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ABSTRACT

Ametallic separator according toa first embodiment
1s formed by obtaining a blank by rolling a metallic
material having conductive 1nclusions, and removing a
surface of the blank by 2 or more of the thickness of
the blank. A metallic separator according to a second
embodiment is formed by pressing a metallic plate so as
to have a cross section including ridges and grooves
alternatively, and removing parts of the ridged portions
sO as to make flattened surfaces. A metallic separator
having conductive 1inclusions 1n 1ts metal texture
according to a third embodiment is formed by blasting
a liquid containing two or more kinds of abrasives having
different particle diameters to a blank after it has been
rolled. A metallic separator having conductive
inclusion in 1ts metal texture according to a fourth
embodiment 1is formed by blasting a passivation treatment

liguid mixed with abrasives to the separator.

43



10

25

CA 02413558 2003-02-06

FUEL CELL METALLIC SEPARATOR AND METHOD

FOR MANUFACTURING SAME

Background of the Invention

Field of the Invention

The present 1nvention relates to a metalllc
separatorwhichisinstalledinaproton-exchangemembrane

fuel cell and a method for manufacturing the same metallic

separator.

Description of the Related Art

In aproton-exchange membrane fuel cell, a laminated
body in which separators are laminated on both sides of
a flat plate-like membrane electrode assembly (MEA)1s
made to be one unit, and a plurality of units are stacked
together toforma fuel cell stack. Themembraneelectrode
assembly 1s of a three-layer construction i1in which an
electrolyticmembrane comprising an lon—-exchangilng resin
1s held between a palir of gas diffusion electrodes which
constitute a positive pole (cathode) and a negative pole
(anode) . The gas diffusion electrode 1s such that a gas
diffusion layer is formed on the outside of an electrode
catalyst layer which contacts the electrolytic membrane.
In addition, the separator 1s laminated in such a manner

as to be brought into contact with the gas diffusion
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electrode of the membrane electrode assembly, whereby
a gas flow path through which gas 1s allowed to flow and
a coolant flow path are formed between the separator so
laminated and the gas diffusion electrode. According to

h the fuel cell, for example, when hydrogen gas which 1s
fuel 1s allowed to flow through a gas flow path which
faces the gas diffusion electrode on the negative pole
si1de, whereas oxide gas such as oxydgen or air 1s allowed
to flow trough a gas flowpathwhich faces thegasdiffusion

10 electrode on the positive pole side, an electrochemical
reaction occurs and current 1s generated.

The separators need to have a function to supply
electrons generated through a catalytic reaction of
hydrogengasonthenegativepolesidetoanoutsidecircuilt,

15 as well as a function to supply electrons from the outside
circult tothepositivepoleside. Tothisend, conductive
materials, such as graphite and metallic materials, are
used for the separators. In particular, the metallic
materlals are considered to be advantageous 1n that they

200 have superior mechanical strength and that they can be
formed 1nto a thin plate which can eventually provide
a separator light in weight and small in size. As the
metallic separator, there 1s a separator which 1s
manufactured by rolling stainless steel containing

256 conductive 1nclusions which are deposited and/or



<1

10

15

20

25

CA 02413558 2003-02-06

dispersed therein into a thin plate, and forming by
pressing the thin plate so as to have a cross section
constituted by alternate ridges and grooves so that the
grooves formed on front and back surfaces of the thin
plate are used for the gas flow paths and coolant flow
paths. The conductive 1nclusions are such as ¢to
contribute to the 1improvement 1n power generating
performance by forming a conductive path.

With the metallic separators so constructed, the
ridges surfaces are brought 1nto contact with gas
diffusion electrodes of the membrane electrode assembly
in a state 1n which the separators are assembled to the
membrane electrode assembly. The ridged portions are
formed 1into a trapezoid having sides which are slightly
inclined so that the separator can easily be removed from
the dié after pressing. In addition, corners which are
transitional portions from the surface of the ridged
portion to the sides are inevitably formed i1into a round
shape (R-shape) by bending. These constitute
restrictions on the enlargement of actual contact areas
to the membrane electrode assembly at the surfaces of
the ridged portions. A reduction in contact area of the
separator to the membrane electrode assembly leads to
an 1increase 1n contact resistance and prevents the

improvement of power generatingperformance. Therefore,
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the enlargement of the contact area 1s desired. In
addition, some of separator, the surfaces of the ridged
portions are each close to the round shape as a whole
and hence their flattened surfaces become limited. As
this occurs, 1t 1s difficult to ensure that a desired
surface pressure 1s obtained at the surfaces the ridged
portions which are in contact with the membrane electrode
assembly, this also leading to an 1ncrease 1n contact
resistance.

Further, when stalnless steel 1n which conductive
inclusions are deposited and/or dispersed is rolled into
a thin plate, there may be caused a case where an abnormal
layer is produced on the surface of the thin plate in
which conductive inclusions which are broken extremely
finelybyrolling are caused to aggregate. 1In case a fuel
cell 1s constituted by separators 1n which the abnormal
layers exist on the surfaces thereof and 1s then put in
operation, the conductive 1nclusions existing in the
abnormal layers drop, which leads to deterioration in
power generating performance.

Moreover, 1n the manufacture of separators as has
been described above, since there exists a surface
rolling-affected layer on a stainless steel plate, the
steps are requilired of grinding to remove the surface

rolling-affected layer so as to allow good conductive
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inclusions that have not been affected by rolling to be
exposed on the surface of a base metal and, furtﬁermore,
allowing the exposed conductive 1nclusions to protrude
so as to reduce the contact resistance. However, there
has existed a problem that a naturally oxidized fi1lm 1s
formed on the surface of the base metal between the step
of grinding and removing the surface rolling-affected
layer and the step of allowing the conductive 1nclusions
to protrude. Once a naturally oxidized film 1s formed
on the surface of the base metal, even 1f the step of
allowing the conductive 1nclusions to protrude 1s
implemented thereafter, the effect on the 1mprovement
in conductivity by the step of allowing the conductive
inclusion to protrude cannot be obtained sufficiently
due totheexistenceof thenaturallyoxidizedfilm. Owilng
to this, in order to obtain sufficient conductivity, a
complicated step must be implemented further, leading
to another problem that the production costs are
lncreased.

