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(57) Abstract: A liquid electrolyte fuel cell system (60) comprises at least two fuel cell stacks (20a, 20b), each comprising a plural -
ity of fuel cells, each fuel cell comprising a liquid electrolyte chamber between opposed electrodes, the electrodes being an anode
and a cathode. At least one fuel cell stack (20a) is arranged to operate at an elevated temperature such as 65°C, and at least one fuel
cell stack (20b) is arranged to operate at a temperature below the elevated temperature, such as 35°C. The system (60) comprises a
heat exchanger (62; 64) to transfer heat from at least one fuel cell stack (20a) at the elevated temperature to at least one fuel cell
stack (20b) at the lower temperature. This may be achieved by heat exchange between the respective electrolytes.
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Fuel Cell System

The present invention relates to liquid electrolyte fuel cell systems, preferably but
not exclusively incorporating alkaline liquid-electrolyte fuel cells, and to methods of
operating such fuel systems.

Background to the invention

Fuel cells have been identified as a relatively clean and efficient source of electrical
power. Alkaline fuel cells with a liquid electrolyte are of particular interest because they
operate at relatively low temperatures, are efficient and mechanically and electrochemically
durable. Acid fuel cells and fuel cells employing other liquid electrolytes are also of interest.
Such fuel cells typically comprise an electrolyte chamber separated from a fuel gas
chamber (containing a fuel gas, typically hydrogen) and a further gas chamber (containing
an oxidant gas, usually air). The electrolyte chamber is separated from the gas chambers
using electrodes. Typical electrodes for alkaline fuel cells comprise a conductive metal,
typically nickel, that provides mechanical strength to the electrode, and the electrode also
incorporates a catalyst coating which may comprise activated carbon and a catalyst metal,
typically platinum.

In operation, it is conventional to operate the fuel cells at a temperature above 50°C,
for example at between 60°and 70°C, because the efficiency of the cells is greater at such
a temperature than at near ambient temperature. However operation at such a temperature
leads to greater evaporation from the aqueous electrolyte, such as potassium hydroxide,
and so increases the risk of forming crystals for example of potassium carbonate or
potassium hydroxide. Such crystals are most likely to form at the cathode, where the
electrochemical reactions associated with cell operation consume water (in addition to the
loss through evaporation); and the crystals are detrimental to the operation of the cell
because they inhibit gas diffusion. Furthermore, degradation of the electrode materials
occurs to a greater extent at an elevated temperature such as 60°or 70°C than at lower
temperatures.

Discussion of the invention

The fuel cell system of the present invention addresses or mitigates one or more
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problems of the prior art.

According to the present invention there is provided a liquid electrolyte fuel cell
system comprising at least two fuel cell stacks, each fuel cell stack comprising a plurality of
fuel cells, each fuel cell comprising a liquid electrolyte chamber between opposed
electrodes, the electrodes being an anode and a cathode; the fuel cell stacks comprising at
least one first fuel cell stack arranged to operate at an elevated temperature, and at least
one second fuel cell stack arranged to operate at a temperature below the elevated
temperature; and the system comprising a heat exchanger to transfer heat from at least one
first fuel cell stack to at least one second fuel cell stack.

By way of example, a first electrolyte may be recirculated through at least one first
fuel cell stack, and a second electrolyte may be circulated through at least one second fuel
cell stack, and the heat exchanger may be arranged to exchange heat between the first
electrolyte and the second electrolyte. The heat exchanger may be arranged to exchange
heat between the first electrolyte after it has passed through the first fuel cell stack, and the
second electrolyte as it is passed towards the second fuel cell stack.

In a second aspect the invention provides a method of operating a liquid electrolyte
fuel cell system comprising at least two fuel cell stacks, the method comprising operating at
least one first fuel cell stack at an elevated temperature, and operating at least one second
fuel cell stack at a temperature below the elevated temperature, and transferring heat from
at least one first fuel cell stack to at least one second fuel cell stack.

The elevated temperature at which each first fuel cell stack operates may be
between 50°C and 90°C, more preferably between 60°C and 70 °C; the lower temperature,
at which each second fuel cell stack operates, may be between 25°C and 50°C, for
example between 30°C and 50°C, or about 40°C.

