Office de la Proprieté Canadian CA 2866812 C 2017/03/14
Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 866 81 2
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2013/03/07 (51) ClLInt./Int.Cl. HOIM /0273 (2016.01),
(87) Date publication PCT/PCT Publication Date: 2013/09/12 HOTM 8/241(20106.01), HOTM 8/2483(2016.01),

(45) Date de délivrance/lssue Date: 2017/03/14

HOTM 8/249(2016.01)
(72) Inventeurs/Inventors:

(85) Entree phase nationale/National Entry: 2014/09/09 NUMAO, YASUHIRO. JP:
(86) N° demande PCT/PCT Application No.: JP 2013/001444 KAGEYAMA, KAZUHIRO, JP

(87) N° publication PCT/PCT Pubilication No.: 2013/132860 (73) Proprietaire/Owner:

(30) Priontes/Priorities: 2012/03/09 (JP2012-053310);

2012/12/18 (JP2012-275479)

NISSAN MOTOR CO., LTD., JP
(74) Agent: MARKS & CLERK

(54) Titre : EMPILEMENT DE PILES A

COMBUSTIBLE ET PLAQUE D'’ETANCHEITE UTILISEE POUR CELUI-CI

(54) Title: FUEL CELL STACK AND SEAL PLATE USED FOR THE SAME

140

A

32

M< ¢
20

32

‘Il

N

P1
20

32

N

20
32

T A N AR AR AR A AT A '.

N e \\\\\\‘
\\\\\\\\\‘Qa...\\\\\}mgm\ﬁl \\\\\‘gﬁ&\\\\gx__‘_‘)_!\_

. U VT Y
VN A A A Ay Ae .'..

\\\\\\\\\\\\\\\\ \\\\\\\\\\)\_\\_\\l&_}\\\\
/ JAls Y imr:ﬁﬁim\\ ~ N2

'"...".-....."....‘ . £ s J s /7 / 7 [/ J v / [/ J /L S /L Jg

\\\.\\(\'{{2’;{(‘\-&’\\'\'{{:&\'{({('\(’\\\\"&'{;@

D T, . . N ﬁ““
L IR AR A A '....

-t../‘ ., i e -F'] S
&.\\\ Al alallaaaaaNN \\\\\\‘\\\\\\\\\\\\\\\ ANANANN

31 F3 9

/) Al 1

A A R S A AR A A T A T A A A A A R A N T A A A LA e

.l.. .0'.: .d:.l:'l‘. :.I o l .

At At N a" Y N A A it
- ¥ oo '. ......".'..."'........'...’".....’

-,.-.:-_.- e e R e AR GO
J ‘
H.-

E

-
rae sy

‘s -a--"-. OH) 2ttt ats ' sty at . tam Sedutan bl
' . FITEAM A R R B AR A A A N . S A LW R A R R A N A R Y

r-‘ SRR R I RN - e B Al -““““‘-‘ ““‘.‘
r““- \-‘1 L“-“‘ Q F 2 .;:.-,«, 3.«,:.-,:. """"""""""" s F
Fre T et ' o ac .
-.. fu - .. - - - - - . ‘
Yot Y .'.-.--':--':-- i o '.-.-f.-.'.--'.-.- i
" .- .- .- -' ! )
Y ’*30

AN Y s e e Ly e B B\ /]

\Rvava

55 30 40

41

(57) Abréegée/Abstract:

--# \’ N

31 56 9 9 51

A fuel cell stack Includes cell modules (M) and a seal plate (P1). Each cell module (M) I1s formed by stacking fuel cells (20) each
Including a membrane electrode assembly (33) having an insulating member at its outer periphery portion and paired separators
(40 and 41) sandwiching the membrane electrode assembly (33), and by attaching the insulating members of adjacent ones of the

fuel cells (20) together. The seal plate (P

1) 1s Interposed between the stacked cell modules (M). The seal plate (P1) includes:

manifold holes (M1, M3, M4, and M6) from which two kinds of power-generation gases flow in and out on each fuel cell separately;
and a first seal member (51 to 54) provided along a peripheral portion of each of the manifold holes (M1, M3, M4, and M6) to seal a
corresponding one of the power-generation gases flowing through the manifold hole (M1, M3, M4, or M6).
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(57) Abstract: A fuel cell stack includes cell modules (M) and a seal plate (P1). Each cell module (M) 1s formed by stacking fuel
cells (20) each including a membrane electrode assembly (33) having an msulating member at its outer periphery portion and paired
separators (40 and 41) sandwiching the membrane electrode assembly (33), and by attaching the mmsulating members ot adjacent
ones of the fuel cells (20) together. The seal plate (P1) 1s mterposed between the stacked cell modules (M). The seal plate (P1) 1n -
cludes: manifold holes (M1, M3, M4, and M6) from which two kinds of power-generation gases flow mm and out on each fuel cell
separately; and a first seal member (51 to 54) provided along a peripheral portion of each of the manifold holes (M1, M3, M4, and
M6) to seal a corresponding one of the power-generation gases tlowing through the manifold hole (M1, M3, M4, or M6).
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Description
Title of Invention: FUEL CELL STACK AND SEAL PLATE USED

FOR THE SAME
Technical Field

0001}  The present invention relates to a fuel cell stack formed by stacking multiple fuel

cells and to a seal plate used in this fuel cell stack.

Background Art
[0002]  An art related to the fuel cell stack according to the present invention is disclosed in
"FUEL CELL STACK STRUCTURE" of PTL 1.

In the tuel cell stack structure of PTL 1, multiple cell modules each formed by
stacking multiple fuel cells are arranged in a row in a cell-stacking direction, and a
space between adjacent ones of the cell modules is sealed with a bead gasket.

Further, the separator of each end cell of a cell module to be in contact with the bead
gasket 1s given larger surface rigidity than the separators of center cells of the cell
module. Specifically, in order for the separator of the end cell to have the larger
surface rigidity than those of the center cells, a flat panel is superimposed on the

separator of the end cell.

Citation List

Patent Literature
[0003] PTL 1: Japanese Patent Application Laid-Open Publication No.2005-190706

Summary of Invention

[0004]  In the related art described above, the flat panel including the bead gasket is joined to
the separator of the end cell with an adhesive. Accordingly, when the bead gasket is
deteriorated, the cell module, whose fuel cells are still able to generate power, has to be
discarded. This 1s 1nefficient.

[0005]  Accordingly, the present invention has an objective of providing a fuel cell stack and

a seal plate used in the fuel cell stack, which allows continued use of a cell module

formed by stacking multiple fuel cells.
[0006]  To achieve the objective above, a fuel cell stack according to a first aspect of the
preset invention includes: cell modules each formed by stacking multiple fuel cells

each including a membrane electrode assembly having an insulating member at an

outer periphery portion of the membrane electrode assembly and paired separators sandwiching
the membrane electrode assembly, and by attaching the insulating members of adjacent ones
of the fuel cells together; and a seal plate interposed between the stacked cell modules. The

seal plate includes: multiple manifold holes from which two kinds of power-generation

gases flow in and out separately to flow through the fuel cells; and a first seal member
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provided along a peripheral portion ot each ot the manifold holes to seal a corre-

sponding one of the power-generation gases tlowing through the manifold hole.
[0007] A seal plate according to a second aspect of the present invention 1s a seal plate

configured to be interposed between adjacent ones of at least two cell modules each
formed by stacking multiple fuel cells into an integrated unit, and which includes: a
plate substrate 1n which manifold holes are tormed from which two kinds of power-
generation gases tlow 1n and out separately through the fuel cells; and a seal member
provided along a peripheral portion ot each ot the manifold holes to seal a corre-
sponding one of the power-generation gases tlowing through the manifold hole. The
seal member includes: a seal base provided on the peripheral portion ot the manitold
hole; and a seal lip protruding trom a surtace ot the seal base. The seal lip 1s displaced

toward a center of the manifold hole.

