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ABSTRACT

The demand for low-cost carbons with multi-doping in supercapacitors has led to a significant
focus on utilizing biomass waste to produce activated carbons. The research successfully utilized
Musa paradisiaca L. (MPL) peel as a porous carbon for solid-state supercapacitor. The process
involved collecting banana peel waste, drying the peels using sunlight, pre-carbonization using a
furnace, pH neutralization, drying, crushing carbon particles, and ensuring uniform particle size.
Different concentrations of the catalytic ZnCl, solution (300, 500, and 700 mmol/g) were selected
to optimize physical and electrochemical properties. The resulting chemically activated MPL
carbon powder was evaluated using SEM-EDS, XRD, and BET. MPL activated carbon with a 500
mmol/g solution of ZnCl, was found to have optimal physical properties with a carbon percentage
of 81.65%, oxygen 17.39%, phosphorus 0.42%, and boron 0.52%. Electrochemical properties were
evaluated using dual-electrode system was exhibited the highest specific capacitance of 67 F/g.
These findings demonstrate the potential of MPL peel waste as a high quality electrode for
supercapaicor next-generation.

Keywords: Carbon; electrode materials; Musa paradisiaca L. peel; self-doped; supercapacitor
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INTRODUCTION

Electrical energy has become a fundamental
necessity for people worldwide and has
significantly impacted almost every aspect of
life. In Indonesia, the reliance on fossil fuels
like oil, coal, and natural gas for electrical
energy has led to air pollution, affecting the
quality of life and public health [1]. The
country's energy demand continues to rise due
to economic activities in the industrial,
transportation, commercial, and household
sectors. This escalating energy requirement has
prompted the exploration of various alternative
energy sources to address the national energy
crisis. Renewable energy sources such as solar
and wind can generate electrical energy, but

their effective use depends on efficient energy
storage [2].

Supercapacitors are promising electrical
energy storage technologies for the future.
Supercapacitors are widely used in various
applications such as in vehicles, trains,
electronics, and in telecommunications. This
technology offers energy storage with high
power density and a long life cycle [3]. This is
because  supercapacitors  store  energy
electrostatically through the absorption of
electrolyte ions at the electrolyte electrode
interface [4]. This non-faradaic process
produces high power density but low energy
density. Furthermore, its long life cycle occurs
because supercapacitors do not experience
significant  degradation as  occurs in
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conventional  batteries [5]. Among the
components of supercapacitors, the selection of
electrode materials is very important in
improving their performance. Carbon materials
have been widely studied as supercapacitor
electrode materials because they have superior
electrical conductivity, good chemical stability,
and high surface area. However, carbon
materials mostly come from fossil fuels whose
application in the future industrial sector is
limited due to their high cost, non-renewable
sources, complicated synthesis, and
environmental pollution. Thus, it is important to
find carbon materials that are low-cost, easy to
synthesize, and environmentally friendly.

Biomass-based carbon materials have
attracted much attention due to their low cost,
sustainability, and wide availability in nature
[6]. Several biomass materials that have been
utilized such as coconut shells have been
successfully used as carbon sources with high
carbon content and have O, N, and B doping
[7]. Furthermore, hemp biomass has been
successfully used as activated carbon material
through  high-temperature  pyrolysis and
chemical activation using KOH [8]. Garlic peel
waste has been successfully used as porous
activated carbon with the addition of melamine
dopant and KHCO; activator selected as
activator material [9]. In addition, other
biomass materials that have also been
successfully used as activated carbon are
soybean straw [10], hazelnuts [11], and bamboo
[12]. However, the methods used in these
studies limit their large-scale application due to
their complicated synthesis, longer time, and
high cost [13]. Therefore, an easier, simpler,
lower cost, and more time-saving method is
needed.

On the other hand, bananas are one of
Indonesia's plantation products that are
produced in large quantities every year. Based
on data from the Central Statistics Agency,
another part of the banana that can also be used
is the peel which contains 14.4% cellulose. In
recent years, banana peels have been widely
studied for use as absorbent materials (activated
carbon). In more detail, Musa paradisiaca L.

(MPL) peels contain 43.7% carbon elements
consisting  of  cellulose,  hemicellulose,
chlorophyll pigments, and pectin substances so
that they support the production of activated
carbon as a supercapacitor electrode material.
These components support the potential of
MPL peels to be used as activated carbon with a
high degree of crystallinity so that the activated
carbon obtained can be applied to
supercapacitors. MPL peels are synthesized
with easy and cost-effective preparation,
starting with the drying process, pre-
carbonization using a furnace, chemical
activation, and high-temperature pyrolysis.
Chemical activation was carried out using a
ZnClI2 activator with varying concentrations of
300, 500, and 700 mmol/g. The electrochemical
performance of the MPL peels-activated carbon
produced was tested using a two-electrode
configuration, showing a specific capacitance
of 67.14 F/g, with an energy density of 9.325
Wh/kg and a power density of 33.60 W/kg. The
results of this study indicate that MPL peels
waste can be used as an activated carbon
material for supercapacitor electrodes.

MATERIALS AND METHODS

The MPL peel was cut into small pieces and
then dried in the sun to reduce its water content.
Furthermore, the pre-carbonization process was
carried out on 5 kg of MPL peel samples in one
burning using a furnace. The samples that had
gone through the pre-carbonization process
were then soaked in distilled water (equivalent)
until pH = 7, then the samples were dried in the
sun. Furthermore, the sample refinement
process was carried out using a mortar and ball
milling tool. The sample was first ground until
smooth using a mortar, then the sample was put
into a vial for the ball milling process for
approximately 24 hours. The sample was sieved
using a sieve measuring < 60 pm to obtain
uniform results.

Next, chemical activation was carried out
using ZnCl; activator. The ratio of activator and
carbon is 1 : 5, namely 30 grams of sample was
inserted, then 150 ml of distilled water was

188 Harnessing multi-doping porous carbon from Musa paradisiaca L. ... (Purba et al.)



used. The first stage in this chemical activation
is to dissolve the ZnCl, activator into 150 ml of
distilled water using a hot plate stirrer for 1
hour at 80°C. The MPL peel carbon sample was
inserted into the activator mixture and stirred
using a magnetic stirrer for 2 hours at 80°C,
then dried using an oven. The dried sample was
ground until smooth and then sieved using a 60
um sieve. The MPL peel carbon sample was
pyrolyzed at high temperature using a furnace.
Furthermore, the sample was neutralized again
so that the remaining combustion powder did
not mix with the activated carbon sample.

The degree of crystallinity of MPL was
evaluated using X-ray diffraction (XRD) in the
angle range (20) 10° — 60° with a Shimadzu
type MAXima_X XRD 7000. The surface
morphology of MPL was observed using a
scanning electron microscope (SEM) at
magnifications of 5000x and 15000x and the
elemental composition of MPL was evaluated
through energy dispersive spectroscopy (EDS)
using a Jeol JSM-IT200 instrument. The
porosity properties of MPL were evaluated
using a Quantachrome Nova 4200e instrument
to determine the specific surface area and pore
size distribution through the Brunauer—
Emmett-Teller (BET) method. The
electrochemical performance of the
supercapacitor cell was evaluated using cyclic
voltammetry (CV) and galvanostatic charge
discharge (GCD) in a two-electrode system.
Previously, the MPL-activated carbon powder
sample was molded using a hydraulic press in
the form of a monolithic coin and additional
materials. The molded sample was then

polished with a diameter and thickness of 8 mm
and 0.2 mm, respectively, and immersed in 1 M
H,SO, electrolyte. The CV method at a
maximum voltage window of up to 1 V used a
CV UR Rad-ER 5841 physics instrument. The
GCD method was carried out at a current
density of 1 A/g using a CD UR Red-ER 2018.

RESULTS AND DISCUSSION

The samples of activated carbon from
banana peel based on the influence of different
concentrations of activators MPL-300, MPL-
500, and MPL-700 showed XRD patterns in the
form of two gentle peaks and several sharp
peaks [14]. The MPL-300, MPL-500, and
MPL-700 samples had peaks related to each
scattering plane, where on the (002) and (100)
planes in the range of 22.987°, 23.241°, 23.195°
and 44.968°, 44.734°, 43.130°. The reflection
angles on the hkl 002 and 100 planes indicate
that the activated carbon samples based on
banana peel have an amorphous structure.

MPL-300

MPL-500

Un MPL-700
— T T T T

10 20 30 40 50 60

20 (degree)
Figure 1. XRD pattern of MPL peels sample.

X-ray Intensity (a.u)

Table 1. Carbon lattice parameters of MPL peels.

29002 2'0100 d002 leO I—C I—a

Sample code o) O A AN A A
MPL-300 22.987 44.968 3.865 2.014 8.271 6.799
MPL-500 23.241 44734 3.824 2.024 8.650 22.766
MPL-700 23.195 43.130 3.831 2.095 10.933 2.320

The data presented in Table 1 shows the
lattice parameters that provide information on
the shift of the 26 angle that causes changes in
the value of the microcrystalline layer in each

sample. Giving the concentration of ZnCl, to
the MPL peel sample from 300 to 700 mmol/g
can increase the height value of the
microcrystalline layer (Lc) from 8.271 to

Indonesian Physics Communication, 21(3), 2024
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10.933 A. Then, a small Lc value indicates a
larger specific surface area [15]. More details
are discussed in the N, gas absorption analysis.

The pore characteristics of MPL were
investigated through nitrogen
adsorption/desorption measurements shown in
Figures 2 (a) and (b). The isotherm curves
between relative pressure (P/Pg) and STP
volume (cm®(g) where the relationship is in
accordance with the IV isotherm based on the
IUPAC classification. The hysteresis loops
show varying shapes related to capillary

L
—

160

—&— MPL-300
1++O+ MPL-500
1-w wmpPL700
140 4

120 A

Volume adsorbed @STP(cm®gr’)

1 o ol
100 A _
] V=" —_—_;;_,’::'
P S
v
80 e
v/
!
1 ¢
60 LI B | B R AL R B AL AL L B DL L NN BN NN DL LN EELEN B
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure (P/P,)

o
—

Cumulative Volume (cm® g™)

condensation in the mesoporous layer
depending on the concentration ratio of the
activating agent and the synthesis form used
[16]. The combination of macropores,
mesopores, and micropores can support
electrolytes to shorten the ion diffusion distance
and facilitate rapid ion transfer. This type of
curve forms micropores and mesopores which
simultaneously contribute to the enhancement
of the electrochemical double layer capacitance
(EDLC) and improve the accessibility of high
power density of supercapacitor devices.

0.18
oo 000000
0.16
0.14 8
VYV vy
0.12
—@— MPL-300
0.10 O+ MPL-500
‘ —¥= MPL-700
0.08 ettty r——r—r—
0 50 100 150 200

Pore width (nm)

Figure 2. (@) N, gas absorption profile of activated carbon material, and (b) pore diameter vs

cumulative volume of MPL peel samples.

The specific surface area of carbon
electrodes MPL-300, MPL-500, and MPL-700
can be calculated by the BET method with
values of 411.311 m?g, 378.786 m%g, and
266.822 m’/g with total pores of MPL-300,
MPL-500, and MPL-700 of 0.149 cm?/g, 0.136
cm?g, and 0.090 cm?g respectively. These
results indicate that MPL-300 has the highest
specific surface area of 411.311 m?g. However,
high surface area is not always a determining
factor in increasing the specific capacitance
value of carbon electrodes. This is because the
higher surface area of MPL-300 can reduce the
active properties of carbon which will cause
brittle properties on the electrode, which can
inhibit electrochemical properties [17].

The surface morphology of banana peel
from all concentration variations is illustrated in
Figure 3. Figures 3 (a) and 3 (b) show the
morphology of MPL-300 samples at 5000x and
15000x magnifications. The MPL-300 sample

displays a surface dominated by particle chunks
and carbon aggregates in the size range of 291 —
612 nm at 5000x magnification and 130 — 353
nm at 15000x magnification. Figures 3 (c) and
(d) show the morphology of MPL-500 samples
at 5000x magnification with a size range of 361
— 1519 nm and at 15000x magnification the size
range is 213 — 770 nm. The addition of a
chemical activator of 500 mmol/g ZnCl,
resulted in a relatively larger aggregate surface
size. Figures 3 (e) and (f) with the MPL-700
sample show the morphology at 5000x
magnification with a size range of 188 — 800
nm and 116 — 465 nm at 15000x magnification.

The elemental content for the three
electrodes was evaluated through EDS. The
results of the EDS characterization for the
MPL-300, MPL-500, and MPL-700 samples
were in the form of percentages of the
constituent elements of the banana peel carbon
electrode shown in Table 2.
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=)

igre . SEM images carbon of peels (a)

PL-300 magnification 5000x, (b) MPL-300

magnification 15,000x, (c) MPL-500 magnification 5,000x, (d) MPL-500 magnification 15,000x, (e)
MPL-700 magnification 5,000x, (f) MPL-700 magnification 15,000x.

Table 2. Percentage content of elements in

MPL peel samples.

Percentage of elements (%)

C ) P B
MPL-300 90.32 9.59 0.09 -
MPL-500  88.74 10.38 0.22 0.66
MPL-700  86.79 13.06 0.15 -

Sample code

Based on Table 2, it can be seen that the
composition of the elements of the banana peel
carbon electrode is carbon (C), oxygen (O),
phosphorus (P), boron (B), and nitrogen (N).
The elements of the banana peel content are
dominated by carbon content with a percentage
of 86.79% — 90.32%. The percentage of oxygen

Indonesian Physics Communication, 21(3), 2024

191



content in MPL-300, MPL-500, and MPL-700
are 0.59%, 10.38%, and 13.06% respectively.
The percentage of phosphorus content in the
MPL-300, MPL-500, and MPL-700 samples is
0.09%, 0.22%, 0.15%, followed by the boron
content in MPL-500 which is 0.66%, in the
MPL-300, MPL-500, and MPL-700 samples
there is no nitrogen content.

In this case, oxygen is one of the
heteroatoms and self-doping elements which is
a contribution from the basic elements of
biomass waste [18]. The high O element
significantly presents an increase in the
wettability and hydrophilicity features of the
material which  dramatically  encourages
electrolyte infiltration which causes faradaic
redox reactions in the electrode material [19].
Phosphorus, boron, and nitrogen are natural
dopings that can produce pseudocapacitor
properties which means it is possible to achieve
higher specific capacitance and energy density
in supercapacitor electrochemical testing [20].

0.0020
] —— MPL-300

q eeceee MPL-500 7
0.0015 4 ——— MPL-700 -7

0.0010 3
0.0005 3

0.0000 3

-0.0005

Current density (A cm‘z)

-0.0010 3

-0.0015 *-—+—rrr—r—rrr—r—r—rrr—rrrr—rrr

Voltage (V)
Figure 4. CV curve of MPL peel sample.

The electrochemical properties of activated
carbon from supercapacitor electrodes were
measured through CV shown in Figure 4. The
results of the CV measurement are in the form
of a curve with a distorted rectangular shape
indicating that the supercapacitor has normal
EDLC properties [21]. The area of the curve
formed between the charge current (I;) and the
discharge current (lg) indicates the specific
capacitance value produced by the carbon
electrode. The larger the area of the curve
formed, the greater the specific capacitance
value produced [22]. CV testing was carried out

with a constant scan rate of 1 mV/s. CV testing
on MPL peel carbon electrodes using H,SO,
electrolyte solution as a source of ion charge.

The MPL-300 and MPL-700 samples have
the smallest CV curve area compared to the
MPL-500 sample which has the largest curve
area. These results indicate that the MPL-500
sample has the highest specific capacitance
value and the largest curve so it has the ability
to store the largest electrochemical energy
among other samples. The concentration of
MPL-300 can produce a specific capacitance
value of 22.06 F/g. The addition of the
concentration of ZnCl, activator to 500 mmol/g
can significantly increase the specific
capacitance value to 67.14 F/g with an energy
density of 9.325 Wh/kg and a power density of
33.60 W/kg. The addition of the activator
concentration reaching 700 mmol/g can reduce
the specific capacitance value to 60.21 F/g
because the addition of higher concentrations
can reduce the physical properties of the
electrode such as carbon content. This shows
that 500 mmol/g has the optimum specific
capacitance value.

80

—@— MPL-300
O+ MPL-500
—¥— MPL-700

&~ [o2]
o o
1 ' B

n
o
| I 1

Specific capacitance (F g‘1)

o
PE S A1

0 1 2 3 4 5 6

Scan rate (mV' s™)
Figure 5. Specific capacitance curve versus
scan rate.

Furthermore, the specific capacitance at
higher scan rates is shown in Figure 5. From the
figure, it can be seen that the specific
capacitance decreases with the high scan rate
given. This is because at high scan rates, the
electrolyte ions do not have enough time to
enter the pores of the electrode [23].
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Figure 6. GCD curve of MPL peel sample.

More detailed electrochemical properties
analysis evaluated through GCD can be seen in
Figure 6. All samples show isosceles triangle
curves indicating normal  double-layer
electrochemical properties [24]. The MPL-500
sample shows the longest charge-discharge

measurement time which is marked by a larger
isosceles triangle curve shape compared to the
MPL-300 and MPL-700 samples. This proves
that the MPL-500 sample has very good
electrochemical properties resulting in a
relatively higher specific capacitance value
compared to the MPL-300 and MPL-700
samples. This is in accordance with the CV
measurements which are also confirmed by the
SEM results where the MPL-500 displays the
sample morphology at 5000x magnification
with a size range of 361 — 1519 nm and at
15000x magnification the size range is 213 —
770 nm. The administration of a chemical
activator of 500 mmol/g ZnCl, produces a
relatively larger aggregate surface size. In EDS,
the addition of 500 mmol/g ZnCl, activator
concentration can increase the percentage of
carbon elements to 81.65%.

Table 3. Comparison of specific capacitance values of several biomasses

Biomass Activator  Csp (F/g) References
Ricinus communis shell KOH 85 [25]
Palm waste CaCl, 137 [26]
Kapok KOH 31.9 [27]
Sechium edule leaves KOH 114 [28]
Orange peel KOH 144 [29]

MPL-500 ZnCl, 67.14 In this study

Table 3 shows a comparison of several
specific capacitance values of several biomass
with the addition of several chemical activators.
Activated carbon made from MPL peels
chemically activated using ZnCl, has the
potential to be used as a supercapacitor cell
electrode.

CONCLUSION

Multidoped carbon O, N, P, and B based on
Musa paradisiaca L. peel waste has been
successfully prepared using variations in ZnCl,
activator concentrations of 300 mmol/g, 500
mmol/g and 700 mmol/g. The activated carbon
obtained has a high carbon content and a good
amorphous  structure. MPL-500 activated
carbon has optimal physical properties with a
carbon content of 81.65%, oxygen 17.39%,
phosphorus  0.42%, and boron  0.52%.

Electrochemical performance was evaluated
using 1 M H,SO, electrolyte with a two-
electrode system. The highest specific
capacitance produced reached 67 F/g with an
energy density of 9.325 Wh/kg and a power
density of 33.60 W/kg. Furthermore, this study
shows the use of MPL peel waste as a porous
carbon-based material to be wused as a
supercapacitor  electrode.  Therefore, this
research can be a reference for obtaining
biomass-based porous carbon with
environmentally ~ friendly  synthesis  for
supercapacitor energy storage devices.
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ABSTRACT

Biomass-based porous carbon is an exceptional material with unique nano-morphological
properties and a high surface area, making it an ideal candidate for improving the performance of
supercapacitor electrodes. Herein, activated carbon derived novel areca-nut waste (ANW) as
electrodes materials were successfully produced using a simple method. The process involved
drying the ANW using pre-carbonization, chemical activation, and high-temperature pyrolysis.
The zinc chloride was selected as chemical catalytic in 1 m/I solution. Subsequently, porous
carbon was produced at different physical activation temperatures of 800°C, 850°C, and 900°C.
The activated carbon was converted into coin-like design with an additional adhesive of PVA. The
electrochemical properties were assessed using a two-electrode system ina 1 M H,SO, electrolyte.
The ANW-based supercapacitor demonstrated good electrochemical performance, with an optimal
specific capacitance of 94.6 F/g at 850°C. Additionally, it exhibited an optimal energy density of
12.8 Wh/kg and a power density of 245.516 W/kg. These results suggest that porous carbon
derived from ANW biomass holds promise as a sustainable working electrode for green-
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supercapacitor.
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INTRODUCTION

The growth of the human population and the
development of the global economy have led to
an increasing demand for energy worldwide. It
is estimated that by 2026, the demand for
energy will double. Therefore, it is important to
study the development of new and sustainable
energy sources. Supercapacitors have attracted
attention because they are a new type of energy
storage device that has high power density, long
service life, good cycle stability, and large
capacity [1]. In addition, supercapacitors are
efficient, green, and environmentally friendly
energy storage devices [2]. However, the low
energy density of supercapacitors is a weakness
that limits their widespread application. To
overcome these problems, the development of
electrode materials is necessary because they
are a key factor in improving the performance
of high-performance supercapacitors [3].

Activated carbon is commonly used as an
electrode material due to its affordability,
stability, and good conductivity [4]. It's
typically derived from coal, petroleum, and
biomass. Biomass-derived activated carbon
offers advantages such as abundant availability,
unique porosity, sustainability, and
environmental friendliness [5]. Previous studies
have highlighted the exceptional properties of
natural waste-based carbon materials, including
their nano morphology, hierarchical pores, and
hydrophilicity supporting heteroatom elements
[6, 7]. For example, hierarchically porous
carbon from biomass plane tree fruit fluffs
achieved an energy density of 46.3 Wh/kg [8].
Porous carbon obtained from biomass garlic
peels exhibited an energy density of 9.07
Wh/kg and a specific capacitance reaching
396.25 F/g [4]. Additionally, porous carbon
from the jujube shell demonstrated a high
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specific capacitance of 535 F/g with an energy
density of 13.97 Wh/kg [9]. However, not all
biomass can exhibit these characteristics
through simple and environmentally friendly
methods, requiring further intensive studies to
identify potential biomass and environmentally
friendly approaches. On the other hand, the
areca-nut (AN) is a major horticultural crop in
Indonesia, occupying 147,890 hectares and
supplying 80% of the global AN demand [10].
The substantial area of AN plantations
generates significant waste, including areca-nut
waste (ANW), which contains 66.08%
cellulose, 7.40% hemicellulose, 19.59% lignin,
and other minor components [10, 11]. Given
these contents, ANW holds promise as a raw
material for activated carbon production.

Furthermore, one of the main ways to
convert biomass into activated carbon is by
using the thermochemical transformation
method [12]. This method consists of two steps,
namely  carbonization and activation.
Carbonization is the process of converting
organic matter into carbon through low-
temperature pyrolysis [13]. This process
focuses on removing volatile compounds, and
hydrocarbons and breaking down precursors
until charred residue remains. Furthermore, the
activation process involves the addition of
appropriate activating agents to obtain a high
surface area with its unique porosity. The
activation process is divided into two, namely
chemical activation and physical activation.
The chemical activation process is a common
method used to produce carbon-based activated
carbon derived from biomass [14]. In this
process, biomass carbon material is mixed with
chemicals and carbonized using inert gas.
While the physical activation process uses
oxygen-containing gases such as CO, and water
vapor. This process takes place at high
temperatures  (800°C -  1000°C) by
decomposing carbon materials so that they form
many pores and cracks [15].