In a conventional liquid electrolyte fuel cell system, the electrolyte or the stack is
generally cooled by circulating a coolant fluid such as air or water, and the heat is
dissipated into the environment, or may be utilised for domestic heating or other purposes.
The present invention enables at least some of the excess heat to be utilised to improve the
total efficiency of the system, in generating additional electrical power.
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The invention will now be further and more particularly described, by way of
example only, and with reference to the accompanying drawings in which:

Figure 1 shows a schematic diagram of the fluid flows supplied to a fuel cell stack to which
the invention would be applicable;

Figure 2 shows a schematic diagram of the fluid flows of a fuel cell system incorporating
fuel cell stacks as described in relation to figure 1; and

Figure 3 shows a modification to the fuel cell system of figure 2.

Referring to figure 1, a fuel cell system 10 includes a fuel cell stack 20 (represented
schematically), which uses an aqueous solution of potassium hydroxide as electrolyte 12,
for example at a concentration of 6 moles/litre. The fuel cell stack 20 is supplied with
hydrogen gas as fuel, air as oxidant, and electrolyte 12. Hydrogen gas is supplied to the
fuel cell stack 20 from a hydrogen storage cylinder 22 through a regulator 24 and a control
valve 26, and an exhaust gas stream emerges through a first gas outlet duct 28. Air is
supplied by a blower 30, and any CO. is removed by passing the air through a scrubber 32
and a filter 34 before the air flows through a duct 36 to the fuel cell stack 20, and spent air
emerges through a second gas outlet duct 38.

The fuel cell stack 20 is represented schematically, as its detailed structure is not
the subject of the present invention, but in this example it consists of a stack of fuel cells,
each fuel cell comprising a liquid electrolyte chamber between opposed electrodes, the
electrodes being an anode and a cathode. In each cell, air flows through a gas chamber
adjacent to the cathode, to emerge as the spent air. Similarly, in each cell, hydrogen flows
through a gas chamber adjacent to the anode, and emerges as the exhaust gas stream.
Thus in each cell the cathode separates the air-containing gas chamber from the electrolyte
chamber, and the anode separates the hydrogen-containing gas chamber from the
electrolyte chamber. More generally, a fuel cell may use a different source of oxygen,
instead of air; and may use a different source of fuel, other than hydrogen.

Operation of the fuel cell stack 20 generates electricity, and heat, and also
generates water by virtue of the chemical reactions described above. In addition water
evaporates in both the anode and cathode gas chambers so both the exhaust gas stream
and the spent air contain water vapour. The rate of evaporation depends on the electrode
surface area exposed to reactant gases, the flow rate of the reactant gases, and the
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operating temperature. It also depends on the partial pressure of water vapour in the
anode and cathode gas chambers. The overall result would be a steady loss of water from
the electrolyte 12; the loss of water can be prevented by condensing water vapour from the
spent air in the outlet duct 38 (or from the exhaust gas), for example by providing a
condenser 39. In addition, the chemical reaction occurring at the cathode generates
hydroxyl ions and consumes water, so concentrating the electrolyte in the vicinity of the
cathode.

The electrolyte 12 is stored in an electrolyte storage tank 40 provided with a vent 41.
A pump 42 circulates electrolyte from the storage tank 40 into a header tank 44 provided
with a vent 45, the header tank 44 having an overflow pipe 46 so that electrolyte returns to
the storage tank 40. This ensures that the level of electrolyte in the header tank 44 is
constant. The electrolyte is supplied at constant pressure through a duct 47 to the fuel cell
stack 20; and spent electrolyte returns to the storage tank 40 through a return duct 48. The
storage tank 40 includes a heat exchanger 49 to remove excess heat.

In the duct 36 the air stream passes through a heat exchanger 50, and then a
humidification chamber 52. An aqueous liquid such as distilled water is supplied through a
duct 53 to the humidification chamber 52; the excess water emerging from the
humidification chamber 52 is discharged through a duct 55 to waste.

The water supplied through the duct 53 is preferably at an elevated temperature, for
example it may be heated by heat exchange with the electrolyte in the return duct 48. This
will ensure that it is at a temperature only a few degrees lower than the operating
temperature of the fuel cell stack 20. For example the water may be passed through a heat
exchanger (not shown) to exchange heat with the spent electrolyte in the return duct, before
being supplied through the duct 53. In this case the humidification chamber 52 may be
sufficiently warm that no separate heat exchanger 50 is required: the humidification
chamber 52 both heats and humidifies the air stream at the same time, by direct contact
with water.

