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Glossary

Description
MEA Membrane Electrode Assembly
PBI/H;PO4 Polybenzimidazole/Phosphoric Acid
WP Work Package
TP Test Protocol
HT-PEMC High Temperature Polymer Electrolyte Membrane Fuel Cell
CEA Commissariat a I'énergie atomique et aux énergies Alternatives
UTF-8 Unicode Transformation Format — 8-bit
DOl Digital Object Identifier
A, Anode stoichiometry
Ac Cathode stoichiometry
H: Hydrogen
(o)) Oxygen
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1 Executive Summary

The deliverable concerns WP 5 task 5.3. In this task laboratory technical scale MEAs produced in the
project shall be tested applying test procedures defined in the prior deliverable D2.4. Test at this level will
be performed by the partners Fraunhofer ICT, CEA LITEN and Advent Technologies. Each partner has its
own test equipment. In a first step, test on state-of-the-art PBI/HsPO4 MEAs were performed and the results
of the three partners gathered and compared to make certain, that such a comparison is possible inspite of
deviating test equipment. This could be confirmed under the condition that excactly the same test
procedures are applyed. As is also shown even a minor deviation, as the sense of scanning for the recording
of i-V curves can cause deviations.

The principle deliverbale are the measured data, made available to the public here
(https://doi.org/10.5281/zenodo.14753840 ). This reports only provides annotations to the data.

© NIMPHEA Consortium Public 4|Page
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2 Introduction

The over goal of the NIMPHEA project is to develop a next generation of high temperature polymer
electrolyte membrane fuel cell (HT-PEMC) membrane electrode assemblies (MEA) suitable for use in
megawatt class fuel cell stacks for the propulsion of aircrafts. As the within the project no such stacks can
be built and tested, performance target values for the MEAs were set and shall be validated through single
cell testing mainly at technical laboratory cells with 25 cm2 or 45 cm? geometrical electrode area. Within
task 5.3 such test will be performed by three partners, Fraunhofer ICT, Advent Technologies and CEA. To
render test results comparable, in a first step the test strategy and the according test protocols were
harmonized in task 2.4 resulting in deliverable D2.4. Here reported is the first step of Task 5.3 in WP 5 in
which 14 state-of-the-art PBI/H3PO4 based were characterized by the three partners in their test equipment
following the test procedures agreed upon in deliverable D2.4. The obtained data were collected and
compared to validate the comparability of results. In total, the exercise served to verify that results of the
partners are comparable as well as to provide a starting point for the performance of state-of-the-art MEA.

As the test procedures which were defined in D2.4 comprise confidential information of the industrial
partners Advent and Safran Power Units, this public deliverable needs to be limited to non-confidential
procedures. Here it was decided to disclose performance data of Advents state-of-the-art MEAs measured
by recording current voltage curves in galvanostatic mode. The test results themselves are published as
separated text files in UTF-8 format using semicolons as separators under this DOI
(https://doi.org/10.5281/zen0do0.14753840).
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3 Performed tests

3.1 Test samples

In total 14 MEAs were tested in this exercise. Most of the samples had electrodes of 5 cm x 5 cm, so 25
cm? geometrical surface area. Five MEAs had only electrode of 4.7 cm x 4.7 cm, so 22.09 cm? due to
limitations of the test equipment of the testing partners. Cells were generally mounted using PTFE flat
gaskets as sealings which also resulted in hard stop for cell compression. Deviating from this, the
equipment of the testing partner using the smaller cells used a cell with defined compression force but not
the possibility to use hard stop by flat gaskets during the tests. With MEA SAMP 4284 a variation of the
compression force was investigated with applied pressures 0.63 N/mm?, 0.82 N/mm? and 0.94 N/mm?. The
highest compression force was tested running five times the four test programs described in the next
section. From the first test point to the last the MEA was operated for 147.5 h. The lowest compression of
0.63 N/mm? in the test gave the best performance. All further measurements showed a lower but constant
performance (cf. Figure 1).
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Figure 1:i-V curve recorded with MEA SAMP 4284 at increasing compression forces over a period of 147.5 h.

It was decided to reduce the compression force with the further samples to 0.5 N/mm?2. Results confirm,
that by this the performance of the other samples could indeed be slightly further increased (cf. Figure 2 ).
The iV curve shown in Figure 2 for SAMP 4284 was the first recorded curve with that MEA, as are the
results shown for the other MEAs.
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Figure 2: i-V curves obtained by partner A for test with hydrogen air feed at 160 °C in a compression force controlled.
cell.

