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METHOD OF CONTROL OF A PEM FUEL OR ELECTROLYSIS CELL

dient of one or more properties in combination with a
modification of one or more control parameters of the cell

during its long term operation.
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Description

[0001] The present invention relates to a long lasting
PEM fuel or electrolysis cell.

[0002] Afuel cellis an electrochemical energy convert-
erthat converts chemical energy of fueldirectly into direct
current (DC) electricity.

[0003] A fuel cell has an electrolyte and negative and
positive electrodes, and it generates DC electricity
through electrochemical reactions.

[0004] A fuel cell is supplied with reactants and oxi-
dants. Typical reactants for fuel cells are hydrogen and
oxygen; however, neither has to be in its pure form. Hy-
drogen may be present either in a mixture with other gas-
es (such as CO,, Ny, and CO) or in hydrocarbons such
as natural gas, CHy, or even in liquid hydrocarbons such
as methanol, CH;0H. Ambient air contains enough ox-
ygen to be used in fuel cells.

[0005] A fuel cell generates as waste heat and water.
[0006] Polymer electrolyte membrane or proton ex-
change membrane fuel cells (PEMFCs) use a thin (<50
wm) proton conductive polymeric membrane (such as
perfluorosulfonated acid polymer, later on also named
as ionomer) as the electrolyte. The catalyst is typically
platinum or its alloys supported on carbon with loadings
of about 0.3 mg/cm?, ifthe hydrogen feed contains minute
amounts of CO, Pt-Ru alloys are used. Operating tem-
perature is typically between 60 °C and 80 °C. The av-
erage temperature value and temperature distribution
over cell surface are controlled by a suitable cooling sys-
tem, typically based on a cooling circuit fed by an inert,
non-conductive liquid coolant. PEM fuel cells, assembled
instack toreach the required electrical power, are serious
candidates for automotive applications as well as small-
scale distributed stationary power generation and for
portable power applications.

[0007] Adirectmethanolfuel cell(DMFC)is essentially
apolymer membrane fuel cellthat uses a liquid methanol-
water mixture instead of hydrogen as a fuel.

[0008] Atthe heartofa PEMfuelcellis a polymer mem-
brane that has some unique capabilities, being imperme-
able to gases but able to selectively conduct protons.
The membrane that acts as the electrolyte is squeezed
between the two porous, electrically conductive elec-
trodes, each of them composed of a catalyst layer, typi-
cally including catalyst nanoparticles supported on car-
bon and ionomer, and a gas diffusion layer, typically
made of carbon cloth or carbon paper. Electrochemical
reactions happen at the surface of the catalyst. Hydro-
gen,whichisfed onone side ofthe membrane, is oxidized
into its primary constituents protons and electrons. Pro-
tons migrate through the membrane, whereas the elec-
trons migrate through electrically conductive electrodes,
through current collectors, and through the outside circuit
reaching the opposite side of the membrane. Here, at
the catalyst sites they finally react with the protons, that
crossed through the membrane, and oxygen, that is fed
on that side of the membrane. Water is generated in the
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electrochemical oxygen reduction reaction and then
pushed out of the cell with the flow of nitrogen and re-
maining oxygen.

[0009] The net result of these simultaneous reactions
is a direct current of electrons through the external circuit,
that represents the useful work of the fuel cell.

[0010] PEM electrolyser or electrolysis cell are devices
very similar to PEM fuel cell, constituted by the same
components, some of them made of different materials,
where the operation is reversed: electrical energy is sup-
plied to the device, water is supplied and is split into hy-
drogen and oxygen that are produced through respec-
tively the electrochemical reactions of hydrogen and ox-
ygen evolution. Conventionally, anode and cathode elec-
trodes are defined as the electrodes where respectively
oxidation and reduction reactions take place.

[0011] Thus, in PEM fuel cell the negative electrode at
the hydrogen side is the anode, whereas the positive
electrode at the oxygen side of the fuel cell is the cathode.
[0012] In PEM electrolysis cell case, instead, the neg-
ative electrode at the hydrogen side is the cathode,
whereas the positive electrode at the oxygen side of the
electrolysis cell is the anode.

