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1.0 SUMMARY

The overall objectives of the Phase IV Solid Polymer Electrolyte Fuel
Cell Technology Program were to:

e Establish fuel cell ife and performance at temperatures,
pressures and current densities significantly higher than those
previously demonstrated,

e Provide the ground work for a space energy storage system
based on the solid polymer electrolyte technology (i.e.,
regenerative I-IZIO2 fuel cell).

¢ " Design, fabricate and test evaluate a full-scale single cell unit.

During this phase, significant progress was made toward the accomplishment of
these objectives.

In the area of fuel cell life, for instance, the 0.7 th cell stack
demonstrated nearly 6000 hours of operation at intermediate current densities,
temperatures, and low pressures. A 0.05 Ft2 laboratory-size cell demonstrated
nearly 4000 hours of stable life at high pressure and high current density.
Both of these cells utilized the conductive cathode wetproofing, a configuration
which provides sipnificant performance and weight benefits when scaled to
large~-size cells. In addition, design deficiencies were uncovered in timely
feshion during the endurance life task, such that introduction into the 1.1 Ft
design was possible.

2

In regard to electrical energy storage for space applications, a task
to assess regenerative fuel cell performance optimization was successfully con-
cluded. During this effort, compromise catalyst combinations were evaluated
to identify the optimum electrical energy storage efficiency obtainable from a
single electrochemical device (i.e., involving H9/Og fuel cell function and Hy0
electrolysis function both being performed by the same unit). Normally an
excellent electrolysis catalyst is a poor fuel cell catalyst and vice versa. The
optimum H9/Og2 regenerative performance was also compared to demonstrated
hydrogen /halogen regenerative fuel cells to provide the available regenerative
fuel cell options.

As stated above, during this phase the advances previously
demonstrated in laboratory-size hardware were introduced into a 1.1 Ft2 (active
area) cell design. Hardware was fabricated, assembled and non-operationally
checked for leakage, flow and electrical characteristics. Initial performance of
this single cell unit has shown performance levels eguivalent to those obtained
in laboratory-sized 3" X 3" cells. The continued success of this unit is
demonstrating that the technology is sufficiently developed for muiti-cell and
reactor stack fabrication and test evaluation.

An additional objective which developed during the course of the

Phase IV activities, was the evaluation of various sclid polymer electrolyte fuel
cell configurations for potentially enhancing the space shuttle capabilities.

1
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Projections were completed for fuel cells with high output voliage, high peak
power and a high degree of voltage regulation. It is hoped that these
projections willbe useful to NASA in their future program planning.

2
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.0 TECHNICAL BACKGROUND

.1 General Background

The Solid Polymer Electrolyte fuel cell technology was first developed
into a viable product in 1960. Over the past 19 years, improvements in both
the Solid Polymer Elecirolyte and the electrode technologies resulted in an in-
crease in the field of applications to include electrolysis systems, oxygen con-
centrators and regenerative fuel cells. Al four electrochemical devices
utilize the same basic Solid Polymer Electrolyte 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 Solid Polymer Electrolyte, which is
a plastic filin approximately 10 mils thick, fabricated from ion exchange material.
The material currently used as the Solid Polymer Electrolyte has a chemical
structure as follows:

CFS

CF,-CF CF

S

o
o3

S0 3H

This material, called Nafion*, is essentially a sulfonated analog of
Teflon*, with physical properties 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 002 to form carbonates

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. The
specification of these properties are given below:

® Registered trademark of E.I. duPont Company.

3
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Property Value

Tensile Strength > 2500 psi (> 17,235 KN /m? )
Elongation > 120%

Burst Strength, Unsupported > 100 psig (& 689 kN/m2 gauge)
Water Content 25-40 Weight %

Resistivity . > 15 ohm-cm

Life in Electrochemical > 51,000 hours demonstrated to date
System (hours) in fuel cells.

Thermal Stability > 300°F (> 149°C)

The Nafion Solid Poiymer Electrolyte is the latest in a series of GE/-
DECP membrane systems that included phenol-formaldehyde sulfonic, poly-
styrene sulfonic, and trifluorostyrene sulfonic acids. The Nafion Solid
Polmyer Elecirolyte was the only membrane that offered the excellent com-
bination of physical and chemical stability required in the electrochemical
environments.

The first Nafion Solid Polymer Electrolytes did tend to degrade
slowly in an electrochemical environment as evidenced by a slow generation of
HF and CO2 from the operating device. However, this problem has been
rigorously researched by both duPont and GE/DECP and has culminated in a
stack of 0.38 Ft2 (354 cm?2) cells that has been operating over 51,000 hours,
with a projected life of over 100,000 hours. This stack, designated AFC-86, is
-currently operating at 70 psia (483 kN/m2) oxygen-side pressure and has been
run at 180°F for over 37,000 hours-with current densities up to 260 ASF
(.28 amps/em2). The performance exhibited by the stack over its life to date
is shown in Figure 1.

2.1.2 Eleetrode Technology

_ The GE/DECP electrode structures are thin catalyst layers pressed
onto the Solid Polymer Electrolyte surface. The catalyst/Solid Polymer
Elecirolyte electrode also contains a thin (3-4 mil) (.0762-.1016 mm) current
collector screen. 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 siruc-
tures has been invariant for over 51,000 hours with performance decay of
< 1 4tvolt per cell hour.

2.2 *Major Fuel Cell Programs

The Gemini spacecraft program marked the first operational use of a
Solid Polymer Electrolyte unit. The General Electric Solid Polymer Electrolyte
fuel cells used on.that program successfully completed all seven spacecrafi
missions, accumulating a total of 850 hours (5000 stack-hours) of flight
operation with an excellent record of performance and reliability. The space-

4
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craft system included two 1-KW modules, each containing 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, accumulating 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. The unit stopped functioning only after the
reactants had been depleted.

An additional application, the so~called "back-to-back" cell design
concept, in which cathodes of adjacent cells faced each other, was initially
developed for Air Force satellites. This concept was continued under NASA's
sponsorship. ;

During the NASA Space Shuttle Technology Development Program,
General Electric fabricated and evsaluated 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 flight configuration achieved 2000 hours of
operation.

The technology developed during the Space Shuttle Development
Program was then repackaged as a 3 KW fuel cell for the Navy's High Altitude
Super-Pressurized Powered Aerostat (HASPA).

Subsequently under sponsorship of NASA's Lewis Research Center,
initial development of a new Solid Polymer Electrolyte 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 2 through 5 display the various products described above.

Figure 6 is a graphical presentation of the past 15 years of progress in the
Solid Polymer Electrolyte fuel cell technology.

