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Abstract

This study presents the synthesis and characterization of barium ferrite/graphene oxide (BaFeO/GO) nanocomposites
for the adsorption of brilliant green dye (BGD) from aqueous solutions. BaFeO/GO nanocomposites were fabricated via
a co-precipitation method with varying GO content (10-30 wt%), and characterized using Fourier Transform Infra rEd
(FTIR), X-Ray Diffraction (XRD), Scanning Electron Microscope (SEM), Field-Emission Scanning Electron Microscopy
(FESEM), Transmission Electron Microscope (TEM), Brunauer, Emmett, and Teller (BET), and Vibrating Sample
Magnetometer (VSM) techniques. The incorporation of GO enhanced the surface area, reduced BaFeO nanoparticle
agglomeration, and introduced additional oxygen-containing functional groups, significantly improving the adsorption
performance. Batch adsorption experiments were conducted to evaluate the effects of pH, contact time, adsorbent dose,
and initial dye concentration. The maximum dye removal efficiency reached 98.9% with the BaFeO/30%GO composite.
Kinetic studies showed excellent agreement with the pseudo-second-order model, while adsorption isotherm analysis
indicated that the Langmuir model best fit the equilibrium data, suggesting monolayer adsorption. These results
demonstrate the potential of BaFeO/GO nanocomposites as efficient, magnetically separable adsorbents for the removal
of cationic dyes from wastewater.

Copyright © 2025 by Authors, Published by BCREC Publishing Group. This is an open access article under the CC
BY-SA License (https://creativecommons.org/licenses/by-sa/4.0).

Keywords: Wastewater Treatment; Adsorption; Graphene Oxide Nanocomposites; Brilliant Green Dye

Houw to Cite: Saed, U.A., Ali, A.H., Saoud, A.A., Zeitoun, Z. (2025). Enhanced Adsorption of Brilliant Green Dye
Using Barium Ferrite/Graphene Oxide Nanocomposites. Bulletin of Chemical Reaction Engineering & Catalysis, 20
(4), 683-693. (doi: 10.9767/bcrec.20453)

Permalink/DOI: https://doi.org/10.9767/bcrec.20453

1. Introduction anthraquinone, azo, indigoid, phthalocyanine,
and arylmethane. Dyes play a crucial role in
numerous industries, from paint and plastics to
paper, cosmetics, food, and furniture [2]. However,
the textile industry nowadays stands out as the
largest consumer of dyes and pigments and has
exploded in scale. For instance, the total textile
dye consumption is greater than 107 kg per year
worldwide with roughly 106 kg per year of dyes
discharged into water streams killing more than
three million people, mainly infants, who get
water for drinking and irrigation [3]. Moreover,

Dyes - those vibrant compounds that bring
color to our everyday lives - are more than just
pigments. A dye is an aromatic and ionizing
substance that forms a chemical bond with the
material it colors. These substances, often called
coloring agents, vary widely in their chemical
makeup [1]. Based on the chromophores (the part
of the molecule responsible for color), dyes are
generally classified into five major groups:
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millions of tons of cloth are produced each year,
and it 1s now one of the most important industries
in the world, employing more than a million
people. But this rapid growth carries a steep
environmental cost largely owing to the huge
volumes of wastewater it produces, Water is a key
force behind textile production — it 1s used
copiously in processes like dyeing, washing, and
finishing. This wastewater is frequently filled
with a hodgepodge of dangerous toxins that can
create significant environmental and public
health hazards. In addition, the world’s fresh
water is rapidly becoming scarcer from both large
scale industrial pollution, and the continued
impacts of climate change. To address this, the
textile industries is now faced with a growing
issue of how to develop effective practices for
treating dye containing effluent, so that discharge
does not further endanger the environment and
the quality of the receiving water bodies is
protected [4].

