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ABSTRACT

In this present work, the sorption of crystal violet (CV) pigment from laden aqueous solution carried out
via ultrasound-assisted. The sorption of CV on activated charcoal was performed in the existence and
absence of ultrasound. Using of combined ultrasound/activated charcoal process gave high CV decolor-
ization than using sorption or sonolysis alone because of the synergistic process achieved in this com-
bined system. Experiments were performed at different initial pigment concentration and temperature.
The sorption isotherms were achieved by the Freundlich, Langmuir, D—R and Temkin isotherm model.
The sorption of CV onto activated charcoal demonstrated more suitable for Langmuir than the Freundlich
isotherm model. The maximum monolayer sorption capacity was 50.1 mg/g. The thermodynamic pa-
rameters, namely the entropy, Gibbs free energy and enthalpy of the CV sorption process were deter-
mined. The enthalpy and free energy indicate an exothermic, feasible and spontaneous process. It has
been shown that the proposed combined ultrasound/activated charcoal process may be useable in the
treatment of pigment solution from textile wastewater.

Crystal violet
Equilibrium

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Wastewater effluents discharged from various sorts of enter-
prises, for the most part, contain several organic toxins and
dangerous substances which are destructive to aquatic life. The
effluent released from different ventures, for example, paint, tex-
tiles, leather, and paper in the industry. dyestuff fabricating are very
shaded wastewater which makes serious environmental concerns
everywhere throughout the world (Shirsath et al., 2015).

Crystal violet (CV) is an artificial basic cationic pigment, which
in aqueous solution makes violet dye, an affiliate of the triphenyl-
methane classify and it broadly utilized in cloth coloring pro-
ductions. It uses for treatment dermatology problems, biological
tint, treatment of animals and preservative to hens nurture to
diminish the spread of hurtful bacteria. (Jain et al.,, 2010). The
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cationic pigments are more poisonous than the anionic pigments
because these can simply react negatively charged cells membrane
shells and can pass into cells and converge in the cytoplasm. The CV
is a confirmed effective carcinogen, poisonous to mammalian cells
and mitotic toxic.

Subsequently, this pigment are containing wastewater must be
treated before being released into the getting waterway. In a
request to release pigments from wastewater different treatment
forms. For example ozonation (Muthukumar et al., 2004), coagu-
lation (Marousek et al., 2019), ultrafiltration (Majewska-Nowak
et al.,, 1989), oxidization (Kim et al., 2004),electrochemical (Gupta
et al, 2007), photocatalytic degradation (Sun et al., 2010) and
sorption (Sun et al., 2010). Amongst of these techniques, sorption
has been found to be efficient and inexpensive comparing to other
methods for removal of pigments, containing dyes and other col-
orants owing to cost low, its ease operation, design and insensi-
tivity to toxic various materials.

Activated charcoal (AC) is attractive because of its high efficiency
but its high cost of production. It is also cannot be utilized to
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eliminate heavy metals from a large quantity of real waste because
the economic feasibility has to regard. Different low-cost sorbents
produced from wastes of agricultural as rice husk, orange peel, and
coconut shell have been utilized to eliminate the pigments from
wastewater effluent (Mardoyan and Braun, 2015). Wastes of agri-
cultural are combined with lignin and cellulose as the main in-
gredients. It may contain another polar functional group of lignin-
containing aldehydes, alcohols, ketones, phenolic, ether and car-
boxylic group for sorption (Marousek et al., 2014).

Recently, ultrasound has attracted increasing attention in the
protection of the environment for the destruction of hazardous
pollutants as dyes, chlorinated, aromatic compounds, and hydro-
carbons in wastewater. Combination of ultrasound with the bio-
sorption process found to be a promising technique in the
elimination of chemical pollutants as dyes (Entezari and Soltani,
2009). Many investigators have examined the effects of ultra-
sound on the biosorption of organic substances by different bio-
sorbents (Entezari and Bastami, 2008).

Combination of two techniques was reported to be more effi-
cient in the elimination of dyes than their serial combination
(Entezari and Keshavarzi, 2001). Mechanical and chemical effects of
ultrasound have been attributed to the collapse of microscopic
bubbles (Liu et al., 2011). The vibration of ultrasonic decrease liquid
films thickness attached to the solid phase, simplify the sorbate
species diffusion via the interface, improve the mass transfer and
destroying the affinitybetween sorbate and sorbent (Dastkhoon
et al., 2017). The asymmetric collapse of the cavity that near of
the solid surface is producing a high-speed jet of liquid. The surface
is hitting by strong forces comes from these jets. This procedure
causes severe destruction at the point of impact, highly reactive
surfaces and produces newly exposed. Furthermore, the energy of
ultrasonic could change in equilibrium features of the sorption/
desorption system and the equilibrium time of the sorption
decreased (Eren, 2012).

