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component comprising both a noble metal catalyst and a photo-catalyst, and said photo-catalyst being provided for enhancing con-
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o lecting means (28) electrically coupled to the anode catalyst component and being porous to said incident radiation and fuel for
a the fuel cell; and a tlow plate (30) incorporating a light source (34) for providing incident radiation.
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FUEL CELL
(001 ] The present invention relates to "uel cell
technology.
(002 ] In this connection, fuel cells are electrochemical

cells 1n which an energy change, resulting from a fuel

oxXldation reaction, 1s converted 1nto electrical energy. In

—

this respect, a fuel cell consists o three principal

components, namely an anode, a proton conducting membrane,

fr—

and a cathode. Fuel 1n the form of, for example, hydrogen or

pr—
p—

an organic material, 1s delivered 1nto the anode chamber of

the fuel cell, where 1t 1s oxidised. Hydrogen, used directly

pr——

as the fuel or derived from the breakdown of the organic

gr—

the fuel cell 1nto

material, then dissociates at the anode o

protons and electrons. The protons are conducted through the
proton conducting membrane to the c¢athode, whilst the

electrons travel around an external load circult to the

cathode, thus creating a current output for the cell. An

fr—

oxXxldant 1n the form of ailir, oxygen enriched air, or oxygen

ﬁ

1tself, 1s delivered to the cathode chamber, where 1t 1s

ﬁ

reduced by means of a chemical reaction with the protons and

electrons, to form water.

003 ] Some fuel <cells require to Dbe operated at high

temperatures (e.g. between 600 and 1000 °C) in order to break

down fuel 1n the manner requlred. However, heating up to such

high temperatures 1s not appropriate for certaln applications

where a fast start time 1s required, for example when the

fuel cell 1s used to power a vehicle. Additionally, operation

at high temperatures wears out the fuel cell components and

the gas sealing quickly and so high temperature fuel cells

tend not to be particularly durable.

gr—

(004 ] Low temperature fuel cells, for example Proton
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Exchange Membrane Fuel Cells (PEMFCs), Direct Methanol Fuel
Cells (DMFCs) and Direct Ethanol Fuel Cells (DEFCs) are

typlically operated at temperatures ranging from room

gr—
p—

temperature up to 80 °C, although some are capable of

—

operation up to a temperature of 200 "C. Such low temperature

—

fuel cells have the advantage of short start-up times and

pr—
p—

long durability. Additionally, PEMFCs have the advantage of

being generally smaller and lighter than high temperature

fuel cells.

gr—
p—

[005] Oxi1dation of hydrogen or hydrocarbons at the anode of

a PEMFC at low temperatures can be assisted by a noble metal

catalyst (typically platinum) provided at the anode. However,

pr——
—

a problem associated with PEMFCs 1s the strong adsorption of

the contaminant carbon monoxide at the catalyst—-anode

gr—
p—

surface. Carbon monoxide 1s derived from the breakdown of

organic fuels such as methanol or ethanol 1n the anode

chamber, or from carbon monoxide contaminated hydrogen as

hydrogen derived from reformed hydrocarbons can contailn more

than 100 ppm carbon monoxide. In high temperature fuel cells,

such carbon monoxide 1s usually readily oxidilised to carbon

dioxide, which 1s easily desorbed from the electrode surface.

gr—

However, as oxilidilisation of carbon monoxide to carbon dioxide

fr—

1s less e

"1clent at low temperatures, carbon monoxide 1s

—

adsorbed at the catalyst-anode surface of low temperature

fuel cells, thus blocking the active sites for the hydrogen

oxXxldation reaction at the anode. Although noble metal

gr—
—

catalysts such as platinum effectively catalyse the

—

dissociation of hydrogen, their functionality with regard to

p— —

the oxidation of carbon monoxide 1s limited. The blocking of

the active sites for hydrogen oxidation leads to a

signilificant decrease 1n cell performance over time.

pr——

1000 ] Various methods for the removal of carbon monoxide

fr—

from the anode of a low temperature PEMFC have been explored.
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1007/ ] One such method has i1nvolved pulsing the cell voltage

during operation. However thils method was found to disrupt

gr—
p—

the energy output from the cell, which 1s not desirable 1f

5 a constant energy output 1s required.

