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Fuel Cell: WhatFuel Cell: What’’s it and how it workss it and how it works
Fuel Cell FamilyFuel Cell Family
ApplicationsApplications
Fuel Cell Vehicles (Fuel Cell Vehicles (FCVsFCVs))
General OutlooksGeneral Outlooks
Why Fuel Cells? Why Fuel Cells? 



Energy converter (transformer)Energy converter (transformer)
Electrochemical deviceElectrochemical device
–– Two electrodes with an electrolyteTwo electrodes with an electrolyte
–– Electrons and protons produced at a Electrons and protons produced at a 

negative electrode and recombined at a negative electrode and recombined at a 
positive electrodepositive electrode

–– Electrons flow through load via an Electrons flow through load via an 
external circuit while protons flow into the external circuit while protons flow into the 
electrolyte electrolyte 

FFuel Celluel Cell: What: What’’s it and how it workss it and how it works



Fuel cellFuel cell’’s like batterys like battery

electrolyte

electrode

electrodehydrogen

oxygen

water



Efficiency AspectEfficiency Aspect

Courtesy of Edward House:Office of Navy Research



Fuel Cells:Fuel Cells: An Energy TransformerAn Energy Transformer

ServicesTransformer
TechnologiesEnergy Sources



Fuel Cells:Fuel Cells: Main Components &Main Components &
Working PrincipleWorking Principle



Fuel Cells:Fuel Cells: Main ComponentsMain Components

5 main layers5 main layers
2 electrodes: anode/cathode2 electrodes: anode/cathode
2 very thin (~2 very thin (~1010 μμm) catalyst m) catalyst 
layerslayers
ElectrolyteElectrolyte

+2 flow channel plates+2 flow channel plates



Membrane
Catalyst
Catalyst support
Catalyst layer
Gas diffusion layer
Gaskets/frames
Flow field
Separator/connector
Bus plates/terminals
End plates
Clamping mechanism
Fluid connections
Manifolds
Cooling 
plates/arrangements
Humidification section 
(optional)

Bi-polar
plate

MEA

Major componentsMajor components

Cell assembly



ElectrodeElectrode: Fibrous materials: Fibrous materials

Carbon clothCarbon cloth

Carbon paperCarbon paper

Flow path Flow path 
–– Gas, water vapor and Gas, water vapor and 

liquidliquid
–– ElectronsElectrons

Catalyst layer (Pt, +Catalyst layer (Pt, +RuRu))
Supporting layerSupporting layer
MaterialsMaterials
–– Carbon fiber paperCarbon fiber paper
–– Carbon clothCarbon cloth
–– NonNon--woven materialswoven materials
–– Metallic screensMetallic screens
–– FoamsFoams



ElectrolyteElectrolyte

Conduct protonsConduct protons
Depend on type of FCDepend on type of FC
–– NafionNafion®® for PEMfor PEM
–– ZirconiaZirconia for SOFCfor SOFC



http://www.directindustry.com/prod/electrochem/

Source:www.bama.ua.edu/~nikam001/My%20Research.htm

Gas flow platesGas flow plates:: GraphiteGraphite

http://www.tech-etch.com/

Flow path Flow path 
–– Gas, water vapor and Gas, water vapor and 

liquidliquid
–– ElectronsElectrons

Supporting layerSupporting layer

http://bama.ua.edu/~nikam001/My Research.htm
http://www.physorg.com/news8007.html


http://www.agc.co.jp/english/csr/environment
/products/images/env_sp01b_08i.jpg

Membrane Electrode Assembly Membrane Electrode Assembly 
(MEA)(MEA)

Membrane/ElectrodesMembrane/Electrodes
+ catalysts+ catalysts
Pt painted/sprayed on Pt painted/sprayed on 
membrane or gas membrane or gas 
transport layertransport layer

http://www.agc.co.jp/english/csr/environment


Assembly:Assembly: Cell Cell 

http://www.petfc.com



www.physorg.com/news8007.html

Source: http://www.nrel.gov

Assembly:Assembly: StackStack

http://www.tandem-store.ca/



Actual Fuel Cell StacksActual Fuel Cell Stacks



Stack DesignStack Design



Fuel cell on operationFuel cell on operation

air exhaust

backpressure
regulator

pressure
regulator

air compressor

water
tank

heat
exchanger

water
pump

load

M
M

M

DC/
DC

hydrogen tank

fan

fuel cell

heat exchanger/
humidifier

start-up
battery

hydrogen
purge

Example of hydrogen/air fuel cell system



FFuel Cells Familyuel Cells Family

Alkaline Alkaline 
PhosphoricPhosphoric
Proton exchange membrane Proton exchange membrane 
(Solid) polymer electrolyte, Acid membrane(Solid) polymer electrolyte, Acid membrane
Direct methanolDirect methanol fuel cellfuel cell
Molten carbonate fuel cellMolten carbonate fuel cell
Solid oxide fuel cellSolid oxide fuel cell
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