Dil et al. (2017) have reported that the synthesis of activated
carbon/zinc (II) oxide nanorods for simultaneous sorption of CV
utilizing ultrasound power. The effects of different operational
parameters including sorbent mass, ultrasonic time and initial CV
concentration on the responses were investigated. The experi-
mental kinetic data revealed that both pseudo-second-order and
intraparticle diffusion models fitted with sorption of CV. The
analysis of experimental equilibrium data by four isotherm models
and the results showed that the data fitted well with the Langmuir
model with maximum sorption capacity of 81.6 mg/g for CV
pigment.

Low et al. (2018) described the evaluation of ultrasound modi-
fied peanut husk powder (PHP) at several ultrasound energy levels
in CV sorption with different conditions of contact time, initial
concentration of CV solution, sorbent dosage and pH was study and
contrasted with ultrasound simultaneous sorption process and the
control. The sorption removal percent of indirect ultrasound
modified (PHP) has raised 25.78%, 13.64% and 1.5% contrasted with
the control, ultrasound simultaneous sorption and direct ultra-
sound modified sorbent respectively at 60 mg/L of initial CV con-
centration. Indirectly modified sorbent at 3.5W has attained the
highest sorption removal percent of 94.83% at 300 mg sorbent dose
for 3 h and 89.96% at solution pH 8.

Hamza et al. (2018) had published the removal of CV from laden
aqueous solution onto Raw Tunisian Smectite Clay by Sono-assisted
sorption. Batch sorption experiments were performed to investi-
gate the influence of different factors such as contact time, initial
CV concentration, sorbent dose and pH on the Sono-assisted
sorption of CV pigment. the pseudo-second-order kinetic model
fitted to describe sorption kinetic. Freundlich, Langmuir, Toth, and
Langmuir—Freundlich isotherms were described well the CV

equilibrium Sono-assisted sorption process.

In nearly all the Previous, studies were focused on the impact of
low power frequency ultrasound on sorption systems. Neverthe-
less, the sorption equilibriums and temperatures in the existence of
high-frequency ultrasound utilizing AC as sorbent has not been
examined systematically until now. Our study hypothesis was
based on the combination of two techniques (adsorption and ul-
trasound) was reported to be more efficient in the elimination of
dyes. In an economical point of view, the most important factor is
the reduction of process time and the high efficiency of pollutant
removal under ambient conditions which is attainable in this work.
To test this hypothesis, aims of this work are to study the sorption
of CV from laden aqueous solution by activated charcoal in the
presence and absence of high-frequency ultrasound and to clarify
the impact of ultrasound on the equilibrium isotherm. The use of
ultrasound in combined with AC to treat wastewater provides an
alternative, low-cost, effective and innovative water treatment
method. This study is expected to guide researchers during future
work in the sorption and sono-degradation of aqueous organic
waste.

2. Experimental section
2.1. Materials

Crystal violet (CV) supplied by Merck was used as an adsorbate.
A stock solution of the pigment was set up by dissolving the
pigment in twice refined water. The adsorbent used in this work
was activated charcoal (AC) was supplied by Sigma-Aldrich. Prior to
use, the AC was washed repeatedly with distilled water. At long last,
the washed AC was dried in an oven at 383 K to steady weight and
put away in a desiccator until utilize.

2.2. Apparatus

The ultrasonic emission was completed with hardware working
at 40 kHz (Power sonic 405). Waves were transmitted from the base
of the standard tip which submerged in the solution. The round and
the hollow sonochemical reactor (volume = 125 ml) was tempera-
ture controlled by the utilization of a water coat.

2.3. Analysis

UV—vis spectrophotometer (Spectramax M5, Molecular Devices,
Sunnyvale, CA) was utilized to gauge the concentration of CV
pigment. The wavelength of the greatest absorbance (Amax) of CV
pigment was 590 nm. The existence of each functional groups on
the surface of the AC was verified by Fourier transform infrared (FT-
IR) spectroscopy (Frontier, PerkinElmer, USA). Using nitrogen
sorption and desorption method on Belsorp-mini II (BEL, Japan)
was operated by at 77 K. The AC specific surface area and total pore
volume were computed using the method of Brunauer-Emmett-
Teller (BET).

