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The purpose of this research is to utilize bamboo as an energy-harvesting material.
Energy harvesters are produced from nanomaterial-sized bamboo. This research aims to
make bamboo nanomaterials with a high-energy milling process without heat treatment
as a producer of electrical energy. Bamboo nanomaterials contain a chemical composition
of C, O, Si, and K with a more positive electrical charge. The addition of NaOH
negatively charges the electrolyte solution due to the presence of OH-. The concentration
of NaOH specifies the production of electricity because the energy gap decreases from
0.48 eV to 0.39 eV. During the electricity generation process, some of the Al electrodes
dissolve into the electrolyte and form a more regular crystal structure so that the energy

gap decreases further to 0.28 eV, which has a stronger electricity generation capacity.
The electrical voltage produced in the battery cell is around 768 mV.

1. INTRODUCTION

Increasing economic and technological growth demands a
higher energy supply. This matter results in excessive
consumption of fossil fuels, resulting in increased CO,
emissions that trigger global warming. This matter highly
requires carbon neutrality [1, 2]. Fossil fuels remain
significant in meeting current energy needs. Therefore,
developing an effective and renewable energy system is a
challenge. Energy is a necessity in every healthy economy [1].
Energy storage is a technology that generates renewable
energy and converts it into an efficient electricity grid. The
electrostatic force in electrolyte solutions can convert
chemical energy into heat energy [3]. Battery development
requires innovation in solutions, electrodes, work cycles, and
the development of natural materials [4]. During use, the
electrolyte solution sticks to the electrode surface, causing
dendrites to appear [3], which can affect the service life. The
need for environmentally friendly energy generation can grow,
and energy storage technology can be relied on.

Nature has the potential for energy sources, both renewable
and non-renewable [5, 6]. Sodium atoms are a very abundant
and easily found element at low cost and can be used as a
substitute for lithium in batteries [1]. In addition, the ion has a
radius of 1.02 A, and Nal+ electrons in the outer shell. Sodium

undergoes oxidation to 1 and an electronegativity value of 0.93.

While lithium has a radius of 0.76 A, Lil+ electrons in the
outer shell undergo oxidation to +1, and an electronegativity
of 0.98. In addition, electrolyte decomposition and electrode
degradation can reduce battery life. Sodium is more common
than lithium because it is cheaper and can save costs. Bamboo
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is developing into a composite material and energy producer.
Bamboo has carbon, oxygen, and hydrogen components [7,8].
Atoms bond with each other by forming a honeycomb
(hexagon). In addition, this content also contains
hemicellulose, lignin, and cellulose [9]. The cellulose structure
is formed from Van der Waals forces during natural processes
so that the cellulose becomes strong (forms crystals) [10] into
bamboo. Monosaccharides are the simplest carbohydrate
compounds used for energy. Carbohydrate compounds have a
D-glucose structure, with carbon, oxygen, and hydrogen
content. Molecular bonds in carbohydrates form 1,4-beta
glycosidic [11, 12] cellulose structures connected with O as
long chains [8]. Oxygen binds cellulose into long chains,
micro fibrils, and crystalline and noncrystalline regions.
Research developments are leading to nanomaterials and
fibers. Bamboo will develop towards micro materials.

Nanomaterials are the manufacture of nanoscale materials.
The manufacture of nanoscale materials is divided into two:
top-down and bottom-up [13]. Top-down and Bottom-up
developments have weaknesses such as limited end products
(size), reprocessability, long reaction times, and require large
materials. Top-down is an approach to making materials into
nanotechnology [3]. Nanotechnology is developing as
nanocomposites, nanocrystals, carbon nanotubes, nanobands,
and semiconductors (nanocrystalline). Kinetic energy gives
the ball the energy to change the shape of the material. Energy
ball milling can reduce particle size, increase pore volume, and
modify chemical composition.

