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ARTICLE INFO ABSTRACT

Over the last decades, the valorization of agro-industrial wastes into adsorbents has received a lot of attention
due to the low-cost, high performance and sustainability factors. This work aims to valorize Silybum marianum
seed shells (SMSS) as biosorbent for the removal of basic fuchsin dye (BF) from water. The prepared biosorbent
from SMSS was characterized to check the morphological and structural proprieties using several techniques
including FTIR, XRD, SEM, TGA-DTA, and BET. It was found that SMSS has a fibrous semi-amorphous structure
typical of lignocellulosic materials. The study also investigated the impact of numerous operational parameters
on basic fuchsin biosorption efficiency, including particle size, biosorbent mass, stirring speed, initial dye
concentration, temperature, and pH of solution. Additionally, the research explored the influence of natural
water matrices on dye removal. The adsorption performance was found to be higher at basic pH values, reaching
97.50%. The adsorption process was analyzed using different kinetic models, and it was found that the process
follows a pseudo-second-order model. The experimental data was thoroughly scrutinized using the Freundlich
and Langmuir isotherm models. The results confirm that Langmuir model fits well the BF dye adsorption on
SMSS surface. The thermodynamic study revealed that the adsorption process of BF dye onto SMSS was en-
dothermic. Overall, SMSS shows great adsorption ability which might be a good candidate for real wastewater
treatment, by considering low-cost and availability of the original waste.
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1. Introduction

Dyes have played an essential role in industrial and daily applica-
tions, serving a variety of purposes such as coloring cloth, leather, and
hair, as well as acting as food pigments. Due to recent economic growth
and population increase, the demand for synthetic dyes has surged
dramatically. As consequence, the excessive use of dyes in various in-
dustries has led to severe pollution of surface and groundwater. The
highly contaminated wastewaters released by various industries poses
an environmental and health threat due to the toxicity and complex
aromatic structures of dyes [1]. This makes them challenging to de-
compose, leaving visible colored substances in lakes and rivers that
make water unfit for human consumption [2]. Over the last decades,
several approaches for water treatment including dye removal have
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been integrated in industrial scale [3], including chemical/electro-
chemical precipitation [4,5], membrane filtration [6], coagulation/
flocculation [7], and photocatalysis [8]. However, adsorption has
proven to be the most cost-effective method for removing organic
pollutants from water [9]. Within the context of circular economy
which recommends the valorization or/and recycling of wastes into
valuable products, current research has given a special attention to
develop materials from agro-wastes for water treatment, owing their
low-cost and large worldwide availability [10,11]. In fact, the adsorp-
tion abilities of adsorbents obtained from wastes valorization have
shown various performances towards different pollutants. The char-
acteristics of wastes based on their origin as well as the synthesis pro-
cess have crucial roles for obtaining highly sportive materials. Herein,
this study aims to estimate the ability of Silybum marianum seed shells
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Nomenclature

R The removal efficiency (%).

Co Initial dye concentrations (mg/L).

C, Current dye concentrations (mg/L).

Qe Amount of dye adsorbed at equilibrium (mg/g).

Q¢ Amount of dye adsorbed at time t (mg/g).

K, The pseudo-first-order rate constant (1/min).

Ko The pseudo-second-order rate constant (g/mg.min).

K¢ The first coefficient of the Freundlich equation (L/mg).
Ky The Langmuir kinetic constant (L/mg).

n The second coefficient of Freundlich equation.

Qm The maximum adsorption capacity (mg/g).

Ce Dye concentration at equilibrium (mg/L).

Kce The equilibrium adsorption constant (L/mg).

R The universal gas constant (8.314 J/mol.K).

T The absolute temperature (K).

(SMSS) as an adsorbent for dye removal from water. SMSS is highly
available in Mediterranean region and it is considered to be a weed and
known for its medicinal properties. This readily available bio-waste has
remained unexplored in the water treatment field. SMSS was valorized
into adsorbent powder and used for the removal of BF dye from water
under different conditions in batch system. Several parameters were
studies such as particle size, biosorbent mass, stirring speed, initial dye
concentration, temperature, and solution pH. The mechanisms behind
the effect of these factors on SMSS adsorption behavior were discussed
in depth. SMSS used in this study was not subjected to any chemical
modification. Adsorption kinetics data were analyzed by two main
models, i.e., pseudo-first-order and pseudo-second-order. Meanwhile,
the equilibrium isotherms data were modeled using Freundlich and
Langmuir equations. The thermodynamic parameters for BF ions ad-
sorption were also determined.