6
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2 Figure 2. 5 KW Fuel Cell Module with Ancillary Components (NASA /JSC)




One KW Fuel Cell Module for Gemini Spacecraft

Figure 3. 350-Watt Fuel Cell Module for Biosatellite Spacecraft
8
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Figure 4. SPE Hydrogen-Oxygen Electrolysis System

Rear View

9
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Complete Fuel Cell Power System, Including Cryogenic Tasks, in the Process
of Assembly for U. S. Navy Balloon Program.

The Fuel Cell Performance Remains at Specification Levels Following 1000 Hours Operation and 2 Years
Storage.

@ Figure 5.




3.0 TECHNOLOGY ACTIVITIES

The major efforts of the Phase IV Program were directed in the
following technological areas: -

e Task 1.0: Continued Evaluation of Laboratory-Size
(3" X 3") Cells

e Task 2.0 Regenerative Fuel Cell Testing and Evaluation
e Task 3.0: Full-Scale Cell and étack Design

e Task-4.0: Single Cell Testing and Evaluation

Figure 7 shows the overall Phase IV Program Milestone Chart.

3.1 Task 1.0 - Continued Testing of Laboratory-Size (3" X 3") Cells
and Hardware

During Phase III of this program, a series of endurance and
performance tests were begun on lzboratory-size cells, the primary purpose of
‘which was to confirm the life and performance characteristics of the IEM fuel
cell at temperatures, pressures, and current densities above those previously
demonstrated. These tests were continued in Phase IV under Task 1.0, which
was expanded beyond the initial effort represented by Sub-Task 1.1,
Endurance Evaluations, to include the following:

1.2  Alternate Electrolyte Evaluations
1.3 Performance Evaluations

3.1.1 - Endurance Evaluation

In order to characterize the performance of any given cell, and thus
accomplish the goals of this evaluation testing, a baseline configuration was
established during Phase III utilizing the state of the art as of 1977. Table I
contains a summary of the characteristics of the 1977 baseline cell configura-
tHon. Figures 8 and 9 contain performance data as demonstrated -during testing
under this task during Phase III.

By the end of Phase III, the results of this testing and other
developmental efforts led to a reassessment of the configuration being analyzed.
This reassessment resulted in the judgment that future performance and
endurance analyses under Phase IV would be conducted on cells containing the
then recently developed conductive wetproofing configuration. The factors
pointing toward this approach included: .

e The system demonstrated over 2000 hours of completely stable
performance on scaled-up Unit NT-03. This dispelled many
of the concerns over oxidation of the conductive wetproofing
graphite structure at operating wvoltages.

12
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Phage IV *
Mileslone Chart

1977 1978 1979

Task Item JJAIS [OIN|DiJ | FIMAMIJ |J |A|S |OINID|J |FM

1.0 LABORATORY TESTS
{Endurance Evaluations) L] A

2,0 REGENBRATIVE LAB EVALUATIONS
{3x3) ] A
3.0 STACK DESIGN.
3.1 Bench Tests ___A
3.2 Final Design a A

4,0 SINGLE CRLL EVALUATION
4.1 Hardware Fabrication L] A
4,2 Test Evaluation ] A

5.0 NASA/JSC REVIEW A A

6.0 DOCUMENTATION .
6.1 Regenerative Evaluation Report A
; Monthly Reports A A A A A A A A A A A A

Final Report A
Test Report 4

£1

*

6
6
6

U]
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* Contract Modification #2

Figure 7. NASA/JSC Technology Program




TABIE I

A SUMMARY OF THE 1977 BASELINE CELL CONFIGURATION IS AS
FOLLOWS:

e SOLID POLYMER ELECTROLYTE

DU PONT'S NAFION

5 MILS THICK

35-40% HZO

1200 EQUIVALENT WEIGHT

PLATINIZED

s ANODE

4 GRAMS /FT2 NOBLE METAL LOADING

64% PT, 21% RU, 15% WO2

15% T-42 (TEFLON)

GOLD SCREEN (DISTRIBUTION) ASSEMBLY

e CATHODE

| 4 GRAMS/FT® NOBLE METAL LOADING
12.5% T-30 1003 PT (TEFLON)
1/4 INCH STAND PIPE
3 MIT, GOLD SCREEN
CHEMPLAST WETPROOFING (POROUS TEFLON)

¢ CURRENT COLLECTION

¢ BIPOLAR
e OPEN CATHODE GAP

14
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A conductive wetproofing was- desirable for scaled-up hardware
to minimize IR losses.

Because the conductive wetproofing configuration provided full
support to the electrolyte polymer on both sides, facility failures

.of the type involving oxygen loss would not damage the cells.

Extrapolated performance from Cell NT-03, and from the 10-mil
thick cells on the IR&D Program with conductive wetproofing,
demonstrated an equivalent performance between the non-air
activated baselines and the non-air activated conduective wet-
proofing configuration.

Because the conductive wetproofing configuration eliminated the
cathode current collection screen and its 2-3 mil penetration
into the polymer, greater structural strength of the polymer
resulted by increasing the minimum cross section from approxi-
mately 2 mils to 4 mils.

For the above reasons, it was decided to accelerate the conductive
wetproofing effort as it continued into Phase IV, and to use cells so con-
figured in the testing under Task 1.0. Figure 10 compares the configuration
of the 1977 baseline 3" X 3" cell and hardware to the configuration of the
3" X 3" cell with conductive wetproofing, both as initially developed and as
it existed at the end of Phase IV. The initial and present conductive wet-
proofing configurations are pictorially represented in Figures 11 and 12.

. The introduction of the conductive wetproofing configuration into
the 3" X 3" endurance test program did eliminate the problem of reversed
pressure failures resulting from any one of several facility-type malfunctions.
However, the endurance testing of the conductive wetproofing cells did
exhibit several modes of performance loss and failure not observed in the
non-conductive wetproofing configuration. The timing of these design
deficiencies was fortunate, however, in that corrective action was able to be
applied to the design of the 1.1 th, cell. The major dificiencies identified
and corrective actions taken were as foliows:

The SPE tended to creep with time through the ancde expanded
metal flow field screen, eventually resulting in cuts in the SPE.
The high compression pressure needed to obtain a perimeter
seal and low cell resistance accelerated this creep process.
Correciive actions included incorporation of an independent seal
end active zrea compression configuration, and the introduction
oi an anode support plate of weiproofed graphite (8T-4).

