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Abstract: In this work, crystal-violet (CV) dye was removed using a chemical carbonization process to create
carbonized sargassum algae (CSA), which poses less environmental danger. The produced CSA is examined
using a scanning electron microscope and a Fourier-Transform Infrared spectrometer. The following
parameters were measured: pH, contact duration, temperature, adsorbent concentration, and starting CV dye
concentration. The highest removal % was recorded as 91.17%. at pH 7, 3 hours, 25 °C, 0.01 g of adsorbent
dosage, and 100 mg/L initial dye concentration. The kinetic testing indicated that pseudo-second-order was
the most effective kinetic model for CV adsorption. According to the isotherms for the adsorption of CV dye,
the Langmuir constant (K) was used to measure thermodynamic properties like free enthalpy (H), entropy (S),
and energy (G). The Freundlich model, followed by Temkin models, best described the data. The earlier
research is supported by computational studies like molecular dynamics (MD) simulation and Monte Carlo
(MC) simulation.
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1.INTRODUCTION printing, pharmaceutical, and cosmetics sectors,

employ dyes in essential ways to color their goods.
Life and survival depend on access to enough clean  Over 20% of the coloring is discharged into the
water. Dyes, phenols, detergents, pesticides, heavy  zquatic environment during the coloring process.(3).
metals, and other air pollutants that are found in  {ne crystal violet dye's chemical composition
water sources come from domestic, industrial, and C2sNsHsoCl is one of these cationic dyes, and it is
agricultural pollution sources.(1, 2). Today, a wide employed for coating, coloring, and dyeing among
range of companies, including those in the paper, other things. Environmental contaminants like CV,
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although having a wide range of applications, have
been referred to as biohazard dyes and refractory
dye molecules that stay in the environment for a
long time and have a harmful influence on the

ecosystem. (4-6). Industries related to dyes use vast
volumes of dyes, which are particularly harmful to
aquatic life and even relatively harmless in the

aquatic environment (7, 8). The ecological
equilibrium of the water and aquatic life is disturbed
by dyes because they prevent light from flowing
through, absorb it, and reflect it back, triggering a

process that prevents photosynthesis (9-11). Effects
from the dye release may be felt by those who use
water for drinking, washing, bathing, and other
activities. Certain teeth can result in allergies, skin
problems, and mutagenesis consequences in living

organisms(12-15). Numerous methods, including
oximation, clotting, photo-degradation, precipitation,
membrane filtration, electric flotations, and ion
exchange, have been created as a result of the

threat that dyes bring to marine life(16-18) and
other physical/chemical techniques have been
employed. It also talks about oxidation. However,
due to their high prices and various disadvantages,
small and medium-sized firms are unable to employ
these approaches to manage bulk. The adsorption
technique seems to be the most efficient way to
treat wastewater due to its simplicity, low cost,
reduced energy consumption, ease of operation,
negligible effects of highly toxic materials, and the
primary quality of emission handled for well-

engineered sorption systems.(19). One of the
wastewater chemical contaminants unit activities is

adsorption (6, 20-27). Activated carbon (AC) is the
most widely used adsorbent for treating wastewater

or removing contaminants from wastewater(25, 28-

33). Flax fiber, sugarcane bagasse, and pine tree
wood are just a few of the raw ingredients utilized to

create AC(15, 21, 23, 34, 35). Without any surface
modification, activated carbon has a very poor
adsorption capacity due to its small specific area. In
some cases, it becomes crucial to treat the
activated carbon to increase its capacity for bonds,
which in turn raises its capacity for adsorption.
Numerous methods, including physical, chemical,
and biological ones, are employed for the surface

treatment of activated carbon(35). Treatment of
activated carbon, also known as surfactant
modification, is essential. Activated carbon is
treated with surfactants to create a strong bond with
water, increasing the dispersion and solubility of AC

in water(6). The period of adsorption depends on
how well the thermodynamic and adsorbent mass

transfer work (36-38). Marine algae known as
seabed have Ilarge metal binding capabilities
because they feature polysaccharides, proteins, or
lipids on the surface of the cell wall that contain
functional groups like amino, hydroxyl, carboxy, and
sulphate that can serve as binding sites for metals

(39-41). The thallus structures that resemble sheets
and have a thickness of two cells are created by a
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broad region of uniform and active cells in

sargassum(23, 42). In this study, experimental
factors for the adsorption process, such as mass,
pH, temperature, duration of contact, and
concentration, were looked at. The Friendly and
Langmuir adsorption isotherm equations were fitted
to the equilibrium biosorption data. In order to
understand the nature of the system, measurements
of thermodynamic parameters were also made.
Monte Carlo (MC) simulation and molecular dynamic
(MD) simulation studies were carried out to examine
the adsorption of crystal violet dye on the
carbonized sargassum algae and to determine the
desorption sites of crystal violet dye on the surface.