2. Materials and methods
2.1. Dye preparation

The Basic fuchsin dye (CyoH2oCIN3) utilized in this research was
acquired from Sigma-Aldrich-Fluka, located in Saint-Quentin, Fallavier,
France. A stock solution was prepared by dissolving 1 g of Basic fuchsin
in 1 L of distilled water, and subsequent dilution was performed to
obtain colored solutions with different concentrations (10, 20, 30, and
40 mg/L).

2.2. Biosorbent preparation

Silybum marianum seeds were obtained from a farm in the Souk
Ahras province of eastern Algeria. In order to separate the core from the
shells, the seeds were grounded and washed multiple times with dis-
tilled water, utilizing a magnetic stirrer for assistance. Excess moisture
was eliminated by drying the seed shells in an oven set to 105 °C
overnight. Finally, Silybum marianum seed shells (SMSS) were sieved to
obtain various particle sizes.

2.3. Characterization of SMSS

The functional groups of SMSS before and after adsorption were
identified using Fourier Transform Infrared (FTIR) analysis which was
carried out on IR Affinity-1S (SHIMADZU), employing a single reflec-
tion ATR. FTIR patterns were recorded at a maximum pressure of
0.1 GPa, with a standard resolution of 4 cm ™! and an accumulation of
50. Additionally, XRD spectra were acquired using a Rigaku Miniflex
diffractometer equipped with a CuKa radiation source (A = 1.5418 A),
scanning within the range of 10 to 80°. The morphology of SMSS was
further examined through scanning electron microscopy (SEM) using
Quanta FEG 250 instrument. Furthermore, the thermal analysis of SMSS
was conducted via TGA and DTA using the STA PT1600 LINSEIS ap-
paratus. The measurements were conducted under a nitrogen atmo-
sphere with a heating rate of 10 °C/min in the temperature range of
50-800 °C. BET surface area analysis was performed with nitrogen gas
at 77.3 K, utilizing QuadraSorb Station 2 version 5.04.

2.4. Adsorption experiments

A sequence of batch experiments was undertaken to evaluate the
impact of various factors on adsorption efficiency. In each experiment,
a specific amount of SMSS was added to 250 mL conical flasks con-
taining 100 mL of dye solution, and stirred for one hour. At given in-
tervals, the residual concentration of BF dye was assessed using a UV-
Vis spectrophotometer at 550 nm. The presented results are the average
of three replicated experiments. The pH factor was manipulated using
either HCI (0.1 M) or NaOH (0.1 M). The removal efficiency (R %) was
calculated utilizing the provided Eq. (1).

R(%) = So=C o 100
Co M

Co denotes the initial concentration, while C, represents con-

centration of the colored solution at time t.

2.5. Adsorption kinetics

The kinetics of adsorption plays a determinant role in the schematic
representation of the adsorption process and the optimization of ex-
perimental parameters influencing adsorbent-adsorbate interactions.
The experimental data, acquired for different times and initial dye
concentrations, were subjected to pseudo-first-order and pseudo-
second-order models to enhance the comprehension of the adsorption
mechanism concerning BF dye. Under the pseudo-first-order kinetic
model, the reaction rate is directly proportional to the difference be-
tween the equilibrium concentration and the instantaneous concentra-
tion of the material in a solid phase [12], as expressed through Eq. (2).
Conversely, the rate of the pseudo-second-order reaction is contingent
upon the adsorbed quantity by the material and the adsorbed quantity
at equilibrium [13], as articulated in Eq. (3).

dq,

— =Ki(q, — q)

q o @)
dqt

— =Ka(q, — q,)?

aQ ‘ 3)

Where g, and q, denote the quantities of dye adsorbed at equilibrium
and time t (mg/g), while K; represents the rate constant associated with
the pseudo-first-order model (1/min), and K, refers to the rate constant
of the pseudo-second-order model (g/mg.min).

