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Methods for Fabricating Membrane Electrode Assemblies of Fuel Cells

Cross Reference

11 This application claims priority from a Chinese patent application entitled
“Methods for the Fabrication of Membrane Electrode Assemblies of Fuel Cells with
Integrated Structure” filed on “November 3, 2004,” having a Chinese Application No.
200410052120.2. The above application is incorporated herein by reference.

Field of Invention

[2]  This invention relates to fuel cells. Particularly, it relates to the fabrication

methods for membrane electrode assemblies of fuel cells with integrated structure.

Background

[3]  Fuel cells are energy conversion devices that transform the chemical energy of
fuels such as hydrogen and alcohols and oxidants such as oxygen into electric energy.
They have a high energy conversion rate and are environmentally friendly. In addition,
proton exchange membrane fuel cells (PEMFC) operate at low temperatures and a high
specific power. Therefore, PEMFC can be used as an independent power generator as well
as a mobile power source in automobile, submarines, and other transportation equipment.
[4] Membrane electrode assemblies (MEA) are the core units for fuel cells where fuels
and oxidants chemically react to produce electrical energy. A membrane electrode
assembly with only catalyst layers and a proton exchange membrane is called a 3- layered
membrane electrode assembly or a catalyst coated membrane (CCM). A membrane
electrode assembly with gas diffusion layers, catalyst layers, and a membrane is called a 5-
layered membrane electrode assembly. Figure 1 shows a typical 5-layered membrane
electrode assembly where 1A is the proton exchange membrane, 1B is the catalyst layer,
and 1C is the gas diffusion layer.

[5] Traditional 5-layered membrane electrode assemblies are fabricated by directly hot-
pressing gas diffusion layers with the proton membrane. In Fig. 2, 2A is the proton
exchange membrane, 2B is the gas diffusion electrode that includes the catalyst layer, and
2C is the fabricated 5 layered membrane electrode assembly after hot pressing. This type
of membrane electrode assembly is simple to fabricate. However, they also have a number
of disadvantages. During the operation of the fuel cell, the hydration and dehydration of

the proton exchange membrane will cause the membrane to distort because of its
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expansion and contraction such that the dimensions of the membrane electrode assembly
are unstable. This distortion of the proton exchange membrane also affects the stability of
the sealing structure. Repeated distortions can also damage the proton membrane resulting
in the leakage of the gases. If the thread sealing method is used for sealing, the pressure of
the sealing components is concentrated on a thread. This will cause the underlying stress
of the proton membrane to be more concentrated and can easily lead to the rupture of the
proton membrane. As a result, the life of the membrane electrode assembly is shortened
and the safety and stability of the fuel cell is affected. This 5-layer structure also requires
the proton exchange membrane to have a supplementary sealing function. Therefore, the
proton exchange membrane has to extend to a larger area beyond the active area resulting
in increased cost for the membrane. Lastly, the proton exchange membrane is in direct
contact with the sealing material and will corrode the material because of its acidity.

[6] To solve these problems, attempts have been made to paste a layer of inert
protection membrane frame (protection frame) on the surface of the proton exchange
membrane that is extended from the membrane electrode assembly. The extended proton
exchange membrane and protection membrane frame are bound with a binding agent,
usually a hot melt adhesive that is hot-pressed at the same time when the membrane
electrode assembly is hot-pressed. This protection frame stabilizes the dimensions of the
membrane electrode assembly and reduces the distortion at the edge of the proton
exchange membrane. It separates the proton exchange membrane and sealing material and
reduces the corrosion of the sealing material by the proton exchange membrane. If the
thread sealing method is used, this protection membrane frame can, up to a point, resist
the pressure that is concentrated at the sealing thread. However, the proton exchange
membrane is still under pressure and can be severely distorted at the seam between the
protection membrane frame and the carbon paper such that it can easily crimp. If the
proton exchange membrane is thin, it can even be damaged by the pressure. Moreover, it
is very difficult to align the protection membrane frame and the carbon paper precisely,
particularly when the individual fiber of the carbon paper is slightly longer. The
protruding carbon fiber can be pressed into the proton exchange membrane, causing
damage to the proton exchange membrane. Therefore, despite the protection frame
membrane, the life of this type of membrane electrode assembly is still limited.

