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Cadmium (Cd) is a hazardous heavy metal that presents substantial hazards
to both human well-being and the ecosystem. To address this issue,
biosorption, an environmentally friendly and cost-effective technique, utilizes
biological materials to capture metal ions from contaminated water. In our
research, we focused on developing a biosorbent material using olive stones
powder (OSP), which is a readily available agricultural waste. Our study
aimed to assess the OSP effectiveness in the process of extracting Cd(II) ions
from various aqueous solutions under diverse experimental parameters. In
addition, we examined the adsorption kinetics and isotherms using various
models. The findings revealed that OSP exhibited a strong adsorption capacity
and affinity for Cd(II) ions, with a maximum value of 20.245 mg/g achieved at
pH 6, an OSP dosage of 0.05 g, and a contact time of 30 minutes. The
adsorption process adhered to the pseudo-second-order kinetic model and
conformed to the Freundlich isotherm model, indicating the formation of
multiple layers and the presence of heterogeneous surface sites. Furthermore,
comparing the maximum capacity value (Qm) of OSP obtained in our study
with previous research, it falls within the intermediate range. Overall, our
study demonstrated the potential of OSP as a highly effective biosorbent
material for effectively eliminating Cd(II) ions from aqueous solutions.
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Introduction cadmium in both drinking water and industrial

Water pollution is a critical issue that has far-
reaching effects on all living organisms, primarily
caused by the discharge of wastewater from
diverse sources such as industries, landfills, and
smaller enterprises [1,2]. One of the major
contributors to this pollution is the occurrence of
harmful metal ions in the wastewater [3]. These
metals, which include cadmium, mercury, lead,
copper, zinc, and chromium, are both non-
biodegradable and toxic, posing a significant risk
as they can enter the food chain and accumulate
in organisms' bodies [4,5].

Cadmium (Cd) is a very toxic heavy metal that
endangers humans, animals, and plants [6]. It has
the capacity to quickly accumulate in the food
chain, causing negative effects on different bodily
systems in humans, including the neurological,
pulmonary, renal, hepatic, and reproductive
systems. Furthermore, it can impair growth, bone
metabolism, and potentially contribute to cancer
formation [7-9]. The World Health Organization
(WHO) has classified cadmium as a priority
pollutant due to its harmful effects, and the
United States Environmental Protection Agency
(EPA) has established a regulatory limit for
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wastewater, with a maximum allowable
concentration of 0.003 mg/L [10,11]. Cadmium
can be found in the environment through a
variety of sources, including recycling, coatings
(e.g., galvanoplasty), battery manufacture, alloy
manufacturing, solar cell production, pigments,
and plastic stabilizers. As a result of its
ubiquitous presence and accompanying hazards,
the removal of cadmium has become a hot
subject [12-14].

Several traditional methods exist for removing
cadmium from contaminated aqueous solutions,

including chemical oxidation or reduction,
filtration, chemical precipitation, ion exchange,
evaporative recovery, and electrochemical

treatment [15-18]. However, these methods may
not be highly effective when dealing with
solutions containing cadmium concentrations
below 100 mg/L. In such cases, the use of specific
biomass offers an efficient, cost-effective, and
user-friendly alternative [19-21].

The capacity of biomass, which consists of non-
living and inert biological matter, to adsorb
hazardous metals from aqueous environments
via physicochemical processes that involves the



K.M. Elsherifetal. / Adv. ]. Chem. A 2023, 7(1), 59-74

interaction between metal ions and binding sites
present on biomass is commonly known as
biosorption. Ion exchange, complex formation,
precipitation, interactions,
other processes are included [22,23]. There is
information the
biosorbents obtained from agricultural waste
that have been used to remove Cd(II) and other
heavy metals. Palm leaves, tea and coffee waste
powder, Phyllanthus emblica fruit stone, avocado
pear exocarp, rice husk, Acacia plant, olive leaves,
branches, orange peels,
mesembryanthemum, and moringa oleifera
leaves are some instances [24-33].

