


Background
Research:

A Fuel Cell is an electrochemical device that converts the chemical energy of a
fuel directly into electricity through electrochemical reactions. Unlike batteries,
which store energy, Fuel Cells continuously generate electricity as long as they
are supplied with fuel and an oxidizing agent. My Fuel Cell is a hydrogen Fuel
Cell, but other types of Fuel Cells are also used. Fuel Cells operate on the
principle of electrolysis, where chemical reactions occur at the electrodes (anode
and cathode) separated by an electrolyte. This process allows for the efficient
conversion of chemical energy into electrical energy, producing only water and
heat as byproducts when hydrogen is used as the fuel. There are different types
of Fuel Cells, but mine here for you today is a PEMFC.




Problem/Testable

Question:

What is a fuel cell, and how do Fuel Cells work?

Hypothesis:

| think that a fuel cell is an electronic device that uses fluids to create
electricity, and | think that Fuel Cells work by water and then the force of
a motor converts mechanical energy into electrical energy.
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Research:

A fuel cell consists of two electrodes: the anode and the cathode, separated by
an electrolyte. The anode is where the fuel (hydrogen) is introduced, and the
cathode is where the oxidizing agent (usually oxygen from the air) is supplied.
At the anode, hydrogen molecules (H:) are split into protons (H*) and electrons
(e7) in the presence of a catalyst.

The reaction can be summarized as:

2H2 — 4H" +4e-

The protons move through the electrolyte to the cathode, while the electrons
travel through an external circuit, generating an electric current. At the cathode,
the protons and electrons combine with oxygen to produce water and heat:
O2+4H' +4 e - — 2H20

The overall reaction produces electricity, water, and heat, making fuel cells a
clean energy source.

Membrane Electrode Assembly (MEA): The MEA is the core component of a
PEMFC, consisting of a proton exchange membrane sandwiched between two




electrodes (anode and cathode). The membrane allows protons to pass through
while blocking electrons, which must travel through an external circuit, generating
electricity.

Catalysts: Catalysts, typically made from metals like platinum, are used at both
the anode and cathode to assist the electrochemical reactions. At the anode,
hydrogen is split into protons and electrons, while at the cathode, oxygen
combines with protons and electrons to form water.

Gas Diffusion Layers (GDL): These layers are placed on either side of the MEA
to help the distribution of reactant gases (hydrogen and oxygen) and to manage
water produced during the reaction.

Bipolar Plates: Bipolar plates are used to separate individual fuel cells in a stack
and provide pathways for the reactant gases and coolant. They also help in
conducting electricity between cells.

The Bipolar Plates also:

-Distribute hydrogen and oxygen gases across the MEA.

-Conduct electricity between adjacent cells in a fuel cell stack.

-Remove water produced during the reaction and manage heat.

This is the important research behind the functionality of my fuel cell, and they
are what causes it to maintain its job.



Scientific
Principles:

1. Thermodynamics.

Thermodynamics plays an important role in understanding the efficiency and
performance of fuel cells. The key concepts include:

-Gibbs Free Energy: The maximum reversible work obtainable from a
thermodynamic process is given by the change in Gibbs free energy (AG). For
fuel cells, the relationship between Gibbs free energy and electrical work is
fundamental: AG=—-nFE where n is the number of moles of electrons transferred,
F is Faraday's constant (approximately 96485 C/mol), and E is the cell potential
(voltage).

-Efficiency: The efficiency of a fuel cell can be defined as the ratio of the electrical
energy output to the chemical energy input. The theoretical efficiency is




influenced by the Gibbs free energy and the enthalpy change (AH) of the
reaction: Efficiency = A G A H In practice, fuel cells operate at efficiencies
ranging from 40% to 60%, with higher efficiencies achievable when waste heat is
utilized.

2. Kinetics and Catalysis:

The rate of the electrochemical reactions in a fuel cell is governed by kinetics,
which is influenced by several factors: Catalyst Activity: The choice of catalyst
significantly affects the reaction rates at the anode and cathode. Platinum is
usually used because of its high catalytic activity for both hydrogen oxidation and
oxygen reduction reactions. Overpotential: In real-world applications, the actual
voltage produced by a fuel cell is lower than the theoretical voltage due to
overpotentials, which are the extra voltages required to drive the reactions at the
electrodes. Overpotentials arise from:

Activation losses: Energy required to initiate the electrochemical reactions.
Concentration losses: Resulting from the depletion of reactants at the electrode
surface.

Ohmic losses: Due to resistance in the electrolyte and other components.

3.lon Transport and Membrane Conductivity:



The proton exchange membrane (PEM) is a critical component of PEM fuel
cells, and its properties significantly influence performance: Proton Conductivity:
The membrane must allow protons to pass through while blocking electrons and
gases. The conductivity of the membrane is affected by its hydration level; a
well-hydrated membrane has higher proton conductivity. Water Management:
Water is produced at the cathode and must be managed effectively to maintain
membrane hydration and prevent flooding, which can impede gas flow and
reduce performance. Conversely, too little water can lead to membrane
dehydration and increased resistance.

4. Fluid Dynamics:

The flow of reactant gases (hydrogen and oxygen) and the removal of products
(water) are governed by fluid dynamics principles: Gas Diffusion: The reactant
gases must diffuse through the gas diffusion layers (GDL) to reach the catalyst
layers. The design of the GDL is crucial for optimizing gas flow and ensuring
uniform distribution across the MEA. Flow Field Design: The bipolar plates
contain flow fields that direct the gases to the MEA. The design of these flow
fields affects the pressure drop, mass transport, and overall performance of the
fuel cell.



