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COVERS FOR ELECTROCHEMICAL CELLS AND RELATED
METHODS

BACKGROUND

[0001] Electrochemical cell systems, such as fuel cell systems have been
identified as attractive power supplies for a wide range of applications.
Environmental conditions both surrounding the system and proximal to the
system can influence the operation and performance of electrochemical celis.
Favorable environments in proximity to the electrochemical cells can improve
cell performance. As examples, humidity, temperature, mass-transport of
reactants, and pollutant or contaminant levels present in the electrochemical cell
can affect performance of the cell.

[0002] Currently, sub-systems can be integrated into an electrochemical
cell system to control operating parameters of the electrochemical cell and
provide desired conditions within the electrochemical cell. For example, in some
fuel cell systems, external humidification systems, heaters and cooling loops, and
reactant delivery pumps and flow fields exist for adjusting internal conditions of
the fuel cell. Alternately, fuel cell systems have been designed that minimize use
of ancillary components by integrating features for passive control of internal
conditions. For example, fuel cells having planar architectures for fuel cells have
been developed that provide a passive breathing surface for receiving reactant.
Water retention barriers can be used to manage water evaporation from the tuel
cells. Conventionally, water retention barriers include porous materials disposed

over the active areas and impermeable frames sealed around the perimeter of the

fuel cells.

[0003] Active control systems can result in substantial parasitic power

losses and a larger overall footprint. Further, existing technologies which attempt
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to passively control internal conditions still exhibit membrane dehydration and
significant performance losses. For fuel cells using flow fields, overall
performance can be low as a result of uneven water content and localized hot
spots across the fuel cell even though a net self-humiditying environment may be
possible. For planar fuel cell architectures, evaporation of water from passive
breathing surfaces can still cause membrane dehydration, and performance

remains limited by insufficient water content in the membrane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] In the drawings, which are not necessarily drawn to scale, like
numerals describe substantially similar components throughout the several views.
Like numerals having different letter suffixes represent different instances of
substantially similar components. The drawings illustrate generally, by way of
example, but not by way of limitation, various embodiments discussed in the
present document.

[0005] FIG. 1 illustrates a cross-sectional view of a prior art
electrochemical cell system.

[0006] FIG. 2 1illustrates a cross-sectional view of an electrochemical cell
system, including an off-set cover, according to some embodiments.

10007] FIG. 3 illustrates a cross-sectional view of an electrochemical cell
system, including an off-set cover with optional porous layer, according to some
embodiments.

[0008] FIG. 4 1llustrates a cross-sectional view of an electrochemical cell
system, including an off-set cover with an optional porous layer, according to
some embodiments.

[0009] FIG. § illustrates a perspective view of an electronic device
powered by an electrochemical cell utilizing an oft-set cover, according to some

embodiments.

[0010] FIG. 6 illustrates a perspective view of an electronic device
utilizing an off-set cover, according to some embodiments.

[0011] FIG. 7 illustrates a block flow diagram of a method of delivering a

reactant to an electrochemical cell array, according to some embodiments.
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[0012] FIG. 8 illustrates a graphical view of modeling results of

calculated diffusion length versus gap height, according to some embodiments.

SUMMARY
[0013] Embodiments of the present invention relate to an electrochemical
cell system. The system includes an array of electrochemical cells, including a
reactive surface, the surface having one or more active regions and one or more
less-active regions in contact with the one or more active regions. The system
also includes a cover, including a transport layer having one or more transport
barrier regions and one or more opened regions. The transport barrier regions are
In proximity to the active regions and the opened regions are in proximity to the
less-active regions.
[0014] Embodiments also relate to an electrochemical cell array cover
including a transport layer, including one or more transport barrier regions and
one or more opened regions. The transport barrier regions overlay one or more
active regions of one or more electrochemical cells of an electrochemical array.
[0015] Embodiments also relate to a method for operating an
electrochemical cell array, including contacting active regions of an
electrochemical cell array with a reactant fluid via opened regions in a cover and
inhibiting a product fluid from being removed from the local environment

through use of the cover.

