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DESCRIPTION

TITLE OF THE INVENTION: CARBON-FIBER NONWOVEN CLOTH AND

COMPOSITE, USES AND METHOD OF MANUFACTURING THEREOF

TECHNICAL FIELD
[0001]

The present invention relates to a carbon-fiber nonwoven
cloth suitable for a gas diffusion electrode substrats for a
polymer electrolyte fuel cell, a method for manufacturing the
nonwoven cloth, and a composite sheet.

BACKGROUND ART
[0002]

Woven cloths, knittings, and nonwoven cloths each made
of carbon fibers have been widely researched since these
products are suitable for electrode substrates, and have
chemical stability and an appropriate compression stress to be
each applied to a gas diffusion electrode for a polymer
electrolyte fuel cell.

[0003]

When used for such an article, a woven cloth, knitting
or nonwoven cloth made of carbon fibers is required to have gas
or liguid permeability and electroconductivity that are
compatible with each other at a high level. For example, Patent

Document 1 discloses, in view of gas or liquid permeability,

Date Recgue/Date Received 2020-04-16
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* a carbon fiber sheet which is obtained by using, as an
intermediate reinforcing layer for the carbon fiber sheet, a
thermeoplastic resin net having a low actual carbon ratio aftef
fired, and laminating cut fibers of carbon fibers onto each
other at random in a two-dimensional plane, and which has many
pores of 100 to 300 um size in the sheet that are formed by the

" disappearance of the region of the net after fired.

[0004]

A gas diffusion electrode for a polymer electrolyte fuel
cell needs to be high in electroconductivity in the sheet
thickness direction thereof. For example, Patent Document 2
discloses that carbon-fiber nonwoven cloths, in each of which
the axes of fibers are directed to the thickness direction of
the nonwoven cloth by a needle-punching method, are expected
to be smaller in electric resistance value or higher in
electroconductivity than carbon fiber sheets.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0005]

Patent Document 1: JP 2008-44201 A

Patent Document 2: JP 2002-194650 A
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

The carbon fiber sheet disclosed in Patent Document 1 can
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* make it easy that gas or liquid permeates the sheet by effect
of the voids. However, when the voids are increased in number,
the sheet does not easily gain high electroconductivity.
Conversely, when the voids are decreased in number, a problem
is caused that the sheet is decreased in gas or liquid
permeability.

[C007]

The carbon fiber sheet disclosed in Patent Document 2
makes use of a matter that the electroconductivity of a carbon
fiber is better in the axis direction of the fiber than in a
cross section direction thereof. The sheet is a sheet of
directing its fiber axes to the thickness direction, thereby
aiming to be improved in electroconductivity in the thickness
direction of the sheet. However, a nonwoven cloth obtained by
a needle-punching method is lower in apparent density than a
nonwoven cloth obtained by fixing fibers of a web yielded by
a papermaking method with a binder, and a woven cloth and a
knitting. Thus, by compressing the needle-punched nonwoven
cloth, this nonwoven cloth needs to be raised in apparent
density to be improved in electroconductivity and mechanical
properties. Consequently, at the compressing time, the fiber
axes directed into the thickness direction by effect of the
needle punching are bent or shifted so that the fiber axes may
be directed into the plane direction. This matter results in

a problem of cancelling, actually, almost all of the effect of
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* directing the fiber axes into the thickness direction. Even
when the fiber axes are not directed into the thickness
direction, the following problem is caused by compressing the
nonwoven cloth to give such an apparent density that the carbon
fiber sheet can gain sufficient electroconductivity: all of the
sizes of the pores are made small, so that the carbon fiber sheet
is decreased in gas or liquid permeability.

[0008]

An object of the present invention is provide a
carbon-fiber nonwoven cloth small in passage-resistance when
gas or liguid is passed therethrough, and further small in

" resistance against heat and electricity in the thickness
direction of the nonwoven cloth, in particular, a carbon-fiber
nonwoven cloth suitable for a gas diffusion electrode for a
polymer electrolyte fuel cell.

SOLUTIONS TO THE PROBLEMS
[0009]

The inventors have found cut the following: a web of fibers
and a fabric which is to be a spacer at the time of compressing
are bonded to each other by needle punching and/or water jet
punching while at least one part of the fibers are directed to
the thickness direction of the web, and subsequently the
resultant material is compressed and fired; this process makes
it possible to compress the material into a given apparent

density in the state that the respective axes of the fibers are
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v directed to the thickness direction; furthermore, the material
is fired to cause the fabric to disappear, thereby making
appropriate pores; consequently, the nonwoven cloth can attain
compatibility between gas or liquid permeability and
electroconductivity in the thickness direction at a high level.
[0010]

Accordingly, the carbon-fiber nonwoven cloth of the
present invention for attaining the object is a carbon-fiber
nonwoven cloth which includes carbon fibers andhas two surfaces,
and which has voids each having a diameter of 20 pm or more and
has an apparent density of 0.2 to 1.0 g/cm?, at least one part
of the carbon fibers being continuous from one of the surfaces
to the other surface.

[0011]

Another aspect of the carbon-fiber nonwoven cloth of the
present invention is a carbon-fiber nonwoven cloth which
includes carbon fibers and which has voids each having a
diameter of 20 um or more and an apparent density of 0.2 to 1.0
g/cm®, at least one part of the carbon fibers being entangled
with each other, and at least one part of the carbon fibers being
oriented in the thicknessvdirection of the nonwoven cloth.
[0012]

The method of the present invention for manufacturing a
carbon-fiber nonwoven cloth is a method including: a bonding

step of laminating a web made of fibers each having a
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carbonization yield of 30% or more, and a fiber fabric having a
carbonization yield of 20% or less to each other, and bonding the
web and the fiber fabric to each other by needle punching and/or
water jet punching; a hot-pressing step of hot-pressing the web and
the fiber fabric bonded to each other to produce a composite sheet;
and a firing step of firing the composite sheet to be made into a
carbon fiber form.

[0013]

Furthermore, the composite sheet of the present invention is a
composite sheet including fibers each having a carbonization yield
of 30% or more, and a fiber fabric having a carbonization yield of
20% or less, wherein at least one part of the fibers having a
carbonization yield of 30% or more penetrate the fiber fabric having
a carbonization yield of 20% or less.

