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Abstract

Water pollution caused by dye pollutants such as methyl orange (MO) can have a negative impact on humans, living organisms,
and ecosystems. Adsorption is one of the promising methods in overcoming the presence of MO pollutants. This research
focuses on the synthesis of layered double hydroxide (LDH) Ni/Al composites prepared by coprecipitation method with the
addition of green tea/Camellia sinensis (CS) leaf extract as supporting material. The synthesized materials obtained were then
characterized using X-ray diffraction (XRD) patterns and Fourier transform infrared spectra (FTIR). The Ni/Al and Ni/Al-CS
materials were then evaluated as adsorbents to adsorb MO from aquatic solutions. The maximum capacity of MO adsorption
obtained was 18.519 mg.g™! on Ni/Al LDH and 49.261 mg.g~! on Ni/AI-CS, respectively. The Langmuir isotherm model showed
the best fit to the adsorption data on both materials, while the kinetics of the adsorption process followed a pseudo second-order
(PSO) model. Thermodynamic analysis (AG°, AS°, and AH°) showed that the MO adsorption process on both materials was
spontaneous and endothermic. The regeneration process carried out four consecutive regeneration cycles showed that Ni/Al-CS
material has excellent adsorbent recycling ability, which only decreased by 10.26%. In contrast to Ni/Al LDH which experienced
a significant decrease of up to 31.70% in the 4" cycle. These findings suggest that Ni/Al-CS material is a promising adsorbent

for MO removal applications from aquatic solutions.
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1. INTRODUCTION

Water pollution has become a global problem that has increased
significantly in recent decades. The growth of the industrial
sector, increasing population, and rapid urbanization are the
main factors contributing to the escalation of water pollution
in many parts of the world (Wibiyan et al., 2024). Various new
pollutants have been identified in the aquatic environment, in-
cluding persistent organic pollutants, plastics, solvents, dyes,
paints, and other compounds (Dehmani et al.,, 2025). Dye is
one of the commonly found contaminants that contribute signifi-
cantly to water pollution and is widely used in various industries,
such as textiles, paints, plastics, pulp and paper, printing, cos-
metics, pharmaceuticals, and food processing (Abd Al-khuder
and Karam, 2025; Hosseinpour and Rahbar-Kelishami, 2025).
Methyl orange (MO) is one example of a hazardous anionic
azo dye that can have a significant negative impact on the ecosys-
tem. It has mutagenic and carcinogenic properties that can harm
all living organisms. In addition, long-term exposure to MO in
humans can cause various health problems, such as allergic skin
diseases, respiratory problems, asthma, changes in immunoglob-

ulin levels, increased risk of cancer, tumors in the bladder, and
liver (Ahmad et al., 2024a; El Foulani et al., 2025; Pan et al., 2025;
Yang et al., 2024). Therefore, it is necessary to remove the pres-
ence of MO dyes in wastewater to prevent negative impacts on
ecosystems and human health.

Various strategies have been applied to remove heavy metals
and dyes from wastewater, including chemical precipitation, ion
exchange, photodegradation, membrane filtration, coagulation-
flocculation, and adsorption (Alsaab et al., 2025; Mishra et al.,
2024; Popat et al., 2024; Waheed et al., 2024). Among these meth-
ods, adsorption has attracted much attention due to its high
efficiency, relatively low cost, as well as its application flexibility,
thus making it one of the promising solutions to address pollu-
tion caused by MO dyes (Amri et al., 2024; Lesbani et al., 2024;
Xie et al., 2024).

Layered Double Hydroxides (LDH) are anionic clay materi-
als that have a two-dimensional layered structure composed of
interactions between the positive charges of divalent (M?*) and
trivalent (M) metal ions, hydroxyl groups, and interlamellar
anions (Ahmad et al., 2024b; Amri et al., 2023). LDH has several


https://doi.org/10.26554/ijmr.20264393

Amri and Arieveali

advantages including easy synthesis process, good specific sur-
face area, and large ion exchange capacity, which is favorable
especially in terms of adsorption of anionic pollutants (Boucif
et al., 2025; Jin et al., 2025). Despite its many advantages, pure
LDH still faces a few limitations, such as the tendency to ag-
gregate, low mechanical stability, and difficulty in regeneration.
This has encouraged researchers to explore the formation of
composite materials as a solution to overcome these limitations
(Mubarak et al., 2025). Research conducted by Wijaya et al. (2025)
modified NiCr LDH by composite with Spirogyra sp. algae (NiCr-
SA) for reactive red adsorption resulting in an increase in the
maximum adsorption capacity from 11.976 mg/g (NiCr LDH)
to 47.170 mg/g (NiCr-SA). Hammood and Mohammed (2024)
modified CaMgAl LDH by composite with red mud for tetracy-
cline adsorption resulting in a stable material that can be used
six regeneration cycles sequentially and only a 27% decrease in
removal efficiency.

