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(57) Abstract: A method of operating a fuel cell power plant (10) including a stack (11) of fuel cells having an anode catalyst lay-
er and a cathode electrode (15) including a catalyst layer disposed on catalyst support material is characterized by, during normal
operation of said power plant, adjusting the voltage of the stack to be substantially equal to or less than a predetermined maximum
voltage for the temperature of the stack. Further, said step of adjusting comprises adjusting the stack voltage to the lesser of: a) a
predetermined voltage above which corrosion of catalyst support material is significant and below which corrosion of catalyst sup-
port material is insignificant at the temperature of the stack; and b) a predetermined voltage above which dissolution of catalyst is
significant and below which dissolution of the catalyst is insignificant at the temperature of the stack.
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Mitigating Electrode Erosion in High Temperature PEM Fuel Cell

Technical Field

[0001] Corrosion of the catalyst and carbon support of electrodes in a
PEM fuel cell operated above 100°C is mitigated by ensuring that the
stack voltage is regulated as a function of the stack temperature to avoid
significant erosion of the electrodes. The cell voltage is held to be the
lower of a) that related to avoiding significant corrosion of the electrode
support material (carbon or other material) and b) that related to avoiding

dissolution of catalyst.

Background Art

[0002] Proton exchange membrane (PEM) fuel cells have attributes
that make them attractive for vehicle applications. In order to regulate the
temperature of the fuel cell, all of the excess heat in the coolant flowing
from the fuel cell must be rejected through the radiator of the vehicle.
Continuous rejection of a certain quantity of heat at a lower temperature
takes a larger radiator than rejection of the same quantity of heat at a
higher temperature. PEM fuel cells typically operate between 65°C and
80°C,; this relatively low operating temperature requires that unduly large
radiators must be used in the vehicles.

[0003] Membranes which are meant to operate at about 120°C are
under development. However, platinum solubility increases with
temperature, and the rate of carbon corrosion increases exponentially with
temperature. Therefore, degradation of the cathode catalyst and carbon

support will occur more quickly at the higher temperatures.

Summary

[0004] A paramount aspect of this disclosure is the discovery of the
relationship between cell temperature and cell voltage in controlling the
rate of electrode erosion, both of the noble metal catalyst and the carbon
support of the electrode. The current through the electrode that promotes
the inception of dissolution, and the current that promotes the inception of

corrosion, both occur at lower voltages when temperature is higher and
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higher voltages when temperature is lower, as shown in Fig. 1. Fig. 1
includes a plot in solid lines of voltages above which carbon corrosion is
excessive and voltages above which platinum (for example) dissolution is
excessive. The dotted line indicates the lesser of the two which is the .
voltage that should not be exceeded in order to promote longer stack life.
[0005] Accordingly, if the voltage of an electrode is high (for instance
above about 0.85 volts, with respect to a hydrogen reference electrode, or
more), concurrently with a high cell temperature (for instance 100°C {212°
F} or above), erosion of the electrode will be significant. But if the voltage
is high when the temperature is low (for instance on the order of 65°C
{150° F}) then the electrode erosion will be less. In other words, if either
the cell voltage or the cell temperature is high, then, erosion will be
significant unless the cell temperature or the cell voltage is concurrently
low, respectively.

[0006] During normal operation of a fuel cell power plant, maximum cell
voltage is regulated as a function of temperature.

[0007] Additionally, a specific feature is controlling voltage, such as by
operating the power conditioner, battery charger or variable auxiliary load
in @ manner to adjust the fuel cell voltage to be substantially equal to or
below a predetermined safe voltage for the current temperature to avoid
dissolving catalyst and a predetermined safe voltage for the current
temperature to avoid corrosion of carbon support. This feature can be
important in power plants serving vehicles which idle (no or low power
demand) frequently, causing high cell voltages.

[0008] Other variations will become more apparent in the light of the
following detailed description of exemplary embodiments, as illustrated in

the accompanying drawings.

Brief Description of the Drawings

[0009] Fig. 1is a simplified chart of maximum safe voltage, for catalyst
and carbon, as a function of temperature.

[0010] Fig. 2 is a stylized schematic block diagram of a fuel cell power

plant which can perform all of the functions relating to controlling cell
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voltage to reduce electrode erosion, particularly in a PEM fuel cell
operating in excess of 100°C (212°F).

Mode(s) of Implementation

[0011] A fuel cell power plant 10 includes a stack 11 of PEM fuel cells
having membranes 12 capable of operating at temperatures well above
100°C, such as temperatures around 120°C. Each of the fuel cells have
cathodes 15 with air flow fields in fluid communication with an air inlet
manifold 17 and an air exhaust manifold 18.