2. EXPERIMENTAL METHOD

2.1. Collection of Sargassum

Ras Sudr Was Used To Collect Sargassum Algae. Ras
Sudr Is Located On The Red Sea Shore Of The Gulf
Of Suez At A Longitude Of 32° 43' East And A
Latitude Of 29° 35' North. It Is Included In The South
Sinai Governorate. Ras Sudr Is Located On The Sinai
Peninsula's Western Side, Around 200 Kilometers
From Cairo And 60 Kilometers From The Ahmed
Hamdi Tunnel Crossing In Suez. Ayn El Sokhna, A
Resort On The Opposite Red Shore, Is Also Literally
Across The Street. Ras Sudr Has A Coastline Of 95
Kilometers.

2.2. Preparation of Carbonized Sargassum
Algae

Sargassum was cleaned with water to remove any
remaining soil before being dried for 48 hours at
room temperature (25 °C). Sargassum was then
crushed into little pieces. After soaking in nitric acid
(Sigma, 99.99%) for 24 hours, it was dried for
another 24 hours at 100 °C. The solid mass was
then immersed in filtered water for 24 hours before
being dried for 6 hours at 40 degrees Celsius. It was
then soaked in sulfuric acid for 6 hours before being
dried for 12 hours at 100 °C. The completed product
was carbonized for 3 hours at 500 °C.

2.3. Characterization

To characterize the CSA derived from sargassum
algae, various approaches were applied. FTIR was
utilized to examine the chemical structure. An X-ray
diffractometer (XRD; type Ultima-IV; Rigaku, Japan)
was used to measure CSA. At room temperature,
FTIR spectrometer (VERTEX 70 FT-IR) spectra were
recorded on ATR discs in the wave number range
4000-600 cm™. A scanning electron microscope
(SEM) model JSM-6510LA was used to characterize
surface morphology. Samples were made by placing
a tiny film on a carbon tube on a stub covered with a
thin layer of gold.

2.4. Adsorption Experiments

To characterize the CSA derived from sargassum
algae, various approaches were applied. FTIR was
utilized to examine the chemical structure. An X-ray
diffractometer (XRD; type Ultima-IV; Rigaku, A set of
dye solutions of varied concentrations is created. A
series of adsorption tests were performed on CSA
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adsorbent under varied reaction circumstances,
including beginning dye concentration (10, 25, 50,
and 100 mg/L), temperature ranging from 25 to 60
°C, CSA dosage of 0.01-0.04 g per 50 mL of solution,
and solution initial pH (2-10). The contacting time in
both tests was 180 minutes, and the solution
volume was 50 mL. The shifts in the tested CV dye
concentration were determined using a UV-vis
spectrophotometer and its characteristic absorption
peaks (max= 592 nm). The first set of experiments
were conducted with the adsorbent dosage
remaining constant at 0.01 g per 50 mL of solution,
the pH remaining constant at 7, the temperature
remaining constant at 25 °C, and the dye
concentration varying between 10, 25, 50, and 100
mg/L. The purpose of this experiment was to
determine the effect of starting dye concentration
on the percentage of CV removal over CSA
adsorbents. In the second series, the dye starting
concentration remained constant at 100 mg/L, the
pH was set to 7, the temperature was set to 25°C,
and the adsorbent dosage was varied from 0.01 to
0.04 g per 50 ml of solution. The purpose of this test
was to determine the influence of adsorbent dosage
on the percentage of CV dye removal over CSA
adsorbents. The third series of studies involved
adjusting the temperature from 25 °C to 60 °C while
keeping the dye starting concentration at 100 mg/L,
pH at 7, and adsorbent dosage at 0.01 g per 50 mL
of solution constant. The purpose of this experiment
was to determine the effect of temperature on the
percentage of CV removed by CSA adsorbents. The
third set of trials entailed adjusting the solution's
starting pH from 2 to 10, while keeping the dye
initial concentration constant at 100 mg/L, at a
temperature of 25 °C, and with an adsorbent dosage
of 0.01 g per 50 mL of solution. The purpose of this
experiment was to examine the effect of pH on the
percentage of CV dye removal over CSA adsorbents.
By adding dilute HClI and NaOH dropwise, the pH
was adjusted to the right amounts. Equations (1)
through (3) can be used to calculate the amount of
dye extracted by sargassum adsorbents at
equilibrium (ge(mg/g)), the amount of dye removed
by sargassum adsorbents at any time (qt), and the
dye removal percentage. (43, 44).

