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Fabrication Methods for Catalyst Coated Membranes

Cross Reference

[1] This application claims priority from a Chinese patent application entitled_ the
following Chinese patent applications:  “Preparation Methods for Catalyst Coated
Membranes® filed on December 12, 2005, having a Chinese Application No. 200510130101.1.

The above application is incorporated herein by reference.

Field of Invention

2] This invention relates to fabrication methods for catalyst coated membranes. In

particular, it relates to fabrication methods for catalyst coated membranes for fuel cells.

Background

3] Fuel cells are electrochemical energy converting devices that convert the chemical
energy stored in the fuels of fuel cells, such as hydrogen, alcohols, and oxidizers such as
oxygen to electricity. These devices have high energy conversion rates and are environmental
friendly. Proton exchange membrane fuel cells (PEMFC) have a low operating temperature
and a high power density. Therefore, it can be used not only in power stations, but also as
mobile power sources in automobiles, submarines, and, power sources in military and civilian
dual-use applications.

[4] The Membrane Electrode Asseimbly (MEA) is the core component of fuel cells where
electrochemical reaction between the fuels and the oxidizers occur to generates electricity.

Generally, a MEA substantially comprising only of catalyst layers and a proton exchange
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membrane is referred to as 3-layer MEA or a catalyst coated membrane (CCM). MEAs
comprising of gas diffusion layers, catalyst layers, and a membrane is called 5-layer MEA.
Figure 1 illustrates a five-layer MEA with a proton exchange membrane (A) sandwiched
between catalyst layers (B) that is in turn sandwiched between gas diffusion layers (C).

[5] The proton exchange membrane (PEM) transports protons and separates reactive gases
is the crucial component in MEAs.  Currently, the most commonly used PEMs are
perfluorosulfonic acid polymer membranes sold under the trade name Nafion by DuPont in
the United States. Due to its unique perfluorinated structure, Nafion membranes are
chemically stable, a factor essential for long fuel cell battery life. However, under the
operating conditions of fuel cells, Nafion membranes can deform as they expand during
moisture absorption and shrinkage during moisture loss. In addition, once the Nafion
membrane absorbs water, the strength of the wet membranes reduces significantly. Since fuel
cell batteries usually operate at high humidity, these negative effects can significantly affect
the lifespan of Nafion membranes.

[6] In order to improve performance, composite materials have been developed to reduce
the deformation of Nafion membranes. For example, CN Patent 1178482 provided a
composite membrane with increased stability. This composite membrane is an expanded
polytetrafluoroethylene (ePTFE) membrane that is completely filled with ion exchange
materials where at least part of the ion exchange materials is a non-ionic polymer.

7] The MEA also contains a certain quantity of Nafion resins that also can cause the
membrane to expand with moisture gain and shrink with moisture loss. This can result in
changes in the interface between the catalysts and the Nafion resins, reducing the stability of

the electrode.



10

15

20

WO 2007/068199 PCT/CN2006/003380

[81  Many current MEAs with thin PEMs are catalyst coated membranes where the catalyst
layers are directly attached to the two surfaces of the PEM. Typically, CCMs only have
Nafion resins and catalysts that are hydrophilic. Their hydrophobicity is poor as they do not
have hydrophobic materials such as PTFE and may only have a small amount of non-sintered
PTFE particles. As a result, the discharge of water from these MEAs presents difficulty.
Sufficient water has to accumulate in the electrode catalyst layer before the concentration
gradient is large enough for it to diffuse from the MEA. This effect can significantly affect
the performance and stability of the MEA.

[9] To overcome this problem, US Patent 6054230 introduced the use of micro-porous
ePTFE membranes as the support to the catalyst layer during the fabrication of the catalyst
layer. The catalysts/Nafion dispersing solution is brushed or coated onto the ePTFE
membrane. It penetrates into the pores of PTFE to form a porous composite catalyst layer
which is used to form the CCMs.

