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Abstract. This study involved the synthesis of magnetic materials derived from
pomelo peel (PP@FesO4), durian peel (DP@Fes30.s), and banana peel (BP@Fes0.).
The characteristics of these materials were examined using SEM, FTIR, XRD, and BET techniques.
The adsorption parameters for methylene blue using these magnetic materials, including pH,
material concentration, and adsorption duration, were investigated to optimise adsorption efficiency.
Results indicated that the most effective material amounts were 0.09 g, 0.18 g, and 0.06 g for
PP@Fes0s, DP@Fes0s, and BP@FesO4, respectively, in 25 mL of methylene blue solution,
corresponding to concentrations of 3.6 g/L, 7.2 g/L, and 2.4 g/L. Similarly, the optimal pH values
for adsorption were found to be 5.9, 7.7, and 7.4, while the most efficient adsorption times
were determined to be 95.3, 42.2, and 128.4 minutes, respectively. Under these conditions, the
highest methylene blue adsorption efficiencies achieved were 97.7%, 97%, and 98.9%, respectively.
These materials were also employed to assess the chemical oxygen demand index in select

water samples.
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Introduction

In  today's modernized world, the
advancement of industries like textiles, food
processing, and chemical manufacturing has
resulted in the release of significant volumes of
waste into aquatic environments, particularly
organic dyes. These dyes act as agents that
diminish dissolved oxygen levels in water, posing
substantial impacts on both organisms and human
health. Various methods, including chemical,
biological, and physical approaches, are employed
to address organic dye pollutants [1]. However,
each method exhibits distinct efficiency,
requirements, and constraints. While chemical
techniques, photocatalysis, and electrochemical
methods are proficient in treating organic dyes,
they often generate by-products that lead to
secondary pollution. Environmentally sustainable
biological methods  necessitate  stringent
implementation conditions. Consequently,
adsorption techniques, nanofiltration membranes,
and coagulation processes have gained popularity
due to their practicality, adaptability, cost-
effectiveness, and eco-friendly outcomes.
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Recently, there has been a surge in research
exploring the utilization of fruit peels to fabricate
adsorbent materials for organic dyes. These
include orange peel [2,3], grapefruit peel [4,5],
banana peel [6-8], apple peel [9,10], pineapple
peel [11,12], durian peel [13-15], dragon fruit
peel [16-19], coconut husk [20-22], watermelon
peel [23,24], and mangosteen peel [25,26]. VVarious
fruit peels are used to synthesize materials for
adsorbing organic dyes due to the presence of
compounds such as phenolic compounds, betalain,
betacyanin with functional groups capable of
adsorption such as C=C, C=0, O-H, N-H [16,27].
Most studies have involved preliminary treatment
or carbonization of materials to enhance their
adsorption capacity, with limited focus on
material modification to further improve
adsorption capacity.

Therefore, this study aims to compare the
methylene blue adsorption capacity of magnetic
materials synthesized from different fruit peels
such as pomelo, durian, and banana. Magnetic
materials enhance the efficiency of organic dye
adsorption by combining adsorption capability
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with magnetic properties, while the use of
agricultural waste as raw materials contributes to
minimizing environmental pollution caused by the
impact of these types of waste. The effectiveness
of organic dye removal in water samples was
evaluated through the chemical oxygen demand
(COD) in samples before and after adsorption
using magnetic materials under optimal conditions.
This method was applied to evaluate COD in water
samples in some provinces in southern Vietnam.

Experimental
Materials

All chemicals used were of analytical grade,
including methylene blue, iron(ll) sulphate
heptahydrate (FeSO4-7H20), iron(lll) chloride
hexahydrate (FeCls;-6H,0), potassium dichromate
(K2Cr207),  ammonium  iron(ll)  sulphate
hexahydrate ([(NHa4)2Fe(SO4)2:6H20]), H2SOs,
and various other reagents. Experimental solutions
were prepared using deionized water.