The development of materials from micro to nanomaterials
requires a process called High Energy Milling (HEM). HEM
is a process of materials from micro to nanomaterials, by
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changing the material from crystalline to amorphous [14, 15].
The smaller the size of the material, the easier it is for
collisions to occur resulting from electrostatic forces, higher
strength, interatomic forces, elasticity, and chemical stability.
Nanomaterials can accelerate ion migration and may increase
the reversibility of conversion reactions. High Energy Milling
is an approach to producing amorphous materials [16]. HEM
can cause materials to become deformed, and dislocated, and
materials to be destroyed or split. Steel ball induces physical
and chemical properties on the surface through kinetic energy
[17].

In general, the chemical structure of bamboo will change
from CsH120 to CsHi» when undergoing a thermal process and
become activated carbon. Activated carbon can be a good
material for creating energy. Bamboo is modified into
nanoparticles [18] through a high-energy milling process.
Steel balls change crystalline bamboo into amorphous material
using the High Energy Milling process. Sodium oxide mixed
with water and bamboo produces minute dipole-dipole
interactions. The positive electrode will attract negatively
charged electrons. The negative electrode will attract
positively charged electrons. Redox reactions occur between
electrodes and electrolyte solutions through the laws of
thermodynamics.

Bamboo nanoparticles without heat treatment as energy
harvesting materials. Energy harvesters are produced from
chemical energy to get electrical energy. The energy harvester
produced from bamboo nanoparticles can provide power
during the day and night. The development of bamboo
nanoparticles as a green energy material must have ionic
conductivity, lower cost, and safety. The manufacture of green
energy materials without heat treatment is a change in the
structure of cellulose/phenol into activated
carbon/honeycomb/benzene [19]. Therefore, energy is needed
to convert bamboo into activated carbon. Cellulose in
activated carbon requires heat energy to release the oxygen
contained. The heat treatment process takes time and energy.
The time and energy spent result in increased production
process costs. Therefore, researchers are trying to reduce
production costs by offering a process without heat treatment.
This study aims to produce an electrolyte solution from
bamboo without heat treatment will reduce production costs
and last longer.

2. MATERIALS AND METHODS OF RESEARCH

Bamboo nanoparticles as green material. Green material is
an energy-producing material in the form of electrolyte
solutions. Nanoparticles can generally dissolve in various
types of solutions. Sodium oxide in solution can increase the
pH and the nature of the solution to become alkali as an
electrolyte solution [20, 21]. Bamboo nanoparticles join in
with sodium solution [22]. In this study, bamboo nanoparticles
were reacted with sodium to produce energy.

2.1 Preparing nano bamboo material

In the first stage, the top-down method was applied to
change the bamboo from large to small. Bamboo is cut into 50
cm, then split into 4-8 pieces. The bamboo is then cleaned and
dried in the sun until dry. Next, the bamboo is mashed with a
planer machine. The powder from the planer machine is then
blended until smooth and sieved with a 200 mesh (74 pm)
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sieve. Bamboo that has reached a size of 200 mesh is then
blended further until soft and then sieved using a 400 mesh (37
pm).

Figure 1 is the bamboo-making process. Bamboo particles
that have reached a size of 400 mesh and crashed using the
high energy milling (HEM) method, namely the process of
particle collisions with balls in a chamber [23]. Bamboo that
has received HEM treatment will produce chemical reactivity
[24]. The HEM process is as long as 6 x 24 hours with 240
cycles per minute. Particles trapped between two colliding
balls will break, experience shear, and crack [25]. Centrifugal
forces within the collision chamber cause particles to impact
one another [26]. Continuous collisions cause nano cracks in
the bamboo, and size changes to micro/nano size and
production chemical reactivity.

