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Abstract
Grape wood activated carbon (GWAC) as a cost-effectiveness and nontoxic adsorbent was developed for methylene blue (MB) 
removal from aqueous solutions. The adsorbent was characterized using SEM, BET, FTIR and pHZPC. Design of experiments, 
modeling and optimization of data were carried out using central composite design through response surface methodology. 
The effects of the main variables including initial dye concentration (100–500 mg/L), pH (3–11), contact time (10–90 min) 
and adsorbent dosage (0.25–12.25 g/L) on the decolorization were investigated using analysis of variance (ANOVA). The 
efficiency of MB removal increased to more than 98.5% with increasing pH and contact time from 3 to 11 and 10 to 90 min, 
respectively, under 0.25–12.25 g/L of GWAC. The experimental data were fitted to Langmuir model (R2 = 0.98), and the 
maximum adsorption capacity (qmax) was 4.82 mg/g. The adsorption kinetics were well described by the pseudo-second 
order (R2 = 0.9485). This study highlighted grape wood waste as a suitable adsorbent with high efficiency for the removal 
of methylene blue from water and wastewater.
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List of symbols
C0	� Initial concentration of MB (mg/L)
qe	� Equilibrium adsorption capacity (mg/g)
Ce	� MB concentration (mg/L) at equilibrium
V	� Volume of solution (L)
W	� Weight of adsorbent (g)
Y	� Predicted response
h	� Initial adsorption rate
e	� Random error
qm	� Maximum adsorption capacity reflected a com-

plete monolayer (mg/g) in Langmuir isotherm 
model

KF	� Isotherm constant indicates the capacity 
parameter (mg/g) related to the intensity of the 
adsorption

R2	� Correlation coefficient
%R	� Percentage of adsorption process efficiency
β0	� Offset term
βij	� Interaction effect
βii	� Squared effect
βi	� Linear effect
xi and xj	� Coded values of the factors
KL	� Langmuir constant or adsorption equilibrium 

constant (L/mg) that is related to the apparent 
energy of sorption

Introduction

Colored wastewaters from different industries such as paper, 
textile, leather, printing and food products have attracted the 
attention of environmentalists because of adverse effects on 
the natural ecosystems (Asfaram et al. 2017). Researchers 
to limit the effects of large amount of discharged dyes into 
the receiving water body have attempted to develop efficient 
treatment methods. In this regard, different techniques such 
as electrocoagulation (Mahmoud et al. 2013), membranes 
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(Asman et al. 2012), composites (Dehghani et al. 2017), 
photocatalysts (Joseph and Elilarasi 2017) and adsorption 
were applied. Among them, adsorption because of simple, 
high efficiency, favorable, and less expensive is generally 
applied in the elimination of pollutants, especially dyes 
from water and wastewater (Patil et al. 2019). The results 
of previous studies have shown that among the adsorbents, 
activated carbon (AC) can be a good alternative for the 
removal of dye due to high efficiency (Ahmed and They-
dan 2014; Njoku et al. 2014; Zhai 2014). But AC has some 
limitations, including high production cost for developing 
countries like Iran (Gokce and Aktas 2014). Therefore, 
researchers have attempted to find out alternate materials 
for preparing activated carbon. Among different materials, 
activated carbon from agricultural wastes because of their 
quality and the availability of a wide range of raw materi-
als has been used increasingly during last decades (Yang 
and Qiu 2010). Many adsorbents were developed to remove 
dyes from aqueous solutions using agricultural wastes 
including banana trunk (Danish et al. 2018), olive pomace 
boiler ash (Marrakchi et al. 2017), walnut shells (Yang and 
Qiu 2010), waste tea (Gokce and Aktas 2014), coconut husk 
(Foo and Hameed 2012), coconut shell (Islam et al. 2017), 
rice straw (Zhang et al. 2016), wood millet (Ghaedi and 
Nasiri Kokhdan 2015) and bamboo leaves powder (Ghosh 
and Bandyopadhyay 2017).

