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Abstract
This study investigates the selective adsorption capabilities of Ni/Al Layered Double Hydroxide (LDH) modified with Eucheuma
cottonii for the removal of cationic and anionic dyes from aqueous solutions. The primary objective was to evaluate the efficiency
and selectivity of these modified adsorbents towards different dyes, including rhodamine-b, malachite green, methylene blue
(cationic dyes), and direct yellow, methyl orange, direct green (anionic dyes). The modification process aimed to enhance
the adsorption properties of LDHs, leveraging the natural adsorption capabilities of Eucheuma cottonii. Experimental results
demonstrated significant differences in adsorption percentages among the tested dyes, with malachite green showing the
highest adsorption efficiency among cationic dyes, indicating a strong affinity of the modified adsorbents towards cationic dyes.
However, the ability to also adsorb anionic dyes suggests the dual-functionality of the modified LDHs, making them versatile
agents for dye removal in water treatment applications.
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1. INTRODUCTION

Material modification is the process of altering the physical,
chemical, or structural properties of a material to enhance its
performance, functionality, or applications in various fields. This
process may involve adding new components, changing compo-
sitions, or modifying the surface of the material. For example,
in the context of absorbing pollutants from water, material mod-
ification can be performed to enhance the adsorption capacity
of the material towards pollutants such as dyes (Bagherzadeh
et al., 2024).

Material modification is carried out to enhance the efficiency
and adsorption capacity of the material towards specific contam-
inants in water. This modification may involve changes in the
physical structure, addition or alteration of functional groups
on the material surface, or combining materials with other com-
ponents to create composites. The primary goal is to achieve
more effective, selective, and efficient contaminant removal from
both energy and cost perspectives. Specifically, the objective
of modification for dye selectivity is to create materials that
not only can adsorb dyes from solutions with high capacity but
also can distinguish and select specific dyes from a mixture of
dyes or other contaminants. This is crucial in wastewater treat-

ment applications, where mixtures of various dyes and other
contaminants are often encountered. By enhancing the mate-
rial’s selectivity towards specific dyes, the wastewater treatment
process becomes more efficient, reducing the consumption of
chemicals and energy, and improving the quality of the resulting
water (Salem et al., 2022).

LDH (Layered Double Hydroxides) have advantages in mate-
rial modification as selective adsorbents for specific dyes, includ-
ing the ability to alter the chemical properties and total charge
of the brucite-like layers through variations in composition and
properties of components. This enables LDH to incorporate or-
ganic and inorganic groups with different properties through
anion exchange, thus enhancing its selectivity towards specific
dyes (Dai et al., 2023). LDH can be modified with organic mate-
rials such as graphene oxide (Amri et al., 2023; Amri et al., 2024),
magnetic biochar (Zahara et al., 2023), hydrochar from rambutan
peels (Normah et al., 2021) and activated carbon (Ahmad et al.,
2023a). In addition, LDH can also be modified with inorganic
compounds such as zinc oxide (Mohadi et al., 2023), titanium
oxide (Ahmad et al., 2022), graphite (Siregar et al., 2021) and
polyoxometalate (Hanifah et al., 2023). Organic materials often
contain specific functional groups that can selectively interact
with certain dyes through hydrogen bonding, electrostatic inter-
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actions, or 𝜙-𝜙 interactions. The addition of organic materials
can enhance the thermal and mechanical stability of the material,
which is crucial for maintaining its structure and functionality
under various operational conditions, thereby ensuring high
efficiency and selectivity of adsorption (Salem et al., 2022).

Eucheuma cottonii has the potential to be used as a composite
for adsorbents due to its ability to easily form gels and function
as a stabilizer. Carrageenan extracted from Eucheuma cottonii,
which contains functional groups OH and SO –

3 , has the abil-
ity to form strong and flexible polymer networks. Additionally,
the natural porous structure of Eucheuma cottonii can capture
and retain other molecules or particles. This includes the utiliza-
tion of Eucheuma cottonii as a matrix in composites that combine
other materials with desired adsorption properties. Therefore,
with proper modification and processing, Eucheuma cottonii can
become a promising material for the development of effective
and selective adsorbents (Jumaidin et al., 2017; Khalil et al., 2017;
Zhou et al., 2020; Saeed et al., 2020; Ramadhani et al., 2019).

