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Durable Fuel Cell

Field of the Invention
This invention relates to fuel cell membrane electrode assemblies and fuel cell
polymer electrolyte membranes comprising manganese oxides which demonstrate

increased durability, and methods of making same.

Background of the Invention
Ludvigson, J. Mater. Chem., 11 (2001) 1269-1276; Michas, J. Membrane Sci.,

29 (1986) 239-257 and Japanese Kokai 2001/118591 (Morimoto) purportedly disclose
polymer electrolyte membranes made by a method generally described as immersion of
a membrane in a solution of a metal salt followed by oxidization to convert the metal
salts into metal oxides in the finished product. Ludvigson and Michas discuss the
resulting distribution of metal oxides in the finished product. The metals include Mn
(in Ludvigson) and Ru (in Michas and Morimoto).

US 6,335,112 (Asukabe) purportedly discloses a polymer electrolyte membrane
comprising a hydrocarbon-based solid polymer electrolyte which contains a catalyst,

which may be one of several catalysts including MnO».

Copolymers of tetrafluoroethylene (TFE) and a co-monomer according to the

formula: FSOy-CF9-CF>-O-CF(CF3)-CF9-O-CF=CF> are known and sold in sulfonic
acid form, i.e., with the FSO»- end group hydrolyzed to HSO3-, under the trade name
Nafion® by DuPont Chemical Company, Wilmington, Delaware. Natfion® i1s

commonly used in making polymer electrolyte membranes for use in fuel cells.
Copolymers of tetrafluoroethylene (TFE) and a co-monomer according to the

formula: FSO5-CF9-CF9-O-CF=CF9 are known and used in sulfonic acid form, 1.e.,
with the FSO»- end group hydrolyzed to HSO3-, in making polymer electrolyte

membranes for use in fuel cells.
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U.S. Pat. App No. 10/325,278, filed December 19, 2002, discloses a polymer
electrolyte membrane having a thickness of 90 microns or less and comprising a
polymer, said polymer comprising a highly fluorinated backbone and recurring pendant

groups according to the formula:

Y OSO9-CFy-CF9-CF9-CF2-O-[polymer backbone]

where Y is H™ or a monovalent cation such as an alkali metal cation. Typically, the
membrane is a cast membrane. Typically, the polymer has a hydration product of

greater than 22,000. Typically, the polymer has an equivalent weight of 800-1200.

Summary of the Invention

Briefly, the present invention provides a fuel cell membrane electrode assembly
comprising a polymer electrolyte membrane which comprises a highly fluorinated
polymer electrolyte and at least one manganese oxide, wherein the distribution of the
manganese oxide across the thickness of the polymer electrolyte membrane 1s uniform.
Typically, the highly fluorinated polymer electrolyte is perfluorinated. Typically the
manganese oxide is present in an amount of between 0.01 and 5 weight percent relative
to the total weight of the polymer electrolyte membrane; more typically between 0.1
and 1 weight percent and most typically between 0.2 and 0.3 weight percent. The
manganese oxide may be MnO». The manganese oxide may be MnyO3. Typically, the

polymer electrolyte has an equivalent weight of 1000 or less, more typically 900 or less,
and more typically 800 or less. The polymer electrolyte may comprise pendent groups
according to the formula: -O-CFy-CF»-CF7-CF>-SO3H or according to the formula:

-O-CF>-CF(CF3)-0-CFy-CF2-SO3H.

In another aspect, the present invention provides a method of making a fuel cell
polymer electrolyte membrane comprising the steps of: a) providing a highly
fluorinated polymer electrolyte comprising acidic functional groups; b) adding at least
one manganese oxide in an amount so as to provide between 0.01 and 5 percent of the
total weight of the polymer electrolyte membrane; and c) thereaiter forming a polymer
electrolyte membrane comprising said polymer electrolyte, wherein the distribution of
each manganese oxide across the thickness of said polymer electrolyte membrane 1s

uniform. Typically, the highly fluorinated polymer electrolyte 1s pertluorinated.
-
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Typically the manganese oxide is present in an amount of between 0.1 and 1 weight
percent and most typically between 0.2 and 0.3 weight percent. The manganese oxide

may be MnO». The manganese oxide may be MnyO3. Typically, the polymer

electrolyte has an equivalent weight of 1000 or less, more typically 900 or less, and
more typically 800 or less. The polymer electrolyte may comprise pendent groups
according to the formula: -O-CF»-CF,-CF2-CF>-SO3H or according to the formula:

-O-CF>-CF(CF3)-O-CF9-CF>-SO3H.

