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FUEL CELL FLUID FLOW FIELD PLATES

The present invention relates to fuel cells, and in particular to flow field
plates suitable for use in solid polymer electrolyte fuel cells, which flow
5  field plates act as fluid delivery conduits to electrode surfaces of the fuel

cell.

Conventional electrochemical fuel cells convert fuel and oxidant into
electrical energy and a reaction product. A typical layout of a conventional

10 fuel cell 10 is shown in figure 1 which, for clarity, illustrates the various
layers in exploded form. A solid polymer ion transfer membrane 11 1s
sandwiched between an anode 12 and a cathode 13. The polymer membrane
allows protons to traverse the membrane, but blocks the passage of
electrons. Typically, the anode 12 and the cathode 13 are both formed from

15 an electrically conductive, porous material such as porous carbon, to which
small particles of platinum and/or other precious metal catalyst are bonded.
The anode 12 and cathode 13 are often bonded directly to the respective
adjacent surfaces of the membrane 11. This combination 1s commonly
referred to as the membrane—electrode assembly, or MEA.

20

Sandwiching the polymer membrane and porous electrode layers 1s an anode
fluid flow field plate 14 and a cathode fluid flow field plate 15. Intermediate
backing layers 12a and 13a may also be employed between the anode fluid
flow field plate 14 and the anode 12 and similarly between the cathode flud
25 flow field plate 15 and the cathode 13. The backing layers are of a porous
nature and fabricated so as to ensure effective diffusion of gas to and from
the anode and cathode surfaces as well as assisting in the management of
water vapour and liquid water. Throughout the present specification,
references to the electrodes (anode and/or cathode) are intended to include

30 electrodes with or without such a backing layer.
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The fluid flow field plates 14, 15 are formed from an electrically conductive,
non-porous material by which electrical contact can be made to the
respective anode electrode 12 or cathode electrode 13. At the same time, the
fluid flow field plates must enable the delivery and/or exhaust of fluid fuel,
oxidant and/or reaction product (and/or other diluent gases not taking part in
the reaction) to or from the porous electrodes. This is conventionally
effected by forming fluid flow passages in a surface of the fluid flow field
plates, such as grooves or channels 16 in the surface presented to the porous

electrodes.

With reference also to figure 2, it will be seen that one prior art
configuration of fluid flow channel, such as that taught in US 5,108,849 1s a
serpentine structure 20 in a face of the anode 14 (or cathode) having an inlet

manifold 21 and an outlet manifold 22.

In a typical application, in the anode fluid flow field plate 14, hydrogen gas
is delivered into the serpentine channel 20 from the inlet manifold 21. In the
cathode fluid flow field plate 15, oxidant (eg. oxygen gas) is delivered mto
the serpentine channel 20 from the inlet manifold. Because 1t 1s important to
maintain a good supply of oxygen to the porous cathode electrode 13, and
because reaction product (water) accumulates therein, it 1s often important to
maintain a high flow rate of oxidant gas through the serpentine channel 20
from the inlet manifold 21 to the outlet manifold 22, to expel depleted gas
supply and product water. |

Because the voltage produced by a single fuel cell is quite low (typically
approximately 0.7 V), conventionally multiple cells are connected in series

with the electrically conductive, cathode fluid flow field plate of one cell

PCT/GB02/04483
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being placed in electrical contact with the adjacent anode fluid flow field

plate of the next cell.

10

15

20

235

30

As shown in figure 3, in order to simplify construction of a series-connected
array or “stack” 30 of fuel cells, it has been proposed in the prior art to
utilise a single fluid flow field plate 31, 32 shared between adjacent cells.
By way of example, cell 34 shares plate 32 with adjacent cell 35. The lett
hand face (as represented in figure 3) of bipolar plate 32 acts as a cathode for
cell 34 and incorporates cathode fluid flow channels 36, while the right hand
face acts as an anode for cell 35 and incorporates anode fluid flow channels
37. Thus, in bipolar fluid flow field plate 32, channels are formed 1n both
faces of the plate and the number of separate fluid flow field plates required

in the stack of fuel cells is consequently reduced.

The present invention is directed to providing still further improvements in

the construction of fluid flow field plates and a reduction in the dimensions

of a fuel cell stack.