Product water flooding of the cell resulted in lower performance.
In the previous non-conductive weiproofing configurations,
wezier had beoen removad by wicks or by gravity. Correctivs
action includsd Incressing ithrough-cell flow rajss of oxygen

rzaziant and redesizm of flow Hs=ids.
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Configuration of 1977 Baseline (3 x 3 Hardware)

Gagket
Feed Plate Membrane/Electrodes (M and E)
Cathode Gap {Oven)
Anode Gap ,:
(Tight) X Feed Plate
(]
%
Hg
Configuration of Initial Conductive Wetproofing Configuration of Present Conductive.
Wetproofing
Hy 05 Hy

7  h,
G — Gasket
5;'_11 € Feed Plate / Feed Plate
Feed Plate t:// w— Feezd Plate /
: /)
% /
A Cathode Gap
Anode Gap —— XA A—  Cathode Gap . oo, Tight)
(Tight) (Tight) 2 / / 77 ®
Compression i -
Pillow S/
/1]
Anode Gap s A
(Tight) /, L
,4 /-

Figure 10, Comparison of Configurations: Baseline vs. Tnitial and Follow-On
18
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Figure 11, Initial Conductive Wetproofing Configuration
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Figure 12, Present Conductive Wetproofing Configuration




the membrane will result in only minimal impact on the cost of the unit itself.
The most important factor in this particular application is performance; the
further development of RAI membrene performance characteristics would re-
quire a considerable expenditure of time' and money, totally negating the ef-
fects of its initially cheaper cost.

Even for application to large-scale production of fuel celis, RAI
membrane no longer represents the advantage thought to exist at the
beginning of these investigations. The. cost projections of this membrane
show an increase with time, while the cost of Nafion has been steadily
decreasing, as the following table demonstrates:

TABLE II
Nafion Cost 1978 Dollars
o 1067 $150 /7t $300/Ft>
o 1072 $35/Ft° $50 /Ft°
o 1978 $30 /Ft> $30/5t2
o 1083 $22/Ft2 $15 /7t

(Projected)

In addition, the results of the evaluation of the modified Nafion
showed it to represent no real improvement in the fuel cell application over
Nafion as currently used, and thus this membrane was also deleted from
continued investigative efforts under this task in Phase IV. Hereafter,
resources designated for this task were applied to more fruitful areas, such
as endurance testing.

3.1.3 Performance Evaluations

Commenced under Phase I1I, the purpose of this sub-task was to
gain insight into the performance improvement of Cell NT (1I)-1-4 observed
following H2/sir operation, when returning to H3/02 operation. As a result
of the Phase III effort, a post-air performance improvement mechanism was
postulated and partially demonsirated in operational testing (Cell NT(III)-
1.5-1). At approximately the same time, improvements in the performance of
cells configured with conductive wetproofing established levels of perfor-
mance equivalent to the pre-air operation of Cell NT(II)-1-4. (See perfor-
mance of Cell W-3 on Figure 13.) With the beginning of Phase IV, the
decision was made to redirect further performance evaluations to the con-
ductive wetproofing configuration of cells such as NT-03(.7 Ft2 cell). As
this phase progressed, the emphasis became primarily focused on endurance
rather than performance evaluations, due to the initially poor resuits of the
endurance testing.

3.1.4 NT-03 (.7 th Development Cell) Performance

The purpose of this sub-task was to demonstraie that the advances
made in 3 X 3 laboratory-sized cells and hardware could be scaled-up and

22
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applied to larger cells. The size of .7 th was established early in the

program as a likely intermediary between the 3 X 3 cells .and full operational
size.

NT-03 began load operation on October 4, 1977, during effort under
Phase III. This cell incorporated new design features generated as a resuli
of the GE /DECP IR&D effort on conductive wetproofing. These modifications
to the earlier NT-02 design included:

e Corrugated titanium coolant system trusses to replaée the
polypropylene screens.

¢ Conductive wetproofing to replace the interrupted Teflon
wetproofing.

o Frame porting to replace port trusses for improved stack
up .
¢ .10-mil thick Nafion electrolyte recuced to 5-mil.

Figure 14 shows a cross—section of the new stack.

By the end of Phase III, Cell NT=03 had accumulated 3,388 hours
of extremely stable performance at 16 psia and 165°F. Testing of this cell
continued into Phase IV, operating for a total of 5,819 hours before a
facility power loss resulted in a shutdown and normal oxygen takeover.
Figure 15 displays cell NT-03 performance levels during the test. The HT
release rate had remained in the 50 - 150 PPB range throughout.

Duriné‘ checkout prior to reactivation, both excessive cross-
electrolyte and overboard oxygen leakage were .observed. Teardown analysis
revealed two factors which related to the leakage conditions:

e The. Teflon double-sided adhesive frames had undergone
some creep with operational time, and the stack compression
load in the perimeter seal area was considersbly reduced.

® An original time zero screen puncture which had been suec-
cessfully patched with Teflon and silicone adhesive before
initial activation was found to lesk at teardown. This
original screen puncture resulted from misalignment of the
oxygen ilow distribution sereen package.

The overboard leakage was undoubtedly the result cf the loss of seal area
compression, whereas theé cross-electrolyte leakage could have -arisen from
gither of two probable causes:

e With decreased seal esrea compression, cross-maniiold O2-to-
H2 leakage could have occurred.

¢ The original puncture could have opened during the flexing
of the zlecirolyie &5 the auiomatie oxvgen -izkeover shui-
down procescsd.
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The electrolyte damage which occurred as a result of the facility
power failure was repaired .with Teflon and silicone adhesive, and the unit
was reassembled with tie rod springs. Following installation of the unit into
the test facility, a serieg of leakage, flow and electrical checkout tests in-
dicated that all was- normal.

The unit was activated, and performance appeared normal at room
temperature. As the operational temperature of the unit was increased, the
normal performance improvement was noted. After approximately nine hours
of operation in an unattended mode, a slow performance decrease developed.
This decay continued over a two-hour period until a low voltage shutdown
resulted.

A post-test leakage check indicated that a cross-—electrolyte leakage
had redeveloped. A teardown, analysis and repair procedure was not initiated
as manpower was committed to the fabrication of the 1.1 Ft?2 single cell unit.
Since it was strongly suspected that the leakage development is the result of
the loosening of an electrolyte patch, it was doubtful that a teardown analysis
would have contributed to redirection of the 1.1 Ft2 hardware fabrication. As
of the end of Phase IV, manpower remained commitied to the 1.1 Fi2 cell
activity. Testing and evaluation will continue in Phase V to identify long-
term failure mechanisms.

3.2 Task 2.0 - Regenerative Fuel Cell Testing and Evaluation

The study of a Hydrogen/Oxygen Regenerative Fuel Cell was con-
ducted under Task 2.0 to determine the feasibility of using a single unit that
would combine the functions of a fuel cell and an electrolysis unit for space
applications. The regenerative unit would reduce the system weight con-
siderably and is a likely prospect, assuming that the performance is not af-
fected adversely.

The regenerative fuel cell operates both in the fuel cell and
electrolysis modes. During fuel cell operation, the system derives electrical
energy from the conversion of the gaseous reactants, hydrogen and oxygen,
into water. The water produced by the fuel cell reaction is pumped into an
electrolysis chamber, where the passage of an electrical current reconverts it
to the gaseous state. Product gases are then held in high pressure storage
until needed by the fuel cell. Electirical energy for operation of the

electrolysis cell is obtained from a solar array, which is the ultimate source
of all power. :

The electrical power is generated during the daylight hours using
the solar array. During this period hydrogen and oxygen are produced.
These reactants are combined to generate electrical power during the dark-
side operation.