2.4. Experiments

In order to investigate the impacts of different test parameters
like pigment primary concentration and temperature on the sorp-
tion equilibrium isotherm of CV pigment onto AC under high-
intensity ultrasound (200 W), the following procedure was used.
In the typical experiment, 50 mL of fixed initial concentration 100
mg/L, 0.1 g AC and pH 7.3 was sonicated at foreordained interims of
time by the ultrasonic reactor. The effect of initial dye concentration
was studied by preparing CV pigment solutions of various con-
centrations from 5 to 100 mg/L. The constant temperature was
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maintained using an ultrasonic reactor except for the experiments
where the effect of temperature was studied (25, 65 and 80 °C). The
proportion of CV pigment expulsion was evaluated utilizing the
following equation:

Co — Ce

0

Removal (%) =

x 100 (1)

Here, C, and Ce are the primary and the equilibrium concentrations
of CV pigment (mg/L), individually. Further, the measure of pigment
sorbed per unit mass of AC (mg/g) was estimated using the
following equation

V(G —Ce)
o m

Qe (2)
where V is the volume of the pigment solution in L and M is the
mass of dry ACin g.

Due to the ingrained alignment causing from the isotherm
models linearization, for example, the non-linear regression Root
Mean Square Error (RMSE) equation (3), the Sum of Error Squares
(SSE) equation (4) and Chi-Squares (X?) equation (5) the test is done
as the standard for evaluation of the fitting quality (Abbas et al.,
2018). The mathematical equations can be represented as follows:

HMBE= J ﬁ Z(Qe«,exp - Qe,cal)2 ()
1
SSE = % Z(Qﬂexp - Qe,cal)2 (4)
n=1
n 2
32 -3 (Qeexp = Qoca)” 5
21: Qe,cal ( )

Here, Qeexp and Qecal (Mg/g) are the experimental and calculated
values of CV uptake and n is the number of data points. When the
RMSE, SSE and X? values are small that signifies curve fitting is the
better (Harrache et al., 2019).

3. Theory
3.1. Sorption isotherm

Sorption equilibrium isotherm is essential in depicting the
interactive performance amongst sorbates and sorbent and also is
main in the sorption techniques analysis and design. The data is
obtained from sorption equilibrium are used in the evaluation of
the many isotherm models. In the current examination, the
isotherm investigation of CV was led at different (5—100 mg L")
with a consistent measure of sorbent (0.1 g/50 ml) at 25°C. The
Langmuir (Rodrigues et al., 2019), Freundlich (Mullerova et al.,
2019), Dubinin—Radushkevich (D—R) (Devi and Mishra, 2019) and
Temkin (Rodrigues et al., 2019). These models of isotherm were
used in describing the equilibrium sorption data.

. Ce Ce 1
Langmuir : — —_—
& l(LQLam

Qe - QLan

(6)

Freundlich : logQ. =logKg + %logce (7)

Dubinin—Radushkevich(D—R) : InQ. =InQ,, — Kp_ge? (8)

Temkin : Qe =g InKy — 3 1nC, (9)

From equation (6), Qrap is the Langmuir monolayer capacity of
the sorbent in mg/g and K| is the Langmuir binding constant in L/
mg and identified with the free energy of sorption.

From equation (7), Kr and n are constants related to theoretical
sorption capacity in [(mg/g) (L/mg) /"] and intensity of sorbent/
sorbate binding in the unit less, respectively.

From equation (8), Qn, is the theoretical isotherm saturation
capacity in mg/g, Kp-g is the D-R constant in mol?/kJ? and e is the
Polanyi potential that computed by equation (6).

1
e=RTln((1+—) (10)
Ce
Here R in J/mol K, is the real gas constant and T in K, is the absolute
temperature.

From equation (10), Kt is Temkin equilibrium binding constant
in L/g and P is a constantrelated to the heat of sorption (KJ/mol).

4. Result and discussion
4.1. Surface characterization of AC

The BET surface area and pore volume of AC are computed as
595 m?g’! and 0.5—2 nm, respectively. As shown in Fig. 1, FT-IR
spectrum of AC. The broadband was observed at 3300 and
1090 cm~! was assigned to O—H stretching and C—O stretching
vibration, respectively (Pathania et al., 2017; Zhao et al., 2018). The
peaks that appeared at 1570 and 1455 cm ™' indicated the presence
of stretching of aromatic C=C ring (Cohen-Ofri et al., 2006; Ye et al.,
2017). Additionally, a band was observed at 800 cm ™! corresponded
to benzene ring vibrations (Cheng et al., 2012). Finally, It was
confirmed that a large number of hydroxyl functional groups pre-
sent on the surface of AC are bonded to aliphatic and aromatic sites.