Further, after the process of grinding to remove
thesurfacerolling-affectedlayerssothat theconductive
inclusions are allowed to protrude 1in the vicinity of
the surfacesof thestailnless steelplate tothereby reduce
the contact resistance, a process 1s conducted of

applying tonewly produced surfaces of thestainless steel
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plate a treatment for providing corrosion resistance
thereto. 1In related art, the passivation treatment has
been used for providing the corrosion resistance to the
newly produced surfaces. However, there has been
exlstingaproblemthat anaturallyoxidizedfilmis formed
on the newly produced surface during the passivation
treatment. The naturally oxidized fi1lm 1s inferior to
a film 1n a passive state 1n corrosion resistance, and
therefore, a further provision of corrosion resistance
has been required. However, even 1f the passivation
treatment 1s 1mplemented after a naturally oxidized film
has been formed, the naturally oxidized film interrupts
the passivation of the newly produced surface, and
therefore, the corrosion resistance improvement effect
by the passivation "treatment cannot be attained
sufficiently. Duetothils, inorder toobtainasufficient
corrosion resistance, a further complicated step has to
be 1mplemented, this leading to another problem that the

production costs are increased.

Summary of the Invention
Afirst object of thepresent invention is to provide
a fuel cell metallic separator formed by pressing so as
Lo have a cross section constituted by alternate ridges

and grooves wherein contact areas of surfaces of ridged
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portions to a membrane electrode are enlarged to secure
adesiredsurfacepressure, whereby thecontact resistance
is reduced to thereby 1improve the power generating
performance and a method for manufacturing the same
separator.

A secondobjectof thepresent 1nventionis toprovide
a fuel cell metallic separator manufactured by rolling
ametallicmaterial having conductive inclusions, wherein
the fuel cell metallic separator 1s not affected by
abnormal layers of conductive inclusions produced on the
surfaces thereof by rolling, whereby its power generating
performance is attempted to be i1mproved, as a result,
and a method for manufacturing the same separator.

A thirdobject of the present invention is to provide
a method for manufacturing a fuel cell metallilic separator
in which grinding a surface rolling-affected layer on
a base metal and allowing conductive 1nclusions to
protrude can be i1mplemented 1in a single step.

A fourthobjectof thepresent inventionistoprovide
a method for manufacturing a fuel cell metalllc separator
in which a passivation treatment can be applied to newly
produced surfaces obtained by grinding on a base metal
at the same time as the grinding to remove surface
rolling-affected layers.

In order to accomplish the first object above, the
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following means are adopted. According to a first aspect
of the present 1nvention, there 1s provided a fuel cell
metallic separator comprising:

a metallic plate having alternatively ridges and
grooves 1n a cross section which are formed by pressing,
each of the ridge portions having a flattened surface
which 1s brought i1nto contact with a membrane electrode
assembly, the flattened surface being formed by removing
a part of the ridged portion after pressing.

Inthe fuel cell metallic separator, 1t 1ispreferable
that a removed amount of the surface of the ridged portion
1s 3um or larger.

Further, according to a second aspect of the present
invention, there 1s also provided a method for
manufacturing a fuel cell metallic separator comprising:

forming a metallic plate having alternatively
ridges and grooves 1n a cross section, by pressing, and;
removing a part of each of the ridged portions so that
each of the ridge portions has a flattened surface. 1In
this method, i1t is preferable that a removed amount of
the surface of the ridged portionis equal to or larger
than 3um. As a method for removing the surface of the
ridged portion, there are an electrochemical method such
as electrolyticetching, achemical method suchas etching

and a physical method such as cutting or sandblasting.
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Further, the inventor came to know that the thickness
of the abnormal layer produced on the surfaces of the
separator by rolling 1s something like 1n the order of
2% oi the total thickness, and therefore the present
inventionwaseventuallycompletedbasedonthis knowledge.
Namely, 1n order to accomplish the second object above,
according to a third aspect of the present 1invention,
there is provided a fuel cell metallic separator formed
by rolling a metallic material having conductive
inclusions and removing a surfaceof themetallicmaterial
after rolling by an amount corresponding to 2% or more
of a thickness of the metallic material after rolling
so that the conductive inclusions are allowed to protrude
from the surface of the metallic material after rolling.

According to the fuel cell metallic separator of
the third aspect of the present invention, since the
surfaces of the separator are removed by 2% or more of
the thickness of themetallic material after thematerial
has been rolled, abnormal layers produced on the surfaces
of the metallic material by rolling are removed.
Therefore, the surfaces of themetallic material are made
good and the conductive 1inclusions are allowed to protrude
therefrom. Due to this, when the metallic separators so
manufactured are incorporated i1in a fuel cell, the contact

resistance relative to a membrane electrode assembly 1s
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reduced to thereby improve 1ts power (dJdenerating
performance.

Further, acgording to a forth aspect of the present
lnvention, there 1s also provided a method for
manufacturing fuel cell metallic separator comprising:

obtaining a blank by rolling a metallic material
having conductive 1inclusions, and;
removing a surface of the blank by an amount corresponding
to 2% or more of a thickness of the blank so that the
conductive inclusions are allowed to protrude from the
surface of the blank. As a method for removing the
surfaces, there are an electrochemical method such as
electrolytic etching, a chemical method such as etching
and a physical method such as cutting or sandblasting.