[0013] The term PEM cell is used later on to refer to
both PEM fuel cell and PEM electrolysis cell. Perform-
ance provided by a PEM cell is known to be heteroge-
neously distributed over the cell active surface; such an
uneven distribution tends to evolve during cell’s opera-
tion, generally determining a shrinking of the mostly ac-
tive domain in terms of current density, increasing the
inhomogeneity of local operating conditions. This phe-
nomenon determines strong local differences in operat-
ing efforts and conditions that, cumulated over long term
operation, lead to a locally uneven aging of the compo-
nents: the components’ most stressed area will age ear-
lier, limiting lifetime for the overall device.

[0014] Currentdensity distribution over cell’s active ar-
ea is the result of a complex interaction between several
performance driving parameters such as distributors’ ge-
ometry, partial pressure of both reactants and products
and their cross-over, water presence and consequent
hydration status of the components, local temperature,
that determine local inhomogeneity in operating condi-
tions. Even though local operating conditions are inho-
mogeneous, cell's components are usually developed
with uniform properties, averagely optimized over the
whole active area of the cell, resulting in the non-opti-
mized operation for most of the cell surface itself. Oper-
ating locally in not optimized conditions could determine
an acceleration of aging mechanisms, leading to a per-
manent decrease of performance during long term oper-
ation, less stability and shorter lifetime.

[0015] The task of the present invention is to provide
a PEM fuel or electrolysis cell and a method of control
thereof which eliminate the aforementioned technical
drawbacks of the prior art.

[0016] Within the scope of this task, one object of the
invention is to provide an improved method of control of
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a PEM cell giving an extended lifetime.

[0017] Another object of the invention is to provide a
PEM cell with improved performance and uniform and
stable operation.

[0018] This task, as well as these and other objects,
are achieved by a method of control of a PEM fuel or
electrolysis cell comprising at least a reactant supply cir-
cuit having a reactant inlet and a reactant outlet, an ox-
idant supply circuit having an oxidantinletand an oxidant
outlet, a cooling circuit having a coolant inlet and a cool-
ant outlet and a membrane electrode assembly, said
membrane electrode assembly comprising an electrolyte
membrane coated with an anode side and a cathode side
catalyst layer, and anode side and cathode side gas dif-
fusion layer each coating the respective catalyst layer,
characterized by providing said membrane electrode as-
sembly with a gradient of at least one property of at least
a component thereof, and by modifying the value of one
or more control parameters including flow rate, temper-
ature, relative humidity and pressure of the reactant
and/or of the oxidant one or more times during long term
operation of the cell.

[0019] Such a modification refers to the value of said
control parameters occurring during the regular opera-
tion of the cell following either a steady or a dynamic
profile, after its start up and before its shut down.
[0020] Such a long term operation refers to either an
uninterrupted regular operation of the cell or a sequence
of regular operation periods of the cellincluding anumber
of starts up and shuts down. Furthermore such a long
term operation means a total time of operation of the cell
in the order of hundreds of hours, preferably exceeding
100 hours.

[0021] In an embodiment of the invention said control
parameters modifiable during long term operation of the
cell may further include average working temperature of
the cell, flow rate and inlet temperature of coolant.
[0022] Inanembodimentofthe invention said flow rate
is gradually increased during long term operation of the
cell.

[0023] In an embodiment of the invention said mem-
brane electrode assembly is provided with a parabolic
loading of said catalyst layer with a maximum load at
oxidant inlet and outlet areas of the cell and a minimum
load at a central area of the cell, and said oxidant flow
rate is gradually increased during long term operation of
the cell.

[0024] Preferably, in the previous embodiment of the
invention, said membrane electrode assembly is further
provided with a ionomer parabalic loading per unit of sur-
face of said at least one catalyst layer with a maximum
load at oxidant inlet and outlet areas of the cell and a
minimum load at a central area of the cell.

[0025] Of course one or more control parameters may
be madified one or more times during long term operation
of the cell.

