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ABSTRACT

This research aims to study the bio-adsorption process of two dyes, Cibacron Green H3G (CG-H3G) and Terasil
Red (TR), in a single system and to bring them closer to the industrial textile discharge by a binary mixture of two
dyes (TR+CG-H3G). The Cockle Shell (CS) was used as a natural bio-adsorbent. The characterizations of CS were
investigated by Fourier transform infrared (FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM),
energy-dispersive X-ray spectroscopy (EDX) and Brunauer–Emmett–Teller (BET). The adsorption potential of
Cockle Shells was tested in two cases (single and binary system) and determined by: contact time (0–60 min),
bio-adsorption dose (3–15 g/L), initial concentration (10–300 mg/L), temperature (22–61°C) and pH solution
(2–12). The study of bio-adsorption (equilibrium and kinetics) was conducted at 22°C. The kinetic studies demon-
strated that a pseudo-second-order adsorption mechanism had a good correlation coefficient (R2 ≥ 0.999). The
Langmuir isotherm modeling provided a well-defined description of TR and CG-H3G bio-adsorption on cockle
shells, exhibiting maximum capacities of 29.41 and 3.69 mg/g respectively at 22°C. The thermodynamic study shows
that the reaction between the TR, CG-H3G dyes molecules and the bio-adsorbent is exothermic, spontaneous in the
range of 22–31°C with the aleatory character decrease at the solid-liquid interface. The study of selectivity in single
and binary systems has been performed under optimal operating conditions using the industrial textile rejection pH
(pH = 6.04). CG-H3G dye is found to have a higher selectivity than TR in single (0–60 min) and binary systems
with a range of 6–45 min, as shown by the selectivity measurement. It was discovered that CS has the capability to
remove both CG-H3G and TR dyes in both simple and binary systems, making it a superior bio-adsorbent.
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1 Introduction

Dyes can be described as intensely colored substances that have great solubility in water [1]. Dyes are
pollutants widely used in food, paper, textile, and pharmaceutical industries, with an annual production of
7 × 105 tons [2].

Dyes are characterized by their ability to adsorb light in wavelengths between 380–750 nm [3]. This
allows for the classification of synthetic dyes that are made from petrochemicals, as the most interesting
type due to their great color diversity, water solubility, and ease of absorption compared to other dyes,
such as natural dyes.

Organic dyes are a significant contributor to the organic pollutants in the environment, as stated in the
World Bank’s report [4]. Textile dyes have a negative impact on the aquatic environment of living organisms.
They present many problems: they block the passage of light through water, thus reducing photosynthesis,
changing ecosystem properties, and decreasing water quality (smell, color, and taste). Dyes in the water cause
the percentage of oxygen to decrease in concentration, resulting in a decrease in the biological activity of the
fauna and flora [5].

Several techniques are applicable to treat industrial color discharges such as coagulation [6],
electrochemistry [7], electrocoagulation [8], electroseparation [9], photodegradation, membrane separation
[10], electrodialysis [11], reverse osmosis [12], ion exchange [13], chemical precipitation [14],
bioremediation, photocatalysis [15] and adsorption [16–18]. The adsorption process is a solution because
of its simplicity, safety, abundance, and versatility in keeping these pollutants in check [19].

The coquette, this being a general term for small saltwater clams and marine bivalve molluscs of the
Cardioid family [20], can be utilized as a cheap and effective adsorbent material [21]. The cockle shell’s
performance in removing organic and inorganic matter from polluted water has been found to be
excellent [22].

Inorganic materials like calcium carbonate can be produced by biological systems, which have different
structures, morphology, and polymorphisms. Calcium carbonate and organic components, such as anionic
proteins and glycoproteins, are the main components of biological systems observed in many marine
organisms, such as oyster shells, corals, ivory sea urchins, and bivalve molluscs [23].