In addition, 1in a case where the blank 1s formed
into a final separator shape by pressing the blank 1n
such a manner as to form alternate ridges and grooves
on the blank, the surface removing step may be 1implemented
either before or after the blank is pressed. For the
separator so pressed, since surfaces of ridged portions
constitute contact portions to the membrane electrode
assembly, the present invention may be limited such that
the surface removing process according to the present
invention is applied only to the surfaces of the ridged

portions. Furthermore, inorder to improve the corrosion

10
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resistance, apassivationtreatmentmay finallybeapplied
to the surfaces of the separator.

In order to accomplish the third object above,
according to a fi1fth aspect of the present invention,
there 1s provided a method for manufacturing a fuel cell
metallic separator having conductive 1nclusions 1n 1ts
metallic texture, comprising:
blastingaligquidcontaining twoormore kindsof abrasives
having different particle diameters to a blank that has
been rolled.

There exi1sts, 1n its metal texture of a blank for

a metallic separator, conductive 1inclusions having a

hardness higher than that of a base metal. Therefore,
normally, amethod for manufacturing a fuel cell metallic
separator requires steps of grinding the surface of the
base metal for removing the conductive inclusions as well
as the parent phase and grinding only the surface of the
base metal so as to allow the conductive inclusions to
protrude. A wet-blasting method is used as one of common
means used in these steps. 1In general, this is a method
forblastingaliquidcontainingasinglekindof abrasives
from a slit-like 1njection port to a body to be ground.
In the step of grinding to remove the surface of the base
metal, abrasives having a large particle diameter are

usedwhichcanproduce kineticenergywhichis large enough

11
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in magnitude to grind conductlive 1nclusions as well as

the parent phase. In contrast, 1n the step of allowing

the conductive 1inclusions to protrude, abrasives having

a small particle diameter are used which can produce

Hh kineticenergywhichissmall but large enough inmagnitude
to grind only the surface of the base metal.

On thecontrarytothis, themethod formanufacturing

a fuel cell metallic separator according to the present

lnvention uses a specificwet blastingmethod for blasting

100 a liguid contalning two or more kinds of abrasives having

different particle diameters to a separator.

Consequently, according to the present i1invention, not

only the parent phase but also the conductive 1nclusions

are ground to be removed by the abrasives having a large

1> particle diameter, and at the same time as this occurs,

only the surface of the base metal 1s ground by the

abrasives having a small particle diameter. Therefore,

allowing the conductive inclusions to protrude as well

as grinding and removing the surface of the base metal

200 can be 1mplemented in a single step, whereby the formation

of a naturally oxlidized film on the surface of the base

metal can be prevented and a superior conductivity

improving effect canbe obtained. Inaddition, according

to the present 1invention, since the related-art

25 complicated steps are no more regquired, there can be

12
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provided an advantage that the production costs can be
reduced to a lower level. Furthermore, in the fuel cell
using the separators, a superior power generating voltage
can be exhibited.

In addition, the step of blasting the 1liguid
contalning twoor more kinds of abrasives havingdifferent
particle diameters may be carried out after the separator

blank hasbeenpressedor beforethepressing 1s completed.

Furthermore, 1n the manufacturing method according to
the present 1nvention, a passivation treatment 1s
prefierably applied to the surface of the separator blank,
and this passivation treatment applying ste.p may be
1mplemented in any step after the wet-blasting step has
been completed. In addition, any passivation treatment
liquid may be used provided that the liquid can form a
passive-state film on the surface of the base metal of
the separator.

Further, i1n order to accomplish the fourth object
above, according to the sixth aspect of the present
invention, there i1s provided a method for manufacturing
a fuel <cell metallic separator having conductive
inclusions in its metal texture, the method comprising:
blasting a passivation treatment 1liquid mixed with
abrasives to the separator.

As a common method for grinding a fuel cell metallic

13
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separator using a wet-blasting process, there 1s a method
inwhicheaseparatorkxmn/tobeqnxnnmiisgroundknﬂbiasting
water mixed with' abrasives to the separator body from
a slit-like injection port. On the other hand, in the
)y method for manufacturing a fuel cell metallic separator
according to the present invention, aunique wet-blasting
process 1s used 1n which a passivation treatment liquid
mixed with abrasives 1s blasted to the separator.
According to this method, the surface rolling-affected
10 layersof theseparatorbegroundcanberemovedbyblasting
the abrasives to the separator surfaces so that the
conductive inclusions can be exposed. Further, at the
same time as this grinding process takes place, a
passivation treatment can be applied to newly produced
15 surfaces of the separator which results from the grinding
by blasting the passivation treatment liguid.
There is no limitation on the passivation treatment
liquid that 1s used 1in the method for manufacturing a
fuel cell metallic separator according to the present
20 invention provided that a film 1n a passive state can
be formedon the surface of thebasemetal of the separator.
In the present 1invention, however, the passivation
treatment liquidispreferablynitrideacid. Inaddition,
the process of blasting the passivation treatment liquid

260 mixed with the abrasives of the present invention may

14
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be implemented after the separator blank has been pressed

or before the pressing.

Brief Description of the Drawings

Fig. 1l isadiagramshowing the conceptof a separator

according to the present invention;

Fig. 2 is an image of a separator that represents

separators manufactured 1in examples of the present

invention;

Fig. 3 is a sectional view of a current collecting
portion (a portion where alternate ridges and grooves
are formed)of the separatorsmanufacturedintheexamples;

Fig. 4 is a graph showing the results of contact

resistances measured 1n the examples;

Fig. 5 is an image of a separator that 1s to be
manufactured in examples of the present invention;

Fig. 6 is an image of the surface of the separators
of the examples of the present i1nvention;

Fig. 7 is an image of the surface of separators of
Comparison Examples which correspond to those of the
invention;

Fig. 8 1is a graph showing measured contact
resistances of the examples of the present invention;

Fig. 9 is a graph showing measured corrosion current

densities of the examples of the present 1invention;

15
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Fig. 10 is a diagram showling a relationship between
power generating current density and power generating
voltage in a fuel cell using separators according to the
present invention and a comparlson example,; and

Fig. 11 isadiagramshowing therelationshipbetween
power generating voltage and power generating time in
a fuel cell using the separators of the example of the

present invention or the comparison example.