[0026] The presentinvention alsodisclosesa PEMfuel
or electrolysis cell comprising at least a reactant supply,
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an oxidant supply, a coolant supply and a membrane
electrode assembly, said membrane electrode assembly
comprising an electrolyte membrane coated with an an-
ode side and a cathode side catalyst layer, and anode
side and cathode side gas diffusion layer each coating
the respective catalyst layer, characterized in that said
membrane electrode assembly is provided with a gradi-
ent of at least one property of atleast a component there-
of, and in that tuning means are provided modifying the
value of at least one control parameter of the cell during
long term operation of the cell.

[0027] In an embodiment of the invention said compo-
nent is a catalyst layer.

[0028] Inanembodiment of the invention said gradient
is a gradient of catalyst loading per unit of surface of at
least one catalyst layer.

[0029] Inanembaodiment of the invention said gradient
is a gradient of ionomer loading per unit of surface of at
least one catalyst layer.

[0030] Inanembaodiment of the invention said gradient
is a gradient of thickness of at least one catalyst layer.
[0031] Inanembodiment of the invention said gradient
has a parabolic trend.

[0032] Inanembodiment of the invention said compo-
nent is a gas diffusion layer.

[0033] Inanembodiment of the invention said gradient
is a gradient of hydrophobicity of at leastone gas diffusion
layer.

[0034] Inanembodiment of the invention said compo-

nent is an anode side component.

[0035] Inanembodiment of the invention said compo-
nent is a cathode side component.

[0036] Of course one, more or each component of the
membrane electrode assembly may have a gradient of
one or more of its properties.

[0037] To reach the required electrical power a PEM
cell according to the present invention may be a modular
cellassembled in stack of cell units electrically connected
in series, and optimization may be different for different
cell units constituting the stack.

[0038] Additional features and advantages of the in-
vention will become more apparent from the description
of a preferred, but not exclusive, embodiment of the PEM
fuel or electrolysis cell according to the invention, illus-
trated by way of non-limiting example in the appended
drawings, in which:

Figure 1A shows local polarization curves measure-
ment of a traditional cell, detailing the current density
distribution in four macro-areas of the cell (inlet:
CAT1, inlet-center: CAT2, outlet-center: CAT3, out-
let: CAT4, with respect of air feed direction) at nom-
inal current density (0.25 A cm-2);

Figures 1B show the local electrochemical imped-
ance spectroscopy analysis (local EIS) performed at
nominal current densities (0.25 A cm2) for a tradi-
tional cell, distinguishing the contribution of said four
macro-areas of the cell;
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Figures 2A and 2B show the trend of both cell voltage
(2A), together with the corresponding permanent
degradation rate, and current density distribution
(2B), distinguishing the contribution of said four mac-
ro-areas of the cell, during a long term operation of
500h for a traditional cell;

Figure 3A shows a comparison between local EIS
relative to inlet and outlet macro-areas before and
after 100h of operation reported in Figure 2A and 2B.
Figure 3B shows the trend of high frequency resist-
ance (HFR) in time during the operation of a tradi-
tional cell obtained from the local EIS, distinguishing
the contribution of said four macro-areas of the cell,
during 100h of operation reported in Figure 2A and
2B;

Figure 4 shows catalyst loading distribution of a cell
according to an embodiment of the present inven-
tion;

Figure 5A show local polarization curves of a cell
according to an embodiment of the present inven-
tion, detailing the current density distribution of said
four macro-areas of the cell at nominal current den-
sity (0.25 A cm2);

Figure 5B show the effect of increasing oxidant flow
rate, according to an embodiment of the present in-
vention, on the component reported in Figure 4;
Figure 6 shows a comparison between the trend of
cell voltage during a long term operation of 500 h for
a traditional cell (as reported in Figure 2A) and a cell
according to an embodiment of the present inven-
tion, together with the corresponding permanent
degradation rate;

Figure 7 shows an exploded view of a PEM fuel cell
according to an embodiment of the present inven-
tion.

[0039] Asitcan beseeninfigure 7, the fuel cell 1 com-
prises a membrane electrode assembly 2 (MEA), a re-
actantsupply circuithaving areactantinlet and a reactant
outlet, and an oxidant supply having an oxidant inlet and
an oxidant outlet.

