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Abstract

Charcoal of coconut shell is produced by pyrolysis at 300 �C and chemically activated using HCl. Both pyrolysis
charcoal and chemical activation were measured and analyzed by Fourier Transform Infrared (FTIR), Scanning Electron
Microscopy (SEM), and Energy Dispersive Spectroscopy (EDS). The functional groups found OeH, aliphatic CeH,
aromatic C]C, CeO, and aromatic CeH. The distribution of pyrolysis charcoal pore length and chemical activation
increased from 362 nm-1.02 mm to 1.10 mme1.52 mm. The composition of carbon elements in the mass % of pyrolysis
charcoal and chemical activation increased from 86.11% to 88.93%.

Keywords: Coconut Shell Charcoal, Pyrolysis, Activation, FTIR, SEM-EDS

1. Introduction

T he main products of coconut are coconut meat,
coconut fruit, while the products are coconut

water, coir, and shell. Coconut shells are considered
waste. The amount of coconut shell waste is
considered to affect the cleanliness of the environ-
ment. However, coconut shells are inexpensive and
can be renewed. Activated carbon is one of the
processed products from coconut shell charcoal.
Activated carbon has a high economic value [1].
One of the products made from coconut shell has

economic value is activated charcoal. Coconut shells
are used as fire stoves (burned). Other alternatives
are activated charcoal, liquid smoke, ornaments,
and crafts [2]. Coconut shells go through a pyrolysis
process into charcoal due to their excellent hard-
ness, high bound carbon content, and low mineral
ash content. The main product of pyrolyzed coconut

shells is charcoal with volatile components, water,
and ash. Bonded carbon, water, ash, nitrogen, and
sulfur are the components contained in coconut
shell charcoal [3].
Cellulose, hemicellulose, lignin with C, O, H, and

N atoms are the main component of the coconut
shell. The functional groups vary, namely carbonyl
(ReCOeR'), ester (ReCOeO-R'), alkane (R-(CH2)n-
R'), carboxyl (ReCOOH), hydroxyl (ReOH), cyclic
(RO-R'), and linear ether groups. The most common
chemical reaction is combustion, which combines
fuel with oxygen to form product compounds. This
chemical transformation is potential energy at the
molecular scale. In this case, it is related to atomic
positions and molecular structures [4e7].
Charcoal is a porous material, where most of the

pores are covered by tar, hydrocarbons, and other
organic compounds. Charcoal can be made by direct
or indirect heating in heaps or kilns. This
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decomposition process, apart from charcoal, can
produce other products such as distillate and gas.
Products which have commercial value are mainly
charcoal [3].
There are two steps to make activated charcoal,

namely pyrolysis (carbonization) and activation.
Pyrolysis is an indoor combustion process without
oxygen and other chemicals [8e10]. While the acti-
vation process aims to break the hydrocarbon bonds
to increase pore length, the charcoal's chemical or
physical properties can change [11,12].
Activated carbon contains 85%e95% carbon.

Activated carbon can be produced by heating at
high temperatures. The characteristic of activated
carbon is porous, it is widely used as an adsorbent.
For example, in the process of purification of taste,
smell, purification materials in the food industry, it
is even used in the water purification process.
Coconut shell charcoal has been studied as a

carbon graphite material by heating treatment up to
1500 �C, using solvent mixing and powder mixing
methods. XRD diffractogram pattern shows semi-
crystalline carbon material [11].
In this study the coconut shells from Bolaang

Mongondow district, with high air temperatures
and located near the coast. Coconut trees near the
coast affect the composition of the constituent ele-
ments of coconut shells. This study aimed to
examine the changes in the character of coconut
shell charcoal which was pyrolyzed at 300 �C and
activated charcoal using an HCl activator. HCl
activator has a high ability in the process of refining
charcoal or carbon materials.
The chemical activation process activates coconut

shell charcoal by adding certain chemicals to the
sample to reduce the water content that is still left on
the surface of the coconut shell charcoal, thepores are
more open [13,14]. Furthermore, coconut shells
charcoal was characterized using Fourier Transform
Infrared (FTIR), Scanning Electron Microscope
(SEM), and Energy Dispersive Spectroscopy (EDS).
FTIR is used to determine the functional groups
contained in charcoal based on the absorption band
pattern at wave number. SEM to determine the pore
length and morphology of coconut shell charcoal.
EDS to determine the composition of elements and
compounds contained in coconut shell charcoal. The
SEM-EDS instrument used in testing the chemical
composition and morphology has the advantage of
using digital data through measurements.
Coconut shell charcoal resulting from pyrolysis

and activation with a high chemical composition of
carbon elements is very potential as a raw material
for SiC functional material that can be applied as a
biosensor.