Currently, the treatment of dye pollutants,
especially  brilliant green dye, in textile
wastewater has been receiving much attention. A
variety of treatment methods have been
investigated, from chemical precipitation,
chemical oxidation, coagulation/flocculation, ion
exchange, Dbiological treatment, electrolysis,
membrane technology to adsorption. However, all
of these techniques have certain drawbacks that
prevent their routine use. For example, chemical
precipitation tends to produce relatively large
volumes of sludge, driving difficulties in
managing and disposing of such large quantities
requiring greater cost of operation. The chemical
oxidation entails unidentified intermediate
products, has a relatively short half-life when the
oxidant is ozone, or may even generate sludge
with an emission of volatile organic compounds
and aromatic amines [5]. Since coagulation and
flocculation use coagulant and flocculant
repeatedly, the demand for a non-reusable
chemical is increasing, resulting in secondary
pollution and increased costs. Ion exchange
procedures involve bulky column configurations
and are strongly pH-dependent of the eluent [6].
In addition to this, they tend to be ineffective at
degrading some pollutants e.g. dyes and
pharmaceuticals. Biological processes require the
cultivation and nurture of microorganisms, need
pre-treatment with physicochemical methods,
and are in general slow. Furthermore, the poor
biodegradability of dye molecules leads to low
decolorization efficiency as well as sludge bulking
and foaming problems [7]. Although, electrolysis
is efficient, the cost of the equipment and
maintenance is high and become expensive at the
beginning. Anode passivation, sludge formation
on electrodes and bubble size-related inefficiency
are the main factors to prevent its continuous
operation [8]. On the other hand, membrane

processes give rise to high energy demand, high
maintenance and expensive equipment, low
throughput, operation of the process at a limited
flow of the solutes, low efficiency, poor rejection
power, particularly at low concentrations of the
solute. Besides, membrane fouling is commonly
caused by the accumulation of pollutants results
in low separation efficiency and membrane flux in
the long term [9-11]. Such disadvantages have
prompted a growing interest in adsorption
techniques because they can provide several
advantages, such as easy operation, low cost,
flexible operation, high removal effectiveness for a
wide range of pollutants and problems [3].
Adsorption methods could be broadly divided
into batch and flow-based procedures. The batch
method is very simple and is an efficient tool for
studying and determining the factors affecting the
adsorption. In contrast, the batch technique is
attractive to check the viability of the adsorbent
to remove the water contaminants [2]. Various
adsorbents have been studied for their adsorption
performance toward dyes removal, which include
activated carbon, graphene-based sorbents,
biochar (BC), metal-organic frameworks, zeolites,
biomaterials, nanoparticles, porous materials,
clay minerals, and polymers [4]. Graphene-based
sorbents include high carbon content, abundance
of surface functional groups, special two-
dimensional (2D) structure, superior
physicochemical and mechanical properties, high
surface area and pore volume, and numerous
active sites [12-14]. Moreover, the presence of
inorganic nanoparticles reduces the adsorbent
aggregation and increases the efficiency of the
adsorbents [15,16]. Pinky Yadav et al. [17]
described the successful preparation of a rGO-
Zn0O  nanocomposite by facile chemical
precipitation method with an attempt to improve
the visible light-induced photocatalytic
degradation of brilliant green dye. The rGO-ZnO
composite demonstrated superior photocatalytic
performance, degrading 96.5% of the dye within
180 minutes under visible light, significantly
outperforming pristine ZnO (41%). The composite
exhibited excellent reusability, maintaining high
efficiency over four cycles with minimal
performance loss, and showed long-term storage
stability. Afsaneh Padidar et al. [18] synthesized
a highly efficient, magnetically separable
graphite-based nanocomposite (FesO4/EG-
chitosan) for the removal of Brilliant Green (BG)
dye from aqueous solutions. Under optimal
conditions - pH of 8.0, adsorbent dosage of 0.04 g,
initial dye concentration of 50 ppm, and
temperature of 293 K - the composite achieved a
dye removal efficiency of 98%. The adsorption
behavior followed the pseudo-second-order kinetic
model and was best described by the Freundlich
isotherm, indicating multilayer adsorption on a
heterogeneous surface. Iftekhar Ahmad et al. [19]
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developed an innovative Z-scheme ternary
heterostructure, integrating graphene oxide (GO)-
mediated polyaniline (PANI) with a-Fe2Os, and
evaluated its photocatalytic performance under
visible light for the degradation of Brilliant Green
and ciprofloxacin. The composite demonstrated
remarkable efficiency, achieving 99.8%
degradation of Brilliant Green within 25 minutes
and 93% degradation of ciprofloxacin within 90
minutes of light exposure. Compared to individual
components, the degradation rate of Brilliant
Green was 15 times higher than that of PANI and
10 times higher than a-Fe20s3, while ciprofloxacin
degradation was enhanced by factors of 8.9 and
6.1, respectively. Qaiser Khan et al. [20]
synthesized  highly efficient TiOs2/reduced
graphene oxide (TiO2/rGO) nanocomposites using
a simple hydrothermal method. By varying the
rGO content to 0.5%, 1.0%, 2.0%, and 3.0%, while
keeping the TiO2 concentration constant, the
resulting composites were labeled as TrGO.5,
TrG1l, TrG2, and TrG3, respectively. The
photocatalytic performance of these composites
was evaluated based on the degradation of
Brilliant Green (BG) dye under UV light. Among
the samples, TrG2 (containing 2% rGO) exhibited
the highest degradation efficiency, with an
apparent rate constant (kapp) of 0.023 min™!,
significantly outperforming pure TiO2, which
showed a kapp of only 0.006 min~'. Rouhollah
Khani et al. [21] developed a reduced graphene
oxide/cobalt oxide (rGO/Co304) nanocomposite to
serve as a selective, regenerable, and
magnetically separable nanosorbent for the
preconcentration and detection of Brilliant Green
(BG) dye using UV-Vis spectrophotometry. Under
optimized conditions, the system demonstrated a
detection limit of 2.6 ng/mL, a relative standard
deviation of 3.34% (n = 5), and an enrichment
factor of 24.5, highlighting its sensitivity,
precision, and potential for repeated use in dye
analysis. Hou et al. [22] immobilized palladium—
iron (Pd—Fe) magnetic nanoparticles onto reduced
graphene oxide (rGO) to create an effective
composite for the decolorization of toxic Brilliant
Green dye in aqueous solutions. The adsorption
process was found to be spontaneous and
endothermic, following the pseudo-second-order
kinetic model and Dbest described by the
Freundlich isotherm, indicating multilayer
adsorption on a heterogeneous surface.

