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ABSTRACT

Coconut shell is a waste of copra manufactured in North Sulawesi, Indonesia. Pyrolysis coconut shell charcoal 
is potentially a raw material for bio-adsorbent for health. Bio-adsorbent activated carbon is produced from coconut 
shells using an acetic acid activator from palm sap (Arenga pinnata). Coconut shell pyrolysis was carried out at a 
temperature of 400 - 600oC and an acetic acid activator was obtained by fermenting the palm for six months. The 
results of the FT-IR analysis of coconut shell charcoal activated with CH3COOH 3 M and CH3COOH fermented 
palm sap showed a decrease or removal of impurity functional groups and an increase in coconut shell charcoal 
functional groups. The results of SEM-EDS analysis of coconut shell charcoal with CH3COOH activator fermented 
palm sap has a larger average pore diameter of 7.82 μm. The elemental content of carbon C is 87.88 % by mass. 
Thus, coconut shell charcoal activated using CH3COOH resulting from palm sap fermentation has potential as an 
adsorbent for industrial liquid waste.

Keywords: coconut shell charcoal, nira aren, surface structure, chemical composition.

Journal of Chemical Technology and Metallurgy, 60, 2, 2025, 269-274

1Department of Chemistry, Faculty of Mathematics
 Natural Sciences, and Earth, Universitas Negeri Manado
 Jl. Kampus Unima 95618 Tondano, Sulawesi Utara
 Indonesia, meytijrampe@unima.ac.id (M.J.R.); johnylombok@unima.ac.id (J.Z.L.); 
 marlengarani04@gmail.com (M.G.).
2Department of Physics, Faculty of Mathematics
 Natural Sciences, and Earth, Universitas Negeri Manado
 Jl. Kampus Unima 95618 Tondano, Sulawesi Utara
 Indonesia, vistaranitiwow@unima.ac.id (V.A.T.)
3Department of Biology
 Faculty of Mathematics and Natural Sciences
 Universitas Sam Ratulangi, Kampus Unsrat Bahu Malalayang 
 95115 Manado, Sulawesi Utara, Indonesia, hennyrampe@unsrat.ac.id (H.L.R.)

INTRODUCTION

The part of the coconut plant that has not been used 
optimally is the coconut shell. So far, coconut shells 
are only considered waste from the coconut processing 
industry, especially from the coconut oil industry and 
are only disposed of or burned directly and indirectly 
[1]. If processed further, it will produce higher economic 
benefits and value [2]. One way to process coconut 
shells is through the pyrolysis process [3]. The pyrolysis 
process will obtain coconut shell charcoal, liquid smoke, 

tar, and non-condensable gases. Coconut shell charcoal 
can be further processed into briquettes, activated carbon 
[4, 5], carbon electrodes [6 - 8], and bio-coke [9, 10].

The main composition of coconut shells consists of 
cellulose, lignin, and hemicellulose with C, O, H, and N 
atoms. These organic materials contain functional groups 
such as hydroxyl R-OH, alkane R-(CH2)n- R’, carboxyl 
R-COOH, carbonyl R-CO-R’, ester R-CO-O-R’, linear 
and cyclic ether groups R-O-R’ with varying amounts. 
The most common chemical reaction is combustion, 
which combines fuel with oxygen to form a product 
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compound. This chemical transformation is potential 
energy on a molecular scale. In this case, it is related 
to the position of atoms and molecular structures [1].

Nano-carbons from coconut shells can be made in 
two stages: carbonation and activation. Carbonation 
is an indoor combustion process without oxygen and 
other chemicals [11]. At the same time, activation is 
required to convert the carbonization product into an 
adsorbent with a large surface area and a high-purity 
carbon C element composition [12 - 14]. Activation 
is the treatment of charcoal which aims to enlarge 
the pores, namely by breaking hydrocarbon bonds 
or oxidizing surface molecules so that the charcoal 
undergoes changes in properties, both physical and 
chemical, namely the surface area increases and affects 
the adsorption power [15].