In another aspect, the present invention provides a method of making a fuel cell
membrane electrode assembly comprising any method herein for making a polymer
electrolyte membrane, and additionally comprising the step of: d) forming a membrane
electrode assembly comprising that polymer electrolyte membrane.

In this application:

‘“uniform” distribution of an additive in a polymer membrane means that the
amount of additive present does not vary more than +/- 90%, more typically not more
than +/- 50% and more typically not more than +/- 20%,;

‘“equivalent weight” (EW) of a polymer means the weight of polymer which will
neutralize one equivalent of base; and

““highly fluorinated” means containing fluorine in an amount of 40 wt% or more,
typically 50 wt% or more and more typically 60 wt% or more.

It is an advantage of the present invention to provide a fuel cell membrane

electrode assembly and polymer electrolyte membrane and methods of making same

which provide increased durability.

Brief Description of the Drawing

Fig. 1 is a graph of weight remaining vs. time of exposure to a peroxide solution
or water for membranes according to the present invention (C) and for comparative
membranes (A & B), as described in Examples 1C, 2C, and 3.

Fig. 2 is a graph of weight remaining vs. time of exposure to a peroxide solution
for membranes according to the present invention (B & C) and for comparative

membranes (A), as described in Examples 4C, 5, and 6.

3.
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Fig. 3 is a graph of weight remaining vs. time of exposure to a peroxide solution
for membranes according to the present invention (B, C & D) and for comparative

membranes (A), as described in Examples 7C, §, 9 and 10.

Detailed Description

The present invention provides a fuel cell membrane electrode assembly
comprising a polymer electrolyte membrane which comprises a highly fluorinated or

perfluorinated polymer electrolyte and at least one manganese oxide, such as MnOy or
Mn, 03, wherein the distribution of the manganese oxide across the thickness of the

polymer electrolyte membrane 1s uniform.

The membrane electrode assembly (MEA) and polymer electrolyte membrane
(PEM) according to the present invention may be used in fuel cells. An MEA 1s the
central element of a proton exchange membrane fuel cell, such as a hydrogen fuel cell.
Fuel cells are electrochemical cells which produce usable electricity by the catalyzed
combination of a fuel such as hydrogen and an oxidant such as oxygen. Typical MEA’s
comprise a polymer electrolyte membrane (PEM) (also known as an ion conductive
membrane (ICM)), which functions as a solid electrolyte. One face of the PEM 1s in
contact with an anode electrode layer and the opposite face 1s in contact with a cathode
electrode layer. In typical use, protons are formed at the anode via hydrogen oxidation
and transported across the PEM to the cathode to react with oxygen, causing electrical
current to flow in an external circuit connecting the electrodes. Each electrode layer
includes electrochemical catalysts, typically including platinum metal. The PEM forms

a durable, non-porous, electrically non-conductive mechanical barrier between the

reactant gases, yet it also passes H' ions readily. Gas diffusion layers (GDL’s)
facilitate gas transport to and from the anode and cathode electrode materials and
conduct electrical currenit. The GDL is both porous and electrically conductive, and 1s
typically composed of carbon fibers. The GDL may also be called a fluid transport
Jayer (FTL) or a diffusex/current collector (DCC). In some embodiments, the anode and
cathode electrode layers are applied to GDL’s and the resulting catalyst-coated GDL’s
sandwiched with a PEM to form a five-layer MEA. The five layers of a five-layer

MEA are, in order;: anode GDL, anode electrode layer, PEM, cathode electrode layer,

-
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and cathode GDL. In other embodiments, the anode and cathode electrode layers are
applied to either side of the PEM, and the resulting catalyst-coated membrane (CCM) 1s
sandwiched between two GDL’s to form a five-layer MEA.

