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Activated carbon (AC) is an amorphous material with a suitable size pores
distribution, high specific surface area, and high surface reactivity. Activated
carbon can be produced from biomaterials and can be used as a water filter
material, an absorbent for hazardous substances, and as electrodes in
supercapacitors. Etlingera elatior or Pattikala fruit waste has lignocellulose
content that can potentially be activated carbon material. This study aimed to
synthesize Etlingera elatior or Pattikala fruit waste by chemical activation method
into activated carbon. Based on the study's results, activated carbon from
Pattikala fruit waste has a high purity level of 87.80%, and SEM results show
that pores have begun to form in the activated carbon samples produced. This
study demonstrates that activated carbon can be produced from Etlingera elatior
fruit waste.
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Karbon aktif (AC) merupakan material amorf yang memiliki pori dengan distribusi
ukuran yang tepat, luas permukaan spesifik yang tinggi dan reaktivitas
permukaan yang tinggi. Karbon aktif dapat diproduksi dari biomaterial dan
dapat digunakan sebagai material penyaring air, penyerap zat berbahaya dan
elektroda superkapasitor. Limbah buah Etlingera elatior atau Pattikala memiliki
kandungan lignoselulosa memiliki potensi sebagai material karbon aktif. Tujuan
penelitian ini adalah mensintesis limbah buah Etlingera elatior atau Pattikala
dengan menggunakan metode aktivasi kimia menjadi karbon aktif. Berdasarkan
hasil penelitian karbon aktif dari limbah buah pattikala memiliki tingkat
kemurnian yang tinggi yaitu 87.80% dan hasil SEM menunjukkan pori sudah
mulai terbentuk pada sampel karbon aktif yang dihasilkan. Penelitian ini
menunjukkan karbon aktif dapat dihasilkan dari limbah buah Etlingera elatior.

1. Introduction

Etlingera elatior, or Pattikala, is a tropical plant belonging to the Zingiberaceae family (Ernilasari et al., 2021).
It has flowers, fruits, stems, and leaves. So far, Pattikala fruit has been used by the people of South Sulawesi as a
food flavoring, after which it produces organic waste that is not utilized (Al-Mansoub et al., 2021). Chemically, in
Etlingera elatior or Pattikala, there is a fibrous part that contains lignocellulose, so it has the potential to be used as
an activated carbon material (Al-Mansoub et al., 2021; Ernilasari et al., 2021; Nor et al., 2020).

Activated carbon (AC) is an amorphous material with a suitable size pores distribution, high specific surface
area, and high surface reactivity (Heidarinejad et al., 2020). It has many uses, such as a liquid waste absorber, gas
purification, and supercapacitor/battery electrode (Mariana et al., 2021; Wong et al., 2018). Activated carbon can be
produced from biomaterials or natural materials such as coconut shells (Lutfi et al., 2021), lemongrass (Ni et al.,
2024), sawdust (Oladimeji et al., 2021), and many more, as long as the biomaterial contains carbon elements.

Synthesis of activated carbon consists of two basic procedures: carbonization and activation (Naji & Tye, 2022).
Carbonization aims to reduce the volatile content of the material through the pyrolysis of carbon precursors and to
create a high primary porous structure (Suyoga Wiguna et al., 2024). Activation seeks to increase activated carbon's
specific surface area or pore volume by opening and increasing existing pores (Lutfi et al., 2021). In addition,
activation can change or adjust the chemical structure of the activated carbon surface with specific unique properties
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(Oladimeji et al., 2021), (Suyoga Wiguna et al., 2024). There are three activation techniques to produce activated
carbon: physical activation, chemical activation, and physicochemical. Physical activation is a two-stage process
involving a carbonization stage in the presence of an inert gas (N2 or Ar) followed by an activation stage with the help
of an oxidizing gas (O2, CO2, H20 vapor) in the temperature range of 800°C - 1200°C (Heidarinejad et al., 2020;
Mariana et al., 2021). Chemical activation is a one-step process in which carbonization and activation coincide with
the help of chemicals such as ZnCl, KOH, and H3POa4 (Lutfi et al., 2021). The advantages of chemical activation are
low heating temperature, short processing time, high carbon yield, well-controlled porosity, and high specific surface
area. Physicochemical activation combines physical and chemical processes involving a physical activation step
under an oxidizing gas atmosphere followed by chemical impregnation of the carbon precursor with an activating
agent (Heidarinejad et al., 2020; Mariana et al., 2021; Wong et al., 2018).