The negative effect of higher compression was verified with MEA SAMP 4287, which was run with a
compression of 0.8 N/mm? after the test at 0.5 N/mm? were conclude (cf. Figure 3).
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Figure 3: iV curves of MEA SAMP 4287 recorded with 0.56N/mm? and 0.8 N/mm? compression force.

Table 1 gives an overview over the tested samples.

Table 1: List of tested MEAs

MEA Geometric area Tested by
SAMP 4284 22,09 cm? Partner A
SAMP 4285 22,09 cm? Partner A
SAMP 4286 22,09 cm? Partner A
SAMP 4287 22,09 cm? Partner A
SAMP 4288 22,09 cm? Partner A
SAMP 4290 25,00 cm? Partner B
SAMP 4292 25,00 cm? Partner B
SAMP 4293 25,00 cm? Partner B
SAMP 4294 25,00 cm? Partner B
SAMP 4363 25,00 cm? Partner C
SAMP 4364 25,00 cm? Partner C
SAMP 4365 25,00 cm? Partner C
SAMP 4366 25,00 cm? Partner C
SAMP 5226 25,00 cm? Partner B

3.2 Test procedure

The test followed the procedures defined in deliverable D2.4. These comprised:

- The mounting of the MEA in the cell holder

© NIMPHEA Consortium
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- The connecting steps of the cell to the test rig
- The first start-up and break-in of the cell

- The actual test

- The shutdown of the cell

- The disconnection and dismounting

Results reported here are the performance test of the cell. The performance testing comprises four so called
test-protocols (TP 1 through 4) each comprising the recording of a polarization curve in galvanostatic mode
for a defined set-of current densities. The test protocols differ in test conditions.

- Temperature
- Oxidant
- Cathode stoichiometry

All test protocols use the same set of current densities for the recording of the polarization curves.

The test protocols shall be applied in the sequence according to their numbers. The different conditions are
listed in Table 2.

Table 2: Test conditions of the four test protocols

Test protocol | Temperature Fuel Oxidant Ay Ac
TP 1 160 °C H2 Air 1.2 2.0
TP 2 180 °C H2 Air 1.2 2.0
TP 3 180 °C H2 02 1.2 9.5
TP 4 160 °C H2 02 1.2 9.5

The polarization curve comprises in each protocol the same 20 step (0 through 19) of 20 current densities
which are measured in increasing order. Each current density is hold for 120 s and the average voltage
value is used as data point. The steps are listed in Table 3.

Table 3: Steps of the polarization curved recorded for each test protocol.

Step Current density [A/cm?] Holding time (s)
00 0,00 120
01 0,01 120
02 0,02 120
03 0,03 120
04 0,04 120
05 0,05 120
06 0,06 120
07 0,07 120
08 0,08 120
09 0,09 120
10 0,10 120
11 0,20 120
12 0,30 120
13 0,40 120
14 0,50 120
15 0,60 120
16 0,70 120
17 0,80 120
18 0,90 120
19 1,00 120

It is also possible to measure the polarization curve in inverse order, so with decreasing current densities.
As was found this has a non-negligible impact on the test results.
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4 Testresults

In a first step, for each partner the test results of each TP were combined for all samples tested by the
partner to evaluate reproducibility. In general, reproducibility was significant higher for test protocols using
oxygen than test protocols using air. Reproducibility in all cases met the expectations.
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Figure 4: i-V curves for all four test protocol based on average data of all MEAs tested by one partner.

In a further comparison the voltage at 0.6 A/cm? recorded four all 14 samples by the three partners were
statistically analyzed for the four test protocols.
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Figure 5 Box diagrams of the cell voltage distribution at 0.6 A/cm? over the 14 samples for the four test protocols.

The smallest scatter is found with TP 3, so again a TP using oxygen as oxidant. The highest is found
surprisingly for TP 4, also a test protocol using oxygen. Deviations four the air measurements are about
identical with the mean value being shifted-up by about 10 mV with the raise of temperature from 160 °c to

180 °C.

At partner B also results for measurements with increasing and with decreasing current density were
compared. A measurement with decreasing current density caused systematical registration of higher

performance values.
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Figure 6: Comparison of polarization curves recorded with increasing and decreasing current density, respectively.
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5 Conclusion

The results showed that the reproducibility of tests at each partner is sufficiently high. As the scatter of
results depends on the test conditions and that in the same way with all partners part of the scatter may be
resulting from scatter of MEA properties.

The comparability of results between the partners is sufficient, if the protocols are strictly followed.
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