
Fuel Cell Types Overview



Fuel Cell Types

• Electrolyte determines the type of fuel cells and 
operation temperature.p p
– Operation temperature significantly affects the use of other 

components such as catalyst.



PAFC

• Low T operation: 200

• Pt/C catalyst

• Solidified liquid electrolyte



PAFC

• Electrolyte evaporation

• CO, S poisoningCO, S poisoning

• Moderate success in commercialization (cost 
barrier, maintenance),

• Emergency power generation



AFC

• Low T operation: 60~220

• Pt/C catalyst

• Solid electrolyte



AFC

• Carbon dioxide poisoning

• Pure hydrogen & air (oxygen) only

• Special applications such as space mission (Gemini 
project)



MCFC

• High T operation: 650C

• Ni catalyst

• Immobilized Li2CO3 electrolyte in LiOAlO2

• CO2 recycling



MCFC

25kW Pressurized MCFC System operated by KEPRI since 2000y p y

• Stationary power generator

Dem nstrati n upt MW• Demonstration upto MW

• Well demonstrated technology

Hi h ffi i ( 50%> f CHP t )• High efficiency ( 50%> for CHP system )

• No CO issues (CO as fuel)

Diffi lt t i d it• Difficult to increase power density



SOFC’s

• High T operation: 600~1000C• High T operation: 600 1000C

• Ceramic electrolyte: YSZ, SDZ, SDC, GDC, LSGM…
• Anode: Ni/YSZ• Anode: Ni/YSZ

• Cathode: LSM, LSC, LSF, LSCF



SOFC’s

100kW Atmospheric SOFC 220kW Pressurized SOFC-GT p
Hybrid System

• Stationary power generator

D t ti u t MW• Demonstration upto MW

• Fuel flexibility

Hi h ffi i ( 50%> f CHP t )• High efficiency ( 50%> for CHP system )

• Relatively high power density

R l ti l i t /f b i ti• Relatively expensive components/fabrication



SOFC’s

Picture removed for possible copyright infringement



SOFC Potential Markets



Delphi SOFC APU



20W Micro SOFC’s

Adaptive Materials 
Inc

20W Portable SOFC



PEMFC’s

L i 30 130C• Low T operation: 30~130C

• Pt/C catalyst

• Polymer membrane: Sulfonated 
PTFE(Nafion, Dow, Membrane-
S Gore ) PBI(Celanese) PEEK PolymideS, Gore..), PBI(Celanese), PEEK, Polymide…

• Carbon cloth (paper) electrode



PEMFC’s



PEMFC’s

1.5kW portable PEMFC system 
by Ballard

Honda fuel cell car platform

• Highest power density

• Fast start-up

• Low operating temperature makes it suitable for 
portable market.

• Poor CO & S tolerence

• Water management issue



PEMFC’s for Automotive



PEMFC’s for Automotive



Fuel Cell System Cost Breakdown



DMFC’s



Simple Liquid DMFC System



DMFC Electrode Reaction Steps

Anode ReactionAnode Reaction

CH3OH + s1*      CH3OH(ad)1

CH3OH(ad)1 CO(ad)1 + 4 H+ + 4 e-
( ) ( )

H2O + s2*            OH(ad)2 + H+ + e-

CO OH CO H+ * *CO(ad)1 + OH(ad)2 CO2 + H+ + e- + s1* + s2*
-------------------------------------------------------------

CH OH + H O CO + 6 H+ + 6

rds

CH3OH + H2O   CO2 + 6 H+ + 6 e-

Cathode ReactionCathode Reaction

3/2 O2 + 6 H+ + 6 e- 3 H2O



Problems with Nafion DMFC

• Methanol crossover from anode to cathode

- Dilution (5-15% in water)
- Electro-osmotic drag of water
- Reduces fuel utilization
- Competing reactions at the cathode
- Polarizes the cathode (poisons catalytic sites for O2)
- Reduces overall cell potentialp

• Poor oxidation kinetics

- Anode polarization dominates cell performance
- Need for good anode catalyst

R d li i i l l• Reduce or eliminate precious metal catalysts

Best performance :  0.4 Ω/cm2 at 130 oC using 3 atm. O2 at cathode



Methanol Concentration Control



DMFC Performance



DMFC Prognosis

• Stiff challenges from competing technologies
– CostCost

– Reliability

– Lifetime

– Maintenance

– Batteries, Small IC engines…

L d iti• Low power densities 
– Impressive progress in technology recently

– Most suitable for small portable applications in near termMost suitable for small portable applications in near term

• High activation overpotential
– Considerable reduction is essential for higher powerConsiderable reduction is essential for higher power 

applications (stationary, transportation)

• Operations temperature
– High T operation (~150 C) can enhance prospects of higher 

power level applications



Direct Formic Acid Fuel Cells



Borohydride Fuel Cells



Borohydride Fuel Cells



Borohydride Fuel Cells



Membraneless Fuel Cells



Air Breathing Fuel Cells


