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*e study investigates the phenomena involved in the crystal violet (CV) removal using the Khulays natural bentonite from the
wastewater. *e batch technique was utilized for performing the adsorption experiments.*e operating systems were used for the
investigation of the adsorption behaviour in the study, which included the initial CV concentration, time taken for shaking, the
dosage of adsorbent, and the initial solution pH.*e Freundlich isotherm framework and the Langmuir data were assessed in the
experiment. *e study outcome revealed that the equilibrium in the study was reached when shaking takes place for about 40
minutes. Additionally, the data of the sorption revealed that the enhancement of the CV concentration at the start mitigates the
percentage of the CV removal as a result of which saturation integration in the Khulays bentonite dye occurs. *e initial
improvement in the solution pH led to improved CV adsorption. *e data achieved at the isotherm adsorption were found
adequate with the frameworks of Freundlich isotherm and Langmuir. Along with it, the model of pseudo-second-order kinetics
was used to exhibit the adsorption of crystal violet with the Khulays natural bentonite. *e Khulays natural bentonite adsorption
of CV was demonstrated by the thermodynamic data exhibiting its spontaneous as well as endothermic nature. *e study
concludes that basic dyes can be effectively removed from the wastewater by the use of Khulays natural bentonite.

1. Introduction

Pollution accounts for substantial threats globally for both
living organisms and the environment [1]. Majorly, a sub-
stantial impact of dyes is observed in the changing envi-
ronment due to its significant production of several goods,
notably, papers, textiles, plastics, leather, rubber, cosmetics,
and food [2]. *e textile industry alone is estimated to
produce 7x metric tons of dye on an annual basis [3]. *e
widespread of these dyes and immense utilization increas-
ingly contribute to the wastewater, causing a detrimental
effect on the environment. Along with it, the colour effluents
present in the dyes negatively impact the penetration ca-
pacity of the sunlight, detrimental to the aquatic environ-
ment. Studies reveals that dyes constitute synthetic origin as
well as complicated aromatic structures, which improves
their stability with light, heat as well as an oxidizing agent
[1, 4]. Most studies confirm that throughout the dying
process, 2 to 20 percent of aqueous effluents are discharged
in the environment [3, 5].

Primarily, the dye effluents discharge in the water leads
to adverse outcome not only because of its colour but also
due to its release as well as a breakdown of products in-
cluding toxic, mutagenic, or carcinogenic components to
other living organisms including compounds such as ben-
zidine, naphthalene, and another aromatic element [6]. *e
absence of adequate treatment for the removal of these is
likely to affect the environment in the long-run. For ex-
ample, the hydrolyzed Reactive Blue 19’s half-life is almost
46 years with a pH value of 7 at 25°C.

*e use of water across different disciplines, including
domestic, agriculture, and industrial impact, pose adverse
and undesirable pollutants, which can become toxic. Efforts
are needed for the protection of the water resources [7–9].
One specific agent which is immensely used in the printing
of papers, dying of textile, the colouring of leather, and
sometimes as a dermatological agent is crystal violet, also
recognized as gentian violet [10]. *e dye becomes toxic and
can be the cause of irritation on the skin when inhaled or
ingested [11]. Numerous procedures are used for the
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treatment of the waster waters comprising coagulation,
reverse osmosis, flocculation, biological methods, and more.
Several of these methods constitute one or more limitations
and cannot completely clear the water of any dye [12]. In
contrast, the process of adsorption stands strong for the
treatment of the wastewater concerning its design, cost,
functionality, as well as insensitivity to the formed toxic
sludge [13].

For the adsorption process, the use of bentonite has
significantly increased in various disciplines, such as the
treatment of the contaminated water comprising heavy
metals, dyes, and phenols. Realizing the impact caused by the
dyes, efforts are being made at the global level to overcome
the environmental hazards using adsorbent that is eco-
nomical and easily available from the agricultural waste [14].
*e developing countries such as Saudi Arabia are also
making efforts to set the base for new industries by utilizing
natural resources, also aimed at the achievement of its Saudi
Vision 2030. Considering the global scenario, the study
assesses the feasibility of treating the wastewater, which is
achieved upon the utilization of the Khulays natural ben-
tonite for clearing it off the crystal violet. *e increased
availability, as well as the cost-effectiveness associated with
Khulays natural bentonite, made its selection all more
preferable.