[0012] Airis provided to a controllable air blower 23, the dotted arrow
indicates a control input to the blower from a controller 24. An optional
controllable valve 25 may be placed between the pump and the air inlet
manifold 17 so as to further control the flow of air to the cathodes. A
temperature sensor 27 in the exhaust manifold 18 provides an indication of
cell temperature. The temperature may also, or alternatively, be
monitored by a sensor 28 at the coolant exit; or at the anode exhaust, or
internally of the stack, not shown.

[0013] Each of the fuel cells has an anode 29 which, in this
embodiment, are shown as having a dual pass configuration. A source of
hydrogen 31 may comprise a tank of industrial grade hydrogen (or better)
or it may comprise a reformer with suitable gas cleansing apparatus to
provide hydrogen in the form of a reformate gas, which may contain traces
of CO and COZ2, along with small quantities of innocuous gases. The
hydrogen source 31 may provide hydrogen to a remote-sense pressure
regulator 32 which controls the pressure of hydrogen flowing in a fuel inlet
conduit 33 to the inlet side 34 of a fuel inlet/outlet manifold 35. If the
electrical load on the stack 11 is increased, the pressure of hydrogen in
the anodes and therefore at the pressure regulator 32 will go down so that
the pressure regulator 32 will open and provide additional hydrogen to the
fuel cells. On the other hand, if the load is decreased, an excess of
hydrogen will be present so that the pressure regulator 32 will decrease
the amount of hydrogen being provided to the fuel cells.

[0014]  After flowing through the first pass portions of the fuel flow fields,
the fuel turns around in a fuel turn manifold 38 and flows through the

-3-



WO 2011/025469 PCT/US2009/004892

second pass portions of the fuel cells to a fuel outlet portion 39 of the fuel
inlet/outlet manifold 35. The outlet fuel is passed to a controllable fuel
pump 41 to provide fuel recycle gas to the fuel inlet conduit 33. The
exhausting fuel is also connected to a purge valve 43 which vents fuel
exhaust to reduce the amount of nitrogen and other gases in the recycle
gas.

[0015] Coolant passages 48 are provided in the stack 11 so.as to
control the temperature of the fuel cells and, in some configurations, assist
in regulating the coolant inventory of the fuel cell power plant 10.

[0016] In cases where the air flow field blates and fuel flow field plates
are solid, the coolant passages may be in cooler plates disposed between
groups of fuel cells. In configurations which utilize porous, hydrophilic
water transport plates, the coolant passages may be in or between the
back sides of the reactant gas flow field plates.

[0017] Interconnected between the outlets and the inlets of the coolant
passages 48 are a controllable coolant pump 51, a radiator 53 having a |
controllable fan 54 and a controllable bypass valve 55, a deionizer 57 with
a flow restrictor 58 to limit the flow through the deionizer, an accumulator
60, and a coolant pressure control valve 61. Stack coolant water could be -
in heat exchange with glycol, which in turn would be cooled in a radiator.
[0018] The above phrases defining interconnection of coolant
components between coolant passage outlets and coolant passage inlets
are defined herein to encompass the interconnection of coolant
components in different relative order than the express order recited in any
expression herein.

[0019] The electric power output of the fuel cell stack is conducted from
the cathode 65 over a line 66 and from the anode 68 over a line 67 to a
pair of switches 69, 70 that, when set in the position shown, connect the
stack to a power conditioner 72 which in turn feeds an electrical load 73.

In general, the power conditioner converts DC to three-phase AC in phase
relationship with that which is required by the load 73. However, the
power conditioner can be controlled by the controller 24 so as to otherwise

control the load on the stack.
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[0020] Adjusting the switches 69, 70 to positions opposite to those
shown in the figure will connect the stack to a variable auxiliary load 75
which is adjustable by the controller to assist in the processes of shutting
down and starting up the fuel cell power plant, and to control voltage as a
function of temperature, as described elsewhere herein. There could be
separate auxiliary loads for start-up, shut-down, and voltage control.
[0021] A voltage sensor 77 is connected between the output lines 66,
68. The voltage is paramount in determining and controlling the
voltage/temperature relationships which alter the rate of dissolving
catalysts and corroding carbon, or other catalyst support material, such as
that described hereinafter. In one embodiment, during normal operation of
the power plant under a significant load, the coolant temperature and
coolant flow are controlled either to be substantially constant, or varied as
a function of cell voltage (the higher the voltage, the cooler the water).
The controller can adjust the amount of coolant that is not passed through
the radiator 53 by opening the bypass valve 55. This will allow the coolant
to become warmer. On the other hand, the controller can cause the fan 54
to be cooling the coolant in the radiator 53 or it may shut the fan off. In
this way, coolant temperature is controlled by the controller 24. The
controller can also control the rate of coolant flow by controlling the speed
of the coolant pump 51.