Instruments

The analysis of material morphology was
conducted with the use of a scanning electron
microscope FE-SEM S4800 (Hitachi, Japan),
operating at an accelerating voltage of 10.0 kV.
The crystalline phase composition was assessed
through X-ray powder diffraction using a
Bruker D2 Phaser diffractometer equipped with
CuKa radiation. The molecular structure
examination was performed via Fourier Transform
Infrared  Spectroscopy  (Bruker, Germany).
The surface area (BET) of the magnetic materials
was evaluated with the Quantachrome High-Speed
Gas Sorption Analyzer NOVA 3000 series
(Model N32-11), and the concentration of
methylene blue was determined by employing the
Cary 3500 Compact UV-Vis spectrophotometer,
measuring absorbance at a wavelength of 665 nm.
Methods
Synthesis and characterization of materials

Various fruit peels, including pomelo (PP),
durian (DP), and banana (BP), were cut into small
pieces, dried for 48 hours, and then heated at 80°C
for 24 hours before being ground into a fine
powder (raw materials).

The magnetic materials were synthesized as
follows [28]: A mixture of 4.08 g FeSO4 7H.0
and 4.74 g FeCls-6H,0 in 100 mL distilled water
was stirred at 70°C for 1 hour. Subsequently,
5.0 g of each type of raw material mentioned
above was added to the mixture and stirred for
30 minutes. Sodium hydroxide (0.5M) was
gradually added until the pH of the mixture
reached 11 and stirring continued for 2 hours.

The precipitate was separated by a magnet, washed
with distilled water until it reached a pH of 7.0,
and then dried at 80°C for 5 hours. The resulting
magnetic materials included pomelo peel magnetic
material (PP@Fe3;0.), durian peel magnetic
material (DP@Fe30,), and banana peel magnetic
material (BP@Fe304).

The properties of a material was determined
by suitable methods, such as the equipment
mentioned above.

Box-Behnken experimental design and parameter
optimization

The Box-Behnken design (BBD) was
employed to evaluate the MB adsorption capacity
of three magnetic materials: DP@Fes0,,
PP@Fes0s., and BP@Fes04 [29,30].
The experimental design included three
independent factors: pH, adsorbent mass (g), and
interaction time (minutes). Each factor was coded
at three levels (-1, 0, +1). For the pH factor, the
experimental conditions corresponded to values of
7, 8, and 9 for DP@Fe304 and BP@Fe304, and
5, 6, and 7 for PP@Fe30.. For the adsorbent mass,
the designed experimental values were 0.1, 0.15,
and 0.2 g for DP@Fe3;04, and 0.05, 0.075, and
0.1 g for both PP@Fe;0, and BP@Fe30.. Lastly,
the interaction time was set at 30, 45, and
60 minutes for DP@Fes:04; 90, 105, and
120 minutes for PP@Fes;04; and 120, 135, and
150 minutes for BP@Fe3;O4. Each experiment was
repeated 15 times for each material in 25 mL of
MB solution at an initial concentration of
100 mg/L. A second-order regression model
was used for statistical analysis to determine the
optimal adsorption efficiency for each material.
The model’s goodness of fit was evaluated
using R? values, and statistical significance was
assessed using ANOVA, with p< 0.05 considered
significant.

Methylene blue adsorption process and evaluation
of organic dye treatment ability

The methylene blue (MB) adsorption
process was investigated as follows: 25 mL of
MB solution with a concentration of 100 mg/L was
added to a beaker; the amount of adsorbent
material, adsorption time, and pH of the solution
(using previously determined optimal values) were
adjusted with constant agitation at 175 rpm.
The absorbance of the MB solution was measured
at a wavelength of 665 nm. The calibration curve
for MB concentration measurement was
established using standard solutions in the range of
0.5-10.0 mg/L. The linear equation obtained was
A= 0.1727C + 0.002, with an R? value of 0.9998,
ensuring accuracy in concentration determination.
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The MB adsorption efficiency of the materials was
evaluated based on the concentration of
MB solution before and after adsorption.

The procedure for determining the chemical
oxygen demand (COD) value and evaluating the
ability to remove organic dyes in water samples
was as follows: 25 mL of MB was added to a
250 mL beaker, followed by adsorption according
to the previously investigated procedure.
The adsorbent was separated by a magnet, and the
solution after adsorption was collected. The COD
value in the solution after adsorption was
accurately determined using the dichromate
method following APHA Standard Methods
5220C. Closed Reflux, Titrimetric Method,
2017 [31].

