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Abstract

Chromium contamination in aqueous systems commonly occurs as Cr(VI) and Cr(lll), both of which pose
environmental risks. This study comparatively evaluates the adsorption performance of raw coconut coir and sulfuric
acid-activated carbon derived from coconut coir toward chromium ions. Activated carbon was characterized according
to SNI 06-3730-1995 based on moisture and ash content, and adsorption capacity was determined using Atomic
Absorption Spectrophotometry at an initial concentration of 50 ppm and pH 2. Raw coconut coir exhibited no
measurable adsorption capacity for either Cr(V1) or Cr(l1l). In contrast, the activated carbon demonstrated adsorption
capacities of 14.677 + 0.367 mg/g for Cr(VI) and 26.923 + 0.370 mg/g for Cr(lll), with corresponding removal
efficiencies of 29.355 + 0.750% and 53.846 + 0.739%, respectively. The adsorption capacity for Cr(lll) was
approximately 1.8 times higher than that for Cr(VI), indicating stronger interactions between cationic chromium
species and oxygen-containing functional groups on the activated carbon surface. These findings confirm that sulfuric
acid activation substantially enhances the adsorption capability of coconut coir, particularly for Cr(111) removal under
acidic conditions.
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1. INTRODUCTION

Heavy metal contamination is one of the most critical environmental issues worldwide, particularly
in industrial wastewater containing chromium. Chromium contamination occurs primarily in the hexavalent
(Cr(VvD) and trivalent (Cr(l11)) oxidation states in aqueous systems (Mohanty et al., 2023). Hexavalent
chromium (Cr(V1)), the most toxic oxidation state of chromium, is widely generated from industries such
as leather tanning, textile dyeing, agricultural processing, wood preservation, and mining activities (Xie,
2024). According to Hossini et al., 2022 Cr(V1) is one of the most hazardous heavy metal pollutants due to
its high solubility, ability to exist as mobile anionic species such as HCrO4, CrO4 %, and Cr,O+%, and its
strong oxidizing power, which allows it to penetrate biological membranes and induce severe health effects
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(Hossini et al., 2022). Numerous studies have shown that exposure to Cr(VI) can lead to severe health
complications, including reproductive effects, kidney damage, nephrotoxic effect, hepatotoxic effect,
gastrointestinal effect, hematologic disorder, skin and respiratory problems (Xie, 2024).

The increasing levels of chromium pollution highlight the need for effective and economical
treatment technologies. Various methods have been employed to address chromium pollution, including
chemical precipitation (Kismolo et al., 2002) (Tarigan et al., 2021), membrane filtration (Kevin Sutanto,
2017), electrocoagulation (Purnata et al., 2025), and adsorption (Rahayu, 2023). Adsorption systems are
generally easier to operate and scale compared to other treatment technologies (Qasem et al., 2021).
Consequently, adsorption has emerged as one of the most widely researched and applied methods due to its
simplicity, high efficiency, cost-effectiveness, and environmental friendliness.

Adsorbent methods use solid materials (adsorbents) to capture dissolved chromium species from
water by surface interactions (Islam et al., 2023). Modern research focuses on designing low-cost, high-
surface-area materials for chromium metal ions, such as zeolite (Isharyanti, 2024), metal-oxide
nanoparticles (Ghosh et al., 2022), functional polymers (Sanchez et al., 2020), composites (Juturu et al.,
2024), engineered carbon (Saxena et al., 2024), biochar (Ambika et al., 2022), and activated carbon.
(Wijaya et al., 2024) The use of activated carbon as an adsorbent for chromium removal is due to its high
surface area, well-developed porous structure, and abundance of oxygen-containing functional groups,
which facilitate strong interactions with metal ions (Ghosh et al., 2022). Chemical activation, such as with
sulfuric acid, introduces functional groups like hydroxyl, carbonyl, and carboxyl, thereby enhancing surface
polarity and promoting metal ion adsorption via ion exchange and complexation mechanisms (Pet et al.,
2024). These properties enable the efficient adsorption of cationic Cr(l11) through electrostatic attraction
and surface complexation. Anionic Cr(V1) species can be removed via electrostatic interaction under acidic
conditions or reduced to become the less toxic Cr(l11) form on the carbon surface (Wijaya et al., 2024). In
addition, activated carbon made from low-cost biomass precursors can be regenerated for repeated use and
easily applied in various treatment configurations, making it a cost-effective and versatile option for
chromium remediation in wastewater systems (Zieminska & Doczekalska, 2024) (Kamel et al., 2025).

