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The efficiency of activated carbon produced from grape waste as a low-cost, nontoxic, and available adsorbent to remove Reactive
Red 2 from aqueous solution has been investigated. The prepared activated carbon has been characterized by FTIR, SEM, and
BET. The results of characterization indicate the successful conversion of grape waste into mesoporous AC with desirable
surface area consist of different functional groups. The results of statistical modeling displayed high R2 value of 0.97% for dye
removal that shows the developed model has acceptable accuracy. The effect of independent variables indicated that the
highest adsorption (96.83%) obtained at pH3, adsorbent dosage of 12.25 g/L, and initial dye concentration of 100mg/L when
the adsorption time was 90min. The results of isotherms modeling showed that the data fit well with the Langmuir (type II).
The kinetic studies using pseudofirst-order and pseudosecond-order models pointed out that the type (I) of pseudosecond-
order kinetic model provided the best fit to the adsorption data. Parameters of thermodynamics including Gibbs energy (ΔG°)
and ko were calculated. The values of ΔG° indicated that the dye adsorption of RR2 is spontaneous. The agricultural wastes
due to special points such as low-cost, availability, and high ability to produce an adsorbent with high efficiency to remove dye
can be proposed for water and wastewater treatment.

1. Introduction

In recent years, the use of synthetic dyes in industries has
increased dramatically due to low-cost in synthesis, efficient
synthesis process, high stability and resistance to tempera-
ture, light and detergent, and other factors in comparison
to natural dyes [1, 2]. Synthetic dyes are widely used in differ-
ent industries such as paper, textile, food, plastic, leather, and
cosmetic [3, 4]. The presence of organic dyes in the environ-
ment, even in low concentrations, can threaten human health
and cause diseases such as gastritis, heinz body formation,

skin allergies, tissue necrosis, and cancer [5]. Dyes can be
divided into different types, namely, reactive, acidic, direct,
cationic, disperse, and vat according to their characteristics
and application [6]. Reactive dyes due to their stability, high
solubility, high dye variety, and low-cost are one of the most
common used synthetic dyes which are widely used to dye
cotton and other cellulosic fibers, nylon, and wool [7, 8].

Reactive Red 2 (RR2) is a reactive azo dye and is difficult
to be decomposed in natural environment due to its strong
covalent bonds [9]. Direct discharge of colored wastewater
from aforementioned industries into the environment leads
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to serious environmental problems [10]. Therefore, various
methods such as biological, chemical, and physical methods
or a combination of these methods are used to treat waste-
water containing dyes and thus reduce the environmental
hazards of dyes [11]. Researchers has used a variety of
methods, such as coagulation [12], ozonation [13], Fenton
processes [14], biodegradation [15], photodegradation [16],
and adsorption [17] to remove dyes from water and waste-
water efficiently. The results of previous research works
made clear that dyes cannot be degraded effectively by
chemical and biological processes [18].

Nowadays, adsorption due to its high efficiency, high
selectivity at molecular level, low energy consumption, easy
operation, and the ability to separate different chemical
compound has been used widely for dye removal [19].
Adsorption is a physicochemical method in which the solu-
ble molecule (such as dye molecules) is attached to an adsor-
bent surface according to its physical and chemical
properties. Depending on the properties of the adsorbent
and the type of dyes, different interactions may occur
between the adsorbent and the dye such as electrostatic
interaction or Van der Waals forces [20]. Thus, adsorption
is an effective and economical efficient and method with
high potential for removing dyes from aquatic environ-
ments. Among the large number of adsorbents, activated
carbon (AC) is widely used due to high surface area, micro-
porous structure, and high adsorption capacity [21, 22].

