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ABSTRACT

This study investigates the adsorption efficiency of Metanil Yellow using activated carbon derived from areca
nut husk (4reca catechu L.), which was chemically activated with KOH and modified with CTAB surfactant. The
adsorbent was characterized using FTIR and UV-Vis spectroscopy to identify functional groups and determine optimum
adsorption parameters. FTIR analysis confirmed the presence of functional groups such as —CH., -C—N, and -N*(CH3)s,
indicating successful surface modification. UV-Vis analysis showed that the maximum adsorption occurred at a
wavelength of 494 nm. The optimum conditions were achieved at an adsorbent mass of 1.5 g, dye concentration of 15
ppm, and contact time of 60 minutes, with adsorption efficiency reaching over 97%. These findings suggest that CTAB-
modified areca nut husk activated carbon has strong potential as an effective and low-cost adsorbent for removing dyes
from wastewater.
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1. INTRODUCTION

Water pollution caused by textile industry wastewater containing synthetic dyes such as metanil yellow
(C1sH14aN3NaOsS) has become a serious environmental issue. This dye is toxic, carcinogenic, and resistant to natural
degradation, posing significant threats to aquatic ecosystems and human health !. Although primarily used as a textile
dye, metanil yellow is often illegally used as a food colorant, despite being banned for such purposes under the Regulation
of the Minister of Health No. 1168/Menkes/PER/X/1996 2. Therefore, there is an urgent need for effective and
environmentally friendly wastewater treatment methods to mitigate its harmful impact.

Adsorption using activated carbon is one of the most promising methods for dye removal. Activated carbon
possesses a high surface area and excellent porosity, allowing it to efficiently adsorb pollutants . However, conventional
activated carbon often shows limited adsorption capacity for anionic dyes like metanil yellow due to unfavorable surface
charge characteristics. To address this limitation, surface modification of activated carbon using cationic surfactants such
as Cetyl Trimethyl Ammonium Bromide (CTAB) has been shown to enhance adsorption performance through
electrostatic interactions *.
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Areca nut husk (4reca catechu L.) is an abundant agricultural waste in Indonesia and has great potential as a raw
material for activated carbon due to its high cellulose content (63.20%) °. Utilizing areca husk as an adsorbent not only
addresses environmental pollution but also adds economic value to agricultural waste. Previous studies have shown that
KOH-activated areca husk-based carbon has a surface area of 41.101 m?%g and is effective in adsorbing dyes °. However,
studies on the modification of areca husk-based activated carbon with CTAB for the adsorption of metanil yellow remain
limited.

Based on this background, this study aims to characterize areca husk-derived activated carbon, activated with KOH
and modified with CTAB, using UV-VIS and FTIR analysis. The findings are expected to contribute to the development
of effective, economical, and environmentally friendly adsorbents derived from agricultural waste for textile dye
wastewater treatment.

2. EXPERIMENTAL

2.1. Chemicals, Equipment and Instrumentation

The main material used in this research was areca nut fiber (4rea catechu. L) The chemicals used included
potassium hydroxide (KOH), metanil yellow, distilled water, and filter paper. The equipment used in this study included
laboratory glassware, furnace, analytical balance, 100 mesh sieve, oven, hot plate, aluminum foil, as well as FTIR (Fourier
Transform Infrared) instruments and UV-VIS

2.2. Research Procedure.
2.2.1. Preparation of Area Nut Fiber

Areca nut husks were separated from the seeds and outer shells, washed with tap water followed by distilled
water, cut into small pieces, and sun-dried for approximately 3 days. The dried samples were then ground and sieved
through a 120-mesh screen.

2.2.2. Carboonization and Activation of Areca Nut Husk Activated Carbon

Activated carbon was prepared by carbonizing areca nut husks using a furnace at 300°C for approximately 45
minutes. The resulting carbon was then activated with 5 M KOH solution at a 1:4 (b/v) ratio, stirred using a magnetic
stirrer at 200 rpm on a hotplate at 80°C for 4 hours, and soaked for 24 hours. After soaking, the mixture was filtered and
repeatedly washed with distilled water until a neutral pH was achieved. The activated carbon was then dried in an oven
at 150°C for 30 minutes °.

2.2.3. Modification of Areca Nut Husk Activated Carbon with CTAB Surfactant

Modification of areca nut husk activated carbon with 1% CTAB surfactant was carried out by adding 5 grams of
activated carbon into a beaker, followed by the addition of 100 mL of 1% CTAB solution. The mixture was left at room
temperature for 24 hours. Afterward, it was filtered and the residue was separated, then dried in an oven at 75°C for 6
hours.