Brief Description of Drawings

[0008] [fig.1]Fig. 1 1s a perspective external view schematically showing a fuel cell stack
according to a first embodiment of the present invention.
[f1g.2|Fig. 2(A) 1s plan views each showing one of the faces ot a separator, a
membrane electrode assembly, or a seal plate constituting a cell module to illustrate
their arrangement, and Fig. 2(B) 1s plan views each showing the other face of the
separator shown in Fig. 2(A).
[f1g.3]F1g. 3(A) 1s an enlarged plan view of the membrane electrode assembly shown
in Fig. 2(A), and Fig. 3(B) 1s an enlarged plan view of the cathode-side separator
shown 1n Fig. 2(A).
|f1g.4]F1g. 4 1s an enlarged plan view of the seal plate shown 1n Figs. 2(A) and 2(B).
[f1g.5]Fig. 5 1s an enlarged sectional view, taken along line C-C in Fig. 4, of a part of
the fuel cell stack 1n Fig. 1.
[f1g.6]F1g. 6(A) 1s an enlarged view showing in detail a part around a seal member
provided on the boarder portion ot a manifold hole tor supplying a hydrogen-
containing gas, and Fig. 6(B) 1s an enlarged view of a part indicated by encircling line I
in Fig. 6(A).
|f1g.7]F1g. 7(A) 1s a sectional view, taken along line D-D in Fig. 4, showing part of the
fuel cell stack, and Fig. 7(B) 1s an enlarged view of a part indicated by encircling line
Il in F1g. 7(A).
[f1g.8]Fig. 8(A) 1s an enlarged view showing in detail a part around a seal member, of
another example, provided on a peripheral portion ot a manitold hole, and Fig. 8(B) 1s
an enlarged view of a part indicated by encircling line IV in Fig. 8(A).
[f12.9]Fig. 9(A) 1s an enlarged view, taken along line C-C 1n Fig. 4, showing in detail a

part around an 1nner periphery seal member of another example, and Fig. 9(B) 1s an
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[0009]

enlarged view of a part indicated by encircling line V in Fig. 9(A).

[f1g.10]F1g. 10 1s a plan view of a seal plate according to a second embodiment ot the
present invention.

[fig.11]F1g. 11 1s a plan view of a seal plate according to a third embodiment ot the
present invention.

[f1g.12]F1g. 12 1s a plan view of a seal plate according to a fourth embodiment of the
present invention.

[f1g.13]F1g. 13 1s a plan view of a seal plate according to a fitth embodiment of the
present invention.

[fig.14|Fig. 14 1s an enlarged sectional view, taken along line V-V 1n Fig. 4, showing a
positional relation between the seal plate and the separators.

[f1g.15]F1g. 15 1s an enlarged view of a section taken at an equivalent position to line
V-V in Fig. 4, and shows an example where a plate substrate 1s thicker than that in Fig.
14,

[f1g.16]F1g. 16 1s an enlarged view of a section taken at an equivalent position to line
V-V 1n Fig. 4.

[f1g.17]F1g. 17 1s an enlarged view of a section taken at an equivalent position to line
V-V 1n Fig. 4.

[f1g.18]F1g. 18 1s a plan view ot a seal plate according to a sixth embodiment of the
present invention.

[11g.19]F1g. 19 1s a plan view of a seal plate according to a seventh embodiment of the
present invention.

[11g.20]F1g. 20 1s a plan view of a seal plate according to an eighth embodiment ot the
present invention.

[f1g.21]F1g. 21 1s an enlarged plan view of an end portion of the seal plate in Fig. 20.
[f1g.22]|F1g. 22(A) 1s a plan view of a seal plate according to a ninth embodiment of the
present invention, and Fig. 22(B) 1s an enlarged view of a section taken along line VII-
VII in Fig. 22(A).

[f1g.23]F1g. 23 1s a plan view of a seal plate according to another example ot the
present invention.

[11g.24|F1g. 24 1s a sectional view of a part of a tuel cell stack according to a tenth em-
bodiment of the present invention.

[f1g.25]F1g. 25(A) 1s a plan view of the cell module in Fig. 24, and Fig. 25(B) 1s a per-

spective view of the fuel cell stack.

Description of Embodiments

First Embodiment

With reterence to the drawings, embodiments of the present invention are described
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below. Fig. 1 1s a perspective external view schematically showing a tuel cell stack
according to a first embodiment of the present invention. Fig. 2(A) 1s plan views each
showing one of the faces ot a separator, a membrane electrode assembly, or a seal plate
constituting a cell module to illustrate their arrangement, and Fig. 2(B) shows plan
views each showing the other face thereot. Fig. 3(A) 1s an enlarged plan view of the
membrane electrode assembly, and Fig. 3(B) 1s an enlarged plan view of the cathode-
side separator. Fig. 4 1s an enlarged plan view of the seal plate. Fig. 5 1s an enlarged
sectional view, taken along line C-C 1n Fig. 4, of part of the tuel cell stack in Fig. 1.

|0010] A fuel cell stack A, according to one example, shown 1n Fig. 1 has multiple cell
modules M stacked on one another. A seal plate P1 1s interposed between adjacent
ones of the cell modules M. These cell modules M are sandwiched and pressed by end
plates 10 and 11 from both above and below 1n Fig. 1.

|0011]  Each cell module M 1s formed by stacking a required number of tuel cells 20. The
outside wall surtaces of the cell modules M are tormed by tlange portions 32 of cell
frames 30 and an adhesive 9, which are to be described later. Thereby, entrance ot
water 1nto the inside of the cell modules M 1s prevented, and at the same time, the cell
modules M are electrically insulated. In Fig. 1, as an example, five tuel cells 20 are
stacked and attached. The number of the fuel cells 20 1s not limited to this, and also,
layers of adhesive are not shown in Fig. 1.

[0012]  Each fuel cell 20 has a cell trame 30 (see Figs. 2A to 3B) and paired separators 40
and 41 provided on both sides of the cell tframe 30, respectively. Gas tlow channels F1
and F2 are defined on both sides of the cell frame 30 (see Figs. 2 and 3), respectively,
for two ditterent kinds ot power-generation gases to tlow therethrough. The two
different kinds of power-generation gases are a hydrogen-containing gas and an
oxygen-containing gas, and the paired separators include the anode-side separator 40
and the cathode-side separator 41.

[0013]  The cell frame 30 is an insulating member made of resin. In this embodiment, the cell
frame 30 has a horizontal rectangular shape in a front view seen in the stacking
direction Z of the tuel cells 20, and has a substrate 31 having a certain thickness. The
flange portion 32 1s formed around the entire periphery of the substrate 31, protruding
to both the front side and the rear side. A membrane electrode assembly (MEA) 33 1s
placed 1n the center of the cell frame 30. Manitold portions ML and MR are located on
both sides ot (or adjacent to both end portions ot) the membrane electrode assembly
33, respectively.

|0014]  The membrane electrode assembly 33 includes a solid polymer electrolyte membrane
and paired electrodes sandwiching the electrolyte membrane.

[0015]  The manifold portions ML and MR allow the hydrogen-containing gas and the

oxygen-containing gas as well as cooling fluid to tlow 1n and out, respectively.
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10016]

[0017]

[0018]

[0019]

10020]

[0021]

10022]

Dittuser regions D through which the hydrogen-containing gas or the oxygen-
containing gas flows are formed between the membrane electrode assembly 33 and the
manifold portion ML and between the membrane electrode assembly 33 and the
manifold portion MR, respectively. In this embodiment, the cooling tluid 1s, as an
example, water.

The manitold portion ML includes manitold holes M1 to M3 tforming, continuously
in the stacking direction Z, tlow channels for supplying the oxygen-containing gas, the
cooling tfluid, and the hydrogen-containing gas, respectively.

The manitold portion MR includes manitold holes M4 to M6 torming, continuously
in the stacking direction Z, tlow channels for exhausting the hydrogen-containing gas,
the cooling tluid, and the oxygen-containing gas, respectively. Note that some or all of
the supplying tlow channels and the exhausting tflow channels may be reversed in
position.

The diffuser regions D are tormed between the cell frame 30 and each of the
separators 40 and 41, 1.e., on each side of the cell frame 30. Although not shown,
multiple protrusions of truncated cone shape are formed 1n each ditfuser region D at
predetermined intervals.

Fig. 2(A) 1s plan views each showing one of the faces ot the anode-side separator 40,
the cathode-side separator 41, the membrane electrode assembly 33 and its cell frame
30, or the seal plate P1. Fig. 2(B) 1s plan views showing the other face of each member
shown 1n Fig. 2(A), turned around about its short axis. The members shown in Fig.
2(A) are stacked sequentially such that the face ot the seal plate P1 shown at the
bottom appears on the top. Also, the members shown in Fig. 2(B) are stacked se-
quentially such that the tace of the anode-separator 40 shown at the top appears on the
top.

As shown 1n Figs. 2A to 3A, an adhesive seal 80 1s provided continuously on the
entire outside edge portion of the cell frame 30 and around each of the manitold holes
M1 to M6. On the cathode face of the cell tframe 30 shown 1n Fig. 2(A), the adhesive
seal 80 surrounds only the manitold holes M2 to M3 so that the manitold holes M1 and
M6 for supplying and exhausting the oxygen-containing gas, respectively, are open to
allow the oxygen-containing gas to tlow therefrom.

On the anode face of the cell frame 30 shown 1n Fig. 2(B), the adhesive seal 80
surrounds only the manitold holes M1, M2, M35, and M6 so that the manitold holes M3
and M4 tor supplying and exhausting the hydrogen-containing gas, respectively, are
open to allow the hydrogen-containing gas to flow theretrom.