Green tea (Camellia sinensis (CS)) leaves have been recog-
nized as a promising biosorbent due to their abundant avail-
ability, low cost, and the presence of active functional groups
that support the adsorption process. Phenolic compounds such
as flavanols (catechins, gallic acid, flavonoids, and others) con-
tained in green tea leaf extract are expected to contribute to the
enhancement of adsorption ability (Etim et al., 2024; Roy et al.,
2022).

In this study, Ni/Al LDH composites modified with CS leaf
extract were synthesized using the coprecipitation method. The
synthesized materials were then thoroughly characterized using
X-ray diffraction (XRD) and Fourier transform infrared spec-
troscopy (FTIR). Furthermore, the adsorption process of MO
dye was tested by varied solution pH, contact time to study ad-
sorption kinetics, as well as temperature and concentration to
analyze isotherms and thermodynamics. In addition, regenera-
tion tests were conducted to assess the stability and reusability
of the composite as an adsorbent.

2. EXPERIMENTAL

2.1 Chemicals and Instrumentation

The materials used in this study include green tea leaves (Camel-
lia sinensis) which were purchased commercially and came from
the Dempo Mountains, South Sumatra (Indonesia). The chemical
reagents used included nickel nitrate hexahydrate (Ni(NO;),.6H,0),
aluminum nitrate nonahydrate (Al(NO3);.9H,0), sodium hydrox-
ide (NaOH), HCI (Hydrochlorid Acid), and sodium chloride (NaCl)
obtained from SigmaAldrich. Ethanol (C,H;OH) technical 96%
was purchased from BIMO ANALYSIS, Indonesia. Distilled water
was obtained from BrataChem, Indonesia and methyl orange dye
samples were also used in this study. Characterization instru-
ments used include Rigaku MiniFlex 600 X-Ray Diffractometer
(XRD), Shimadzu Prestige-21 Fourier Transform Infrared spec-
trophotometer (FT-IR). Analytical instruments were used with
Biobase BK-UV 1800 PC series UV-Vis spectrophotometer.

© 2026 The Authors.
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2.2 Synthesis of Ni/Al LDH (Lesbani et al., 2024)

Ni/Al LDH was synthesized using the coprecipitation method.
The precursor solution was prepared by mixing nickel nitrate
hexahydrate (Ni(NO3),.6H,0) 0.75 M and aluminum nitrate non-
ahydrate (AI(NO5);.9H,0) 0.25 M in a Ni**/AI** molar ratio of 3:1.
The mixture was stirred continuously while adding 2 M NaOH
solution dropwise until the pH of the system reached 10. The
mixture was then stirred for 12 hours at 80°C. The precipitate
formed was separated, washed with distilled water until neutral,
and then dried in an oven to obtain Ni/Al LDH powder.

2.3 Green Tea (Camellia sinensis) Leaf Extraction

The CS leaf extract was carried out with slight modifications that
have been carried out by Han et al. (2024). Green tea (Camellia
sinensis) leaves were dried and pulverized before extraction. The
extraction process was carried out through maceration method
using 96% ethanol solvent. The dried leaf samples were immersed
in the solvent and remaining for 1 hour. After the maceration pro-
cess was complete, the solution was filtered and the solvent was
separated using a rotary evaporator at 48°C to obtain a concen-
trated extract of CS, which was then stored at low temperature
until further use.

2.4 Preparation of Ni/Al-CS Composites

The Ni/Al-CS composite was synthesized via a coprecipitation
method with modification using natural materials. The prepa-
ration of Ni** and Al3+ precursors was carried out following
the same procedure as in the previously described LDH syn-
thesis. The metal precursor solution was prepared and stirred
under appropriate conditions, after which 0.5 g of CS extract
was introduced into the system. A 0.5 M NaOH solution was
then added dropwise until the desired pH was achieved, and the
mixture was continuously stirred for 24 h to ensure homogene-
ity and complete precipitation. The resulting suspension was
aged to facilitate precipitate formation, followed by filtration and
washing with distilled water until neutral pH was obtained. The
solid product was then dried in an oven to yield the Ni/Al-CS
composite powder.