Chemical activation in the study using acetic acid 
fermented palm sap. This is the novelty of this research 
using CH3COOH fermented palm sap. Where palm sap is 
a local resource in North Sulawesi, Indonesia. Improving 
the purity of acetic acid fermented from palm sap is done 
by re-distilling the acetic acid. Activation of coconut 
shell charcoal using palm sap acetic acid will obtain 
information on surface structure, pore size, and chemical 
composition of carbon C elements. As a comparison, 
this research used 3M CH3COOH. Choosing CH3COOH 
with a concentration of 3M is expected to produce 
coconut shell charcoal with a high level of purity. The 
characteristics of coconut shell charcoal with activation 
of acetic acid produced by palm sap fermentation were 
characterized using FT-IR and SEM-EDS.

EXPERIMENTAL

Tools and materials
The tools include some glassware commonly used in 

laboratories, agar mortar, 100 mesh sieve (USA standard 
Testing Sieve), gravity convection oven, carbolite electric 
furnace model 2132 (Max Temperature 1200oC), Mettler 
balance model AE 200, thermometer, and clamp. The 
materials used include coconut shell from North Sulawesi 
Province as a source of carbon raw materials, starch from 
p.a Merck, acetic acid from p.a. Merck, universal indicator, 
Whatmann paper no. 42, palm sap, and aquadest.

Research procedure
Coconut shells from the old deep-coconut species 

that have not fallen from the tree are the primary raw 
materials for the research sample. The coconut shell is 
cleaned of attached fibres and shaped into a smaller size. 
Coconut shell chips are put in a pyrolysis reactor with a 
process temperature of 400 - 600oC. The coconut shell 
charcoal obtained was ground and crushed to uniform 
particle size [16]. The coconut shell charcoal powder 
obtained from the pyrolysis results was then sieved with 
a 100 mesh sieve to obtain carbon powder that passed a 
100 mesh sieve. Carbon powder was activated using two 
activators, 3M CH3COOH and CH3COOH fermented 
palm sap, each for 4 h at boiling. Then the carbon was 
washed with distilled water until the washing water 
showed a pH of 7. Then it was dried in an oven at 383 
K overnight.

FT-IR measurement using the Shimadzu FT-IR 
Spectrophotometer IRprestige-21 type works in a scan 
range of 4000 - 340 cm-1, resolution 4 cm-1, and scans 
2 - 3 s. FT-IR analysis using IR solution software for 
spectrum measurement and peak detection. The JCM-
6000 PLUS SEM tool works at a voltage of 15.00 kV 
and an energy range of 0 - 20 keV. The SEM tool us the 
JED-230 Analysis Station Plus for EDS analysis. The 
JED-2300 Analysis Station Plus is equipped with JEOL’s 
DrySD™ (Dry Silicon Drift Detector), a high-speed 
analyser, and analytical software specially designed for 
JEOL electron microscopes. Particle analysis software 
is used to determine the pore diameter of charcoal [16]. 
Measurement of pore diameter to obtain macropore size 
by comparing the average pore diameter of coconut shell 
charcoal activated using 3M CH3COOH and CH3COOH 
fermented palm sap.

RESULTS AND DISCUSSION

FT-IR analysis was used to determine the functional 
groups contained in the charcoal based on the absorption 
band pattern at the wave number. The absorption band 
pattern of coconut shell charcoal activated by 3M 
CH3COOH  and CH3COOH fermented palm sap is 
shown in Fig. 1. The FT-IR spectrum of coconut shell 
charcoal activated by 3M CH3COOH and CH3COOH 
fermented palm sap has almost the same absorption 
band pattern. The comparison shows that absorption 
occurs but undergoes a shift in wavenumber. Absorption 
with CH3COOH activator occurred at wave numbers 
3446.79 cm-1, 2914.44 cm-1, 2875.86 cm-1, 1612.49 cm-1, 
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1107.14 cm-1, and 387.69 cm-1. Meanwhile, absorption 
with CH3COOH activator from palm sap fermentation 
occurred at wave numbers 3446.87 cm-1, 2922.16 cm-1, 
2872.01 cm-1, 1600.92 cm-1, 1107.14 cm-1, and 383.83 
cm-1. Loss of absorption and a decrease in absorption 
intensity indicate reduced impurities in the charcoal. 
This indicates the formation of aromatic compounds, 
constituents of the hexagonal charcoal crystal structure.