As shown 1n Figs. 2A, 2B, and 3B, the separators 40 and 41 are each formed by
press-molding a metal plate, such as a stainless steel plate, into a rectangular shape that

can be placed 1nside of the flange portion 32 ot the cell trame 30.
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[0023]  As shown in Fig. 3(B), the separators 40 and 41 (especially the cathode-side
separators 41) each have recessed portions 40a or 41a and projecting portions 40b or
41b 1n 1ts center portion tacing the membrane electrode assembly 33, the portions
being continuous 1n the longitudinal direction. Manitold holes M1 to M6 are formed in
end portions of each separator 40 or 41 to correspond to the manifold holes M1 to M6
of the cell frame 30 in Fig. 3(A), respectively.

[0024]  As 1n the cell tframe 30, the adhesive seal 80 1s provided continuously on the entire
outside edge portion of each separator 40 or 41 and around each of its manifold holes
M1 to M6. In order to allow an appropriate one of the oxygen-containing gas, the
hydrogen-containing gas, and the cooling fluid to flow through a corresponding 1n-
terlayer space the adhesive seal 80 1s not formed around corresponding ones of the
manifold holes M1 to M6 which should be open to allow the appropriate gas or tluid to
flow through the interlayer space, and surrounds rest of the manifold holes M1 to M6,
as shown 1n Figs. 2A and 2B.

[0025]  Flow channels for the cooling tluid F3 (called "cooling tlow channels F3" below) are
detined between the opposing separators 40 and 41 of the adjacent tuel cells 20. The
cooling tlow channels F3 are also tormed 1n a space between two adjacent cell
modules M, or more specifically, in a space where their outermost fuel cells 20 tace
and abut each other, the space being surrounded by the tlange portions 32. The seal
plate P1 according to the first embodiment of the present invention is interposed 1n this
cooling tlow channels F3 between the cell modules M.

[0026]  The seal plate P1 according to the tirst embodiment of the present invention 1s
formed separately from the tuel cells 20. As shown 1n Figs. 2A, 2B, and 4, the seal
plate P1 includes a plate substrate 50, manitold portions ML and MR opened in re-
spective end portions of the plate substrate 50, and a pressure-drop adjustment portion
B 1 according to a first example 1n the center portion of the plate substrate 50.

[0027]  The plate substrate 50 1s formed by molding a single conductive metal plate into a
shape and size similar to that of the tuel cell 20 1n a plan view seen 1n the stacking
direction. By forming the plate substrate 50 with a conductive metal plate, stable
electrical conductivity can be obtained for a long period of time. The manifold portions
ML and MR formed in the plate substrate 50 are equivalent of those formed in the cell
frame 30 and the like.

|0028]  The seal plate P1 has manifold holes M1 to M6 corresponding to the manifold holes
M1 to M6 of the cell modules M. When interposed between the cell modules M, the
seal plate P1 allows the manitold holes M1 to M6 of one of the cell modules M to be
continuous with those of the other cell module M so that continuous tlow channels can
be formed.

[0029]  The seal plate P1 includes seal members 51 to 54 (first seal members). The seal
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[0030]

[0031]

[0032]

10033]

10034]

[0035]

members S1 to 54 are tormed on peripheral portions of the manifold holes M1, M3,
M4, and M6, respectively, to define manifold holes M1, M3, M4, and M6 trom which
the oxygen-containing gas or the hydrogen-containing gas tflows. The seal members 51
to 54 are formed independently from one another. As a matter of course, the manitold
holes M2 and M4 tfrom which the cooling fluid tflows have no seal member tormed
therearound and thus open.

As shown also 1n Fig. 5, the seal plate P1 has an outer periphery seal member 55 (a
second seal member) along the outermost periphery portion of the plate substrate S0.
The seal plate P1 includes a third seal member provided between the second seal
member (55) and the first seal members (51 to 54). In this embodiment, the third
sealing member 1s an 1nner periphery seal member 56 formed inside of and in parallel
with the outer periphery seal member 55 with a certain distance therebetween. In a
more preferable embodiment, these sealing members 51 to 56 may be tormed with an
electrically-insulating material. In Fig. 5, reference numeral 9 denotes an adhesive.

Being independent in terms of structure, the seal members 51 to 54 can have
different designs (heights, widths, and shapes) trom one another. Since difterent fluids
flow through difterent sealed portions, the seal members deteriorate difterently from
one another depending on where they seal. The seal members 51 to 54 can be designed
individually according to their deterioration environment. Thus, the reliability of the
fuel cell stack A can be improved.

In the fuel cell stack A, as shown in Fig. 5, the adhesive 9 joining the fuel cells 20
together coincides 1n position with the inner periphery seal member 56 (the third seal
member) when seen 1n the stacking direction of the cell modules M. In the example
shown 1n Fig. 5, the adhesive 9 joining the cell frame 30 to each of the separators 40
and 41 also coincides with the inner periphery seal member 56 (the third seal member)
when seen 1n the stacking direction of the cell modules M.

As shown 1n Fig. 4, the pressure-drop adjustment portion B1 has a function ot
reducing or adjusting the pressure drop ot the cooling tluid tlowing through the
cooling tlow channels F3. Specitically, in the pressure-drop adjustment portion B1, the
pressure drop 1s reduced or adjusted by reducing the cross section of the cooling tlow
channel 1n an active area, near the active area, or 1n and near the active area.

The reduction in the cross section of the cooling tlow channel F3 includes both
reduction 1n an X direction of the cooling fluid tflow and reduction 1n a Y direction per-
pendicular to the X direction. The "active area” 1s a region facing the membrane
electrode assembly 33 described above. To be more specific, the "active area” 1s an
area which coincides with the area having the membrane electrode assembly 33 when
seen 1n the stacking direction (Z direction).

The pressure-drop adjustment portion B1 1s formed in the active area. The pressure-
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drop adjustment portion B1 includes: an upstream array 60 of slits and a downstream
array 61 of slits being formed 1n parallel with a long-axis center line O1 of the plate
substrate 50; and two slits 62 1n parallel with a short-axis center line O2 perpendicular
to the long-axis center line O1. The long-axis center line O1 1s an 1imaginary line
dividing the short sides of the plate substrate 50 in halt, and the short-axis center line
O2 1s an 1maginary line dividing the long sides of the plate substrate 50 in hallf.

[0036]  The upstream array 60 consists of eight slits 60a arranged upstream of the flow
direction of the cooling fluid (the X direction), and the slits 60a extend 1n parallel with
the X direction and have the same length and width. The downstream array 61 consists
of eight slits 61a arranged downstream ot the tlow direction of the cooling tluid (the X
direction). The slits 61a, like the slits 60a, extend in parallel with the X direction and
have the same length and width.

|0037]  The seal plate P1 can reduce or adjust the pressure drop in the cooling tlow channels
F3 between the adjacent cell modules M. Moreover, it, for example, the fuel cell stack
has the cooling tlow channels between the adjacent fuel cells 20 as well, the seal plate
P1 can reduce variations 1n the tlow rate ot the cooling tluid among all the cooling
flow channels.

[0038]  In this way, in sum, the fuel cell stack A includes the fuel cells 20 each formed by
sandwiching the membrane electrode assembly 33 having the cell frame (insulating
member) 30 therearound, between the paired separators 40 and 41. The cell module M
1s formed by stacking the multiple fuel cells 20 one on top ot another and attaching
together the 1nsulating members of the adjacent tuel cells 20. The tuel cell stack A 1s
formed by stacking multiple cell modules M.

[0039]  The fuel cell stack A includes the seal plates P1 interposed between the cell modules
M. Each seal plate P1 has the manifold holes M1, M3, M4, and M6 so that the two
kinds ot power-generation gases can flow in and out the fuel cells 20 separately trom
each other. The seal plate P1 includes the first seal members 51 to 54 formed on the
peripheral portions of the manitold holes M1, M3, M4, and M6, respectively, to
providing sealing for the power-generation gas tlowing therethrough.

[0040]  Thus, the seal plate P1 including the seal members 51 to 54 can be easily removed
from the cell module M. Accordingly, when the seal members 51 to 54 are dete-
riorated, only the seal plate P1 has to be replaced, which allows continued use of the
fuel cells 20 and the cell modules M.

[0041]  The seal plate P1 includes the outer periphery seal member 55 (the second seal
member) tormed along 1ts outer periphery portion to seal the spaces between the seal
plate P1 and its adjacent tuel cells 20. This can reliably block entrance ot rainwater and
the like from outside.