Olive stone, a type of lignocellulosic material,
contains components such as hemicellulose,
cellulose, lignin, and substantial quantities of
phenolic compounds and protein. It is a
significant byproduct generated during olive oil
production, resulting in the generation of
thousands of tons of waste annually [34].
Typically, olive stone exhibits a small particle
size due to the crushing process involved in olive
oil production. While this waste
considered an environmental concern when
improperly disposed of, utilizing plant waste for
industrial purposes can contribute to reducing
greenhouse gas [35]. Moreover,
agricultural waste products require lower water
consumption compared to forest products. As a
result, the value of olive stone as a valuable
resource has gained significant attention, with
studies demonstrating its potential as an
adsorbent for metal ions in water solutions [36].

The objective of this work was to create a
biosorbent material out of olive stones and test
its efficiency in removing Cd(II) ions from
aqueous solutions. The investigation also aimed
to assess the impact of various experimental
parameters, including the initial concentration of
Cd(II), the duration of sorption, pH of solution,

electrostatic and

in literature on several

olive

is often

emissions

and adsorbent dose. The study also explored at
adsorption kinetics and isotherms to acquire a
better understanding of the process.
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Experimental
Chemicals and Instruments

In this study, high-quality chemicals and
reagents were employed, including cadmium
chloride, hydrochloric acid,

hydroxide, all of which were of analytical grade.

and sodium
Standard laboratory procedures were followed
to prepare the standard solution for each metal.
All necessary solutions were prepared using
analytical reagents, and deionized water was
used exclusively throughout the experiment.
Throughout the study, a pH meter (Hanna pH-
209) from Hanna Company, a shaker (Shaker KS
15) from Edmund Biihler GmbH, and a drying
oven (DOD-50) from RAYPA were utilized.

Biosorbent preparation

The olive stones utilized in this study were
obtained from local olive mills in Libya's Msallata
region. To begin preparing the olive stones
powder (OSP), they were rinsed with tap water
to remove surface dust and contaminants. To
guarantee complete cleaning, distilled water was
used to rinse. Following that, the olive stones
were air-dried before being baked in an oven at
70 °C until a consistent mass was attained. After
drying, the biomass was pulverized and put
through an electromagnetic filter to get particle
sizes less than 500 pm. To maintain its integrity
and protect it from moisture, the dried biomass
was carefully stored in air-tight polyethylene
container, ensuring its readiness for analysis. It is
important to note that the adsorbent was utilized
in its natural form without any modifications
[33].

Batch Adsorption Experiments

The influence of crucial experimental variables
on the adsorption process was examined through
batch experiments, following the methodology
described by Alkherraz et al [3]. This study
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explored the effects of pH, contact time, dose, and
initial metal ion concentrations. The solution's
temperature, volume, and agitation rate were
held constant at 251 °C, 50 mL, and 175 rpm,
respectively.

pH Effect

The pH of the stock solution was changed using
either 0.1 M HCI or NaOH to establish the ideal
pH for maximal cadmium(Il) adsorption using
OSP. In each experiment, 50 mL of 50 mg/L
cadmium(II) solution was mixed with 0.1 g of
OSP in 150 mL Erlenmeyer flasks. The solution's
original pH ranged from 2 to 8. The mixtures
were then agitated at 175 rpm for 30 minutes
while maintaining a temperature of 25+1 °C. The
ultimate pH of each combination was recorded
once equilibrium was reached. The samples were
then filtered, and the concentrations of the
filtrates were determined [21].

Biosorbent dosage effect

Separate 150 mL Erlenmeyer flasks were
prepared, each containing 50 mL of Cd(II) ion
solutions with a concentration of 50 mg/L.
Different amounts of biosorbent, ranging from
0.05 to 1.00 g, were added to each flask. The
mixtures were subsequently stirred on a shaker
at 150 rpm for 30 minutes, maintaining a
temperature of 25+1 °C and a pH of 6.0.
Afterward, the mixtures were filtered, and the
residual metal ions were analyzed [21].

