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Figure 46 — Six-Cell Plaque

B. SINGLE CELL CONFIGURATION AND PERFORMANCE IMPROVEMENT

The objective of this task was to develop an improved cell in the strip configuration

(1.375 in. x 12 in.) that could be incorporated into a lightweight plaque and could operate
at a power density of at least 2000 watts per square foot. The approach was to improve the
cell by reducing the losses in the individual elements of the cell. This included investigating
the preparation and loading of catalysts, to reduce activation polarization; improving current
collection and conduction, to reduce ohmic losses; and improving and thinning matrices, to
reduce ionic losses.

Initial experimentation and development was conducted with the 4 in. x 4 in. cell configura-
tion developed under the ““dual-mode”’ cell program. As the configuration was improved strip
cell developmant was begun. This led to a baseline strip cell which was improved through a
series of configurations to a unit that was operated up to 3000 watts per square foot. The
weight of a stack based on this cell design, designated Configuration 4, was 0.45 Ib/kw, ifa
cell power density of 2150 watts per square foot was assumed. This power density was the
baseline power density used in the desian of the powerplants and power system descrited in
Section |11. If the cell were to be operated at higher power densities, closer to the maximum
demonstrated, the specific weight of the stack would be correspondingly reduced.

Table XX V1| summarizes the testing of the 4 in. x 4 in. cells at the beginning of the de-
velopment program. Ten tests were conducted in all, including initial cooling system and
test stand operation verifications. Beginning with Cell 5, a power density of more than 2000
WSF was demonstrated.
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measurement of the diffusivity limit of the electrode. It occurs when the reactant concen-
tration at the electrodes reaction sites approaches zero. The limiting current measurements
provide information on the electrode structure and internal losses.

Figure 50 — Dual Mode Breadboard Demonstrator
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Figure 51 — Cell 2, Performance Calibration to 3000 ASF
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Figure 70 — Assembled Strip Cell 1

Initial internai cell performance is shown in Figure 71. This performance is the voltage
measured from tap 4-13 and does not include IR losses through the frame. The cell was run
for a total of 6.8 hours load time with 2.4 hours accumulated at 3000 ASF. The voltage
taps shown in Figure 69, allowed determination of cell substrate losses and current density
variation across the active area of the cell. The voltages shown in Figure 69 were recorded
at 3000 ASF. The cathode substrate loss of 143 mv (Voltage No. 3 minus Voltage No. 2)
compared favorably with analytically predicted losses. Current density variation, calculated
based on local voltages, was found to be 2400 ASF to 3600 ASF in the plane of the cell from
edge to edge. A total decay rate of 0.2 volts was observed during the test and was believed
to result from the use of a low-sinter temperature anode and non-optimized operating con-
ditions. The testing of this cell provided substrate loss data to permit improving the design
of future cells and revealed no problems which would prevent the use of the NASA-LeRC
type strip cells in subsequent testing.

Strip Cell 2 — Strip Cell 2 was constructed with a gold/platinum cathode on a nickel screen
with two thicknesses of silver plating, specifically, a 0.5-mil silver plating in the active area
and a 1.0-mil silver plating in the frame area. The additional plating was added in the frame
area to supplement conductivity based on the substrate voltage tests made in operating Strip
Cell 1. The anode was a standard platinum electrode on 0.5-mil silver plated nickel screen.
The assembled cell was otherwise identical to Strip Cell 1. The objective of testing this cell
was to measure substrate losses in the active and frame areas to substantiate the selection of
these plating thicknesses. The selection of the plating thicknesses was based on optimiza-
tion studies of weight versus resistance losses discussed in Section 111C under Optimization
of Substrate Plating Thickness. The cell was instrumented with voltage taps to permit the
evaluation of the substrate as shown in Figure 72.
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Figure 108 — Strip Cell 13

After refill, the 100-ASF performance at 45 psia was unchanged at 0.985 v. The performance
calibration to 3000 ASF produced a stable cell voltage of 0.630 v, 18 mv higher than the in-
itial fill performance; see Figure 110. Performance calibration at 3500 ASF produced a volt-
age of 0.599 v.

Following this test, the total reactant pressure was increased to 60 psia. Performance calibra-
tions produced: 0.994 v at 100 ASF, 0.662 v at 3000 ASF, and 0.613 v at 3500 ASF, as
shown in Figures 109 and 110. Next a 3-minute continuous load point at 3000 ASF with
water removal was run. This test produced a performance of 0.660 v initially and 0.635v

at the end of 3 minutes. A return to the 50 percent duty cycle (two-seconds on — two-sec-
onds off) at 3000 ASF produced a cell voltage of 0.660 + 5 mv from the first to the last
pulse, over a period of 60 seconds.

Following the 30-second, 50-percent duty cycle mission, the cell was shut down for an over-
night hold at room temperature on inert gases. After restart, the cell was operated conti-
nuously for 15 minutes at 3000 ASF. The initial voltage was 0.669 v and the final voltage
was 0.634 v. The cell was then returned to rocm temperature for the weekend.
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Development of both approaches was begun. A unit based on the Candidate 1 design was
eventually selected as a baseline cooler assembly. Although Candidate 2 design cooler
assemblies were fabricated and tested, fabricating problems and leakage through both the
frames and electroformed inserts prevented their successful use. This design can be signif-
icantly lighter than Candidate 1 and is worthy of additional development in the future.

