wo 2016/097716 A1 [ I PV 00O OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

23 June 2016 (23.06.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/097716 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
HOIM 8/0202 (2016.01)

International Application Number:
PCT/GB2015/054020

International Filing Date:
15 December 2015 (15.12.2015)

Filing Language: English
Publication Language: English
Priority Data:

1422458.8 17 December 2014 (17.12.2014) GB
Applicant: INTELLIGENT ENERGY LIMITED

[GB/GB]; Charnwood Building, Holywell Park, Ashby
Road, Loughborough, Leicestershire LE11 3GB (GB).

Inventors: DUFTON, Jesse Thomas Robin; Charnwood
Building, Holywell Park, Ashby Road, Loughborough,
Leicestershire LE11 3GB (GB). CURNICK, Oliver
James; Charnwood Building, Holywell Park, Ashby Road,
Loughborough, Leicestershire LE11 3GB (GB). JACK-
SON, Russell Oliver; Charnwood Building, Holywell
Park, Ashby Road, Loughborough, Leicestershire LE11
3GB (GB). ARMOUR, Simon Carl; Charnwood Building,
Holywell Park, Ashby Road, Loughborough, Leicestershire
LE11 3GB (GB). NINAN, Daniel; Charnwood Building,

Holywell Park, Ashby Road, Loughborough, Leicestershire
LE11 3GB (GB).

(74) Agent: CHARIG, Raymond Julian; Potter Clarkson LLP,

The Belgrave Centre, Talbot Street, Nottingham NG1 5GG
(GB).

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: FUEL CELL SYSTEM

INLET

408/\/ *
4@6«~/\J 5

-

402b e

ﬁ\/f,fi(}d?a
e
vaaza

OQUTLET

Fig. 4a

(57) Abstract: The invention relates to a fuel cell system and associated method of manufacture. The fuel cell system has at least a
first surface region and a second surface region, wherein the first surface region is more hydrophilic than the second surface region,
wherein the first and second surface regions are arranged in accordance with a parameter distribution of the fuel cell system.



WO 2016/097716 A1 |IIWAT 00T 00RO OO

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




10

15

20

25

30

35

WO 2016/097716 PCT/GB2015/054020
1

Fuel Cell System

The invention relates to a fuel cell system and in particular, although not exclusively, to a

fuel cell system with improved fluid flow properties.

Conventional electrochemical fuel cells convert fuel and oxidant into electrical energy and
a reaction product. One example layout of a conventional 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 is sandwiched between an anode 12 and a cathode 13. Typically,
the anode 12 and the cathode 13 are both formed from 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 is commonly referred

to as the membrane-electrode assembly, or MEA.

Sandwiching the polymer membrane and porous electrode layers is an anode fluid flow
field plate 14 and a cathode fluid flow field plate 15. Intermediate backing layers 15a and
13a may also be employed between the anode fluid flow field plate 14 and the anode 12
and similarly between the cathode fluid flow field plate 15 and the cathode 13. The backing
layers 15a 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. For this reason, the backing layers 15a are sometimes

also referred to as gas diffusion layers (GDLs).

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 facilitate the delivery
and/or exhaust of fluid fuel, oxidant and/or reaction product to or from the porous
electrodes 12, 13. 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 12, 13.

With reference also to figure 2a, one conventional configuration of fluid flow channel
provides a serpentine structure 20 in a face of the anode 14 (or cathode 15) having an
inlet manifold 21 and an outlet manifold 22 as shown in figure 2a. According to
conventional design, it will be understood that the serpentine structure 20 comprises a
channel 16 in the surface of the plate 14 (or 15), while the manifolds 21 and 22 each
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comprise an aperture through the plate so that fluid for delivery to, or exhaust from, the

channel 20 can be communicated throughout the depth of a stack of plates in a direction

orthogonal to the plate as particularly indicated by the arrow in the cross-section on A-A

shown in the figure 2b.

With referenéé to figure 3, in an example of a conventional fuel cell assembly 30, stacks
of plates are built up. In this arrangement, adjacent anode and cathode fluid flow field
plates are combined in conventional manner to form a single bipolar plate 31 having anode
channels 32 on one face and cathode channels 33 on the opposite face, each adjacent to
a respective membrane-electrode assembly (MEA) 34. The inlet manifold apertures 21
and outlet manifold apertures 22 are all overlaid to provide the inlet and outlet manifolds
to the entire stack. The various elements of the stack are shown slightly separated for
clarity, although it will be understood for the purposes of the present invention that they
will be compressed together using sealing gaskets. Alternatively, the individual fuel cell

assemblies 30 can be provided separately, for example in a row.