According to one aspect, the present invention provides a bipolar fluid flow
field plate for a fuel cell comprising an electrically conductive, non-porous
sheet having a first fluid flow channel patterned into a first face of the sheet
and a second fluid flow channel patterned into the opposite face of the sheet,
in which the pattern of the first channel is configured to have no portion
thereof directly overlying the pattern of the second channel over a

substantial area of the sheet.

According to another aspect, the present invention provides a bipolar fluid
flow field plate for a fuel cell comprising an electrically conductive, non-
porous sheet having a first fluid flow channel patterned into a first face of

the sheet and a second fluid flow channel patterned into the opposite face of

3
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the sheet, in which the combined depth of the first and second channels 1 an

active area of the plate exceeds the total thickness of the plate.

Embodiments of the present invention will now be described by way of
example and with reference to the accompanying drawings in which:

Figure 1 is an exploded cross-sectional view of a prior art fuel cell;

Figure 2 is a plan view of a prior art fluid flow field plate in the fuel
cell of figure 1;

Figure 3 is an exploded cross-sectional view of a prior art series-
connected fuel cell stack;

Figure 4 is a cross-sectional view of a portion of the bipolar fluid
flow field plate 1n figure 3;

Figure 5 is a cross-sectional view of a portion of a bipolar fluid flow
field plate according to one aspect of the present invention,;

Figure 6 is a cross-sectional view of a portion of a bipolar fluid tlow
field plate according to another aspect of the present invention;

Figure 7 is a schematic plan view of continuous serpentine and
interdigitated comb channels formed in opposing faces of the plate of figure
5 or figure 6;

Figure 8 is a cross-sectional view of a portion of a bipolar fluid tlow
field plate showing reduced channel depth cross-over portions;

Figure 9 is a cross-sectional view of a portion of a bipolar fluid flow
field plate and adjacent porous electrodes with bypass channels therein; and

Figures 10a and 10b are schematic plan views of interrupted
serpentine and comb channel patterns to be formed in opposing faces of the

plate of figure 5 or figure 6.

A critical factor in the commercial viability of fuel cells is the deliverable
energy per unit volume of fuel cell. There is an ever-increasing demand to

deliver more power per unit volume, and this has led to some improvements

4
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such as the bipolar fluid flow field plate configuration indicated in figure 3
and figure 4. To decrease the dimension of the fuel cell stack still further,
the present inventors have recognised that the bipolar plate can be
substantially reduced in thickness by co-ordmating channel structures on

opposing faces of the plates 31, 32.

In the prior art configuration of figure 4, the thickness of bipolar plates 31,
32 has been determined according to the depth of channel required on both
sides of the plate, plus sufficient thickness of plate lying between the
channel bottoms to ensure structural integrity of the plate. This 1s illustrated
in figure 4. As shown, the bipolar plate 31, 32 thickness Tp generally equals
the anode channel depth, dy plus cathode channel depth, dc plus an

intermediate plate thickness, T;.

According to the present invention, the anode and cathode fluid flow
channel configurations on both faces of the bipolar plates are co-ordinated
so that the number of cross-over points where the anode channels 37 overlie

the cathode channels 36 is reduced, preferably to zero.

Where this is effected, the anode and cathode fluid flow channels 36, 37 are
themselves co-ordinated in an interleaved fashion as depicted m figure 5. In
this configuration, it will be noted that the plate thickness Tp now generally
equals the anode channel depth, d, plus cathode channel depth, dc minus a
channel depth overlap, To. The channel spacing or wall thickness (Sa, Sc)
on each side of the plate is increased sufficiently to accommodate the width
of the intervening channel on the other side of the plate, plus an internal
channel spacing S; within thé plate between each adjacent channel on

alternating sides of the plate.
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In figure 5, a rectangular channel profile is shown, as can be conveniently
formed using various chemical etching techniques, electrochemical
machining, abrasive machining or other suitable material removal processes.
As evident from figure 6, other channel profiles such as a triangular profile
can be used to similar effect. In figure 6, however, it will be noted that the
particular channel profile allows that the channel spacing S, and Sc on each
side of the plate need not be increased to the same extent as in figure 5 n
order to maintain an effective internal channel spacing S;. In these
examples, a “past-centre” material removal process is used to form the

channels 36, 37 to a depth greater than the centre of the plate thickness.