In the present study, BaFeO/GO-NCs have
been synthesized and characterized by Fourier
transform infrared (FTIR), X-ray diffraction
(XRD), Field Emission Scanning Electron
Microscopy (FESEM), Transmission Electron
Microscopy (TEM), Vibrating Sample
Magnetometer (VSM), and N2 adsorption-
desorption isotherm (Brunauer—Emmett—Teller
(BET)). Additionally, the adsorption efficiency of
the prepared BaFeO/GO-NCs to Brilliant Green

Dye from aqueous solution have been tested by
applying a set of batch experiments. The
adsorption experiments were also evaluated
under the influence of several parameters
including pH, adsorbent dose, adsorbate
concentration, and contact time. Moreover, the
experimental data were authenticated by
applying the adsorption kinetics and isotherm
models.

2. Materials and Method
2.1 Chemicals

The following chemical reagents were
purchased from Shanghai Chemical Reagent Co.
Ltd: analytical-grade barium chloride dihydrate
(BaCl2.2H20, 99% BDH), ferric chloride
hexahydrate (FeCls.6H20, 99% BDH), sodium
hydroxide (NaOH), ammonium hydroxide
(NH4OH, 25%), potassium permanganate
(KMnOy4, 99.9%), hydrogen peroxide (H202, 30%),
sulfuric acid (H2S04, 98%), hydrochloric acid (HCI,
37%), and mnitric acid (HNOs, 63%). However,
brilliant green dye (BGD, Cz27H3isN204S) used as
model pollutant agents were obtained from
(Merck, Germany).

2.2 Preparation of the Adsorbate (Brilliant Green
Dye Solution)

Brilliant Green dye (C27H34N204S) (Merck,
Germany) was bought from the market with
molecular weight 482.62 g/mol and was used by
dissolving 1 g of BG powder in 1 L of distilled
water to prepare 1000 ppm of stock solution then
diluted to other concentration through the
experiment. The maximum wavelength was found
to be 625 nm and the final concentrations were
determined using UV-visible spectrophotometer
(Varian Cary 300).

