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(57) Abregée/Abstract:

Components for the manufacture of polymer electrolyte membrane fuel cells are provided, as well as apparatus and automatable
methods for their manufacture by rotary die cutting and by lamination of various layers to form membrane electrode assemblies. A
method and apparatus for performing the method are provided for making a membrane electrode assembly comprising the steps
of providing a web of polymer electrolyte membrane material (110) and a laminating station (50), where the web of polymer
electrolyte membrane material (110) Is drawn between a pair of laminating rollers (180, 190) in the laminating station which form a
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(57) Abrege(suite)/Abstract(continued):

laminating nip; die-cutting a first and second web of catalyst decal materials or electrode materials to make first and second
workpieces (100) at first and second rotary die stations (10, 20); which typically have a shape other than a four-sided parallelogram;
holding the die-cut workpieces (100) by action of sub-ambient air pressure to an endless perforated belt (120) of first and second
vacuum conveyors, typically before they are fully cut from the first and second webs; transporting first and second workpieces
(100) to opposing sides of the membrane (110) in the [aminating station; concurrently feeding the first and second workpieces
(100) Into the laminating nip adjacent to the membrane, typically before they are fully released by the first and second vacuum
conveyors (30, 40); and laminating the first and second workpieces to the membrane, advantageously in accurate registration.
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(57) Abstract: Components for the manufacture of polymer electrolyte membrane fuel cells are provided, as well as apparatus and
automatable methods for their manufacture by rotary die cutting and by lamination of various layers to form membrane electrode
assemblies. A method and apparatus for performing the method are provided for making a membrane electrode assembly comprising
the steps of providing a web of polymer electrolyte membrane material (110) and a laminating station (50), where the web of poly-
mer electrolyte membrane material (110) is drawn between a pair of laminating rollers (180, 190) in the laminating station which
form a laminating nip; die-cutting a first and second web of catalyst decal materials or electrode materials to make first and second
workpieces (100) at first and second rotary die stations (10, 20); which typically have a shape other than a four-sided parallelogram:;
holding the die-cut workpieces (100) by action of sub-ambient air pressure to an endless perforated belt (120) of first and second
vacuum conveyors, typically before they are fully cut from the first and second webs; transporting first and second workpieces (100)
to opposing sides of the membrane (110) in the laminating station; concurrently feeding the first and second workpieces (100) into
the laminating nip adjacent to the membrane, typically before they are fully released by the first and second vacuum conveyors (30,
40); and laminating the first and second workpieces to the membrane, advantageously in accurate registration.

O 2003/084748 A3 NI AATH 0] AR A0 R A A o A



CA 02480919 2004-09-30

WO 2003/084748 A3 |IHIHHIA!H /RN IR 11 A AR R

SD, SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, — before the expiration of the time limit for amending the
VC, VN, YU, ZA, ZM, ZW, ARIPO patent (GH, GM, KE, LS, claims and to be republished in the event of receipt of
MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent amendments

(AM, AZ, BY, KG, KZ, MD, RU, TJ], TM), European patent
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI FR, GB,
GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, SK, TR), OAPI
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GO, GW, ML,
MR, NE, SN, TD, TG)

(88) Date of publication of the international search report:
11 March 2004

For two-letter codes and other abbreviations, refer to the "Guid-
Published: ance Notes on Codes and Abbreviations” appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

CA 02480919 2004-09-30
WO 03/084748 PCT/US03/04265

Lamination Apparatus and Methods

Field of the Invention
This invention relates to components for the manufacture of polymer electrolyte
membrane fuel cells and apparatus and automatable methods for their manufacture by

lamination of various layers to form membrane electrode assemblies.

Background of the Invention
U.S. Pats. Nos. 6,159,327, 6,007,660 and 5,783,024 disclose an apparatus and

method for making a plurality of substrates laminated on one or two sides with scissor-

cut sheets of laminate.

Summary of the Invention

Briefly, the present invention provides a method for making a membrane
electrode assembly comprising the steps of providing a web of polymer electrolyte
membrane material and a laminating station, where the web of polymer electrolyte
membrane material is drawn between a pair of laminating rollers in the laminating
station which form a laminating nip; die-cutting a first and second web of catalyst decal
materials or electrode materials to make first and second workpieées at first and second
rotary die stations; holding the die-cut workpieces by action of sub-ambient alr pressure
to an endless perforated belt of first and second vacuum conveyors, typically before
they are fully cut from the first and second webs; transporting first and second
workpieces to opposing sides of the membrane in the laminating station; concurrently
feeding the first and second workpieces into the laminating nip adjacent to the
membrane, typically before they are fully released by the first and second vacuum
conveyors; and laminating the first and second workpieces to the membrane,

advantageously in accurate registration.
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In another aspect, the present invention provides an apparatus for making a
membrane electrode assembly comprising a lamination station; a ﬁrst and second
vacuum conveyor; and a first and second rotary die station. These five components
may be situated and geared together so that first and second workpieces emerging from
first and second rotary die stations are held by action of sub-ambient air pressure to the
endless perforated belt of first and second vacuum conveyors before they are fully cut
from the first and second webs and are fed into the laminating nip adjacent to the
membrane before they are released by the vacuum conveyors.