DETAILED DESCRIPTION

[0016] The Detailed Description includes references to the accompanying
drawings, which form a part of the Detailed Description. The drawings show, by
way of illustration, specific embodiments in which the invention can be practiced.
These embodiments are also referred to herein as “examples.”

[0017] In this document, the terms “a” or “an” are used, as 1S common 1n
patent documents, to include one or more than one, independent of any other

instances or usages of “at least one” or “one or more.” In this document, the term
“or” is used to refer to a nonexclusive or, such that “A or B” includes “A but not

B.” “B but not A.,” and “A and B,” unless otherwise indicated.
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[0018] In the appended claims, the terms “including” and “in which” are
used as the plain-English equivalents of the respective terms “comprising” and
“wherein.”  Also, in the following claims, the terms “including” and
“comprising” are open-ended, that 1s, a system, device, article, or process that
includes elements in addition to those listed after such a term in a claim are still
deemed to fall within the scope of that claim. Moreover, in the following claims,
the terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects.

[0019] Embodiments of the invention relate to a cover for an
electrochemical cell array and related system. The present invention relates to a
novel structural relationship between active regions of an electrochemical cell
array and transport barrier regions integrated in a cover that unexpectedly
improves performance. Specifically, transport barrier regions of the cover are
arranged 1n proximity to the active regions of the electrochemical cells to provide
a transport shield between the active regions and the external environment. The
transport barrier regions may shield all or a portion of the active regions. In some
embodiments, the electrochemical cell may be a fuel cell.

[0020] Conventionally, operation of electrochemical cells, such as fuel
cells, at higher current densities typically favors increasing mass-transport to the
active areas by opening or expanding regions in proximity to active areas.
However, embodiments of the present invention allow for sufficient reactant
delivery to the active areas when using materials with transport barriers between
the active areas and the external environment by instead providing an indirect
flow pathway to the active areas via less-active areas surrounding the active

dareas.

[0021] This indirect flow pathway can facilitate a microclimate or local

environment that provides more favorable conditions across the active area to
improve performance of the fuel cells. This indirect flow path may etfectively

reduce transport to the active regions orthogonal to the reactive surface and
increase transport to the active regions in-plane to the reactive surface and may
further include tortuous flow through a porous layer. The indirect flow contacts

all or only a portion of the perimeter of the active regions of the electrochemical

cells.
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[0022] The cover can be integrated in a housing of a portable device, for
example as described in commonly-owned U.S. Patent Application Publication
No. 2007/0090786, entitled “Devices powered by conformable fuel cells” and
commonly-owned U.S. Patent Application Publication No. 2006/0127734,
entitled “Flexible fuel cells having external support”. The cover can be disposed
on a passive reactant delivery surface of the fuel cells. Architectures of fuel cells
may be planar, although the covers can conform to any suitable architecture.
Examples of such fuel cells can be found in commonly owned U.S. Patent
Application Publication No. 2005/0250004, entitled “ELECTROCHEMICAL
CELLS HAVING CURRENT-CARRYING STRUCTURES UNDERLYING
ELECTROCHEMICAL REACTION LAYERS”, and commonly-owned U.S.
Patent Application Publication No. US2009/0081493, entitled “Fuel cell systems
including space-saving fluid plenum and related methods”, filed Sept 25, 2008.
Materials included in the cover can include combinations of conductive and non-

conductive materials.

Definitions

[0023] As used herein, “reactive surface” refers to a surface of an
electrochemical cell array in which all or a portion of an electrochemical reaction
1s supported or carried out.

[0024]) As used herein, “active region” refers to reactive areas in contact
with or integrated into a reactive surface of an electrochemical cell or cell array.
The active regions support all or a portion of an electrochemical reaction. The
active regions may include one or more catalysts, conductive or non-conductive
materials or gas-diffusion layers, as examples.

[0025] As used herein, “less-active region” refers to an area in contact
with or integrated into a surface of an electrochemical cell or cell array 1n which
no electrochemical reactions occur or are supported or only a negligible amount
occurs or is supported. Less-active regions may include current collectors,
structural support members or insulating gaps.

