4. What We Know About Fuel Cells
Build Knowledge

INTRODUCTION
WHAT STUDENTS DO IN THIS ACTIVITY
As a challenge pre-test, each student is given a diagram of a PEM
(Proton Exchange Membrane) fuel cell with a word bank and asked to
label the parts of the fuel cell. After viewing some animations of how
a PEM fuel cell works, design teams meet to share their thinking and
work cooperatively to complete the labeling of a new diagram of a
fuel cell. Teams then write a description of how the PEM fuel cell
works, describing the paths that hydrogen electrons and protons take
through the cell, and the results. Design teams then use a PEM fuel
cell to make, collect, and use hydrogen as an energy source.
Beginning with this activity, students investigate several types of
energy transformations between the following energy forms:
chemical, mechanical, and electrical. In each of these activities
students working in teams of four students will record each energy
transformation in their design log.

RATIONALE
The overall goal of this design challenge is to use an PEM fuel cell to
power the motor of a student-designed model car. The vehicle has
two main components: a PEM fuel cell and a DC motor mounted in a
gear box. The PEM fuel cell is reversible; that is, it can function as an
electrolyser and as a fuel cell.

Making
Connections:
This activity can serve
as an introduction to
some of the materials
that will be available to
students as they
respond to the RFP.

Teacher Tip:
Refer to the Electrolysis
section in the Appendix
for additional
information.

Making
Connections:
Beginning with this
activity students
experience energy
transformations. This
activity can serve as a
reference point as
students begin to
explore the concept of
energy transformation
over the next several
activities. In the
activities following this
lesson, students
explore new energy
transformations, and/or
revisit some of the
earlier energy transfers.
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Students begin their preparation for learning about the different
forms of energy that they will encounter in subsequent units.
The later activities where students will explore the different energy
transformations are listed in parenthesis:
• electrical energy to chemical energy (What We Know About Fuel
Cells, Chemistry of Electrolysis)
• chemical energy to electrical energy (Using the Fuel Cell to
Produce Power)
• electrical energy to mechanical energy (Powering An Electric
Motor and Gearbox)
In the electrolyser mode, an input of energy to the fuel cell is used to
split water into hydrogen and oxygen. The hydrogen and oxygen
gases are stored for later use. Electrical energy is converted into
chemical energy.
In the fuel cell mode, the fuel cell is connected electrically to the
motor and the stored hydrogen and oxygen gases are introduced back
into the fuel cell to create electrical power. Chemical energy is
converted into electrical energy.
Student design teams will investigate both modes of operation of the
fuel cell. Power sources that can be used to electrolyze water into its
constituent elements of hydrogen and oxygen are solar panels, battery
packs, rechargeable batteries, or AC/DC adaptors.

WARNING !
It is important that the voltage and current from electrical
sources do not damage the fuel cell. Check the limits on
voltage and current for your fuel cell when operating in the
electrolyser mode and do not exceed these limits.

Objectives
Upon completion of this activity the student should:
• be able to identify the component parts of a PEM fuel cell
• understand how a PEM fuel cell operates reversibly
• be able to describe how the fuel cell makes hydrogen and oxygen
• be able to describe how electrons and protons travel through the
fuel cell
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Teacher Tip:
Horizon Fuel Cell
Technologies, manufacturer of the fuel cell
used in the kits, has
supplied hardware and
software to enable
teachers and students
to take voltage, current,
resistance and power
measurements.
Depending on which kit
that you have the
teacher kit can contain
the CD Fuel Cell
Software Adapter and
Data Acquisition Card
or the Renewable
Energy Monitor and
accompanying CD for
its use. Because some
of these concepts are
beyond the scope of
the curriculum we
didn’t include lessons
in the teacher’s manual
for using these
materials, however if
you feel that your
students would benefit
we encourage you to
use them. Many of the
experiments on the CD
require additional
materials not included
with our kit.