In another aspect, the present invention provides a membrane comprising a
plurality of membrane electrode assemblies, which comprises a polymer electrolyte
membrane having a first and second face; a plurality of first patterned catalyst layer
segments or electrodes laminated on the first face of the membrane such that adjacent
patterned catalyst layer segments are not in contact with each other; and a plurality ot
second patterned catalyst layer segments or electrodes laminated on the second face of
the membrane such that adjacent patterned catalyst layer segments are not in contact
with each other. Typically the first patterned catalyst layer segments or electrodes are
in accurate registration with the second patterned catalyst layer segments or electrodes.
Typically each of said first and second patterned catalyst layer segments or electrodes
have a perimeter which is a shape other than a four-sided parallelogram. The first
catalyst layer segments or electrodes may have a catalyst compo sition that differs from
the catalyst composition of the second catalyst layer segments or electrodes.

In another aspect, the present invention provides a die-cut catalyst decal or
electrode which has a perimeter which is a shape other than a four-sided parallelogram,
typically made by a method of rotary die cutting.

In this application:

“to laminate” means to bond together two or more sheet materials; and

“membrane electrode assembly” means a construction comprising at least three
layers, including a catalyst layer, a layer of a polymer electrolyte membrane, and
another catalyst layer, and which may also comprise five layers, including a flmd
transport layer, a catalyst layer, a layer of a polymer electrolyte membrane, another

catalyst layer, and another fluid transport layer; and
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“fluid transport layers” may include layers previously termed “diffuser/current
collector” (DCC) layers, “gas diffusion layers” (GDL), or “electrode backing layers™
(EBL’s). .

It is an advantage of the present invention to provide methods, apparatus, and

components for the manufacture of polymer electrolyte membrane fuel cells.

Brief Description of the Drawing

Figs. 1 and 2 illustrate two views of an apparatus according to the present

mvention.

Detailed Description of Preferred Embodiments

With reference to Figs. 1 and 2, an apparatus according to the present invention
comprises a pair of rotary die stations 10, 20, a pair of angled vacuum conveyors 30, 40,
and a lamination station 50. Angled vacuum conveyors 30, 40 may be the vacuum

conveyors described in co-pending U.S. Patent Application _ /__, titled “Angled

Product Transfer Conveyor,” filed on even date herewith. Each combination of die
station and angled vacuum conveyor, 10 with 30 and 20 with 40, may comprise the

apparatus for cutting and transporting sheet materials described in co-pending U.S.

Patent Application / , , titled “Angled Product Transfer Conveyor,” filed on
even date herewith. Lamination station 50 may comprise the gapping block and other
lamination apparatus described in co-pending U.S. Patent Application L,
titled “Gap Adjuster for Laminating Rolls,” filed on even date herewith.

Any suitable rotary die station may be used. Each rotary die station 10, 20
comprises a rotary die 60, anvil roll 70 rotatably attached to a frame comprising frame
elements 80. One or both of rotary die 60 and anvil roll 70 are driven. Rotary die 60
and anvil roll 70 are typically geared together by electronic or mechanical gearing. In
the apparatus as depicted, anvil roll 70 is driven by servo motor‘90 and mechanically
geared to rotary die 60. Any suitable combination of rotary die 60 and anvil roll 70 may
be employed. Rotary die 60 typically comprises a cutting edge or edges (not apparent
in Figs. 1 and 2) wrapped around the outer portion of a roller having a suitable depth for

the material to be cut. Unlike simple chopping or scissoring apparatus, which can
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produce workpieces having a shape selected from the set of four-sided parallelograms,
rotary die 60 can produce cut workpieces 100 of arbitrary shape, including curved
portions such as rounded corners, from a continuous web (not shown). Typical die-cut
shapes have rounded corners, due to the limitations of die machining, and are therefore
not four-sided parallelograms. The continuous web and cut workpieces 100 may be of
any suitable material to be laminated to membrane 110.

