








2 Activity 3: Fuel cell

In this activity, students will use the products of water electrolysis (H, and O,) in a fuel cell. They
will investigate how fuel cells produces electricity and heat from a chemical reaction. Students will
consider the possibilities and limitations of fuel cells for Moon exploration.

This exercise can be done either as a demonstration or if time permits as a hands-on activity. The
experiment requires a fuel cell, which can be acquired online'.

Equipment

A Fuel cell car science kit or:

« Afuel cell « 30 ml beakers and inner containers (see an-
- Asyringe nex 2)

« Deionized & distilled water +  Wires with connectors

- Power supply (battery, solar cell) + Actuators (Motor, LEDs, car etc.)

- Silicon tubing and caps

/N Equipment needed for building a fuel cell system.

Exercise

Start by introducing fuel cells to the students. Fuels cells builds on the knowledge of water
electrolysis and the Volta pile and offers an opportunity to wrap up the resource.

Ask the students to follow the instructions in annex 2 (or prepare the experiment beforehand for a
demonstration). Ask the students to fill in questions 1to 5 in their student worksheets and reflect
on the advantages and limitations of fuel cells.

'This resource uses the Fuel cell car science kit that can be bought online
http://www.horizonfuelcellshop.com/europe/product/fuel-cell-car-science-kit/.
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Results

1. Overall reaction in the fuel cell:
2H¥(g) + 0,(g)—= 2H,0(l) + electric energy + (waste) heat

2. Anode and cathode reactions

Anode: Cathode:
H,(g) = 2H'(ag) + 2e° 0,(g) + 4H'(ag) + 4e" — 2H,0 ()

3. If Oxygen and Hydrogen is readily available and requires little energy to obtain, then a fuel cell
is a cheap and clean energy source. It does not pollute: it only produces water and energy. This
makes it a potential solution for clean energy on Earth. If we need to produce H and O, with
electrolysis before we can run the fuel cell, orif H and O, are valuable and limited, then fuel
cells might not be the optimal solution. We will lose energy since we are need another power
source in the first place to create the components for the reaction. However, if we combine fuel
cell technology with a renewable energy source (for example solar energy) then we can use
fuel cells without polluting.

4. Both the Volta pile, the electrolysis and the fuel cell are examples of electrochemistry in
practise. A Volta pile uses a chemical reaction to generate electricity, water electrolysis uses
electricity to make a chemical reaction happen that would not otherwise occur, and a fuel
cell reverses the electrolysis reaction and generates electricity again from the products of the
electrolysis.
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2 POWER FROM WATER

How to produce oxygen and hydrogen on the Moon
2 Activity 1: Build your own battery

In1799 Alessandro Volta, one of the pioneers of electricity and power, invented the first battery: the
“Volta pile”. With this invention, he proved that certain chemical reactions can create electricity.
Now you will follow in his footsteps and build your own Volta pile.

Exercise 1

1. Sand both sides of the zinc and copper plates with sandpaper and cut 6 squares from the
dishcloth in the same size as the plates.

2. Place one dishcloth square on top of a zinc plate and soak it in vinegar. Then place one
copper plate on top of the dishcloth. You now have one Volta cell. Connect the wires with the
crocodile clips to the first and last plate, then connect to a multimeter.

3. What s the electrical potential difference from one Volta cell? \
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4. Write down the net ionic equation, which shows the overall process occurring in the cell:

5. Which component is oxidised and which one is reduced in this reaction?

6. Why s it a good idea to sand the metal plates?

7. Why do we soak the cloth in vinegar? Could we use another substance? Explain.

Did you know?

ESA's Huygens probe, which landed on the surface of
Titan (Saturn'slargest moon), relied on non-rechargeable
lithium sulphur dioxide batteries. These were chosen
because they could be left inactive during the seven-
year trip to Saturn, but still retain sufficient capacity for
the landing on Titan.

Artist impression of the Huygens probe on the surface of Titan.—>
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8. Follow the instruction below to build a Volta pile.

Copper
Zinc

Electrolyte

Create six Volta cells following the instructions
from exercise 1

S

Tie elastic rubber bands around the pile to
keep the pile in place.

Connect the wires with the crocodile clips
to the first and last plate and connect to a
multimeter.

9. Measure the electrical potential difference of the Volta cell immediately after you have
finished assembling it. Take measurements every minute for 10 minutes and record your

measurements in Table 1.