Water management is an important consideration in the operation of such fuel cells.
During operation of a fuel cell, product water from the reaction between hydrogen and
oxygen is formed at catalytic sites of the MEA. This water must be exhausted from the
MEA via the cathode diffusion structure at the same time that oxygen is transported to the
cathode face of the MEA. However, it is also important that the MEA remains suitably
hydrated to ensure that the internal electrical resistance of the cell remains within tolerable
limits. Failure to control the MEA humidification leads to hot spots and potential cell failure

and/or poor electrical cell performance.

According to a first aspect of the invention there is provided a fuel cell system with at least
a first surface region and a second surface region, wherein the first surface region is more
hydrophilic than the second surface region, wherein the first and second surface regions
are arranged in accordance with a parameter distribution of the fuel cell system in order to
control fluid flow in the fuel cell system. The correlation between the arrangement of the
first and second surface regions and the parameter distribution enables the hydrophobic
properties of the fuel cell stack to be tailored to better meet the conditions encountered
during use. As such, the performance of the system can be improved in terms of power
output efficiency, cooling efficiency and the prevention of localised failure, for example.

The first surface region and the second surface region may be provided on a single

component. One or more surfaces of the component may be configured to receive fluid
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flow. The first and second regions may be configured to control fluid flow across the one
or more surface. The first surface region and the second surface region may be provided

on a single surface of the single component.

The first surface region may be provided on a different component to the second surface
region. In which case, a first component on which the first surface region is provided may
be the same type of component, or a different type of component, to a second component
on which the second surface region is provided. The first and/or second surface regions
may be continuous regions. The first and/or second surface regions may be discontinuous

regions.

The component may be one of: a gas diffusion layer, or a fuel cell plate or a fluid flow plate
configured to guide reactant over an active area of a fuel cell of the fuel cell system. In
examples where the component is a fluid flow plate, the first surface region may be a land
region of the fluid flow plate and the second surface region may be a track region of the
fluid flow plate. The fluid flow plate may comprise a folded portion. The second surface
region may be provided on or in the folded portion. The fluid flow plate may comprise an
active area. The active area may have an adjacent portion with respect to the folded
portion. The active area may have a distal portion with respect to the folded portion. In
examples where the component is a bipolar field flow plate having a cathode surface and
an anode surface, the second surface region may be provided on the cathode surface and
the first surface region may be provided on the anode surface. The first surface region
may be provided on a current carrying region of the surface of the component. The first
surface region may be provided on a region of the surface of the component that is not
configured to carry substantial current when in use. Applying the hydrophobic coating only
in regions that are not used to carry current means that the resistance of the cell is

unaffected whilst still providing advantageous hydrophobic properties.

The component may be one of: a water separator; heat exchanger; pump or fluid line of
the fuel cell system.

The parameter distribution may be one or more of: a distribution of current density, electric
field or electric potential, a temperature distribution; a pH distribution; and a fluid flow
distribution, such as a distribution of reactant flow across the surface.

The first surface region may have a different texture, or surface pattern, to the second

surface region. The surface pattern of the second surface region may be configured to
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provide increased hydrophobicity. The first surface region may be chemically inert. The

first surface region may be without hydrophobic chemical agents.

The patterned surface may comprise nanoscale or microscale corrugations or ridges
(continuous or discontinuous) for inhibiting microbial growth. The microscale corrugations
may each have a width of between 1 and 100 microns, 10 and 100 microns and possibly
between 2 and 25 microns. The microscale corrugations may be separated across their
width by a spacing of between 1 and 100 microns, 10 and 100 microns and possibly
between 2 and 25 microns. The microscale corrugations may each have a depth of
between 1 and 100 microns, 10 and 100 microns and possibly between 2 and 20 microns.
The patterned surface may comprise a cellular relief pattern. This is advantageous as the

repeating cells of the patterned surface provide for efficient manufacture.

The patterned surface may have an average roughness factor of between 2 and 30, the
average roughness factor determined as the ratio of the actual surface area to the
geometric surface area (in some examples the average roughness factor may be greater
than 30).

The patterned surface may be chemically inert. Advantageously, the surface may have
hydrophobic properties due to the particular surface patterning, thus providing a
hydrophobic surface without hydrophobic chemical agents. This may be desirable for
maintaining a pure coolant supply to fuel cell stacks in the fuel cell system.

The first surface region may have a different chemistry to the second surface region.

The surface may comprise a third surface region providing a gradient of hydrophobicity
between the first and second surface regions.