[0026] As used herein, “transport layer” refers to a region in an

electrochemical cell cover providing a flow path for a reactant flow. The reactant



CA 02709946 2014-07-14

flow may be actively or passively moved through the flow path. The transport
layer may include transport barrier regions and opened regions, for example.
[0027] As used herein, “transport barrier region” refers to materials or
components that impede, affect, or block transport mechanisms. The transport
barrier regions may be a mechanical cover and may be substantially or fully
impermeable to air or water, or a fuel cell reactant (e.g. fuel) for example. For
example, the mechanism impeded, affected, or blocked may be any combination
of transport mechanisms including water evaporation from the active areas (e.g.
due to reduced convective fluid flow over the active regions), fully or partially
demobilized water vapor, heat transter (direction independent) between the active
regions and the external environment, reduced influx of pollutants and/or
contaminants (for example CO, NHj, NOy, Volatile Organic Compounds, salts),
current transfer (or lack thereof) from the active areas, etc. These mechanisms
can provide other beneficial conditions such as increased relative humidity in the
electrochemical cell, membrane hydration, higher operating pressures, higher
limiting current densities, improved in-plane conductivity, etc. The transport
barrier regions may be conductive or non-conductive or may be composite,
comprising conductive and non-conductive regions. Conductivity may refer to
electrical conductivity or thermal conductivity. If electrically conductive, the
transport barrier regions may be electrically 1solated from the active regions. A
portion of the one or more transport barrier regions may be electrically
conductive, thermally conductive, or a combination thereof, for example. The
transport barrier regions may be electrically insulating, thermally insulating, or

combinations thereof.
[0028] As used herein, “opened region” refers to a pathway through

which reactant may flow. Opened regions may be holes, vents, slots, panels,
pores or a porous material or layer.

[0029] As used herein, “electrochemical array” refers to an orderly
grouping of electrochemical cells. The array may be planar or cylindrical, tor
example. The electrochemical cells may include fuel cells, such as edge-
collected fuel cells. The electrochemical cells may include batteries. The
electrochemical cells may be galvanic cells, electrolyzers, electrolytic cells or

combinations thereof. Examples of fuel cells include proton exchange membrane
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fuel cells, direct methanol fuel cells, alkaline fuel cells, phosphoric acid fuel
cells, molten carbonate fuel cells, solid oxide fuel cells, or combinations thereof.
The electrochemical cells may include metal-air cells, such as zinc air fuel cells,
zinc air batteries, or a combination thereof.

[0030] As used herein, “two-dimensional (2-D) fuel cell array” refers to a
sheet which 1s thin in one dimension and which supports a number of fuel cells.
A two-dimensional fuel cell array may be a flexible fuel cell layer. A flexible fuel
cell layer may be flexible in whole or in part, so-as-to embrace, for example, an
electrochemical layer having one or more rigid components integrated with one
or more tlexible components, The fuel cells have active areas or active regions of
one type (e.g. cathodes) that are accessible from one face of the sheet and active
areas or active regions of another type (e.g. anodes) that are accessible from an
opposed face of the sheet. The active areas may be disposed to lie within areas
on their respective faces of the sheet (e.g. it is not mandatory that the entire sheet
be covered with active areas, however, the performance of a fuel cell may be
increased by increasing 1ts active area.

[0031] As used herein, “external environment” or “external conditions” or
“environmental conditions” refer to the atmosphere in proximity to the cover,
whether that environment resides inside or outside a device or housing. External
conditions include temperature, humidity, pollutant or contaminant level, for
example.

[0032] As used herein, “local environment” or “microclimate” or “local
conditions” refer to the atmosphere 1n the proximity of the active region(s) of the
electrochemical cell array. Such microclimate may be the environment in which
reactant fluids interact with active regions of an electrochemical cell. For
example, the local environment may refer to the atmosphere in the volume
between the active region and the transport barrier region ot the cover. Local
conditions may include temperature, humidity, pollutant or contaminant level, for
example.