5. Electrical Circuit Theory:

Fuel cells can be modeled as electrical circuits,(partially like mine!) where the
flow of electrons through an external circuit generates electrical power: Voltage
and Current: The voltage output of a fuel cell is influenced by the current drawn
from it. According to the Nernst equation, the cell voltage decreases with
increasing current due to the overpotentials. Power Output: The power output of
a fuel cell can be calculated as: P =V x | where P is power, V is voltage, and | is
current. The maximum power point occurs at a specific current density, which is
critical for optimizing fuel cell performance.
6.Faraday's Laws Explained:

First Law:The mass of a substance altered at an electrode during electrolysis is
directly proportional to the quantity of electric charge (Q) passed through the
electrolyte. This can be expressed mathematically as: M = K - Q where m is the
mass of the substance, and K is a constant that depends on the substance and
its electrochemical equivalent. Second Law: The mass of different substances
transformed by the same quantity of electric charge is proportional to their
equivalent weights. This means that if two different substances are electrolyzed,
the mass of each substance produced will depend on its specific electrochemical
properties.



Concepts/
Problems/lssues

about Fuel Cells:

1.High Cost:

Catalyst Materials: Fuel cells, especially Proton Exchange Membrane Fuel Cells
(PEMFCs), rely on platinum as a catalyst. Platinum is expensive and rare,
significantly increasing the cost of fuel cells.

Manufacturing Costs: The production of fuel cells involves complex processes,
such as creating the proton exchange membrane and assembling components,
which can be costly. Infrastructure Investment: Building the necessary




infrastructure for hydrogen production, storage, and distribution adds to the
overall expense of fuel cell adoption.

2. Hydrogen Production Challenges:

Energy-Intensive Production: Most hydrogen is currently produced through steam
methane reforming, a process that requires significant energy and emits carbon
dioxide, reducing the environmental benefits of fuel cells. Electrolysis Costs:
Producing hydrogen through electrolysis (splitting water into hydrogen and
oxygen) is cleaner but requires a large amount of electricity, which can be
expensive unless renewable energy sources are used.

3.Hydrogen Storage and Transportation:

Storage Issues: Hydrogen has a low energy density by volume, requiring storage
at high pressures (compressed hydrogen) or extremely low temperatures (liquid
hydrogen), which are both energy-intensive and expensive. Transportation Risks:
Transporting hydrogen over long distances poses safety risks due to its
flammability and requires specialized equipment, further increasing costs.
4.Durability and Longevity Membrane Degradation: The proton exchange
membrane in PEM fuel cells can degrade over time due to mechanical stress,
chemical reactions, and temperature fluctuations.



Catalyst Poisoning: Impurities in hydrogen or oxygen (like carbon monoxide or
sulfur compounds) can poison the platinum catalyst, reducing its effectiveness
and lifespan.

Thermal Management: Managing heat generated during fuel cell operation is
critical for maintaining efficiency and preventing damage to components.

5.Water Management Flooding: Excess water produced during the
electrochemical reaction can flood the gas diffusion layer, blocking reactant
gases from reaching the catalyst and reducing performance. Dehydration:
Conversely, insufficient water can dry out the proton exchange membrane,
increasing resistance to proton flow and lowering efficiency.

6.Lack of Infrastructure Hydrogen Refueling Stations: The availability of hydrogen
refueling stations is limited, making it challenging to adopt hydrogen-powered
fuel cell vehicles (FCEVs) on a large scale. Electricity vs. Hydrogen Debate:
Competing infrastructure for battery-electric vehicles (BEVs) often receives more
investment, slowing the growth of hydrogen infrastructure.

7. Limited Operating Conditions:

Low Temperature Sensitivity: PEM fuel cells operate at relatively low
temperatures (50-100°C), which limits their ability to utilize the produced heat for
additional energy (as some high-temperature fuel cells can).



Conclusion:

In summary, | was wrong both ways! Fuel cells themselves are not electric
devices, but they use the power of electricity (through a circuit) to let the
electrons from the hydrogen to meet up with the protons, to produce
electricity. Also, they do not use a motor! You can use it to run a motor!

What’s Next?:

If | was going to continue and improve this project, | would compare the
different types of fuel cells, and see what makes each one of them both
unique and similar to the others. | would compare efficiency, like | had
through the Gibbs Free Energy. My Fuel Cell type (Proton Exchange
Membrane) has an average of about 83% efficiency, which is incredible
despite the fact that it is small and has a lack of hydrogen quantity.




| think people would be interested in learning about my project as it is a
greatly environmentally friendly project, and still performs amazingly well.
It is used in many devices, such as hydrogen cars, buses, trucks,
forklifts, trains, and many marine vehicles. They could potentially in the
future be used for laptops and mobile phones, and potentially drones too,
through the power of the circuit for the electron transportation. If people
decide that the process of using fuel cells is a good idea, we might have
a more sustainable environment, and we will have a win for everyone.
This project was made to get a better understanding of a topic that is not
largely known, but if we put in the time and effort, this could change the
future. By knowing what a fuel cell is made of and how it works, a new
invention could be made based off of a fuel cell, and we would have a
greener world. People could experiment by using different fuels, other
than hydrogen, and have a larger efficiency, or bigger impact on the
electricity that was made from electrolyzed water. All in all, | am very glad
that | created this project, as | learned so much of what could be done



with hydrogen, and the impact of protons and electrons, and | learned so
many principles | wouldn’t have before, like thermodynamics.

Other Uses of Fuel Cells:

1.Space Exploration: Fuel Cells have been used in Space Exploration
before, mostly in Apollo Missions.They served a dual purpose: providing
electrical power for spacecraft systems and generating potable water.
2.Combined Heat and Power (CHP) Systems: Fuel cells can be
integrated into CHP systems to generate both electricity and useful heat
for residential and commercial buildings, enhancing energy efficiency
and reducing waste.