The commercial AC is expensive and therefore, many
studies have been carried out to produce AC from low-cost
raw materials. Agricultural wastes are a good option for pro-
ducing AC, which is less expensive and environmentally
friendly. In the last several decades, different agricultural
wastes have been used as low-cost adsorbent, such as pea-
nuts [23], apricots stones wastes [24], grape stalk [25], olive
almonds [26] and cherries [27]. Agricultural waste is made
from hemicellulose, cellulose, and other functional groups
that are a suitable alternative to commercial activated car-
bon. Agricultural waste is cheap and abundantly available
and sometimes even causes a lot of environmental problems
[28]. Therefore, converting agricultural wastes into valuable
materials such as AC is valuable in points of economic and
environmental protection view [29]. For this purpose, grape
waste was used to prepare activated carbon. Grapes are one
of the most common fruit products in the world. Approxi-
mately 7.5 million of land around the world in 2017 is under
grapevine cultivation [30]. Therefore, pruning the branches
of vines to produce higher quality grapes produces a signif-
icant amount of agricultural wastes. Using grape wood to
make adsorbent is an efficient management strategy to con-
trol agricultural wastes.

This study is aimed at investigating the Reactive Red 2
(RR2) removal using prepared activated carbon from grape
wood wastes as low-cost adsorbent from aqueous solution.
The effects of contact time, initial dye concentration, adsor-
bent dosage, and solution pH on the RR2 adsorption rate
have been modeled and optimized using the central compos-
ite designs (CCD) through response surface methodology
(RSM). The mechanism of adsorption has been described
through isotherm and kinetic studies.

2. Materials and Methods

2.1. Chemicals and Reagents. All chemicals such as RR2
(C19H10Cl2N6Na2O7S2), sulfuric acid, and NaOH used in
this study were reagent grade. The RR2 with purity of 98%
has been provided by Merck Company, Germany. The
chemical activation of adsorbent carried out by using 98%
sulfuric acid. The pH of solution was adjusted using NaOH
(1mol L-1) and HCl (1mol L-1), which were purchased from
Merck company. The chemical structure of RR2 dye is
offered in Figure 1 [31].

2.2. Activated Carbon Preparation. Grape wood waste was
obtained from the Kermanshah rural area in the western
region of Iran. The raw material was crushed mechanically
and transferred to the laboratory. In order to eliminate
impurities such as debris and dust, grape wood waste
cleaned and washed with distilled water and dried at 100°C
for 3 h. The activation agent sulfuric acid (with 98% purity)
was used for the chemical preparation of activated carbon
during 8 h with the weight ratio of 1 : 10 for sulfuric acid to
grape wood wastes. Then, it was dried for 24h at 100°C. In
next phase, the thermal activation carried out by oven at
750°C for 1 hour. After cooling, the AC was passed through
the sieve mesh size 50. The powder has been neutralized
with NaOH and HCl. Finally, grape wood activated carbon
(GWAC) was dried at 100°C for 3 h.

2.3. Characterization of Activated Carbon. To study the
physical and chemical characteristics of GWAC, Fourier
transform infrared (FTIR), scanning electron microscopy
(SEM), and Brunauer–Emmett–Teller (BET) have been
used. The surface morphology of the adsorbent was
observed with SEM (Jeol JSM 840A, Japan). The BET has
been used to analysis the specific surface area of GWAC.
The FTIR has been used to determine functional groups of
adsorbent.

2.4. Experimental Design and Empirical Modeling. In this
study, Design-Expert software (version 11) was applied for
the design of experiments and data analysis through RSM
using CCD technique. Response surface methodology is a
statistical method that uses the quantitative data from exper-
iments to examine the interaction of the several parameters
affecting the process and study the responses of various fac-
tors by varying them simultaneously [32, 33]. The effects of
four independent variables, such as contact time (A), initial
pH (B), adsorbent dosage (C), and initial dye concentration
(D), were investigated by means of (3-level-4-factor) CCD.
The effect of input factors on the responses was investigated
by analysis of variance (ANOVA) through statistical evalua-
tion 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 (R2),
adjusted coefficient of determination (R2 adj.), and sufficient
accuracy (AP). Finally, the three-dimensional response level
diagrams have been developed to show the interrelationship
between independent factors and their related effects on the
response. For each parameter, the ranges and levels are given
in Table 1. With the suggestion of the software, the
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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 2. The quadratic equation model
(Eq. (1)), which includes all interaction terms, was used to
calculate the predicted response.