Grape as a valuable agricultural product around the 
world was produced in Iran more than 2,900,000 ton/year 
from 315,000 hectare of grapevines (Hejazifar et al. 2011). 
The grape wood produces a large amount of wastes due to 
its proper growth and also its need for pruning in which 
their management is very costly and time-consuming. Pre-
vious studies have confirmed that different grape wastes 
such as stalk (Deiana et al. 2009), bagasse (Demiral and 
Güngör 2016), rhytidome (Hejazifar et al. 2011) and indus-
trial processing residuals (Sayğılı and Güzel 2015) can be 
used for the removal of pollutants from water and wastewa-
ter. But to the best of our knowledge, there is no study that 
has been employed grape wood wastes for environmental 
remediation.

Therefore, this study was designed and performed based 
on different objectives including synthesizing a new and 
cheap adsorbent from grape wood wastes, investigating 
the combined effect of independent variables: initial dye 
concentration, pH, contact time and adsorbent dosage on 
the MB removal from aqueous solutions using central 
composite design (CCD) through response surface meth-
odology (RSM) by Design Expert Version 11, modeling of 
data using analysis of variance (ANOVA) and kinetic and 
isotherm studies.

Materials and methods

Chemicals, reagents and solutions

All chemicals and reagents used in this study were pur-
chased from Merck Company with analytical standards 
and were used without further purification. The molecular 
formula and molecular weight of MB were C16H18N3ClS 
and 319.85 g/mol, respectively. Figure 1 shows the chem-
ical structure of MB with a purity degree of 98%. The 
stock solution of MB was prepared by dissolving 1 g in 
1 L deionized water. The pH adjustment during adsorption 
study was carried out using sulfuric acid (1 N) and sodium 
hydroxide (1 N).

Preparation and characterization of adsorbent

The grape wood wastes were obtained from pruned branches, 
Kermanshah grapevines, Iran. The proper branches were 
cut (about 2 cm), washed with distilled water in order to 
remove any impurities and dried under sunlight for 2 h and 
subsequently in a hot air oven (Memmert 854, Germany) 
at 100 °C for 3 h. At the first step of activation, chemical 
activation was carried out by submerging raw materials in 
H3PO4 (85%) for 8 h. After acid leaching, the raw materials 
were dried at 100 °C using a hot air oven for 4 h. At the sec-
ond step, thermal activation was performed by transferring 
materials into jugs with two small holes to sparge gases. 
The jugs were put in an electric furnace (Nabertherm 11/
s27, Germany), and thermal activation was performed for 
1 h at 750 °C. The activated material was milled and sieved 
through a mesh screen of 50#.

The thermally activated materials were milled and 
sieved through a 200-mesh screen. The grape wood acti-
vated carbon (GWAC) was studied in terms of chemi-
cal and physical properties using Fourier transform 
infrared spectroscopy (FTIR) (Alpha, Bruker), scan-
ning electron microscopy (SEM) (MIRA III, Japan) and 
Brunauer–Emmett–Teller (BET) (BELSORP-mini II, 
Japan). Also, point of zero charge (pHZPC) of AC was 
determined by the pH drift method.

Fig. 1   Chemical structure of methylene blue
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Adsorption study

This study was performed using 100  ml of methylene 
blue at different concentrations (100–500 mg/L) with the 
desired adsorbent dosage (0.25–12.25 g/L) by adjusting pH 
at the appropriate range of 3–11 when the contact time was 
adjusted at 10–90 min. The temperature was kept constant at 
25 ± 2 °C during experiments. At the end of the adsorption 
time, the mixture was separated by a centrifuge apparatus 

(Shimifan, Iran). The concentration of dye was measured 
using an UV–Vis spectrophotometer (Jenway 6305, Ger-
many) at a wavelength of 665 nm. The efficiency of the 
adsorption process was calculated based on Eq. 1 (Nayeri 
et al. 2019a):

Experimental design and data analysis

The quantitative data can be used to create a regression 
model by RSM (Danish et al. 2018). Furthermore, the syn-
ergetic or antagonist effects and optimization of main fac-
tors including contact time (X1), pH (X2), adsorbent dos-
age (X3) and the initial concentration of MB (X4) on the 
MB removal can be carried out using CCD through RSM. 
The experiments were designed based on the coded value 

(1)R(%) =
C
0
− C

e

C
0

× 100.