The current research focuses on cockle shells which contain approximately 98%–99% calcium
carbonate [24]. CaCO3 is a material that can be used in many ways by humans. It is found in three main
phases: Aragonite, Calcite, and Veterite. Chemically, the three forms are identical, but they differ in other
aspects like homogeneity, whiteness, purity, and thickness. CaCO3 can be either mined or chemically
synthesized in the laboratory, and is widely used in many industrial applications as biomaterials for tissue
engineering applications, such as drug delivery systems, bone tissue engineering, and bone networks [25].

The challenge of current research in Algeria is how to eliminate or reduce the percentage of colored
pollution in national textile industries. Because the effluent has a mixture of dispersed dyes such as TR
and reactive dyes such as CG-H3G, the concentration of chemical oxygen demand (COD) ranges from
250 to 300 mg/L.

In this study, cockle shells were used as bio-sorbents because of their high availability on Algerian
beaches to eliminate the toxic dyes Terasil Red (TR) and Cibacron Green (CG-H3G) present in textile
effluents of Algeria by using the bio-sorption process in both single and binary systems. The adsorption
processes were optimized and modeled by studying the kinetic, thermodynamic, and influence parameters
of the bio-sorption process.
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2 Materiel and Methods

2.1 Preparation of Stock Solution
The stock solution of Terasil Red (TR) and Cibacron Green H3G (CG-H3G) was made by dissolving 1 g

of Terasil Red and Cibacron Green-H3G in a volume of distilled water (V = 1000 mL). To achieve a
concentration of equal to 1 g/L, the physicochemical proprieties of dyes TR and CG-H3G are presented
in the Table 1.

2.2 Preparation of Cockle Shell as a Bio-Adsorbent
Cockle shells were gathered in the Djenah Jijel region of Algeria. The cockle shell adsorbent was made

by several steps, including cleaning the cockle shells multiple times with distilled water to remove dust and
then importing them. They were left to dry in air for 24 h. A brand grinder crushed the samples after drying.
The sieving step was done to obtain a fine powder with a particle diameter (d ≤ 125 µm) [17]. The recovered
powder was used in the Terasil Red (TR) and Cibacron Green (CG) dyes bio-adsorption process [17].

2.3 Instrumental Characterization of Cockle Shell Powder
The purpose of characterizing Cockle shells is to provide information on functional groups, morphology

and composition of biosorbent: FTIR was used to determine the functional groupings of the solid surface of
CS in the range of 400–4000 cm−1 using the JASCO FT/IR 4600 instrument. The PHASER-BRUKER X-ray
diffractometer was used to perform XRD analysis (XRD) in a 20–80° interval. The CS powder sample’s
morphological structure was determined using SEM. EDX analysis was used to determine the chemical
composition of the sample using the THERMO FISHER QUATTROS instrument. Finally, the BET
analysis to determine the area of the biosorbent was carried out using a Quantachrome® ASiQwin
instrument version 5.21.

2.4 Batch Adsorption Studies
The CS adsorption study for Terasil Red (TR) and Cibacron Green (CG) dyes involved weighing 1 g

of CS in 100 mL Erlenmeyer vials with different concentrations (10–300 mg/L). The initial solution had
a pH TR = 6.58 and pH CG-H3G = 8.25. The adsorption experiment took place in conditions of W =
300 RPM, T = 22°C and a predefined period. At a known initial adsorbate concentration, each time t, the
spent CS was filtered using a brand centrifuge (HETTICH ROTOFIX 32A) and the TR concentration in
the supernatant was measured by UV spectrophotometer (JASCO V-750). The adsorption capacity
qt (mg.g−1) and elimination percentage (%) were calculated using the following equation [26]:

qt ¼ C0 � Ct

m

� �
� V (1)

R %ð Þ ¼ C0 � Ct

C0

� �
� 100 (2)

Table 1: Physicochemical properties of dyes TR and CG-H3G

Properties Terasil Red (TR) Cibacron Green H3G(CG-H3G)

Dye index number Disperse Red 349 Derived from RG 12

Molecular formulae C23H21Cl2N5O5 Indefinite (derived from RG 12)

Molecular weight (g/mol) 518.351 Indefinite (derived from RG 12, 1837.7)

Wavelength (nm) 521.4 672.2
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whereC0 andCt are the solute concentrations (mg/L) at t = 0 and at time t, qt (mg/g): solute adsorption capacity
at time t, m: mass of adsorbent (g) and V represents the volume of aqueous solution to be treated (0.1 L).