According to a further aspect of the invention there is provided a method for fabricating a
fuel cell system, the method comprises providing at least a first surface region and second
surface region in accordance with a parameter distribution of the fuel cell system in order
to control fluid flow, wherein the first surface region is more hydrophilic than the second
surface region.

The method may comprise providing the first surface region at a peripheral region of a field
flow plate. The method may comprise providing the second surface region at a peripheral

region of a field flow plate. The method may comprise folding the peripheral region of the
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field flow plate to form a fluid distribution plenum. The folding step may be performed
subsequent to the provision of the surface region on the field flow plate.

Also disclosed is a fluid flow plate with at least a first surface region and a second surface
region, wherein the first surface region is more hydrophilic than the second surface region,
and wherein one or both of the first and second surface regions are arranged in a folded

portion of a fluid flow plate in order to control fluid flow.

Embodiments of the present invention are now described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1 shows a schematic cross-sectional view through a part of a conventional
fuel cell;

Figures 2a and 2b respectively show a simplified plan and sectional view of a fluid
flow field plate of the fuel cell of figure 1;

Figure 3 shows a cross-sectional view through a conventional fuel cell stack with
bipolar plates;

Figures 4a and 4b illustrate examples of surface arrangements within a fuel cell
system;

Figures 5a and 5b show schematic views of an exemplary hydrophobic patterned
surface;

Figure 6a shows a perspective view of part of a fluid flow field plate with channels
formed in a first surface thereof;

Figure 6b shows a perspective view of part of the fluid flow field plate of figure 6a
after a folding operation on the plate; and

Figure 7 shows a simpilified plan view of a fluid flow field plate with various regions
of hydrophobicity.

Embodiments of the present invention relate to the use of chemical coatings or patterned
surfaces to modulate the interaction between water and various fuel cell components, such
as the wetting behaviour of the surface. A first surface region and a second surface region
are provided in the fuel cell system. The first surface region is more hydrophilic than the
second surface region. Expressed in another way, the second surface region is more
hydrophobic than the first surface region because the property of hydrophobicity can be
considered to be the absence of a hydrophilic attraction. In some examples, the second
region may comprise a super-hydrophobic material. |
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The fuel cell system may comprise one or more fuel cell assemblies similar to those
illustrated in figures 1 to 3, for example, and further optionally comprises additional
components in anode or cathode circuits. The additional components can include a water
separator, a heat exchanger, various pumps or fluid lines, as is known in the art. The first
surface region and the second surface region may be provided on a single component
and/or on a single surface. For example, on a single side of a component. Alternatively,
the first surface region may be provided on a different component and/or different surface

to the second surface region.

The first and second surface regions are arranged in accordance with a parameter
distribution of the fuel cell system in order to control fluid flow within the system. The
parameter distribution may be a 1- or 2-dimensional distribution of a particular fuel cell
system parameter across the surface of the component or a 1-, 2- or 3-dimensional
distribution of the parameter within the fuel cell system more generally. As such, the
parameter distribution can be considered to provide a map of a particular property across
the surface or in the system.

Examples of types of parameter distribution include:
a distribution of current density, electric field or electric potential;
a temperature distribution;
a pH distribution; and

a fluid flow distribution, such as a distribution of reactant flow across the surface.

The skilled person will appreciate that for some fuel cell components the above parameters
are interrelated. For example, there may be a correlation between current density and
temperature distributions for some components. The parameter distribution may be
derived from a model/prediction or may be determined from experimental observations of

the system, or a particular component in use.

The correlation between the arrangement of the first and second surface regions and the
parameter distribution enables the hydrophobic properties of the fuel cell stack to be
tailored to better meet the conditions encountered during use. As such, the performance
of the system can be improved in terms of power output efficiency, cooling efficiency and

the prevention of localised failure, for example.
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7
Figures 4a and 4b illustrate examples of surface arrangements within a fuel cell system
where different hydrophilic/hydrophobic surfaces properties are used to modulate

water/surface interactions.

Figure 4a illustrates an example in which the first surface region 402a is provided on a first
component 404a and the second surface region 406 of a higher hydrophobicity is provided
on a different, second component 408. In this example the two components 404a, 408 are
of the same sort, and are both fuel cell plates. Alternatively, the two components 404a,

408 could both be gas diffusion layers (GDLs), for example.

A third surface region 410 with a level of hydrophobicity between that of the first surface
region 402a and the second surface region 404a is provided on a third component 412
that is situated between the first and second components 404a, 408. In this way, a gradient
of hydrophobicity is provided between the first and second surface regions 402a, 4086.

