Office de la Propriete Canadian CA 2330718 A1 2001/07/12

Intell | Intell | P
du Conada Office o opery en 2 330 718
Fhdtiie Canads Indushy Ganada 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(22) Date de depot/Filing Date: 2001/01/11 (51) Cl.Int.//Int.CI.Y C08J 5/18

(41) Mise a la disp. pub./Open to Public Insp.: 2001/07/12 (71) Demandeur/Applicant:

(30) Prioritée/Priority: 2000/01/12 (2000-003534) JP TOYOTA JIDOSHA KABUSHIKI KAISHA, JP
(72) Inventeur/Inventor:
TANAKA, KATSUHISA, JP

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : APPAREIL ET METHODE DE FABRICATION DE FILM A BASE DE POLYMERES SOLIDES SUR LEQUEL

UN CATALYSEUR EST DEPOSE
(54) Title: MANUFACTURING APPARATUS AND MANUFACTURING METHOD OF SOLID POLYMER FILM WITH

CATALYST DEPOSITED THEREON

22

(57) Abrége/Abstract:
An apparatus and method for manufacturing a solid polymer film with a catalyst sufficiently deposited thereon preheats a solid
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ABSTRACT OF THE DISCLOSURE

An apparatus and method for manufacturing a solid polymer film with a catalyst
sufficiently deposited thereon preheats a solid polymer film and then hot presses this
solid polymer film together with a catalyst carrier film. Hot pressing the solid polymer
film while 1t 1s soft from preheating increases the bond strength between the solid
polymer film and the catalyst such that separation of the catalyst from the solid polymer
film during film separation can be prevented. Moreover, keeping the catalyst carrier
film cool prior to hot pressing and making the temperature on the catalyst carrier film
side slightly lower that than on the solid polymer film side during hot pressing inhibits an

increase in binding strength between the film and the catalyst, and thereby improves

separation of the film.
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MANUFACTURING APPARATUS AND MANUFACTURING METHOD OF
SOLID POLYMER FIILM WITH CATALYST DEPOSITED THEREON

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1invention relates to an apparatus and method for manufacturing a solid polymer

film with a catalyst deposited thereon.

2. Description of Related Art

An apparatus for manufacturing a solid polymer film with a catalyst deposited
thereon which joins solid polymer film and catalyst carrier film by means of a hot press
and then separates the film therefrom has been proposed (e.g. Japanese Patent
Application Laid-Open Publication No. Hei 10-6457). This apparatus joins a solid
polymer film with catalyst carrier films by directly hot pressing them while the solid
polymer film 1s sandwiched between the catalyst carrier films, and then separates each
film of the catalyst carrier films from the thus obtained solid polymer film with a catalyst
deposited thereon at an angle of substantially 90 degrees with respect thereto. Note that
the solid polymer film with a catalyst deposited thereon manufactured in this way is used
as an electrolyte (solid polymer film) and catalyst electrode (catalyst layer) used in a
solid polymer fuel cell.

However, with the aforementioned apparatus there are cases in which the catalyst

may not transfer well to the solid polymer film. The solid polymer film and the catalyst

are joined by hot pressing, but the binding strength therebetween is weak. As a result

the catalyst may separate from the solid polymer film in some areas when the film is

separated from the solid polymer film.

SUMMARY OF THE INVENTION
An object of the invention is to manufacture a solid polymer film with a catalyst

sufficiently deposited thereon by sufficiently transferring a catalyst to a polymer film.
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In order to achieve the foregoing objective, a first aspect of an apparatus of the
invention . for manufacturing a solid polymer film with a catalyst deposited thereon is
provided with a heater for preheating the solid polymer film, a hot press machine for
forming a joined member by heating and pressing together at least one catalyst carrier
substrate carrying a catalyst on one side of a transfer substrate and a preheated solid
polymer film, and a separating machine for separating the transterred substrate from the
jomed member.

Preheating the solid polymer film leads to an increase in bond strength between the
solid polymer film and the catalyst, as well as prevents the catalyst from separating from

the solid polymer film during the separation process of the transfer substrate.

In addition to the foregoing aspect, the catalyst carrier substrate may also be cooled

prior to being contacted with the solid polymer film. This enables even better transfer

of the catalyst to the solid polymer film.

Also in the foregoing aspect, a cooling machine for cooling the joined member may
be provided. This makes it possible to further inhibit separation of the catalyst from the
solid polymer film during the transfer substrate separation process.

Further, in the foregoing aspect, the heater and the hot press machine may be

formed integrated. This enables the number of construction parts of the apparatus to be

reduced, as well as simplifies the construction.