Contact time effect

The adsorption experiments were conducted in
a set of Erlenmeyer flasks, each containing 0.1 g
of biosorbent and 50 mL of a Cd(II) ion solution
with a concentration of 50 mg/L. The solutions
were agitated in a water bath at a controlled
temperature of 25+1°C and an agitation rate of
175 rpm, while maintaining a pH of 6. Samples
collected at regular (0-60

were intervals
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minutes) to monitor the progress of the

adsorption process [21].
Initial metal ion concentration effect

Under optimized conditions, the impact of
initial metal ion concentrations on adsorption
was investigated. To achieve this, 0.1 g of OSP
was combined with 50 mL of Cd(II) solutions
ranging in starting concentrations from 10 to 100
mg/L, while maintaining a pH of 6.0. The
experiments were conducted for 30 minutes at a
constant temperature of 25+1 °C and a shaking
rate of 175 rpm. Subsequently, the samples were
filtered, and the residual metal
quantified  using
spectrophotometer [21].

ions were

an atomic absorption

Removal efficiency and adsorption capacity

For every trial, the initial concentration of Cd(II)
was measured using a Flame Atomic Absorption
Spectrophotometer (Analytik Jena-novAA 800 F)
both before and after the adsorption process. The
adsorption capacity (Qe) and removal efficiency
(%R) were calculated using Equations (1) and
(2), respectively [9]:

Cp-Co)xV
Q.= C™ (1)
%R = = %100 2)

o

Where, C, and Ce (in mg/L) indicate the starting
and equilibrium final concentrations of Cd(II) in
the equations, respectively. The solution volume
is represented by V (in L), and the biosorbent
mass is denoted as M (in g). The experiments
were conducted in triplicate, and the mean
values along with their corresponding standard
deviations are reported.

Data Analysis

The equilibrium and kinetic data obtained from
the sorption of Cd(II) ions onto the OSP
adsorbent were subjected to analysis using the
equilibrium and kinetic models specified in this



K.M. Elsherifetal. / Adv. ]. Chem. A 2023, 7(1), 59-74

study. Various fitting parameters were utilized to
establish correlations with the experimental
data. The selection of the most appropriate
model was based on the correlation coefficient,
where the model with an R2 value closest to unity
was deemed the best fit.

Results and discussion
Impact of pH on Cd(1I) adsorption

The aqueous solution pH plays a crucial role in
influencing the adsorption process [37]. To
examine the impact of pH on the adsorption of
cadmium (II) onto the OSP, the pH was
systematically varied within the range of 2 to 8.
The results depicted in Figure 1 demonstrate a
clear trend, indicating that cadmium adsorption
increased with the rise in pH from 2 to 6.
However, beyond pH 6, the adsorption capacity
declined. Notably, the highest adsorption of
Cd(IT) was observed at pH 6. The OSP exhibited a
removal efficiency of 72.3% for Cd(II) at a pH of
6.05.

The adsorbent's ability to remove metal ions is
influenced by the pH of the solution, which is
determined by both the ion's nature and the
properties of the material. The pH of a solution
has an impact on the concentration and solubility
of metal ions, as well as the presence of
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counterions on the functional groups of the
adsorbent. Under acidic conditions or at low pH
levels (below 2), the concentration of H* ions in
the solution increases, leading to a higher degree
of protonation of the active sites or functional
groups on the surface of the OSP adsorbent. This
protonation prevents metal ions from forming
connections with active sites [4,7].