2.6. Adsorption isotherms

Two common models are often used to elucidate adsorption iso-
therm data, namely the Freundlich and Langmuir models. The empirical
Freundlich model, introduced in 1926 [14], posits the heterogeneity of
the adsorbent surface and envisions a multilayer adsorption process.
This model is expressed by Eq. (4). On the other hand, the Langmuir
model assumes that the adsorption sites of the adsorbent are uniform
and that the adsorption is monolayer. The Langmuir model is re-
presented by Eq. (5) [15].
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K¢ represents the Freundlich equation’s first coefficient (L/mg),
while Kj, refers to Langmuir kinetic constant (L/mg). n represents the
second coefficient in the Freundlich equation, indicating the adsorption
intensity. q. refers to the adsorbed amount at equilibrium (mg/g), and
gm denotes the maximum adsorption capacity (mg/g). The variable C,
represents the adsorbate concentration in the solution at equilibrium
(mg/L).

2.7. Thermodynamic parameters

Investigating the influence of temperature is crucial in identifying
the nature and spontaneity of the adsorption process [16]. The tem-
perature dependency is associated with three pertinent thermodynamic
parameters: the change in Gibb’s free energy (AG’), the change in en-
thalpy (AH"), and the change in entropy (AS°). The Measurement of
these parameters is achievable through the application of the sub-
sequent equations [17]:

AG° = —R. T. LnKc (6)
AG° = AH® — T. AS° @)

Where Kc is the equilibrium adsorption constant (L/mg), R represents
the universal gas constant (8.314 J/mol.K), and T refers to absolute
temperature (K).

3. Results and discussion
3.1. Characterizations

3.1.1. Structure analysis by FTIR

Fig. 1 displays the Fourier Transform Infrared (FTIR) spectra of
SMSS both before and after adsorption, depicting several discernible
peaks. Specifically, the peak observed at 2929 cm ™" is attributed to the
C-H group within lignin, while the band at 2359 cm ™" is assigned to C-
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Fig. 1. FTIR spectra of Silybum marianum seed shells (a) before BF adsorption,
and (b) after BF adsorption ([BF] = 10mg/L; t = 60 min; SMSS particle size:
[250—500] pum; [SMSS] = 5 g/L; Stirring speed = 150 rpm; Original pH = 6.9;
T = 25°C).
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C. The band located at 1735cm ™" corresponds to the C=0 group of
hemicelluloses, and the band at 1651 cm ™' corresponds to the C=C
group. The C=0 band originating from the aromatic lignin ring man-
ifests at 1543 cm ™. In addition, the band identified at 1256 cm™!
corresponds to C-O of lignin and xylene, and the band at 1015cm ™! is
associated with the C-OH group of hemicelluloses and cellulose [18].
The previously identified peaks exhibit a decrease in intensity and a
positional shift after adsorption, indicating an interaction between the
functional groups of BF dye and the surface of SMSS.

3.1.2. Structure analysis by XRD

Fig. 2 depicts the X-ray diffraction pattern of SMSS, showcasing a
cellulosic material’s characteristic spectrum. Notably, a dominant peak
appears at 20 = 22°, indicating the existence of a well-formed crystal-
line cellulose structure which is in agreement with FTIR spectra. On top
of that, a lesser organized polysaccharide structure is revealed by sec-
ondary peaks. It can be concluded that SMSS exhibits a semi-amorphous
structure.

3.1.3. SEM

The morphological structure of Silybum marianum seed shells at two
different magnification levels is illustrated in Fig. 3. SMSS images show
a fibrous structure typical of a lignocellulosic material. Furthermore, it
was observed that the cell walls contain numerous small cavities, fa-
cilitating the transfer of chemical species in all directions within the
cells. This characteristic is advantageous for the effective retention of
dyes [19].

