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chestnut oak shell as raw material. Carbonization followed by modifying

with hydrochloric acid /nitric acid (HCI/HNO3) was done. Then the
modified adsorbent was used to remove methylene blue from aqueous solutions.
Different techniques, including scanning electron microscopy (SEM), Brunauer-
Emmett-Teller (BET) analysis, and Fourier transform infrared spectroscopy
(FTIR), were used for the characterization of the adsorbent. The effects of some
experimental parameters, such as pH, adsorbent dosage, contact time, and
initial methylene blue concentration, on the removal efficiency were optimized.
The optimized parameters were found to be pH, 7, adsorbent dosage, 0.1 g,
contact time, 20 min, and initial dye concentration, 50-400 mg L™. Different
Adsorption kinetics and equilibrium were well described by the pseudo-second-
order (R*= 0.9996) and the Freundlich model compared to the other investigated
models. The maximum adsorption capacity of methylene blue was found to be
406.21 mg g™ which was superior or comparable to other reported adsorbents.
The results indicated that the prepared acid-modified adsorbent is efficient for
methylene blue removal in wastewater treatments. Prog. Color Colorants Coat.
16 (2023), 139-152© Institute for Color Science and Technology.

I n this study, an acid-modified-activated carbon was prepared from the

1. Introduction

efficient method to remove organic dyes from aqueous

Health and safety of water resources have a crucial role
in human health. However, with the rapid development
in industrialization and urbanization, the discharge of
industrial effluents containing toxic organic and
inorganic contaminants into the water bodies have been
increased [1]. Dyes as an important category of organic
pollutants found in various industrial effluents such as
textile, paint, plastic, cosmetics, leather, and food [2, 3].
These substances can cause adverse effects on human
health and the environment since they have high
stability, non-degradability, and potential mutagenic and
biotoxicity effects [4, 5]. Therefore, developing a highly

media before being discharged to the environment is
urgently needed to reduce their negative effect. Among
the developed methods for dye removal, adsorption has
been considered as a promising technique with the
advantages of easy and simple operation, low
consumption of energy, cost-effectiveness and
environmental friendliness [6, 7]. Adsorbent materials
related structurally to carbon such as activated carbon,
carbon nanotube and graphene are a number of
manufactured substances prescribed to assist the removal
of pollutants in contaminated water media. Activated
carbon (AC) is one of the most used adsorbents in
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adsorption processes due to their availability, high
surface areas, porous structures, and good chemical and
physical stability [8]. However, the high cost of
commercially available activated carbons, mainly due to
the use of expensive precursors (such as lignite and
coal), has limited their application, and thus great efforts
have been devoted to finding low cost, renewable and
economically feasible sources to produce more effective
ACs [9]. Many natural, industrial or agricultural wastes
such as banana peels [10], pistachio wood [8], Coconut
shell [11], long-root Eichhornia crassipes [12], Ziziphus
lotus stones [13], peanut shell [14], coffee waste [15],
date stone [16], tire waste [17, 18], etc. have been
reported as precursors to prepared ACs which are then
applied for removing a wide kinds of contaminants.

In adsorption processes, the chemical functional
groups of ACs play a significant role in their treatment
efficiencies. For example, acidic groups increase the
removal efficiency of cationic species, while basic
functional groups can increase the adsorption of
anionic species from aqueous solutions [19]. The
surface acidity and type and quantity of functional
groups presented in the surface of pristine ACs hardly
provide requirements for adsorbing contaminants in
water samples [20]. Therefore, it is necessary to
modify activated carbons using physical or chemical
methods to improve their selectivity during the
adsorption process. For this purpose, activated carbons
are prepared by a two-stage process including a
primary carbonization step and second activation or
modification stage to incorporate more functional
groups, changing its surface chemistry [8]. The aim of
the first step usually is to make a carboneous material
with initial porosity and functionality, while the second
activation/modification step changes the chemical
and/or physical properties of the adsorbent to improve
its adsorptive removal performance. It has been
demonstrated that modification with different acids can
enhance the polar functional groups such as carboxylic,
phenolic, lactonic, and peroxide on the surface of
activated carbon, and improve its hydrophilicity [21,
22]. Chestnut oak shell was selected as carboneous raw
material, because, it has hard structure due to the
presence of lignin. This characteristic makes it tolerate
thermochemical processes without changing into ash.
This is of great importance in producing activated
carbon adsorbent using natural raw materials. The
produced activated carbon from this precursor has the
potential to be chemically-modified by simple
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modification methods. It is also available and
inexpensive in west provinces of Iran.