Y = β0 + 〠
k

i=1
βiXi + 〠

k

i=1
βiiX

2
i + 〠

k−1

i=1
〠
k

j=2
βijxixj + e: ð1Þ

The quadratic model based on Eq. (1) was applied to
evaluate the coefficients of the statistical model, where Y is
the response, βo is the constant coefficient, βi is the linear
coefficients, βij is the interaction coefficients, βii is the qua-
dratic coefficients, xi and xj are the coded values of the
investigated variables, and e is the statistical error term.

2.5. Batch Equilibrium Studies. This empirical study carried
out at a laboratory bench scale by using activated carbon
prepared from grape wood waste for removing RR2 from
aqueous solution. In the first phase, a series of batch exper-
iments were performed to investigate the removal of RR2
dye from synthetic wastewater. The adsorption process has
been conducted at the different values of independent vari-
ables; contact time (10 to 90min), pH (3–11), initial concen-
tration of dye (100-500mg/L), and adsorption dosage (0.25
to 12.25 g/L) using a series of pyrex glass with total volume
of 250mL and working volume of 100mL. Ambient temper-
ature and mixing speed were constant during process at 25
± 1°C and 100 rpm, respectively. To carry out the experi-
ments, the initial pH of dye solution was adjusted using
NaOH or HCl. The residual concentration of dye was deter-
mined by measuring its absorbance in a UV-Visible spectro-
photometer (Jenway 6305, Germany Model) at the
maximum wavelength of 665nm after centrifuge (Shimi
fan, Iran) of sample at 3800 rpm for 7min. The amount of
adsorbed dye and RR2 removal efficiency (%) were calcu-
lated by following equations (Eqs. (2) and (3)) [34]. The rep-

etition of analysis was considered when an error higher than
5% was observed in the samples during the test.

qe =
C0−Ceð Þ
w

× v, ð2Þ

%R =
C0−Ce

C0
× 100, ð3Þ

where C0 and Ce are the initial and final dye concentra-
tions (mg/L), respectively, qe 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) [35].
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Figure 1: The structural formula for RR2.

Table 1: Ranges and level of studied parameters in order to design
the experiments.

Parameter 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

Table 2: Experimental conditions for adsorption process in the
presence of prepared GWAC.

Run
no.

Parameters Response
Contact
time

pH
Adsorbent
dosage

Dye
concentration

Removal
(%)

1 10 11 12.25 100 38.9

2 90 3 12.25 100 96.83

3 10 3 12.25 500 9.8

4 50 7 3.25 300 70.6

5 10 3 0.25 500 2

6 90 3 12.25 500 63.4

7 10 3 0.25 100 25

8 90 11 0.25 100 33.66

9 50 7 6.25 400 67.9

10 90 3 0.25 500 1.33

11 10 11 12.25 500 11.6

12 50 9 6.25 300 81.06

13 50 5 6.25 300 89

14 90 11 0.25 500 1.73

15 50 7 6.25 200 80

16 30 7 6.25 300 78.96

17 10 11 0.25 100 22

19 90 11 12.25 500 61.33

19 10 11 0.25 500 0.53

20 50 7 9.25 300 85.53

21 70 7 6.25 300 89.53

22 90 3 0.25 100 37.66

23 10 3 12.25 100 41

24 90 11 12.25 100 93.5

25 50 7 6.25 300 52.6

26 50 7 6.25 300 85

27 50 7 6.25 300 85.3

28 50 7 6.25 300 84.3

29 50 7 6.25 300 83.6

30 50 7 6.25 300 84.4
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3. Results and Discussions

3.1. Characteristics of Adsorbent. The SEM image (Figure 2)
indicates the surface porosity of GWAC. According to
Figure 2, presence of honeycomb pores on the GWAC sur-
face makes clear that adsorbent has ability to remove dye
from aqueous solution by adsorption process. Previous stud-
ies reported that high porosity increases the surface area and
effectively increases the adsorption efficiency [36]. Based on
BET analysis, the adsorbent-specific surface area was
119.084m2/g.

