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Abstract

This study examines the elimination of sodium dodecylbenzenesulfonate (SDBS), an anionic surfactant, from water with a
new composite adsorbent prepared from biochar produced from banana peels and calcium alginate (BPBCA) beads. Batch
adsorption investigations demonstrated optimal removal (95.55%) at pH 7, utilizing a 0.06g adsorbent dosage, an initial
SDBS concentration of 50mg/L, and a stirring duration of 60 minutes, resulting in g. of 39.85mg/g. The process obeyed
pseudo-second-order model and the Langmuir isotherm, exhibiting a Qgma Of 46.51mg/g. Thermodynamic analysis
demonstrated spontaneous adsorption, validated by negative changes in Gibbs free energy. The environmentally sustainable

composite can effectively remove SDBS from water.

Keywords: Effective Adsorptive Removal of SDBS from Aqueous phase Employing Biochar Incorporated Alginate Beads.

Introduction

Aquatic ecosystem preservation and public health protection
depend on wastewater treatment. Wastewater, comprising
pollutants such as organic matter, nutrients, heavy metals,
surfactants including sodium dodecylbenzenesulfonate (SDBS),
and pathogens, is increasingly expanding in volume and
complexity due to urbanization and industrial activities.
Effective treatment is essential because untreated or
insufficiently treated wastewater offers serious environmental
concerns, such as eutrophication, oxygen depletion, and toxin
bioaccumulation. Owing to their diverse functions, surfactants
are widely employed across sectors, including textiles,
cosmetics, and papermaking. The existence of surfactants in
wastewater causes considerable difficulties for further biological
or physicochemical treatment procedures.

Surfactant levels in residential wastewater are usually between 1
and 10 mg/L, however surfactant manufacturing effluent
typically has an average of about 300mg/ 2. Because of their
superior cleaning capabilities, anionic surfactants are widely
used®. However, SDBS in wastewater presents significant
environmental risks, including excessive foaming, which
disrupts oxygen transfer and harms aquatic ecosystems®. When
released into natural water bodies, surfactant-rich effluent not
only generates increased foaming and less dissolved oxygen, but
it also makes other pollutants more soluble®®.

Reusing wastewater, especially grey water, is essential to
reducing the industrialization-induced depletion of freshwater
supplies’. Because it contains fewer organics and dangerous
microbes, grey water, which makes up 50-75% of household

International Science Community Association

wastewater, is appropriate for a variety of non-potable uses,
such as cleaning and irrigation®®.

Anionic surfactant concentrations in water are strictly regulated
by the World Department of Environment (DOE), with drinking
or recreational water not allowed to include more than 0.5mg/L
and surface water not allowed to have more than 1.0mg/L".
Certain rules draw attention to the possible health hazards
connected to the introduction of certain substances into the
bodies of humans and animals.

Pathogens, nutrients, and organic materials in gray water hinder
its reuse™. Effective treatment is essential to produce high-
quality water that meets standards for pollutants, including Total
Organic Carbon (TOC), nitrates, and phosphates. Surfactants
like sodium dodecyl benzene sulfonate (SDBS) pose toxicity
risks to humans and wildlife, harming aquatic life and disrupting
microbial function, thereby increasing treatment costs®.
Prolonged exposure to contaminated water can lead to skin
irritation and endocrine disruption. Additionally, surfactants can
enhance disease persistence by solidifying microbial
suspensions, reducing disinfection efficacy™.

There are a variety of ways for eliminating SDBS from water
bodies. Physical, chemical, and biological techniques are
frequently employed to remove pollutants from wastewater
before it is discharged or reused. Adsorption is the most
extensively used approach, as it is both cost-effective and
environmentally friendly. In this context, biopolymers were
employed to develop novel adsorbents for contaminants™.
Adsorption is a very effective way to get rid of pollutants in
wastewater, especially in comparing with other methods like
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coagulation, membrane filtration, or advanced oxidation
processes, because it is selective for target pollutants like heavy
metals, organic dyes, and surfactants, even at very low levels; it
works well in normal conditions without needing a lot of energy
or creating secondary sludge, making it cost-effective and good
for the environment®,

Biochar is an effective adsorbent material that utilizes biomass
waste, minimizing environmental pollution from biomass
byproducts. Its porous structure and large surface area enhance
adsorption properties’®. Additionally, it is durable, improves
soil quality when disposed of, and aids in carbon conservation.
Biochar is frequently reusable and free from sludge or
hazardous residues.

