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Title: CORROSION RESISTANT END PLATE AND METHOD FOR PRODUCING SAME

RELATED APPLICATIONS

[6001] This application claims the benefit and priority from United
States Provisional Patent Application No. 60/402,730 filed August 13, 2002
and United States Provisional Patent Application No. 60/415,105 filed October
2, 2003, the entirety of both are incorporated herein by reference.

FIELD OF THE INVENTION
[0002] The present invention relates to .an end plate for an

electrochemical cell, and a method for producing same.

BACKGROUND OF THE INVENTION
[0003] A fuel cell is an electrochemical device that produces an

electromotive force by bringing the fuel (typically hydrogen) and an oxidant
(typically air) into contact with two suitable electrodes and an electrolyte. A
fuel, such as hydrogen gas, for example, is introduced at a first electrode
where it reacts electrochemically in the presence of the electrolyte to produce
electrons and cations in the first electrode. The electrons are circulated from
the first electrode to a second electrode through an electrical circuit connected
between the electrodes. Cations pass through the electrolyte to the second
electrode. Simultaneously, an oxidant, such as oxygen or air is introduced to
the second electrode where the oxidant reacts electrochemically in the
presence of the electrolyte and catalyst, producing anions and consuming the
electrons circulated through the electrical circuit; the cations are consumed at
the second electrode. The anions formed at the second electrode or cathode
react with the cations to form a reaction product. The first electrode or anode
may alternatively be referred to as a fuel or oxidizing electrode, and the
second electrode may alternatively be referred to as an oxidant or reducing
electrode. The half-cell reactions at the two electrodes are, respectively, as
follows:

[0004] Hy > 2H* + 2¢°

[0005] 1/20, + 2H" + 2e” > H,0
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[0006] The external electrical circuit withdraws electrical current and
thus receives electrical power from the fuel cell. The overall fuel cell reaction
produces electrical energy as shown by the sum of the separate half-cell
reactions written above. Water and heat are typical by-products of the
reaction.

[0007] In practice, fuel cells are not operated as single units. Rather,
fuel cells are connected in series, stacked one on top of the other, or placed
side by side, to form what is usually referred to as a fuel cell stack. The fuel
and oxidant are directed through manifolds to the electrodes, while cooling is
provided either by the reactants or by a cooling medium. Also within the stack
are current collectors, cell-to-cell seals and insulation, with required piping
and instrumentation provided externally of the fuel cell stack. The stack and

associated hardware make up a fuel cell unit or module.

[0008] A fuel cell stack is completed by two end plates provided on
opposite ends of the stack. End plates provide connection between the
internal flow channels of the stack and external sources of process fluids
(e.g., fuel, oxidant and coolant). End plates are usually provided with
connection ports for this purpose. Process fluids flow through respective
connection ports into and out of the fuel cells stack. Since process fluids and
coolant (e.g., deionized water) are usually corrosive, at least part of the
surface of the connection ports on the end plates, through which process
fluids flow, are in constant contact with highly corrosive acidic solutions (pH
between about 3.5 to about 4.5), containing COs%, HCOg', HSO4, SO42, etc.

[0009] Stainless steel is typically used to manufacture conventional end
plates. However, stainless steel is heavy and susceptible to attack by the
process fluids and/or coolant. This can result in the dissolution of ferrous ions
into the process fluids, which can cause contamination of the process fluids.
Meanwhile, corrosion of the end plates may lead to leakage and even
destruction of the electrochemical cell stack.

SUMMARY OF THE INVENTION
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[0010] The present invention provides for an end plate for an
electrochemical cell, comprising:

a) a metal plate having a manifold region with a connection port

to permit the passage of a fluid therethrough; and

b) a corrosion resistant coating applied to at least a portion of
the manifold region including the connection port.

[0011] In one aspect of the invention, the connection port is defined by
at least one wall and the corrosion resistant coating is applied to the at least
one wall.

[0012] In another aspect of the invention, the metal plate is made from

a metal selected from the group consisting of aluminum and aluminum alloys.

[0013] In another aspect of the invention, the corrosion resistant

coating is an anodized aluminum coating.

[0014] In another aspect of the invention, the corrosion resistant
coating is a hard coat anodized aluminum coating.

[0015] In another aspect of the invention, the hard coat anodized
aluminum coating has a plurality of pores and is treated to seal at least a
portion of the pores.

[0016] In another aspect of the invention, the hard coat anodized

aluminum coating has a thickness of between about 3 ym to about 130 pm.

[0017] In another aspect of the invention, the corrosion resistant
coating is a conformal coating.

[0018] In another aspect of the invention, the conformal coating is a
polymer material selected from the group consisting of silicone resins, acrylic
resins, polyurethane resins, epoxy resins, polytetrafluoroethylene,

polyvinylidenefluoride, and poly para-xylene.