2. Materials and Methods

2.1. Chemicals andReagents. In the present study, the crystal
violet (CV) was obtained from Loba Chemie, a chemical
manufacturer. *e obtained crystal violet was used as it is
without undergoing the purification process. *e molecular
weight of it is C25H30N3Cl, with a number of CAS as 548-62-
9 and a molecular weight of 407.98; the maximum ad-
sorption was found at 590 nm [10]. Figure 1 represents the
CV molecular structure. *e CV stock solution (1000mg/L)
was prepared by dissolving a known quantity of CV in
distilled water. *e preparation of various solutions with the
preferred concentration was done by diluting a proper
amount of stock solution with distilled water.

2.2. Adsorbent. *e samples of the bentonite were gathered
from Khulays, which is situated in the north of Jeddah at
95 km in Saudi Arabia. *e samples were collected in the
form of ungrounded rocks, which further underwent the
process of drying and grinding for the reduction of their size,
as per the requirement. After the grinding process, bentonite
samples were sieved with 200 mesh sieving trays. *e sus-
pended clay residue was sent back to the ceramic ball mill-
grinding machine, and the passed bentonite was used in the
adsorption process without any treatment. Table 1 dem-
onstrates the chemical composition of the Khulays natural
bentonite [14]. *e measurement of the surface area was
64.5m2/g computed using the computer-generated program
based on BET. *e image scanning electron microscopy
(SEM) of the natural Khulays natural bentonite is shown in
Figure 2. *e image shows spherical shape surfaces with
semiflowered structure, with high pores on the bentonite

surface, which give a good indication for Khulays bentonite
to be a good adsorbent.

2.3. Characterization of the Bentonite Absorbent. FTIR
spectroscopy (*ermo Nicolet NEXUS 670 Spectropho-
tometer) and XRD (Philips X’Pert Pro) was used for the
characterization of the activated bentonite. Figures 3 and 4
presents the FTIR and XRD analysis, which shows that the
activated bentonite ranges from 600 to 3800 cm−1. It shows
that FTIR spectra are substantially sensitive to the bentonite
structure modification when treated with acid. Concerning
the XRD analysis, the decline in the intensity, as well as the
upsurge in the peak width, shows that acid activation affects
the bentonite crystallinity. It also shows the decomposition
of the crystalline bentonite structure, which shows the ap-
pearance of the amorphous phase. Overall, the findings
showed similar chemical nature, though the physical and
morphological properties were found to be highly variable.
Previous results show similar statistics, as observed in the
study of Ajemba [15].

2.4. Experiments for Adsorption. In the study, the batch
method was used for all the performed adsorption experi-
ments. *e solution was prepared by mixing the adequate
amount of Khulays natural Bentonite and CV (50ml) in the
conical flasks (100ml). Following it, the conical flask was
placed in a water bath with a horizontal shaker (JULABO
SW 22) at a temperature of 25°C at 200 rpm. Preparation of
the CV stock solution took place by dissolving the definite
CV quantity in the distilled water. *e stock solution was
diluted according to the requirement, needed for various
standards solutions containing CV in the 50–300mg/L
amount. *e exploration of the effects such as pH of a
solution, time for shaking, the concentration of CV, and
dosage of adsorbent took place by performing the experi-
ments for adsorption. After shaking, the shaker was then
emptied of the samples at regular intervals for contact time,
which were separated at 4000 rpm by centrifuging for fifteen
minutes with the utilization of the ROTOFIX 321 model
(Hettich Zentrifugen). *e measurement of the CV con-
centration took place following every run in the solution,
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Figure 1: Structure of crystal violet.
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with the use of a UV-visible spectrophotometer in the PD-
303 UV (Apel) model. *ese were used for the calculation of
the adsorbent when the wavelength is maximum, that is,
590 nm [16]. *e calculation of the collected data for the
adsorbed quantity of CV qe (mg/g) was done, as per the
given equation.

qe �
V Co − Ce( 

m
, (1)

where qe � adsorbed amount of CV at equilibrium (mg/g),
Co � initial CV concentration in the aqueous solution (mg/
L), Ce � aqueous solution equilibrium concentration of CV
(mg/L), V � solution volume (L), andm�mixture bentonite
amount (g).

*e percentage calculation for the removal was done
using the given equation:

%CVRemoval �
V Co − Ct( 

Co

× 100, (2)

where Ct � concentration of CV concentration in “t” time
(mg/L).

