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Abstract
Water pollution due to synthetic dye waste is a serious environmental problem, so an effective method is needed to overcome it,
including using adsorption. In this study, Ni/Al-CS materials were synthesized and characterized to evaluate their selectivity
towards Rhodamine B (RhB), Malachite Green (MG), andMethylene Blue (MB) dyes. Adsorption selectivity tests were conducted
using UV-Vis spectroscopy to determine changes in dye concentration before and after interaction with the material. Results
showed that Ni/Al-CS had the highest adsorption capacity towards MG, followed by MB and RhB. With its selective adsorption
properties, Ni/Al- CS material has the potential to be used as an effective adsorbent in the treatment of dye effluents in aquatic
environments, especially MG dye.

Keywords
Layered Double Hydroxide, Selectivity, Camellia sinensis, Extract, Cationic Dyes

Received: 11 November 2024, Accepted: 15 March 2025

https://doi.org/10.26554/ijmr.20253151

1. INTRODUCTION

Layered Double Hydroxide (LDH) is a layered structured ma-
terial capable of forming organic-inorganic composites due to
its anion exchange properties. They are often referred to as
“anionic clays” or hydrotalcite-like compounds, with the gen-
eral formula [M2+

(1-x)M3+x(OH)2]x+(An-
x/n).mH2O (Jamshidi et al.,

2025; Li et al., 2025). In its structure, LDH contains divalent
cations (such as Mg2+, Co2+, Cu2+, Ni2+, Zn2+) and trivalent
cations (such as Al3+, Co3+, Cr3+, Fe3+), as well as anions such as
Cl-, NO3

-, OH-, CO3
2-, SO4

2-, and PO4
3- (Khlyustova et al., 2025;

Ma et al., 2024). This structure consists of positively charged
layers stabilized by balancing anions (An-) and hydration water
molecules (mH2O) (Tamura et al., 2025).

LDH with its distinctive layered structure and host-guest
interaction properties allows it to have a large surface area and
high ion exchange capacity. These characteristics make LDH a
highly effective adsorbent for pollutants in the aquatic environ-
ment (Xu et al., 2025). The use of additional support materials
is necessary to increase the adsorption capacity of LDH (Wang
et al., 2025). This is due to the often limited surface activity of
LDH, resulting in a relatively small number of adsorption sites as
well as a tendency to aggregate, which can reduce the overall ad-
sorption effectiveness (Huang et al., 2025). Ahmad et al. (2024a)
conducted the addition of supporting materials, namely lignin,

in the removal of anionic dyes. Green tea (Camellia sinensis) con-
tains polyphenols, which mostly consist of flavonoids and can be
further classified into flavones, flavanones, isoflavones, flavanol-
flavandiols, anthocyanins, as well as phenolic acids (Loto et al.,
2014).

Water pollution is a serious global problem due to the dis-
charge of large amounts of industrial effluents. Among various
pollutants, organic dyes are of major concern due to their detri-
mental impact on aquatic ecosystems. Industries such as food,
cosmetics, paper, textiles, leather, pharmaceuticals and printing
use dyes in large quantities, resulting in contaminated wastewa-
ter that pollutes the surrounding aquatic environment (Sowmya
and Joseph, 2025). Cationic organic dyes, such as Malachite
Green (MG), Rhodamine B (RhB), and Metilen Blue (MB), are
major contaminants in textile and dyeing industry wastewater
(Rakcho et al., 2025; Wen et al., 2025; Yilmaz et al., 2021). In
addition to polluting water resources, these compounds have
potential carcinogenic, teratogenic and mutagenic effects on hu-
mans (Wen et al., 2025). Therefore, it is necessary to remove
the presence of these dyes from the environment (Wijaya et al.,
2024).

This study aims to modify Ni/Al LDH with green tea (Camel-
lia sinensis) leaf extract to improve its performance as an ad-
sorbent. The modified materials were analyzed using fourier
transform infrared spectroscopy (FT-IR) to identify functional
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groups. In addition, thematerial was tested for selectivity against
various cationic dyes namely RhB, MG, and MB to determine
the type of dye most effectively adsorbed by Ni/Al-CS.

2. EXPERIMENTAL SECTION

2.1 Chemicals and Instrumentation
This study used various chemicals, including cationic dyes (methy-
lene blue, malachite green, and rhodamine B) and ethanol 96%
(C2H5OH). Nickel nitrate hexahydrate (Ni(NO3)2.6H2O), alum-
inium nitrate nonahydrate (Al(NO3)3.9H2O), and sodium hydrox-
ide (NaOH) were obtained from Sigma-Aldrich. Hydrochloric
acid (HCl) was obtained from Mallinckrodt. Distilled water
(H2O) was used as a solvent and obtained from BrataChem In-
donesia. Green tea leaves as a natural ingredient in this study
were obtained from a supermarket. Characterization of func-
tional groups in the modified material was carried out using
Fourier Transform Infrared (FTIR) spectroscopy with a Shimadzu
Prestige-21 instrument. Measurement of the concentration of
adsorbed substances was carried out using a UV-Vis spectropho-
tometer type EMC-18PC.