In one embodiment according to the present invention, useful 1n the
manufacture of membrane electrode assemblies for fuel cells, workpieces 100 are
catalyst decals comprising a liner layer and a co-extensive catalyst layer which
comprises particulate catalyst metal. Such workpieces are cut from a contimuous web
of the liner layer coated with the catalyst layer on at least a portion passing under the
cutting portion of rotary die 60. Any suitable liner may be used, including any suitably
flexible polymeric sheet materials having a thickness of typically less than 1 millimeter,
more typically less than .5 millimeter, and more typically less than .2 millimeter. The
catalyst layer may be applied by any suitable method, including bar coating, spray
coating, slit coating, brush coating, and the like. The catalyst layer typically has a
thickness of less than 1 millimeter, more typically less than .5 millimeter, and more
typically less than .2 millimeter. Any suitable catalyst composition may be used.
Typical catalyst compositions fine particles of platinum, palladium, ruthenium and
other catalyst metals, or combinations of catalyst metals, supported on carbon particles.
The carbon-supported catalyst particles are typically 50-60% carBon and 40-50%
catalyst metal by weight, the catalyst metal typically comprising Pt for the cathode and
Pt and Ru in a weight ratio of 2:1 for the anode. Typical catalyst compositions may
also include polymer electrolyte materials such as sulfonated fluoropolymers, including
Nafion™ or Flemion™. After the catalyst decal is laminated the liner is typically
removed.

In another embodiment according to the present invention, also useful i the
manufacture of membrane electrode assemblies for fuel cells, workpieces 100 are
electrodes comprising a fluid transport layer and a co-extensive catalyst layer which
comprises particulate catalyst metal. Such workpieces are cut from a continuous web

of the fluid transport layer coated with the catalyst layer on at least portion passing
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under the cutting portion of rotary die 60. Any suitable fluid transport layer may be
used. Suitable fluid transport layers for fuel cell use are porous, to allow passage of
fluids, and electrically conductive. Typical fluid transport layers include carbon fiber
fabrics, mats, non-wovens and papers, such as Toray Carbon Paper (Toray Industries,
Tnc., Tokyo, Japan). The catalyst layer may be applied by any suitable method,
including bar coating, spray coating, slit coating, brush coating, and the ike. Any
suitable catalyst composition may be used. Typical catalyst compositions fine particles
of platinum, palladium, ruthenium and other catalyst metals, or combinations of catalyst
metals, supported on carbon particles. The carbon-supported caté..lyst particles are
typically 50-60% carbon and 40-50% catalyst metal by weight, the catalyst metal
typically comprising Pt for the cathode and Pt and Ru in a weight ratio of 2:1 for the
anode. Typical catalyst compositions may also include polymer electrolyte materials
such as sulfonated fluoropolymers, including Nafion™ or Flemion™. Prior to coating
with the catalyst dispersion, the gas diffusion layer has typically been coated with a
hydrophobic layer such as Teflon™, typically by dipping in an aqueous suspension
thereof, and then has typically been coated with a carbon black dispersion. The carbon
black dispersion is typically an aqueous dispersion comprising carbon black and Teflon
and optionally a surfactant such as TRITON X-100 (Union Carbide Corp., Danbury,
CT). More typically, the dispersant is a combination of water and isopfopyl alcohol,
typically comprising more than 60% by weight isopropyl alcohol. The carbon black
dispersion is typically coated onto the dried Toray paper at a wet thickness of 0.01 to
0.1 mm. The Teflon and carbon black coated fluid transport layer is typically dried in
an oven at 380°C for 10 minutes. This coated fluid transport layer is then further
coated with the catalyst, typically in an amount yielding 0.2-5 mg of catalyst metal (Pt
or Pt plus Ru) per square centimeter, typically about 0.5 mg of catalyst metal (Pt or Pt
plus Ru) per square centimeter, to form a catalyst-coated fluid transport layer.

In embodiments according to the present invention useful in the manufacture of
membrane electrode assemblies for fuel cells, membrane 110 is a polymer electrolyte

membrane, such as a sulfonated fluoropolymer membrane, such as Nafion® (DuPont
Chemicals, Wilmington DE) and Flemion™ (Asahi Glass Co. Ltd., Tokyo, Japan). The
polymer electrolytes useful in the present invention are typically copolymers of
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tetrafluoroethylene and one or more fluorinated, acid-functional comonomers, typically
bearing sulfonate functional groups. Most typically the polymer electrolyte is Nafion®.
The polymer electrolyte typically has an acid equivalent weight of 1200 or less, more
typically 1100 or less, more typically 1050 or less, and most typically about 1000. The
polymer electrolyte membrane may be cast, coated or otherwise formed from a
suspension. Any suitable method of coating or casting may be used, including bar
coating, spray coating, slit coating, brush coating, and the like. Membrane 110 1s
typically 100 micrometers in thickness or less, more typically 50 micrometers in
thickness or less, and more typically 30 micrometers in thickness or less.