Although the idea of a regenerative fuel cell results in considerable-
reduction of system weight, the study primarily.considered the advantages
and disadvantages of such a system by operating under wvarious electrode
configurations. Tests were conducted to determine the performances of:

27

DIRECT ENERGY CONVERSION PROGRAMS-: @



(1) E-5 Anode, E-5 cathode with conductive wetproofing
(2) Pt Anode, E-50 cathode with eonductive wetproofing
(3) Pt Anode, Pt cathode with conductive wetproofing.

The performance of a hydrogen/oxygen regerierative' fuel cell was also com-
pared in this effort with hydrogen/halogen regenerative fuel cells in an effort
to identify the available options. Figure 16 shows the performance of the
best 02/H2 Regenerative Fuel Cell at ambient temperature compared to two -
demonstrated hydrogen/halogen cycles. Figure 17 displays the same 02/H2
Regenerative Cell operating at 220°F in comparison to projected performance
of the hydrogen/halogen cygles at .194°F.

A detailed description and analysis of the effort conducted under
the task can be found in a separate report, "Final Test and Evaluation Report
Covering Regenerative Fuel Cells (H90), (HC1) and (HBr)", dated May 28,
1978, and published in fulfillment of DRL Line Item No. 2, NASA Contract No.
NASS9-15286. A summary of the results obtained during this study can be
seen in Table III (Comparison of State-of-the-Art System Weights), Table IV
(Comparison of System Costs), and Table V (Advantages versus Disadvantages
of Each System).

As a consequence of these results, the following conclusions were
drawn:

A comparison study of the H20, HCI and HBr regenerative cycles
indicates that the HCI cyele has both the lowest weight and cost for the
particular set of assumptions. The Hg0O eycle has the major advantages of
being much further along in development and can be-integrated with environ-
mental -control systems. The hydrogen /halogen cycles may be utilized with
advantage if energy storage and in-space chemical process materials are
integrated, or if pure energy storage is desired.

At this point in time it would therefore appear that each of the
cycles has potential for space application.

It is anticipated that, with the advancement of fuel cell technology
and solar energy systems, the weights and costs of the regenerative cyeles
will be reduced considerably. Projections are shown in Tables VI and VII.

3.3 Task 3.0: Stack Design

The overall purpose of ‘this fask was to design a single fuel cell
and its support equipment which could be used in several different space ap-
plications. The design was based on the results of a system study con-
ducted primarily during Phase III which examined —various applications sub-
mitted by NASA/ISC. (Specifically, power systems for a space stziion, space
1ug , power platform, and second-generziion space shuttie) The task was
" divided into two sub-tasits: 3.1, "Bench Tesiing”., concerning bench-testing
of configuration concepnts. and 3.2, "Final Design”, -comwrising the design of
this zell and sunport ecquinment such &s the rods and end plates.
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TABLE IIT

COMPARISON OF CURRENT SYSTEM WEIGHTS *
TFOR THE HZO’ HC1 AND HBr CYCLES

H_O Cycle HCI Cycle HBr Cycle
COMPONENT Sys%em Wt. (lbs) System Wt. (Ibs) System Wit. (1bs)
U Regenerative Fuel Cell Unit @ 15 lbs/KW 375 (750) 375 375
0 .
[c'j Solar Array @ 14 lbs/KW 750 570 590
m
% Reaclant Storage 15 40 40
-
2 Reactants 15 | 105 240
O .
O
E e Power Conditioning @ 5 lbs/KW 125 1256 125
m
% Cabling @ 3 lbs/KW 75 75 75
o
= Heat Rejeciion 100 45 50
o
9 ,
g TOTAL CURRENT WEIGHT 14565 lbs (1830 lbs) 1335 1lbs 1495 lbs
=
» ) :
( ) The terins in parentheses are the weights for 2 identical fuel cell units. As the reversal from the

electrolysis mode to the fuel cell mode is not instantaneous for the Hy0 cycle, it may be necessary
to use 2 units - one for electrolysis operation and the other for fuel cell operation.

* Assumptions include:

25 KW Constant Load
90 Minute Orbhit
30 Minute Dark Side Operation
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 TABLE IV

COMPARISON OF CURRENT SYSTEM COSTS **
FOR THE HZO’ HC1 AND HBr CYCLES

H,0 Cycle HC1 Cycle HBr Cycle
COMPONENT System Cost (in $K) [System Cost (in $K)|System Cost (in $K)
Regenerative Fuel Cell Unit @ $15K/KW 375 (750) 375 375
Solar Array @ $15K/KW 805 610 635
Reactant Storage 5 10 10
L

Reactants * - ~ -
Power Conditioning @ $5K/KW 125 125 125
Cabling @ $1K/KW 25 25 25

Heat Rejection 125 85 60
TOTAL CURRENT COSTS $1,460K ($1,835) $1, 200K $1,230K

( ) The terms in parentheses are the cost for 2 identical fuel cell units. As the reversal from the

electrolysis mode to the fuel cell mode is not instantaneous for the HpO cyele, it may be
necessary to use 2 units - one for electrolysis operation and the other for fuel c¢ell operation.

* Reactant costs are negligible compared to the other costs.

Ao Assumptions Include: 25 KXW Constanl Load
90 Minute Orbit
30 Minute Dark Side Operation
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TABLE 'V

ADVANTAGES/DISADVANTAGES

ADVANTAGES
H,Q CYCLE
Flexible Reactants
Non-Corrosive Fluids
Demonstrated Life
HC1 CYCLE

Very High Conversion Efficiency
Low Heat Rejection

ILow Noble Metals

Single Elecirochemical Unit
Instantaneous Reversal of Fuel Cell
and Electrolysis Operations

HER CYCLE

. High Conversion Efficiency

Low Heai Rejection

Low Pressure
State-Of-The-Art Materials
Low Noble Metals

Single Electrochemical Unit
Instantaneous Reversal of Fuel
Cell and Elecirolysis Operation
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DISADVANTAGES

High Heat Rejection

Reversal From Electrolysis
To Fuel Cell Mode Not In-
stantaneous - May Require
Two Separate Electrochemical
Units

Low Conversion Efficiency

Corrosive Fluids

Toxic Fluids

High Reactant Weight

High Pressures For
Liquefaction of Chlorine
Parformance Level Change
With Acid Concentration

Corrosive Fluids

Toxic Fluids

Very High Heactant Weight
Performance Level Change
With Acid Concentration




TABLE VI

COMPARISON OF FUTURE SYSTEM WEIGHTS *
FOR THE HZO’ HIC1 AND HBr CYCLES

H0 Cycle HC1 Cycle HBr Cycle
COMPONENT TFuture System Wt. (lbs) | Future System Wt. (lbs) | Future System Wt. (ibs)
) Regenerative Fuel Cell Unit
E @ 9 lbs/KW 225 (450) 225 225
g Solar Array @ 8 lbs/KW 430 325 335
2 Reactant Storage 15 40 - 40
2 Reactants ' 15 105 240
§ o Power Conditior;ing @ 5 Ibs/KW 125 125 125
§ " Cabling @ 3 lbs/KW 75 75 75
£ Heat Rejection 100 45 50
3 | .
§ TOTAL FUTURE WEIGHT 985 Ibs. (1210 1bs) 940 1bs. 1090 lbs
g ( ) The terms in parentheses are the cost for 2 identical fuel cell units. As the reversal from the
7]

electrolysis mode to the fuel cell mode is not instantaneous for the HyO cycle, it may be
necessary fo use 2 units - one for electrolysis operation and the other for fuel cell operation.

