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This research aims to investigate the performance of activated carbon
from water chestnut (WC) as an Fe adsorbent on river water samples
in South Kalimantan. The WC was carbonized at a temperature of 400
°C. Then the carbon was activated with two types of activators, KOH
and H>SOq solutions. The carbonization and the activation time were
also varied in two different times, 1 and 2 hours. The electrical
conductivity of Martapura River water was measured to investigate
its condition or quality, and yielded about 0.56 (Qm)~* or 5600
uS/em. 1t is quite large compared to the standard 1000 uS/cm. After
activated carbon treatment, the electrical conductivity is reduced by
about 6.67 - 13.81%. For Fe adsorption, the reduction efficiency and
adsorption capacity were in the range of 7.73 % — 22.94 % and 0.50 -
1.47 mg/g. The results showed that the prepared activated carbon is
effective in adsorption and decreases the Fe metal content at room
temperature.
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Introduction

The Martapura River plays an important role for the people of South Kalimantan because it is
a source of livelihood and is used for daily activities, and even becomes a water source for
PDAM Bandarmasih. Based on Sudarningsih's research, the Martapura River has been polluted
by heavy metals that may come from mining, industrial, agricultural, and household activities.
According to the Indonesian Government Regulation No. 32 of 2017 [1], water quality
standards have been established, setting the maximum allowable concentration of iron (Fe) at
1mg/L. However, studies have reported that Fe concentrations in the Martapura River exceed
this limit at multiple sampling points [2]. Measurements have shown that Fe content in the
Martapura River water can reach up to 2.8 mg/L, nearly three times the regulatory limit [3].
Long-term exposure to heavy metals has been associated with serious health risks in humans
because of their non-degradable nature and progressive accumulation [4]. Furthermore, long-
term exposure to elevated levels of Fe in drinking water or through the food chain can lead to
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serious health issues in humans, including liver damage, pancreatic dysfunction, and
neurological disorders, particularly among vulnerable populations such as children and the
elderly [5].

The presence of heavy metals in aquatic ecosystems has been proven to significantly disrupt
the ecological balance of aquatic organisms. It is believed that the presence of heavy metals
correlates with a 17% decline in the diversity of freshwater macroinvertebrate species due to
selective environmental pressures [6]. The measurement of electrical conductivity can serve as
an early indicator to detect rising levels of heavy metals in water, providing a timely warning
of potential damage to aquatic ecosystems [7].

Several approaches have been utilized to remove heavy metals from water [8], such as:
photocatalysis [9], ultrafiltration [10], and adsorption with activated carbon [11]. Adsorption
is a promising technique due to its low cost, easy operation, excellent efficiency, little sludge
production, and adsorbent regeneration. Some popular adsorbents, including activated
carbon, can remove dyes and heavy metals [12].

Activated carbon has good adsorption properties and excellent performance in the application
as a water treatment process for the removal of natural organic matter, small organic
compounds (e.g., pesticides), and inorganic compounds (e.g., heavy metals) [13]. Commercial
activated carbon is a form of adsorbent widely utilized in adsorption processes. However, the
use of commercial carbon in wastewater treatment remains limited due to the scarcity of
precursors and their high cost. Activated carbon can be produced from agricultural residues,
wood, and biomass materials [14].

Several studies have explored biomass-based activated carbon for heavy metal and
contaminant removal, such as those derived from rice straw [12] and sesame straw [13] for
Cd(II) removal, cauliflower leaves for Cu(Il) [15] and water hyacinth leaves [16] (Pontederia
crassipes) leaves for fluoride adsorption in groundwater.