{71 Chinese patent CN2588552 disclosed a method for fabricating a membrane
electrode assembly that includes a sealing area and an active area. The center part is the

active area and it includes the proton exchange membrane and the porous gas diffusion
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electrode coated with catalyst layer. Surrounding it is the sealed area, which is comprised
of carbon paper infiltrated by hot melt adhesive, rubber, or resin, and additional hot melt
adhesive, rubber, or resin acting as a cushion. This hot melt adhesive, rubber, or resin is
infiltrated into the carbon paper during the hot-pressing of the 5-layered membrane
assembly, sealing the sealing area of the carbon paper of the sealing area of the carbon
paper. The active and sealing area of the carbon paper for the membrane electrode
assembly are integrated as one. The sealing area of the carbon paper also protects the
protection frame. Therefore, the proton exchange membrane is also protected from
damage at the seam between the protection membrane frame and the carbon i)aper.
However, using this fabrication method, it is difficult to control the hot melt adhesive to
uniformly melt and infiltrate the carbon paper while hot pressing the 5 layered membrane
electrode assembly. In addition, the pressure for directly hot pressing the 5 layered
membrane electrode assembly (5-10MPa) is high. Such a high pressure can cause damage
to the proton exchange membrane. It can also easily cause the distortion of the carbon
paper at the sealing area. '

[8] Another Chinese patent, CN1476646, disclosed the structure and fabrication
method of a type of membrane electrode assembly. The gas diffusion electrode of this
membrane electrode assembly is divided into an active area and a sealing area. The area
surrounding the carbon paper is the sealing area. This sealing area is immersed in the
liquefied rubber. After solidification, the rubber forms a composite structure with a sealing
function. A frame that functions as a cushion can be formed at the rim of the carbon paper.
The immersed rubber is glued to the frame to form an integrated structure of the gas
diffusion layer and the protection membrane frame. The structure is pressed to obtain the
membrane electrode assembly. This method does not damage the carbon paper. In
addition, the integration of the immersed rubber and carbon paper is better. However, the
solidification process of the liquefied rubber is long, taking about 6 to 12 hours. In
addition, during the solidification process, the rubber soaked in the carbon paper will
shrink to form a gap, resulting in gas leakage. Other sealing structures have to be added to
further seal this membrane electrode assembly.

[9]  US patents US6159628 and US6399234 disclosed the structure and fabrication
method for another membrane electrode assembly. The gas diffusion electrodes of the
membrane electrode assemblies are divided into an active area and sealing area. The area
surrounding the carbon paper is the sealing area. The sealing area is formed by a

plasticization process where a thermoplastic polymer KYNAR® membrane is melted and
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mold-pressed to infiltrates the gas diffusion layer. This “plasticized” frame acts as a
protection membrane frame and seals the carbon paper. The gas diffusion ﬁnit and the
catalyst coated membrane are bound by a hot melt adhesive membrane to form the
membrane electrode assembly unit. A relatively low pressure can be used for the binding
thus reducing the potential for damage to the proton membrane. Problems still exist in the
fabrication method. The fabrication method is complicated and the efficiency of the
equipment for the “plasticization” is very low as each piece of equipment can only
“plasticize” one gas diffusion layer at a time. More importantly, the mold pressing
technology damages the carbon paper. Therefore, this fabrication method cannot form a
good composite structure of the melt permeated KYNAR® membrane and the carbon
paper. The “plasticized” frame is weak and has relatively high gas permeability coefficient
in the longitudinal direction. This will affect the stability of the membrane electrode
assembly during its operation life. In addition, a significant amount of expensive material
is discarded and wasted since only the rim of the KYNAR® membrane and the hot melt
membrane is used.