008 ] Another method has 1nvolved bleeding air 1nto the

anode compartment. However thilis significantly reduces the

open cell potential and therefore decreases cell performance.

10

[009] Yet another approach has been to use a bimetallilc

catalyst comprising a noble metal and a non—-noble metal, such

as an alloy of platinum and ruthenium. However this was found

not to prevent electrode poilisoning at carbon monoxide

15 concentrations greater than 25 ppm. Other bimetallic or
ternary catalysts, such as Pt/Ni, Pt/Co, Pt/Ru/Ni and

Pt/Ni/Co, have been investigated. However, in such systems

pr——
p—

the non-noble alloving metal has to display a number of

g—
p—

characteristics: as Nafion (RTM) (a copolymer of

20 tetrafluoroethylene and perfluoropolyether sulfonic acid) 1s

often used as an electrolyte material, thus creating a strong

perfluorosulphonic acidic environment, the non-noble metal

must be stable 1n this environment; also the non—-noble metal

must possess low activation energles for the water

——

25 dissociation reaction and the formation of COOH from adsorbed

CO and adsorbed OH.

[0010] Desplte the methods discussed above, there remains a

need to provide fuel cells, 1n particular PEMFCs, DMFCs and

—— —

"1clency of known fuel cells

30 DEFCs, that can 1ncrease the e

pr—

by providing an 1mproved level of tolerance to the

fr—

contamlnation of the anode by carbon monoxide.

pr——

[0011] In view of the above, the present Applicant has been

fr— fr—

35 researchling ways to 1ncrease the efficiency of a fuel cell
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such as a PEMFC, a DMFC, or a DEFC through a reduction 1in

ﬁ

the amount of contaminant carbon monoxide present at the

anode.

pr——

5 [0012] According to a first aspect of the present i1nvention

there 1s provided an anode assembly for a fuel cell, the
anode assembly having an anode catalyst component, sald anode

catalyst component comprising both a noble metal catalyst and

a photo-catalyst, and said photo-catalyst being provided for

10 enhancing contaminant carbon monoxide  oxidation  upon

lrradiation by 1ncident radiation; the anode assembly further

comprising a current collecting means electrically coupled

to the catalyst component and being porous to said 1ncident

radiation and fuel for the fuel <cell; and a flow plate

15 1ncorporating a light source for providing 1ncildent

radiation.

pr——
p—

10013] Current low temperature fuel cells rely on the use of

very pure hydrogen, or fuels that have been pre-purified, as

pr— f—

20 the source of fuel. The provision of a photo-catalyst for

—

enhancing contaminant carbon monoxide oxidation allows for

ﬁ

the creation of a low temperature fuel cell with a carbon

monoxide tolerant anode assembly. Such a c¢cell can thus

utillise hydrocarbon gas or 1ligquilids such as methanol or

p—

25 ethanol as the source of fuel without the need for purifiers

and/or reformers. This reduces the bulk and operating cost

f—

O such low temperature fuel cells. The precious metal

catalyst loading 1s also reduced, which significantly

pr——
—

decreases fuel cell costs. In addition, the arrangement of

pr——

30 the present 1nvention exhibits an i1ncreased cell efficiency

when used 1n a DEFC.

—

10014] The particular arrangement of the fuel cell of the

ﬁ

present invention affords the advantage that the 1llumination

35 source 1s 1n close approxilmation to the catalyst layer as
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opposed to concepts where an external 1llumlination source 1S

employed. Therefore, low intensity light technologies can be

used, which greatly reduces cost. In addition, the planar

geometric confiliguration of the thin layer 1light source

—

ficient and homogenous i1llumination of the

ﬁ

Hh ensures an e:

——

catalyst layer which 1s not the case for concepts with

external i1llumination.