Any suitable vacuum conveyors may be used. Angled vacuum conveyors 30, 40
comprise endless perforated belts 120 perforated with belt holes 121. The belt may be
made of any suitable material, including polymers, rubbers, fabrics, composites, and the
like, provided that the outer surface is compatible with workpiece 110 to be transported
on the belt. Endless perforated belt 120 passes over first vacuum plate 130 having
longitudinal openings, not shown, and second vacuum plate 140 having longitudinal
openings, not shown. Belt holes 121 are arranged rows aligned with the longitudinal
openings. Typically, each vacuum plate 130, 140 has at least two longitudinal openings
aligned with at least two rows of belt holes 121. More typically, each vacuum plate
130, 140 has four or more longitudinal openings aligned with four or more rows of belt
holes 121, so as to enable the vacuum conveyor to grip workpieces 100 of varying sizes
across the majority of their width. In the embodiment as depicted, endless perforated
belts 120 are driven in a direction toward the vacuum pléte which angles downward for
delivery of the workpiece 100 to lamimating station 50.

Longitudinal openings in first and second vacuum plates 130, 140 communicate
with first and second vacuum chambers (not shown), respectively. First and second
vacuum chambers are maintained at first and second sub-ambient air pressures, such
that the sub-ambient air pressures tend to hold workpiece 100 to éndless perforated belt
120. First and second sub-ambient air pressures may be the same or different. Where
first and second sub-ambient air pressures are different, the first sub-ambient air
pressure is typically less than the second, enabling the conveyor to better hold

workpieces 100 coming onto the conveyor at locations over first vacuum plate 130 and
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release workpieces leaving the conveyor from locations over second vacuum plate 140.
The first and second vacuum chambers are maintained at first and second sub-ambient
air pressures by any suitable means. The vacuum chambers may be functionally
connected to one or more sources of sub-ambient air pressure such as vacuum pumps
and the like.

First vacuum plate 130 is situated at a first angle relative to horizontal, which 1s
approximately 0°. Second vacuum plate 140 is situated at second angle relative to
horizontal, which is approximately -45°. Typically, the first and second angles are not
equal. Typically, the first angle is between 30° and -30° relative to horizontal and said
second angle is between -30° and -90° relative to horizontal. More typically, the first
angle is between 5° and -5° relative to horizontal and said second angle 1s between -40°
and -50° relative to horizontal. These angles allow angled vacuum conveyors 30, 40, to
receive workpieces 100 from rotary die stations 10, 20, and deliver workpieces 100
downward into the laminating nip of lamination station 50.

First and second vacuum plates 130, 140 are mounted to a frame made up of one
or more frame elements 150. Endless perforated belt 120 passes over a number of
rollers rotatably mounted to frame elements 150. Endless perforated belt 120 also
passes through drive mechanism 160 powered by servo motor 170.

In the place of vacuum conveyors, any positive grip conveyor may alternately be
used. Positive grip conveyors may include known pick-and-place mechanisms,
including those comprising armature mechanisms, known two-belt conveyors, which
employ a pair of belts to form an extended nip to convey a workpiece, and known static
electricity conveyors which hold a workpiece to a endless belt by the use of a static
electric charge. Vacuum conveyors are advantageously used for handling delicate
workpieces.

[.amination station 50 comprises first laminating roller 180 and second
laminating roller 190. Either or both of first laminating roller 180 and second
laminating roller 190 may be driven by known means such as motors and the like.
Typically both are driven. Typically first Jaminating roller 180 and second laminating
roller 190 are geared together so that they have the same speed at the gap. In one

embodiment, first laminating roller 180 and second laminating roller 190 are driven by
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servo motor 200 which drives belt 201 and pulleys 202, 203. A belt tensioning system,
not shown, maintains bend 204. |

Typically first laminating roller 180 and second laminating roller 190 ride in
bearings 210, which are of known types such as ball bearings, roller bearings, needle
bearings, and the like. Bearings 210 are attached to the apparatus frame 220 such that
pressure can be brought or maintained on bearings 210 which tends to bring to gether
first and second laminating rollers 180, 190. The bearing housings may be fixedly
attached to frame 220 or attached by means of pneumatic or hydraulic pistons and
cylinders 230, as shown. Bearing mechanisms may form a part of drive mechanisms
for either or both rollers.

First laminating roller 180 and second laminating roller 190 may be heated by
any suitable method but are typically internally heated by a method such as electrical
heating or circulation of hot air, water or oil.