Figure 1. Bamboo nanomaterial manufacturing

2.2 Electrolyte reaction

The testing stages are to make an electrolyte solution using
bamboo nanoparticles and NaOH. This study used 1.20 grams
of bamboo and 1.30 grams of NaOH. The first stage is to
dissolve NaOH in distilled water in a measuring cup. In the
second stage, bamboo with aquadest water. The NaOH
solution and bamboo solution are stirred evenly in a measuring
cup. The mixed solution becomes an electrolyte solution.
Electrolyte solutions produce exothermic reactions, allowing
the ions in the solution to move.
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Figure 2. Electric current measurement method

Figure 2 is the process of testing electrolyte solutions in
generating power. Figure 2 shows the test apparatus diagram
consisting of two aluminum electrode sheets wrapped in
acrylic on the top and bottom. The electrolyte solution of
bamboo + NaOH solution in aquadest water is injected
between the two aluminum electrodes.

The next step is the measurement of electrical voltage (V).
The electrolyte solution contains cellulose, sodium, OH", H>O,



and H' structures. These elements play a role in producing
electrical energy.

2.3 Chemical properties and morphology

This study aims to determine the physical, chemical, and
morphological properties of the materials made by conducting
tests including Scanning Electron Microscope (SEM), Energy
Dispersive  X-ray Spectroscopy (SEM-EDS), Fourier
Transform InfraRed (FTIR), and Ultra Violet-Visible (UV-
VIS) [8]. SEM testing determines the surface structure, size,
and chemical composition of bamboo [8] and NaOH. Analysis
using EDS (Energy Dispersive X-ray spectroscopy) and SEM-
EDS testing using a Quanta FEG 650 machine equipped with
an Oxford X-Act instrument as an EDS detector [8]. FTIR
(Fourier Transform InfraRed Spectroscopy) testing using
shimadzu IR Prestige 21 [8]. FTIR testing to measure wave
absorption and functional groups contained in bamboo.
Bamboo absorption length 400 - 4000 cm™'. UV-Vis testing
using Specord 200 Plus, Jena Analytics. The emitted
wavelength is in the range of 200 - 1100 nm. Studio material
simulation looks at the size of the energy gap in the material.

2.4 Energy quantum

UV-Vis testing determines light absorption and wavelength.
The emitted light will be absorbed by the material based on the
size of the material. In addition, the absorption results also
show a wavelength with a range of 200 - 800 nm. This can
increase the ability of bamboo nanoparticles to interact in
electrolyte solutions. Testing using bamboo samples,
electrolyte solutions, and electrolytes attached to the electrode
parts [8]. The results of UV-Vis testing can calculate the
energy gap based on the quantum energy equation.

Speed of light

E =P
nergy lank Contant X Wavelength

(1)

Eq. (1) is a formula for calculating the amount of gap energy.

The amount of energy absorbed can be visible from the test
results. The sample absorbs energy from the light that passes
through the slit and then to the detector. UV-Vis testing
measures the wavelength and measuring Homo — Lumo in
kcal/mol [8, 27].

3. RESULTS AND DISCUSSION

3.1 The voltage generation from bamboo, NaOH and
aluminum electrodes

Figure 3(a) shows that the bamboo + NaOH electrolyte can
produce an electric voltage of around 768 mV. The voltage
produced comes from the increasing temperature
(thermodynamics). With increasing temperature, there is an
interaction between molecules in the electrolyte solution
shown in Figure 3(b). The increase in room temperature causes
NaOH to vibrate and produce dipole-dipole moments. The
dipole moment produces Van der Waals forces [28] and
electrostatic forces are created on the ions. Na with
positive/polar/oxidation ion content begins to bother with
bamboo in the electrolyte solution [4]. Na as positive/polar
ions, will seek negative ions and interact with attractive forces.
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Oxidized sodium can interact with oxygen (reduction) interact
with bamboo, sodium, and hydrogen. Water molecules interact
with Na + cations. This interaction involves OH-, which is
more often decomposed in solution [29]. Thus, Grotthuss
mechanics plays a role in the occurrence of attractive forces
[30]. Redox reactions occur in electrolyte solutions, causing
ions to move towards the electrodes (anode and cathode).