2.3 Synthesis of BaFeO/GO Nanocomposite

Pure GO nanosheets were synthesized from
coal powder purchased from (Glentham Life
Sciences) 40-60 micron 99.6% purity by the
modified Hummers' method, (Tour’s Method) [23]
whereas BaFeO magnetic nanoparticles were
synthesized by a modified co-precipitation
method. The pure BaFeO nanoparticles and GO
nanosheets were used for purposes of comparison
with the BaFO/GO nanocomposites.

In a related approach, BaFeO/GO
nanocomposites were prepared using a modified
co-precipitation technique. Initially, FeCls 6H20
and BaCl: 2H20 were dissolved in deionized
water at a molar ratio of 2:1 (Fe:Ba). This solution
was then combined with graphene oxide (GO)
suspensions containing 10-30 wt% GO and stirred
for 50 minutes. The resulting was continuously
stirred and heated to 75 °C, then dropwise added
25 mL 0.75 M NaOH, the color is changed
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immediately from orange to dark brown, which
confirms the generation of BaFeO nanoparticles.
The reaction mixture was stirred at 75 °C for
another hour to complete the reaction. The
obtained BaFeO/GO nanocomposite was further
separated with the application of an external
magnetic field and removed after 20 min of
centrifugation to collect all particles. This product
was then washed thoroughly for several times
with deionized water and acetone to remove the
impurities.

2.4 Characterization Techniques

The structural and physicochemical
properties of the prepared samples were fully
investigated by various analytical methods. XRD
measurement: X-ray diffraction XRD)
measurements were taken on a PHILIPS PW1730
diffractometer ~ (Netherlands) with Cu-Ka
radiation, at room temperature with background
signals corrected by linear interpolation. The
functional groups of the samples were determined
using Fourier transform infrared (FTIR)
spectroscopy (Perkin Elmer TWO, USA); the
spectra of samples were scanned in the range of
400 - 4000 cm-1. For this, samples were mixed with
potassium bromide (KBr), pressed into pellets,
and analyzed accordingly. To evaluate surface
characteristics, nitrogen adsorption—desorption
isotherms were obtained at 77 K using a
Quantachrome Autosorb - 61SA system, and the
specific surface area was calculated using the
Brunauer—Emmett—Teller (BET) method.
Morphological features of the samples were
examined through field-emission scanning
electron microscopy (FESEM) using a TESCAN
MIRA3 instrument, which provided detailed
images of both surface and cross-sectional
structures. Transmission electron microscopy
(TEM) analysis, performed with a PHILIPS
CM120 microscope, was used to observe
nanoparticle distribution and morphology at the
nanoscale, particularly highlighting the
dispersion of BaFeO particles on GO nanosheets.
Lastly, magnetic properties of the BaFeO/GO
nanocomposites were assessed at room
temperature using a  vibrating sample
magnetometer (VSM, MDKB), allowing for the
recording of magnetization curves.

2.5 Brilliant Green Dye Adsorption Experiments

The adsorption of brilliant green dye
experiments were carried out in a batch mode
with a JAR test rotational speed of 200 rpm with
4 samples in one time as shown in Figure 1.
Typically, 0.1 to 0.5 g of adsorbent material
(BaFeO, BaFe0/10%GO, BaFe0/20%GO and
BaFe0/30%GO0O) was added to 100 mL of a solution
containing various amounts of the cationic
brilliant green dye. UV-vis spectrophotometer was

used to measure the brilliant green dye
concentration at wavelength equals to 625 nm. In
these experiments, the BG solution was initially
set at a concentration of 75 mol/LL with a pH of 7.
The adsorption behavior of the samples (BaFeO,
BaFeO with 10%, 20%, and 30% GO) was
examined over different contact times ranging
from 15 to 105 minutes. To investigate adsorption
kinetics and the maximum adsorption capacity,
BG solutions with concentrations between 75 and
150 ppm were prepared, maintaining a constant
equilibration time of 30 minutes and a pH of 7. All
adsorption measurements were carried out at
room temperature (25 °C). The amount adsorbed
(equation 1) and adsorption rate (percentage
removal) (equation 2) were calculated from the
difference in the pollutant concentration in the
aqueous solution before and after adsorption
according to the following equations:

Co—Co)*V
qe — ( mt) (1)
% Removal = (CC;C” +100% @)

o

where, ge is the amount of pollutants (mg/g)
adsorbed on the adsorbent at equilibrium, Co and
Ct (mg/L) are the initial pollutant concentration
and the pollutant concentration at equilibrium,
respectively, V (L) is the volume of the solution,
and m (g) is the mass of the adsorbent.
BaFeO/GO-NCs have been synthesized and
characterized by Fourier transform infrared
(FTIR), X-ray diffraction (XRD), Field Emission
Scanning  Electron  Microscopy (Fe-SEM),
Transmission Electron Microscopy (TEM),
Vibrating Sample Magnetometer (VSM), and N2
adsorption-desorption  isotherm  (Brunauer—
Emmett-Teller (BET)). Additionally, the
adsorption efficiency of the prepared BaFeO/GO-
NCs to Brilliant Green Dye from aqueous solution
have been tested by applying a set of batch
experiments. The adsorption experiments were
also evaluated under the influence of several
parameters including pH, adsorbent dose,
adsorbate concentration, and contact time.
Moreover, the experimental data were

® 9 o o o o
'_HIIT?I;

Brilliant green dye

Figure 1. Schematic diagram of experimental
setup.
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authenticated by applying the adsorption kinetics
and isotherm models.

3. Results and Discussion
3.1 FTIR Characterization

The chemical structure changes of the
BaFeO-graphene oxide nanocomposite were
investigated using Fourier-transform infrared
spectroscopy (FTIR) in the wavenumber range of
450 — 4000 cm, as shown in Figure 2. The FTIR
spectra reveals characteristic bands associated
with barium hexaferrite, hydroxyl (OH) groups,
and graphene oxide. A prominent band at 609.95
cm! corresponds to the stretching vibrations of
metal-oxygen bonds, confirming the formation of
the hexaferrite structure involving both
octahedral and tetrahedral coordination sites. The
absorption band around 1619.29 cm-! is attributed
to the bending vibration of O—H bonds in water
molecules that are chemically adsorbed on the
surface of the magnetic particles. A broad band at
approximately 3393.03 cm-! indicates O-H
stretching vibrations, reflecting both free and
hydrogen-bonded hydroxyl groups. Additionally,
O-H deformation vibrations appear at 1384.34
cm™. The bands observed at 2924.87 cm' and
2854.54 cm! correspond to C—H stretching
vibrations. The peaks at 1110.26 cm! and 1194.28
cm'! are assigned to C—O—C stretching vibrations,
while the peak at 1075 cm-! is due to C—O bond
vibrations. Furthermore, the distinct peak at
1717.82 cm! is indicative of C=0 (carbonyl)
stretching, confirming the presence of graphene
oxide functional groups in the composite [24-28].

3.2 SEM and TEM Characterizations

The surface morphology and internal
structure of the synthesized BaFeO/GO
nanocomposites were analyzed using Scanning
Electron Microscopy (SEM) and Transmission
Electron Microscopy (TEM), respectively. As
illustrated in Figure 3a, the graphite powder was
successfully oxidized to graphene oxide (GO).
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Figure 2. FTIR for the
nanocomposites.

BaFeO/GO

BaFeO nanoparticles, with a particle diameter of
range 18 nm to 25 nm, were uniformly attached
onto the GO sheets. TEM images in Figure 3b also
reveal noticeable agglomeration of BaFeO
nanoparticles within the GO matrix, attributed to
the strong interactions between BaFeO and GO.

3.3 VSM Characterization

The magnetic properties of the synthesized
Barium Ferrite/Graphene Oxide (BaFeO/GO)
nanocomposites were analyzed using a vibrating-
sample magnetometer (VSM) to assess their
response to an external magnetic field as shown in
Figure 4. The results revealed that the

nanocomposites exhibited a saturation
2
L3
1
B
Z 03
L
= -15p00 -10000 -5000 5000 10000 15000
2 os
g
-1
15

Applied Field (Oe)

Figure 4. VSM for the synthesized BaFeO/GO
nanocomposites.
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Figure 3. a) SEM images; b) TEM images.
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magnetization (Ms) of 1.5 emu/g, indicating a
relatively weak magnetic response. This limited
magnetization is expected to influence the
nanocomposites' performance in the removal of
BG dye, as will be discussed in subsequent
sections.