q.=(C,-C,) (1)

3|<

q=(C,-C,) (2)

3I<

Dye removal %= X100 (3)

(COC_Ct)
C

where C, denotes the initial dye concentration in
mg/L, Ct denotes the dye concentration in mg/L over
time t, Ce denotes the dye concentration in mg/L at
equilibration, and m denotes the CAB V is the
solution volume in milliliters, and m is the mass in
milligrams.
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2.5. Kinetic Studies

The kinetics of CV adsorption studies on CSA were
carried out using 0.01 g of adsorbent at CV
concentrations of 10, 25, 50, and 100 mg/L,
adsorption periods ranging from 10 to 180 minutes,
temperatures of 25 °C, and pH of 7. Adsorption
kinetics were evaluated using models such as
pseudo first order, pseudo second order, Elovich,
and intra-particle adsorption.

2.5.1. Pseudo-first-order model
The Lagergren's pseudo-first-order equation (45)

log(q.—q.)=log(q.)-K,t/2.303 4

Where ge. and qg: are the amounts of dye absorbed on
the CSA at equilibrium and the amount of dye
absorbed at any time t, respectively. K; the constant
rate of the pseudo first order.

2.5.2. Pseudo-second-order Model
Pseudo-second-order model is represented by
following equation formulated by (46)

t 1 - t
=gt (5)
qt KZ qe

where K; is the constant rate of the pseudo second
order. The parameters of kinetic model with R, are
compared in the Table 2. R? values show that the
pseudo second order is better than the other.

2.5.3. Intraparticle diffusion model
It is represented by using the following equation(47)

g =K t'?+C (6)

where Ki is the intraparticle diffusion constant and
C is the intercept.

2.5.4. Elovich kinetic model
The equation of it has the following form(48)

49— L (ap)r—tnt (7)

where, a is the initial adsorption rate and B is the
relationship between the degree of surface coverage
and the activation energy involved in the
chemisorption.

2.6. Adsorption isotherm

It depicts the distribution of the solute in two phases
(liquid and adsorbed). The Langmuir, Freundlich, and
Temkin isotherms were used to research adsorption
isotherms.(49)

2.6.1. The Langmuir isotherm

It is used, for homogeneous adsorption, and its
linearized form can be defined by the equation
below (50).
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C, 1 C

= +—
qe KaQO QO

where g. (mg/g) and C. (mg/L) are the amounts of
dye adsorbed per unit mass of adsorbent and
unabsorbed dye concentration in the solution, Q, is
the maximum amount of dye adsorbed per unit
mass of adsorbent on the entire monolayer surface,
and K, is a constant related to the affinity of the
binding sites.

e

(8)

2.6.2. Freundlich isotherm model
This is used for heterogeneous surface at different
temperatures. It has the following form (51):

log q,=log kﬁlog% (9)

where Kr is the Freundlich constant, and 1/n is the
heterogeneity factor.

2.6.3. Temkin isotherm
It has the following form:

Q,=BTInKT+BTInC, (10)

where, B T is a temperature dependent constant
related to the heat of adsorption K T and is the
equilibrium constant. The degree of favorability of
the Langmuir isotherms for the equilibrium data
could be predicted from the value of (R.) the
dimensionless separation factor constant that can
be determined from Equation 11 (52).

1

R=——7— 11
' 1+I<L(:max ( )

where Cnax represents the maximum initial DR

concentration.

2.7. Thermodynamic Parameters
Thermodynamic parameters such as standard free
energy, enthalpy, and entropy are used (53). The
following calculations were used to assess the effect
of heat on the adsorption period at various dye
concentrations.

q,
K. =% 12
ld Ce ( )
AG’=—RTIn K, (13)
0 0
InkK,=2>_AH (14)
R RT

Where K =b is the adsorption equilibrium constant,
R is the gas constant (8.314 J/K mol), T is the
absolute temperature, AH® enthalpy, AS® entropy AS
and AG®° free energy.
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2.8. Computational Details

2.8.1. Monte Carlo (MC) simulation

MC simulation was conducted in this work to study
the adsorption of crystal violet dye on the
carbonized sargassum algae and to find the
desorption sites of crystal violet dye on the
carbonized sargassum algae surface. MC simulation
was carried out by Adsorption Locator module as
shown in this study(54, 55) using The COMPASS
force field (Condensed-phase Optimized Molecular
Potentials for Atomistic Simulation Studies) as a
force field and use current in the charges section.
The basic principles of MC simulation used in this
work have been described by Frenkel and Smit (56).