[0019] In another aspect of the invention, the conformal coating is poly
para-xylene.
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[0020] In another aspect of the invention, the conformal coating has a
thickness of between about 0.05 um to about 150 ym.

[0021] In another aspect of the invention, the corrosion resistant
coating is applied to essentially all of the exposed surfaces of the manifold

region.

[0022] In another aspect of the invention, the corrosion resistant
coating is applied to essentially ali of the exposed surfaces of the end plate.

[0023] The present invention also provides for a method of producing
an end plate for an electrochemical cell, comprising:

a) providing a metal plate having a manifold region with a
connection port to permit the passage of a fluid therethrough; and

b) applying a corrosion resistant coating to at least a portion of
the manifold region including the connection port.

[0024] In one aspect of the invention, the connection port is defined by
at least one wall and the corrosion resistant coating is applied to the at least
the wall.

[0025] In another aspect of the invention, the method further comprises

forming the metal plate from one of aluminum and an aluminum alloy.

[0026] In another aspect of the invention, the method further comprises
selecting an anodized aluminum coating as the corrosion resistant coating.

[0027] In another aspect of the invention, step (b) is performed by
subjecting at least a portion of the manifold region to a process selected from
the group consisting of chromic acid anodizing, low voltage chromic
anodizing, anodizing in a non-chromic acid electrolyte, sulfuric acid anodizing
and hard coat anodizing to apply the anodized aluminum coating.

[0028] In another aspect of the invention, step (b) is performed by
subjecting at least a portion of the manifold region to a hard coat anodizing
process to apply a hard coat anodized aluminum coating having a plurality of
pores.
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[0029] In another aspect of the invention, the method further comprises
the step of subjecting at least a portion of the manifold region to a sealing
treatment after step (b) to seal at least a portion of the pores.

[0030] In another aspect of the invention, the sealing treatment is
selected from the group consisting of dichromate sealing, potassium

dichromate sealing, boiling water sealing, and triethanolamine sealing.

[0031] In another aspect of the invention, the method further comprises
the step of subjecting the manifold region to a mechanical process prior to

step (b) to remove sharp edges and/or to round corners.

[0032] In another aspect of the invention, the mechanical process

comprises radiusing.

[0033] In another aspect of the invention, step (b) is practiced to apply
an anodized aluminum coating having a thickness of between about 3 pm to
about 130 um.

[0034] In another aspect of the invention, the method further comprises

selecting a conformal coating as the corrosion resistant coating.

[0035] In another aspect of the invention, the conformal coating is a
polymer material selected from the group consisting of silicone resins, acrylic
resins, polyurethane resins, epoxy resins, polytetrafluoroethylene,

polyvinylidenefluoride, and poly para-xylene.

[0036] In another aspect of the invention, the conformal coating is poly
para-xylene.
[0037] In another aspect of the invention, step (b) is performed by

subjecting at least a portion of the at least one manifold region to a vacuum

deposition process to apply the poly para-xylylene.

[0038] In another aspect of the invention, the method further comprises
the step of subjecting the manifold region to a mechanical process prior to

step (b) to remove sharp edges and/or to round corners.



WO 2004/032267 PCT/CA2003/001231

10

15

20

25

-6-
[0039] In another aspect of the invention, the mechanical process
comprises radiusing.

[0040] In another aspect of the invention, step (b) is practiced to apply

a conformal coating having a thickness of between about 0.05 ym to about
150 um.

[0041] In another aspect of the invention, step (b) is practiced to apply
the corrosion resistant coating to essentially all of the exposed surfaces of the
manifold region.

[0042] In another aspect of the invention, step (b) is practiced to apply
the corrosion resistant coating to essentially all of the exposed surfaces of the
end plate.

[0043] Other features and advantages of the present invention will

become apparent from the following detailed description. However, it should
be understood, that the detailed description and the specific examples while
indicating preferred embodiments of the invention are given by way of
illustration only, since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from
this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] For a better understanding of the present invention, and to show
more clearly how it may be carried into effect, reference will now be made, by
way of example, to the accompanying drawings, which show a preferred
embodiment of the present invention and in which:

[0045] Figure 1 shows an exploded perspective view of a fuel cell
stack;
[0046] Figure 2a shows a perspective view of a front face of a

conventional end plate;

[0047] Figure 2b shows a perspective view of a rear face of the
conventional end plate of Figure 2a;
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[0048] Figure 3 shows a perspective view of a rear face of an end plate

according to a first embodiment of the present invention;

[0049] Figure 4 shows a perspective view a front face of the end plate
of Figure 3;

[0050] Figure 5 shows a schematic view of the front face of the end
plate of Figure 4;

[0051] Figure 6 shows a cross-sectional view of the end plate taken

along line A-A of Figure 5;

[0052] Figure 7 shows a cross-sectional view of the end plate taken
along line B-B of Figure 5;

[0053] Figure 8 shows a perspective view of a rear face of an end plate

according to a second embodiment of the present invention;