2. EXPERIMENTAL SECTION

2.1 Chemical and Instrumental
The materials used in this study are macro algae (Euchuema cot-
tonii), aluminium nitrate (Al(NO3)3.9H2O) and nickel nitrate hex-
ahydrate (Ni(NO3)2.6H2O) obtained from Sigma Aldrich, sodium
hydroxide (NaOH) and sodium carbonate (Na2CO3) obtained
from EMSURE® ACS, distilled water (H2O), pH 10 buffer solu-
tion, cationic dyes rhodamin-b, malachite green and methylene
blue, anionic dyes direct yellow, methyl orange, and direct green.

The tools used in this research are analytical balance, stan-
dard glassware including erlenmeyer, beaker, measuring cup,
dropper and volumetric pipette, magnetic stirring rod, mortar,
oven, hotplate, filter paper, buchner funnel and vacuum, shaker,
pH meter, hydrothermal steel, and UV-Vis spectrophotometer.

2.2 Preparation of Macro Algae Eucheuma cottonii
Eucheuma cottonii macro algae was cleaned using distilled water.
After cleaning, Eucheuma cottonii is dried in an oven at 105℃ to
remove its moisture content. The sample is then mashed using a
mortar and sieved using a 200 mesh sieve.

2.3 Modification of Ni/Al-LDH with Eucheuma cottonii
Modification of Ni/Al-LDH with Eucheuma cottonii were pre-
pared using co-precipitation and hydrothermal techniques. Ni/Al-
Eucheuma cottonii were prepared by reacting 30 mL of 0.75 M
Ni(NO3)2.6H2O solution with 30 mL of 0.25 M Al(NO3)3.9H2O
solution. The resulting mixture was then stirred for 30 minutes.
Sodium hydroxide (NaOH) was gradually introduced into the
solution until it reached pH 10. The mixture was then stirred
for an additional 15 min at 80℃. Next, an amount of 3 g of Eu-
cheuma cottonii was introduced into the mixture and stirred
using a mechanical stirrer for 15 min. The solution was put into
a hydrothermal steel and heated at 105℃ for 5 hours. Next, the
mixture was filtered and washed with distilled water, followed
by drying in an oven at 100℃ (Ahmad et al., 2023b; Oktriyanti
et al., 2019).

2.4 Adsorbent Selectivity towards Cationic and Anionic
dyes

Cationic dye solutions (rodhamin-b, methyl orange and methyl
blue) and anionic dye solutions (direct yellow, methyl orange
and direct green) with each absorbance made at 0.500 nm were
mixed with 10 mL of each dye into separate beakers between
cationic and anionic dyes. Each mixture of anionic dye and
cationic dye was added with 0.2 g adsorbent and stirred for
80 minutes. The selective cationic and anionic dyes obtained
were mixed and adsorption was carried out again by adding
adsorbent. Wavelength measurements were taken using a UV-
Vis spectrophotometer.

3. RESULTS AND DISCUSSION

3.1 Adsorbent Selectivity towards Cationic Dyes
The cationic dyes rhodamine-b (RB), malachite green (MG) and
methylene blue (MB) were used to evaluate the selective nature
of the adsorbent for adsorbing cationic dyes. The maximum
wavelengths of cationic dyes RB, MG and MB were 554 nm, 617
nm and 664 nm respectively. These wavelengths were used to
calculate the absorbance of each dye before and after adsorp-
tion using the adsorbent. Figure 1 can provide information that
judging from the decrease in wavelength after adsorption, the
malachite green (MG) dye wavelength peak drops more than
the other dye wavelength peaks, which indicates that malachite
green (MG) is absorbed better by the adsorbent and indicates
better selectivity. The selectivity of the adsorbent to adsorb mala-
chite green (MG) can be clarified by the adsorption percentage
information which can be seen in Table 1.

Table 1. Percentage Adsorption Cationic Dye Selectivity

Dye Adsorption (%)
Eucheuma cottonii Ni/Al-LDH Ni/Al-EC

RB 36.69 45.97 32.66
MG 64.68 66.27 78.17
MB 45.30 40.88 72.93

The dye Malachite Green exhibits the highest adsorption
percentage among other dyes, reaching 78.17%, on the Ni/Al-EC
adsorbent. The dye with the lowest adsorption percentage is
Rhodamine-B, with a value of 32.66% on the Ni/Al-EC adsor-
bent. Malachite Green possesses characteristics that make it
suitable for adsorption. In the pH range of 3.5 to 5, Malachite
Green exhibits acidic properties, high solubility, and chromatic
form (MG+) with maximum absorption at 618 nm. However,
under alkaline conditions, its structure transforms into a color-
less carbinoal base, indicating that pH influences its structure
and adsorption properties. The surface of LDH has numerous
binding sites that can be occupied by protonation at acidic pH,
enhancing the adsorption competition between H+ ions and MG
species. This suggests that LDH can function as a buffer and
enhance adsorption capacity in the neutral to alkaline pH range
due to increased electrostatic attraction between MG and the
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Figure 1. UV-Vis Wavelength of RB, MG, MB and Its Mixture (RB + MG + MB) (a), UV-Vis Spectra Mixture Solution (RB + MG +
MB) Before and After Adsorption by EC (b), Ni/Al-LDH (c) and Ni/Al-EC (d)