3 Results and Discussion

3.1 Characterization of Bio-Adsorbent

3.1.1 FTIR Analysis
The main purpose of using FTIR spectrometry is to determine the functional groups on the shell’s solid

surface. CS powder FTIR analysis before and after TR and CG dyes bio-adsorption is shown in Fig. 1.

The powder cockleshell bands are visible in Fig. 1, with maximum values of 711.6, 855.27, 1080.91,
1449.24 and 1786.72 cm−1. After the adsorption of the TR and CG-H3G dyes, a slight shift in the
position of certain peaks was observed, but no change in structure was observed due to the appearance or
disappearance of other peaks. The preservation of the physicochemical properties [27] of the CS
adsorbent after TR adsorption may be attributed to this.

The presence of the peak at 711.6 cm−1 confirms the structural change of calcium ions from the
symmetry of the calcite phase by dual degenerate planar bending mode (V4); this peak also confirms the
aragonite stage [28]. The inert carbonate ions (CO3

2-) in the aragonite part [29] are designated to the out-
of-plane bending mode (V2) and its symmetric stretching mode (V1) and V1 is represented by the peaks
at 855.27 and 1080.91 cm−1, respectively.

The significant peak observed at 1449.24 cm−1 can be attributed to a structural alteration in the
symmetry of the aragonite phase, which arises from the vibration mode associated with the double
degenerated planar asymmetric stretch mode (V3). Alternatively, this peak may also indicate the presence
of alkyl groups within the polymorphic aragonite phase [24]. Furthermore, the peak located at
1786.72 cm−1 serves as definitive evidence of a single crystalline domain within the aragonite phase. This
observation further substantiates the fundamental alterations in the positions of the vibrational modes of
the sample, which are a consequence of modifications in the electrostatic valence of the CaO bond,
resulting from changes in the surrounding oxygen atoms [24].

Figure 1: FTIR analysis of CS powder before and after adsorption TR and CG, adapted with permission
from Reference [17], Copyright © 2023, MDPI Publishing
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3.1.2 X-Ray Diffraction Analysis (XRD)
Fig. 2 shows that the cockleshell powder has a single phase of aragonite-shaped calcium carbonate,

which agrees with the reference code, file [96-901-6718]. The CS powder has several peaks with the
following 2-theta positions: 26.23, 27.16, 31.12, 33.10, 36.12, 37.89, 38.61, 41.11, 45.80, 48.39, 50.27,
52.25, and 52.97. These 2-theta positions correspond to the following crystal planes: (111), (021), (002),
(012), (102), (112), (022), (211), (220), (221), (041), (132), (113), and (231). The largest peak at 26.23°
and the crystalline plane (111) represents the aragonite-shaped calcium carbonate component.

According to Fig. 2, there is no change in the order, appearance and disappearance of peaks. The
cockleshell adsorbent retains their physicochemical property before and after TR and CG-H3G dye
adsorption.

Scanning electron microscopy (SEM) and energy-dispersive X-ray (EDX) analysis (Fig. 3a) shows that
the structure of the CS powder is non-uniform and has an irregular shape. Fig. 3b,c shows that the dyes TR
and CG molecules were fixed on the surface of the adsorbent.
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Figure 2: X-ray diffraction analysis (DRX) of CS powder before and after adsorption TR and CG-H3G,
adapted with permission from Reference [17], Copyright © 2023, MDPI Publishing

Figure 3: (Continued)
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Fig. 4a shows that the adsorbent contains the following atoms: oxygen (50.23%), calcium (31.48%),
carbon (18.18%), and Strontium (0.1%), which indicates one component, namely calcium carbonate,
more exactly aragonite, which is characterized by the presence of low proportions of strontium.