Water chestnut (Eleocharis dulcis) (commonly known as "purun tikus") grows naturally in
swamp areas in South Kalimantan [17]. This plant is classified as a weed. The WC plant in
South Kalimantan is still limited in use, namely, as swamp buffalo feed, making mats [17] and
biofilter [18]. In other research, WC has also been used as a composite material [19]. Therefore,
the WC was chosen for this study due to its unique metal absorption capabilities, wide
availability, and cost-effectiveness in environmental remediation [20]

The physicochemical properties of the activated carbon depend on several parameters, such
as temperature and time of carbonization, activator types, activator time, and particle size [21],
[22], [23], [24]. The carbonization process in this study was carried out at 400°C. This
temperature was selected with reference to previous studies and the botanical similarity
between the selected biomass and other related plant materials. Carbonization at 400°C using
a pellet mixture of elephant grass and nyamplung shell has been reported to successfully
produce carbon materials with desirable properties. Elephant grass shares taxonomical
similarities with water chestnut (Eleocharis dulcis), including both being classified as
angiosperms, monocots, and members of the order Poales [25].

The selection of the carbonization durations is based on the previous studies demonstrating
that carbonization time significantly affects the physical and chemical characteristics of the
resulting carbon. Lignite carbonized at 900°C for 2 hours produced activated carbon with a
high iodine number of 1274.8 mg/g, indicating excellent adsorption capacity [26].
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Additionally, Eleocharis dulcis was used as a raw material for supercapacitor electrode
carbon through a carbonization process at 600°C for 1 hour [27]. Drawing from these findings,
this study adopted 1 and 2-hour carbonization periods to potentially optimize the surface
area and porosity of activated carbon, enhancing its performance in adsorption applications.

The charcoals were crushed and filtered to sizes of 60 and 120 mesh. The selection of 60 and
120 mesh particle sizes was based on their influence on adsorption efficiency. These particular
mesh sizes were selected based on previous studies highlighting the impact of particle
fineness on surface area and adsorption efficiency. Finer particles of 120 mesh derived from
oil palm empty fruit bunches exhibited enhanced adsorption of methylene blue due to
increased surface area and porosity [28]. Similarly, activated carbon from coconut shells with
approximately 60 mesh particle size effectively removed heavy metals from wastewater,
indicating sufficient surface exposure while maintaining structural stability [29]. Based on
these findings, both 60 and 120 mesh sizes were used in this research to examine how granule
fineness affects the adsorption behavior of water chestnut-based activated carbon.

In this study, 1 M KOH and 1 M H.SO. were used as chemical activating agents to enhance
the adsorption properties of the activated carbon. These activators were selected based on
their proven effectiveness in previous studies. Rice husk activated with KOH, followed by
carbonization at 600°C, achieved a high iodine adsorption capacity of 458.109 mg/ g after 90
minutes, indicating increased porosity and surface area [21]. Similarly, activated carbon made
from pineapple leaves and treated with 1 M H2SO. exhibited the highest iodine number
(382.1576 mg/g) compared to other acids, demonstrating strong activation potential [30].
Based on these findings, KOH and H.SO. were considered suitable for producing high-
quality activated carbon from biomass in this study.

This study offers a new approach using water chestnut (Eleocharis dulcis). This wetland plant
has not been widely explored, especially for its use as a raw material for making activated
carbon as Fe adsorbent. Water chestnut, also known as purun tikus in the local language, grows
in swampy areas of South Kalimantan [31]. This study will hopefully pave the way to
producing a more sustainable and environmentally conscious activated carbon and provide
added value for using wetland plants.

Previous work on activated carbon from water chestnuts provided preliminary data on
physical-chemical properties such as water content, ash content, and volatile and fixed carbon,
delivering the framework for future research [11]. However, these studies did not
comprehensively address the adsorption capabilities of Fe metal and the electrical
conductivity of the activated carbon. This article aims to fill this gap by presenting an analysis
of the reduction efficiency of Fe metal, adsorption capacity, and electrical conductivity,
thereby offering a more complete understanding of the functional properties of activated
carbon.