Table 1   Two-level factorial of variables

Parameter name Unit Symbols Low High

Contact time Min X1 10 90
pH – X2 3 11
Adsorbent dosage g/L X3 0.25 12.25
Initial concentration mg/L X4 100 500

Table 2   Coded and uncoded 
central composite design

Run no. Parameters Removal (%)

Coded X1 Coded X2 Coded X3 Coded X4

Uncoded Uncoded Uncoded Uncoded

1 + 1 90 − 1 3 − 1 0.25 − 1 100 30.3
2 − 1 10 + 1 11 − 1 0.25 − 1 100 19.66
3 − 1 10 − 1 3 − 1 0.25 − 1 100 17
4 + 1 90 + 1 11 − 1 0.25 − 1 100 34.66
5 + 1 90 + 1 11 + 1 12.25 − 1 100 97.83
6 + 1 90 − 1 3 + 1 12.25 − 1 100 96
7 − 1 10 + 1 11 + 1 12.25 − 1 100 61.33
8 − 1 10 − 1 3 + 1 12.25 − 1 100 52.3
9 0 50 0 7 0 6.25 − 0.5 200 77.5
10 0 50 + 0.5 9 0 6.25 0 300 73.96
11 − 0.5 30 0 7 0 6.25 0 300 56.63
12 0 50 − 0.5 5 0 6.25 0 300 65.1
13 0 50 0 7 0 6.25 0 300 73.3
14 0 50 0 7 − 0.5 3.25 0 300 40.4
15 0 50 0 7 + 0.5 9.25 0 300 78.6
16 0 50 0 7 0 6.25 0 300 73.3
17 + 0.5 70 0 7 0 6.25 0 300 68.4
18 0 50 0 7 0 6.25 + 0.5 400 54.63
19 − 1 10 + 1 11 − 1 0.25 + 1 500 0
20 − 1 10 − 1 3 − 1 0.25 + 1 500 0
21 + 1 90 − 1 3 + 1 12.25 + 1 500 56.36
22 + 1 90 + 1 11 − 1 0.25 + 1 500 0
23 − 1 10 + 1 11 + 1 12.25 + 1 500 15.13
24 − 1 10 − 1 3 + 1 12.25 + 1 500 11.66
25 + 1 90 + 1 11 + 1 12.25 + 1 500 54.2
26 + 1 90 − 1 3 − 1 0.25 + 1 500 0
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of the variables at five levels (Table 1), which consist of 
low level (− 1), central (0) and high level (+ 1). As given in 
Table 2, the adsorption of high concentrations of MB was 
performed based on the CCD with a factorial matrix of 26 
steady-state runs. The results of experimental works at dif-
ferent runs were used to develop a predictor model (Eq. 2) 
using a polynomial regression model (Mousavi and Nazari 
2017). Furthermore, the behavior of the adsorption system 
was explained using the coefficient of determination (R2), 
the probability p value (95% confidence level) and other 
statistical parameters.

Adsorption isotherms and kinetics

The adsorption of dye on the GWAC can be described based 
on experimental data using isotherm models. The isotherm 
studies were performed at different concentrations of dye 
(100–500 mg/L) when other parameters were constant (pH 
7, adsorbent dosage of 6.25 g and mixing rate of 200 rpm). 
There are different models, the equations of which in this 
work are applied as given in Table 3.

The first used model (Table 3) that was developed by 
Langmuir assumes monolayer coating of adsorbate over a 
homogenous adsorbent surface (Banerjee and Chattopad-
hyaya 2017). The second equation was introduced by Fre-
undlich (Table 3) as an empirical model for heterogeneous 
adsorbent surface (Razmi et al. 2019).

