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ABSTRACT

Hydrogen gas is a type of alternative fuel for transportation that can serve a number of other potential
needs. Water electrolysis is one way to get hydrogen gas. This study aims to determine the results
of water electrolysis with three catalysts and mixed metal electrodes which are then applied to
generator motor engines. The research method used was an experimental method with variations in
electrolysis using KOH and NaOH base catalysts, H2SO4 acid catalysts, and stainless steel 316
electrodes. The best results for H2 gas production in this study were obtained with a 2M H2S04
catalyst with a gas yield of 244.9mL H2 gas, while The lowest yield in this study was the 1M
concentration of 1M NaOH catalyst of 12.5mL. The best results for H2 gas production were varied
with pertalite fuel and then tested with a generator engine. Testing the generator motor engine is
measured arm length and mass with a machine dynamometer. After testing, the data is obtained
which is then analyzed to obtain the value of torque (Nm) and electric motor power (kW), and
driving motor power (HP). The maximum energy produced pertalite + H2 gas has increased by
2.27KW on the electric motor and power of 4.13HP on the driving motor, while for pertalite fuel
alone the power generated is 1.44kW on the electric motor and power of 2.62HP on the driving
motor.
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INTRODUCTION

Renewable energy is generally opposed to fossil energy. Renewable energy sources are biomass,
animat, solar, air, wind energy and geothermal energy. Fossil energy is found in coal, oil and natural
gas [1]. The main fuels that are often used in general are fuel oil (gasoline and diesel), electricity,
and natural gas. Liquid fuel oil is commonly used in the transportation sector, while electricity and
natural gas are used by buildings and other end users. In particular, the last few decades have seen
significant research and development of electric-powered vehicles, including battery electric
vehicles, hybrid electric vehicles and fuel cell hydrogen vehicles [2], [3]. Even though there has
been a lot of activity in research and development, only a small portion of the use of transportation
energy utilizes this alternative energy [4]. Meanwhile, hydrogen is referred to as an alternative fuel
for transportation that can serve a number of other potential needs [5].

Hydrogen potential development in the future can advance significantly and can change the
energy system because there is a relationship between hydrogen and the electricity system [6], [7].
The unique characteristics of electricity and its long history of converting primary energy sources
such as fossil fuels, nuclear energy and renewable energy sources into electricity [8]. Hydrogen gas
is obtained by carrying out several processes, one of which is by using the water electrolysis process.
Water electrolysis is the event of decomposition of water compounds (H20) into hydrogen gas (H2)
and oxygen (02) using an electric current through the water [9], [10]. H2 gas has the potential to be
used as energy because it is environmentally friendly. H2 gas provides an emission level close to
zero emission.

The process of electrolysis in decomposing water compounds takes place slowly so it requires a
catalyst to speed up the reaction and can increase the amount of hydrogen gas produced [11]. In the
process of electrolysis occurs when the flow of electric current flows through ionic compounds and
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reacts after passing through an electrolyte solution assisted by a catalyst. This happens because the
electrolyte solution contains ions that can move freely after direct current flows [12]. The water
electrolysis process that produces H2 gas can be used to reduce the use of fossil fuels and reduce air
pollution and greenhouse gas emissions, so alternative energy production such as hydrogen gas must
be maximized [13].

Water electrolysis is the process of decomposing water compounds (H20) into oxygen (02) and
hydrogen gas (H2) using an electric current through the water. In the water electrolysis process,
water can be ionized into H2 and O2 in the presence of a large energy flow. By using the usual
electrolysis method, only 4% of the production of hydrogen from pure water requires an electrolyte
solution to maximize production [14].
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Figure 1. Water electrolysis process

Water electrolysis is the process of decomposing water compounds (H20) into oxygen (02) and
hydrogen gas (H2) using an electric current through the water. In the water electrolysis process,
water can be ionized into H2 and O2 in the presence of a large energy flow. Using the usual
electrolysis method, only 4% yields p. At the cathode, two water molecules react by gaining two
electrons, being reduced to H2 gas and hydroxide ions (OH-). Meanwhile at the anode, two other
water molecules break down into oxygen gas (02), releasing 4 H+ ions and flowing electrons to the
cathode. H+ and OH- ions undergo neutralization so that several water molecules are formed again
[15]. The factors that affect the yield of hydrogen production in the electrolysis process include the
following:

Quiality of electrolyte
Electrolytic resistance
Temperature

Pressure

The type of catalyst used
Type of electrode material

ook~ wNE

Hydrogen production from pure water requires an electrolyte solution to maximize production.
A catalyst is a substance that speeds up the rate of a chemical reaction at a certain temperature,
without being changed or used up by the reaction itself. A catalyst plays a role in the reaction but
not as a reactant or product. Catalysts allow it to proceed more quickly or allow it to occur at lower
temperatures due to the changes it induces in the reactants. The catalyst provides an alternative
pathway with a lower activation energy [16]. Catalyst reduced energy needed for reaction.