2.2.4. Adsorbent Characterization

Characterization using FTIR was conducted to identify the functional groups present in the carbon, activated
carbon, and surfactant-modified activated carbon.

2.2.5. Preparation of Calibration Curve for Metanil Yellow Solution
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Standard solutions of Metanil Yellow with concentrations of 10, 15, 20, 25, and 30 ppm were prepared. The
absorbance of each solution was measured using a UV-Vis spectrophotometer at a wavelength of 494 nm. The resulting
data were then used to construct a calibration curve by plotting absorbance versus concentration.

2.2.6. Determination of the Optimum Mass of Areca Nut Husk Adsorbent

A total of 100 mL of Metanil Yellow solution at a concentration of 25 ppm was placed into a 250 mL Erlenmeyer
flask. Then, CTAB-modified activated carbon (KA-CTAB) was added at varying masses of 1 g, 1.5 g, and 2 g at room
temperature. The mixture was stirred using a magnetic stirrer at 100 rpm for 30 minutes. After stirring, the solution was
filtered using Whatman filter paper, and the absorbance was measured using a UV-Vis spectrophotometer.

2.2.7. Determination of the Optimum Contact of Areca Nut Husk Adsorbent

Contact time is a crucial parameter in adsorption processes. Increasing contact time between the dye and
adsorbent generally enhances adsorption. To determine the optimum contact time for Metanil Yellow removal, 100 mL
of 25 ppm solution was added to a 250 mL Erlenmeyer flask containing the optimum mass of KA-CTAB. The mixture
was agitated using a rotary shaker at 100 rpm for 30, 60, and 90 minutes. Samples were then filtered with Whatman filter
paper, and the absorbance was measured using a UV-Vis spectrophotometer !.

3. RESULTS AND DISCUSSION

3.1. FTIR Characterization Analysis

FTIR characterization of Areca husk activated carbon and surfactant-modified activated carbon (CTAB) using FTIR
instrumentation produced spectra that show the relationship between transmittance (%) and wavenumber (cm™). Fourier
Transform Infrared (FTIR) spectroscopy is a highly useful method for detecting and analyzing the molecular structure of
a compound. In this process, the obtained infrared spectrum provides information about chemical bonds and molecular
structures. Each functional group within a molecule has a characteristic absorption frequency, which can be used for both
qualitative and quantitative identification of compounds ’.
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Figure 1. Comparison of FTIR Spectra

A broad absorption band observed around 3375 cm™ corresponds to the stretching vibrations of hydroxyl groups (—
OH), typically attributed to adsorbed water or phenolic compounds. The intensity of this band decreases after the
activation and modification processes, indicating partial decomposition or reduction of hydroxyl functionalities due to
thermal and chemical treatments. Similar findings were reported by (Sari et al., 2017), who noted that activation tends to
eliminate certain hydrophilic surface groups on carbon. The absorption bands at 2919 cm™ and 2850 cm™, more prominent
in the CTAB-modified activated carbon, are associated with the asymmetric and symmetric stretching vibrations of
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aliphatic -CH> and —CHs groups. These peaks suggest the presence of methyl and methylene groups introduced by
immobilized CTAB on the carbon surface. According to °, the appearance of these bands confirms successful modification
of carbon with a cationic surfactant.

A distinct peak near 2353 cm ™! corresponds to the stretching vibrations of nitrile (C=N) or nitro (NO2) groups, or
possibly other carbonyl-containing compounds. The enhanced intensity of this peak following modification may indicate
the formation of additional polar functionalities that improve the hydrophilic character of the carbon surface '°. A sharp
band at 1555 cm™ is attributed to aromatic C=C or C=N stretching vibrations, while a band near 1470 cm™' may indicate
the presence of substituted amine groups such as N—H. The increased intensity of these bands after activation and
modification suggests the formation of conjugated aromatic structures, which may facilitate electrostatic interactions with
anionic dye molecules.

The absorption region between 1005-1218 cm™ corresponds to C-O stretching vibrations, likely from ether or
secondary alcohol groups. The more intense signal in the modified carbon suggests an increased presence of polar groups
capable of forming hydrogen bonds with adsorbate molecules. As noted such groups play a significant role in the
adsorption mechanism through hydrogen bonding interactions. Overall, chemical activation using KOH and surface
modification with CTAB resulted in noticeable changes in the FTIR spectra of the areca husk-based activated carbon.
The introduction of both aliphatic and polar functional groups contributes to enhanced adsorption capacity, especially for
anionic dyes like Metanil Yellow. The incorporation of cationic groups through CTAB modification reinforces
electrostatic interactions between the positively charged adsorbent and negatively charged adsorbate species (Sari et al.,
2017).