The behavior of the adsorption process was evaluated by 
kinetic models in different contact times (10–90 min). In 
this study, the pseudo-first-order and pseudo-second-order 
models (Ghorbani and Kamari 2019; Nekouei et al. 2015) 
were used to test the experimental data based on Eqs. 7–10 
in Table 3 (Ghorbani and Kamari 2019; Nekouei et al. 
2015).

(2)Y = 𝛽
0
+

k
∑

i=1

𝛽ixi +

k
∑

i=1

𝛽iix
2

i
+

k
∑

i<j

∑

𝛽jxixj + e.

Results and discussion

Activated carbon characterization

The physical and chemical characteristics of GWAC were 
determined by BET, FTIR, pH determination at zero-point 
charge (pHZPC) and SEM.

The BET analysis indicated that the surface area of the 
GWAC is 469.581 m2/g with microporosity. The morphol-
ogy of adsorbent can be assessed by SEM (Almasi et al. 
2017b). The result of SEM analysis showed that the pre-
pared activated carbon from grapevine wood has an irregular 
and porous shape (Fig. 2). The results of study by Hejazifar 
et al. (2011) showed that activated carbon prepared from 
grapevine rhytidome has an irregular porous structure with 
different sizes (Hejazifar et al. 2011).

The infrared spectra of the prepared activated carbons 
as a function of the activation method are represented in 
Fig. 3. FTIR analysis was used to determine the activated 
carbon functional groups before and after adsorption pro-
cesses (Nayeri et al. 2019b).

Table 3   Isotherm and kinetics 
models

Models Names Equations

Linear Nonlinear

Isotherms Langmuir Ce

qe
=

Ce

qm
+

1

qm×KL

(3) qe =
qm×K×Ce

1+k×Ce

(4)

Freundlich log qe = log kf +
1

n
ln Ce (5)

qe = KF × C
1∕n
e (6)

Kinetics Pseudo-first order log
(

qe − qt
)

= log qe −
kl

2.303
t (7)

dqt

dt
= k1

(

qe − qt
)

(8)

Pseudo-second order t

qt
=

1

k2q
2
e

+
1

qe
t (9) h = k2q

2
e

(10)

Fig. 2   SEM image of GWAC​
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According to Fig. 3a, the functional groups of the P–O 
symmetrical vibration in a chain of P–O–P (polyphosphate) 
are related to broadband between 900 and 1300 cm−1, and 
also, two peaks at 1560 and 1021.74 cm−1 correspond to 
aromatic skeletal vibration and C–F group. Other studies 
have shown that increasing functional groups increases the 
dye adsorption significantly (Ekrami et al. 2016; Gupta et al. 
2011). After adsorption process (Fig. 3b), the peak at about 
3450 cm−1 was related to the –OH stretching vibration of 
hydroxyl functional groups, C=O stretching vibration was 
observed at the peak at about 1600–1700 cm−1, and also 
the band at 2325 cm−1 corresponded to the C≡C stretching 
vibrations. Cheung et al. (2012) modified the bamboo using 
phosphoric acid, and they showed that carboxylic and phe-
nolic groups were added to the surface of carbon (Cheung 
et al. 2012). These results are consistent with the results of 
studying chemical characteristics of adsorption which are 
obtained from vine wood (Fig. 3a, b).

In this study, the zero-point charge (pHZPC) (Fig. 4) 
was 5.8 for prepared activated carbon. This means that the 
surface charge of carbon for pH > 5.8 is negative and for 
pH < 5.8 is positive. Benadjemia et al. (2011) indicated 
that the value of zero-point charge for activated carbon 

produced from globe artichoke leaves using phosphoric 
acid at different impregnation ratios tends to neutrality 
as the ratio of phosphoric acid increases from 1/1 to 3/1 
(Benadjemia et al. 2011).

Central composite design (CCD) and optimization 
of parameters

The CCD is standard RSM, which allows quadratic poly-
nomial to be used for estimating the relationships between 
independent and dependent variables. Furthermore, it 
provides data on the interface between variables based on 
dependent variables (Almasi et al. 2017a). The independent 
variables and response for obtaining models and optimal 
condition include the initial MB concentration, the adsorbent 
dosage, contact time, pH and removal efficiency (%), which 
are represented in Table 2.