In this study, the adsorbent was prepared from
chestnut oak shell carbonization (and tire waste for
comparing the results) followed by modifying with
HCI/HNO; solution and then used for MB removal
from the aqueous solution. Methylene blue is a well-
known cationic dye used in the textile industry, biology
and medical science [23]. Due to its complex structure,
MB is hardly decomposed under natural conditions and
thus, it should be removed from wastewaters before
releasing to water bodies. The effect of different
experimental conditions on the removal efficiency of
MB was investigated. The adsorption kinetics and
isotherms of MB adsorption and the reusability
potential of the adsorbent were also studied.

2. Experimental

2.1. Reagents and materials

All reagents and chemicals were of analytical grade
and were prepared from Merck (Darmstadt, Germany).
The commercial activated carbon (CAC) was obtained
from Cabot Corporation. The MB was obtained from
Sigma Aldrich Ltd. (St Louis, USA). The chemical
formula of the methylene blue is C;gH1gCIN3S*x H,O
(x= 2-3) with the molecular weight of 319.86 g mol™
(anhydrous), Amax OF 664 nm and solubility in water of
50 g L™ The stock solutions of MB (10000 mg L™
was prepared by dissolving an appropriate amount of
dye in deionized water and working solutions were
freshly obtained by appropriate dilution of the MB
stock solution.

2.2. Instrumentation

The FTIR spectra were obtained in the range of 400-
4000 cm® with a Bruker Equinox 55 FTIR
spectrometer (Bruker Analytic GmbH, Bremen,
Germany). The BET surface area and pore size were
obtained from N, adsorption-desorption isotherms
acquired at 77 K using a Belsorp mini Il (BEL Japan
Inc., Osaka, Japan). The morphology of the prepared
adsorbents was investigated by a TESCAN MIRA llII
microscope (Czech Republic). The adsorption of the
solution was measured through a Specord 200 UV-Vis
spectrophotometer (Analytik Jena, Germany).
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2.3. Synthesis of activated carbon

Chestnut oak shell activated carbon (CSAC) was
prepared according to the procedure below: at first,
Chestnut oak shells taken from Zagros forests (Uraman
region, Kurdistan, Iran) were thoroughly washed with
deionized water and then placed in an oven at 60 °C for
24 h for drying. The dried shells were crushed and
powdered using a standard household grinder. In order
to carbonization of shells, 50 g of powdered shells
were transferred into a stainless steel tube and then
placed in an electric furnace at 300 °C under nitrogen
atmosphere for 3 h. The rate of heating was set at
5 °C/min. The obtained activated carbon (CSAC) was
thoroughly washed with deionized water followed by
drying in an oven at 80 °C for 8 h.

The waste rubber-based activated carbon (WRAC)
was prepared according to a procedure described in the
literature [24]. For this purpose, the waste rubber tire
was washed with hot distilled water, dried for 48 h at
sunlight and grounded to granules. The material was
then heated to 500 °C for 6 h followed by adding
hydrogen peroxide (H,0,) solution to remove organic
impurities. The material was then activated at 900 °C
for 2 h under nitrogen atmosphere. After cooling, the
obtained residue was rinsed with deionized water and
dried.

2.4. Chemical treatment of activated carbon

For acid treatment, 2.0 g of the AC was mixed with the
25 mL of HCI solution (4 M) and stirred on a heater at
60 °C for 6 h. The mixture was then filtered, mixed
with 40 mL nitric acid (32.5 %) and heated up to 60 °C
for 6 h under stirring with a magnetic stirrer to ensure
the complete reaction between the acid and the
activated carbon. The resulting product was filtered
followed by repeatedly washing with deionized water
until reaching a neutral pH (between 6 and 7). Finally,
the remaining material was dried in an oven at 100 °C
for about 24 h. The obtained acid treated-chestnut
shell, waste rubber and commercial activated carbons
were labeled as ATCSAC, ATWRAC, and ATCAC,
respectively.