2.8.2. Molecular dynamics (MD) simulation

In the MD simulations, the electrostatic and van der
Waals terms were treated with Ewald and group-
based methods, respectively. The MD was simulated
under NPT ensemble for 1 ns, followed by
isothermal-isobaric (NPT) conditions at 1 atm and
300 K for 4 ns, with time step of 1 fs. The
temperature and pressure were controlled by Nose
thermostat and Berendsen barostat, respectively.
The velocity Verlet algorithm was used in the
integration of the equations of motion (57). The
theoretical background of MD simulation is done
according to this study (55).

3. RESULTS AND DISCUSSION

3.1. Analysis of Carbonized Sargassum Algae
FTIR and SEM were performed to analyze the
chemical composition.

3.1.1. FTIR spectrum

After loading the crude powder of Nitric acid-treated
natural sargassum algae into the FT-IR, the primary
functional group of the components was separated
based on the peak ratio. The functional groups of
bioactive components are denoted by the peak
values of the FTIR spectrum (Figure 1 and Table 1).
In the FT-IR spectrum of Nitric acid-treated natural
sargassum algae, peaks at 3722, 3375, 2954, 2412,
2470, 2353, 2206, 1494, 1363, 1222, 1078, 871,
732, 628 and 559 cm?® were discovered. The
stretching vibrations of CH, C-C, and C-O in solid
band, as well as C-O stretch mode in signals at
3375-559 cm™, mirrored the axial position stretching
vibrations of OH. According to research, the
absorption bands between 1100 and 1000 cm™ are
crucial for carbohydrates and polysaccharides,
pointing to a variety of mechanisms such as C-H
deformation, C-O or C-C stretching (58, 59). The
toxic interaction sites of algae's carboxyl, amino
acid, and hydroxyl groups were investigated using
FT-IR spectra of seaweed extracts (60, 61). A new
survey found the bands in diverse materials at
significantly different frequencies, with peaks of
1222 and 1078 cm™. Carbohydrates were found to
be the most effective absorbers between 1200 and
1000 cm™ in those samples (62). In nucleic acids, as
in a variety of other molecules, identical absorption
bands in the same spectral area of similar functional
groups were found.
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3.1.2. SEM analysis

Scanning electron micrographs (SEM) of carbonized
sargassum algae at low and high magnification are
shown in Figure 2. When the sargassum algae was
treated with nitric acid at high temperatures, it
disintegrated dramatically and the surface of the
sample began to shrink, possibly due to nitric acid's
partial loss of hemicellulose. Furthermore, the high
temperature may have caused the cellulose fibers to
be liberated from their initial clusters.
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3.2. Optimization of Parameters

3.2.1. Dye’s initial concentration

Figure 3 shows how dye starting concentrations and
contact time affect removal percentages and
adsorption capacities when CSA is used as an
adsorbent. Figure 3 demonstrates that with an initial
concentration of 100 mg/L, the adsorption
percentage for diffuse CV dye achieved 91.17 %.

Table 1: FTIR peak value of Nitric acid-treated natural sargassum algae.

S. No. Peak Value Spectroscopic Assignments Functional Groups
1. 2375 O-H stretch, H-bonded Alcohols, Phenols
2. 2353 O-H stretch Carboxylic acids
3 2954 -C=C- stretch Alkynes
4. 1631.080 C-C stretch (in-ring) Aromatics
5. 1363,1494,1222 C-H bend Alkanes
Alcohols, Carboxylic
6. 1078 C-0 stretch acids, Esters, Ethers
7. 871,732,628,559 -C=C-H: C-H bend Alkynes
increases. Figure 3 shows that when the original
diffuse CV dye concentration increases, so does the
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Figure 1: FT-IR of the crude powder of Nitric acid-
treated natural sargassum algae.