2. Material and methods

2.1. Tools and materials

The tools used are glassware commonly used in
the laboratory, oven, furnace, porcelain dish, evap-
oration dish, analytical balance, spatula, magnetic
stirrer, 100 mesh pass sieve, dropper pipette,
desiccator, crucible, mortar and pestle, SEM-EDS
JCM-6000 PLUS instrument. The materials used are
coconut shell (from Bolaang Mongondow, Sulawesi,
Indonesia), HCl, equates, filter paper, universal in-
dicator, and aluminum foil.

2.2. Research procedure

The coconut shell samples were cleaned of the
attached coconut husks and dried in the sun to
remove the water content. Coconut shell samples
were pyrolyzed in a pyrolysis reactor and heated to
300 �C for 4e6 h. The resulting charcoal is allowed to
be cold, and then the charcoal is ground until
smooth using a mortar and sieved using 100 mesh
sieves.
A total of 20 g of coconut shell charcoal passed 100

mesh sieves was immersed in 100 mL of 3 M HCl
solution for 24 h. Themixture was filtered using filter
paper, then washed with distilled watermarked until
the washing solution was neutral ± pH¼ 7. Then the
residue was taken and dried in an oven at a temper-
ature of 110e120 �C for 3 h. After that, it is stored in a
desiccator until the charcoal is stable [8,13].
FTIR measurement using the Shimadzu FTIR

Spectrophotometer IRprestige-21 type works in a
scan range of 4000e340 cm�1, resolution 4 cm�1, and
scans 2e3 s. FTIR analysis using IR solution soft-
ware for spectrum measurement and peak detec-
tion. The JCM-6000 PLUS SEM tool works at a
voltage of 15.00 kV, energy range 0e20 keV. The
SEM tool is equipped with the JED-230 Analysis
Station Plus for EDS analysis. The JED-2300 Anal-
ysis Station Plus is equipped with JEOL's DrySD™
(Dry Silicon Drift Detector), a high-speed analyzer,
and analytical software specially designed for JEOL
electron microscopes. Particle analysis software is
used to determine the pore length of charcoal.

3. Results and discussion

3.1. Analysis of FTIR

FTIR analysis was used to determine the functional
groups contained in charcoal based on the absorption
band pattern at the wavenumber. The absorption band
pattern of pyrolyzed coconut shell charcoal at 300 �C
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and activated by HCl is shown in Fig. 1. The FTIR
spectrum of pyrolyzed and activated coconut shell
charcoal has almost the same absorption band pattern.
The comparison of the spectrum shows that absorption
occurs but experiences a shift in wavenumber. The
decrease in absorption intensity also occurred at
wavenumbers of 3415.93 cm�1, 2922.16 cm�1,
2852.72 cm�1, 1591.27 cm�1, and 370.33 cm�1. There is
also a new absorption of activated charcoal, namely at
wavenumbers 1283.30 cm�1 and 1199.72 cm�1. The
absorption loss and the decrease in the absorption in-
tensity show the reductionof impurities in the charcoal.
It indicates there will be the formation of aromatic
compounds, which are the constituents of the hexago-
nal crystalline structure of charcoal.
The functional groups identified can be seen in

Table 1. The absorption appears at a wavenumber of
around 3400 cm�1 which indicates the presence of
OeH groups. The absorption that occurs at wave-
numbers 2900 to 2800 cm�1 indicates the presence of
aliphatic CeH groups. Absorption at wave number
1500 to 1400 cm�1 indicates the presence of aromatic
C]C, which is a hexagonal form of charcoal. The
presence of CeO groups indicated the absorption at

wavenumber 1300 to 800 cm�1. Furthermore, ab-
sorption at a wavenumber of 700 to 300 cm�1 in-
dicates the presence of aromatic CeH groups from
hydrocarbons. It shows the appearance of the C]C
group is a characteristic of the structure of carbon
charcoal [15e17].