The two Figs. 4b, 4c respectively show the percentages of atoms present after the bio-adsorption process
of TR and CG-H3G dyes. A change in the percentages of calcium carbonate atoms with the disappearance of
the percentage of strontium atoms can be noticed. The TR dye adsorption process was confirmed by the

Figure 3: SEM of CS powder (a) before and after (b) TR and (c) CG-H3G adsorption, adapted with
permission from Reference [17], Copyright © 2023, MDPI Publishing

Figure 4: EDX of CS powder (a) before and after (b) TR and (c) CG-H3G adsorption, adapted with
permission from Reference [17], Copyright © 2023, MDPI Publishing
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appearance of phosphorus (0.27%) and chlorine (0.36%) atoms. The bio-adsorption of CG-H3G was also
confirmed by the appearance of sodium (0.27%) and sulfur (0.18%).

3.1.3 Brunauer Emmet Teller (BET)
The linear form of BET is applicable for relative pressures (P/P0) between 0.05 and 0.3, and is presented

in the following form [30]:

P
P0

V 1� P
P0

� � ¼ 1

VmC
þ C � 1

VmC

P

P0

� �
(3)

Vm and C are calculated from the slope and the ordinate of the origin of the straight line P/V (1 - P) =
f (P/P0). The specific surface area of solid biomaterials can be calculated by the following equation:

SBET ¼ nmNArm
m

¼ VmNArm
Vmolm

(4)

With rm: Molecular cross-section occupied by the nitrogen molecule (16.2A°2); m: Mass of
biomaterial; Vmol: Molar volume of nitrogen gas under normal conditions (22.414 L/mol); NA: Avogadro
number (6.023 1023mol−1).

Fig. 5 shows the linear BET form of N2 adsorption for cockle shells at a temperature of 77 K:

From the linear form in Fig. 5 and extracting it from constant C and applying it to Eq. (5), we obtain the
specific cockleshell surface area SBET = 3.603 m2/g.

3.2 Parameters for the TR and CG Bio-Adsorption Study Onto Cockleshell (Single System)

3.2.1 Effect of Contact Time
The contact time is an important effect for understanding the adsorption phenomenon, and it controls the

bio-adsorption kinetics from the start of adsorption until the bio-adsorbent saturation time [31].

Fig. 6 shows that the adsorption process of the two dyes goes through two stages. The first stage starts
from 0 to 6 min, and represents rapid adsorption, which is due to the availability of active sites and the
increase in the exchange area between the bio-adsorbent (CS) and the TR and CG-H3G dyes [28]. The
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Figure 5: The linear form of N2 adsorption BET for cockleshell (CS)
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second stage (t > 6 min) is a slow adsorption, in which the adsorption capacity is relatively constant, and this
being either due to the saturation of active sites or to the repulsive forces between the dye molecules on the
surface of the CS bio-adsorbent [28], as was also shown. The adsorption capacity of the dye TR is greater
than that of CG-H3G, and from this, we conclude that the TR dye is more selective than CG-H3G onto CS
bio-adsorbent.

3.2.2 Effect of Bio-Adsorbent Dose
The effect of the biosorbent dose is more important for understanding the phenomenon of transfer of the

solute in the aqueous phase to the solid surface of the bio-adsorbent [32]. The experiments were performed
for an initial concentration of TR equal 10 mg/L. The adsorbent dose was varied between 3 and 15 g/L. Fig. 6
represents the percentage removal of TR and CG-H3G as a function of different doses of CS.