[0013a]

Another aspect of the present invention is a carbon-fiber
nonwoven cloth, having two opposing surfaces parallel to a plane
defined by the nonwoven cloth, the nonwoven cloth comprising
carbon fibers, at least one part of the carbon fibers being
continuous from one of the two opposing surfaces to the other of
the two opposing surfaces, the nonwoven cloth having wvoids
located therein, each void having a diameter of 20 um or more
and being continuous in a direction parallel to the plane, the

nonwoven cloth having an apparent density of 0.2 to 1.0 g/cm3.
0

Date Regue/Date Received 2020-10-16
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[0013b]

Another aspect of the present invention is a carbon-fiber
nonwoven cloth, the nonwoven cloth comprising carbon fibers, at
least one part of the carbon fibers being entangled with each
other, and at least one part of the carbon fibers being oriented
in a direction perpendicular to a plane defined by the nonwoven
cloth, the nonwoven cloth having voids located therein, each
void having a diameter of 20 um or more and being continuous in
a direction parallel to the plane, the nonwoven cloth having an
apparent density of 0.2 to 1.0 g/cm3.

[0013c]

Another aspect of the present invention is a gas diffusion
electrode for a polymer electrolyte fuel cell comprising the carbon-
fiber nonwoven cloth as described herein.

[0013d]

Another aspect of the present invention 1is a polymer
electrolyte fuel cell comprising the carbon-fiber nonwoven cloth as
described herein.

[0013e]

Another aspect of the present invention is a method for
manufacturing a carbon-fiber nonwoven cloth, comprising: a bonding
step of laminating a web comprising fibers each having a
carbonization yield of 30% or more, and a fiber fabric having a

carbonization yield of 20% or less to each other, and bonding the
ba

Date Regue/Date Received 2020-10-16
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web and the fiber fabric to each other by needle punching and/or
water jet punching; a hot-pressing step of hot-pressing the web and
the fiber fabric bonded to each other to produce a composite sheet;
and a firing step of firing the composite sheet to be made into a
carbon fiber form so as to form voids each having a diameter of 20um
or more which are continuous in a direction parallel to a plane
defined by the carbon fiber form, wherein the carbon fiber form
has an apparent density of 0.2 to 1.0 g/cm3.

[00131]

Another aspect of the present invention is a composite sheet,
comprising a web comprising fibers each having a carbonization yield
of 30% or more, and a fiber fabric having a carbonization yield of
20% or less, wherein at least one part of the fibers having a
carbonization yield of 30% or more penetrate the fiber fabric having
a carbonization yield of 20% or less, wherein when the composite
sheet 1s carbonized, the fiber fabric form voids each having a
diameter of 20um or more which are continuous in a direction parallel
to a plane defined by the composite sheet and the composite sheet

has an apparent density in the range of 0.2 to 1.0 g/cm3.

6b

Date Regue/Date Received 2020-10-16
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EFFECTS OF THE INVENTION

[0014]

The present invention makes it possible to provide a carbon-fiber
nonwoven cloth small in passage-resistance when gas or liquid is
passed therethrough, and further small in resistance against heat
and electricity in the thickness direction of the nonwoven cloth,
in particular, a carbon-fiber nonwoven cloth suitable for a gas
diffusion electrode for a polymer electrolyte fuel cell.

BRIEF DESCRIPTION OF THE DRAWINGS

oc

Date Regue/Date Received 2020-10-16
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[0015]

Fig. 1 is a scanning electron microscope photograph of
a.c:oss section of a composite sheet of the present invention.

Fig. 2 is a scanning electron microscope photograph of
a cross section of a carbon-fiber nonwoven cloth of the present
invention.

Fig. 3 is a scanning electron microscope photograph of
a front surface of a carbon-fiber nonwoven cloth of the present
invention.

EMBODIMENTS OF THE INVENTION
[0016]

The carbon-fiber nonwoven cloth of the present invention
is a carbon-fiber nonwoven cloth which includes carbon fibers
and has two surfaces, and which has voids each having a diameter
of 20 um or more and has an apparent density of 0.2 to 1.0 g/cm?,
at least one part of thevcarbon fibers being continuous from
one of the surfaces to the other surface.

[0017]

Another aspect of the carbon-fiber nonwoven cloth of the
présent invention is a carbon-fiber nonwoven cloth which
includes carbon fibers and which has voids each having a
diameter of 20 um or more and an apparent density of 0.2 to 1.0
g/cnﬁ, at least one part of the carbon fibers being entangled
with each other, and at least one part of the carbon fibers being

oriented in the thickness direction of the nonwoven cloth.
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[0018]

The carbon-fiber nonwoven cloth of the present invention
can be manufactured by a manufacturing method including: a
bonding step of laminating a web made of fibers each having a
carbonization yield cof 30% or more, and a fiber fabric having
a carbonization yield of 20% or less to each other, and bonding
the web and the fiber fabric to each other by needle punching
and/or water jet punching; a hot-pressing step of hot-pressing
the web and the fiber fabric bonded to each other to produce
a composite sheet; and a firing step of firing the composite
sheet to be made into a carbon fiber form.

[0019]

The fibers having a carbonization yield of 30% or more
are carbonized to turn into carbon fibers, and contribute
largely to the attainment of the following: a tensile stress
resisting a process tensile force when the nonwoven cloth of
the present invention is manufactured; a compression stress
permitting the nonwoven cloth not to be broken when the nonwoven
cloth is used as an electrode substrate; other mechanical
properties; and high electroconductivity. 1In the present
invention, it is sufficient for the carbonization yield of the
fibers constituting the fiber web to be 30% or ﬁore. The
carbonization yield is preferably 40% or mére, more preferably
50% or more. If the carbonization yield is less than 30%, gaps

between the fibers become large to make it difficult to express
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* the mechanical properties and attain the high

electroconductivity. It is more preferred from the viewpoint
of productivity that the carbonization yield is higher. Thus,
the upper limit thereof 1s not particularly limited, but the
carbonization yield is generally 90% or less.