The FT-IR spectrum is very important for determining
the characteristics of the functional groups as well as their
changes in the adsorbent. The FT-IR spectra of the adsor-
bent after RR2 adsorption are shown in Figure 3. Based on
various studies, the peaks of the Figure represent between
1000 and 1200 cm-1 are related to the C-O functional group.
The band at 3200 to 3600 cm-1 corresponds to the O-H ten-
sile vibration of the hydroxyl functional groups. The peak at
1700 to 1800 cm -1 is related to the C=O stretch of the car-
boxyl groups. The peak at about 960 cm-1 may be due to the
vibration of the C-C or C-H groups [37].

3.2. Statistical Analysis and Modeling. The results of analysis
of variance (ANOVA) have been summarized in Table 3.
Based on the results adsorbent dosage, initial concentration
of dye and contact time has a positive effect on adsorption
efficiency. The positive amount of variables indicates the
effect of variables, while the negative value indicates an
inverse relationship between the factors and their response.
R2 and R2

adj: for dye removal are 0.9797 and 0.9751, respec-
tively, which confirms that there is a good match between
predicted data and experimental data. The model F value
216.67 indicates that the model was significant for RR2
removal. Values of Prob > F less than 0.05 mean that the
model terms were significant, while values greater than
0.05 indicate that the model terms are not significant. The
lack of fit value 0.4925 is not significant and confirms that
the model is adequate. Adequate precision measured the sig-
nal to noise ratio that a value of this parameter greater than
4 is generally essential [38, 39]. In this work, obtained ade-
quate precision was 42 for the degradation of RR2 that con-

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

Removal = +82:50 + 14:84A – 1:14B + 18:11C – 14:66D
− 0:2021AB + 11:87AC − 1:99AD + 0:0854 BC
+ 0:7563 BD − 0:6479 CD + 3:46A2 + 6:59B2

− 21:08C2 − 37:74D2:

ð4Þ

3.3. Effects of Variables and Comparison. The 3D surface
response and contour plot of the quadratic model have been
developed by the Design Expert software version 8, and they
used to study the interactive relationships between indepen-
dent variables and response.

3.3.1. Effect of Initial pH and Contact Time. The pH has a
large effect on the adsorption capacity of the adsorbent.
The pH can affected on the electrical charge of adsorbent
surface, dissociation of various functional groups on the
active sites of the adsorbent, and the ionic forms of adsor-
bate molecule. Therefore, it can play an important role in
the dye adsorption process [40]. Figure 4 shows the interac-
tion effects of contact time and initial pH based on response
in the adsorption process. In order to study the effect of pH
on dye removal efficiency, different initial values of pH (3, 5,

Spot Magn Det WD 100 𝜇m
SE 11.15.0 250⨯

Spot Magn Det WD 100 𝜇m
SE 11.35.0 250⨯

Figure 2: SEM image of prepared AC.
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Figure 3: FTIR spectrum after adsorption.
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7, 9, and 11) were examined. As shown in Figure 4, the dye
removal efficiency increased by increasing of pH from 3 to 7,
but it decreased by increasing of pH from 7 to 11. It is evi-
dent that both variables (pH and time) have a strong influ-
ence on the RR2 removal [41]. The adsorption of RR2 was
high at low pH when pH < pHZPC (6.7) in this condition,
and the adsorbent surface gets a positive charge. The study
by Nirmaladevi (2020) confirmed the results of this study
[42]. The results of study bySenthilkumaar et al. (2006)
showed that the removal of reactive red dye is greater at
low pH [43]. At acidic conditions, binding sites of the adsor-
bent would be closely associated with the hydrogen ions
which act as bridging ligands between the adsorbent surface