[0040] Reactant supply circuit and oxidant supply cir-
cuits are formed by an anode side and respectively a
cathode side flow plate 3, 4.

[0041] Eachflow plate 3,4 comprises one or more flow
channels, for reactant and/or oxidant and/or coolant cir-
cuits.

[0042] Flow plates 3, 4 are sandwiched between an
anode side and a cathode side current collector 5, 6 in
turn sandwiched between an anode side and a cathode
side clamping plate 7, 8.

[0043] Gaskets 9, 10 are foreseen between the mem-
brane electrode assembly 2 and each flow plate 3, 4.
Gaskets 9, 10 prevent the reactant gas from leaking out
of the cell 1.

[0044] An electrical insulation sheet 11, 12 is located
between each current collector 5, 6 and the correspond-
ing clamping plate 7, 8.

15

20

25

30

35

40

45

50

55

[0045] The membrane electrode assembly 2 consists
of an electrolyte membrane 2a coated with an anode side
and a cathode side catalyst layer (CCM), and anode side
and cathode side gas diffusion layer 2b, 2¢c (GDL) each
coating the respective catalyst layer.

[0046] Anode and respectively cathode gas diffusion
electrode is formed by gas diffusion layer 2b, 2¢ and the
corresponding catalyst layer.

[0047] Gasdiffusionlayer2b,2cservesas electric con-
tact and allows the access of reactants to the catalyst
layer and the removal of reaction products.

[0048] Advantageously fuel cell 1 further comprises
tuning means adapted to modify at least one control pa-
rameter of the cell during long term operation of the cell.
[0049] Tuning means (notshown)may comprise a pro-
grammable electronic control unit controlling parameters
of reactant and/or oxidant circuits.

[0050] Programmable electronic control unit may con-
trol either a flow rate regulator (i.e. an interception valve)
of reactant and/or oxidant, and/or a temperature regula-
tor of reactant and/or oxidant, and/or a humidity regulator
of reactant and/or oxidant, and/or a temperature regula-
tor of the cell, and so on.

[0051] As an illustrative but not exclusive illustration of
the invention, its application to direct methanol fuel cell
(DMFC) technology is hereby explained.

[0052] Reference is made firstto a traditional PEM fuel
cell, for instance an active air fed DMFC, where no gra-
dientin properties of components of the membrane elec-
trode assembly is foreseen.

[0053] The direct methanol PEM fuel cell used for this
illustration of the invention is operated with flow rates at
anode and cathode equal respectively to 3.87 ml/min and
335 ml/min. Methanol concentration fed at anode side is
1M, while air feed at cathode is fully humidified at ambient
temperature and pressure; the PEM cell is operated at
75°C. The flow pattern of distributors is triple serpentine
and electrodes catalyst loading is 1.8 mg(PtRu) cm2 and
1.2 mg(Pt) cm2 respectively at anode and cathode. The
setup being used is a customdeveloped macro-segment-
ed fuel cell, able to permit the local characterization of
the operating cell locally focusing on four macro-areas
of the PEM cell (inlet: CAT1, inlet-center: CAT2, outlet-
center: CAT3, outlet: CAT4, with respect of air feed di-
rection).

[0054] From local polarization curves measurement,
reported in Figure 1A, and the respective EIS analyses
performed both at low (0.1 A cm2) and nominal current
densities (0.25 A cm2, reported in figure 1B), itis clearly
noticeable how performance is actually unevenly distrib-
uted over cell active surface area, even in reference op-
erating conditions. A detail of the current density distri-
bution atreference currentdensity is reported in the detail
of Figure 1A, highlighting a sensibly uneven distribution
of performance (Ai,,/i=15.2%).

[0055] Particularly interesting is the low performance
supplied by air-inlet area of the cell (Figure 1A and 1B
"CAT1", triangle symbols), which seems to be related to



7 EP 3 419 094 A1 8

the dehydrating effect of low humidity air feeding (typi-
cally, in DMFC air feed relative humidity (RH) is low due
to the high liquid water content present at anode side).
Polymer dehydration, both contained in the catalyst layer
(CL) and constituting the electrolyte membrane, increas-
es proton transport resistance determining a localised
increase in ohmic and kinetic losses.