Typically, a minimum laminating gap is maintained between first laminating
roller 180 and second laminating roller 190. This minimum laminating gap is typically
maintained by use of the gapping block described in co-pending U.S. Patent
Application / , , titled “Gap Adjuster for Laminating Rolls,” filed on even date

herewith. By maintaining a minimum gap in this manner, the apparatus according to
the present invention may be used for intermittent lamination, 1.e., where one or more
of the layers to be laminated is not continuously present in the laminating gap during
lamination. In that case, the product may be a continuous web with non-continuous
patches of additional sheet materials laminated thereto. In the case of itermittent
lamination, the continuous web could be crushed or damaged if the full laminating
pressure were applied when the non-continuous sheet material was not present in the
gap.

Typically, webs of laminating cover liner are introduced on either side of the
laminating nip during lamination, so that first laminating roller 180 and second
laminating roller 190 are covered by a first laminating cover liner and a second
laminating cover liner, respectively, during lamination. The use of laminating cover
liners may enable higher temperature lamination. After lamination, first and second

laminating cover liners are removed from the laminate and rewound. Any suitable
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material may be used for first and second laminating cover liners, so long as the
material will not become laminated under the laminating conditions and will not impart
any undesirable texture to the laminate.

Angled vacuum conveyors 30, 40 and rotary die statioﬁs 10, 20 are
advantageously arranged such that an emerging portion of a workpiece 100 being cut
from a web of workpiece material can become held by the action of the first sub-
ambient pressure in the first vacuum chamber, drawing air through first vacuum plate
130 and endless perforated belt 120, before workpiece 100 1s fully separated from the
web of workpiece material. Angled vacuum conveyors 30, 40 and laminating station 50
are advantageously arranged such that a leading edge of a workpiece 100 being
transported by an angled vacuum conveyor 30, 40 is drawn into the laminating nip of
lamination station 50 before it is fully released by the angled vacuum conveyor 30, 40.
Most advantageously, both arrangements are made, so that workpiece 100 1s held by
angled vacuum conveyors 30, 40 before workpiece 100 1s fully separated from the web
of workpiece material and workpiece 100 is drawn into the laminating nip of lamination
station 50 before it 1s fully released by the angled vacuum conveyor 30, 40. In this way,
positive control of workpiece location is maintained through every step. As a resulit,
membrane 110 may be laminated on both sides with accurate registration. Accurate
registration typically means that the perimeters of the pattern-cut sheet materials match
to within 2 mm, more typically 1 mm, more typically 0.5 mm, more typically 250 pm,
and more typically 125 pm.

Drive mechanisms for rotary die stations 10, 20, angled vacuum conveyors 30,
40, and lamination station 50 are advantageously geared or synchronized together, by
mechanical or more typically by electronic gearing. The drive mechanism for
propelling endless perforated belt 120 may be geared with the drive mechanism driving
rotary die 60 such that the linear surface velocity of endless perforated belt 120 may be
equal to or greater than the linear surface velocity of rotary die 60. A greater velocity
enables the conveyor to space apart workpieces 100 as they emerge from rotary die 60,
so that workpieces 100 may be cut with no intervening scrap but placed with
intervening margins. The drive mechanism for propelling endless perforated belt 120

may be geared with the drive mechanism driving first and second laminating rollers
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180, 190 such that the linear surface velocity of first and second laminating rollers 180,
190 may be equal to or greater than the linear surface velocity of endless perforated belt
120.

In the method according to the present invention, a membrane 110 such as a
web of polymer electrolyte membrane material 1s drawn between laminating rollers
180, 190 in laminating station 50 which form a laminating nip. A first and second web
of laminate material is die-cut at rotary die stations 10, 20 to form cut workpieces 100.
The first and second webs of laminate material may be the same or different. The first
and second webs of laminate material may be catalyst decal mateﬁals comprising a liner
layer and a first catalyst layer, or electrode material comprising a fluid transport layer
and a first catalyst layer. The cut workpieces 100 are transported to laminating station
50 by vacuum conveyors 30 and 40 and concurrently fed into the laminating nip
between laminating rollers 180 and 190 on either side of membrane 110 to form a
laminate. Advantageously, workpieces 100 come to be held by action of sub-ambient
alr pressure to vacuum conveyors 30 and 40 before they are completely separated from
first or second webs of laminate material. Advantageously workpieces 100 are gripped
by the laminating nip between laminating rollers 180 and 190 before they are released

from vacuum conveyors 30 and 40.

The lamination may be repeated to form a continuous web of membrane linking

similar laminates.