[10] However, it is difficult to fabricate these membranes. Existing technologies produce
catalyst/Nafion dispersing solutions where the minimum particle size in the solution is 0.4 to
0.6 micrometers. The pore diameter of the porous ePTFE is typically 0.1 to 2 micrometers.
However, the distribution of pore diameter in a membrane is uneven. Therefore, it is difficult
to completely fill the pores of a micro-porous ePTFE membrane with the catalysts/Nafion
dispersion solution as the colloid particles formed by the catalysts and Nafion often clog the
upper portion of the ePTFE membrane. Moreover, the bond between the catalysts and the
Nafion resins colloids in the catalysts/Nafion dispersing solution is weak. Therefore, during
the filling of the micro-porous ePTFE membranes, the Nafion resin colloid and catalysts will

separate resulting in the clogging of the bottom portion of the ePTFE membranes with the
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excessive Nafion resins and the upper portion of the membranes with the catalyst clusters.
This uneven distribution of catalysts and Nafion resins in the micro-porous ePTFE
membranes causes an inferior electrode structure, is an obstacle to proton transfer, and results
in the poor performance and stability of the MEA.

[11]  Due to the limitations of the prior art, it is therefore desirable to have novel fabrication
methods for catalyst coated membranes‘ that fabricate stable catalyst coated membranes that

perform well when used as part of the membrane electrode assembly in a fuel cell.

Summary of Invention

[12]  An object of this invention is to provide methods _for the fabrication of catalyst coated
membranes that are stable.

[13]  Another object of this invention is to provide methods for the fabrication of catalyst
coated membranes which perform well when used as part of the membrane electrode
assembly in a fuel cell.

[14]  Another object of this invention is to provide catalyst layers with membranes that are
hydrophobic.

[15] Briefly, this invention relates to fabrication methods for catalyst coated membranes
that include the steps of: exposing a micro-porous membrane to a catalyst dispersing solution
to form a catalyst containing micro-porous membrane; exposing said catalyst containing
micro-porous membrane to a resin dispersing solution to form a catalyst layer; and placing a
proton exchange membrane between two of said catalyst layers with a laminating process to

form the catalyst coated membrane.
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[16]  An advantage of this invention is that catalyst coated membranes fabricated using the
methods of this invention are stable.

[17]  Another advantage of this invention is that the catalyst coated membranes fabricated
with the methods of this invention perform well when used as part of the membrane electrode
assembly in a fuel cell.

[18]  Another advantage of this invention is that the catalyst coated membranes fabricated

using the methods of this invention are hydrophobic.

Description of the Drawings .

[19] The foregoing and other objects, aspects and advantages of the invention will be better
understood from the following detailed description of preferred embodiments of this
invention when taken in conjunction with the accompanying drawings in which:

[20] Figure 1 is a cross-sectional view of a five layer membrane electrode assembly.

[21]  Figure 2 is the cross-sectional view of a catalyst coated membrane fabricated using the

methods of this invention.

Detailed Description of the Preferred Embodiments.

[22] Presently preferred embodiments provide for the fabrication methods for catalyst
coated membranes. These methods comprise of the following steps:

first exposing a micro-porous membrane to a catalyst dispersing solution to form a
catalyst containing micro-porous membrane;

second exposing said catalyst containing micro-porous membrane to a resin dispersing

solution to form a catalyst layer; and
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placing a proton exchange membrane between two of said catalyst layers by a
laminating process to form the catalyst coated membrane.
[23] Any micro-porous membrane that is used for catalyst coated membranes can be used
for the micro-porous membrane. For example, any types of micro-porous ePTFE membranes
can be used. The thickness of said membranes can be 3 micrometers to 20 micrometers,
preferably, 5 micrometers to 10 micrometers. The diameter of the pores in said micro-porous
membrane can be 0.5 micrometers to 2.0 micrometers, preferably, 1 micrometer to 2
micrometers. The porosity of the micro-porous membrane can be 70% to 95%, preferably,
90% to 95%.
[24]  The catalyst dispersing solution can comprise of one or more of the catalysts, alcohol
and water, where the weight ratio of said one or more catalysts: alcohol: water is 1 : 10 to 500 :
0-50; preferably 1 : 20-200 : 1.5-20.
[25] The catalysts that can be used are catalysts that are commonly used for CCMs. They
can be catalysts or chemicals with catalytic properties that are used in CCMs such as: nano-
metal catalysts or nano-metal particles supported on carbon catalysts. Preferably, they are one
or more catalysts or chemicals with catalytic properties selected from the following group:
nano-platinum, nano-gold, nano-ruthenium, nano-silver, nano-cobalt, nano-platinum
supported on carbon, nano-gold supported on carbon, nano-ruthenium supported on carbon,
nano-silver supported on carbon, nano-cobalt supported on carbon.
[26] The alcohols in the catalyst dispersing solution can be a combination of one or more
of the following: iso-propyl alcohol, ethanol and trimethylene glycol. Ethanol is preferred.
[27] Currently used methods for exposing dispersing solutions for micro-porous