The functional groups can be seen in Table 1. The 
absorption appears at a wavenumber of about 3400 cm-1 
indicating the O-H group. Absorption at wavenumber 
2900 to 2800 cm-1 indicates the presence of aliphatic C-H 
groups, and at wavenumber 1500 to 1400 cm-1 indicates 

the presence of aromatic C=C, which is a hexagonal shape. 
The presence of the C-O group indicates absorption at 
wavenumber from 1300 to 800 cm-1. Furthermore, the 
absorption in wavenumber 700 to 300 cm-1 indicates 
the presence of an aromatic C-H group from confusion. 
This shows that the appearance of the C=C group is a 
feature of the carbon structure [17, 18].

The distribution of coconut shell charcoal pores is 
not uniform [16, 19]. The sample appears in the form of 
granules caused by grinding. As a result of the milling 
technique on the model, the sample cracked (Fig. 2). This 
result follows the theory that coconut shell charcoal is a 
porous material. The non-uniformity of the pore structure 
indicates the presence of filled tar in some pores [20]. 
In addition, the outer surface of coconut shell charcoal 
looks rough due to the breakdown of the structure due 
to the release of more volatile elements due to heating 
treatment at high temperatures [21, 22].

Wavenumber, cm-1

Functional 
groupsCH3COOH 

3 M
CH3COOH 

fermented palm sap
3446.79 3446.87 O-H
2875.86 2922.16 C-H aliphatic
1612.49 1600.92 C=C aromatic
1107.14 1107.14 C-O
387.69 383.83 C-H aromatic

Table 1. The absorption band of the FT-IR spectrum of 
coconut shell charcoal activated by (a) CH3COOH 3 M 
and (b) CH3COOH fermented palm sap.

Fig. 1. FT-IR spectrum of coconut shell charcoal activated 
by (a) 3M CH3COOH and (b) CH3COOH fermented palm 
sap.

Fig. 2. SEM image of coconut shell charcoal with x3000 magnification activated by (a) 3M CH3COOH and (b) CH3COOH 
fermented palm sap.
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It appears that the pore diameter of coconut shell 
charcoal produced by pyrolysis and activation varies. 
The pore diameter of coconut shell charcoal activated by 
(a) 3M CH3COOH and (b) CH3COOH fermented palm 
sap can be seen in Table 2. The pore diameter of coconut 
shell charcoal activated by CH3COOH ranged from 2.65 
to 11.1 μm (mean pore size is 5.81 μm). While the pore 
diameter of coconut shell charcoal activated by CH3COOH 
fermented palm sap is 3.23 to 11.3 μm (mean pore size 
is 7.82 μm). The pore diameter of coconut shell charcoal, 
which CH3COOH from fermented palm sap activated, was 
more significant than that activated by 3M CH3COOH. 
However, the charcoal pore diameter is still not uniform.

The results showed that these pores were macropores, 
with a pore diameter of more than 50 nm [23 - 25]. These 
results indicate that the pore diameter of coconut shell 
charcoal activated using CH3COOH resulting from 
palm sap fermentation has potential as an adsorbent 
for industrial liquid waste. Adsorbents with large pore 
sizes have a higher absorption capacity compared to 
adsorbents with small pores. The non-uniformity of pore 
diameter was influenced using chemicals CH3COOH 

and CH3COOH fermented palm sap. In addition, it is 
influenced by an imperfect carbonization process caused 
by the presence of leftover raw materials. This raw 
material contains other chemically bonded elements, 
such as oxygen and hydrogen [26, 27].