In parallel, assessing the adsorption capacity is essential to determine a material’s effectiveness
in removing metal ions from contaminated water. Combined with conductivity
measurements, it offers a comprehensive view of pollutant removal efficiency and ionic
changes, supporting the development of sustainable water treatment technologies in metal-
contaminated areas.
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Experimental Method

Sample Preparation

Water chestnut plants were collected in the Barito Kuala Regency of South Kalimantan. In
this research, the drying of water chestnut stems, which ranged from 100 to 160 cm in length,
was carried out under direct sunlight for two days. During the drying process, the average
ambient temperature ranged from 32°C to 35°C. After that, the water chestnuts were chopped
into pieces about 2 cm long and then crushed with a blender.

Carbonization

The water chestnuts were carbonized at 400°C. Carbonization times varied between 1 and 2
hours. The charcoals were crushed and filtered to sizes of 60 and 120 mesh. This aims to
homogenize particle size.

Chemical Activation

In this study, the raw material was first carbonized to obtain char, and subsequently, chemical
activation was performed by impregnating the char with either 1 M KOH or 1 M H,S0,
(char/activating agent = 1/4). The mixture was stirred using a magnetic stirrer at 500 rpm for
20 minutes to ensure uniform contact, then immersed for 24 hours to complete the activation
process. This activation duration was selected based on previous studies indicating that
prolonged soaking enhances the development of porosity and surface area in activated
carbon. For example, research on the chemical activation of date seed carbon using HsPOsx,
HNO:s, and H2SOs involved soaking the carbonized material in a 1 N solution of the activating
agent for 24 hours [32], resulting in effective activation and improved adsorption properties.

The activated material was then filtered using Whatman filter paper, and the resulting solid
was washed repeatedly with deionized water until the filtrate reached a neutral pH, ensuring
the removal of residual activating agents and by-products. The pH of the filtrate was
monitored using a pH meter to confirm neutrality. A schematic diagram of the entire
activated carbon production process is shown in Figure 1.
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Figure 1. Activated carbon production method
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Adsorption Fe Metal

Water samples for this research were collected from the Martapura River in South
Kalimantan. For Fe adsorption, 100 ml of sample in the Erlenmeyer flask was added 0.08
grams of activated carbon, then soaked for 30 minutes. After that, the sample is filtered to
separate the adsorbent. In the last step, initial and residual concentration tests are conducted.

The selection of 0.08 grams of activated carbon per 100 mL of water in this study was informed
by prior research demonstrating effective adsorption at similar dosages. For instance, a study
on methylene blue dye removal utilized 0.05 g of activated carbon in 100 mL of solution,
achieving a 94.10% removal efficiency [33]. Additionally, research on chemically activated
carbon from rice husks reported optimal chemical oxygen demand (COD) removal at
adsorbent dosages around 0.08 g per 100 mL [34]. These findings suggest that using 0.08 g of
activated carbon per 100 mL provides sufficient surface area for effective contaminant
adsorption without excessive material use, aligning with established practices in adsorption
studies.

Characterization

Removal of Fe metals by activated carbon was observed with AAS (Atomic Absorption
Spectroscopy). The electrical conductivity measurement using a conductivity meter at UPT
Laboratorium Lingkungan, South Kalimantan. The experiment was conducted using three
measurements, and the average of each sample variation was obtained.

Results and Discussion
Electrical Conductivity Measurement

The condition or quality of water can be determined by measuring electrical conductivity.
Electrical conductivity in water is the ability of water to conduct electricity, which is related to
water temperature and total concentration, mobility, valence, and relative concentration of
ions. Increased electrical conductivity can indicate that there has been a decrease in water
quality that can be harmful to fish or aquatic biota [35]. The electrical conductivity of
Martapura River water before and after the addition of activated carbon is presented in Table
1. The initial electrical conductivity of Martapura River water is 0.56 (2m)~* or 5.600 pS/cm.
The normal electrical conductivity value of most large rivers is in the range of 200 to 1000
nS/cm. Electrical conductivity outside this range may indicate that the water is not suitable
for certain species of fish. Based on this, the Martapura River has an indication of high
conductivity (1000 to 10.000 pS/cm), which is included in the category of salinity conditions
[36]. However, electrical conductivity measurements cannot indicate the type of pollutant
present.