In this study, a simple and cost-effective
synthesis is reported to obtain biomass-based
activated carbon. Conversion of ANW into
carbon through drying, pre-carbonization,

chemical activation, carbonization, and physical
activation processes. Chemical activation was
carried out using 1 M ZnCl, as an activating
agent. Carbon samples were prepared in powder
form which were then carbonized and
physically activated. Carbonization was carried
out up to a temperature of 600°C with an inert
gas environment (N,). Physical activation was
applied using different temperatures, namely at
800°C, 850°C, and 900°C with a CO, gas
environment. Furthermore, the electrochemical
performance of the activated carbon obtained
was evaluated in a 2-electrode configuration
with a specific capacitance of 94.6 F/g with an
energy density of 12.8 Wh/kg and a power
density of 245.516 W/kg. Therefore, this study
proves that ANW biomass can be utilized as
activated carbon to be used as an electrode
supercapacitor.

MATERIALS AND METHODS

Material

Samples of ANW were collected from
plantations in Solok Regency, Indonesia. We
used ZnCl, from Merck KgA as the chemical
activator. The gases N, and CO, were obtained
from PT. Aneka Gas Industri Tbhk, Indonesia.
The electrolyte material H,SO, was supplied by
Panreac  Quimica Sau. Duck eggshell
membranes were used as separators, and DI
water was produced on the laboratory scale.

Preparation of Sample Powder

The ANW was initially cleaned and cut into
small pieces measuring 3 x 2 cm. Afterward, it
was dried using sunlight for 2 days and then in
an oven at 110°C for 48 hours. The drying
process was then continued using a vacuum
oven at a temperature range of 50°C — 250°C.
Subsequently, the sample was ground using a
mortar and ball milling. After grinding, the
sample was sieved to obtain a uniform powder
size of <60 um.
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Preparation of Porous Carbon from ANW

The ANW sample powder was chemically
impregnated using 1 M ZnCl, with distilled
water and carbon. This process involved using a
hotplate set to a rotation of 300 rpm and a
temperature of 80°C. After impregnation, the
sample was dried in an oven and then ground
into powder again. The obtained carbon powder
was  subjected to  pyrolysis  through
carbonization and  physical  activation.
Carbonization was carried out at temperatures
ranging from 30°C to 289°C and from 289°C to
600°C, with a N, gas flow rate of 1°C/min and
3°C/min, respectively. Physical activation was
performed using CO, gas at temperatures of
800°C, 850°C, and 900°C, with a gas flow rate
of 10°C/min. The resulting porous carbons were
labeled as ANW-800, ANW-850, and ANW-
900. The pyrolysis products were neutralized
using DI water until the pH reached 7 and then
dried in an oven at 110°C.

Material Characterization

Phase and degree of crystallinity of ANW
were evaluated using X-ray diffraction (XRD)
with a Shimadzu type MAXima_X, within the
angle range (20) 10° — 60°, with plate number 1
No. BMN: 3.08.02.01.027.1. The
electrochemical properties of the supercapacitor
cell were evaluated in a two-electrode system
using additional adhesive. The electrodes, with
a diameter of 8 mm and a thickness of 0.2 mm,
were prepared in a 1 M H,SO, electrolyte
solution and separated using a duck eggshell
membrane. The electrochemical performance
was measured using cyclic voltammetry (CV)
and galvanostatic charge discharge (GCD)
techniques. The CV method was carried out
using a CV UR Rad-ER 5841 physics
instrument, testing at a maximum voltage
window of up to 1 V at scan rates of 1, 2, 5, and
10 mV/s. The GCD method was carried out
using a CD UR Red-ER 2018 with a current
density of 1 AJ/g. Specific capacitance,
resistance, energy density, and power density

were obtained from the CV and GCD methods,
and calculated using standard equations.

RESULTS AND DISCUSSION

The XRD pattern of ANW at different
physical activation temperatures is
characterized in Figure 1. This pattern shows
two diffraction peaks at 20 values of 22.424° —
23.496° and 42.013° — 44.714° which are
related to the crystal planes (002) and (100).
This characteristic indicates low graphitization
so that the activated carbon electrode has an
amorphous nature [16]. Therefore, this structure
can form more developed pores which results in
high electrical conductivity values. High
conductivity values can support better
electrochemical properties. This study is in line
with previous studies using different biomass,
namely  Mangifera indica leaf [17],
Phyllostachys edulis [18], and paddy straw
[19]. Furthermore, the XRD pattern also shows
several sharp peaks which confirm the presence
of crystalline compounds in each sample.
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Figure 1. XRD pattern of ANW samples.

Table 1 shows the interlayer d-spacing and
microcrystalline dimensions for the three ANW
samples. The dgp; and dipe values of ANW
based on the Bragg equation 2dsinf = nA have
values ranging from 3.783 — 3.962 A and 2.025
—2.148 A, respectively. The dgg, value obtained
is higher than the dy, value of graphite
confirming that the ANW-activated carbon
sample has high porosity due to weak
graphitization so that the sample has better
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amorphous properties. Furthermore, the layer
height value (L) is related to the specific
surface area according to the empirical formula
(SSAwda = 2/pxale), where pyg =
(dooz(graphitey/doo2) > Pgrapnite [20]. Based on the
empirical formula, it can be concluded that the
L. value is inversely proportional to the specific

surface area value. If the L. value is small, the
surface area is large. From Table 1, it can be
seen that ANW-850 has the smallest Lc layer
height value, which is 8.606 A, so ANW-850
has the highest specific surface area which can
improve the performance of supercapacitor
electrodes.

Table 1. Lattice parameters and interlayer spacing for ANW activated carbon samples.

Samples code 2000, 20001

doo2 d10o L. L,
A A A A

) @)
ANW-800 22424 44714 3962 2.025 8982 15619
ANW-850 23496 44.128 3.783 2.050 8.606 36.752
ANW-900 22913 42.013 3.878 2.148 9.177 10.505

The electrochemical properties of ANW
were evaluated through a two-electrode system
in 1 M H,SO, electrolyte using CV and GCD.
Figure 2 depicts the CV curves for the three
electrodes at a scan rate of 1 mV/s with a
voltage range of 0 — 1 V. The curves have a
distorted rectangular shape, indicating the
characteristics of the electrical double-layer
capacitance derived from the porous carbon
material [21]. The sample ANW-800 shows a
fairly large hysteresis curve, which indicates a
specific capacitance value of 60 F/g. Increasing
the physical activation temperature significantly
increases the current density of ANW-850, with
its specific capacitance reaching 76 F/g.
However, further increasing the physical
activation temperature to 900°C reduces the
current density in the hysteresis loop,
confirming that the specific capacitive property
of the third electrode decreases to 14 F/g.
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Figure 2. CV profile of ANW sample at a scan
rate of 1 mV/s.

Furthermore, the electrode potential of
ANW-850 was evaluated at different scan rates
ranging from 1 to 10 mV/s, as shown in Figure
3. The figure illustrates that at high scan rates,

the ANW-850 sample displays a good
rectangular curve, which indicates ideal
capacitive  behavior  characteristics  [22].

However, at higher scan rates, the ions have
enough time to diffuse into the electrode pores,
the electrolyte ions are unable to access the
interior of the active material, leading to a
decrease in capacitance [23, 24].
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Figure 3. The CV profiles of ANW-850 at scan
rates of 1, 2, and 5 mV/s.

The electrochemical performance of ANW-
850 was thoroughly analyzed through GCD
measurements. The GCD curve of ANW-850
was assessed at a current density of 1 A/g, as
depicted in Figure 4. The results showed an
isosceles triangle shape, confirming the normal
double-layer electrochemistry [25]. In addition,
the straight line on the discharge curve
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indicated the ohmic resistance of the electrode
[26]. The resistance value for ANW-850 was
determined to be 0.27 Q, with a specific
capacitance of 94.6 F/g. Furthermore, the
charge and discharge times on the GCD curve
validated the coulombic efficiency value of the
ANW-850 sample, which was found to be 87%
[27]. These findings confirmed the superior
electrochemical performance of the ANW-850
sample. In particular, the electrochemical
performance of ANW-850 showed a specific
capacitance of 94.6 F/g, accompanied by an
energy density of 12.8 Wh/kg and a power
density of 245.516 W/kg. The electrochemical
performance of ANW was compared with that

of other biomass-based activated carbon
supercapacitor electrodes, as shown in Table 2.
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Figure 4. The GCD profiles of ANW samples.

Tabel 2. Comparison of the electrochemical performance of activated carbon-based supercapacitor

electrodes derived from biomass.

Csp Esp Psp
sources (Flg) (Whikg)  (W/kg) References
Jack wood tree 147 8.02 68.5 [28]
Asparagus waste 160 31 560 [29]
Cashew nut shells 106 2.43 1002 [30]
Palm waste 135.1 34 202.6 [31]
Areca-nut waste 94.6 12.8 245.51  In this study

CONCLUSION

Porous carbon based on areca nut waste
biomass has been successfully obtained through
a simple method. The method begins with
drying, pre-carbonization, chemical activation
using 1 M ZnCl,, and high-temperature
pyrolysis  (carbonization and  physical
activation). Physical activation was carried out
with different temperature treatments, namely
800°C, 850°C, and 900°C. The activated carbon
obtained has an amorphous structure with a 20
angle of 22.424° — 23.496° and 42.013° —
44.714°. ANW-850 has the smallest L. value of
8.606 A, indicating a larger surface area than
the other two samples. The electrochemical
performance of ANW was also evaluated
through a CV with specific capacitances of 60,
76, and 14 F/g for ANW-800, ANW-850, and
ANW-900, respectively. Further
electrochemical performance of ANW-850 was
also evaluated using GCD which obtained a
specific capacitance of 94.6 F/g with an energy

density of 12.8 Wh/kg and a power density of
245516 W/kg at a current density of 1 A/g.
Thus, it can be concluded that the areca nut
waste is suitable to be used as a carbon source
for application in high-performance
supercapacitor electrodes.
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ABSTRACT

In this study, Cr-TiO,/a-Fe,O; nanocomposite was prepared by the ball milling method,
incorporating chromium, titanium dioxide (TiO,), and iron oxide (a-Fe,03) nanoparticles extracted
from Logas-Kuansing natural sand. The structural, magnetic, morphological, and optical properties
of these nanocomposites were investigated using X-ray diffraction (XRD), vibrating sample
magnetometer (VSM), scanning electron microscopy (SEM), and UV-Vis spectroscopy. XRD
revealed that both the pure and chromium-added nanocomposites have a hexagonal structure, with
a crystalline size reduction from 17.5 nm to 19.7, 19.5, and 19.4 nm for the pure and chromium-
added samples with chromium concentrations of 0, 5, 10, and 15 wt.%, respectively. Magnetic
properties were analyzed through hysteresis loops using VSM, revealing coercivity, saturation
magnetization, and remanence magnetization in the ranges of 131 — 247 Oe, 0.80 — 0.54 emu/g,
and 0.097 — 0.116 emu/g, respectively. SEM analysis confirmed that the particle shape and size are
within the nanometer scale. The optical band gap, estimated using the Tauc relation, decreased
from 1.93 eV for the pure nanocomposite to 1.74, 1.68, and 1.72 eV for 5, 10, and 15 wt.%
chromium-added nanocomposites, respectively. This study suggests that the prepared Cr-TiO,/a-
Fe,O3; nanocomposite exhibits promising physical properties as a catalyst for the degradation of

methylene blue.

Keywords: Ball milling; Cr-TiO,/a-Fe,Os3; Logas natural sand; nanocomposite
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INTRODUCTION

The rapid growth of industries in recent
decades has been remarkable. The discharge of
several hazardous dyes from various textile
industries into wastewater is a major cause of
serious environmental problems that affect
human health and aquatic ecosystems, due to
the toxicity and carcinogenic effects of these
substances. The pollutants released by these
industries  include oils, pharmaceuticals,
cosmetics, photochemicals, and textile effluents
[1, 2]. The most commonly used dye in the
textile industry is methylene blue (MB). MB is
a cationic dye widely used in various industries,
including textiles, paper, and plastics. MB is
known to be toxic, carcinogenic, and mutagenic
[3]. Nanocomposites have garnered significant
attention for their potential in environmental
remediation, particularly for degrading organic

pollutants. Recycling nanocomposites enhances
water purification, making it more eco-friendly,
efficient, and cost-effective [4]. Natural iron
sand contains iron oxide compositions,
including magnetite (Fe30,), maghemite (y-
Fe,03), and hematite (a-Fe,0s) [5].

Among the various types of metal oxides,
iron oxides such as a-Fe,O3 are considered one
of the most important oxides due to their
numerous technological applications ranging
from catalysts to biomedical applications and
environmental remediation [6]. Hematite (a-
Fe,03), as the most stable iron oxide with n-
type semiconductor properties (for example =
2.1 eV) [7]. Hematite has a low cost and high
corrosion resistance, making it an attractive
material for various applications, such as
catalysts, pigments, and gas sensors [8]. For a
compound to show the photocatalytic property,
it should be a semiconductor with a sufficient

©Author(s) | DOI: 10.31258/jkfi.21.3.205-210

205



band gap to degrade dyes. Metal oxides such as
TiO,, are widely wused due to their
photocatalytic, catalytic activity, water splitting
properties, nontoxicity, low-cost, and stability
[91. Coupling  hematite = with  other
semiconductor with higher band gap energy can
increase the photocatalytic activity. TiO, with
high band energy gap (3.0 — 3.2 eV) is suitable
for coupling with hematite [10]. Previous
researchers used nanocomposites and metal
oxides for the photocatalytic degradation of
dyes, enhancing activity with transition metals
Ag and Au [11, 12]. There are several methods
for preparing a- Iron oxide derived from natural
sand can be prepared using methods such as
high energy milling (HEM), top down, and ball
milling. Ball milling is the best choice for
nanoparticle preparation because it is simple,
efficient, and cost-effective [13].

In this study, iron oxide nanoparticles (o-
Fe,O3;) were prepared from natural sand in
Logas Village, Logas Tanah Darat District,
Kuantan Singingi Regency, Riau Province, with
the addition of titanium dioxide (TiOy)
nanoparticles in a weight percentage (wt.%)
ratio of 65:35 using a simple, efficient, and
cost-effective ball milling method to obtain the
magnetic nanocomposite TiO,/a-Fe,0s.
Subsequently, chromium (Cr) nanoparticles
were added in wt.% to form the Cr-TiOya-
Fe,O; nanocomposite. We investigated the
structural, magnetic, morphological, and optical
properties of the magnetic Cr-TiOy/a-Fe 05
nanocomposite, which serves as an effective
photocatalyst for the degradation of MB.

EXPERIMENTAL PROCEDURE
Raw Material and Chemical

The raw material used for preparing a-Fe2Os
nanoparticles is natural sands collected from
Logas Village, Kuansing District, Riau
Province. The chemical used for the mixture of
a-Fe20; nanoparticles to form a nanocomposite
is titanium dioxide with the addition of
chromium with a purity of 99.99%.

Preparation of Cr-TiO:/a-Fez20s

The separation of iron oxide and non-iron
oxide particles was carried out using an iron
sand separator (ISS) and NdFeB magnet. The
ball milling process was conducted in three
stages, each lasting 50 hours, with the
separation of iron oxide and non-iron oxide
particles at each stage. The product from the
fourth stage of ball milling (BM 4) was
combined with TiO2 nanoparticles in a 65 : 35
wt.% ratio and divided into five equal parts by
mass. The TiO2/a-Fe2Os nanocomposite was
then further divided into five equal parts and
doped with Cr nanoparticles at concentrations
of 0, 5, 10, and 15 wt.%. Next, ball milling was
performed for 20 hours on each sample,
resulting in Cr-TiO2/a-Fe-Os nanocomposites.
The structural, magnetic, morphological, and
optical properties of the nanocomposites
without Cr and with added Cr were analyzed
using X-ray diffraction (XRD), vibrating
sample  magnetometer (VSM), scanning
electron microscope (SEM), and UV-Vis
spectrometer.

RESULTS AND DISCUSSION
Structural Analysis

The XRD patterns of the nanocomposites
(TiO2/a-Fe:0s) without and with chromium
added at various compositions are shown in
Figure 1.

¢ a-Fe, O,
® Chromium

Intensity (a.u.)

T T T — — l. - T
0 20 40 60 80 100

Diffraction angle (%)
Figure 1. XRD patterns of TiO:/a-Fe:03
nanocomposites: (a) without chromium and
with chromium added at compositions of; (b) 5
wt.%; (c) 10 wt.%; and (d) 15 wt.%.
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The patterns were obtained using a Philips
X-Ray Diffractometer equipped with Cu Ka
radiation with a wavelength of 1.5406 A. The
diffraction patterns of the TiO2/a-Fe:0s
nanocomposites show diffraction peak angles at
23.81°, 32.64°, 35.25°, 40.36°, 48.82°, 53.25°,
56.68°, 61.82°, and 63.36°, which can be
indexed to the crystal planes (102), (104),
(110), (113), (024), (116), (122), (214), and
(300). These peak positions correspond to the
standard Bragg positions of hexagonal a-Fe2Os,
in agreement with JCPDS No. 89-8103.

350

——0wt% Cr

300 4 —— 5wt% Cr

—— 10 wt.% Cr|
15 wt.% Cr|

250

200

Intensity (a.u.)

150

100 A

50 4

Diffraction angle (°)
Figure 2. Enlarged diffraction angle from 35.0°
to 35.6°, showing a shift of the peak position to
a slightly higher angle.

The average crystallite size estimated using
the Scherrer formula for the nanocomposites
without chromium is 17.5, 19.7, 19.5, and 19.4
nm for chromium compositions of 0, 5, 10, and
15 wt.%, respectively. Additionally, the peak
intensity was found to increase, indicating a
reduction in crystallite size with the addition of
chromium. The XRD pattern also confirmed the
presence of an additional diffraction peak at 20
= 44.37° in the chromium-doped samples. This
low-intensity diffraction peak, shown in Figure
1 (b), (c), and (d), indicates the presence of
metallic chromium nanoparticles in the
samples. Therefore, the presence of diffraction
peaks associated with chromium nanoparticles,
titanium dioxide, and hematite indicates the
success of the ball milling method in forming
Cr-TiO2/a-Fe:Os  nanocomposites. As the
chromium composition increased, the intensity

of the (110) peak was found to increase, as
clearly seen in Figure 1. The XRD patterns of
the nanocomposites (TiO2/a-Fe.0s) without and
with  added  chromium at  different
concentrations are shown in Figure 1 and 2.

Magnetic Properties

Figure 3 shows the magnetization (M)
curves as a function of the applied magnetic
field (H) for the nanocomposites without
chromium and with chromium additions (0, 5,
10, and 15 wt.%). The measurements were
performed using a VSM in an applied magnetic
field ranging from -20 kOe to +20 kOe. The
saturation magnetization of the samples was
calculated from the magnetization plot against
the applied magnetic field. As shown in Figure
3, the magnetization behavior as a function of
the applied magnetic field exhibits hysteresis,
with the magnetization of the nanocomposites
increasing as the applied magnetic field
increases and reaching saturation at a high field
of 20 kOe. From the Figure 3, it is clear that the
samples exhibit ferromagnetic behavior. The
saturation magnetization (Ms) and remanent
magnetization (Mr) of the sample without
chromium (Ms = 0.80 emu/g and Mr = 0.097
emu/g), respectively, decrease with increasing
chromium content.

1.0

0.8 4
1 —=—0 wt.% Cr
0.6 —e—5 wt.% Cr
@ 1 —a— 10 wt.% Cr
2 049 | +—15wt% Cr
2 024
c 4
L o0
@
N
5 0.2
C
& -04-
= ]
-06
-0.8
-1.0 T T T T T T T T T
-20000 -10000 0 10000 20000
Magnetic Field (Oe)
Figure 3. Hysteresis curves of the

nanocomposites without and with chromium
addition, with an inset showing the enlarged
loop of these samples.
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The coercivity increases with the addition of
chromium, which is attributed to the crystallite
size and morphology of the samples, as shown
in Figure 4. The increase in the nonmagnetic
phase content leads to greater segregation
among the nanocomposites, ultimately reducing
the magnetization values.

SEI  20kV WO 0inen *1.000 10pry
LAB. TERPADU UNDIP
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LAB. TERPADU UNDIP
(©)
Figure 4. SEM images of: (a) hanocomposites
without Cr; (b) nanocomposites with 10 wt.%
Cr; and (c) nanocomposites with 15 wt.% Cr.

Optical Properties

The effect of chromium addition (10 and 15
wt.%) on the optical properties of the
nanocomposites was studied based on optical
absorption measurements using a UV-Vis
spectrometer. The optical absorption spectra of
the nanocomposites without chromium and with
chromium additions at 5, 10, and 15 wt.% as a
function of wavelength, as well as the optical
band gap with the average crystallite size and
absorption peak as a function of chromium
composition, are shown in Figures 5 (a) and 5
(b), respectively.
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Figure 5. (a) Absorption spectra of the
nanocomposites without chromium and with
chromium addition at various compositions;
and (b) variation of crystallite size with the
optical band gap and absorption peak as a
function of chromium composition.

A strong absorption at wavelengths of 234,
230, 215, and 226 nm was observed in the
nanocomposites for chromium additions of 0, 5,
10, and 15 wt.%, respectively. This strong
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absorption was found to shift towards higher
wavelengths, corresponding to lower energy,
with increasing chromium concentration,
resulting in greater methylene blue degradation.

The optical band gap was obtained by
plotting (ahv)? against photon energy (hv) and
extrapolating the linear region (o = 0). The
optical band gap was estimated using the Tauc
equation:

|
A |E_ — hv
MIg

ahy

(1)

where h is Planck's constant, v is the frequency,
a is the absorption coefficient, and n is either
1/2 for direct transitions or 2 for indirect
transitions.