Figure 3(a) also shows a decrease in electrical voltage with
each test repetition. The largest decrease occurred between the
first and second repetitions, which dropped from 768 mV to
600 mV. While from the third repetition and so on, the voltage
decrease was very small and tended to be stable at around 520
mV. The increased temperature causes interaction between
bamboo and NaOH. Sodium has interacted with cellulose, and
there is an attractive force between [8] Na and C atoms. Thus,
Na more easily releases electrons into the electrolyte solution.
Bamboo has alkene, alkane, and phenol functional groups that
release hydrogen [8, 31]. This will be examined in more detail
with the FTIR test results in Figure 4. This mechanism was
also tested using a molecular operating environment (MOE)
simulation, namely a simulation to see changes in polar and
nonpolar atoms. Polar atoms will experience an attractive
force while nonpolar atoms will be stable as shown in Figure
3(b).

Figure 3(Db) is the interaction of cellulose, sodium, and water.
Bamboo has a short cellulose structure and is a natural alkane,
and phenol can release hydrogen when dissolved. The released
hydrogen forms a dipole-dipole moment and produces an
attractive force between atoms [8], namely the Van der Waals
force [28], and a new chemical bond occurs. This interaction
indirectly increases the temperature. Electrolyte solutions
contain [8] sodium, oxygen, potassium, and hydrogen atoms
[8]. These elements can be oxidized, but some are reduced.
Atoms that have polar properties can be oxidized in electrolyte
solutions and move randomly or collide, increasing the
temperature. Atoms that move freely in solution have
hydrophilic  properties, higher electronegativity, and
ionization energy. lonic interactions affect charge transfer and
electrolyte mobility. The easier an atom moves, the more ionic
the atom is. Sodium can improve transport and facilitate
electrolyte performance [32].

Cellulose that decomposes from thermodynamic reactions
circumstantially releases electrons [33]. Atomic bonds are off
because their internal energy (enthalpy) is not as high as the
energy in the electrolyte solution. Thus, atoms dissolved in
electrolyte solutions have polar properties and are easily
oxidized. Oxidized atoms try to interfere with atoms in the
electrolyte solution. In addition, atoms break down into
positively and negatively charged ions.

Ionic atoms C can change into cations and anions, which
can attach to the electrode surface [34, 35]. Cation ions are
formed on the anode surface, while anions form on the cathode
surface. The ions formed can be seen from the SEM EDX test
results in Figure 3. The cation ions then donate electrons to the
electrode (anode), and the electrons are attracted to the
electrode [8]. The electrons are then channeled by the copper
conductor to the measuring instrument to read the resulting
voltage. Electrons that pass through the multitester then flow
to the cathode electrode and collect with anions. The anions
formed have sufficient solubility in the electrolyte [36].
Oxidation causes oxygen and hydrogen to become unstable.
Unstable atoms experience decreased capacity during the
testing process. The advantages of aqueous electrolytes are
safety factors, ion conductivity, and low cost.



1.0 T T T T T T
0.9 1

0.8

0.7 1

Volt

Tesiing 1
Testing 2
0 3 o Testing 3

Testing 4

0.2

Testing §

Test average

0.1+

(1) L P

T T |
40 60 80 100 120 140 160 180
Second (s)

(a)

200

(b)

Figure 3. Results of stress testing and calculations: (a) Resulting stress; (b) Interaction of oxygen with Na using molecular
operating environment simulation

3.2 SEM testing

SEM-EDX testing provides an overview of the sample size
of the composition contained in the material. Figure 4(a) SEM
test with 20 micro magnification has various sizes. The
difference in size comes from the HEM process. During the
HEM process, bamboo undergoes micro cracks into
nanoparticles. When the sample is tested, nanomaterials
accumulate in the grains to be composed untidily. The
arranged particles have amorphous properties. The results of
the SEM-EDX test indicate a relatively high carbon content in
bamboo. Carbon content is handy in producing energy. Figure
4(a) shows a carbon content of 59.28%, oxygen of 39.16%,
silica of 0.54%, and potassium of 1.02%. Analysis with
Image] shows a very bright surface colour of the bamboo
sample. The sunny surface contour indicates the great positive
ion content.