[0015] Fuel cells according to the present 1nvention may

10 find application 1n a number of devices where carbon

contaminated hydrogen or hydrocarbon fuels are presently used

pr—

as fuels for energy generation. Possible uses are for

N

complementation or replacement of batteries, diesel

generators or combustilion engines 1n small portable devices,

15 light and heavy-duty vehicles, and back-up or remote

yr—

stationary power devices, thus allowing the use of cells 1n

markets such as portable electronics, transport and small

stationary power generation.

20 [0016] The light source may be provided as a planar element,

and may be powered directly by the fuel cell. Advantageously,

the light source 1s an organic light emitting diode (OLED).

(0017] Providing the light source as a planar element allows

——

the same dimension

25 the fuel cell and bipolar plate to be o

ﬁ

as that of conventional components, without compromising 1ts

compactness by additional bulkiness.

[0018] Conveniently, at least a section of the flow plate

30 may be porous to radiation from said light source.

[0019] Conveniently, the flow plate may have a flow guide

surface for directing fuel around the anode, with the flow

gulde surface being provided between the anode and the light

35 source.
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ﬁ

[0020] Advantageously, the flow plate may be made of acrylic

or Jglass.

[0021] The current collecting means may comprilise a metallic
mesh. Alternatively, the current collecting means may
comprise a plurality of substantially parallel metalllc wires

Or strands.

[0022] In each arrangement of the current collecting means,
the mesh, wires or strands may comprlise a gold-coated
material, titanium, nickel or chromium, or a platinum-coated

material.

[0023] Alternatively, the current collecting means may

comprilise a metallic foam such as nickel foam.

[0024] As a further alternative, the current collecting

means may comprilse a metal-coated or carbon-coated polymer

cloth.

[0025] Advantageously, the noble metal catalyst may comprise

platinum.

[0026] Advantageously, the photo-catalyst may comprise a

photo-catalytically active metal oxide, or a material derived

from a photo-catalytically active metal oxide. The metal

oxXxlde may be tungsten oxide, titanium oxlde or 1ron oxlde.

——
—

[0027] According to a further aspect of the present

invention there 1s provided a flow plate for use 1n an anode

gr—

assembly according to the first aspect of the 1nvention.

[0028] According to a further aspect of the present

invention there 1s provided a flow plate for use 1n a fuel
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cell comprising a flow guide surface for directing fuel

around a conducting element, wherein sailid flow plate has

incorporated therein a planar 1light source for radiating

light through the flow plate towards sald conducting element.

e
[0029] Conveniently, the flow plate further comprises a
recess for housing said light source. Further, at least a
section of the flow plate may be porous to light radiated by
the light source.

10

[0030] Advantageously, the flow plate may be partially or

fr—

entirely made of acrylic or glass. The flow plate may have

ﬁ

a thickness 1n the range of 1 mm to 15 mm.

15 [0031] According to a further aspect of the present

invention, there 1s provided an anode assembly for a fuel
cell, the assembly comprising an anode catalyst component,
sald anode catalyst component comprising a noble metal

catalyst and a photo-catalyst 1n 1ntimate contact, and said

20 photo-catalyst being provided for enhancing contamlnant

carbon monoxide oxidation upon i1rradiation by 1ncident light

radiation; the anode assembly further comprising a current
collecting means electrically coupled to the catalyst

component and being porous to sald 1ncident radiation and

25 fuel for the fuel <cell, said current collecting means

—

comprising an arrangement of metallic wires 1n contact with

fr—

a surface of said anode catalyst component which faces a flow

plate 1ncorporating a light source.