Before conducting research on the electrical conductivity, observations were first made on the
electrical conductivity of Martapura River water that passes through the filter paper. The
purpose of measuring is to determine whether there is a change in the electrical conductivity
after passing through the filter paper. In Table 1, the electrical conductivity decreased after the
river water passed through the filter paper. The results of this study show that filtering with
filter paper can reduce the electrical conductivity by 0.016 (Qm)~*. This data is used as control
data, where the final electrical conductivity data will be reduced by a value equal to the
electrical conductivity control data.
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Table 1. The Electrical Conductivity Reduction Efficiency Using Filter Paper

Concentration before ~ Concentration after ~ Difference (Qm)~! Efficiency
No treatment (Qm)~! treatment (Qm) ! (%)
1 0.5600 0.5440 0.0160 2.86

Table 2. Electrical Conductivity

Final Final
Inital Electrical Electrical
Carbonization . Particles Electrical Conductivity Conductivity Efficiency
. Activator . ..
Time Size conductivity before after (%)
(Qm)™1 treatment treatment
(Qm)~* (Qm)~*
60 0.5600 0.5130 0.4970 11.25
0.5600 0.4940 0.4780 14.64
Meshs
0.5600 0.4990 0.4830 13.75
Average 0.5600 0.5020 0.4860 13.21
KOH handard 0 0.01 0.01 1.758
120 0.5600 0.5030 0.4870 13.04
0.5600 0.5010 0.4850 13.39
Meshs
0.5600 0.4940 0.4780 14.64
Average 0.5600 0.4993 0.4833 13.69
1 Hour landard 0 0.005 0.005 0.841
60 0.5600 0.5230 0.5070 9.46
0.5600 0.5360 0.5200 7.14
Meshs
0.5600 0.5390 0.5230 6.61
Average 0.5600 0.5327 0.5167 7.74
H,SO4 landard 0 0.009 0.009 1516
120 0.5600 0.5250 0.5090 9.11
0.5600 0.5400 0.5240 6.43
Meshs
0.5600 0.5380 0.5220 6.79
Average 0.5600 0.5343 0.5183 7.44
landard 0 0.008 0.008 145
60 0.5600 0.5070 0.4910 12.32
0.5600 0.4930 0.4770 14.82
Meshs
0.5600 0.5050 0.4890 12.68
Average 0.5600 0.5017 0.4857 13.27
2 Hours KOH Standard
Standard 0 0.008 0.008 1.351
120 0.5600 0.5060 0.4900 12.50
0.5600 0.4960 0.4800 14.29
Meshs
0.5600 0.4940 0.4780 14.64
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Average 0.5600 0.4987 0.4827 13.81
Dtandard 0 0.006 0.006 1.148
60 0.5600 0.5370 0.5210 6.96
0.5600 0.5330 0.5170 7.68

Meshs
0.5600 0.5460 0.5300 5.36
Average 0.5600 0.5387 0.5227 6.67

H2SO4 Standard
Standard 0 0.007 0.007 1.187
120 0.5600 0.5300 0.5140 8.21
0.5600 0.5430 0.5270 5.89

Meshs
0.5600 0.5310 0.5150 8.04
Average 0.5600 0.5347 0.5187 7.38
Sandard 0 0.007 0.007 1.293

Deviation

After activated carbon treatment, the electrical conductivity of Martapura river water
decreased, reaching a maximum reduction of 0.0773 (2m)~*. The efficiency of activated carbon
in terms of electrical conductivity was 6.67 - 13.81 %. However, this efficiency is still relatively
low. This indicates that although the treatment was partially effective, additional treatment
steps or higher carbon dosage may be necessary to meet the required standards. The remaining
high conductivity implies that significant dissolved ions persist [37], which could limit the
water’s suitability for applications requiring low ionic content, such as drinking water or
certain industrial uses.