Based on the description above, activated carbon can be produced from various biomaterials (Lutfi et al., 2021;
Naji & Tye, 2022; Oladimeji et al., 2021). However, no one has studied activated carbon sourced from Pattikala fruit.
Therefore, this study aims to produce activated carbon from Pattikala fruit waste, which will be synthesized using
chemical activation with the help of activator agent KOH (Potassium Hydroxide).

2. Research Methods

Pattikala fruit waste is cut and cleaned from dirt. Dry in the sun for 24 hours. To ensure that the waste for
pattikala is dehydrated, oven at 100°C for 12 hours. The dried pattikala fruit waste is crushed using a blender. After
that, sift using a 200 mesh sieve to produce pattikala fruit waste powder. The resulting powder is then carbonized
using a furnace at a temperature of 300°C for 2 hours.

In this study, the activation process was carried out using the chemical activation method. Twenty two grams
of carbonized patti kala fruit waste charcoal powder were soaked in a 1.5 M KOH solution for 22 hours. After going
through the soaking process, the activated carbon was filtered and washed until the pH was neutral. When the pH
was neutral, it was dried using an oven at 100°C for 2 hours. After that, the activated carbon was formed and ready
to be characterized. This process is shown in Figure 1.
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Figure 1. Synthesis of activated carbon from Pattikala fruit waste

The activated carbon produced will be tested proximately consisting of testing water content, volatile matter
content, ash content, and purity carbon content based on SNI 06-3730-1995 (BSN, 1995) as a requirement for
technical activated carbon quality. In addition, Scanning Electron Microscopy (SEM) will also be characterized to
determine the surface structure of the activated carbon produced. Base on SNI 06-3730-1995 (BSN, 1995), the
proximate test analysis can be carried out following:

a. Water content
3 grams (initial mass (mi)) of the sample put into a porcelain cup and oven at 100°C for 3 hours. After that, put
it in a desiccator and weigh the mass (final mass (my)),
Water content (%) = mln_li X 100% (1)
1

b. Volatile matter content
3 grams (initial mass (m)) of the sample put into a porcelain cup and furnace at 900°C for 10 minutes. After that,
put it in a desiccator for 1 hour and weigh the mass (mz). To obtain Volatile matter content, subtract between m;
and mo to get the lost sample mass (ms), then:
Volatile matter content (%) = 2—3 X 100% (2)
1

c. Ash content
3 grams (initial mass (m1)) of the sample put into a porcelain cup and furnace at 700°C for 5 hours. After that,
put it in a desiccator for 1 hour and weigh the mass (mo),
Ash content (%) = 1:1—2 X 100% (3)
1

d. Purity carbon content
The purity carbon content is determined based on
Purity carbon content (%) = 100% — (ash content + Volatile matter content ) 4)
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3. Results and Discussions

Activated carbon produced from Pattikala fruit waste (Etlingera Elatior) is tested proximately to determine the
characteristics and quality of activated carbon adjusted to SNI 06-3730-1995 as a requirement for technical activated
carbon quality (BSN, 1995). The results of the proximate test of activated carbon from Pattikala fruit waste (Etlingera
Elatior) are shown in Table 1.

Table 1. Proximate test results of activated carbon from Pattikala fruit waste

SNI 06-3730-1995 (%) (BSN,

No Parameters (%) 1995) Pattikala fruit waste (%)
1 Water content Maximum 15 8.50