* Azsumptions include: 25 KW IConstant Load
90 Minute Orhit
30 Minute Dark Side Operation
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TABLE VII

COMPARISON OF FUTURE SYSTEM COSTS**

T'OR THE HZO’ HCi AND 1IBr CYCLES

Hy0O Cycle HCI Cycle HBr Cycle
COMPONENT Foiure Sysiem Cost (in $K) [ Future System Cost (in $K) | Future System Cost (in $K)
Regeneralive Fuel Cell '
Unit @ $7K /KW 175 (350) 175 175
Solar Array @ $10K/KW 535 405 425
" Reaclant Storage 5 10 10
Reactants* _ .
Power Conditioning
@ $5K/KW 125 125 125
& Cabling @ $1K/KW 25 25 25
IHeal Rejeclion 125 55 60
TOTAL FUTURE COST $990K ($1, 165K) $795K $820K
{ ) The terms in parentheses are the cost for 2 identical fuel cell units., As ihe reversal from the

elecirolysis mode to the fuel cell mode is not instanlaneous for the Hy0 cycle, it may be necessary
to use 2 units - one for elecirolysis operation and the other for fuel cell operation.

* Renctani costs are negligible compared to other costs.

&k Assumplions Include:
25 KW Constant Load
90 Minule Orbit

30 Minuie Dark Side Operalion




The system study outputs had established a cell sizing of 1.1 Ft2
as near optimum for the space applications of interest. Detalled design and
testing efforts began in Phase IV. Upon completion of the initial bench test-
ing of flow field components, the coolant flow field was initially designed as a
diamond pattern with a .035 inch draw for the 1.1 Ft2.cell, the diamonds
being approximately 0.35 inch by 0.45 inch. Flow distribution was very
uniform at one liter per minute with three-channel flow. Inlet~to-outlet dif-
ferential pressure (inecluding porting) was in the range of 2-3 psi at room
femperature. .

The two-phase flow of the cathode chamber was configured around
a 2/0 sereen forming of niobium foil. Thé depth of flow field draw was
established as approximately 0.010 inch. - The flow characteristics were
evaluated with flow.rates up to 500 ce/min, and pressure differentials up to
15 inches of water.

Samples of the sheetmetal configurations selected as a result of the
flow tests were compression-tested at 175 psi (the maximum desired end plate
loading). Excessive deflection resulted when the three separator sheets were
constructed of 5-mil thick niobium. Acceptable deflection resulted when the
coolant flow distribution sheet was fabricated from 5-mil thick titanium.

An alternate coolant flow distribution configuration utilizing a "pin"
field in place of the "screen" field was later evaluated. This configuration
was shown to provide compression qualities superior to those of the expanded
screen pattern, Flow tests showed somewhat larger pressure drops, but
which still remained within an acceptable range. The "pin" field was selected
for the design fabrication based on these compression results.

Non-flight type end plates were also designed as a part of this task.
The fluid porting end plate was designed as a ridged component simulating the
stack midplate of a multiple-KW stack. The compression end plate was de-
signed to have a pneumatic diaphragm with an elastomeric seal to provide
stack compression loads.

Certain aspects of the design of the 1.1 Ft? cell are considered to
be particularly wvaluable in preventing/avoiding difficulties encountered with
Cell NT-03. Specific problems addressed by this new design include the
following: .

® Stack/frame creep is greatly reduced by the use of niobium
frames. The only material in.the frame area that may creep

under operating conditions is the electrolyte membrane it-
self. :

¢ Stack creep is compensated for by the dynamic, pneumatically
actuated compression diaphragm.

2

¢ The 1.1 Ft~ cell design eliminates all expanded screen compo-
nents, along with their potential capability of causing
puncture. damage.
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3.4 Task 4.0 - Single Cell Evaluation

This task was also divided into two sub-tasks: Sub-Task 4.1,
"Single Cell Fabrication", and Sub-Task 4.2, "Single Cell Facilily Preparation
and Test". The major design and projection operational characteristics of the
1.1 Ft2 scaled-up hardware are displayed in Table VIII.

Long-lead items for the fabrication of the single cell and test
facility were ordered early in Phase IV, the test facility being completed
essentially on time. However, delays were experienced in obtaining one
critical item for fabrication of the single cell, namely niobium foil to be used
in forming the reactant flow fields. This vendor delay, due to a rolling mill
failure, caused an initial slippage of six- weeks in the schedule. Delays were
subsequently experienced in the forming of flow field components.

Initial trial formings of the niobium and titanium foil flow field
components produced cracked parts. It was necessary to break sharp edges
and hand-finish the molds to yield the proper results. Once the flow field
molds were perfected, foll surface defects which did appear were checked with
a penetrant inspection method.

* Electron beam welding trials of the flow field components produced
good resulis after several procedural modifications. Leak checks of the
finished assemblies were performed with a procedure involving helium:

Helium gas was directed at the seal area around the evacuated flow field
assembly; a mass spectrometer sensed any helium which entered the flow field
assembly area. The various components making up the completed 1.1 Ft2.
cell are displayed in Figures 18 through 25,

The single cell stack was assembled and pressure checks performed
at 115 psig. During the 115 psig, preoperational pressure check of the com-
pleted stack, only minor weld leaks were detected in one of the formed foil
separator sheets. At 75 psig on the pressure pad, the 1000 Hz, 50 amp
resistance was .00026 ohms, a resistance level equivalent to that of the best
3 X 3 cells exhibited to date. Proof pressure testing of the end domes also
took place with successful results to 263 psi (1.5 times maximum operating
pressure).