The presence of the two parts can be seen in Fig. 7. The first part represents the increasing proportion of
the percentage of dye elimination TR (77%–98%) and CG-H3G (63.29%–94.25%) with an increased bio-
adsorbent dose in range (3–10 g/L). This can be explained by the availability of a significant number of
active sites [27]. The second part when the bio-adsorbent dose (r > 10 g/L) represents the percentage
stabilization part of dye elimination CG-H3G (94.25%–94.35%), also represents the percentage reduction
part for dye TR (98%–94.98%). The stabilization and or reduction in elimination percentage can be
attributed to the saturation of the active sites of the bio-adsorbent CS [29].

3.2.3 Effect of Initial Concentration
The initial concentration effect of the TR and CG-H3G dyes on the adsorption by CS was obtained by

varying the initial concentration of 10–300 mg/L. Fig. 8 shows the variation of the TR and CG-H3G
adsorption capacity per CS as a function of time at different concentrations.

As shown in Fig. 8, the adsorption capacity gradually increases from 0.981 to 25.37 mg/g for the TR dye
and from 0.942 to 3.64 mg/L for the CG-H3G one, when the initial concentration of TR and CG-H3G
increases from 10 to 300 mg/L. This increase can be attributed to the increase in the driving force, which
leads to a decrease in the resistance of the dye between the aqueous phase and the solid [33].
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Figure 6: Effect of contact time on adsorption capacity of TR and CG-H3G dyes onto CS (C0 = 10 mg/L,
T = 22°C, r = 10 g/L, W = 300 rpm)

134 JRM, 2025, vol.13, no.1



3.2.4 Effect of Temperature
This effect directly influences the movement of dye molecules in aqueous solutions and controls the

degree of resistance of the bio-adsorbent for different temperatures.

Fig. 9 represents the effect of temperature on the adsorption capacity of the TR and CG-H3G dyes onto
the CS powder in the range of 22°C to 61°C. It is noted, for the TR dye, the increase in temperature from
22°C to 61°C results in a decrease in the adsorption capacity from 0.981 to 0.455 mg/L. For the CG the
increase in the temperature from 22°C to 31°C promotes the increase in the adsorption capacity from
0.942 to 0.956 mg/L. Conversely, when the temperature increases in the range from 31°C to 61°C, there
is a decrease in the adsorption capacity of the CG-H3G dye from 0.956 to 0.838 mg/L. The increase in
temperature accompanied by the increase in the absorption capacity of the dye may be because at higher
temperatures the mobility of the dye molecules increases [34]. The increase in temperature from 31 to
61° accompanied by the decrease in the adsorption capacity of CG-H3G dye may be attributed by
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Figure 7: Effect of different doses of bio-adsorbent on adsorption capacity of TR and CG-H3G dyes onto
CS (C0 TR, CG-H3G = 10 mg/L, T = 22°C, W = 300 rpm)
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breaking the bonds between the molecules of dye and the surface of the CS. An alternative explanation might
be that the active sites are damaged by the rising temperature [35].

3.2.5 Effect of pH
The pH plays a crucial role in the adsorption process by simultaneously influencing the charge of the

adsorbent and the pollutant. For this reason, we carried out a study of pH variation in the range 2 to 12.
The pH was adjusted by adding a solution of sodium hydroxide NaOH (0.1–1 M) and hydrochloric acid
HCl (0.1–1 M).

It should be noted that the TR is a disperse (non-ionic) dye. This disperse dye cannot be dissolved in
water. When incorporated into aqueous solutions, it acts as an anionic dye in acidic media [36], and acts
as a cationic dye in basic media. For this reason, there is a disturbance and minimal variation in
adsorption capacity in the pH range from 2 to 12. This observation is followed by a maximum capacity
in both very acidic and very basic media (pH = 12), as shown in Fig. 10a.
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Figure 9: Effect of temperature on adsorption capacity of: (a) TR and (b) CG-H3G onto CS powder
(C0 TR, CG-H3G = 10 mg/L, r = 10 g/L, W = 300 rpm)
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Fig. 10b shows a decrease in the adsorption capacity of CG-H3G, which can be attributed to the
difference in charge. In acidic environments, adsorption capacity is highest at pH = 2, as attractive forces
create a bond between the negative charge of the dyes and the positive sites of the bio-adsorbent [37]. In
a basic medium, increasing the degree of basicity will lead to an increase in hydroxide ions, with a
minimum adsorption capacity of 12. This is when the differences in reputation are greatest between CG-
H3G molecules and the negative sites of the bio-adsorbent CS [38].