[10] Due to the limitations of the prior art, it is therefore desirable to have novel
methods of fabricating membrane electrode assemblies of fuel cells that have an integrated

structure, are stable and inexpensive.

Summary of Invention

[11]  An object or this invention is to provide methods for fabricating membrane
electrode assemblies of fuel cells such that the structure of the membrane electrodes
fabricated are stable.

[12] Another object of this invention is to provide fabrication methods that reduce the
potential for damage to the proton membrane and increase the lifespan of the membrane.
[13] Another object of this invention is to provide methods for fabricating membrane
electrode assemblies of fuels cells that reduce the quantity and cost of the materials used.
[14] Another object of this invention is to improve the efficiency of the fabrication
process such that the methods of this invention can be implemented for mass production.
[15] Briefly, the present invention provides methods for fabricating membrane electrode
assemblies. The fabrication of a gas diffusion unit for an electrode with a hot melt
adhesive layer for a membrane electrode assembly include the steps of: dividing a substrate
into an active region and a sealing region; fabricating a gas diffusion layer on said active

region; placing a mold for said sealing region on said substrate; pouring a resin material
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onto said sealing region the aperture of the mold; volatizing said resin material; hot-
pressing to form a gas diffusion unit; and fabricating one or more hot melt adhesive layer
at the sealing region. The membrane electrode assembly is assembled by hot-pressing the
gas diffusion unit for the positive and negative electrodes, the hot-melt adhesive layers for
the electrodes, and the catalyst coated proton membrane.

[16] An advantage of the fabrication methods of this invention is that they fabricate
membrane electrode assemblies of fuel cells with a stable structure.

[17]  Another advantage of the fabrication methods of this invention is that these
methods reduce the potential for damage to the proton membrane and increase the lifespan
of the membrane.

[18] Another advantage of the fabrication methods of this invention is that they reduce
the quantity and cost of materials used.

[19] Another advantage of the fabrication methods of this invention is that the methods

are efficient and can be implemented for mass production.

Description of Drawings

[20] 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:

[21] Fig. 1 is a schematic structure diagram. of an example of a 5-layered membrane
electrode assembly. .

[22] Fig. 2 is a schematic diagram of an example of a fabrication method for a 5-layered
membrane electrode assembly.

[23] Fig. 3 is a schematic structure diagram of an embodiment of a membrane electrode

assembly fabricated by a method of this invention.

Detailed Description of the Preferred Embodiments

[24]  Presently preferred methods for fabricating the gas diffusion unit for an electrode of
a membrane electrode assembly of the present invention include the following steps: (a)
dividing a substrate for the gas diffusion electrode into one or more active and sealing
regions; (b) fabricating a gas diffusion layer on the active region or regions; (c) casting a
resin material on said sealing regions to form a sealing membrane on top of said sealing
regions; and (d) parallel hot-pressing said gas diffusion layer and sealing membrane to

form a gas diffusion unit with an integrated structure. Preferably, the hot pressing pressure
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should be lowered than 0.03MPa. The substrate for the gas diffusion layer can be carbon
paper. In preferred embodiments, the active region is the center of the substrate while the
sealed region encompasses the rim of the substrate.