To allow the use of a “past-centre” material removal process, the
configuration of the anode and cathode fluid flow channels are co-ordinated
to avoid any superposition of the channels over a substantial portion, and

preferably all, of the active area of the bipolar plate faces.

An exemplary serpentine and interdigitated comb pattern i1s shown
schematically in figure 7. In figure 7, bipolar fluid flow field plate 70
includes a first inlet manifold 71 which preferably comprises an aperture
through the full thickness of the plate 70. The first inlet manifold 71
communicates with comb structure channels 74 which are formed on a first
surface of the bipolar plate. Comb structure channels 73 direct the fluid to
the corresponding first outlet manifold 72, which also preferably comprises

an aperture through the full thickness of the plate 70.

A second inlet manifold 75 and a second outlet manifold 76 preferably
comprise respective apertures through the full thickness of the plate. On the
opposite surface of the bipolar plate, and therefore shown in dashed line
form, is a serpentine channel 77 that communicates with the second inlet

manifold 75 and the second outlet manifold 76 respectively. In use, gas 1s

6
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supplied through the second inlet manifold 75, and passed through the
serpentine channel 77 from which it is transported into an adjacent porous
electrode (via a backing layer if one is used). Unused gas, together with
water reaction product is passed out from the serpentine channel 77 into

cathode outlet manifold 76.

It will be understood that the view of the channels 73, 74, 77 in figure 7 is
schematically represented only, and that the number of “teeth™ in each
interdigitated comb structure of the channel pattern, as well as the number of
turns in the serpentine structure, is considerable. In a typical example, the
plate channel density provides 5 channels per centimetre of plate surface. A
typical plate having electrode dimensions 10 cm by 10 cm provides a
serpentine channel having 25 passes across the width of the plate in one
direction, and a pair of interdigitated combs together providing a
corresponding number of “teeth” extending across the width of the plate

between the serpentine passes.

In a presently preferred configuration having approximately rectan gular
cross-section channels, a typical bipolar fluid flow field plate thickness Tp 1s
0.8 mm while the anode and cathode channels 73, 74 and 77 have a depth
(ds, do) of approximately 0.5 mm. The channel depth overlap, To 1s
therefore 0.2 mm. Preferably, the channel widths are 0.7 mm, the channel
spacings Sc and S, on each side of the bipolar plate are 1.1 mm, and the

internal channel spacing S; 1s 0.2 mm.

In preferred embodiments, the plate thickness Tp lies in the range 0.3 mm to
1.5 mm, the channel depths d, and d¢ lie in the range 0.2 mm to 1.1 mm,
the channel depth overlap lies in the range 0.1 mm to 0.4 mm, the channel
spacings Sc and S, lie in the range 0.5 mm to 1.5 mm and the internal

channel spacing lies in the range 0.05 mm to 0.35 mm.

7
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In the preferred configurations shown, both the anode channel 73 and the
cathode channel 77 are formed to equal depths, both being greater than half
the thickness of the plate. However, it will be understood that the channel
depths could be unequal, the material removal process on one side of the

bipolar plate being deeper than on the other side.

It will also be understood that the relative widths of the anode and cathode
channels can be varied. The varying of relative widths and depths of the
anode channels and the cathode channels enables variation in the relative
volume of anode channels versus cathode channels, which can be usetul for

example, in maintaining appropriate fluid flows with ditferent fluids.

A significant number of alternative channel patterns in the bipolar fluid tlow
field plate can be used. Figure 10 shows two alternative such patterns. In
figure 10a, channel pattern 100 comprises a first (eg. anode) channel pattern
comprising four comb structures 101, the “teeth” of which communicate
with a respective intermediate channel portion 102 by way of forced
diffusion through the adjacent porous electrode. It is therefore possible to
maintain a fluid flow from manifolds 103 to manifolds 104 via the channels

101 and 102.

Traversing the active area of the bipolar fluid flow field plate (but on the
opposite face thereof) is a second (eg. cathode) channel pattern comprising a
pair of continuous, divergent and reconvergent channels 105, 106 which

enable a fluid flow to be maintained between manifolds 107 and 108.

