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The long term behaviour of two 100 kW proton exchange membrane (PEM) water electrolyser plants
is analysed. The systems had to be shut down due to problems with excessive levels of hydrogen in the
oxygen product stream. The time to breakdown was di�erent by a factor of nearly 10 from plant to
plant. Post mortem analysis of the cell stacks revealed that the Na®onÒ 117 membrane is the weakest
part in a PEM electrolyser regarding long term performance. Substantial thinning of the membranes
in the stacks was detected. The degradation process was found to depend on the position within an
individual cell, as well as of the position of the cell in the electrolyser stack. The dissolution process
proceeds from the interface between the cathode and the membrane, is not speci®c with respect to the
ion exchange groups, and is most likely triggered and/or enhanced by local stress on the membrane.

1. Introduction

The Membrel electrolyser technology was developed
by ABB (formerly Brown, Boveri Ltd), Switzerland,
over the years from 1976 to 1989 [1]. The technology
is based on the use of a polymeric proton exchange
membrane as the solid electrolyte (`polymer electro-
lyte membrane') and was ®rst proposed by General
Electric for fuel cell, and later, electrolyser applica-
tions [2, 12].

Ultrapure water is fed to the anode structure of a
Membrel electrolysis cell which is made of porous
titanium and activated by a mixed noble metal oxide
catalyst. The membrane conducts hydrated protons
from the anode to the cathode side. Appropriate
swelling procedures have led to low ohmic resistances
enabling high current density operation of the cells
[3]. The standard membrane material (Na®onÒ 117)
has been supplied by DuPont. The cathode of a
Membrel electrolyser consists of a porous graphite
current collector with either Pt or, in more recent
designs, a mixed oxide as electrocatalyst. Individual
cells are stacked into bipolar modules with graphite
based separator plates providing the manifolds for
water feed and gas evacuation. The operation of the
cells leads to electroosmotic water transport through
the membrane from the anode to the cathode side.

The technology has been demonstrated on a
100 kW commercial scale in two units: unit Stellram/
ATEL (1987±1990 and 1990±present) and unit SWB,

Solar-Wassersto�-Bayern GmbH (1990±96). The
operation of these two plants has successfully dem-
onstrated the feasibility of the technology for indus-
trial hydrogen production. It has revealed as well that
the life time of the electrolysis cells is limited. In order
to identify the weak points of the technology the
present paper analyses the operating data with re-
spect to cell failure and presents the ®ndings of the
post mortem analysis of the electrolyser cells.

2. The role of Na®onÒ as electrolyte; properties

Per¯uorinated sulfonic acid membranes such as
Na®on (Du Pont) have been shown to be extremely
resistant to the oxidative power of oxygen and even
ozone [4] evolving anodes. Na®on is a copolymer of
tetra¯uorethylene and a per¯uorinated vinyl-
ethersulfonyl¯uoride [5]. This latter monomer gives
rise to side chains with pendant sulfonic acid sites.
The polymer morphology and the related properties
of these membranes have been investigated compre-
hensively with respect to various applications [6]. An
ion cluster model was deduced from structural and
transport data, concluding that phase separation oc-
curs in these polymers [7]. The water uptake of
membranes and the resulting size of the ionic clusters
is determined by the pre-conditioning temperature of
the swelling process in water. Ionic transport (e.g.,
proton transport) is described in this model as a
hopping process from one cluster to the next one,
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assuming that clusters are connected by channels [8].
Proton mobility and hence the speci®c resistance is
determined by the `hydration shell' (number of water
molecules per sulfonic acid group N H2O/±SO3H) [9].

Recently, this cluster model has been questioned
on the basis of X-ray data of di�erently swollen
membranes, postulating a lamellar structure for the
Na®onÒ polymer [10].

The amount of electroosmotic water ¯ow from
anode to cathode depends on the equivalent weight,
the pretreatment (swelling) temperature of the mem-
brane, and the operating temperature of the elec-
trolysis cell. The number, n, of water molecules per
proton transported across the membrane has been
observed to be in the range n � 2±5.