After weld repair and after passing all preoperational checks, Fuel
Cell stack No. 001 was activated. At 15 psig Op, 11 psig Hg and 120°F, Cell
No. 001 achieved a 100 ASF voltage of .814 volts. Figure 26 shows the stack
on the test facility. Operation at higher current densities was unstable due
to limited product water removal. After 11 hours of operation, a short
developed which required a system shutdown. The short originated in the
-area of two opposing weld irregularities in the alignment-holes of the
separator sheets. (These alignment holes were originally intended to align
the stack during assembly, but have since been eliminated from further col-
lector plate designs to enhance sealing and decrease cost.) The irregularities
(less than .003 mil each) mated up and electricslly shorted the cell after
peneirating the membrane. The irregularities were removed and the separator
sheets thoroughly inspected. No additional protrusions were diséovered.
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TABLE VIO
SCALE-UP CELL CHARACTERISTICS

Weight (less coolant) 1.24 1bs. actual

Thickness (cell spacing) . - 0.085"
Cell Outside Dimensions - 14" x 14"
Cell Active Area - 1,1 th
Estimated Cell Coolant Weight - 0.4 ]bs.
Operating Pressures

Cathode - 115 psia

Anode - 111 psia

Coolant -~ 115 psia
Coolant Inlet Temperature - 180°F
Maximum Current Density - 461 ASF
Cell Voltage at Maximum AS.F - 777 VDC
Maximum Cathode AP - 15" H,0
Maximum Cathode Flow - 6 SL/M
Coolant Flow - 1L/M

Ambient Internal Resistances 0. 00028 Ohm

Estimated Resistance @ Temperature 0,000175 Ohm
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iy Figure 18, NASA 1.1 th Cell Coolant Insert
@ (Coolant Flow Field)




SWVYHOO0UHd NOISHIANOD ADHINI 103410

2
(-u-\ Figure 19. Welded Coolant Cartridge Frame for 1,1 Ft Cell
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Figure 20. Cathode Flow Field for 1.1 Ft2 Cell
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Anode Flow Field for 1.1 th Cell

Figure 21,
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4 Figure 22, Completed Coolant Cartridge Showing
Cathode Flow Field
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Figure 23, NASA Anode Flow Field Support
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@ Figure 24,  Catalytic Electrode for NASA 1.1 Ft> Cell
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@ Figure 25.  NASA Cell Assembly Showing Cathode
Q@*&j Wetproofing Side
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Buildup #01 Test Facility
Figure 26
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TABLE IX

SPACE SHUTTLE ENHANCEMENT PROGRAM

PROJECTIONS FOR VARIOUS VOLTAGE LEVELS OF FUEL CELLS

POWER RANGE
CURRENT DENSITY
VOLTAGE RANGE
CELL AREA

NG. OF CELLS
VOLUME

WEIGHT

LIFE

PRODUCTION COSTS
DEVELOPMENT COSTS
DEVELOPMENT TIME

28 VOLT 120 VOLT 270 VOLT

PROJECTIONS PROJECTIONS PROJECTIONS

4-14 KW 4-14 KW 4-14 KW

118-461 AST 118-461 ASF  118-461 ASF

28-32.24 VDC  112-129 VDC  270-315 VDC

1.1 FT2 .275 FT2 12 FT2

36 144 352

147" X 141 X 241 87X 8" X 40" 14" X 14X 30"
7 X 147 X 48"

150+ 172# 2464

>10, 000 >10, 000 >10, 000

$150 K $250 K $450 K

$10 M $12 - 13 M $15 - 17 M

2.5 -3 YEARS  3.0-3.5 YEARS 3.0-3.5 YEARS

52

DIRECT ENERGY CONVERSION PROGRAMS




SPACE SHUTTLE ENHANCEMENT PROGRAM

TABLE X

ADDITIONAL
PROJECTIONS FOR EIGH VOLTAGE/HIGH KW FUEL GCELIS

POWER RANGE
CURRENT DENSITY
VOLTAGE RANGE
CELL AREA
NO. OF CELLS
. VOLUME

WEIGHT

LIFE

PRODUCTION COSTS
DEVELOPMENT COSTS
DEVELOPMENT TIME

270 VDC SYSTEM

OPTION

7l

2-16 KW

20-163 ASF

256.5 - 283.5 VDC

.388 FT2

292

10" X 10" X 46"
OR

10" X 14" X 34

330%

>10, 000 HRS

$390 X

$14 - 16 M

3.0 - 3.5 YEARS
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OPTION

2

3-16 KW

40-235 ASF

256.5 - 283.5 VDC

.269 FT2

300

9" X 91" X 49"
OR

9" X 14" X 35

290#

>10,000 HRS

$400 K

$14 - 16 M

3.0 - 3.5 YEARS

OPTION

4-16 KW

72-300 ASF

256.5 - 283.5 VDC

. 210 FT2

308

8" X 8" X 527
OR

81 X 14" X 36"

253%

>10,000 HRS

$410 K

$14 - 16 M

3.0 - 3.5 YEARS




display the effect of varying the range of power level. As the range becomes
narrower (i.e., going from 2 - 16 KW to 4 - 16 KW),the major impact is a
significant reduction in weight. This is due to the higher current densities

and the resultant decrease in cell active area. Changes in other characteristics,

such as cost, volume, and development time, are insignificant as a result of
the power range variable.

Table XI displays two additional high voltage options (#4 + #35).
Both of these options have 'a 14 KW peak and a 4 - 14 KW range. These
characteristics are similar to the present space shuttle requirements. The
option #4 configuration incorporates the * 5% voltage regulation, whereas
option #5 considers a +7.4%/~6.7% voltage range which is just slightly better
than present space shuttle requirements. Once again, the major impact of
allowing a slightly larger voltage range is in the reduced weight of smaller
cell active areas by allowing inecreased current density.

The 270 volf, option #5 system seems to be particularly atiractive
as the volume, weight, power, power range and percent voltage regulation
fall approxdmately witlin present space shuttle reguirements, while providing
the high voltage necessary for major weight reductions in the vehicle electirical
busses. In addition, the long stable demonstrated life ( > 40,000 hours at
< 1 volt/cell hour veoltage decay) of the solid polymer electrolyte fuel cell
will provide a useful life of > 10,000 operational hours.
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TABLE X1

SPACE SHUTTLE ENHANCEMENT PROGRAM

PROJEC TIONS FOR HIGH VOLTAGE FUEL CELLS

POWER RANGE
CURRENT DENSBITY
VOLTAGE RANGE
CELL AREA

NO. OF CELLS
VOLUME

WEIGHT

LIFE

PRODUCTION COSTS
DEVELOPMENT COSTS
DEVELOPMENT TIME

270 VDC SYSTEM

OPTION

frd

4-14 KW

83-322 ASF

956.5 - 283.5 VDC

.17 FT2

310

71 X 71 X 52
OR

71 X 14" X 36"

245%#

>10,000 HRS

$410 K

$14 - 16 M

3.0 - 3.5 YEARS
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OPTION

#5

4-14 KW
118-461 ASF
252 -~ 290 VDC
.122 FT2
324
M X 7" X 531

OR
M X 14" X 37"
216#
>10,000 HES
$420 K
$14 - 16 M
3.0 - 3.5 YEARS




4.0 CONCLUSIONS

The conclusions realized during this Phase IV Technology Program
can be summarized by the following statements:

e Life testing of laboratory cells and scaled-up cells has shown
ne uncorrectable: malfunction mechanisms that would prohibit
the establishment of a Solid Polymer Electrolyte fuel cell useful
life in excess of 10,000 hours.

