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ABSTRACT

This study focused on the adsorption behavior of the cationic Crystal
Violet (CV) dye from aqueous solutions using a Co*-hectorite
composite as an adsorbent surface. The initial and equilibrium CV dye
concentrations were determined using a UV-Vis spectrophotometer. The
results were discussed and presented for the impacts of pH, primary CV
dye concentration, composite dosage, and temperature. The optimum
conditions were found for eliminating Crystal Violet dye from the
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Adsorption, of composite dose. The pseudo-second-order kinetic, intraparticle

UV-Vis spectrophotometer, diffusion analyzed the tests’ data and film diffusion models. Each

Crystal violet, model’s defining features have been identified, and these models were

Isotherm, in good agreement and in charge of regulating the adsorption reaction.

I];}}errpodynamics, The adsorption operation was also thermodynamically examined to
metics

determine thermodynamic variables such as Gibbs free energy (AG°),
entropy (AS°), activation energy (Ea), and enthalpy (AH®). The negative
value of Gibbs free energy (AG°) and enthalpy (AH®) indicated that
the adsorption process was a spontaneous and exothermic reaction.
While the activation energy (Ea) data which fell within the normal
range for physisorption, was discovered to be 22.434 kJ mol™'. This
result proved that physical adsorption occurs between the CV dye and
the adsorbent surface (Co™ hectorite composite).

1. Introduction
Although synthetic dyes are widely utilized in the

from pollution. The elimination of contaminants
in plastics, pulp, dyestuffs, paper effluents, and

textile sector, 20 to 40 % of these pigments still textiles has been documented using several physical,

end up in effluents [1-3]. The majority of pigments
contain hazardous and cancer-causing substances.
They also pose a significant hazard to the health
of people and the environment since they are
resistive and so stable in a recovering ecosystem [4].
Therefore, before the dye-containing wastewater
is released into the environment, the dyes must
be removed to safeguard persons and ecosystems
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chemical, and biological decolorization processes.
However, these sectors had only welcomed a small
number of them [5—-18]. Adsorption is the best
option for producing the most significant outcomes
among the several dye removal procedures since it
may be used to eliminate specific groups of chemical
contaminants from aqueous solutions. Adsorption
is preferable to compete for systems for utilizing
recycled water regarding low cost, formability and
styling simplicity, ease of use, and sensitivity to
harmful contaminants. According to several studies
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[19,20], activated charcoal and polymer resins are
the best adsorbents for eliminating pigments from
suitably saturated sewage. The adsorption capability
of some reactive dyes by activated carbon is known
to be relatively poor. The sewage treatment process
utilizing clay-basic [21], AC-ZnO nanostructure [22],
cotton [23], Ultraviolet-activated sodium perborate
[24], halloysite nanotubes [25], electrospun nanofiber
mat [26], chitosan [27], and natural zeolite-basic
[18] has thus been the subject of Previous studies.
Because of their large surface area and molecular
sieve composition, Clay-based materials are
efficient organic cation pollutant adsorbents [3]. The
generality widely utilized layered silicate is hectorite.
Tetrahedral substituted and octahedral substituted
are the two structural kinds. Hectorite is an excellent
adsorbent for eliminating dye from comparatively
saturated wastewater. This is attributed to the fact that
hectorite has a unique structure with internal channels
that permits the passage of solutes and bonded organic
and inorganic ions into the structure of hectorite.
This article suggested using a Co**-hectorite
composite as an Adsorbent surface to absorb crystal
violet (CV) dye from aqueous solutions. The results
were discussed and presented for the impacts of pH,
primary CV dye concentration, composite dosage,
and temperature. The data from the tests were
analyzed by the pseudo-second-order kinetic, intra-
particle diffusion, and film diffusion models. Each
model’s defining features have been identified. The
adsorption operation was also thermodynamically
examined to determine thermodynamic variables
such as Gibbs free energy (AG®), entropy (AS°),
activation energy (Ea), and enthalpy (AH®).