3.2. Analysis of SEM

The pyrolysis or carbonization process is an
important step to determine properties of final
product obtained. Pyrolysis aims to increase carbon
levels, where combustion without using oxygen
(O2). Ground the pieces of coconut shell charcoal
produced by pyrolysis to increase the surface area.
Further testing of the pore structure and functional
groups was conducted. This procedure makes this
research different from previous studies.
Fig. 2 shows an SEM image of coconut shell

charcoal with �1000, �3000, and �5000 magnifica-
tions. Figs. 2 (a to c) for pyrolyzed coconut shell
charcoal. Fig. 2 (d to f) for activated coconut shell
charcoal. The application of the chemical HCl to the
coconut shell charcoal sample aims to dissolve the
metals to increase C content. The distribution of the
pores of coconut shell charcoal is not uniform [18]. It
appears, the sample is in the form of granules
caused by grinding. As a result of the grinding
technique on the model resulted in the sample
experiencing crack (Fig. 2f). This result agrees with
the theory, which states coconut shell charcoal is a
porous material. The non-uniformity of the pore
structure indicates the tar filled in some of the pores
[14]. In addition, the outer surface of the coconut
shell charcoal looks rough associated with the
rupture of the structure resulting from the release of
more volatile elements due to heating treatment at
high temperatures [19e21].
Fig. 3 shows the length of the pores in the SEM

image of the pyrolyzed coconut shell charcoal
sample and activated with a magnification of
�10000. It appears that pore length of coconut shell
charcoal produced by pyrolysis and activation var-
ies. The pore length of pyrolyzed and activated co-
conut shell charcoal can be seen in Table 2. The pore
length of pyrolyzed coconut shell charcoal ranges
from 362 nm to 1.02 mm. Meanwhile, the pore length
of activated coconut shell charcoal is
1.10 mme1.52 mm. The pore length of activated co-
conut shell charcoal is greater than pyrolysis. It was
indicated by the presence of pores in the sample
immersed in HCl. Metallic elements dissolve in
HCl. Although the activated charcoal pore length is
still not uniform, the pore lengths are not too
considerable from one another.

Fig. 1. FTIR spectrum of coconut shell charcoal (a) pyrolysis and (b)
activated.

Table 1. The absorption band of the FTIR spectrum of coconut shell
charcoal produced by pyrolysis and activation.

Wavenumber (cm�1) Functional groups

Pyrolysis Activated

3415.93 3415.93 OeH
2922.16 2922.16 CeH aliphatic
1589.34 1591.27 C¼C aromatic
1259.52 1283.30

1199.72
CeO

370.33 370.33 CeH aromatic
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The results show these pores are macropores
[22e24], with more than 50 nm pore length. The
non-uniformity of pore length is influenced by

chemical factors [25], in this case, HCl. In addition, it
is influenced by chemical composition, which still
contains other chemically bound elements such as

Fig. 2. SEM image of coconut shell charcoal with magnifications of �1000, �3000, and �5000 (aec) pyrolysis (def) activated.

Fig. 3. SEM image of coconut shell charcoal pyrolysis with �10000 magnification (a) pyrolysis (b) activated.
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oxygen and hydrogen [26,27]. These elements
resulted from raw materials left behind due to
incomplete carbonization processes. Therefore, the

pyrolysis process requires higher heating for the
cellulose, hemicellulose, and lignin evaporate [28].

3.3. Analysis of EDS

Furthermore, the pyrolyzed and activated coconut
shell charcoal was subjected to EDS testing to show
the elemental composition based on energy levels.
The EDS spectrum and the results of the EDS
analysis of pyrolysis and activated coconut shell
charcoal samples can be seen in Fig. 4 and Table 3. It
appears that the amount of kinetic energy of
the photo-electrons of each element is different
(Table 3). The graph of the photo-electron kinetic
energy of coconut shell charcoal produced by py-
rolysis can be seen in Fig. 5a. Meanwhile, the chart
of the kinetic energy of activated photo-electrons of

Table 2. Pore length of pyrolysis and activated coconut shell charcoal.

