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Abstract

Fuel cell electric vehicles (FCEV) are on the market today with a very limited production below
1000 FCEV/year. Cost, durability and the availability of hydrogen refueling infrastructure are still
challenges to be overcome to enable a more extensive market penetration. The need for cost
competitive technologies that meets the requirements for high volume commercial markets is
still very relevant. In this presentation, process development and scale-up of a cost effective
manufacturing process for polymer electrolytes fabrication, as well as the results obtained from
performance and durability assessment will be discussed.

An innovative manufacturing approach to make proton exchange electrolyte materials, have
been developed using a new process based on melt-blowing technology!. Melt-blowing is a
unique, one-step process in which a thermoplastic polymer is heated in an extruder and then
extruded through a circular die. Air is blown into the center of the extruded tube and induces
polymer expansion in the radial direction. Extension of the melt in both the radial and down-
stream directions stops at the frost line due to crystallization of the melt. The nip rolls collecting
the film, serve as sealing on the top of the bubble to maintain the air pressure inside. This process
is extensively used in the film and membrane industry but has never been applied to high value
functional polymers such as perfluoro-sulfonic acid ionomers (PFSA) widely used in PEMFC. Our
approach combines a solvent-free melt-processing with the use of selected additives, and allows
to manufacture proton-exchange membranes in their protonated form, therefore there is no
requirements for hydrolysis chemical post treatment to reinstate the proton exchange groups.
The process has been scaled-up with long side chain (LSC) and short side chain (SSC) PFSA
ionomers with equivalent weight ranging from 660 to 1000 g/mol in collaboration with Solvay
Specialty Polymers. Membranes with thicknesses ranging from 10 to 35 micron has been
produced and fully characterized in collaboration with the fuel cell materials group at GM to
assess their ion exchange capacity, hydrolytic behavior, conductivity, hydrogen permeability, and
fuel cell performance and durability. Mechanical degradation of PEMs caused by humidity cycling

L A. Mokrini. PROCESS FOR PRODUCING ION EXCHANGE MEMBRANES BY MELT-PROCESSING OF ACIDIC PFSA
IONOMERS. US 9941538



in an operating fuel cell is a well-documented failure mode?. Figure 1 shows, mechanical lifetime
for melt-blown membrane evaluated by accelerated durability test (ADT) based on humidity
cycling, where gas feeds are cycled between dry and supersaturated air. The failure is associated
with hydrogen crossover caused by membrane mechanical failure due to repeated transitions
between wet and dry cycles. Results show that for LSC PFSA (EW = 1000 g/mol), melt-blowing
process provides self-reinforced membranes with remarkable mechanical durability (+ 80,000
cycles) compared to benchmarks prepared by solution-casting processes (13,000 cycles), and e-
PTFE reinforced solution-casting (34,000 cycles). However for SSC PFSA membranes, the increase
in IEC seems to affect negatively the mechanical durability at 80°C. Increasing cell temperature
(lowering inlet RH) seems to be beneficial and increases membranes durability. At 100°C (70%
inlet RH), both Aquivion®SSC PFSA melt-blown membranes with equivalent weight 660 and 790
g/mol show increased mechanical durability, reaching + 40,000 and 38,000 cycles respectively.
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Figure 1. Accelerated Mechanical Durability testing for melt blown membranes from LSC and SSC PFSA
with different EW, compared with reference membranes

The Techno-economic Cost Modeling (TCM) methodology to assess the economics of production scale-up
of NRC technology, and to analyze the feasibility of commercialization for different FCEV annual
production scenarios was addressed in previous work? and results are summarized in Table 1.
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Table 1. Cost analysis of NRC's PEM manufacturing technology

Yearly Vehicle Production 1,000 5,000 30,000 80,000 | 130,000 | 500,000

NRC'’s Melt-Blowing cost 508.42 52.57 19.30 15.43 12.42
e-PTFE Solution Cast cost
NRC study 1316.31, 347.98 89.71 60.10 42.94 24.20

Actual cost Nafion®XL,
1600-2300
Power Inc.)

* 80 kW FC stack for automotive (FCEV), with 10 m? of PEM / stack

Total yearly PEM production* 10,000 | 50,000 | 300,000 800,000 1,300,000 |5,000,000

The PEM technology based on melt-blowing process has a significant cost advantage; cost reduction of 60
to 80% for all annual production rate scenarios can be expected. The high throughput of the melt-blowing
process, and eliminating the need for the e-PTFE reinforcement, lowers the labor cost and capital
investments significantly. 2020 DOE membranes cost target of 20 $/m? is achieved with this process at an
intermediate APR of 30,000 FCEV/year.