{0020]

The carbonization yield in the present invention denotes
a value obtained by measuring, in a thermogravimetry (TG) method,
a change in the weight of a fiber or fabric when the temperature
therecf is raised at 10°C/minute in a nitrogen atmosphere, and
then dividing the difference between the weight at room
temperature and that at 800°C by the weight at room temperature.
[0021]

Examples of the fibers having a carbonization yield of
30% or more include infusibilized polyacrylonitrile fiber,
infusibiliied pitch fiber, polyvinyl alcohol fiber, cellulose
fiber, infusibilized lignin fiber, infusibilized
polyacetylene fiber, infusibilized polyethylene fiber, and
polybenzoxazole fiber.
| [0022]

The fiber length of the fibers having a carbonization
yield of 30% or more is not particularly limited, and is
preferably at least two times the thickness of a composite sheet
obtained after the web and the fiber fabric are co'mpressed, more

preferably at least 10 times the thickness since the fibers need
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to penetrate the fiber fabric as will be described later. Ip
general, the thickness of a gas diffusion electrode for a
polymer electrolyte fuel cell is 500 pm or less, and‘thus the
fiber length is preferably 5 mm or more, more preferably 10 mm
or more. The upper limit of the fiber length of fhe fibers
having a carbonization yield of 30% or more is not particularly
limited. Thus, long fibers (continuous fibers), or short
fibers having a length of 100 mm or less are usable.

[0023]

The fiber diameter of the fibers having a carbonization
yield of 30% or more is not particularly limited. However, if
thefibersarethin,thefiberseasilycontactanyn@mberaround
the fibers so that the nonwoven clcoth easily gains high
electroconductivity, but it is difficult that the nonwoven
cloth gains high gas or liquid permeability. An example cf the
appropriate fiber diameter is from 3 to 30 um, more preferably

from 5 to 20 pm. In the meantime, the fiber fabric having a

carbonization yield of 20% or less is largely decreased in
volume in the step of carbonizing the fibers having a
carbonization yield of 30% or more. Thus, the resultant
nonwoven cloth can gain high gas or liquid permeability in the
plane direction and in the direction perpendicular thereto.
The carbonization yi)eld of the fibers is preferably 10% or less,
more preferably 5% or less. If the carbonization yield is more

than 20%, the nonwoven cloth cannot easily gain high gas or

10
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ligquid permeability.
[0024]

Examples of the fibers constituting the fiber fabric
having a carbonization yield of 20% or less include polyethylene
fiber, polypropylene fiber, polyethylene terephthalate fiber,
polylactic acid fiber, and poclyamide fiber. Evenwhen the fiber
fabric contains fibers having a carbonization yield more than
20% by mix spinning, fiber mixing, a composite yarn, mix weaving,
mix knitting or some other, it is sufficient for the fiber fabric
to have a carbonization yield of 20% or less.

[0025]

The fiber length and the fiber diameter of the fibers
constituting the fiber fabric having a carbonization yield of
20% or less are not particularly limited. Either short fibers
or continucus fibers having a length of about 30 to 100 mm are
usable. The fiber diameter of single fibers of the fiber fabric
may be several micrometers. When monofilaments are used, the
diameter thereof may be several hundreds of micrometers. It
is preferred that when the composite sheet is carbonized, the
fiber fabric is decreased in volume so that voids having a
diameter of 20 um or more are formed to raise the nonwoven cloth
in gas or liquid permeability.

[0026]
The form of the fiber fabric having a carbonization yield

of 20% or less is not particularly limited. Examples thereof

11
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include woven cloth, knitting, nonwoven cloth, and netlike
forms. The form can be appropriately selected in accordance
with the degree of improvement of the nonwoven cloth in the gas
or liquid permeability on the basis of a volume decrease of the
fiber fabric when the fiber fabric is carbonized as far as the
fiber fabric functicns as a spacer at the time of the compression
which will be detailed later.

[0027]

When prioritizing, for example,lelectroconductivity in
the thickness direction of the nonwoven cloth, this effect can
be produced by_making the mesh of the fabric large. When
prioritizing gas or liquid permeability, this effect can be
produced by making the mesh of the fabric small.

[0028]

The woven clothmay have any one of the following textures:
single ﬁextures such as plain weave, satin weave and twill
weave; double textures such as reversible figured; pile
textures such as velvet; leno textures such as silk gauze;
jacquard weaving; aﬁd figured brocade.

[0029]-

The knitting can be appropriately selected from weft
knittings such as plain, rib, interlock and lace stitches, and
warp knittings such as Denbigh, Atlas, and a cord.

[0030]

The fiber fabric may be a nonwoven cloth, and may be a

12
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' wet nonwoven cloth - or a dry nonwoven cloth.
[0031]

About each of the above-mentioned fiber fabrics, its
fibers may be melted and bonded to each other at its intersection
points since this case causes a thickness difference not to be
easily generated between the intersection points and the other
sites.

[0032]

About the ccmposite sheet of the present invention, at
least one part of its fibers,‘which.have a carbonization yield
of 30% or more, need to penetrate the fiber fabric having a
carbonization yield of 20% or less. The word “penetrate”
denotes that some of the fibers are extended from one of the
two surfaces of the fabric and cross the other surface of the
fabric. As shown in Fig. 1, this matter can be verified, for
example, by cutting the composite sheet by ion beams or with
a razor and observing one of the resultant surfaces, or by
evaluating a cross section of the composite sheet through a
transmission image of the composite sheet that is obtained by
the use of, for example, an X-ray. About the fibers having a
carbonizationyield of 30% ormore, it is sufficient for at least
one part thereof to penetrate the fiber fabric.

[0033]
A case where the fiber fabric is a woven cloth is taken

herein as an example. It is preferred that in 50% or more of

13



CA 02888706 2015-04-17

its openings (spaces surrounded by its warps and wefts)
overlapping with the web, the fibers having a carbonization
yield of 30% or more penetrate the fiber fabric. It is more
preferred that in 70% or more of the openings, the fibers
penetrate the fiber fabric. By the matter that many ones of
the fibers having a carbonization yield of 30% or more penetrate
the fiber fabric as described herein, the composite sheet can
gain high electroconductivity after carbonized.
[0034]

The carbon-fiber nonwoven cloth of the present invention
has pores having a diameter of 20 um or more. The diameter of

the pores is preferably 30 pum or more, more preferably 40 um
or more. If the pores are too small, the nonwoven cloth cannot
easily gain high gas or liquid permeability. The upper limit
thereof is not particularly limited, and is preferably smaller
than the thickness of the carbon-fiber nonwoven cloth. If the
voids are too large, the nonwoven cloth is liable to be unable
to gain electroconductivity easily. Thus, the diameter of the
pores is preferably less than 600 um, more preferably 150 pm
or less, even more preferably 100 um or less.
[0035]

The voids referred to in the present‘invention denote
spaces in each of which no carbon fiber is present, in a cross
section of the carbon-fiber nonwoven cloth, between one of the

+two surfaces of the cross section and the other surface. The

14
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size of each of the voids is observed in a direction
perpendicular to the surfaces of the carbon-fiber nonwoven
cloth. The diameter of the void denotes the diameter of a
maximum inscribed circle to the void.