[0056] This effect is noticeable in the higher slope of
air-inlet polarization curve (Figure 1A "CAT1", triangle
symbols) and in the higher value of HFR of the air-inlet
impedance spectrum (Figure 1B "CAT1", triangle sym-
bols) that shows a 150% value than that of air-outlet area
(Figure 1B "CAT4", square symbols).

[0057] On the contrary, air-outlet area performance
(Figure 1A and 1B "CAT4", square symbols) seems lim-
ited at high current density in the polarization curve,
showing mass-transport related EIS disturbance at low
frequency that, together with the lowest HFR between all
the cell segments (150 mOhm cm-2), points out the lim-
itations as most likely due to a liquid water excess. This
determines an incipient flooding condition that limits the
proper diffusion of oxygen (already low in partial pres-
sure, due to its previous consumption occurring in the
preceding segments) towards electrode’s active sites,
showing up with noticeable concentration losses at ref-
erence current density (0.25 A cm2).

[0058] Increasing cathode stoichiometry increases ox-
ygen partial pressure and water removal rate at cathode
outlet, actually determining a strong performance gain at
cathode outlet, but at the same time leads to a decrease
of performance at cathode inlet, due to the stronger de-
hydrating effect determined by the dry-air feed mass flow
increase. The opposite effect occurs when increasing air
feed saturation, favouring the operation of the de-hydra-
tion limited air-inlet area, but at the same time increasing
flooding-related losses at air-outlet area.

[0059] A homogenization of performance distribution
over the cell active area appears thus as not possible
through just an optimization of the operating conditions,
whose only effect seems to move the limitation over cell
active surface, always having areas operating in non-
optimal conditions.

[0060] These limiting effects on the polarization show
up to increase in magnitude during actual cell operation,
as shown in Figures 2A and 2B, where the trend of both
cell voltage and current density distribution during a500h
overall-galvanostatic (0.25 A cm-2) operational test are
reported.

[0061] It is indeed clear how current density supplied
by the air-inlet area (Figure 2B "CAT1") tends to lose
more than 5% performance in just 100h of uninterrupted
operation, forcing the areas operating in optimized con-
ditions to compensate for its loss, in order to ensure the
overall current drawn from the cell itself. This is clearly
noticeable comparing EIS relative to inlet (Figure 3A
"CAT1", triangle symbols) and outlet area (Figure 3A
"CAT4", square symbals) before and after 100h of oper-
ation, where the areas appear to be limited respectively
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by dehydration and mass transport issues. Analysing the
HFRs trend obtained from the local EIS in time during
the operation infigure 3B, it appears clearly how the per-
formance loss of air-inlet segment (Figure 3B "CAT1",
triangle symbols) seems to be related to its dehydrated
state, already discussed, that tends to worsen in time,
oppositely to the behaviour of air-outlet area (Figure 3B
"CAT4", square symbols) that points out a probable water
excess.

[0062] Thus, such a performance redistribution during
uninterrupted operation determines in traditional uniform
components a localised decrease of current supplied
from the inlet and outlet areas of the cell. This, for the
abovementioned mechanisms, tend to determine an un-
even development of aging mechanisms, leading to an
earlier deactivation of the overall device if compared to
that achievable with a more homogenous ageing over
the cell active surface.

[0063] Werefer now to a PEM fuel cell according to an
embodiment of the present invention.

[0064] The application of the invention to the above
example leads tothe use of a parabolic loading in catalyst
loading, with the aim of promoting operation of air-inlet
and air-outlet areas, that would work in non-optimized
conditions in the above said traditional fuel cell. Oppo-
sitely, catalyst loading of the central areas of the cell has
to be decreased, in order to maintain the overall loading,
being already the highest current density supplying areas
of the cell. Also assisted by the use of physical modelling
simulation to estimate the optimal local loading able to
ensure a homogeneous performance, distribution has
been locally tuned increasing by 40% (1.6 mg cm2) cat-
alyst and ionomer loading of air-inlet and air-outlet of the
cell, reducing it by 40% in the central area (0.8 mg cm-2),
Propartionally, also the loading of ionomer and carbon
support have been varied, in order to effectively contrast
limitation related on proton transport and dehydration. In
this way, no change in the overall catalyst loading (1.2
mg cm2) of the sample have been determined from the
reference component.