3.1.4. Thermal analysis by TGA-DTA

Thermal analysis of SMSS was investigated through
Thermogravimetric Analysis (TGA) and Differential Thermal Analysis
(DTA) spanning a temperature range of 50 to 800 °C. The weight of the
sample employed for this analysis was 14.807 mg. The initiation of
thermal degradation is discerned through a significant decrease in
sample weight, indicative of exothermic combustion reactions [20].
The TGA and DTA curves of SMSS are shown in Fig. 4. Four distinctive
stages of mass loss can be observed and distinguish the thermal trans-
formation process. The first stage, observed between 50 and 120 °C, is
attributed to the evaporation of surface water from SMSS. The second
stage, ranging from 200 to 320 °C, corresponds to the thermal de-
gradation of hemicelluloses. The third stage, from 320 to 400 °C, is
associated with the degradation of cellulose. The last stage, from 400 to
800 °C, is due to the gradual decomposition of lignin, characterized by
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Fig. 2. XRD analysis of Silybum marianum seed shells.
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Fig. 3. SEM images of Silybum marianum seed shells at (a) 10 um, and (b) 30 pm.

its complex molecular structure [21]. The DTA diagrams of SMSS par-
ticles exhibit discernible exothermic peaks, signifying distinct de-
gradation reactions. The first peak at 80°C is attributed to the eva-
poration of absorbed water. Subsequently, the second peak observed at
280 °C correlates with the degradation of hemicelluloses. The third
peak, at 350 °C, corresponds to the decomposition of cellulose, resulting
in the generation of volatile products [22]. The last peak, registered at
500 °C, is attributed to the oxidation of these volatile products.

3.1.5. Specific surface area

Specific surface area can play a crucial role for the adsorption ability
depending on the type of pollutant. The specific surface area of SMSS
was evaluated using nitrogen gas (N5) at a temperature of 77.3 K. The
results are represented in Table 1. The examination revealed that the
material exhibits microporous attributes follow the criteria established
by IUPAC [23]. The specific surface area was determined to be ap-
proximately 1.47 m?/g, accompanied by a pore diameter of 15.28 A.
Noteworthy is the observation that the identified pore diameter sur-
passes that of BF molecules, which have a diameter of approximately
11.34 A. Consequently, it could easily infiltrate the microstructure of
the material. The adsorption of pollutants on the surface of adsorbent
depends on several factors. Indeed the surface area is crucial factor,
however, the affinity between the adsorbent and the pollutant, which is
governed by electrostatic forces, could be considered as the most im-
portant step in adsorption. In fact, the surface of lignocellulose-based
adsorbents such as SMSS is very rich with different functional groups
which boost the fixation of charged dye molecules. It is important to
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Fig. 4. TGA-DTA curves of Silybum marianum seed shells.

point out that SMSS was used without carbonization, nor chemical
activation steps to avoid the high cost of these processes. The carbo-
nization and chemical/physical activation is the main factor to enhance
the surface area and the porosity.

3.2. Batch adsorption experiments

3.2.1. Effect of particle size

The size of biosorbent particles plays a crucial role in determining
their adsorption capacity. This study examined four different particle
sizes and analyzed their efficacy in removing BF dye. Fig. 5 illustrates
the relation between the removal efficiency of BF dye and biosorbent
particle size. It was found that the most effective size of SMSS for BF
removal ranged between 250 and 500 pm. Based on these findings,
subsequent experiments were conducted using SMSS particles within
this size range.

3.2.2. Effect of biosorbent mass

Numerous experiments were conducted to determine the optimal
dose of SMSS for removing BF dye from aqueous solutions. The influ-
ence of biosorbent mass on the efficiency of BF dye removal is illu-
strated in Fig. 6. The study concluded that the adsorption efficiency of
BF dye increases with higher doses of SMSS. This is attributed to the
increased availability of active adsorptive sites [24,25]. However, the
removal rate attains stability at a saturation point beyond a dosage of
5g/L, wherein the optimal dye adsorption rate of 95.11% was
achieved. Consequently, based on these findings, 5 g/L was identified as
the optimal dosage for achieving the utmost BF dye adsorption effi-
ciency.

3.2.3. Effect of stirring speed

The stirring speed plays a critical role during adsorption, particu-
larly for dye adsorption, as it directly influences solute distribution in
the solution [26]. Therefore, three different stirring speeds were tested:
50, 100, and 150 rpm. Fig. 7 shows that an increase in stirring speed
enhances BF adsorption. This can be attributed to the fact that the rise
in speed increases the transfer of BF ions to the SMSS. Furthermore, the
figure shows that the higher adsorption efficiency, i.e., 95.55%, was
achieved at a stirring speed of 150 rpm.