Hydrogel beads, derived from renewable and biodegradable
seaweed alginate, are non-toxic and environmentally friendly.
They effectively absorb water and adhere to contaminants like
heavy metals, dyes, surfactants, and pharmaceuticals due to
their carboxyl groups. Their flexibility allows them to be shaped
into various forms, such as beads and films, and they are easy to
separate after use without causing filter blockages. Additionally,
they can be modified with other substances to enhance
performance®’.

The aim of this research is to combine the adsorption
capabilities of hydrogel with biochar to produce a high-
performance, synergistic adsorbent that effectively removes
contaminants from wastewater. This study determined that the
procedure is environmentally sustainable in two respects: it
utilizes banana peel, which is agricultural waste, and it
eliminates surfactants. It was incorporated with alginate beads
to improve its handling, surface area, and adsorption power.

It merges the benefits of hydrogel's swell ability and structural
flexibility with biochar's large surface area. The hydrogel
enhances mechanical strength and water retention, while biochar
increases contaminant capture efficiency, especially for organics
and heavy metals. Additionally, it is easy to separate after use,
created from agricultural waste, and biodegradable, making it a
cost-effective and sustainable option.

Materials and Methods

Chemicals: All chemicals that were used are of analytical
standard. Loba Chemie Pvt. Ltd. supplied chemicals including
orthophosphoric acid (88% pure), sodium alginate (91% pure),
sodium dodecyl benzene sulfonate (SDBS) (98% pure), calcium
chloride (97%) pure, hydrochloric acid (37% pure), and sodium
hydroxide (97% pure).

The Instrumentation: A Labman double beam UV-Vis
spectrophotometer model LMSPUV 1900 was used in this study
to assess the levels of SDBS prior and following adsorption.
The FTIR spectra of modified hydrogel beads were examined
both before and after adsorption using an ATR-FTIR
spectrometer (thermo-fisher scientific Nicole summit x). A
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Hitachi Flex-SEM 1000 scanning electron microscope was
applied to examine the surface morphology of the adsorbent.

Preparation and Activation of Banana Peel-Generated
Biochar (BPB): Biochar, a stable form of charcoal produced
from the thermal pyrolysis of biomass, particularly banana
peels, is rich in carbon, potassium, chlorine, magnesium, and
calcium, with notable surface area and porosity. Its properties,
which vary with production temperature, enable both acidic and
basic functional groups for effective adsorption’®. The process
involves cleaning, drying, and pyrolyzing banana peels at 450°C
with ramp rate 10°C, followed by activation using
orthophosphoric acid and further heating, enhancing its
adsorption performance®®. Following the crushing and sieving of
dried banana peel biomass through a 0.3 mm sieve, the biochar
was activated to enhance its adsorption properties®. Five grams
of biochar were treated with 50% orthophosphoric acid, heated
at 50°C for three hours, and subsequently heated to 600°C in a
muffle furnace for two hours. Then cooling, it was washed
multiple times with distilled water and dried overnight at 100°C.

Formation of BPBCA Composite Beads: Brown algae are the
source of alginate, a naturally present biopolymer that dissolves
in water and is made up of alternating blocks of 1-4 a-L-
guluronic and B-D-mannuronic acid leftovers. When bivalent
ions such as Ca?*, Zn?*, Sr** and Ba®" are present, this polymer
forms hydrogels. This gelation process is mediated by guluronic
residues that specifically chelate Ca®* to create the "egg-box"
structure?’. Using a magnetic stirrer, three grams of sodium
alginate were dissolved in one hundred milliliters of distilled
water and stirred for twenty minutes. After adding one gram of
biochar, the mixture continues to blend for a further five
minutes. To get ready100 milliliters of clean water were used to
dissolve 3.88 grams of .035 M calcium chloride. Add droplets to
the calcium chloride solution using a syringe. After allowing it
to settle at room temperature for the entire night, the BPBCA
beads were filtered the next day, cleaned with distilled water,
and allowed to dry naturally?’. The refrigerator was used to
store the dried beads (Figure-1).