The COD value was calculated according to
Eqg.(1).

Vo — V)xCpnx8000
cob= % % F (mgO,/L) (1)

m

where, Vo - the volume of K,Cr,O; used to
determine the blank sample (mL);
V - the volume of K;Cr,O; used to
determine the sample (mL);
V- the volume of sample (mL);
Cn - the concentration of K>Cr207 (N);
F - the dilution factor.

Water samples were collected from
various locations in the provinces of Tien Giang
and Long An, filtered through a 0.22 pm
membrane, and adjusted to pH< 7 before use.
The process of organic dye adsorption using the
materials and COD value evaluation of water
samples was conducted following the above
method.

Results and discussion

The adsorption efficiency of magnetic
materials synthesized from pomelo, durian, and
banana peels for methylene blue was investigated.
The results demonstrated that the magnetic
material derived from banana peel exhibited the
highest adsorption performance.
Characterization of the materials

Figure 1 illustrates the magnetic materials
synthesized from different types of peels.
Figure 1(a) displays the magnetic material derived
from pomelo peel (PP@Fe304), while Figure 1(b)
showcases the magnetic material from durian
peel (DP@Fes04), and Figure 1(c) represents
the magnetic material sourced from banana peel
(BP@F6304).
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Figure 1. The synthesised materials
PP@Fes04 (a), DP@Fes04(b) and BP@Fe3O4 (c).

Figure 2 illustrates the surface morphology
of the materials. Figure 2(a) shows the highly
porous microstructure of the pomelo peel, which is
comparable with the published result [32]. For
durian peel material (Figure 2 (b)), the surface
morphology exhibits a non porous configuration,
which is consistent with previous publication [33].
And Figure 2(c) shows that the banana peel
material has a particulate structure with micro-
sized dimensions, which is also consistent with
previous publications [34]. Following modification
with FezO4, all materials (Figure 2(b),(d),(f)) show
modified surface structures, characterised by
increased porosity compared to the raw materials
(Figure 2(a) (c),(e)). This suggests the presence of
Fe;04 magnetic nanoparticles on the raw materials
derived from pomelo peel, durian peel, and banana
peel. The porous surface structure of the magnetic
materials enhances the contact area with MB
molecules, thus improving adsorption efficiency.
This observation is supported by the adsorption
results discussed in the following section.
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Figure 2. SEM images of the materials PP (a) and PP@Fe3Os (b), DP (c) and DP@Fe3O4 (d),
BP (e) and BP@Fe30u4 (f).

The FT-IR spectra displayed in Figure 3
depict the materials before and after MB
adsorption. In this figure, the black lines represent
the spectra of PP (a), DP (b), and BP (c), while the
red lines correspond to the spectra of the
synthesized magnetic materials PP@Fes04 (@),
DP@Fe304 (b), and BP@Fes;0. (c). The blue lines
indicate the spectra of these materials after MB
adsorption, labelled as PP@Fes0s MB (a),
DP@Fe;04_MB (b), and BP@Fes:0,_MB (c).
Before MB adsorption, the FTIR spectra of
PP@Fes0: (a), DP@Fes0. (b), and BP@Fes04 ()
exhibit characteristic peaks at approximately
3388.cm?, 3384 cm, and 3404 cm?, respectively,
which correspond to the stretching vibrations

of —OH groups derived from lignin and cellulose
present in the shell materials. Peaks at 2933 cm™
for PP, 2923 cm™ for DP, and 2922 cm™* for BP
are attributed to the stretching vibrations of
saturated C—H bonds, which are components of
cellulose and lignin in all three peels. Additionally,
characteristic peaks associated with C—O and
C—O—C stretching vibrations from carboxylic
acids, phenols, alcohols, or esters appear at
1313 cm™, 1336 cm™?, and 1326 cm™, as well as at
1055 cm?, 1074 cm™, and 1022 cm2, respectively.
Furthermore, peaks observed at 1645 cm™ and
1746 cm™ in PP, 1643 cm and 1741 cm~ in DP,
and 1641 cm™® and 1735 cm™ in BP correspond
to C=0 stretching vibrations from carboxylic acids
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and esters [16,40,41]. The presence of peaks
in the 2320-2378 cm™ range in the spectra may
indicate C=C stretching vibrations from alkyne
group [35,36]. However, this signal is unexpected
in the materials and may result from partial
carbonization of organic components during
synthesis. After MB adsorption, noticeable
changes in the characteristic peaks and their
intensities are observed. The variations in intensity
and position of functional groups associated with
alcohols and phenols in the 3300-3500 cm™ range
suggest interactions with MB. Peaks around
1500-1600 cm™, possibly related to amine
and aromatic ring vibrations, and peaks in the
1600-1700 cm™* region, potentially associated
with —CH=N functional groups, indicate possible
interactions between MB and the material surface.