3.4 BET Surface Area and Pore Diameter
Characterizations

The porosity of the synthesized BaFeO/GO
nanocomposites was evaluated using nitrogen
(N,) adsorption—desorption isotherms and
analyzed via the Brunauer—Emmett—Teller (BET)
method. Figure 5 displays the N2 adsorption—
desorption isotherms for the BaFeO/GO
nanocomposites. According to the IUPAC
classification, the nanocomposites synthesized are
of type IV. Based on the BET analysis, the specific
surface area and pore volume were determined to
be 73.74 m2?/g and 0.05 cm?/g, respectively.
Additionally, the average pore diameter,
calculated using the Barrett—Joyner—Halenda
(BJH) method, was found to be 2.7294 nm,
indicating a nanoporous structure. A summary of
these results is provided in Table 1 [23].

3.5 X-ray Diffraction Characterization

Figure 6 shows the XRD profiles of graphene
oxide GO synthesized by Tour’s method and
BaFeO/GO nanocomposite. The high intensity
peak was observed at 26 = 9.6° of graphite oxide
(GO), which corresponds to the (001) plane due to
interlayer spacing caused by oxygen-containing
functional groups. Upon co-precipitation with
BaFeO, this peak often diminishes or disappears,
indicating exfoliation or reduction of GO. This
suggests that the BaFeO nanoparticles disrupt
the regular stacking of GO layers, possibly due to
intercalation or surface interactions. BaFeO has a
well-defined hexagonal crystal structure, leading
to distinct diffraction peaks at specific 20 angles,
such as approximately 27.08°, 28.9°, 31.78°, 33.1°,

and 42.9°, corresponding to planes like (108),
(113), (204), and (205). The appearance of these
peaks in the composite's XRD pattern confirms
the successful formation of crystalline BaFeO
within the GO matrix [29].

3.6 Effect of Adsorbent Dosage

Figure 7 illustrates the effect of adsorbent
dosage (0.1, 0.2, 0.3, 0.4, and 0.5 g) on the removal
efficiency of brilliant green dye (75 ppm) after 30
minutes of contact time. An increase in the
graphene oxide (GO) content from 0% to 30% in
the BaFeO/GO nanocomposites led to a significant
enhancement in dye removal. This improvement
is attributed to the increased number of active
adsorption sites and the larger specific surface
area provided by GO. At the highest adsorbent
dosage (0.5 g), nanocomposites containing 30%
GO achieved a removal efficiency of 98.9%,
compared to 67.8% for those without GO. This
substantial difference highlights the critical role
of GO in enhancing the adsorption of brilliant
green dye.

3.7 Effect of Initial Dye Concentration

The influence of initial brilliant green (BG)
dye concentration (75, 100, 125, and 150 ppm) on
the percentage removal of dye after 30 minutes of
contact time is presented in Figure 8. A decrease
in removal percentage was observed with
increasing initial dye concentration. This trend

MWWIMWWW

Comnts

§ 10 12 14 16 18 20 22 24 26 26 30 32 34 35 35 40 42 44 46 48 50 32

26 (degree)

Figure 6. XRD pattern for the graphene oxide (GO)
and the nanocomposites (BaFeO/GO).

54 56 58 60 62 64 66 68 70 72 T4 76 78 80

Table 1. N2 adsorption—desorption isotherms for the
BaFeO/GO nanocomposites.
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Quantity adsorbed @ STP (cm?*/g)
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Figure 5. N2 adsorption—desorption isotherms

BET Pore Avi];ige
Sample surface volume P
area (m2/g) (cm3/g) diameter
(nm)
BaFeO/Go 73.7449 0.053667 2.7294

for the BaFeO/GO nanocomposites.
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can be attributed to the greater availability of
active  adsorption sites at lower dye
concentrations, allowing more dye molecules to be
captured by the nanocomposite surface. In
contrast, at higher concentrations, the limited
number of available binding sites becomes
saturated, reducing the likelihood of dye
adsorption and resulting in a lower removal
efficiency.