Detailed Description of the Invention

Fig. 1 1llustrates the concept of a separator
according toa first embodiment of the present invention,
in which a surface 11 of a ridged portion 10 1s removed
and a flattened surface 12 1s newly formed. In Fig. 1,
a shaded portion denotes a portion that 1s removed, and
a range indicated by “a” or the surface 12 constitutes
a contact surface which 1s brought i1nto contact with a
membrane electrode assembly. Incidentally, “b” denotes
a contact area to the membrane electrode assembly 1in a
state 1n which the surface 11 1s not removed or of the
related—-art ridged portion 10.

As is clear inFig. 1, thecontact surface isenlarged
by removing the surface of the ridge portion, and due
to this, a desired surface pressure relative to the

membrane electrode assembly 1s ensured, and the contact
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resistance 1s reduced to thereby 1mprove the power
generating performance. In a state 1n which the surface
of the ridge portion 1s removed, 1in case the round shape
of the corner portions generated by pressing 1s removed,
the contact area isenlarged further, which ispreferable.
Stainless steel 1s preferably used for ﬁhe separator
according to the present 1invention. Since stainless
steel 1in which nonmetal conductive 1nclusions which
constitute a conductive path are dispersed 1nto the
metaellic texture exhilibits good conductivity, 1t 1s
especially preferable as a material for fuel cell
separators. With such stainless steel being applied to
the present invention, the conductive 1nclusions are
allowed to protrude from the surface when the surface
of the ridge portion is removed, whereby the 1mprovement
1n function as the separator can be attempted. 1In case
an amount of the surface that i1s removed after pressing
lowers below 3um, the effect of reducing the contact
resistance relative to the membrane electrode assembly

cannot be obtained largely, and therefore, the removal

amount 1s preferably equal to or larger than 3um.
[Examples]
Next, examples of the present i1invention will be
described.

A. Manufacture of Separator

17
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[Examples 1 to 10]

An austenite stainless steel plate having a
thickness of 0.2mm'was pressed to obtaln a required number
of square separator blanks of 9Z2mm wide ana 8Z2mm long.
Fig. 2 shows these separator blanks each have a current
collecting portion having a cross section formed to have
alternate ridges and grooves at the center thereof and
a flat edge portion around the periphery of the current
collecting portion. Fig. 3 1llustrates part of the cross
section and dimensions of the current collecting portion
of the separator blank. Next, masking was applied to
interior surfaces of the grooves on both sides of the

separator blank, and only surfaces of ridged portions

on the sides of the separator blank were removed by

electrolytic étching to thereby flatten the surfaces.
As shown in Table 1, amounts (thicknesses) of the surfaces
that were removed were lyum, 2um, 3um, 4um, Spum, o6pm, /um,
10pum, 20pm and 50um, whereby 10 kinds of separators which

differ 1n removed amount were manufactured and they are
represented by Examples 1 to 10, respectively. Note that
an adhesive tape produced by Fleon Industries Co., Ltd.
under the trade name of F-7034 (0.8mm thick) was used
as a masking material. 1In addition, a phosphoric acid
electrolytic etching liquid produced by Jusco Co., Ltd.

under the trade name of 6C016 was used. Thenelectrolytic

18



CA 02413558 2003-02-06

etching was carried out 1in the following conditions;
temperature was 50 degrees centigrade and current d’ensity
was 0.125A/cm .
[Comparison Example]
H The separator blank 1n which the surfaces of the
ridged portions are not removed was made a separator of
comparlson example.

| Table 1]

- el R — Lan oo pp—. App—. P i, gy — i —r——————v it S — -

Removed AmountsuContact
(Lim) |Resistance

to MEA (mQ)/ cm- ")
68

e el A - ~Ai e i ~py— <y v ragpyiaiis

lComparison
[Example

- Ll e e N ey B — ey, e ———— e e, e— el B ety b ——p—ii, v

_Example 1
Example 2

PP b by, 41— —— e . Pt pepe P e - Lt e

Example 3

e ——— ——— e— v - . - e P ey ~— i ~ad— . e - ~ulPPy
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rExample 5

-
| Example 6

_--'-_-_-_.__.—__-‘—._-——*ﬂ'—‘l’— ey e . .Sl e e P e e
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L

Example 8
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Example 9

Spepda. . - S vl —r—r P — A el - S P e ——— ——— g PP v sl + r—————

Example 10

Ny ey S

P g S . S - A —

PR vr—rr Py R ey gl P = =l gy R eyl v =—a v e v er-v-vjdhudii

10
B. Measuring Contact Resistances
Next, fuel cell units were manufactured using the
separators of Examples 1 to 10 and the comparison example,
respectively, 1in which the separators of each example
15 were laminated on sides of a membrane electrode assembly
as an unit, and the units for each example were activated

to generate power to measure contact resistances of the

19



10

15

20

25

CA 02413558 2003-02-06

separators of those examples relative to the membrane
electrode assemblies. The results o0of the measurement
were also shown 1n Table 1, and the relationship between
the removed amount of the surface of the ridged portion
and contact resistance are graphed i1n Fig. 4.