The presence of a large number of free adsorption
sites on the adsorbent surface can explain the quick
adsorption rate observed during the primary stage
of adsorption processes. The adsorbed dye
molecules fill the exposed areas over time,
generating in a repulsive force between the
adsorbate scatter CV dye molecules on the CSA
surface and those in the bulk liquid form. When it
comes to CSA, the percentage of diffuse CV dye
removal normally increases as the dye level

sum of adsorbed dyes. This could be attributable to
an increase in concentration gradient as diffuse CV
dye starting concentration increases. As a result, the
driving power increases and is required to overcome
the resistance to mass transfer between adsorbate
and adsorbent (43, 63).
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Figure 2: SEM images of carbonized sargassum
algae.

3.2.2. Effect of adsorbent weight mass

We researched the effect of CSA adsorbent doses on
the removal percent of disperse crystal violet dye to
establish the optimal adsorbent weight that gives
the highest performance in order to calculate the
wastewater treatment cost per unit of disperse
crystal violet dye using CSA adsorbent. Figure 4(a)
depicts the influence of CSA weight on the scatter
crystal violet dye removal percent. The dye removal
% increases as the CSA weight increases from 0.01
to 0.04 g per 50 mL of disperse crystal violet dye
solution at an initial concentration of 100 mg/L at
25°C and pH 7. The dye removal percentage
improved to 91.17 %, which may be attributed to
increased surface area and the number of surface-
active sites accessible for adsorption as adsorbent
dosage was raised. (64). The best adsorption at
dose 0.01 g.
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Figure 3: Effect of CV dye concentrations and
contact time on (a) the removal % of dye adsorbed

and (b) the amount of dye adsorbed at 25 °C and pH
7 by 10 mg of adsorbent.
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Figure 4: Effect of adsorption conditions on the
removal % of CV dye by carbonized sargassum
algae. Where (a) represent the effect of adsorbent
weight. (b) represent the effect of Initial pH of the
solution. (c) represent the effect of adsorption
temperature.

3.2.3. Initial pH of the solution

The pH regulates the amount of electrostatic charge
on the sorbent and sorbate. Because of their effect
on ionization/dissociation of the sorbent molecules
and their effect on the absorbent surface, pH of the
solution plays an important role in adsorption power
(65). The effect of the initial pH values of the
aqueous dye solutions on the removal percent of
diffuse CV dye using CSA sorbent is seen in Figure
4(b). Because of the high concentration of hydrogen
(H+) ions and the protonation of the adsorbent
base, the elimination percentage generally increases
as the pH value increases from 2 to 7 (66). The dye
anions are drawn strongly to the positively charged
adsorbent surface (67, 68). In other words, as the
pH of the CSA increases, the surface becomes
negatively charged, causing the polarization of the
electric double layers to reverse. As a result, as seen
in Figure 2, the adsorption percentage of diffuse CV

RESEARCH ARTICLE

dye decreases (b)(69). The maximum amount of
adsorbed at pH 7.

3.2.4. Effect of adsorption temperature

The temperature effect on the adsorption of
industrial disperse CV dye over CSA was studied at
four different reaction temperatures (25 °C, 40 °C,
50 °C, and 60 °C), and the results are shown in
Figure 4. (c). The dye removal percentage for CSA
falls significantly as the temperature rises from 25
°C to 60 °C. The negative value H (see section (3-5)
thermodynamic study) confirms that the adsorption
of disperse CV dye onto CSA was an exothermic
phase. The higher temperature stability of CSA
adsorbent demonstrated that temperature had little

effect on the adsorption forces between the
adsorbent (CSA active sites) and adsorbate
(disperse CV dye molecules)(70). The higher

attraction between adsorbate active sites and ions
of dye molecules resulted in the beneficial
adsorption of CV at a relatively low temperature.
The percentage of diffuse crystal violet dye removal
decreased as the temperature increased from 25°C
to 60°C. 25°C is the optimal temperature for diffuse
crystal violet dye adsorption over CSA adsorbent.

3.3. Adsorption Isotherm

The statistical significance of R? (the correlation
coefficient) for the linear plots of Ce/ge versus Ce,
log ge against log Ce and ge against Ln Ce was the
criteria by which the data fitting to the Langmuir,
Freundlich, and Temkin isotherms was checked
(Figure 5). The estimated values of Qo, KL, KF, and
1/n, KT, and B, and R 2 were determined from the
linear plots and reported in Table 2. CV adsorption
on CSA adsorbent does not follow the Tempkin and
Langmuir isotherm models (Table 2). The Freundlich
isotherm model has the maximum R? value; the
adsorption mechanism almost follows the Freundlich
isothermal model. As a result, the dye is eliminated
at the active sites of the CSA adsorbent on a single
surface plate, and the adsorbed CV molecules do
not react with one another. The R2 value determined
by the Langmuir isotherms at 25 °C was 0.2092. The
value of R_ is 1, meaning that the adsorption of CV in
the study case is beneficial (2). The overall
adsorption potential of CSA according to the
Langmuir adsorption isotherm is 666 mg/g.