3.8 Effect of Contact Time

Figure 9 shows the influence of contact time
on the removal efficiency of 75 ppm brilliant green
(BG) dye wusing nanocomposites of varying
compositions. The dye removal percentage
increased steadily and reached near-equilibrium
within approximately 60 minutes. Extending the
contact time to 105 minutes resulted in only a
marginal increase (~2.5%) in removal efficiency,
indicating that prolonged contact beyond 60
minutes offers limited benefit. This plateau effect
is likely due to the aggregation of dye molecules
over time, which hinders their diffusion into the
deeper, high-energy adsorption sites within the
adsorbent. As these nanopores become saturated,

100
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0r “&-BaFeO S-BaFeO/ 10 % GO ‘

% Removal

40

BaFeO /20 % GO = BaFeO / 30 % GO
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Figure 7. Effect of absorbent dosage on percentage
removal of brilliant green.
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Figure 9. Effect of contact time on percentage
removal.

further adsorption is impeded. Given the minimal
change in removal efficiency between 60 mins and
105 mins, the system was considered to have
reached a quasi-equilibrium after 60 minutes, and
a steady-state approximation was applied [30].

3.9 Effect of pH

The pH parameter was investigated within
the range (2-12) at 75 ppm for different
nanocomposites compositions for 30 mins contact
time as shown in Figure 10. The pH plays a vital
role in the adsorption process by affecting the
surface charge of the nanocomposites, the
ionization state of the BG dye molecules, the
dissociation behavior of functional groups on the
adsorbent's active sites, and the overall structure
of the dye. The results indicate that dye removal
efficiency increases with pH, reaching a maximum
at pH of 7, and then declines as pH continues to
rise to 12. At lower pH values, the surface of the
adsorbent becomes protonated due to excess H*
ions, leading to electrostatic repulsion with the
cationic BG dye, thereby reducing adsorption
efficiency. Conversely, at pH levels above 7, the
decrease in removal efficiency is likely attributed
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Figure 8. Effect of initial dye concentration on
percentage removal.
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Figure 10. Effect of pH on percentage removal.
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to competition for active adsorption sites and
possible changes in the adsorbent’s surface
chemistry [31-33].

3.10 Adsorption Kinetic Study

In order to investigate the adsorption of BG
onto the BaFeO/GO nanocomposites, pseudo-first
order (equation 3), pseudo-second order (equation
4) were used [34].

log (qe — q¢) = log(qe) — kqt 3

St (4)

a  k2a3  qe

Where, ¢t is the amount of adsorbate adsorbed at
time ¢ (mg/g), qe is the adsorption capacity at
equilibrium (mg/g), k1 is the pseudo-first-order
rate constant (1/min), and ¢ is the contact time
(min), and k2 is the pseudo-second-order rate
constant (mg/(g.min)). The kinetic rate constant,
k, and ge for each model can be calculated by
plotting graph log (ge-q: ) versus t for pseudo-first
order, t/qi versus t for pseudo-second-order
models. All the kinetic parameters for all kinetics
models were calculated from the graph and
presented in Table 2. As shown in Figures 11 and
12, the correlation factor (R?) obtained calculated
through pseudo-second- order models (RZz =
0.9997) greater than pseudo-first order (R? =

log (.- q)

y=-0.0311x+ 14114
R==0.9664

Tune (min)

Figure 11. Pseudo-first order model at different
contact time (15-105 min), BG dye concentration
75 ppm, and nanocomposite composition
(BaFe0/30%GO).

0.9664), this implies that the experimental data
were good agreement with pseudo-second kinetics
order model.