4.2. Influence of ultrasound on the sorption process

CV decolorization efficiency was achieved under various
experimental conditions that consist of (I) sorption, (II) sonolysis,
(1) sonosorption utilizing 50 ml of 100 (mg/L) CV with 0.1 g AC for
1 h and the results are shown in Table 1.

The experimental results showed that the decolorization effi-
ciency (%) for removal CV using a combination of ultrasound/AC is
much greater than using ultrasound only. CV pigment concentra-
tion decolorized under combined ultrasound/AC process was
approximately four times greater than that of the pigment con-
centration decolorized under sorption by AC only and ultrasound
only was inadequate for CV decolorization.

Pigment degradation in the existence of AC is much higher than
that of ultrasound only because AC is effected via physical and
chemical of sonication (Sayan, 2006). During the sonication was
produced the acoustic cavitation (formation and collapse of the
cavity). Like collapses of the bubble, very high local pressure and
the temperature were yielded in the solution (Thompson and
Doraiswamy, 1999). Furthermore, the bubbles asymmetrically
collapse in a heterogeneous solution leads to the formation of
microjets and shockwaves with high speed on the AC surface. This
operation leads to disruption of the sorbent structure and may
expose new sites that cause an enhancing of the sorption capacity
in the existence of ultrasound via an improvement of mass transfer
into the pores.
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Fig. 1. FTIR spectra of activated charcoal (AC).

Table 1
CV removal under different experimental conditions.

Experimental conditions Decolorization efficiency (%)

Sorption 12.6
Sonolysis 0.5
Sonosorption 54.4

4.3. Effect of pigment concentration

Effect of initial CV concentrations on biodegradation was
investigated to evaluate their capacity to bear various CV concen-
trations. Sorption trials for the pigment CV were changed in the
concentration range of 5—100 mg/L (Fig. 2) with high-frequency
ultrasound. The trial results demonstrate that with elevating in
initial CV concentration leads to a decrease in the removal percent
but AC equilibrium sorption capacity elevate. With elevating the
initial pigment concentration elevated from 5 to 100 mg/L, the

100
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- 80

~175
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- 65

Decolorization efficiency (%)

- 60

55

T T 50
100 110 120

0 T T T T T T T T T
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Fig. 2. Impact of initial concentration on the sorption of CV under high-intensity
ultrasound.

sorption capacity elevated from 4 to 50 mg/g in the existence of
ultrasound but the removal sorption reduced from 98% to 59%.
When the concentration above 60 mg/g, the removal percent was
high in the existence of ultrasound. Bubbles asymmetric collapse in
heterogeneous systems attached to or near the solid boundary that
products high-speed jets of liquid and shockwaves are mostly
responsible for this enhancement. The main factors for this per-
formance are may be associated to the elevating of the surface area
of the solid boundary from decrease induced particle size of the
cavitation and enhance of mass transport of solute to the solid
surface by acoustic flowing.

4.4. Sorption isotherm

The sorption isotherm can describe the spreading of sorption
molecules between the solid and fluid phase when the equilibrium
state is achieved. The equilibrium time is the time required for
attainment equilibrium state, and the pigment sorbed amount at
equilibrium reveals the maximum sorption capacity of the sorbent
below the same operating conditions. Fig. 3 illustrations the sorp-
tion of CV on AC in the existence of high ultrasound intensity. It can
be observed that at lower sorption equilibrium pigment concen-
tration, sorption capacity elevates sharply with the rise of equilib-
rium pigment concentration. The isotherm data is fitted to various
sorption isotherm models to determine the best-fit equilibrium
isotherms model for sorption CV (El-Sayed, 2011). Sorption data
were used in describing by the isotherm models as Langmuir,
Freundlich, D-R and Timken models. The Langmuir model that
established on the supposition of a monolayer of solute on a ho-
mogenous surface with all sorption sites identical (Hassan and Aly,
2019).While the Freundlich model is an empirical expression
assuming sorption on the heterogeneous surface and active sites
that have different energies (Yakout et al., 2018). The values of
parameters and R? (correlation coefficients) determined by plotting
for Freundlich (log Q. against log C.) (Fig. 4), Langmuir (Ce/Qe
against Ce) (Fig. 5), D—R (In Qe against %) (Fig. 6) and Timken (Q.
against InCe) (Fig. 7) are recorded in Table 2. As observed although
the equilibrium data were fitted well to the Langmuir model and
Freundlich model, the Langmuir model demonstrated more suit-
able to the sorption data than the Freundlich model. According to
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Fig. 3. Sorption isotherms of CV under high ultrasound intensity- Experimental data
and non-linear fitting method.
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Fig. 4. Freundlich plot of CV sorption.