[0054] Figure 9 shows a perspective view of a front face of the end
plate of Figure 8;
[0055] Figure 10 shows a perspective view of a rear face of an end

plate according to a third embodiment of the present invention;

[0056] Figure 11 shows a perspective view of a front face of the end
plate of Figure 10;

[0057] Figure 12 shows an exploded perspective view of a fuel cell
stack;
[0058] Figure 13 shows a Polarization Resistance Scan of a hard coat

anodized aluminum sample;

[0059] Figure 14 shows a Tafel Scan of a hard coat anodized aluminum
sample;
[0060] Figure 15 shows an Electrochemical Impedance Spectroscopy

(EIS) Scan of a hard coat anodized aluminum sample; and

[0061] Figure 16 shows a Potentiostatic EIS Nyquist Plot of a hard coat
anodized aluminum sample.
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DETAILED DESCRIPTION OF THE INVENTION
[0062] The present invention relates to an end plate for an

electrochemical cell. Hereinafter, the present invention will be described in
detail by taking a PEM fuel cell as an example. It is to be understood that the
present invention has applications not limited to PEM fuel cells, but rather any

type of electrochemical cells, such as electrolyzers.

[0063] Referring first to Figure 1, this shows an exploded perspective
view of a fuel cell stack according to the present invention. It is to be
understood that while a single fuel cell unit is detailed below, in known
manner the fuel cell stack will usually comprise a plurality of fuel cells stacked
together. By way of example only, Figure 1 relates to a fuel cell stack that is
designed to operate in a 'closed-end' mode (e.g., the process fluids and the
coolant are supplied to and discharged from the same end of the fuel cell
stack). In this design, there is a first end plate 102 that does not come into
contact with process fluids and coolant and a second end plate 104 that does

come into contact with process fluids and coolant.

[0064] However, it is to be understood that a fuel cell stack can also be
designed to operate in a 'flow-through' mode (e.g., the process fluids and the
coolant are supplied to the fuel cell stack at one end and discharged from the
fuel cell stack from the opposite end thereof). In this design, all of the
different types of plates employed in the fuel cell stack must have manifold
regions with corresponding inlets and outlets to allow for process fluids and
coolant to pass therethrough. Accordingly, in this design both the first end
plate 102 and the second end plate 104 would be provided with manifold
regions having connection ports to allow the process fluids and coolant to
pass therethrough.

[0065] Each fuel cell unit in the fuel cell stack comprises an anode flow
field plate 120, a cathode flow field plate 130, and a membrane electrode
assembly (MEA) 124 disposed between the anode and cathode flow field
plates 120, 130. Each reactant flow field plate has an inlet region, an outlet

region, and open-faced channels to fluidly connect the inlet to the outlet, and
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provide a way for distributing the reactant gases to the outer surfaces. of the
MEA 124. The MEA 124 comprises a solid electrolyte (e.g., a proton
exchange membrane or PEM) 125 disposed between an anode catalyst layer
(not shown) and a cathode catalyst layer (not shown). A first gas diffusion
layer (GDL) 122 is disposed between the anode catalyst layer and the anode
flow field plate 120, and a second GDL 126 is disposed between the cathode
catalyst layer and the cathode flow field plate 130. The GDLs 122, 126
facilitate the diffusion of the reactant gas, either the fuel or oxidant, to the
catalyst surfaces of the MEA 124. Furthermore, the GDLs enhance the
electrical conductivity between each of the anode and cathode flow field
plates 120, 130 and the membrane 125.

[0066] In a catalyzed reaction, a fuel such as pure hydrogen, is
oxidized at the anode catalyst layer of the MEA 124 to form protons and
electrons. The proton exchange membrane 125 facilitates migration of the
protons from the anode catalyst layer to the cathode catalyst layer. The
electrons cannot pass through the proton exchange membrane 125, and are
forced to flow through an external circuit (not shown), thus providing an
electrical current. At the cathode catalyst layer of the MEA 124, oxygen
reacts with electrons returned from the electrical circuit to form anions. The
anions formed at the cathode catalyst layer of the MEA 124 react with the
protons that have crossed the membrane 125 to form liquid water as the
reaction product.

[0067] Still referring to Figure 1, hereinafter the designations “front”
and “rear” with respect to each and every plate within the fuel cell stack
indicate their orientation with respect to the MEA 124. Thus, the “front* face
indicates the side facing towards the MEA 124, while the “rear” face indicates
the side facing away from the MEA 124.

[0068] A first current collector plate 116 abuts against the rear face of
the anode flow field plate 120. Similarly, a second current collector plate 118
abuts against the rear face of the cathode flow field plate 130. First and

second insulator plates 112, 114 are located immediately adjacent the first
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and second current collector plates 116, 118, respectively. First and second
end plates 102, 104 are located immediately adjacent the first and second
insulator plates 112, 114, respectively. Pressure may be applied on the end
plates 102, 104 to press the unit 100 together. Moreover, sealing means are
usually provided between each pair of adjacent plates. Preferably, a plurality
of tie rods 131 may also be provided. The tie rods 131 are screwed into
threaded bores in the cathode endplate 104, and pass through corresponding
plain bores in the anode endplate 102. In known manner, fastening means,
such as nuts, bolts, washers and the like are provided for clamping together
the fuel cell unit 100 and the entire fuel cell stack.