Earlier studies reported that activated carbon made from biomasses such as coconut shells (Deng et
al., 2021), banana peels (Mkilima et al., 2024), and cassava peels (Che Ismail et al., 2025) has a significant
heavy metal adsorption capacity. Nevertheless, commercial activated carbon remains relatively expensive,
prompting researchers to explore low-cost adsorbents derived from agricultural wastes. Coconut coir, an
abundant agricultural by product in tropical countries such as Indonesia, is rich in lignin and cellulose,
making it a promising precursor for activated carbon production (Lubis et al., 2023). Its lignocellulosic
structure allows the development of pore networks suitable for adsorption applications (Zhang & Zuo,
2024).

Previous studies have extensively reported chromium adsorption using activated carbon derived from
various biomass sources such as coconut shells (Deng et al., 2021), banana peels (MKkilima et al., 2024),
and corncob (Kamel et al., 2025). However, most studies primarily focus on a single chromium species,
predominantly Cr(VI), without comparative evaluation against Cr(Ill). In addition, investigations on
coconut coir have largely emphasized its conversion into activated carbon, while the inherent adsorption
capability of raw coconut coir has not been systematically assessed under identical experimental conditions.
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Therefore, a direct and quantitative comparison between raw coconut coir and its acid-activated carbon
toward both Cr(VI) and Cr(l11) adsorption remains insufficiently explored.

To the best of our knowledge, a systematic side-by-side comparison between raw coconut coir and
acid-activated coir carbon toward both Cr(VI1) and Cr(lll) adsorption has not been comprehensively
reported. The present study addresses this gap by quantitatively evaluating adsorption enhancement and
speciation-dependent adsorption behavior.

2. MATERIAL AND METHODS

2.1 Material

Coconut coir is taken from coconut peeling waste around the FMIPA UNIGA campus. Chromium
standard solution (1000 mg/L Cr, traceable to SRM from NIST, Cr(NO3); in 0.5 mol/L HNOs, Certipur®,
Supelco/Merck, Germany), potassium dichromate (K.Cr,O, analytical grade, Merck, Germany), and
sulfuric acid (H2SO4, 95-97%, analytical grade, Merck, Germany) were used in this work. All reagents
were of analytical grade and were used without further purification.

2.2 Methods

2.2.1. Preparation of Coconut Coir Adsorbent

The coconut coir is separated and then dried in the sun. The fiber is ground into powder and sieved through
a 100-mesh sieve. The powder is oven-dried at 105°C for 4 hours. The fiber is stored in a container with
asilk gel bag before use to maintain its dryness. A total of 1 kg of fresh coconut coir yielded approximately
600 g of dried coir after the drying process, corresponding to a mass reduction due to moisture removal.
2.2.2. Preparation of coconut-coir activated carbon

The carbonization process of coconut-coir with direct combustion in a closed metal container.
Carbonization was conducted at 500°C for 30 min with a heating rate of 10°C/min in a limited-oxygen
condition. The resulting char was impregnated with 1 M H2SO. at a ratio of 1:4 (w/v) for 24 h. The
chemically activated charcoal was thoroughly washed with distilled water until the filtrate reached neutral
pH, then dried in an oven at 105 °C for 4 hours. After cooling it in a desiccator for 15 minutes, the resulting
charcoal was sieved through a 100-mesh sieve.

2.2.3.The Characterization of activated carbon

After the charcoal has undergone physical and chemical activation, we characterize it by testing its
moisture and ash content. The moisture content test begins by placing 1 g of activated carbon into a
crucible and heating it in an oven at 105°C for 1 hour. After we put it in a desiccator for 30 minutes, we
weighed the crucible and the cooled carbon to determine the mass of the activated carbon. We repeat the
moisture content determination at least three times to obtain a consistent mass, with a mass difference of
less than 0.3%. The ash content test begins by placing 1 g of activated carbon into a crucible and heating
it in a furnace at 800°C for 2 hours. After we put it in a desiccator for 30 minutes, we weighed the crucible
and the cooled carbon to determine the mass of the activated carbon. We repeat the moisture content
determination at least three times to obtain a consistent mass, with a mass difference of less than 0.3%.
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2.2.4. The adsorption capacity analysis
The adsorption capacity was determined using an Avanta Sigma A 6525 Atomic Absorption
Spectrophotometer (AAS), with a detection limit range of 0—-15 ppm for chromium analysis. For the first
step, we created a standard curve of AAS with concentration variations of 0, 2, 5, 10, and 15 ppm of the
1000 ppm of chromium standard solution. For the adsorption of the sample, we prepared a solution from
a 50 ppm Cr(VI) solution by dissolving 50 mg of K,Cr.O7; (Merck) in 1 liter of distilled water. We
prepared a 10 mL solution of Cr(VI) and 0.1 g of the synthesized sample in a 100 mL Erlenmeyer flask.
The adsorption process mixture was shaken for 1 hour using an orbital shaker at 150 rpm at pH 2. The
solution was then transferred to the centrifuge tube and centrifuged for 15 minutes at 150 rpm. The mixture
was then filtered using Whatman 42 paper before the measurement using an AAS instrument. We counted
the adsorption capacity (q) using equation 1(Kaushal & Singh, 2017).
(Ci—Cf)Vs
Q="