As 1s clear from Fig. 4, 1t was verified that the
contact resistances of the separators of Examples 1 to
10 are far lower than that of the separator of the
comparlison example and that flattening the surface of
the ridged portion by removing part thereof contributed
to the 1mprovement of the power generating performance.
In particular, the contact resistance reduced remarkably
wlth the removedamount of thesurfaceoftheridgedportion
being 3um. Then, 1t was confirmed that same reduction
effect was expected by a further increase 1n removed
amount.

Next, the metallic separator according to a second
embodiment of the present invention will be explained.

An austenite stainless steel plate having conductive

inclusions 1s raised as a material for the separator
according to the second embodiment of the present
invention. Specifically speaking, an austenite
stalnless steel plate is used which contains respective
components shown in Table 2 and in the remaining portion

thereof Fe, B and unavoidable i1mpurities and in which

20
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Cr, Mo and B satisfy the following expression (1). B 1s
deposited on the surface as a boride of M B or MB type
and a boride of M (C, B):. type, and these borides are
conductive inclusions which form a conductive path on

5 the surface of the separator.

Cr{wti)+3xMo(wti)=-2.5xB{wtx)=17 . . . (1)
[Table 2]
c | si I ~wmMn [ p | s | Bl
<0.15] 0.01~1.510.01~2.5]=0.035| <0.011}| 0.001~
‘ : | l ' 0.2
| A N WU e e i —d ——— —— - — _— i

N_ Cu | N | cr | Mo
=0.3 0~ 3 ~7~50 17~30 | 0~7

——

(per cent by weilght)
10 [Examples])
Next, examples of the present invention will be
described.
A. Manufacture of Blank
A thinplate havinga thickness of 0.2mmwas obtained
15 Dby cold rolling a stalinless steel contailining respective
components shown in Table 3, as well as Fe and unavoidable
impuritilies 1n the remaining portion thereof with an
annealing process being suitably carried out during
pressing. Next, a requlred number of square blanks of
20 100mm wide and 100mm long were obtailined by cutting them

out of the thin plate so obtained.

21
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o }slj Fqn_ l;"p 75 ]1@“ :[Nir - F,r ]

1 0.073

0.28 10.1 20.9

0.13]0.015[0.001 [0.11

Mo |N Ti B
2.03 o 08 o 030 [0.60

(per cent by welght)
B. Surface Removing Process and Pressing
| Example 11]

The following wet-blasting process was applied to
both surfaces of the blank to thereby remove the surfaces
by 4pym. Alumina particles (produced by Fuji Selsakusho
Co., Ltd. under trade name of Fujirandom WA#300) having
a particle diameter of O0.3mm was mixed into water as
grinding particles, and thils grindihg particles mixed
water was blasted to the surfaces at a blasting pressure
of 1kg/cm” for 20 seconds. Next, this blank was pressed
into a predetermined separator shape to thereby obtain
a Separator of Example 11.

[Example 12]

After the blank was pressed 1nto a predetermined
separator shape, the same wet-blasting process as that
carrled out for Example 11 was applied to both surfaces
of the blank to thereby obtalin a separator of Example

12 1n which the surfaces were removed by 4umn.

([Example 13]
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The following chemical etching (nitro-hydrofluoric
acld etching) process was applied to the surfaces of the
blank to thereby remove the surfaces by Sum. An etching
liguid containing 209 of nitride acid and =@ of
hydrofluoric acid was held at 30 degrees centigrade and
was jet stirred, andtheblankwas submergedinthisetching
bath for 30 minutes. Next, the blank was then pressed
into a predetermined separator shape to thereby obtain
a separator of Example 13.

[Example 14]

After the blank was pressed 1into a predetermined
separator shape, the same chemical etching as that carried
out for Example 13 was applied to both surfaces of the
blank so as to remove the surfaces by Sum to thereby obtain
a separator of Example 14.

[Example 15]

The following sand blasting process was applied to
both surfaces of the blank so as to remove the surfaces
by 10pum. The alumina particles used for Example 11 were
alsousedas grindingparticles, and the alumina particles
in a dried state were blasted at a blasting pressure of
2kg/cm2 for 10 seconds. Next, the blank so sand-blasted
was then pressed into a predetermined separator shape
to thereby obtain a separator of Example 15.

[Example 16]
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After the blank was pressed 1nto a predetermined
separator shape, the same sand blasting process as that

carried out for Example 15 was applied to both suriace

of theblank so as to remove the surfaces by lUum tc thereby

obtain a separator of Example 1606.
[Comparison Examplé 11]

The blank was only pressed 1nto a predetermined
separator shape and no surface removing process was
carried out, the blank being made to be a separator of
Comparison Example 11.

[Comparison Example 12]

A separator of Comparison Example 12 was obtained
in the similar manner as Example 11 except that both
surfaces were removed by l.5um 1n amount.

[Comparison Example 13]

A separator of Comparison Example 13 was obtained

in the similar manner as Example 12 except that both

surfaces were removed by l.5um 1n amount.
[Comparison Example 14]

A separator of Comparison Example 14 was obtained

in the similar manner as Example 11 except that both

surfaces were removed by 2.5um in amount.
[Comparison Example 15]

A separator of Comparison Example 15 was obtalned

in the similar manner as Example 12 except that both
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surfaces were removed by 2.5um 1n amount.

Note that Fig. 5 shows a pressed separatcr which
is something liké those obtained 1n the examples of the
present i1nvention and the comparison examples, and this
separator has at the center thereotf a current collecting
portion which 1s pressed so as to have a Ccross section
constituted by alternate ridges and grooves and a flat
edge portion around the periphery o©of the current
collecting portion.

C. Observation of Surfaces

The surfaces of the separators of Example 11 and
Comparlison Example 11 wereobservedbyamlcroscope. Figqg.
© 1s an 1mage of the surface of the separator of Example
11. Fig. 7 1s an 1mage of the surface of the separator
of Comparison Example 11. It 1s observed that unbroken
good conductive inclusions having a particle diameter
of 1n the order of Sum were allowed to protrude from the
surface of the separatorof Example 11. On theother hand,
1t is observed that finely broken conductive inclusions
aggregated on the surface of the separator of Comparison
Example 11.

