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1.0 SUMMARY

The primary objective of this contract was to evaluate several facets
of the solid polymer electrolyte fuel cell which showed promise of improving the
characteristics of the technology. The major target areas were:

°  Reduced Fuel Celi Costs )

®  Reduced Fuel Cell Weight

®  Improved Fuel Cell Efficiency

° Increased Systems Compatibility

The secondary cbjective was to incorporate demonstrated advances
into a full scale hardware design and to fabricate a single cell unit to this design,

A substantial degree of success was demonstrated in each of primary
target areas as follows:

¢ Reduced Costs

Thinner membrane

* New low cost membrane
Commercially available wetproofing
Elimination of gold
Elimination of fuel side screens
Non-platinized membrane
Bipolar current collection

°  Reduced Weight
®  Thinner membrane

Elimination of fuel side screens

Bipolar current collection

-]

o

Improved Efficiency
®  Higher pressures

Bipolar current collection

Thinner membrane

-]

-]

® Increase System Compatibility
®  Operation on confaminated reactants
Higher temperature waste heat

-]
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The significance of the program evaluations is summarized on Table I
and Figure 1,

The secondary objective was satisfied with the completion of the design
and the fabrication and checkout of full scale fuel cell stack NT-1 {see Figure 2),

DIRECT ENERGY CONVERSION PROGRAMS
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JdableI

Solid Polymer Electrolyte
Fuel Cell Technology Evaluations

DEMONSTRATED ADVAN CES
Tolerance to Contaminated Reactants
{(up to 80% Ng - 25% COg - 0, 3% CO Demonstrated)

®  Thinner Low Resistance Electirolyte
($25/Ft2 vs $35/Ft2 and 2% mcrease efficiency at 200 ASF)
(2.7 cents/cm® vs 3,8 cents/cm and 2% increase efficiency at , 21 amps/cm

Ehmmatlon of Anode Distribution Scereens
($25/F+%)
(2.7 cents/cm?® )

®  Low Cost Cathede Wetproofmg
($2/712 vs $35/F2)
(0.2 cents/ecm? vs 3,8 cents/cm?)

°  Low Cost Cathode Screen (BiPolar)
($5/Ft2 vs. $100/Fid)
(0.5 cents/ecm? vs 10, 8 cents/cm?)

Simplified Membrane Processing
($10/Ft2 vs $20/Ft2)
(1.0 cents/cm? vs 2.1 cents/ecm?)

PROMISING AREAS FOR ADVANCEMENT
¢ Low Cost Electrolyte
- ($10/F+2 vs $35/Ft2)
_{1,0_cents/cmZ vs. 3.8 cents/cm?)

®  High Temperature Operation (300°F) (149°C)
{Decreased Radiator Size and Cost)

POTEN’I‘IA_L AREAS FOR ADVANCEMENT
High Acid Content Electrolyte
(2% Efficiency Increase Goal)

®  Weight Reductlon in Catalyst Noble Metal
($50/Ft2 Reduction Goal)
- (5.4 cents/cm? Reduction Goal)

°  High Porosity Wetproofing
(1% Efficiency Increase Goal)

Reduced Cost Separator Materials
($20/Ft2 Reduction Goal)
(2.1 cents/cm? Reduction Goal)

3
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Figure 2. Fuel Cell Assembly NT-1
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2,0 TECHNICAL BACKGROUND

2,1 General Backeround

The SPE fuel cell technology was first developed into a viable product
"in 1960. Over the past 15 years, improvements in both the SPE and the electrode tech-
nologies resulted in an increased field of applications to include electrolysis systems,
oxygen concentrators and regenerative fuel cells, All four electrochemical devices
utilize the same basic SPE and electrode components, Thus, the experience gained
from one application can be used in the further improvement of the other devices.

The heart of these devices is the SPE which is approximately a 10 mil
thick plastic film fabricated from ion exchange material. This currently utilized
material has a structure as follows:

CIF3
— CF3-CF - CF——

SOgH

This is essentially a sulfonated analog of Teflon with physical proper-
ties very similar to Teflon. .