[0033] As used herein, “metal-air cells” refer to an electrochemical cell
including zinc air fuel cells, zinc air batteries or a combination thereof.

[0034] Referring to FIG. 1, a cross-sectional view 100 of a conventional

electrochemical cell system 1s shown. The electrochemical cell system may
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include a combination of active regions 106 interspersed with less-active regions
108, disposed on a reactive surface 104. In a planar electrochemical cell layer, the
anodes and cathodes may be disposed on opposing sides of the layer. In a fuel
cell, a fuel (e.g. hydrogen, methanol, butane, formic acid) is provided to the
anodes (not shown) of the fuel cell layer 102, while an oxidant 116 (e.g. air) 1s
provided to the active region 106 (e.g. a cathode) on a reactive surface 104. The
fuel and oxidant react to form electricity and reaction products 118 (e.g. water
vapor, CO,, etc, depending on fuel composition). Fuel cells often need some form
of external structure to provide support, compression, etc, to ensure proper
operation. Since the electrochemical reaction 1s dependent on reactant access to
the active regions, conventional logic would dictate locating non-porous areas of
any such support system or cover away from the active areas of the fuel cells. As
tllustrated in FIG. 1, a transport layer 110 of non-porous regions or transport
barriers 112 are located proximal to less-active regions 108 of the fuel cell array,
while opened regions 114 are located proximal to active regions 106 of the array.
In such a fashion, maximum air access 116 is provided to the active regions 106
of the array. Further, reactant products 118 can easily be removed from the
reaction sites.

[0035] A further consideration for operation of electrochemical cell
arrays, such as fuel cell arrays using proton exchange membranes (PEM), 1s
water balance. Proton exchange membranes require a certain amount of hydration
in order to facilitate proton transport, as the proton conductivity 1s influenced by
the water content of the membrane. However, there must not be so much water

that the electrodes that are bonded to the electrolyte flood, blocking the pores in
the electrodes or gas diffusion later. A balance is therefore needed, between
sufficient humidification of the membrane and sufficient evaporation of water

from the cathodes. This balance can be difficult to achieve, particularly in passive

fuel cells.

[0036] Referring to FIG. 2, a cross-sectional view 200 of an
electrochemical cell system, including an off-set cover is shown, according to
some embodiments. An electrochemical cell array 202 may include one or more
active regions 206 and one or more less-active regions 208, disposed on a

reactive surface 204. The less-active regions 208 may be in contact with or
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surround the active regions 206, or may be interposed with the active regions
206, and may optionally separate adjacent active regions 206. The active regions
206 may alternate with the less-active regions 208, for example, such that each
active region 206 is adjacent a less-active region 208 on each side of the active
region 206. The active regions 206 may have a width (w) 220. A transport layer
210, which may also be referred to as a ‘cover’, may include opened regions 214
and transport barrier regions 212. In the illustrated embodiment, the transport
barrier regions 212 may be substantially aligned with the active regions 206 of
the electrochemical cell array, while the opened regions 214 may be substantially
aligned with the less-active regions 208 of the array. In such a configuration,
rather than a reactant tflow 116 having direct access to the active region 106 (as
illustrated in FIG. 1), the reactant flow 216 may instead be indirectly provided to
the active region 206 (as illustrated in FIG. 2). In such embodiments, the reactant
flow may be directed to the reaction sites of the active region 206 along the plane
of the active region 206 from the perimeter of the active region 206, rather than
directly contacted with the active region.

[0037] In the embodiment shown 1n FIG. 2, the air access to the active
areas may be proportional to the length (into the page) of the active regton and
the dimension of the air gap o0 222 and inversely proportional to the width w
(220) of the active region. By contrast, the air access to the active area of the
array 1llustrated in FIG. 1 may be proportional to the length (into the page) of the
active region 106 and the width 120 of the active region 106. Depending on the
dimensions of the active region and the air gap, air access to the active regions
shown 1n FIG. 2 may be reduced (e.g. relative to the array shown in Figure 1).
Further, transport of oxidant to reaction sites of the active region 206 may occur
by diffusion, rather than convective transport of oxidant. In order for the array to
operate correctly, at least a stoichiometric quantity of oxidant needs access to
reaction sites of the active region; however, it may be advantageous to limit
oxidant access beyond stoichiometric quantities to prevent drying of the
membrane.