The direct band gap of the nanocomposites
is shown in Figure 6. The results indicate that
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the optical band gap calculated through UV-Vis
spectroscopy decreased from 1.93 to 1.72 eV as
the chromium composition increased from 0 to
15 wt.%. The addition of chromium can narrow
the optical band gap of iron oxide
nanoparticles. Figure 5 (b) shows the variation
of average crystallite size with the optical band
gap of the nanocomposites with chromium
addition. The band gap of the nanocomposites
without chromium and with chromium addition
decreased. Therefore, the crystallite size
reduced the band gap of the nanoparticles. This
is due to the reduction in particle size and
average crystallite size, causing the material's
band gap to decrease, where the valence band
shifts to lower energy and the conduction band
shifts to higher energy, resulting in greater
methylene blue degradation.
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Figure 6. Band gap energy of the nanocomposites without and with chromium addition at various

weight percentages.
CONCLUSION

TiO,/a-Fe,O3 nanocomposites with various
chromium weight percentages ranging from 0
wt.% to 15 wt.% were successfully synthesized
using the ball milling method for methylene
blue degradation. Structural characterization
studies using XRD revealed that all samples

exhibited  high  crystallinity  with a
rhombohedral structure. The average crystallite
size tended to decrease with increasing
chromium content. The success of the ball
milling method in forming chromium-added
nanocomposites was indicated by the presence
of diffraction peaks associated with chromium
nanoparticles and TiOy/a-Fe,O3. Magnetic
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property studies confirmed the ferromagnetic
nature of the samples. The morphological
properties  showed that nanocomposite
agglomeration was more dominant in samples
without chromium addition. The optical band
gap obtained from Tauc plots showed a
decrease with increasing chromium
concentration. The results demonstrate that the
Cr-TiO,/a-Fe,O3 nanocomposites obtained via
this simple ball milling method have the
potential as catalysts for methylene blue
degradation.
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ABSTRACT

Biomass is an environmentally safe and cost-effective source of activated carbon (AC) for
supercapacitors (SC). In this study, AC was generated using precarbonisation and activation with
KOH using rubber seed shell (RSS) as a precursor. The electrochemical performance was
investigated by cyclic voltammetry and galvanostatic charge-discharge determination and the ACs
were characterised using FTIR analysis technique. RSS materials were prepared by varying
calcination temperatures of 700°C, 800°C, and 900°C without doping. RSSgy shows a maximum
specific capacitance of 190 F/g and has an energy density of 26.2 Wh/kg and a power density of
695.4 kW/kg at 1 A/g. Furthermore, melamine was used as an external dopant source for the N-
doping process. The doped AC sample (RSSgno.90) had a specific capacitance of 288 F/g and has an
energy density of 40.9 Wh/kg and a power density of 515.4 kW/kg at 1 A/g in H,SO, electrolyte.
N-doped with melamine as nitrogen source was successfully incorporated into AC to produce

high-performance electrodes for SC.

Keywords: Activated carbon; KOH; N-doped; rubber seed shell; supercapacitors
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INTRODUCTION

The knowledge and demand for energy
storage systems that are efficient, sustainable
and environmentally friendly is increasing due
to technological advancements in various
industrial sectors, so the exploration of
renewable  energy  sources that are
environmentally friendly is essential for the
long-term economic growth of society [1, 2].
Supercapacitors (SC) are one that has attracted
great attention as an environmentally friendly,
efficient and effective option because they have
excellent power density and a long lifetime [3].

In general, electrode materials for SC
include activated carbon (AC), metal oxides,
polymers, graphene, etc. AC has proven to be
an excellent electrode material when compared
to other types of carbon materials.
Environmental pollution and the depletion of
fossil fuel reserves are the reasons why
researchers are exploring biomass waste as a
potential alternative for producing AC. Various
biomass wastes such as wood [4], empty oil

palm sign [5], coconut shells [6], eggshells [7],
has been converted to AC to serve as the
electrode material for SC.

AC can be produced using physico-chemical
activation techniques. In the chemical
activation technigque, biomass as a precursor
will be combined with chemical activators, such
as H,SO4, H3PO4, KOH, NaOH, and ZnCl, [8,
9]. Compared to other activating agents, KOH
is one of the most -effective and
environmentally friendly, making it more ideal
for use in the chemical activation process for
AC manufacturing [9, 10]. Physical activation
techniques can be performed using oxidising
agents, such as carbon dioxide (CO,), water
vapour, air, or a combination of these gases.
CO, is often chosen as an activation agent due
to its safe and contains no toxins nature [11].
Activation temperature, the amount of
activating agent, as well as heat pretreatment,
all affect porosity formation during the
activation process using KOH and CO, [12].
Heteroatom doping is one way to increase the
energy storage capacity of carbon-based
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electrodes and improve the electron transport
rate. The increase in apparent capacitance is
obtained under Faraday reaction conditions
while maintaining the EDLC features [13, 14].

Heteroatoms can be introduced into the AC
framework by changing the electron
distribution and bonding properties of the
surrounding carbon lattice. Elements such as N,
P, S, and B are added into the carbon structure
to modify its Fermi level shift and electronic
structure [15, 16]. In addition, heteroatom
functional groups not only reduce the resistance
to charge transfer at the electrode, but also
increase the wettability of the carbon network
to improve the performance of the material.
Nitrogen-doped carbon can be synthesised via
thermal methods using nitrogen-containing
compounds, such as ammonia gas (NHs),
melamine, urea, and acetonitrile [17].

Melamine-based nitrogen doping has been
investigated to improve the performance of SC
electrodes. For instance, Tran et al.,
successfully used the melamine as a nitrogen
source synthesis of activated carbon from oil
palm empty fruit bunches and its modification
with nitrogen doping for supercapacitor
applications a specific capacitance 182 to 217
F/g [18]. Kong et al. (2024), N doped porous
carbon synthesised via Lewis acid salt
activation for supercapacitors with high rate
performance of 234 F/g [19].

Rubber seed shell (Hevea brasiliensis) is
one of the flowering plants of the Moraceae
family endemic to the eastern part of Southeast
Asia and South Asia. Rubber seed shell (RSS)
consists of 48.64% cellulose, 33.54% lignin,
and 18.0% hemicellulose. However, RSS is
often dumped on the ground and decomposes
without optimal utilisation, resulting in a large
amount of waste. Therefore, RSS was chosen as
a carbon precursor for the manufacture of AC
as a SC electrode in this study. This study aims
to produce activated carbon from Hevea
brasiliensis biomass through a combination of
one-stage activation techniques using KOH and
CO2, and implement it as an electrode material
for supercapacitors.

MATERIALS AND METHODS

RSS waste was collected from Sidokan
Panompuan Village, Padang Lawas Regency,
North Sumatra Province. The RSS was cleaned
using deionised water to remove impurities,
then dried in the sun for 5 days, followed by
oven drying for 2 days. Next, the RSS was
carbonised at 250°C for 3 hours, pulverised
using ball milling to obtain fine powder, and
sieved to a size of 53 um. A total of 30 g of
activated carbon powder was then activated
with 150 ml of 0.5 M KOH solution and heated
for 2 hours. The activated samples were cooled
to room temperature, then dried in an electric
oven overnight. After drying, the samples were
shaped into coins and put into a horizontal
furnace for activation at 700°C under CO: gas
flow. The product is washed to a neutral pH
(pH~7) and labelled as RSS;q. By repeating the
same steps, activation was carried out at 800°C
and 900°C, which were labelled as RSSgq and
RSSq0, respectively. By repeating the steps, 0.3
g of melamine was dissolved in 100 ml of
deionised water and heated for 10 minutes. In
the doping process, 20 coin samples were
immersed in the solution for 24 hours and dried
overnight. Next, the dried coin samples were
heated at 300°C in an N, atmosphere for
different times (60, 90, and 120 minutes). The
resulting products were labelled as RSSggo.s0,
RSSs00-90, and RSSgg0-120.

RESULTS AND DISCUSSION
Fourier Transform Infrared Spectroscopy

Infrared spectroscopy is the most commonly
used spectroscopic technigue to measure the IR
frequencies of AC chemical functional groups.
In Figures 1 (a) and (b) shows, the vibrations
detected on activated carbon are: C=C=C
stretching vibrations at 2109 — 2114 cm™, C=C
bond stretching vibrations (in alkynes) at 1992
— 1994 cm™ [20]. The Fourier transform
infrared spectroscopy (FTIR) spectrum shows a
relatively weak signal with several bands in the
1500 — 2000 cm™ range, which are usually
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associated with C-C and C=0 stretching, as is
often found in almost pure amorphous carbon
[21] before and after N-doped using melamine
that changes only the wavelength.
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Figure 1. FTIR: (a) before N-doped; (b) and
after N-doped.

Cyclic Voltammetry

Cyclic voltammetry (CV) is a method used
to determine the electrochemical properties and
capacitance value of an electrode by providing
a voltage variation at each unit time. The
electrochemical characteristics of the RSS
electrode without doping are shown in Figure
2(a), the highest capacitance value is found in
RSSgge Which is a normal rectangular shape
showing typical electric double layer
capacitance (EDLC) behaviour. The CV curve

shows the quasi-rectangular shape of the
current response on reversal. Voltage without
obvious redox peaks which confirm the good
EDLC character of the electrode [22]. The CV
curves of RSSgy at various scanning speeds (1,
2, 5 and 10 mV/s) are shown in Figure 2 (b).
Furthermore, the CV curves of the RSS samples
after doping RSSgpo.60, RSSgn0-00, aNd RSSgpg.120
Figure 2 (c) show a rectangular shape with a
fairly clear redox peak, showing the merging of
EDLC and pseudo-capacitance behaviour. This
redox peak could be due to the doping effect of
melamine as the dopant source [23]. Compared
with other samples, the RSSgy.g9 Ccurve has a
larger integral area, thus indicating better
electrochemical performance. The CV curves at
various scanning speeds (1, 2, 5 and 10 mV/s)
are shown in Figure 2 (d).

Galvanostatic Charge-Discharge

Galvanostatic charge-discharge (GCD) is
one of the most useful techniques to calculate
electochemical capacitance under controlled
current conditions [24]. Figure 3 (a) RSSgg
shows the GCD curve is symmetrically
triangular even at high current densities, which
demonstrates excellent rate capability compared
to the other two electrodes [25]. The GCD
curves of RSSgy at various curent densities (1,
2, 5,and 10 A/g) are shown in Figure 3 (b). In
Figure 3 (c) all electrodes show a triangular
shape with a smaller IR drop, indicating high
colombic efficiency [26]. The presence of
heteroatoms and surface functional groups
activate various Faraday processes, which
favour the functioning of the EDLC system.
The longer charge and discharge duration of
RSSgw0.90  indicates  superior  capacitive
performance and is in agreement with the
results of CV curve analysis. Moreover, the
addition of nitrogen into the carbon structure is
able to increase the moisture retention capacity
and conductivity of the carbon material, which
ultimately  improves the electrochemical
performance [27]. The GCD curves of RSSgy.90
at at various curent densities (1, 2, 5, and 10
Alg are shown in Figure 3 (d).
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The longer charge-discharge duration of
RSSgn0.90  indicates  superior  capacitive
performance and agrees with the CV curve
analysis results. The specific capacitance (Csp),
energy density (Eq), and power density (Pq) are
obtained from the GCD curve and calculated
using specific formulae [28, 29].

C, = 2IAt/ mAV (1)

E,=CV?/7.2 )
E

P, =3600 — 3

d AL ©)

where, | (A) is the discharge current, At (s) is
the discharge duration, AV (V) is the potential
range during discharge, and m (g) is the
electrode mass. The Cy, Eq4, and Py values of all
RSS electrodes can be seen in Table 1.

Tabel 1. Values of specific capacitance (Csp),
energy density (Eq), and power density (Py).

Cs Ps Es
Sample ooy (wikg)  (Whikg)
RSS0 165 5133 229
RSSa0 190 6954 262
RSSe0s 151 5117 209

RSSsg00-60 266 513.8 36.8
RSSg00-90 288 515.4 40.9
RSSg00-120 220 510.2 30.6

CONCLUSION

Biomass activated carbon derived from
rubber seed shells through the combination of
heteroatom doping has been successfully
fabricated and analysed. In addition, melamine
used as an external dopant source for N doping
process can improve the capacitive behaviour
of SC. AC without doping treatment (RSSgn)
has a specific capacitance of 190 F/g and AC
with doping treatment (RSSgq0.900) has a specific
capacitance of 288 F/g at 1 A/g, respectively. In
summary, N-doped with melamine as nitrogen
source was successfully incorporated into AC
to improve the capacitive properties of the
electrode. This research may provide a new

approach for the fabrication of N-doped ACs
using external dopant sources and implemented
as SC electrode materials.
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ABSTRACT

The need for predictions is very necessary in various sectors of life, one of which is rainfall
predictions. The threshold value for PMy, particles that is allowed to be in ambient air is, 150
ugram/m*/day). The aim of this research is to create a dynamic model predicting Pekanbaru City's
rainfall for the next 3 years. Rainfall prediction in this research was carried out using the dynamic
system modeling method with Powersim software. The data used is BMKG data for the
Pekanbaru City for 5 years (2015 — 2019) using 4 parameters, namely rainfall, air humidity, wind
speed and temperature. Prediction results show that air humidity in Pekanbaru City has the same
pattern as BMKG, namely the highest month is December and the lowest is August. Wind speed
prediction results are highest in July and lowest in May. The highest temperature in Pekanbaru
City is in April and the lowest is in January. Rainfall for 2020 — 2021 is predicted to experience
light rain on average, because it has the same data pattern on the variables that influence it. So it
can be interpreted that the validation results for air humidity, wind speed and temperature in

Pekanbaru City show that they are valid because they do not exceed the limit value of <5%.

Keywords: Dynamic model; Pekanbaru City; prediction; rainfall
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INTRODUCTION

Particulates (PMyo) are airborne particles
that are smaller than 10 microns (micrometers).
The threshold value of PMy, particles allowed
in ambient air is 150 pgram/m®day [1].
Specifically in Pekanbaru City in 2019 in July
the PMy, value was still below the NAB, which
was around 48.89 pgram/m*/day. In August the
PMy value was 80.44 pgram/m® and the
September PMy, value exceeded the quality
standard threshold value with a very unhealthy
category, namely with a value of 245.94
pgram/mé [2].

The increase in PMy, values is caused by
forest and land fires in the area around
Pekanbaru City, as well as the dry season which
also worsens air quality due to the absence of
rain to reduce the deposition of air pollutants [2-
4]. Rainfall can remove pollutants in the
atmosphere, pollutants will be directly washed
by rainwater and then deposited on the surface
[5-9]. Rainfall data for the last 5 years obtained
from BMKG shows that September was a dry

month. The amount of rainfall in September
amounted to 28 mm, while the previous 2
months, July and August experienced moderate
rainfall months with rainfall amounts of 119.2
and 148.7. There has been a lot of research on
rainfall, one of the studies that predict rainfall
was conducted by Oktaviani and Afdal (2013)
in Padang City [10]. This research is to
recognize rainfall patterns using traingdx. The
results obtained are in the form of rainfall
prediction results for the next 3 years but this
research uses complex equations that require a
lot of time and computers with high
specifications. In 2015, Handayani and Adri,
predicted rainfall in Pekanbaru City using the
trainlm training function with two variations,
namely binary activation function and bipolar
activation function [11]. The results obtained
from this research are in the form of rainfall
prediction results for the next 3 years, but this
research uses complex equations that require a
lot of time and high specifications computers.
Based on the description above, the
prediction of rainfall in Pekanbaru City will be
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carried out with a dynamic model using
powersim. The data that will be used for rainfall
prediction are temperature data, air humidity
and wind speed. This research is expected to
predict the monthly rainfall of Pekanbaru City
for the next 3 years with simpler equations and
methods.

MATERIALS AND METHODS
Collecting Data

The data used in this research is data for the
last 5 years, from 2015 to 2019, totaling 240
data from 4 parametres (temperature, humidity,
wind speed, and rainfall). The data was obtained
from the BMKG Pekanbaru City online data
website  (http://dataonline.bmkg.go.id/). The
data were processed and entered into monthly
data in the last 5 years and the data were
obtained [12-14].

Identification of System Variables

The variables used are temperature,
humidity, wind speed and rainfall. The
relationship between variables in the causal
loop diagram of rainfall prediction in this study
can be seen in Table 1 and rainfall prediction
variables can be seen in Table 2.

Table 1. Relationship between variables with
causal loop of rainfall prediction in Pekanbaru
City.

Diagram Variable Connection
Temperature +
Rainfall Wind velocity -
Air humidity +
Table 2. Rainfall prediction variables of
Pekanbaru City in 2015 — 20109.
Variable Influ_encmg Infornation Data
variables source
Tenperature Secondary
data was
Wind velocity obtained
Constant £
. rom
Rainfall comes from
BMKG BMKG
Air humidity Pekanbaru
City

Dynamic Model Building

Dynamic modeling is the creation of a
causal loop diagram (CLD) and the creation of
a stock flow diagram (SFD). Making causal
loop diagrams is done by determining the
factors that affect system performance. Making
stock and flow diagrams is done by determining
the variables affected by rainfall in Pekanbaru
City against the variables that influence
(temperature, humidity, and wind speed).

Dynamic Model Simulation

Simulation of dynamic model of rainfall,
temperature, humidity, and wind speed of
Pekanbaru City for 2015 — 2019 using
powersim software tool.

Verification and Validation

Verification and validation in this research
uses data in 2020 by comparing the results of
rainfall simulations for the Pekanbaru City.
Pekanbaru. The comparison result must be <
5%, if it exceeds < 5% then the causal loop
diagram will be made again.

Data

Data analysis by analyzing graphs generated
from Powersim Software modeling simulations.
Predict rainfall for the next 3 years using
Powersim by analyzing the graph result.

RESULTS AND DISCUSSION
Collecting Data
Rainfall Rate

The pattern of rainfall data that has been
taken shows a seasonal cycle where in 5 years
(2015 — 2019) has the same pattern. The

average graph of the 5-year rainfall data of
Pekanbaru City can be seen in Figure 1.
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Figure 1. Graph of average rainfall monthly Figure 3. Graph of average monthly

rainfall of Pekanbaru City in 5 years (2015 —
2019).

Air Humidity

The air humidity of Pekanbaru City shows a
seasonal cycle with the highest humidity in
November, and the lowest in October. The
average graph of the 5-year data of air humidity
of Pekanbaru City can be seen in Figure 2.
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Figure 2. Graph of average monthly air
humidity of Pekanbaru City in 5 years (2015 —
2019).

Temperature

The temperature of Pekanbaru City shows a
seasonal cycle with the highest temperature in
September, and the lowest in January. The
temperature number is one of the positive
variables which means, the more the
temperature number increases, the more the
amount of rainfall increases. The average graph
of 5 years of Pekanbaru City temperature data
can be seen in Figure 3.

temperature Pekanbaru City in 5 years (2015 —
2019).

Wind Velocity

Wind speed is one of the factors that affect
rainfall in Pekanbaru City. The temperature of
Pekanbaru City shows a seasonal cycle with
the highest humidity in September, and the
lowest in January. The average graph of 5
years wind speed data of Pekanbaru City can
be seen in Figure 4.
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Figure 4. Graph of average monthly wind speed
of Pekanbaru City in 5 years (2015 — 2019).

The temperature in November was 26.75°C
with a wind speed of 1.20 m/s which is low
compared to other months. The highest
temperature occurred in May which was
27.53°C with the lowest wind speed of 0.94
m/s, rainfall at the time of the highest
temperature was 16.36 mm with air humidity of
84.75 gram/m®. The highest wind speed
occurred in July which was 1.39 m/s with
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rainfall of 12.42 mm, air humidity at the time of
the highest temperature was 83.25 gram/m® and
the temperature in July was 27.12°C.

The lowest rainfall and temperature occurred
in January, with rainfall of 10.13 mm and
temperature of 26.42°C. The air humidity at the
time of the lowest temperature and rainfall was
84.34 gram/m® and the wind speed was 1.31
m/s. The lowest air humidity occurred in
August which was 80.05 gram/m®, with a wind
speed of 1.35 m/s. The temperature in August
was 27.10°C and the rainfall was 13.82 mm.
The average data air humidity, wind speed and
temperature with rainfall for 5 years (2015 —
2019), from January to December shows the
state of light rainfall, which is between 5 — 20
mm.

Results of Causal Loop Diagram of Rainfall
Prediction

Causal loop diagram is made to connect
variables that affect the addition and subtraction
of the system model that will be used to predict
the amount of rainfall in Pekanbaru City as
shown in Figure 5.

Diagram causal lopp curah hujan

Figure 5. Causal loop diagram for rainfall
prediction ini Pekanbaru City.

Factors affecting rainfall in Pekanbaru City
are temperature and humidity, which are
connected by a positive line, meaning that the
more the temperature and humidity numbers
increase, the rainfall in Pekanbaru City will also
increase. Another variable that affects rainfall is
wind speed which is connected with a negative

line, meaning that the more the wind speed
number increases, the less rainfall. The
discussion above shows that the causal loop
diagram is feedback information [15].

The change in air humidity in January
0.0037 is obtained from the average of the
results of the change in air humidity data in
2016, 85.55 gram/m®. 2016 85.55 gram/m®
minus 2015 data 83.94 gram/m®, 2017 84.50
gram/m® minus 2016 85.55 gram/m®, 2018
82.60 gram/m* minus 2017 84.50 gram/m®, and
2019 85.11 gram/m® minus 2018 82.60
gram/m®.  Changes in wind speed data and
temperature data are obtained in the same way
as the change data humidity.

Result of Stock Diagram Creation

Stock flow diagram is made to simulate air
humidity, wind speed and temperature. Stock
flow diagrams produce predictions of air
humidity, wind speed and temperature which
will be used to predict rainfall in Pekanbaru
City for the next 2 years.

Results of Making Air Humidity Stock Flow
Diagram

The stock flow diagram on the constant
symbol will include the percentage of the 5-
year air humidity (2015 — 2019) and on the
level symbol will include the average results of
the air humidity of the last 5 years (2015 —
2019). Stock flow diagram of air humidity of
Pekanbaru City can be seen in Figure 6.

‘ Air humidity stock flow diagram

Air humidity

Air humidity number

Figure 6. Stock flow diagram for air humidity
prediction.
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Results of Stock Flow Diagram Creation
Temperature

The stock flow diagram on the constant
symbol will include the percentage of the 5-
year temperature (2015 — 2019) and on the level
symbol will include the average results of the
last 5 years of air humidity (2015 — 2019).
Stock flow diagram of air humidity of
Pekanbaru City can be seen in Figure 7.

l Temperature stock flow diagram

Temperature

Temperature number

Figure 7. Stock flow diagram of temperature
prediction for Pekanbaru City.

Results of Stock Flow Diagram Creation
Wind Speed

The stock flow diagram on the constant
symbol will include the percentage of wind
speed for 5 years (2015 — 2019) and on the
level symbol will include the average results of
air humidity for the last 5 years (2015 — 2019).
Stock flow diagram of wind speed of Pekanbaru
City can be seen in Figure 8.

‘ Wind speed stock flow diagram

Wind speed

Wind speed number

Figure 8. Stock flow diagram for predicting
wind speed for Pekanbaru City.

Validation Results

Data validation results that show the
percentage error does not exceed the limit < 5%
of the average value allowed then the prediction
model made can be used. Validation of air
humidity, wind Speed, and temperature of
Pekanbaru City is done by comparing real data
of air humidity, wind speed and temperature
sourced from BMKG Pekanbaru City with
simulated data [16].