[0069] Still referring to Figure 1, the second endplate 104 is provided
with a plurality of fittings for the supply of various fluids. Specifically, the
second endplate 104 has first and a second air fittings 106, 107, first and
second coolant fittings 108, 109, and first and second hydrogen fittings 110,
111. As will be understood by those skilled in the art, the MEA 124, the anode
and cathode flow field plates 120, 130, the first and second current collector
plates 116, 118, the first and second insulator plates 112, 114, and the first
and/or second end plates 102, 104 have apertures one end and three
apertures néar the opposite end thereof, which are in alignment to form fluid
flow paths for air as an oxidant, a coolant, and hydrogen as a fuel. By way of
example only, Figure 1 shows a fuel cell stack designed to have the process
fluids flow counter-currently in the fuel cell stack. It is appreciated that the
stack can be designed to have the process fluids flow co-currently through the
fuel cell stack. Although not shown, it will be understood that the various
fittings 106 - 111 are fluidly connected to ducts that extend along the length of
the fuel cell unit.

[0070] Referring now to Figures 2a and 2b, a conventional end plate is
shown generally at 150. The end plate 150 is provided with three connection
ports 151-153 near one end and three connection ports 154-156 near the
opposite end thereof. As described above, these connection ports are used

to connect to external sources of process fluids and preferably align with the
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ducts formed within the stack by apertures of reactant flow field plates.
Conventional end plates are typically made of stainless steel. However, it is
still subjected to corrosion of process fluids in the area of the connection
ports. Hence, the fittings can be made of a corrosion resistant material, for
example, aluminum or an aluminum alloy, and can be provided in each of the
connection ports 151-156. In Figure 2b, only one such fitting 157 is shown for
simplicity. The aluminum fitting 157 connects to the connection port 153 via a
threaded connection (not shown). However, this still cannot completely
overcome the corrosion problem. The fitting 157 has to be fully screwed into
the connection port 156 to prevent the stainless steel surface from being
exposed to process fluids. However, when a fuel cell stack is assembled, the
fitting 157 should not protrude from the front face of the end plate 150. This
complicates the assembly of the fuel cell stack while hardly alleviates the
corrosion problem. Furthermore, aluminum and aluminum alloys are also
subject to corrosive attack by process fluids.

[0071] Figures 3-7 illustrate a first embodiment of an end plate 200
according to the present invention. The end plate 200 has a central region
270, a first manifold region 272 on one end and a second manifold region 274
on the opposite end. On a rear face 220 of the end plate 200, three
connection ports 201, 202 and 203 are provided on the rear face 260 of the
first manifold region 272 and three connection ports 204, 205 and 206 are
provided on the rear face 240 of the second manifold region 274 (see Figure
3). On the front face 210 of the end plate 220, three connection ports 211,
212 and 213 are provided on the front face 230 of the first manifold region 272
and three connection ports 214, 215 and 216 are provided on the front face
250 of the second manifold region 274 (see Figures 4 and 5). The connection
ports 201-206 fluidly communicate with connection ports 211-216 respectively
to allow respective process fluids to flow from rear face 220 towards the front
face 210. Again, various connections ports 201-206 align with internal ducts
extending throughout the length of the fuel cell stack to distribute process
fluids within the fuel cell stack.
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[0072] The connection ports 201-206 and 211-216 can take various
shapes or forms. In this embodiment, on the front face 210, the connection
ports 211-216 are shaped such that they match the shape of the inlet and
outlet apertures of the adjacent plate within the fuel cell stack to minimize
leakage of the process fluids (see Figure 4). On the rear face 220, each of the
connection ports 201-206, for example, connection port 204, has a counter
bore 204a with an enlarged diameter and an inner bore 204b with a reduced
diameter. The inner bore 204b fluidly communicates with the corresponding
connection port 214 provided on the front face 210 of the end plate 200. As
can be seen in Figure 5, the inner bore 204b has a diameter substantially
equal to the diameter of the corresponding connection port 214. On the
bottom face 204c of the counter bore 204a, a plurality of threaded holes 500
are provided. Threaded holes 500 are also provided on the bottom face of the
counter bore of each connection port on the rear face 220 for connection to
external ducts or hoses. The end plate 200 is also provided with a plurality of
threaded holes 510 around its periphery for connection with tie rods (not
shown) for clamping the stack together. In the embodiment, these threaded
holes are through holes. However, they can also be blind holes. To facilitate
alignment of the fuel cell stack, the end plate 200 is provided on the side at
least one notch 520 through which alignment means can be inserted during
assembly to prevent the end plate 200 from moving.