2.5 Determination of pH Point Zero Charge (pHpzc) on
Each Adsorbent

The surface charge characteristics of the material in a neutral
state can be determined through the pHpzc value. This deter-
mination was made by preparing 20 mL of 0.1 M NaCl solution
which was adjusted to pH in the range of 2 to 10 using HCl and
NaOH solutions. A total of 0.02 g of Ni/Al LDH and Ni/Al-CS
materials were added separately to the solution, then stirred for
24 hours. Afterwards, the final pH of the solution was measured
to calculate ApH (the difference between the initial pH and the
final pH). The ApH data was then plotted against the initial pH
to determine the pHpzc value.

2.6 Adsorption of MO

Adsorption studies were conducted to evaluate the effect of vari-
ous parameters on the MO dye removal process, including vari-
ations in pH, contact time (for kinetics studies), temperature
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Figure 1. Material Characterization Using XRD (a) and FT-IR Spectra (b)

and concentration (for isotherm and thermodynamic analysis),
as well as the regeneration process in adsorbent reuse. In each
experiment, 20 mL of MO solution was mixed with 0.02 grams
of each adsorbent. The effect of pH was studied by adjusting
the pH of the solution from pH 5 to pH 10. The effect of time in
the kinetics study was carried out by varying the contact time
at intervals of 0, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165
and 180 minutes. The effect of temperature and concentration
was studied using concentration variations of 35, 40, 45, and 50
mg/L at a temperature range of 30°C to 50°C. Regeneration in
adsorbent reuse was performed for four adsorption-desorption
cycles.

3. RESULTS AND DISCUSSION

3.1 Characterization of the Adsorbent Materials

The XRD spectra of Ni/Al LDH and Ni/Al-CS can be seen in
Figure 1(a). The XRD spectrum of the Ni/Al LDH material shows
several distinct peaks referring to JCPDS data no. #15-0087
indicating the presence of a multilayer hydrotalcite structure
with angles 20 = 11.34°, 22.93°, 34.86°, 39.55°, 45.50°, and 61.67°
corresponding to planes (003), (006), (012), (015), (018), and (110)
(Duddi et al., 2025; Martins and Perez-Lopez, 2025). In Ni/Al-
CS, there is an additional peak that appears at an angle of 20
= 25.30° with an amorphous structure that shows the presence
of CS extract in the composition of Ni/Al-CS material (Hezari
et al., 2022). In addition, the peaks appearing on Ni/Al LDH and
Ni/Al-CS at angles 20 = 45°, 48° and 77.61° with (111) and (220)
planes indicate the presence of the crystalline phase of Ni metal
(JCPDS no. #04-0850) (Ma et al., 2022).

The FTIR spectra of Ni/Al LDH and modified with the ad-
dition of CS leaf extract can be seen in Figure 1(b). In Ni/Al
LDH, there is a broad peak at wave number 3471 cm™! which is
associated with O-H stretching vibrations of hydroxyl groups in
the LDH structure. The peak at 1381 cm™! indicates the presence
of nitrate anion (NO3) in the interlayer of LDH (Borah et al,,
2025). The absorption band obtained at 1620 ~! indicates the pres-
ence of —OH bending virbation obtained from H,0 molecules

© 2026 The Authors.

between layers (Hariprasath et al., 2024). All peaks generated
from wavenumbers <1000 cm™! indicate the presence of metal
vibrations with oxygen lattice (Ni—O, Al—0) (Hariprasath et al,,
2024; Li et al,, 2022).

Ni/Al-CS material is a modified Ni/Al LDH material with
the addition of CS leaf extract from Ni/Al-CS can be seen the
typical absorption peak of tea leaf extract. The broad band at
3448 cm™! shows the O—H stretching vibrations associated with
the LDH structure and the O—H groups of polyols, phenols, and
alcohols in the CS leaf extract. The absorption bands at 2924
and 2854 cm™! indicate symmetric and asymmetric stretching
of the C—H bond in the methyl group. Absorption bands at
1643, 1627, and 1550 cm™! indicating C=0, C=N, and C=C
stretching vibrations in cyclic hydrocarbons. In addition, the
three absorption peaks are characteristic of caffeine, which is
the most abundant component in CS leaf extract (Milovanovic
et al.,, 2024). The results showed that the synthesis of Ni/Al LDH
and the modification of Ni/Al-CS materials were successfully
carried out.