Table 1
Physical properties of SMSS.

Characteristics Surface Area Pore Volume Pore Radius
(m*/g) (cc/g) A)
SMSS 1.470 0.002 15.283
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Fig. 5. SMSS Particle size effect on BF dye removal ([BF]= 10mg/L;
t = 60 min; [SMSS] = 3 g/L; Original pH = 6.9; T: 25°C).
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Fig. 6. biosorbent mass effect on BF dye removal ([BF] = 10 mg/L; t = 60 min;
SMSS particle size: [250 —500] pum; Original pH = 6.9; T = 25°C).

3.2.4. Effect of initial BF concentration

A series of experiments were conducted to explore the impact of the
initial dye concentration on the adsorption efficiency of BF dye. Four
different concentrations were examined, namely 10, 20, 30, and 40 mg/
L. Fig. 8 illustrates the correlation between the initial dye concentration
and the adsorption efficiency of BF dye. The findings indicate that the
optimum removal efficiency occurred when the initial dye concentra-
tion was 10 mg/L. However, as the concentration increased from 10 to
40 mg/L, there was a slight reduction in efficiency, possibly attributable
to the insufficient availability of active sites resulting from higher
sorption of dye molecules [27].

3.2.5. Effect of temperature
To investigate the influence of temperature on the adsorption pro-
cess, we conducted a study at three distinct temperatures: 25 °C, 35 °C,
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Fig. 7. Stirring speed effect on BF dye removal ([BF] = 10 mg/L; SMSS particle
size: [250 —500] pm; [SMSS] = 5 g/L; Original pH = 6.9; T = 25°C).
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Fig. 8. Initial dye concentration effect on BF dye removal (SMSS particle size:
[250 —500] pm; [SMSS] =5 g/L; Stirring speed = 150 rpm; Original pH = 6.9;
T = 25°C).

and 45 °C. The results presented in Fig. 9 reveal that elevating the
temperature from 25°C to 35°C or 45°C enhances the speed of BF
adsorption, potentially attributed to the heightened mobility of BF ions
[28]. Additionally, it is acknowledged that the diffusion rate of dye
molecules through the outer boundary layer and into the biosorbent
particles increases with increasing temperature [29].

3.2.6. Effect of solution pH

Examining the impact of solution pH on the adsorption process is
crucial for comprehending the experimental outcomes in a complex
environment. To this end, experiments were carried out by adjusting
the pH of the dye solution within the range of 2 to 12. As depicted in
Fig. 10, the adsorption efficiency of BF dye is significantly influenced by
acidic environments (pH=2). However, with an increase in pH, the
adsorption efficiency gradually improves, reaching its peak at pH 12
with an impressive efficiency rate of 97.50%. This indicates that an
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Fig. 9. Temperature effect on BF dye removal ([BF] = 10 mg/L; SMSS particle
size: [250 —500] um; [SMSS] = 5 g/L; Stirring speed = 150 rpm; Original pH
= 6.9).
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Fig. 10. pH effect on BF dye removal ([BF] = 10mg/L; t = 60 min; SMSS
particle size: [250—500] pm; [SMSS] = 5g/L; Stirring speed = 150 rpm;
T = 25°C).

elevation in pH favors the formation of groups such as R — NH , R
—CO —NH ,R — 07, R — COO, resulting in an augmentation of
negative charges on the surface of SMSS. This facilitates the

Table 2
Physicochemical parameters of natural water matrices.