The PEM according to the present invention may comprise any suitable polymer
electrolyte. The polymer electrolytes useful in the present invention typically bear
anionic functional groups bound to a commmon backbone, which are typically sulfonic
acid groups but may also include carboxylic acid groups, 1imide groups, amide groups,
or other acidic functional groups. The polymer electrolytes useful in the present
invention are typically highly fluorinated and most typically perfluorinated. The
polymer electrolytes useful in the present invention are typically copolymers of
tetrafluoroethylene and one or more fluorinated, acid-functional comonomers. Typical
polymer electrolytes include Nafion® (DuPont Chemicals, Wilmington DE) and
Flemion™ (Asahi Glass Co. Ltd., Tokyo, Japan). The polymer electrolyte may be a
copolymer of tetrafluoroethylene (TFE) annd FSO7-CFoCFoCFoCFp-O-CF=CF2,

described in U.S. patent applications 10/322,254, 10/322,226 and 10/325,278. The
polymer typically has an equivalent weight (EW) of 1200 or less, more typically 1100
or less, more typically 1000 or less, more typically 900 or less, and more typically 800
or less.

The polymer can be formed into a membrane by any suitable method. The
polymer is typically cast from a suspension. Any suitable casting method may be used,
including bar coating, spray coating, slit coating, brush coating, and the like.
Alternately, the membrane may be formed from neat polymer in a melt process such as
extrusion. After forming, the membrane may be annealed, typically at a temperature of
120 °C or higher, more typically 130 °C or higher, most typically 150 °C or higher.
The PEM typically has a thickness of less than 50 microns, more typically less than 40
microns, more typically less than 30 microns, and most typically about 25 microns.

In one embodiment of the present invention, one or more manganese oxides,

such as MnO» or Mn» 03, is added to the polymer electrolyte prior to membrane

formation. Typically the oxide is mixed well with the polymer electrolyte to achieve
substantially uniform distribution. Mixing is achieved by any suitable method,

including milling, kneading and the like, and may occur with or without the inclusion of

~5.



10

15

20

25

30

CA 02579427 2007-03-06

WO 2006/034014 PCT/US2005/033117

a solvent. The amount of oxide added is typically between 0.01 and 5 weight percent
based on the total weight of the final polymer electrolyte or PEM, more typically
between 0.1 and 2 wt%, and more typically between 0.2 and 0.3 wt%. Factors
mitigating against inclusion of excessive manganese oxide iniclude reduction of proton
conductivity, which may become a significant factor at greater than 0.25 wt% oxide.

To make an MEA or CCM, catalyst may be applied to the PEM by any suitable
means, including both hand and machine methods, including hand brushing, notch bar
coating, fluid bearing die coating, wire-wound rod coating, f1uid bearing coating, slot-
fed knife coating, three-roll coating, or decal transfer. Coatimg may be achieved 1n one
application or in multiple applications.

Any suitable catalyst may be used in the practice of the present invention.
Typically, carbon-supported catalyst particles are used. Typacal carbon-supported
catalyst particles are 50-90% carbon and 10-50% catalyst metal by weight, the catalyst
metal typically comprising Pt for the cathode and Pt and Ru 1n a weight ratio of 2:1 for
the anode. Typically, the catalyst is applied to the PEM or to the FTL in the form of a
catalyst ink. Alternately, the catalyst ink may be applied to a transfer substrate, dried,
and thereafter applied to the PEM or to the FTL as a decal. "The catalyst ink typically
comprises polymer electrolyte material, which may or may not be the same polymer
electrolyte material which comprises the PEM. The catalyst ink typically comprises a
dispersion of catalyst particles in a dispersion of the polymer electrolyte. The ink
typically contains 5-30% solids (i.e. polymer and catalyst) amad more typically 10-20%
solids. The electrolyte dispersion is typically an aqueous dispersion, which may
additionally contain alcohols and polyalcohols such a glycerin and ethylene glycol. The
water, alcohol, and polyalcohol content may be adjusted to alter rheological properties
of the ink. The ink typically contains 0-50% alcohol and 0-20% polyalcohol. In
addition, the ink may contain 0-2% of a suitable dispersant. The ink 1s typically made
by stirring with heat followed by dilution to a coatable consistency.

In one embodiment of the present invention, the electrode or the catalyst ink
comprises a polymer that comprises bound anionic functional groups and cations
selected from the group consisting of manganese cations, as provided herein for

polymers comprising a PEM according to the present invention. Typically, at least a

6-
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portion of the anionic functional groups are in acid form and at least a portion of the
anionic functional groups are neutralized by the Mn cations, as provided herein for
polymers comprising a PEM according to the present invention.