2. Materials and Methods

2.1. Instruments

Thermostatic Controlled shaker (SHKE4000, Thermo
Fisher Scientific; USA), UV-Vis spectrophotometer
(UV-3600i Plus, Shimadzu, Japan), pH meter
(model 744 Metrohm; Germany), Ultrasonic
cleaner (WUC-A 1,2- Witeg Labortechnik GmbH;
Germany), Mechanical stirrer (Eurostar 60 digital,
IKA; China) and vacuum drying oven (Model VD
56-BINDER GmbH; Germany) were used.

2.2. Chemicals

All chemicals with high purity were purchased
from the original Company. The chemicals such as,
Crystal Violet (CV) dye (CH, CIN,, Mwt 407.986
dalton, CAS N.: 548-62-9, Tokyo Chemical
Industry Co., Japan; Fig. 1), hectorite (Na, ,(Mg,
Li),Si,0,(OH),, Mwt 360.58 dalton, CAS N.:
12173-47-6, Spectrum Chemical Co., USA),
hydrochloric acid 37% (HCL, CAS N.: 7647-
01-0, Sigma-Aldrich Chemie GmbH Co., USA),
and Cobalt chloride (CoCl,, CAS N.: 7646-79-9,
American Elements Co., USA) were prepared for
this research.

c':|--|3 cle3
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/N\
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Fig. 1. The structural formula of Crystal Violet dye

2.3. Preparation of Co*-hectorite composite

The ion-exchanged technique was used to prepare
the sorbent in a single step. Two grams of hectorite
were mixed with 0.2 liters of distilled water and
swirled for 2 hours. Using hydrochloric acid (1M,
HCI) solution, the colloidal dispersion’s pH was
reduced to 6. Cobalt chloride (CoCl) solution
was added in the calculated amount while stirring
for 8 hours. The final dispersion was cleaned by
distilled water. At 80°C, the product was dried after
centrifugation.

2.4. Adsorbate

Crystal Violet (CV) dye was used as the model guest
to examine the adsorption capability. Using a UV-Vis
spectrophotometer with a range of 200 - 800 nm, the
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Fig. 2. The UV-Vis spectrum of Crystal violet dye

maximum wavelength of 585 nm was determined,
which corresponds to the highest absorption of the
dye solution, as shown in Figure 2. To create the
stock solution, distilled water was used to dissolve a
carefully weighed quantity of CV dye. The solutions
for adsorption testing were made at the necessary
concentrations by applying serial dilutions to the
stock solution. First, a calibration curve for CV dye
was drawn. In kinetic and thermodynamic studies,
this curve was used to translate data on concentration
from absorbance measurements.

2.5. Adsorption process

At various temperatures, adsorption studies were
conducted in a controlled thermostatic shaker.
Up until the point of equilibrium, the shaking
persisted. The initial and equilibrium CV dye
concentrations were determined using a UV-Vis
spectrophotometer. The adsorption capability of the
adsorbent was determined using these data. It was
possible to determine the quantity of CV adsorbed
(qe) at equilibrium. The mass balance is shown in
Equation 1.

qe=v(C-C )W (Eq.1)

Where v is the volume of dye solution used (L), is
the primary dye concentration in the liquid phase
(g L), is the liquid phase dye concentration at
equilibrium (g L), and W is the mass of sorbent
utilized (g). By adding 0.03 g sorbent at various
temperatures to 0.060 L of crystal violet solution
(0.150 g L"), kinetic investigations were conducted.
The liquid phase crystal violet concentration was
monitored at predetermined intervals.

3. Results and Discussion

3.1. The influence of solution pH

The influence of solution pH for the elimination
of CV dye by Co**-hectorite complex was studied
in the range of 2—12 under the conditions: 0.150
g L' CV dye concentration, 0.5 g L' Composite
dosages, 293 temperature, and 1 hour Contact
time). The implies of the repeated experimental
outcomes are plotted in Figure 3. The experimental
results showed that the degree of adsorption of CV
dye on the Co"-hectorite composite reached 95%
when the pH of the solution was 4. Therefore, the
optimal pH was considered to be 4, which achieves
the maximum adsorption of CV dye. On this basis,
the remainder of the subsequent tests were carried
out at this optimum pH value. Other investigators
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Fig. 3. Influence of pH of CV dye adsorption on Co*>-hectorite composite

have shown a tendency similar to the adsorption
process of the Congo red azo dye as a function of
pH [28].