Bio Matiial (Banana Peal) Calcium Alginate Beads

Wash & DryB8 Carbonization by heating at 450 deg C  Prep. Alginate (3% Solution
20 min stirring)
Size (Crushed & Sieved)
Drop-Mixing (Calcium chloride)
Activated by O-phosphoric acid BPBCA

COMPOSITE

Multi Heat (50 deg C + 600 deg C) Gel Beads BPB BEADS

Clean & Purify (Washed with
distill water) Cure & Mature +

BPBC (Activated Banana Peal Bio Allowed to settle
Char) Final Washed CA

CA (Calcium Alginate Beads)
Washed with
distill water

Figure-1: Synthesis flow chart: BPBCA composite.
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Batch Experiments: A standard stock solution of SDBS (100
mg/L) was prepared in distilled water. This stock solution was
then used to obtain the specified concentrations. In this work,
BPBCA adsorbents were utilized in a series of intermittent trials
to remove SDBS. 50ml samples were used for the
investigations. The investigation focused on a number of
variables, including pH levels (2-10), contact length (10 to 60
min), initial concentrations (20—70ppm), amounts of BPBCA
beads (0.02-0.1g/50 ml). In addition to this, desorption
experiments of the adsorbents were also carried out. While
keeping the other values fixed, we optimized each parameter
independently. To ensure accuracy, each test was performed
three times. To avoid contamination, vessels were thoroughly
rinsed with distilled water. The pH was changed by using HCI
and NaOH. The percentage removal and adsorption capacity
was computed by Equation (1) and (2).

Co-Ce

0,= (W—)xv 1)
Co-C

%r= Zoexloo (2)

V is the sample volume in liters (L), W is the adsorbent weight
in grams, % r is the percentage of SDBS eliminated, ¢ is the
adsorption capacity in milligrams per gram (mg/g), C, is the
initial concentration, and C. is the equilibrium concentration.
Parts per million (ppm) units were used to measure C, and C..

Swelling or Deswelling of Hydrogels: Spherical hydrogels
have the tendency to adsorb an A large volume of water. This
causes swelling of the hydrogels, which increases the mass as
well as volume of the hydrogels. When hydrogels reach their
maximum water absorption, or equilibrium swelling, there is no
discernible change in the water intake or volume over time®.
Deswelling is a reversible process in which hydrogels release
adsorbed water while shrinking in volume due to elastic
contraction of polymer chains and changes in solvent
interactions. The swelling ratio is the change in volume of
viscous hydrogels when submerged in fluids or moist
environments, which is impacted by elements such as
crosslinking, charge density, and polymer concentration®. The
Swelling Ratio (SR) of hydrogel beads indicates their ability to
absorb and retain fluids such as water or physiological buffers.

%* 100 ©)

Swelling Ratio=
In Equation (3) W, and W4 are the weight of the swollen and dry
hydrogel, Swelling Ratio of BPBCA beads are 144%, it is
satisfactory result.

Isothermal Study: The adsorption isotherm graphically depicts
how the quantity of adsorbed material varies with concentration,
representing equilibrium conditions at a constant temperature. It
aids in comprehending the adsorption process, with the
mathematical relationship expressed as loading capacity (ge)
based on the residual concentration of the adsorbate (Ce) at
equilibrium®.
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The Langmuir isotherm assumes that each adsorbent material's
surface has a set number of homogenous active sites and
adsorbate adsorption is inhibited when these active sites become
saturated. As stated in the model, Adsorbate adsorption
continues unless a monolayer of adsorption is produced at
which time the adsorbent and adsorbate molecules cease to
interact®,

Equation (4) is the model's linearized form, with C, (mg/L)
representing the concentration at equilibrium, g, (mg/g)
representing the quantity of SDBS adsorbed at equilibrium, ¢max
representing the optimal adsorption capacity (mg/g), and K.
representing the Langmuir constant. Consider the intercept
1/gmax- KL and the slope (1/gmax) Equation (4).

The dimensionless parameter (R.) also called separation factor
can be calculated by Equation (6).

The Freundlich isotherm is an equation that describes solute
adsorption onto solid surfaces. It is particularly useful for
heterogeneous surfaces with changing binding sites, as it shows
the link between the quantities of adsorbed and the equilibrium
concentration. In Equation (5) C. (mg/L) is the concentration at
equilibrium of solute in the bulk, K¢ (mg/g) is the Freundlich
constant, This is comparative measurement of the adsorbent's
adsorption capability and nf is a constant relating to the
heterogeneity of the adsorbent surface.

n¢ is typically bigger than one. A value of n¢ indicates a good
adsorption process. The isotherm constants Kf and nf were
determined from the slope and intercept of the plot log ge vs.
log Ce. Equation (5)*’

P @)

de Gmax K1 9 max

logq, = logKs + %flog Ce (5)

1
Ry = 1+K,,C, (6)
The Freundlich isotherm constants Kf and nf include all
elements influencing the adsorption process, such as adsorption
capacity and intensity of adsorption.