[0036]

The thickness of the cérbon—fiber nonwoven cloth of the
present invention is not particularly limited. When the
nonwoven cloth is used as a gas diffusion electrode for a polymer
electrolyte fuel cell, the thickness is preferably from 50 to
300 um, more preferably from 80 to 250 um. If the nonwoven cloth
is too thin, the material thereof does not endure a process
tensile force in the manufacture. If the nonwoven cloth is too
thick, the carbon-fiber nonwoven cloth does not easily transmit
gas or liguid, and is further lowered in electroconductivity.
The thickness of the carbon-fiber nonwoven cloth is a value
obtained according to JIS L 1913 6. 1 (thickness (A-method))
by collecting 10 test specimens of 5 cmx 5 ém size therefrom,
measuring the respective thicknesses of the test specimens
under an. applied pressure of 0.5 kPa after 10 seconds of the
application with an_automatic compression
elasticity-thickness tester (model: CEH-400, manufactured by
Daiei Kagaku Seiki Mfg. Co., Ltd.), and then averaging the
thicknesses.

[0037]

Th an embodiment of the carbon-fiber nonwoven cloth of
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" the present invention, at least one part of the carbon fibers
needtx>becontinuousfromoneofthefwosurfacesofthenonwoven
cloth to the other surface. BAny carbon fiber is better in
electroconductivity in the fiber axis direction than in a cross
section direction of the fiber; and continuous fibers are better
in electric conduction efficiency than fibers contacting each
other. Accordingly, the carbon fibers which are continuous
from the one surface to the other surface gain higher
electroconductivity than discontinuous carbon fibers.

[0038]

The wording “be continucus from one of the surfaces of
the nonwoven cloth to the other surface” denotes that it cannot
be recognized that the fibers are cut between the one surface
and the other surface. As shown in Fig. 2, this matter can be
verified, for example, by cutting the nonwoven cloth by ion
beams or with a razor and observing one of the resultant surfaces,
or by evaluating fibers along a cross section direction of the
nonwoven cloth through a transmission image of the nonwoven
cloth that is cobtained by the use of, for example, an X-ray.
About the carbon fibers, it is sufficient for at least one part
thereof to be continuous from the one surface of the nonwoven
cloth to the other surface. The carbon-fiber nonwoven cloth
gains high electroconductivity more easily as the presence
proportion of continuous fibers is higher. Thus, it is

preferred that plural fibers are continuous in a range of 1 mm?
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(1 mm x 1 mm) when the carbon-fiber nonwoven cloth is viewed
from the front surface thereof. It is more preferred that
plural fibers are continuous in a range of 0.1 mm? (0.3 mm x
0.3 mm).

[0039]

In an embodiment of the carbon-fiber nonwoven cloth of
the present invention; at least one part of the carbon fibers
need to be entangled withﬁeach other, and at least one part of
the carbon fibers need to be oriented in the thickness direction
of the nonwoven cloth. Any carbon fiber is better in
electroconductivity in the fiber axis direction than in a cross
section direction of the fiber; and when carben fibers are
entangled with each other and are further oriented in the
thickness direction, the carbon fibers are easily made
electroconductive in the thickness direction so that the
carbon-fiber nonwoven cloth can gain high electroconductivity.
[0040]

Whether or not carbon fibers are entangled with each other
and are further oriented in the thickness direction can be
checked, as described above and illustrated in Fig. 2, for
example, by cutting the nonwoven cloth by ion beams or with a
razor and observing one of the resultant surfaces, or by
evaluating fibers along a cross section direction of the
ﬁonwoven cloth through a transmission image of the nonwoven

cloth that is obtained by the use of, for example, an X-ray.
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' Mere crossing between fibers and mere contact between fibers
do not denote the entanglement between fibers.
[0041]

The weight per unit area of the carbon-fiber nonwoven
cloth of the present invention is not partiqularly limited, and
is preferably from 30 to 120 g/n@, more preferably from 60 to
90 g/mz. If the weight per unit area is low, the material of
the nonwoven cloth does not endure a process tensile force in
the manufacture, and further the nonwoven cloth is poor in
handleability. If the weight per unit area is high, the
nonwoven cloth does not transmit gas or liquid easily when used
as an electrode substrate. The weight per unit aréa is a value
obtained by dividinglthe weight of the carbon-fiber nonwoven
cloth by the area thereof.

[004z]

The apparent density of the carbon-fiber nonwoven cloth
of the present invention is from 0.2 to 1.0 g/cnﬁ, preferably
from 0.3 to 0.9 g/cm’®, more preferably from 0.4 to 0.8 g/cm’.
If the apparent density is less than 0.2 g/cm®, the nonwoven
cloth does not easily gain sufficient electroconductivity when
used as an electrode substrate, and further the structure
thereof is easily broken by a pressure given to the electrode
substrate. If the apparent density'is more than 1.0 g/cnﬁ, the
nonwoven cloth does not easily gain sufficient gas or liquid

permeability when used as an electrode substrate.
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[0043]

The apparent density of the carbon-fiber nonwoven cloth
is a value obtained by dividing the weight per unit area by the
thickness.

[0044]

It is preferred that abinder is bonded to the carbon-fiber
nonwoven cloth of the present invention to improve the nonwoven
cloth in shape retainability, handleability, and others. In
order to improve the nonwoven cloth in electroconductivity, for
example, carbon black may be further added to this binder. The
weight per unit are of this carbon-fiber nonwoven cloth in this
case is a value obtained by dividing'thertotal sum of the carbon
fiber,thebinder,carbonblackandotheradditivesbythearea.
The apparent density thereof is a value obtained by dividing
the weight per unit area by the thickness.