Providing a hydrophobic coating on a bipolar plate or GDL can improve fuel cell
performance by reducing flooding within the cell. The potential for flooding varies through
the thickness of a fuel cell stack (and some non-stacked arrangements) because,
depending upon the cell arrangement, there may be a higher reactant level nearer the inlet
of the stack than the outlet. In this way, the arrangement of the regions 402a, 404, 406 is
in accordance with a reactant flow distribution through the stack in order to control reactant
flow through the stack. The reactant flow distribution may be expressed as a 1-
dimensional distribution perpendicular to the plane of the fuel cell plates. Such an
arrangement may also be related to a temperature or cell voltage/current distribution
through the stack, for example.

Figure 4a also illustrates an example in which another first surface region 402b and the
second surface region 406 are both provided on different, opposing surfaces of the same
component 408. The application of a hydrophobic layer may only be necessary on one
face of the component, such as the cathode face, in order to reduce cell flooding. As such,
the arrangement of the regions 402a, 404, 406 is also in accordance with a reactant flow
(or voltage) distribution through the stack, albeit of more complicated geometry which is
dependent on the arrangement of the plates and fluid flow channels.

Figure 4b illustrates an example in which the first surface region 422 and second surface -
region 426 are both provided on a single surface of a single component 428. In this
example, the component 428 is also a fluid flow plate. The surface of the component 428
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8
is configured to receive fluid flow and the first and second regions are configured to control

fluid flow across the surface.

The first surface region 422 is provided in a “land” region of a fluid flow plate. The second
surface region 426 is provided in a “track” region of the fluid flow plate. The track is
configured to guide reactant over an active area of a fuel cell between an inlet and an
outlet. Applying the hydrophobic coating only in regions of a component that are prone to
flooding may also reduce the cost of the component, as well as potentially improving fluid

flow performance.

In some examples, the land region on which the first surface region 422 is provided can
be configured to conduct current generated by a MEA. The second surface region 426
provided in the track region is not configured to carry substantial current when in use. In
this example the first and second surface regions are arranged in accordance with a 2-
dimensional distribution of current density on the surface of the plate in order to control the
flow of reactant across the surface of the plate. Applying the hydrophobic coating only in
regions that are not used to carry current means that the resistance of the cell can be

unaffected whilst still providing advantageous hydrophobic properties.

As an alternative to the example shown in figure 4b, a third surface region may be provided
between the second surface region at the inlet and a first surface region at the outlet. In
this way, a gradient of hydrophobicity may be provided between the first and second
surface regions along the track. The gradient may be such that the hydrophobicity of the
component is in accordance with a 2-dimensional reactant flow distribution through the

track, similar to the reactant flow distribution discussed in relation to figure 4a.

Other examples of component that may comprise one or more of the first and second
surface regions include fuel cell system components such as a water separator, heat

exchanger, condenser, pump or fluid line of the fuel cell system.

In one example, the first and second surface regions can be arranged to prevent or
manage ice formation. A hydrophilic, first surface region may be used to attract water to
promote ice formation on the first surface region. A hydrophobic, second region may be
used to prevent the formation of ice in an area or on a material that it is advantageous to
remain unfrozen. In these cases the arrangement of the first and second surface regions

may be in accordance with a temperature or chemistry distribution of the fuel cell system,
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for example. These principles may be applied anywhere within air, water, thermal or

hydrogen modules of a fuel cell system.

In examples where the first and second surface regions are provided inside a heat
exchanger (condenser), an area in which it is advantageous to maximise heat transfer and
the rate of condensation may be provided as a hydrophobic, second surface region. An
area from which water is required to drain away may be provided as a hydrophilic, first
surface region. Such an arrangement may prevent a liquid film building up and limiting
condensation in the condenser. In this example, the arrangement of the first and second
surface regions may be in accordance with a fluid flow, temperature, pressure or heat
transfer distribution of the condenser. The desired arrangement of the first and second
regions may vary within the condenser and depending on the intended operating range of
the condenser because, for example, the rate of change of condensation of humidified gas
is different at 90-95 °C than at 70-75 °C.

In examples where the first and second surface regions are provided in a water separator,
a hydrophobic, second surface region may be provided to aid water separation and a
hydrophilic, first surface region may be provided to aid water extraction. In this example,
the arrangement of the first and second surface regions may be in accordance with a liquid

flow, pressure or temperature distribution of the water separator.

Surface patterning and/or variations in surface chemistry can be used to provide the first
surface region, the second surface region and any optional third surface region that
provides a gradient in hydrophobicity between the first surface region and the second
surface region.

Examples of chemicals that may be used to provide a first surface region include
hydrophilic carboxylate, pyrodine derivatives and polyvinyl acetate molecules, for

example. In some examples, the first surface region may be chemically inert.