30 [0032] An embodiment of the present i1nvention will now be

fr—

described, by way of 1llustration only, wilth reference to the

accompanying drawlngs 1n which:-

—
——

[0033] Figure 1 shows the general configuration of a fuel

pr—

35 cell accordiling to an embodiment of the present i1nvention;
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ﬁ

[0034] Figure 2 shows the anode assembly of the fuel cell of

)

Figure 1; and

[0035] Figure 3 representation of a particle which may be

——
—

used to form the catalyst layer of Figure 2.

gr—
—_—
h—

[0036] The general configuration of a fuel cell 10 according

to the present 1nvention can be seen 1n Figure 1, with the

detailed structure of the anode chamber 12 shown 1n Figure

2. Referring firstly to Figure 1, the fuel cell 10 comprises

an anode chamber 12 and a cathode chamber 14, with a polymer
electrolyte membrane 16 located between and i1n contact with

both The anode chamber 12 and the cathode chamber 14. The

polymer electrolyte membrane (PEM) layer 16 1s conductive to

protons, and preferably 1s formed from Nafion (RTM), which

ﬁ

1s a copolymer of tetrafluorocethylene and perfluoropolyether

sulfonic acid.

gr—

[0037] In Figure 2, the surface of the anode chamber 12

which provides the anode assembly/PEM layer 1interface 1is

shown by the reference numeral 13.

[0038] As can be seen from Figure 2, the anode chamber 12

comprises a gas permeable catalyst layer 20, such that the

catalyst layer 20 1s 1n fluid communication with the PEM
layer 1o (see Figure 1). The catalyst layer 20 comprises a

platinum catalyst and a tungsten oxide visible 1light

responsive photo-catalyst. More specifically, the catalyst

pr——

layer 1s preferably formed from molecules of the form shown

in Figure 3. That 1s, the catalyst layer comprilises a

composlte consisting of tungsten oxide photo-catalyst
nanoparticles 26 and nano-sized platinum catalyst 24 on a

carbon support 22, with a tungsten oxide to platinum mass

ratio 1n the range of 1:99 to 99:1, preferably 1n the range
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of 70:30 to 95:5, and most preferably in the range of 80:20
to 90:10.

[0039] Provided 1mmediately adjacent the catalyst lavyer 20,

5 and 1n electrical communication therewith, 1s a current

—
b

collecting means, 1n this embodiment 1n the form of a wire

mesh 28 of gold plated copper.

[0040] A flow plate 30 1s provided on the outer most surface

10 of the anode chamber 12. The flow plate 30 1s shaped to form

fr—

a plurality of flow channels 32, which act to direct fuel

pr—
p—

into and around the anode chamber 12. The outer portion of

the flow plate 30 1s provided with an organic light emitting
diode (OLED) 1light source 34. The flow plate 30 1s formed

15 from acrylic and 1s at least 1n certain regions transparent

to the radiation provided by the OLED 34.

[0041] In use, fuel gas 1s delivered to the anode chamber

12, with the flow of fuel being directed by the flow plate

g—

20 30. The fuel may be 1n the form of pure hydrogen, or a

hydrocarbon fuel such as methanol. The fuel 1s able to pass

through the wire mesh 28 and thus 1into contact with the

catalyst lavyer 20. The hydrogen contalned 1n the fuel 1s then

catalytically split 1nto protons and electrons 1n the

25 presence of the platinum catalyst, 1n accordance with

FEquation 1:

2H, — 4H' e~ . (1)

30 [0042] Once split, the protons permeate through the catalyst
layer 20 and the PEM layer 16 to gather at the cathode 14.

[0043] At the cathode side of the fuel cell 10, an oxidant

such as air, oxygen enriched air, or pure oxygen 1s delivered

35 to the cathode chamber 14, with the flow of oxidant being
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directed by a flow plate 38. This oxidant reacts with the

protons which have permeated through the PEM layer 16 and

have gathered at the cathode 14, to form water 1n accordance

wilth Eguation (2):

AH' + 4e” + O, = 2H,0. (2)

10044] Meanwhille, the electrons are collected by the wire

mesh 28 and delivered to the external load circuit 36. This

pr——

flow of electrons provides the current which forms the energy

output of the fuel cell 10.