The highest electrical conductivity value was found in 120 mesh activated carbon. In this study,
small-sized activated carbon exhibited the lowest conductivity compared to other sizes. Recent
studies have demonstrated that reducing the particle size of activated carbon enhances its
adsorption capacity due to increased surface area and porosity. However, this can also lead to
higher electrical conductivity in treated water samples, as the finer particles may release more
dissolved ions into the solution. According to a study by Takaesu found that micro-milling
super-fine powdered activated carbon introduced oxygen/hydrogen-containing functional
groups on the carbon surface, which could increase the conductivity of the treated water [38].

This research shows, the highest electrical conductivity value was observed in samples treated
with activated carbon produced at the longest carbonization time. The length of the
carbonization process affects the development of the pore structure within the activated
carbon. Prolonged carbonization can lead to a more extensive pore network, enhancing the
material's capacity to adsorb impurities that contribute to water's electrical conductivity.
Parameters such as activation time and temperature have a major impact on the yield and
properties of activated carbons. However, overly extended carbonization times may cause
structural degradation or excessive burn-off, reducing the overall yield and effectiveness of
the activated carbon [39].

In this study, it was observed that water treated with H.SOs-activated carbon exhibited higher
electrical conductivity compared to water treated with KOH-activated carbon. This can be
attributed to the differences in the chemical interactions and pore structures developed by each
activating agent. Sulfuric acid (H.SO4) introduces various functional groups onto the carbon
surface, enhancing its adsorption capacity for organic and inorganic contaminants. However,
residual acidic groups or the release of adsorbed ions back into the water may increase
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electrical conductivity, as observed with H.SOs-activated carbon, which showed a slight rise
in conductivity after treatment [40].

Figure 2. SEM images of (a) 60 mesh and (b) 120 mesh water chestnut
2 hours carbonization.

The results of the morphology of the activated carbon with the particle size of 120 mesh have
larger pores in comparison with the particle size of 60 mesh, as shown in Figure 2. When it
correlates with the carbon element contained in the activated carbon [41], the carbonization
process increases the quantity of carbon. Based on the variation of carbonization time for 2
hours, the highest carbon element is found in activated carbon with a particle size of 120 mesh.
The element of carbon from activated carbon at 60 mesh particle size was 41.53 % of weight,
while at size 120 mesh was 71.73 % of weight. Similarly, research on sargassum-based
activated carbon revealed that carbonization temperature significantly influences the specific
surface area and pore volume of the material [42]. Since adsorption efficiency is strongly
influenced by surface characteristics, it is essential to correlate the surface properties with
adsorption performance. Despite this increase in carbon composition, the overall performance
of the activated carbon remains relatively low. This limitation can be attributed to the surface
morphology observed in the SEM analysis, where the pore structures are not well-developed,
the pore distribution is non-uniform, and some pores appear to be blocked. These factors
indicate that the activation process has not yet produced an optimal pore network for
adsorption. The development of pore structures and surface chemistry is also strongly
influenced by the intrinsic composition of the precursor material.

Fe Adsorption of Activated Carbon from Water Chestnut

In Fe adsorption measuring, a similar way was conducted as in the electrical conductivity
investigation. After filtering, the Fe concentration in Martapura river water also showed a
decrease (see Table 3). This result shows the correlation with the electrical conductivity
measurement. The results of this study show that filtering with filter paper can reduce the Fe
content by 0.128 mg/L. This data is used as control data, where the final concentration data
after the adsorption process by activated carbon will be reduced by a value equal to the Fe
content retained on the filter paper.
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Table 3. Fe Reduction Efficiency Using Filter Paper