The apparatus and method according to the foregoing aspect enable the manufacture
of a solid polymer film with a catalyst sufficiently deposited thereon with little catalyst

separation.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic drawing of a construction of an apparatus for manufacturing a solid
polymer film with a catalyst deposited thereon of a first embodiment of the invention;
FIG. 2 is an illustration of the manufacturing process of the solid polymer film with a

catalyst deposited thereon;

FIG. 3 1s a schematic drawing of a construction of an apparatus for manufacturing a solid
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polymer film with a catalyst deposited thereon of another embodiment; and

FIG. 4 1s an 1llustration of the appearance of a heating pressure roller of an embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The embodiments of the invention will hereinafter be described with reference to
the drawings. FIG. | is a schematic drawing of the structure of an apparatus for
manufacturing a solid polymer film with a catalyst deposited thereon which is a first
embodiment of the invention. The apparatus for manufacturing a solid polymer film
with a catalyst deposited thereon 20 is provided with a rollout roller 22 for rolling out a
solid polymer film 10, a pair of tension eliminating rollers 24 for eliminating tension of
the rolled out solid polymer film 10, and a rollout roller 26 for rolling out a catalyst
carrier film 12 carrying a catalyst on one side thereof. The rolled out catalyst carrier
f1ilm 12 1s maintained at a predetermined cool temperature by a cold roller 28, and heated
and pressed with the preheated solid polymer film 10 by the pair of heating pressure
rollers 30A and 30B so as to become a joined member 14. The joined member 14 is
then cooled by a cooling roller 34. A separating roller 36 conforms to the cooling roller
34, rotating therewith, separating the film 16 from the joined member 14. The angle of
separation of the film 16 is set by a separation angle setting roller 38, and the film 16 is
rolled up with a rollup roller 40. A solid polymer film with a catalyst deposited thereon

18 from which the film 16 has been separated is rolled up with a rollup roller 42.
The solid polymer film 10 is a thin film of a polymer material which exhibits good

proton conductivity when wet. For example, a thin film formed of pertlourosulfonate

tonomers (the DuPont product NAFION) with a thickness of approximately 10 to 300 ¢

m may be used. Also, the catalyst carrier film 12 is a thin film in which material
carrying a catalyst (for example, carbon powder) is applied to one side of a film 16 made

of resin. Platinum or an alloy of platinum and another metal may be used as the

catalyst.

The tension eliminating roller 24 rotates in sync with the transfer speed of the solid

polymer film 10 according to the rotation of the heating pressure rollers 30A and 30B to
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prevent tension from being exerted on the solid polymer film 10 as it is being heat
pressed by the heating pressure rollers 30A and 30B. This enables deformation of the
solid polymer film 10 during heat pressing to be controlled.

The cold roller 28 is provided with a cooling device 29 therein for cooling the
surface of the cold roller 28, and keeps the solid polymer film 12 within an established
cool temperature range (for example, 10 to 40°C).

The heating pressure rollers 30A and 30B are provided with a heater 31 therein, and
a pressure device 32 1s provided for exerting pressure between the heating pressure
rollers 30A and 30B. The heater 31 heats the surface of the heating pressure rollers
30A and 30B. The heat from the heater 31 is adjusted to become the established
temperature set within a range near the glass transition temperature (for example, 80 to
140°C) of the solid polymer film 10 to be pressed. Also, the pressure to be exerted

between the heating pressure rollers 30A and 30B by the pressure device 32 is adjusted

so as to be set within the range of 10 to 100Mpa. Note, the heat from the heater 31
provided in the heating pressure roller 30A is adjusted such that the surface temperature
thereot becomes less than or equal to the surface temperature of the heating pressure
roller 30B. This way, the cold roller 28 keeps the catalyst carrier film 12 cool and the
heating pressure rollers 30A and 30B heat and press while the temperature on the side of
the catalyst carrier film 12 is lower than that on the side of the solid polymer film 10.
This mhibits an increase in binding strength between the film 16 and the catalyst such
that separation of the film 16 from the joined member 14 is able to be improved.

The cooling roller 34 is provided with a cooling device 35 therein for cooling the
surface of the cooling roller 34, and cools the joined member 14 to within an established
temperature range (for example, 10 to 50°C).

The separation roller 36 has a diameter of 30mm or less to improve separation of
the film 16. Also, the position of the separation angle setting roller 38 is adjusted such
that the angle between the film 16 to be separated by the separation roller 36 and the
solid polymer film with a catalyst deposited thereon 18 is substantially 180 degrees.