and the dye molecule [44]. A comparison between the
results of present study and others studies is presented in
Table 4. As can be seen, the amount of RR2 removal at acidic
pH has been reported more than other values. In addition,
the dye removal obtained in this study has been reported
at an acceptable level compared to other adsorbents. Conse-
quently, activated carbon made from grape wood waste is an
efficient adsorbent for RR2 dye removal from aqueous
solution.

One of the most important design parameters of adsorp-
tion studies is the contact time between the dye and the
adsorbent [45]. The results show that with increasing con-
tact time from 10 to 90 minutes, the percentage of dye

Table 3: Statistical parameters and ANOVA results using Design-Expert 11.0.0 for the studied variables.

Source Sum of squares Df Mean square F value P value

Model 85022.46 14 6073.03 216.67 <0.0001 Significant

A 10906.21 1 10906.21 389.11 <0.0001 Significant

B 63.81 1 63.81 2.28 0.1363

C 16238.42 1 16238.42 579.35 <0.0001 Significant

D 10637.74 1 10637.74 379.53 <0.0001 Significant

AB 1.96 1 1.96 0.0699 0.7923

AC 6761.63 1 6761.63 241.24 <0.0001 Significant

AD 190.80 1 190.80 6.81 0.0113

BC 0.3502 1 0.3502 0.0125 0.9114

BD 27.45 1 27.45 0.9794 0.3261

CD 20.15 1 20.15 0.7189 0.3997

A2 5.97 1 5.97 0.2128 0.6461

B2 21.68 1 21.68 0.7734 0.3825

C2 221.68 1 221.68 7.91 0.0066

D2 710.92 1 710.92 25.36 <0.0001 Significant

Residual 1765.81 63 28.03

Lack of fit 269.62 10 26.96 0.9551

Pure error 1496.19 53 28.23 0.4925

Cor total 86788.27 77
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Figure 4: 3D response surface and 2D contour plots show the effect of pH and contact time on the RR2 removal.
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removal increases. Initially, the adsorption process decreases
rapidly and gradually over time due to the presence of voids
on the activated carbon surface. It means at first, there are
more sites for adsorption, which with the passage of time
and the occupation of adsorbent sites, that the carbon
adsorption capacity reaches a constant amount and the so-
called equilibrium between the amount of adsorbed dye
and the amount of desorption. Therefore, the amount of
adsorption is also reduced [46]. Bazrafshan et al. (2013) con-
ducted a study on the removal of Reactive Red 120 using car-
bon made from cumin herb wastes. The results of this study
show that increasing the contact time has a positive effect on
the dye removal process [47].

3.3.2. Effect of Adsorbent Dosage and Dye Concentration. The
adsorbent concentration is an important factor because it
determines the capacity of the adsorbent for a given initial
RR2 concentration. In order to determine the effect of adsor-
bent dosage on the adsorption process, 0.25 to 12.25 g/L
adsorbent (activated carbon obtained from grape wood
wastes) was used for adsorption experiments. Figure 5 shows
the interaction effects of dye concentration and adsorbent
dosage in the response process. As shown in Figure 5, with
increasing of adsorbent dosage up to reach to equilibrium
in high dosages, the RR2 removal efficiency increases. The
highest adsorption rate was obtained in 12.25 g/L of acti-
vated carbon that was 96.83%. This is due to the fact that
as the adsorbent dosage is increased, the surface area avail-
able for adsorption increases, thus producing more active
sites for adsorption [48, 49]. The comparison of the results
of current study with previous research works indicated
same effects of different variables (Table 4). The results of
Al-Sharify et al. (2013) study show, with increasing the
amount of activated carbon prepared from Hazelnut Shells
(as adsorbent), the amount of RR2 removal which also
increases [50]. The results of this study are consistent with
a study by Divriklioglu and Akar [51].