[0045]

The carbon-fiber nonwoven cloth of the present invention
is suitable for a gas diffusion electrode for a polymer
electrolyte fuél cell from the viewpoint of a balance between
the electroconductivity and the gas or liguid permeability.
The nonwoven cloth is usable as it is as a gas diffusion electrode
for a polymer electrolyte fuel cell. Tt is preferred to apply
thereto one selected from water repellent treatment, the
formation of a microporous layer, catalyst painting and others,

or a combination of two or more selected therefrom since better

19



CA 02888706 2015-04-17

" advantageous effects can be expected.
[0046]

The following will describe a method of the present
invention for manufacturing a carbon-fiber nonwoven cloth.
The method of the present invention for manufacturing a
carbon-fiber nonwoven cloth has a bonding step of bonding a web
including fibers each having a carbonization yield of 30% or
more, and a fiber fabric having a carbonization yield of 20%
or less to each other by needle punching and/or water jet
punching; a hot-pressing step of hot-pressing the web and the
fiber fabric bonded to each other to produce a composite sheet;
and a firing step of firing the produced composite sheet to be
made into a carbon fiber form.

[0047]

<Bonding step>

The web, which includes fibers each having a
carbonization yield of 30% or more and supplied to the needle
punching and/or the water jet punching, is selectable, alone
or in the form of any combination, from a web obtained by
subjecting carded fibers to parallel-laying or cross-laying,
a dry web yielded by air-laying, discontinuous fiber webs such
as a wet web made by a papermaking method, and continuous fiber
webs each made by spunbonding, melt blowing, electrospinning,
or flash spinning. Of these webs, a discontinuous fiber web

is preferred since the web easily gives a relatively even sheet
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" even when the weight per unit area thereof is less than 100 g/mz.
A dry web is preferred since the web can be expected to be lower
inbending elasticity, more easily wound, larger in fiber length
and higher in electroconductivity than any wet web.

[0048]

The web made of fibers each having a carbonization yield
of 30% or more may contain fibers, particles and/or an adhering
matter that has/have a carbonization yield less than 30%; fibers,
particles and/or an adhering matter that has/have a
carbonization yield of 30% or more; and/or a carbonized matter
from carbon fibers, carbén particles and/or others as far as
the effects of the present‘invention are not impaired.
[0049]

Such a web is laminated onto one surface or each surface
of the fiber fabric having a carbonization yileld of 20% or less,
and then the resultant is subjected to needle punching and/or
water jet punching. In this way, the fibers are entangled with
each other, and the orientation.of the fibers is advanced into
the thickness direction in the stéte that the fibers penetrate
the openings in the fiber fabric having a carbonization yield
of 20% or less. Alternatively, in this way, the fibers are made
continuous from the one surface to the other surface.

[0050]
In the case of the needle punching, the entanglement

between the fibers, the orientation of the fibers in the
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' thickness direction, or the continuation of the fibers from the
one surface to the other surface can be adjusted in accordance
with the shape of the needles, the number of the needles to be
punched, and the depth of the needles. When the number of their
barbs, the volume, or thé needle density is increased, the
number of the fibers shifted into the thickness direction is
increased. In the case of the hydroentanglement, the fibers
are easily shifted in the thickness direction when the nozzle
diameter or the water pressure is increased. The water pressure
used in the hydroentanglement is varied in accordance with the
nozzle diameter or nozzle pitch, the distance between thenozzle
and the web, the transporting speed, the fiber species, the
fiber length, the fiber diameter, the web weight per unit are,
and/or others. The pfessure is, for example, from 5 to 20 MPa,
preferably from 10 to 20 MPa. As the web transporting speed
is low, the effect of shifting the fibers into the thickness
direction becomes larger. Only the needle punching is
preferably performed since the punching makes any drying step
unnecessary, and can be therefore expected to exhibit high
productivity.
[0051]

In order for the fibers constituting the fiber fabric to
avoid being caught or hooked onto the barbs of the needles in
the needle punching step, the fibers having a carbonization

yield of 20% or less are each preferably a monofilament having
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a relatively large filament diameter, or amultifilament having
2 twist number of 1000 to 4000 T/M. The twist number is
measurable by a method prescribed in JIS L1096 (2005) 8. 8. 2
that is a general fabric test method.

[0052]

The web made of fibers each having a carbonization yield
of 30% or more may be laminated onto one surface or each surface
of the fiber fabric having a carbonization yield of 20% or less.
Such a single web or such plural webs may be laminated thereonto.
The lamination onto one surface of the fabric is preferred since
the process is simple and can be easily handled or made low in
costs.

[0053]

The voids having a diameter of 20 um or more, which the
carbon-fiber nonwoven cloth of the present invention has, are
formed by decreasing the volume of the fiber fabric having a
carbonization yield of 20% or less when the laminate is
carbonized. The diémeter of the voids is controllable in
accordance with the diameter of the fibers constituting the
fiber fabric having a carbonization yield of 20% or less. As
the fibers constituting the fiber fabric having a carbonization
yield of 20% or less are larger in diameter, the voids are larger
in diameter so that the carbon-fiber nonwoven cloth more easily
transmits gas or liquid, but the number of the fibers present

in the void portions becomes smaller and further it becomes more
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" difficult tomake the nonwoven cloth thin. It therefore becomes
difficult that the nonwoven cloth gains high
electroconductivity.

[0054]

This process yields a composite sheet of the present
invention that is composed of the web made of the fibers having
a carbonization yield of 30% or more, and the fiber fabric having
a carbonization yield of 20% or less. In this sheet, at least
one part of the fibers having a carbonization yield of 30% or
more penetrate the fiber fabric having a carbonization yield
of 20% or less.

[0055]

<Hot-pressing step>

Next, a continuous press machine using a calender roller,
or a press machine using a flat plate is used to perform a
hot-pressing step of subjecting the composite sheet to
compressing tfeatment (hot-pressing). Usually, the apparent
density of the composiﬁe sheet yielded by the needle punching
and/or the water jet punching is from about 0.02 to 0.20 g/cm’.
When this sheet is carbonized as it is, the resultant does not
easily gain electroconductivity necessary for an electrode
substrate. In this step, the compressing treatment is
preferably conducted to set the apparent density‘of the
composite éheet into the range of 0.3 to 1.3 g/cm3. In this

case, depending on the rawmaterial composition and the spinning
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" conditions, appropriate conditions for the compressing
treatment are varied. However, while the situation of the
treatment is checked, the temperature, the pressure, the and
compression rate are controllable. The compression 1is
generally performed preferably at 100°C or higher, more
preferably at 130°C or higher to produce a compression effect.
If the temperature is too high, the fibers are easily melted
or deteriorated. The temperature is preferably 400°C or lower,
more preferably 250°C or lower. It is particularly preferred
toconductthecompressingtreatmeﬁtatzatemperaturewhichdoes
not permit the fiber fabric having a‘carbonization yield of 20%
or less to be melted since this treatment does not cause a large
change of the fiber axis direction of the fibers having a
carbonization yield of 30% or more that are present in the
openings of the fibér fabric having a carbonization yield of
20% or less.
'[0056]

<Firing step>

Subsequently, a firing step is performed in which the thus
produced composite sheet is fired to be made into a carbbn fiber
form. The method for the firing is not particularly limited
as far as the method is an ordinarily used method. The method
is preferably based on a heating treatment at 800°C or higher
in an inert atmosphere.