Next, the manufacturing process of the solid polymer film with a catalyst deposited
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thereon 18 using the apparatus for manufacturing a solid polymer film with a catalyst
deposited thereon 20 will be described with reference to FIG. 2. The manufacturing of
the solid polymer film with a catalyst deposited thereon 18 begins first with a process of
preheating the solid polymer film 10, in which the tension has been eliminated by the
tension elimination roller 24 after being rolled out from the rollout roller 22, by means of
the heating pressure roller 30B, while keeping the catalyst carrier film 12, which has
been rolled out from the rollout roller 26, cool by means of the cold roller 28 (step S10).
Preheating is conducted by transferring the solid polymer film 10 at a predetermined
angle with respect to the heating pressure roller 30B.  That is, the solid polymer film 10
1s preheated by being contacted with the lower roller 30B prior to being pressed by the
pair of heat pressure rollers 30A and 30B. Preheating is done because it softens the
solid polymer film 10, and hot pressing with the solid polymer film 10 in this soft state

Increases the binding strength between the solid polymer film 10 and the catalyst.

Next, the preheated solid polymer film 10 and the cold catalyst carrier film 12 is hot
pressed with the heating pressure rollers 30 and made into a joined member 14 (step S12).
The conditions for the hot press are such that the temperature and pressure are set
corresponding to the material of the solid polymer film 10 and the catalyst carrier film 12
(for example, within a temperature range of 80 to 140°C, and within a pressure range of
10 to 100Mpa). |

Then, the joined member 14 is cooled with the cooling roller 34 (step S14) and the
film 16 is separated from the joined member 14 with the separation roller 36 (step S16),
thereby completing the solid polymer film with a catalyst deposited thereon 18. Note
that the completed solid polymer film with a catalyst deposited thereon 18 is rolled up.
with the rollup roller 42 and the separated film 16 is rolled up with the rollup roller 40.

According to the apparatus for manufacturing a solid polymer film with a catalyst
deposited thereon 20 described above, preheating the solid polymer film 10 prior to hot
pressing it increases the binding strength between the solid polymer film 10 and the
catalyst so as to prevent the catalyst from separating from the solid polymer film 10

during separation of the film 16 from the joined member 14. In addition, keeping the



10

15

20

CA 02330718 2001-01-11

catalyst carrier film 12 cool with the cold roller 28 and making the temperature of roller
30A on the side of the catalyst carrier film 12 lower than that of roller 30B. among the
pair of heating pressure rollers 30A and 30B, inhibits an increase in binding strength
between the film 16 and the catalyst from the hot press, thereby improving separation of
the film 16 from the joined member 14. Also, making the diameter of the separation
roller 36 30mm or less in addition to setting the angle between the film 16 and the solid
polymer film with a catalyst deposited thereon 18 to substantially 180 degrees further
improves the separation of the film 16. This enables a solid polymer film with a
catalyst sufficiently deposited thereon to be manufactured.

Note that in the apparatus for manufacturing a solid polymer film with a catalyst
deposited thereon 20 of the foregoing embodiment, the joined member 14 can also be
maintained at approximately room temperature until immediately before hot pressing and
the cold roller 28 can be omitted.

Also, the temperature of the roller 30B on the side of the catalyst carrier film 12 can
also be the same temperature as the roller 30B on the side of the solid polymer film 10.
Also, the temperature of the roller 30A may be slightly higher than that of roller 30B.

Further, a cooling device may be provided between the heating pressure rollers 30A
and 30B and the cooling roller 34 and the joined member 14 cooled thereby. Also,
when there is sufficient space between the heating pressure rollers 30A and 30B and the
cooling roller 34, a cooling device for the joined member 14 does not have to be
provided.

Also, the diameter of the separation roller 36 may be larger than 30mm depending

on the binding strength between the catalyst and the film 16 and the binding strength

between the catalyst and the solid polymer film 10.

Moreover, with the apparatus for manufacturing a solid polymer film with a catalyst
deposited thereon 20, the angle between the film 16 to be separated with the separation
rolier 36 and the sofid polymer film with a catalyst deposited thereon 18 is adjusted so as
to be substantially 180 degrees, but this angle may be other than 180 degrees.

Furthermore, with the apparatus for manufacturing a solid polymer film with a
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catalyst deposited thereon 20, the solid polymer film 10 is preheated by being transferred
to the heating rollers 30 at a predetermined angle and contacted with these heating

pressure rollers 30 prior to hot pressing. However, a preheating device can also be

provided separately.