[0073] The end plate 200 comprises a metal plate 280. In a preferred
embodiment, the metal plate 280 is made of a metal selected from the group
consisting of aluminum and aluminum alloys. Aluminum is a good electrical
conductor, is lightweight and is relatively inexpensive. In one aspect of the
invention, the metal plate 250 is formed from an aluminum alloy 6061, whose
nominal composition includes: 0.25% Cu, 0.6% Si, 0.15% Mn, 1.0% Mg,
0.25% Cr, 0.25% Zn, 0.7% Fe and 0.15% Ti.

[0074] In the present invention, at least the surfaces of the end plate
200 exposed to process fluids are treated with an anodized aluminum coating

282. The anodized aluminum coating provides corrosion resistance and also
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passivates the coated areas and renders the first and second manifold
regions substantially electrically non-conductive. Specifically, at least the
inner walls of the connection ports 201-206 and 211-216 are coated with the
anodized aluminum coating (see Figure 7). To ensure that possible leakage of
the process fluids does not corrode the metal plate 280 around the connection
ports 201-206 and 211-216, the front face around the connection ports 211-
216, the rear face around the connection ports 201-206 as well as the side
surfaces and bottom surfaces of the counter bores 201a, 202a, etc. are also
preferably provided with the anodized aluminum coating 282. The treated
faces can be extended to even further areas. In this embodiment, as shown
in Figures 3-5, this anodized aluminum coating is applied on the rear and front
faces 230, 240, 250 and 260 of both the first and second manifold regions 272
and 274 (e.g., areas adjacent the connection ports for process fluids). For
simplicity, Figures 3-5 show the demarcations between the central region 270
and the first and second manifold regions 272 and 274 are straight lines.
However, it is understood that the demarcations can be in any shape and
depends on the mask material used to cover the areas not intended for
coating during the coating process.

[0075] The anodized aluminum coating 282 can be applied onto the
first and second manifold regions 272, 274 using any anodizing method
known in the art, including, but not limited to, chromic acid anodizing, low
voltage chromic acid anodiiing, anodizing in non-chromic acid electrolyte,

sulfuric acid anodizing, and hard coat anodizing.

[0076] In a particularly preferred embodiment, the anodized aluminum
coating 282 is applied using a hard coat anodizing process. The resulting
hard coat anodized aluminum coating penetrates into the base metal plate
280 and subsequently builds up on the surface of the metal plate 280. The
thickness of the anodized aluminum coating includes both the penetration into
the base metal and the build-up on the surface. The thickness of the hard
coat anodized aluminum coating can be applied to between about 3 uym to

about 130 uym, more preferably between about 25 um to about 75 um, and
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most preferably about 50 ym (e.g., the hard coat anodized aluminum coating
extends into the metal plate 350 about 25 ym and beyond the surface of the
metal plate 350 about 25 um).

[0077] In a particularly preferred aspect of the invention, the first and
second manifold regions 272, 274 are treated with hard coat anodizing
followed by a sealing treatment. The sealing treatment can be achieved by
any well known method in the art, including, but not limited to, dichromate
bath, potassium dichromate bath, boiling water sealing and triethanolamine
sealing. This treatment seals the pores of the hard coat anodized aluminum
coating on the first and second manifold regions 272, 274 and provides further
protection against corrosion.

[0078] In a particularly preferred aspect of the invention, prior to
subjecting the first and second manifold regions 272, 274 to the anodizing
process, the first and second manifold regions 272, 274 can be surface
treated to minimize the occurrence of sharp edges and/or to round corners to
obtain a more uniform anodized aluminum coating around the edges and/or
corners. This can be achieved by any mechanical process well known in the
art, including, but not limited to, radiusing.

[0079] In one aspect of the invention, the central region 270 is first
masked and the anodized aluminum coating 282 is subsequently applied to
the first and second manifold regions 272, 274.

[0080] Now referring to Figures 8 and 9, an end plate according to a
second embodiment of the present invention is shown generally at 700. In
this embodiment, like parts have been designated by the same reference
numeral with the prefix "7" and only differences are discussed.