Where membrane 110 is a polymer electrolyte membrane, as described above,

and workpieces 100 are catalyst decals, as described above, the method and apparatus

“according to the present invention may be used to produce a continuous membrane that

comprises a plurality of membrane electrode assemblies, all comprising first and second

patterned catalyst layer segments which are in accurate registration. The first and

second patterned catalyst layer segments can have a perimeter which 1s a shape other

than a four-sided parallelogram. Typical die-cut shapes have rounded corners, and may

additionally form any of a large number of arbitrary perimeter shapes. The first and

second patterned catalyst layer segments can have the same or different catalyst

composition.
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Where membrane 110 1s a polymer electrolyte membrane, as described above,
and workpieces 100 are electrodes comprising a fluid transport layer and a co-extensive
catalyst layer catalyst decals, as described above, the method and apparatus according to
the present invention may be used to produce a continuous membrane that comprises a
plurality of membrane electrode assemblies, all comprising first and second patterned
electrode segments which are in accurate registration. The first and second patterned
electrode segments can have a perimeter which is a shape other than a four-sided
parallelogram. Typical die-cut shapes have rounded corners, and may additionally form
any of a large number of arbitrary perimeter shapes. The first and second patterned
electrode segments can have the same or different catalyst composition.

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 1t should be understood that this invention is not to be unduly limited to

the 1llustrative embodiments set forth hereinabove.
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We claim:
1. A die-cut catalyst decal comprising a liner layer and a co-extensive catalyst

layer, said catalyst layer comprising particulate catalyst metal, wherein said decal has a

perimeter which 1s a shape other than a four-sided parallelogram.

2. A die-cut electrode comprising a fluid transport layer and a co-extensive catalyst
layer, said catalyst layer comprising particulate catalyst metal, wherein said electrode

has a perimeter which 1s a shape other than a four-sided parallelogram.

3. A method of making a die-cut catalyst decal according to claim 1 which
comprises die-cutting a web of catalyst decal material, said web comprising a liner layer

and a catalyst layer.

4, The method according to claim 3 wherein said step of die-cutting comprises

rotary die-cutting.

5. A method of making a die-cut electrode according to claim 2 which comprises
die-cutting a web of electrode maternal, said web comprising a fluid transport layer and

a catalyst layer.

6. The method according to claim 5 wherein said step of die-cutting comprises

rotary die-cutting.

7. A membrane comprising a plurality of membrane electrode assemblies, which
COMPr1SEs:

a polymer electrolyte membrane having a first and second face;

a plurality of first patterned catalyst layer segments laminated on said first face
of said membrane such that adjacent patterned catalyst layer segments are not in contact

with each other; and
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a plurality of second patterned catalyst layer segments laminated on said second
tface of said membrane such that adjacent patterned catalyst layer segments are not in
contact with each other;

wherein each of said first patterned catalyst layer segments has a perimeter and
each of said second patterned catalyst layer segments has a perimeter which is in
accurate registration with a perimeter of an opposing first patterned catalyst layer

segment.

8. d A continuous web containing a plurality of membrane electrode assemblies
which comprises:

a polymer electrolyte membrane having a first and second face;

a plurality of first patterned catalyst layer segments laminated on said first face
of said membrane such that adjacent patterned catalyst layer segments are not in contact
with each other; and

a plurality of second patterned catalyst layer segments laminated on said second
face of said membrane such that adjacent patterned catalyst layer segments are not in
contact with each other:

wherein each of said first and second patterned catalyst layer segments have a

perimeter which 1s a shape other than a four-sided parallelogram.

9. The continuous web according to claim 7 wherein each of said first and second
patterned catalyst layer segments have a perimeter which is a shape other than a four-

sided parallelogram.

10.  The continuous web according to claim 7 wherein said first catalyst layer
segments have a first catalyst composition and said second catalyst layer segments have

a second catalyst composition that differs from said first catalyst composition.

11.  The continuous web according to claim 8 wherein said first catalyst layer
segments have a first catalyst composition and said second catalyst layer segments have

a second catalyst composition that differs from said first catalyst composition.
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12.  The continuous web according to claim 9 wherein said first catalyst layer
segments have a first catalyst composition and said second catalyst layer segments have

a second catalyst composition that differs from said first catalyst composition.

13. A membrane comprising a plurality of membrane electrode assemblies, which
comprises:

a polymer electrolyte membrane having a first and second face;

a plurality of first patterned electrode layer segments laminated on said first face
of said membrane such that adjacent patterned electrode layer segments are not in
contact with each other, each first patterned electrode segment comprising a fluid
transport layer and a co-extensive layer of a first catalyst; and

a plurality of second patterned electrode layer segments laminated on said
second face of said membrane such that adjacent patterned electrode layer segments are
not in contact with each other, each second patterned electrode segment comprising a
fluid transport layer and a co-extensive layer of a second catalyst;

wherein each of said first patterned electrode layer segments has a perimeter and
each of said second patterned electrode layer segments has a perimeter which 1s in
accurate registration with a permmeter of an opposing first patterned electrode layer

segment.