2.2 Extraction of Camellia sinensis and Preparation of
Ni/Al-CS

Dried green tea (Camellia sinensis/CS) leaves were pulverized,
saturated in 96% ethanol, and stirred for 1 h. After filtering, the
filtrate obtained was evaporated using a rotary evaporator at
48◦C to produce green tea leaf extract. Ni/Al-CS materials were
synthesized through a co-precipitation method based on Luo
et al. (2023). A total of 0.5 gram of green tea leaf extract was
added to a solution of metal ions Ni2+ and Al3+ (5:1 ratio) in 200
mL of distilled water. The pH of the solution was adjusted to
10 using 0.5 M NaOH, and then stirred at room temperature for
24 h. The materials obtained were washed repeatedly and the
pH was adjusted to 10 using 0.5 M NaOH. The obtained material
was washed repeatedly and dried at 60◦C. Characterization was
carried out using FT-IR analysis.

2.3 Cationic Dye Selectivity
A total of 20 ppm solutions of dyes RhB, MG, and MB were
mixed homogeneously. From the mixture, 20 mL of solution was
taken and 0.02 gram of each adsorbent was added. The mixture
was then stirred according to the predetermined contact time
for each material. After the adsorption process, the solution
was tested using a UV-VIS spectrophotometer to measure the
decrease in intensity of the absorption peak of each dye.

3. RESULTS AND DISCUSSION

Figure 1 shows the FT-IR spectrum of the Ni/Al LDH and Ni/Al-
CS material with some characteristic absorption bands, which
provide information related to the functional groups in the ma-
terial. The absorption band observed at around 3440 cm-1 is
associated with O H stretching vibrations of hydroxyl groups
( OH), which originate from hydroxyl groups on the surface
of the material and OH groups of polyphenols (alcohols and
phenols) in catechin compounds (Gao et al., 2025; Rohmatullaili

et al., 2024; Tamang et al., 2025). The absorption band observed
at 1380 cm-1 can be attributed to the presence of nitrate anion
(NO3

-) in the LDH material interlayer (Mansour et al., 2025; Ok-
triyanti et al., 2019). Significant absorption bands are also seen
in the 800-400 cm-1 range, which are generally associated with
metal-oxygen (M O) or metal-hydroxide (M OH) bond vibra-
tions, which in this case can be attributed to the interaction
between Ni/Al in the material structure (Ahmad et al., 2024b;
Liu et al., 2025). In the Ni/Al-CS material there is an absorption
band at 1620-1650 cm-1 which indicates the presence of carbonyl
groups (C O) from polyphenols such as CG, ECG, EGC, EGCG,
GCG which are characteristic of green tea leaf extract (Camel-
lia sinensis) (Tamang et al., 2025). The peaks generated from
the spectra indicate the successful formation of the Ni/Al-CS
composite material.

Figure 1. FTIR spectra of NiAl LDH and Ni/Al-CS

The selectivity of dye adsorption by Ni/Al-CS materials was
evaluated using three different types of cationic dyes, namely
Rhodamine B (RhB), Malachite Green (MG), and Methylene Blue
(MB). The evaluation was carried out by analyzing the change in
absorbance at certain wavelengths, as well as by measuring the
concentration of dyes adsorbed by the Ni/Al-CS material.Based
on the absorbance spectra Figure 2(a), there are differences in
the absorbance peak intensity measured against the wavelength
for the three dyes tested, both before and after the adsorption
process using Ni/Al-CS. The absorbance peaks for each dye were
observed at different wavelengths, which were around 554 nm
for RhB, 617 nm for MG, and 664 nm for MB. It can be seen that
after the adsorption process, there is a decrease in absorbance
intensity that varies for each dye. The largest decrease in ab-
sorbance intensity occurred for MG, followed by MB, while the
decrease for RhB was relatively smaller. This indicates that the
Ni/Al-CS material is more effective in adsorbing MG and MB
compared to RhB.

This result is confirmed by the adsorption capacity data pre-
sented in Figure 2(b). From the graph, it shows that MG has the
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Figure 2. Selectivity of Ni/Al-CS Materials to RhB, MG, and MB Dyes Based on (a) UV-Vis Spectra Before and After Interaction
with Ni/Al-CS; (b) Concentration of Dyes Adsorbed by Ni/Al-CS

highest adsorption capacity, which is 1.566 mg/L, indicating that
the Ni/Al-CS material is highly selective towards MG. Methylene
blue was also adsorbed in a fairly large amount, 0.923 mg/L, al-
though not as much as MG. In contrast, RhB was adsorbed with a
much lower capacity, which was only 0.362 mg/L. This difference
in adsorption capacity indicates that Ni/Al-CS is more selective
towards cationic dyes, especially MG and MB, compared to RhB.

Based on these results, it can be concluded that the Ni/Al-CS
material has high selectivity to cationic dyes, especially MG,
followed by MB, and the lowest to RhB. This suggests that this
material has the potential to be further developed as a selective
adsorbent in the treatment of industrial waste containing cationic
dyes.

4. CONCLUSIONS

Based on the analysis, the Ni/Al-CS material showed differ-
ent adsorption ability towards Rhodamin B (RhB), Malachite
Green (MG), and Methylene Blue (MB) dyes. The decrease in
absorbance intensity after interaction with Ni/Al-CS, showed
the largest decrease occurred for MG, followed by MB and RhB.
These results were corroborated by quantitative analysis which
showed that the material had the highest adsorption capacity
towards MG compared to MB and RhB. Thus, Ni/Al-CS mate-
rials have potential as selective adsorbents in the treatment of
effluents containing certain dyes, especially Malachite Green.
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