Although only one fuel cell stack 20 is shown, it will be appreciated that a fuel cell
system 10 might include a plurality of fuel cell stacks 20 supplied with the electrolyte in
parallel, and with a common recirculation system for the electrolyte.
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Conventionally the electrolyte 12 would be maintained at an elevated temperature
between 60°C and 70°C during operation. The internal electrical resistance of the fuel cells
decreases with temperature, so operation at such an elevated temperature reduces the
internal resistance, and so increases the power output of the fuel cell stack 20. Initially, on
start-up, it may therefore be necessary to provide an external source of heat, for example
by supplying a hot liquid to the heat exchanger 49, so as to raise the temperature of the
electrolyte 12 to the desired operating value. This may for example be 65°C. During steady-
state operation it is not necessary to provide additional external heat, as heat is generated
by operation of the fuel cell stack 20, so that it is necessary to remove excess heat from the
electrolyte 12, for example using the heat exchanger 49, as mentioned above.

Referring now to figure 2, a fuel cell system 60 of the present invention incorporates
at least two fuel cell systems 10: a first fuel cell system 10a operates as described above,
at an operating temperature of between 60° and 70°C; and a second fuel cell system 10b
operates at a lower operating temperature, which may be between 30°and 50°C.
Components within the first and second fuel cell systems 10a and 10b which are the same
as components described in relation to figure 1, are referred to by the same reference
numerals, but distinguished by the suffixes a and b respectively; figure 2 is a schematic
representation, and does not shown all the features that were shown in figure 1.

Thus each fuel cell system 10a or 10b includes a fuel cell stack 20a or 20b, to which
hydrogen is supplied from a storage cylinder 22a or 22b, air is supplied by a blower 30a or
30b, and electrolyte 12a or 12b is supplied from a header tank 44a or 44b which is fed from
a storage tank 40a or 40b by a pump 42a or 42b; and spent electrolyte returns to the
storage tank 40a or 40b through a return duct 48a or 48b.

The fuel cell system 60 includes a heat exchanger 62 to enable heat transfer
between spent electrolyte 12a in the return duct 48a, and electrolyte 12b as it is flowing to
the header tank 44b.

The first fuel cell system 10a is operated as described above. Initially, starting at
ambient temperature the electrolyte is heated up using the heat exchanger 49a, such that
the electrolyte 12a is at an operating temperature between 60°C and 70°C. During
operation it is not necessary to remove heat from the electrolyte 12a using the heat
exchanger 49a, as the excess heat is removed by the heat exchanger 62.
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The second fuel cell system 10b uses the heat from the heat exchanger 62 to raise
the temperature of the electrolyte 12b from ambient temperature to an operating
temperature which may be 35°C or 40°C. Hence the fuel cell system 60 enables a larger
number of fuel cell systems 10 to be operated, without requiring an external source of heat
to heat the electrolyte for each fuel cell system 10. The external source of heat is used only
to heat up the electrolyte 12a in each fuel cell system 10a that is arranged to operate at the
elevated temperature. The waste heat from the fuel cell systems 10a that operate at an
elevated temperature is then used to heat the electrolyte for additional fuel cell systems 10b
operating at a lower temperature that is nevertheless above ambient temperature.

Although the power output from each fuel cell system 10b that is operating at such a
lower temperature will be less than it would have output at the elevated temperature,
nevertheless the system 60 produces a greater electrical output, because it combines the
output from the elevated temperature fuel cell systems 10a with that from the lower
temperature fuel cell systems 10b. The waste heat from the fuel cell system 10b that
operates at a lower temperature may be removed using the heat exchanger 49b, and may
be used as a source of low-temperature heat, for example for domestic heating.

Additionally it has been found that fuel cell failures are more likely to occur in a fuel
cell stack 20a operating at an elevated temperature than in a fuel cell stack 20b operating
at a lower temperature. By way of example, in a laboratory situation, fuel cells operating at
70°C were found to operate on average for only 6 weeks before a pronounced degradation
was observed, whereas identical fuel cells operating at 32°C have been found to operate
for over 24 weeks without any major degradation. A significant reason for this difference is
that evaporation of water from the electrolyte occurs much more rapidly at the elevated
temperature of 70°C than at the lower temperature of 32°C. A further reason is that the
electrochemical reaction that takes place at the electrolyte/gas/catalyst interface within the
cathode requires oxygen molecules to be transported through electrolyte. During operation
the electrolyte in this vicinity tends to become more concentrated due to the
electrochemical reaction, and becomes warmer, and both these changes decrease oxygen
solubility. The effect is to increase the internal resistance, and to generate additional heat.
This can lead to further evaporation of water, accelerating the problem.