3.4. Adsorption Kinetics

To study the most suitable adsorption kinetics
model, the adsorption process of CV on CSA under
various initial dye concentrations was followed. The
first-order, second order, intraparticle diffusion and
Elovich kinetics linear graphs were represented by
plotting In (ge - qt) versus t, versus t, against and gt
versus In t, respectively, as shown in Figure 6(a-d),
in order. The adsorption kinetics parameters k1, k2,
k3, qe, I, B, and a of the evaluation model in
addition to R 2 were calculated from the linear graph
and depicted in Table 3. The linear fit and regression
coefficient values (Table 3) for all the investigated
kinetic models verified that the pseudo-second-
order model adequately manages CV adsorption into
CSA. Similarly, the values of ge Exp. (measured ge)
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and ge (calculated ge) obtained from a pseudo-
second order plot of all CV concentrations agree well

(Table 3). The k1 value (pseudo-secondary rate
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constant) and the CV concentration tested have an
inverse relationship.

Table 2: Isotherm constants for CV adsorption onto 10 mg algae at 25 °C and pH 7.

Langmuir isotherm

Q .(mg/g) K. (L/mg) Ru

666 0.71 0.013 0.2092
Freundlich isotherm

1/n Ke R?

0.79 47.8 0.8368

Temkin isotherm

B (J/mol) Kr(L/mol) R?

118.5 1.35 0.5456

Table 3: Parameters of the kinetic models for CV dye adsorption onto 0.01 g of algae at 25°C and pH 7.

First order kinetic model

Dye concentration 10 25 50 100
(ppm)

K 0.007 0.010 0.011 0.015
Qe 2.9 4.2 12.1 18.1
R2 0.5458 0.7250 0.8908 0.9345
geexp 45.7 106.2 202.1 455.8
Second order kinetic model

K 5.6 x10 3 3.5x10 3 3.6 x10°® 1.2 x10*®
Qe 45.8 108.3 -525 -1428
R? 0.9985 0. 9996 0. 2193 0.0347
Je €XP 45.7 106.2 202.1 455.8
Elovich kinetic model

B (g/mg) 0.366 0.152 0.012 0.005
o (mg/min) 2.5 x10° 5.8 x10° 6 15.5
R? 0.9166 0.9112 0.9078 0.9769
Intraparticle diffusion kinetic model

K 2.3 5.6 18.6 42

| 20.5 49.5 -43.5 -60.1
R2? 0.5449 0.5410 0.9128 0.9391

A straight line in the graph of g t versus t %

suggests that the intraparticle diffusion model is seen

applicable. The slope and intercept of the plot can
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be used to calculate k2 and I, and the results are
in Table 3. The R 2 values (correlation
coefficients) obtained from the model are relatively
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small and unsatisfactory; additionally, the value of
the intercept | is not zero, indicating that the
intraparticle diffusion model may not be the only
rate-controlling factor in deciding the kinetics of the
adsorption mechanism. In comparison to the
pseudo-first order, Elovich kinetics model, and
intraparticle diffusion kinetic models, the pseudo-
second-order kinetic model obtained a respectable
correlation coefficient, indicating that CV adsorption
on the CSA follows the pseudo-second-order rate
model.
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Figure 5: Plots of adsorption isotherm for the
adsorption of CV dye by 10 mg of adsorbent at 25 °
C and initial pH of the solution 7 where (a)
represents Langmuir isotherms model, (b) Freundlich
isotherms model and (c) Temkin isotherms model.
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According to the data in Table 3, the pseudo-
second-order paradigm is dominant. The pseudo-
second-order adsorption process has two steps. The
first step is an outward diffusion stage, in which CV
molecules migrate from both sides of the solution to
the CSA's outer surfaces. This is followed by a
second stage in which CV molecules adsorb and
adhere to the surfaces of CSA.
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Figure 6: Sorption kinetics of CV dye at 25 ° C and
pH 7 by 10 mg of adsorbent where a) Represent
Pseudo-first order, (b) Pseudo-second order, (c)

Elovich kinetic model and (d) Intra-particle sorption.