Desalination and Water Treatment 317 (2024) 100278

electrostatic attraction of BF (R*, CI) due to its positive charges in the
solution [30], as illustrated by the following equations:

R - NH, + OH" - R — NH™ + H,0
R—-CO—-NH,+ OH = R—-CO - NH + H,0
R—-OH+ OH - R-0 + H,0

R - COOH + OH™ - R — COO™ + H,0

Under acidic pH conditions, however, these groups undergo proto-
nation, causing the surface to acquire a positive charge [31]. This po-
sitive charge results in electrostatic repulsion with BF dye, obstructing
adsorption. This is better clarified through the following reactions:

R — NH, + H* > R — NHf
R - CO — NH, + H* - R — CO — NHy
R - OH + H* - R — OH}

R-COOH + H* — R- COOH;

3.2.7. Effect of natural water matrices

The investigation into the effects of both inorganic and organic
compounds present in a real sample on the adsorption of dyes is of
particular interest. Therefore, different water samples were selected for
this experiment; distilled water was prepared in our laboratory, a sea-
water sample was obtained from the Mediterranean Sea, a tap water
sample was taken in our laboratory after opening the tap for 10 min,
and mineral water obtained from the Biskra region south of the Aures.
The Physicochemical parameters of the different samples are presented
in Table 2. Basic fuchsine was dissolved in each water sample to per-
form the adsorption experiments. Fig. 11 displays the adsorption effi-
ciency of BF dye for the different water samples. The highest adsorption
rate was 95.52%, obtained using distilled water. The adsorption effi-
ciencies using tap and mineral water were 84.42% and 83.68%, re-
spectively. However, in terms of seawater case, the adsorption effi-
ciency was significantly affected, with a rate removal of 63%. This
indicates that various inorganic and organic substances can interact
with SMSS, especially chlorine and sulfate ions, which tend to bind to
the biosorbent surface and cover the active sites of the used material.
The findings suggest that the adsorption process is adversely impacted
by the presence of other compounds in the reaction medium, which
aligns with previous studies results [32].

3.3. Kinetics modeling

The validity of the pseudo-first-order model is assessed by plotting
In (qe - q,) against t. From Fig. 12 (a), depicting the pseudo-first-order
kinetics for BF dye during the adsorption process and the corresponding
parameters detailed in Table 3, it can be seen that the (R?) values are
relatively low. Additionally, a disparity exists between the experimental

water matrices Physicochemical parameters

pH EC5 TDS CaZ+ Mg+ K+ cr s03- HCO3 NO3
us/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Distilled Water 7.1 1.05 0 0.01 0.05 0 0.71 0 3 0
Tap Water 7.58 387 277 76 38.4 3.2 49 187.2 124 2.66
Mineral Water 7.50 819.5 654.75 54 35 2.4 70.91 108.09 305.1 4.67
Sea water 7.8 55400 35200 200 780.8 148.8 6816 1260 132.5 5.9
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Fig. 11. Natural water matrices effect on BF dye removal ([BF] = 10mg/L;
t = 60 min; SMSS particle size: [250 —500] um; [SMSS] = 5 g/L; Stirring speed
= 150 rpm; Original pH = 6.9; T = 25°C).

and calculated (q.) values. Conversely, as illustrated in Fig. 12 (b) for
the pseudo-second-order model and the associated parameters in
Table 3, the (R?) values are higher and more fitting. The findings sug-
gest that the adsorption of BF dye onto SMSS adheres to the pseudo-
second-order model.

3.4. Isotherms modeling

Examining adsorption isotherms enhances our comprehension of
dye/biosorbent interactions and aids in identifying the nature of ad-
sorption. Fig. 13 illustrates the adsorption isotherm of BF dye onto
SMSS. The results indicate that the adsorption isotherm aligns with
Type L per the Giles classification [33]. The experimental data were
further scrutinized using the Freundlich and Langmuir isotherm
models, as shown in Fig. 14. Through an evaluation of the isotherm
parameters and correlation coefficients (R?) summarized in Table 4,
and the presentation of the Langmuir model in its linear form in Fig. 14
(b), it was determined that the Langmuir model provided the most
fitting representation for the adsorption of BF dye onto SMSS.

3.5. Thermodynamic study
Table 5 provides the thermodynamic parameters corresponding

to the adsorption of BF dye onto SMSS at various temperatures. The
negative values of the change in Gibbs free energy (AG®) (—4.730,

Table 3
Kinetic parameters of the adsorption of basic fuchsin onto SMSS.
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Fig. 12. Line graphs of (a) the Pseudo-first order model, and (b) the Pseudo-
second-order model for BF adsorption process onto SMSS.