Although the system 60 is described as exchanging heat between spent electrolyte
12ain the return duct 48a, and the electrolyte being supplied between the pump 42b and
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the header tank 44b, by means of the heat exchanger 62, it will be appreciated that the
exchange of heat may be brought about differently. For example, the storage tank 40b may
be provided with an additional heat exchanger 64, and the heat exchanger 62 omitted, with
the electrolyte return duct 48a communicating via the heat exchanger 64 with the storage
tank 40a, and the pump 42b communicating directly with the header tank 44b. These
alternative connections 66 and 67 are indicated by broken lines in figure 2. In this case the
electrolyte 12b is therefore heated in the storage tank 40b.

Referring now to figure 3, a fuel cell system 70 represents an alternative
modification of the fuel cell system 60. As with the fuel cell system 60, it incorporates at
least two fuel cell systems 10: a first fuel cell system 10a operates as described above, at
an operating temperature of between 60°and 70°C; and a second fuel cell system 10b
operates at a lower operating temperature, which may be between 30°and 50°C.
Components within the first and second fuel cell systems 10a and 10b which are the same
as components described in relation to figure 1, are referred to by the same reference
numerals, but distinguished by the suffixes a and b respectively; figure 3 is a schematic
representation, and does not shown all the features that were shown in figure 1.

In the first fuel cell system 10a of the fuel cell system 70, the return electrolyte duct
48a returns the used electrolyte directly to the electrolyte storage tank 40a. As regards the
second fuel cell system 10b, the electrolyte pump 42b is arranged to pass the electrolyte
12b through the heat exchanger 49a of the electrolyte storage tank 40a, via three-way
valves 71, before it flows into the header tank 44b.

Hence, during start-up, the three-way valves 71 are arranged to supply hot fluid to
the heat exchanger 49a, and so to heat up the electrolyte 12a. Once the first fuel cell
system 10a is operating, and therefore generating heat, then the electrolyte pump 42b is
started up and the three-way valves 71 are switched so the electrolyte 12b flows through
the heat exchanger 49a and so takes heat out of the storage tank 40a. When steady state
operation is achieved, the heat generated in the first fuel cell system 10a is used to
maintain the temperature of the second fuel cell system 10b. The excess heat generated in
the second fuel cell system 10b may be removed using the heat exchanger 49b, and may
be used as a source of low-temperature heat, for example for domestic heating.
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Claims

1. A liquid electrolyte fuel cell system comprising at least two fuel cell stacks, each fuel
cell stack comprising a plurality of fuel cells, each fuel cell comprising a liquid electrolyte
chamber between opposed electrodes, the electrodes being an anode and a cathode; the
fuel cell stacks comprising at least one first fuel cell stack arranged to operate at an
elevated temperature, and at least one second fuel cell stack arranged to operate at a
temperature below the elevated temperature; and the system comprising a heat exchanger
to transfer heat from at least one first fuel cell stack to at least one second fuel cell stack.

2. A fuel cell system as claimed in claim 1 wherein the heat exchanger is arranged to
transfer heat between a first electrolyte in the at least one first fuel cell stack and a second
electrolyte in the at least one second fuel cell stack.

3. A fuel cell system as claimed in claim 2 wherein the first electrolyte is recirculated
through at least one first fuel cell stack, and the second electrolyte is circulated through at
least one second fuel cell stack, and the heat exchanger is arranged to exchange heat
between the first electrolyte and the second electrolyte.

4. A fuel cell system as claimed in claim 3 wherein the heat exchanger is arranged to
exchange heat between the first electrolyte after it has passed through the first fuel cell
stack, and the second electrolyte as it is passed towards the second fuel cell stack.

5. A method of operating a liquid electrolyte fuel cell system comprising at least two
fuel cell stacks, the method comprising operating at least one first fuel cell stack at an
elevated temperature, and operating at least one second fuel cell stack at a temperature
below the elevated temperature, and transferring heat from at least one first fuel cell stack
to at least one second fuel cell stack.

6. A method as claimed in claim 5 wherein the elevated temperature at which each first
fuel cell stack operates is between 50°C and 90°C, and the lower temperature, at which
each second fuel cell stack operates, is between 25°C and 50°C.

7. A method as claimed in claim 6 wherein the elevated temperature is between 60°C
and 70°C; and the lower temperature is between 30°C and 50°C.
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