[0081] The end plate 700 comprises a metal plate 780. The metal plate
780 can be made of a metal including, but not limited to, aluminum,
magnesium, beryllium, titanium, copper, stainless steel and any alloys thereof.
F\’referably, the metal plate 780 is made of aluminum or an aluminum alloy.
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[0082] In the present invention, at least the surfaces of the end plate
700 exposed to process fluids are treated with a conformal coating 782. The
conformal coating provides corrosion resistance and also passivates the
coated areas and renders the first and second manifold regions substantially
electrically non-conductive. Specifically, at least the inner walls of the
connection ports 701-706 and 711-716 are coated with the conformal coating.
To ensure that possible leakage of the process fluids does not corrode the
metal plate 780 around the connection ports 701-706 and 711-716, the front
face around the connection ports 711-716, the rear face around the
connection ports 701-706 as well as the side surfaces and bottom surfaces of
the counter bores 701a, 702a, etc. are also preferably provided with the
conformal coating 782. The treated faces can be extended to even further
areas. In this embodiment, as shown in Figures 8 and 9, the conformal
coating is applied on the rear and front faces 730, 740, 750 and 760 of both
the first and second manifold regions 772 and 774 (e.g., areas adjacent the
connection ports for process fluids). For simplicity, Figures 8 and 9 show the
demarcations between the central region 770 and the first and second
manifold regions 772 and 774 are straight lines. However, it is understood that
the demarcations can be in any shape and depends on the mask material

used to cover the areas not intended for coating during the coating process.

[0083] This conformal coating 782 can be applied onto the first and
second manifold regions 772 and 774 using any method well known in the art.
Examples of these methods include, but are not limited to, spraying, chemical
vapor deposition, laser augmentation, plasma spraying, thermal deposition,
vacuum coating, electrostatic spraying. It will be appreciated that the choice

of application method will depend on the type of conformal coating selected.

[0084] Conformal coatings 782 will, on application to a surface,
conform to the surface features of a metal plate including, but not limited to,
sharp edges, corners and flat exposed internal surfaces. Conformal coatings
554 tend to exhibit the following properties: (i) high dielectric strength; (ii)
chemical resistant; (iii) abrasion resistant; (vi) substantially pore-free; (v)
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substantially impervious to fluids; (vi) relatively stable; (vii) substantially
electrically non-conductive.

[0085] The conformal coating is preferably made of a polymer material
selected from the group consisting of: (i) silicone resins (e.g., Fine-L-Kote™
HT high temperature coating which is applied as a spray and is available from
Techspray™ or Fine-L-Kote™ SR silicone conformal coating which is applied
as a spray and is available from TechsprayTM); (ii)y acrylic resins (e.g., Fine-L-
Kote™ AR acrylic conformal coating which is applied as a spray and is
available from Techspray™) (iii) polyurethane resins (e.g., Fine-L-Kote™ UR
which is applied as a spray and is available from TechsprayTM) (iv) epoxy
resins (e.g., Scotchkote™ 134 Fusion Bonded Epoxy Coating which is a heat
curable thermosetting epoxy coating available from 3M™); (v)
polytetrafiuoroethylene (PTFE) (e.g., Teflon™ available from Dupont); (vi)
polyvinylidenefluoride (PVDF) (e.g., Kynar'™ available from Atofina
Chemicals); and (vii) poly para-xylene (e.g., which is commonly referred to as

Parlyene and is available from Parlyene Coating Services Inc.).

[0086] Preferably, the conformal coating 782 is a poly para-xylene. Poly
para-xylene is available in three different variations, including poly para-
xylene C (low permeability to moisture, chemicals and other corrosive gases),
poly para-xylene N (high dielectric strength and a dielectric constant that does
not vary with changes in frequency), and poly para-xylene D (maintains
physical strength and electrical properties at high temperatures). Poly para-
xylene is preferably applied using a vacuum deposition process as is well
known in the art.

[0087] In a particularly preferred aspect of the invention, prior to
applying the coating to the manifold region, the manifold region can be
surface treated to minimize the occurrence of sharp edges and/or to round
corners to obtain a more uniform conformal coating around the edges and/or
corners. This can be achieved by any mechanical process well known in the
art, including, but not limited to, radiusing.
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[0088] In one aspect of the invention, the central region 770 is first
masked and the conformal coating 782 is subsequently applied to the first and
second manifold regions 772, 774. The thickness of the conformal coating is
between about 0.05 uym to about 150 um, more preferably between about 25
pum to about 75 ym, and most preferably about 25 ym.

[0089] Figures 9 and 10 illustrate a third embodiment of an end plate
300 according to the present invention. In this embodiment, the only
difference is that all of the surfaces of the end plate 300 are treated with a
corrosion resistant coating (e.g., a hard anodized coating sealed with a
sealing treatment or a conformal coating). For simplicity, no shadings are
used in Figures 9 and 10 to indicate the coated surfaces. Further, description
of the structure of the end plate is not repeated herein. It is to be understood
that although the cost of materials may be higher than that in the first and
second embodiments because of the larger area to be coated, the overall
coating process may be relatively simpler since no masking issues are
involved. Further, the appearance of the end plate is more aesthetically
pleasing and the risk of surface corrosion of the endplates from exposure to

its operating environment is minimized.