[0038] Modeling results show that the configurations shown in FIG. 2
may have practical size limits. In an embodiment where the electrochemical cell

array is an air-breathing fuel cell array, and the off-set cover is disposed in
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proximity to the cathodes of the array, in order for the fuel cell to still get enough

oxygen to operate, equation |

32D .h Fc;
[0039] (L _ (22" %p ()2 )
\ i
[0040] may be used to calculate the oxygen diffusion distance where D¢y,

is oxygen diffusivity, hy is 8222, F is Faraday’s constant (96485 C), ¢’y is
oxygen concentration at the edge ot the transport barrier region, and I 1s oxygen
consumption rate (current density). Current density and oxygen consumption rate
also atfect the oxygen availability; at higher consumption rates more oxygen
access may be required to support device operation.

[0041] FIG. 8 illustrates the maximum distance oxygen can diffuse
laterally under a solid cover versus the height of the plenum (0 — 222 1n Fig. 2),
assuming the oxygen 1s diffusing through a space filled with air (as opposed to
through a porous layer) and that the current density, 7, is 125 mA/cm” and oxygen
concentration at the edge of the transport barrier region, ¢y, is 0.1.

[0042] FIG. 3 illustrates a cross-sectional view 300 of an electrochemical
cell system that includes an off-set cover with optional porous layer. Referring to
FIG. 3, an optional porous intermediate layer 350 may be disposed between the
transport layer 310 and the array 302. The array 302 may include a reactive
surface 304 in which the active regions 306 and less-active regions 308 are
supported by or integrated into. The porous intermediate layer 350 may be
positioned between the reactive surface 304 and transport layer 310. The porous
layer may be its own discrete entity, disposed on the reactive surface 304 of the
array 302, may be integrated into all or part of the reactive surface 304, or may be
integrated into the transport layer 310. If a porous layer 1s disposed between the
array and the cover, then the modeling results would be attected by a difterent
(e.g. lower) diffusivity of fluid through the porous layer relative to an open space.
Consequently, the addition of a porous layer may impact the maximum allowable
width w (320) of the active region. For instance, if the diffusivity of fluid in the
porous media is lower than the diffusivity of fluid in an open space, then the
maximum diffusive length (and therefore maximum width of the active region)

would be lower than in an embodiment with no porous media between the cover

and the cell.

10
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[0043] In addition to affecting reactant supply to the electrochemical cell,
the cover, including transport barrier region placement and size, opened region
placement and size, and optional porous layer, may further affect removal of
reaction product fluids from the local environment proximal to the array. For
example, 1n an air-breathing fuel cell array, the cover may affect access of
oxygen to the cathodes of the array, but may also impede removal of product
water vapor from the local environment. A porous layer may provide benefit by
atfecting diffusivity in the local environment, such that sufficient oxygen is
provided to the cathodes to support the electrochemical reaction, but that
ditfusion of product water is inhibited sufficient to provide adequate proton
conductivity 1n the ton exchange membrane to also support the reaction, but not
inhibited to the point that the cathodes of the fuel cell array become flooded with
too much water.

[0044] In another example, the cover may be disposed proximal to the
anodes of a fuel cell array, and may affect rate and quantity of fuel provided to
the anodes.

[0045] The porous layer may be manutactured of an adaptable material.
The porous layer may be manufactured of a thermo-responsive polymer. The
polymer may include a plurality of pores. Adaptive materials included in the
cover can respond to conditions external to the cover, conditions at or near the
fuel cells, active control mechanisms, other stimuli, or any combination thereof.
Some examples of conditions include temperature, humidity, an electrical flow,
etc. One example of a thermo-responsive adaptable material 1s described in U.S.
Pat. No. 6,699,611, filed May 29, 2001, entitled “FUEL CELL HAVING A
THERMO-RESPONSIVE POLYMER INCORPORATED THEREIN™.