[0022] If the controller seeks a mode in which it will cause the
temperature and flow of the coolant to be varied as a function of cell
voltage, it will respond to the voltage sensor 77 to adjust one or more of
the parameters just now described so that the amount of cooling provided
by the coolant to the cells will be a function of cell temperature as
determined by the temperature sensor 27. However, it is more likely to
control voltage, rather than controlling temperature (other than for proper
stack operation).

[0023] To reduce the amount of electrode erosion as a function of cell
voltage and temperature, in the present embodiment, the cell voltage is
adjusted during normal operation so as to be substantially equal to or less
than a predetermined maximum cell voltage for the temperature indicated

by one or more of the cell temperature sensors. The adjustment of the
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voltage is achieved by adjusting the electrical load, or by adjusting the
volume of air flow through the cathode flow fields, to set the current
density at a point along the performance curve that results in the desired
voltage for the present temperature of the stack. The controller may
achieve the desired cell voltage by adjusting the variable auxiliary load 75,
which may typically be dynamic, utilizing circuitry, such as amplifiers, to
adjust the current and control the cell voltage. Or, the variable auxiliary
load may simply be resistive. The voltage may also be controlled by
charging batteries (or supercapacitors) at a suitable rate.

[0024] The method herein may be used with fuel cells having catalyst
layers supported on catalyst support material other than carbon. These
catalyst support materials include oxides of titanium, tantalum, niobium,
yttrium, molybdenum, indium and tin, as well as phosphates of yttrium,

molybdenum, indium, tin, iron, titanium and tantalum.
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Claims

1. A method of operating a fuel cell power plant (10) including a
stack (11) of fuel cells having an electric output (65, 67) and coolant passages
(48) having inlets and outlets, each fuel cell comprising a membrane electrode
assembly including a polymer proton exchange membrane (12) disposed
5 between an anode catalyst layer and a cathode electrode including a catalyst
layer disposed on catalyst support material, an anode fuel flow field plate on
the anode side of the membrane electrode assembly and a cathode air flow
field plate on the cathode side of the membrane electrode assembly, the
power plant also having:
10 a stack voltage sensor (77),
a stack temperature sensor (27, 28),
a source (31) providing hydrogen-containing fuel to the anode flow field
plate,
an oxidant source (23) providing oxidant to the cathode flow field plate,
15 a power conditioner (72) connected between the electric output and a
load (73),
a power plant controller (24);
said method characterized by:
during normal operation of said power plant, adjusting the voltage of
20 the stack to be substantially equal to or less than a predetermined maximum
voltage for the temperature of the stack.

2. A method according to claim 1 further characterized in that:

said step of adjusting comprises adjusting the stack voltage to be
substantially equal to or less than a predetermined voltage above which
electrode erosion is significant and below which electrode erosion is

5 insignificant at the temperature of the stack.

3. A method according to claim 1 further characterized in that:
said step of adjusting comprises adjusting the stack voitage to the

lessor of:
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a) a predetermined voltage above which corrosion of
5 catalyst support material is significant and below which corrosion of
catalyst support material is insignificant at the temperature of the stack;
and
b) a predetermined voltage above which dissolution of
catalyst is significant and below which dissolution of the catalyst is
10 insignificant at the temperature of the stack. |

4. A method according to claim 1 further characterized in that:
said step of adjusting comprises adjusting the electrical load (75) on
the stack.

5. A method according to claim 4 further characterized in that a
controller (24) responds to the stack temperature sensor (27, 28) to regulate
the load (75) to cause the voltage of the stack indicated by the stack voltage
sensor (77) to be substantially equal to or less than the predetermined

5 maximum voltage.

6. A method according to claim 1 further characterized in that:
said step of adjusting comprises adjusting current flow through an

auxiliary load (77).

7. A method according to claim 1 further characterized in that:
said step of adjusting comprises adjusting the current flow through a

variable resistance (77).

8. A method according to claim 1 further characterized in that:
said step of adjusting comprises adjusting current flow into an electric

storage device.

9. A method according to claim 1 further characterized in that:

the oxidant source (23) is controllable; and

the step of adjusting comprises regulating the oxidant flow to the
cathode flow field to control the voltage of the stack.
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10. A method according to claim 9 further characterized in that:

a controller (24) responds to the stack temperature sensor (27, 28) to
regulate oxidant flow (23) to cause the voltage of the stack indicated by the
stack voltage sensor (77) to be substantially equal to or less than the

predetermined maximum voltage.

11. A method according to claim 1 further characterized by:

said power plant including a power conditioner (72) connected
between the electric output and a load (73); and in that

said step of adjusting comprises operating (24) the power conditioner
(72) so as to adjust the load on the stack (11).
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