Pyrolysis Activated

Length Unit Length Unit

1.02 mm 1.42 mm
525 nm 1.39 mm
555 nm 1.10 mm
362 nm 1.52 mm
513 nm
692 nm
714 nm
432 nm
466 nm
521 nm

Fig. 4. EDS spectrum of coconut shell charcoal (a) pyrolysis and (b) activated.
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coconut shell charcoal can be seen in Fig. 6a. The
amount of photo-electron kinetic energy of coconut
shell charcoal resulting from pyrolysis and activa-
tion is the same. Element C has the minor photo-
electron kinetic energy of 0.277 keV, while element
Ca has the most considerable photo-electron kinetic
energy of 3.690 keV.
There is no difference in the photo-electron ki-

netic energy of each element in the pyrolysis and
activated coconut shell charcoal samples due to the
characteristics possessed by each element. It means
each element of the EDS test results has a different
atomic number, atomic mass, and density. In the

JCM-6000 PLUS instrument, the electrons generated
by the electron gun are accelerated and illuminate
the sample. Electrons have kinetic energy is pro-
portional to accelerate voltage. If the incoming
electron has sufficient acceleration and enough
power to strike the electron from the atom's inner
shell, it will create an electronehole. It causes the bit
to become unstable. As a result, an electron from the
outer shell will fill the gap, producing energy
emission of X-rays. The X-ray characteristics of each
element are different, and their intensity will be
proportional to the element's concentration. At the
same time, the EDS background spectrum shows a

Table 3. Results of EDS analysis of pyrolysis and activated coconut shell charcoal.

No Pyrolysis Activated

Element Photo-electron
KE (keV)

Mass
(%)

Atom
(%)

Mole
(%)

Photo-electron
KE (keV)

Mass
(%)

Atom
(%)

Mole
(%)

1 C 0.277 86.11 91.29 98.25 0.277 88.93 92.60 99.11
2 O 0.525 7.46 5.94 ND 0.525 7.64 5.97 ND
3 Al 1.486 3.63 1.72 0.92 1.486 1.69 0.78 0.42
4 P 2.013 1.43 0.59 0.32 2.013 1.00 0.40 0.22
5 S 2.307 0.44 0.18 0.19 2.307 0.11 0.04 0.05
6 Ca 3.690 0.93 0.3 0.32 3.690 0.64 0.20 0.21

Total 10.298 100 100 100 10.298 100 100 100

Fig. 5. Graph of (a) KE of photoelectrons, (b) % mass, (c) % atoms, and (d) % moles of pyrolysis coconut shell charcoal.
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continuum of X-rays emitted when a strong electric
field slows down the primary electrons near the
atomic nucleus. Continuous X-rays have kinetic
energy is lost during deceleration.
Other information obtained from the results of the

EDS analysis is mass %, atomic %, and mole % of
each element contained in the pyrolysis and acti-
vated coconut shell charcoal samples (Table 3). The
graph of % mass, % atom, and % mole of pyrolysis
coconut shell charcoal can be seen in Fig. 5 (bed). In
contrast, the graph of % mass, % atom, and % mole
of activated coconut shell charcoal can be seen in
Fig. 6 (bed). The results show that element C has the
most significant value for each of these items. %
mass, % atom, and % mole of element C charcoal
pyrolysis results are 86.11%, 91.29%, and 98.25%,
respectively. Meanwhile, % mass, % atom, and %
mole of element C charcoal were activated respec-
tively 88.93%, 92.60%, and 99.10%. Inactivated coco-
nut shell charcoal increased in % mass, % atom, and
% mole for element C and decreased in other ele-
ments contained in the sample. The presence of O,
Al, P, S, and Ca indicates the carbonization process is
not perfect. It is in agreement with the SEM results.

An increase in carbon content is associated with
increasing the number of pores [29,30].
The pore length of pyrolyzed coconut shell char-

coal and activated charcoal showed an increase in
the pore length of coconut shell charcoal. This in-
crease was due to the loss of impurity elements,
namely O, Al, P, S, and Ca. The breaking of the
bonds of the minor elements causes the arrange-
ment of the carbon atoms in the activated coconut
shell charcoal to occur. The chemical composition of
coconut shell charcoal as a result of pyrolysis and
activated charcoal results in an increase in the
composition of carbon (C) and a decrease in the
composition of minor elements. This also corre-
sponds to a decrease in the intensity of the impurity
and an increase in the intensity of the carbon
functional group. These results indicate activated
coconut shell charcoal is getting purer by using an
HCl activator. Pore length and chemical composi-
tion indicate the purity of activated coconut shell
charcoal. Activated coconut shell charcoal is
controlled by the purity and regularity of the
structure of the carbon material for pyrolysis tem-
perature and activation method can determine the

Fig. 6. Graph of (a) KE of photo-electrons, (b) % mass, (c) % atoms, and (d) % moles of activated coconut shell charcoal.
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specificity of the physicochemical character of the
activated charcoal produced.