2.5. Adsorption experiments

Adsorption experiments were conducted by reacting
0.1 g of adsorbent with 100 mL of MB solution (100
mg L?) at 25 °C. After adjusting the pH at 7, the

mixture was magnetically stirred with the agitation rate
of 200 rpm until the equilibration was achieved. After
20 min, the mixture was filtered and the MB
concentration in the residual solution was directly read
with the spectrophotometer at the maximum
wavelength of 664 nm. All optimization experiments
were performed in three replications, and their average
values were used as the experimental points in charts.
The removal percentage of MB after adsorption by
activated carbon was ascribed as follows (Eq. 1):

R (%)== x100 1)

Where C, and C; are the initial and remaining MB
concentration in the solution at the time ‘t’. The
amount of MB adsorbed on the activated carbon (g,
mg g') was calculated using the equation given below

(Eq. 2):

_ (co-ce)xv @)

where Ce is the equilibrium MB concentration in
the solution (mg L™), V is the solution volume (L), and
M is the mass of the activated carbon (g).

2.6. Adsorption kinetic

Adsorption kinetics was investigated using different
models presented in Table 1 (Egs. 5-8). For this
purpose, 0.1 g of the adsorbent was added to a series of
aqueous solutions containing 100 mL of 100 mg L™
MB at the desired temperature and the mixtures were
stirred at 200 rpm. The amount of MB adsorbed by the
solid phase (q;, mg L™) was calculated according to Eq.
3:

_ (co-ct)xv

qt Y

@)

2.7. Adsorption isotherms

The equilibrium experiments were performed as
follows: 0.1 g of the adsorbent was added to the MB
solution (100 mL, pH= 7) with different initial
concentrations (C, = 50, 100, 150, 200, 250, 300 and
350 mg L™) and the suspensions were stirred for 24 h
at 200 rpm. After reaching the equilibrium, the
mixtures were filtered and the concentration of MB in
the filtrates was analyzed by the spectrophotometer.
The experimental data were fitted to the Langmuir,
Freundlich and Temkin isotherm models (Table 1).
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Table 1: kinetic and equilibrium equations.

Kinetic models

q:: the adsorption capacity of the adsorbent at any time (mg g™
ge: the adsorption capacity of the adsorbent at equilibrium point

In — =In — kit B
(e =40 =Inde —lat 1y (g gy ust (mg g°)

Pseudo—first order

Eq.5 . .
(Ea5) ki: the pseudo-first-order rate constant (min™)
t: the contact time (min)
Pseudo—second ‘ _L
u - _——== _— .
order q: ky X qé " qe t/gws t k,: the pseudo-second-order rate constant (g mg™ min™)
(Eq.6)
. qr = (l) Inaf + (l) Int o: the Elovich initial adsorption rate constant (mg g™ min'™)
Elovich B B qwvs In (t) . . i
(Eq.7) B: the Elovich desorption constant (g mg™)
Weber—Morris . Kid: the intra-particle diffusion rate constant at
. qe = kigt™ +C 05 D A i 0.5
Intraparticle (Eq.8) gvs t any stage “1” (mg g~ min™")
diffusion o C: is the adsorption rate constant at the stage “i”
Equilibrium models
Co_ _1 & C.: the equilibrium concentration of dye in the solution (mg L™)
Langmuir de  mkr  am Ce/qevs Ce gm: the maximum dye adsorption capacity
(Eq.10)

Ky: the Langmuir constant (L mg™)

Ing, = % InC, + Inks Kg: the Freundlich constant (mg g) (mg L)

Freundlich (Eq.12) Ln gevs In C. 1/n: the heterogeneity parameter
: C.:dye concentration (mg L™)
Temkin 9. =B lrzéA)l-;)B () gevs In C, B: Constant related to the heat of sorption (J mol™)
& A: Temkin isotherm equilibrium binding constant (L g™)
3. Results and Discussion group.