membranes can be used to expose the micro-porous membrane to the catalyst dispersing
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solution. Examples of exposing methods include the coating of the catalyst dispersing
solution onto the membrane or immersing the membrane into the catalyst dispersing solution.
A preferred method is to conduct the first exposing under a vacuum of 0.01mPa to 0.1 mPa;
preferably 0.04 mPa to 0.08 mPa. The definition of vacuum is the absolute value of the
difference between the absolute pressure and the atmosphere. (The absolute pressure is less
than the atmosphere).

[28] The quantity of catalyst dispersing solution (dispersion) used should result in 0.1
mg/em? to 10 mg/em® of catalyst in the catalyst containing micro-porous membrane.
Preferred methods of uses a quantity of catalyst dispersing solution that results in 0.2mg/cm*
to 2 mg/cm” of catalyst in the catalyst containing micro-porous membrane.

[29] After the first exposing step, the catalyst containing micro-porous membrane can be

dried with commonly drying processes such as baking, air-blower drying at 30°C to 150°C.
Preferred methods air blow dry said membrane at 40°C to 100°C.

[30] The micro-porous membrane can be supported by a support structure, such as a porous

structure or a network structure, selected from the following: PET (Polyethylene terephthalate)
felts, polypropylene felts, polyethylene nets, or PET non-woven fabrics.

[31] The resin dispersing solution comprises of one or more resins and one or more solvent.
The resins and solvents that can be used are the type of resins and solvents commonly used.

For example, the resin could be Nafion resins manufactured by DuPont. The solvent can be

an alcohol solution that comprises of a combination of one or more of the following: iso-

propy! alcohol, ethanol and trimethylene glycol. Ethanol is the preferred alcohol to be used.

The concentration of said resins in said resin dispersing solution can be 0.01 wt.% to 3 wt.%,

preferably, 0.02 wt.% to 2.5 wt.%
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[32] Currently used methods for dispersing solution to a micro-porous membrane can be
used to expose the micro-porous membrane to the resin dispersing solution. Examples of
exposing methods include the coating of the resin dispersing on the membrane or immersing
the membrane in the resin dispersing solution. Coating is the preferred method. A preferred
method is conducting the second exposiﬁg under a vacuum of 0.01mPa to 0.1 mPa; preferably
0.04 mPa to 0.08 mPa.

[33] The quantity of resin dispersing solution used should result in 0.03 mg/cm?® to 20
mg/em? of resin in the micro-porous membrane. Preferred methods of uses a quantity of ;esin
dispersing solution that result in 0.2 to 7 mg/cm® of resin in the micro-porous membrane.

[34] After the second exposing step, the catalyst layer micro-porous membrane can be

dried with commonly drying process such as baking, air-blower drying at 25°C to 200°C.
Preferred methods air blow dry said membrane at 50°C to 150°C.

[35] The catalyst coated membrane may be fabricated with a laminating process by
sandwiching the proton exchange membrane between two catalyst layers and press bonding
the layers. If there is a support for the micro-porous membrane, this support is removed prior
to the placing step/laminating step.

[36] A hot plate press method or dual-roller hot-press method can be used to solidly bond

together the catalyst layers and the proton exchange membrane at temperatures 100°C to 200
°C; and pressure of 0.1 mPa to 10 mPa. Preferably, temperature at 120°C to 170°C; and

pressure at 0.5 mPa to 6 mPa.
[37] The PEM that are commonly used can be used in the methods of this invention.