3.3 Kinetic Adsorption
Kinetic studies are more important for understanding the mechanisms of adsorption of Terasil Red and

Cibacron Green H3G dyes onto cockle shells. In this study, the following kinetic models were used: pseudo
first order (PFO), pseudo second order (PSO) and inter-particle diffusion (IPD) model. The kinetic model and
parameters are illustrated in Table 2. Fig. 11 shows the linear plot of PFO, PSO and IPD.

Table 2: The kinetic models and their nonlinear, linear, parameter, and plot forms

Adsorption kinetics Parameters Linear form Plot Ref. Eq. No.

Pseudo-first-order (PFO) k1 (min−1) Ln qt ¼ Ln qe � k1t Ln qt vs t [39] (5)

qt ¼ qe:e�k1t qe (mg.g−1)

Pseudo-second-order (PSO) k2 t

qt
¼ 1

qe

� �
t þ 1

k2q2e

t

qt
vs t [39] (6)

qt ¼ � k2:q2e :t

1þ k2:qe:tð Þ (g.mg−1.min−1)

qe (mg.g−1)

Intra-particular Diffusion (IPD) Kid qt ¼ kid:t0:5 þ C qe vs t0:5 [40] (7)
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Figure 11: (Continued)
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Table 3 shows that the pseudo second order correlation coefficient is greater than the pseudo first order
and is close to one. In addition, there is a convergence between the experimental adsorption capacity and the
adsorption capacity calculated by the pseudo second-order kinetic model. Therefore, the pseudo second order
model is the most suitable model to present the process of TR and CG-H3G bio-adsorption by cockleshells.
The intra-particular diffusion kinetic model was used to investigate the mechanism of adsorption of the TR
and CG dyes removal from their aqueous solutions using CS as a bio-adsorbent. Generally, internal or
external mass transfer or both govern the adsorption process. According to Table 3, the constant (Cid > 0)
noted the presence of the intergranular diffusion mechanism [26] of the TR and CG-H3G dye molecules
onto CS powder.

3.4 Adsorption Isotherm
In this study, the Langmuir and Freundlich models were used to understand the bio-adsorption process

of the TR and CG-H3G dyes on the surface of CS. The linear forms and isothermal parameters are presented
in Table 4.

Table 3: Results of PFO, PSO and IPD kinetic models

Dyes PFO PSO IPD

k 1 qe R2 k2 qe R2 kid Cid R2

(min−1) (mg.g−1) (g.mg−1.min−1) (mg.g−1) (mg.g−1.min−0.5) (mg.g−1)

TR 0.044 2.64E-3 0.982 60.134 0.981 1 3.75E-4 0.978 0.975

CG-H3G 0.150 0.386 0.870 0.947 0.964 0.999 0.021 0.806 0.870
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Figure 11: Linear plots: (a) PFO, (b) PSO and (c) IPD

Table 4: Isotherm model of the Langmuir and Freundlich isotherms

Isotherm model Parameters Linear equation Plot Ref. Eq. No.