The initial concentration of dye in the solution has a sig-
nificant effect on the number of effective collisions between
the adsorbent surfaces and the adsorbed molecules [52].
The effect of initial dye concentration was evaluated in the
range of 100-500mg/L. The effect of initial dye concentra-
tion on the dye removal efficiency showed that overall dye
removal efficiency decreased with increasing dye concentra-
tion. For example, increase in dye from 100 to 500mg/L
decreases the decolorization from 94% to 61.6% at 90min.

As the dye concentration increases, the adsorbent vacancy
sites decrease for dye adsorption [53].

3.4. Adsorption Isotherms. Adsorption isotherm data are of
great importance in adsorption studies in order to optimize
the design of the adsorption system. Various isotherm equa-
tions such as Langmuir and Freundlich isotherms were used
to investigate the RR2 dye adsorption equilibrium on
GWAC [56].

Based on Langmuir isotherm, adsorption occurs by
monolayer coating at homogeneous sites with a limited
number [57]. Furthermore, once dyes molecule occupies a
site, no further adsorption can take place at that site. Lang-
muir isotherms can be plotted at four different linear types.
Equations (5)-(8) show the linear form of four types of
Langmuir isotherm models [58]:

Type Ið Þ: Ce

qe
=

Ce

Qm
+

1
KQm

, ð5Þ

Type IIð Þ: 1
qe

=
1
Qm

+
1

KCeQm
, ð6Þ

Type IIIð Þqe =Qm −
qe
KCe

, ð7Þ

Type IVð Þ qe
Ce

= KQm − Kqe, ð8Þ

where Ce (mg/L) is the equilibrium concentration of RR2
dye in the solution, qe (mg/g) is the adsorption capacity at
equilibrium, Qm (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 Qm and K
are obtained from the intercept and the slope of the linear
plot of Ce/qe against Ce [59].

One of the parameters of the Langmuir equation, which
determines the type of adsorption process, is the coefficient
of separation parameter RL. When 1 < RL shows an undesir-
able adsorption type, RL = 1 is a linear adsorption type, 0
< RL < 1 is optimal adsorption, and RL = 0 is an irreversible
adsorption [60]. According to the study of adsorption iso-
therms, the amount of RL for RR2 adsorption is calculated
to be 0 < RL < 1, which indicates that the RR2 is well
adsorbed in this work (Eq. (9)).

RL =
1

1 + KC
ð9Þ

Table 4: The comparison of results of this study with previous works.

Removal (%) Contact time (min) Initial Co. RR2 (mg/L) pH Adsorbent (g/L) Adsorbent Reference

96.83 90 100 3 12.25 Grape waste Present study

70> 30 20 3 0.2 Hazelnut shells [50]

49.91∗ — 120 2 2 Soya bean meal [54]

95> 25 220 2 0.3 Clay montmorillonite [55]

98 100 60 2 0.05 Leucophloea wood sawdust [42]

90> 40 — 2 1 Dried fungal [51]
∗Maximum uptake capacity.
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The Freundlich isotherm describes heterogeneous
adsorption with different surface energy sites. In this model,
the amount of dye adsorption changes with the exponential
distribution of sites and adsorption energies. The linear form
of the Freundlich isotherm is shown in Eq. (10) [61, 62]:

ln qe = lnkf +
1
n

ln ce ð10Þ

where n and KF are Freundlich adsorption isotherm
constants, which indicate adsorption intensity and adsorp-
tion capacity, respectively. The Freundlich isotherm con-
stants KF and 1/n can be reported based on the plot of
lnqe versus lnCe, which has been presented in Figure 6. If
the value of1/n < 1, then the adsorption intensity and the
type of isotherm are to be required, and the adsorption
capacity increases 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 [63].