Examples of chemicals that may be used to provide a second surface region include

hydrophaobic alkyl chains, silanes, siloxanes and fluorocarbons molecules, for example.

Figures 5a and 5b show schematic views of an exemplary hydrophobic patterned surface
suitable for use in a second surface region. The first surface region may be provided by

a surface that is smooth, relative to the second surface region, for example.
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In figure 5a, a top-down view of an exemplary surface 50 is shown. In figure 5b, a cross-
sectional view through three ridges 54 of the exemplary surface of figure 5ais shown. The
surface 50 may be considered to comprise a plurality of nanoscale or microscale
corrugations 54 raised up from a base level 56 of the surface in a cellular repeating pattern.
The corrugations may be non-continuous, such as a series of discontinuous ridges, bumps
or projections. The surface therefore may have a corrugated appearance with

rows/regions of discontinuous corrugations.

Figure 5a shows a patterned hydrophobic surface comprising a cellular repeating pattern
with a hexagonal/diamond shaped unit cell 52. Each unit cell 52 comprises six parallel
ridges 54 of varying lengths which are raised in relation to the space between the ridges
56. This pattern may be considered to mimic the structure of a shark’s skin, with each
unit cell 52 representing a sharkskin scale, and each unit cell 52 comprising ridges 54
similar to those of a sharkskin scale.

While the surface shown in figure 5a shows a cellular repeating pattern of discontinuous
corrugated ridges 54, other surface patterns may be used which satisfy the criteria for
increasing hydrophobicity. For example, a surface may comprise structures which, from
a top-down view of the surface, are substantially round, oval, triangular, square,
rectangular, pentagonal, and/or hexagonal. As another example, a hydrophobic patterned
surface may comprise structures within bands running across the surface. The structures
may be raised up from the base level of the surface, and/or may be sunken / depressed
into the base level of the surface. The patterned hydrophobic surface may comprise one

or more different shapes, structure heights, structure separations, and/or structure widths.

Figure 5b illustrates different dimensions which may be defined for such a patterned
hydrophobic surface. In this example, the ridges 54 and the spacing between ridges 56
have nanoscale or microscale dimensions. For example, the ridges 54 may each have a
width 57 between 2 and 25 microns. Microscale ridges may be separated across their
width by a spacing 58 of between 2 and 25 microns. The microscale ridges 54 may each
have a depth 59 of between 2 and 20 microns. In some examples the width 57 may be
more than 25 microns, the spacing 58 may be more than 25 microns, and/or the depth 59
may be more than 20 microns. In some examples the width 57 may be less than 2 microns,
the spacing 58 may be less than 2 microns, and/or the depth 59 may be less than 2
microns. The dimensions 57, 58, 59 may be tuned depending on the level of
hydrophobicity required. The dimensions 57, 58, 59 may be varied as a function of
distance across a third surface region in order to provide a gradient in hydrophobicity.
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The hydrophobic patterned surface may have an average roughness factor of between 2
and 30, determined as the ratio of the actual surface area to the geometric surface area.
For example, a perfectly smooth 1cm? area has both an actual and geometric surface area
of 1cm? and thus a roughness factor of 1. As the surface becomes rougher, due to
corrugations and surface patterning for example, then the roughness factor increases. For
example if the 1cm? surface is patterned such that the total exposed surface has an area

of 2cm?, then the roughness factor would be 2.

The surface roughness maybe quantified using other metrics. For example, the arithmetic
mean roughness factor Ra may be determined for a surface and may lie in a particular
range conducive for inhibiting microbial growth. The arithmetic mean roughness factor R,
is the arithmetic mean of absolute departures of a cross-sectional roughness profile from
a mean line. Thus, if a cross section is taken through the patterned surface, the arithmetic
mean of the differences from a mean line of this cross section would give the arithmetic
mean roughness factor Ra. Of course, other ways of measuring roughness may be used
and the roughness of the patterned hydrophobic surface determined using one or more of
these methods may lie in a particular range conducive to a particular level of
hydrophobicity.

While figure 5b shows the ridge height 59, width 57 and separation 58 to be the same
across the surface 50, in other examples one or more of these dimensions may vary across
the surface 50. In an example where structures are depressed into the surface rather than
raised up from the base level of the surface, the height of the structure may be considered
to be the distance from the base level of the surface to the bottom of the depression/trough
formed by the structure.

The hydrophobic patterned surface may be a Tactivex® surface with Sharklet®
technology. Other surfaces could be used.