3.2 Adsorption Study

pHpzc is used to determine the pH point where the surface
charge of the material is zero/neutral (Ahmad et al., 2025; Hashem
et al., 2025). The pHpzc value of each material is 7.9 for Ni/Al
LDH and 7.4 for Ni/Al-CS (Figure 2(a)). Both materials are ex-
pected to have a positively charged surface when pH<pHpzc, a
negatively charged surface when pH>pHpzc, and a zero charged
surface when both materials when pH=pHpzc (Tcheka et al.,
2024).

Considering that MO is an anionic dye, the adsorption pro-
cess that occurs at pH <PHpzc is preferred due to the electrostatic
attraction that occurs between the positively charged material
surface and the dye molecules. Based on the results obtained,
Ni/Al LDH material has high adsorption ability at pH 5 and
Ni/AlI-CS at pH 6 (Figure 2(b)). This indicates the process of
electrostatic attraction, while at pH>pHpzc there is a decrease
in adsorption ability due to electrostatic repulsion.
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Figure 2. Determination of Adsorbent pHpzc (a), Effect of pH (b) and Contact Time (c) on MO Adsorption, Modeling of Adsorption
Kinetics Using PFO and PSO Models for Ni/Al LDH (d) and Ni/Al-CS (e), and Study of Adsorbent Regeneration in the Adsorption

Process (f)

The effect of time on MO adsorption on Ni/Al LDH and Ni/Al-
CS materials can be seen in Figure 2(c). In the figure, it can be
seen that a rapid adsorption phase is observed during the first 60
minutes, which is mainly due to the large number of active sites
on the Ni/Al surface as well as the high initial concentration
of MO in the solution (Leng et al,, 2025). Subsequently, the
adsorption rate tends to rise and fall gradually between 60 to
135 minutes, until finally reaching the adsorption equilibrium
condition after 135 minutes. Similarly, Ni/Al-CS underwent
a rapid adsorption phase up to 105 minutes and experienced
equilibrium and the adsorption rate fluctuated after 105 minutes.
This is due to the reduction of the active sites of the material
to adsorb MO, which in turn has an impact on inhibiting the
adsorption rate (Duan et al.,, 2025; Leng et al., 2025).

The kinetics of MO adsorption on Ni/Al LDH and Ni/Al-CS
were analyzed using various kinetic models, including pseudo
first order (PFO) and pseudo second order (PSO) as shown in
Figure 2(d-e). The kinetic parameters obtained from both models
are summarized in Table 1. Both materials show that the pseudo
second order model has the best fit with a higher correlation
coefficient (R?) than the pseudo first order model. In addition,
the qe calculated values in PSO in both materials (Ni/Al LDH =
12.610, Ni/Al-CS = 16.129) are very similar to the qe exp values
(Ni/Al LDH = 11.303, Ni/Al-CS = 15.624). These results indicate

© 2026 The Authors.

that the pseudo second order kinetic model is more accurate in
describing the adsorption behavior of MO dye on Ni/Al LDH and
Ni/Al-CS materials, and indicate that the chemisorption process
plays a dominant role in the adsorption mechanism (Qiu et al.,
2025).

Table 1. Kinetics Parameters of MO Adsorption on Ni/Al LDH
and Ni/Al-CS

Ni/AILDH Ni/Al-CS

Pseudo first order

ki (min™?1) 0.027 0.020
ge (calc) (mg/g) 8.204 9.590
R? 0.905 0.741
Pseudo second order

k, (min.g/mg) 0.0045 0.0048
q. (calc) (mg/g) 12.610 16.129
R? 0.993 0.952
ge (exp) 11.303 15.624

In this study, the adsorption isotherm behavior of MO dye
on Ni/Al LDH and Ni/AI-CS materials was evaluated using two
adsorption isotherm models, namely Langmuir isotherm and
Freundlich isotherm. These models are important to understand
how the adsorbate interacts with the adsorbent and provide
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Table 2. Isotherm Parameters of MO Adsorption using Ni/Al LDH and Ni/Al-CS