In present work, the equilibrium adsorption data were
analyzed using the Langmuir and Freundlich adsorption
models. The parameters obtained from Figures 7 and 6 are
summarized in Table 5.

Comparison of R2 values in Table 5 shows that the
experimental data obtained are more consistent with the
Langmuir isotherm (R2 = 0:9674). The validity of the Lang-
muir isotherm in RR2 dye adsorption indicates that adsorp-
tion occurs on the surface of the GWAC adsorbent
monolayer. Therefore, it needs the equal activation energy
to adsorption all species.

3.5. Kinetic Study. Kinetics is one of the important character-
istics in defining the efficiency of adsorbent. Adsorption
kinetics describes the rate of adsorption of solutes, which

in turn depends on the retention time or adsorption reac-
tion. Kinetic parameters can be calculated by analyzing
experimental data obtained at different times. Therefore, in
this way, some information needed to design and model
the adsorption processes that can be obtained [64].

3.5.1. The Pseudofirst-Order Model. The linear form of the
pseudofirst-order equation can be represented using the fol-
lowing equation (Eq. (11)):

Log qe – qtð Þ = logqe – K1
2:0303t

, ð11Þ

where qe is the amount of dye adsorbed at equilibrium
(mg/g), qt is the amount of dye adsorbed at any time t
(mg/g), and K1 is the first order rate constant (min-1).
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Figure 5: 3D response surface and 2D contour plots show the effect of dosage and dye concentration on the RR2 removal.
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3.5.2. The Pseudosecond-Order Model. The pseudosecond-
order model equation was proposed in 1995 by Ho. This equa-
tion shows how the pertained rate of adsorption is related to

the equilibrium value [65]. Four types of the pseudosecond-
order model were defined as (Eqs. (12)-(15)) [66]:

Type Ið Þ: t
qt

=
1

k21q2e
+

1
qe
t ð12Þ

Type IIð Þ: 1
qt

=
1
qe

+
1

k22q2e

� �
1
t
, ð13Þ

Type IIIð Þ: qt = qe −
1

k23qe

� �
qt
t
, ð14Þ

Type IVð Þ: qt
t
= k24q

2
e − k24qeqt, ð15Þ

y=–0.0349x+15.653
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Figure 7: Langmuir isotherm for RR2 adsorption on GWAC (a) type 1 Langmuir, (b) type 2 Langmuir, (c) type 3 Langmuir, and (d) type 4
Langmuir at (pH = 7, contact time = 50 min, dye concentration = 300mg/L).
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Figure 8: The pseudofirst-order kinetic plots for the adsorption of
RR2 onto prepared adsorbent.

Table 5: Isotherm model parameters and correlation coefficients
for RR2 adsorption on GWAC.

Isotherm Parameters Adsorbent

Langmuir 1

R2 0.60

Qm (mg/g) 28.65

KL1 (L/mg/) 0.002

RL 0.62

Langmuir 2

R2 0.9674

Qm (mg/g) 0.062

KL2 (L/mg) 504.03

RL 0.000006

Langmuir 3

R2 0.6193

Qm (mg/g) 454.54

KL3 (L/mg) 0.034

RL 0.089

Langmuir 4

R2 0.5531

Qm (mg/g) 0.0003

KL4 (L/mg) 20.44

RL 0.00016

Freundlich

R2 0.96

1/n 1.33

Kf (mg/g) 55.59
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where K2 is the pseudosecond-order rate constant (g.mg-
1.min-1), qe is the amount of dye adsorbed on the adsorbent
at equilibrium (mg/g), and qt is the amount of dye adsorbed
on the adsorbent at any time t (mg/g) [67].

Based on Figures 8 and 9, the experimental results at dif-
ferent times show that the data follows a pseudosecond-
order kinetic model. The kinetic parameters for the

pseudofirst-order and pseudosecond-order models are sum-
marized in Table 6.