[25] A method for fabricating a membrane electrode assembly includes the steps of: (a)
fabricating one or more hot melt adhesive layer at said sealing region or regions on one or
both sides of the gas diffusion unit for an electrode to form a gas diffusion unit for an
electrode with hot melt adhesive layers; (b) placing the positive and negative gas diffusion
unit for an electrode with hot melt adhesive layers of separate sides of proton exchange
membrane coated with catalyst layers; and (c) hot-pressing the assembled unit. Preferably,
the hot-pressing should be conducted at low pressure. Good results are observed when the
hot-pressing pressure is less than 1MPa and the temperature is between 120°C and 180°C.
[26] The hot melt adhesive can be fabricated by spraying, coating, screen printing,
immersing, soaking or dripping a liquid hot melt adhesive at the sealing region to form the
hot melt adhesive layer. In the alternative, the hot melt adhesive membrane can first be
transferred to the sealing region of the gas diffusion unit. Then the release membrane of
the hot melt adhesive membrane is peeled off to form said hot melt adhesive layer. The
hot melt adhesive of said hot melt adhesive layer can be one of the following:
polyaminoesters, ethylene - vinyl acetate polymers and polyamides. Preferably, the
thickness of said hot melt adhesive layer is between 1 micron and 100 microns.

[27] Inpreferred methods, the casting of said resin material on the sealing region
includes the steps of: (a) placing a mold for the sealing regions on said substrate where the
apertures of the mold corresponds to the sealing regions of the substrate; (b) aligning the
apertures of the mold to the sealing regions; (c) pouring the resin material onto the sealing
region through the aperture in the mold; and volatizing the resin material at a controlled
temperature to form said sealing membrane.

[28] Preferably, the resins in the material having solvent should be chemically and
thermally stable and soluble in low toxic or nontoxic solvents. Thus, the resin material can
comprise of one or more resins selected from the following group: soluble polysulfone,
poly-ether-ketones, polyamides, polyimides, polyolefins, fluoropolymers and block
polymer. The optimal selection for the resin is polyvinylethylene fluoride resin. The
concentration of the resin in said resin material is between 5% and 50%. Preferably, the
resin material can also contain of one or more of the following solvents that the resin is
dissolved in: ethers, sulfones, ketones or amides. When the resin in the resin material is

polyvinylethylene fluoride, the optimal selection for the solvent is dimethyl formamide.
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[29] One method for forming the gas diffusion layer include the following steps: (a)
spraying or vacuum-infiltrating polytetrafluoroethylene into the active region of the
substrate until the concentration of said polytetrafluoroethylene resin in the substrate is
between 1% and 60%; (b) drying at a temperature of between 340°C and 360°C for 20
minutes to 60 minutes; (c) mixing, preferably with a high speed dispersion equipment, the
dispersion of a hydrophobic first resin, carbon, and, alcohol or water in the weight ratio of
1~5: 1~5: 10~100 for 10~60 minutes uniformly and treating with ultrasound for 10
minutes to 60 minutes to form an ink-like mixture that does not contain any precipitates; (d)
placing the mixture in the active region such that the concentration of the first resin in the
substrate is between 0% and 70%. The placing of said mixture can be implemented by the
spraying, vacuum-infiltrating, coating, immersing, or immersing with vibration. The
optimal method for is by spraying or vacuum infiltration; and () drying with heat for 10 to
100 minutes to form a gas diffusion layer that can be 1 micron to 100 microns thick and
has a cavity rate of 20-80%.

[30] The following embodiments further describe this invention.

Embodiment 1

- Fabrication of the Gas Diffusion Layer

[31] Inthis embodiment, the substrate is TORRY carbon paper TCP-H-090. This
substrate is divided into a predetermined sealing region and an active region. The sealing
region, at the rim of the substrate is reserved for later treatment. The gas diffusion layer is
fabricated as follows:

spray-coating a 10 wt.% concentration of polytetrafluoroethylene dispersion onto
the center active region until the concentration of the polytetrafluoroethylene is 10%;

drying the carbon paper with heat at a temperature of 350°C for 15 minutes,

cooling naturally;

mixing 1 unit (by weight) of the polytetrafluoroethylene dispersion, 3 units (by
weight) of black carbon powder and 100 units (by weight) of deionized water uniformly by
using a ball mill for 30 minutes;

treating with ultrasound for 20 minutes to form a stable, “ink-like” mixture that
does not contain any precipitates;