Build Knowledge

TIME
1 class session

MATERIALS
For the class
• animations of how a fuel cell works (see page 69 or use links on the
bottom of this page)
For each design team:
• a copy of the PEM Fuel Cell: Team Diagram (post-test)
• a copy of the PEM Fuel Cell Operating Procedures
• a copy of the PEM Fuel Cell Data Sheet
From the Student Design Kit
• the PEM fuel cell
• two 5 ml syringes
• flexible silicone tubing
• battery pack
• two 8” leads with alligator clips, red and black
• electric motor and gearbox
For each student:
• a copy of the PEM Fuel Cell: Student Diagram (pre-test)

Teacher supplied materials
AA batteries
distilled water
electronic timers

LINKS
Energy
http://www.ftexploring.com/energy/enrg-types.htm
http://qldscienceteachers.tripod.com/junior/physics/energy.html
Fuel Cells
http://www.sepuplhs.org/high/hydrogen/fuelcell_sim5.html
www.youtube.com/watch?v=08ZH7vwzzEg

Teacher Tip:
After fuel cells have
been hydrated it is a
good idea to store
them in a plastic zip
lock bag when not in
use. Never use a fuel
cell that doesn’t have
water in it as it will ruin
the fuel cell; the
membrane inside is
quite fragile.
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PREPARATION FOR THE ACTIVITY
Make copies of the PEM Fuel Cell: Team Diagram, the PEM Fuel Cell
Operating Procedures, the PEM Fuel Cell: Student Diagram, and the
Fuel Cell Data Sheet for distribution to the class during the activity.
Check the web links to see that the sites are still hosting appropriate
content. Use a projector to allow the class to view the animations or
make computers available for students to view them. After they have
had an opportunity to view the animations, design teams can work
collectively to label the parts of a PEM fuel cell and describe its
operation.
Next, demonstrate the correct technique for getting the fuel cell ready
to be used as an electrolyser and as an energy transformer. See the
instructions on pages 75-77.

CLASSROOM ACTIVITY
ACTIVITY DESCRIPTION
The Fuel Cell Challenge pre-test is not meant to assess what students
have been taught or should be expected to know, but to assess what
they understand so far about how a PEM fuel cell works. It serves as a
baseline assessment, for comparison with the knowledge they display
at the end of the challenge, in their final presentation, as well as on
the post-test.
1. Distribute the PEM Fuel Cell: Student Diagram (pre-test) to each
student and ask each student to complete the sheet.
2. Have the students view some animations of how a fuel cell works.
(see page 77 or use links on page 63)
3. Distribute the PEM Fuel Cell: Team Diagram (post-test) to each
team and ask them to complete it as a team and place the
completed sheet in their design log.
4. Supply each team with a PEM fuel cell and the PEM Fuel Cell
Operating Procedures. Design teams will use a PEM fuel cell to
extract hydrogen and oxygen gas from water and then use the
collected gases and the fuel cell to power an electrical motor.
Each team will make hydrogen gas and oxygen gas using the fuel cell
and will use these gases and the fuel cell to power an electric motor.
Teams will determine the length of time that the motor runs with the
amount of hydrogen produced in 20 seconds. Teams will record on
the PEM Fuel Cell Data Sheet the time it takes to make the gas and
the time that the motor runs on that gas.
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Teacher Tip:
This is a good time to
explain to students that
on many projects they
will need to learn about
new science and
technology in order to
achieve their goals. It is
important to emphasize
that the fuel cell and
the motor contain some
sensitive elements and
students must be
careful and follow
instructions carefully.

Teacher Tip:
Danger! The hydrogen
(H2) and oxygen (O2)
reacting together in the
fuel cell represent a
source of danger if
handled improperly. In
order to avoid any risks
you must follow the
Safety and Precautions
listed in the Appendix
when working with the
fuel cell.
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Let everyone in the group have an opportunity to use the fuel cell.
A typical data sheet may look as follows.
Fuel Cell Type ___H2O2 _____

Fuel Cell Number __007124_____

Time of Hydrogen Production, sec

Motor Run Time, sec

20
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20
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20
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20
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FACILITATING STUDENT EXPLORATION
Explain to the students that the goal of this activity is for students to
understand how PEM fuel cell technology works.
The challenge will require the teams to use the fuel cell to power
their designed vehicles and so they will need to build knowledge
about how a fuel cell works, both to produce hydrogen and also to
use it as an energy source.