3.5. Thermodynamic Study

Table 4 shows the thermodynamic parameters
derived from CV adsorption on CSA adsorption
thermodynamics. The negative AG value in Table 4
indicates that CV adsorption is a random operation.
The change of the value of AG to a more correct
value at higher temperatures shows that the
adsorption mechanism is unfavorable at higher
temperatures. The AG value ranges from -9.7 to 1.9
kJ/mol. These values are also within the physical
adsorption range of AG (the physical adsorption
range of AG is -20-0 kJ/ mol range), indicating that
the adsorption mechanism on CSA is physical. The
"n" value calculated by the Freundlich isotherm
measurement model also confirms this finding, with
a value greater than unity, representing a physical
adsorption mechanism (71). Similarly, the RL value
ranges between 0 and 1, indicating that CV
adsorption is favorable under experimental
conditions (72). The fact that the H value is negative
indicates that the CV adsorption on CSA is an
exothermic operation. The -ve value of S indicates a
reduction in randomness at the solid/liquid interface
as a result of CV adsorption on the surface of CSA
(73).
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3.6. MC Simulation

The lowest configuration obtained due to the
adsorption of crystal violet dye on the carbonized
sargassum algae surface in dry system (no solvent)
is summarized in Figures 7. The aim of MC
simulation is studying the adsorption of crystal violet
dye on the carbonized sargassum algae and to find
the desorption sites of crystal violet dye on the
carbonized sargassum algae surface. The adsorption
(AEads), interaction (Eint), and deformation (Edef)
energies as well as substrate-adsorbate
configurations (dEads/dNi), in which one of the
adsorbate components has been removed, of crystal
violet dye absorbed on the carbonized sargassum
algae surface is displayed in Table 5. The crystal
violet dye molecule has different hydrogen bond
(HB) donor and acceptor sites. Thus, the oxygen
atom of the cellulose carbonized sargassum algae
has formed hydrogen bond with the hydrogen atom
of crystal violet dye molecule with distance (1.70 &)

as shown in Figure 7. AE.qss crystal violet dye
absorbed on the carbonized sargassum algae
surface is negative which revealed that the

adsorption of crystal violet dye absorbed on the
carbonized sargassum algae surface is exothermic,
energetically favorable and spontaneous, due to the
existence of the intermolecular interactions. Also, it
can be observed that the crystal violet dye absorbed
on the carbonized sargassum algae surface
following a parallel mode, which confirms the strong
interactions between the crystal violet dye and the
carbonized sargassum algae surface atoms. Analysis
of the molecular structures of the crystal violet dye
and the carbonized sargassum algae surface shows
that the adsorption of the crystal violet dye onto the
carbonized sargassum algae surface may be related
to the contribution of the electrons of nitrogen, and
oxygen (chemical adsorption). Furthermore, the Van
Der Waals dispersion forces can also contribute to
catch the crystal violet dye towards the carbonized
sargassum algae (physical adsorption) which
confirm the results obtained in the experimental
part.

Table 4: Thermodynamic parameters for adsorption
of CV dye onto algae.

Temperature AG AH AS (kJ/mol.
(K) (kJ/mol) (kJ/mol) K)
298 -9.7
313 8.4
-108.9 -0.328
323 -3.2
333 1.9
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Table 5: Adsorption energies (kcal/mol), Rigid
adsorption energy, and Deformation energy, and
substrate-adsorbate configurations (dEads/dNi) for
the adsorption configuration of crystal violet dye on
the algae doped activated carbon surface.

Adsorption Rigid DeformationDR:

energy adsorption energy dEad/dNi
energy
-94.70 -34.39 -93.76 -651.21

3.7 MD Simulation

The MD simulation was used to investigate the
influence of the presence of water solvent molecules
on the adsorption of crystal violet dye on the
carbonized sargassum algae surface, in which the
configuration of crystal violet dye absorbed on the
carbonized sargassum algae surface obtained from
MC simulation was simulated in explicit water using
MD. The ultimate simulation conformation of crystal
violet dye carbonized sargassum algae was shown in
Figure 8. The water molecules of aqueous solution
moved freely to interact with the crystal violet dye
and the carbonized sargassum algae during the
simulations. MD snapshot at 5000 PS of the
adsorption of crystal violet dye absorbed on the
carbonized sargassum algae is shown in Figure 8.
The crystal violet dye has different hydrogen bond
(HB) donor and acceptor sites, and thus, it has
formed several hydrogen bonds with the carbonized
sargassum algae atoms. Also, the oxygen atoms of
the carbonized sargassum algae were formed HBs
with the hydroxyl hydrogen atoms of the crystal
violet dye molecule. Figure 9 display that crystal
violet dye molecule formed coordination bonds with
carbonized sargassum algae atoms in water. In
water system, intramolecular HBs between the
functional groups of the crystal violet dye molecule,
as well as HBs between crystal violet dye with water
molecules, were observed. Thus, the MD simulation
confirms that crystal violet dye is still interacts with
the carbonized sargassum algae atoms even in
presence of water molecules. Radial distribution
function (RDF) was computed from the MD
simulation to gain more insights into the stability of
crystal violet dye- carbonized sargassum algae
surface complex in water explicitly. This RDF can
help us to understand the interaction between
crystal violet molecule dye and the carbonized
sargassum algae surface. RDF explained as the
probability of locating particle “B” within the range
(r+dr) of a particle A, and usually expressed as g(r).
It was used to investigate the interaction between
crystal violet molecule dye and the carbonized
sargassum algae surface, as well as describe the
formation of hydrogen bonds with water. Figure 10
shows the RDF obtained due to the adsorption of
crystal violet molecule on the carbonized sargassum
algae surface atoms. As it can be seen from Figure
10 that the bonds RDF obtained due to the
adsorption of crystal violet molecule on the
carbonized sargassum algae surface atoms has a
bond length= 2.3 A. RDFs reveal that crystal violet
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still interacts with the carbonized sargassum algae
surface in the presence of water molecules.

Figure 9: MD snapshots at 5000 ps of the
adsorption of crystal violet dye on the carbonized

Figure 7: The adsorption configurations of the sargassum algae surface, the bond length is in
crystal violet dye onto the carbonized sargassum Angstroms.
algal surface, obtained from MC simulation.

5 u
‘1 |
3 o

=2

b
1 t/\/\.—_—-
0 ———————r—r—T

r(d)

Figure 10: The RDFs for the adsorption of crystal
violet dye on the carbonized sargassum algae
surface atoms in the presence of water at 5 ns.

Figure 8: Simulation conformation of crystal violet
dye absorbed on the carbonized sargassum algae.

Table 6: Comparison among adsorption capacities of Crystal violet dye onto different adsorbents.

Seaweed Species Sorption capacity (mg g™?') Refs.

Activated carbons derived from male 60.42 (74)
flowers of coconut tree

Kaolinite-supported nanoscale zero- 129 (75)

valent iron

Merck activated carbon 67.09 (76)

Grapefruit peel 259.91 (77)

Zeolite from bottom ash 17.6 (78)

Raw S. latifolium 4,926 (41)

carbonized sargassum algae 666 This work
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3.8. Comparison Between Our Study and Other
Studies

Carbonized Sargassum seaweed (CSA) used in the
study is a low cost adsorbent with high removal
capacity (Table 6).

4. CONCLUSION

This paper looked into the adsorption of CV on an
algae (Sargassum sp.) CSA preparation. The findings
of this work support the notion that CSA is an
effective low-cost adsorbent for extracting CV from
aqueous solutions. CV adsorption is influenced by
the initial dye concentration, contact time,
absorbent weight density, pH, and temperature.
Maximum CV removal on CSA occurs when the
starting dye concentration is 100 mg/L, the contact
time is 3 hours, the absorbent weight mass is 0.01
g, the pH is 7, and the temperature is 25°C (room
temperature), the highest removal % was recorded
as 91.17 % (666 mg/g). Freundlich's isothermal
adsorption is depicted, and kinetics analysis results
are correlated using a pseudo-second-order model.
Monte Carlo (MC) and molecular dynamic (MD)
simulation studies were performed to investigate the
adsorption of crystal violet dye on the carbonized
sargassum algae surface and to identify crystal
violet dye desorption sites on the carbonized
sargassum algae surface. The MC simulation reveals
that the adsorption of Eads crystal violet dye on the
carbonized sargassum algae surface is negative,
indicating that the adsorption of crystal violet dye
on the algae doped activated carbon surface is
exothermic, energetically favorable, and
spontaneous, owing to the presence of
intermolecular interactions. The MD simulation
reveals that even in the presence of water
molecules, crystal violet dye interacts with the
carbonized sargassum algae atoms. RDFs reveal
that crystal violet still interacts with the carbonized
sargassum algae surface in the presence of water
molecules.
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