Within the mild pH range of 2 to 6, the active
sites on the OSP adsorbent produced coupled H+
[38].
Precipitation became the dominating mechanism
at pH values greater than 6.5. Furthermore, ion
exchange and the creation of aqueous metal
hydroxides may occur at faster rates. However,
because to

ions, increasing metal ion adsorption

electrostatic repulsion, these
complexes were rejected by the negatively
charged OSP particles. This process explains why
metal ion elimination is reduced at pH values
over 6.5 [39]. The results obtained agreed with
the results given by Berhe [40]. Another
investigation on the adsorption properties of
metal ions done by Habib et al. [41] found that
the highest adsorption effectiveness was seen
within the pH range of 2-10. This phenomenon
can be attributed to the interaction between the
metal ions and the functional groups or active

sites present on the surface of the adsorbent [4].

Figure 1. Effect of pH on the adsorption of Cd(II) onto OSP.
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Impact of biosorbent dosage on Cd(II) adsorption

The impact of OSP dose on the adsorption
capacity (Qe) and removal efficiency (%R) of
Cd(II) is illustrated in Figure 2. As the OSP dose
increases from 0.05 to 1.0 g, the %R rises. Within
this dose range, however, the Q. drops. The %R is
75% at 0.05 g, and it reaches the maximum
removal value of 89% at 1.0 g This is a
consequence of the augmented surface area,
leading to an increase in the availability of
biosorption sites [21]. All adsorbent sites are
fully occupied at smaller doses (0.05 g), resulting
in surface saturation and a high Q. value (~38
mg/g). However, at 1.0 g doses, the splitting
effect of the concentration gradient between the
biosorbent and the sorbate causes a considerable
drop in Q.. The decrease in Q. corresponds to a
reduction in the amount of Cd(II) adsorbed per
unit mass of OSP. In addition, an increase in
can potentially result
agglomeration and blockage of accessible
adsorption sites, thereby restricting the contact
between the metal and the OSP surface [42].
Based on these findings, a dose of 0.05 g of OSP
was determined to be the best value for
providing an appropriate surface area for Cd(II)
adsorption.

biosorbent dose in

Impact of contact time on Cd(Il) adsorption

The influence of contact time on the adsorption
of Cd(II) ions onto OSP is illustrated in Figure 3.
Initially, when contact duration rose from 0 to 20
minutes, improved. The
adsorption process, on the other hand, grew
reasonably steady Equilibrium
clearance of Cd(II) achieved
approximately 30 minutes, and further increases

removal efficiency

over time.
ions was in
in contact time did not lead to significant
additional adsorption. The contact duration of 30
minutes was utilized in all experiments to ensure
the maximum removal efficiency. The initial
rapid rate of removal can be attributed to the
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smaller ionic radius of Cd(II) ions, facilitating
faster diffusion to the OSP surface [21]. The rapid
adsorption observed in the early stages is likely
due to the abundance of active sites on the OSP
surface, which gradually become saturated over
time. With the decrease in available active sites,
the early stages of sorption are likely governed
by diffusion from the bulk solution to the
adsorbent's surface, while the later stages are

predominantly controlled by attachment
mechanisms [30].

Impact of initial concentration on Cd(Il)
adsorption

The initial concentration of the metal ion plays a
crucial role in determining the extent of metal
ion adsorption, making it a crucial factor for
achieving successful adsorption [22]. In this
study, the adsorption capacity of OSP for Cd(II)
ions increased as the metal ion concentrations
ranged from 10 to 100 mg/L. This increase in
concentration created a steeper metal ion
concentration  gradient, which facilitated
overcoming resistance to mass transfer between
the aqueous phase and the adsorbent [43]. A
higher concentration in the solution indicates a
larger number of metal ions available for binding
to the adsorbent's surface. The significant
adsorption capacity of OSP for Cd(II) ions can be
attributed porosity,
demonstrated in Figure 4. In addition, its high
surface area and strong cation exchange ability
contribute to its enhanced adsorption capacity
[21]. Similar findings were reported by Dowodu
and Okpomie [44], investigated the
sequential adsorption of Ni(II) and Mn(II) ions
from an aqueous

to its surface as

who

solution using Nigerian
kaolinite clay. Higher metal concentrations led to
faster saturation of the adsorbent sites, resulting
in a lower overall percentage of metal removal.
This trend aligns with the observations of [43].
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Figure 3. Effect of contact time on the adsorption of Cd(II) onto OSP.
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Figure 4. Effect of initial concentration on the adsorption of Cd(II) onto OSP.
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Kinetic Study