[0042]  The seal plate P1 includes the inner periphery seal member 56 (the third seal
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member) between the outer periphery seal member 355 (the second seal member) and
the first seal members 51 to 54. This can not only block entrance ot rainwater and the
like tfrom outside, but also reliably prevent leak of the cooling tluid flowing through
the cooling tlow channels F3.

The first to third seal members 51 to 56 are tormed of members having an electric 1n-
sulation property. Thereby, in addition to the above-described ettects of waterproofing
and leak prevention, electric insulation 1s achieved between the fuel cell 20 and the
seal plate P1 1n a region other than the power-generation area (the active area) to
enhance electrical conductivity in the power-generation area.

In the tuel cell stack A, the adhesive 9 joining the fuel cells 20 together coincides 1n
position with the inner periphery seal member 56 (the third seal member) when seen in
the stacking direction of the cell modules M. By their elastic action, the adhesive 9 and
the 1inner periphery seal member 56 can absorb the displacement 1in the tuel cell stack
A caused 1n the staking direction by, for example, swelling of the membrane electrode
assembly 33. Accordingly, the surtace pressure acting on each tuel cell 20 can be
evened out. Moreover, as shown 1n Fig. 5, the adhesive 9 joining the cell tframe 30 to
each of the separators 40 and 41 coincides with the inner periphery seal member 56
when seen 1n the stacking direction. Thus, the displacement absorbing tunction
described above can be enhanced even more.

With reterence to Figs. 6A to 9B, another example of the tuel cell stack A described
above 1s described 1n detail below.

Fig. 6(A) 1s an enlarged sectional view of a part around the seal member 51 shown in
Fig. 5, and Fig. 6(B) 1s an enlarged sectional view of a part indicated by encircling line
I in Fig. 6(A). Fig. 6(A) shows the seal member 51 formed continuously on the pe-
ripheral portion of the manitold hole M1 for supplying the oxygen-containing gas. The
seal member 51 includes a seal base S1a having a horizontal rectangular shape 1n
section, and a seal lip S1b protruding from the upper surtace ot the seal base S1a and
having a triangular shape 1n section.

The seal member 51 provides sealing and 1s made ot a known rubber material which
1s elastically detormable. The seal base S1a has a step at its lower surtace, and the seal
member 51 covers one main surface (which 1s the upper surtace in Fig. 6(B)) 50a of
the plate substrate 50 near the manifold hole M1 as well as a sidewall surface 50b of
the plate substrate 50. The seal lip 51b 1s located closer to the center ot the manifold
hole M1 (1.e., the right in Figs. 6A and 6B) than the sidewall surtace 50b of the plate
substrate 50 1s. In other words, the seal lip S1b 1s formed at a position displaced to a
side of the plate substrate SO where the manifold hole M1 1s formed.

The tip of the seal lip 51b 1s 1n contact with the cathode-side separator 41 ot the tuel

cell 20 adjacently above. Even when the anode-side separator 40 and the plate



10

CA 02866812 2014-09-095

WO 2013/132860 PCT/JP2013/001444

10048]

10049

[0050]

[0051]

[0052]

substrate 50, among the separators 40 and 41 and the plate substrate 50, are in direct
contact with each other with no space therebetween as in the portion indicated by en-
circling line II in Fig. 6(A), the seal member 51 can have enough thickness at the
portion attached to the plate substrate 50 as indicated by reference numeral 52a in Fig.
6(B). The seal member 51 can seal not only the space between the cathode-side
separator 41 and the plate substrate 50, but also the space between the anode-side
separator 40 and the plate substrate 50. Accordingly, a single seal member 51 can seal
spaces between the three members, the separators 40, 41 and the plate substrate 50,
which can contribute to structural simplification and size reduction ot the members.

It the seal member 51 1s provided continuously over both surfaces of the plate
substrate 50, a crack or tear 1s easily caused due to such tactors as displacement of the
separator 40 or 41 or the plate substrate 50. In this embodiment, the seal member 51
covers a portion of the plate substrate 50, from the main surtace 50a to the sidewall
surtace 50b. In other words, the seal member 51 is provided only on one side ot the
plate substrate 50. This allows prevention of a crack or tear even when the separator 40
or 41 or the plate substrate 50 1s displaced. Although the seal member 51 1s described
as an example 1n this embodiment, the same applies to the other seal members 52 to
54, as well.

Fig. 7(A) 1s a partially-enlarged sectional view, taken along line D-D in Fig. 4, of the
fuel cell stack A. Fig. 7(B) 1s an enlarged sectional view of a part indicated by en-
circling line III in Fig. 7(A). Specifically, Figs. 7A and 7B each show the peripheral
portion of the plate substrate 50 that defines the manifold hole M3 tor supplying the
hydrogen-containing gas, and also show the seal member 52 formed along that pe-
ripheral portion.

The seal member 52 has a seal base 52a shaped as a horizontal rectangle in section
and a seal lip 52b protruding from the lower surtace ot the seal base 52a and shaped as
a triangular 1n section. Similar to the seal member 51, the seal member 52 provides
sealing, and 1s made of, for example, a known rubber material which 1s elastically de-
formable.

The seal base 52a has a step at 1ts upper surface, and covers one main surface (which
1s the lower surtace 1n Fig. 7(B)) 50c¢ and a sidewall surtace 50b of the plate substrate
50 defining the manifold hole M3. The seal lip 52b 1s located closer to the center of the
manifold hole M3 (i.e., the lett in Figs. 7A and 7B) than the sidewall surface 50b of the
plate substrate 50 1s. In other words, the seal lip 52b 1s formed at a position displaced
to a side of the plate substrate 50 where the manifold hole M3 1s tormed, away from
the main surface of the plate substrate 50.

The tip of the seal lip 52b 1s in contact with the anode-side separator 40 of the tuel
cell 20 adjacently below. Among the separators 40 and 41 and the plate substrate 50,
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the cathode-side separator 41 and the plate substrate 50 are 1n direct contact with each
other with no space therebetween as in the portion indicated by encircling line 111 1n
Fig. 7(A). The seal member 52 can seal not only the space between the anode-side
separator 40 and the plate substrate 50, but also the space between the cathode-side
separator 41 and the plate substrate 50.

Accordingly, a single seal member 52 can seal spaces between the three members,
the separators 40, 41 and the plate substrate 50, which can contribute to structural sim-
plification and size reduction of the members. Moreover, like the seal member 51
shown 1n Figs. 6A and 6B, the seal member 52 allows prevention of a crack or tear
even when the separator 40 or 41 or the plate substrate 50 1s displaced.

The seal member 51 shown in Figs. 6A and 6B and the seal member 52 shown 1n
Figs. 7A and 7B are arranged on the upper surtace and the lower surtace, respectively,
of the plate substrate 50 1n relative positions to each other. Specifically, the seal lips
S1b and 52b are formed on the front surtface and the rear surface of the plate substrate
50, respectively, at positions symmetric to each other with respect to the center axis
(the long-axis center line O1) of the plate substrate 50. To be more specitic, the
pointing-up seal lip S1b of the seal member 51 tormed around the manitold hole M1
and the pointing-down seal lip 52b of the seal member 52 formed around the manitold
hole M3 are arranged in relative positions to each other on the upper surface and on the
lower surtace, respectively, of the plate substrate 50 with respect to the long-axis
center line O1 1n parallel with the tlow direction of the cooling medium (the X
direction) shown in Fig. 4. This allows stable sealing.

When a single seal member is to seal three plates (two spaces), each manitold hole
portion has a ditferent combination of two members in direct contact with each other.
This problem 1n the combinational difference can be solved by arranging the seal
members 51 and 52 1n relative positions to each other on the upper surface and on the
lower surtace, respectively, as described above. Thus, stable sealing can be achieved
on both surfaces of the plate substrate 50. Further, since the gas tlow channels and the
seal members can have the same height, the seal members can be reduced 1n size.
Moreover, the seal members can have enough height (thickness), which improves the
reliability of the sealing performance.

Fig. 8(A) 1s a sectional view taken along line E-E 1n Fig. 4, and Fig. 8(B) 1s an
enlarged sectional view of a part indicated by encircling line IV 1n Fig. 8(A). Fig. 8(A)
1s an enlarged sectional view of an area around a seal member, according to another
example, formed continuously along the peripheral portion ot the manifold hole M4.
Note that portions equivalent to those 1n the above embodiment are given the same
reterence numerals as those given to them, and are not described 1n detail again.

A peripheral portion 50d of the plate substrate 50 which detines the manitold hole
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M4 1s bent upward from the surface of the plate substrate 50. Then, the seal member 53
1s formed along the entire peripheral portion 50d endlessly (annularly).

