH of the solu-
tion increases the number of hydroxyl groups, which makes the
AC surface tends to increase the proton loss and reaction with
hydroxyl ions. As a result, the negatively charged surface of
the adsorbent is reinforced. Then, the amount of electrostatic
force between MB and the adsorbent surface increased (Lai
and Chen 2001). The results of Hassan et al. (2017) study show
that by increasing the pH, the adsorbent efficiency prepared
from waste carpets in removing MB from aqueous solutions
increases. The researchers attribute this to a decrease in the
electrostatic repulsion force between the positively charged
MB and the surface of the activated carbon (Hameed et al.
2017). According to a study by Mousavi et al. in 2017 on the
adsorption of MB by using activated carbon prepared from N.
microphyllum, it was observed that with increasing pH, the dye
adsorption efficiency increased (Mousavi et al. 2017).

Effect of adsorbent dosage
Adsorbent dosage plays an important role on the adsorbent
efficiency in removing dye from aqueous solutions. In this

study, in order to determine the effect of adsorbent dosage

@ Springer

Dye Removal (%)

Dosage (g/1.) 325

025 3.00

Fig.3 Effect of pH and adsorbent dosage on the MB removal
(Cy=100 mg/L and contact time 90 min)

on the adsorption process, 0.25 to 12.25 g/L of adsorbent
GLAC was used for adsorption tests. The results of the effect
of adsorbent dosage on the adsorption process are shown in
Fig. 3. As shown in the figure, the percentage removal of MB
is increased with increasing the amount of adsorbent dos-
age. According to the results of Table 3, the highest amount
(97.4%) of MB adsorption was obtained in 12.25 g/L of acti-
vated carbon. Because with increasing the adsorbent dosage,
the pores of the adsorbent surface increase to adsorb the dye,
so there are more active sites for adsorption, and saturation of
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adsorption sites occurs over longer periods of time (Mousavi
et al. 2017). Mulugeta and Lelisa 2014 and Hassan et al., in
2017 confirmed that by increasing the amount of adsorbent,
the MB removal efficiency increased (Mulugeta and Lelisa
2014; Hameed et al. 2017).

Effect of initial dye concentration

Evaluations show that the percentage removal of dye depends
on the initial value of dye concentration (100-500 mg/L) in the
solution. The effect of the initial dye concentration depends on
the immediate relationship between the dye concentration in
the solution and the binding sites on the adsorbent surface. The
results showed that with increasing dye concentration, the adsor-
bent efficiency in dye removal decreased (Fig. 4). For example,
by increasing the initial dye concentration from 100 to 500 mg/L
the efficiency of GLAC adsorbent in dye removal decreased
from 97.4% to 33.86% when the pH, adsorbent dosage and con-
tact time were 11 and 12.25 g/L. and 90 min, respectively. This
result may be due to the fact that at low concentrations of dye,
there are vacant adsorbent sites for dye adsorption, and when the
initial concentration of dye increases, the active sites required to
adsorb dye molecules are not available and therefore, saturation
take place very fast (Etim et al. 2016). Kumar et al. (2010) used
cashew nut shell to make activated carbon as a new low-cost
adsorbent to remove methylene blue from aqueous solutions.
The results of this study indicate that by increasing the initial
dye concentration from 50 to 250 mg/L, the dye removal value
decreases from 89.91% to 60.89% (Kumar et al. 2011).

Effect of contact time

To determine the equilibrium time for maximum adsorption
and recognition of the kinetics of the adsorption process,
the contact time between the dye and the prepared adsor-
bent has been investigated. Figure 4 showed 3D diagram of
the relationship between the efficiency of GLAC adsorbent
in removing methylene blue dye in times between 10 and
90 min. According to Table 3, by increasing the contact time
from 10 to 90 min at concentration of 100 mg/L with ini-
tial solution pH 11, the adsorbent efficiency in MB removal
increased from 83.66% to 97.4%. The study of Kuang et al
(2020) showed that by increasing the contact time the effi-
ciency of adsorption process increased (Kuang et al. 2020).

Adsorption isotherms

Adsorption isotherm data are very important to find a suit-
able correlation of equilibrium data in order to optimize the
design of an adsorption system (Almasi et al. 2017b). In this
study, different isotherm equations such as Langmuir and

Freundlich isotherms were used to investigate the balance
of MB dye adsorption in GLAC.

The Langmuir isotherm describes the adsorption of dye
molecules in the adsorbent monolayer coating and in homo-
geneous sites with a limited number. With this description,
once the dye molecule occupies a site of the adsorbent, no
further adsorption can take place on that site (Yakout et al.
2013; Cheng et al. 2015). The Langmuir isotherm model can
be plotted based on Eq. 5.