1t will be understood that the above references to anode and cathode can be
reversed, so that the comb patterns are used for cathode channels and the

serpentine patterns are used for anode channels.

8
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Figure 10b shows an alternative channel pattern 110 to that of figure 10a, 1n
which the continuous split divergent and reconvergent channels 105 are
patterned so as to require differing lengths of intermediate channel portions

102 in the comb pattern channels 101.

In general terms, the above described embodiments allow for a combination
of a continuous divergent and re-convergent fluid flow channel on one side
of a bipolar fluid flow field plate together with an interdigitated “comb”
style flow channel on the other side of the bipolar fluid flow field plate, both
channels being to a depth that exceeds half the plate thickness. This
configuration allows for a large cross-sectional flow area, within each single
fluid flow track, for any given plate thickness. This provides an mmproved
volumetric throughput, for any specified pressure drop, within such a track,

for a given plate thickness.

It will be observed from figure 7, figure 10a and figure 10b that there are no
cross-over points where any part of the anode channel structure superposes
any part of the cathode channel structure. This arrangement represents an
effective balance between maximising the area of channel on each side of
the bipolar fluid flow plate and minimising the plate thickness. Many other
geometric patterns of anode and cathode channels may be used which meet
this criterion to varying degrees. In the figure 10a, 10b embodiments, fluid
flow across “discontinuities” in the channels (eg. between channel sections
102, 103 is effected by forced diffusion through the adjacent porous
electrode (ie. out of the plane of the fluid flow field plate).

With reference to figure 8, it will be recognised that cross-over points could
be conveniently arranged, for example, outside the active area of the plate,

eg. in the channels leading to each individual tooth of the comb structure. In

9
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the illustration, this is done by intermittently reducing the depth d, of the

channel 73 in the region 80 where the channel overlies a transverse channel
77. In this arrangement, it may be desirable to locally increase the width of
the channel 73 in region 80 to compensate for the temporary loss of channel

depth, thereby maintaining the fluid flow capacity of the channel.

Other methods exist for allowing limited cross-over points where anode
fluid flow channels must overlie (ie. traverse) cathode fluid flow channels
and where forced diffusion through the adjacent electrode 1s not completely
satisfactory.

It has been recognised that the porous electrodes adjacent to the fluid tlow
field plate and the channels therein can be conveniently fabricated with a
machined, abraded or embossed surface in which small regions of localised
channel formed therein can be used to provide a fluid tlow path across a

discontinuous fluid flow channel in the bipolar plate.

Referring to figure 9, bipolar fluid flow plate 91 includes an anode channel
94 (extending across the drawing, as shown) with a discontinuity 1n re gioh
95 where a cathode channel 96 extends transversely underneath. To provide
continuity to the fluid flow indicated by the arrows, a small bypass channel
97 1s formed in the surface of the anode 92 which registers with the ends of
discontinuous channel 94 in the bipolar fluid flow field plate 91. Bypass
channel 97 thereby allows fluid communication between the ends of the
channel 94 on either side of the transverse channel 96, out of the plane of the

bipolar plate 91.

Similar structures may be used when a cathode channel needs to traverse an
underlying anode channel. Thus, a bypass channel 97 can equally be formed

in the surface of a cathode as in the surface of the anode.

10
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Preferably, the bypass channels 97 formed in a porous anode 92 or cathode
93 are of sufficient length only to traverse the region 95 that overlies the
transverse channel 96. In a preferred embodiment, the lengths of bypass
channels lies in the range 0.1 mm to 2.0 mm. The width and depth of the
bypass channels preferably corresponds to the widths and depths of the
channels in the bipolar fluid flow field plate with which they communicate.
Preferably, the bypass channels are formed in the porous carbon electrodes

using known abrasive removal techniques such as by particle impingement.

With the co-operating anode and cathode fluid flow channels 36, 37 as
described above, it will be noted that if identical bipolar plates 32 were to be
used in a stack (as depicted in figure 3), this would result in opposing anode
and cathode fluid flow channels on either side of the membrane—clectrode
assembly 11-13 being offset from one another. If it 1s desired to have them
overlying one another, the fluid flow channels of adjacent bipolar plates (ie.
on an alternating basis down a stack) can be laterally offset from one another

in order to align anode and cathode flow channels.