the Langmuir isotherm model, the maximum sorption capacity of
AC for CV was obtained to be 50.1 mg/g. The Freundlich constant
value, Kr signifies the degree of sorption. The n is an empirical
parameter related to the heterogeneity of the sorbent surface. The
higher the value of n indicates the stronger the sorption intensity.
In general n>1 illustrates that sorbate is favorably sorbed on a
sorbent, and In particular, the n value is significantly greater than
unity. The constant of D—R isotherm model, Kp_g gave an idea about
the sorption mean free energy (E) and can be computed using
equation (11) as follow (Gad et al., 2016):

Fo 1 (11)

v/ 2Kp_g
The E magnitude can determine the type of sorption. The
physical sorption occurs when E value is less 8 k]J/mol and the
chemical ion exchange occur when E value more than 8 kj/mol (Gad
et al,, 2016). The sorption means free energy for this study is less
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Fig. 5. Langmuir plot of CV sorption.

T T T T T T T T T
0 100 200 300 400 500
2

€

Fig. 6. D—R plot of CV sorption.

than 8 kJ/mol. (Table 2), which indicates that the sorption of CV
onto AC classified as a physical sorption process.

Temkin isotherm model supposes that the reduction of the
sorption heat is linear and the process can describe via a uniform
spreading of binding energies (Abd El-Magied et al., 2018).b is
constant of the Temkin which can be computed using equation (12)
as follow:

1
b

The B value of CV onto AC was found to be 7.75 KJ/mol which less
than20 k]/mol, indicating that a sorption process with a physical
sorption nature. The theoretical parameters of sorption isotherms
with R%, RMSE, SSE, and X? are recorded in Table 2. It observed that
the Langmuir isotherm model gives higher esteems of R%, RMSE, X*
and SSE.

B=RT (12)
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Table 2 30
Isotherm parameters of CV sorption on AC under high-intensity ultrasound.
Model parameters value
Langmiur Quan (Mg/g) 50.1
K, (L/mg) 3.298 25
R? 0.985
RMSE 2.5
SSE 47 .
X2 0.174 2
Freundlich Ke (mg/g) (L/mg) /" 15.4 g’ 20 -
n 4.5 )
R? 0.959 )
RMSE 12.2
SSE 107.6
X2 464 15
D-R Qm (mg/g) 5.57
Kp-g (mol?/kJ?) 9.51x1073
E (kJ/mol) 7.2
R? 0.90
RMSE 8.68 10
SSE 5391 y y y y y '
> N 20 30 40 50 60 70 80 90
X 1.92
Timken 8 (KJ/mol) 7.75 Temperature (°C)
Kr (L/g) 148
b 316 Fig. 8. Temperature effect on the sorption of CV on AC under high-intensity
R 0.944 ultrasound.
RMSE 5.25
SSE 19.7
X2 0.73

4.5. Effect of temperature

Fig. 8 clearly demonstrations that the sorption capacity of AC
under high-intensity ultrasound increase with different tempera-
ture (298, 338 and 353 K). Thermodynamic parameters, i.e. the free
energy (AG°), enthalpy (AH®) and entropy (AS°) are resolved from

the next equations (Abbas et al., 2014):

Ce

K = GG

(13)

AG® = — RTInK, (14)
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AG° = AHC — AS° (15)

AHO\ 1 4S°
—InK, = (T) TR (16)

Here K. is the distribution constant, T is the absolute temperature in
Kelvin, R is the gas constant, C, (mg/L) is an initial concentration of
CV and Ce (mg/L) is the concentration at equilibrium, and. The AH®,
AS° values acquired from the slope and intercept of the Van't Hoff
plots of -LnKc against 1/T (Fig. 9) and the AG° esteems at various
temperatures are reported in Table 3. The negative values of AG®
reflect that the sorption of CV onto AC under high-intensity ultra-
sound is feasible and spontaneous. It can be observed that the AH°
value reported by Lin et al. (2008) is negative (—19.09 k]/mol),
demonstrating that the sorption process onto AC was found to be
the exothermic.