The chemical composition of coconut shell charcoal 
because of EDS analysis using the activator 3M CH3COOH  
and CH3COOH from fermented palm sap is given in Fig. 
3 and Table 3. The results of the EDS analysis of coconut 
shell charcoal activator 3M CH3COOH  showed that the 
elemental composition of carbon C 85.61 %, aluminium 
Al 7.58 %, and calcium Ca 0.75 %. The results of the EDS 
analysis of coconut shell charcoal activator CH3COOH from 
palm sap fermentation showed the chemical composition 
of the carbon element C 87.88 %, aluminium Al 1.09 %, 
and calcium Ca 0.50 %. The elemental composition of 
carbon C using the CH3COOH activator from fermented 
palm sap is more significant than using 3M CH3COOH. 
The presence of element O, Al, and Ca indicate that the 
carbonization process is not perfect. This is following the 
SEM results. An increase in carbon content is associated 
with an increase in the number of pores [28 - 30].

CH3COOH
CH3COOH fermented 

palm sap
Element Mass, % Element Mass, %

C 85.61 C 87.88
O 10.15 O 10.53
Al 3.74 Al 1.09
Ca 0.50 Ca 0.50

Fig. 3. EDS analysis result using the activator (a) CH3COOH 3 M and (b) CH3COOH fermented palm sap.

CH3COOH CH3COOH fermented palm sap
11.1 μm 11.3 μm
7.26 μm 9.75 μm
5.07 μm 8.70 μm
5.04 μm 7.01 μm
4.03 μm 6.91 μm
2.92 μm 3.23 μm
2.65 μm

Table 2. Pore length of coconut shell charcoal activated 
by 3M CH3COOH and CH3COOH fermented palm sap.

Table 3. Results of EDS analysis of coconut shell charcoal 
activated by 3M CH3COOH and CH3COOH fermented 
palm sap.
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CONCLUSIONS

The FT-IR analysis of coconut shell charcoal 
activated with CH3COOH 3M and CH3COOH fermented 
palm sap showed a decrease or removal of impurity 
functional groups and an increase in coconut shell 
charcoal functional groups. The results of SEM-EDS 
analysis of coconut shell charcoal with CH3COOH 
activator fermented palm sap has a larger average pore 
diameter of 7.82 μm. Thus, coconut shell charcoal activated 
using CH3COOH resulting from palm sap fermentation has 
potential as an adsorbent for industrial liquid waste. The 
elemental content of carbon C is 87.88 % by mass. 

Acknowledgments

We are grateful and express our gratitude to the 
Directorate of Research, Technology and Community 
Service of the Ministry of Education, Culture, Research, 
and Technology for funding this work through the 
2022 DRTPM DIPA fund with decree number 035/E5/
PG.02.00.PT/2022.

Authors’ contributions: M.J.R.: Conceptualization, 
Methodology, Writing original draft; J.Z.L.: 
Investigation, analysis of FT-IR data, Review, V.A.T.: 
Analysis of SEM-EDS data, Resourses, H.I.R: Editing, 
Resourses, M.G: Editing, Visualization. 

REFERENCES

1. R.K. Ahmad, S.A. Sulaiman, S.B. Yusuf, S.S. Dol, 
H.A.Umar, M. Inayat, The influence of pyrolysis 
process conditions on the quality of coconut shells 
charcoal, Platform : A Journal of Engineering, 4, 1, 
2020, 73-81.

2. M.J. Rampe, I.R.S. Santoso, H.L. Rampe, V.A. 
Tiwow, A. Apita, Infrared spectra patterns of 
coconut shell charcoal as result of pyrolysis and acid 
activation origin of Sulawesi, Indonesia, E3S Web 
of Conf., 328, 2021, 08008.

3. R.M. Sari, S. Gea, B. Wirjosentono, S. Hendrana, Y.A 
Hutapea, Improving quality and yield production of 
coconut shell charcoal through a modified pyrolysis 
reactor with tar scrubber to reduce smoke pollution, 
Pol. J. Environ. Stud., 29, 2, 2020, 1815-1824.