roll-coating said ink-like mixture onto the center active region of the substrate to
form a micro-pore thin layer 25 microns thick with a cavity ratio of 60%; -

drying with heat at a temperature of 350°C for 20 minutes; and
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cooling naturally.
Fabrication of the Gas Diffusion Unit
[32] The fabrication of the gas diffusion unit includes the following steps:

dissolving 1 unit (by weight) of polyvinylethylene fluoride resin in 10 units (by
weight) of the solvent dimethyl formamide;

placing a mold on the substrate with the gas diffusion layer and aligning the
reserved sealing region of the substrate casting area (aperture) of the mold;

pouring the polyvinylidene fluoride resin solution at the casting area of the mold;

volatilizing the solvent at a temperature of 110°C to form sealing membrane on said
sealing region;

hot-pressing the gas diffusion layer with sealing membrane at a temperature to
190°C and a pressure of 0.02MPa for 5 minutes;

removing and cooling to obtain the gas diffusion unit with a stable integrated
structure.
Assembly of the 5-layered Membrane Electrode Assembly
[33] The method for the assembly includes:

spray-coating the hot melt coat onto the gas diffusion unit at the sealing regions on
the same side of the gas diffusion unit and the gas diffusion layer.

hot- pressing the gas diffusion unit of the positive and negative electrodes with the
catalyst coated membrane for 3 minutes at a temperature of 130 °C and pressure of 0.1MPa
to obtain the 5-layered membrane electrode assembly with the integrated structure.
[34] The diagram of the structure of the membrane electrode assembly fabricated by the
methods of Embodiment 1 is illustrated in Fig. 3. In the figure, 3A is the active region; 3B
is the sealing region; 3C is the gas diffusion unit; 3E is the hot melt adhesive layer; 3D is

the catalyst coated membrane; and 3F is the assembled membrane electrode assembly.

Embodiment 2
Fabrication of the Gas Diffusion Layer
[35] In this embodiment, the substrate is TORRY carbon paper TCP-H-060. This

substrate is divided into a predetermined sealing region and an active region. The sealing

region, at the rim of the substrate is reserved for later treatment. The gas diffusion layer is

fabricated as follows:



10

15

20

25

30

WO 2006/047950 PCT/CN2005/001832

vacuum infiltrating at a pressure of 0.01 MPa to uniformly coat a 10 wt.%
concentration of polytetrafluoroethylene dispersion onto the center active region until the
concentration of the polytetrafluoroethylene is 10%;

drying the carbon paper with heat at a temperature of 350°C for 15 minutes,

cooling naturally;

mixing 1 unit (by weight) of the polytetrafluoroethylene dispersion, 3 units (by
weight) of Vulcan-XC-72 carbon powder and 100 units (by weight) of deionized water for
30 minutes until uniformly mixed;

treating with ultrasound for 20 minutes to form a stable, “ink-like” mixture that
does not contain any precipitates;

coating said ink-like mixture onto the center active region of the substrate with a
scraper to form a micro-pore thin layer that is 22 microns thick with a cavity ratio of 50%;

drying with heat at a temperature of 350°C for 20 minutes; and

cooling naturally.
Fabrication of the Gas Diffusion Unit

[36] The fabrication of the gas diffusion unit includes the following steps:

dissolving 1 unit (by weight) of polyvinylethylene fluoride resin in 4 units (by
weight) of the solvent N-methyl pyrrolidinone (NMP); '

placing a mold on the substrate with the gas diffusion layer and aligning the
reserved sealing region of the substrate casting area (aperture) of the mold;

pouring the polyvinylidene fluoride resin solution at the casting area of the mold;

volatilizing the solvent at a temperature of 110°C to form sealing membrane on said
sealing region;

hot-pressing the gas diffusion layer with sealing membrane at a temperature to
170°C and a pressure of 0.03MPa for 5 minutes;

removing and cooling to obtain the gas diffusion unit with a stable integrated
structure.
Assembly of the 5-layered Membrane Electrode Assembly
[37] The method for the assembly includes:

cutting a hot melt adhesive membrane TBF-615 (or other 3M Corporation’s hot

melt adhesive membrane) to the same shape and size as the sealing region;
aligning the hot melt adhesive membrane to the sealing region;
hot-pressing the membrane onto the gas diffusion unit at the sealing region at