4.6. Comparison with other sorbents

Table 4. The maximum capacity (Qan) obtained by Langmuir
isotherm for CV pigment sorption was 50.1 mg/g for ultrasonic
assisted simultaneous sorption, which indicates the applicability of
AC sorbent for treatment of real wastewater containing a high
amount of understudy CV and also indicates the superiority of AC
sorbent in comparison to previously reported material. The good
performance of this work supports the ultrasound unique role to
enhance the mass transfer process and the affinity between
pigment and sorbent (Asfaram et al., 2016). In addition, the per-
formance comparison of ultrasound-assisted with other methods
establishes that ultrasound is an effective and promising technol-
ogy to sorption of pigment from laden aqueous solutions.

However, this study has been limited in the laboratory scale
because of the lack ofindustrial scale ultrasonic equipment. Ultra-
sonic equipment still suffers from the high cost and the limitation
of power dissipation to the reactor. By developing better ultrasonic
transducer technology and more effectively converting electrical
energy to acoustic energy, textile dyebath effluents can be decol-
orized and mineralized with large-scale ultrasonic treatment
before being discharged into the main effluent. Ultrasonically
pretreated dyebath effluents can also be recycled in the plant to
prevent excessive water usage by the industry or discharge for
biological treatment. But, there are still some limitations to apply
this combined system to the dyebath effluents because they contain
a lot of auxiliary chemicals and other dye components rather than
as a single dyestuff.

Alternatively, cost analysis is needed to assess on the cost-
effectiveness of utilizing combined ultrasound and AC for
pigment decolorization. It is predictable that the optimization re-
sults obtainable from this study may be responsible for background
data for removal of pigments to improve researches in future.

5. Conclusion

Removal of CV was examined under ultrasound and combined
ultrasound/AC. Ultrasound or AC alone were insufficient for
removal dye color. Then, combined ultrasound/AC was applied to
remove dye color. The decolorization efficiency is much higher in
the presence of combined ultrasound/AC than using ultrasound
alone or AC alone. So, the sono-sorption technique significantly
enhanced CV removal onto AC. The experimental results show that

Table 3

Equilibrium constant and thermodynamic parameters for the sorption of CV pigment onto AC under high-intensity ultrasound.
T (K) Ce (mg/L) Q. (mg/L) Kec 1T (k1) -InK. AGP kJmol ! AHC kJmol ! AS® Jmol'K~!
298 74.30 12.84 2.892 335103 -1.06 -2.631
338 56.25 21.87 1.28 2951073 -0.25 —0.706 -19.09 55.73
353 45.48 27.25 0.8 2.83*103 0.18 0.531

Table 4

Comparison of the sorption of CV by different methods and sorbents.
Sorbents Methods Maximum capacity (mg/g) Ref.
peanut husk powder Sono-sorption - Low et al. (2018)
Artocarpus heterophyllus (jackfruit) leaf powder Biosorption 43.39 Saha et al. (2012)
FeGAC/H,0, Ultrasound/heterogeneous - Zhang et al. (2013)
CaFe,04-NPs Magnetic stirrer 10.67 An et al. (2015)
CuO@AC and CeO,—CuO@AC catalysts Microwave catalytic oxidation — Yin et al. (2016)
Soil-Silver Nanocomposite (soil-AgNP) Magnetic stirrer 1.918 Satapathy and Das (2014)
Raw Tunisian Smectite Clay Sono-sorption 86.543 Hamza et al. (2018)
zinc (II) oxide nanorods loaded on activated carbon Sono-sorption 81.64 Dil et al. (2017)
Activated carbon Sono-sorption 35.64 Dil et al. (2017)
AC Sono-sorption 50.1 This work
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sono-sorption of CV was influenced by the several parameters for
instance initial concentration and temperature. The sorption CV
onto AC demonstrated more suitable for Langmuir than the
Freundlich isotherm model. The maximum monolayer sorption
capacity was 50.1 mg/g. The nature of CV sorption on AC was
physical sorption. The enthalpy and free energy indicate an
exothermic, feasible and spontaneous process. In summary, the
combination of the ultrasound and sorption process as an envi-
ronmentally friendly, a cost-effective, easily operating and prom-
ising technique was operated for the CV removal from wastewater.
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