The X-ray diffraction (XRD) results of
the FesO4 nanoparticles and magnetic materials
are shown in Figure 4. The characteristic peaks
of FesO, appear at 20 angles around 30.2°, 35.5°,
43.2°, 53.5°, 57.2°, and 66.2°, corresponding
to the crystal planes (311), (400), (422), (511), and
(440), according to JCPDs No. 19-0629 and
previously published studies [37,38]. The XRD
spectra of the composite materials, PP@Fe30s,
DP@Fes04, and BP@Fes04, also showed the
presence of FesO, peaks. However, the signal
intensity of the FesOs4 peaks in the composite
samples is significantly lower than that of the pure
Fes;O4 nanoparticles. This can be explained by the
SEM morphology results, which show that Fe;O4
is well dispersed on the surface of the raw
materials.
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Figure 3. FT-IR spectra of the absorbent derived from pomelo (a), durian (b), and banana (c) peels.
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This good dispersion, as observed by SEM,
may lead to an increase in the amorphous phase in
the material, which consequently reduces the
intensity of the FesO4 peaks in the XRD patterns
(Figure 4). Additional possible explanations for
this phenomenon include small particle size and
poor crystallinity. This result is consistent with a
previous publication [39], where low Fes;0.
peak intensities were observed in the [magnetic
graphene oxide/FesOs/banana peel] composite
sample.

Table 1 presents the findings regarding the
surface area (BET) of the materials. These findings
suggest a notable increase in the surface area due
to the presence of FesO, on raw materials.
Specifically, the surface area increased from
0.03 m%g to 1.32 m?g for PP@Fes;04, from
1.51 m?g to 3.66 m?/g for DP@Fes04, and from
186 m?g to 5.63 m?g for BP@Fe;0..
This increase can be explained by the good
dispersion of Fe3O4 particles on the surface of
the raw materials, creating more active sites for
the adsorption process. The pore volume and pore
size also experienced significant changes.
The pore volume increased from 0.001 cm?g to

0.005 cm®/g for PP@Fe30s, from 0.280 cm?/g to
0.533 cm®/g for DP@Fe;04, and 0.679 cm?/g for
BP@Fes0s. The pore size also varied, with
PP@Fes0, having a pore size of 72.14 nm,
DP@Fe304 having a pore size of 1146.04 nm, and
BP@Fes04 having a pore size of 9.86 nm. This
variation indicates the formation of new pore
structures, which may affect the adsorption
capacity of MB molecules of different sizes.
Although the data for the raw materials (PP, DP,
BP) were taken from [40-42], due to resource
limitations, there may be differences from
experimental data. However, this result still shows
that the magnetic materials have significantly
larger surface area, pore volume, and pore size
compared to the raw materials. This indicates that
magnetic materials have great potential in
adsorbing MB molecules. The experimental
results in Table 1 have shown that the adsorption
capacity of magnetic materials is much larger
than that of raw materials. Thus, it can be inferred
that magnetic materials characterised by
substantial surface area, pore volume, and
pore size are advantageous for the adsorption of
MB molecules.