Compounds such as acids, bases, and salts that can conduct electric current can be used in the
electrolysis process. The presence of ions in solution causes conduction events and when an electric
current is passed through the solution, electrons will move between the ions. As a catalyst H2SO4
(acid) functions to accelerate the decomposition of water into hydrogen because the catalyst ions
can affect the balance of water molecules into H+ and OH- ions which are easier to electrolyze due
to a decrease in activating energy [17].
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In water electrolysis, electrical energy is obtained from DC power that flows through cables
connected to the electrodes. Compound water (H20) which is electrified, it will react and break
down into oxygen (O2) and hydrogen gas (H2). To speed up the decomposition process, a catalyst
solution will be added to the electrolysis vessel to accelerate the decomposition. After the H20
decomposes, the hydrogen gas that has been produced will be put into a tube which will later produce
hydrogen gas whose volume will be measured.

HoO(l) + 2€ = Hy(g)+20H (aq)

Cathode

H,0(1) - 0,(g)+4H* (aq) + &

anode
+

Power supply

Figure 2. Water electrolysis work system

In the implementation of this research carried out with the following steps.

1. Determining the variables that are carried out, namely everything that will be the object of
observation in any form of research so that later it is determined to be studied so that information
can be obtained from the test. Here are the variables used. Varying the concentration of the
catalyst to be used varies KOH 1M, 2M and 4M then NaOH 1M, 2M and 4M and finally H2SO4
1M, 2M and 4M which will be mixed with water (H20).

a) Independent variable
Using a mixture of catalyst concentrations (KOH catalyst with concentrations of 1M, 2M
and 4M; NaOH catalyst with contrasts of 1M, 2M and 4M; H2SO4 catalyst with
concentrations of 1M, 2M and 4M).

b) Dependent variable
Water (H20) as the electrolyzed material and the SS316 electrode which is electrified.

¢) Controlled variable
The time used in this electrolysis process is 5 minutes, 10 minutes, and 15 minutes.

2. Test the electrolysis device to determine the strength of the current flowing during the
electrolysis of water by holding the electrolysis time of 5 minutes, 10 minutes and 15 minutes to
determine the results of the gas produced.

3. Retrieval of test results data, namely observing the test object and recording the data generated
by the tool test.

4. Data processing, namely the data that has been obtained is then arranged to be more perfect or
processed according to what is needed. Data processing is made in tables, in this thesis research
the data obtained from testing includes:

a) the yield of hydrogen gas,
b) electric current, and
C) generator characteristics.

5. Discussion, data analysis is carried out on the results obtained from the research and discussed
based on existing literature studies.

6. Conclusion, the tests that have been analyzed and discussed are then summarized in conclusions.
Water Electrolysis Procedure with the Addition of KOH, NaOH, H,SO. Catalyst
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e taken as much as 1000mL

e poured into a container containing 112grams of KOH, NaOH, H,SO. (to make KOH,
NaOH, H.SO4 2M)

put into the electrolysis apparatus = 750mL using injection

tightly closed electrolysis tube and attached a hose for gas flow

attached to the battery on the electrolysis device, then turned on

Observe what happens for 15 minutes

recorded the strong current flowing at 5 minutes, 10 minutes, and 15 minutes of electrolysis

Hasil

Figure 3. Water electrolysis device

method of measuring the flow rate of hydrogen gas from the results of electrolysis of water using
a gas flowmeter connected to the hydrogen gas outlet valve.

DISCUSSION
Production of Electrolyzed Hydrogen Gas with a Catalyst

Comparison of the results of the volume of H2 gas produced at each catalyst concentration mixed
during the water electrolysis process results as follows.

Graph of the volume of H2 gas produced at a concentration of
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Figure 4. Graph of the volume of H2 gas produced from the electrolysis of water with a catalyst concentration of 1M
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Figure 4 shows a comparison of the yield of H2 gas when using a catalyst concentration of 1M.
The best H2 gas production results were obtained when using an H2SO4 catalyst of 152.7 mL. In
the use of NaOH catalyst, the lowest yield is 12.5 mL.

Graph of the volume of H2 gas produced at a concentration of 2M
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Figure 5. Graph of the volume of H2 gas produced from the electrolysis of water with a catalyst concentration of 2M

Figure 5 shows a comparison of the yield of H2 gas when using a catalyst concentration of 2M.
The best H2 gas production results were obtained when using an H2SO4 catalyst of 244.9 mL. In
the use of KOH catalyst, the lowest yield was 15.5 mL.

