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R&D accomplishments have led to reduced cost and improved durability.R&D accomplishments have led to reduced cost and improved durability.

*projected to high volume production of 500,000 units/year

Fuel Cell Progress

Presenter
Presentation Notes
I just mentioned that reducing cost and increasing durability are two of our biggest challenges.  The program has made technical advances that led to cost reduction and increased durability.  This bar chart shows the cost of an 80 kW fuel cell system projected to high volume production.  The cost has gone down almost a factor of 3 since 2002.

This bar chart shows that the durability for an 80 kW Fuel cell system has increased from 1000 hours in 2003 to 2000 hours in 2006 (Source???)  getting closer to our target of 5000 hours in 2015.
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Two High-volume Cost Analyses in 2006 
- DTI and TIAX

• The differences between the DTI and TIAX estimates are: the cost of the
MEA and seals in stack balance and DTI included Test & Conditioning
• The 2015 cost target is $30/kW, $3200.

TIAX Fuel Cell System 80 kW Direct H2
Cost = $97/kW (net), $7760

DTI Fuel Cell System 80 kW Direct H2
Cost = $118/kW (net), $9412



Component Selection
Membrane 3M PFSA (EW=825)
Electrodes – Cathode and 
Anode Ternary PtCox Mny alloy

Nano-Structured Thin Film
Organic whiskers

Gas Diffusion Layer Woven Carbon fiber
Bipolar Plate Expanded graphite foil

The major differences from the 2005 material assumptions lie in the 
catalyst composition and support structure. 

The major differences from the 2005 material assumptions lie in the 
catalyst composition and support structure.

Stack Cost 2007 Material Assumptions



Estimated fuel cell system cost as low as $67/kW for 500,000 units/year, 
stack accounts for 46% of system cost.

TIAX System Cost Breakdown- Interim 
2007 estimates- preliminary results

TIAX used 2005 estimates for the air and fuel management; these will be 
updated with bottom-up costing. 

TIAX used 2005 estimates for the air and fuel management; these will be 
updated with bottom-up costing.
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Importance to goals:
• Platinum cost is ~60% of total stack cost
• Catalyst durability needs improvement 

Importance to goals:
• Platinum cost is ~60% of total stack cost
• Catalyst durability needs improvement 

Example of Key R&D Focus Area- Catalysts 
and Supports

Four Strategies for Catalysts and Supports Research:
• Strategy 1 – Lower PGM

Improve Pt catalyst utilization along with durability. 
• Strategy 2 – Pt alloys

Pt based alloys that maintain performance and durability compared to Pt 
and reduce cost

• Strategy 3 – Novel support structures
Explore non-carbon supports and alternative carbon structures

• Strategy 4 – Non-Pt catalysts
Non precious metal catalysts that maintain performance and durability 
compared to Pt

Membrane
8%

Electrode
57%

GDL
6%

Bipolar Plate
9%

Seal
6%

BOS
3%

Final Assembly
11%

2007 TIAX Interim estimate



Importance to goals:
• Fuel cell stack performance and durability depend on membrane characteristics
• Membrane limitations add complexity to the fuel cell system

Importance to goals:
• Fuel cell stack performance and durability depend on membrane characteristics
• Membrane limitations add complexity to the fuel cell system

Example of Key R&D Focus Area- 
Fuel Cell Membranes

Three Strategies for High-Temperature Membrane Research:

• Strategy 1 – Phase segregation control
Polymer - Separate blocks of hydrophobic and hydrophilic functionality 
incorporated within the same polymer molecule 
Membrane – Two-polymer composites. One polymer provides mechanical 
properties, while the other polymer provides proton conduction

• Strategy 2 – Non-aqueous proton conductors
Membranes that use inorganic oxides, heteropolyacids or ionic liquids, 
rather than water, to enhance conductivity

• Strategy 3 – Hydrophilic additives
Membranes with additives that maintain water content and conductivity at 
higher temperature
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Nancy Garland
Acting Fuel Cells Team Lead
U.S. Department of Energy
Phone: 202-586-5673
Email: nancy.garland@hq.doe.gov
www.hydrogen.energy.gov

Thank you

For more information, contact:

mailto:nancy.garland@hq.doe.gov
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Fuel Cell Targets and Status



Key Technical Targets Define System

• A few key DOE Tech. Target values are used to anchor system definition

• All other system parameters flow from DTI calculations & judgment

units 2006 2010 2015

       Stack Efficiency @ Rated Power % 55% 55% 55%
       MEA Areal Power Density @ Peak Power mW/cm2 700 1000 1000
       Total Catalyst Loading g/kWgross 0.65 0.29 0.19

Key Derived Performance Parameters:
       System Gross Electric Power (Output) g/kWgross 90.6 87.6 87.1
       Active Area cm2 348 235 234
       Cell Voltage @ Peak Power V/cell 0.68 0.68 0.68
       Operating Pressure (Peak) atm 2.3 2.0 1.5

DOE Tech Targets that drive analysis:



Example of Stack Component 
Cost Distribution
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•3 components make up 
the vast majority of cost 
(GDL/Membrane/

Catalyst)

•Catalyst Ink dominates 
cost at high production.