4. S.P.A. Anggraini, S. Suprapto, S.R. Juliastuti, M. 

Mahfud, Optimization of pyrolytic oil production 
from coconut shells by microwave-assisted pyrolysis 
using activated carbon as a microwave absorber, 
Inter. J. Renew. Energy Dev., 13, 1, 2024, 145-157.

5. M.J. Rampe, V.A. Tiwow, Fabrication and 
characterization of activated carbon from charcoal 
shell Minahasa, Indonesia, IOP Conf. Ser.: J. of 
Physics. Conf. Ser., 1028, 2018, 012033.

6. E. Pasaribu, R. Siburian, M. Supeno, Production of 
graphene by coconut shell as an electrode primary 
battery cell, Elkawnie, 9, 1, 2023, 37-47.  

7. E. Glogic, A.K. Kamali, N.M. Keppetipola, B. 
Alonge, G.R.A. Kumara, G. Sonnemann, T. 
Toupance, L. Cojocaru, Life cycle assessment of 
supercapacitor electrodes based on activated carbon 
from coconut shells, ACS Sustainable Chem. Eng., 
10, 46, 2022, 15025-15034.

8. F. Fahmi, N.A.A. Dewayanti, W. Widiyastuti, 
H. Setyawan, Preparation of porous graphene-
like material from coconut shell charcoals for 
supercapacitors, Cogent Eng., 7, 2020, 1748962.

9. M. Jahiding, M. Mashuni, E.S. Hasan, L. Aba, 
F.S. Purnamasari, Y. Milen, Decomposition and 
characterization of bio-oil from coconut shell waste 
for bio-coke hybrid application as alternative energy 
resources, J. Phys.: Conf. Ser., 2498, 2023, 012036.

10. M. Rejdak, M. Wojtaszek-Kalaitzidi, G. Gałko, 
B. Mertas, T. Radko, R. Baron, M. Ksiazek, S.Y. 
Larsen, M. Sajdak, S. Kalaitzidis, A study on bio-
coke production-The influence of bio-components 
addition on coke-making blend properties, Energies, 
15, 2022, 6847.

11. J. Kawalerczyk, D. Dukarska, P. Antov, K. Stuper-
Szablewska, D. Dziurka, R. Mirski, Activated 
carbon from coconut shells as a modifier of urea-
formaldehyde resin in particleboard production, 
Appl. Sci., 14, 2024, 5627.

12. M. Tomy, G.S. Geethamma, A.M. Aravind, S.S. 
Reshmi, X.T. Suryabai, Effect of activation 
environment on coconut-husk-derived porous 
activated carbon for renewable energy storage 
applications, ACS Sustainable Resour. Manage., 1, 
7, 2024, 1534-1547.

13. R. Dungani, P. Aditiawati, E.M. Alamsyah, T.H. 
Wardani, S.S. Munawar, W. Fatriasari, Physical, 
mechanical, and electrical conductivity characteristics 
of coconut shell-based H3PO4-Activated carbon/



Journal of Chemical Technology and Metallurgy, 60, 2, 2025

274

epoxy nanocomposites, Case Studies in Chem. 
Environ. Eng., 10, 2024, 100948.

14. K.K. Kuok, P.C. Chiu, M.R. Rahman, M.Y. Chin, 
M.K.B. Bakri, Sustainable bamboo and coconut shell 
activated carbon for purifying river water on Borneo 
Island, Waste Manage. Bulletin, 2, 1, 2024, 39-48.

15. E.H. Sujiono, D. Zabrian, Zurnansyah, Mulyati, V. 
Zharvan, Samnur, N.A. Humairah, Fabrication and 
characterization of coconut shell activated carbon using 
variation chemical activation for wastewater treatment 
application, Results in Chem., 4, 2022, 100291.

16. M.J. Rampe, I.R.S. Santoso, H.L. Rampe, V.A. 
Tiwow, T.E.A. Rorano, Study of pore length and 
chemical composition of charcoal that results 
from the pyrolysis of coconut shell in Bolaang 
Mongondow, Sulawesi, Indonesia, Karbala Intern. 
J. of Modern Sci., 8, 1, 2022, 96-104. 