To investigate the kinetics of the adsorption
process, the experimental adsorption data of
Cd(II) onto OSP were examined using three
models: the Pseudo-First-Order, Pseudo-Second-
Order, and Elovich models [22,45-47]. The
results of linear form calculations, utilizing
Equations (3) to (6), are presented in Figures 5,
6,and 7.

The Lagergren's Pseudo-First-Order kinetic rate
expression is given by the following form [22]:

1 ky 1
% wx B)

Lagergren's pseudo-first-order Kkinetic rate
expression is given by the equation, where Q: and
Qe (mg/g) represent the adsorbed quantities of
Cd(II) at time t and equilibrium, respectively. The
parameter ki (min-1) denotes the adsorption rate
constant. To evaluate the pseudo-first-order
model, the plot of In(Qe - Q) against time (t) was
extrapolated using Equation (4) [45].

- K
111(Qe- Qt) = 111(Qe) 203 X© (4)
The of pseudo-second-order
kinetics involved extrapolating the plot of (t/Q)
against time (t), as described by Equation (5)
[46].

investigation

1.2

=meta (5)

Q kaxQF Q_e

In Equation (5), the parameter k; (g.mg1.min1)
represents the adsorption rate constant.

The linear form of the Elovich model can be
expressed using Equation (6) [47]:

Q= éln(tx[}) + é In () (6)

In the context of the Elovich model, the
parameter a (mg.g-l.min!) represents the initial
adsorption rate, while the parameter b (g.mg1) is
associated with the desorption constant specific
to each experiment.

Table 1 presents the adsorption characteristics
obtained from Figures 5, 6, and 7, which provide
insights into the agreement between the results
and the investigated mechanism. The correlation
coefficient (R?), which approaches 1 when the
model fits the data, indicates the goodness of fit
of the model. Among the Kkinetic models
examined, the pseudo-second-order model
exhibited the best fit. The calculated values of Q.
using this model (20.704 mg/g) were highly
comparable to the experimentally derived Q.
values (20.245 mg/g) for OSP. This suggests that
the pseudo-second-order model provides a more
accurate representation of the adsorption of
Cd(II) ions onto olive stone powder.

®
1 y=-0.0196x+0.8919
o R?=0.8728
08 | ..
= 06 o
o
& 0.4
£ 02 * o
0 * e
0 ® 20 40 m 80
04

t, min

Figure 5. Pseudo-First-Order graph for the adsorption of Cd(II) onto OSP.
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Figure 6. Pseudo-Second-Order graph for the adsorption of Cd(II) onto OSP.
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Figure 7. Elovich model graph for the adsorption of Cd(II) onto OSP.

Table 1. Kinetic parameters for Cd(II) adsorption onto OSP
Pseudo-First-Order

ki (min?) Qe (Cal) (mg.g?) R? Qe (Exp.) (mg.g?)
0.045 7.797 0.8728 20.245
Pseudo-Second-Order
k; (g.mg1.min-1) Q. (Cal.) (mg.g1) R2 Q. (Exp.) (mg.g1)
0.030 20.704 0.9986 20.245
Elovich
B (g.mg?) o (mg.gt.min-) R2 Q. (Exp.) (mg.g")
0.138 105.711 0.9571 20.245
Isotherm Study into the interaction between metal ions and

adsorbents, which are crucial factors in
Figure 8 illustrates the adsorption isotherms of determining the effectiveness of adsorption
Cd(Il) ions onto the OSP adsorbent at room  processes [22]. The residual concentration of the
temperature. These isotherms provide insights  adsorbate in the solution (Ce, mg/L) was utilized
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to calculate the amount of adsorbate on the
adsorbent (Qe, mg/g). The quantity of adsorbed
Cd(II) ions increased proportionally with the
initial concentration (C,). The data indicated that
the adsorption process was initially rapid,
followed by a gradual slowdown until it reached
a plateau, indicating saturation of the porous
surfaces. The closer alignment of Cd(II) ion
adsorption onto OSP with the predicted line,
indicating 100% adsorption within the lower C,
range, demonstrated a stronger affinity between
Cd(II) ions and the OSP adsorbent.