3.1. Characterization of the prepared adsorbent

The chemical composition of the adsorbent was studied
using FTIR spectroscopy. Figure 1 presented the FTIR
spectra of non-modified CSAC and acid-treated
activated carbons with similar profiles in their spectra.
All spectra showed the characteristic peaks around
3400 cm™ attributed to the O-H stretching vibration of
carboxylic acid. The absorption peaks at about 2925
and 2855 cm™ were associated with the C-H vibration.
The peaks around 1710 cm™ could be due to the C=0
vibration of carboxylic acids, carbonyls, and lactones. d
The absorption peak at 1621 cm™ showed the presence
of C=C of olefins or aromatic rings in the structure.
The peaks between 1050 and 1350 cm™ represented the
C-O band found in ester, phenol, and ethers. The

Transmittance (%)
2}

4000 3600 3200 2800 2400 2000 1600 1200 800 400

revealed band at 1700 cm™' is characteristic of the Wavenumber (cm)
stretching vibration acidic C=0. Also, the amplified _
and relatively displaced peak (compared to non- Figure 1: FTIR spectra of (a) chestnut shell, (b)

modified chestnut shell AC; (c) modified rubber waste

modified AC) in 3200-3700 cm™' is another sign of AC; and (d) modified commercial AC.

acidic surface of modified adsorbent. This peak is
related to the stretching vibration of acidic hydroxyl
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These bands confirmed the existence of a large
amount of oxygen functional groups onto the surface of
activated carbons after the acid modification process.
The textural parameters of raw and acid-modified
activated carbons prepared in this study were presented
in Table 1. The results indicated that the prepared
materials were porous adsorbent with micro/mesopores.
As presented in Table 2, the specific surface area of
ATCSAC was found to be 526.53 m? g* which was
higher than those of tire activated carbon and
commercial activated carbon. This High surface area
provides high capacity for dye adsorption. By comparing
the Sger of acid treated activated carbons and non-treated
AC, it can be seen that Sger is not directly related to the
surface area of activated carbons. In some cases, the
surface area increases slightly (such as CSAC) and in
some cases it causes a decrease in the surface area (such
as WRAC and CAC). But in general, acid modification
of activated carbons increases the absorption efficiency

due to the change of surface chemistry of the activated
carbons.

In accordance with Table 2, the Sger for three
adsorbents, are completely different. As can be seen,
the removal efficiency of the adsorbents is directly
related to Sget. The adsorbent with the highest SBET
(ATCSAC, 526.53 m?g) had the highest removal
efficiency —based on the experimental results- and it
was predictable and reasonable. Indeed, the adsorbent
with a high surface area offers more adsorption sites to
adsorb the solute molecules.

Figure 2 a-d showed the SEM images of the acid-
modified activated carbons. It was obvious that the
surface of ATCAC was rough without visible pores. In
fact, ATCAC contained channels instead of pores in its
structure, given the small surface area from BET
analysis. In contrast, the surface of ATCSAC and
ATWRAC presented particles with porous structures.

Table 2: The textural parameters obtained from BET analysis and BJH method.Sger: specific surface area, V: total pore
volume, Vmic: micropore volume and Dp: mean pore diameter.

CSAC 520.53
ATCSAC 526.53
WRAC 90.49
ATWRAC 61.934
CAC 5.3554
ATCAC 2.6144

o)

Figure 2: SEM images of (a) modified chestnut shell AC; (b) mo

0.3742 0.2360 2.87
0.3765 0.2353 5.25
0.3672 0.3618 23.71
0.5153 0.4081 28.66
0.016877 0.01500 11.20
0.04990 0.04885 28.35

v/

~ -

dified rubber waste AC; and (c) modified commercial AC.
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3.2. Chemical treatment of the activated carbon

To investigate the influence of the type and chemical
treatment of AC on the dye removal efficiency, the
adsorption capacities of the virgin and modified
adsorbents were compared with others. The chestnut
activated carbon treated with acid showed the best
performance for MB adsorption compared to the other
adsorbents (Figure 3). Generally, acidic treatment of AC
leads to oxidizing its porous structure and changing the
surface chemistry of the adsorbent. This, in turn,
improves its hydrophilic property. Indeed, oxygen
functional groups containing proton donors’ are
increased on the surface. These functional groups are
very effective to interact with positive solutes such as
MB in this study. However, acid modification does not
significantly change the surface area. The relatively
higher surface area and pore volume of chestnut
activated carbon, combined with a significant number of
polar functional groups created on ATCSAC surface
(due to the treatments with HNO; and HCI), are
significant factors explaining this result [25, 26]. Since
the ATCSAC presented the best performance in the
primary test, it was selected for the next MB adsorption
experiments.