17. Y. Sukmono, R.A. Kristanti, B.V. Foo, T. Hadibarata, 
Adsorption of Fe and Pb from Aqueous Solution 
using Coconut Shell Activated Carbon, Biointerface 
Research in Appl. Chem., 14, 2, 2024, 30.

18. K.K. Jasna, K.S. Padmavathy, P.V. Haseena, 
Preparation of thermally and chemically activated 
charcoal from coconut shell and adsorption studies 
for iron removal from drinking water, IOP Conf. Ser.: 
Mater. Sci. Eng., 1114, 2021, 012091.

19. L. Zhang, S. Zuo, The significance of lignocellulosic 
raw materials on the pore structure of activated 
carbons prepared by steam activation, Molecules, 
29, 13, 2024, 3197.

20. F. Shahid, M. Marshall, A.L. Chaffee, Active carbon 
monoliths from soft brown coal: A systematic study 
of their preparation, pore structure modification 
and characterization, J. Industrial Eng. Chem., 132, 
2024, 424-436.

21. Z.U. Nisa, L.K. Chuan, B.H. Guan, F. Ahmad, S. 
Ayub, A comparative study on the crystalline and 
surface properties of carbonized mesoporous coconut 
shell chars, Sustainability, 15, 2023, 6464.

22. A. Awitdrus, A Agustino, R. Nopriansyah, R. 
Farma, I. Iwantono, M. Deraman, Fabrication of 

nanoporous carbon constructions derived from young 
coconut husk fibers for symmetrical supercapacitor 
applications, Bioresource Tech. Reports, 25, 2024, 
101765.

23. R.K. Ahmad, S.A. Sulaiman, S. Yusup, S.S. Dol, 
M. Inayat, H.A. Umar, Exploring the potential of 
coconut shell biomass for charcoal production, Ain 
Shams Eng. J., 13, 1, 2022, 101499.

24. P. Lawrence, J. Regin, Effect of partial sand 
replacement by coconut shell charcoal and silica fume 
in auto-claved aerated concrete an experimentation, 
Revista Materia, 29, 3, 2024, e20240092.

25. C. Wang, L. Li, J. Shi, H. Jin, Biochar production 
by coconut shell gasification in supercritical water 
and evolution of its porous structure, J. Analyt. Appl. 
Pyrolysis, 156, 2021, 105151.

26. N. Herlina, S.A. Rahayu, Y.A. Sari, H. Monica, 
Utilization of durian peel waste and young coconut 
waste into biobriquettes as a renewable energy 
source, IOP Conf. Ser.: Earth Environ. Sci., 1352, 
2023, 012014.

27. X. Tian, Z. Zhao, X. Liu, C. Ma, L. Liu, X. 
Liu, Enhancing the mechanical properties of 
Al2O3-C refractory: Carbonized coconut shell as 
a substitution for graphite, Int. J. Appl. Ceram. 
Technol., 2024, 1-11.

28. K. Su, X. Tian, X. Hou, Z. Zhao, X. Liu, D. Ouyang, 
H. Yuan, X. Liu, Efficient preparation and oxidation 
kinetics of Ti3AlC2 powder via coconut shell charcoal 
as carbon source, J. Alloys and Compounds, 1004, 
2024, 175813.

29. Muchlis, M.I.A. Aziz, H. Hujjah, Zurnansyah, D. 
Zabrian, E.H. Sujiono, Samnur, Green synthesis of 
reduced graphene oxide using Zn powder based on 
coconut shell waste, AIP Conf. Proc., 2799, 2024, 
020143.

30. D. Widanarto, S.I. Budianti, S.K. Ghoshal, C. 
Kurniawan, E. Handoko, M. Alaydrus, Improved 
microwave absorption traits of coconut shells-
derived activated carbon, Diamond and Related 
Materials, 126, 2022, 109059.