130°C to transfer the membrane to the sealing region;
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hot- pressing the gas diffusion unit of the positive and negative electrodes with the
catalyst coated membrane for 1 minute at a temperature of 130-°C and pressure of 0.1MPa

to obtain the 5-layered membrane electrode assembly with the integrated structure.

Embodiment 3
Fabrication of the Gas Diffusion Layer

[38] In this embodiment, the substrate is carbon paper GDL 30 BA from SGL Company.
This substrate is divided into a predetermined sealing region and an active region. The
sealing region, at the rim of the substrate is reserved for later treatment. The gas diffusion
layer is fabricated as follows:

mixing 1 unit (by weight) of the polytetrafluoroethylene dispersion, 3 units (by
weight) of Vulcan-XC-72 carbon powder, and 100 units (by weight) of deionized water for
30 minutes until uniformly mixed;

treating with ultrasound for 20 minutes to form a stable, “ink-like” mixture that
does not contain any precipitates;

coating said ink-like mixture onto the center active region of the substrate with a
scraper to form a micro-pore thin layer that is 22 microns thick with a cavity ratio of 50%;

drying with heat at a temperature of 350°C for 20 minutes; and

cooling naturally.

Fabrication of the Gas Diffusion Unit

The fabrication of the gas diffusion unit includes the following steps:

dissolving 1 unit (by weight) of polynaphtfol diphenylether polysulfides resin in 9
units (by weight) of the solvent dimethyl acetamide (DMAc);

placing a mold on the substrate with the gas diffusion layer and aligning the
reserved sealing region of the substrate casting area (aperture) of the mold;

pouring the polynaphtfol diphenylether polysulfides resin solution at the casting
area of the mold;

yolatilizing the solvent at a temperature of 110°C to form sealing membrane on said
sealing region;

hot-pressing the gas diffusion layer with sealing membrane at a temperature to
250°C and a pressure of 0.02MPa for 5 minutes;

removing and cooling to obtain the gas diffusion unit with a stable integrated
structure.

Assembly of the 5-layered Membrane Electrode Assembly

10
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[39]  The method for the assembly includes:

cutting a hot melt adhesive membrane TBF-845EG (or other 3M Corporation’s hot
melt adhesive membrane) to the same shape and size as the sealing region;

aligning the hot melt adhesive membrane to the sealing region;

hot-pressing the membrane onto the gas diffusion unit at the sealing region at
130°C to transfer the membrane to the sealing region;

hot- pressing the gas diffusion unit of the positive and negative electrodes with the
catalyst coated membrane for 0.5 minutes at a temperature of 130 °C and pressure of
0.1MPa to obtain the 5-layered membrane electrode assembly with the integrated structure.
[40]  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

f4H4—We Claim:

1. A method for fabricating a membrane electrode assembly, comprising the steps of:
dividing a substrate into at least one active region and at least one sealing region;
fabricating a gas diffusion layer on said active region;
casting a resin material on said sealing region to form a sealing membrane; and
assembling at least one of said substrate having said gas diffusion layer and sealing

membrane with a catalyst coated membrane to form said membrane electrode assembly.

2. The method for fabricating a membrane electrode assembly of claim 1 wherein
after said casting step and before said assembling step, said substrate having said gas

diffusion layer and sealing membrane is hot-pressed.