Figure 4(b) shows the results of testing cellulose mixed with
NaOH. When compared to Figure 4(a) and Figure 4(b)
bamboo occurs accumulation. The accumulation occurs
influenced by water and NaOH. Bamboo and NaOH
experience an attractive force interaction that causes bamboo
and NaOH to have a long structure. Thus, bamboo and NaOH
arrange themselves into long cellulose chains. The
arrangement causes bamboo and NaOH to have nonpolar
properties and a mixture of negative energy. The oxygen
content is 49.2%, carbon 35.7%, sodium 14.8%, and
potassium 0.2%. The increase in the amounts of oxygen from
39.16% to 49.2% occurs due to the addition of NaOH. The
results of ImageJ analysis show a darker surface compared
with pure bamboo. Indicate an increase in negative ions
(electrons) in the electrolyte due to the increasing amount of
OH" from NaOH.

Figure 4(c) results of testing bamboo cellulose with a higher
NaOH concentration, Na increased from 14.8% to 17.3%. The
results of Imagel] analysis show that the surface of the
electrolyte solution becomes much darker. This shows that the

692

addition of NaOH can increase the number of negative ions in
the electrolyte. The more negative ions the electrons are more
easily excited from the valence band to the conduction band
[37]. This causes the energy gap to be smaller than the
molecules in the solution. The explanation will be discussed in
more detail in Table 1, the following DFT simulation and UV-
Vis test. The results of SEM testing showed the formation of
rectangular (clusters). The formation of clusters causes the
energy in bamboo to increase and negative ions to increase in
the electrolyte solution. Energy and negative ions increase
resulting from water and NaOH.

Figure 4(d) shows the results of electrolyte testing after the
electrical energy production process between the aluminium
electrodes. In Figure 4(d), the surface structure becomes small
and triangular, while in Figures 4(b) and (c), the surface
structures are larger and longer. After the voltage test, as
shown in Figure 4(d), there is a change in the shape of the
surface structure, which becomes small and triangular. The
ions have flowed to the cathode and anode. So that the energy
contained in the electrolyte solution is exhausted. SEM-EDS
testing point that the oxygen content is 13.6%, carbon 74.8%,
sodium 4.8%, and aluminium 6.9%. The SEM test results
show that the size of bamboo particles is smaller than in Figure
4(c). The bamboo that has been tested releases many electrons
and is caught by the electrodes during the testing process. The
release of electrons causes the bamboo cellulose to decompose,
and oxygen will bind to the electrode surface to become
aluminium oxide. As a result, the percentage of O in the
electrolyte decreases, and C increases. In part, Al electrodes
are too close to the electrolyte and form alumina crystals with
regular shapes as shown in the SEM photo. This regularity
narrows the energy gap, which facilitates the flow of electrons
to produce electrical energy. The results of the ImagelJ analysis
show that the color of the electrolyte surface looks brighter
with a positive value compared to Figure 4(c). That indicates
that the electrons in the electrolyte solution have been excited
into electrical energy.
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3.3 Functional groups

FTIR testing can determine wave absorption and functional
groups. The van der Waals force formed can form cellulose.
The cellulose formed will create a crystal region. The
crystalline region in cellulose will form functional groups.
Functional groups in cellulose include alkenes, aromatic rings,
alkanes, and phenols [27]. The functional groups of alkenes C
— H, aromatic rings C — H, alkanes C — H, and aromatic rings
C = C [8] can release hydrogen. The hydrogen bonds released
will interact with the electrolyte solution [8].