To make an MEA, GDL’s may be applied to either side of a CCM by any
suitable means. Any suitable GDL may be used in the practice of the present invention.
Typically the GDL is comprised of sheet material comprising carbon fibers. Typically
the GDL is a carbon fiber construction selected from woven and non-woven carbon
fiber constructions. Carbon fiber constructions which may be usetul 1n the practice ot
the present invention may include: Toray™ Carbon Paper, SpectraCarb™ Carbon
Paper, AFN™ non-woven carbon cloth, Zoltek™ Carbon Cloth, and the like. The GDL
may be coated or impregnated with various materials, including carbon particle
coatings, hydrophilizing treatments, and hydrophobizing treatments such as coating
with polytetrafluoroethylene (PTFE).

In use, the MEA according to the present typically sandwiched between two
rigid plates, known as distribution plates, also known as bipolar plates (BPP’s) or
monopolar plates. Like the GDL, the distribution plate must be electrically conductive.
The distribution plate is typically made of a carbon composite, metal, or plated metal
material. The distribution plate distributes reactant or product fluids to and from the
MEA electrode surfaces, typically through one or more fluid-conducting channels
engraved, milled, molded or stamped in the surface(s) facing the MEA(s). These
channels are sometimes designated a flow field. The distribution plate may distribute
fluids to and from two consecutive MEA’s in a stack, with one face directin.g fuel to the
anode of the first MEA while the other face directs oxidant to the cathode of the next
MEA (and removes product water), hence the term “bipolar plate.” Alternately, the
distribution plate may have channels on one side only, to distribute fluids to or from an
MEA on only that side, which may be termed a “monopolar plate.” The terxm bipolar
plate, as used in the art, typically encompasses monopolar plates as well. A typical fuel
cell stack comprises a number of MEA’s stacked alternately with bipolar plates.

This invention is useful in the manufacture and operation of fuel cells.

Objects and advantages of this invention are further illustrated by the following

examples, but the particular materials and amounts thereof recited in these examples, as

_7-
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well as other conditions and details, should not be construed to unduly limit this

imvention.

Examples

Unless otherwise noted, all reagents may be available from Aldrich Chemical

Co., Milwaukee, W1, or may be synthesized by known methods.

lonomer
Except where noted, the ionomer used in each of the following Examples 1s a

copolymer of tetrafluoroethylene (TFE) and FSO7-CFoCFoCFCFo-O-CF=CFp

(Comonomer A). Comonomer A was made according to the procedures disclosed mn
U.S. patent applications 10/322,254 and 10/322,226. Polymerization was performed by
aqueous emulsion polymerization as described in U.S. patent application 10/325,278.
The equivalent weight (EW) was 1000. The ionomer was provided in a casting solution

containing 16.7% solids in 70:30 n-propanol/water.

Manganese Oxides

One of two different forms of manganese oxide was used in each of the

following Examples. MnQy was purchased from Aldrich Chemical Company and was
used as received. MnyQO3 was synthesized by precipitating a solution of manganous

nitrate with ammonium hydroxide, followed by drying and calcining at 900°C.

Preparation of Stabilized Polymer Electrolyte Membranes (PEM’s)

The ionomer casting solution was combined with the selected manganese oxide
in an amount sufficient to provide manganese oxide loadings 0f 0.1, 0.25, 1.0, or 2.0
wt% manganese oxide as a percentage of total solids weight. 1 cm zirconium oxide
milling media (Zircoa, Inc., Solon, Ohio) was added and the mixture was charged into a
polyethylene bottle and rolled for 24 hours to disperse the manganese oxide, and
thereafter separated from the milling media.

Membranes were made by casting the manganese oxide-loaded dispersions on

window glass by hand-spread technique using the 0.020 mch (0.0508 cm) gap of a 4-

_8-
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inch multiple clearance applicator (Cat. No. PAR-5357, BYK-Gardner, Columbia,
Maryland). The membrane film was dried in an 80 °C oven for 10 minutes and then 1n

a 160 °C oven for 10 minutes.

Preparation of Standard Polymer Electrolyte Membranes (PEM’s)

Standard PEM’s were made by the same procedure as Stabilized PEM’s, except

that manganese oxide and milling media were not added and the solution was not

milled.

Examples 1C, 2C & 3

PEM's made with 1 wt% Mn»O3 (“stabilized”) and without manganese oxide
(“standard”) were weighed and then soaked in 1M H»O9 at 90°C. The soaked polymer

films were removed at the times indicated and weighed, after drying for at least one
hour. Weight loss data for the PEM's was taken as an indication of oxidative
degradation. Where weight measurements were made at intermediate times, original

peroxide solutions were replaced with fresh IM H»O» at weighing times. For

comparison, some standard PEM’s were soaked in water only.