Table 1

Time (min)

Electrical potential difference (V)

1

2

O | I N | oV | B | W

10

/M Recordings of electrical potential
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10. Draw a graph of electrical potential difference as a function of time.

Electrical potential difference (V)
A

» Time
(min)

1. What do you observe? Explain.

12. What is the electrical potential difference of the pile compared to a normal AA battery?

13. How could batteries be used for Moon exploration? What are the advantages and
disadvantages of batteries?
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2 Activity 2: Water electrolysis

Exercise
1. Balance the global reaction below:

_[H,0)—=[ |H,(g)+  10,(g)
2. Complete the reaction equation of the anode oxidation:

H,00)—

3. Complete the reaction equation of the cathode reduction:
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—H,(q)
4. Build your own electrolyser by following the steps in Annex 1. When starting the electrolysis
make sure to start a stopwatch too. You will need the time of the electrolysis to calculate the
Oxygen production.

5. Describe what happens during the electrolysis.

6. What is the function of dissolving NaOH in the water?

7. Which of the tubes contains oxygen and which hydrogen? How do you know?
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8. Measure how much Oxygen you have produced and calculate your production rate per minute.

9. Assume that one astronaut breathes 0.84 kg of molecular Oxygen (O,) per day. Can your elec-
trolysis system supply the required Oxygen?

10. How can you produce more Oxygen per day?

11. What are the advantages and disadvantages of using water electrolysis on the Moon?

Did you know?

Electrolysis of water is the main method of generating
Oxygen on board the International Space Station
(ISS). Water is collected from urine, wastewater, and
condensation and split into Oxygen and Hydrogen in
the Oxygen Generation System (OGS). The station’s
football-field-sized solar arrays are the power source. A
similar system could be used on the Moon.

The international Space Station (ISS) orbiting Earth — BTN L et o
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2 Activity 3: Fuel cell

Fuel cells can be used to power rovers or space ships or anything in between. Fuel cells do the
opposite of electrolysis: They combine H and O, and produce H o(water) and energy.

After observing how a fuel cell works, answer the questions below:

1. Balance the global reaction:
| H,(g) +| 10,(g) = | [H,0(l) + energy + heat

2. Write the chemical reactions occurring at the anode and the cathode:
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3. What are the advantages and disadvantages of fuel cells? How can we use them for missions to
the Moon?

Did you know?

. =

Fuel cells were the primary source of electric power on the Apollo
programme that landed humans on the Moon. Apollo fuel cells used
Oxygen and Hydrogen, stored as liquids at extremely cold temperatures,
that when combined chemically yielded electric power and water for
drinking. Fuel cells were also used on the Space Shuttle fleet as one
component of the electrical power system. The space shuttle fleet flew
135 missions between 1981 and 2011.

& Apollo fuel cell.

4.What are the differences and similarities between the Volta pile, electrolysis and the fuel cell?
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2 Links

ESA resources

ESA classroom resources:
esa.int/Education/Classroom_resources

Extra information

Voltaic cell:
youtube.com/watch?v=90Vtk6G2TnQ

Electrolysis:
youtube.com/watch?v=dRtSjJCKklo

Fuel cells:
youtube.com/watch?v=0OmVnligDA70

Fuel cell car science kit:

www.horizonfuelcellshop.com/europe/product/fuel-cell-car-science-kit
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2 Annex 1: Electrolyser

1. Use push pins to fasten the wires to the box

2. Dissolve NaOH in water (3%) and fill the container

3. Raise the test tubes over the punch pins (make sure they stay filled with water). Place the lid on
top to keep the tubes in place

4. Connect the power source and start the electrolysis. Start a timer and record how long the
process takes.
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2 Annex 2 — Fuel cell

1. Connect two silicon tubes (4cm) to the nozzles on the fuel cell located on the lower section on
both sides of the fuel cell.

B

2. Remove the red cap from the tube connected to the oxygen side of the fuel cell. Using the sy-
ringe, inject distilled water into the fuel cell until the fuel cell is half filled with water

3. Place the dome shaped inner containers into the beakers and add water up to the “0” ml (the
water should almost cover the inner container). Make sure there is no air trapped inside the in-
ner containers.
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5. Connect the battery pack as seen below. Switch the battery pack to the “on” position and elec-
trolysis should begin.

6. Observe how H_and O, start to fill the inner containers. When H_begins to bubble out of the
container the tank is full.

5. Disconnect the battery and connect an actuator (car, motor, LED etc.). H, and O, combines
again producing H, o and energy to power the motor.

teach with space — power from water | C09 26
v v European Space Agency