Development of the Candidate 1 design began with fabrication of the oxygen flow field
inserts. Two approaches were evaluated. In the firsi, pin fields were chemically etched into
a magnesium plate, bonded to a nickel sheet with a dielectric, and the pins were then coated
with epoxy or were nickel plated for corrosion protection. This approach could be used to
fabricate inserts or eventually pin fields bonded directly to the nickel separator foil. The
screen printed pattern used to chemically etch the pins into the magnesium plate is shown

in Figure 123. The dimensions of the field produced with this pattern are: depth - 15 mils,
pin diameter - 50 mils, pin pitch - 65 mils. A field etched with this pattern into a magnesium-
nickel composite is shown in Figure 124. The composite is 18 mils of magnesium bonded to
a 1-mil nickel foil with a 1-mil thick cross linked phenoxy bonding layer. Pin pattern defin-
ition was good and only occasional and acceptable irregularities were found. The oxygen
flow fields for Development Unit 1 were fabricated using this method and were nickel
plated for corrosion resistance. They were bonded to a 3-mil nickel foil with a FEP film.

The second approach to pin-field fabrication was electroforming the field of nickel. The
nickel field had the advantage of being inherently corrosion resistant and the lighter of the
two designs because the pins were hollow. The first electroformed strips were made with a
material thickness of 3 to 3.5 mils. Structural tests of the fields showed they had more than
adequate strength in compression to withstand the maximum plaque compressive load of
150 psi, see Figure 125. A set of fields was also tested in which the hollow pins were filled
with an epoxy/silver compound for improved thermal conductivity, these fields were even
stiffer than the unfilled ones. However, analysis and subsequent testing showed the un-
filled pins had adequate thermal conductivity without the addition of the epoxy/silver com-

pound.

Figure 123 — Silkscreen Pin Pattern on Magnesium Plate
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Figure 124 — Chemically-Etched Magnesium Pins on Nickel Strip
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Figure 125 — Compression Test of Electroformed Flow Fields
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To achieve the full weight potential of the Candiate 2 design, thinner fields, with a thickness
of only 1.5 mils, were fabricated, see Figure 126.

Figure 126 — Electroformed-Nickel Flow Field

These fields were incorporated into a Candidate 2 design cooler assembly and it was tested
in Development Unit 2. It was fabricated using the epoxy/fiberglass lamination method
described earlier for plaques.

The nickel fields were prepared for bonding by roughening the surfaces of the edges to be
bonded into the laminate. Trial cooler assemblies made in this manner leaked in the inter-
cell port areas, see Figure 127. The intercell strips are reduced in thickness at each end, see
Section A-A of Figure 127, to allow ox'/gen to flow freely from the inlet port across the
intercell strips to the adjacent cells. The first attempt to eliminate this problem was to in-
crease the strip thickness in this area and to increase the slot length to maintain the same
flow area. This reduced leakage, but leakage was not completely eliminated. The second
approach, which did effectively eliminate leakage, was to bond a 2-mil-thick film of etched
FEP to the intercell strips on the oxygen side of the cooler.

The cooler assembly for Development Unit 2 was built to this design with the additional
FEP strips. Pressure checks of the assembly showed the 1.5-mil electroforms had pinhole
imperfections, and were leaking. To eliminate this cross leakage, from reactant to coolant,
the electroforms were back filled with an epoxy/silver compound.
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Astrel was selected for subsequent deveiopment units because even though it is slightly more
dense than polysulfone, it has a higher temperature capability (500°F for Astrel vs. 340°F

for polysulfone) and is much less susceptible to stress cracking. However because of difficulty
in obtaining sheet stock, Astrel cooler and hydrogen fields were not incorporated into Devel-
opment Units 2 and 3 which continued to use polysulfone fields.

When Astrel sheet stock was received it was machined to the same field patterns as the poly-
sulfone and tested in Development Units 4 and 5. In these tests the Astrel was less prone to
stress-cracking and no shrinkage or heat distortion was encountered. The Astrel fields incom-
orated into Development Unit 4 are shown in Figures 132 and 133.

Figure 132 — Astrel Cooler Flow Field

Figure 133 — Astrel Hydrogen Flow Field
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Figure 137 — Development Unit Test Stand (Back)
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Figure 139 — Data Acquisition Computer System
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Figure 143 — Configuration 1 Six-Cel! Plaque
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| Figure 144 — Configuration 1 Cooler Assembly
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Figure 145 — Configuration 1 Hydrogen Field

Figure 146 — Configuration 1 Cooler Field
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Development Unit 2

The seond development unit to be tested was of the Configuration 2 design. This unit
differed trom the Configuration 1 aevelopment unit as follows:

_ The electrode substrates were changed from 100 x 100 mesh screen to 50 x 100
mesh screen.

— The ERP thickness was reduced from 30 mils to 20 mils.

— The oxygen flow field/cooler assembly was of the Candidate 2 design, see Figure
157. It was fabricated with 1.5-mil thick electroformed nickel flow fields, back-
filled with a silver epoxy compound, laminated into an epoxy/fiberglass frame.
The completed assembly is shown in Figure 157.

— A revised gasket formulation (ethylene propylene) was used in an attempt to mini-
mize electrode poisoning effects.

Figure 157 — Development Unit 2 - Cooler Assembly

The repeating unit specific weight of this unit was 0.76 Ib/kw at the design operating power
density of 2150 WSF. Thisis slightly higher than the 0.73 Ib/kw cited in Table XXXV for
this configuration. The reason for the difference is that the cooler assembly itemized in
Table XXXV for Configurations 2, 3, and 4 is a Candidate 1 design and this development
unit incorporated a Candidate 2 design cooler with epoxy filled flow fields. Had the flow
fields not been backfilled this cooler would have been lighter than the Candidate 1 design
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