Although the examples of the present invention have been described in the
context of fuel cell devices requiring opposing gas streams, 1t will be
understood that the methodology can be extended to synthesis cells using
membrane or diaphragm separation with application in electrolytic

production of gases in “zero-gap” cells.

Other embodiments of the invention are within the accompanying claims.

11
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CLAIMS

1. A bipolar fluid flow field plate for a fuel cell comprising an
electrically conductive, non-porous sheet having a first fluid flow channel
patterned into a first face of the sheet and a second fluid flow channel
patterned into the opposite face of the sheet, in which the pattern of the first
channel is configured to have no portion thereof directly overlying the

pattern of the second channel over a substantial area of the sheet.

2. The bipolar fluid flow field plate of claim 1 in which the pattern ot
the first channel is configured to have no portion thereof directly overlying

the pattern of the second channel over the entire area of the sheet.

3. The bipolar fluid flow field plate of claim 1 or claim 2 m which the
first fluid flow channel 1s formed in the first face of the sheet to a depth du

and the second fluid flow channel is formed in the opposite face of the sheet

to a depth dc, the combined depths da + d¢ being greater than the total plate
thickness, TP.

4. The bipolar fluid flow field plate of claim 3 in which the first fluid

flow channel and the second fluid flow channel are each formed to a depth

that is greater than half the thickness of the plate.

5. The bipolar fluid flow field plate of claim 3 or claim 4 m which the
internal channel spacing between channels on opposing faces of the plate 1s

at least 0.1 mm.

6. The bipolar fluid flow field plate of claim 1 having at least said first
fluid flow channels being discontinuous in the first face of the bipolar fluid

flow field plate, and further including a porous electrode mounted adjacent

12
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to the first face, in which the porous electrode includes bypass channels co-

registered with the discontinuous flow channels in the bipolar fluid flow
field plate so as to permit fluid communication between adjacent ends of

said discontinuous flow channels.

7. The bipolar fluid flow field plate of claim 6 in which the bypass
channels are arranged to overlie portions of the bipolar fluid flow field plate
where second fluid flow channels in the opposite face of the bipolar {luid

flow field plate traverse the channel pattern in the first face.

8. A bipolar fluid flow field plate for a fuel cell comprising an
electrically conductive, non-porous sheet having a first fluid flow channel
patterned into a first face of the sheet and a second fluid flow channel
patterned into the opposite face of the sheet, in which the combined depth of
the first and second channels in an active area of the plate exceeds the total

thickness of the plate.

9. The bipolar fluid flow field plate of claim § in which the depth of the
first channel and the depth of the second channel both each exceed half the
plate thickness.

10.  The bipolar fluid flow field plate of claim 8 or claim 9 m which the

channel depths are substantially uniform across the entire active area of the

plate.

11.  The bipolar fluid flow field plate of any one of claims 8 to 10 having
at least said first fluid flow channel discontinuous in the first face of the
bipolar fluid flow field plate, and further including a porous electrode
mounted adjacent to the first face, in which the porous electrode includes

bypass channels co-registered with the discontinuous flow channels in the

13
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bipolar fluid flow field plate so as to permit fluid communication between

adjacent ends of said discontinuous flow channels.

12.  The bipolar fluid flow field plate of claim 11 in which the bypass
5 channels are arranged to overlie portions of the bipolar fluid flow field plate
where second fluid flow channels in the opposite face of the bipolar fluid

flow field plate traverse the channel pattern in the first face.

13.  The bipolar fluid flow field plate of claim 1 or claim 8 having at least
10  said first fluid flow channels being discontinuous in the first face of the
bipolar fluid flow field plate, and further including a porous electrode
mounted adjacent to the first face, in which the porous electrode permits
fluid communication between adjacent ends of said discontinuous flow
channels by forced diffusion through the porous electrode.
15
14.  The bipolar fluid flow field plate of claim 13 in which the length ot

the discontinuities in the first fluid flow channels lie 1n the range 0.1 mm to

2.0 mm.

20 15. A fluid flow field plate substantially as described herein with

reference to the accompanying figures 5 to 10b.

14
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