[0090] Now reference will be made to Figure 11, which shows an
exploded perspective view of a fuel cell stack 600 incorporating an end plate
according to the present invention. Fittings 400 are mounted onto the
connection ports on the rear face of the end plate. The fittings have a flange
portion 420 that engages the bottom face of each connection port. Through
holes 440 are provided on the flange portion 420 in correspondence with the
threaded holes 500 on the end plate so that screws can be used to fixed the
fittings thereon. The fittings 400 have a bore 460 that provides a flow path for
the process fluids. Different fittings can be used, as shown in Figure 11 to
further connect to an external duct or hose that supplies process fluids to the
fuel cell stack 600. These fittings can be commercially available off-the-shelf

parts. However, these fittings are preferably also corrosion resistant in order
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to obtain the best anti-corrosion results. For example, plastic fittings can be
used for this purpose.

[0091] The present invention has been described by way of example. It
is to be noted that the design of the flow field plates and othef plates do not
form part of the present invention. The shape and arrangement of the various
plates within the fuel cell stack are not limited to those disclosed in the above
embodiment. The shape of the end plate is also not limited to that shown in
the accompanying figures. F or example, the end plate can be circular, oval
and any other shape as desired. Moreover, the shape of connection ports
can vary. It is also to be understood that the present invention is also
applicable to end plates of other electrochemical cells, including, but not

limited to, electrolyzers.

[0092] The invention will be more fully understood by reference to the
following examples. However, the examples are merely intended to illustrate
embodiments of the invention and are not to be construed to limit the scope of

the invention.

Example 1

[0093] Samples of aluminum coupons having a hard coat anodized
aluminum coating were prepared in accordance with the present invention.
Specifically, the aluminum coupons were subjected to a hard coat anodizing
process to form a porous hard coat anodized aluminum coating having a
thickness of about 50 ym. Subsequently, the samples were sealed in a 5%
dichromate solution.

[0094] Various electrochemical corrosion tests were conducted to
determine the nature and corrosion behavior of the hard coat anodized
aluminum coatings. Polarisation resistance measurements were taken and a
Tafel analysis was conducted to characterize the corrosion behavior of the
hard coat anodized coatings. Electrochemical Impedance Spectroscopy (EIS)
was also used to determine the electrochemical nature of the hard coat
anodized coating.
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[0095] The samples were immersed for each of the tests in a simulated
fuel cell environment solution consisting of sulphuric acid at 10-4 moles/liter
and a fluoride ion concentration of 2 parts per million. During the tests, the
test cells were maintained at 60°C by immersion in a circulating water bath. A

Gamry TM PC4/750 potentiostat was used to carry out the analysis.

[0096] Figure 12 shows a polarization resistance scan conducted on a
sample prepared as described above. The scan gives a good measure of the
corrosion rate of a metal residing in a corrosive environment similar to that of
a fuel cell. Line 800 is representative of the actual data points, and line 802 is
a best fit to the actual data points. The measured polarization resistance was
relatively high at 1.26 megohm cm?, which corresponds to a very low

corrosion rate of less than 1 pym per year.

[0097] Figure 13 shows a Tafel scan conducted on a sample prepared
as described above. The slope of an anodic portion 804 of the Tafel scan
was relatively high, indicating that the coating is passive under anodic
conditions. The polarization resistance determined by the Tafel analysis was
5.47 megohm cm?, which is comparable to the value obtained in the
polarization resistance analysis of 1.26 megohm cm?. The estimated
corrosion current density is very low at approximately 12 nA ecm™, which

corresponds to a corrosion rate of less than 1 um per year.

[0098] Figure 14 illustrates an Electrochemical Impedance
Spectroscopy (EIS) scan conducted on a sample prepared as described
above. The impedance versus frequency plot of the EIS scan indicates that
the hard coat anodizing process has produced a coating that possesses good
electrical insulating properties. A perfect coating would exhibit a plot of the
logarithm of the modulus versus the log of the frequency as a line with slope
equal to —1. This slope would correspond to a pure capacitive element (e.g.,
a perfectly insulating coating). Although the slope of the log modulus versus
log frequency plot is roughly —0.5, the plot also suggests that thé
electrochemical system exhibits two time constants. Presumably, one of the

time constants is due to the solution double layer, while the other time
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constant would be due to the very low porosity of the hard coat anodized
coating.

[0099] Figure 15 illustrates a Potentiostatic EIS Nyquist plot conducted
on a sample prepared as described above. The Nyquist plot of the EIS data
also indicates that the system exhibits two time constants. There is no
contribution of a constant phase element in the Nyquist plot, which suggests
that there are no diffusion effects to and from the substrate and through any
pores. Therefore, it is expected that the sample would exhibit good corrosion
resistance and good electrical isolation from the process streams.

[00100] Having illustrated and described the principles of the invention in
a preferred embodiment, it should be appreciated to those skilled in the art
that the invention can be modified in arrangement and detail without departure
from such principles. We claim all modifications coming within the scope of
the following claims.
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Claims:

1. An end plate for an electrochemical cell, comprising:

a) a metal plate having a manifold region with a connection
port to permit the passage of a fluid therethrough; and

b) a corrosion resistant coating applied to at least a portion
of the manifold region including the connection port.