3.3. Optimization of the effective parameters
on MB removal
3.3.1. The effect of the pH

The pH of an aqueous solution can change both the
surface charge of the adsorbent and the chemical

200
180
160
140
120
100

80

60

Adsorption Capacity (mg/g)

40

20

structure of the analyte. Therefore, the effect of the pH
on the MB removal by the adsorbent was studied by
varying the pH in the range of 3-11. For this purpose, 0.1
g of the ATCSAC was added to a series of MB solutions
(100 mL, 100 mgL™) and the pH was fixed at the desired
value by adding an appropriate amount of HNO; or
NaOH solution. Then, the MB concentration was
measured on the remaining solutions after 10 min
stirring (with 200 rpm). As shown in Figure 4a, the MB
removal percentages were almost constant and slight
enhancement in the removal percentage was observed by
increasing the pH of the solution. It can be suggested
that both electrostatic and non-electrostatic interactions
involved in the dye adsorption process. At pH values
higher than the pKa (~ 3.8) of the dye and the
PHpc (3.2) of the adsorbent, the attractive force between
the negatively charged AAC and positively charged MB
favored the dye adsorption. Therefore, increasing
the solution pH can enhance the adsorption capacity of
the dye. On the other hand, MB is an electron donor
molecule due to the existence of benzene rings
and heteroatoms (N and S) in its chemical structure.
Thus, besides the electrostatic forces, MB can be
adsorbed on the surface of ATCSAC via non-
electrostatic interactions such as n—r stacking, hydrogen
bonding and hydrophobic forces which caused a little
impact on the dye adsorption capacity by changing the
sample solution pH. Since the removal efficiencies were
almost constant in the pH range of 5 to 11, a fixed pH of
7 was selected in this study.

1.,

CSAC ATCSAC

Adsorbent Type

WRAC

ATWRAC ATCAC

Figure 3: Comparison of the MB adsorption capacity of virgin and acid treated activated carbons prepared in this study.
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Figure 4: The effect of (a)pH;(b) adsorbent dosage; (c) contact time; and (d) initial dye concentration on the MB removal
efficiency.

3.3.2. Effect of adsorbent dosage

It has been shown that the removal efficiency of
analytes is strongly affectedby the mass of the
adsorbent. The insufficient amount of the adsorbent,
cannot provide enough active sites for complete
adsorption of the analyte while the excessive usage of
the adsorbent increases the operating costs in practical
applications. Therefore, the adsorbent loading should
be optimized during an adsorption process. In this
study, the effect of adsorbent dosage on the MB
removal efficiency was investigated in the range of
0.025 to 0.5 g and the experimental results were
presented in Figure 4b. The MB removal was highly
dependent on the adsorbent dosage and increasing of
the adsorbent loading from 0.025 to 0.1 g enhanced the
MB removal percentage. The higher amount of the
adsorbent increased the available active sites for the
adsorption of MB molecules. Further Increasing the
adsorbent dosage to 0.5 g showed almost constant

removal efficiencies. Hence, the optimum amount of
0.1 g of the adsorbent was selected for the next
experiments.