Air Humidity Validation Results

Air humidity validation results when the
highest simulation results are highest, namely,
in July 86.69 gram/m® and real BMKG data
from the average of the last 5 years (2015 —
2019) 82.72 gram/m® with an error rate of
0.0480. Air Humidity validation results when
the lowest simulation results are in August 81.1
gram/m® and real data from BMKG from the
average of the last 5 years is 81.85 gram/m®
with an error rate of -0.0092.

Validation is made by calculating the
difference between BMKG real data and
simulated data, and calculating the percentage
of BMKG real data. The percentage difference
between the highest and lowest simulation
results shows an error rate of less than < 5%.

Temperature Validation Results

Temperature validation results when the
highest simulation results are in July 27.07°C,
and real BMKG data from the average of the
last 5 years is -0.0018. Temperature validation
results at the time of the lowest simulation
results in January 26.41°C, and BMKG real
data from the average of the last 5 years (2015
—2019) is 26.42°C with an error rate of -0.0004.
Validation is made by calculating the difference
between BMKG real data and simulated data,
and calculating the percentage of BMKG real
data. The highest and lowest simulation results
show an error rate of less than < 5%.
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Wind Speed Validation Results

Wind speed validation results when the
highest simulation results are in July 1.38 m/s
and real BMKG data from the average of the
last 5 years (2015 — 2019) 1.39 m/s, with an
error rate of -0.01. Wind speed validation
results when the lowest simulation results are in
March 0.9 m/s and real BMKG data from the
average of the last 5 years is 0.97 m/s with an
error rate of -0.7. Validation is made by
calculating the difference between BMKG real
data and simulated data, and calculating the
percentage of BMKG real data. The percentage
difference between the highest and lowest
simulation results shows an error rate of less
than < 5%.

The results of validation of air humidity,
temperature and wind speed are in line with the
results of research conducted by Nursanti in
2017, which does not exceed the < 5% limit.

Prediction Results

Prediction results can be used after the
simulated data is validated by comparing with
real data, Air humidity wind speed and
temperature have been declared valid. The
percentage value of the validation error of air
humidity, wind speed and temperature is within
the limits of the average value allowed which is
<5% [17].

Air Humidity Prediction Results

The results of the prediction of air humidity
in Pekanbaru City are obtained from entering
the percentage of air humidity into the stock
flow diagram which can be seen in Figure 6.
The highest air humidity prediction results
occur in December, namely in 2020 85.46
gram/m®, while 2021 85.48 gram/m® and 2022
is 85.51 gram/m3. The lowest air humidity
prediction results occurred in August in 2020
81.97 gram/m® while in 2021 82 gram/m® and
in 2022 82.02 gram/m®. The predicted air
humidity results have the same pattern as the
BMKG real average data, which shows that the

highest air humidity figure occurs in December
and the lowest occurs in August.

Temperature Prediction Results

The results of the Pekanbaru City
temperature prediction are obtained from
entering the percentage of wind speed into the
Pekanbaru City temperature stock flow diagram
which can be seen in Figure 7. The highest
temperature prediction results occur in April,
the predicted temperature for 2020 — 2021 in
that month is 27.65°C while in 2022 it is
27.66°C. The lowest temperature prediction
results occur in January, the predicted
temperature in 2020 is 26.45°C while in 2021
and 2022 it is 26.46°C. in that month it is
26.43°C.

Wind Speed Prediction Results

The results of the prediction of wind speed
in Pekanbaru City are obtained from entering
the percentage of wind speed into the stock
flow diagram which can be seen in Figure 8.
The highest wind speed prediction results occur
in July, the predicted wind speed for 2020 —
2022 in that month is 1.41 m/s. The lowest
wind speed prediction results occurred in May,
in 2020 it was 0.97 m/s while in 2021 and 2022
it was 0.98 m/s.

The BMKG real average data for the last 5
years (2015 — 2019) and the simulation results
do not change too much every month, but still
have differences every month with the same
pattern every year. Air humidity, wind speed
and temperature in the BMKG real average data
for the last 5 years (2015 — 2019) show that the
average rainfall is in a light rainy condition
because the BMKG real average rainfall data
for the last 5 years (2015 — 2019) ranges from 5
— 20 mm. Rainfall 2020-2021 is predicted to
experience light rain on average, this prediction
is in line with research conducted [18] which
predicts based on seeing the same data patterns
in the variables that influence it.
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CONCLUSION

The wvalidation results of air humidity,
temperature and wind speed do not exceed the
limit of < 5% of the average value allowed. The
validation results on simulated data with real
BMKG data are declared valid because they do
not exceed the predetermined limit of < 5%.
Rainfall in 2020 - 2021 is predicted to
experience light rain on average.
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ABSTRACT

The biosynthesis of zinc oxide nanoparticles (ZnO) is extensively studied because of its eco-
friendly and simple method. Piper ornatum is abundant in Indonesia, and the phytochemical
content of Piper ornatum leaves has the potential to be a reductor. The study aims to study the role
of Piper ornatum in biosynthesis and the characteristics of the zinc oxide nanoparticles. The
sample variations in this study were the volume of Piper ornatum and the precursor solution of
zinc nitrate hexahydrate Zn(NO3),-6H,0 in proportions of 1:1, 1:5, and 1:10. Characterizations
performed include UV-Vis spectroscopy, X-ray diffraction (XRD), scanning electron microscopy,
energy dispersive X-ray spectroscope and blue methylene degradation test. UV-Vis spectroscopy
of all samples showed peak absorption at the interval of 250 — 330 nm, which indicates that ZnO
nanoparticles have already formed. The results of characterization using XRD indicated the degree
of crystallinity of the ZnO nanoparticles is not perfect because the crystal field (100) or the highest
diffraction peak has a very large full width at half maximum value of 0.8187°. Characterization
results using SEM indicate an inhomogeneous morphology and the presence of zinc oxide
nanoparticle agglomeration where particle size distribution is at an interval of 170 — 758 nm.
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INTRODUCTION

Nanotechnology is a recent modern research
field that deals with the synthesis, strategy, and
manipulation of particle structures in the size
range of 1 — 100 nm. This study introduces one
of the methods of nanoparticle synthesis,
namely the green synthesis of ZnO NPs using
Becium grandiflorum leaf aqueous extract. The
synthesized ZnO NPs were used to remove MB
dye from aqueous solutions [1]. ZnO
nanoparticles synthesized using plant extracts
and their derivatives are more stable compared
to the use of other organisms. This is because
the content in plant extracts acts as a reducing
agent and stabilizer as well as a capping agent
in the biosynthesis of ZnO nanoparticles [2].
Research on the synthesis of Ag/CoFe,0O4
nanoparticles using binahong leaf extract has a
degradation percentage value of 44.84% with a
contact time of 120 minutes [3]. Another study
is on the biosynthesis of zinc oxide

nanoparticles with Suaeda japonica extract.
This study succeeded in reducing methylene
blue by 54% [4]. Red betel is a plant that is
widely used because of its various uses. Red
betel contains several compounds, namely
phytochemicals from the alkaloid, flavonoid,
and tannin groups which are effective as
antihyperglycemic and antioxidants [5]. The
tannin compound contained in betel leaves is a
phenolic compound which is a polymerization
of simple polyphenols. The flavonoid and
phenolic content obtained from red betel leaf
extract is a surface active molecule that can
reduce metals in the formation of nanoparticles
[6]. Red betel (Piper crocatum) is one of the
potential medicinal plants that is empirically
known to have properties to cure various types
of diseases, in addition to also having high
spiritual value. This plant is included in the
Piperaceae family with the appearance of leaves
that are silvery red and shiny when exposed to
light.
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In 1990, red betel was used as an ornamental
plant by hobbyists, because of its attractive
appearance. The surface of the leaves is silvery
red and shiny (the red betel plant can be seen in
Figure 1). In recent years, it has been widely
discussed and used as a medicinal plant. From
several experiences, it is known that red betel
has medicinal properties for several diseases

[2].

Figure 1. Red betel plant.

The use of red betel leaves is currently
widely used as herbal medicine. Investigations
into the benefits contained in red betel leaves
are mentioned because several phytochemicals
such as phenolics, essential oils, flavonoids, and
terpenes provide positive bioactivity effects.
These compounds are equipped with functional
groups designed to have properties such as
inhibiting oxidation in free fatty acids, facing
free radical activity or inhibiting the growth of
unwanted cells. Therefore, these bioactive
compounds have some potential as
antioxidants, antiseptics, antimicrobial activity,
and antihyperglycemia. In addition, leaf
extracts are also indicated to have anticancer
activity against human breast cancer cells [7].

Zinc oxide is an inorganic compound with
the molecular formula ZnO. This compound is
in the form of a white powder and is almost
insoluble in water. ZnO powder is widely used
as an additive in various materials and products
of ointments, adhesives, plastics, sealants,
pigments, food (source of Zn nutrition),
batteries, ferrites, and flame retardants [3]. Zinc
oxide (ZnO) has a band gap width of 3.37 eV at

room temperature (RT) and an exciton energy
of 60 meV. ZnO has excellent chemical
stability because its hexagonal wurtzite
structure at normal temperatures causes large
Coulomb forces for its positive and negative
electron pairs [8]. This study aims to study the
structural, optical and morphological properties
of ZnO nanoparticle biosynthesis using red
betel leaf extract.

MATERIALS AND METHODS
Preparation of Red Betel Leaf Extract

The plants used are fresh leaves. The leaves
that have been taken are washed until clean then
rinsed using deionized water then the leaves are
cut into pieces to facilitate the drying process.
The drying process is carried out under sunlight
until the red betel leaves are dry. Once dry, the
leaves are ground using a blender and sieved. A
total of 10 grams of red betel leaf powder is
added with 100 ml of deionized water. After
that, it is heated on a hot plate for 30 minutes at
a temperature of 90°C while stirring using a
magnetic stirrer. Allow the solution to cool,
until it reaches room temperature. Furthermore,
the boiled water is filtered using Whatman paper
no. 1 until the filtrate is obtained as a red betel
leaf polyphenol extract. This filtrate will be used
as a bioreductor in the ZnO nanoparticle
synthesis process.

Preparation of Precursor Solution

Preparation of ZnO precursor solution with a
concentration of 0.1 M was carried out by
dissolving 2.97 grams of 2Zn(NOs),-6H,0
crystals. The dissolution process was carried out
in an Erlenmeyer flask by adding 100 ml of
distilled water. Then, the solution was stirred
until it was completely mixed evenly.

Synthesis of ZnO Nanoparticles
The synthesis of nanoparticles was carried

out using the biosynthesis method by reacting
red betel leaf extract with a previously prepared
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zinc oxide solution. The red betel leaf extract
here acts as a bioreductor. Then drip NaOH
solution until it reaches pH 7. The addition of
NaOH plays a role in regulating the acidity of
the solution. Synthesis of ZnO nanoparticles
was carried out by comparing the volume of red
betel leaf extract with 0.1 M Zn(NOj),-6H,0
solution, namely 1:1, 1.5, and 1:10. The solution
was continuously stirred until it was
homogeneously mixed using a magnetic stirrer.
Then, the solution was heated on a hot plate at
90°C. The solution was sonicated until it turned
brownish black and a precipitate appeared. The
precipitate was centrifuged and washed several
times with distilled water and absolute ethanol
before being dried and heated at 150°C for 30
minutes to obtain a brownish black powder of
ZnO nanoparticles ready to be characterized for
structural, optical and morphological properties
using XRD, UV-Vis, and SEM.

RESULTS AND DISCUSSION

The synthesis process has been carried out
by varying the volume of red betel leaf extract
with Zn(NQs),-6H,0 precursor with a ratio of
1:1, 1:5 and 1:10 to produce nanoparticles.
There is a change in the color of the red betel
leaf extract to pitch black at the beginning of
the synthesis process as shown in Figure 2.

Figure 2. Color change when: (a) before adding
NaOH and (b) after adding NaOH.

The color change that occurs during the
synthesis process indicates that there is a
reaction due to the addition of Zn(NQOj),-6H,0
and NaOH solutions. The synthesis begins with
the formation of Zn(OH), which is indicated by
the production of a transparent cloudy black
solution in the reaction. When Zn? and OH
have reached the critical solubility number, a
colloid will be produced which is indicated by a
change in the color of the solution to pitch

black. Zinc cations will then react with
hydroxide anions and form a stable Zn(OH),*
complex. The presence of H,O and energy from
continuous stirring using a magnetic stirrer, the
Zn(OH),* complex can dissociate to form zZn?*
and OH- ions which will then form ZnO

nanoparticles [2].

Figure 3. Sample synthis results: (a) after 1
hour of stirring and (b) powder after drying in
the oven.
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Figure 4. Graph between absorbance and
wavelength in sample A (1:1), sample B (1:5)
and sample C (1:10).

Continuous stirring using a magnetic stirrer
produces a precipitate as shown in Figure 3.
The precipitate formed is then dried using an
oven for 1 hour at a temperature of 150° to
produce powder. In the drying process, this
precipitate will cause a dehydration reaction,
namely the release of hydrate molecules which
are released into the environment in the form of
water vapor [9]. The UV-Vis spectrum curve of
the ZnO sample with variations in extract and
precursor volumes can be seen in Figure 4
showing that this UV-Vis test aims to determine
the presence of nanoparticles formed. Analysis
of the UV-Vis spectrophotometer test results on
samples A (1:1), B (1:5) and C (1:10) with a
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wavelength range of 250 — 700 nm showed
differences in absorbance values. The
difference in absorbance and wavelength values
indicates the influence of the ratio of the
volume of red betel leaf extract to the Zn(NOs3),
precursor.

Based on the UV-Vis absorbance spectrum
curve in Figure 4, the peak absorbance or light
absorption of the ZnO sample is in the
wavelength range of 250 — 330 nm which
indicates that nanoparticles have been formed.
These results are in accordance with other
studies that recorded the UV-Vis spectrum of
ZnO NPs, namely between 250 nm and 300 nm
[9]. In another study, the synthesized ZnO NPs
showed absorption bands ranging from 308 nm
to 330 nm with a maximum peak appearing at
317 nm [10]. Sample A ZnO with a ratio of 1:1
is the sample with the highest absorbance value
due to the higher volume of plant extract and
sample C with a ratio of 1:10 has the lowest
absorbance value. The absorbance values in
samples A (1:1), sample B (1:5) and sample C
(1:20) were 0.39; 0.33; and 0.24 awu.
Absorbance is directly related to the number of
nanoparticles formed. The UV-Vis results show
that the absorbance value increases with
increasing extract volume. If the absorbance
value is higher, the more nanoparticles are
formed [11]. Sample A (1:1) was chosen for
XRD and SEM characterization because it has
the best absorbance intensity. UV-Vis spectrum
data is used not only to find out about the
absorbance value of the ZnO nanoparticle
sample but can also be used to determine the
energy gap of the sample. Tauch theory is used
to determine the energy gap (Eg) value of
sample absorption.

The band gap energy is obtained by
transforming the absorbance graph as a function
of Wavelength into a graph (a/v)° as a function
of the gap energy using the equation (ahv)® =
B(hv — E,), then the gap energy is determined
by the extrapolation technique, namely drawing
a straight line that intersects the x-axis (energy).
The linear transformation graph (a/v)® with
energy (eV) of the ZnO sample with a ratio of
1:1 (sample A) has an energy gap of 3.54 eV

(see Figure 5). The energy gap results of this
study are not much different from the synthesis
of ZnO nanoparticles through the wet chemical
method with an energy gap value of 3.63 eV
[12]. The X-ray diffraction spectrum of the 1:1
sample can be seen in Figure 6 which shows the
peak crystallinity of ZnO nanoparticles that
were successfully synthesized using red betel
leaf extract. The diffraction pattern peaks are
located at 4 20 angles, namely 33.49°, 59.54°,
63.4° and 70.15° The resulting Miller indices
are (100), (103), (200), and (201). These
diffraction peaks correspond to the hexagonal
wurtzite structure based on the Joint Committee
in Powder Diffraction Standard (JCPDS) No.
36-1451 [13].

23

204

30 35 -LIO 45 50
Energy (eV)
Figure 5. Energy gap graph of 2ZnO
nanoparticles in sample A (1:1).

(100)

Intensity (a.u.)
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20 ()
Figure 6. XRD pattern of ZnO nanoparticles in
sample A (1:1).
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The highest and sharpest diffraction peak
based on the XRD pattern as shown in Figure 6
is at position 20 = 33.49°. Where the diffraction
peak is the same as the study on the synthesis of
ZnO nanoparticles wusing trisodium citrate
precursors with the Miller index (100) [14].

Scanning electron microscope  (SEM)
characterization aims to show or demonstrate
the surface morphology of ZnO samples
synthesized using zinc nitrate hexahydrate
precursor solution and red betel leaf extract
solution with the best sample ratio in the UV-
Vis test, namely a 1:1 sample. SEM results
provide information on size and shape based on
the surface image of the ZnO sample. Figure
4.6 shows the SEM results with a magnification
of 10,000 times and particle size distribution.

100 2:;0 300 400 500 600 750 800
Particle size (nm)

0 sy it 1% J87p 4V paka I i

Figure 7. Morphology of ZnO nanoparticle size
with (a) 10000x magnification and (b) graph of
the results of measuring the diameter of ZnO
sample particles.

Based on the SEM results seen in Figure 7
(a) shows the agglomeration (accumulation or
collection of nanoparticles) of zinc oxide.
Where if a closer look at the agglomerated
lumps shows the presence of several
nanoparticle ~ aggregates. = The  surface
morphology looks rough and thick, some
particles appear elongated and granular like
research by [15]. SEM surface morphology
analysis can also determine particle size by
measuring each particle using ImageJ Software.
Figure 7 (b) is a bar chart of measurement
results showing the distribution of particle sizes
from a scale of 100 — 800 nm. The size of the
ZnO nanoparticles obtained varies in the range
of 170.4 nm to 758.5 nm with an average
nanoparticle size of 402.4 nm. Based on the
results, the size of the nanoparticles obtained

shows a non-homogeneous particle size
distribution. This can be seen from the large
standard deviation value obtained, which is
141.63 nm. These results are similar to research
where the particle size distribution is between
102 — 733 nm with an average particle size of
607 nm [16].

CONCLUSION

Based on the results of the analysis of the
structural, optical and morphological properties
of the synthesized ZnO nanoparticles, it can be
concluded that red betel leaf extract can act as a
reducing agent for zinc nitrate hexahydrate
Zn(NOz3),-6H,0 solution. UV-Vis
spectrophotometer absorption analysis showed
an absorbance peak in the wavelength range of
250-330 nm with the highest absorbance in
samples A (1:1), B (1:5), and C (1:10)
respectively 0.39, 0.33, and 0.24 a.u. The XRD
pattern shows that the nanoparticles have a
Hexagonal wurtzite structure with a crystal size
of 10.58 nm. SEM analysis shows that the ZnO
nanoparticles have an  inhomogeneous
morphological shape with a non-uniform
distribution. The average size of the ZnO
nanoparticles is 402.4 nm.
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ABSTRACT

The development of telecommunication antenna technology is increasingly being considered with
the need for high and practical antenna performance. The antenna technology can be realized by
using the split ring resonator (SRR) metamaterial structure. SRR metamaterial is a periodic
material that has minimal manufacturing dimensions and is able to work at high frequencies. The
ability of this metamaterial has the potential to be implemented in microstrip antenna structures as
telecommunication applications. This study aims to design, simulate and analyze the
characteristics of SRR-Circle metamaterials against the frequency function and application
performance as a telecommunication antenna. The process is carried out using the Computer
Simulation Technology (CST) Studio Suite Software which is operated at a working frequency of
0.009 — 9 GHz. The metamaterial structure is combined from 1 — 4 SRRs in the shape of a Circle
with a fixed radius of 3.5 mm. The results of this study indicate the characteristics of
metamaterials with negative values in relative permittivity (e/), relative permeability () and
refractive index (n) with the highest values in the metamaterial structure of the combination of 4
SRR-Circles, each with values of -144.33 Farad/m, -9.29 H/m and -9.07. In its application as a
telecommunications antenna, metamaterials have succeeded in improving antenna performance.
The highest antenna performance was obtained in the combination structure of 4 SRR-Circles with
a return loss value of -34.37 dB, and a bandwidth of 1.00 GHz at a VSWR of 6.77 — 7.77 GHz.
The results of this antenna performance have the potential to be applied to telecommunications
antenna technology such as satellites, radars and 5G networks.

Keywords: Antennas, metamaterials, resonance, split ring resonator, telecommunications
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properties, allowing better control [3].
The development of information technology The use of microstrip antennas

conductivity and electromagnetic response

and the application of antennas has caused the
need for information to continue to increase and
has been widely used for applications in the
field of telecommunications, one of which is
satellites. Satellites are communication devices
placed in outer space [1]. Metamaterials are
artificial structures that have the characteristics
of negative refractive index values and high
resonance sensitivity. As a sophisticated
technological breakthrough, the use of
metamaterials has a very large impact with high
and broad potential because the material and
structure can be renewed [2]. The metamaterial
material used is copper because of its good

metamaterials is the choice that is applied
because it has high efficiency, low cost,
simplicity of manufacture and easy integration
into circuits. Microstrip antennas are metal
conductive antennas mounted on a base plate
used as microwaves in various modern
telecommunications  systems. The main
components of a microstrip antenna consist of a
ground connection plane, a substrate and a
radiation patch. However, this antenna also has
several disadvantages, such as low gain and
narrow bandwidth [4]. The quality of an
antenna can be determined by several
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simulation parameters from the S-parameter
(scattering) such as return loss, VSWR (voltage
standing wave ratio), gain and directivity. The
metamaterial surface used can improve the
characteristics of antenna parameters for
communication applications, remote sensing
and medical imaging [5].

Telecommunication is a technology and
science of communication that involves the
transmission of information over long distances
using electromagnetic signals [6]. The use of
antennas in communication technology can
transmit communication signals without being
blocked by obstacles. The technology used is
satellite. Satellite technology is one of the
wireless  telecommunications  technologies
besides cellular communication systems.
Satellite technology is expected to be able to
reach a wide area even though there are hills,
mountains or forests where the area is difficult
to reach with cable telecommunications or
cellular technology [1].

In this article, it is done by designing and
simulating telecommunication antennas based
on the characteristics of the circle structure
using computer simulation technology (CST)
Studio Suite. As a comparison, several
simulation parameters from the S-parameter
(Scattering) antenna with gain and bandwidth
that will be used to obtain new breakthroughs in
improving antenna performance and are
expected to have potential use in satellite
applications.

MATERIALS AND METHODS
Structure Design

The design of the SRR metamaterial
structure was carried out using the CST Studio
Suite 2019 software. The SRR unit consists of
two concentric rings with the radii of the outer
ring Ry, R, and the inner ring Rs, R4. Where the
size of the inner ring R; and the outer ring R,
are designed with different sizes [2]. The
material used in the SRR patch structure and
microstrip antenna is copper as a metal

inclusion or patch in the antenna application.
Expected antenna parameters.

Table 1. Expected antenna parameters.