Teacher Tip:
Always move the
plunger manually
before using it on the
fuel cell to assure that it
isn’t sticking.

SHARING AND INTERPRETING
Discuss with the students the variation of the data collected. Review
experimental procedures and discuss the possibility that current and
future experiments can result in variation of data.
Reserve the last 5 minutes of class for students to respond in their
design logs to the prompt, “How is a fuel cell like a battery?”
The fuel cell converts the stored chemical energy into electrical
energy that can be used to run devices like an electrical motor.

TROUBLESHOOTING HINTS
• Depending on the type of connection excess water may collect in
the hose. This water may be sucked in by the cell when operated
in the fuel cell mode. This water could disturb the gas supply and
may cause a sudden drop in power.

Notes
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Student Reproducible Master

Page________________
Name__________________ Design Team________________Date__________

PEM FUEL CELL DATA SHEET
Time to Make Hydrogen, sec
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Motor Run Time, sec

Student Reproducible Master

Page________________
Name__________________ Design Team________________Date__________

PEM FUEL CELL: STUDENT DIAGRAM

OXYGEN CATHODE

HYDROGEN ANODE

The parts of this PEM Fuel Cell are the positive Oxygen (red) cathode and negative
Hydrogen (black) anode, the electrolyte, their catalysts, and the electrical circuit and
electrical device in the circuit. Label the parts of the cell using the word bank.
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Page________________
Name__________________ Design Team________________Date__________

PEM FUEL CELL: TEAM DIAGRAM

OXYGEN CATHODE

HYDROGEN ANODE

The parts of this PEM Fuel Cell are the positive Oxygen (red) cathode and negative
Hydrogen (black) anode, the electrolyte, their catalysts, and the electrical circuit and
electrical device in the circuit. Label the parts of the cell using the word bank.
Describe how a fuel cell works.________________________________________________
________________________________________________________________________
________________________________________________________________________
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PEM FUEL CELL: ANIMATED DIAGRAM
Click on the illustration below to view the animated diagram

The parts of this PEM Fuel Cell are the positive Oxygen (red) cathode and negative
Hydrogen (black) anode, the electrolyte, their catalysts, and the electrical circuit and
electrical device in the circuit. Hydrogen enters the fuel cell on the anode side. At the
catalyst the hydrogen is separated into protons and electrons. The electrons flow through
the electrical circuit powering the electrical device; oxygen enters the fuel cell on the
cathode side. The protons flow through the electrolyte to the cathode; the cathode’s
catalyst combines the protons, electrons, and oxygen. Heat and water are the output from
the cell.
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Student Reproducible Master

PEM FUEL CELL OPERATION: DIAGRAM 1

The parts of this PEM Fuel Cell are the positive Oxygen (red) cathode and negative
Hydrogen (black) anode, the electrolyte, their catalysts, and the electrical circuit and
electrical device in the circuit.
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Student Reproducible Master

PEM FUEL CELL OPERATION: DIAGRAM 2

Hydrogen enters the fuel cell on the anode side. At the catalyst the hydrogen is separated
into protons and electrons.