¢ A wide variety of energy storage options are available within
the solid polymer electrolyte technology. These include
dedicated and unitized Hg/O2 regenerative systems, hydrogen/
chiorine regenerative systems, and hydrogen/bromine
regenerative systems. The optimum system will be dependent
on the applieation requirements.

e Once again, the scale-up capability of the solid polymer
electrolyte technology has been demonstrated by the performane:
of the first 1.1 Ft2 unit (i.e., performance equivalent to
laboratory hardware was demonstrated) .

e From the space shuttle enhancement studies, a cost-effective,
high voltage solid polymer electrclyte fuel cell appears
probable within current space shuttle weight, volume, and
percent voltage regulastion requirements.
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5.0 RECOMMENDATIONS

It is the recommendation of GE/DECP that the solid polymer
electrolyte fuel cell technology program be continued beyond Phase V, cur-
rently in process. At the end of Phase V, the suitability of the advanced
solid polymer electrolyte fuel cell technology for future space applications
will be established. Refinements of this technology are recommended for a
future Phase (Phase VI). The Phase V Program and the recommended Phase
VI activities are summarized in the following paragraphs:

5.1 Phase V - Proposed Program

The proposed program for the Phase V technology advancement
activities includes continued laboratory testing of 3 X 3 cells, full-scale small
stack and reactor design, and small stack and reactor stack fabrications and
evaluations. Figure 30 displays the schedule of the individual Phase V tasks.
Details of the proposed program are as follows:

5.1,1 Task 1.0 - Laboratory Tests

The purpose of this task is fo continue the endurance tests of
laboratory 3 X 3 life tests which are in progress to establish additional con-
fidence in the conductive wetproofing configuration. New endurance cells will
be evaluated as deemed important to the overall program success. Design
modifications that appear appropriate for the full-scale hardware will undergo
checkout on the laboratory-scale 3 X 3 test hardware.

5.1.2 Task 2.0 - Single Cell Evaluation

This task includes the continuation of parametric and endurance
testing of the single cell hardware which was designed, fabricated, and
initially tested under Phase IV of the technology program. WModifications to
this hardware may be incorporated for evaluation prior to incorporation into
higher levels of stacks.

5.1.3 Task 3.0 - Small Stack Evaluation

This task is divided into two sub-tasks. One sub-task consists of the
fabrication of a small stack, and the second sub-task concerns facility
preparations and test evaluation of the small stack.

5.1.3.1 Sub-Task 3.1 - Hardware Fabrication

In this sub-task a four-cell stack with appropriate non-flight end
plates, terminal plates, ete., will be fabricated and be subjected to non-
operational check-out tests. Tests to be performed include:

e Leakage tests

¢ Flow tests
® Electrical tests
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DIRECT ENERGY CONVERSION PROGRAMS




SWVHO0Yd NOISHIANOD ADHINI LOIHIQ

86

NASA/JSC SOLID POLYMER ELECTROLYTE FUEL CELL TECIINOLOGY PROGRAM

1978 - 1979

1980

. Phase V - Tasks

Jlalslolniplalr Im{aTM[s T jA]ls o IN[D

J [F M

1.0

2.0

3.0

4,0

5.0
6.0

LABORATORY TESTS
3 x 3 Hardware

SINGLE CELL EVALUATION
2,1 Test Evaluation

SMALL STACK EVALUATION
3.1 1Mardware Fabricalion
3.2 Tesl Evaluation

REACTOR STACK EVALUATION
4.1 Reactor Slack Design

4,2 Test I'acility Preparation
4,3 Reuaclor Slack Fabricalion
4, Reaclor Stack Bvaluation

NASA/JSC REVIEW

DOCUMENTATION
6.1 Monihly Reporis
6,2 Tinal Report
6.3 Tesl Report

- ' A
@ A
@ A
@ A
o—A
@ AY
& A

Q.. A
A A

A AAAAAAAA

Tigure 30,




The active area of configuration of the individual cells will be of the
type developed under the single cell evaluation tasks of Phases IV and V. The
sizing of this hardware includes an active area of 1.1 Ft2 for each cell. The
individual fuel cell assembly will consist of a2 membrane and electrode assembly
and fluid separator assembly. The membrane will be approximately .005-inch
thick Nafion film with platinum electrodes pressed into each side. Noble metal
loading on each- electrode will be at a level of 4 grams/Ft2, A conductive wet-~
proofing film will be attached to the cathode electrode to facilitate water removal
and current collection. An uncatalyzed portion of the membrane will extend to
the outer frame edge and arcund the fluid manifold ports of the. fluid separator
assembly. This extended membrane provides the gasket seal both around the
perimeter and around the fluid manifolds within the cells and compressed
between end plates.

The fluid separator assembly is a welded niobium assembly which
provides flow paths for coolant, oxygen, hydrogen and product water. The
coolant cavity is supported by a titanium truss. The two plates are embos-
sed with a flow pattern for the hydrogen, oxygen and product water flow.

The dry weight of the individual cell assembly will be approximately
1.3 pounds. Total cell weight with coolant will be approximately 1.7 pounds.

The end plates for this four-cell stack will be of the boiler plate
type with all attendant functional aspects; however, no attempt will be made
to optimize for weight and volume.

5.1.3.2 Sub-task 3.2 - Test Evaluation

Existing DECP facilities will be modified to provide the capability
of operating the hardware produced in sub-task 3.1. The facilities will in-
clude provisions for reactant prehumidification and unattended operation.
These facilities will be checked out prior to use with the four-cell stack.

The four-cell stack will be activated and operated at various
temperatures, pressures and current densities to allow direct performance
comparisen to the 3 X 3 cell data. Endurance testing will be performed on
the unit following the collection of parametric data.

Preliminary set of conditions for the endurance testing is as follows:

¢ Current density 100 - 500 ASF
¢ Pressure 115 psia
o Temperature 175 - 185°F

The preliminary conditions are within the range of the demonstrated
40,000 hour life and were selected for that primary reason. As 3 X 3 test
resulis indicate endurance capabilities at more optimum conditions, these will
be factored into the test plan. Even at these somewhat conservative operating
conditions, a power output of over 400 watts per cell will be generated. The
wet cell weight (not including end plates or ancillaries) will be approximately
4 pounds/KW.
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5.1.4 Task 4.0 - Reactor Stack Design

This task is divided into four sub-tasks with the overall objective
of demonsirating a multi-KW stack.