The seal member 53 1s made of a known, elastically deformable material, such as
rubber. The seal member 53 has a seal base 53a shaped as a horizontal rectangle in
section and a seal lip 53b protruding from the upper surtace ot the seal base 53a and
shaped as a triangle 1n section. Like the seal members 51 and 52, the seal member 53
provides sealing.

An outer half portion of the seal base 53a 1s shaped to cover two main surfaces
(upper and lower surfaces in Figs. 8A and 8B) 50a and 50c and a sidewall surtace 50b
of the plate substrate 50 defining the manifold hole M4, and the seal member 33 is
fixed to the plate substrate 50 1in such a manner that the seal lip 53b 1s located closer to
the center of the manifold hole M4 (to the right in Figs. 8A and 8B) than the sidewall
surtace 50b of the plate substrate 50 1s. In other words, the seal lip 53b 1s shifted to a
side of the plate substrate 50 where the manifold hole M4 1s formed.

Like the seal members 51 and 52, the seal member 53 can seal spaces between the
three members: the separators 40 and 41 and the plate substrate 50. In addition to this,
the insulation property can be enhanced because the inner peripheral surtace of the
manifold hole M4 1s covered entirely.

Fig. 9(A) 1s an enlarged sectional view, taken along line C-C in Fig. 4, of an area
around an inner periphery seal member according to another example. Fig. 9(B) 1s an
enlarged sectional view of a part indicated by encircling line V 1n Fig. 9(A). Note that
portions equivalent to those 1n the above embodiments are given the same reference
numerals as those given to them, and are not described 1n detail again.

An 1nner periphery seal member S6A 1s arranged on each surtace ot the plate
substrate 50. The plate substrate 50 is provided, 1n i1ts upper and lower surfaces, with
recessed portions S0e tor seal member, whose depths are determined considering the
heights ot the inner periphery seal members S6A. The inner periphery seal members
S6A are made of a known, elastically-detormable material, such as rubber. Each inner
periphery seal member S6A includes a seal base 56a shaped as a horizontal rectangle in
section and a seal lip 56b protruding from the surtace of the seal base 56a and shaped
as a triangle in section.

Because the plate substrate 50 has the recessed portions 50e for seal member, the
plate substrate 50 1s partially reduced 1n thickness, allowing the inner periphery seal
members S6A to be increased in thickness. Consequently, a seal member with high
allowable compression (high shrinkage) can be adopted. Further, the compressibility of
rubber forming the seal member can be reduced to improve the robustness ot the seal
member and to extend the life ot the seal member.

The seal plate P1 including the seal members 51 to 56 1s applied to the fuel cell stack
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A described above. Since the seal plate P1 can be easily removed trom the cell
modules M, only the seal plate P1 has to be replaced upon deterioration of the seal

members 51 to 56. Accordingly, such a seal plate P1 can contribute to continued use of

the fuel cells 20 and the cell module M.
Further, 1n the fuel cell stack shown 1n Fig. 9(A), the second seal member (55) 1s

thicker than any of the first seal members 51 (52 to 54), the thickness being measured
in the cell stacking direction. More specitically, the second seal member, which 1s the
outer periphery seal member 55 provided on the outer periphery portion of the seal
plate P1, seals the space between the adjacent cell frames 30, and theretore needs to be
thicker (higher) than the first seal members 51 (52 to 54) tormed along the peripheral
portion of the manifold hole. For this reason, when the first seal members 51 to 54 and
the second seal member 55 have the above relation 1n their thicknesses measured 1n the
cell stacking direction, robustness in terms of insulation can be improved.

Figs. 10 to 14 are plan views showing seal plates according to second to fifth em-
bodiments of the present invention. Note that portions equivalent to those in the above
embodiment are given the same reterence numerals as those given to them, and are not

described 1n detail again.

Second Embodiment

As shown 1n Fig. 10, a seal plate P2 according to the second embodiment includes a
pressure-drop adjustment portion B2 according to a second example. The pressure-
drop adjustment portion B2 has: an upstream array 60A of slits and a downstream
array 61 A of slits being tormed 1n parallel with the long-axis center line O1 of the plate
substrate 50; and two slits 62 extending in parallel with the short-axis center line O2 of
the plate substrate 50, which 1s perpendicular to the long-axis center line O1.

The upstream array 60A consists of ten slits 60b arranged upstream of the tlow
direction of the cooling fluid (the X direction). In this embodiment, five slits 60b are
arranged on each side of the long-axis center line O1 with a predetermined distance
W1 therebetween. Each slit 60b 1s narrower than the slit 60a described above. The slits
60b have the same length and width and arranged in parallel with each other.

The downstream array 61 A consists of ten slits 61b arranged downstream of the tlow
direction ot the cooling tluid (the X direction). Slits 61b have the same shape, size, and
arrangement pattern as the slits 60b. In this embodiment, tfive slits 61b are arranged on
each side of the long-axis center line Ol with the predetermined distance W1
therebetween.

The seal plate P2 1s capable of reducing or adjusting the pressure drop 1n the cooling
tflow channels F3 between the adjacent cell modules M. Moreover, if, for example, the
fuel cell stack has the cooling tlow channels between the adjacent fuel cells 20 as well,

the seal plate P2 can reduce variations in the tlow rate of the cooling tluid among all
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the cooling tflow channels.
Third Embodiment

As shown 1n Fig. 11, a seal plate P3 according to the third embodiment has a
pressure-drop adjustment portion B3 according to a third example. The pressure-drop
adjustment portion B3 has: an upstream array 60B of slits and a downstream array 61B
of slits being formed in parallel with the long-axis center line O1 of the plate substrate
50; and two slits 62 extending 1n parallel with the short-axis center line O2 ot the plate
substrate 50, which 1s perpendicular to the long-axis center line O1.

The upstream array 60B consists of fifteen slits 60c arranged upstream of the flow
direction of the cooling fluid (the X direction). The slits 60c are arranged 1n parallel
with each other at equal intervals in their short-side direction. The downstream array
61B consists of eight slits 61¢ arranged downstream of the flow direction of the
cooling tfluid (the X direction). The slits 61c have the same shape and size as the slits
60c, and are arranged at intervals twice those of the slits 60c.

Similar to the prior embodiments, the seal plate P3 1s capable of reducing or
adjusting the pressure drop in the cooling tflow channels F3 between the adjacent cell
modules M. In addition to this, the seal plate P3 can adjust the pressure drop in the
cooling tlow channels F3 between their upstream and downstream. Moreover, if, for
example, the tuel cell stack has the cooling tlow channels between the adjacent fuel
cells 20 as well, the seal plate P3 can reduce variations in the tlow rate of the cooling

fluid among all the cooling tflow channels.
Fourth Embodiment

As shown 1n Fig. 12, a seal plate P4 according to the fourth embodiment has a
pressure-drop adjustment portion B4 according to a fourth example. The pressure-drop
adjustment portion B4 has: an upstream array 60C of slits and a downstream array 61C
of slits being formed in parallel with the long-axis center line O1 of the plate substrate
50; and two slits 62 extending 1n parallel with the short-axis center line O2 ot the plate
substrate 50, which 1s perpendicular to the long-axis center line O1.

The upstream array 60C consists of eight slits 60d arranged upstream of the tflow
direction of the cooling fluid (the X direction). The slits 60d are arranged 1n parallel
with each other at equal intervals 1n their short-side direction. The slits 60d have the
same shape and size as the slits 60a in Fig. 4. The downstream array 6 1C consists of
seven slits 61d arranged downstream of the tflow direction of the cooling fluid (the X
direction). The slits 61d are arranged 1n parallel with each other at equal intervals 1n
their short-side direction. The slits 61d have the same shape and size as the slits 60d,
and are each located between the adjacent slits 60d when seen 1n the X direction.

Similar to the prior embodiments, the seal plate P4 1s capable of reducing or
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adjusting the pressure drop in the cooling tlow channels F3 between the adjacent cell
modules M. In addition to this, the seal plate P4 can adjust the pressure drop in the
cooling tlow channels F3 between their upstream and downstream. Moreover, if, for
example, the tuel cell stack has the cooling tlow channels between the adjacent fuel
cells 20 as well, the seal plate P4 can reduce variations in the flow rate of the cooling
fluid among all the cooling tflow channels.

Fifth Embodiment

As shown 1n Fig. 13, a seal plate P5 according to the fifth embodiment has a
pressure-drop adjustment portion BS according to a fifth example. The pressure-drop
adjustment portion B5 has: an upstream array 60D of slits and a downstream array 61D
of slits being formed 1n parallel with the long-axis center line O1 of the plate substrate
50; and two slits 62 extending in parallel with the short-axis center line O2 of the plate
substrate 50, which 1s perpendicular to the long-axis center line O1.

