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Abstract: Activated carbon derived from coconut shells has great potential as an adsorbent for water purifi-
cation due to its high porosity. This study investigates the effect of carbonization temperature on pore formation
and adsorption capacity of coconut shell activated carbon. Carbonization was conducted at temperatures rang-
ing from 500°C to 700°C for 2 hours, followed by chemical activation using 3M KOH solution. The activated
carbon was then filtered, washed until neutral pH (£ 7), and dried. Characterization was carried out using
the BET method to analyze surface area and pore volume, while adsorption capacity was determined using
a UV-Vis spectrophotometer with methylene blue as the adsorbate. The results show that increasing the car-
bonization temperature enhances pore development, as indicated by higher surface area and pore volume. The
highest surface area and pore volume were obtained at 700°C, reaching 426.692 m?/g and 2.414 cc/g, respec-
tively. Correspondingly, the highest adsorption capacity was also observed at 700°C, with a value of 3957.15
mg/g. These findings suggest that carbonization temperature plays a critical role in optimizing the physical
characteristics and adsorption performance of coconut shell-based activated carbon.
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I. INTRODUCTION

The growing global population has driven a higher demand
for food. In the Asian region, particularly Southeast Asia,
coconut production is notably high. Four major countries,
namely India, Indonesia, the Philippines, and Sri Lanka, ac-
count for approximately 78% of the worlds total coconut pro-
duction [1]. However, the high level of coconut production
also generates a large amount of biomass waste, particularly
from unused parts such as shells, husks, and fibers. This waste
is often not utilized optimally and ends up as garbage, leading
to environmental problems [2]. One promising effort to ad-
dress this issue is the utilization of coconut waste especially
coconut shells as a raw material for the production of activated
carbon [3, 4].

Activated carbon can be derived from various carbon-rich
raw materials, including coal and biomass waste such as palm
fruit bunches, wood, cocoa fiber, coconut shells, coffee husks,
and rice husks [5]. Among these, coconut shells are consid-
ered a highly suitable precursor due to their high content of
carbon, cellulose, hemicellulose, and lignin [6, 7]. These lig-
nocellulosic components play an essential role in determining
the quality of the resulting activated carbon, as higher con-
tents of lignin, hemicellulose, and cellulose contribute to bet-
ter pore development and structural integrity [8].

Activated carbon is a porous solid material composed of
8595% carbon content [9,10]. It is characterized by an ex-
tremely high surface area, typically ranging from 100 to 2000

m?/g [11]. This high surface area results from the presence of
abundant micro-porous structures that provide a large number
of active sites for adsorption. As a result, activated carbon is
widely used in various applications, particularly in water pu-
rification, where it serves as an adsorbent for odors, dyes, and
dissolved organic compounds [12]. The production of acti-
vated carbon generally involves two main stages: carboniza-
tion and activation. Carbonization is a thermal decomposition
process conducted in the absence or limited presence of oxy-
gen, which removes volatile components and yields a carbon-
rich solid residue. This is followed by the activation proces-
seither physical (using steam or inert gases at high tempera-
tures) or chemical (using activating agents such as KOH or
ZnCly)which enhances the pore structure and increases the
surface area [13]. This activation is crucial, as the formation
of micropores induces capillary effects that significantly im-
prove the adsorption capacity of the carbon.

One of the critical factors influencing the characteristics of
activated carbon is the carbonization temperature. The car-
bonization of lignin at elevated temperatures leads to the re-
lease of volatile compounds and the evaporation of lignin,
which facilitates the formation of more pores without clog-
ging the gaps between aromatic carbon layers [14]. As the
temperature increases, substances that block pore openings
are further decomposed, resulting in increased pore formation,
higher pore volume, and larger surface area [15,16]. These
structural properties, in turn, directly affect the adsorption per-
formance of the activated carbon [17]. Given the importance
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of these parameters, this study aims to investigate the effect of
carbonization temperature (ranging from 500°C to 700°C) on
the pore development and adsorption capacity of activated car-
bon derived from coconut shells. The activation process will
be conducted using potassium hydroxide (KOH), and the per-
formance of the activated carbon will be evaluated based on
its ability to adsorb methylene blue as a model organic con-
taminant.

II. METHOD
A. Preparation of Activated Carbon

Coconut shells used as the raw material for activated carbon
were first crushed into small pieces and thoroughly cleaned to
remove dirt and coconut fibers. The shells were then sun-dried
for 3 days until completely dry. Carbonization was performed
using a furnace at temperatures of 500, 600, and 700°C for 2
hours, following previous studies [18-20] The resulting char-
coal was ground using a mortar and pestle to obtain a fine
powder and then sieved using a 40-mesh sieve to ensure uni-
form particle size.

B. Chemical Activation of Carbon

Chemical activation was carried out using 3M KOH solu-
tion. A total of 15 grams of KOH was dissolved in 89.28
mL of distilled water and stirred with a magnetic stirrer for
15 minutes. The carbon powder was mixed with the KOH
solution in a 1:1 weight ratio and stirred at 80°C for 1 hour.
The activated carbon was then filtered and dried in an oven
at 130°C for 4 hours [21]. After activation, the carbon
was washed with distilled water until a neutral pH (£7) was
reached. After washing, the activated carbon was dried again
in an oven at 120°C for 4 hours to ensure minimal moisture
content in the sample [21]. The resulting activated carbon
samples were labeled KA500, KA600, and KA700 based on
the initial carbonization temperature variations of 500, , and
700°C, respectively.

C. Characterization of Activated Carbon

Each sample (KA500, KA600, KA700) was characterized
by weighing 1 gram of activated carbon powder and analyz-
ing it using the BrunauerEmmettTeller (BET) method to de-
termine surface area and pore volume.