3.3.3. Effect of contact time

Since the adsorption is an equilibrium process, it is
essential to allow the adsorbent to contact with the dye
molecules sufficiently. Analytes cannot reach its
equilibrium over insufficient contact times while
excessive contact times can increase the whole analysis
time and operational cost. Due to the importance of this
issue, the influence of contact time on the MB removal
efficiency using ATCSAC was analyzed at 100 mg L™
of initial MB concentration, 0.1 g of the adsorbent and
contact times varying from 1 to 60 min. The results
(Figure 4c) showed a sharp increase in the MB removal
efficiency within the first 5 min of the contact time
(with the dye removal up to 90.1 %), continued by a
gradual enhancement in the removal efficiency until
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the adsorption equilibrium was achieved at 20 min
(with the dye removal of 98.9 %). After the equilibrium
point, no significant change was observed in the
removal efficiency of MB by extending the contact
time up to 60 min due to the saturation of all active
sites by MB molecules indicating that sorption
equilibrium was achieved at 20 min. Numerous active
sites on the adsorbent surface are easily available in the
iniFtial stage of the adsorption process, thus the
adsorption occurred faster caused a sharp increase in
the amounts removed. When the easy-accessed active
sites of the adsorbent were occupied by MB molecules,
the rate of adsorption is decreased and reached nearly
constant at equilibrium. Finally, the time of 20 min was
chosen to ensure attaining the adsorption equilibrium.

3.3.4. Effect of initial MB concentration

Although the dye concentration level in effluents of
dye-related factories is varied and depends on different
factors, the influence of initial dye concentration on the
removal efficiency was investigated at different
concentration levels in the range of 50 to 600 mg L™
under optimized other conditions. The results were
illustrated in Figure 4d. It was observed that the
removal percentages were almost constant by
increasing the initial MB concentration from 50 to 400
mg L. However, by further increasing the initial
concentration of the MB solution from 400 mg L™ to
600 mg L™, the dye removal percentage decreased
from 97.2 to 62.4 % due to the saturation of all active
adsorption sites. At very high concentrations, the
number of binding sites is not sufficient to adsorb all
MB molecules leading to the decrease of dye removal
percentages.

3.4. Adsorption kinetics

The adsorption capacity of MB on ATCSAC was
investigated as a function of time between 0 to 60 min
(Figure 5a). As obvious, the adsorption rate was rapid in
the first 5 min of the removal process, after that the rate
of adsorption slowed down until reached equilibrium at
about 20 min. In order to study the MB adsorption
mechanism on the ATCSAC, common kinetic models
including the pseudo-first-order, pseudo-second-order,
Elovich, and intraparticle diffusion models were used to
fit the experimental data (Table 1). The linearized kinetic
models fitted with the experimental results were shown
in Figure 5b-e and the parameters corresponding to each

146 Prog. Color Colorants Coat. 16 (2023), 139-152

model were summarized in Table 3. The results (R%>
0.9) suggested a well-fitting of all models with the
experimental data when the pseudo-second-order kinetic
(R? = 0.9996) showed better fit to the adsorption kinetic
data compared to the other models. The kinetics of
adsorption was also investigated by fitting the data to the
Weber and Morris model. As shown in Figure 5e, the
plot of g, versus t*° did not pass through the origin
indicating that the adsorption mechanism of MB is not
controlled by intra-particle diffusion. The fit of data
showed three successive steps: the first step with a fast
uptake rate at the first 5 min of the adsorption process
suggesting the fast external diffusion of MB through the
solution to the adsorbent surface, the next step (5-20
min) with a gradual adsorption rate which was due to the
MB migration from the external surface into the
ATCSAC pores and adsorption to the inner active sites
and the final step (20-60 min) where the adsorption
reached its equilibrium, and most of available active
sites on the ATCSAC surface were occupied by MB
molecules.

3.5. Adsorption equilibrium isotherms

In the present study, the Langmuir, Freundlich and
Temkin isotherms were selected to investigate the MB
adsorption process on ATCSAC (Table 1). The related
isotherm parameters determined from the corresponding
linear fitting were summarized in Table 4. The linear
plots of these equilibrium models were also shown in
Figure 6. According to the results (R? values) obtained
from three isotherms investigated in this work, best
linearity was obtained by fitting the data with the
Freundlich model indicating the multilayer adsorption of
MB dye on the various binding active sites of the
ATCSAC. The Freundlich parameter 1/n = 0.8063
obtained from the slope of the Freundlich linear plot
(Figure 6b and Table 4) fallen between 0 and 1
suggesting a linear and uniform adsorption throughout
the adsorbent surface [27]. In addition, the value of n can
indicate the favorability of the adsorption mechanism.
Adsorption is favorable when the value of n is greater
than one [3]. In this study, the value of “n” found to be
1.24 which was greater than one confirming the
favorability of the adsorption. This result was in
agreement with other studies in the literature [28, 29].
The maximum sorption capacity of the adsorbent using
the Langmuir model was obtained to be 406.21 mg g™ at
25°C.
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Table 3: Parameters of different kinetic models obtained for MB adsorption.