CTAB-modified activated carbon shows promising potential as an adsorbent, particularly in the adsorption of nitrate
ions. The modified activated carbon exhibits superior adsorption capacity compared to unmodified activated carbon.
These findings indicate that both the activated carbon derived from areca husk and its surfactant-modified form using
CTAB possess significant potential as adsorbents in the removal of metal ions and dyes from wastewater 2.

3.2. UV-Vis Characterization Analysis

UV-Vis analysis is used to determine the concentration of dye in solution before and after adsorption. This
technique allows for the calculation of adsorption efficiency and capacity of the adsorbent toward the dye. In addition,
UV-Vis is also used to determine the maximum wavelength (Amax) and to support the analysis of adsorption kinetics and
isotherms '

absorbance

Wavelength (nm)

Figure 2. Wavelength of Metanil Yellow
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The determination of wavelength in this study was carried out within the range of 400—600 nm. The selection of this range
was based on a which stated that the standard solution of Metanil Yellow is yellow in color and exhibits absorption in the
visible light region. Based on the analysis conducted, the highest absorbance peak of the metanil yellow solution appeared
at a wavelength of 494 nm. This indicates that 494 nm is the maximum wavelength (Amax) for metanil yellow under the
conditions of this study (Anggriani et al., 2021).

3.2.1 Determination of the Optimum Mass of Areca Nut Fiber Adsorbent for the Adsorptivity of Metanil Yellow
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Figure 3. Determination of the Optimum Mass of Areca Nut Fiber Adsorbent for the Adsorptivity of Metanil Yellow

It can be observed that increasing the adsorbent mass from 0.5 g to 1.5 g significantly increases the adsorption
efficiency, from approximately 15% to over 97%. This is due to the greater number of active sites and the increased
surface area available to bind dye molecules. According to ¥, the greater the amount of adsorbent used, the more active
groups are available, thereby enhancing the adsorption capacity. These results indicate that there is an optimum adsorbent
mass, which is 1.5 g, that provides the highest adsorption efficiency for metanil yellow. Determining the optimum mass
is important for process efficiency and cost-effectiveness in large-scale applications 3.

3.2.2 Determination of the Optimum Concentration of Areca Nut Fiber Adsorbent for the Adsorptivity of Metanil
Yellow
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Figure 4. Determination of the Optimum Concentration of Areca Nut Fiber Adsorbent for the Adsorptivity of Metanil
Yellow

The variation of initial metanil yellow dye concentration on the adsorption efficiency by CTAB-modified areca
nut fiber activated carbon is shown in the graph. It indicates that adsorption efficiency increases as the concentration rises
from 5 ppm to 15 ppm, reaching a maximum efficiency close to 100%. However, at a concentration of 20 ppm, the
efficiency slightly decreases. The increase in adsorption efficiency at initial concentrations between 5 and 15 ppm is due
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to the greater concentration gradient between the solution phase and the adsorbent surface. The higher the initial
concentration, the more adsorbate molecules are available to interact with the active sites on the surface of the activated
carbon. This condition promotes more intense contact between the dye molecules and the adsorbent surface, making the
adsorption process more effective !4,

3.2.3 Determination of the Optimum Contact Time of Areca Nut Fiber Adsorbent for the Adsorptivity of Metanil
Yellow
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Figure 5. Determination of the Optimum Contact Time of Areca Nut Fiber Adsorbent for the Adsorptivity of Metanil
Yellow

In this study, variations in contact time were carried out at 30, 60, and 90 minutes. Based on the graph, it can be
seen that the adsorption efficiency increased from 89% at 30 minutes to 93% at 60 minutes. This increase is attributed to
the improved diffusion of dye molecules over time, allowing more adsorbate molecules to interact with the active sites
on the surface of the adsorbent. This finding is consistent with the study '*, which stated that longer contact time allows
for the formation of more stable interactions between the adsorbate and the adsorbent, thereby enhancing the adsorption
efficiency.

4. CONCLUSION

Activated carbon from areca husk (4reca catechu L.), activated with KOH and modified using CTAB surfactant,
showed enhanced functional groups such as -CH., -C—N, and —-N*(CH3)s based on FTIR analysis, confirming successful
surface modification. The UV-Vis results determined the optimum conditions: 1.5 g adsorbent mass, 15 ppm
concentration, and 60 minutes contact time. These modifications improve adsorption performance, indicating the potential
of CTAB-modified activated carbon as an effective adsorbent. Further studies are recommended to explore its use in
removing various pollutants, including heavy metals and dyes, from wastewater treatment systems.
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