5.1.4.1 Reactor Stack Design

The three major stack components for the reactor stack include:

s Cell assemblies
¢ End plate
¢ Central fluid plate (reactant humidifier)

The cell assembly design for the multi~KW reactor stack will be
established in the evaluations of the single cell hardware and the four-cell
stack hardware. In the single cell design task of Phase IV, the cell integral
manifold porting was sized to accommodate the flow of as many as 72 cells on
egither side of the ceniral fluid plate.

The end plate design will be completed as part of this sub-task.
The basic concepts to be utiized for this end plate will be related to the end
plates developed for the Navy Aircraft Oxygen Generation Stack (NOBOGS).
This end plate utilized a pressurized chamber which applied a sealing and
active area force on the cells at approximately 75 psi above maximum operating
pressure (i.e., approximately 400 psi).

The centiral fluid plate with built-in reactant humidifiers will also be
designed as part of this sub-task. The concepts utilized will be a combination
of previously successful designs (i.e., the common feed plate of NOBOGS, and
the end plate reactant humidifier of the NASA/JSC technology program for
space shuttles). :

5.1.4.2 Sub-task 4.2 - Test Facility Preparation

Test facilities will be prepared for the unaitended operation cf the
multi~-KW reactor stack. The major facility functions will include:

¢ Pressure, temperature and flow controls for oxidant, fuel
and coolant.

Variable load bank.

Continuous recording of temperatuzes.

Continuous recording of voliage and current.

Controls for steady-state automatic operation with safety
shutdowns.

The facility will undergo a complete checkout prior to installation
of the reactor stack. These checks will include:
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¢ Subsystem leakage checks
¢ Flow and pressure conirol checks
e Electirical subsystem operation and checkout.

5.1.4.3 Sub-task 4.3 - Reactor Stack Fabrication

The reactor stack as presently conceived could include up to 18 cell
assemblies, one flight weight pressurization end plate, and a central fluid
plate. A buili-in reactant humidifier will also be incorporated if practical
within the scope of the program. A boiler plate end plate will substitute for
the "second half" of the reactor stack. This arrangement allows full-sized
reactor stack fluid flow evaluations with the economy of requiring only half a
stack. (See Figure 31)

Complete checkout of the end plate and. central fluid plates will be
performed before integration with the cell assemblies. These checks will
inelude:

8 Pressure tesis
¢ TFlow and leakage tests
o Humidification fests

The assembled reactor stack will then undergo leakage and electrical
checks. Electrical checks will include shunting and internal resistance measure-
ments.

5.1.4.4 Sub-task 4.4 - Reactor Stack Evaluation

The fuel cell reactor stack will be installed in the facility. Flow,
leakage and electrical checks of the facility/stack integration will be
performed. Once these checkouts are successfully completed, the reactor
stack will be activated snd a series of parametric tests performed.

The reactor stack will be subjected to an endurance run following
the parametric testing. Two thousand hours of endurance testing will be the
goal of the reactor stack operation.

5.2 Phase VI - Proposed Propgram

The objectives of the recommendations for Phase VI are to extend
the demonstrated capabilities of the 1.1 Ft2 cell design and to evaluate re-
finements that potentially increase these capabilities. The following tasks
shown on Figure 32, Program Milestone Chart, would be configured to support
the overall phase objectives.

5.2.1 Task 1.0 - Laboratory Tests

Under this task, 3 X 3 laboratory cells would be configured and
operated to establish initial life characteristics on refined configurations.
These configurations will include advances in wetproofing designs and modest
increases in Nafion ion conductivity.
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Figure 31, Reactor Stack Assembly
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5.2.2 Task 2.0 - Continued Stack Life Testing

In this task, the three 1.1 th cell stacks evaluated in Phases IV
and V will be continued in endurance testing to establish increased confidence
in the IEM capabilities.

5.2.3 Task 3.0 - High Temperature Stack Qperation

Previous studies indicated that an optimum weight-effective system,
including radiators and reactant supplies, is established by a solid polymer
electrolyte fuel cell operating in the temperature range of 220°F to 240°F. In
this task, a 4-cell (1.1 Ft2 each) stack and test facility would be configured
for parametric evaluation and endurance testing in the 220°F to 240°F
temperature range.

5.2.3 Task 4.0 - High Current Density Stack Operation

During the earlier technology phases, significantly improved voltage
characteristics were demonsirated with slight increases in the Nafion ion
conductivity. This characteristic was not selected for the initial 1.1 Ft2 cell
design due to lack of experience with this configuration. This task will
incorporate a higher ion conductivity Nafion electrolyte along with any
demonstrated conductive wetproofing improvements into a 4-cell (1.1 Ft2
each) stack. The operational goal of this stack on a newly assembled test
facility will be the demonstration of peak power capabilities in the 700 to 1000
ASF range.
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APPENDIX A

COMPLEMENTARY RESEARCH AND

DEVELOPMENT PROGRAMS
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NASA/JSC FUEL CELL TECHNOLOGY PROGRAM

Complementary Research and Development Programs

There are research and development programs currently underway to GE/DECP
which, are related to the fuel cell technology development effort and which
represent significant potential beneficial spin-offs to the NASA/JSC fuel cell
technology program. Several of these efforts are funded through the IR and
D Program or internal Future Benefit Programs, while others are funded
through contracts with other Government agencies or Industrial Corporations.
Summarized below are the most significant of these efforts currently in

process:

1. Evaluation of life capabilities of fuel cells operating on Og/Hjy and air/H,
in the 30,000 to &0,000 hour range. ({(GE IR&D)

2, Evaluation of the technology needed to run electrolysis cells for life at
current densities in the range of 2,000 to 6,000 ASF. (GE IR&D)

3. Evaluation of cell life capabilities under conditions of increased operating
temperature (240 to 300°F), (Industry)

4, Development of alternate cathode conductive wetproofing configurations

- with improved electrical and mechanical characteristics, (GE IR&D)

5. Development of lower catalyst loadings on both anode and cathode to
reduce material costs by a factor of 6 to 8. (Industry)

6. Scale-up of manufacturing capabilities and evaluation of process flow and
equipmernit development needed to reduce labor involved in fabrication of
membrane and electrode assemblies by a factor of 2 to 3.7 (GE/DECP)

7. Improve platinum plating procedures employed on current collectors to
reduce high contact resistances asscciated with long-life capabilities.

(GE IR&D)

8. Evaluation of starting and stopping procedures for fuel cells utilizing gas
switching techniques. Start-up in a few milli-seconds is the goal.
(GE IRg&D)

8. Evaluation of alternative high-stress frame materials to develop a more
effective cell sealing capability. (GE IR&D)

10. Development of a cell failure isolation device. A significant cost impact

results when requiring the replacement of only one cell of a multi cell
stack in the unlikely event of a cell cross-leak. (GE IR&D)
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