Concentration before Concentration after Difference (mg/L) Efficiency (%)
treatment (mg/L) treatment (mg/L)
No
1 5.175 5.047 0.128 2.47

Table 4. Reduction efficiency and adsorption capacity of activated carbon

Final Final
Carbonization Particles Initial Concentration Concentration Reduction Adsorption
. Activator . Concentration Before After Efficiency  Capacity
Time Size
(mg/L) treatment treatment (%) (mg/g)
(mg/L) (mg/L)

5.047 4.589 4.461 13.80 0.88

60 Mesh 5.047 4.482 4.354 15.86 1.02

5.047 4.632 4.504 12.97 0.83

Average 5.047 4.568 4.440 14.21 0.91

KOH Slandard 0 0.077 0.077 1.488 0.098

120 5.047 4.394 4.266 17.57 1.13

5.047 4.302 4174 19.34 1.24
Mesh

5.047 4.519 4.391 15.15 0.98

Average 5.047 4.405 4.277 17.35 1.12

1 Hour landard 0 0.109 0.109 2103 0.131

5.047 4.790 4.662 9.91 0.64

60 Mesh 5.047 4.745 4.617 10.78 0.69

5.047 4.643 4.515 12.75 0.82

Average 5.047 4.726 4.598 11.15 0.72

H;S0,  pandeed 0 0.075 0.075 1.455 0.093

120 5.047 4917 4.789 7.46 0.48

5.047 4.867 4.739 8.43 0.54
Mesh

5.047 4.925 4.797 7.30 047

Average 5.047 4.903 4.775 7.73 0.50

Standard 0 0.031 0.031 0.611 0.038

5.047 4.523 4.395 15.07 0.97

60 Mesh 5.047 4.358 4.230 18.26 1.17

5.047 4.325 4197 18.90 1.21

Average 5.047 4.402 4.274 17.41 1.12

- KOH Shandard 0 0.106 0.106 2.052 0.129

o 120 5.047 4.285 4157 19.67 1.26

Mesh 5.047 4241 4113 20.52 1.32

5.047 3.822 3.694 28.62 1.83

Average 5.047 4.116 3.988 22.94 1.47

Standard 0 0.256 0.256 4.94 0313

Deviation
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5.047 4.945 4.817 6.92 0.44

60 Mesh 5.047 4.619 4.491 13.22 0.85

5.047 4.732 4.604 11.03 0.71

Average 5.047 4.765 4.637 10.39 0.67

HS0; — pondad 0 0.166 0.166 3198 0.208
120 5.047 4.672 4.544 12.19 0.79

Moch 5.047 4.665 4.537 12.33 0.79

5.047 4.737 4.609 10.94 0.71

Average 5.047 4.691 4.563 11.82 0.76

Standard 0 0.04 0.04 0.765 0.046

Deviation

The activated carbon prepared by increasing the carbonization time had a higher adsorption
capacity. Based on the data from Table 4, the longer the carbonization time, the higher the
absorption capacity and the reduction efficiency of the activated carbon are. Activated carbon
derived from rice husk also showed increased adsorption capacity with increasing
carbonization time in different investigations [21]. This is because the longer the carbonization
period is, the more time steam has to burn the organic compounds, causing low yields but
rather high specific pore volumes and surface areas [39]. The low quantity of Impurities such
as water content, ash content, and volatiles result in activated carbon that is capable of
adsorbing a concentration of Fe metal.

As can be seen in Table 4, the average reduction efficiency and adsorption capacity of activated
carbon were consistently increased as the particle size became smaller. The particle size of 120
mesh has the largest carbon element, 71.73% of weight, which results in a higher reduction
efficiency (22.94%) and adsorption capacity (1.47%) of Fe metal components than the 60 mesh
particle size variation. [11]. Smaller particles allow water to evaporate quickly, resulting in
almost all the samples burning perfectly and producing a minimal quantity of ash [45]. The
heat would also burn the other compounds, such as cellulose and lignin, and increase the
carbon concentration.