[0057]
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It is preferred to adjust appropriately conditions for
the hot-pressing treatment for producing the composite sheet,
and ones for the firing to preduce a carbon-fiber nonwoven cloth
having an apparent density of 0.2 to 1.0 g/cm® after the sheet
is made into a carbon fiber form.

[0058]

When the carbon-fiber nonwoven cloth is used as an
electrode substrate, it is preferred to subject the nonwoven
cloth to graphitizing treatment at a temperature of 2000°C or
higher.

[0059]

In the present invention, a binder may be supplied into
the composite sheet before the carbonization, or the
carbon-fiber nonwoven cloth after the carbonization. It is
preferred to supply the binder as a precursor thereof. The
binder is not particularly limited as far as the binder is fired
to be carbonized. Examples thereof include phenolic resin,
epoxXy resin, and acrylic resin. For improving
electroconductivity, the binder may be supplied, in the state
of a binder precursor solution in which, for example, carbon
black is dispersed, by immersing the composite sheet or nonwoven
cloth into the soluticn, or spraying the solution. When
carbonized, the composite sheet is shrunken to be changed in
form so as toeasily lose surface flatness; thus, it is preferred

from the viewpoint of the stability of the form and the surface
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" flatness to carbonize the composite sheet to be turned to a
carbon-fiber nonwoven cloth that is not shrunken any more,
supply the binder precursor thereto, and again carbonize the
material. In a case where the fibers having a carbonization
yield of 30% or more are melted to be bonded to each other, the
composite sheet is similarly shrunken to be changed in form when
carbonized. Consequently, the resultant nonwoven cloth easily
loses surface smoothness. Thus, this case would not be
preferable.

[0060]

Bbout the binder precursor to be supplied in the present
invention, the carbonization yield is preferably 30% or more,
more preferably 40% or more from the viewpoint of the
productivity.

[0061]

When the carbon-fiber nonwoven cloth of the present
invention is fired, the fiber fabric having a carbonization
yield of 20% or less is largely decreased in quantity so that
pores continuous in the plane direction and voids having a
diameter of 20 um or more are formed. When the carbon-fiber
nonwoven cloth of the present invention is pressed to make the
apparent density thereof large, the fiber fabric having a
carbonization yield of 20% or less functions as a spacer not
to compress the fibers which have a carbonization yield of 30%

or more and are present in the openings in the fiber fabric to
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’ penetrate the fabric. Thus, a carbon-fiber nonwoven cloth is
obtained which has a structure in which fibers of an inner layer
are oriented in tﬂe thiékness direction even after the firing.
Accordingly, in the case of using the carbon-fiber nonwoven
cloth of the present invention as a gaé diffusion electrode for
a fuel cell, the nonwoven cloth easily transmits gas or liquid
since the apparent density of the inner layer is small.
Additionally, the nonwoven cloth gains relatively high
electroconductivity since the fiber axes are directed into the
thickness direction.  Furthermore, use is made of the pores
continuous in the plane direction of the inner layer as a channel
for gas or liquid, thereby yielding a structure advantageous
in terms of costs that‘does not require a separator.
Examples
[0062]

In Examples, physical property values were measured by
methods described below.
[0063]

1. Void diameter

Ion beams were used to cut a test specimen in a direction
perpendicular to a surface thereof. One of the cross sections
was observed in its range over 5 mm in the surface direction.
Out of voids in the observed range, a void the maximum inscribed
circle of which had a maximum diameter was measured. The

diameter of the maximum inscribed circle was defined as the
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" diameter of the voids.
[0064]

2. Apparent density

According to JIS L 1913 6. 1 (thickness (A-method)), 10
test specimens of 5 cmx 5 cm size were collected. An automatic
compression elasticity-thickness tester (model: CEH-400,
manufactured by Daiei Kagaku Seiki Mfg. Co., Ltd.) was used to
measure the respective thicknesses of the test specimens under
an applied pressure of 0.5 kPa after 10 seconds of the
application. The average of the measured values was calculated
out as the thickness, and then from this thickness, the size
(5cmx5cm), and the weight, the apparent density was calculated
by rounding off thekcalculated value to two decimal places.
[0065]

3. Gas permeation resistance

A test specimen (diameter: 50 mm) was sandwiched between
discs having an inside diameter of 12 mm and an outside diameter
of 100 mm, and then a pressure cof 1 MPa was applied to the test
specimen. Air was supplied at a flow fate of 1.0 L/minute into
a hollow portion of one of the discs while a hollow portion of
the other disc was opened to the atmospheric air. The
supply-side pressure (difference between the supply-side and
opened-side pressures) at this time was defined as the gas

permeation resistance.

[0066]
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4. Electric resistance

A test specimen (20 mm x 20 mm) was sandwiched between
gold-plated copper plates 100 mm x 100 mm in size, and then a
pressure of 1 MPa was applied to the test specimen. A current
of 1.0 A Qas caused to flow between the copper plates. A
difference between the electric resistance at this time and that
measured when the test specimen was not sandwiched therebetween
was defined as the electric resistance.

[0067]

<Production Example 1 (dry web)>

A copolymer composed of 99.4% by mole of acrylonitrile
and 0.6% by mole of methacrylic acid was used to yield
polyacrylonitrile (PAN) fiber bundles each made of 12,000
filaments and having a fineness of 1 dtex by a dry and wet
spinning method. The resultant PAN fiber bundles were heated
at a stretch ratio of 1.05 in air having a temperature of 240
to 280°C to yield PAN flame-resistant yarns (density: 1.38
g/cm®) .