3. The method for fabricating a membrane electrode assembly of claim 1 further
comprising the step of fabricating a hot melt adhesive layer at said sealing region wherein
said hot melt adhesive layer is assembled with said substrate having said gas diffusion
layer and said sealed membrane with said catalyst coated membrane to form said

membrane electrode assembly.

4. The method for fabricating a membrane electrode assembly of claim 1 wherein said
resin material comprises of one or more resins selected from the group consisting of:
polysulfone, poly-ether-ketones, polyamides, polyimides, polyolefins, fluoropolymers, and

block polymer.

5. The method for fabricating a membrane electrode assembly of claim 1 wherein said

resin material comprises of polyvinylethylene fluoride resin and dimethyl formamide.
6. The method for fabricating a membrane electrode assembly of claim 1 wherein said

resin material further comprising of one or more solvents selected from the group

consisting of: ethers, sulfones, ketones or amides.
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7. The method for fabricating a membrane electrode assembly of claim 1 wherein the

concentration of the resin in said resin material is between 5% and 50%.

8. The method for fabricating a membrane electrode assembly of claim 1 wherein said
casting step further comprising the substeps of:

placing a mold for said sealing region on said substrate wherein said mold having
aperture corresponding to said sealing region of said substrate;

aligning said aperture of said mold to said sealing region;

pouring said resin material on said sealing region through said aperture in said
mold; and

volatizing said resin material to form said sealing membrane.

9. The method for fabricating a membrane electrode assembly of claim 2 wherein said

hot-pressing is conducted at a pressure that is less than 0.03Mpa.

10.  The method for fabricating a membrane electrode assembly of claim 2 wherein
after said casting step and before said assembling step, said substrate having said gas

diffusion layer and sealing membrane is hot-pressed.

11. The method for fabricating a membrane electrode of claim 3 wherein in said
fabricating step, the hot melt adhesive layer is fabricated by spraying, coating, screen

printing, immersing, or dripping a hot melt adhesive at said sealing region..

12. The method for fabricating a membrane electrode of claim 11 wherein the hot melt
adhesive of said hot melt adhesive layer is one or more adhesive selected from the group

consisting of: polyaminoesters, ethylene - vinyl acetate polymers and polyamides.

13. The method for fabricating a membrane electrode assembly of claim 3 wherein the

thickness of said hot melt adhesive layer is between 1 microns and 100 microns.

14. The method for fabricating a membrane electrode assembly of claim 3 wherein the

thickness of said hot melt adhesive layer is between 5 microns and 50 microns.
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15.  The method for fabricating a membrane electrode assembly of claim 3 wherein said
casting step further comprising the substeps of:

placing a mold for said sealing region on said substrate wherein said mold having
aperture corresponding to said sealing region of said substrate;

aligning said aperture of said mold to said sealing region;

pouring said resin material on said sealing region through said aperture in said
mold; and

volatizing said resin material to form said sealing membrane.

16.  The method for fabricating a membrane electrode of claim 8 wherein

said resin material comprises of one or more resins selected from the group
consisting of: polysulfone, poly-ether-ketones, polyamides, polyimides, polyolefins,
fluoropolymers and block polymer; and

said resin material further comprising of one or more solvents selected from the

group consisting of: ethers, sulfones, ketones, or amides.

17.  The method for fabricating a membrane electrode of claim 15 wherein

said resin material comprises of one or more resins selected from the group
consisting of: polysulfone, poly-ether-ketones, polyamides, polyimides, polyolefins,
fluoropolymers, and block polymer; and

said resin material further comprising of one or more solvents selected from the

group consisting of: ethers, sulfones, ketones, or amides.

18.  The method for fabricating a membrane electrode of claim 17 wherein

in said fabricating step, the hot melt adhesive layer is fabricated by spraying,
coating, screen printing, immersion, or dripping a hot melt adhesive at said sealing region;
and

the hot melt adhesive of said hot melt adhesive layer is one or more adhesive
selected from the group consisting of: polyaminoesters, ethylene - vinyl acetate polymers

and polyamides.