The use of the SPE as the sole electrolyte in an electrochemical system
offers the following advantages:
Minimum weight
Immobile and invariant during life '
Minimum volume
Ease of handling during assembly

Capability of handling high pressure differentials
across the membrane

No tendency to react with CO9 to form carbonates

DIRECT ENERGY CONVERSION PROGRAMS
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2.1.1 Solid Polymer Electrolyte Technology

The Nafion @ SPE described above is a product of duPont and has
been utilized extensively by GE/DECP in electrochemical applications since 1968, This
membrane is extremely stable, both physically and chemically, while exhibiting excellent
physical and electrochemical properties. These properties are listed below:

Property Value
Tensile > 2500 psi { > 17,235 kN/m?)
Elongation >120%
Burst Strength, unsupported >100 psig ( > 689 kN/m? gauge)
Water Content 25-40 Weight %
Resistivity < 15 ohm-cm
Life in Electrochemical >34, 000 hours demonstrated to date
Bystem (hours) ‘ in fuel cells
Thermal Stability > 300°F ( > 149°C)

The Nafion @ SPE is the latest in a series of GE/DECP membrane
systems that included phenol-formaldehyde sulfonic, polystyrene swfonic, and trifluoro-
styrene sulfonic acids, The Nafion @ SPE was the only membrane that offered the
excellent combination of physical.and chemical stability required in the electrochemical
environments. ; '

The first _Naﬁon@ SPE's tended to degrade slowly in an electrochemieal
environment as evidenced by a slow generation of HF and CO, from the operating device,
However, this problem has been rigorously researched by both duPont and GE/DECP
and has culminated in a stack (four cells) of 0.38 £t2 (354 cmz) (AFC 6) fuel cells that
has been operating over 34, 000 hours with no detectable degradation products (HF).

The performance characteristic over its life to date is shown in Figure 3. It is operating
at 70 psia (483 kN/mz) oxygen-side pressure and for the last 31, 000 hours has been run
at 180°F with current densities up to 260 ASF .28 amps/cmz). .

2,1,2 Electrode Technology

The GE/DECP electrode structures are thin catalyst layers pressed onto
the SPE surface. The catalyst/SPE electrode also contains a thin (3-4 mil) (. 0762-,1016 mz
current collector screen, and in order to prevent water masking of the fuel cell oxygen
electrode where product water is formed, a wetproofing film is placed on top of the
catalyst/current collector. The performance of these electrode structures has been
invariant for over 34, 000 hours with no evidence of performance decay.

: 7Y
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2,2 Majc;r Fuel Cell Programs

The Gemini spacecraft program marked the first operational use of an
SPE unit, The General Electric solid polymer electrolyte fuel cells used on that pro-
gram successfully completed all seven spacecraft missions, accumulating-a total of
850 hours: (5000 stack-hours) of flight operation with an excellent record of performance
and reliability. The spacecraft system included two 1-KW modules, each contammg
three 32-cell stacks.

A total of 250 stacks of the production configuration were built during
the Gemini program, Most of these were used for reliability, endurance, and over-
stress testing and accumulated more than 80, 000 stack-hours of operating experience
in addition to flight operation.

A second-generation model of this fuel cell design successfully operated
in orbit continuously for over 40 days (planned mission of 30 days) on Biosatellite
Spacecraft 501 and stopped functioning only when the reactants were depleted.

The so-called '"back-to-back' cell design concept, where cathodes of
adjacent cells faced each other, was initially developed for Air Force satellites, This
concept was continued under NASA's sponsorship.

In this NASA Space Shuttle Technology Development Program, General
Electric fabricated and evaluated flightweight fuel cell hardware. Noteworthy is the
fact that a 3-cell assembly completed over 6500 hours of life testing, a 38-cell stack

accumulated 5000 hours, and a 32-cell stack with’ ancillary components in a prototype

ilight configuration achieved 2000 hours of operation.

The technology developed during the Space Shuttle technology has recently
been répackaged as a3 KW fuel cell for theé Navy's High Altitudé Super-Pressurized
Powered Aerostat (HASPA),

Recently under sponsorship of NASA's Lewis Research Center, initial

‘development of a new SPE concept was started, The major feature of this concept was

the removal of product water via a dynamic recycling oxygen system as opposed to the

traditional wick and separator approach used since the Gemini Program. The advantages

of this concept are in the areas of weight, cost and efficiency.

Figures 4 thru 6 display the various products described above. Figure 7
is a graphical presentation of the past fifteen years of progress in the SPE fuel cell
technology.
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SPACE SHUTTLE FUEL CELL PROTOTYPE

#5000 HOURS LIFE TEST - 2.5 KW STACK
2000 HOURS LIFE TEST - 2.56 KW MODULE

GEMINI FUEL CELL

®FIRST FUEL CELL SYSTEM IN SPACE

®SEVEN SUCCESSFUL MANNED SPACE FLIGHTS

BIOSATELLITE FUEL CELL

®OPERATED 40 DAYS IN SPACE

®FIRST APPLICATION OF FLUOROCARBON SPE
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