Kinetic Study: The investigation of the rate at which solute
molecules (adsorbate) travel from a liquid state to the surface of
a solid (adsorbent) and the amount of time needed to attain
equilibrium is known as adsorption kinetics?. It is an important
characteristic for assessing adsorbent performance and
developing large-scale adsorption systems. Adsorption kinetics
is investigated using linear or non-linear models. The model that
best captures the process is determined using the degree of fit
index®. The following models can be used to calculate the
kinetics of adsorption onto the surface of BPBCA:

kit
log(q. — q.) = logq, — 55 7
t 1 t

+to ®)

ac k24 q,
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In Equation (7) and (8) g. is adsorption capacities of SDBS
(mg/g) at equilibrium and K; is the first order rate constant in
min™, k; is the second order rate constant in L/mg min, t is the
contact time in min, and qt is the adsorption capacity (mg/g) at
time t (min).

Thermodynamics of Adsorption: Adsorption thermodynamics
explains the spontaneity, energy changes, AS°, AH’, and AG%as
well as nature of molecules attaching to a surface.
Thermodynamics are used to calculate key parameters such as
AG® Gibbs Free Energy, AH° Enthalpy, and AS° Entropy to
determine if the process is feasible, the type of forces involved,
and how temperature affects it*.

_AS° -AHO
logK, = 2.303R ' 2.303RT ©)
AG® = AH® — TAS® (10)

In the Equation (9) and (10), AS® represents the change in
entropy, AH® denotes the enthalpy change, and AG® signifies the
Gibbs free energy change, which is computed using Equation
(10). Equation (9) illustrates a linear correlation between log K,
and 1/T, where the value of AS’is derived from the intercept,
and AH is also determined using the slop.

Results and Discussion

Characterization: SEM Analysis: The BPBCA beads were
examined using SEM both before and after they were treated
with SDBS to see how their surface characteristics had altered.
The BPBCA beads' surface morphology was considerably
changed by SDBS adsorption®. Before adsorption, the surface
of BPBCA was rough, porous and wrinkled, as seen in Figure-
2(a). The cross-linked network structure and the presence of
hydrophilic groups give the BPBCA beads their rough surface
and porosity®2. The smoother surface indicated that the SDBS
molecules had been adsorbed onto the BPBCA beads Figure-
2(b). A coating of adsorbed SDBS molecules covers the surface,
and many of the pores are either fully or partially filled. The
creation of a coating layer and the decrease in pore gaps suggest
that the adsorbate has taken up residence in these sites. Overall,
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the distinct difference between the compact, covered treated
surface and the porous untreated surface attests to the successful
adsorption that has occurred on the BPBCA beads.

FTIR Analysis: Before adsorption, BPBCA's FTIR spectrum
shows a broad band about 3231 cm™, showing hydroxyl (-OH)
stretching vibrations, mainly derived from calcium alginate and
biochar surface functional groups. A small signal at 2040 cm™
reveals overtone vibrations, whereas another peak at 1539 cm™
shows aromatic C=C stretching from the biochar®. Intense
peaks at 1089 cm™ and 1005 cm™ reveal C-O stretching from
alcohol, ether, or ester groups, which increases adsorption
activity. Additionally, the band at 665 cm™ indicates bending
vibratio from aromatic ring structures or skeleton
deformations (Figure-3a).

After sﬂ@s adsorption, the spectrum shifts indicate a positive
interaction between the adsorbent and the adsorbate. The -OH
stretching peak movements from 3231cm™! to 3218cm™,
indicating hydrogen bonding between BPBCA and SDBS's
sulfonate groups. New peaks at 1584cm™ and 1411 cm™
suggest aromatic vibrations®. Peaks at 559 and 1021 reveal the
presence of a sulfonate group and demonstrate chemical
alterations caused by interaction between BPBCA and SDBS®.
Similarly peak shifts from 2049 to 2161, this shows an
interaction between the aromatic ring of BPBCA and SDBS®*
(Figure-3b).