Langmuir kL (L.mg−1) Ce

qe
¼ 1

qm

� �
Ce þ 1

kLqm

Ce

qe

� �
vs Ce

[41] (8)

qe ¼ kL: Ce

1þ qm:Ce

qm (mg.g−1)

Freundlich kF ln qe ¼ ln kF þ 1

n

� �
ln Ce

ln qe vs ln Ce [42] (9)

qe ¼ kFC
1
n
e

(mg.g−1) (L.mg−1)]1/n

n
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The model of Langmuir is proposed to present the adsorption of molecules of adsorbate on a
homogeneous solid surface with the formation of a single layer [43]. The model of Freundlich is an
empirical model developed to represent the sorption of several compounds on heterogeneous surface sites
of different affinities [44]. The values of the Langmuir and Freundlich model parameters are presented in
Table 5. Graphic representation of the equilibrium isotherm, Langmuir and Freundlich model are
presented in Fig. 12.

Table 5: Freundlich and Langmuir parameters (T = 22°C)

Dyes Freundlich Langmuir

kF n R2 kL qm R2

(mg.g−1) (L.mg−1)1/n (L.mg−1) (mg.g−1)

TR 3.195 1.732 0.924 0.112 29.412 0.935

CG-H3G 1.147 4.163 0.891 0.288 3.694 0.999
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Figure 12: Graphic representation: (a) Equilibrium isotherm, (b) Langmuir and (c) Freundlich model
(T = 22°C)
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From Table 5, one can observe that the correlation coefficient of the Langmuir model for the two dyes is
greater than that of the Freundlich model. This observation gives an indication that the Langmuir model is
more adequate for presenting the adsorption process of TR and CG-H3G dyes on cockleshells. Moreover, it
can be said that the TR and CG-H3G dyes are retained on a homogeneous surface with the formation of a
single layer without interaction between them [40].

The Freundlich model constants also lead to conclude that the homogeneity or the heterogeneity of the
surface depends on the value of n. Thus, when the value of n is greater than 1 (n > 1), this indicates that the
system fixing the solute on the solid surface is homogeneous. However, when the value of n is lower than 1 (n
< 1) the system is heterogeneous [45]. According to Table 5, the value of n > 1, so the retention system of TR
and CG-H3G molecules on the solid CS surface is homogeneous.

3.5 Thermodynamic Studies
This part of this work is very important to know the adsorption process of TR and CG-H3G dyes on

cockleshell powder in the 22°C–61°C temperature range, also giving information on thermodynamic
parameters such as: enthalpy, entropy and Gibbs energy. The thermodynamic parameters are represented
by the following equations [46]:

DG ¼ �RT ln kd (5)

DG ¼ DH � TDS (6)

ln kd ¼ �DH

R
� 1

T
þ DS

R
(7)

With T (K), R (8.31 j.mol−1.K−1) and kd of (qe/Ce; L/g) representing respectively the absolute
temperature (K), the constant of the perfect gases and the distribution coefficient. The thermodynamic
parameters: enthalpy and entropy are obtained by the slope and intersection of the linear line of ln kd as a
function of (1/T) shown in Fig. 13. The results for the thermodynamic parameters are presented in Table 6.

Based on the thermodynamic parameters of dye TR and CG-H3G shown in Table 6, it can be observed
that the enthalpy value is negative, indicating that the reaction between adsorbent and adsorbate is
exothermic [47]. The negative value of the entropy confirms the decrease of the random character at the
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Figure 13: Van’t Hoff graph of TR and CG-H3G bio-adsorption

140 JRM, 2025, vol.13, no.1



solid interface–solute [47]. The negative values of the Gibbs energy in the 22°C and 31°C temperatures range
reveal that bio-adsorption is spontaneous [48] except at the temperature of 61°C at which the reaction
between TR, CG-H3G and the bio-adsorbent (CS) is non-spontaneous as the Gibbs energy value is positive.

4 Binary System

Industrial textile waste is responsible for the production of many pollutants, such as dyes of various
shapes and colors, with a pH between 6 and 8. In our research we examined the bio-adsorption process
of a mixture of two dyes (TR + CG-H3G) at a concentration of 10 mg/L for each dye by the bio-
adsorbent cockle shell in the ratio of 10 g/L at a pH similar to industrial textile waste (pH = 6.04).