Table 1
Surface area of materials.
Materials Surface area (m?/g) Pore volume (cm®/g) Pore size (nm) References
PP 0.03 0.001 - [40]
PP@Fe;04 1.32 0.005 72.14 This study
DP 1.51 0.280 3660.00 [41]
DP@Fe304 3.66 0.533 1146.04 This study
BP 1.86 - 1.53 [42]
BP@Fes0q4 5.63 0.679 9.86 This study
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Figure 4. XRD patterns of magnetic materials synthesized from fruit peels.
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Factors affecting the adsorption efficiency of MB
pH

The outcomes depicted in Figure 5(a) reveal
that fruit peels, comprising natural constituents like
cellulose, lignin, etc., containing —OH, and —C=0
functional groups, can be protonated under acidic
conditions. Moreover, in a low-pH environment,
H* ions compete with MB for adsorption sites,
resulting in a reduction in available sites.
With the pH rising from 3 to 9, the material's
adsorption efficiency gradually rises and stabilizes,
followed by a slight decline at pH 11 due to
cation exchange between MB molecules and
the material surface. For the PP@Fe;04 material,
as pH escalates from 5 to 7, adsorption
efficiency fluctuates between 86.3% and 94.9%.
Conversely, for DP@Fes;04, efficiency varies
between 91.2% and 93.1% as pH increases
from 7 to 9. Likewise, for BP@Fes;04, the
efficiency ranges from 98.5% to 98.7% as pH
elevates from 7 to 9. Consequently, pH values
ranging from 5 to 7 and 7 to 9 are selected to
determine the optimal pH for methylene blue
adsorption using PP@Fes04, DP@Fes;0s,,
BP@Fes;04 materials, employing the Box-Behnken
experimental design model.
Material mass

The variation in material mass leads to
changes in the mass and surface area of the
material exposed to MB, directly affecting the
adsorption efficiency. The effect of material mass
was investigated in the range of 0.01 to 0.30 g
using 25 mL of MB solution at a concentration of
100 mg/L, while maintaining constant other
optimal parameters. The results presented in
Figure 5(b) demonstrate that the adsorption
efficiency increases gradually with the increase in
material mass. This could be attributed to the
increased availability of adsorption sites on the
material surface after it combines with iron
nanoparticles, allowing the material to
interact with MB molecules more effectively, thus
leading to an increase in adsorption efficiency.
For the PP@Fes04, DP@Fes04, and BP@FesO4
materials, when using increasing material
masses from 0.02 g to 0.20 g, the corresponding
adsorption efficiencies increase from 70.0% to
99.5%. Therefore, material masses ranging from
0.02 g to 0.20 g were chosen for further
investigation of the simultaneous impact of
multiple factors across different material types.
Adsorption time

One of the factors investigated is adsorption
time, which was explored within the range of 1 to
180 minutes while keeping other optimal
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parameters constant. The results presented in
Figure 5(c) show that the adsorption efficiency of
the materials increases gradually with increasing
time.

S 1000
T
L>; \-\-
c 75.0
(5]
S
&
qc) 50.0 == PP @Fe304
S DP@Fe304
1= —A— BP@Fe304
S 250 oFe
=)
3+
m
= 0.0
0 3 6 9 12
pH
(@
S
T 100.0 o °
>_; \.\'
[&)
[y
2 750
Q
e
[«B}
5 500 - ™ —8— PP@Fe304
a DP@Fe304
o
-c-‘: 25.0 —e— BP@Fe304
m
=
0.0
0 0.1 0.2 0.3
m, g
(b)
S 100.0 —_— >——o
I *\‘
)
S 75.0
S
5
- 50.0 —i— PP@Fe304
'é DP@Fe304
S 250 —e— BP@Fe304
o
1+
m
= 00
0 30 60 90 120 150 180
Time, min

(©)

Figure 5. Effect of pH (a), material mass (b), and
adsorption time (c) of magnetic materials.
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The absorption of the materials mainly
occurs in two stages. The first stage occurs rapidly
within the first 90 minutes, as there are many
adsorption sites on the material surface facilitating
the diffusion of MB onto the material surface more
easily. The second stage occurs when both the
adsorption and desorption processes take place
simultaneously due to the limited availability of
adsorption sites. During this stage, the interaction
between MB and the material weakens due to
saturation of adsorption sites, and this process
continues until reaching equilibrium after a certain
period. For the PP@Fes30, material, adsorption
efficiency ranges between 87.9% and 97.0% as
time increases from 60 to 120 minutes. Similarly,
the adsorption efficiency of the DP@FesOs
material varies between 86.8% and 97.1% as time
increases from 30 to 90 minutes. Finally,
adsorption efficiency varies between 89.1% and
99.1% as time increases from 60 to 150 minutes for
the BP@Fe3;04 material. Consequently, the time
range from 30 to 150 minutes was selected to
investigate the simultaneous impact of multiple
factors across different material types.