[0046] The cover may include multiple components or layers. For
example, the cover may include a porous layer disposed between a transport layer
(having the transport barrier regions and opened regions) and the electrochemical
cells. The cover, the exterior layer, the porous layer, other suitable layers, or any
combination thereof may be removable and/or may include an adaptive material
responsive to stimuli. Examples of covers having removable features and

adaptive materials are described in commonly-owned co-pending U.S. Patent

11
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Application Publication No. US 2009/0081523, filed September 25, 2008,
entitled “FUEL CELL COVER”.

[0047] Reterring to FIGS. 2, 3, and 4, the cover or transport layer
includes transport barrier regions 212, 312, 412 in proximity to active regions
206, 306, 406 and opened regions 214, 314, 414 in proximity to less-active
regions 208, 308, 4080t the electrochemical cells. The transport barrier regions
212, 312, 412 may be disposed such that they are substantially aligned with the
active regions 206, 306, 406, or may be disposed such that they are of slightly
smaller width than the active region width (w) 220, 320, 420 or slightly larger
than the active region width 220, 320, 420. In such embodiments, it is possible
that the transport barrier regions 212, 312, 412 may overlap the less-active
regions 208, 308, 408. Proportionally, the portion of the transport barrier region
212, 312, 412 disposed above the active regions 206, 306, 406 may be greater
than the portion over the less-reactive regions 208, 308, 408. The opened regions
214, 314, 414 allow reactant flows 216, 316, 416 to contact the electrochemical
cell array, thereby resulting in the production of reaction products 218, 318, 418
— the size ot the opened regions may be varied to allow more or less reactant
access to the array. In some embodiments, the cover can be used to affect
transport of an oxidant to the cathode regions of one or more fuel cells. The
transport barrier region 212, 312, 412 may align fully with the active regions 206,
306, 406 or overlap the active regions 206, 306, 406. The opened regions 214,
314, 414 may substantially align with the less-active regions 208, 308, 408, or
may be smaller or larger in width than the less-active regions 208, 308, 408. If
the transport barrier regions 212, 312, 412 are electrically conductive, they may
be partially or fully electrically isolated from the active regions 206, 306, 406.
This may be accomplished by substantially insulating the transport barrier
regions 212, 312, 412 from the active regions 206, 306, 406, insulating the
transport barrier regions 212, 312, 412 tfrom the less-active regions 208, 308, 408,
or insulating the transport barrier regions 212, 312, 412 from at least a portion of
either, for example. Transport barrier regions 212, 312, 412 may be insulated
from selected active regions and less-active regions so as to avoid a short-circuit

between neighboring cells in an array. It will be understood by those skilled in

the art that there are many variations in electrical configurations possible (e.g.
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parallel, serial, combinations thereof), and electrical insulation may be
determined accordingly.

[0048] Referring to FIG. 4, a cross-sectional view 400 of a schematic of
an embodiment wherein the porous intermediate layer 452 does not extend across
the entirety of the electrochemical cell array 402 is shown. Porous intermediate
layer 452 1s disposed between transport layer 410 and reactive surface 404. It
should be understood that the schematic is solely for illustrative purposes, and
that the porous intermediate layer 452 may be larger or smaller than illustrated,
or, alternatively, the porous layer may extend across the width 420 of the active
regions 406, but have a discontinuity across the less-active regions 408. While
the discussions above reference contacting an oxidant to the cathodes of an
electrochemical cell array, the same principles may be applied to the contacting a
reactant (e.g. fuel) with the anodes of an electrochemical cell array.

[0049] Referring to FIG. §, a perspective view 500 of an electronic device
powered by an electrochemical cell utilizing an off-set cover is shown, according
to some embodiments. An oft-set cover 504 may be attached or in contact with
an electronic device 502. The cover 504 may include openings 506, 508, such as
vents, slots or panels. The cover 504 may include a plurality or pores or holes
602 (see FIG. 6).