14. A membrane comprising a plurality of membrane electrode assemblies, which
COMprises:

a polymer electrolyte membrane having a first and second face;

a plurality of first patterned electrode layer segments laminated on said first face
of said membrane such that adjacent patterned electrode layer segments are not in
contact with each other, each first patterned electrode segment comprising a fluid
transport layer and a co-extensive layer of a first catalyst; and

a plurality of second patterned electrode layer segments laminated on said

second face of said membrane such that adjacent patterned electrode layer segments are
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not 1n contact with each other, each second patterned electrode segment comprising a
fluid transport layer and a co-extensive layer of a second catalyst;
wherein each of said first and second patterned electrode layer segments have a

perimeter which 1s a shape other than a four-sided parallelogram.

5
15.  The continuous web according to claim 13 wherein each of said first and second
patterned electrode segments have a perimeter which 1s a shape other than a four-sided
parallelogram.
10 16. The contiuous web according to claim 13 wherein said first catalyst has a first

catalyst composition and said second catalyst has a second catalyst composition that

differs from said first catalyst composition.

17.  The continuous web according to claim 14 wherein said first catalyst has a first
15  catalyst composition and said second catalyst has a second catalyst composition that

differs from said first catalyst composition.

18.  The continuous web according to claim 15 wherein said first catalyst has a first
catalyst composition and said second catalyst has a second catalyst composition that

20  differs from said first catalyst composition.

19. A method of making a membrane electrode assembly comprising the steps of:
a) providing a web of polymer electrolyte membrane material;
b) providing a laminating station wherein said web of polymer electrolyte
25 membrane material i1s drawn between a pair of laminating rollers which form a
laminating nip;
c) die-cutting a first web of first catalyst decal material, said web comprising a
limer layer and a first catalyst layer, to make a first catalyst decal;
d) die-cutting a second web of second catalyst decal material, said web
30  comprising a liner layer and a second catalyst layer, to make a second catalyst decal;

e) transporting said first catalyst decal to said laminating station;
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f) transporting said second catalyst decal to said laminating station;

g) feeding said first catalyst decal into said laminating nip adjacent to said web
of polymer electrolyte membrane material;

h) feeding said second catalyst decal into said laminating nip adjacent to said
web of polymer electrolyte membrane material concurrently with said first catalyst
decal;

1) laminating said first catalyst decal, said web of polymer electrolyte membrane

material and said second catalyst decal to form a laminate.

20. A method of making a continuous web according to claim 7 comprising the
method of claim 19, additionally comprising the step of:

1) repeating steps a)-1).

21.  The method according to claim 19 additionally comprising the steps of:

m) holding said first catalyst decal by action of sub-ambient air pressure to an
endless perforated belt of a vacuum conveyor before step ¢) 1s complete; and

n) beginning step g) before releasing said first catalyst decal from said endless

perforated belt of said vacuum conveyor.

22.  The method according to claim 21 additionally comprising the steps of:

0) holding said second catalyst decal by action of sub-ambient air pressure to an
endless perforated belt of a vacuum conveyor before step d) 1s complete; and

p) beginning step h) before releasing said second catalyst decal from said

endless perforated belt of said vacuum conveyor.

23. A method of making a membrane electrode assembly comprilsing the steps of:
a) providing a web of polymer electrolyte membrane materiai;
b) providing a laminating station wherein said web of polymer electrolyte
membrane material is drawn between a pair of laminating rollers which form a

laminating nip;
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c) die-cutting a first web of first electrode material, said web comprising a fluid
transport layer and a first catalyst layer, to make a first electrode;

d) die-cutting a second web of second electrode material, said web comprising a
flmd transport layer and a second catalyst layer, to make a second electrode:

¢) transporting said first electrode to said laminating station;

f) transporting said second electrode to said laminating station;

g) feeding said first electrode into said laminating nip adjacent to said web of
polymer electrolyte membrane material;

h) feeding said second electrode into said laminating nip adjacent to said web of
polymer electrolyte membrane material concurrently with said first electrode;

1) laminating said first electrode, said web of polymer electrolyte membrane

material and said second electrode to form a laminate.

24. A method of making a continuous web according to claim 13 comprising the
method of claim 23, additionally comprising the step of:

1) repeating steps a)-1).