Optimal parameters for the adsorption process

To determine the optimal MB adsorption
conditions using fruit peel-derived magnetic
materials, a Box-Behnken experimental design
was employed. The obtained optimal parameters
and corresponding MB adsorption efficiencies are
presented in Table 2.

The results demonstrate a high correlation
between the predicted and experimental adsorption

efficiencies, with deviations of 0.5%, 0.1%,
and 0.2% for PP@FesOs, DP@Fe;04, and
BP@Fes04, respectively, all  within the

acceptable range (<5%) [14]. This correlation is
further supported by the high coefficients of
determination (R?) for the quadratic regression
models: 0.9871 (PP@Fe304), 0.9930 (DP@Fe30.,),
and 0.9983 (BP@Fes;0.), indicating a strong
relationship between the experimental data
and the predicted responses. ANOVA analysis
also confirmed the statistical significance of
the models (p<0.05), validating the reliability
of the regression equations for predicting
adsorption efficiency.
Isothermal adsorption model

The experimental data in Table 3 suggests
that the Langmuir isothermal model is more
suitable for the MB adsorption process,
indicated by the higher linear correlation
coefficient R? compared to the Freundlich model.
This implies that MB adsorbs onto a homogeneous
surface of the material in a single layer.
Additionally, the calculated RL values, falling
within the range of 0.01 to 0.90 (0<R_<1) for both
raw and magnetic embedded materials, suggest
favourable adsorption onto the material surface.
The Freundlich model also supports the
favourable adsorption process, with the n
coefficient ranging from 1.56 to 2.94 (1<n<10).
Furthermore, both models demonstrate an
enhancement in the maximum adsorption
capacity of magnetic materials compared to raw
materials.

Table 2

Optimal parameters for the MB adsorption process.

Materials pH

Material’s mass (g)

Absorption efficiency (%)

Time (min)

Predicted Experimental

1 PP@Fes04 59 0.09 95.3 97.2 97.7

2 DP@Fe304 7.7 0.18 42.2 96.9 97.0

3 BP@Fe3;04 7.4 0.06 128.4 99.1 98.9

Table 3
Parameters of the Langmuir and Freundlich isothermal models.
Langmuir parameters Freundlich parameters
Omax (MQ/g)  Ku (L/mg) R? Kt (mg/g.(L/mg)*") 1in R?

PP 27.43 0.20 0.988 5.4 0.34 0.792
PP@Fes04 44.73 0.35 0.978 7.4 0.39 0.869
DP 42.20 0.03 0.98 1.8 0.62 0.988
DP@Fe30, 60.13 0.08 0.938 4.7 0.62 0.984
BP 84.82 0.02 0.929 2.8 0.64 0.987
BP@Fes0,4 205.69 0.17 0.949 26.4 0.53 0.903
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The MB adsorption capacity of magnetic
materials is compared with the results from some
other previous publications in Table 4.

Selective adsorption efficiency of the materials

The selective adsorption experiment was
conducted with a mixture of methylene blue (MB),
methylene green (MG), and rhodamine B (RhB) at
a concentration of 100 mg/L under the optimized
conditions of pH, material mass, and adsorption
time as described above. The solution after
adsorption was analysed using the UV-Vis method.

The results shown in Figure 6 demonstrate that the
material exhibits high selectivity for MB, but it
also can adsorb MG and RhB. This could be due to
the similar molecular sizes of MB, MG, and RhB,
and their cationic dye nature, allowing them to
adsorb onto the material surface. These results
indicate that magnetic materials can be applied to
simultaneously adsorb various organic pollutants
in water, hence evaluating the ability to treat
organic dye pollutants in water through COD
values is appropriate.