Figure 2. UV-Vis Wavelength of DY, MO, DG and Its Mixture (DY + MO + DG) (a), UV-Vis Spectra Mixture Solution (DY + MO +
DG) Before and After Adsorption by EC (b), Ni/Al-LDH (c) and Ni/Al-EC (d)

adsorbent surface (Kooravand et al., 2023). 3.2 Adsorbent Selectivity towards Anionic Dyes
The anionic dyes used for selectivity are Direct Yellow (DY),
Methyl Orange (MO), and Direct Green (DG). The purpose of
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Figure 3. UV-Vis Wavelength of MO and MG and Its Mixture (MO + MG) (a), UV-Vis Spectra Mixture Solution (MO + MG) Before
and After Adsorption by EC (b), Ni/Al-LDH (c) and Ni/Al-EC (d)

the selectivity treatment is to adsorb these dyes and determine
the adsorbent’s selectivity for anionic dyes. Measurement of the
wavelength is conducted for direct yellow at 412 nm, methyl
range at 464 nm, and direct green at 623 nm using the adsor-
bent. Before and after adsorption, the wavelength is measured
to observe the reduced absorbance after the adsorption process
using the adsorbent. The difference in absorbance reduction is
calculated to determine the percentage of adsorption which can
be seen at Table 2.

Table 2. Percentage Adsorption Anionic Dye Selectivity

Dye Adsorption (%)
Eucheuma cottonii Ni/Al-LDH Ni/Al-EC

DY 50.26 57.29 68.23
MO 52.30 58.30 69.26
DG 40.00 54.84 67.10

The highest percentage of adsorption is found in the dye
Methyl Orange with a value of 69.26%. The lowest percentage of
adsorption is found in the dye Direct Greenwith a value of 40.00%
using the Eucheuma cottonii adsorbent. These values correspond
to the graph showing the decrease in peak wavelength, as can
be seen in Figure 2.

Methyl Orange can be well adsorbed onto the adsorbent
due to several specific characteristics of Methyl Orange and the
interactions that occur between Methyl Orange and the adsor-
bent. Firstly, the ion exchange process allows Methyl Orange

molecules to replace NO –
3 ions in the adsorbent. This enables

more Methyl Orange molecules to enter the layers through ion
exchange. The electrostatic attraction between charged Methyl
Orange molecules and active sites on the adsorbent also facili-
tates adsorption. The physicochemical characteristics of Methyl
Orange, such as molecular size and charged properties, allow
effective interactions with active sites on the adsorbent (Yang
et al., 2023).

3.3 Adsorbent Selectivity towards Cationic and Anionic
Dyes

The cationic and anionic dyes with the highest percentage of
adsorption were subjected to selective re-sorption by mixing
them and then undergoing adsorption again. The cationic dye
selected was Malachite Green (MG), and the most selective an-
ionic dye was Methyl Orange (MO). The results obtained indicate
that Malachite Green experiences better adsorption compared to
Methyl Orange, as seen from the greater decrease in peak wave-
length observed in Figure 3. Malachite Green tends to exhibit
more selective adsorption on EC, Ni/Al-LDH, and Ni/Al-EC ad-
sorbents, with respective adsorption percentage values of 66.96%,
88.99%, and 89.87% which can be seen at Table 3, with a signif-
icant difference in adsorption percentage compared to Methyl
Orange.

4. CONCLUSIONS

The study successfully demonstrates the potential of using Ni/Al
Layered Double Hydroxide modified with Eucheuma cottonii for
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Table 3. Percentage Adsorption Cationic-Anionic Dye Selectiv-
ity

Dye Adsorption (%)
Eucheuma cottonii Ni/Al-LDH Ni/Al-EC

MO 32.09 38.06 15.67
MG 66.96 88.99 89.87

the selective adsorption of both cationic and anionic dyes from
solutions. The modification of the adsorbents with Eucheuma
cottonii significantly enhances their selectivity and efficiency
in removing dyes malachite green, and methyl orange. Among
the tested dyes, Malachite Green showed the highest adsorption
percentage, indicating a particular affinity of the modified ad-
sorbents towards cationic dyes making them versatile agents for
water purification.
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