4. Conclusions

The results of the FTIR analysis showed the
appearance of the OeH groups, aliphatic CeH
groups, aromatic C]C, which is a hexagonal form
of charcoal, CeO groups, aromatic CeH groups
from hydrocarbons. The formation of the two
functional groups shows the characteristics of the
structure of carbon charcoal. The SEM analysis re-
sults showed an increase in the pyrolysis pore
length of coconut shell charcoal. It activated coconut
shell charcoal in the range of 362 nm to 1.02 mm and
1.10 mme1.52 mm, respectively. The surface structure
shows the particle distribution is not homogeneous.
The percentage of carbon elements from the EDS
analysis showed an increase in the elemental
composition of carbon (C) produced by pyrolysis
and activated charcoal, namely by 86.11% and
88.93% by mass. The activation process with 3 M
HCl can enlarge the pores of the charcoal and in-
crease the amount of carbon and reduce the
composition of minor elements contained in coco-
nut shell charcoal. The pore length of charcoal from
SEM analysis showed an increase in pyrolysis
charcoal. The increase in the carbon composition of
activated charcoal shows the charcoal is getting
purer where there is a regular arrangement of car-
bon atoms. The increase in pore length, loss of
functional groups, and increase in carbon compo-
sition showed an increase in the pattern of structural
regularity in the charcoal. Activated charcoal as a
carbon material has the potential to be applied as a
functional SieC material for biosensors.

Acknowledgments

The authors would like to thank Directorate of
Research, Technology, and Community Service,
Ministry of Education, Culture, Research and Tech-
nology, Indonesia for the funding assistance to the
publication of this article.

References

[1] E.A. Saputro, V.D.R. Wulan, B.Y. Winata, R.R. Yogaswara,
N.K. Erliyanti, The process of activated carbon from coconut
shells through chemical activation, Nat. Sci: J. Sci. Technol. 9 (1)
(2020) 23e28, https://doi.org/10.22487/25411969.2019.v9.i1.15042.

[2] M. Lutfi, B. Susilo Hanafi, J. Prasetyo, Sandra, U. Prajogo,
Characteristics of activated carbon from coconut shell (Cocos
nucifera) through the chemical activation process, IOP Conf.
Ser. Earth Environ. Sci. 733 (2021) 012134, https://doi.org/
10.1088/1755-1315/733/1/012134.

[3] M.J. Rampe, V.A. Tiwow, H.L. Rampe, Potensi arang
hasil pirolisis tempurung kelapa sebagai material karbon,

J. Sainsmat. 2 (2) (2013) 191e197, https://doi.org/10.35580/
sainsmat228642013.

[4] M.J. Rampe, B. Setiaji, W. Trisunaryanti, Triyono, Fabrica-
tion, and characterization of carbon composite from coconut
shell carbon, Indo. J. Chem. 11 (2) (2011) 124e130, https://
doi.org/10.22146/ijc.21398.

[5] M.J. Rampe, B. Setiaji, W. Trisunaryanti, Triyono, The char-
acteristic of polyvinyl alcohol-carbon from coconut shell
carbon, in: Proceeding the International Conference on
Bioscience and Biotechnology (ICBB) UIN Yogyakarta,
October 11th e 12th 2011, 2011, pp. 73e78.

[6] M.J. Rampe, B. Setiaji, W. Trisunaryanti, Triyono, Effect of
carbonization temperature on physical properties of coconut
shell carbon, in: Proceeding The International Conference on
Basic Science (ICBS) UB Malang, 2011, pp. 555e559.

[7] M.J. Rampe, B. Setiaji, W. Trisunaryanti, Triyono, The
infrared absorption spectral changes of coconut shell with
polyvinyl alcohol stimulant, in: Proceeding the 1st Interna-
tional Conference on Materials Engineering (ICME) FT
UGM Yogyakarta, 2011, pp. 153e158.

[8] M.J. Rampe, B. Setiaji, W. Trisunaryanti, Triyono, The effect
of temperature on the crystal growth of coconut shell carbon,
in: Proceeding The third International Conference and Nat-
ural Sciences (ICMNS) ITB Bandung, 2010, pp. 276e284.

[9] M.J. Rampe, B. Setiaji, W. Trisunaryanti, Triyono, Analisis
struktur dan struktur kristal karbon tempurung kelapa dan
polivinil alkohol (PVA) pada temperatur tinggi, Chem. Prog.
7 (2) (2014) 74e78, https://doi.org/10.35799/cp.7.2.2014.7470.