3. Results and Discussion

3.1. Outcomes of the Time for Shaking and the Starting
Concentration of the Solution. *e impact of the shaking
time was evaluated at various concentration levels with the
use of Khulays natural bentonite. *is evaluation was
centred on the exploration of the CV removal, where the
concentration level lies in the range from 50 to 300mg/L.
*e bentonite dosage was 0.025 g/50ml. *e pH value of the
solution was not changed throughout the process. Figure 5
highlights that an increased rate of CV removal, at the start,
gradually reduced until it reached the equilibrium point.*e
CV adsorption on the natural bentonite Khulays was
comparatively swift as the equilibrium point was reached in
40 minutes. Furthermore, the percentage of the removal
declined as a result of the initial increase in the concen-
tration of CV because of the saturation of active sites on the
adsorbent. Similar observations were reported by other
researchers [17–19], which showed the increase in an ab-
sorbent dose reduces the amount of adsorbed dye per unit
mass. It is because, in it, the equilibrium time is considered
fast compared to what was reported before [17].

3.2. Effect of pH. One factor that is significantly associated
with the adsorption of dye is the pH of the solution. Ad-
ditionally, the adsorbent surface change is also immensely
affected by the pH value of the solution [20–22]. *e initial
effect caused by the initial solution pH was explored, which
was found to range from 3 to more than 11. In addition, the
change is no longer significant from 7 to 8 and not 11. *e
equilibrium was reached after 40 minutes of contact time.
*e CV was 150mg/L, while the constant dosage of ben-
tonite was 0.025/50ml in the dye solution, with 200 rpm of
shaking time at 25°C. In the beginning, the solution pH was
controlled using 1N HCl and 1N NaOH.

*e percentage of a CV that was removed at various
initial solution pH is demonstrated in Figure 6. *e removal
percentage of CV by Khulays natural bentonite increased
gradually with the increase in initial solution pH up to pH 5,
where about 85% of CV was removed from the solution. No
significant results were found by increasing the pH of the
solution up to 10. *e enhancement of the pH value drives
the positive surface charge low while simultaneously in-
creasing the negative charge, given that the ions of hydrogen
compete with the cations present in the dye [23].

*e increase of the site negative charge on the clay in-
creases the cationic dye adsorption, which results due to
increased electrostatic attraction. Previous studies have
established that the increase in the solution pH improves the
sorption of the cationic dye at an increasing pH level [24].

*is behaviour reflects the positive charges on bentonite
surface decline with the rise in solution pH, increasing the
negatively charged number on the bentonite sites. On acidic

Table 1: Chemical compositions of Khulays natural bentonite (%) [14].

Sio2 Al2O3 Fe2O2 TiO2 MgO CaO K2O Na2O MnO SO3 P2O5 L.O.I. (1000oC)
52.88 17.59 10.15 1.1 2.3 1.26 0.64 1.26 0.15 <0.05 0.27 11.49

Figure 2: Scanning electron microscopic (SEM) image of Khulays
natural bentonite.
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Figure 3: FTIR analysis.
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medium, the Khulays natural bentonite negative charge
decreases when the increase of the positive charge number
takes place. Accordingly, the removal efficiency is impacted

by the electrostatic impulsion existing between the surface
that is positively charged and the CV [25].

3.3. Effect of Adsorbent Dosage. In the provided operational
condition, the dosage adsorbent procedure assists in the
evaluation of the adsorbent capacity. For this, the Khulays
natural bentonite quantity was investigated for the elimi-
nation of the CV when the 50ml solution of the CV was
shaken with constant dye concentration value at 150mg/L.
In it, the dosage of bentonite ranges from 0.005 to 0.125 g/
50mL (given the results in Figure 7). It also had 40 minutes
for contact, with a pH value of 5.3 (given the results in 6) and
a temperature of 25°C. *e results in Figure 7 show that
increased dosage leads to increased removal of a dye, such as
at 0.005 g, the removal percentage was 15%, while at 0.075 g,
it was about 99.9%. Following it, the removal percentage of
CV was kept above 99 with the increase of the clay dosage,
that is, 0.125. Consequently, the Khulays natural bentonite
amount of 0.075 was considered adequate for the CV re-
moval from a CV solution of 150mg/L, in the presence of the
mentioned conditions. *e results predict that the increase
in bentonite dosage quantity causes increased absorption at
sites, which increases CV absorption. *is is observed from
the use of 0.075 g of Khulays natural bentonite, which re-
moved better absorption capacity for the active bentonite
surfaces.