Examples of commercially available PEM are the Nafion membranes from DuPont, including
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the Nafion 112 film, Nafion 115 film, Nafion 117 film and Nafion 1035 film. The
PTFE/Nafion composite membranes disclosed in CN Patent 1178482A can also be used.

[38] Figure 2 is a cross-sectional view of a CCM that is fabricated using the methods of
this invention where the two catalyst layers ((B) are sandwiched between the PEM (A).

[39] The fabrication methods of this invention provide filling process to uniformly fill the
catalysts and resin throughout the pores of the micro-porous membranes in the catalyst layers.
These micro-porous membranes are hydrophobic and easily discharge water when necessary.
Therefore, membrane electrode assemblies with catalyst coated membranes fabricated using
the methods of this invention are stable and perform well during fuel cell operation.

[40] The following embodiments further describe this invention.

Embodiment 1
[41] One method for fabricating a catalyst containing micro-porous membrane includes the
following steps:

adding 0.2 g of de-ionized water to moisten 0.1 g of Pt/C catalyst. The catalyst can be
Hispec8000, a product of Johnson Matthey;

adding 10 g alcohol to the moistened catalyst;

using ultrasound to treating the resulting mixture for 30 minutes to form the catalyst
dispersing solution;

placing a 5 micrometer thick micro-porous ePTFE membrane produced by Shanghai
DaGong New Materials Co. LTC, with a usable area of 100 cm?, and supported by a PET

network on a vacuum table;
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under a vacuum pressure of 0.05 mPa, spreading said catalyst dispersing solution on
the ePTFE membrane, making sure that the dispersing solution reaches the bottom surface of
the membrane;

drying said catalyst containing membrane by placing the ePTFE membrane containing

the catalyst dispersing solution into an air-blow drying box at 50°C;

repeating the above-described placing, spreading and drying steps until all the catalyst
dispersing solution has been used; and

weighing the dried micro-porous ePTFE membranes to ensure that the quantity of
catalyst in the membrane is 0.92 mg/cm?,
[42]  One method for fabricating a catalyst layer include the following steps:

adding 11.4 g of alcohol to 0.6 g of commercial Nafion dispersing solution with a
resin content of 5 wt.%. The Nafion dispersing solution can be DES520, a DuPont product;

using magnetic stirring to mix said solution uniformly;

placing a catalyst containing micro-porous ePTFE membrane such as the catalyst
containing micro-porous membrane fabricated using the previous step on a vacuum table;

under a vacuum controlled pressure of 0.05 mPa, spray coating a diluted Nafion
dispersing solution on the membrane until all the Nafion dispersing solution has been used;

drying the membrane with said Nafion dispersing solution;

peeling off the support for said membrane to obtain a porous self-supporting catalyst
layer; and

weighing the membrane to ensure that the quantity of Nafion resin in the micro-porous

ePTFE membranes is 0.3 mg/cm?,

10
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[43] The fabrication of the CCM using catalyst layers that is fabricated by the method
described above includes the following steps:

cutting the porous self-support catalyst layers into two rectangles;

pasting the rectangles on the on the center portion of the two surfaces of a piece of 30
micrometers thick Nafion 112 membrane (Dupont NR112) such that the Nafion membrane is
sandwiched between the two rectangles;

hot-pressing the resulting structure for 2 minutes under a pressure of 5 mPa at 135 C;

and

cooling to produce the fabricated porous composite catalyst coated membrane.

Embodiment 2
[44] One method for fabricating a catalyst containing micro-porous membrane includes the
following steps:

adding 6 g of alcohol to 0.2 g of Pt/C catalyst. The catalyst can be Hispec8000, a
product of Johnson Matthey;

using ultrasound to treat the resulting mixture for 30 minutes to form the catalyst
dispersing solution;

placing a 5 micrometer thick micro-porous ePTFE membrane produced by Shanghai
DaGong New Materials Co. LTC with a useable area of 100 cm” and that is supported by on a
vacuum table;

under a vacuum pressure of 0.05 mPa, coating said catalyst dispersing solution onto
the ePTFE membrane, making sure that the dispersing solution reaches the bottom surface of