(1

Where q is the equilibrium adsorption capacity (mg adsorbate/g adsorbent), C; is the initial concentration,
Cr is the final concentration, V; is the volume of the solution (liters), and m,, is the mass of the adsorbent
(9) used.

3. RESULTS AND DISCUSSION

The adsorption capacity of coconut fiber against chromium ions was tested qualitatively by observing
the direct color changes in a 50 ppm K2Cr.O; solution. Fig. 1a shows the color of the solution before the
adsorption process. Fig. 1b shows the color of the solution after absorption. The results of the observations
in the figure indicate that the color of the solution remained unchanged. This minimal color change indicates
that the decrease in Cr(VI) concentration in the solution was not significant.1 The results of the AAS
analysis test on the solution after the adsorption process with coconut fiber showed that coconut fiber had
no adsorption capacity. The low adsorption effectiveness of raw coconut fiber prompted efforts to modify
it into activated carbon. We modified the material into activated carbon through a carbonization process
and chemical activation. Coconut fiber activated carbon is produced by combustion and activated using
sulfuric acid (H2SO.). Acidic agents, such as H.SOa, contribute to pore formation through chemical
reactions with the precursor material (Pet et al., 2024). The characterization of activated carbon produced
from coconut fiber aims to determine the physical and chemical properties of the adsorbent prior to its use
in subsequent adsorption processes. This stage is crucial because physical and chemical characteristics,
such as ash and moisture content, directly affect the adsorption capacity and storage stability of the activated
carbon. Good characterization will ensure that the adsorbent used performs optimally in binding heavy
metal ions.
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Figure 1. The Colour of the solution (a) before adsorption, (b) after adsorption of simplicial of coconut
coir.

Moisture content testing aims to determine the water content in coconut fiber activated carbon
samples. The moisture content measurement data, which were 15.00 + 0.00%, are presented in Table 1.
Moisture content is an important parameter for determining the quality of activated carbon. The lower the
water content, the better the adsorption properties of activated carbon because water can occupy the active
pores of coconut coir by 15.00%. This value still meets the maximum water content standard according to
SNI 06-3730-1995, which is a maximum of 15%. This data shows that the drying process carried out is
optimal enough to achieve a constant weight. Consistent results in the three repetitions also show that the
test procedure is meticulous and reproducible. The initial sample weight is approximately 1 gram for each
test, and the identical water content results strengthen the validity of the data. A water content that is too
high can cause activated carbon to degrade quickly.

Table 1. Characterization of Activated Carbon of Coconut Coir

Parameters Value (%) SNI 06-3730-1995 (%)
Moisture content 15.00 £ 0.00 Max. 15
Ash content 10.00 £ 0.27 Max. 10

The results of the ash content of the activated carbon sample in Table 1 were 10.00 £ 0.27%. The
Indonesian National Standard (SNI) stipulates that the maximum ash content in activated carbon is 10%.
The ash content of the activated carbon sample from coconut fiber meets SNI standards and is suitable for
use as a test sample. This data indicates that the carbonization and activation process of coconut fiber has
successfully converted organic materials into activated carbon with a balanced amount of inorganic residue.

The adsorption experiments were conducted at pH 2 to optimize chromium speciation and surface
interaction with the activated carbon. At highly acidic conditions (pH = 2), Cr(VI) predominantly exists as
hydrogen chromate ions (HCrOs"), which are more readily adsorbed due to enhanced electrostatic
interactions with positively charged adsorbent surfaces. Under acidic conditions, the surface of activated
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carbon becomes protonated, increasing the availability of positively charged functional groups that facilitate
the attraction of anionic Cr(V1) species (Rout & Jena, 2023). A contact time of 60 minutes was applied to
allow sufficient interaction between chromium ions and the adsorbent surface and to ensure that the system
approached adsorption equilibrium under the studied conditions (Nurjaibah & Fauziah, 2025).