These spectral changes indicate that the adsorption of SDBS
onto BPBCA involves multiple interaction mechanisms. The
primary mechanisms include electrostatic attraction between
sulfonate groups of SDBS and positively charged sites on
BPBCA, hydrogen bonding between —OH groups and sulfonate
ions, and hydrophobic interactions between alkyl chain of
SDBS and the carbon-rich biochar surface. Presence of aromatic
ring of biochar and SDBS suggested Pi-pi stacking mechanism
of adsorption. These interactions improve the adsorption
performance and stability of the BPBCA adsorbent (Figure-3a
and 3b).

SEM IMAGE OF UNTREATED & TREATED BPBCA BEADS

1001m

DST-PURSE.PRSU 10.0kV 25.4mm X350

b

Figure-2: SEM image of BPBCA beads (a) Untreated BPBCA beads (b) Treated BPBCA beads.

International Science Community Association



Research Journal of Chemical Sciences

ISSN 2231-606X

Vol. 16(3), 23-32, October (2026)

Res. J. Chem. Sci.

3201 00l

Transmittance

W4

i

o,
I,

1604200

wir)

4000 2550 2000 2=00

=00 1500 1000 =50 o

VYwavenumber

Figure-3: FTIR spectra of (a) BPBCA beads before SDBS adsorption (b) BPBCA bead after SDBS adsorption.

Calibration: The calibration curve for SDBS suggests a strong
linear correlation between concentration and absorbance. The
calibration curve is acceptable for quantitative analysis. In order
to accurately identify unknown amounts of SDBS in
experimental samples by comparing their absorbance0 values to
this standard curve, this calibration curve is required.

Impact of pH: The pH effect on Sodium dodecylbenzene
sulfonate (SDBS) removal via adsorption is mostly governed by
the adsorbent's surface charge and the surfactant's ionic state.
SDBS, as an anionic surfactant, is usually more effectively
removed at lower pH levels of the adsorbent's Zero-point
Charge (PZC)¥'.

The solution's pH has an important influence on the adsorption
of the anionic surfactant SDBS onto BPBCA beads with a point
of zero charge (PZC) of 8.5 (Figure- 4). In the case of pH 7, the
surface of BPBCA gets more positive due to the protonation of
functional groups such as amino and hydroxyl groups, resulting
in maximum removal efficiency and adsorption capacity for
negatively charged SDBS molecules; however, after pH 7, the
net positive charge decreases and the surface becomes less
positive, reducing adsorption®.

The removal of SDBS by BPBCA beads is mainly governed by
pH-dependent electrostatic attraction. When the pH of the
solution is maintained below the Point of Zero Charge (8.5), the
adsorbent's surface functional groups, such as amino and
hydroxyl group, experience a net positive charge. SDBS, an
anionic surfactant with a negative charge, is strongly attracted to
these positive sites on the bead surface.

This "opposites attract” mechanism results in maximum
removal efficiency at 7; however, increasing the pH above 8.5
causes the surface to become negative, resulting in electrostatic
repulsion and decreased adsorption. FTIR spectroscopy revealed
that the presence of an aromatic ring in both the adsorbate and
the adsorbent indicated an adsorption mechanism based on pi pi
stacking. Adsorption capacity gradually diminishes when the pH
goes above 8.5. The adsorption capacity of the BPBCA beads
under investigation in this study reaches its maximum at pH =7
(Figure-5B).
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Figure-4:Zero-point charge of BPBCA.

Impact of |Initial Concentration: Elevating the initial
concentration of Sodium Dodecyl Benzene Sulfonate (SDBS)
typically diminishes removal efficiency (percentage) while
boosting the quantity adsorbed per unit of adsorbent (capacity),
due to increased competition among pollutants for finite active
sites. At an initial concentration of 50mg/L, a optimal
adsorption capacity of 39.85mg/g and a percentage removal of
95.66 were reported. When the SDBS concentration reaches 50
ppm, the surface sites become saturated; further concentration
increases result in a relatively stable adsorption process (Figure-
5A).
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Figure-5: The adsorption capacity of SDBS on BPBCA Beads
was measured in mg/g and percent removal at various pH,
concentration, adsorbent dose, and stirring times.
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Impact of Adsorption Dose: Raising the adsorbent dosage
often improves the effectiveness of Sodium dodecylbenzene
Sulfonate (SDBS) removal. This is due to the greater number of
active adsorption sites and surface area available for SDBS
molecules to attach. Even though as the dosage increases,
overall elimination increases®. The results show that increasing
the adsorbent dosage initially enhances the adsorption process,
the optimal removal happens at 0.06g9/50 ml of adsorbent dose
(Figure-5C). A greater dose increases adsorption by creating
more active sites. However, saturation causes a drop in
adsorption above 0.06 g.