D. Measurement of Power Generating Voltage

Using the respective separators of Examples 11 to

16 and Comparison Example 11 to 15, respectively, fuel

cell units were manufactured in which the separators were
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laminated to both sides of a membrane electrode assembly

(MEA), and the fuel cell units so manufactured were then

activated to generate power to measure power generating
voltages when a current of 0.5A/cm2 was generated at such
timings at an initial point 1n time (0 hour) and points
in time; 10 hours has elapsed, 100 hours has elapsed,
2000 hours has elapsed and 3000 hours has elapsed,

respectively. The results were shown 1n Tables 4A and

4B together with manufacture processes (order of surface
removing process and pressing) and surface removed

amounts.

[Table 4A]

1'-—

Manufacture Processes Surface Removed
Amounts (pm)

Example llgwet—blasting'—>jpressing14

| Example 12Tpressing~>'wet~blasting|4

F W

Example 13 |nitro-hydrofluoric acid|>5
etching -> pressing

Example 14|pressing -> {5

| nitro-hydrofluoric acid |
|etching

Example 15 |sand blasting -> pressing |10

*

Example 16 |pressing -> sand blasting |10

Comparison |pressing only 0
Example 11

Comparlison {wet-blasting -> pressingjl.5
Example 12|

i

Comparilison pressing'~>wéf~blasting 1.5
Example 13

Comparison wEt—blasting'—> preésing 2.5
Example 14 o

[

Comparison |pressing -> wet—blasting{Z.S
Example 15
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[ Table 4B)
r%oﬁ%rwéenérazing Voltage 1V)1whgn current
of 0.5A/cm 1s generated
0 hour |10 [100 1000 2000  [3000
| . _+hours Fhours gunnxs'Jhours | hours
Example 11 (0.7 0.7 0.7 0.7 | 0.7 10.7
| Example 12 (0.7 [0.7  [0.7 0.7 0.7 10.7
Example 13 0.7 0.7 0.7 0.7 0.7 0.7
Example 14 0.7 |0.7 _ |0.7 0.7 ﬂ"lon ~ Jo.7
lExample 15 (0.7 0.7 0.7 0.7 0.7 0.7
Example 16 0.7 tb.7 *0.7 k0.7 i0.7 10.7
Comparlson 0.7 1 0.6 0.6 0.55 f0.43 0.24 |
l@xample 11 |
Comparison|[0.7 [0.69 [0.66 0.63 [0.59 [0.55
| Example 172
Comparison
Example 13

Comparison
Example 14

f

|

Comparison
Example 1505

As 1s clear from Table 2,

with the separators of

the examples of the present 1nvention, a power generating

voltage at the initial poilnt 1in time was sti1ill maintained

even at the point in time when 3000 hours had elapsed,

whereas with the separators of Comparison Examples,

1t

1s observed that the initial power generating voltage

was reduced with time,

of the present invention.

E. Effect of Passivation Treatment

this verifying the effectiveness

Next, the verification was made with respect to the

superiority resulting when a passivation treatment was
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finally applied to the surfaces of the separator.

(Example 17]

An electrolytic etching process was appllied to the
surfaces of the blank so as to remove the surfaces by

4pm . A phosphoric acid electrolytic etching 1liguid

(produced by Jusco Co., Ltd. under the tradenameof ¢6C016)
was held at 50 degrees centigrade, a current having a
current density of 0.125A/cm~ was conducted through the
etching liquid, and the blank was submerged 1n the etching
bath for 10 minutes. Next, the blank was then pressed
into a predetermined separator shape. Finally, the
pressed separator was submerged for 10 minutes 1na liquid
bath containing 50 per cent by weight of nitride acid
for passivation treatment of the surfaces to thereby
obtain a separator of Example 17.
[Comparison Example 16]

The same passivation treatment as done for Example
17 was applied to the separator of Comparison Example
11 to thereby obtain a separator of Example 16.

The separators of Example 17, Comparison Example
11 and Comparison Example 16 were brought into contact
withmembraneelectrode assembly, respectively tomeasure
contact resistances of the respective separators. The
results of the measurements were shown in Fig. 8. In

addition, corrosion current densities of the separators
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of Example 17, Comparison Example 11 and Comparison
rxample 16 weremeasured. Theresultsof themeasurements
were shown 1n Fig: 9. As 1s clear from the results, the
separator of Example 17, to the surfaces of which the
passivation treatment was applied, showed the lowest
values for both contact resistance and corrosion current
density. Consequently, 1t can be expected that a
separator tothe surfaces of whichapassivationtreatment
is appliedexhibitsahigher power generatingperformance.

Next, the metallic separator according to a third
embodiment of the present 1nvention will be explailned.
An austenite stainless steel plate having conductive
inclusions is raised as a material for the separator
according to the third embodiment of the present invention,
as 1s the case with that of the second embodiment of the
present invention. That is, anaustenite stainless steel
plate 1s used which contains respective components shown
1n Table 2 above and in the remaining portion thereof

Fe, B and unavoidable impurities and in which Cr, Mo and

i

B satisfy the above—-mentioned expression (1), B 1is
deposited on the surface as a boride of M:B or MB type

and a boride of M:3(C, B): type, and these borides are

conductive inclusions which form a conductive path on
the surface of the separator.

[Example]
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Next, the effectiveness of the present 1nvention
will bedescribed indetail using anexample of the present
invention.