2 Ash content Maximum 10 4.15

3 Volatile content Maximum 25 8.05

4 Purity carbon content Minimum 65 87.80

Based on Table 1, the activated carbon produced from pattikala fruit waste meets the quality requirements for
activated carbon by SNI 06-3730-1995 (BSN, 1995). The purpose of testing the water content of activated carbon is
to determine hygroscopicity (the ability to absorb water), so it is necessary to pay attention to the maximum threshold
of the water content of activated carbon (Genli et al., 2021). The water content of activated carbon produced from
pattikala fruit waste is 8.50%, so it meets the quality requirements of commercial activated carbon (BSN, 1995). The
low water content indicates that only a little water is left behind and covers the pores of the activated carbon (Suyoga
Wiguna et al., 2024). Furthermore, testing the ash content, the ash content produced is 4.15%, meeting the tolerance
requirements for the quality of the ash content of activated carbon, which is a maximum of 10% (BSN, 1995). Testing
the ash content shows the remaining minerals left behind because activated carbon is made from biomaterials
containing carbon and other minerals; some are lost during the carbonization and activation process, and some parts
are still left on the activated carbon (Maulina & Iriansyah, 2018). Thus, the lower the ash content, the higher the
purity of the activated carbon, the higher the absorption capacity, and the larger the surface area (Wang et al., 2021).

The volatile matter content produced by activated carbon from pattikala fruit waste is 8.05% with a maximum
threshold of 25% (BSN, 1995); this shows that the activated carbon produced meets the quality requirements of
commercial activated carbon. The volatile matter content shows the percentage of minerals lost when the sample is
heated at a specific temperature (Budianto et al., 2019; Pui et al., 2019). Furthermore, testing the purity of activated
carbon, the purity produced from pattikala fruit waste is relatively high, namely 87.80%, while the minimum limit is
65% (BSN, 1995). Testing the purity of activated carbon is determined by the ash and volatile matter content. The
smaller the ash and volatile matter content, the greater the purity of the activated carbon (Budianto et al., 2019).

The activator agent and activation time greatly influence the success of activated carbon synthesis, wherein
this study used KOH (Potassium hydroxide) for 22 hours. Activation time that is too fast is not good, and if it is too
long, it will also reduce the quality of the activated carbon produced; several previous studies have shown that the
most appropriate time is 22 hours for KOH (Fischer et al., 2024; Jawad et al., 2021; Liu et al., 2020). Based on the
description above and the data in Table 1, activated carbon from pattikala fruit waste meets the commercial activated
carbon quality requirements by SNI 06-3730-1995.
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Figure 2. Results of SEM characterization of activated carbon from Pattikala fruit waste.

Scanning Electron Microscopy (SEM) testing was carried out to determine activated carbon's surface structure
and morphology. Figure 2 shows the results of the SEM characterization of activated carbon from Pattikala fruit
waste. Based on Figure 2, the sample's morphology tends to be rough and irregular but already shows the presence
of pores formed. Activated carbon from several biomaterials, such as lemongrass waste (Ni et al., 2024) and candlenut
shells (Hasil et al., 2017), has not formed pores. This result shows that the potential for activated carbon production
from Pattikala fruit waste is superior used as a candidate for supercapacitor electrode material. Based on SEM
results, the pore size of activated carbon from Etlingera elatior fruit waste is 2.87 um. This is in accordance with
previous studies that showed activated carbon pores with a diameter of 2 ym - 5 ym (Waluyo et al., 2017). KOH
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influences the pores formed in activated carbon from Pattikala fruit waste as an activator agent, where KOH separates
the fibers to minimize agglomeration; if agglomeration decreases, it will trigger the formation of pores (Fischer et al.,
2024) (Markus Diantoro et al., 2024; I. Luthfiyah et al., 2020). Pores in activated carbon are vital structures that
determine the performance of activated carbon, such as filtration, purification, absorption, and catalyst. The pores
formed in Figure 2 have a size and shape distribution that is not diverse; this is influenced by the carbonization and
activation process of activated carbon (M. Diantoro et al., 2022; Ishmah Luthfiyah et al., 2023).

4. Conclusions

In this study, activated carbon made from pattikala fruit waste was activated using potassium hydroxide (KOH).
Based on the results of the proximate test, which included water content, ash content, volatile matter, pure activated
carbon, and SEM characterization, it can be concluded that this study was successful. Based on literature studies,
comparisons with previous studies, and test results, activated carbon made from pattikala fruit waste produces
activated carbon with pore diameter 2.87 um and 87.80% purity.
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