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Program Specifics
Objective: Develop, build,  bench demonstrate 
and deliver a 5 kg H2 capacity hydrogen storage 
system suitable for operation of a PEMFC powered 
mid-size auto application based on NaAlH4 derived 
compounds. 

Funding: $2.45M (20% cost share)

Duration: 48 months
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Program Goals

6.0wt% 
7.2 MJ/kg
0.045kg H2/liter
5 kg H2

< 5 min.
<10%
500 cycles
$33.79/kg H2

-30 min. start temp.
-90oC operating temp.

•System
- Storage wt%
- Specific Energy
- Energy Density 
- Capacity 

•Recharge Time
•Parasitic Loss
•Cycle Life
•Cost
•Temp Range

Characteristic Requirement Consequence

7.5 wt% H2 media

67 kg media
90wt%/hr recharge rate
Transient Response Limit
<0.02%/cycle degradation
~$167 mfg. cost/unit
??
PEM compatible

}



NaAlH4 Development

Technical Breakthrough
B. Bogdanovic, Max Plank Inst.
J. Alloys & Comp., 1997

dehydride

0.64wt%/hr

0.32wt%/hr

0.16wt%/hr

0.08wt%/hr

0.04wt%/hr

Attributes:
• ~4.5 wt% H2 reversibly achieved 

at 160oC
• Ti+4, Ti+3 & Zr+4 effective catalysts

Challenges:
• Discharge rate insufficient for 

PEMFC vehicle at 80oC
• Theoretical 5.5 wt % not 

achievable
• Slow hydration kinetics at 

moderate temp./press.
Evaluation:

• Immature technology with good 
commercial prospects in 10 year 
time frame.

22
3

2634 3323 HAlNaHHAlAlHNaNaAlH ++↔++↔
3.7wt% 1.8wt% = 

5.5wt% H2



Approach
• Safety Analysis
• Compound Development

– Rate
– Capacity

• 50g H2 Prototype System
• Materials Compatibility

CCH Hydrogen
Storage SystemPEM

Cell Stack
Assembly

Hot
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Cool
Water

Hydrogen 
(~1 atm.)

Hydrogen 
(~10 atm.)

Cold
Water

Warm
Water

Power Recharging
System

Discharging
System

Hot
Water

Cool
Water

Aux.
Heat

Manual Control

• Heat/Mass Transfer Analysis
• Systems Integration Analysis
• Scale Up Media Fabrication
• 1kg H2 Prototype/Evaluation
• 5kg H2 Prototype/Evaluation
• 5kg Prototype Delivery



Schedule

Task Name
Design/Fabricate CCHSS#1

CCHSS#1 Evaluation

 Report: 1Kg System Performance

GO/NO GO Milestone

System Performance Modeling

5Kg System Evaluation

Design/Fabricate CCHSS#2

CCHSS#2 Evaluation

 Report: 1Kg System Performance

Ship CCHSS#2 to DoE

Reporting

6/30

6/30

9/30

9/30

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
2001 2002 2003 2004 2005

Task Name
CCH Storage Media Development

Catalyst Modification

Complex Modification

50g H2 System Evaluation

GO/NO GO Milestone

CCH Storage Sys. Demonstration
Consultants

Prof. R. Moyer 

Prof. C. Jensen

NaAlH4 Thermodynamic Modeling

Analytical Effort

Report: NaAlH4 Complex Phase Stability

Report: NaAlH4 Catalyst Phase Stability

Safety Analysis

Empirical Effort

Report: NaAlH4 Safty Isuess

1Kg System Evaluation

Design/Fabricate CCHSS#1

CCHSS#1 Evaluation

 Report: 1Kg System Performance

GO/NO GO Milestone

System Performance Modeling

5Kg System Evaluation

Design/Fabricate CCHSS#2

CCHSS#2 Evaluation

6/30

1/31

9/30

5/15

6/30

6/30
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