Parameters Antenna characteristic
Working frequency 6 — 30 GHz [1]
Return loss <-10dB [7]
Bandwidth >1 GHz [8]
VSWR <2[7]
Gain <3dBi[1]

0[00[00E0LOE

Figure 1. Combination structure 1 — 4 SRR-
Circle with a fixed radius of 3.5 mm.

The number of cells is designed from one
cell then varied into four circular metamaterial
cells as in Figure 1 is a metamaterial structure
with a combination of 1 — 4 SRR- Circles with
a fixed radius of 3.5 mm to be analyzed. The
selection of the design in this cell variation is
intended to obtain a comparison in the relative
permittivity constant (e;) relative permeability
(u) and refractive index (n) of the structure as
in the following equation:

2 1-V,
L, = - - 1
! jkl}rm 1 + Vf ( )
2‘E:‘;ll
.= [, + (2)
’I‘:Drm
n= i,ﬂ.-m (3)

The values of relative permittivity, relative
permeability and refractive index of the
structure can be determined by applying the
NRW method to the S-parameters and phase
values obtained during the simulation in CST
Studio Suite [9].

The addition of circular metamaterial cells
experiences a shift in the resonance frequency
which causes a change in the E and B field
induction to be lower for each structure. The
constants g and 1, increase based on Maxwell's
equations explained in the Literature review
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section. The relationship between D and E and
B and H that occurs in linear, non-dispersive,
and isotropic materials can be written as [10].

D =cE =¢.5,F 4)
B=uH=p.uH (5)

Antenna Dimensions and Design

The dimensions of the SRR ring structure
are T, (substrate thickness), T, (patch
thickness), C; (gap and separation distance
between rings) and C, (patch width) with
variations in the number of combination
structures 1 — 4. The dimensions of the structure
used in this study can be seen in Table 2.

Table 2. SRR structure size.

Symbol  Size (mm) Description
T, 1.6 Substrate thickness
Ty 0.035 Patch thickness
C, 0.43 Ring gap width
C, 0.6 Patch width

The dimensions of the SRR structure can be
seen in Table 1 The SRR structure to be
designed is shown in Figure 3.

Lr

v

() (b)
Figure 3. SRR structure: (a) front and (b) side.

The structure type is applied to the design of
a microstrip antenna from a combination of
SRR structures. First, the formed SRR structure
is analyzed to identify the properties of the

metamaterial. Then, the placement of the
feeding port and ground is used in the antenna.

0 - : PEd
|
Ai ‘6_3."@'_5_4:51’.@. 4
g (b) (©)

Figure 4. (a) Front SRR antenna structure after
adding the feeding port, (b) rear ground
structure, and (c) side.

Table 3. Design parameters of the SRR
combination microstrip antenna.

Symbol Dir(nrﬁr%s)ion Symbol Dir(nrﬁrns)ion
C, 0.5 W, 2.14
L, 33.34 Ws 1.8
Ls 14.46 G, 24
L, 11.20 G, 7.4
Ls 0.54 Gs 5.43
W, 29.60 G, 3.94
W, 27.84 T, 0.035

RESULTS AND DISCUSSION

Testing of the metamaterial structure of the
combination of 4 SRR-Circles in the form of
relative permittivity values (e;), relative
permeability (i), and refractive index (n).
While in the metamaterial structure antenna
combination of 4 SRR-Circles focused on the
resonance frequency values on return loss,
VSWR, bandwidth, and gain obtained from the
simulation results by applying the Nicolson-
Ross-Weir (NRW) Equation. The working
frequency used is 0.009 — 9 GHz.

15
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Figure 5. Graph of the real part V1 and V2 of

the FR4 substrate (g = 4.3).
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Analysis of Figure 5 explains that Graphs
V1 and V2 are the results of the sum of the S11
and S21 wvalues. Graph V1 experiences
resonance at a frequency of 2.27 GHz, while
Graph V2 experiences two resonances located
at frequencies of 2.81 GHz and 7.22 GHz. The
resonance frequency is a characteristic of
metamaterials based on the spectrum and
transmission according to a certain phase
magnitude depending on the shape of the
metamaterial structure, Graphs V1 and V2 also
experience a deflection of the polarization
direction by the application of electric fields
and magnetic fields given so that dispersion
anomaly events (scattering interference) occur
when the increase in relative permittivity ()
and relative permeability (u.) decrease towards
negative values. In addition, the resonance
frequencies located on Graphs V1 and V2 also
show the location of the resonance frequency
on the permittivity and permeability as in
Figure 6.

T T
_Pe(t,) 1X1
— Re(g) 1 X2 H

= Re(g,) 1 X3

Re(s) 1 X4 |

)
F+-

L X 1 : L L
3 5 7 8 9

4 3 5
Frequency (GHz)
(a)
0
—Rey) 1% 1
0H Re(y) 1 X2
Re(y) 1 X3
20 Re(u) 1X4

“o 1 2 3 4 5 3 7 8 3

Frequency (GHz)
(b)

Figure 6. Graphs (a) &, and (b) p. of
metamaterial combination 1 — 4 SRR-Circle.

The effect of the combination of
metamaterial cells 1 — 4 SRR-Circle on the
metamaterial parameters in Figure 6 explains
that the combination of 4 SRR-Circle
metamaterial structure cells produces &, u;, and
n with negative values and the resonance
frequency is greater than the metamaterial
combination 1 — 3 SRR-Circle. This happens
because the addition of the structure affects the
properties of the material which is getting
stronger (constructive) and the dielectric
medium in the material causes the ability to
polarize electrons by the resulting E and B field
moments to become smaller. So that the
influence on relative changes in permittivity
and permeability of the material becomes
greater.

7 8 9

1 2

3 4 5 6
Frequency (GHz)
Figure 7. Refractive index graph metamaterial
1 -4 SRR-Circle.

Figure 7 explains the occurrence of
frequency shifts down towards low frequencies
with increasing combinations of SRR- Circle
metamaterial structures. The refractive index
value in metamaterial 1 — 4 SRR- Circle
produces a positive resonance frequency
originating from the permittivity resonance
frequency and vice versa at a negative
frequency originating from the permeability
resonance frequency so that the maximum
refractive index value (n) is -9.07 at a frequency
of 1.40 GHz as seen from metamaterial 4 SRR-
Circle. The shift in resonance frequency cannot
be separated from the contribution of the
addition of circle metamaterial cells which
causes changes in the E and B field induction to
be lower for each structure. So that the
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constants & and y, increase based on Maxwell's
equations (4) and (5) explained in the Literature
review section.

Identification of the characteristics of
metamaterial parameters will be applied to the
combination metamaterial structure 1 — 4 SRR-
Circle in the form of an antenna as a
telecommunications application. The standard
quality of the antenna to be used as a detector in
a telecommunications network that is good for
wide coverage. Return loss and VSWR are one
of the parameters that influence each other. The
minimum RL value for the antenna application
to work is -10 dB or 10% of the power
transferred. The VSWR  parameter s
determined by the RL value obtained. VSWR
has a value between 1 and 2 or 1 < VSWR < 2.
If RL has a value of -10 dB then VSWR wiill be
equal to 2 and has a value of > 1 when the RL
value is lower -10 dB.

o -
A2
" .
3
—j -
=
=
[
o
af TR0
— O3 (1x3)
S4 (1x4) |
35l ' o - — i i i 1 i i
0 1 2 3 4 5 6 7 8 9
Frequency (GHz)
(a)
o
= |
(%)
>
S5 (1x1)
0.5 }| =S (1x2)
—S7 (1x3)
S8 (1x4)
U I I A
2 3 4 5 6 7 8 9
Frequency (GHz)

(b)
Figure 8. Graph (a) return loss and (b) VSWR
of the antenna combination 1 - 4 SRR- Circle.

The graphs shown in Figure 8 (a) and (b) are
changes in RL and VSWR of metamaterial
antennas with variations in the combination of 1
— 4 SRR- Circle with a fixed radius of 3.5 mm.
The difference in the combination of SRR-
Circle causes the RL antenna parameters to
change. As in the combination antenna 1 — 4
SRR- Circle which has a different resonant
frequency and RL value.

Based on the simulation results, the RL
value will be lower when the SRR- Circle
metamaterial structure increases on the antenna.
A lower RL indicates that the power received
by the antenna is greater and makes the antenna
work more optimally. RL increases from the
addition of 1 SRR- Circle to 4 SRR- Circle with
a value of -14.75 dB to -34.37 dB. This causes
the VSWR frequency range and BW width to
increase. It is proven from previous studies that
the use of metamaterials in antennas can
improve antenna parameters and also reduce the
size of the antenna dimensions to be smaller
and cheaper.

CONCLUSION

The design and simulation of metamaterial
structures with cell variations of 1-4 Split Ring
Resonator Circle (SRR-Circle) have been
carried out with a geometry of less than 1/4 of
the minimum wavelength. In the cell variation
of 4 metamaterials with a 1 X 4 array
arrangement, the relative permittivity (e),
relative permeability (u;) and refractive index
(n) values are large, each with values of -
144.33, -9.29, and -9.07 compared to the values
in the 1-3 SRR-Circle structure. The application
of metamaterials as antennas from the results of
the analysis of the characteristics of
metamaterials of cell variations obtained results
that the return loss value was higher when the
cell arrangement on the antenna increased.
Return loss on the 4 SRR-Circle antenna
structure has a large resonance frequency of
7.16 GHz with a return loss value of -34.37 dB
compared to the 1-3 SRR-Circle structure
which each have return loss values of -14.78
dB, -11.97 dB and -16.58 dB. In the 4 SRR-

Indonesian Physics Communication, 21(3), 2024

237



Circle antenna structure with a 1 X 4 array
arrangement  in  accordance  with  the
specifications of the telecommunications
antenna application, the antenna results on the
circle structure antenna with a high frequency
of 7.16 GHz, a return loss of -34.37 dB, and a
bandwidth of 1.00 GHz at a VSWR of 6.77 -
7.77 GHz which can be operated on radar
telecommunications antennas (satellites), 5G
networks and IoT devices.
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ABSTRACT

Teacher competency standards serve as benchmarks that can be utilised to assess the attributes
deemed essential for professional competence in educators. Educators play a crucial and strategic
role in the pursuit of national development objectives, particularly within the realm of education.
However, the objective of education appears to be a reduction in competency standards at the
conclusion of each academic year for specific subjects, particularly in the realm of science and
Basic Physics. Consequently, this initiative seeks to inspire educators and students in secondary
education to enhance their understanding of the educational process by engaging in the study of
science, specifically Basic Physics, utilising appropriate tools and resources. The suggested mode
of engagement involves the processes of instruction and education within secondary educational
institutions across the Meranti Islands Regency, encompassing SMA, MAN, MTs, and SMP
levels. This activity further offers insights into experiments and demonstration tools for educators
in the realm of science and Basic Physics, facilitating a comprehension of concepts that range from
simple to intricate natural phenomena through accessible demonstration media designed for
practical application. In this manner, educators are anticipated to exhibit motivation and
enthusiasm throughout the learning process, accompanied by a thorough and nuanced
comprehension of the subject matter. To enhance teacher competency standards significantly,
ensuring they become more qualified and professional.
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INTRODUCTION

Education plays a crucial and foundational
role in shaping an individual's character, as
outlined in Law No. 20 of 2003, which asserts
that education fosters inherent potential
manifested as spiritual and religious strength,
self-discipline, character, intellect, ethical
values, and the competencies necessary for
conscious and deliberate engagement in society
[1]. The aims of this educational endeavour are
likely to encounter significant disruptions,
rendering optimal achievement challenging,
particularly in the aftermath of COVID-19 and
at the onset of a new academic year following
an extended break. The educational

environment loses its appeal for students when
it is characterised by monotony, a phenomenon
particularly evident in the schools of the
Meranti Islands Regency. This presents a
significant challenge for educators and other
stakeholders in  enhancing  curriculum
proficiency and developing instructional
materials that effectively facilitate the
attainment of learning objectives, ensuring that
students grasp the content thoroughly [2].
Meranti Islands Regency constitutes one of
the administrative divisions within Riau
Province, Indonesia, with Selat Panjang serving
as its capital [3]. The district boasts a
population of 206,116 individuals as of 2020,
encompassing an area of 3,707.84 square
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kilometres [4]. The Meranti Islands Regency is
situated at geographical coordinates ranging
from approximately 0°42'30" to 1°28'0" N, and
102°12'0" to 103°10'0" E, positioned along the
eastern coastline of Sumatra Island [5]. The
Regional Government of the Meranti Islands
Regency, particularly the Head of the Education
Office, has endeavoured to enhance and uphold
the quality of teacher competency annually by
persistently assessing teacher evaluations at the
conclusion of the academic year.

Science lessons, particularly in Basic
Physics, necessitate educators to possess a wide
array of competencies. It is insufficient to
merely engage in the transmission of theoretical
knowledge or rely solely on visual
representations. A comprehensive grasp of
science and Basic Physics demands an
appreciation of extensive natural phenomena,
logical reasoning, sensory experiences, and the
assurance of observable natural facts [6].
Nonetheless, the implementation of the learning
process may encounter challenges owing to the
scarcity of resources for demonstrating
scientific and fundamental physics practical
work. Consequently, the majority of instruction
is relegated to structured assignments for
students, encompassing both  theoretical
frameworks and preliminary exposure to
practical knowledge, primarily facilitated
through accessible online platforms [7].
Consequently, students exhibit diminished
motivation and enthusiasm during the learning
process, leading to a less comprehensive
understanding of the material [8]. The
aforementioned explanation leads to the
conclusion that one of the contributing factors
is the insufficient competence of educators
concerning the learning tools that may serve as
effective media for instruction. Consequently,
the endeavours and resolutions to these
challenges present a chance for contemplation,
broadening the perspectives on harnessing
environmental potential. Furthermore, the use
of straightforward equipment and materials as
demonstrative tools by educators during the
instruction of science and fundamental physics
in the classroom is advocated.

MATERIALS AND METHODS
Community Service Location

The community service was carried out
directly in Selat Panjang Timur, Tebing Tinggi
District, Meranti Islands Regency, Riau
Province, Postal Code 28753 as seen in Figure
1. Community service activities were carried
out in several nearby Middle Schools
throughout the Meranti Islands Regency which
were carried out in one location in the
Multipurpose Building Room of SMA N 1
Tebing Tinggi, Meranti Islands (see Figure 2).

“ e 3 150km

Figure 1. Community service location in Selat
Panjang, Meranti Islands Regency.

A= %
‘ — S

Figure 2. View of the interior of the
Multipurpose Building.

There are several nearby Middle Schools at
the SMA, MTs, MAN, and SMP levels in Selat
Panjang that were invited to participate in the
Fostered Village Program, such as:

* SMA Negeri 1 Tebing Tinggi, Jl.
Pembangunan 2, Selat Panjang Tim., Kec.
Tebing Tinggi, Meranti Islands Regency,
Riau.

« SMA Negeri 2 Tebing Tinggi, Jalan
Tutwuri, Selat Panjang Tim., Kec. Tebing
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Tinggi, Meranti Islands Regency, Riau
28753.

+ State Senior High School 3 Tebing Tinggi,
Banglas, Tebing Tinggi, Meranti Islands
Regency, Riau 28753.

 State Senior High School 1, Meranti Islands,
located on JI.

+ State Junior High School 1, Meranti Islands,
located on JI.

* Teuku Umar, Selat Panjang Bar., Tebing
Tinggi District, Meranti Islands Regency,
Riau.

+ State Junior High School 2 Tebing Tinggi,
South Selat Panjang, Tebing Tinggi, Meranti
Islands Regency, Riau.

+ State Junior High School 3 Tebing Tinggi,
JI. Siak No.5, Selat Panjang Bar., Tebing
Tinggi District, Meranti Islands Regency,
Riau.

» SMP Negeri 4 Tebing Tinggi, Banglas Bar.,
Tebing Tinggi District, Meranti Islands
Regency, Riau 28753.

Figure 3. Distance of each Senior High School
to the service location.

© o 9
Figure 4. Distance of MTs and MAN Senior
High Schools to the service location.

Service Design

The proposed form of activity is in the form
of teaching and learning through experimental

guidance and demonstration tools for science or
science teachers. Basic experimental learning
about understanding concepts from simple to
complex natural phenomena by displaying
equipment and materials for practical work as
well as demonstration tools directly.
Furthermore, it will be tested on students and
introduced to parents. This practical experiment
tool can be displayed both in mechanical and
non-mechanical (electromagnetic)  forms
physically in the form of simulations and real
practices that can be accepted by the senses,
hearing, and sight.

This activity is also carried out using
synchronous and asynchronous methods. The
development of innovation and creativity in the
learning process of practical work with this
demonstration includes understanding:

» Systematic approach: understanding natural
events that have a causal relationship, a
sequence of events that produce a work or
product that can then be concluded.

 Historical approach: activities in the process
and timeline and changes in events that
show the effects and gains that produce an
understanding.

e Summary approach: clearly and precisely
related event premises from a series of
natural events, connected, analogized and
compared to produce a conclusion of an
event.

» Comparative approach: providing analogies
of events and comparisons of both the
process and results of a natural phenomenon
that can be developed and concluded.

Activity and evaluation methods include in

this empowerment:

* Providing material: Basic concepts of
science / Basic Physics.

» Demonstration of equipment and materials
for practical work.

» Process and testing of experimental tools
and materials.

» Repetition and simulation understanding
approach: Measurement and calculation.

+ Oral and written evaluation: Simulation
exercises and independent demonstrations.
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The activities are detailed in the following
modules:
» Uniform straight motion.
» Spring constant and Hooke's law.
+ Standing waves and sound.
» Magnetism and electromagnetic induction.
» Ohm's law and electrical circuits.
 Fluid viscosity and Archimedes' Law.
 Potential and Coulomb Field.
» Capacitor plate electric field and potential.
» Wheatstone bridge.

RESULTS AND DISCUSSION

Overview of the Target Community

In general, teaching staff in secondary
schools in the Meranti Islands are relatively
young, around 25-30 years old, with little
teaching experience. The ratio of male teaching
staff is very small compared to female teaching
staff, around 1:4 of the total attendance.
However, the enthusiasm for learning for
teaching staff can be seen from the success of
improving teaching skills from online practical
simulations. With this program and the
potential of teaching staff, it is hoped that
physics or science teachers will be able to
develop teaching methods wusing simple
practical tools to attract students' interest in
learning and increase their knowledge of
learning and teaching in class [9].

Figure 5. Implementation of community
service activities in the meeting room.

Potential for Community Development
(Empowerment)

Teachers in secondary schools in the
Meranti Islands Regency who are relatively
young have the potential to increase their
knowledge with enthusiasm for learning.

Therefore, innovative learning service activities
need to be carried out with interesting methods
with simple practicals. In addition, in today's
modern technological world, learning can be
done via the internet or online with several
interesting methods and videos of course [10].
Educators or teachers are required to have an
up-to-date spirit or know the development of
existing science, especially physics and science
at the secondary school level. However, this
requires motivation and guidance for teachers
to realize innovative and interesting learning
with community service activities carried out
online by lecturers from the University of Riau.

Community Empowerment Solutions

Increasing the knowledge of educators or
teachers needs to be done by delivering
motivation and innovative learning of physics
and science using simple practical methods.
This activity is very important with a visual
approach and interesting things that have never
been practiced. This activity was carried out
online at the end of the COVID-19 pandemic to
minimize the rise of new variants [11].

The community service program for teachers
was carried out in various secondary schools in
the Meranti Islands Regency in a hybrid
manner. The development of student insight is
also carried out by providing practical videos or
simple research on physics and science
phenomena. In addition, the assessment of the
achievement indicators of community service is
carried out with short and quick tests for
teachers. The indicators in question are
increasing the knowledge and skills of students
in learning physics in the classroom [12].

Figur 6. Enthusiasm of community service
participants.
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Level of Achievement of Program Targets

Community service activities in developing
creativity in physics learning using simple
online practical tools have been successfully
implemented. The Meranti Islands community
has a high level of enthusiasm for working
together to make the community service
activities that have been carried out online a
success. The level of achievement can be seen
from the indicators obtained from short and
quick tests for teachers. However, before
starting the learning activities, students were
given a test first to measure how far their
insight and knowledge they had. The results of
the first test obtained were still less than
satisfactory from all teacher participants. Thus,
innovative learning and motivation by lecturers
were carried out for teachers [13].

Value

20 —a+—Before training

10 —8— After training

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
Participant

Figure 7. Statistical data on increasing teacher
knowledge and skills.

This learning activity is carried out offline
by practicing several phenomena of physics and
science using simple tools. Then for each
experiment, teachers are given the opportunity
to ask questions and try them, then given some
interesting materials from the lecturers. After
the learning activity is carried out, a short and
quick test is carried out to determine changes in
achievement indicators in increasing knowledge
and skills. The results of the second test
obtained were very satisfactory with an increase
in indicators of 20% (see Figure 7). These
results prove that learning physics and science
can be more easily understood with the help of
a visual approach from practicums using simple
tools [14].

CONCLUSION

An innovative learning model to encourage
teachers'  self-confidence in  conducting
experiments through simple practical media,
believing that science and physics experiments
can be carried out with simple equipment and
tools, and successfully revealing some
misconceptions about science and physics
materials that have not been fully revealed,
among others, have been successfully resolved
and provided significant results.
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ABSTRACT

Raman and infrared (IR) spectra of XxMn,03(1-x)P,Os glasses (X = 5 mol% — 25 mol%) are
reported. The spectral shift is related to changes in the coordination of the neodymium ion. The
changes observed are consistent with an elongation of P—O" terminal and P—O—P bridging bonds in

the PO, tetrahedra.
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INTRODUCTION

Glasses are widely used mainly because they
are transparent in the visible spectral range. We
are now entering an era when it has become at
least as significant to process and transmit
information rapidly [1]. Phosphate glasses have
very interesting molecular structures and some
unigue physical properties such as high thermal
expansion coefficients, low transition and
softening temperatures and low preparation

temperatures. Metaphosphate glasses
containing rare earth ions have potentially
important applications in optical

communications and laser technologies [2, 3].
Glasses of the R(POs); formula (where R
represents one of the lanthanide ions) have been
reported to exhibit the largest magnetic
contributions to the low temperature specific
heats known in oxide glasses [4]. Sm and Eu
phosphate glasses are unusual in having a
negative hydrostatic pressure dependence of
bulk modulus and a negative coeeficient of
thermal expansion [5]. The promising physical
properties of the rare earth phosphate glasses
have initiated many studies of their structure
including EXAFS and Neutron diffraction [6],
and Mossbaur spectroscopy [7]. Raman and IR
spectroscopy have been used for investigation
of the molecular structure of phosphate glasses
[8]. However for phosphate glasses having band
gaps in visible or near infrared, the intrinsic

optical transitions of the glass overlap some of
the intra 4f-shell transitions of the rare-earth
dopants. The relevant optical transitions of host
glass can be summarize in terms of the optical
spectrum [9].

In this paper we report our results and
interpretation on IR and Raman spectra of
Mn,0s-P,0s glasses. Previous investigations on
d.c. electrical conduction of neodymium
phosphate glasses showed that the electronic
conduction is due to hopping of an electron
from lower valence state (Nd*") to higher
valence state (Mn**) of manganese ions [10].