The base activator (KOH) delivered the best adsorption results in this research. [46] Correa
revealed that the chemical activation process with KOH was conducted to increase the surface
area and micropore volumes. In the process of chemical activation, the carbon is in contact
with a chemical solution, and oxidation occurs, causing damage to the carbon's structure and
resulting in an increased number of pores [47], and described that the presence of tar residue
in activated carbon can block the pores [48]. Therefore, it requires chemical activation that can
dissolve the tar when soaked with an activator.

Activated carbon derived from Eleocharis dulcis (water chestnut) achieved Fe adsorption
efficiencies ranging from 7.73% to 22.94%, corresponding to an average Fe adsorption capacity
of 0.91 mg/g. The optimal performance was observed in samples carbonized for 2 hours,
activated with KOH, and sieved to 120 mesh. The relatively low Fe adsorption efficiency
obtained from Eleocharis dulcis-derived activated carbon can be attributed to several factors.
The accessibility of hydrated Fe ions is highly dependent on the pore structure of the adsorbent
material. Structures dominated by micropores with limited mesoporous volume can restrict
ion diffusion and reduce the availability of active adsorption sites [49].
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Furthermore, another factor influencing the adsorption capacity of activated carbon is its
surface chemistry, particularly the type and distribution of oxygen-containing functional
groups. The concentration of the chemical activating agent plays a crucial role in pore
development. However, when the concentration is too high, the stronger alkaline environment
accelerates the corrosion and deoxygenation of the carbon structure, thereby reducing the
amount of oxygen-containing functional groups [50]. A decrease in these functional groups
may negatively impact the surface reactivity and lower the specific capacitance of carbon
materials. Previous studies have reported that an optimal amount of oxygen-containing
functional groups can positively contribute to improving the specific capacitance of carbon
materials [51].

Table 5. Comparison of Fe adsorption performance between activated carbon derived from water
chestnut and sugar cane bagasse

No Biomass Source Fe Adsorption Capacity
(mg/g)
1 Water Chestnut 0.91
2 Sugar Cane Bagasse 0.69

This observation suggests that a reduction in oxygen-containing functional groups can
contribute to lower Fe adsorption performance. Similar low adsorption efficiency has also been
reported for activated carbon derived from other biomass sources. A comparison of Fe
adsorption performance between water chestnut-derived activated carbon and other reported
activated carbons is presented in Table 5, indicating that low adsorption efficiency is not only
observed for E. dulcis but also for activated carbons from sugar cane bagasse [52].

These findings highlight that the relatively low Fe adsorption performance of water chestnut-
derived activated carbon may be strongly influenced by its surface chemistry and pore structure.
Although carbonization and activation processes improve porosity, the presence of sufficient
oxygen-containing functional groups remains critical for effective Fe adsorption. Nevertheless,
the discussion of surface functional groups in this study is constrained, as FTIR characterization
was not conducted. Therefore, future studies should not only explore surface modification
techniques, but also include detailed spectroscopic analyses (e.g., FTIR or XPS) to provide a
more comprehensive understanding of the relationship between functional groups and
adsorption performance.

Conclusion

In conclusion, the measurement of electrical conductivity indicates that Martapura River water
is polluted, with a value of 0.56 (m)~!. Water chestnut-based activated carbon reduced the
conductivity by 6.67-13.81% and achieved Fe adsorption efficiencies of 7.73-22.94%, with the
best performance observed in samples carbonized for 2 hours, activated with KOH, and sieved
to 120 mesh. Although the adsorption performance is lower compared to some other biomass-
derived activated carbons, these findings indicate that water chestnut-derived activated
carbon can be further explored for water treatment applications. Further optimization of
synthesis parameters and detailed characterization of surface chemistry and porosity are
necessary to understand its adsorption mechanism and potential better.
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