Various isotherm have been
employed to describe the equilibrium behavior of
adsorption. In this study, the adsorption data
were analyzed, and the Langmuir, Freundlich,
Temkin, and Dubinin-Kaganer Radushkevich (D-
R) equations [48-51] were fitted to the data. The
estimated parameters of the isotherm models are
presented in Figures 9, 10, 11, and 12. The
Langmuir adsorption isotherm, which assumes
monolayer adsorption occurring exclusively on
the homogeneous surface of the adsorbent, was
linearly transformed and is represented by
Equation (7) [25].

ot e (7)

Q Qn bQuCe

Where, Q. (mg/g) and C. (mg/L) denote the
adsorbate's adsorption capacity and equilibrium
concentration, respectively. The

equations

maximal

40
35
30
% 25
E\ 20
& 1s
10

adsorption capacity of OSP is denoted by Qm
(mg/g), whereas the Langmuir constant is
represented by b (L/mg).

The linear transformation of the Freundlich
adsorption isotherm is presented in Equation (8),
which explains the multilayer adsorption process
and accounts for interactions between adsorbed
molecules and heterogeneous surfaces [29]:

logQ. = logKg + 1—11 logC. (8)

The Freundlich adsorption constants, n and Kg
(mg/g (L/mg)i/m),
adsorption intensity and capacity, respectively, in
the equation. The value of n represents the
adsorption process's divergence from linearity. If
n < 1, it represents a chemical adsorption
process. If n = 1, the adsorption process is linear.
If > n, it indicates a physical adsorption process.

Equation (9) represents the linear modification
of the Temkin adsorption isotherm. This
isotherm considers both the influence of indirect

are connected with the

interactions between the adsorbate and
adsorbent on the adsorption process
assumes a linear decline in the heat of adsorption
for all molecules as the adsorbed molecular layer
becomes saturated [33].

Q.= Br InKy+ By InC, 9)
The equation includes the Temkin adsorption
constant (Br, J.mol1) and the Temkin isotherm

constant (Kr, L.mg1).

and

20 25 30 35

Ce, mg/L

Figure 8. Adsorption isotherm of Cd(II) ions onto OSP.
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The Dubinin-Kaganer Radushkevich (Dubinin- homogenous surface or constant adsorption
Radushkevich) adsorption isotherm approach is  potentials. It can, however, estimate the apparent
frequently used to explain the adsorption energy of absorption. The following equation
mechanism on non-uniform surfaces with a  [17] is the linearized form of the Dubinin-
Gaussian energy distribution. The Dubinin- Radushkevich isotherm:

Radushkevich adsorption isotherm, unlike other log Qe =log Qm - 3 €2 (10)
isotherm models, does not presuppose a

1.8
1.6
14 L
1.2 -

log Qe
=

0.8

y=0.4904x+ 0.6671
0.4 R*=09109
0.2

-0.5 0 0.5 1 1.5 2
log Ce

Figure 9. Freundlich isotherm plot for adsorption of Cd(II)onto OSP
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Figure 10. Langmuir isotherm plot for adsorption of Cd(II)Jonto OSP.
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Figure 11. Temkin isotherm plot for adsorption of Cd(II)onto OSP.
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Figure 12. Dubinin-Radushkevich isotherm plot for adsorption of Cd(II)onto OSP.