Impact of Stirring Time: The stirring duration, or contact time,
is an important parameter in the adsorption of Sodium Dodecyl
benzenesulfonate (SDBS) because it influences the rate at which
surfactant molecules travel between the adsorbent surface and
the solution. The stirring duration, or contact time, is an
important parameter in the adsorption of Sodium
dodecylbenzene sulfonate (SDBS) because it influences the rate
at which surfactant molecules travel between the adsorbent
surface and the solution. Adsorption normally enhances with
prolonged stirring durations, commencing with a rapid initial
phase that declines as equilibrium is approached™.

Determining the ideal contact duration is critical for kinetic
investigations because it maximizes surfactant removal
effectiveness and ensures that the system achieves its maximum
adsorption before the process slows, at 10 minutes 32.08mg/g,
at 20 minutes 33.75mg/g, at 50 minutes 35mg/g, at 60 minutes
39.85mg/g, at 70 minutes 39.85mg/g (the ideal adsorption
capacity), and 39.85mg/g at 80 minutes are shown in Figure-5D.
This implies that equilibrium is reached after around 60
minutes, and that longer contact times do not increase
adsorption capacity. Maximum adsorption occurred at 60
minutes.

Isothermal Analysis: An adsorption isotherm is a useful
graphic representation tool for depicting a dynamic equilibrium
between the concentration of residual SDBS in the bulk solution
and the concentration of retained SDBS at the BPBCA beads
interface, while temperature and pH stay constant. The isotherm
describes how much adsorbate is distributed across the solid and
liquid phases at an adsorption equilibrium for varied initial
concentrations.

To validate the Freundlich model and compute the constants, the
equation is transformed into its linear form (Equation (5a). It
produces a straight line (Figure-6) the slope indicates the value
of (1/n) (adsorption intensity). The intercept represents the value
of log K (adsorption capacity). The parameters Kr and ns are
empirical constants that represent the interaction between SDBS
and BPBCA beads at a certain temperature. The Freundlich
coefficient, K, represents the BPBCA beads adsorption
capability. A higher value of K¢ suggests a greater affinity or
capability for the material being adsorbed.
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After plotting logc. vs logge, A straight line was found with a
regression coefficient value of 0.5. With the help of the slope,
with the help of the slop, we calculated the value of n=3.64,
which is greater than 1 and indicates that this adsorption process
is favorable*’. Because values of n; range from 1 to 10, with
larger values indicating stronger and more advantageous
interactions. The value of Ky was calculated by intercept and
found to be 21.62 mgl-n Ln g, indicating higher affinity
between SDBS and BPBCA beads.

The Langmuir isotherm is a fundamental surface chemistry
isotherm that represents the monolayer adsorption of an
adsorbate onto a homogeneous solid surface, assuming that all
adsorption spots are comparable and that there are no lateral
interactions between adsorbed molecules®. According to
Equation (4), a graph plot of c.Vsce/q. shows a linear relation
with a regression value of 0.99 (Figure-6).

; L isthe slop and we calculate . from the graph to be 46.51

mg/g, which is near experimental value 39.85 mg/g, 1/Qmax KL,
is the intercept and K is calculated by the intercept is .713
L/mg. qmax IS the greatest quantity of an adsorbate that may be
absorbed per gram of adsorbent and is represented by this
constant. This indicates complete saturation of the adsorbent
surface. It measures BPBCA bead’s potential to adsorb SDBS.
The equilibrium constant K is associated with the binding
energy or strength of the contact between the BPBCA beads and
the adsorbent. It shows the molecules' affinity for the binding
sites. Even at low concentrations, adsorption is made simpler by
a substance's stronger attraction to the surface. A strong
interaction is indicated by a larger K., whereas a weak
interaction is suggested by a small K_(Table-1).

We conducted error analysis tests on both models to assess the
dependability of experimental data and the validity of the
isotherm model using y? as parameters to quantify the difference
between experimental and predicted values according to
Equation 11. In the isothermal analysis of BPBCA the Langmuir
model was found to be the most acceptable because to its lowest
y*(Table-2).

n  (@exp —qcal )2

i=1 11)

q cal

Table-1: Parameters of isotherm.