Figure 5 shows the results of FTIR testing with four (4)
samples, namely bamboo (black line), bamboo + water +
NaOH (red line), bamboo + water + NaOH + NaOH (blue line),
and bamboo + water + NaOH + NaOH on the electrode surface
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(purple line). In the first sample (black line), the alkene
functional group C-H is seen at wave number 675 - 995 cm™!,
and C-H [38] stretch at wave number 2850 - 2970 cm™! [39,
40], which dominates the positive ions see Figure 4(a). Figure
5 Light absorbed by nanoparticles has a short distance. This
occurs in bamboo with nanoparticle size, seen from the top,
and nearby bees [8].

This C-H stretch indicates that bamboo particles contain
high total energy due to HEM treatment. In the second and
third samples (red and blue lines), the C=C functional group
appears at wave number 1610 - 1680 cm™ [41], and the C-H
functional group at a frequency of 675-995 cm™, an alkene
compound. This shows that NaOH added to bamboo
decomposes lignin into aromatic rings that make electrons
delocalized and then excited to the surface producing the



surface of the electrolyte particles more negatively charged,
and the alkene [42] functional group dominates the positive
ion shown in Figures 4(b), (c). In the fourth sample (purple
line), the C-H stretch functional group appears again at a
frequency of 28502970 cm™. This shows that the electrolyte
(bamboo + NaOH + NaOH + water) that has been used has
undergone further deformation that makes its electrons more
mobile as indicated by the decrease in the energy gap, which
will be discussed in Figures 6, 7, and Tables 1, 2. Figure 5
(purple line) There is a difference (red and blue lines) the
difference occurs in the graph. The purple line shows the
energy contained in the bamboo has been broken down into
electrical energy (Figure 3). Thus, FTIR testing shows that
light absorption is close. The peaks and valleys become further
apart because there is energy contained in the bamboo.

3.4 Wavelength
Orbital DFT simulations were used to determine the band

gap and Homo — Lumo for each sample. Figures 6(a) and (b)
are the results of 3D simulations of the bamboo cellulose

(2)

model and the bamboo interaction model with NaOH,
respectively.
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Figure 6. DFT orbital simulation, (a) Cellulose bamboo model, (b) Cellulose bamboo + NaOH interaction model, (¢) Homo
bamboo, (d) Lumo bamboo, (¢) Homo bamboo + NaOH (f) Lumo bamboo + NaOH, (g) Homo bamboo + NaOH + NaOH, (h)
Lumo bamboo + NaOH + NaOH
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Figures 6(c)-(d) are results of DFT simulation to determine
Homo — Lumo in bamboo cellulose. Table 1 bamboo shows
the energy at Homo -0.2727 eV in Figure 6(c) and Lumo
0.02266 eV in Figure 6(d). Thus, the cellulose bamboo
electrolyte solution has an energy gap of -0.2953 eV, the
energy needed by electrons to pass through the band gap in
bamboo. The energy comes from the electrostatic force in the
electrolyte solution.

Figures 6(e)-(f) simulation results of bamboo+NaOH
electrolyte solution. The transfer occurs in the carbon-oxygen
group by binding Na atoms through the redox reaction process.
The transfer of liquid Na ions is adsorption on the oxygen
atoms of the O-H group [43]. Table 1 presents Homo =-0.2667

eV in Figure 6(e) and Lumo = 0.0437 eV in Figure 6(f) of
bamboo+NaOH with an energy gap of -0.3104 eV.

Figures 6(g)-(h) results from the Homo-Lumo simulation of
bamboo+NaOH with more NaOH added. The result of DFT
simulation Table 1 bamboo+NaOH+NaOH shows Homo
energy -0.2630 eV in Figure 6(g) and Lumo 0.0180 eV in
Figure 6(h) with energy gap -0.2810 eV. This indicates that
adding more NaOH lowers the energy gap so that electrons are
more easily excited. The addition of NaOH to bamboo lowers
the total energy from -2663.463858 kcal/mol to -726.149556
kcal/mol, which means the distance between atoms is getting
stretched so that it is easier for electrons to be excited [8].