[0065] From the analysis of the local polarization
curves (Figures 5A and 5B) it is clear how the tuning of
local catalyst and iocnomer loading actually enables the
ability to control the redistribution of local current density
supplied by the device. This leads to an improved per-
formance localized in the previously limited areas (air
inlet and outlet), determining a more homogenous per-
formance distribution (Ai,,,/i=8%) if compared to that of
the non-locally optimized component (Figure 1A).
[0066] Indeed, current density distribution becomes
tuneable over cell's active surface through operating con-
dition optimization: increasing current density supplied
from air-inlet area obtained through the increase of local
catalyst loading, promotes self-hydration mechanism as
well as localised oxygen consumption. This, without any
optimization of operating conditions, would lead to a per-
formance decrease in air-outlet area, because of its con-
sequent operation with a lower oxygen and higher water
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contents in reactant feed if compared to that of the tra-
ditional component.

[0067] The possibility to slightly increase cathode air
flow rate, without determining any increase of dehydra-
tion losses at air-inlet (as it is in the traditional compo-
nent), permits to actively tune the contribution of cell’'s
air-outlet area to the overall performance by increasing
its local current density (Figure 5B "CAT4", square sym-
bols). On the contrary, the increased catalyst and iono-
mer loading of the air-inlet area, that enhances localised
current density supply (favouring the self-hydration), in-
deed, permits to an increase of air mass flow not to de-
termine any loss in local performance (Figure 5B "CAT1",
triangle symbols) due to increased dehydrating effect
from the dry air itself (as it happens in the traditional com-
ponent). The cathode air flow rate that ensure the most
homogenous current distribution at 0.25 Acm-2 is equal
to 363 ml/min.

[0068] The operating conditions have been periodical-
ly adapted in order to ensure the highest level of homo-
geneity of the current density during the long term oper-
ation, actively contrasting its discussed tendency to in-
crease in time, thus avoiding the shrinking of cell's active
domain. They are tuned with slight increases of cathode
flow rate depending on the measured redistribution (in-
creasing from 363 ml/min applied during the first 100 h
to 391 ml/min from 100 h on). In Figure 6, 500 h of long
term operation at 0.25 A cm-2 are reported for the cell
comprising the optimized component, together for com-
parison with that of Figure 2A for the traditional compo-
nent.

[0069] Performance distribution so obtained is sensi-
bly more homogenous if compared to that of traditional
devices. The effect on performance degradation is sen-
sibly noticeable, leading from the degradation value of
the reference component being 35 wV h'', to less than
10 pV hr'in the optimized component operated through
the optimized protocol, determining a reduction of per-
manent performance degradation by over 70% on a 500
h basis as reported in figure 6.

[0070] The PEMfuelor electrolysis cell thus conceived
is susceptible of numerous modifications and variants,
allfalling within the scope of the inventive concept; more-
over, all the details are replaceable by technically equiv-
alent elements. The materials used, as well as the di-
mensions, may in practice be of any type, according to
needs and the state of the art.

[0071] More generally, components of the membrane
electrode assembly whose properties are subjected to a
gradient may be cathode side and/or anode side com-
ponents and in particular at least one catalystlayer and/or
at least one gas diffusion layer.

[0072] A gradient may be applied to catalyst loading
per unit of surface of at least one catalyst layer and/or to
ionomer loading per unit of surface of atleastone catalyst
layer and/or to thickness of at least one catalyst layer,
and/or to hydrophobicity of at least one gas diffusion lay-
er.
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[0073] Control parameters are tuned by tuning means
as a function of the selected gradient of every property
of every component of the membrane electrode assem-
bly.

[0074] In general tuned control parameters may be
flow rate, temperature, relative humidity or pressure of
the reactant and/or of the oxidant.