Parameters

Materials T (K)

Isotherm Langmuir

Isotherm Freundlich

Gumax (mg.g™') 18519 n 1.743
. 1/n 0.574
Al LDH
Ni/ 303 KL (L.mg™!) 0377 KF[(mgg )(Lmg")/"] 98.855
R? 0.983 R? 0.7491
Gumax (mg.g™1)  49.261 n 6.061
, 1/n 0.165
Al-
NIAI-CS 303 KL (L.mg™!) 0967 KF[(mgg )(Lmg")/"] 30.889
R? 0.9558 R? 0.434
Table 3. Maximum Adsorption Capacity of MO Dye Adsorption with Different Adsorbents
Adsorbent Gmax (MgE/g) Reference
Iron peanut shell-based biochar 6 (Dong et al., 2024)
Iron rice husk-based biochar 17.2 (Dong et al., 2024)
Corn Straw 10 (Fu et al., 2023)
Modified clay with CTAB surfactant 15.58 (Abbou et al., 2023)
Orange and lemon peels-derived activated carbon 38 (Ramutshatsha-Makhwedzha et al., 2022)
Chitosan bead-like materials 14.29 (Alyasi et al., 2023)
Modified fly ash-based geopolymer 19.231 (Purbasari et al., 2023)
Ni/Al LDH 18.519 This work
Ni/Al-CS 49.261 This work

valuable parameters to describe the adsorption process (Alsaab
et al., 2025). A complete summary of MO adsorption isotherm
parameters is presented in Table 2. The results show that the
experimental data best fit the Langmuir isotherm model, which
provided higher R? values compared to the Freundlich isotherm
model (Zhang et al., 2025). The Langmuir isotherm model de-
scribes the adsorption process occurring in a monolayer on the
adsorbent surface, where adsorption occurs only on certain sites
without any lateral interactions or steric constraint between
molecules. This indicates that all active sites have equal energy
and are independent (Sajai et al., 2025).

In addition, the Langmuir isotherm model resulted in a max-
imum adsorption capacity (qmax) of 49.261 mg.g™! on Ni/Al-CS,
which is 2.66 times higher than that of Ni/Al LDH (18.519 mg.g ).
Comparison of the maximum adsorption capacity value of this
study with other studies can be seen in Table 3. Notably, the KL
value (Ni/AI-CS = 0.967) obtained from the Langmuir model is
in the range of 0 to 1, while the 1/n value (Ni/Al-CS = 0.165) in
the Freundlich model is in the range of 0.1-0.5, which indicates
that the Ni/Al-CS material has good adsorption affinity and a
heterogeneous surface (Zhou et al., 2025). In addition, a higher
KL value indicates a stronger bonding ability between the adsor-
bent and adsorbate, while a higher n value indicates a stronger
interaction between the two components (Alsaab et al., 2025).

Thermodynamic parameters such as enthalpy change (AH"),
entropy (AS°), and Gibbs free energy (AG°) were used to under-
stand the nature and spontaneity of the methyl orange (MO)
adsorption process on Ni/Al LDH and Ni/Al-CS materials (Table

© 2026 The Authors.

4). The values of AH® and AS° were calculated from the slope and
intercept of the Van’t Hoff linear plot, while AG° was determined
using the Equation (Alsaab et al., 2025):

AG® = AH’ — TAS®

As shown in Table 4, the AH® values for both materials are
positive, namely 17.942 kJ/mol for Ni/Al LDH and 13.006 kJ/mol
for Ni/Al-CS, indicating that the adsorption process is endother-
mic. The increasingly negative increase in AG° values as tempera-
ture increases (from 303 K to 323 K) indicates that the adsorption
process becomes more spontaneous at higher temperatures. This
confirms that an increase in temperature is favorable for the MO
adsorption process in both materials.

The positive AS° values (0.066 and 0.054 kJ/mol.K for Ni/Al
LDH and Ni/Al-CS, respectively) indicated an increase in disor-
der at the solid-liquid interface during the adsorption process.
The negative AG® values at all temperatures tested confirmed
that the adsorption of MO on Ni/Al LDH and Ni/Al-CS was
spontaneous. In addition, AH* values in the range of 2-40 kJ/mol
indicate that the dominant adsorption mechanism is likely to be
physical (physisorption) such as van der Waals forces or electro-
static interactions, although the involvement of mild chemical
interactions cannot be completely discounted.