3.2. Effect of sorbent composite dose

Between 0.5 and 1.5 g L' of Co™-hectorite
dose was tested under the
conditions: (primary CV dye concentration 0.5 g
L, 0.6 gL' 07 gL', ph=4, 293 K temperature
and 8 hour Contact time) to see how it affected CV
dye adsorption. Figure 4 of the findings indicates

composite, the

a decrease in with an increase in Co**-hectorite
dosage. Because a greater adsorbent dose decreases

less adsorption at larger adsorbent doses. CV dye
can quickly arrive at the adsorption locations, and
the ge rises when the amount of adsorbent is modest.
Because less of the adsorbent’s adsorptive capacity
is being utilized with an increase in adsorbent
amount, the correlating increase in adsorption
reaction per unit cluster is decreased.

Higher dosages
aggregation, reducing the overall surface area

adsorbent caused particle
and the multitude of active adsorption locations.
The highest CV dye adsorption in this research
was accomplished at a Co-hectorite dose of
0.5g remaining trials were carried out at this

the adsorption sites’ unsaturation, there is relatively concentration.
0.6 - 05gL"
& (06gL’!
0.5 + 07gL"!
T°."
Lo 0.4+
v
=2
0.3
0.2 | | | I
0.0 0.5 1.0 1.5 2.0

sorbent compsite dose (g.L'l)
Fig. 4. Effect of sorbent composite dose on CV dye adsorption
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Fig. 5. Influence of primary dye concentration and temperature on the adsorption process

3.3. Effect of primary crystal violet (CV) dye
concentration and temperature

It is unclear how varied CV dye concentrations
affect how well Co**-hectorite composite removes
CV because the effluent from various industries
may include varying amounts of dye. This study
examined the adsorption of concentrations of 0.100,
0.125, 0.150, 0.175, and 0.200 g L' CV dye for
the Co*?~hectorite composite. The duplicate data’s
means are shown in Figure 5, which shows that the
concentration of CV dye has a significant influence
on the adsorption capability of the Co**-hectorite
composite. Based on the data shown in Figure 5,
the ge of Co**-hectorite rose at various temperatures
when the primary CV dye concentration was raised.
This is explained by the reality that free adsorption
locations are accessible at the start of the test and
by the fact that there was a more effective mass
transfer rate during the first contact period when
the CV dye concentration was at its highest.

The impact of temperature on the CV dye adsorption
equilibrium on the Co*-hectorite surface is also
depicted in Figure 5. For a primary concentration of
0.100-0.200 g L', it can be seen that the ge declined
as the temperature rose, indicating an exothermic
process. Though the impact of temperature on the

adsorption equilibrium was negligible at the low
starting concentration of CV dye (0.100 g L), it
was still present.

3.4. The investigation of intra-particle diffusion
and film diffusion
To determine whether external film diffusion or
intraparticle diffusion affected the removal rate,
the Weber-Morris kinetic model was used s as
Equation 2[29].

qt=K_ t"°+ C (Eq.2)
where represents the removal capacity (mg g') at
time(t), K, represents the intra-particle diffusion
rate constant (mg per g min’’), and C represents a
constant whose value is proportionate to the limit
layer (mg g).
When the adsorption system corresponds with the
intra-particle diffusion mechanism, a plot of qt
versus t*° should have a straight line with a slope of
K., and an intercept of C, according to Equation 2.
Figure 6 shows a plot of the means of the replicated
experimental outcomes. There are two distinct
zones in Figure 6. The first straight and the second
linear sections are attributed to macro- and micro-
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Fig. 6. Scatter plot of qt versus t** for adsorption of CV dye on Co**-hectorite composite
at studied temperatures