Claims

1. A method of control of a PEM fuel or electrolysis cell
comprising at least a reactant supply circuit having
areactantinlet and a reactant outlet, an oxidant sup-
ply circuit having an oxidant inlet and an oxidant out-
let, a cooling circuit having a coolant inlet and a cool-
ant outlet and a membrane electrode assembly (2),
said membrane electrode assembly (2) comprising
an electrolyte membrane (2a) coated with an anode
side and a cathode side catalyst layer (2b, 2c), and
anode side and cathode side gas diffusion layer (2d,
2e) each coating the respective catalyst layer (2b,
2c), characterized by providing said membrane
electrode assembly (2) with a gradient of atleastone
property of at least a component thereof, and by
madifying the value of one or more control parame-
ters including flow rate, temperature, relative humid-
ity and pressure of the reactant and/or of the oxidant
one or more times during long term operation of the
cell.

2. A method of control of a PEM fuel or electrolysis cell
according to claim 1, characterized in that modifi-
cation refers to the value of said control parameters
occurring during the regular operation of the cell fol-
lowing either a steady or a dynamic profile, after its
start up and before its shut down.

3. A method of control of a PEM fuel or electrolysis cell
accordingto claim 1, characterized in that said long
term operation refers to either an uninterrupted reg-
ular operation of the cell or a sequence of regular
operation periods of the cell including a number of
starts up and shuts down.

4. A method of control of a PEM fuel or electrolysis cell
according to any previous claim, characterized in
that said control parameters modifiable during long
term operation of the cell further include average
working temperature of the cell, flow rate and inlet
temperature of coolant.

5. A method of control of a PEM fuel or electrolysis cell
according to claim 1, characterized by providing
said membrane electrode assembly (2) with a para-
bolic loading per unit of surface of at least one cat-
alyst layer (2b, 2c) with a maximum load at oxidant
inlet and outlet areas of the cell and a minimum load
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ata central area of the cell, and by gradually increas-
ing said oxidant flow rate during long term operation
of the cell.

A method of control of a PEM fuel or electrolysis cell
according to claim 5, characterized by further pro-
viding said membrane electrode assembly (2) with
an ionomer parabolic loading per unit of surface of
at least one catalyst layer (2b, 2¢) with a maximum
load at oxidant inlet and outlet areas of the cell and
a minimum load at a central area of the cell.

A PEM fuel or electrolysis cell comprising at least a
reactant supply circuit having a reactant inlet and a
reactant outlet, an oxidant supply circuit having an
oxidant inlet and an oxidant outlet, a cooling circuit
having a coolant inlet and a coolant outlet and a
membrane electrode assembly (2), said membrane
electrode assembly (2) comprising an electrolyte
membrane (2a) coated with an ancde side and a
cathode side catalyst layer (2b, 2¢), and anode side
and cathode side gas diffusion layer (2d, 2e) each
coating the respective catalyst layer (2b, 2¢), char-
acterized in that said membrane electrode assem-
bly (2) is provided with a gradient of at least one
property of at least a component thereof, and in that
tuning means are provided modifying at least one
control parameter of the cell during long term oper-
ation of the cell.

A PEM fuel or electrolysis cell according to claim 7,
characterized in that said component is a catalyst
layer (2b, 2c).

A PEM fuel or electrolysis cell according to claim 7,
characterized in that said gradient is a gradient of
catalyst loading per unit of surface of at least one
catalyst layer (2b, 2c).

A PEM fuel or electrolysis cell according to claim 7,
characterized in that said gradient is a gradient of
ionomer loading per unit of surface of at least one
catalyst layer (2b, 2c).

A PEM fuel or electrolysis cell according to claim 7,
characterized in that said gradient is a gradient of
thickness of at least one catalyst layer (2b, 2c).

A PEM fuel or electrolysis cell according to claim 7,
characterized in that said component is a gas dif-
fusion layer (2d, 2e).

A PEM fuel or electrolysis cell according to claim 7,
characterized in that said gradient is a gradient of
hydrophobicity of at least one gas diffusion layer (2d,
2e).

A PEM fuel or electrolysis cell according to claim 7,

15

20

25

30

35

40

45

50

55

characterized in that said component is an anode
side component.

15. A PEM fuel or electrolysis cell according to claim 7,

characterized in that said component is a cathode
side component.
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