With the apparatus for manufacturing a solid polymer film with a catalyst deposited
thereon 20 of the foregoing embodiment, a solid polymer film with a catalyst deposited
thereon 18 in which a catalyst has been joined to one side of the solid polymer film 10 is
manufactured. However, a solid polymer film with a catalyst deposited thereon 180 in
which a catalyst has been joined to both sides of the solid polymer film 10 can also be
manufactured. Fig. 3 shows an apparatus for manufacturing a solid polymer film with a
catalyst deposited thereon 200 used in this case. With the apparatus for manufacturing a
solid polymer film with a catalyst deposited thereon 200, the solid polymer film 10 is hot
pressed by heating pressure rollers 30A and 30B while sandwiched between two sheets
of catalyst carrier film 12A and 12B which are rolled out from two rollout rollers 26A
and 26B and kept cool by two cold rollers 28A and 28B. Joined by hot pressing, a
jomed member 140 becomes a solid polymer film with a catalyst deposited thereon 180
in which a catalyst is joined to both sides of the solid polymer film 10 after films 16A
and 16B have been separated therefrom with two separating rollers 36A and 36B. Note
that the solid polymer film with a catalyst deposited thereon 180 is rolled up with a
rollup roller 42B and the two sheets of film 16A and 16B are rolled up with rollup rollers
40A ad 40B, respectively. According to the apparatus for manufacturing a solid
polymer film with a catalyst deposited thereon 200 of this embodiment, a solid polymer
film with a catalyst deposited thereon 180 in which a catalyst is sufficiently joined to
both sides of the solid polymer film 10 is able to be manufactured.

Moreover, in the apparatus for manufacturing a solid polymer film with a catalyst
deposited thereon 20 and the apparatus for manufacturing a solid polymer film with a
catalyst deposited thereon 200, the entire catalyst applied to the catalyst carrier films 12,
12A, and 12B is joined with the solid polymer film 10. However, the catalyst can also

be joined to the solid polymer film 10 in a predetermined pattern. In this case, as with
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the heating pressure roller 30c shown in FIG. 4, a transfer portion 30a protruding from
the surface of the roller can be provided. Heat and pressure with respect to the solid
polymer film 10 and the catalyst carrier film 12 are applied only to the area of the

transfer portion 30a. Accordingly, the catalyst carried on the film 16 of the area to

5 which heat and pressure are not applied is separated with the film 16 while the catalyst is
Joined to the solid polymer film 10 according to the pattern of the transfer portion 30a.
The embodiments of the invention have been described above. However, the
Invention is not limited in any way to these embodiments and may of course be modified
without departing from the scope thereof.
10
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WHAT IS CLAIMED IS:

. An apparatus for manufacturing a solid polymer film with a catalyst deposited
thereon made of a catalyst and a solid polymer film, comprising:

a heater that preheats the solid polymer film;

a hot press machine that forms a joined member by heating and pressing at least one
catalyst substrate carrying a catalyst on one side of a transfer substrate and the solid
polymer film preheated with the heater while the catalyst and the solid polymer film are

In contact; and

a separating machine that separates the transfer substrate from the joined member.

2. A device according to claim 1, further comprising:

a cooling machine that cools the catalyst carrier substrate.

3. A device according to claim 1, wherein the separating machine separates the
transfer substrate at an angle of substantially 180 degrees with respect to the integrated

joined member.

4. A device according to claim 1, further comprising:

a cooling machine that cools the joined member.

5. A device according to claim 1, wherein the heater and the hot press machine are

integrated.

6. A device according to claim 1, wherein the joined member is such that the catalyst

1s joined to both sides of the solid polymer film.

7. A method for manufacturing a solid polymer film with a catalyst deposited thereon

made of a catalyst and a solid polymer film, comprising
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preheating a solid polymer film;
contacting a catalyst carrier surface of at least one catalyst carmer substrate carrying
a catalyst on one side thereof with the preheated solid polymer film;

forming a joined member by heating and pressing the catalyst carrier substrate and

the solid polymer film; and

separating the transfer substrate from the joined member.

8. A method according to claim 7, turther comprising:

cooling the catalyst substrate prior to contacting the catalyst carrier substrate with

the solid polymer film.

9. A method according to claim 7, wherein the angle between the transter substrate

and the solid polymer film becomes substantially 180 degrees in the separating step.
10. A method according to claim 7, further comprising:

cooling the solid polymer film with a catalyst deposited thereon prior to separating

the transfer substrate.

10
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FIG. 2

Preheating of solid polymer film IS10
and cooling of catalyst carrier film
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FIG. 4

C10/~

30a

Gowline T «flenr Henderson LLP

TR BN P Fodm N1 1 T 2T e et Ttk Gpe et e L aalds gt s Li i AR 24 NS N N4 LENERT AAIYL e pRBE et b Ve b mdek AT L0l koA A

RIVLLEIL, PV IOV T PN






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - abstract drawing