[0045] As described above, contaminant carbon monoxide may

be present 1n the anode chamber 12 as a result of the

g—

breakdown of the fuel, or from the use of carbon monoxide

contaminated hydrogen as the fuel. In order to prevent the

pr——

adsorption of this carbon monoxide 1nto the anodic catalyst

pr——

laver 20, which would lead to the blocking of active sites

y—
p—

for the hydrogen oxidation reaction of Equation 1, the anode

chamber 1s 1rradiated by the OLED 34. The OLED 34 can be

o~

powered at least 1n part by means of the current flow 1n the

external load circuit 36, and the resultant 1i1rradiation 1s

able to pass through the transparent flow plate 30 and past

the wire mesh 28 to the catalyst laver 20. The contaminant

carbon monoxide 1s photo-catalytically oxidised to form
carbon dioxide, once the tungsten oxide 1n the catalyst layer

20 has been 1rradiated 1n this way. The resultant carbon

dioxide can then be easily desorbed from the anode surface,

and 1s able to pass back through the wire mesh such that it

can be exhausted from the cell 10.

gr—

[0046] A number of cells 10 according to the present

invention may be provided 1in a stack, so as to provide

enough energy for the particular application 1n question.
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[00477] It has been found that the efficiency of the fuel

cell according to the present i1invention can be optimised by

gr—

controlling the ratio of noble-metal catalyst to

photo-catalyst at the anode. For a composilite catalyst lavyer

consisting of photocatalyst nanoparticles and nano-sized

platinum catalyst on a carbon support, a tungsten oxide to

fr—

platinum mass ratio 1n the range of 70:30 to 95:5 has been

observed to give good performance, with the most optimal

range being 80:20 to 90:10 for methanol oxidation. An optimum

Nafion (RTM) loading of the catalyst 1n the electrode layer

gr—

also greatly 1ncreases fuel cell efficiency, wilith possible

Nafion (RTM) loadings between 2% and 30%, most preferably

between 5% and 20%, for methanol oxidation. The electrode

layer thickness 1s preferably between 1 mm and 100 mm, with

gr—

an optimal laver thickness of 5 mm to 20 mm.

[0048] It will be understood that the 1llustrated embodiment

pr——

described herein shows an application of the 1nvention 1n one

gr—

form only for the purposes of 1llustration. In practice the

gr—

invention may be applied to many different configurations.

[0049] For example, the platinum catalyst could comprise any

other noble metal, and may be comblned wilth one or more non-

noble metal to form, for example, a bi-metallic or tri-

metallic catalyst such as Pt/Ru, Pt/Ni, Pt/Co, Pt/Ru/Ni or

Pt/Ni/Co. Also, the photo-catalyst could comprise any other
photo-catalytically active metal oxide such as tungsten

oxX1lde, titanium oxide or 1ron oxilide, or compounds derived

from tungsten oxide, titanium oxide or 1ron oxide.

f—

[0050] The porosity of the anode 1s preferably 1n the range

50% to 80%, with the preferred porosity being 1n the range

pr——

00% to 70%. Most preferably, the porosity of the anode 1s

around 65%.
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[0051] The average particle size of the photo-catalyst

particles 1s normally less than 100 nm. In this connection,

the average particle size 1s typically between 5 and 50 nm,

and 1s preferably 1n the range 10 to 20 nm.

pr——

[0052] Further, instead of comprising particles of the form

shown 1n Figure 3, the catalyst layer 20 could be formed

gr—

from a laminated arrangement of carbon, noble metal catalyst,

and metal oxide photo-catalyst.

[0053] Furthermore, the wire mesh 28 may be replaced by a

f—

plurality of metal wlres or strands, preferably substantially

parallel, which would obviate any problems with conductivity

ﬁ

whereby cross-over polnts may compromise the contact of the

mesh with the catalyst layer. The wire mesh or metal wires

or strands may be made from any other sultable

electron-conducting metal or metal alloy, such as those

pr——

comprising titanium or platinum. The main requirements of the

mesh or metal wires or strands are that they are

g—

conductilive, and allow the passage of gas (both fuel and waste

products) and light. As a further alternative, the mesh or

metal wlres or strands could be replaced by a metal foam

f—

such as a nickel-based foam.