19. A method for fabricating a membrane electrode, comprising the steps of:
dividing a substrate into at least one active region and at least one sealing region;

fabricating a gas diffusion layer on said active region;

14
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placing a mold for said sealing region on said substrate wherein said mold having
aperture corresponding to said sealing region of said substrate;
aligning said aperture of said mold to said sealing region;
pouring a resin material onto said sealing region through said aperture in said mold;
volatizing said resin material to form a sealing membrane;
hot-pressing said gas diffusion layer and sealing membrane at a pressure that is less
than 0.03Mpa to form a gas diffusion unit;
fabricating a hot melt adhesive layer at said sealing region; and
assembling at least one of said gas diffusion unit and said hot melt adhesive layer
with a catalyst coated membrane to form said membrane electrode assembly; wherein
said resin material comprises of one or more resins selected from the group
consisting of: polysulfone, poly-ether-ketones, polyamides, polyimides,
polyolefins, fluoropolymers and block polymer;
said resin material further comprising of one or more solvents selected from
the group consisting of: ethers, sulfones, ketones or amides;
the concentration of the resin in said resin material is between 5% and 50%;
said hot melt adhesive layer is fabricated by spraying, coating, screen
printing, immersing, or dripping a hot melt adhesive at said sealing region;
the hot melt adhesive of said hot melt adhesive layer is one or more
adhesive selected from the group consisting of: polyaminoesters, ethylene - vinyl
acetate polymers and polyamides; and
the thickness of said hot melt adhesive layer is between 1 micron and 100

microns.

20. A method for fabricating a membrane electrode assembly, comprising the steps of:
dividing a substrate into at least one active region and at least one sealing region;
spraying or vacuum-infiltrating polytetrafluoroethylene into said active region of

said substrate until the concentration of said polytetrafluoroethylene in said substrate is

between 1% and 60%;
drying at a temperature of between 340°C and 360°C for 20 minutes to 60 minutes;
mixing a first resin, carbon, and, alcohol or water in the weight ratio of 1~5: 1~5;

10~100 for 10~60 minutes;

treating with ultrasound for 10 minutes to 60 minutes to form a mixture;

15



10

15

20

25

30

WO 2006/047950 PCT/CN2005/001832

placing said mixture in said active region such that the concentration of said first
resin in said substrate is between 0% and 70%;
drying with heat for 10 to 100 minutes to form a gas diffusion layer;
placing a mold for said sealing region on said substrate wherein said mold having
aperture corresponding to said sealing region of said substrate;
aligning said aperture of said mold to said sealing region;
pouring a resin material onto said sealing region through said aperture in said mold;
volatizing said resin material to form a sealing membrane;
hot-pressing said gas diffusion layer and sealing membrane at a pressure that is less
than 0.03Mpa to form a gas diffusion unit;
fabricating a hot melt adhesive layer at said sealing region;
assembling at least one of said gas diffusion unit and said hot melt adhesive layer
with a catalyst coated membrane to form said membrane electrode assembly; wherein
said resin material comprises of one or more resins selected from the group
consisting of: polysulfone, poly-ether-ketones, polyamides, polyimides,
polyolefins, fluoropolymers and block polymer;
said resin material further comprising of one or more solvents selected from
the group consisting of: ethers, sulfones, ketones or amides;
the concentration of said resin in said resin material is between 5% and 50%;
said hot melt adhesive layer is fabricated by spraying, doating, screen
printing, immersing, or dripping a hot melt adhesive at said sealing region;
the hot melt adhesive of said hot melt adhesive layer is one or more
adhesive selected from the group consisting of: polyaminoesters, ethylene - vinyl
acetate polymers and polyamides;
the thickness of said hot melt adhesive layer is between 1 micron and 100
microns; and
the placing in said placing step is implemented by spraying, vacuum-

infiltrating, coating, immersing, or immersing with vibration.
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