Fig. 14 illustrates the adsorption capacity of TR and CG-H3G dyes in single and binary systems.

Fig. 14 shows that the adsorption capacity of the CG-H3G dye in the binary mixture is less than that of
the single system. Also, there is a reduction in the adsorption of the dye TR in the binary system compared to

Table 6: Thermodynamic parameters of bio-adsorption process of TR and CG-H3G onto Cockle shells

Dye Thermodynamic parameters

T ΔG° ΔS° ΔH°
(°C) (kJ.mol−1) (kJ.mol−1.K−1) (kJ.mol−1)

TR 22 −3.12211 −0.26575 −81.51836

31 −0.73036

61 7.24214

CG-H3G 22 −1.86463 −0.08808 −27.84823

31 −1.07191

61 1.57049
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Figure 14: Affinity of TR and CG-H3G onto cockle shells (C0 TR, CG-H3G = 10 mg/L, T = 22°C, r = 10 g/L,
W = 300 rpm, pH = 6.04)
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the single system. This observation suggests that this can be attributed to the great competition between the
molecules of the TR and CG-H3G in the binary system.

4.1 Relative Adsorption and Selectivity
Selectivity plays a crucial role in the selection criteria of a bio-adsorbent to eliminate industrial releases

of dyes, which are essentially pollutants. To assess selectivity in a binary system, it is essential to refer to the
following relationships [49]:

Ra ¼ q½ �b
q½ �s

(8)

S ¼ Rað ÞP1
Rað ÞP2

(9)

With: Ra, S–relative adsorption and selectivity; [q]s, [q]b–the adsorption capacity of pollutant (P) in a
single and binary system.

Based on Fig. 15a, it is evident that the relative adsorption of the CG-H3G dye is more stable than that of
the TR dye. This shows that the CG-H3G dye has an impact on the TR dye adsorption process.

Fig. 15b highlights the selectivity of the mixture of the two dyes TR and CG-H3G. Therefore, the
selectivity of the CG-H3G dye gradually decreases to 50 min and then increases. However, its value is
still higher than the selectivity effect of the TR dye in the binary system. Therefore, the CG-H3G dye has
a preference for selectivity over the TR dye under the operating conditions used.

However, the dye CG-H3G therefore presents a preference in terms of selectivity compared to the dye
TR in the interval of 6 to 45 min. At a time of 45 to 60 min, the dye TR becomes more selective than CG-
H3G.

5 Conclusion

The results of this study find out that the cockleshell powder (CS) has the ability to adsorb and remove
Terasil Red dye (TR) and Cibacron Green H3G (CG-H3G). The experimental results show that the
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Figure 15: Relative adsorption and selectivity of TR and CG-H3G dyes onto cockle shells
(C0 TR, CG-H3G = 10 mg/L, T = 22°C, r = 10 g/L, W = 300 rpm, pH = 6.04)
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adsorption capacity is related to the following effects: contact time, dose of the adsorbent, initial
concentration of TR and CG, and temperature of the medium. The bio-adsorption process was studied at
a well-determined time equal to one hour. The experimental equilibrium data are well correlated with the
linear forms of the Langmuir, Freundlich, and isothermal models. The Langmuir model satisfactorily
predicted the isothermal data. Similarly, efficient modelling and description of kinetic data were carried
out using pseudo-first order, pseudo-second order and intra-particle diffusion models. The pseudo-second-
order model was most effective in predicting kinetic data. Thermodynamic studies of TR and CG-H3G
dyes show that the process of bio-adsorption of TR and CG-H3G dyes is exothermic, spontaneous in the
range of 22°C–31°C with the random character decreasing at the solid-solute interface during the bio-
adsorption process. The selectivity of the cockleshell surface under operating conditions is highlighted by
the study of selectivity, showing that the CG-H3G dye is more selective than the TR dye in the single
system and binary system in the range of 6 to 45 min.
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