—7.144, and —6.856 KJ/mol at 298, 308, and 318K, respectively)
signify the feasibility and spontaneity of the adsorption process for
BF dye. Furthermore, these AG® values indicate that the adsorption

Kinetic Model

Basic fuchsin concentration (mg/L)

10 20 30 40
Pseudo-first order Qe 1.777 4.051 6.82 6.41
K, 0.089 0.081 0.1 0.071
R? 0.981 0.958 0.926 0.975
Pseudo-second order Qe 2.159 4.444 6.024 7.633
Ky 0.059 0.013 0.01 0.006
R? 0.999 0.995 0.995 0.998
qeexp (mg/g) 1.882 3.411 4.657 5.564
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Fig. 13. Adsorption isotherm of BF dye on SMSS. ()
6
Table 4 5
Parameters of Freundlich and Langmuir isotherms for BF dye adsorption onto
SMSS.
4 -
Isotherm Parameters Values
o
Freundlich K¢ (L/mg) 2.377 aw 3
N 3.194
R? 0.976
Langmuir K, (L/mg) 0.353 21
qm (Mg/8) 7.142
R? 0.997 14
.
Table 5 o=
Thermodynamic parameters of the adsorption of BF dye onto SMSS at different T T T T T T T T
temperatures. 0 5 10 15 20 25 30 35 40
C, (mg/L)
T (K) AG® (kJ/mol) AH’ (kJ/mol) AS° (kJ/mol.K)
Fig. 14. (a) the Freundlich isotherm and (b) the Langmuir isotherm of BF dye
298 4730 67.218 02414 adsorption onto SMSS
308 7.144 P :
318 -6.856
Table 6

Comparison of adsorption efficiency of BF onto various adsorbents.

Adsorbent Experimental conditions Removal yield Reference
Raw Pistachio Nutshells (RPNS) [BF]= 30mg/L; [RPNS]= 4g/L; pH = 9; t = 30min; T = 25°C 96.45% [35]
Carica papaya seeds (CPS) [BF]= 50 mg/L; [CPS]= 6g/L; pH = 11; t = 180 min; T = 25°C 95% [36]
Euryale ferox Salisbury seed shell (E. ferox) [BF] = 40 mg/L; [E. ferox] = 40 g/L; pH = 6; t = 120min; T = 30°C 97.4% [37]
Mandacaru (Cereus jamacaru) leaves (PML) [BF] = 100 mg/L; [PML] = 0.0375g/L; pH = 8; t = 150 min; T = 55°C 90% [38]
Calcined mussel shells (CMS) [BF]= 60 mg/L; [CMS]= 5g/L; pH = 9; t = 240 min; T = 25°C 90% [39]
Silybum marianum seed shells (SMSS) [BF]= 10 mg/L; [SMSS]1= 5g/L; pH = 12; t = 60 min; T = 25°C 97.5% This study

of BF dye is predominantly a physical process since a physisorption

4. Conclusion

process takes place within the range of [ — 20 to 0.0] kJ/mol and a

chemisorption process within the range of [ — 80 to — 400] kJ/mol
[34]. On the other hand, the positive values of AH® and AS°
(Table 5) suggest that the adsorption process is endothermic.

Table 6.

The findings of this study demonstrate the efficacy of Silybum marianum
seed shells (SMSS) as a proficient biosorbent for eliminating basic fuchsin
(BF) dye from aquatic ecosystems. The lignocellulosic fibrous structure of

SMSS, characterized by high porosity, contributes to its outstanding



A. Ali Ahmed, Z. Hattab, Y. Berredjem et al.

adsorption efficiency. The adsorption of BF dye was notably influenced by
the dosage of SMSS, initial dye concentration, and solution pH. Under op-
timized conditions, an impressive 97.50% removal efficiency was achieved,
underscoring the potential of SMSS as a cost-effective and environmentally
friendly alternative for water treatment. The adsorption kinetics aligned
well with the pseudo-second-order model, while the equilibrium data de-
monstrated a good fit with the Langmuir isotherm. The thermodynamic
study indicated that the adsorption process of BF dye onto SMSS is en-
dothermic. In conclusion, this study provides valuable insights into the
biosorption behavior of SMSS concerning BF dye and highlights its pro-
mising applications in water treatment.
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