An effective adsorbent must not only have a high adsorption
capacity, but also the ability to be regenerated. Regeneration is a
crucial factor in the sustainable and economical use of adsorbents
(El Foulani et al., 2025). To evaluate the regeneration potential,
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Table 4. Thermodynamic Parameter Values for MO Adsorption on Ni/Al LDH and Ni/Al-CS

AG (kJ/mol)
Materials AH’ (kJ/mol)  AS° (kJ/mol.K
(k] ) (k] ) 303 313 323
Ni/Al LDH 17.942 0.066 -2.038 -2.698 -3.357
Ni/Al-CS 13.006 0.054 -3.381 -3.922 -4.463
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Figure 3. FT-IR Spectra Before and After Adsorption (a) and the Adsorption Mechanism of MO Dye (b)

we conducted four cycles of consecutive adsorption on MO under
optimum conditions. As shown in Figure 2(f), the efficiency of
adsorption on Ni/Al-CS remained relatively stable over the four
cycles, with a decrease in MO adsorption capacity of only 10.26%
in the last cycle. Meanwhile, Ni/Al LDH experienced a significant
decrease in MO adsorption capacity of 31.70% in the last cycle.
These findings indicate that Ni/Al-CS has excellent adsorbent
recyclability after repeated treatment.

3.3 Mechanism of Adsorption

Based on the results of the study of the effect of pH and the value
of the point of zero charge (pHpzc), it was concluded that the
maximum adsorption of MO dye occurred under the condition of
solution pH < pHpzc. Under these conditions, the surface of the
Ni/Al-LDH material modified with CS leaf extract (Ni/Al-CS) is
positively charged, so it is able to have electrostatic interaction
with the negatively charged sulfonate group (—SO;") of MO dye.
It can also be seen that changes in the <1000 cm™! band indicate
the involvement of M—O groups (Ni—O and Al—O) in surface
interactions (Figure 3(a)). Based on Figure 3(a), it can be seen the
FT-IR spectra of Ni/Al-CS before and after MO adsorption. After
MO adsorption, there is a shift in the main bands indicating the
interaction between the active groups of the adsorbent and the
dye molecules. The —OH band shifted from 3448 to 3434 cm™!
with a slight decrease in intensity, indicating the formation of
hydrogen bonds between the hydroxyl groups of the polyphe-

© 2026 The Authors.

nolic compounds and the azo or sulfonate groups of MO. The
band at 1637 cm™! shifted to 1631 cm™, indicating an interaction
between the aromatic or carbonyl groups of the compounds in
the tea extract with the aromatic structure of MO. The decrease
in intensity at 1540 cm ™' band also indicates the participation of
C=0 groups or aromatic rings in the 7-7 stacking interaction. In
addition, the absorption band at 1381 cm™! derived from the sym-
metrical stretching vibration of nitrate anion (NO5 ') showed a
decrease in intensity after the adsorption process. This indicates
the partial exchange of NO; anion in the LDH interlayer space
by the negatively charged MO molecules. This phenomenon
strengthens the anion exchange-based adsorption mechanism,
where MO anions are associated with positively charged sur-
faces or enter into the interlayer space replacing NO; anions. In
general, the mechanism of MO adsorption on Ni/Al-CS can be
seen in Figure 3(b).

4. CONCLUSIONS

This study successfully prepared Ni/Al LDH material modified
with Camellia sinensis (S) leaf extract through coprecipitation
method as adsorbent for MO removal from aquatic solution as
confirmed by XRD and FTIR data. The Ni/Al-CS material has a
maximum adsorption capacity of 49.261% mg.g-1 which is 2.66
times greater than Ni/Al LDH. The isotherm and kinetics mod-
els showed that both materials followed the Langmuir and PSO
isotherm models. Thermodynamic parameters confirmed that
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the process was spontaneous and endothermic. Good material
stability was also demonstrated for Ni/Al-CS through regener-
ation cycles, with only 10.26% efficiency loss after four reuses.
These findings confirm the potential application of Ni/Al-CS as
an efficient, sustainable and reliable adsorbent for the mitigation
of MO contamination in aquatic systems.
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