The upstream array 60D consists of eight slits 60e to 60h and 60e to 60h arranged
upstream ot the tlow direction ot the cooling tluid (the X direction). The slits 60e to
60h and 60e to 60h are arranged in parallel with each other at equal intervals in their
short-side direction. The slits 60e to 60h are arranged such that the length of the slit
becomes shorter as the slit 1s closer to the long-axis center line O1 in the short-side
direction. The downstream array 61D consists of eight slits 60e to 60h and 60e to 60h
arranged downstream of the tflow direction of the cooling tluid (the X direction). The
downstream slits 60e to 60h and 60e to 60h have the same configuration as the
upstream slits 60e to 60h and 60e to 60h.

Similar to the prior embodiments, the seal plate PS 1s also capable of reducing or
adjusting the pressure drop in the cooling flow channels F3 between the adjacent cell
modules M. Moreover, 1t, for example, the tuel cell stack has the cooling tlow
channels between the adjacent tuel cells 20 as well, the seal plate P5 can reduce
variations in the tlow rate of the cooling tluid among all the cooling tlow channels.

Fig. 14 1s an enlarged sectional view, taken along line V-V in Fig. 4, showing the po-
sitional relation between the seal plate P1 and the separators 40 and 41. Fig. 15 shows
the same view, except for having a plate substrate 50" which 1s thicker than the plate
substrate 50 in Fig. 14. Note that portions equivalent to those in the above em-
bodiments are given the same reference numerals as those given to them, and are not
described 1n detail again.

The seal plate P1 1s joined to the separators 40 and 41 with the following positional
relation. Specifically, each slit 60a of the plate substrate 50 tfaces not the projecting
portions 40b and 41b, but the recessed portions 40a and 41a of the separators 40 and
41. When the slit 60a 1s narrower than an opening size W2 of the recessed portions 40a

and 41a, the recessed portions 40a and 41a are shifted in the in-plane direction
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(perpendicular to the stacking direction). Thus, the position of the slit 60a in the
recessed portions 40a and 41a can be adjusted to adjust how much the plate substrate
50 protrudes to the inside of the recessed portions 40a and 41a (namely, protruding
lengths W3 and W4).

By thus adjusting the protruding lengths W3 and W4 of the plate substrate 50 inside
the recessed portions 40a and 41a, the pressure drop in the cooling flow channels F3
can be reduced or adjusted. Further, when the seal plate P! and the separators 40 and
41 have the positional relation described above, the pressure drop can be adjusted by
Increasing the thickness of the plate substrate, like the plate substrate 50' shown in Fig.
I5.

The thickness of the seal plate P| (the plate substrate 50') measured in the stackin g
direction of the cell modules M (the Z direction) is larger than the thickness of the
separators 40 and 41. The seal plate P1 seals cooling water with the second seal
member (the outer periphery seal member 55) provided along the outer periphery of
the seal plate P1. To achieve insulation from outside. the outer periphery seal member
55 and the plate substrate 50 or 50' should preterably be fixed firmly. To fix the elastic
outer periphery seal member 55 to the plate substrate 50 or l', the plate substrate 50'
needs to be thicker than each of the separators 40 and 41. This is because the
separators 40 and 41 are too thin to secure the outer periphery sealing member 55. For
this reason, the thickness of the plate substrate 50’ measured in the stacking direction
(the Z direction) is made larger than each of the separators 40 and 41. This allows the
outer periphery seal member 55 to be fixed firmly to the plate substrate S0 or 50"
Preferably, the plate substrate 50’ should have a minimum thickness which still allows
enough power for fixing the outer periphery seal member 55, in order to avoid un-
necessary increase in the thickness of the fuel cell stack A measured in the staking
direction (the Z direction).

Figs. 16 and 17 are enlarged sectional views of a part of the section taken along line
V-V Fig. 4. As shown in Figs. 16 and 17, the seal plate P1 is inserted between the
separators 40 and 41. In Fig. 16, the pitches of the recessed portions 40a and 41a and
the projecting portions 40b and 41b of the separators 40 and 41 are each half that of
the slits 60a formed in the plate substrate 50. The width of each slit 60a is almost the
same as the opening size W2 of the recessed portions 40a and 41a.

In Fig. 17, the pitches of the recessed portions 40a and 41a and the projecting
portions 40b and 41b of the separators 40 and 41 are the same as that of the shits 60a
formed in the plate substrate 50. The width of each slit 60a is the same as the opening
s1ze W2 of the recessed portions 40a and 41a.

As shown in Figs. 16 and 17, portions of the plate substrate 50 at which no slit 60z 1S

formed are sandwiched by the projecting portions 40b and 41b of the paired separators
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40a and 41. Thus, without intertfering with the conductive property, partial decrease in

the surtace pressure can be prevented, and deformation 1s not caused in the separators

40 and 41 and the like.
Figs. 18 and 19 are plan views showing seal plates P6 and P7 according to sixth and

seventh embodiments of the present invention, respectively. Note that portions
equivalent to those in the above embodiments are given the same reterence numerals

as those given to them, and are not described 1n detail again.
Sixth Embodiment

The seal plate P6 according to the sixth embodiment of the present invention has
pressure-drop adjustment portions B6 according to a sixth example. The pressure-drop
adjustment portions B6 each have a function ot reducing or adjusting the pressure drop
of the cooling water tlowing through the cooling tlowing channels F3. More
specitically, the pressure-drop adjustment portions B6 reduce or adjust the pressure
drop by reducing the cross section of each cooling flow channel F3 near the active area
of the seal plate P6.

The pressure-drop adjustment portions B6 are arranged 1n the respective diffuser
regions D1. The pressure-drop adjustment portions B6 are each formed as an opening
whose area, viewed 1n the stacking direction Z, increases away from the long-axis
center line O1 toward the ends of the seal plate P6 1n its short-side direction (the
opening being called an opening B6 below). The opening B6 is defined by a long side
70a 1n parallel with the short-axis center line O2, short sides 70b 1n parallel with the
long-axis center line O1, and a long side 70c which describes a curved line protruding
toward the inside of the opening and extending from the inner ends of the respective
short sides 70b toward the long-axis center line O1.

Similar to the prior embodiments, the seal plate P6 1s capable of reducing or
adjusting the pressure drop in the cooling tlow channels F3 between the adjacent cell
modules M. In particular, the length of the opening measured in the tlow direction ot
the cooling fluid (the X direction) can be small at the center and large at the end
portions of the plate substrate 50 in its short-side direction. Thus, the pressure drop
between the channels can be adjusted. Moreover, if, tor example, the fuel cell stack has
the cooling tlow channels between the adjacent tuel cells 20 as well, the seal plate P6
can reduce variations 1n the tlow rate of the cooling tluid among all the cooling tlow

channels.

Seventh Embodiment
The seal plate P7 according to the seventh embodiment of the present invention has
pressure-drop adjustment portions B7 according to a seventh example. The pressure-

drop adjustment portions B/ are arranged near the active area, or in this embodiment,
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in the respective difttuser regions D1. The pressure-drop adjustment portions B7 are
each formed as an opening whose area, viewed 1in the stacking direction Z, increases
away from the long-axis center line O1 toward the ends of the seal plate P7 in 1ts short-
side direction (the opening being called an opening B7 below). The opening B7/ 1s
detined by a long side 70a in parallel with the short-axis center line O2, short sides 70b
in parallel with the long-axis center line O1, and a long side 70c. The opening B7/ 1s
subdivided by a connected piece 70d. The long side 70c describes a curved line
protruding toward the inside of the opening and extending from the inner ends of the

respective short sides 70b toward the long-axis center line Ol.

Similar to the prior embodiments, the seal plate P/ 1s capable ot reducing or
adjusting the pressure drop in the cooling flow channels F3 between the adjacent cell
modules M. In particular, the length ot the opening measured in the tflow direction ot
the cooling tluid (the X direction) can be small at the center and large at end portions
of the plate substrate 50 1n 1ts short-side direction. Thus, the pressure drop between the
channels can be adjusted. Moreover, tor example, 1n the tuel cell stack having the
cooling tlow channels also between the adjacent tuel cells 20, the seal plate P7 can
suppress variations in the tlow rate ot the cooling tluid among all the cooling tlow

channels.
Eighth Embodiment

Fig. 20 1s a plan view showing a seal plate P8 according to an eighth embodiment of
the present invention. Fig. 21 1s an enlarged plan view of an end portion of the seal
plate P8 on which the adhesive seal 80 of the separator 1s interposed. Note that portions
equivalent to those 1n the above embodiments are given the same reterence numerals
as those given to them, and are not described 1n detail again.