[10] M.J. Rampe, Konversi arang tempurung kelapa menjadi
elektroda karbon, Chem. Prog. 8 (2) (2015) 77e84, https://
doi.org/10.35799/cp.8.2.2015.13267.

[11] M.J. Rampe, S. Lumingkewas, Pore structure and specific
surface area of the carbon electrodes from coconut shell
charcoal sintering up to a temperature of 1500 oC, Int. J.
Chem. Tech. Res. 10 (7) (2017) 800e807.

[12] M.J. Rampe, V.A. Tiwow, Synthesis and characterization of
bio-coke from charcoal coconut shell, Int. J. Chem. Tech. Res.
10 (15) (2017) 312e317.

[13] M.J. Rampe, V.A. Tiwow, Fabrication and characterization of
activated carbon from charcoal shell Minahasa, Indonesia,
IOP Conf. Ser. J. Phys. Conf. 1028 (2018), 012033, https://
doi.org/10.1088/1742-6596/1028/1/012033.

[14] M.J. Rampe, I.R.S. Santoso, Difraktogram X-ray diffraction
arang tempurung kelapa, in: N.E.M. Penerbit, Pekalongan,
Tengah Jawa (Eds.), 1st ed., 2021.

[15] I.A.W. Tan, M.O. Abdullah, L.L.P. Lim, T.H.C. Yeo, Surface
modification and characterization of coconut shell-based
activated carbon subjected to acidic and alkaline treatments,
J. Appl. Proc. Eng. 4 (2) (2017) 186e194.

[16] T.L. Tinga, R.P. Jaya, N.A. Hassan, H. Yaacob, D.S. Jayanti,
M.A.M. Ariffin, A review of chemical and physical properties
of coconut shell in asphalt mixture, J. Teknol. 78 (4) (2016)
85e89.

[17] 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 (1) (2020)
1748962, https://doi.org/10.1080/23311916.2020.1748962.

[18] S. Sahoo, M. Ramgopal, Experimental studies on an indige-
nous coconut shell based activated carbon suitable for nat-
ural gas storage, Sadhana 41 (4) (2016) 459e468, https://
doi.org/10.1007/s12046-016-0483-x.

[19] J. Katesa, S. Junpiromand, C. Tangsathitkulchai, Effect of
carbonization temperature on properties of char and acti-
vated carbon from coconut shell, Suranaree J. Sci. Technol.
20 (4) (2013) 269e278.

[20] C. Tangsathitkulchai, S. Junpirom, J. Katesa, Carbon dioxide
adsorption in nanopores of coconut shell chars for pore
characterization and the analysis of adsorption kinetics,
J. Nanomater. 2016 (2016) 4292316, https://doi.org/10.1155/
2016/4292316.

[21] K.C. Lee, M.S.W. Lim, Z.Y. Hong, S. Chong, T.J. Tiong,
G.T. Pan, C.M. Huang, Coconut shell-derived activated

M.J. Rampe et al. / Karbala International Journal of Modern Science 8 (2022) 96e104 103

https://doi.org/10.22487/25411969.2019.v9.i1.15042
https://doi.org/10.1088/1755-1315/733/1/012134
https://doi.org/10.1088/1755-1315/733/1/012134
https://doi.org/10.35580/sainsmat228642013
https://doi.org/10.35580/sainsmat228642013
https://doi.org/10.22146/ijc.21398
https://doi.org/10.22146/ijc.21398
https://doi.org/10.35799/cp.7.2.2014.7470
https://doi.org/10.35799/cp.8.2.2015.13267
https://doi.org/10.35799/cp.8.2.2015.13267
https://doi.org/10.1088/1742-6596/1028/1/012033
https://doi.org/10.1088/1742-6596/1028/1/012033
https://doi.org/10.1080/23311916.2020.1748962
https://doi.org/10.1007/s12046-016-0483-x
https://doi.org/10.1007/s12046-016-0483-x
https://doi.org/10.1155/2016/4292316
https://doi.org/10.1155/2016/4292316


carbon for high-performance solid-state supercapacitors,
Energies 14 (2021) 4546, https://doi.org/10.3390/en14154546.