the membrane;
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drying said catalyst containing membrane by placing the ePTFE membrane containing

the catalyst dispersing solution into an air-blow drying box at 80°C;

repeating the above-described placing, coating, and drying steps until all the catalyst
dispersing solution has been used; and

weighing the dried micro-porous ePTFE membranes to ensure that the quantity of
catalyst in the membrane is 1.10 mg/cm?.
[45] One method for fabricating a catalyst layer include the following steps:

adding 120 g alcohol to 16 g commercial Nafion dispersing solution with a resin
content at 5 wt.%. The Nafion dispersing solution can be DE520, a DuPont product;

using magnetic stirring to mix said solution uniformly;

placing a catalyst containing micro-porous ePTFE membrane such as the catalyst
containing micro-porous membrane fabricated using the previous step on a vacuum table;

under a vacuum controlled pressure of 0.05 mPa, spray coating a diluted Nafion
dispersing solution onto the membrane until all the Nafion dispersing solution has been used;

drying the membrane with the Nafion dispersing solution;

peeling off the support for said membrane to obtain a porous self-supporting catalyst
layer; and

weighing the membrane to ensure that the quantity of Nafion resin in the micro-porous
ePTFE membranes is 0.5 mg/cm’.
[46] The fabrication of the CCM using catalyst layers that is fabricated by the method
described above includes the following steps:

cutting the porous self-support catalyst layers into two rectangles;
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pasting the rectangles on the on the center portion of the two surfaces of a piece of 30
micrometers thick Nafion 112 membrane (Dupont NR 112) such that the Nafion membrane is
sandwiched between the two rectangles;

hot-pressing the resulting structure for 2 minutes under a pressure of 5 mPa at 135 C;

cooling to produce the fabricated porous composite catalyst coated membrane.
[47] While the present invention has been described with reference to certain preferred
embodiments, it is to be understood that the present invention is not limited to such specific
embodiments. Rather, it is the inventor’s contention that the invention be understood and .
construed in its broadest meaning as reflected by the following claims. Thus, these claims are
to be understood as incorporating not only the preferred embodiments described herein but all
those other and further alterations and modifications as would be apparent to those of ordinary

skilled in the art.
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Claims

1. A method for the fabrication of catalyst coated membranes, comprising the steps of:

first exposing a micro-porous membrane to a catalyst dispersing solution to form a
catalyst containing micro-porous membrane;

second exposing said catalyst containing micro-porous membrane to a resin dispersing
solution to form a catalyst layer; and

placing a proton exchange membrane between two of said catalyst layers to form said

catalyst coated membrane.

2. The method of claim 1 wherein the thickness of said micro-porous membrane is 3

micrometers to 20 micrometers.

3. The method of claim 1 wherein the diameter of said micro-porous is 0.5 to 2.0

micrometers.

4. The method of claim 1 wherein the porosity of said micro-porous membrane is 70% to

95%.

5. The method of claim 1 wherein said catalyst dispersing solution comprising a catalyst,

alcohol, and water.

14
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6. The method of claim 5 wherein the weight ratio of said catalyst: alcohol: water is 1: 10 to

500: 0 to 50,

7. The method of claim 1 wherein said catalyst is selected one or more chemicals with
catalytic properties selected from the group consisting of: nano-platinum, nano-gold, nano-
ruthenium, nano-silver, nano-cobalt, nano-platinum-ruthenium alloys, nano-platinum-cobalt
alloy, nano-platinum supported on carbon, nano-gold supported on carbon, nano-ruthenium
supported on carbon, nano-silver supported on carbon, nano-cobalt supported on carbon,
nano-platinum-ruthenium alloys supported on carbon, and nano-platinum-cobalt alloy

supported on carbon.

8. The method of claim 1 wherein said first exposing step is the coating of said catalyst"

dispersing solution on said micro-porous membrane.

9. The method of claim 1 wherein said first exposing step is conducted under a vacuum of

0.0lmPato 0.1 mPa.

10. The method of claim 1 wherein the quantity of catalyst in said catalyst containing micro-

porous membrane is 0.1 mg/em? to 0 mg/cmz.