2. An end plate according to claim 1, wherein the connection port
is defined by at least one wall and the corrosion resistant coating is applied to
the at least one wall.

3. An end plate as claimed in claim 2, wherein the metal plate is
made from a metal selected from the group consisting of aluminum and.
aluminum alloys.

4, An end plate as claimed in claim 3, wherein the corrosion
resistant coating is an anodized aluminum coating.

5. An end plate as claimed in claim 4, wherein the corrosion

resistant coating is a hard coat anodized aluminum coating.

6. An end plate as claimed in claim 5, wherein the hard coat
anodized aluminum coating has a plurality of pores and is treated to seal at
least a portion of the pores.

7. An end plate as claimed in claim 6, wherein the hard coat
anodized aluminum coating has a thickness of between about 3 um to about
130 ym.

8. An end plate as claimed in claim 2, wherein the corrosion

resistant coating is a conformal coating.

9. An end plate as claimed in claim 8, wherein the conformal

coating is a polymer material selected from the group consisting of silicone
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resins, acrylic resins, polyurethane resins, epoxy resins,

polytetrafluoroethylene, polyvinylidenefluoride, and poly para-xylene.

10. An end plate as claimed in claim 9, wherein the conformal

coating is poly para-xylene.

11. An end plate as claimed in claim 10, wherein the conformal
coating has a thickness of between about 0.05 um to about 150 pm.

12. An end plate as claimed in claim 2, wherein the corrosion
resistant coating is applied to essentially all of the exposed surfaces of the
manifold region.

13. An end plate as claimed in claim 2, wherein the corrosion
resistant coating is applied to essentially all of the exposed surfaces of the
end plate.

14. A method of producing an end plate for an electrochemical cell,
comprising:

a) providing a metal plate having a manifold region with a
connection port to permit the passage of a fluid therethrough; and

b) applying a corrosion resistant coating to at least a portion
of the manifold region including the connection port.

15. A method according to claim 14, wherein the connection port is
defined by at least one wall and the corrosion resistant coating is applied to

the at least the wall.

16. A method as claimed in claim 15, further comprising forming the
metal plate from one of aluminum and an aluminum alloy.

17. A method as claimed in claim 16, further comprising selecting an
anodized aluminum coating as the corrosion resistant coating.

18. A method as claimed in claim 17, wherein step (b) is performed
by subjecting at least a portion of the manifold region to a process selected
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from the group consisting of chromic acid anodizing, low voltage chromic
anodizing, anodizing in a non-chromic acid electrolyte, sulfuric acid anodizing

and hard coat anodizing to apply the anodized aluminum coating.

19. A method as claimed in claim 18, wherein step (b) is performed
by subjecting at least a portion of the manifold region to a hard coat anodizing
process to apply a hard coat anodized aluminum coating having a plurality of
pores.

20. A method as claimed in claim 19, further comprising the step of
subjecting at least a portion of the manifold region to a sealing treatment after
step (b) to seal at least a portion of the pores. ‘

21. A method as claimed in claim 20, wherein the sealing treatment
is selected from the group consisting of dichromate sealing, potassium

dichromate sealing, boiling water sealing, and triethanolamine sealing.

22. A method as claimed in claim 17, further comprising the step of
subjecting the manifold region to a mechanical process prior to step (b) to

remove sharp edges and/or to round corners.

23. A method as claimed in claim 22, wherein the mechanical
process comprises radiusing.

24, A method as claimed in claim 17, wherein step (b) is practiced to
apply an anodized aluminum coating having a thickness of between about 3
pm to about 130 pm.

25. A method as claimed in claim 15, further comprising selecting a
conformal coating as the corrosion resistant coating.

26. A method as claimed in claim 25, wherein the conformal coating
is a polymer material selected from the group consisting of silicone resins,
acrylic resins, polyurethane resins, epoxy resins, polytetrafluoroethylene,
polyvinylidenefluoride, and poly para-xylene.
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27. A method as claimed in claim 26, wherein the conformal coating
is poly para-xylene.

28. A method as claimed in claim 27, wherein step (b) is performed

by subjecting at least a portion of the at least one manifold region to a vacuum

deposition process to apply the poly para-xylylene.

29. A method as claimed in claim 25, further comprising the step of
subjecting the manifold region to a mechanical process prior to step (b) to
remove sharp edges and/or to round corners.

30. A method as claimed in claim 29, wherein the mechanical
process comprises radiusing.

31. A method as claimed in claim 25, wherein step (b) is practiced to
apply a conformal coating having a thickness of between about 0.05 ym to
about 150 pm.

32. A method as claimed in claim 15, wherein step (b) is practiced to
apply the corrosion resistant coating to essentially all of the exposed surfaces
of the manifold region.

33. A method as claimed in claim 15, wherein step (b) is practiced to
apply the corrosion resistant coating to essentially all of the exposed surfaces
of the end plate.
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