[22] V.E. Efeovbokhan, E. E Alagbe, B. Odika, R. Babalola,
T.E. Oladimeji, O.G. Abatan, E.O. Yusuf, Preparation and
characterization of activated carbon from plantain peel and
coconut shell using biological activators, J. Phys. Conf. 1378
(2019), 032035, https://doi.org/10.1088/1742-6596/1378/3/
032035.

[23] S.N.A. Jabal, Y.B. Seok, W.F. Hoon, Carbon composition,
surface porosities and dielectric properties of coconut shell
powder and coconut shell activated carbon composites,
ARPN J. Eng. App. Sci. 11 (6) (2016) 3832e3837.

[24] C. Song, S. Wu, M. Cheng, P. Tao, M. Shao, G. Gao,
Adsorption studies of coconut shell carbons prepared by
KOH activation for removal of lead(II) from aqueous solu-
tions, Sustainability 6 (2014) 86e98, https://doi.org/10.3390/
su6010086.

[25] M.J. Prauchner, F.R. Reinoso, Chemical versus physical acti-
vation of coconut shell: a comparative study, Microporous
Mesoporous Mater. 152 (2012) 163e171, https://doi.org/
10.1016/j.micromeso.2011.11.040.

[26] E. Budi, U. Umiatin, H. Nasbey, R.A. Bintoro, Fi Wulandari,
E. Erlina, Adsorption and pore of physical-chemical acti-
vated coconut shell charcoal carbon, IOP Conf. Ser. Mater.
Sci. Eng. 335 (2018), 012007, https://doi.org/10.1088/1757-
899X/335/1/012007.

[27] R. Shaheed, C.H. Azhari, A. Ahsan, W.H.M.W. Mohtar, Pro-
duction and characterization of low-tech activated carbon from
coconut shell, J. Hydrol. Environ. Res. 3 (1) (2015) 1e14.

[28] P.H. Huang, H.H. Cheng, S.H. Lin, Adsorption of carbon
dioxide onto activated carbon prepared from coconut shells,
J. Chem. 2015 (2015) 106590, https://doi.org/10.1155/2015/
106590.

[29] X. Duan, C. Srinivasakannan, K. Yang, J. Peng, L. Zhang,
Effects of heating method and activating agent on the porous
structure of activated carbons from coconut shells, Waste
Biomass Valor. 3 (2012) 131e139, https://doi.org/10.1007/
s12649-011-9097-z.

[30] M.S. Islam, B.C. Ang, S. Gharehkhan, A.B.M. Afifi, Adsorp-
tion capability of activated carbon synthesized from coconut
shell, Carbon Lett. 20 (2016) 1e9, https://doi.org/10.5714/
CL.2016.20.001.

104 M.J. Rampe et al. / Karbala International Journal of Modern Science 8 (2022) 96e104

https://doi.org/10.3390/en14154546
https://doi.org/10.1088/1742-6596/1378/3/032035
https://doi.org/10.1088/1742-6596/1378/3/032035
https://doi.org/10.3390/su6010086
https://doi.org/10.3390/su6010086
https://doi.org/10.1016/j.micromeso.2011.11.040
https://doi.org/10.1016/j.micromeso.2011.11.040
https://doi.org/10.1088/1757-899X/335/1/012007
https://doi.org/10.1088/1757-899X/335/1/012007
https://doi.org/10.1155/2015/106590
https://doi.org/10.1155/2015/106590
https://doi.org/10.1007/s12649-011-9097-z
https://doi.org/10.1007/s12649-011-9097-z
https://doi.org/10.5714/CL.2016.20.001
https://doi.org/10.5714/CL.2016.20.001

	Study of Pore Length and Chemical Composition of Charcoal that Results from the Pyrolysis of Coconut Shell in Bolaang Mongondow, Sulawesi, Indonesia
	Recommended Citation

	Study of Pore Length and Chemical Composition of Charcoal that Results from the Pyrolysis of Coconut Shell in Bolaang Mongondow, Sulawesi, Indonesia
	Abstract
	Keywords
	Creative Commons License

	Study of Pore Length and Chemical Composition of Charcoal that Results From the Pyrolysis of Coconut Shell in Bolaang Mongo ...
	1. Introduction
	2. Material and methods
	2.1. Tools and materials
	2.2. Research procedure

	3. Results and discussion
	3.1. Analysis of FTIR
	3.2. Analysis of SEM
	3.3. Analysis of EDS

	4. Conclusions
	Acknowledgments
	References