[0050] Panels may be configured into the cover to vary the dimensions of
opened regions or openings 506, 508. The cover 504 may also include a porous
material, for example. Panels may be provided that modify the aperture of the
opened regions or openings 506, 508 (e.g. by sliding across the opened regions)
to vary reactant tlow between the active regions and the external environment.
The position ot the panels can be varied to adapt to various electrochemical cells
having exposed active regions. For example, the panels may be positioned to
selectively expose portions of active areas of electrochemical cells or selectively
expose portions of the electrochemical cell array. The position of the panels can
be user actuated via manual or electronic mechanisms or can be actuated based
on detected conditions. Some examples of conditions for varying the position of
the panels include external environmental conditions, performance of the system,

and modes, such as standby or power delivery modes, of the portable application

device.
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[0051] The electronic device 502 may be a fuel cell powered device. The
device 502 may be a cellular phone, satellite phone, PDA, smartphone, laptop
computer, computer accessory, ultra mobile personal computer (UMPC), display,
personal audio or video player, medical device, television, transmitter, receiver,
lighting device, flashlight or electronic toys. The device 502 may be a retueler,
such as an electrolyser, for fuel cell powered electronic devices, for example. A
fuel for a fuel cell may be hydrogen, for example, although any suitable fuel such
as methanol, ammonia borane, hydrazine, ethanol, formic acid, butane,
borohydride compounds etc. may be utilized.

[0052] The cover 504 may be removable or may be integrated into the
housing of the device 502. One or more transport barrier regions ot the cover 504
may be integrated into the housing of the device 502, tor example.

[0053] Referring to FIG. 7, a block flow diagram 700 of a method of
operating an electrochemical cell array is shown, according to some
embodiments. An electrochemical cell array may include a reactive surface,
having one or more active regions and one or more less-active regions in contact
with the one or more active regions. The active regions may include a catalyst
and an ion-exchange membrane. A cover may include opened regions through
which fluids may pass and transport barrier regions which are partially or
substantially impermeable to fluids. The transport barrier regions of the cover
may be in proximity to the active regions of the array and the opened regions of
the cover may be in proximity to the less-active regions of the array. The cover
and the reactive surface of the electrochemical cell array may define a local

environment in proximity to the active regions of the array.

[0054] Active regions of an electrochemical cell array may be contacted
with a reactant fluid via opened regions in a cover. Further, a product fluid may
be inhibited from being removed from the local environment proximal to the
electrochemical cell through use of the cover.

[0055] In the case of a fuel cell array with an ion exchange membrane,
inhibiting removal of a product fluid may further result in hydrating or

humidifying the ion-exchange membrane, which may be beneficial for operation

of the array.
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[0056] Contacting 702 and inhibiting 704 may be passive, such as by
diffusion. The reactant may follow an indirect path to the active regions (via the
opened regions in the cover), which may lower the velocity of the reactant. Such
a reactant flow may be more diffusive than convective, for example.

[0057] Contacting 702 the reactant flow with the active regions and
inhibiting 704 removal of product fluid may be affected, restricted or obstructed.
Affecting may include varying the dimension of the opened regions or directing
the flow of reactant through a porous layer, for example. If the porous layer
includes an adaptable material, affecting may include varying a property of the
adaptable material. The property of an adaptable material may be 1ts porosity, for
example. Contacting 702 and inhibiting 704 may be varied in response to an
environmental condition in proximity to the electrochemical cells of the array.
The environmental conditions may include one or more of a temperature,
humidity, or environmental contaminants level.

[0058] Contacting 702 and inhibiting 704 may also be varied in response
to a signal, for example. For example, the adaptive material may be heated in
response to a signal. By heating the adaptive material, one or more of the
adaptive material properties may be varied. In another example, the aperture of
the opened regions may be enlarged or reduced in response to a signal.

[0059] The performance of the clectrochemical cell array may be
determined periodically or continuously monitored.