In some examples, the hydrophobic patterned surface is chemically inert. Use of such a
non-chemical system may be advantageous as the surface may not need to be “refreshed”
as a chemically active component may need to be when its chemical activity has been
depleted over time. The patterned surface may be able to provide hydrophobic properties
for a longer time than a chemically active hydrophobic component.
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In other examples, the hydrophobic patterned surface may be chemically active. This may
be advantageous to provide hydrophobic regions through both chemically activity and non-
chemical surface properties (that is, due to the physical structure of the surface relief).

Figure 6a illustrates a fluid flow field plate 61a, having a plurality of channels 63 provided
on a first surface 67 thereof. A first fold surface 64a and a second fold surface 64b are
provided on the first surface 67 at a peripheral edge of the fluid flow field plate 61a. A fold
region 65a is provided on the first surface 67 between the first and second fold surfaces
64a, 64b. One or more of the first fold surface 64a, second fold surface 64b and fold region
65a may comprise a hydrophobic surface region. The hydrophobic surface region may be
provided as a chemically active or hydrophobic patterned surface as described previously
with regard to figure 5.

The fluid flow plate 61a of figure 6a, when subjected to a folding operation along the fold
region 65a, transforms into a folded fluid flow field plate 61b in which a folded portion 62
is now formed in the plate 61b as shown in figure 6b. At least part of the folded portion 62
provides a region of increased hydrophobicity with respect to the channels 63 of the fluid
flow plate 61b. By applying the hydrophobic surface region before the plate is folded, the
difficulty of providing an even layer, or a layer with a particular geometric arrangement,

within the enclosed folded region can be reduced.

The folded portion 62 comprises a plenum 65b having a longitudinal axis extending parallel
to an edge 68 of the plate 61b and an interface region 66 formed by the fold surfaces 64a,
64b being adjacent and facing each other in close proximity. The provision of a
hydrophobic surface region within the plenum 65b may reduce the resistance to fluid
injection into the fuel cell plate. The interface region 66 forms a fluid connection extending
from the plenum towards channels 63 on the first surface 67. The resistance to fluid flow
from the plenum 65b to the channels 63 may be reduced by providing the interface region
66 of the folded portion 62 with a hydrophobic surface. Fuel or oxidant fluids may be
provided to the channels 63 via ports along an edge of the fluid flow plate 61a opposite
the folded region.

Preferably, the interface region 66 extends towards the channels 63, such that fluid
passing along the interface region 66 exits at an outlet edge 66a and enters the channels
63 provided proximate thereto. The outlet edge 66a may optionally be provided such that
the fluid exits the interface region directly into the channels, for example by the first fold
surface 64a partially overlying the channels 63 or a selected number thereof by suitable
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shaping of the outer edge 66a. The outlet edge 66a may have first and second surface
regions having different levels of hydrophobicity that are arranged in order to promote

water concentration points corresponding to the channels 63.

Figure 7 shows a simplified plan view of a fluid flow field plate 70. The fluid flow plate 70
has a folded portion 72 forming a fluid distribution plenum and an active area 74, 76
comprising a plurality of fluid flow channels 78. Fluid communication between the plurality
of fluid flow channels 78 and the fluid distribution plenum may be achieved using the
arrangement described previously with reference to figure 6. The active area has an
adjacent portion 74 with respect to the folded portion 72 and a distal portion 76 with respect
to the folded portion 72.

In one example, the active area 74, 76 has a first surface region that is more hydrophilic
than a second surface region provided by at least part of the folded portion 72, as

discussed previously with regard to figures 6a and 6b.

In an alternative example, at least part of the folded portion 72 provides a first surface
region that is more hydrophilic than a second surface region formed in the active area 74,
76. Such an example may be advantageous in order to better control fluid dynamics within
the fuel cell stack. The second surface region may be provided by only the adjacent portion
74 of the active area, by only the distal portion 76 of the active area or by both the adjacent
and distal portions of the active area 74, 76. The second surface region may be provided
by a hydrophobic coating, for example. Inthe case where a hydrophobic coating is applied
to less than all of the active area, a mask may be used in order to guide the application of
the coating to the required portion of the active area.

A cathode side and an anode side of the fluid flow plate 70 may have the same or different
arrangements of hydrophobic surface regions. For example, substantially all of the anode
side of the fluid flow plate 70 may be covered with a second surface region and only a part
of the cathode side of the fluid flow plate 70 may be covered with the second surface
region. A remainder of the cathode side of the fluid flow plate 70 may provide a first surface

region.