3.4. Adsorption Isotherms. Adsorption isotherms are used to
describe the equilibrium relationships between adsorbent
and adsorbate. In this study, two different adsorption iso-
therm models, the Langmuir [26] and Freundlich [27]
isotherm equations were used to fit the experimental data
obtained from this study. *ese two models were tested to
find out the sorption capacity of crystal violet using Khulays
natural bentonite. *e best-fitting model is estimated by
using the correlation coefficient for the regression (R2),
where the isotherm giving an R2 value closest to unity is
considered to give the best fit [28].

–2000

0

2000

4000

6000

8000

10000

12000

14000

0 20 40 60 80 100 120

In
te

ns
ity

 (a
.u

.)

2θ

Figure 4: XRD analysis.
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*e adsorption isotherms for CV removal were carried
out by initially utilizing multiple concentrations of dye (i.e.,
50–300mg/L), the constant adsorbent mass of 0.025 g,
constant temperature (25°C), and solution pH at 5.3. Af-
terward, the experimental data were fitted to the Langmuir
and Freundlich equations.

*e Langmuir sorption isotherm is based on the as-
sumption that when the adsorbate occupies a bentonite site,
no further sorption can take place at that site [29]. It is used
to evaluate maximum dye adsorption capacity and can be
explained by the following equation:

Ce

qe

�
1

bqmax
+

Ce

qmax
, (3)

where Ce is the equilibrium concentration of CV (mg/L), qe
is the amount of CV adsorbed per unit weight of bentonite
(mg/g), qmax is the amount of maximum adsorption capacity
(mg/g), and b is the Langmuir constant (L/mg).

*e data obtained from the linear Langmuir isotherm
plot for the adsorption of CV onto Khulays natural bentonite
are shown in Table 2 and plotted in Figure 6, where the
model gives the best fit for the experimental data. *e
maximum adsorption qmax (monolayer coverage) for CV on
Khulays natural bentonite equals to 263mg/g.

Freundlich isotherm is an empirical equation used to
describe the adsorption process on heterogeneous surfaces
and is expressed by the following equation [30]:

log qe � logK +
1
n
log Ce, (4)

whereK and n are the systems Freundlich isotherm constant.
Table 2 provides a brief on the best predictable values for the
overall equation parameters (see Figure 8).

*e data obtained from the linear Freundlich isotherm
plot for the adsorption of CV onto Khulays natural bentonite
is shown in Table 2 and plotted in Figure 9. *e Freundlich
isotherm model showed an excellent fit for the adsorption
data of CV. *e value of Freundlich constant lies between 1
and 10, which means good adsorption of crystal violet on
Khulays natural bentonite [31].

3.5. Adsorption Kinetic. For evaluating the effective process
for utilization of the kinetic model, the adsorption of the
kinetic onto Khulays’ natural bentonite concerning the
crystal violet was explored. *e kinetic model utilization is
done for designing and modeling the system of adsorption.
Pseudo-first-order and pseudo-second-order models were
used to determine which mechanism is controlling the
process of adsorption like a chemical reaction, mass transfer
as well as diffusion controlled.
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Figure 7: Effect of bentonite dosage on the removal of CV.

Table 2: Langmuir and Freundlich constant calculated from ad-
sorption isotherm data of CV onto Khulays natural bentonite.

Isotherm parameters Values
Langmuir
qmax (mg/g) 263
b (L/mg) 0.57
R2 0.999
Freundlich
K (mg/g) 139
N 7.5
R2 0.983
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Figure 8: Langmuir adsorption isotherm of CV onto Khulays’
natural bentonite.
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Lagergren provided the framework for the pseudo-first-
order kinetic. *e following is its equation [32]:

log qe − qt(  � log qe −
k1

2.303
t, (5)

where K1 � constant for pseudo-first-order rate (min−1),
qe � bentonite adsorbed dye quantity at equilibrium (mg/g),
and qt � quantity of adsorbed CV (mg/g). t� time (min).

*e framework of pseudo-second-order kinetics is as
follows [33]:

t

qt

�
1

k2q
2
e

+
1
qe

t, (6)

where K1 � constant for pseudo-second-order (g/(mg/min)),
qe � bentonite adsorbed dye quantity at equilibrium (mg/g),
and qt � quantity of adsorbed CV (mg/g) at t. t�Time (min).