Isotherm Parameters

Freundlich] n=3.64 [R?=57] K=21.62mg""L"g"

R.=.0193-
Ki-713L/mg|R’ =.99|4no=46.51 Mg/g| ", 6=

Langmuir

Table-2: Checking applicability of Kinetic and Isotherm model
by Chie square test.

Error Freundlich | Langmuir | Pseudo Pseudo

Analysis First Second
Order Order

¥2 Value | 9.96 6.79 615.95 1.21
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FREUNDLICH ISOTHERM
¥ = 0.2741x + 12099
(A) R* = 0.5741 B o,

%

[} 0.5 1 15 0 5 10 15 20
logCe Ce

LANGMUIRE ISOTHERM
y = 0.0286x + 0.0401
R*=0.991

Isothermal analysis of adsorption of SDBS on BPBCA beads
Figure-6: Plot of log g, versus log c, (Frendulich Isotherm) for
SDS adsorption, Plot of ¢, versus c./qe, (Langemuire Isotherm).

Kinetic Analysis: Adsorption Kinetics describes how adsorbate
is held or released from an agueous solution at the solid-phase
interface. Kinetic adsorption studies look at how quickly an
adsorbate moves from the liquid or gas phase to the surface of
an adsorbent over time. It is an important tool for determining
how quickly equilibrium is reached and recognizing the
underlying chemical or physical mechanisms involved®,

For the pseudo first order reaction, according to Equation (7), a
graph of time vs log(qe-q;) was drawn for SDBS adsorption on
BPBCA beads, with a regression value of 0.95 (Figure-6) and a
calculated value g, of 13.70 mg/g. The data of SDBS adsorption
on BPBCA beads is well suited to a pseudo second order
reaction. According to Equation (8), q; is plotted against t/q; with
a high regression value 0.99 and value of q. was obtained as
42.37 mg/g which is near practical value of 39.85 mg/g (Table-
3), (Figure-7). To figure out the applicability of the Kinetic
model for BPBCA, error analysis test has also been
implemented. The error analysis clearly shows that this
procedure used a pseudo second order model. The pseudo-
second-order (PSO) model has a lower y? (1.21) than the
pseudo-first-order (PFO). (Equation 8 and 9). Table-2.

Table-3: Parameters of kinetic analysis

Name of applied Kinetic Parameters Calculated

model values
Pseudo-first-order k; (min-1) 0.04
model R® 0.95

g. (mg/g) 13.70

Pseudo-second- k, X 10-3 (g/mg min) 0.004
order model R® 0.99

g. (mg/g) 42.37

g. Experimental (mg/q) 39.85
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Pseudo first order reaction Pseudo second order reaction

’ - ¥ 5 0,0236x + 0.1181
(&) ¥= 00175 + 1,138 (8) &= 00070

log ge-gt
tiqt

LY
Stirring time in minutes Stirring time in minutes.

Kinetic analysis of adsorption of SDBS on BPBCA beads

Figure-7: A pseudo-first-order kinetic plot of surfactant
adsorption onto an BPBCA and Pseudo-second-order Kinetic
plot of surfactant adsorption on an BPBCA.

Thermodynamics  Analysis:  The thermodynamics of
adsorption investigates the energy changes and spontaneity of
molecules adhering to a surface, characterized by AG®, AS? and
AH®. Plotting log (qe/ce) versus 1/T with the Van't Hoff
Equation results in a straight line with a negative slope*
(Equation 10), from which AS® is calculated as -0.095 KJ/mol
K, indicating reduced molecular randomness. AH" is determined
as -36.08 KJ/mol, signifying an exothermic process®. The
adsorption of SDBS molecules leads to organized structure on
BPBCA beads, with a negative AGlindicating spontaneous
adhesion without external energy (Equation 9). As temperature
increases, AG rises, reflecting decreased spontaneity and
thermodynamic favorability (Table-4).

Table-4: Parameters of Thermodynamics.

AG® kJ/mol
AHC kJ/mol AS° kJ/mol K | 303 313 323
-36.08 -0.095 -7.2 -6.2 -5.3

Desorption: Desorption is a process that releases, removes, or
liberates an adsorbed material from a surface, thereby reversing
the adsorption process. It occurs when adsorbed molecules
obtain sufficient energy via heat, lowered pressure, or chemical
reaction to overcome the binding energy confining them to the
surface. Regenerating utilized adsorbents is essential for
enhancing the adsorbent's longevity and economic value.
Methanol and .1IN NaOH were employed as solvents to
regenerate the BPBCA beads. Then, sodium dodecyl benzene
sulfonate (SDBS) was adsorbed using the regenerated BPBCA
beads produced with NaOH. Equations (11) and (12) were used
to calculate the desorption efficiency and desorbed quantity.