EXPERIMENTAL
Preparation of Sample

Neodymium phosphate glasses of general
formula x(Mn,053)1-x(P,Os) were prepared by
melting mixtures of high-purity dry manganese
oxide with phosphorus pentoxide P,Os in a
closed platinum crucible of 80 cm® capacity. To
react the constituents, the mixture of manganese
oxide and phosphorus pentoxide in the crucible
was heated in an electrical furnace at a
temperature was progressively increased,
reaching a maximum of approximately 1500°C.
To ensure proper mixing and homogeneity, the
molten liquid was shaken frequently and
vigorously. After being checked, the melt was
cast by pouring as fast as possible into a hot
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steel split mould to quench to form a glass. The
glass was immediately transferred to an
annealing furnace at 500°C where it was kept
for 3 h to relieve any residual stress which
could cause embrittlement. At the end of this
annealing process, the furnace was switched off
and the glass left to cool down to the room
temperature gradually by controlled thermal
treatment at cooling rate of 0.5°C/min. The
sample were selectively cut, ground, and
polished. After preparation, samples were
stored in plastic containers in a dessicator.

Measurements of IR Spectra

A Perkin Elmer 1600 Fourier-transform
infrared (FTIR) have been used to investigate
to all sample prepared using the KBr pellet
technique. Typically around 2 mg of the finely
ground sample is mixed with 200 mg of KBr
powder and the mixture then pressed for 4
minutes, in evacuable die under 10 tons of
pressure to give a transparent disk with a
surface area of 1 cm®. The FTIR spectra were
recorded in the spectral range of 4000 — 400
cm™ resolution and 64 scans to ensure a good
signal to noise ratio.

Raman Spectroscopy

Powder samples were used for measurement
of Raman spectroscopy (2000R NIR FT-
Raman). An Nd:YAG laser (an yttrium
aluminum garnet crystal doped with triply-
ionized neodymium) at the wavelength 810 nm
was used for sample excitation. Power of the
laser at the sample was typically ~300 mW.
Spectra of the samples were taken in the
frequency region between 100 cm™ and 3500
cm™ at a spectral bandpass of 1 cm™.

RESULTS AND DISCUSSION
Infrared absorption
The IR spectra of x(Mn,03)1-x(P,Os) are

shown in Figure 1 and Table 1. The spectra of
glasses show five major peak vibration bands at

around 1251, 1072, 915, 776.5, and 481 cm™.
Significant changes occur in both intensities
and band shapes as a function of composition.
These bands can be assigned to v,;PO,, v,PO,,
VasPOP, v,POP, and 6PO, modes of (PO3),
chain groups, respectively [11].
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Figure 1. IR spectra of XxMn,O3(1-X)P,0s
glasses, with 0.05 < x £0.25.

The results are very similar to those of the
metaphosphate glasses studied by Corbridege
[12], Exarhos et al. [13], Karabulut [14], and
Hudgens [15]. The band frequency shifts
continuously ~ from 1251  cm®  at
(Mn;03)0.05(P205)00s t0  1262.46 cm™ at
(Mny03)02(P20s)0s Sample. However there are
no significant structural changes to the network
and there is no evidence for presence of
significant concentrations of terminal groups
(VasPO; at 1255.51 cm™). These observations
are consistent with the analyzed compositions
which yield O/P ratio of ~2.69 [16] and so POz
groups as indicated by the presence of the IR
band at 1255.51 cm™. In addition to the
relatively low frequency position of the band at
481 cm?, are in part due to cross linked three
dimensional  phosphate  structure.  This
observation is an agreement with results
obtained [17]. The band at 7765 cm™ is
assigned to P-O-P ring frequency in the part of
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three dimensional network relatively free of
chain. Generally the structure of the v,POP
band is considered as the most characteristic
one in the spectra of metaphosphate since it
appears in a frequency range free from other

vibrational frequencies [18]. In addition, the
vsPOP bands are very sensitive to changes since
the frequency is strongly dependent on POP
bond angle.

Table 1. Infrared spectra of glasses in the region 1500 — 400 cm™.

Glass Position of prominent absorption maxima (cm™)
5Mn,0; + 95P,05 1251 1072 9150 776.5n 481,
10Mn,03 + 90P,05 1254.29, 1062.23; 898.3 s 780.5m 490.37,
15MN,03 + 85P,05 1254.26 1062.22, 898.3; 779.45,, 487.33
20MN,0; + 80P,05 1262.46 1068.49 s 912.85 774.66n, 484.57,
25MN,0; + 75P,05  1255.51 1060.49 s 912.544, - 492.58,

Note: s, strong; ms, medium strong; m, medium; sh, shoulder

Raman Spectra

The Raman spectra of all glasses were
obtained. For binary manganese phosphate
glasses, the spectra exhibit major variations as a
function of manganese concentration, X, over
the x = 5 mol% to x = 25 mol%. These are
evident in the 1170 — 1250 cm™, 970 — 1100
cm?, and 730 — 780 cm?, as well as lower
frequency regions of the Raman spectra in
Figure 2 and Table 2.

Int

1600 1200 800 500
Raman Shift/ cm™

Figure 2. Raman spectra of XMn,03—(1-X)P,0s
glasses, with 5<x <25,

The change in frequency and relative
intensity of the band maximum at 1360 cm™ to
shoulder at 1177.87 cm™ with a change in x =

25 mol% is quite dramatic. Band contour
analysis shows that this feature is not due to one
band shifting but to the change in relative
intensity of two bands at 1085.95 cm™ and
1177.87 cm®, whose convoluted band
maximum shifts. These bands are due to the
asymmetric PO, stretch of PO, units in the
chain but with different bonding configurations
relative to the rare earth ions [19]. As X
increases a shoulder at 1360 cm™, due to stretch
of uncoordinated P=0 units disappears, and the
strongest band due to the PO, symmetric stretch
broadens and shift from 977.02 cm™ to lower
frequency.

The Raman band at 731.91 — 710.65 cm™ is
assigned to predominately P—O-P stretching
mode involving imperturbed chain and residual
ring units in the P,Os rich glasses. It decreases
in intensity and is replaced by the band 710.65
cm™ when x exceeds 10 mol%.

Several bands have been observed in the
region of the spectrum containing out of chain
PO, vibration. Two main bands at around 1270
cm™ and 1420 cm™ in this region are present in
the spectra of metaphosphate glasses and
assigned to the asymmetric stretch of PO, and
P=0, respectively [20].

Table 2. The Raman peak positions for xMn,03—(1-x)P,Os glasses.

Sample Absorption peak (cm™)
Si 706.38 746.38 985.10 1142.55 1189.36
S; 708.21 748.26 988.34 1144.23 1192.42
Ss 710.52 754.63 989.21 1149.41 1194.62
S, 716.36 - 992.46 1152.36 1198.21
Ss 721.27 - 1021.27 1163.13 202.36
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For all the glasses, the broad bands are
observed in the wavenumber region between
400 — 600 cm™. Their assignment is not
unambiguous because these bands are due to
complicated internal vibration such as the
skeletal deformation vibration of phosphate
chains and POs.

CONCLUSION

Stable phosphate glasses containing up to 25
mol% Mn,O; can be obtained by ordinary melt
guenching. IR spectroscopy reveals that the
glass networks are dominated by bridging P-
tetrahedra that constitute the metaphosphate
chains, with some chain-terminating sites in
glasses with O/P ratio 2.69. The Raman bands
reveal that the manganese ion interacts more
covalently with phosphate anions in glasses
leading to a redistribution of PO, (POP) bond
angels and lengths. Minor variations in the
concentration of Mn,O; around the
metaphosphate composition lead to different
structures and oxygen environment for the rare-
earth ion in glass.
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ABSTRACT

Supercapacitor is energy storage devices consisting of electrodes, electrolyte, current collectors,
and separator. In this research, carbon electrodes are made from young coconut fiber biomass
(SKM) waste using ZnCl, 0.5 M as activation agent and variations in physical activation
temperatures. Carbon electrodes preparation begins with a pre-carbonized process of 200°C
temperatures for 1 hour and 30 minutes, chemical activation using ZnCl, 0.5 M as activation
agent, then the carbonization process uses N, gas as well as physics activation using CO, in
temperature variation of 700°C, 750°C, and 800°C. Analysis of the nature of electrodes cell
capacitor based fiber young coconut fibers sample shows that the activation physics 750°C sample
is best, agreeble with the density of carbon electrodes declined by 40.43% after the carbonization-
activation process. Carbon electrodes represent semicrystalline based on the characterization of the
X-ray diffraction, marked with a ramp peak at 26 at about 24° and 45°. The SKM-750 has a highest
of L¢/L, ratio an average number of microcrystalline inner layers (N,), are 0.9 and 3.55. SKM-750
has the highest of specific capacitance value, namely 245.45 F/g.

Keywords: Activated carbon; electrode; physical activation; supercapacitor; young coconut fiber
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INTRODUCTION

The energy crisis is one of the biggest
problems in modern life, because energy
supplies are running low. The solution that can
be done to overcome this energy crisis is to use
electrical energy to prepare for future energy.
The use of very large energy in everyday life
indicates the need for electrical energy storage
media that is also very strong and durable.

This storage device has the attention of
every country. One of them is a supercapacitor.
Supercapacitors are widely used in industrial
power and memory backup systems and energy
management [1]. Supercapacitor components
consist of electrode materials, electrolytes,
current  collectors, and separators. All
components contribute to the performance of
supercapacitor storage, but electrode and
electrolyte materials play an important role [2].
One important component of a supercapacitor is
the electrode. This electrode can affect the
capacitance value that will be produced by the
supercapacitor. The electrode is in the form of

activated carbon which can be produced from
biomass (organic material) which goes through
a chemical and physical activation process.

Biomass that has the potential to be used as
a carbon electrode in a supercapacitor is young
coconut fiber. Coconut is a tropical plant that
has long been known to the public. Coconut is a
commodity strategy that has a social, cultural
and economic role in the lives of Indonesian
people. Young coconut fiber is the largest
component of a coconut, the outermost part of
the coconut fruit that wraps the coconut shell.
The thickness of the coconut fiber ranges from
5 — 6 cm consisting of the outer layer 8
(exocarpium) and  the inner layer
(endocarpium). Young coconut fiber consists of
fiber and also cork which functions to connect
one fiber to another. Each coconut has 0.4 kg of
fiber consisting of 30% fiber [3].

Young coconut fiber contains tannin
compounds or tannic acid around 4.28%, while
young coconut cork contains tannin compounds
around 5.62%. Tannin has antibacterial activity
against Eserichia coli and Staphylococcus
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aureus [4]. Young coconut fiber also contains
29.4% lignin, 26.6% cellulose, and 27.7%
hemicellulose [5].

RESEARCH METHODS

This research method explains the procedure
for making carbon electrodes for supercapacitor
cells based on young coconut fiber. Young
coconut fiber is separated from its cork. then
dried in the sun until constant mass. The pre-
carbonization process uses an oven at a
temperature of 200 °C for 1 hour 30 minutes
and the sample is ground using ball milling for
20 hours. The sample is sieved using a sieve
with a size of 53 um to standardize the particle
size of the carbon powder. The chemical
activation process uses 0.5 M ZnCl, activating
agent. The manufacture of pellets from carbon
powder uses a hydraulic press with a pressure
of 7.5 tons and is held for 2 minutes. The
carbonization process is carried out by heating
the pellets in a furnace at a temperature of
600°C using Nitrogen gas (N,). The physical
activation process uses Carbon dioxide gas
(CO,) with temperature variations of 700°C,
750°C, and 800°C. The carbon electrode is
soaked using distilled water until the pH is
neutral. The manufacture of supercapacitor
cells is made using several components, namely
carbon electrodes, current collectors, Teflon,
separators (softies surgical masks 2nd layer),
and electrolytes (H,SO,4). Each sample will be
subjected to density calculations and x-ray
diffraction analysis, as well as electrochemical
properties testing using the cyclic voltammetry
method.

RESULTS AND DISCUSSION
Density Analysis

Figure 1 is a graph of the density reduction
of carbon electrodes before and after the
pyrolysis process. This decrease in density is
caused by the carbonization and physical
activation processes which have a role in
removing elements other than carbon. The

decrease in density obtained occurs because of
the reaction of H,O with carbon so that there
will be a break in the carbon chain which forms
new pores and carbon electrodes [6]. The
resulting pores will determine the surface area
of the carbon caused by carbon particles
breaking into smaller parts than before [7].
After pyrolysis, the density value of the
monolith in each sample experienced a decrease
of 0.563, 0.511, and 0.585 g/cm® respectively
with a density percentage of 32.8%, 40.43%,
and 31.46%. SKM-700 has the lowest density
compared to SKM-750 and SKM-800. Judging
from the results of the density reduction, it can
be concluded that the SKM-750 sample is the
sample with the best heating, because the
increase in density causes the porosity to
decrease so that the specific capacitance value
will also decrease [8].

12

3 Before pyrolysis
I After pyrolysis

1.0

0.8

06

Density (g/cm?)

0.4

0.2

0.0
SKM-700 SKM-750 SKM-800

Sample code
Figure 1. Carbon electrode density reduction.

X-ray Diffraction Data Analysis

The results of the X-ray diffraction pattern
characterization show two peaks located on the
hkl plane (002) and (100), where the 20 angle
on the scattering plane (002) and (100) on
SKM-750 is 24.16° and 45.5°, while for SKM-
800 it is 24.36° and 45.18°. The two gentle
peaks mark the scattering angles that
correspond to the amorphous structure of
biomass-based carbon materials [9]. The
sample with the largest high microcrystalline
layer (L.) is found in the SKM-750 sample with
a physical activation temperature of 750°C. The
width of the microcrystalline layer (L)) is
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inversely proportional to the height of the
microcrystalline layer (L;). The SKM-750
sample has the highest Lc value of 13.06 nm.
Where a high L. value indicates a large carbon
surface [10]. It is concluded that the density and
L. value of the sample will affect the surface
area [11]. The L/L, ratio in each SKM-750 and
SKM-800 sample is 0.9 and 0.8. This L¢/L,
ratio is related to the specific capacitance value

that will be produced, because a high L /L, ratio
indicates a larger micropore volume, number of
mesopores, and surface area so that the specific
capacitance value will increase [12]. Table 1
shows that the SKM-750 sample has an N,
value of 3.55. This indicates that the
microstructure of the sample has developed
pores [13].

Table 1. Interplane distance and microcrystalline dimensions of carbon electrode.

Sample 26 Interplane distance Microcrystalline dimensions LL N
code 002 100  dopx (A)  dioo (A) L. (nm) L, (nm) o P
SKM-750 24.16 455 3.68 1.99 13.06 14.46 0.9 3.55
SKM-800 24.36 45.18 3.65 2 11.61 14.46 0.8 3.18

Cyclic Voltammetry Analysis

Cyclic voltammetry test curves of SKM-
700, SKM-750, and SKM-800 samples with a
scan rate of 1 mV/s are shown in Figure 2. The
CV curve on SKM-800 has the smallest area
and the CV curve on SKM-750 has the largest
area, this can affect the magnitude of the
specific capacitance value in the supercapacitor
cell. The wider the CV curve, the greater the
charge-discharge current value, so the specific
capacitance is high. The resulting CV curve
also approaches the length size, where this
shape is the ideal property of electrochemical
double-layer supercapacitors (EDLC) [6].

0.0012
——— SKM-700

0.0010 SHM-760
—— SKM-800

0.0008

0.0006

0.0004

0.0002

Current (A)

0.0000

-0.0002 4

-0.0004

-0.0006

0.2 0‘0 0‘2 0‘4 0‘6 0,8 1‘0 12
Voltage (V)
Figure 2. Cyclic voltammetry curve.

The specific capacitance value for each
sample of SKM-700, SKM-750, and SKM-800
is 122.22, 145.45, and 95.93 F/g. This specific
capacitance value is influenced by the physical

activation temperature, where the higher the
physical activation temperature, the faster the
gasification reaction of volatile compounds, so
that the carbon chain will be released and cause
the pores formed to increase. However, if the
physical activation temperature is too high as in
the SKM-800 sample, it will affect the specific
capacitance results. This happens because the
temperature is too high will cause the carbon
electrode structure to collapse, the inner wall
channel becomes thinner and the adjacent pores
will be interconnected. The high specific
capacitance value in SKM-750 is due to having
the lowest density value after the pyrolysis
process of other samples. The low density value
of the carbon electrode can increase the
porosity which indicates the number of pores in
the carbon electrode. The low physical
activation temperature causes few pores to form
in the carbon electrode. While the physical
activation temperature that is too high damages
the pore structure of the carbon electrode [14].

CONCLUSION

The results and discussion show that the
temperature of 750°C is the optimum physical
activation temperature for young coconut fiber
samples. The temperature of 750°C is able to
produce carbon electrodes with the highest
density shrinkage percentage of 40.43%. The
physical activation temperature of 750°C has
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high L., Lc/L, and N, values so that it can
increase the surface area of the carbon
electrode. Analysis using cyclic voltammetry
shows that the temperature of 750°C is able to
produce a Cs, of 145.45 F/g.

REFERENCES

1. Miller, J. R. & Burke, A. (2008).
Electrochemical capacitors: challenges and
opportunities for real-world applications.
The Electrochemical Society Interface,
17(1), 53.

2. Samantara, A. K., Ratha, S., Samantara, A.
K., & Ratha, S. (2018). Components of
supercapacitor. Materials Development for
Active/Passive  Components of a
Supercapacitor:  Background, Present
Status and Future Perspective, 11-39.

3. Awang, Y., Shaharom, A. S., Mohamad,
R. B., & Selamat, A. (2009). Chemical and
physical characteristics of cocopeat-based
media mixtures and their effects on the
growth and development of Celosia
cristata. American journal of agricultural
and biological sciences, 4(1), 63-71.

4. Viju, N., Satheesh, S., & Vincent, S. G. P.
(2013). Antibiofilm activity of coconut
(Cocos nucifera Linn.) husk fibre extract.
Saudi Journal of Biological Sciences,
20(1), 85-91.

5. Paskawati, Y. A., & Retnoningtyas, E. S.
(2017). Pemanfaatan sabut kelapa sebagai
bahan baku pembuatan kertas komposit
alternatif. Widya Teknik, 9(1), 12-21.

6. Hanifa, Z, & Awitdrus, A. (2022).
Pembuatan  Elektroda  Karbon  dari
Biomassa Sabut Kelapa Muda dengan
Aktivator KOH Sebagai Aplikasi Sel
Superkapasitor. Indonesian Physics
Communication, 19(1), 45-50.

7. Sudibandriyo, M. & Lydia, L. (2011).
Karakteristik luas permukaan karbon aktif
dari ampas tebu dengan aktivasi kimia.
Jurnal Teknik Kimia Indonesia, 10(3),
149-156.

10.

11.

12.

13.

14.

This article uses a license
‘@ ® @ Creative Commons Attribution
4.0 International License

Hartati, S. D., Taer, E., Sugianto, S., &
Taslim, R. (2016). Pengaruh variasi suhu
aktivasi fisika terhadap sifat fisis dan
elektrokimia elektroda karbon
superkapasitor dari limbah kulit pisang.
Spektra: Jurnal Fisika dan Aplikasinya,
1(2), 165-170.

Awitdrus, A., Hanifa, Z., Agustino, A,
Taer, E., & Farma, R. (2022).
Perbandingan larutan elektrolit H,SO4 dan
KOH pada kinerja elektrokimia bahan
elektroda berbasis karbon aktif sabut
kelapa muda. Indonesian Journal of
Industrial Research, 12(1), 15-20.

Farma, R., Lestari, A. N. I., & Apriyani, I.
(2021, October). Supercapacitor cell
electrodes derived from nipah fruticans
fruit coir biomass for energy storage
applications using acidic and basic
electrolytes.  Journal  of  Physics:
Conference Series, 2049(1), 012043.
Miller, J. R. & Simon, P. (2008).
Electrochemical capacitors for energy
management. Science, 321(5889), 651-
652.

Farma, R., Deraman, M., Awitdrus, A.,
Talib, I. A., Taer, E., Basri, N. H.,
Manjunatha, J. G., Ishak, M. M., Dollah,
B. N. M., & Hashmi, S. A. (2013).
Preparation of highly porous binderless
activated carbon electrodes from fibres of
oil palm empty fruit bunches for
application in supercapacitors. Bioresource
Technology, 132, 254-261.

Farma, R., Winalda, B., & Apriyani, I.
(2023). The self-adhesive properties of
carbon activated-like shape coin derived
from Palmae plant waste and used as high-
performance supercapacitor electrodes.
Journal of Electrochemical Energy
Conversion and Storage, 20(2), 020902.
Simanjuntak, M. T., & Awitdrus, A.
Fabrikasi elektroda karbon dari sabut
kelapa muda dengan aktivasi fisika sebagai
aplikasi superkapasitor. Indonesian
Physics Communication, 19(2), 65-68.

264 Synthesis and characterization of activated carbon based ... (Nasution and Awitdrus)


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

Indonesian Physics Communication

Department of Physics, Universitas Riau, Pekanbaru, Indonesia
p-ISSN 1412-2960 | e-1ISSN 2579-521X

Vol. 21 | No. 3
November 2024

Web: https://kfi.ejournal.unri.ac.id
E-mail: kfi@ejournal.unri.ac.id

Interpretation of aquifer layers in peatland areas using the Wenner
configuration geoelectric method in Rimba Panjang Village,
Tambang District, Kampar Regency

Restu Firmansyah, Juandi Muhammad*
Department of Physics, Universitas Riau, Pekanbaru 28293, Indonesia

*Corresponding author: juandi@Iecture.unri.ac.id
ABSTRACT

Geoelectric is a geophysical method used to determine the geological conditions of the earth's
subsurface based on the variations of rock resistivity value. Interpretation of the aquifer layer is
carried out on 2 paths with a length of 300 meters each. The lithology of the study area consists of
layers of clay, peat, clay, sand, coarse sandstone, dry gravel, mudstone, limestone, tufan sand to
siltstone. According to the data processing results, it shows that the aquifer in Rimba Panjang
Village is at a depth ranging from (12.8 — 24.9) meters below ground level with medium
groundwater potential. Interpretation using Res2Dinv Software as well as geological maps of the
surrounding area informed the subsurface conditions and the presence of groundwater aquifers of
the study area. It was found that the resistivity interval of trajectory 1 are (164.341) Qm, (709 —
1477) Qm, to (1477 — 3075) Qm while of trajectory 2 are (864 — 1642) Qm, (1642 — 3118) Qm, to
(3118 — 5921) Qm. It can be concluded that the deeper the soil layer, the higher the moisture
content. Because the deeper the soil layer, the lower the maturity of the peat, so that the soil is able

to hold more water.