*e batch method was used for the exploration of the
kinetic parameters part of the adsorption process with a 25°C
room temperature. *e CV concentration was 300mg/L
initially, 0.025 g/50ml was the dosage of bentonite in the
solution of CV, with a shaking speed of 200 rpm.

Both models, such as pseudo-first-order and pseudo-
second-order, were evaluated for the experimental data, as
plotted in Figures 10 and 11. *e results exhibit a good
consensus between the Pseudo-second order kinetic model
and experimental data. *e achieved value for the regression
coefficients (R2) was 0.72 for pseudo-first-order and 1 for the
pseudo-second-order model, which were obtained by in-
putting the experimental data. *us, it can be reflected that
pseudo-second-order rate kinetics controls the CV removal
through adsorption using Khulays natural bentonite.

3.6. 2ermodynamic Study. *e temperature affects the
adsorption process when there is an increase in the diffusion
rate of the adsorbent. In contrast, the change in temperature
affects the adsorbent capacity at equilibrium [34]. *e
mentioned equation below is used for the calculation of the
parameters for thermodynamic [35].

ΔG � −RT lnK,

lnK �
ΔS
R

−
ΔH
R

 
1
T

,

(7)

where G �Gibbs free energy alteration (kJ/mol). S� change
in entropy (J/mol K), H� change in enthalpy (kJ/mol),
T� temperature (Kelvin), R� gas constant (8.314 J/mol K),
and K� coefficient for distribution which is measured using
the given equation [35]:

K �
qe

Ce

. (8)

*e experiments for thermodynamics were performed at
a different temperature such as 25, 35, and 45°C, where the
CV concentration of 150ml/1 was used. *e bentonite
amount used was 0.075 g for shaking for 40 minutes with a
CV solution of 50ml. Figure 12 shows that the temperature
increases, such as 25 to 45, led to the percentage increase of
removal at equilibrium, such as 62 to 69%. *e plot of Van’t

Hoff of LnK to1/T is shown in Figure 13, where the value
assessment of the ΔH and ΔS is done at the straight-line
slope as well as intercept. *e ΔG negative value is observed,
which signifies the spontaneous processing of adsorption;
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along with it, the ΔH positive value, that is, 6.7 kJ/mol,
highlights the endothermic nature of the adsorption process.
*e ΔS positive value (57.3 J/mol K) highlights that CV
adsorption in Khulays natural bentonite improves the
randomness at the interface of the bentonite or dye solution
[36]. Bendaho et al. [37] also found similar results for the
adsorption of acid dye onto activated Algerian clay. Sari and
Iþýldak [38] study on the stearic acid onto untreated kao-
linite also found the ΔS positive value at the solid. Liquid
interface leads to an increase in the process of adsorption
(see Table 3).

4. Conclusion

*e present study investigated the treatment of water for CV
removal with the use of Khulays natural bentonite following
multivariate conditions. *e crystal violet sorption onto
Khulays’ natural bentonite was comparatively swift such as
at 40minutes, the acquisition of equilibrium was made
possible. Moreover, CV concentration enhancement at the
initial stages reduces the percentage for removal as a result of
the active adsorbent site saturation. *e improved pH of the
solution served as a stimulant for the advancing percentage
of CV removal using the Khulays natural bentonite. CV
absorbance increased with the increase in the dosage of
bentonite, which improves the absorbents site number. *e
data for the adsorption isotherm is adequate for the both
models, that is, Langmuir and Freundlich, where the
maximum capacity of the Khulays natural bentonite ad-
sorption was achieved 263mg/g. In the experiments, ad-
sorption kinetic exhibits that the adsorption of CV against
Khulays natural bentonite is regulated using pseudo-second-
order rate kinetics. *e findings of the research determine
that the established thermodynamic process of adsorption is

spontaneous and is endothermic. *e study positions
Khulays’ natural bentonite as a promising adsorbent for the
treatment of water for the removal of the basic dyes.
However, the findings of the study are limited, given its
limited characterization, where the use of pH

pzc could have
expanded the research findings and provided better inter-
pretation. Given this, the present study recommends future
studies to perform a comparison of similar natural materials
and their regeneration capacity (recycling) for improving the
research scope. *is would also assist in evaluating the re-
producibility of the found results.
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