Where, B (mol?/]?) is the Dubinin-Radushkevich
constant, which relates to the characteristic
energy of adsorption and € (J/mol) is the Polanyi
potential, which is a measure of the potential
energy of adsorption per mole of adsorbate.

The obtained parameters and correlation
coefficients resulting from the application of the
Langmuir, Freundlich, Temkin, and Dubinin-
Radushkevich models to the adsorption of Cd(II)
ions onto Olive Stones Powder (OSP) are
summarized in Table 2. The correlation
coefficient, denoted as R?, indicates the goodness
of fit of the model to the experimental data. In
this case, the Freundlich model exhibited the
highest correlation coefficient, reaching 0.90.

This suggests that the Freundlich model, which
considers adsorption and the
attachment of adsorbed molecules through
hydrophobic or weak interactions, reliably
represents the adsorption isotherm for Cd(II)
from OSP. The substantial correlation coefficients
further support the applicability of the
Freundlich model in describing the adsorption
behavior of Cd(II) ions on OSP.

The Freundlich model parameters, Kr = 4.646
mg/g (L/mg)l/m and n = 2.039 (n > 1), imply that
Cd(II) biosorption onto OSP is favorable. These
results indicate that the adsorption process has
numerous layers and is characterized by a high
affinity between the adsorbate and adsorbent.

multilayer

Table 2. Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich isotherm model parameters for Cd(II)
adsorption onto OSP

Model Parameter Value

b (L/mg) 0.501

Langmuir Qm (mg/g) 18.108
R2 0.8115

Kr (mg/g (L/mg)t/n) 4.646

Freundlich n 2.039
R2 0.9109

Br (J/mol) 14.841

Temkin Kr (L/mg) 1.547
R2 0.7659

Qm (mg/g) 16.932

Dubinin-Radushkevich B (mol?/J%) 6x10-7
R2 0.5605
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Table 3. Comparison of Cd(II) Biosorption Capacity (Qm) in Present Study with Previous Published Works

Biosorbent Dosage (g/L) Qum (mg/g) Reference
2.00 20.25 Present Study
1.00 58.50 9
3.00 25.86 52
3.00 24.00 53
5.00 20.60 54
0.50 13.91 27
5.00 155.90 55

10.00 12.15 56
6.70 30.21 57
6.70 34.84 57

20.00 4.42 58
1.00 3.15 24
3.00 29.00 59
2.50 7.24 60
2.50 11.00 61

The Langmuir model, on the other hand,
demonstrates that Cd(II) biosorption onto OSP
follows a monolayer formation mechanism. The
maximal adsorption capacity of the model is Qm =
18.108 mg/g, and the affinity constant is b =
0.501 L/mg. The low affinity constant value
shows typical sorbate-sorbent interactions seen
in physisorption processes.

Table 3 presents the
biosorption capacities, Qm, of various biomasses
similar to the one examined in this study. The Qm
value for OSP falls within the intermediate range,
suggesting that this material is well-suited for the
effective removal

maximum  Cd(II)

of Cd(II) from aqueous
solutions.

Conclusion

The findings of this study demonstrate the
potential of OSP as an effective biosorbent
material for the removal of Cd(II) ions from
aqueous solutions. The study examined the
influence of various experimental factors,
including initial Cd(II) concentration, sorption
time, solution pH, and adsorbent dosage, on the

adsorption process. It was determined that pH 6,
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an OSP dosage of 0.05 g, and a contact time of 30
minutes were the optimal conditions for Cd(II)
removal.

The kinetics and isotherms of the adsorption
process were also investigated using several
models in the study. The pseudo-second-order
model and the Freundlich model exhibited the
best fit to the experimental data, as indicated by
the correlation coefficients (R2). These results
suggest that the adsorption process involves the
formation of multiple layers and occurs at
heterogeneous surface sites.

Furthermore, the study revealed that OSP
possesses a high adsorption capacity and strong
affinity for Cd(II) ions, making it a promising

biosorbent material for environmental
applications.
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