11. The method of claim 1 wherein after said first exposing step, the following step is added:

drying said catalyst containing micro-porous membrane at 30°C to 150°C.
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12. The method of claim 1 wherein said resin dispersing solution comprising of one or more
resins and one or more solvent and the concentration of said resins in said resin dispersing

solution is 0.01 wt.% to 3 wt.%.

13. The method of claim 1 wherein said resin dispersing solution comprising of one or more
resins and the concentration of resins in said micro-porous membrane is 0.03 mg/cm? to 20

mg/em?.

14. The method of claim 1 wherein said second exposing step is the coating of said resin

dispersing solution on said catalyst containing micro-porous membrane.

15. The method of claim 14 wherein said second exposing step is conducted under a vacuum

0of 0.01 mPa to 0.1 mPa.

16. The method of claim 15 wherein after said second exposing step, the following step is
added:

drying said catalyst layer at 25°C to 200°C.

17. The method of claim 1 wherein said micro-porous membrane is supported by a support
selected from the group consisting of: PET felts, polypropylene felts, polyethylene nets or

PET non-woven fabrics and said support is removed prior to said placing step.

16
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18. The method of claim 1 wherein after said placing step, the catalyst coated membrane is

either hot-pressed or dual-roller hot-pressed.

19. A method for the fabrication of catalyst coated membranes, comprising the steps of:
first exposing a micro-porous membrane to a catalyst dispersing solution to form a
catalyst containing micro-porous membrane;
second exposing said catalyst containing micro-porous membrane to a resin dispersing
solution to form a catalyst layer; and
placing a proton exchange membrane between two of said catalyst layers to form said
catalyst coated membrane; and wherein
the thickness of said micro-porous membrane is 3 micrometers to 20 micrometers;
the diameter of said micro-porous is 0.5 to 2.0 micrometers; and

the porosity of said micro-porous membrane is 70% to 95%.

20. A method for the fabricatioﬁ of catalyst coated membranes, comprising the steps of:

coating a micro-porous membrane with a catalyst dispersing solution to form a
catalyst containing micro-porous membrane under a vacuum of 0.01mPa to 0.1 mPa;

drying said catalyst containing micro-porous membrane at 30°C to 150°C;

coating said dried catalyst containing micro-porous membrane with a resin dispersing
solution to form a catalyst layer under a vacuum of 0.01 mPa to 0.1 mPa;

drying said catalyst layer at 25°C to 200°C; and

placing a proton exchange membrane between two of said catalyst layers to form said

catalyst coated membrane; and wherein
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the thickness of said micro-porous membrane is 3 micrometers to 20 micrometers;

the diameter of said micro-porous is 0.5 to 2.0 micrometers;

the porosity of said micro-porous membrane is 70% to 95%;

said catalyst dispersing solution comprising a catalyst, alcohol, and water;

the weight ratio of said catalyst: alcohol: water is 1: 10 to 500: 0 to 50;

said catalyst is selected one or more chemicals with catalytic properties selected from
the group consisting of: nano-platinum, nano-gold, nano-ruthenium, nano-silver, nano-cobalt,

nano-platinum-ruthenium alloys, nano-platinum-cobalt alloy, nano-platinum supported on

carbon, nano-gold supported on carbon, nano-ruthenium supported on carbon, nano-silver - .

supported on carbon, nano-cobalt supported on carbon, nano-platinum-ruthenium alloys
supported on carbon, and nano-platinum-cobalt alloy supported on carbon;

the quantity of catalyst in said catalyst containing micro-porous membrane is 0.1
mg/cm? to 0 mg/cm?;

said resin dispersing solution comprising of one or more resins and one or more
solvent;

the concentration of said resins in said resin dispersing solution is 0.01 wt.% to 3 wt.%;

the concentration of resins in said micro-porous membrane is 0.03 mg/cm® to 20
mg/em?; and

said micro-porous membrane is supported by a support selected from the group
consisting of: PET felts, polypropylene felts, polyethylene nets or PET non-woven fabrics

and said support is removed prior to said placing step.

18
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