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Objectives

+  Fabricate membrane electrode assemblies (MEAs)
from Team membranes.

+  Test Team MEAs for fuel cell performance.

«  Standardize methodologies for in-plane and through-
plane membrane conductivity measurements.

«  Provide High Temperature Membrane Working
Group (HTMWG) members with standardized tests
and methodologies.

+  Organize HTMWG bi-annual meetings:
http://www1.eere.energy.gov/hydrogenandfuelcells/
htmwg.html

Technical Barriers

This project addresses the following technical
barriers from the Fuel Cells section (3.4) of the Fuel
Cell Technologies Program Multi-Year Research,
Development and Demonstration Plan:
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(A) Durability
(C) Electrode Performance

Technical Targets

FSEC plays a supporting role to the six teams
who are tasked with developing an improved high-
temperature, low relative humidity (RH) membrane for
proton exchange membrane (PEM) fuel cells. FSEC has
developed standardized experimental methodologies to:
(1) measure conductivity (in-plane and through-plane);
(2) characterize mechanical, mass transport and surface
properties of the membranes as working MEAs; and
(3) predict durability of the membranes and their MEAs.

This project manufactures, tests and evaluates
MEAs for performance and stability. Test results will be
evaluated against DOEs 2010 membrane targets:
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Accomplishments

*  Verified ability to prepare an MEA using the DOE-
recommended Pt/Co on carbon catalyst from
Tanaka.

+  Developed procedure for making and spraying
ink based upon the use of 3M ionomer, as
recommended by DOE.

«  Prepared and tested MEAs fabricated from
membranes provided by Giner, Fuel Cell Energy and
Case Western.

«  Established pinhole test method.

+  Obtained and tested mechanical test apparatus.
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Introduction

Generally, two regimes of PEM fuel cell operation
exist: the typical operating temperatures between
60-80°C, and elevated temperatures higher than 100°C.
The ability for current automotive radiators to reject
heat is insufficient at continuous full power waste heat
loads for 60-80°C fuel cell stack temperatures. Running
the stack at 120°C under full load would allow the use
of radiators similar to those available in automobiles
today. This has driven the need for development of
high-temperature membranes and MEAs that could
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operate at temperatures of up to 120°C, low RH and
near atmospheric pressure.

The objective of this phase of the program is to
fabricate and test MEAs from fuel cell membrane
materials that meet the goals outlined by the DOE
in the multi-year plan. Specific goals are: operation
at elevated temperatures (up to 120°C), with a
demonstrated conductivity of >0.1 S/cm at 120°C and
1.5 kPa inlet water vapor partial pressure to the fuel cell
stack (50% RH measured at room temperature).

Approach

The High Temperature, Low Relative Humidity
Membrane program encompasses six teams, each
of which is skilled in producing novel membranes
expected to meet the goals of the program. Some of
these teams are not necessarily skilled in the ability to
produce an MEA, or to test the MEAs in a fuel cell.
FSEC’s objective is to provide the expertise to test the
membranes under fuel cell conditions. FSEC is working
closely with the membrane manufacturers to develop
appropriate methods for manufacture of the MEA and
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to test the MEAs according to a procedure that has
been developed at FSEC. This approach involves a
detailed logic flow chart that itemizes each step of the
manufacture, fuel cell testing and post test analysis of
the MEA. Each membrane manufacturer approves the
steps of the logic flow chart in advance of the process.
Furthermore, FSEC iterates with the teams to optimize
the results.

Results

During this year, a total of 19 membranes were
received from four of the teams. These varied from
an extremely brittle membrane that required recasting
to some high quality materials. Each was tested for
material characteristics to determine suitability for
fabrication into MEAs, see material characterization box
of logic flow chart, Figure 1. Eight of the membranes
were fabricated into MEAs and tested, and the
procedures developed for the testing. For each MEA
tested, a detailed report was prepared and sent to the
supplier, along with photos of each step, data collected
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FIGURE 1. Logic Flow Chart
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and, when possible, a coupon that was prepared
identically to the MEA.

All membranes received to date were preliminary
or baseline materials. The goal of using these materials
for the development of MEAs was to resolve any issues
resulting from the use of these novel materials. This will
allow easier handling of the final membranes, which are
not yet available. Three of the six teams have indicated
that they are prepared to send next generation or final
membranes for testing.

A previous method [1] for determining pinhole
locations in MEAs from tested fuel cells was found not
to be reproducible and was potentially damaging to the
MEAs. This method was based upon the location of
bubbles that appeared in a liquid injected to the cathode
flow field of a transparent plate with controlled gas
pressure applied to the anode. An alternative method
has been developed based upon applying 4% hydrogen
to the anode side of a fuel cell, with controlled flow
and with the cathode side of the MEA exposed to the
atmosphere. This results in the development of “hot-
spots” at pinhole locations due to the direct reaction of
hydrogen with oxygen. An infrared camera was used
to determine the locations of these hot-spots. This
method has been found to be reproducible and since
the MEA is not exposed to substances it would not be
exposed to during fuel cell testing, damage to the MEA
is minimized. An example of an image of the pinholes
taken using an infrared camera is shown in Figure 2.
In this image hot spots are noted with approximate
temperatures based on the emissivity of carbon.

An in-house built stress-strain setup was acquired
and a procedure was formalized for stress-strain testing
of team member membranes. Reproducibility and
repeatability will be established as a part of completing
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FIGURE 2. Infrared image of the hot spots on an MEA from a tested fuel
cell. Hot spots are noted with approximate temperatures based on the
emissivity of carbon.
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the protocol. Team member membrane samples will
be tested once the protocol is finalized, to ensure all
samples were tested to the same procedure.

Conclusions and Future Directions

+  Reached agreement with all six Teams on logic flow
chart for MEA development.

«  Developed and tested MEAs from eight Team
member membranes.

«  Established collaboration with 3M to obtain
advanced ionomer for use in MEAs.

«  Fabrication and testing of additional MEAs will be
done as membranes are received.

+  Formalize the procedure for pinhole testing, and
characterize the observed pinholes with scanning
electron microscopy.
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