71
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PEM FUEL CELL OPERATION: DIAGRAM 3

The electrons flow through the electrical circuit powering the electrical device;
oxygen enters the fuel cell on the cathode side.
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Student Reproducible Master

PEM FUEL CELL OPERATION: DIAGRAM 4

The protons flow through the electrolyte to the cathode; the cathode’s catalyst combines
the protons, electrons, and oxygen.
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PEM FUEL CELL OPERATION: DIAGRAM 5

Heat and water are the output from the cell.
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PEM FUEL CELL OPERATING PROCEDURES
Fuel Cell Operation as an Electrolyzer
The fuel cell has two sides that can be
identified by a decal near the top
nozzle and are also color-coded: red
(positive) is the Oxygen side and black
(negative) is the Hydrogen side. When
using the fuel cell in the electrolyser
mode the polarity is extremely
important because the fuel cell can be
ruined if a current is applied to the
fuel cell incorrectly; always attach the
red (positive) clip from the battery
pack to the Oxygen side and the black
(negative) clip to the Hydrogen side.
Before using the fuel cell some flexible
tubing will need to be attached to the
pressure relief valves and the syringes
so that they may be attached to the
nozzles on the fuel cell. A one inch
long piece should be attached to each
pressure relief valve, and a two inch
long piece attached to one of the
syringes, and a three inch long piece
attached to the other syringe.

Step 1
Hydrate the membrane of the fuel cell
by adding distilled water to the
Oxygen side of the fuel cell. Do this by
drawing about 1ml of distilled water
into a syringe and injecting it into the
bottom nozzle of the Oxygen side of
the fuel cell (some water will leak from
the top nozzle). Never operate the
fuel cell without insuring that there is
water in the oxygen side of the fuel
cell. Remove the syringe from the
bottom nozzle and attach a pressure
relief valve to this nozzle. Also attach a
pressure relief valve to the lower
nozzle on the Hydrogen side of the
fuel cell.
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PEM FUEL CELL OPERATING PROCEDURES
Step 2
Insert banana clips into both sides of
the fuel cell (these will be the contacts
for attaching leads to the fuel cell;
remember – red is positive and black is
negative; red is the oxygen side and
black is the
hydrogen side).

Step 3
Attach a syringe to the top nozzle on
each side of the fuel cell (these will be
for gas storage).

Step 4
Make sure that the battery pack is
turned off! Attach the red and black
leads from the battery pack to the
banana clips extending from the fuel
cell (do not allow the other ends of the
leads to come in contact with each
other – that would create a short
circuit!); red lead on the oxygen (red)
side (and black lead on the hydrogen
(black) side. After everyone on the
team checks that the connections are
correct, turn on the battery pack and
the electrolysis begins. Turn off the
battery pack when enough gases are
collected and disconnect it from the
fuel cell.

76

Student Reproducible Master

PEM FUEL CELL OPERATING PROCEDURES
Fuel Cell Operation as a Power
Source
The fuel cell has two sides that can be
identified by a decal near the top nozzle
and are also color-coded: red (positive) is
the Oxygen side and black (negative) is
the Hydrogen side. When using the fuel
cell in the power source mode the polarity
is as important; it will simply affect the
direction of the motor.

Step 1
Attach the red lead to the banana clip
from the Oxygen (red) side of the fuel cell
and attach the black lead to the banana
clip from the Hydrogen (black) side; do
not allow the other ends of the leads to
come in contact with each other – that
would create a short circuit!

Step 2
Attach the other end of the red lead to
the motor contact with the red dot; attach
the other end of the black lead to the
other contact on the motor. Record the
length of time that the motor runs until it
stops.
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PEM FUEL CELL OPERATING PROCEDURES
Step 3
The first time that you power a motor
with hydrogen from doing electrolysis,
after the motor stops running gently press
the plungers on the syringes to push any
gas left in the syringes back through the
fuel cell. Without detaching the syringes
from the fuel cell perform electrolysis
again and then power the motor again;
you should see an improvement in the
time that the motor runs and the amount
of hydrogen used.
Why it happens: The first time that
electrolysis was done there is ambient air
in the tubing on the end of the syringe so
that the gas in the syringe isn’t pure
hydrogen but a mixture of ambient air
and hydrogen. Once you expel any
remaining gases in the syringes back
through the fuel cell and repeat the
electrolysis procedure you will have pure
hydrogen stock in the syringes.

78