The adsorption capacity of activated carbon was studied using an atomic absorption
spectrophotometer (AAS). We use the Cr(VI) and Cr(l1l) test solution at a concentration of 50 ppm. We
triplicate the test with the resulting data shown in Table 2. The standard deviation values for both Cr(ll)
(£0.370 mg/g) and Cr(VI) (x0.367 mg/g) are relatively small, indicating good reproducibility and uniform
adsorption behavior across replicates. The low standard deviation indicates that the synthesized activated
carbon exhibits consistent and stable adsorption toward Cr(I11) and Cr(V1) ions. This consistency suggests
that the activation and synthesis processes produced adsorbents with homogeneous structural and chemical
properties.

Table 2. The adsorption capacity and removal efficiency of coconut fiber activated carbon toward Cr(111)

and Cr(VI).
Metal ion Adsorption Capacity Removal efficiency
(mg/g) (%)

27.349 54.698

Cr(1) 26.686  26.923+ 0,370  53.372  53.846 +0.739
26.734 53.468
14.996 20.992

Cr(VI) 14.759 14,677+ 0,367 29.518 29.355 + 0.750
14.277 28.554

In general, the adsorption mechanism of chromium ions on solid adsorbents is through the transfer
of metal ions from the water system to the surface of the adsorbent, followed by the transfer of mass of
chromium ions from the surface of the adsorbent to the pores of the adsorbent. Then, the adsorption of
chromium ions occurs at the active sites of the adsorbent's pores (Rahayu, 2023). The adsorption capacity
values obtained for Cr(lll) were 27.349 mg/g, 26.686 mg/g, and 26.734 mg/g, yielding an average
adsorption capacity of 26.923 + 0.370 mg/g with a removal efficiency reaching 53.846 + 0.739%. Cr(lI)
gives a good adsorption capacity due to Cr(lll) exists as cations, which are more easily adsorbed by
activated carbon (Hossini et al., 2022). Cr(l11) is a cationic species that binds strongly to oxygen-containing
functional groups on adsorbents (Krawic & Zhitkovich, 2023).

The adsorption capacities for Cr(VI) were 14.996 mg/g, 14.759 mg/g, and 14.277 mg/g, giving an
average value of 14.677 £ 0.367 mg/g. This value is substantially lower than that obtained for Cr(lll),
indicating less efficient uptake of Cr(VI) species by the adsorbent. However, if we compare it with the
adsorption capacity of activated carbon from Coconut shell (Tolkou et al., 2022), Coconut tree (Selvi et al.,
2001), and Corncob-Derived Activated Carbon (Kamel et al., 2025) which are in the range of 1-18 mg/g.
Our Cr(V1) value exceeds this typical range; moreover, our removal efficiency of Cr(V1) is better than that
of tamarin wood activated carbon (28%) (Mkilima et al., 2024).
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The results show that the adsorption capacity for Cr(l11) (26.923 mg/g) is approximately 1.8 times
higher than that of Cr(VI) (14.677 mg/g). The performance difference shows that activated carbon more
easily adsorbs positively charged Cr(l11) than negatively charged Cr(VI) anions (Rivera-Utrilla & Sanchez-
Polo, 2003). Cr(lll) exists as cations, making it more easily adsorbed by activated carbon than Cr(VI)
(Hossini et al., 2022). In the adsorption process onto solid surfaces, the electrostatic interactions play a
crucial role (Pet et al., 2024). Oxygen-containing groups on the adsorbent surface form stronger coordinate
bonds with Cr(l11) ions. Cr(l11) and Cr(V1) exhibit different adsorption mechanisms. Specifically, Cr(l1l)
undergoes chemisorption and surface complexation, whereas Cr(V1) undergoes physisorption and potential
reduction-dependent uptake (Mohanty et al., 2023) (Krawic & Zhitkovich, 2023). Overall, these findings
demonstrate that coconut-coir-based activated carbon is significantly more effective for Cr(l11) removal. At
the same time, its efficiency for Cr(VI) may require enhancement through oxidation—reduction pretreatment
or functional surface modification.

4. CONCLUSION

Coconut coir did not exhibit measurable adsorption toward Cr(VI) and Cr(Ill) under the studied
conditions. In contrast, sulfuric acid activation substantially improved its adsorption performance. The
activated carbon showed higher affinity toward Cr(l11) compared to Cr(V1), indicating stronger interactions
between cationic chromium species and oxygen-containing functional groups introduced during activation.
These findings demonstrate that chemical activation is essential to enhance the adsorption capability of
coconut coir and confirm its effectiveness as a modified biomass-based adsorbent, particularly for Cr(llI)
removal under acidic conditions.
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