Multilayer regressions of experimental models based on 
the responses using data analysis are shown in Table 4. The 
larger F-value with the corresponding p value (confidence 
interval less than 0.05) indicates that process can be mod-
eled successfully with less error (Elmoubarki et al. 2017). p 
values were used to determine the significant of model. The 
p value less than 0.05 shows that the effect of variable is 
significant (Egbuna et al. 2015). The obtained p value shows 
the significance of model. Furthermore, the p values of the 
variables show their significances. It means that both vari-
ables had effect on the MB removal efficiency (p < 0.0001) 
(Table 4). According to Table 4, since p values for X1, X2, 
X3, X4, X1X3, X1X4, X3X4, X1X2 and X3X2 are less than 0.05, 
it can be concluded that the effects of these parameters are 
significant statistically. The value of 219.39 for F shows that 
the model has a significant level. The probability is only 
0.01% that the “F-value model” can occur due to the noise. 
Adeq Precision measures the signal-to-noise ratio, and also, 
a ratio greater than 4 is desirable (Nourani et al. 2016). In 
this study, obtained ratio of 47.323 indicates an adequate 
signal. Furthermore, the value of correlation coefficient 

Fig. 3   FTIR spectroscopy of produced carbon before adsorption (a) 
and after adsorption (b)
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Fig. 4   pHZPC of activated carbon using phosphoric acid
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(R2 = 0.97) in the current study for MB removal was higher 
than 0.80 which shows excellent agreement between the 
observed results and calculated in the experiment. Moreover, 
the coefficient of variance (C.V) as the ratio of the standard 
error of estimate to the mean value of the observed response 
was 10.68, which can define reproducibility of the model. A 
model generally can be considered reproducible if its C.V is 
not more than 10% (Ghafari et al. 2009). From Eq. 11, it can 
be understood that between four main variables, adsorbent 
dosage and contact time have positive and significant effect 
on the MB removal efficiency.

In this study, in order to illustrate the correlation between 
the predicted values from the model calculated by Eq. 11, 
the plot of predicted values against actual values is shown 
in Fig. 5a, and the results show that the data points are dis-
tributed relatively close and have linear behavior; thus, there 
was sufficient agreement between the actual and the obtained 
data. The normal probability plot is a suitable graphical 
model for judging the temporary regularity (Radaei et al. 
2014). Also normal probability plot showed that residuals 

follow the normal distribution, and in this case, the points 
follow a straight line. Some moderate dispersion was 
observed even with normal data (Egbuna et al. 2015). The 
defined patterns represent a response evaluation. Accord-
ing to normalization based on normal plot of residuals, the 
results were applied to determine the significance of the 
model using ANOVA (Fig. 5b). The obtained polynomial 
equation can explain the effect of main variables in greater 
precision when its R2 is closer to one (Mohamadi et al. 
2014). Figure 5c shows that residuals were randomly scat-
tered around predicted values, indicating a high degree of 
design predictability. Figure 5d represents the Box–Cox plot 
for power transform and lambda versus Ln (residual SS), 
which shows the maximum level of the standard deviation 
for X was between 0 and 1. Calculating the R2 value in this 
study and the results of modeling shows a good consistency.

The results in Table 4 suggest that the quadratic terms 
including X3 and X4 have the greatest effect on the MB 
removal. The adsorbent dosage and the initial concentration 
of dye are important factors on the efficiency of adsorption 

Table 4   Statistical analysis and modeling using DoE 8.0.0

Source Coefficient estimate Sum of squares Df Standard error Mean square F value P value