[0068]

Next, a push-in type crimper was used to convert the PAN
flame-resistant yarns to crimped yarns. The number of crimps
in the resultant crimped yarns, which were in a zigzag form,
was 7.1/25-mm, and the crimp pefcentage was 12.7%. The
flamé—resistant yarns were cut into a number-average fiber

length of 76 mm, and then a card and a cross lapper were used
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to render the resultant a dry web having a weight per unit area
of 60 g/m?. |
[0069]

<Production Example 2 (woven cloth)>

A PET (polyethylene terephthalate) component having an
intrinsic viscosity of 0.66 was spun and stretched to yield
fibers having a fineness of 56 dtex and 48 filaments. These
fibers were twisted at 2400 T/m intoc an S twist form, and then
set by steam at 75°C. In the same way, the fibers were twisted
at 2400 T/m into a 2 twist form, and then set by steam at 75°C
to yield yarns. The S-twisted yarns and the Z-twisted yarns
were alternately arranged as warps, and the S-twisted yarns were
used as wefts to produce a woven cloth (fiber fabric) having
a weave texture of plain weave, a weave density of 93 x 64
yarns/2.54-cm, and a weight per unit area of 60 g/m?.
<Production Example 3 (wet web)>

A copolymer composed of 99.4% by mole of acrylonitrile
and 0.6% by mole of methacrylic acid was used to yield
polyacrylonitrile (PAN) fiber bundles éach made of 12,000
filaments and having a fineness of 1 dtex by a dry and wet
spinning method. The resultant PAN fiber bundles were heated
at a stretch ratip of 1.05 in air having a temperature of 240
to 280°C to yield PAN flame-resistant yarns (density: 1.38
g/cm’), and then the yarns were fired at 1500°C in a nitrogen

atmosphere (first carbonization) to produce PAN carbon fibers
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" (density: 1.77 g/cm).
[0070]

Next, the PAN carbon fibers were cut into pieces of 5 mm
length, and 70 parts by weight of the cut fibers were mixed with
30 parts by Qeight of PVA fibers of 5mm fiber-length as a binder
into a uniform state, and then the resultant was subjected to
papermaking treatment to produce a wet web having a weight per
unit area of 20 g/m’.

(0071}

Example 1

The dry web of Production Example 1 was laminated onto
one surface of the woven cloth of Production Example 2, and the
resultant was needle-punched (NP) from the dry web side of the
laminate to yield a composite sheet, having an apparent density
of 0.10 g/cm®, in which the fibers constitutingvthe dry web
penetrated the woven cloth from one of the two surfaces of the
nonwoven cloth to the other surface (bonding step).

[0072]

The resultant composite sheet was compressed with a press
machine heated to 200°C to set the apparent density thereof to
O.SQ g/cm’® (hot-pressing step). |
[0073]

Next, the temperature of the composite sheet was raised
to é temperature of 1500°C in a nitrogen atmosphere to fire the

composite sheet (first carbonization). In this way, a PAN
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" carbon-fiber nonwoven cloth was yielded (firing step).
[0074]

A phenolic resin and graphite were supplied to this PAN
carbon-fiber nonwoven cloth to have quantities of 40 g/m® and
15 g/m?, respectively.

[G075]

The nonwoven cloth was again carbonized (second
carbonization) in a N, atmosphere in an electric furnace of
1500°C to yield a carbon-fiber nonwoven cloth. The resultant
carbon-fiber nonwoven cloth was observed with an X-ray CT. As
a result, it‘was verified that some of the fibers that had
constituted the dry web were continuous from one of the two
surface of the nonwoven cloth to the other surface. It was also
verified that the fibers were entangled with each other and
further the fibers were oriented in the thickness direction.
Evaluation results of the resultant carbon-fiber nonwoven cloth
are as shown in Table 1. The nonwoven cloth was high in gas
permeability and small in electric resistance.

[0076]

Example 2

The dry web of Production Example 1 was put onto a 30-mesh
polyamide 6 monofilament sheet (mesh sheet), and this laminate
was water-jet-punched (WJP) from the dry web side thereof to
yieldamxmpositesheet,havinganapparentdensityofO.ng/cmﬁ

in which the fibers that had constituted the dry web penetrated

33



CA 02888706 2015-04-17

" the sheet from one of the two surfaces of the sheet to the other
surface.
[0077]

This composite sheet was treated in the same way as in
Example].toyield?acarbon—fibernonwovencloth. The resultant
carbon-fiber nonwoven cloth was observed with an X-ray CT. As
a result, it was verified that some of the fibers constituting
the dry web were continuous from one of the two surface of the
nonwoven cloth to the other surface. It was also verified fhat
the fibers were entangled with each other and further the fibers
were oriented in the thickness direction. Evaluation results
of the resultant carbon-fiber nonwoven cloth are.as shown in
Table 1. The nonwoven cloth was high in gas permeability and
small in electric resistance.

[0078]

Example'3

A carbon-fiber nonwoven cloth was yielded in the same way
as in Example 1 except that a dry web, the weight per unit area
of which was 1/2 of that of the web of Production Example 1,
was laminéted dnto each side of the woven cloth of Production
Example 2. The laminate was needle-punched alternately from
one of the two surfaces thereof and from the other surface. The
resultant carbon-fiber nonwoven cloth was observed with an
X-ray CT. As a result, it was verified that some of the fibers

that had constituted the dry web were continuous from one of
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the two surface of the nonwoven cloth to the other surface. It
wasalsoverifiedthatthefiberswereentangledwitheachothef
and further the fibers were oriented in the thickness direction.
Evaluation results of the resultant carbon-fiber nonwoven cloth
are as shown in Table 1. The nonwoven cloth was high in gas
permeability and small in electric resistance.
[0079]

Example 4

A carbon-fiber nonwoven cloth was yielded in the same way
as in Example 1 except that after the supply of the phenolic
resin and the graphite before the carbonization, the material
was fired in a N, atmosphere in an electric furnace of 1500°C
to make the PAN flame-resistant yarns into a carbon fiber form,
decomposing and removing the woven cloth, and carbonizing the
phenolic resin simultaneously. The resultant carbon-fiber
nonwoven cloth was observed with an X-ray CT. As a result, it
was verified that some of the fibers that had constituted the
dry web were continucus from one of the two surface of the
nonwoven cloth to the other surface. It was alsc verified that
thefiberswereentangledwitheachotherandfurtherthefibers
were oriented in the thickness direction. Evaluation results
of the resultant carbon-fiber nonwoven cloth are as shown in
Table 1, and the nonwoven cloth was high in gas permeability
and small in electric resistance.

