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ABSTRACT

This study aims to analyze the effect of the type of electrode in the electrolysis of seawater for the
production of hydrogen gas. The methods used include two types of electrodes, namely copper and
aluminum and also design tools for electrolysis of seawater. Data collection is carried out every 20
minutes, the electrolysis process takes place at a constant voltage of 12 volts. The results obtained
showed that the copper electrode produced 732 ml of hydrogen gas and a lifetime of 820 minutes with
an average rate of 0.893 ml/minute and the highest hydrogen yield of 3.83% at 400 to 440 minutes while
the aluminum electrode produced 693 ml of hydrogen gas. and a lifetime of 680 minutes with an average
rate of 1.019 ml/minute and the highest hydrogen yield of 5.92% at 120 minutes.
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Introduction

As the human population increases, the
need for energy also continues to increase.
Currently, the main energy used still relies on
fossil energy, one of which is crude oil which
is processed into fuel oil (BBM) which is
used in world transportation and industry.t
The increase in energy consumption
increased by 1.3% from 2019, a decrease
compared to the average annual increase in
energy consumption for the past 10 years.?
Due to the limited availability of fossil
energy and in producing carbon dioxide
(CO2) gas emissions in the earth's atmosphere
which have an impact on global warming,
renewable energy resources that come from
nature and are environmentally friendly are
needed so that the energy needed by humans
can be fulfilled and does not reflect the
environment.

There are several renewable energy
sources, one of which is hydrogen gas.
Hydrogen gas is the gas that has the highest
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concentration, which is 75% formed in the
universe and 90% is inhibited in nature. On
earth, hydrogen combines with the element
oxygen to form a compound HO called
water.> Hydrogen gas is a better energy
storage medium compared to other fuels,
because it has a high heat value. The energy
density of hydrogen is 140 MJ/kg, while the
energy density of solid fuels is generally only
50 MJ/kg.*4

Hydrogen on earth is not freely available,
but is produced industrially.® Electrolysis is
an effective and simple method for the
production hydrogen gas. The hydrogen gas
produced has a higher purity level than
conventional methods.® The level of purity of
the gas produced is 99.9% and can be used as
a reaction for the industrial sector.’
Electrolysis is a decomposition reaction in an
electrolyte by an electric current. In an
electrolytic cell, electrical energy is
converted into chemical energy. An
electrolyte soluble in a polar solvent (such as
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water) dissociates into positive ions (cations)
and negative ions (anions). Negative ions due
to negative anions due to electrolysis
solutions are attracted to a positive charge at
the anode while positive ions due to positive
ions because they pass through the solution
move towards a negative charge.” There are
several types of electrolysis based on the type
of electrolyte, one of which is the alkaline
electrolyzer.® Water is a weak electrolyte.
The addition of electrolytes such as acids,
bases, or salts can increase the conductivity
of the air so that the electrolysis of water can
be faster.® The electrochemical equation for
the electrolysis of water is as follows:

Anode :

4H" (ag) + 4" > 2H2(q) Q)
Cathode:

2H0¢) = O +4H ) + 4€°  (2)
Complete reaction :

2H20¢) > 2Hz(g) + Oz(g) 3)

And this study, the electrolyte used is
seawater, so the electrochemical equation for
the electrolysis process is as follows:

Anode :

2Cl g =2 Clyg + 2¢ ()]
Cathode :

2H20(|) +2e > Hz(g) + ZOH'(aq) (5)
Complete reaction :
2H20() + 2Cl'ag) > Hag) + Clag) + 20H (g (6)

Several factors that affect the volume of
hydrogen gas produced in the electrolysis
process are the voltage, the type of
electrolyte, and the electrodes used. Based on
the calculation of the electrolysis reversible
voltage, it is found that the electrolysis of
water can be carried out starting with a
voltage of 1.23 volts.’

Seawater is used as an electrolyte solution
in this study because of its abundant
availability to be a renewable energy source
by producing hydrogen gas with high
efficiency and low cost.*® The chlorine
content of salt in seawater causes corrosion
of metals to be faster, because it has
electrolyte  properties that accelerate
oxidation-reduction reaction.!* Corrosion
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rate is affected by the salinity level of
seawater.’? A good electrode for use in the
electrolysis of seawater process is certainly
one that is able to conduct electricity well,
has an economical price and is resistant to
corrosion caused by seawater. Copper and
aluminum electrodes were chosen in this
study because they are good conductors of
electricity. Copper is considered good in the
electrolysis process because it has a fairly
high oxidation power, good ability to conduct
electricity, has good heat resistance, and the
price is also economical.