In this example, the first and second surface regions can be arranged in accordance with
the geometry of the fuel cell. For an evaporatively cooled fuel cell system, a temperature
difference of 47°C to 72°C may, depending upon operating conditions such as back-
pressure, be present between the active area and non-active areas, such as the fuel
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distribution plenum. For a passively cooled planar fuel cell system, the temperature
difference between active and non-active areas may be approximately 9°C. In
evaporatively cooled and passively cooled systems, the geometry of the fuel cell is
therefore related to the operating temperature distribution within the system. For a liquid
cooled fuel cell system, the temperature difference between active and non-active areas
may be substantially lower, and may be approximately 5°C in some applications.
Arranging a hydrophobic surface region as a function of temperature may therefore be
better suited to evaporatively cooled fuel cell systems or passively cooled planar fuel cell
systems because the temperature gradient in some liquid cooled fuel cell system

applications is relatively low.

The invention also relates to a method for fabricating a fuel cell system having at least a
first surface region that is more hydrophilic than a second surface region. The method
comprises providing the first surface region and the second surface region in accordance
with a parameter distribution of the fuel cell system in order to control fluid flow in the
system. The method may also comprise providing one or both of the first and second
surface regions at a peripheral region of a field flow plate and folding the peripheral region
of the field flow plate to form a fluid distribution plenum. In this way, a fuel cell system
such as those described with reference to the examples above may be obtained.
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Claims

1. A fuel cell system with at least a first surface region and a second surface region,
wherein the first surface region is more hydrophilic than the second surface region,
wherein the first and second surface regions are arranged in accordance with a parameter
distribution of the fuel cell system in order to control fluid flow.

2. The fuel cell system of claim 1, wherein the first surface region and the second

surface region are provided on a single component.

3. The fuel cell system of claim 2, wherein the first surface region and the second

surface region are provided on a single surface of the component.

4. The fuel cell system of claim 2 or claim 3, wherein the component is a fluid flow
plate.
5. The fuel cell system of claim 4, wherein the fluid flow plate comprises a folded

portion forming a fluid distribution plenum, wherein the second surface region is provided
in the folded portion.

6. The fuel cell system of claim 4, wherein the first surface region is a land region of
a fluid flow plate, and wherein the second surface region is a track region of the fluid flow
plate.

7. The fuel cell system of any preceding claim, wherein the parameter distribution is
a temperature distribution.

8. The fuel cell system of any of claims 1 to 6, wherein the parameter distribution is
a pH distribution.

9. The fuel cell system of any of claims 1 to 6, wherein the parameter distribution is a
fluid flow distribution.

10. The fuel cell system of any of claims 1 to 6, wherein the parameter distribution is a
distribution of current density, electric field or electric potential.
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11. The fuel cell system of any preceding claim, wherein the first surface region has a
different patterned surface to the second surface region.

12. The fuel cell system of claim 2, wherein the component is one of: a water separator,

condenser, heat exchanger, pump or fluid line of the fuel cell system.

13. The fuel cell system of claim 2, wherein the component is a bipolar field flow plate,
having a cathode surface and an anode surface, wherein the second surface region is
provided on the cathode surface and the first surface region is provided on the anode

surface.

14. The fuel cell system of any of claims 2 to 6, wherein the first surface region is
provided on a current carrying region of the surface of the component.

15. The fuel cell system of any preceding claim, wherein the first surface region has a
different chemistry to the second surface region.

16. The fuel cell system of any preceding claim comprising a third surface region

providing a gradient of hydrophobicity between the first and second surface regions.

17. A method for fabricating a fuel cell system, the method comprising providing at
least a first surface region and second surface region in accordance with a parameter
distribution of the fuel cell system in order to control fluid flow, wherein the first surface
region is more hydrophilic than the second surface region.

18. The method of claim 17 comprising:
providing one or both of the first and second surface regions at a peripheral region
of a field flow plate;

folding the peripheral region of the field flow plate to form a fluid distribution plenum.

19. A component substantially as described herein with reference to the accompanying
figures 4 to 6.



WO 2016/097716

PCT/GB2015/054020

1/6
10—~ 12a Ha
k ;\w%
A ]
1
L N
[ ]
L ]
mf"ﬂ% b ey E“:N\
LA § 15
A Fig. 1
21
7 AR
<
- T N 1
— T S RS ”}é
N
i ™20 \
®T x\
R NI
!t_ | N
i -  soooad e i v \ -
W\\mzz 2
A Fig. 2a Fig. 2b




OUTLET

4 o qﬁm.