A. Manufacture of Separator

<Example>

An austenite stailinless steel plate contailning
respective components shown in Table 5and in theremalning
portion thereof Fe and unavoidable 1mpurities was cut
into a square shape which i1s 100mm wide and 100mm long

totherebyobtainablank for a separator. Next, tapwater

mixed with 33.3 per cent by weight of two kinds of alumina
particles whose particle diameters are o60pm and 180um,
respectively, at a welight ratio of 1 to 1 as grinding
particles and held at a temperature of 30 degrees
centigrade was sprayed to both sides of the blank from
a spray nozzle at a spraying pressure of 1kg/cm~ for 30
seconds, whereby grinding the parent phase and allowlng
conductive inclusions to protrude were 1mplemented using
the wet-blastiﬁg method. Next, the blank was rinsed and
after 1t dried out, the blank was pressed with a press
load of 50 tons and a separator according to the example

was obtained.
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[Table 5}

[c  Jsi [Mn [P [s a1l [N Jcu
10.073/0.28 [0.13]0.015/0.001 |0.08,0.03 ]0.11

Phlpy—.

Ni Jcr Mo |B
10.1 [20.9 [2.03 ]0.60 |

(per cent by weight)
<Comparilison Example.

Next, tap water mixed with 33.3 per cent by welght
of alumina particles whose particle diameters 1s 180um
as grinding particles and held at a temperature of 30
degrees centigrade was spraved tobothsides of aseparator
blank which was similar to one used for the example from
a 'spray' nozzle at a spraying pressure of lkg/cm- for 30
seconds, whereby grinding by the wet-blasting method was
implemented. Next, theblankwasrinsedandafter 1tdried
out, the blank was pressed with a press load of 50 tons
and a separator according to the example was obtained.
Next, tap water mixed with 33.3 per cent by weight cof
alumina particles whose particle diameters 1s 60um as
grinding particles and held at a temperature of 30 degrees
centigrade was sprayed to the sides of the separator blank
from the spray nozzle at the spraying pressure of 1kg/cm”
for 30 seconds, whereby allowing conductive inclusions
toprotrudewas implementedusing thewet-blastingmethod.
Thereafter, the blank was rinsed and after 1t dried out,

the blank was pressed with a press load of 50 tons and
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a separator according to the comparison example was

obtained.

R. Deterioration with Age of Power Generating Voltage

Manufactured using the separators of the example
of the present invention and the comparison example which
were obtained as has been described above were fuel cell

units in each of which the separators were laminated on

sides of a membrane electrode assemble (MEA), and the
units were activated so as to generate power and
deteriorations in power generating voltage as the power
generating current density increases weremeasured. The
results of the measurement are shown 1in Fig. 10.

As is clear from Fig. 10, with the fuel cell unit
using the separators of the example of the present
inventionwhichwasmanufacturedby implementingthesteps
of grinding a surface rolling-affected layer and allowing
conductive inclusions to protrude at the same time, the
deterioration in power generating voltage as the power
generating current density increases was extremely low
when comparedwith the fuel cell unit using the separators

of the comparison example whilich was manufactured by

implementing the steps of grinding a surface

rolling-affected layer and allowilng conductive

inclusions to protrude sequentially.

Next, the metallic separator according to a fourth
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embodiment of the present 1nvention will be explained.
An austenite stainless steel plate having conductive
inclusions 1s rdised as a material for the separator
according to the third embodiment of the present 1nvention,
as 1s the case with that of the second embodiment of the
present invention. That 1s, anaustenite stalnless steel

plate 1s used which contains respective components shown

in Table 2 and 1in the remaining portion thereof Fe, B

and unavoidable impuritiesandinwhichCr, MoandBsatilisfy

the above-mentioned expression (1), B 1s deposited on

the surface as a boride of M-B or MB type and a boride

of M-5(C, B): type, and these borides are conductive
inclusions which form a conductive path on the surface

of the separator.

[Example]

Next, the effectiveness of the present 1nvention
will bedescribed indetail using an example of the present
invention.

A. Manufacture of Separator
<Example>

An austenite stainless steel plate containing
respective components shown 1n Table 6, as well as Fe
and unavoidable impurities in the remaining portion
thereof and having a thickness of 0.2mm was cut 1nto a

square separator of 100mm wide and 100mm long to thereby
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obtalin a separator blank. Next, 5 per cent by weight of
nitride acidmixedwith 33.3 per cent by weight of alumina
particles having a particle diameter of 60pum as grinding
particles and held at 50 degrees centigrade was blasted
to both surfaces of the blank at a blasting pressure of
lkg/cm~ for 30 seconds so that grinding and passivation
treatment using thewet-blastingprocesswerethuscarried
out. Next, after it was rinsed and dried, the blank was
pressed with a press load of 50 tons to thereby obtain

a separator of an example of the present i1nvention.

[Table 6]

Al [N Jcu
0.08(0.03 |0.11

PPyl -

N i Cr Mo B
10.1 [20.9 [|2.03 |0.60

(per cent by weight)

<Comparison Example>

Tap water mixed with 33.3 per cent by weight of
alumina particles ha;ring a particle diameter of 60um as
grinding particles and held at 30 degrees centigrade was
blasted to both surfaces of the same blank as used for
the above example at a blasting pressure of 1lkg/cm- for
30 seconds and grinding using the wet-blasting process
was thus carried out. Next, the blank was submerged in
5 per cent by weight of nitride acid which was held at

50 degrees centigrade for 3 minutes and a passivation
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treatment was thus carriedout. Next, after 1t was rinsed
and dried, the blank was pressed with a press load of
50 tons to thereby obtailn a separator of a comparison
example.
B. Deterioration with Time of Power Generating Voltage
Fuel <c¢cell units were manufactured using the
separators of the example of the present invention and
the comparisonexample, respectively, whichwereobtained
as has been described above 1n which the separators are
laminated on both sides of a membrane electrode assembly
(MEA), and the units were activated to generate power,
whereby a deterioration in power generatlng voltage as
power generating time elapses when a current of 0.5A/cm"

was measured for each example. The results of the

measurements were shown in Fig. 11.