C_GC 1
4. 0. KO, ©)
where C, (mg/L) is the equilibrium concentration of MB
dye in the solution, g, (mg/g) is the adsorption capacity at
equilibrium, Q,, (mg/g) is the maximum adsorption capac-
ity and K (L/mg) is the effective dissociation constant that
relates to the affinity binding site. The values of O, and K
are obtained from the intercept and the slope of the linear
plot of C /g, against C..

Unlike the Langmuir isotherm, the Freundlich isotherm
describes the heterogeneous adsorption of dye molecules at
different sites with different surface energy. Therefore, the
amount of dye adsorption changes with the exponential distri-
bution of sites and adsorption energies. The linear form of the
Freundlich isotherm is given as (Eq. 6) (Yakout et al. 2013).

Ing, = Ink; + 1 Inc, 6)
n

where n and Ky, are Freundlich adsorption isotherm con-
stants, which indicate adsorption intensity and adsorption
capacity, respectively. The Freundlich isotherm constants K
and 1/n can be reported based on the plot of Inq, versus InC,,
which is presented in Fig. 5. If the value of 1/n< 1, then the
adsorption intensity and the type of isotherm to be required

Dye Removal (%)

Dye concentration (mg/L) Time (min)

100 10

Fig.4 Effect of initial MB concentration and contact time on the MB
removal (adsorbent dosage 6.25 g/L and pH=7)
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and the adsorption capacity increase with the appearance of
new adsorption sites. Nonetheless, if.

1/n> 1, the adsorption bond weakens and its adsorption
is very challenging that decreases the adsorption capacity.

The experimental data for the MB removal were tested
with Langmuir and Freundlich isotherms Fig. 5 a, b. Cor-
relation coefficient (R?) has been used to evaluate the suit-
ability of isotherm models in the present study. The results
show that the constant equilibriums of dye removal are con-
formed to Langmuir isotherm with correlation coefficient
R?>=0.88, so monolayer type adsorption was obtained. The
parameters obtained from Fig. 5 are summarized in Table 5.

Kinetic study

Kinetics is one of the effective parameters in controlling the
adsorption process. Using adsorption kinetics, the amount
of solute adsorption at different retention times or adsorption
reaction time can be described (Nekouei et al. 2015).

The kinetic parameters obtained from the analysis of
experimental data can be used to design and model the
adsorption processes (Shariati-Rad et al. 2014). In order to
determine the adsorption kinetics, pseudo-first-order and
pseudo-second-order models were examined.

(a) ¥ = 4.9136x - 846.25

1)

y=0.3638x+ 2.3054

0 0.05 0.1 015 0.2
Ln Ce

Fig.5 Isotherm plots a Langmuir and b Freundlich and for MB
adsorption on GLAC

@ Springer

The pseudo-first-order model

The nonlinear form of the quasi-first order equation can be
obtained using the following Eq. 7:

log (g, — q,) =logg - M (7
e ©” 2303

where, q. is the amount of dye adsorbed at equilibrium
(mg/g), q, is the amount of dye adsorbed at any time ¢
(mg/g), and K is the first-order rate constant (min~").

The pseudo-second-order model

The pseudo-second-order equilibrium adsorption model
can be calculated using Eq. 8:

Lol .
a  kaz  ge ®
where: K, (g mg~! min~!) is the rate constant of second-
order adsorption.
Based on Fig. 6, the experimental results at different
times show that the data follow a pseudo-second-order
model (R*=0.88).

Conclusion

In the present study, the efficiency of activated carbon made
from grape leaves was investigated by thermal activation
method and its optimal operating conditions such as adsor-
bent dosage, pH, contact time and initial dye concentration
were determined by RSM method in removing MB dye.
For characterization of activated carbon, FTIR and SEM
tests were used. The results showed that activated carbon
made from grape leaves waste can be a promising and effi-
cient adsorbent for removing MB from aqueous solution.
According to different responses, the optimum condition
was obtained at pH=11, contact time =90 min, MB con-
centration = 100 mg/L and adsorbent dosage =12.5 g/L.
The maximum adsorption capacity is 97.4%. The results
of this study show that the adsorption of MB dye on GLAC
as an adsorbent is consistent with Langmuir model. Also,
the obtained kinetic data follow the pseudo-second-order
kinetic model. Accordingly, the prepared adsorbent has a

Table 5 Isotherm parameters for MB adsorption on GLAC

Langmuir Freundlich

qn(mg/L) K (L/mg) R? ke (mg! 7ML gy p R?

0.2 0.05 0.8894 202.02 2.74 0.5801
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Fig. 6 a pseudo-first-order b
pseudo-second-order kinetic
plots for the adsorption of MB
on GLAC

Ln ge/qt

(a)

y = -0.0586x + 5.5405
R?=0.4374

t/qt

T T T 1

40

Time (min)

y=0.0107x-0.1184
R? = 0.8821

good adsorption capacity and could be used as a natural
and cost-effective adsorbent to remove MB dye.
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