Table 4
Comparison of MB adsorption capacity of magnetic materials with other reported adsorbents.
Absorbent materials Material’s mass (g) Qm (mg/g) References
Magnetic potato peel 0.29/10 mL 14.3 [28]
Magnetic mustard seed husk 0.0249/10 mL 44.61 [43]
Magnetic straw composite 19/1000 mL 1374.6 [44]
Magnetic peanut shell 0.01g/10 mL 32.5 [45]
Magnetic bran composite 10¢/1000 mL 150.53 [46]
Magnetic dragon fruit peel
(DFP@Fes0s) 0.02 g/25 mL 268.64 [19]
PP@Fe304 0.09g/25mL 44.73 This study
DP@Fe;304 0.18g/25mL 60.13 This study
BP@Fe;304 0.069/25mL 205.69 This study
0.25 0.25
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Figure 6. Absorption spectra of the dye mixture after adsorption by the magnetic materials PP@Fe3sO4 (a),
DP@Fe304(b) and BP@Fe304(c).
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Table 5
Treatment capacity of organic dyes in water samples by magnetic materials.
Samples Materials Cws (mg/L) COD (mgO3y/L) H (%)
- 100 107 -
PP@Fes04 100 4 96
MB DP@Fe30. 100 3 97
BP@Fe304 100 2 99
DFP@Fe3;04 100 8 93[19]
- 100 306 -
PP@Fes04 100 138 55
RhB, MG (100mg/L) DP@Fe3z0, 100 92 70
BP@Fes04 100 46 85
DFP@Fe;04 100 137 55 [19]
- - 76 -
- 100 168 92
Water sgmples from Fhe PP@Fe:0s i 19 75
Tien River area (Tien
Giang Province). DP@Fe;0. i 15 80
BP@Fe304 - 8 90
DFP@Fe3;04 - 38 77[19]
- - 80 -
Water samples from - 100 183 103
fish ponds in Cho Gao PP@Fes;04 - 15 81
district (Tien Giang DP@Fes;04 - 19 76
Province). BP@Fe;04 - 4 95
DFP@Fe;04 - 27 85 [19]
- - 92 -
- 100 199 107
Aquaculture water PP@Fe;0. - 15 84
(Long An Province) DP@Fe30, - 11 88
BP@Fe304 - 8 92
DFP@Fe;04 - 31 84 [19]

Evaluation of the ability to treat organic dye
pollutants in water samples

The ability to treat organic dye pollutants in
water samples was assessed by determining the
COD value of the sample before and after
treatment with magnetic materials. The results are
presented in Table 5.

Table 5 reveals that magnetic materials
sourced from fruit peels exhibit significant efficacy
in the treatment of organic dyes, as reflected by
COD values. Magnetic materials derived from
banana peels demonstrate superior efficiency in
removing organic dyes from water samples,
achieving a treatment range between 90% and
95%. BP@Fes0, appears to possess the largest
surface area, resulting in the highest absorption
capacity among the materials examined.

Conclusions

Magnetic materials synthesized from
various fruit peels have been applied for the
adsorption of methylene blue. Optimal adsorption
conditions were investigated to achieve the highest
adsorption efficiency ranging from 97.0% to

98.9%, with pH ranging from 5.9 to 7.7; optimal
material mass ranging from 0.09 to 0.18 g; and
optimal adsorption time ranging from 42.2 to
128.4 minutes for PP@Fe;0s, DP@Fe30y,,
BP@Fe;0, materials, respectively. Although
BP@Fes;0. exhibited the highest methylene blue
adsorption efficiency, reaching 98.9%, with the
lowest optimal amount of material (0.09 g), it also
had the longest adsorption time. Therefore, the
selection of materials needs to be considered both
adsorption efficiency and adsorption kinetics. The
magnetic materials were applied to assess their
ability to treat organic dyes in water samples
with high efficiency ranging from 75% to 95%,
depending on the type of material and water
sample. Future research should focus on
optimizing the adsorption kinetics of BP@Fe30s.,
evaluating the reusability of the materials, and
expanding applications to other organic pollutants.
The use of fruit peels for synthesizing adsorbent
materials not only synthesis highly effective
materials for methylene blue removal but also
serves as a method for processing agricultural
waste, helping to prevent environmental pollution.
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