[0080]
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Comparative Example 1

A carbon-fiber nonwoven cloth was yielded in the same way
as in Example 1 except that the woven cloth of Production Example
2 was not laminated and the needle punching wés performed
alternately from one of the two surfaces of the material and
from the other surface. Evaluation results of the resultant
carbon~fiber nonwoven cloth are as shown in Table 1. No voids
having a diameter of 20 pm or more were formed so that this
example was poorer in gas permeability than Example 1.
[0081]

Comparative Example 2

A carbon-fiber nonwoven cloth was yielded in the same way
as in Example 1 except that the needle punching was not performed
so that the fibers constituting the dry web did not penetrate
the woven cloth from one of the two surfaces thereof to the other
surface. The resultant carbon-fiber nonwoven cloth was
observed with an X-ray CT. As a result, the fibers that had
constituted the dry web were not continuous from one of the two
surface of the nonwoven cloth to the other surface. Moreover,
the fibers were not entaﬁgled with eac;h other. Furthermore,
the fibers were not oriented in the thickness direction.
Evaluation results of the resultant carbon-fiber nonwoven cloth
are as shown in Table 1. This example was larger in electric
resistance than Example 1.

[(6082]
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Comparative Example 3

The wet carbon fiber web of Production Example 3 was
laminated onto each side of a 30-mesh polyamide 6 monofilament
sheet (mesh sheet), and then the laminate was’compressed with
a press machine heated to 200°C (hot-pressing step) .

[0083]

Next, the temperature of the material was raised to a
temperature of 1500°C in a nitrogen atmosphere to fire the
material (second carbonization). In this way, a PAN
carbon-fiber nonwoven cloth was yielded (firing step). The
resultant carbon-fiber nonwoven cloth was observed with an
X~-ray CT. As a result, the fibers that had constituted the dry
web were not continuous from one of the two surface of the
nonwoven cloth to the other surface. Moreover, fhe fibers were
not entangled with each other, and further the fibers were not
oriented in the thickness direction. Evaluation results of the
resultant carbon-fiber nonwoven cloth are as shown in Table 1.
This example was larger in electric resistance than Example 2.
[0084]

Comparative Example 4

A carbon-fiber noﬁwoven cloth was yielded in the same way
as in Example 1 except that no compressing treatment was
conducted before the first firing. The resultant carbon-fiber
nonwoven cloth was low in apparent density. Evaluation results

thereof are as shown in Table 1. This example was larger in
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electric resistance than Example 1. At the pressure of 1 MPa,
which was given for the evaluation, the carbon-fiber nonwoven
cloth was broken, so that a large amount of powder of the

carbonized matter remained on the measuring stage.
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CLAIMS:

1. A carbon-fiber nonwoven cloth, having two opposing surfaces
parallel toaplane defined by the nonwoven cloth, the nonwoven cloth
comprising carbon fibers, at least one part of the carbon fibers
being continuous from one of the two opposing surfaces to the other
of the two opposing surfaces, the nonwoven cloth having voids located
therein, each void having a diameter of 20 um or more and being
continuous in a direction parallel to the plane, the nonwoven cloth

having an apparent density of 0.2 to 1.0 g/cm3.

2. A carbon-fiber nonwoven cloth, the nonwoven cloth comprising
carbon fibers, at least one part of the carbon fibers being entangled
with each other, and at least one part of the carbon fibers being
oriented in a direction perpendicular to a plane defined by the
nonwoven cloth, the nonwoven cloth having voids located therein,
each void having a diameter of 20 um or more and being continuous
in a direction parallel to the plane, the nonwoven cloth having an

apparent density of 0.2 to 1.0 g/cm3.

3. The carbon-fiber nonwoven cloth according to claim 1 or 2,

wherein the voids, the diameter of which is 20 um or more, are used

as a gas channel.

4, The carbon-fiber nonwoven cloth according to any one of
claims 1 to 3, for use as a gas diffusion electrode for a polymer

electrolyte fuel cell.

5. A gas diffusion electrode for a polymer electrolyte fuel cell
comprising the carbon-fiber nonwoven cloth recited in any one of

claims 1 to 4.
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6. A polymer electrolyte fuel cell comprising the carbon-fiber

nonwoven cloth recited in any one of claims 1 to 4.

7. A method for manufacturing a carbon-fiber nonwoven cloth,
comprising: a bonding step of laminating a web comprising fibers
each having a carbonization yield of 30% or more, and a fiber fabric
having a carbonizationyield of 20% or less to each other, and bonding
the web and the fiber fabric to each other by needle punching and/or
water jet punching; a hot—-pressing step of hot-pressing the web and
the fiber fabric bonded to each other to produce a composite sheet;
and a firing step of firing the composite sheet to be made into a
carbon fiber form so as to form voids each having a diameter of
20 uym or more which are continuous in a direction parallel to a plane
defined by the carbon fiber form, wherein the carbon fiber form has

an apparent density of 0.2 to 1.0 g/cm3.

8. The method for manufacturing a carbon-fiber nonwoven cloth
according to claim 7, wherein the web is laminated onto one surface

of the fiber fabric in the bonding step.

9. The method for manufacturing a carbon-fiber nonwoven cloth
according to claim 7 or 8, wherein in the firing step, the composite
sheet, which has been made into the carbon fiber form by the
once-performed firing, is subjected to a carbonizing treatment of
bonding a binder precursor having a carbonization yield of 30% or
more to the composite sheet, and firing the binder-precursor-bonded

composite sheet again.

i0. A composite sheet, comprising a web comprising fibers each
having a carbonizationyield of 30% or more, anda fiber fabric having
a carbonization yield of 20% or less, wherein at least one part of
the fibers having a carbonization yield of 30% or more penetrate
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the fiber fabric having a carbonization yield of 20% or less, wherein
when the composite sheet is carbonized, the fiber fabric form voids
each having a diameter of 20 um or more which are continuous in a
direction parallel to a plane defined by the composite sheet and
the composite sheet has an apparent density in the range of 0.2 to

1.0 g/cm3.

42

Date Regue/Date Received 2020-10-16



CA 02888706 2015-04-17

Drawings

S-5500 5.0kV -0.5mm x100 SE

Figure 2



CA 02888706 2015-04-17







	Page 1 - COVER_PAGE
	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 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - CLAIMS
	Page 46 - CLAIMS
	Page 47 - CLAIMS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - REPRESENTATIVE_DRAWING