As is clear from Fig. 11, with the fuel cell unit
using the separators of the example of the present
invention in which no naturally oxidized film but a film
in a passive state was formed on the surfaces of the
separator and which is superior in corrosion resistance,
there was extremely 1little deterioration 1in power

generating voltage even if power was generated over a

long period of time. In contrast, with the fuel cell unit

using the separator of the comparison example 1n which

a film in a passive state was formed on the surfaces of
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the separator via a naturally oxidized fi1lm, 1t was found
that the power generating voltage was reduced as the power
generating time €lapsed.

Thus, as has been described heretofore, according
to the present 1invention, 1n the fuel cell metallic
separator formed by pressing so as to have a cross section
constituted by alternate ridges and grooves, the contact
area at the surface of the ridged portion 1s enlarged
by removing the surface of the ridged portion that 1is

brought into contact with the membrane electrode assembly

after pressing so as to make the flattened surface.
Therefore, the desired surface pressure can be ensured,
whereby the contact resistance relative to the membrane
electrode assembly 1s reduced, and as a result, there
can be provided an advantage that the power generating
performance 1is 1mproved.

As has been described heretofore, according to the
present invention, the abnormal layers produced on the
surfaces of the metallic material when 1t 1s rolled are
removed by removing the surfaces of themetallicmaterial
by 2% or more of the thickness of the metallic material
after the material has been rolled, and the resulting
surfaces become good and the conductive 1ncluslons are
allowed to protrude therefrom. Thus, there can be

provided anadvantage that thecontactresistancerelative
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to the entirety of the membrane electrode assembly 1s
reduced, whereby the improvement 1n power dgeneratilng
performance can Pe attempted.

As has been described above, according tothepresent
invention, since grinding the surface rolling-affected
layver of a base metal and allowing conductive 1nclusions
to protrude can be 1mplemented simultaneously by using
the unigue wet-blasting method 1n which the 1liguid
contalning twoor more kinds of abrasives havingdifferent
particle diameters 1s blasted to a blank after the blank
has been rolled, the formation of a naturally oxidized
film on the surface of the base metal can be prevented
to thereby obtailin a superior conductivity improvement
effect, and a fuel <cell using the separators so
manufactured can exhibit a superlor power dgenerating
voltage.

As has been described heretofore, according to the
present 1nvention, by using the unique wet-blasting
process 1n which the passivation treatment liquid mixed
wlith abrasives is blasted to the separator, the surface
rolling-affected layers of the separator can be ground
to be removed to thereby allow conductive inclusions to
be exposed by the abrasives so blasted, and at the same
time as this occurs, the passivation treatment can be

applied to newly produced surfaces of the separator which
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result fromthe grinding through blasting the passivation

treatment liguid to the separator.

38



10

15

20

25

CA 02413558 2003-02-06

What 1s claimed 1s:

1. A fuel cell metallic separator comprising:

a metallic 'plate having alternatively ridges and
grooves 1n a cross section which are formed by pressing,
each of the ridge portions having a flattened surface
which 1s brought 1nto contact with a membrane electrode
assembly, the flattened surface being formed by removing

a part of the ridged portion after pressing.

2 . A fuel cell metallic separator as set forth

in Claim 1, wherein a removed amount of the surface of

the ridged portion 1s 3um or larger.

3. Ameth'od formanufacturinga fuel cellmetallic
separator comprlising:

forming a metallic plate having alternatively
ridges and grooves in a cross section, by pressing, and;

removing a part of each of the ridged portions so

that each of the ridge portions has a flattened surface.

4 . Amethod for manufacturinga fuel cell metallic

separator as set forthinClaim 3, wherein a removed amount

of the surfaces of the ridged portions is 3um or larger.

5. A fuel cell comprising:
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a membrane electrode assembly; and

a metallic separator 1including a metallié plate
havingalternatively ridges and grooves inacross section
which are formed by pressing, each of the ridge portions
having a flattened surface which 1s brought 1nto contact
wlith the membrane electrode assembly, the flattened
surface being formed by removing a part of the ridged

portion after pressing.

6 . A fuel cell metallic separator formed by
rolling ametallic material having conductive inclusions
and removing a surface of the metallic material after
rolling by an amount corresponding to 2% or more of a
thickness of the metallic material after rolling so that
the conductive inclusions are allowed to protrude from

the surface of the metallic material after rolling.

7. A fuel cell metallic separator as set forth
in Claim 6, wherein the surface of the metallic material

is applied with a passivation treatment.

8 . A method for manufacturing fuel cell metallic
separator comprising:
obtaining a blank by rolling a metallic material

having conductive inclusions, and;
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removing a surface of the blank by an amount
corresponding to 2 or more of a thickness of the blank
so that the conductive inclusions are allowed to protrude

from the surface of the blank.

9. A method for manufacturing fuel cell metallic
separator as set forth i1in Claim 8, further comprising:

applying a passivation treatment to the surface of

the blank.

10.. Amethod formanufacturinga fuel cell metallic
separator having conductive 1nclusions in its metallic
texture, comprising:

blasting a liquid contalining two or more kinds of
abrasives having different particle diameters to a blank

that has been rolled.

11. A method for manufacturing fuel cell metallic
separator as set forth in Claim 10, further comprising:

applyling a passivation treatment to a surface of

the blank.

12. Amethod formanufacturinga fuel cell metallic
separator having conductive 1inclusions 1in 1ts metal

texture, the method comprising:
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blasting a passivation treatment ligquid mixed with

abrasives to the separator.

13. A method for manufacturing fuel cell metallic
separatoras set forthinClaiml2, whereinthepassivation

treatment liquid 1ncludes nitride acid.
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