Desorption efficiency (%) = qdf X 100 (11)

Odes = % XV

(12)
Where the amount of adsorbent is m in grams, volume of the
NaOH solution is V in liters, Cs is the concentration of SDBS in
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milligrams per liter in NaOH solution, and qges is the desorption
capacity and q is the adsorption capacity in milligrams per
gram. Equations (11) and (12) were used to determine the
desorption efficiency and desorbed amount gdes, respectively.
During the initial regeneration cycle, qdes was 29.36 mg/g. The
qdes value declined to 25.0 mg/g during the second regeneration
cycle, and further to 23.9 mg/g in the third. This progressive fall
implies that the adsorbent's desorption effectiveness decreases
with each regeneration cycle. This is a decent result. As a result,
it may be efficiently recycled and used again (Figure-8)

10
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Regeneration cycle

Figure-8: Graph showing relation between regeneration cycle
and desorption capacity.

Method validation: Table-5 compares the physicochemical
properties of five water samples and assesses the adsorption
efficiency of BPBCA (banana peel biochar calcium alginate
beads) for the removal of SDBS.

Total Dissolved Solids (TDS) readings ranged from 295 to 360
mg/L, suggesting moderate quantities of dissolved chemicals in
water. Conductivity values (620-720 uS/cm) follow a similar
trend, indicating the existence of ionic species that enhance
electrical conductivity. The pH of the samples ranges from
mildly acidic (5.0) to neutral (7.0), which is ideal for adsorption

Res. J. Chem. Sci.

techniques because extreme pH values could negatively impact
adsorbent effectiveness.

The initial SDBS concentration in the samples ranges between
6.15 and 7.33. After treatment with BPBCA, the equilibrium
concentration (Ce) drops significantly to 0.61 to 0.85 ppm. This
huge decrease indicates excellent adsorption capabilities of the
composite beads.

The percentage removal (%R) of SDBS ranges between 88%
and 91%, indicating consistent high removal effectiveness
across all samples. Sample 3 had the best removal efficiency
(91%), most likely due to its comparatively low initial TDS and
suitable pH conditions, which may improve adsorption
interactions. In comparison, Sample 2 has the lowest removal
rate (88%), which could be attributed to a slightly higher
baseline SDBS concentration or matrix effects.Overall, the
findings show that BPBCA is an effective and dependable
adsorbent for extracting SDBS from aqueous solutions.

Conclusion

The composite adsorbent produced from banana peel charcoal
and calcium alginate beads has numerous benefits for removing
SDBS from wastewater. It produces high adsorption (up to
95.55% elimination), is environmentally benign and cost-
effective (using agricultural waste and seaweed alginate), and is
simple to use, with solid hydrogel beads that do not clog filters.
The adsorbent works well at a variety of pH levels, doses, and
concentrations, adheres to green chemistry principles
(biodegradable, no harmful byproducts), and has the potential to
be reused.

Furthermore, it promotes a circular economy by utilizing waste
biomass, resulting an appealing solution for industrial and
municipal water treatment.

Table-5: Removal Efficiency of SDBS Using BPBCA Adsorbent in Real Water Sample.

Sample No. TDS(mg/L) | Conductivity(u/cm) | pH SDBS Before Adsorption BPBCA
(ppm) (After SDBS adsorption)
Sample 1 310 690 5 6.34 0.63 90%
Sample 2 348 720 6.2 7.10 0.85 88%
Sample 3 295 715 5.90 6.88 0.61 91%
Sample 4 336 705 7.0 6.15 0.61 90%
Sample 5 360 620 6.50 7.33 0.80 89%

This work investigates the elimination of SDBS from water
applying a composite adsorbent composed of calcium alginate
beads and biochar produced from banana peels (BPBCA beads).
According to the results, this adsorbent is very effective, with a
optimal adsorption capacity of 39.85 mg/g and a removal rate of
95.55% under ideal circumstances. The process is affected
byfactors i.e. pH, starting concentration, adsorbent dosage, and
stirring time. The Langmuir isotherm and pseudo-second-order

International Science Community Association

kinetics govern the adsorption with negative entropy, enthalpy,
and Gibbs free energy changes, thermodynamic analysis shows
that the adsorption is spontaneous.
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