Model 69.09 71809.36 14 0.93 5129.24 219.39 < 0.0001
X1 12.02 7148.41 1 0.69 7148.41 305.75 < 0.0001
X2 1.95 187.35 1 0.69 187.35 8.01 0.0062
X3 22.12 24224.94 1 0.69 24224.94 1036.16 < 0.0001
X4 − 14.09 9822.77 1 0.69 9822.77 420.14 < 0.0001
X1X2 − 0.037 0.068 1 0.70 0.068 2.887E−003 0.9573
X1X3 10.36 5150.16 1 0.70 5150.16 220.28 < 0.0001
X1X4 − 1.58 119.70 1 0.70 119.70 5.12 0.0271
X2X3 0.15 1.02 1 0.70 1.02 0.044 0.8352
X2X4 − 1.29 80.08 1 0.70 80.08 3.43 0.0689
X3X4 − 5.35 1371.74 1 0.70 1371.74 58.67 < 0.0001
X1

2 − 22.71 257.29 1 6.84 257.29 11.00 0.0015
X2

2 5.36 14.34 1 6.84 14.34 0.61 0.4364
X3

2 − 22.31 248.30 1 6.84 248.30 10.62 0.0018
X4

2 2.16 2.33 1 6.84 2.33 0.100 0.7532
Residual 1472.92 63 – 23.38 – –
SD 4.84
Mean 45.29
C.V% 10.68
Adeq precision 47.323
MB Removal % = + 9.31375 + 1.51063 X1 − 3.74655 X2 + 10.56794 X3 − 0.05383 X4

− 0.000234 X1X2 + 0.043160 X1X3 − 0.000197 X1X4 + 0.006076 X2X3

− 0.001615 X2X4 − 0.00445 X3X4 − 0.014191 X2
1
+ 0.335073 X2

2

− 0.619597 X2
3
+ 0.000054 X2

4
(11)



3941International Journal of Environmental Science and Technology (2020) 17:3935–3946	

1 3

process (Etim et al. 2016). The initial concentration is an 
important stimulant to overcome all the resistant of transfer-
ring dye mass between soluble and solid phases (Bahramifar 
et al. 2015).

The surface and contour plots were used to graphically 
describe the behavior of adsorption system (Zhang et al. 
2012) at the different values of main factors (pH value, MB 
concentration, adsorbent dosage and contact time) using 
adsorption capacity as response (Figs. 6, 7). The simultane-
ous effect of the adsorbent dosage and initial concentration 
of dye on the removal efficiency of the MB using GWAC is 
shown in Fig. 6. The range of adsorbent dosage varied from 
0.25 to 12.25 g/L, and the initial concentration of dye var-
ied from 100 to 500 mg/L. It was observed that by increas-
ing the adsorbent dosage at the initial concentration of MB 
(100 mg/L), the removal efficiency of MB increases from 
15 to 98.5%. The performed experiments showed that the 
maximum removal efficiency took place at the 12.25 g of 
adsorbent dosage and lower initial concentration of MB. A 

study by Orozco et al. (2018), which was investigated on the 
removal of MB using stems and leaves, confirmed that by 
increasing adsorbent dosage from 0.0125 to 0.3 g, the MB 
removal efficiency increased from 31 to 98.7%, respectively 
(Orozco et al. 2018). The same results were reported by pre-
vious studies; Nojavan and Gharbani (2017) reported that by 
increasing the adsorbent dosage, the efficiency of reactive 
blue 21 removal on its modified Kaolin increased (Nojavan 
and Gharbani 2017). Also, Omer et al. (2018) indicated that 
MB adsorption decreased as the dye concentration of the 
solution increased from 90 to 300 mg/L (Omer et al. 2018).