3.6. Adsorption Thermodynamics. To understand the prop-
erties and mechanisms of adsorption, the thermodynamic
parameters such as standard enthalpy change)ΔH°(, Gibbs
free energy change)ΔG°(, and standard entropy change) Δ
S°(were measured using the following equations (Eqs.
(16)–(19)) [11, 68, 69].

ΔG° = −RTlnko, ð16Þ

ko =
qe
ce
, ð17Þ

ΔG° = ΔH° − TΔS°, ð18Þ

lnko =
ΔS°

R
=
ΔH°

RT
, ð19Þ

where R is the universal gas constant (8.314 Jmol−1K−1),
K is the equilibrium constant, and T is the temperature (K).
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Figure 9: The pseudosecond-order kinetic plots for RR2 adsorption on GWAC (a) type 1: the pseudosecond-order, (b) type 2: the
pseudosecond-order, (c) type 3: the pseudosecond-order, and (d) type 4: the pseudosecond-order.

Table 6: Kinetic model parameters and correlation coefficients for
RR2 adsorption on GWAC.

Model Parameters Adsorbent

Pseudofirst-order

R2 0.75

Qm (mg/g) 501.18

K1 (1/min) 0.03

Pseudosecond-order (type I)

R2 0.9997

Qm (mg/g) 4.70

K2 (g/min·mg) 0.02

Pseudosecond-order (type II)

R2 0.9448

Qm (mg/g) 0.95

K2 (g/min·mg) 5.05

Pseudosecond-order (type III)

R2 0.9908

Qm (mg/g) 0.13

K2 (g/min·mg) 21.73

Pseudosecond-order (type IV)

R2 0.9929

Qm (mg/g) 8.33

K2 (g/min·mg) 0.02

Table 7: Thermodynamic parameters for the adsorption of RR2 on
GWAC at 24 ± 2°C.

RR2 conc. (mg/L) Ko/L g-1 ΔG° (kJ/Kmol)

100 39 -9.03

200 10.11 -5.70

300 9 -5.40

400 2.27 -2

500 1.79 -1.43
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ΔH° and ΔS° can be obtained from the slope and intercept of
the linear plots of lnK0 vs. 1/T , respectively. According to the
results (Table 7), the values of ΔG° in all concentrations
tested at 24 ± 2°C were negative. Therefore, it can be con-
cluded that the adsorption of RR2 on GWAC is spontaneous
and thermodynamically desirable. On the other hand, the
more negative the Gibbs standard energy is, the higher the
adsorption driving force and consequently the higher the
adsorption capacity [56].

4. Conclusion

In this study, the removal of RR2 dye from aqueous solution
using grape wood-based activated carbon was investigated.
Parametric studies, optimization, thermodynamics, adsorp-
tion isotherm and kinetic studies were done and following
conclusions were obtained:

(i) Using the Design-Expert software, the optimum
parameter conditions of 100mg/L initial RR2 con-
centration, 90min contact time, 12.25 g/L adsorbent
dose, and pH of 3 were determined to yield a max-
imum RR2 removal of 96.83%

(ii) The percentage removal of RR2 increases with
increasing adsorbent dose and contact time

(iii) The percent (%) of RR2 removal increases with
decreasing pH and initial dye concentration

(iv) The Langmuir isotherm of type (II) best described
the equilibrium data with R2 = 0:96, which indicates
the monolayer adsorption model takes place
between RR2 dye and GWAC

(v) The pseudosecond-order kinetic model of type (I)
best describes the kinetics of the GWAC adsorption
system due to its high R2 = 0:99

(vi) Conclusively, grape wood-based activated carbon is
an effective and low-cost adsorbent in the removal
of RR2 dye from aqueous solution, where process
parameters such as solution pH, initial dye concen-
tration, contact time, and adsorbent dose signifi-
cantly affect the percentage removal of RR2
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b: Constant related to the affinity of the binding sites [L/
mg]

C0: Liquid-phase concentrations of dye at initial [mg/L]
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