The seal plate P8 according to the eighth embodiment of the present invention has
pressure-drop adjustment portions B8. The pressure-drop adjustment portions B8 have
a function of reducing or adjusting the pressure drop ot the cooling water tlowing
through the cooling tlow channels F3. Specitically, the pressure-drop adjustment
portions B8 reduce or adjust the pressure drop by reducing the cross section of the
cooling tlow channels F3 1n the active area, near the active area, or in and near the
active area. The reduction in the cross section ot the cooling flow channels includes
both reduction 1n the tlow direction of the cooling fluid (the X direction) and reduction
in the Y direction perpendicular to the X direction.

The pressure-drop adjustment portions B8 are arranged in the respective ditfuser
regions D1 near the active area. As shown 1n Fig. 21, each pressure-drop adjustment
portion B8 has an opening portion 71 for reduction or adjustment of the pressure drop
of the cooling water tlowing through the cooling flow channels F3 formed between the

cell modules M. The opening portion 71 has a long connected piece 71c¢ and a short
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10097]

10098]

[0099]

[0100]

[0101]

connected piece 71d for reinforcement, bridging thereover in the Y direction which 1n-
tersects the tflowing direction X of the cooling fluid.

To be more specitic, the opening portion 71 has a portion projecting in the opposite
direction to the X direction. The opening portion 71 includes a large opening portion
71a shaped as a long rectangle extending in parallel with the short-axis center line O2
and a small opening portion 71b located on the long-axis center line O1. The opening
portion 71 also has the long connected piece 71c bridging over the large opening
portion 71a between its short sides, at a position somewhat shifted toward the short-
axis center line O2. The long connected piece 71c¢ subdivides the large opening portion
71a to torm a slit 62 extending along the short-axis center line O2. The opening portion
71 also includes the short connected piece 71d bridging over the intermediate portion
of the small opening portion 71b.

The short connected piece 71d 1s located at a position facing a seal portion 80a of the
adhesive seal 80 provided on the cell frame 30. The seal portion 80a can be pressed by
the short connected piece 71d. The long connected piece 71c¢ 1s located at a position
facing the ditfuser region D of the cell trame 30. Thus, the long and short connected
pieces 71c and 71d function to suppress detformation of the diffuser region D of the
cell frame 30.

The seal member (80) 1s provided on each of the separators constituting the tuel cell
20 (only the adhesive seal 1s shown 1n Fig. 21). In the seal plate P%, the slits 62 are
formed 1n portions where no seal member (80) 1s provided.

Thus, similar to the prior embodiments, the seal plate P8 is capable of reducing or
adjusting the pressure drop in the cooling flow channels F3 between the adjacent cell
modules M. Moreover, 1t, for example, the tuel cell stack has the cooling tlow
channels between the adjacent tuel cells 20 as well, the seal plate P8 can reduce
variations 1n the tlow rate of the cooling tfluid among all the cooling tlow channels.

As shown 1n Fig. 21, the short connected piece 71d 1s formed at such a position as to
face the seal portion 80a extending in the short-axis direction. The slit 62 1s formed 1n
an area where no seal member (80) 1s to be provided. Consider a case where the gas
pressure becomes greater than the cooling water pressure, so that the ditferential
pressure between them acts on the seal member 80. In this case, the ditferential
pressure does not act as a torce in the peeling direction ot the seal member 80 if the
seal member 80 1s an adhesive seal or as a force 1n a direction ot decreasing the
shrinkage (allowable compression) of the seal member 80 if the seal member 80 1s a
compression seal. Thereby, the reliability and durability of the seal member 80 can be
improved.

The seal plate P8 has the opening portions 71 for reducing or adjusting the pressure

drop of the cooling water flowing through the cooling tlow channels F3 formed
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10104]

[01035]

between the cell modules M. Each opening portion 71 has the long and short rein-
forcement connected pieces 71c¢ and 71d bridging thereover in the Y direction 1n-
tersecting the tlow direction ot the cooling tluid (the X direction). Thus, the seal plate
P8 can achieve its pressure-drop adjustment tunction with the opening portions 71, and

at the same time, can suppress detformation of the cell frame 30 at its diffuser regions
D.

More specifically, the pressure drop of the tuel cell stack A can be adjusted as
described above by the opening portions 71 provided in each seal plate P8. Depending
on the operation mode, such as at the time of activation, the tuel cell stack A 1s
operated with the power-generation gases intentionally increased or decreased. In this
event, the seal plate P8 and the cell frame 30 sometimes deform 1n their thickness
direction, and also, the tlow rates ot the power-generation gases and/or the cooling
fluid might become unsteady to cause pulsation. To deal with this, the reinforcement
connected pieces 71¢ and 71d are provided to each opening portion 71 of the seal plate
P8 to, irrespective of the operation mode, prevent deformation ot the seal plate P8 and
the cell frame 30 and stabilize the capacities of the cooling flow channels F3. Thus, the
flow rate ot the cooling tluid becomes steady, and tavorable cooling tunction and

power-generation function can be maintained.
Ninth Embodiment

Fig. 22(A) 1s a plan view showing a seal plate P9 according to a ninth embodiment of
the present invention, and Fig. 22(B) 1s an enlarged sectional view of a part of a section
taken along line VII-VII 1n Fig. 22(A). Note that portions equivalent to those 1n the
above embodiments are given the same reterence numerals as those given to them, and
are not described 1n detail again.

The seal plate PY according to the ninth embodiment ot the present invention shown
in Figs. 22A and 22B has a pressure-drop adjustment portion B9 according to a ninth
example. The pressure-drop adjustment portion B9 has: an upstream array 60E ot
grooves and a downstream array 61E of grooves being tormed in parallel with the
long-axis center line O1 of the plate substrate 50; and two slits 62 extending in parallel
with the short-axis center line O2 perpendicular to the long-axis center line O1.

The upstream groove group 60E consists of eight grooves 601 arranged upstream of
the flow direction of the cooling tluid (the X direction). In this embodiment, four
grooves 601 are arranged on each side of the long-axis center line O1 with a prede-
termined distance W1 therebetween. As shown in Fig. 22(B), the grooves 601 are
formed by grinding, through etching or spinning, opposite portions in the plate
substrate 50 on the upper and lower surtaces, respectively, to a predetermined
thickness. The grooves 601 have almost the same width as the slits 60a. The grooves

601 have the same length and formed 1n parallel with each other at equal intervals.
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The downstream array 6 1E consists of eight grooves 617 arranged downstream of the
flow direction of the cooling tfluid (the X direction). The grooves 60; have the same

shape, size, and arrangement pattern as the grooves 60i.

Similar to the seal plates having the through-slits, the seal plate P9 1s capable ot
reducing or adjusting the pressure drop 1n the cooling flow channels F3 between the
adjacent cell modules M. The pressure drop can be reduced or adjusted also through
adjustment ot the depth ot the grooves 601 and 607. Moreover, if, for example, the fuel
cell stack has the cooling tlow channels between the adjacent tuel cells 20 as well, the
seal plate P9 can reduce variations in the tlow rate of the cooling fluid among all the
cooling tlow channels.

When applied to the fuel cell stack A, any of the seal plates P1 to PY can provide the
following ettects. Specifically, the seal plate can be easily removed trom the cell
module M. Accordingly, when the seal members 51 to 56 of a certain seal plate 1s dete-
riorated, only that seal plate has to be replaced, allowing continued use of the cell
module M. Moreover, when a certain cell module M 1s broken, only that cell module
M has to be replaced, which allows continued use of the seal plate.

Further, when the seal plate 1s interposed 1n a certain layer ot the cooling tflow
channels F3 in the fuel cell stack A, the seal plate can make the pressure drop (the
cooling water tlow rate) be matched between those cooling tlow channels F3 and the
cooling tlow channels F3 of another layer. Furthermore, variation in the cooling tluid
flow rate between the fuel cell 20 at the end of the cell module M 1n the stacking
direction and the fuel cell 20 1n the center of the cell module M can be reduced. Note
that the configuration ot the pressure-drop adjustment portion can be any appropriate
combination of the embodiments given above, which 1s determined according to the
various conditions of the ftuel cell stack and the seal plate.

Although the space defined between the adjacent cell modules M 1s the tlow channel
for the cooling medium 1n the embodiments above, the seal plate can be interposed
also when that space 1s not used as the tlow channel. In this case, the inner periphery
seal member 56 tormed on the plate substrate of the seal plate can be formed in such a
manner as to, as shown in Fig. 23, surround the manifold holes M1 to M3 arranged
near one of the short sides ot the seal plate and surround the manitold holes M4 to M6

arranged near the other one of the short sides.