[0060] The above description is intended to be 1llustrative, and not
restrictive. For example, the above-described examples may be used in
combination with each other. Other embodiments can be used, such as by one of
ordinary skill in the art upon reviewing the above description. Also, in the above
Detailed Description, various features may be grouped together to streamline the
disclosure. This should not be interpreted as intending that an unclaimed
disclosed feature is essential to any claim. Rather, inventive subject matter may

lie in less than all features of a particular disclosed embodiment.
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CLAIMS

What 1s claimed is:

1. An electrochemical cell system, comprising:

an array of electrochemical cells, including a reactive surtace, the
surface having one or more active regions which support all or a portion
of an electrochemical reaction and one or more less-active regions in
which no electrochemical reactions occur or are supported or in which
only a negligible amount of electrochemical reactions occur or are
supported, wherein the one or more less-active regions are in contact with
the one or more active regions; and

a cover, including a transport layer having one or more transport
barrier regions and one or more opened regions;

wherein the transport barrier regions are in proximity to the active
regions and wherein the opened regions are in proximity to the less-active
regions; and

wherein the opened regions are aligned with the less-active

regions.

2. The system of claim 1, wherein the transport barrier regions are aligned

with the active regions.

3. The electrochemical cell system of claim 1, wherein the electrochemical

cells comprise fuel cells.

4. The electrochemical cell system of claim 3 wherein the fuel cells
comprise proton exchange membrane fuel cells, direct methanol fuel cells,

alkaline fuel cells, phosphoric acid fuel cells, molten carbonate fuel cells,

solid oxide fuel cells, or combinations thereof.

5. The electrochemical cell system of claim 1, wherein the one or more less-

active regions separate adjacent active regions.

16



10.

11,

12.

13.

14.

15,
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The electrochemical cell system of claim 1, wherein the electrochemical
cells comprise galvanic cells, electrolytic cells, electrolyzers or

combinations thereof.

The electrochemical cell system of claim 1, wherein the electrochemical

cells comprise metal-air cells.

The electrochemical cell system of claim 1, wherein the one or more

active regions comprise one or more catalysts.

The electrochemical cell system of claim [, wherein the cover is

removable.

The electrochemical cell system of claim 1, wherein the cover 1s

integrated into a housing for a portable device.

The electrochemical cell system of claim 1, wherein the one or more

transport barrier regions are impermeable to water.

The electrochemical cell system of claim 1, wherein the one or more

transport barrier regions are impermeable to air.

The electrochemical cell system of claim 1, wherein at least a portion of
the one or more transport barrier regions are electrically conductive,

thermally conductive, or combinations thereof.

The electrochemical cell system of claim 13, wherein the conductive
portions of the transport barrier regions are electrically isolated trom at

least a portion of the reactive surface.

The electrochemical cell system of claim 1, wherein the one or more

transport barrier regions are electrically insulating, thermally insulating,

or combinations thereof.
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17.
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21.
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The electrochemical cell system of claim 1, further comprising a porous

layer.

The electrochemical cell system of claim 16, wherein the porous layer 1s

disposed between the cover and the array of electrochemical cells.

The electrochemical cell system of claim 16, wherein the porous layer 1s

disposed on the reactive surface of the array.

A method for operating the electrochemical cell system of claim 1,
comprising:

contacting the active regions of the array of electrochemical cells
with a reactant fluid via the opened regions in the cover,

wherein the cover and the reactive surface of the

electrochemical cell array define a local environment in proximity

to the active regions of the array,

inhibiting a product fluid from being removed from the local
environment through use of the cover;

varying the rate at which the reactant fluid contacts the active
regions by directing the reactant fluid through a porous layer; and

varying the rate at which the product fluid is removed from the

local environment by directing the product fluid through the porous layer.

The method of claim 19, wherein the active regions comprise a catalyst
and an ion-exchange membrane, the method further comprising hydrating

the ion-exchange membrane with the product fluid.

The method of claim 19, further comprising varying the rate of contacting

reactant fluid with the active regions and varying tnhibiting product fluid

removal.

18
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23.

CA 02709946 2014-07-14

The method of claim 21, wherein varying the rate comprises changing the

dimensions of the opened regions of the cover.

The method of claim 21, wherein the porous layer comprises an adaptive

material.
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