——

[0054] The OLED may be replaced by another source of visible

radiation for the photo-catalyst layer. The 1rradiation may

be provided 1n a pulsed manner to minimise the power drain

from the fuel cell. In any event, the radiation source should

—

be uniform over the surface of the photo-catalyst 1n order

—

fect. The power for the

—
b

to maximise the photo-catalytic e:

gr—

light source may be provided externally of the cell.

[0055] In addition, the flow plate 30 may be made of any
other suitable material that 1s transparent to the i1ncident

radiation.
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CLAIMS

1. An anode assembly for a fuel cell, the anode assembly
having an anode catalyst component (20), said anode catalyst
component comprising both a noble metal catalyst and a
photo—-catalyst, said photo-catalyst being provided for
enhancing contaminant carbon monoxlde  oxilidation  upon
lrradiation by i1ncident radiation; the anode assembly further
comprising a current collecting means (28) electrically
coupled to the anode catalyst component and being porous to
sald 1ncident radiation and fuel for the fuel cell; whereiln
the anode catalyst component and current collecting means are
provided in an anode chamber; the assembly further comprising
a flow plate (30) 1ncorporating a 1light source (34) for
providing incident radiation, at least a section of the flow
plate Dbeing porous to 1light radiation for enabling
irradiation of said photo-catalyst through said flow plate,
the flow plate having a flow guide surface shaped to form a
plurality of channels (32) for directing fuel within the

anode chamber.

2 . An anode assembly according to claim 1, wherein the

light source (34) 1s provided as a planar element.

3. An anode assembly according to claim 1 or 2, wherein

the light source (34) 1s powered directly by the fuel cell.

4. An anode assembly according to any one of claims 1 to
3, wherein the flow plate (30) comprises a recess for housing

the light source.

5. An anode assembly according to any one of claims 1 to
4, wherelin the flow guide surface 1s provided Dbetween the

current collecting means (28) and the light source (34).

CA 2815434 2018-06-11
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0. An anode assembly according to any one of claims 1 to

5, wherein the flow plate 1s made of acrylic.

7. An anode assembly according to any one of claims 1 to
6, wherein the current collecting means (28) comprises a
metallic mesh, a plurality of substantilially parallel metallic
wires oOr strands, a metallic foam, or a metal-coated or

carbon-coated polymer cloth.

8. An anode assembly according to claim 7, wherein the
mesh, wires or strands comprise a gold-coated material, or
comprise titanium, nickel or chromium, or comprise a platinum-

coated material.

9. An anode assembly according to claim 7, wherein the

metallic foam comprilses nickel foam.

10. An anode assembly according to any one of claims 1 to
9, wherein the photo-catalyst comprises tungsten oxide,

titanium oxide or 1ron oxide.

11. A flow plate for use in a fuel cell, the flow plate
comprising a flow guide surface for directing fuel around a
conducting element, wherein the flow plate has incorporated

therein a planar light source for radiating light through the
flow plate towards said conducting element, at least a section
of the flow plate being porous to light radiation for enabling
irradiation of a photo-catalyst through said flow plate, the
flow plate flow guide surface being shaped to form a plurality

of channels for directing fuel.

12. A flow plate according to claim 11, further comprising

a recess for housing said light source.

13. A flow plate according to claim 11 or 12, wherein the

flow plate is partially or entirely made of acrylic.

CA 2815434 2018-06-11
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14. A flow plate according to any one of claims 11 to 13

having a thickness 1n the range of 1 mm to 5 mm.

15. An anode assembly according to claim 1, wherein the
5 noble metal catalyst and the photo-catalyst are 1n 1ntimate
contact, and the current collecting means comprises' an
arrangement of metallic wires 1n contact with a surface of

the anode catalyst component.

CA 2815434 2018-06-11
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