Keywords: Aquifer; geoelectrical method; peat; Res2Dinv; Wenner configuration
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INTRODUCTION

Water is a component that moves actively
continuously through the surface and also
through the lower part of the earth's surface [1-
3]. Water has a very important role in human
life, all living things certainly need the
availability of water, the availability of water
on the face of the earth is very limited, both in
terms of quality and quantity [4-6].

Groundwater is one of the components of
the flow of water on earth which is called the
hydrological cycle where water is often used in
the survival of all living things after going
through  the  process of  evaporation
(precipitation) from the sea, lakes, or rivers,
then condensation occurs in the atmosphere,
and then becomes rain that falls to the earth's
surface. The rainwater that falls on the earth's
surface moves through the earth's surface (run
off) and some enters below the earth's surface
(infiltration) [7].

The soil structure of a place depends on
geological and climatic conditions. This event
affects the condition of the soil layer structure
in various regions. The type of rock layer
passed by groundwater is obtained by finding
the resistivity value of a material formation
below the ground surface. The conditions of
inundated, flooded and non-inundated areas
have different depths depending on the
thickness of the layer and the presence of
aquifers [8].

Aquifers are permeable underground layers
that contain water, rocks, fractures, and
materials that are not united. Geoelectric
measurements aim to further explore the
concept of physics in the earth's layers
including the method of subsurface resistivity,
to determine the distribution of resistivity in the
aquifers that make up the subsurface layer and
to interpret the measurement data obtained. The
method used in this study is the geoelectric
method with  Wenner's rules. Physical
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parameters that can provide an overview of
water quality are resistivity, conductivity, and
salinity [9].

The presence of groundwater is known by
identifying the composition of rocks from the
earth's subsurface structure referring to
differences in  resistivity values using
geoelectric exploration [10].

Previous research has been conducted by
Nuryanti 2020 on the determination of low
aquifers using the Wenner rule geoelectric
method and hydrogeochemistry in Rimba
Panjang Village, the results of the study based
on data analysis stated that the aquifer is at a
depth of less than 8 meters below the ground
surface with a resistivity interval ranging from
(89.2-1023.9) Qm. The groundwater layer
obtained from the processing of data from
trajectories 1 and 2 shows the distribution of
groundwater [11].

The use of the Wenner method is expected
to be a step in horizontal land mapping and its
nature is spread so that it can provide a cross-
section of the distribution of groundwater and
aquifers in the peat area of Rimba Panjang
Village, namely the Gean de Green Il housing.

LITERATURE REVIEW

Water sources, namely surface water and
groundwater, must be managed sustainably to
avoid further water scarcity [12].

Sustainable groundwater exploitation must
be based on an understanding of the geology
and hydrological conditions of the aquifer,
because the productivity of aquifers in various
regions is highly dependent on the subsurface
soil layer [13]. Groundwater is found in
permeable geological structures called aquifers,
which are water-holding structures that allow
large amounts of water to pass through.
Groundwater is also found in aquicludes (semi-
permeable bases) structures that contain water
but cannot move it quickly enough to replenish
large supplies of wells or springs of sand and
gravel, alluvium, and glacial deposits.

Sandy estuarine deposits are excellent
sources of water [14, 15]. Rock resistivity is the

ability of a material or rock to block the flow of
electric current in a medium. The resistivity
value of rocks is inversely proportional to
conductivity.

The relationship between soil resistivity and
soil conductivity can be written in the form of
an equation:

1
p= 1)

Table 1. Rock resistivity values [16].

Material Resistivity (Qm)
Air -
Phyrite 0.01-100
Quartz 500 — 80000
Calcite 1x 102 -1 x 108
Rock salt 30-1x10%
Granite 200 — 10000
Andesite 1.7 x 10— 45 x 10*
Basalt 200 - 10000
Limestone 500 — 10000
Sandstone 200 — 8000
Shales 20 — 2000
Sand 1-1000
Clay 1-100
Ground water 0.5-300
Magnetite 0.01-1000
Dry gravel 600 — 10000
Alluvium 10 - 800
Gravel 10 - 600

RESEARCH METHODS

The geoelectric method has been reported to
have a high level of sensitivity for groundwater
exploration [17]. In addition, the efficiency of
the geoelectric resistivity method is able to map
the subsurface layer providing more precise
important information to characterize the
aquifer layer, describe the depth of the bedrock,
and determine resistivity values [18]. By
estimating the resistivity price, rock porosity,
and soil hydraulic conductivity, groundwater
can be estimated qualitatively.

The Wenner configuration can provide a
resistivity distribution map in the form of a
two-dimensional  subsurface image. The
distance between the current electrode is three
times the distance of the potential electrode, the
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potential distance to the sounding point is a/2,
so the distance between the current electrode

Station 3

and the sounding point is 3a/2. The target depth
that can be achieved is a/2 [16].

Station 2

?1 2a P|1 2a pl2 2a ?2

Station 1

C1 Py P2Cy

1 2 3 4 5 & 7 8
a4, a8, | 1 1

0 11 12 13 14 15 16 17 18 19 20
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Figure 1. How to measure the Wenner configuration

RESULTS AND DISCUSSION

Data analysis and interpretation results
based on field measurements using 2 tracks,
each 300 meters long. Data collection in the
field using the Wenner configuration

Depth lteration 5 Abs_error = 18.2 %
0.0 10

geoelectric method at Gean de Green |l
Housing, Rimba Panjang Village, Tambang
District, Kampar Regency. Field measurement
data on track 1 were converted into apparent
resistivity and 2D cross-section inversion
results using Res2Dinv Software.
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Figure 2. 2D cross-section inversion results for track 1.

Figure 2 above displays various layers with
certain resistivity values according to the
material in them. The results of calculations and
data processing on track 1 with Res2Dinv
Software using the Wenner method obtained an
RMS-error value of 18.2% with a resistivity

Depth \Ierahun SADS error =21.0 %

interval of (18.1 — 3075) Qm and the depth of
the layer displayed reached 24.9 meters. The
results of the calculation and data processing on
track 2 with Res2Dinv Software obtained an
RMS-error value of 21.0% with a readable
depth of 24.9 meters.
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Figure 3. Results of 2D cross-section inversion of track 2.
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The results of the 2D cross-section inversion
of track 2 are shown in Figure 3 above with a
resistivity interval ranging from (66.5 — 5921)
QOm. From the data processing carried out, it
shows that the aquifer is located at a depth of
2.50 — 24.9 meters. Interpretation of track 1 on
L1 with a depth of 25 — 12.8 meters is
interpreted as shallow peat containing clay
composition with a resistivity value ranging
from (18.1 — 78.6) Qm. L2 is light green in
color and is suspected to be calcareous
mudstone, with a resistivity value of (78.6 —
164) QOm at a depth of 12.8 — 18.5 meters. L3 is

dark green with a resistivity value of (164 —
341) Qm is suspected to be a formation of
coarse ash sandstone with a little clay at a depth
of 24.9 meters. L4 is interpreted as the presence
of claystone and sand at a depth of 7.50 — 18.5
meters with a resistivity value of (341 — 709)
Qm. L5 is brown to red in color, there is a
composition of limestone, silt, and dry gravel at
a depth of 15 meters with a resistivity value of
(709 — 1477) Qm. L6 is red to purple in color is
suspected to be dry gravel material, and a little
siltstone with a resistivity value of (1477 —
3075) Qm at a depth of 24.9 meters.

Table 2. Results of L1 data processing.

Depth (m) Resistivity (2m) Material composition Type of layer
2.5 66.5 — 240 Clay and tuffaceous sand Aquitard
75 240 — 864 Claystone Aquiclude
12.8 864 — 1642 Dra gravel Aquifer
185 1642 — 3118 Dry gravel and sandstone Aquifer
24.9 3118 — 5921 Dry gravel, limestone, and sandstone Aquifer

The results of the path interpretation indicate
that the potential aquifer is in a shallow area
close to the surface at varying depths (see
Tables 2 and 3). L1 with a depth of 2.5 meters
is a medium peat layer containing fresh

groundwater marked by dark blue to light blue
with a resistivity value of (66.5 — 240) Qm. L2
is green to turquoise with a resistivity value of
(240 — 864) Qm interpreted as a layer
containing claystone at a depth of 7.50 meters.

Table 3. Results of L2 data processing.

Depth (m) Resistivity (2m) Material composition Type of layer
2.5 66.5 — 240 Clay and tuffaceous sand Aquitard
75 240 — 864 Claystone Aquiclude
12.8 864 — 1642 Dra gravel Aquifer
185 1642 — 3118 Dry gravel and sandstone Aquifer
24.9 3118 — 5921 Dry gravel, limestone, and sandstone Aquifer

L3 is a layer of clay, silt, and a little dry
gravel found at a depth of 12.8 meters with a
resistivity value of (864 — 1642) Qm marked by
a yellow to brown color. L4 is suspected of
containing dry gravel and glauconite sandstone
formations with a resistivity of (1642 — 3118)
QOm at a depth of 18.5 meters, marked by a
brown to red color. The L5 assumption shows
the presence of dry gravel, limestone and
sandstone formations. Figures 2 and 3 show
various layers with certain resistivity values
based on the material or rocks below the peat
soil surface as a geoelectric research site.

CONCLUSION

Based on the results of resistivity
measurements, it is interpreted that for path 1
the resistivity value of the soil layer ranges
from (18.1 — 3075) Qm with a maximum depth
of 24.9 meters, path 2 obtained a resistivity
value of the soil layer ranging from (66.5 -
5921) QOm with a maximum depth of 41.06
meters. Interpretation of lithology below the
ground surface of Gean de Green Il Housing,
namely peat, clay, sandstone, limestone, dry
gravel, saturated gravel, sandy clay, and sand.
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The existence of aquifers refers to the formation
of the geological sheet map and based on the
results of data processing and 2D geoelectric
cross-sectional images of the Wenner
configuration, it is interpreted that on path 1 it
was found at a depth of 15 meters, 24.9 meters
and > 24.9 meters with a lithology composition
of limestone, dry gravel, coarse sandstone, and
siltstone. Route 2 found aquifer layers at depths
of 12.8 meters, 18.5 meters and 24.9 meters
with lithological compositions, namely dry
gravel, sandstone and limestone which are very
good at transmitting water.
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ABSTRACT

Paper is a thin sheet-shaped material containing cellulose from wood. The high demand for paper
makes the raw material for paper production increase, which causes forest exploitation. As for this
study to determine the effect of mixed variationsin the mixture made from ater hyacinth and
cassava peel with the adition of NaOH solution, the characteristics of the paper produced, and the
optimal paper quality. Variations in the percentage of water hyacinth and cassava skin raw
materials, namely: sample A 30% : 70%, sample B 50% : 50%, and sampel C 70% : 30%. Using
the experimental method is done with the soda process. The characterization tests carried out were
grammage and water content. The results of the characteristictest obtained grammage values in
sample A = 51.6 g/m?, sample B = 84.0 g/m? sample C = 97.0 g/m% Test the water content in
sample A = 5.7%, sample B = 5.9%, and sample C = 6.1%. Has met the value of SNI 7274-2008

for printing type A paper.

Keywords: Cassava peel; paper; water hyacinth
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INTRODUCTION

In Indonesia, paper usage increases every
year, causing the use of wood as a raw material
for paper making to also increase [1]. Almost
90% of the raw material for paper making is
still dominated by wood, which causes the
possibility of forest exploitation. Excessive
exploitation of wood can damage the ecosystem
and environment [2].

Global paper consumption is currently 394
million tons and is predicted to increase to 490
million tons by 2020. However, domestic paper
usage is very high compared to other countries.
So it has the potential for high forest damage.
In addition, the available wood will be
increasingly scarce, and forest damage will be
even worse. By substituting other potential
materials besides wood, efforts are being made
to reduce its use as a raw material for pulp and
paper [3].

Seeing the increasing demand for paper,
alternative materials are needed to be used as
the main raw material for paper making, so that
the use of wood in paper making can be

reduced. One of them is water hyacinth and
cassava skin, which until now have not been
widely used. Water hyacinth is usually
processed by the community into raw materials
for seedlings, mulch, fertilizer, and paper.

LITERATURE REVIEW
Paper

Paper comes from organic materials
containing cellulose [4]. Glucose and [B-1-4-
glucan bonds form a straight chain
polysaccharide polymer known as cellulose.
Inside the cellulose there are fibers that have
high tensile strength, are insoluble in organic
solvents and water [5]. The cellulose content in
making paper pulp greatly affects the quality of
the paper, if the cellulose content is below 40%,
the resulting paper is not good.

Water Hyacinth

Water hyacinth (Eichhornia crassipes) is a
plant that grows in the air floating, has thick
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and bubbly leaves [6]. Both vegetatively and
generatively, water hyacinth grows very
quickly. Water hyacinth is used by researchers
as the main ingredient in making paper, because
it has a lot of cellulose content, which is the
main requirement for making paper.

Cassava Peel

Cassava peel can also be used in making
paper because it has cellulose fibers, which is
the main requirement in making paper. Cassava
(Manihot esculenta) is a plant with a fairly high
starch content. can be processed into semi-
finished products such as tapioca flour or used
as a substitute for staple foods. Apart from the
tubers, cassava skin dregs can also be used as
raw materials for making paper. Some people
only use cassava skin as animal feed. The use
of cassava in Indonesia is 19.9 million tons per
year. Where cassava skin reaches 0.04 — 0.09
million tons per year [7].

Water hyacinth and cassava skin can be used
as pulp in making paper. The method of making
pulp in general through the stages, pulp making,
defibration, washing, filtering, bleaching
(bleaching), and printing. Pulping is the process
of reducing the size of raw materials containing
fibers such as wood or other materials into a
mass of fiber. Because the fibers are tightly
bound together, long-fiber pulp paper has high
tensile strength. Conversely, long fibers are
unable to fill small pores, because the pores will
be filled with short-fiber pulp [8]. In paper
making, it is necessary to add adhesive to
obtain good paper quality such as the desired
color, fiber quality and texture, as well as the
physical quantity of the paper such as good
grammage and tensile strength [9, 10].

RESEARCH METHODS

The technique used in the study is an
experimental method, carried out with a soda
process using 2.5% NaOH solution. In the
heating process using 2.5% NaOH to remove
lignin in water hyacinth and cassava skin. The
three-dimensional polymer network known as

lignin functions to glue cellulose fibers together
to make them stiff. H,O is used as a bleach
(bleach), Na,SOs is used as a softener of raw
materials, Acetic acid is used as a solvent of
raw materials.

Start
]
Material preparation
(Water hyacinth pulp and cassava skin
are mixed with a weight of 25 grams)

7

Weighing and mixing materials

Sample A Water hvacinth ~ Cassava skin
A 30% T0%
B 50% 0%
C 70% 30%

v
Material mixing
(Water hyacinth pulp & cassava skin
pulp are added with water and mixed
with a blender to form paper pulp)
\
Pulp + PVP
(After the pulp is evenly mixed. 1% PVP
is added)
v
Paper pulp is put in a vessel containing 3
liters of water
1
Printing
(Printed with a size of (30 x 20 cm)
W
Drying
(Dried at room temperature for 12 hours)
7
Sample testing
Physical Test
(Gramature and water content)
Compared data analysis with
SNI7274-2008
2
Finish
Figure 1. Stages of making and testing paper

from water hyacinth and cassava skin raw
materials.

The tools used in this study were oven,
tripod, magnetic hotplate, analytical balance,
stand & clamp, magnetic stirrer, blender, 1000

272 The effect of water content on increasing grammage in paper made ... (Sariah et al.)



ml beaker, porcelain cup, stirring rod,
thermometer, sieve, plastic, vessel, paper mold,
ruler, and scissors. The diagram of this research
can be seen in Figure 1.

The raw materials in this study were water
hyacinth taken in the Medan Tuntungan area of
North Sumatra, cassava skin taken in the
Medan Tuntungan area of North Sumatra, 2.5%
NaOH, 5.25% H,0,, 2% Na,SO,, 10% acetic
acid, pinovinylpyrrolidone, water, distilled
water. In addition, the composition of water
hyacinth and cassava skin was varied with
different mixtures as in Table 1.

Table 1. Variations in the mixture of raw
materials for making paper.

Sample Water hyacinth  Cassava skin
A 30% 70%
B 50% 50%
C 70% 30%

RESULTS AND DISCUSSION
Grammage

Conducted to determine the mass of paper
from a certain unit area. Based on Table 2, the
highest paper grammage value in sample C is
97.0 g/m?, in sample B is 84.0 g/m?, and sample
A is 51.6 g/m°. As the sample can be seen in
Table 2, the paper grammage tends to increase
in proportion to the composition of water
hyacinth and cassava peel materials and has met
SNI standards.

Table 2. Paper grammage measurement.

Sample Grammage SNI 7274-2008
(g/m®) (g/m®)
A 51.6
B 84.0 50 - 100
C 97.0

Based on Figure 2, it shows that grammage
increases with the comparison of materials,
sample A (30% water hyacinth : 70% cassava
peel), B (50% water hyacinth : 50% cassava
peel), and sample C (70% water hyacinth : 30%
cassava peel). the highest value in sample C.
this is influenced by the increasing percentage
of water hyacinth. Because water hyacinth has a

higher water content and has longer fibers
compared to cassava peel.

100

E 80
K y
T 60
of )
g 40 7
=
g 20
&

0

A B C
Sample

Figure 2. Paper grammage measurement chart.

Water Content

Conducted to determine the water content of
a paper. Based on Table 3, the air content value
in sample A is 5.7%, in sample B is 5.9%, and
in sample C is 6.1% from the three samples
above, the lowest air content value is obtained
in sample A.

Table 3. Measurement of paper water content.
Water content  SNI 7274-2008
(%) (%)

Sample

A 5.7
B 59 <6
C 6.1

Water content (%)
|9,
oo

A B C

Sample
Figure 3. Paper water content measurement.

Based on Figure 3, it shows that the air
content increases with the comparison of
materials, the sample that shows the most
optimal value in sample A, namely the sample
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that has the lowest air content. This is due to the
increasing percentage of water hyacinth,
because the water hyacinth content is more than
cassava skin.

CONCLUSION

The conclusion drawn from the results of
this study is that the grammage value of sample
A is 51.6 g/m? sample B is 84.0 g/m% and
sample C is 97.0 g/m®. The water content test
value of sample A is 5.7%, sample B is 5.9%,
and sample C is 6.1%. If the grammage value is
high, it will affect the water content value
which will also increase because water hyacinth
has a higher water content than cassava skin.
The grammage and water content values have
met the quality requirements of type A printing
paper (SNI 7274-2008).
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ABSTRACT

The addition of additives to paint aims to improve the quality and usability of paint. Natural
additives, such as bintaro seed extract, have potential as anti-bacterial and anti-fungal agents. This
study aims to investigate the physical properties of commercial paints added with bintaro seed
extract. The physical properties tested were changes in density and adhesion. While the chemical
content was characterized using HPLC and FTIR. The extraction process includes drying to
grinding the bintaro seeds into powder, followed by extraction using a ratio of bintaro powder and
96% (m/v) ethanol 1:3. Bitaro extract obtained was added to commercial watercolors (100 ml)
with variations of 5, 10 and 15 ml. The paint is applied to the surface of the multiplex wood evenly
by pre-heating it at 40°C. The adhesion analysis was carried out using the help of ImageJ software
to determine the ratio of the gray value of the image before and after the adhesion test using the
cross-cut technique. It was observed that the increase in bintaro seed extract caused a decrease in

paint adhesion.

Keywords: Adhesive; bintaro seed extract; density; paint

Received 01-08-2023 | Revised 19-10-2024 | Accepted 06-11-2024 | Published 30-11-2024

INTRODUCTION

Paint is generally defined as a colloidal
dispersion of pigments in solvents [1]. So the
properties of paint are highly dependent on the
particle size and surface of the pigment. Paint
dispersion is the process of wetting and
releasing the main pigment particles to spread
them into the application media [2].

Bintaro fruit has the Latin name Cerbera
manghas which has secondary metabolite
compounds such as alkaloids, saponins,
flavonoids, and tannins [3]. Alkaloid
compounds in the form of berberine are found
in almost all parts of the bintaro plant which
play a role in the mortality of bintaro insects
which play a role in insect mortality [4].

The way cerberin works is by disrupting the
function of calcium ion channels in the heart of
insects and eventually causing death [5].
Bintaro fruit extract has been proven to have
the potential as a botanical insecticide. The
level of cerberin depends on the level of

ripeness of the bintaro fruit. Fruit whose skin
color is more than 50% red has a high cerberin
content, while unripe fruit contains low
cerberine. When the ripeness of the bintaro fruit
is even, the antibacterial content is at its
maximum [6].

Bintaro fruit consists of 14% shell and 86%
seed flesh. Bintaro seeds contain oil between
35% — 50%. The drier the bintaro seeds, the
more oil they contain. This oil is a type of non-
edible oil. Bintaro plants have many benefits
even though Bintaro plants have dangerous
cerberin poison [7]. The purpose of this study
was to fabricate paint that can prevent termite
attacks. Physical testing includes density testing
and reactive power testing. High pressure liquid
chromatography (HPLC) testing to
guantitatively identify the chemical compound
content in bintaro seed extract. Fourier
transform infrared spectroscopy (FTIR) testing
is used to identify functional compound groups
contained in a compound [8].
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LITERATURE REVIEW

Paint is defined as a liquid used to coat the
surface of a material with the aim of
beautifying, strengthening, or protecting the
material. After being coated on the surface and
drying, the paint will form a thin layer that
adheres firmly to the surface [1].

Bintaro has various secondary metabolite
contents that function as self-defense against
pests and insects. Almost all parts of the bintaro
plant contain a poison called “cerberin”, a
poison that can inhibit human calcium ion
channels, thereby disrupting the heartbeat and
can cause death. In addition, smoke from
burning wood can cause poisoning [4].

Bintaro is known as one of the perennial
plants that is widely used for greening, city
decoration, organic pesticides and also as a raw
material for dried flower crafts. All parts of the
bintaro plant are poisonous because they
contain alkaloid compounds that are repellent
and antefeedant. Bintaro contains the poison
cerberin which is very deadly. The leaves, fruit,
and bark of the bintaro plant contain saponins,
the leaves and fruit contain polyphenols which
are known to be very toxic to insects and can
inhibit pest feeding activities, and the bark
contains tannins. Behind its poison, the bintaro
tree can be used for human benefit, such as
eradicating rats, raw materials for candles, bio-
insecticides, wound medicine, deodorants and
potentially as biodiesel [16]. The bintaro tree is
4 to 20 meters tall. This plant grows abundantly
in the lowlands to the coast and is very suitable
for sandy areas. Bintaro leaves are oval-shaped,
elongated, symmetrical, and stacked at the ends,
shiny dark green in color with varying lengths
averaging 27 cm with a spiral leaf arrangement
and collected at the end of the rosette.

RESEARCH METHODS
Seed Sample Preparation
The type of bintaro used is Cerbera

manghas. Bintaro was collected from several
parks in Pekanbaru City. The seeds used are

from the bintaro fruit. Seed preparation includes
several stages as follows: Separating the seeds
from their shells, After the seeds are separated,
the shells are washed and dried in the sun for +
7 days. The dried seeds are then ground using a
blender. The bintaro seed powder is sieved
using a T100 mesh sieve.