Graph of the volume of H2 gas produced at a concentration of 4M
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Figure 6. Graph of the volume of H2 gas produced from the electrolysis of water with a catalyst concentration of 4M

Figure 6 shows a comparison of the yield of H2 gas when using a catalyst concentration of 4M.
The best H2 gas production results were obtained when using a KOH catalyst of 58 mL. Using the
H2S04 catalyst, the lowest yield was 16.9 mL.
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TABLE |. COMPARISON USING THE THREE CATALYSTS

Indicator

KOH

NaOH

H2SO4

Catalyst type
Current flowing during

electrolysis

Solution change after

electrolysis

The reactions that occur

in electrolysis

Strong Base
The more additional
catalysts added, the higher

the current flowing

from the results of
electrolysis, a colorless
solution was obtained and
without precipitate, which
means that the electrode
that is undergoing

oxidation is hydroxide ion

2H;0q) = 2Hzg) + Oz(g)

Strong Base
The more additional catalysts
added, the higher the current

flowing

from the results of
electrolysis, a colorless
solution was obtained and
without precipitate, which
means that the electrode that
is undergoing oxidation is

hydroxide ion

2H,0q) = 2Hyg) + Oz(g)

Strong Acid

If the addition of too much
catalyst, the strength of the
flowing current will be lower
because sulfate ions cannot
be electrolyzed, what is
electrolyzed is water.

From the results of
electrolysis, a green, bluish
green, and blue solution was
obtained, which means that
the anode that is undergoing
oxidation is the SS316
electrode which contains the
elements Fe, Cr, and Ni.
HyS04 4y + 2H,00) + Fegs)
- 2H+(aq) +20H (4q)

+ Hy(g) + FeSO,4

H,S04 4y + 2H,00) + Cri
= 2H* (gq) + 20H (4
+ Hygy + CrS04

H,S04 4 + 2H,00) + Nig)
= 2H" (4q) + 20H (4
+ Hyggy + NiSO4 4

Characteristics of the Use of Mixed Hydrogen Fuel

Based on the data obtained from the test results on the ET 1500L gasoline generator using pure
pertalite fuel and testing using pertalite fuel added with H2 gas in the intake manifold, each use of
fuel has its own characteristics. When using pertalite fuel, added H2 gas which is injected into the
intake manifold has a better torque than using pure pertalite fuel. Other characteristics can be seen

in Table Il as follows:

TABLE Il. COMPARISON OF FUEL USE

Information Pertalite 100% Pertalite + H,
Loads that can be received at a speed 2.6 Kg 4.105 Kg
of 300Rpm
generated torque 4.59 Nm 7.24 Nm
Electric Motor Power 1.44 kW 2.27 kW
Drive Motor Power 2.62 HP 4.13 HP

Based on Table |1, a graph of the characteristics of the ET 1500L gasoline generator can be made
to determine the increase in the characteristics of the generator as follows:
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Graph of Gasoline Genset ET 1500L Characteristics
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Figure 7. Gasoline genset ET 1500L characteristics

Figure 7 shows that the characteristics of the ET 1500L gasoline generator experienced an
increase in characteristics after adding H2 gas which was injected into the intake manifold. The
characteristics obtained are better than using pure pertalite fuel, both in terms of torque values,
electric motor power and driving motor power.

Based on the data obtained from the test results on the ET 1500L gasoline generator using pure
pertalite fuel and testing using pertalite fuel added with H2 gas in the intake manifold, each use of
fuel has its own characteristics. When using pertalite fuel, added H2 gas which is injected into the
intake manifold has a better torque than using pure pertalite fuel.

After testing on the ET 1500L gasoline generator engine, it was found that when using pertalite
fuel, H2 gas was added which had been injected into the intake manifold to produce a torque of 7.24
Nm. The maximum power generated by pertalite fuel is added with H2 gas which has been injected
into the intake manifold of 2.27 kW, with a power of 4.13 HP.

CONCLUSION

The use of a catalyst as an increase in production results is in accordance with the theory of
electrolysis of water with a mixture of catalysts. In this experiment, the best results were obtained
using a mixture of strong acid solutions, namely at a concentration of 2M of 244.9 mL for 15
minutes. The H2SO4 solution contains sulfate anions which cannot be electrolyzed so that when
electrolyzed water is used as the solvent, so that more H2 gas is produced. However, in the H2SO4
solution, the higher the concentration of the solution, the lower the production of H2 gas due to the
large number of sulfate anions that cannot be electrolyzed, thereby inhibiting the electrolysis of
water. The characteristics of the ET 1500 Gasolin generator motor which uses pertalite fuel and is
mixed or injected with hydrogen gas in the intake manifold has increased compared to using pure
pertalite. Evidenced by the electric motor power produced pertalite + H2 gas has increased by 2.27
kW and the power of the driving motor is 4.13 HP while for pertalite fuel alone the electric motor
power produced is 1.44 kW and the driving motor power is 2.62 HP.
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