0e (Mg ™) 331.307

Pseudo first order Ky (min™) 0.1457
R 0.9904

0. (Mg g) 401.34
Pseudo second order K, (g mg™min) 0.00084
R? 0.9996
o 346.703
Elovich B 0.01314

R? 0.9852
Cit -2.0373

ki1(mg g min®®) 113.6

R? 0.9918

Ciz 180.27

ki2(mg g min®?) 38.209

R? 0.9964

Intraparticle diffusion

Cis 358

kia(mg g™ min®®) 2.602

R? 0.9115

G 83.278

ki(mg g™ min®?) 51.125

R? 0.847

Table 4: The parameters of adsorption isotherms obtained for MB adsorption onto the ATCSAC.

dm(Mg ) 406.2117

Langmuir K. (L mg™Y) 0.03221
R2 0.9867
1/n 0.8063

Freundlich Ke(mg %) (mg L) m 14.8759
R? 0.997
Ar(Lg? 0.6181
Temkin B 58.829
R? 0.9503
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Figure 5: (a) The linear plots of MB adsorption models: (b) pseudo first order model, (c) pseudo second order model, (d)
Elovich model, (e) Weber Morris intra-particle diffusion model.
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Figure 6: The linear plots of MB equilibrium isotherms (a) Langmuir model, (b) Freundlich model, and (c) Temkin model.
(d) equilibrium isotherms of MB adsorption on ATCSAC.

Table 5: The results of BJH.

Results of the oak Acidic modification

Plot data Adsorption branch
Vp [cm® gY] 0.2353
rp,peak(Area) 1.21

Ay [m* g7] 211.92

3.6. Comparison with other adsorbents

The adsorption capacity of ATCSAC was compared to
those obtained from different activated carbons toward
the MB adsorption. As can be seen from the results
summarized in Table 5, the ATCSAC had higher
adsorption capacity than many of activated carbons for
MB adsorption indicating the great potential of
ATCSAC as a low-cost adsorbent for use in water and
wastewater treatment processes. The high adsorption
ability of the prepared adsorbent may be ascribed to the

Adsorption branch Adsorption branch

0.2353 0.5102
1.29 1.29
211.92 340.95

porous structure and the presence of various oxygen-
functional groups on the surface of AC created by acid
treatment leading to a variety of interactions with MB
molecules such as electrostatic
interaction and hydrogen bonding.

attraction, 7-T

3.7. Reusability of the adsorbent

The reusability of adsorbents is an important issue for
reducing the overall cost in practical applications. The
reusability of the adsorbent was studied by the
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successive adsorption/desorption cycle of MB onto the
ATCSAC for ten times. For this purpose, after
completing the adsorption process, the spent adsorbent
was washed with a methanol solution containing 5 %
(v/v) NaOH to recover the MB adsorbed on ATCSAC.
Next, the adsorbent was thoroughly washed with
deionized water and subjected to the next adsorption
experiment according to the procedure described in
Section 2.5. As shown in Figure 7, the adsorption
capacity of the ATCSAC remained 95.5 % of its initial
capacity after ten regeneration cycles with a removal
efficiency higher than 92.7 %, indicating a good
regenerability of the adsorbent. Therefore, the
ATCSAC can serve as a potential adsorbent for
removing MB dye in water treatment based on an
economic viewpoint.

270 110
= Adsorption capacity
_ 240 ~e—Removal efficiency
= - 100
> 210 "”’_4\‘\»——‘—‘\\ 3
> 180 r 90 =
= =
3 )
£ 150 5
5] 80 =
5 120 S
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Figure 7: Reusability of the prepared ATCSAC
adsorbent fordifferent cycles.
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