25. The method according to claim 23 additionally comprising the steps of:
m) holding said first electrode by action of sub-ambient air pressure to an
endless perforated belt of a vacuum conveyor before step c) is complete; and
n) beginning step g) before releasing said first electrode from said endless

perforated belt of said vacuum conveyor.

26.  The method according to claim 25 additionally comprising the steps of:
0) holding said second electrode by action of sub-ambient air pressure to an
endless perforated belt of a vacuum conveyor before step d) 1s complete; and

p) beginning step h) before releasing said second electrode from said endless perforated

belt of said vacuum conveyor.

27.  An apparatus for making a membrane electrode assembly comprising:

a) a lamination station;
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b) a first and second vacuum conveyor; and

c) a first and second rotary die station.

28.  The apparatus according to claim 27 wherein said first vacuum conveyor and
said first rotary die station are arranged such that, with said first vacuum conveyor and
said first rotary die station both functioning, an emerging portion of a workpiece being
cut from a first web of workpiece material in said first rotary die station will become
held by said first vacuum conveyor before said workpiece is fully separated from said

first web of workpiece material.

29.  The apparatus according to claim 28 wherein said first vacuum conveyor and
said lamination station are arranged such that, with said first vacuum conveyor and said
lamination station both functioning, said workpiece is drawn 1nto a laminating nip of

said lamination station before it 1s fully released by said first vacuum conveyor.

30.  The apparatus according to claim 29 wherein

said first vacuum conveyor comprises a first endless perfdrated belt having a
linear surface velocity and a first vacuum conveyor drive mechanism functionally
connected thereto,

wherein said first rotary die station comprises a first rotary die having a linear
surface velocity and a first rotary die station drive mechanism functionally connected
thereto,

whereln said first vacuum conveyor drive mechanism and said first rotary die
station drive mechanism are geared together such that the linear surface velocity of said

first endless perforated belt 1s greater than the linear surface velocity of said first rotary

die.

31.  The apparatus according to claim 30 wherein
said lamination station comprises first and second laminating rollers having a
common linear surface velocity and a laminating drive mechanism functionally

connected thereto,
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wherein said first vacuum conveyor drive mechanism and said laminating drive
mechanism are geared together such that the linear surface velocity of said first endless
perforated belt 1s equal to the linear surface velocity of said first and second laminating

rollers.

32. The apparatus according to claim 31 wherein said second vacuum conveyor and
sald second rotary die station are arranged such that, with said second vacuum conveyor
and said second rotary die station both functioning, an emerging portion of a workpiece
being cut from a second web of workpiece material in said second rotary die station will
become held by said second vacuum conveyor before said workpiece is fully separated

from said second web of workpiece material.

33.  The apparatus according to claim 32 wherein said second vacuum conveyor and
said lamination station are arranged such that, with said second vacuum conveyor and
said lamination station both functioning, said workpiece 1s drawn into a laminating nip

of said lamination station before 1t 1s fully released by said second vacuum conveyor.

34.  The apparatus according to claim 33 wherein

said second vacuum conveyor comprises a second endless perforated belt having
a linear surface velocity and a second vacuum conveyor drive mechanism functionally
connected thereto,

wheremn said second rotary die station comprises a second rotary die having a
linear surface velocity and a second rotary die station drive mechanism functionally
connected thereto,

wherein said second vacuum conveyor drive mechanism and said second rotary
die station drive mechanism are geared together such that the linear surface velocity of

said second endless perforated belt 1s greater than the linear surface velocity of said

second rotary die.

35.  The apparatus according to claim 34 wherein said second vacuum conveyor

drive mechanism and said laminating drive mechanism are geared together such that the

-19-



10

15

20

CA 02480919 2004-09-30

WO 03/084748 PCT/US03/042635

linear surface velocity of said second endless perforated belt is equal to the linear

surface velocity of said first and second laminating rollers.

36.  An apparatus for making a membrane electrode assembly comprising:
a) a lamination station;
b) a first and second positive grip conveyor; and

c) a first and second rotary die station.

37.  The apparatus according to claim 36 wherein said first positive grip conveyor
and said first rotary die station are arranged such that, with said first positive grip
conveyor and said first rotary die station both functioning, an emerging portion of a
workpiece being cut from a first web of workpiece material in said first rotary die
station will become held by said first positive grip conveyor before said workpiece is

tully separated from said first web of workpiece material.

38. The apparatus according to claim 37 wherein said first positive grip conveyor
and said lamination station are arranged such that, with said first positive grip conveyor
and said lamination station both functioning, said workpiece is drawn into a laminating

nip of said lamination station before it is fully released by said first positive grip

CONVEYOT.
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