Table 1. Homo-Lumo DFT simulation

Name HOMO LUMO Bandgap Total Energy

Bamboo -0.2727 eV 0.0226 eV -0.2953 eV -2663.463858 kcal/mol

Bamboo+NaOH -0.2667 eV 0.0437 eV -0.3104eV  -726.098021 kcal/mol

Bamboo+NaOH+NaOH -0.2630eV  0.0180eV -0.2810eV  -726.149556 kcal/mol

Table 2. Homo-Lumo energy absorption
No. Sample Peak Absorption (nm) E=hc/A(eV) E (eV) Homo-Lumo (kcal/mol)

202 6.13 139
1 Bamboo 219 565 0.48 128
212 5.84 132
2 Bamboo + NaOH 227 545 0.39 124
216 5.73 130
3 Bamboo+NaOH + on the electrode surface 227 545 0.28 124

UV-Vis testing determines the sample's energy gap from the
wavelength of light absorbed. From Figure 7, it seems that
bamboo (black line) absorbs light with a wavelength of 202
nm and 219 nm. The emitted light is captured by the bamboo
and then absorbed. The absorption results indicate the size of
the bamboo. The smaller the size of the bamboo, the shorter
the wave absorption, so it affects the energy gap. Table 1
Bamboo has an energy gap of 0.48 eV, while bamboo mixed
with NaOH and aluminum has a small energy gap. The energy
gap of bamboo is great and is an insulator. With the addition
of NaOH, the energy gap becomes small at 0.39 eV. So
bamboo has green energy properties as a result of electrical
energy.

50 T T T T
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40
35—-
30—-
25—-. .

20

Absortbance (a.u)

T T T
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Figure 7. UV-Vis testing, and quantum size
Bamboo + NaOH (red line) have absorption of 212 nm and

227 nm. The results of the UV-Vis test indicate that bamboo +
NaOH nanoparticles can work as semiconductor materials.
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The bamboo + NaOH electrolyte sample that has been used on
the electrode (blue line) shows wave absorption of 216 nm and
227 nm. From the peaks of this wavelength absorption, the
energy gap for bamboo, bamboo + NaOH, and bamboo +
NaOH that have been tested on the electrode as shown in Table
2. From Table 2 shows that the results of the UV-Vis test also
show a tendency for the same results as the DFT simulation,
namely the addition of NaOH to bamboo reduces the
electrolyte energy gap. The use of bamboo + NaOH electrolyte
on the electrode reduces the energy gap due to crystallization
as explained by the results of the SEM test in Figure 4(d).

From here it can be revealed that the treatment of HEM
cellulose bamboo into nanoparticles without thermal treatment
can be an effective and environmentally friendly source of
electricity generation if mixed with NaOH.

4. CONCLUSIONS

1. Bamboo nanoparticles produced from the top-down
process with high-energy milling without thermal treatment
can produce a voltage of 768 mV when mixed with NaOH.
Voltage is an improvement from increased temperature and
OH- atoms with excess electron change in the electrolyte
solution.

2. Increasing the amount of NaOH added to bamboo in the
electrolyte further reduces the energy gap so that electrons can
more easily jump to the conduction band and produce more
electrical energy. The energy gap of bamboo is 0.48 eV, and
the addition of NaOH solution and the energy gap of the
aluminum electrode becomes 0.28 eV.

3. The interaction of bamboo electrolyte plus NaOH with
aluminum electrodes results in the formation of finer and more



regular crystals due to the dissolution of aluminum into the
electrolyte to form AlLOs crystals. The formation of these
crystals further reduces the electrolyte energy gap so that the
number of electrons flowing to the electrode becomes very
high.
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