2007 system configuration and component specifications

Approach - System Layout

Source: Dr. Rajesh Ahluwalia of ANL
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Stack specifications and performance assumptions are key drivers of 
cost and power density. 

Stack specifications and performance assumptions are key drivers of 
cost and power density.

Stack Cost - Specifications

ParametersParameters UnitsUnits 2007 Direct H2007 Direct H22 S/CS/C11 CommentsComments

Production volume per year 500,000 S Same as in previous studies

Fuel cell net power kWe 80 S DOE/Freedom Car Spec.

Fuel cell gross power kWe 86.4 C ANL2

Cell voltage @ rated power V 0.68 S ANL2

Stack voltage @ rated power V 300 V @ 266 A S ANL2

Stack efficiency @ rated power % 54% C ANL2

Number of stacks 2 S Same as in previous studies

Number of cells per stack 221 C Calculated by TIAX

Cell pitch Cells / inch 
Cells/cm

10.00/inch,
3.85/cm

C Calculated by TIAX

Total Pt Loading (Cathode / Anode) mg/cm2 0.2/0.1 S ANL2 / Developer feedback

Power density @ 0.68V mW/cm2 753 S ANL2

Active area per cell cm2 269 C Calculated by TIAX

Active area to total area % 85 S ANL2

1 S – Specified, C – Calculated
2 R.K. Ahluwalia and X. Wang, Reference Fuel Cell System Configurations for 2007: Interim Results, ANL, Feb. 6, 2007



Membrane Durability
• Developed membrane with nearly 5,000 
hours (DOE target) durability with 
humidity and voltage cycling  (Dupont)

• Sulfur loss issue resolved in PVDF 
composite membrane (Arkema)

• Initial fluoride release in voltage cycle 
testing correlated to accelerated lifetime 
(3M)

• DOE Accelerated Stress Test protocols 
developed for membranes/MEAs

Results: R&D Highlights - Membranes
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Presenter
Presentation Notes
Arkema data are ex-situ.  They will present in-situ data in their Peer Review talk



150kPa H2 , O2 Membrane life 
improvements

•Improved 
resistance to 
corrosion and Pt 
area loss over 
graphitic carbon

•Support structure 
and ternary 
composition are 
also factors

Catalysts with Higher Activity and Greater 
Stability

Pt-alloy catalysts show higher mass activity compared to pure Pt, with more 
stable structure 

Pt-alloy catalysts show higher mass activity compared to pure Pt, with more 
stable structure 

Presenter
Presentation Notes
Chart shows Ternary catalysts with diff Pt loadings & compositions
On top of each bar is the loading, composition, type of whisker
2nd bar from right are long whiskers with small number density (686A), whereas
3rd bar from left are short whiskers with large number density (683A) and lead to better performance than the long whisker supports
****Best mass activity by matching the surface area between the catalyst and the whisker

Improved resistance to corrosion:  under ordinary conditions with the carbon black, very high voltage (1.5 volts) caused the carbon to corrode away, so the Pt disappeared and buried itself into the carbon that was left over, and thus the performance went down.  
But when 3M exposed their catalysts supports to 1.5 volts, over a long period of time, there was no corrosion, no loss of support, no loss electrochemical surface area on the Pt, and no loss in performance.  The Pt alloy was the best mass activity – that was the one that equaled the performance of the PtCobalt catalyst.
Putting catalysts on the NSTF imparts greater stability to the catalyst

Nano Structure Thin Film mass activities are 2.5 x standard Pt on Carbon
Nano Structure Thin Film Ternary Alloy mass activities are 2.5 x Nanostructure thin film plain Platinum
Support structure and ternary composition are also factors




Catalysts (Non-PM)
•Increased activity of non-PM catalysts

(University of South Carolina)

Results: R&D Highlights - Catalysts

Non-PM Catalysts
•Increased durability of non-PM 
catalysts, achieving 1,000 h with 
practically no irreversible degradation 
losses
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• Anode: 2 mg cm-2 of ETEK 20% Pt/C   
• Cathode: 6 mg cm-2 of cathode 
catalyst
• Membrane: Nafion 112  • Operating 
temperature: 77 oC (H2 ); 75 oC (O2 ); 75 
oC (cell)
• Back pressure: 30 psi (H2 )/40 psi (O2 )



Identified Platinum Degradation Mechanism
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Potentiostatic