The Process of Making Bintaro Seed Extract

The extract is made by macerating the
bintaro seeds that have been ground using a
blender then weighed as much as 100 grams
and mixed with 300 ml of distilled water, left
for + 24 hours and a closed container to remove
the substances in the bintaro seed powder [9].
The soaked powder is heated using a
temperature of 60°C for + 1 hour after being
filtered using filter paper and then centrifuged
for 20 minutes [10].

Extract and Paint Mixing Process

Watercolor mixing is done by first
measuring the paint and bintaro seed extract
using a measuring cup. Put the paint and bintaro
seed extract into one container then stir using a
stirring rod until both are mixed. This study
uses 2 variables, the independent variable of
bintaro seed extract and the dependent variable
of paint. Bintaro seed extract as much as 5, 10,
and 15 ml were mixed each in 100 ml of paint
as summarized in Table 1.

Table 1. Variation of paint and extract
mixtures.

Extract Paint

Sample (ml) (ml) Description
CEB-0 0 100 Control
CEB-1 5 100 Constant
CEB-2 10 100 Constant
CEB-3 15 100 Mixture

Characterization and Testing
HPLC Test

HPLC testing was carried out in the
chemistry laboratory of Riau University by
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sending a sample of 10 ml. HPLC testing
quantitatively identifies the content of
alkaloids, saponins, flavonoids, and tannins
[11].

FTIR Test

FTIR testing was carried out in the
chemistry laboratory of Riau University by
sending samples to identify functional
compound groups contained in a compound.
Testing was carried out with the ASTM E1252
standard 2013.

Density

Density (or density, is the mass (m) per unit
volume (V). Things that affect the density
measurement of a sample are temperature and
pressure. Mathematically, density measurement
can be found using Equation (1) [12].

g = v D
Adhesion Test

Adhesion is measured using a cross cut
system. This test is relatively simple by making
a number of (6 — 11 lines) cross line boxes to
the surface of the paint according to the ASTM
D3359 standard. Furthermore, the tape is
attached to the prepared paint surface and
pulled quickly to the side [13]. Image capture
using a smartphone camera with 16MP+5MP
autofocus camera specifications and /1.7
Aperture with a distance between the camera
and sample of ~28 cm. The image capture
scheme can be seen in Figure 1.

» | Smartphone
Lo ]

» | Aluminium Foil
» | Hot Plate

Figure 1. Image capture scheme.

Image analysis is carried out with the help of
ImageJ software to obtain adhesion data. The
ratio of the gray value of the image before and
after the adhesion test using tape is represented
as paint adhesion.

RESULTS AND DISCUSSION
Results

The maceration process is a fairly simple
extraction process or method without a heating
system or known as cold extraction [14]. So in
this process the sample and solvent do not
undergo a heating process so that they can be
used on compounds that are not heat resistant.
The disadvantage of this method is that it takes
quite a long time. The maceration process on
bintaro seeds is carried out by soaking
approximately 1 gram of powdered sample in
aquades solvent for 24 hours at room
temperature [10]. Previously, the dry and cut
seeds will be ovened for 6 hours to make it
easier during the blending process to produce
powder [7]. In the soaking process, plant
samples will experience the breakdown of cell
walls and membranes due to the difference in
pressure between inside and outside the cell.
Furthermore, maceration is carried out using
heating at a temperature of 60°C because
excessive heating can damage the chemicals
contained in the powder [10].

With temperature
I 10 ml extract No.6
\ No.1

Without temperature

5 ml extract No.5

No.7

Figure 2. Multiplex sample image.

The filtering process is carried out using
ordinary filter paper and Whatman paper to
separate the extract from the dregs of bintaro
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seed powder [15]. Filtration was carried out for
2 days so that the extract was completely
separated from the dregs of the bintaro seed
extract powder after the extract was obtained,
then centrifuged for 20 minutes [10]. The
extract obtained was then mixed with
commercial paint and then painted on the
surface of the plywood sample (see Figure 2).

HPLC Testing

The results of the bintaro seed powder data
obtained after analysis using the HPLC tool in
the form of chromatograms, retention time and
peak area of the compound [11]. The time data
is used to determine the type of compound
contained in the sample, this occurs because the
price or value for each compound between the
sample and the standard is the same. If the
retention time of the resulting sample is the
same as the time produced, then the retention of
one of the standard standards contains the
compound used as the standard. From 12 data
taken from different concentrations and times,
data was obtained. The data produced only one
substance that is very dominant in the bintaro
seed powder is at 3.037, area 46301227 and
283253 ppm. Then from the graph above, a
control chart graph is made to see whether the
data obtained is only one substance that is very
prominent in the bintaro seed powder, which
can be seen in Figure 3.
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Figure 3. Spectrum p-control chart of bintaro
seed powder

FTIR Test

FTIR testing aims to determine the
functional groups of compounds contained in
bintaro seeds and paint. The test is carried out
by grinding bintaro seeds and then adjusting

them to the existing spectrum, the paint used is
commercial paint available in stores used for
trees. The FTIR spectrum is recorded using a
spectrophotometer at room temperature, the
data obtained is in the form of a spectrum
image  between  wave numbers and
transmittance so that the functional groups
contained in the bintaro seed powder and paint
can be known. The results of the analysis of
bioplastic functional groups with FTIR can be
seen in Figure 4 and 5.

-

Figure 4. FTIR spectrogram of bintaro seeds.

Figure 5. FTIR spectrogram of commercial
paint

A wide absorption band with weak intensity
at a wavelength of 1950 — 1350 cm™ contains a
typical alkaloid peak, where in this absorption
area there is also an HN-O stretching group.
Wavelength 675 — 450 cm™ contains the C—Br
functional group. The commercial paint graph
group band has a wavelength of 4600 — 3600
cm contains O-H (Alcohol).

Density Testing

The results of the density test for each
sample are presented in Table 2. There appears
to be a tendency for an increase in density when
the amount of extract is increased.
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Table 2. Density of liquid extract of bintaro
seeds.

Table 3. Adhesion test results.
Peeled in (%)

Sample p (g/cm’) Sample Image result  Visual result

CEB-1 1.04 CEB-1 5.62 5

CEB-2 1.07 CEB-2 15.18 15

CEB-3 1.11 CEB-3 29.42 35
Adhesion

The results of the adhesion test (cross cut)
were carried out by scratching the surface layer
with a pencil, then tape was attached to the
layer that had been drawn in the form of lines
forming small boxes of 1 cm, then the attached
tape was pulled or removed again until the
results were obtained. This adhesion test (cross
cut) was carried out on all test specimens as
shown in Figure 6, 7, and 8.

(a) (b)
Figure 6. Surface image of paint before (a) and
after (b) adhesion test for sample CEB-1.

(a) ’ (b)
Figure 7. Surface image of paint before (a) and
after (b) adhesion test for sample CEB-2.

(a) (b)
Figure 8. Surface images of paint before (a)
and after (b) adhesion test for CEB-3 sample.

The results of the adhesion test (cross cut)
above show the level of adhesion of paint to the
multiplex wood surface [1]. The results of
visual observation and ImageJ analysis showed
that shows consistent results. The large
percentage of peeled ca on CEB-2 and CEB-3
samples indicates a decrease in paint adhesion
due to increased concentration of bintaro seed
extract. Therefore, further study is needed to
determine the maximum dose of bintaro extract
as a paint additive.

CONCLUSION

The content in the bintaro seed extract is
proven to have alkaloid content as in the FITR
test data. The density of the extract has an
average value of 1.067 g/cm?, 1.108 g/cm? from
the data obtained means that the density of an
extract reaches its maximum density value. The
addition of bintaro extract concentration causes
a decrease in paint adhesion.
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ABSTRACT

Manchester system brachytherapy simulation using

One type of cervical cancer treatment is brachytherapy using the Manchester system. In this study,
isodose curves were analyzed on tissue phantoms irradiated using several types of radioactive
sources with the Manchester system using Monte Carlo simulation, EGSnrc. This study used a
homogeneous tissue phantom with dimension 10 x 10 x 10 m®. The Manchester system uses 2
ovoid and 3 tandem containing radioactive sources placed inside the phantom. The resulting
isodose curves were combined and analyzed using MATLAB-based VDOSE GUI. The results
showed that the dose distribution for each type of radioactive source at the reference point had
different values, namely Cobalt-60 had a dose distribution at reference point A of 15.08% with a
dose distribution at reference point B of 0%, Cesium-137 was 13.37% and 0%, Iridium-192 was
13.27% and 0%. The use of radioactive source types can be adjusted to the actual location of

cervical cancer.
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INTRODUCTION

Based on the mode of radiation delivery,
radiotherapy is divided into two, namely
teletherapy (the source is outside the body)
and brachytherapy (the source is inside the
body). Brachytherapy refers to a therapeutic
technique with the placement of a radioactive
source into or very close to the target tissue
[1]. The most commonly used radioactive
sources for brachytherapy treatment are
Iridium-192 [2], Cobalt-60 [3], Cesium-137,
and Radium [4]. Each radioactive source has
different characteristics [3].

Brachytherapy is commonly used as a
therapy for breast, prostate, cervical, and
several other types of cancer [5].
Brachytherapy method by inserting a closed
radioactive source in the cavity of the cancer
cell site or intracavitary brachytherapy is often
used in the treatment of cervical cancer [6].
Cervical cancer is an abnormal growth of
cervical epithelial tissue in the neck of the

uterus [7]. The Manchester system is one of
the systems used in the treatment of cervical
cancer through the brachytherapy method. The
Manchester system is a type of brachytherapy
system by implanting radioactive substances
into the body through uniform dose
distribution. It uses two intravaginal
applicators and a rubber tandem tube. This
system distributes the dose to several points
[8-10]. Dose calculation in the Manchester
system can be done through the Monte Carlo
(MC) method [11].

Several Monte Carlo codes have been used
to calculate dose distributions in several
cancers with brachytherapy techniques such as
MCNP [12], Geant4 [13], and EGSnrc [11].
EGSnrc is a program to simulate the transport
of photon and electron particles using the MC
algorithm. In this study, modelling and
analysis of the effect of the type of radioactive
source on the distribution of radiation dose
received by the target and its surroundings
through the isodose curve are carried out. This
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research will use the Manchester system as a
method of placing radioactive sources using
three radioactive sources, namely Ir-192, Cs-
137, and Co-60. The results of the isodose
curves of the two types of radioactivity will be
compared and analyzed to determine the dose
distribution. Therefore, the purpose of this
study is to compare and analyze isodose
curves on tissue phantoms irradiated using
several different types of radioactive sources
with the Manchester system through Monte
Carlo simulation.

RESEARCH METHODS
Simulation Design

This study uses EGSnrc with the user code
DOSXYZnrc as a simulation program.
DOSXYZnrc is used to design and simulate
absorbed dose with various mediums and
phantom sizes [14]. A phantom is a modeling
of a human object used in the field of
radiology for radiodiagnostics and
radiotherapy. DOSXYZnrc has several types
of sources as sources used in simulations. The
type of DOSXYZnrc source in this study is
isource= 6: Uniform isotropically radiating
parallelepiped within DOSXYZnrc. The use of
this source allows the simulation of a
radioactive source placed in a phantom that
emits uniform radiation. The volume of the
field size can be adjusted as long as it is within
the DOSXYZnrc phantom (active volume is
limited). The active volume of the radioactive
source is bounded in the x direction by xinl,
xinu (cm), bounded in the y direction by yinl,
yinu (cm), and zinl, zinu, which is the z
boundary of the active volume (cm).

The simulation was carried out by placing
the radioactive source on a 10x10x10 m®
homogeneous phantom which all voxel parts
contained tissue material with the information
of each voxel shown in Table 1. The
radioactive sources used were Iridium-192,
Cesium-137, and Cobalt-60. The Manchester
system applicator was inserted into the
phantom with one intrauterine rubber tandem

tube containing 3 radioactive seeds inside and
two ovoids (intravaginal applicators) each
containing a radioactive seed. In direct clinical
use, points A and B are located on the right
and left sides. Point A is located 2 cm to the
right, left of the tandem and 2 cm above the
ovoids. Point B is located 5 cm and 2 cm to the
right, left of the tandem and above the ovoids.
This point is 3 cm lateral to point A. Point B is
used to deliver the dose to the distal
parametrium [3].

Ovoid Ovoid /

Tandem

Figure 1. Set-up of the phantom simulation.

Table 1. Virtual phantom information.

. Voxel
Axis Voxel Voxel size Boundaries
number (cm)
(cm)
X 100 0.1 5to+5
y 100 0.1 -5t0 +5
z 100 0.1 0to 10

Dose Distribution Analysis

Each simulation produces output files that
are used in the data analysis process, namely
.3ddose files and .egsphant files. The dose
profile is a dose distribution curve in a certain
direction in one dimension obtained by
analyzing the .3ddose file through the
STATDOSE program. Isodose curves can be
obtained using dosxyz_show or VDOSE. The
.3ddose and .egsphant files of each radioactive
source applicator location (2 on ovoid and 3 on
tandem) will be merged using the MATLAB-

282 Manchester system brachytherapy simulation using EGSnrc ... (Octavia et al.)



based VDOSE GUI. The merged results will
produce isodose curves. The isodose curve
will be analyzed at point A and point B of the
Manchester system. The results of the dose
distribution analysis are compared between the
three types of radioactive sources used in this
study.

RESULTS AND DISCUSSION
Dose Profile

The three-dimensional dose distribution
data generated by the simulation process by
DOSXYZnrc is stored in a .3ddose file. The
data file can be analyzed using STATDOSE to
produce dose profiles for each radioactive
type. The dose profile is a picture of the dose
distribution curve in two dimensions. Figure 2
below displays a graph of the dose profile
received along the phantom Y-axis versus
depth using Cobalt-60 radioactivity (Figure 2).
The relative dose was obtained from
normalizing the .3ddose data to the maximum
dose after analysis by the STATDOSE
program. The radioactive isodose profile curve
images between Cobalt-60, Cesium-137 and
Iridium-192 are similar.

—=— Qvoid 1
—— Qvoid 2
100 4 —+— Tandem 1
—v— Tandem 2
Tandem 3

@
o
1

[+
=)
1

Relative dose (%)

Depth (cm)
Figure 2. Dose profile using Cobalt-60
radioactive in 2 cm depth.

Cobalt-60 has the highest relative dose
where ovoid 1 is 100% at a depth of 0.95 cm,
ovoid 2 is 98.30% at a depth of -0.95 cm,

tandem 1 is 61.56% at a depth of 0.04 cm,
tandem 2 is 61.06% at a depth of 0.04 cm, and
tandem 3 has a relative dose of 61.08% at a
depth of 0.04 cm. Radioactive Cesium-137 and
Iridium-192 had the same relative dose in each
applicator. The relative dose in ovoid 1 for
both radioactive is 100% at a depth of 1.05
cm, ovoid 2 is 98.97% at a depth of -0.95 cm,
tandem 1 is 61.44% at a depth of -0.05,
tandem 2 is 60.24% at a depth of 0.04 cm, and
tandem 3 is 59.18% at a depth of -0.05. The
similarity between iridium-192 and Cesium-
137 and the difference between the two against
Cobalt-60 may occur due to differences in
average energy. Iridium-192 and Cesium-137
have an average energy of 0.4 MeV and 0.66
MeV, respectively, so they have an energy
difference of 0.26 MeV. However, Cobalt-60
has an average energy of 1.17 MeV so it has a
larger difference of about 0.51 — 0.77 MeV
which affects the dose difference.

Isodose Curve

The isodose curve shows the dose
distribution over a given area at a given depth.
This study uses a radioactive source applicator
that will be separated into 5 sections. The
sections are ovoid 1 which is the section
located at the bottom left position (Figure 3a),
ovoid 2 which is the section located at the
bottom left position (Figure 3b), tandem 1
which is the source located at the center of the
Y voxel direction and the left in the X voxel
direction, tandem 2 which is the source located
after tandem 1, and tandem 3 which is located
after tandem 1 and 2. The colors on the curve
represent the amount of dose distribution
received. The red color represents the location
with the highest level of dose distribution and
the blue color represents the location with the
lowest dose distribution. The location of the
source placement is the same for each
radioactive type. All three types have similar
isodose curves. Figure 3 below illustrates the
radioactive isodose curve for each section of
the applicator.
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Figure 3. Cobalt-60 isodose curve of section: (a) Ovoid 1; (b) Ovoid 2; (¢c) Tandem 1; (d) Tandem 2;

and (e) Tandem 3.

Comparison of Isodose Curves at a depth of
45cm

The isodose curve in each voxel layer will
be different due to differences in the
placement of the radiation source location,
density, and energy used. The difference in
dose distribution can be seen in the parameter
with a color gradation from intense blue to
intense red located next to the isodose curve

image. In this study, the isodose curve is
obtained by cutting the voxel in the Z
direction, so the layers to be discussed are
layers in the z-axis or depth direction.

Analysis of the isodose curves at a depth of
4.5 cm shows variations in dose distribution
for each type of radioactivity used. Cobalt-60
shows the highest dose distribution of 60%,
with the dark red area in Figure 4, while
Cesium-137 and Iridium-192 have the highest
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dose distribution of 50%. The colors in the
isodose curve indicate the level of dose
distribution, with red indicating the highest
dose and blue indicating the lowest dose. The
dose distribution is also outlined in Y and X
voxels for each radioactive type, with the

highest dose area located at the ovoid position.
Colors such as orange, yellow, green, navy
blue, and dark blue indicate decreasing levels
of dose distribution, with distribution values
ranging from 50% to 0%.

(b)

Figure 4. Isodose curves at the 4.5 cm depth for radioactive: (a) Cobalt-60; (b) Cesium-137; and (c)

Iridium-192.

Dose Comparison on Manchester System

Cobalt-60 vs Iridium-192

A comparison of the dose distribution (dose
difference at the same voxel) between Cobalt-
60 and Iridium-192 is shown in Figure 5. The

difference is due to the large energy difference
between the two radioactive types, which is
0.77 MeV. The difference in dose distribution is
seen in the parameter with a color gradation
from intense blue to bright yellow. The
parameter shows that the level of difference in
dose distribution is 0% to 8.5%. The area that
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has the largest dose distribution difference is in
the area around the two ovoids and tandem 1
(Tandem closest to the ovoid), with a yellow
color indicating that there is a dose distribution
difference of about 8.5% in that area. Each part
of the applicator has a dose distribution
difference of 0% — 4%. The locations around
tandem 2 and tandem 3 have a dose difference
between 5% — 6% and around ovoid 1, ovoid 2,
and tandem 1 have a dose distribution
difference of 6% to 8.5%.

Figure 5. Compariéan of Cobalt-60 and
Iridium-192 isodose curve.

Cobalt-60 vs Cesium-137

Cobalt-60 and Cesium-137 have large
difference in dose distribution due to the
difference in average energy between the two
radioactive types about 0.51 MeV (Figure 6).
The difference in dose distribution can be seen
in the parameter with a color gradation from
intense blue to bright yellow. The parameter
shows that the level of difference in dose
distribution is 0% to 7.5%. The area that has the
largest dose distribution difference is around
the two ovoids and tandem 1 with a yellow dose
distribution indicating that there is a dose
distribution difference of about 7.5%.

Figure 6. Comparisxgh of Cobalt-60 and
Cesium-137 isodose curve.

Iridium-192 vs Cesium-137

The dose distribution comparison between
Iridium-192 and Cesium-137 is not as big as the
difference with Cobalt-60 (Figure 7). The
existence of a comparison that is not too large is
caused by the average energy difference
between iridium-192 and cesium-137 of only
0.37 MeV. The highest dose difference is 3.5%
around both ovoid and tandem 1.

Figure 7. Comparisdn of Cesium-137 and
Iridium-192 isodose curve.

Dose Distribution in Manchester System

Each type of radioactivity using the
Manchester system has a different dose
distribution which causes the dose at reference
points A and B to be different. According to
Banahene et al. (2019) point A in the
Manchester system is located at 2 cm above the
tip of the tandem and also 2 cm lateral from the
cervical canal while point B is at a position 3
cm lateral from point A or 5 cm from the
centerline of the tandem (Figure 1) [15]. The
reference point refers to the rectum and bladder
as radiosensitive organs adjacent to the target
volume in cervical cancer. In Cobalt-60, the
dose distribution exposure received by voxels at
reference points A and B was 15.08% and 0%,
respectively. Cesium-137 was 13.37% at point
A and 0% at point B. Iridium-192 had a dose
distribution value at reference point A of
13.27% and reference point B was 0%.

According to Toossi et al. (2012), based on
the ICRU (The International Commission of
Radiation Units and Measurement) report
number 38 recommend the definition of
reference points in the implementation
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procedure. The reference point A dose should
be limited to 80% of the defined point A dose

cancer treatment at Radiumhemmet: 90
years’ experience. Time trends of age,

[16]. Therefore, the three types of radioactivity stage, and histopathology distribution.
used in this study have appropriate reference Cancer Med., 3(2), 284-292.
point values and are not greater than 80%. The 5. Strohmaier, S. & Zwierzchowski, G.
use of the type of radioactive source can be (2011). Comparison of Co-60 and Ir-192
adjusted according to the actual location point sources ih HDR brachytherapy. Journal of
of cervical cancer. Contemporary Brachytherapy, 3(4), 199-
208.
CONCLUSION 6. Carvalho, HA. & Mauro, G.P. (1992).
History of radiotherapy in the treatment of
This study used a tissue phantom of 10 x 10 uterine cervix cancer: an overview. Rev
x 10 m*® with the same radioactive source point Assoc Med Bras., 69(suppl 1), e2023S126.
location for the three types of radioactivity, 7. Zhang, S., Xu, H., Zhang, L., & Qiao, Y.
Cobalt-60, Cesium-137, and Iridium-192. The (2020). Cervical cancer: Epidemiology,
isodose curve in brachytherapy using the risk factors and screening. Chin J Cancer
Manchester system from each radioactive gives Res., 32(6), 720-728.
different results. The three types of 8. Tod, M. & Meredith, WJ. (1953).
radioactivity have reference point values that Treatment of cancer of the cervix uteri, a
are in accordance with the recommendations of revised Manchester method. Br J Radiol.
the ICRU (The International Commission of 26, 252-257.
Radiation Units and Measurement) report 9. Hoskin, P. J. & Rembowska, A. (1998).
number 38, that the reference point A dose Dosimetry rules for brachytherapy using
should be limited to 80% of the specified point high dose rate remote afterloading
A dose. Cobalt-60 received a dose distribution implants. Clinical Oncology. 10(4), 226-
exposure at reference point A of 15.08% which 230.
is the highest relative dose value compared to 10. Eng, T. Y., Cummins, S., & Baake, D.
the radioactive sources, Cesium-137 and (2007). Point A or point H in prescribing
Iridium-192. high-dose-rate (HDR) intracavitary
brachytherapy for cervical carcinoma?
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