pore diffusion, respectively. The immediate use of
the adsorbing locations on the adsorbent superficial
is blamed in the first section. The second section’s
phenomenon is linked to an extremely slow CV
diffusion into the least accessible adsorption
sites—the micro-pores—from the surface film.
Additionally, this promotes the sluggish quiet rate
of adsorbate movement from the liquid stage to
the surface of the adsorbent. The mass transfer rate
variance between the adsorption reaction’s first and
end phases explains why the straight line deviates
from the original line. The straight line’s continued
departure from the point of origin suggests that pore
diffusion is not the lone rate-limiting process [30].
To support the above findings, the intra-particle diffusion
coefficients (Dp) were estimated by Equation 3.

_(0.03 r0?)

Eq.3
o5 (Eq.3)

where r; (m) represents the mean radius of the
adsorbent particles and t*° (min) the time needed to
fulfill half of the adsorption.

The rate-limiting phase will be intra-particle
diffusion, referring to Sushanta et al. [31], if the
predicted intra-particle diffusion coefficient (DP)
level is in the scope 105-10""® m? per S. According
to Table 1, which was used in this investigation,
the computed DP level varied from 1.65x10 to
2.47x10"* m? s at various temperatures, implying
that intra-particle diffusion reaction is not the
primary process limiting CV dye adsorption onto
Co"-hectorite surface.

Table 1. The adsorption process’s film diffusion coefficient (DF) and intra-particle diffusion coefficients (DP)
at the temperatures studied

Temperature (k) DP (m? S) DF (m? S7) r (m)
293 77.44 1.65x 107 344x 1018
-14 -13
303 63.36 2.02x 10 421x 10 6.54 x 10*
313 51.87 247 x 101 5.63x 107
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Equation 4 has been used to compute the film
(DF),
adsorption kinetics reactions.

diffusion coefficients to examine the

0.23r 086Cs
DF= )/ (Cltys) (Eq.4)

Where CS is the concentration of adsorbate in the
solid phases, Cl is the concentration of adsorbate in
the liquid phase, and r° and t°° share the identical
meaning as earlier, and d is the film thickness (10 m)
[31]. The computed film diffusion coefficient (DF)
value will fall between 10 and 10'? m? per second
if the film diffusion reaction is the rate-limiting
step’s controlling factor. The predicted levels of
DF were discovered to be in the arrange of 10"°
m?s! (Table 1), indicating that the film diffusion
reaction was not the lone phase in the adsorption
process that was rate-limiting. Intra-particle and
film diffusions in this study served to regulate the
kinetic process. The kinetic reaction was governed
by film diffusion since the CV concentration was
high at the beginning of the adsorption process. CV
molecules started to diffuse inside Co™*-hectorite
when they were adsorbed on the surface of the
composite, and the adsorption reaction was what
controlled this.
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3.5. Thermodynamics study

The pseudo-second-order [32] model has been
investigated about kinetic modeling to determine
the adsorption mechanism (Equation 5).

— = — ¢

= (Eq.S)
qt  k2q%e qe

Where qe
(g.g"), k,is the pseudo-second-order adsorption
rate constant (g min g'), and qt is the amount

is the equilibrium adsorption capability

of CV adsorbed at time t (g g'). To determine
rate parameters, the straight line plots of t/qt vs.
t for the pseudo-second-order models have also
been investigated (Fig. 7). Table 2 contains the
correlation coefficients 12, k, and qe at numerous
temperatures. The Arrhenius equation (Eq. 6) can
express the pseudo-second-order rate constants as
a temperature performance.

Ink=InA-Ea/RT (Eq.6)
Where k is the rate constant, A is the frequency
coefficient, Ea is the activation energy, R is the gas
constant, and T is the temperature in Kelvin.

Figure 8 shows a visualization of the means of the
replicated experimental outcomes.