•Pt dissolution rate 
for Pt/C is 
accelerated by 
potential cycling

•Increase in Pt 
particle size with 
cycling

•Particle size 
increases with 
increasing potential 

•Increased particle 
size leads to 
decreased surface 
area and 
decreased activity

Presenter
Presentation Notes
We have identified Platinum degradation mechanisms
One of the proposed mechanisms for the loss of electrochemically active surface area 
is dissolution of platinum at high cathode potentials.
The dissolved Platinum can deposit onto existing platinum particles 
to form larger particles with less surface area and activity per mass. (Oswald ripening)
OR, the dissolved Pt can diffuse into an electrochemically inaccessible portion of the membrane-electrode assembly (like the GDL)

Dissolution is shown to occur during potential cycling typical of varying load conditions, 
and at higher voltages that occur in idling conditions

The blue line shows dissolution for cycling potential from 0.4 V 
And the pink line is for static potential
At potentials of 1.0 V, a protective oxide layer forms, inhibiting further dissolution.
At potentials > 1.2 V, the concentration of dissolved Pt increased further,
most likely due to concurrent corrosion of the carbon support.

The picture show particle size- 
You can see that after cycling to 1.2 V, the particle sizes have grown.
Particle diameters: 2 to 4 nm (some are 6nm) grow to Particle diameters: 2 to 6 nm (10nm) 
Cycling to 0.9 V to 1.2 V

During Pt catalyst fuel cell operation, conditions where cathode potential reaches >1.0 V should be avoided (e.g., high potentials start-up, shut-down)




She – standard hydrogen electrodes
Equilibrium concentration of dissolved platinum is 4x higher when using adsorbing phosphoric acid electrolyte as compared to non-adsorbing perchloric acid
Potential cycling enhances Pt/C dissolution rates at >1.0 V
May be explained by reduction of “place-exchanged” oxide
Potential cycling dissolution rate is approximately 3-5x higher for Pt/C than for poly Pt
Potential cycling also increases Pt particle size, decreasing activity of remaining Pt 
PUT ON SLIDE


sidenote
Order of magnitude lower Pt dissolution rates observed in non-coordinating electrolyte than for phosphoric acid electrolyte



Importance to goals:
• Understanding water transport key to operation in cold climates
• Water management at high power to prevent flooding  
• Water management to prevent membrane drying out

Importance to goals:
• Understanding water transport key to operation in cold climates
• Water management at high power to prevent flooding  
• Water management to prevent membrane drying out

Major Project - Water Transport

Strategy for Water transport Research:
• Optical and neutron imaging of water movement in fuel cells and 

theoretical modeling (NIST, LANL, CFD Research, Nuvera, RIT, GM, 
ANL)

• New projects beginning



SEM micrograph of MEA after 
10 cycles from –80 to 80oC

interfacial delamination

The Fast Freeze/Thaw 
cycling from  -80 to 80˚C 
quickly degraded 
performance (8 cycles). 
HFR increase and the 
above SEM study 
indicate interfacial 
delamination

Demonstrated Durable MEA during Freeze/Thaw 
cycling from  -40 to 80˚C showed no loss in 
performance through 100 cycles 

Demonstrated Durable MEA during Freeze/Thaw 
cycling from  -40 to 80˚C showed no loss in 
performance through 100 cycles

*Fuel cells cycled under wet conditions (no attempt to dry)

LANL Analysis Shows Freeze Tolerance 
of Nafion

Presenter
Presentation Notes
We have demonstrated freeze tolerance down to -40C.  Tests were performed with Nafion and cloth gas diffusion layers.  Experiments on Nafion conduction reveal patented approaches prevent ice formation.  Survivability  has been demonstrated using specific composition and processing techniques

100 freeze/thaw cycles from -40C (the FreedomCAR target) to +80C showed no degradation in performance
The chart shows cell performance vs. number of freeze/thaw cycles.  
The upper set of points shows open circuit voltage 
and the lower set are voltages at 500 mA/cm^2
You can see that the curves are flat and thus performance is not degrading
The High Frequency Resistance test also shows no sign of cell degradation

The tests down to -40C were done in an environmental chamber.  

A more extreme test (beyond the targets) was also conducted
Cell hardware was thermally shocked to -80C by plunging it into dry ice
It was then thawed and operated at 80C.
After just a few cycles of this extreme test
An increase in HIGH FREQUENCY RESISTANCE (HFR) together with the shown SEM 
indicate the delamination of the electrode from the membrane


2005 VII.J.1 figure 4.



Fuel Cells – Future Plans

Cell Component 
Projects 

Launched

IEA/EC-JRC Fuel Cell 
Degradation Workshop

Crete, Greece

Accelerated Testing 
Protocols Released

*Subject to appropriations
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