The behavior of adsorption system can be controlled by 
pH of solution due to the effect on the solutions chemistry, 
adsorbent surface charge and degree of material ionization 
and distribution of functional groups (Mall et al. 2005). 
Furthermore, the contact time as an important parameter 
in the adsorption process needs to be optimized. The com-
bination effects of the contact time (10–90 min) and the 
pH value (3–11) at the constant value of other factors were 

(b)
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investigated. According to Fig. 7, by increasing the contact 
time the removal efficiency of dye increased. On the other 
hand, increasing pH from 5 to 9 increases the removal effi-
ciency from 65.1 to 73.96%. In general, it was observed 
that increasing the contact time and pH simultaneously 
increases the removal efficiency of process. Kamaraj and 
Yamuna (2016) studied the removal of MB from aque-
ous solution using produced activated carbon from pine-
apple peel. It was observed that increasing pH from 2 to 
10 increases the removal efficiency from 35.27 to 100% 
(Kamaraj and Yamuna 2016). Etim et al. (2016) showed 
that the removal efficiency of methylene blue using coconut 
coir dust enhanced from 94.4 to 99.2% by increasing pH 
from 2 to 6 (Etim et al. 2016). Al-Hussein 2017 represented 

increasing contact time up to maximum (to 50  min) 
increases the removal efficiency to 91.1% (Al-Hussein 
2017). Subramaniam and Ponnusamy (2015) reported the 
same results (Subramaniam and Ponnusamy 2015). Hejazi-
far and Azizian (2012), showed that there is a significant 
correlation between pH and pHZPC so that in pH > pHZPC 
the surface charge becomes negative and the removal effi-
ciency of methylene blue (cationic dye), methyl orange and 
bromothymol blue (anionic dyes) increased (Hejazifar and 
Azizian 2012).
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Fig. 6   a Three-dimensional response surface (3D) and b two-dimen-
sional contour plots showing the effects of adsorbent dosage and ini-
tial MB concentration on the adsorption efficiency (pH 7 and contact 
time = 50 min)

(b)

X
2: 
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Fig. 7   a Three-dimensional response surface (3D) and b two-dimen-
sional contour plots showing the effect of time and pH on the meth-
ylene blue removal at adsorbent dosage of 6.25  g/L and initial MB 
concentration of 300 mg/L



3943International Journal of Environmental Science and Technology (2020) 17:3935–3946	

1 3

Optimization of experimental conditions

The graphical optimization provides a cover diagram for 
displaying areas of acceptable response values. The yellow 
part describes the probable conditions of the response in the 
operating space (Davarnejad et al. 2018). In this study, the 
results were optimized by Design Expert 8.0.0 by generating 
overlay plot (Fig. 8). Optimum conditions were achieved at 
pH 7 and contact time 74.42 min with removal efficiency 
of 94.65%.

Adsorption isotherms and kinetics

A comparison between two performed isotherm models 
(Table 5) showed that the equilibrium data obey Langmuir 
isotherm with R2 = 98, which is confirmed the single-layer 
adsorption during the process (Ghaedi and Nasiri Kokhdan 
2015). In addition, the maximum adsorption capacity (qm) 
of GWAC was 4.82 mg/g. The Langmuir and Freundlich 

isotherm plots are shown in Fig. 9. Also, the behavior of 
MB adsorption was also analyzed using the pseudo-first-
order and pseudo-second-order kinetics at the different 
contact times (10–90 min). The results showed that the 
pseudo-second order with R2 of 0.948 had better perfor-
mance than the pseudo-first order.

Conclusion

In this study, the performance of AC-derived grape wood 
waste was evaluated for the optimization of MB removal 
from aqueous solution using CCD–RSM. Moreover, the 
impact of experimental parameters such as contact time, 
the initial concentration, adsorbent dosage and pH was 
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Table 5   Isotherm parameters for MB adsorption using GWAC​

Langmuir Freundlich

qm (mg/g) KL (L/mg) R2 kf (mg1−n Ln g−1) n R2

4.82 0.019 0.98 1.086 3.36 0.68
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Fig. 9   Linear isotherm plots: a Freundlich model and b Langmuir 
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investigated. The obtained results showed that the maxi-
mum MB removal was 98.5% at a lower initial concentra-
tion of MB. The results confirmed that MB concentration 
and adsorbent dosage have the most significant effect on 
the process. Kinetic studies illustrated that the adsorption 
process was followed by a pseudo-second-order reaction 
with high R2 = 0.9485. Different isotherm models were 
also employed, and the Langmuir (R2 = 0.98) model was 
found to be great in describing the equilibrium data.
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