Fig. 1 demonstrates weight loss data for water-soaked standard PEM’s
(Example 1C, Trace A), peroxide-soaked standard PEM's (Example 2C, Trace B), and
peroxide-soaked stabilized PEM's (Example 3, Trace C). Addition of small amounts of
manganese oxide consistently resulted in reduced weight loss for PEM's soaked m
peroxide. Less weight loss upon exposure to high-temperature peroxide solutions 1s

taken as an indication of improved oxidative stability.

Examples 4C, 5 & 6
Standard PEM’s without manganese oxide (Example 4C) and stabilized PEM’s

made with 0.25 wt% and 1 wt% MnOy (Examples 5 and 6, respectively) were tested 1n

peroxide as described above for Examples 1C, 2C & 3. Fig. 2 demonstrates weight loss
data for the standard PEM’s (Example 4C, Trace A) and stabilized PEM's (Example 5,
Trace B, and Example 6, Trace C). Again, addition of small amounts of manganese

oxide consistently resulted in reduced weight loss for PEM's soaked in peroxide.

0.

PCT/US2005/033117
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Examples 7C, 8, 9 & 10
Standard PEM’s without manganese oxide (Example 7C) and stabilized PEM’s

made with 0.1 wt%, 0.25 wt% and 1 wt% MnO» (Examples 8, 9 and 10, respectively)

were tested in peroxide as described above for Examples 1C, 2C & 3. Fig. 3
demonstrates weight loss data for the standard PEM’s (Example 7C, Trace A) and
stabilized PEM's (Example 8, Trace B; Example 9, Trace C, and Example 10, Trace D).
Again, addition of small amounts of manganese oxide consistently resulted in reduced

weight loss for PEM's soaked in peroxide.

MEA Fabrication for Examples 11 & 12C

Fuel cell MEA's having 50 cm? of active area were prepared as follows.
Catalyst dispersions were prepared according to the method described in WO
2002/061,871. To prepare catalyst-coated membranes, anode and cathode layers were
applied to membranes according to the decal transfer method described n the same
reference, WO 2002/061,871. PTFE-treated carbon paper gas diffusion layers and
polytetrafluoroethylene/glass composite gaskets were applied to the CCM by pressing
in a Carver Press (Fred Carver Co., Wabash, IN) with 13.4 kN of force at 132 °C for 10

minutes.

MEA Lifetime Test for Examples 11 & 12C

The MEA's were tested in a test station with independent controls of gas tlow,
pressure, relative humidity, and current or voltage (Fuel Cell Technologies,
Albuquerque, NM). The test fixture included graphite current collector plates with
quad-serpentine flow fields. MEA's were operated with Hyp/air under subsaturated

conditions at 90°C with anode overpressure. The MEA’s were subjected to an
accelerated load cycle lifetime test by imposition of a variety of current density values.
After each load cycle, the open circuit voltage (OCV) of the cell was measured and
recorded. The general phenomenology for such a test protocol is for the OCV to decay
monotonically, but with a distinct “knee” or pronounced increase in the decay rate. The

point at which the decay rate increases is taken as the lifetime of the MEA..

-10-
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Examples 11 & 12C

For Example 11, 165g of 0.65cm cylindrical zirconium oxide milling media
(Zircoa, Inc., Solon, Ohio) was placed 1n a 125ml plastic bottle. To the milling media
were added 30g of n-propanol and 1.58g of MnO». The mixture was rolled on a mill

rack (U.S. Stoneware, East Palestine, Ohio) for 24 hours and then separated from the
milling media. 200g of an 1onomer casting solution containing 23 wt% solids (i.e., 46 g
of the 1onomeric polymer, EW 1000) in 70:30 n-propanol/water was dispensed into a

250 ml plastic bottle. 1.66g of the mixture of n-propanol and MnO» above was added

to the 1onomer casting solution with stirring. The quantities above yield an 1onomer

casting solution with 0.083g of MnO», and thus 0.18wt% MnO» 1n the dried ionomer

film. Using the ionomer coating solution with MnO» added, a polymer membrane was

cast according to the method described in U.S. Pat. App. 09/837,771, filed April 18,
2001.
For Example 12C, polymer membranes were cast as indicated for Example 11

using the same ionomer casting solution but without the added MnQO».

MEA’s were fabricated from the membranes according to the method described
above for Examples 6 and 7C. The MEA’s were tested according to the lifetime test
described above for Examples 6 and 7C. The results are reported i Table 2.