PCT/GB2015/054020

f/:ﬁ

p==

33
32

e

| /
g ; £ g
Hx\ \\ \ \,\\ \\w\ %&%
\ VA A AA G A

VT T T T T P77 2l D

2/6

;2

v\é

. 3

T 777770 (277777

S AN NN IR S AN

30

WO 2016/097716

INLET

\

R o — . )
4 ; ' x \\ : 4 \\
Z e ; A
\\é;k%s%rwm@m w..\i w.wuxm i \Xm,
i
acéé :
o %

33

2 T

= 22

N LIS NININ SN



PCT/GB2015/054020

WO 2016/097716

3/6

404z

402a

~QUTLET

>,

L%
24
k)

f A /ﬂ R
o x_w ; 4
m.:% ,..m..». g P
pl 2

ol

L3
O
o2
4

Fig. 4a

4428

T~ OQUTLET

\

422

426

Fig. 4b



WO 2016/097716

50

PCT/GB2015/054020

4/6

E(“T

L} A

L, ’ %g\j L g i.,f OQ/ 56

SOINAY AN IO EEEAD
Nosan]J0oea0]j0oeal]
o) 100200)!|06200) J00e
f“\i“‘ELJU(\} &me‘\; ’}\J‘J?\J\.W
tnantlNnenniinnen(l|

Fig. 5b



WO 2016/097716 PCT/GB2015/054020

5/6

81k



WO 2016/097716 PCT/GB2015/054020

6/6

!
:
¥

2

T4
:
:
i
;

"""""" =

A 'S'I)f'f AT ) VYT "f';Z
‘ 7 \ ‘
i''d ' 's

Fig. 7




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2015/054020

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1M8/0202
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1IM

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2009/286133 Al (TRABOLD THOMAS A [US] 1-4,17
ET AL) 19 November 2009 (2009-11-19)
abstract
paragraph [0001]
paragraph [0028]; figures 2, 3, 4
X US 2008/292940 Al (XIE TAO [US]) 1-4,17
27 November 2008 (2008-11-27)
paragraph [0026] - paragraph [0029];
figures 3, 4
X US 2008/107944 Al (GOEBEL STEVEN G [US]) 1,2,4,5,
8 May 2008 (2008-05-08) 17,18
paragraph [0061] - paragraph [0062];
figures 2, 3
paragraph [0093]
- / -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

24 February 2016

Date of mailing of the international search report

24/05/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Goldbacher, Ute

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2015/054020

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 2007/129030 Al (INTELLIGENT ENERGY LTD
[GB]; HOOD PETER DAVID [GB])

15 November 2007 (2007-11-15)

abstract; figures 5a, 5b

5,18

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/GB2015/054020
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. IXI Claims Nos.: 19
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-5, 17, 18
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ GB2015/ 054020

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 19

Claim 19 refers to the contents of the drawings in some vague and not
precisely defined way. This throws doubt on the extent of protection and
renders these claims so unclear that no meaningful opinion could be
formed (cf. Rule 6.2(a) PCT).

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.




International Application No. PCT/ GB2015/ 054020

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-5, 17, 18

fuel cell system with fluid flow plate having a folded
portion

2. claim: 6

fuel cell system with land and track regions in the fluid
flow plate

3. claims: 7-10

fuel cell system with arrangement of hydrophilic and
hydrophobic surface regions in accordance with specific
parameter distributions

4. claims: 11, 15

fuel cell system with regions of different hydrophilic
character; ways to achieve this difference

5. claims: 12-14

fuel cell system with regions of different hydrophilic
character; location of the region

6. claim: 16

fuel cell system with three regions of different
hydrophobicity




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2015/054020
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2009286133 Al 19-11-2009 CN 101582516 A 18-11-2009
DE 102009020224 Al 17-12-2009
US 2009286133 Al 19-11-2009

US 2008292940 Al 27-11-2008 US 2008292940 Al 27-11-2008
US 2010239958 Al 23-09-2010

US 2008107944 Al 08-05-2008 DE 102007051817 Al 21-05-2008
US 2008107944 Al 08-05-2008

WO 2007129030 Al 15-11-2007 AR 060766 Al 10-07-2008
AT 465524 T 15-05-2010
BR PI0711561 A2 08-11-2011
CA 2650859 Al 15-11-2007
CN 101438441 A 20-05-2009
EP 2016640 Al 21-01-2009
ES 2357604 T3 28-04-2011
GB 2437767 A 07-11-2007
JP 5216760 B2 19-06-2013
JP 2009536430 A 08-10-2009
KR 20090025227 A 10-03-2009
RU 2008147847 A 10-06-2010
TW 200812140 A 01-03-2008
US 2009325037 Al 31-12-2009
WO 2007129030 Al 15-11-2007
ZA 200809364 A 28-04-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