D. Adsorption Test Using Methylene Blue

The adsorption capacity was evaluated using methylene
blue (MB) dye solution. 100 ppm MB solution was prepared
by dissolving the dye in 20 mL of distilled water. Then, 20
grams of activated carbon powder was added to the solution
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FIG. 1: Graph of the relationship between carbonization
temperature and surface area of coconut shell activated
carbon.

and stirred using a magnetic stirrer at 100 rpm for 150 min-
utes. Samples of 4 mL were taken at different contact times
(30, 60, 90, 120, and 150 minutes).

From each sample, 1 mL was pipetted and analyzed using a
UV-Vis spectrophotometer to measure absorbance. These ab-
sorbance values were compared with the initial MB solution
(before the addition of activated carbon) to determine the re-
maining dye concentration. The adsorption capacity (Q) was
calculated using the following equation:

Q(COCl>V (1)

m

where Q = adsorption capacity (mg/g), C, = initial dye con-
centration (ppm), C; = dye concentration after adsorption
(ppm), V = volume of the dye solution (L), m = mass of the
adsorbent (g).

A standard calibration curve (absorbance vs. concentration)
was also established to accurately determine the dye concen-
tration after adsorption.

III. RESULTS AND DISCUSSION

The surface area of the adsorbent plays a critical role in
determining its adsorption performance. Activated carbon is
considered an effective adsorbent when it possesses a high
surface area [22]. As shown in Fig. 1, the surface area of
coconut shell-based activated carbon is influenced by the car-
bonization temperature. The lowest surface area was recorded
for sample KA500 at 231.352 m?/g, while the highest was ob-
served in KA700 at 426.692 m?/g.

The relatively low surface area of KA500 can be attributed
to insufficient pore development at lower carbonization tem-
peratures. At these temperatures, a significant amount of
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FIG. 2: Graph of the relationship between carbonization
temperature and pore volume of coconut shell activated

carbon.
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FIG. 3: Graph of the relationship between contact time and
adsorption capacity.

volatile matter remains, and tar residues tend to block the pore
structure, inhibiting the formation and expansion of new pores
[23]. This results in a reduced number of active sites available
for adsorption. Conversely, higher carbonization temperatures
promote the release of volatile components and facilitate the
development of micropores, thereby increasing the specific
surface area of the activated carbon [24]. These findings are
consistent with previous studies which demonstrated that el-
evated carbonization temperatures enhance surface area due
to more complete thermal decomposition and greater porosity
formation [24,25].

Carbonization temperature also significantly affects the
pore volume of activated carbon, as depicted in Fig. 2. The
highest pore volume was achieved by KA700 at 2.414 cc/g,
while KA500 exhibited the lowest value at 1.486 cc/g. An in-
crease in carbonization temperature leads to greater pore de-
velopment, driven by the evaporation of volatile compounds
during pyrolysis [26]. During carbonization, the decomposi-
tion of cellulose, hemicellulose, and lignin results in dehydra-

tion and subsequent polymerization, forming a carbon matrix.
As the temperature increases, this polymerization process in-
tensifies, facilitating the expansion of pores and contributing
to a higher surface area and pore volume [24].

These structural characteristics directly influence adsorp-
tion performance. As illustrated in Fig. 3, the highest ad-
sorption capacity was obtained by KA700, reaching 3926.84
mg/g. This confirms that carbonization temperature signifi-
cantly affects the adsorption capacity of activated carbon. One
of the main contributing factors is the increased surface area
at higher temperatures, which offers more active sites for ad-
sorbate interaction [27]. Several studies have reported a posi-
tive correlation between increased carbonization temperature,
surface area, and adsorption capacity [17], [28]. The forma-
tion of well-structured pores and more complete removal of
volatile materials at higher temperatures contribute to this im-
provement [29].

The adsorption behavior over time, as shown in Fig. 3, ini-
tially increases and then decreases. Significant adsorption was
observed at 30 and 60 minutes for both KA500 and KA700.
This initial phase is marked by high adsorption rates due to
the availability of unoccupied pores that readily trap adsor-
bate molecules [17]. In general, longer contact time enhances
adsorption until equilibrium is reached, at which point the ad-
sorbent can no longer retain additional adsorbate [30,31].

A decrease in adsorption capacity was observed for KA500
at 90 and 120 minutes, which can be attributed to saturation
of the adsorbent surface, leading to desorption. In this pro-
cess, some of the previously adsorbed molecules are released
back into the solution, reducing the overall adsorption per-
formance [32]. Interestingly, a slight increase in adsorption
capacity was noted again at 150 minutes for KA500. This
phenomenon may be explained by the reversible nature of the
adsorption process, wherein desorbed molecules can be re-
adsorbed, allowing the activated carbon to regain part of its
adsorption capability [33].

IV. CONCLUSION

This study demonstrates that carbonization temperature has
a significant impact on the physical characteristics of activated
carbon and its performance as an adsorbent. Activated car-
bon derived from coconut shell carbonized at 700°C (KA700)
exhibited the highest surface area and pore volume, measur-
ing 426.692m?/g and 2.414cc/g, respectively. The increase
in carbonization temperature promotes more developed pore
structures due to more complete decomposition of volatile
compounds. These characteristics directly influence adsorp-
tion capacity, with KA700 achieving the highest value at
3926.84mg/g. The adsorption process is also affected by con-
tact time, where adsorption increases during the initial phase
and reaches equilibrium over time. A decrease in adsorption
capacity at certain contact times indicates desorption, while a
subsequent increase at longer contact times suggests the pos-
sible reversible nature of activated carbon.
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