Tenth Embodiment

Fig. 24 1s a sectional view of a tuel cell stack A according to a tenth embodiment ot
the present invention. Fig. 25(A) 1s a plan view of a cell module M shown 1n Fig. 24,
and Fig. 25(B) 1s a perspective view of the fuel cell stack A. Note that only the seal
members of a seal plate 1s superimposed on the cell module M 1n Fig. 25(A) in order to

show the seal members. Note that the same constituents as those in the prior em-
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bodiments are given the same reference numerals as those given to them, and are not
described 1n detail again.

|0112]  In the ftuel cell stack A, 1n order to allow voltage measurement ot each tuel cell 20,
one of the paired separators, the cathode-side separator 41 in the example 1n Fig. 24,
has an extension 41E tformed at part ot the outer periphery portion ot the separator 41
and a voltage measurement tab 41T protruding continuously from the extension 41E to
the outside of the fuel cell stack A.

[0113]  As shown in Fig. 24, an insulating adhesive seal portion 90 1s provided between the
extension 41E and the cell trame 30 of the fuel cell 20 and between the extension 41E
and the cell frames 30 of the adjacent fuel cell 20. The adhesive seal portion 90 seals a
space between the extension 41E and the cell trame 30 of the fuel cell 20 and a space
between the extension 41E and the cell tframes 30 of the adjacent fuel cell 20. This
prevents a short circuit between the separators 41 and entrance of rainwater and the
like tfrom outside. In addition, the voltage measurement tabs 41T are provided at the
same position as each other when viewed 1n the stacking direction of the fuel cells 20.
In other words, the voltage measurement tabs 41T are arranged 1n such a manner as to
form a straight line extending in the stacking direction as shown in Fig. 25(B), and a
connector (not shown) 1s attached to the line of the voltage measurement tabs 417T.

|0114] A connector seal member 57 1s provided on each side ot the voltage measurement tab
41T 1n the long-axis direction. The connector seal member 57 1s a tilm-like member
continuously extending at least 1n the cell stacking direction of the cell modules M.
The connector seal member 57 1s in contact with the outer periphery seal member 55 ot
the seal plate P1, at 1ts one end 1n the stacking direction (which is the lower end 1n Fig.
24 and the upper end 1n Fig. 25(B)) and extends theretrom continuously. The
connector seal member 57 1s a separate member from the outer periphery seal member
53.

|0O115]  When the cell modules M and the seal plates P1 are alternately stacked to torm the
fuel cell stack A, the connector seal member 57 of one cell module M comes 1nto
contact, at 1ts other end in the cell stacking direction (the upper end 1n Fig. 24 and the
lower end 1n Fig. 25(B)), with another connector seal member 57 of the adjacent cell
module M. Thus, the connector members 57 ot the respective cell modules M become
continuous.

[0116] In the tuel cell stack A, similar to the prior embodiments, even when the seal
members 51 to 57 are deteriorated, only the seal plate P1 has to be replaced to allow
continued use of the cell module M. In addition to this, an improvement can be
achieved for the waterproofting around the voltage measurement tabs 41T protruding
outward of the fuel cell stack A.

[0117] Since the connector seal members 57 1n the fuel cell stack A are film-like members
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extending continuously in the cell stacking direction, they can easily come into tight
contact with the connector connected to the measurement tabs 41T, enabling improved

waterproofing at their connection portions.
(0118}  The connector seal members 57 in the fuel cell stack A are separate members from

the outer periphery members 55 of the seal plates P1 and are continuous. This allows,
not only the improvement in waterproofing described above, but also removal of only
the seal plates P1 or even only the connector seal members 57.

[0119]  Note that 1t 1s also possible to make the connector seal members 57 have an integral
structure extending over multiple cell modules M or over the entire tuel cell stack A, or
be integral with the outer periphery seal members 535, or be brought to an integral
structure by being connected together after assembly of the fuel cell stack A.

[0120]  Although the embodiments of the present invention have been described, the
invention is not limited to the foregoing embodiments, and various modifications may
be made within the scope of the invention.

[0121]  For example, although the cell modules M have the same number of stacked fuel
cells 20 as each other in the embodiments above, each cell module M may have a
different number of stacked fuel cells 20.

[0122]  Although the seal plates are formed of an electrically-conductive metal material 1n
the above embodiments, at least their active areas may have to be tormed of an elec-

trically-conductive material. The seal plates are generally subjected to a surface

treatment in order to obtain electrical conductivity which is stable over time. However,
only the active areas may have to be subjected to the surface treatment. Thus, process
efficiency can be achieved. In addition, carbon may be used as the material for the
active areas, in which case the surface treatment is unnecessary.

[0123]  Although the pressure-drop adjustment portions of the above embodiments have

either slits or grooves, they may have both slits and grooves.

Industrial Applicability

10124]  According to the embodiments of the present invention, the seal plate including the
seal members can be easily removed from the cell module. Thus, when the seal
members are deteriorated, only the seal plate has to be replaced, which allows
continued use of the cell module. Therefore, the present invention is industrially ap-

plicable.

Reference Signs List
[0125] 20 fuel cell
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30 cell frame (1nsulating member)

33 membrane electrode assembly

40, 41 separator

50 plate substrate

51 to 54 seal member (first seal member)

Sla, 52b seal lip

55 outer periphery seal member (second seal member)

56 1nner periphery seal member (third seal member)

56b seal lip

71 opening

71c¢ long connected piece (reinforcement connected piece)
71d short connected piece (reinforcement connected piece)
A fuel cell stack

M cell module

M1 to M6 manitold holes

P1 to P9 seal plate
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A fuel cell stack comprising:

cell modules each formed by stacking a plurality of fuel cells each including a
membrane electrode assembly having an insulating member at an outer periphery portion
of the membrane electrode assembly and paired separators sandwiching the membrane
electrode assembly, and by attaching the insulating members of adjacent ones of the fuel

cells together;

a seal plate interposed between the stacked cell modules, wherein the seal plate
includes:
a first plurality of manifold holes from which two kinds of power-
generation gases flow separately in and out to flow through the fuel cells, and
a first seal member provided along a peripheral portion of each of the

manifold holes to seal a corresponding one of the power-generation gases flowing

through the manifold holes.

2. The tuel cell stack according to claim 1, wherein
the seal plate includes a second seal member provided along an outer periphery
portion of the seal plate to seal a space between the seal plate and the fuel cells adjacent

to the seal plate.

3. The fuel cell stack according to claim 2, wherein

the second seal member has an electrical insulation property and is arranged on

an outer side of the separators.

4. The fuel cell stack according to any one of claims 2 and 3, wherein

a thickness of the seal plate 1s larger than a thickness of each separator, the

thicknesses being measured in a stacking direction of the cell modules.

5. The tuel cell stack according to claim 2, wherein
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the seal plate includes a second plurality of manifold holes from which cooling
water flows 1n and out, respectively, and

the second plurality of manifold holes are not sealed.

6. The fuel cell stack according to claim 2, wherein

the seal plate includes a third seal member between the first seal member and the

second seal member.

7. The tuel cell stack according to claim 6, wherein

the first to third seal members have an electrical insulation property.

8. The fuel cell stack according to any one of claims 6 and 7, wherein

the third seal member and an adhesive attaching the fuel cells together are
arranged to coincide in position with each other when viewed 1n a stacking direction of

the cell modules.

9. The tuel cell stack according to any one of claims 2 to 8, wherein
a thickness of the second seal member 1s larger than a thickness of the first seal

member, the thicknesses being measured 1n a stacking direction of the cell modules.

10.  The fuel cell stack according to claim 5, wherein the seal plate comprises:

a plate substrate in which the pluralities of manifold holes are formed; and

the first seal member, wherein the first seal member includes:
a seal base provided on a peripheral portion of the manitfold hole, and
a seal lip protruding from a surface of the seal base, and

the seal lip 1s located closer to the center of the manifold hole than a sidewall

surface of the plate substrate where the manifold hole is formed.

11.  The ftuel cell stack according to claim 10, wherein
the seal lip 1s provided on each of a front-surface side and a rear-surface side of
the plate substrate at positions symmetric to each other with respect to a center axis of the

plate substrate.
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12. The fuel cell stack according to claim 10 or 11, further comprising a second seal

member configured to seal an outer periphery portion of the plate substrate.

13. The tuel cell stack according to any one of claims 10 to 12, wherein
the seal lip is located above the plate substrate, and

a portion of the plate substrate where the first seal member is located is thinner

than other portions of the plate substrate.

14.  The fuel cell stack according to any one of claims 10 to 13, wherein
the plate substrate has an opening portion configured to reduce or adjust a
pressure drop in cooling fluid flowing through a cooling flow channel formed between

the cell modules by reducing a cross section of the plate substrate near an active area of

the seal plate, and

a connected piece for reinforcement bridging over the opening portion in a

direction intersecting a flowing direction of the cooling fluid.
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[Fig. 12]
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[Fig. 17]
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[Fig. 18]
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[Fig. 21]
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