3.11 Adsorption Equilibrium Isotherm

Adsorption isotherms are important for the
study of an adsorbate with an adsorbent. They
offer valuable information in to the mechanism
and strength of the adsorption process, such as
how the molecules partition between the solid-
liquid phases at equilibrium. These
representations are useful for assessing the
performance and optimal usage of different
adsorbents. The isotherm curves, in particular,
explain the mechanism of the adsorption process
and provide important information on the
maximum adsorption capacity of the adsorbent
material. Equilibrium data were applied to the
Langmuir and Freundlich isotherms from
literature to determine the most suitable
1sotherm model. These models are widely used to
characterize the adsorption processes on account
of the wvariation susceptibility towards the
adsorption behaviors and surface properties. The
Langmuir isotherm (Equation 5) is for a
monolayer adsorption on a surface with a finite
number of identical, energetically equivalent sites
and suggests uniform surface. On the other hand,
the Freundlich isotherm (Equation 6) is an
empirical model which considers the adsorption in

t/q, (muin.g/mg)
[

0 20 40 60 80 100 120
Time (min)

Figure 12. Pseudo-second order model at different
contact time (15-105 min), BG dye concentration
75 ppm, and nanocomposite composition
(BaFeO/30%GO).

Table 2. Kinetic parameters for Pseudo-first order and Pseudo-second order models.

qe (experimental)

ge (calculated)

Kinetics model R2 Rate constant (&
(mg/g) (mg/g) *)
Pseudo-first 924 24.02 0.9664 -0.0311 s
order
Pseudo-second mg
0.01602 —=
order 24 24.57 0.9997 omin
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a heterogeneous surface with adsorption sites of
different energy, resulting in a nonuniform
distribution of adsorption heat [34].

e 1, Ce ®)

de bam dm
1 e
log (qe) = log (k) — =2 )

Where Ce. is the equilibrium concentration of the
solute in the solution (mmol/L), ge is the amount
of solute adsorbed per unit mass of adsorbent at
equilibrium (mmol/g), ¢gm 1s the maximum
adsorption capacity corresponding to complete
monolayer coverage (mmol/g), and b is the
Langmuir constant (L/mmol), which relates to the
affinity between the adsorbate and the adsorbent.
ks 1s the Freundlich constant indicative of
adsorption capacity, and n is a constant that
indicates the adsorption intensity or surface
heterogeneity.

To assess which model best fits the
experimental data, isotherm curves were plotted.
For the Langmuir model (Figure 13), a linear plot
of Ce/ge versus C. was used, while the Freundlich
model (Figure 14) was evaluated using a log—log
plot of log (qe ) versus log (Ce). From the Langmuir
plot, the slope and intercept provide the values of
gm and b, allowing the determination of the
monolayer adsorption capacity and the nature of
the adsorption interaction. Similarly, the
Freundlich constants kf and n were derived from
the intercept and slope of the log-transformed
plot. The calculated isotherm parameters along
with the correlation coefficients (R2) for both
models are summarized in Table 3. As observed,
the Langmuir model shows a high correlation
coefficient (R%2=0.9997), indicating an excellent fit
to the experimental data. This suggests that the
adsorption process is more accurately described by
the Langmuir isotherm, supporting the

0.45

<
(]

4 6 8 10
C, (mg/L)

Figure 13. Langmuir isotherm model at different

contact time (15-105 min), BG dye concentration

75 ppm, and nanocomposite composition
(BaFe0/30%GO).

assumption of monolayer adsorption behavior in
the aqueous system.

4. Conclusion

This study successfully synthesized barium
ferrite/graphene oxide (BaFeO/GO)
nanocomposites using a modified co-precipitation
method and evaluated their potential as
adsorbents for brilliant green dye (BGD) removal
from aqueous media. Structural and surface
analyses confirmed the effective incorporation of
GO, which enhanced surface area, pore structure,
and functional groups, leading to improved dye—
adsorbent  interactions. Batch  adsorption
experiments demonstrated that BaFeO/GO
nanocomposites, particularly at 30 wt% GO,
exhibited high removal efficiency under optimal
conditions, achieving up to 98.9% dye removal.
Kinetic and isotherm studies indicated that the
adsorption process is chemisorption-driven and
best described by the Langmuir model, confirming
monolayer adsorption on a homogeneous surface.
Overall, the findings establish BaFeO/GO
nanocomposites as effective and promising
adsorbents for dye removal applications.
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Table 3. Adsorption isotherms parameters.

Isotherm
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Figure 14. Freundlich isotherm model at different
contact time (15-105 min), BG dye concentration
75 ppm, and nanocomposite composition
(BaFe0/30%GO).
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