Understanding the abundant availability
of seawater and its potential that can be used
to produce hydrogen gas through the
electrolysis process as well as copper and
aluminum electrodes which have good
electrical conductivity, corrosion resistance
and economical price, this study will discuss
and analyze the effect of the type of electrode
used in electrolysis seawater on the hydrogen
gas produced and the lifetime of the
electrodes used.

Method

The electrolysis of seawater process is
carried out by varying the type of electrode to
determine the volume of hydrogen gas
produced and the lifetime of each electrode.
The electrolysis process is a decomposition
reaction in an electrolyte by an electric
current. In an electrolytic cell, electrical
energy is converted into chemical energy. An
electrolyte soluble in a polar solvent (such as
water) dissociates into positive ions (cations)
and negative ions (anions). Negative ions are
called anions because during electrolysis the
solution is attracted to the positive charge at
the anode whereas positive ions are called
cations because through the solution they
move towards a negative charge.This study
used copper and aluminum rod electrodes
with a diameter and height of 10t cm and 10
cm, respectively. The potential difference
given is constant 12 volts with an AC-DC
adapter. A constant voltage of 12 Volts was
used because!® explained that when applying
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a voltage of 12 Volt to the electrolysis of
water for hydrogen gas production, the
volume produced was quite stable. The
hydrogen gas produced is accommodated in
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a 100 ml measuring cylinder. The following

Is a schematic of the electrolysis of seawater
equipment used:
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Figure 1. Schematic of electrolysis of seawater

The data collection technique used is the
water displacement method. The method of
water displacement is to measure the
seawater level in the measuring cylinder at
the cathode before the electrolysis process.
Then do the electrolysis process and measure
the seawater level again in the measuring
cylinder at the cathode after the electrolysis
process. By knowing the change in seawater
level in the measuring cylinder and
multiplied by its surface area, the volume of
hydrogen gas produced can be obtained. Data
were collected every 20 minutes until the
electrolysis process was no longer visible
changes in seawater level in the measuring
cylinder at the cathode for each electrode.
The data analysis technique used is
descriptive quantitative. After the volume of
hydrogen gas is known, the rate of hydrogen
gas production is calculated using the
following equation:

Volume of hydrogen gas

(7)

Time of electrolysis
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And calculate the resulting hydrogen yield to
determine the percentage of hydrogen gas'?
obtained using the following equation:

Current volume—Previous volume (8)

Total volume x 100%
after the change in seawater level is no longer
visible in the measuring cylinder at the
cathode in the last 20 minutes, the lifespan of
each electrode used is obtained.

Result and discussion

The figure shows the results of measuring
the volume of hydrogen gas produced

The figure describes the volume of
hydrogen gas produced and the lifetime of
each electrode as well as the production rate
of hydrogen gas produced by the electrolysis
of seawater with a constant voltage of 12
volts. When electrolysis takes place, there is
a change in the color of seawater in the
electrolysis container when using copper or
aluminum electrodes. The color change
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occurs due to a chemical reaction between using copper electrodes, the redox reaction
seawater and each electrode used. When equation is:
2H20¢) + Cug) + 2CI" (aq) > Hz(g) + Clz(g) + CUClaag) + 20H (ag) ©)

Meanwhile, when using  aluminum
electrodes, the redox reaction equation is:

6H20q) + 2Al(s) + 2Clag) = 3H2(g) + 2Clag) + 2AI(OH)3(g) (10)
40
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Figure 2. Graph of the volume of hydrogen gas (ml) vs time (minutes) of electrolysis
process of seawater
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Figure 3. Graph of the rate of hydrogen production gas (ml) vs time (minute) of
electrolysis process of seawater
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Table 1. Table of lifetime, hydrogen yield, and total volume of hydrogen gas
produced with copper and aluminum electrodes

Lifetime Total Volume Hyd_rogen
Electrode (Minute) of Hydrogen Yield R?
gas (ml) (%)
Copper 820 732 3.83 0.947
Aluminum 680 693 5.89 0.897

Table 2. Table of the average rate of production of hydrogen gas produced.