Table 2
Example Lifetime (hours)
11 177
12C 59

Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and principles of this
invention, and it should be understood that this invention 1is not to be unduly limited to

the 1llustrative embodiments set forth hereinabove.
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We claim:
1. A fuel cell membrane electrode assembly comprising a polymer electrolyte

membrane which comprises a highly fluorinated polymer electrolyte and at least one
manganese oxide, wherein the distribution of said at least one manganese oxide across

the thickness of said polymer electrolyte membrane 1s uniform.

2. The fuel cell membrane electrode assembly according to claim 1 wherein said

highly fluorinated polymer electrolyte 1s perfluorinated.

3. The fuel cell membrane electrode assembly according to claim 1 wherein said at
least one manganese oxide is present in an amount of between 0.01 and 5 weight

percent relative to the total weight of said polymer electrolyte membrane.

4. The fuel cell membrane electrode assembly according to claim 1 wherein said at
least one manganese oxide is present in an amount of between 0.1 and 1 weight percent

relative to the total weight of said polymer electrolyte membrane.
5. The fuel cell membrane electrode assembly according to claim 1 wherein said at
least one manganese oxide is present in an amount of between 0.2 and 0.3 weight

percent relative to the total weight of said polymer electrolyte membrane.

6. The fuel cell membrane electrode assembly according to claim 1 wherein said at

least one manganese oxide 1s MnO».

7. The fuel cell membrane electrode assembly according to claim 1 wherein said at

least one manganese oxide 1s Mny0Os3.

8. The fuel cell membrane electrode assembly according to claim 1 wherein said

polymer electrolyte has an equivalent weight of 1000 or less.

-12-
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9. The fuel cell membrane electrode assembly according to claim 1 wherein said

polymer electrolyte has an equivalent weight of 900 or less.

10.  The fuel cell membrane electrode assembly according to claim 1 wherein said

5  polymer electrolyte has an equivalent weight of 800 or less.

11.  The fuel cell membrane electrode assembly according to claim 1 wherein said
polymer electrolyte comprises pendent groups according to the formula:
-O-CF9-CF9-CF9-CF2-SO3H.
10

12.  The fuel cell membrane electrode assembly according to claim 1 wherein said

polymer electrolyte comprises pendent groups according to the formula:

-0-CF5-CF(CF3)-0-CFy-CF5-SO3H.

15 13. A method of making a fuel cell polymer electrolyte membrane comprising the
steps of:

a) providing a highly fluorinated polymer electrolyte comprising acidic
functional groups;
b) adding at least one manganese oxide 1in an amount so as to provide

20 between 0.01 and 5 percent of the total weight of said polymer electrolyte
membrane; and
C) thereafter forming a polymer electrolyte membrane comprising said
polymer electrolyte, wherein the distribution of each manganese oxide across

the thickness of said polymer electrolyte membrane 1s uniform:.

25
14. A method of making a fuel cell membrane electrode assembly comprising the
method according to claim 13, and additionally comprising the step of:
d) forming a membrane electrode assembly comprising said polymer
electrolyte membrane.
30
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15.  The method according to claim 13 wherein said highly fluorinated polymer

electrolyte 1s perfluorinated.

16.  The method according to claim 13 wherein said at least one manganese oxide

provides between 0.1 and 1 percent of the total weight of said polymer electrolyte

membrane.

17.  The method according to claim 13 wherein said at least one manganese oxide

provides between 0.2 and 0.3 percent of the total weight of said polymer electrolyte

membrane.

18.  The method according to claim 13 wherein said at least one manganese oxide 1s

MnO».

19.  The method according to claim 13 wherein said at least one manganese oxide 1s

Mn»O3.

20.  The method according to claim 13 wherein said polymer electrolyte has an

equivalent weight of 1000 or less.

21.  The method according to claim 13 wherein said polymer electrolyte has an

equivalent weight of 900 or less.

22.  The method according to claim 13 wherein said polymer electrolyte has an

equivalent weight of 800 or less.

23.  The method according to claim 13 wherein said polymer electrolyte comprises

pendent groups according to the formula:

-O-CF9-CF9-CF9-CFo-SO3H.

_14.-
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24.  The method according to claim 13 wherein said polymer electrolyte comprises

pendent groups according to the formula:

-O-CF9-CF(CF3)-O-CF9-CF9-SO3H.

-15-
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