Ollllllllllllllllllllll
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Fig. 7. The pseudo-second-order kinetics model for the adsorption of CV dye onto Co**-hectorite composite

at studied temperatures
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Table 2. The Arrhenius activation energy (Ea) and pseudo-second-order kinetics parameter values

for the adsorption process at temperatures studied

Temperature (k) (kJ mol?!) qe (g gh) k2
293 0.9996 0.335 2.087
303 22.434 0.9954 0.317 2.794
313 0.9965 0.302 3.587

The Ea is calculated using Equation 6 (Table 2).
The size of the activation energy gives a clue as
to the primary kind of adsorption, either chemical
or physical. Physisorption processes typically
have activation energies between 5 and 40 kJ mol
!, whereas greater activation energies (between
40 and 800 kJ.mol!) point to chemisorption. The
dispersive interaction between the crystal violet
and the Co"2-hectorite surface implies it. The Gibbs
free energy (AG°), enthalpy change (AH°), and
entropy change (AS°), which are thermodynamic
characteristics, have been calculated to assess
the viability and exothermic characteristic of the

-6.2-
-6.4-
-6.6-

-6.8-

Ink2

-7.0-

-7.2-

adsorption reaction. Equation 7 relates the process’s
change in Gibbs free energy to the equilibrium
constant (k).

AGo = — RTInK (Eq.7)
The below formula shows how the standard free

energy change at constant temperature is also
correlated with enthalpy and entropy changes

(Eq. 8).

(Eq. 8)

7.4 ,

0.0028 0.0029 0.0030 0.0031 0.0032 0.0033

1/T

Fig. 8. Arrhenius Scatter plots for the adsorption of CV dye onto Co**-hectorite at studied temperatures



Adsorption of CV Dye by Cobalt-Hectorite Composite

The slope and intercept of Scatter plots of InK vs
I/T are utilized to evaluate the levels of AG° and
AS°  (Fig.9). Table 3 contains the obtained values.
Indicating the viability and spontaneity of the CV
adsorption reaction on the Co*?-hectorite surface,
the Gibbs free energy (AG®) levels were observed
to be decreasingly negative with temperature. It is
discovered that the enthalpy change (AH°) values
are negative, indicating the exothermic character
of the adsorption process. The fact that the (AH®)
value is less than 40 kJ.mol"' shows that the crystal
violet adsorption by the composite of Co™-hectorite
is physisorption. The results from the current study
are comparable to those from Xia’s study [28] on
the adsorption reaction of congo red azo dye from
aqueous solution by ODA-hectorite and CTAB-
hectorite as adsorbent surfaces.
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4. Conclusion

The results of this investigation demonstrate
the efficiency of Co**-hectorite composite as an
adsorbent surface for eliminating Crystal Violet
(CV) dye from aqueous solutions. The elimination
of CV worked best at a pH of 4. The ideal
temperature and composite dose were 293°K and
0.5 g L, respectively. The experimental results
and the pseudo-second-order kinetic model were in
good agreement, as indicated by the straight lines
in t/qt vs t plots. Intra-particle and film diffusions
were in charge of regulating the adsorption reaction.
The exothermic and spontaneous response of CV
adsorption on Co**-hectorite composite is revealed
by evaluating the thermodynamic parameters. The
activation energy for adsorption, which fell within
the normal range for physisorption, was discovered

Table 3. Thermodynamic variables for the adsorption process

0 0
Temperature (k) Distribution coefficient (k) (k JA nGlol'l) (k JA Ifll(o)l“) (k JAliol‘l)

293 4.654 -3.745
303 3.324 -2.926 -31.546 -94.883
313 2.067 -1.768

2.0+

1.5 ®

[ ]
= 1.0
0.5
0.0 | | | | |

0.0028 0.0029 0.0030 0.0031 0.0032 0.0033

1/T

Fig. 9. Scatter plot of InK vs. 1/T for CV dye adsorption onto Co™-hectorite composite.
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to be 22.434 kJ mol"'. The outcomes would benefit
the design of wastewater treatment facilities that
remove the dye.
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