Average rate

2
Electrode (ml/minute) R
Copper 0.893 0.957
Aluminum 1.019 0.988

In Figure 2, the volume of hydrogen gas
produced using copper electrode increased
for 400 minutes and then decreased after 440
minutes, while at the aluminum electrode the
volume of hydrogen gas increased for 120
minutes and then decreased. In line with
that,'* explained that in general the volume of
hydrogen gas produced from the electrolysis
process is affected by the time of the
electrolysis process. With the process of
electrolysis of seawater which causes
oxidation at the anode and the process runs
for a long time, the copper and aluminum
electrodes are corroded by chlorine. When
using aluminum electrodes, AI(OH)3
compounds are formed. These compounds
are classified as weak electrolytes, the longer
the electrolysis process takes place, the more
these compounds will affect the volume of
hydrogen gas produced. This is in accordance
with®® which explains that after a few hours
the electrolysis process takes place, there is a
decrease in the production of hydrogen gas.

In Figure 3, the rate of hydrogen gas
production using copper electrodes decreased
after 520 minutes. Meanwhile, the rate of
hydrogen gas production with aluminum
electrodes decreased after 240 minutes.
Interestingly, although the total volume of
hydrogen gas produced using copper
electrodes is more than that of aluminum
electrodes, but in table 2, the average rate of
hydrogen gas production using aluminum
electrodes is higher than using copper
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electrodes, this is because the service life of
copper electrodes is much longer than
aluminum electrodes in the electrolysis of
seawater process® explained that the lifespan
of copper electrodes is longer than that of
aluminum electrodes in the electrolysis of
seawater process. Although by using
aluminum electrodes the hydrogen gas
production rate is faster, the volume of
hydrogen gas produced tends to decrease
compared to copper electrodes and the
coefficient of determination value at copper
electrodes is higher which indicates that the
production rate is more stable than aluminum
electrodes. In Figure 3, the hydrogen gas
production rate from each electrode
decreased but not to 0 ml/min. This is because
the electrolysis process is still ongoing, but
there is no visible change in seawater level in
the measuring cylinder in the last 20 minutes.
This is possible because very little hydrogen
gas is produced, whereas in this study,
hydrogen gas was accommodated in the form
of a measuring cylinder with a capacity of
100 ml and an accuracy of £1 ml so that no
change in the seawater level was seen in the
measuring cylinder.

With a diameter and height of 10 cm and
10 cm, respectively, the copper electrode is
capable of producing 732 ml of hydrogen gas
while the aluminum electrode is capable of
producing 693 ml. These results are
consistent with®™ which explains that the
copper electrode produces more hydrogen
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gas than the aluminum electrode in the
electrolysis of seawater process. It is also
influenced by the electrical conductivity
properties of the two electrodes. The
electrical conductivity of copper is higher
than that of aluminum.

With a diameter and height of 10 cm and
10 cm, respectively, the copper electrode is
capable of producing 732 ml of hydrogen gas
while the aluminum electrode is capable of
producing 693 ml. These results are
consistent with®™ which explains that the
copper electrode produces more hydrogen
gas than the aluminum electrode in the
electrolysis of seawater process. The results
obtained in this study indicate that the copper
electrode is better than the aluminum
electrode which is in accordance with the
results of the study® which concluded that the
copper electrode is superior to aluminum in
terms of efficiency.

Conclusion

From the analysis of the data obtained in
this study, it can be concluded that with a
voltage of 12 volts the copper electrode is
superior to the aluminum electrode in terms
of efficiency in the electrolysis of seawater to
produce hydrogen gas. And until there is no
visible change in sea level in the measuring
cylinder, the lifetime of the copper electrode
is longer than that of the aluminum electrode.
And the total volume of hydrogen gas
produced in seawater electrolysis using
copper electrodes is more than the total
volume of hydrogen gas produced using
aluminum electrodes. And the highest yield
of hydrogen produced using copper
electrodes was 3.83% at 400 to 440 minutes
while on aluminum electrodes it was 5.92%
at 120 minutes.
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