Gas permeation across the membrane depends on
the thickness of the membrane. For membranes of
di�erent equivalent weight oxygen permeation can be
separated into a solubility and di�usive component in
the aqueous and the hydrophobic per¯uoro-phase of
the membrane [11]. Gases permeating the membrane
clearly a�ect the performance of an electrolyser. They
lead to losses in current e�ciency and, worse, if they
do not recombine at the counter electrode(s) they
contaminate the product gases. Levels of 4% hydro-
gen in oxygen, and likewise of 4% oxygen in hydro-
gen, are explosive and must be avoided for safety
reasons. Another detrimental e�ect of gas di�usion in
electrolysers can a�ect membrane stability: if hydro-
gen and oxygen recombine inside the membrane to
form hydrogen peroxide the latter has been found to
lead to degradation of the early membrane materials
[12].

Degradation of Na®onÒ membranes has been
observed in PEM cells, ¯uoride ions have been ob-
served in the cathodic reactant water of fuel cells and
there have been claims that traces of ions are a nec-
essary condition for the electrode±electrolyte contact
of a PEM cell [13].

3. Description of demonstration plants

3.1. Stellram/ATEL plant

The ®rst commercial-scale Membrel electrolyser was
installed in 1987 at Stellram SA, a metallurgical
speciality company, in Nyon, Switzerland. The unit
was designed to produce up to 20Nm3h)1 of hy-
drogen at a pressure of 1±2 bar. The hydrogen was
used for providing reducing atmospheres in high
temperature annealing processes. The plant consisted
of 120 cells of 20 ´ 20 cm2 of active area each,
grouped into four modules of 30 cells, and electrically
connected in series. The modules were arranged into
two vertical stacks which were compressed individu-
ally by a hydraulic system with a force of
350N cm)2). The individual cells were composed of a
sheet of Na®onÒ 117 which was coated by a thin layer
of Pt on one side. The Pt layer was applied using a
proprietary electroforming technique and was used as
the cathode catalyst. Prior to applying the catalyst,

the membranes were hydrated in an autoclave at
T� 130 °C for 2 h in ultrapure water. After cooling
down, the membranes were treated in 1M HCl for
30min and subsequently rinsed in demineralized
water. This procedure was applied to all membranes
investigated in this study.

The anode catalyst for oxygen evolution was a Ru/
Ir mixed oxide, applied as a PTFE-bonded powder to
the surface of a porous Ti current collector. The
porous current collector for the cathode consisted of
a graphite-PTFE-composite bonded to a brass wire
mesh. Water is circulated through the anode mani-
folds in order to maintain equal temperature distri-
bution over the entire membrane/electrode area. The
temperature of the system is measured at the outlet of
the anode loop. The purity of the gases was measured
continuously using online instrumentation. A sim-
pli®ed layout of the plant is shown in Fig. 1.

The nominal operating conditions for the plant at
start-up were: 400A (i.e., 10 kAm)2), at 80 °C. Cell
voltages at these operating conditions were typically
of order 1.75V. The plant was operated under vary-
ing load, according to the hydrogen needs of the
metallurgical processes, for a total of � 15 000 hours
before it had to be shut down completely in 1990
because the hydrogen concentration in the oxygen
had exceeded the safety level (3%). By this time the
voltage across a number of cells had dropped dras-
tically indicating short circuits within these cells as

Fig. 1. Simpli®ed layout of 100 kW Membrel electrolysis plant.
Water is circulated in the anode loop using a circulation pump.
Water collected in the cathode gas separator (i.e., electroosmotic-
ally pumped water) is fed to water puri®cation plant, together with
water blown down from anode loop. Bipolar cell stacks are elec-
trically connected in series. Water ¯ow in cells is parallel.
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the cause for gas leakages and gas purity problems.
Stellram SA subsequently discontinued their on-site
production of hydrogen. The 120 cells were disas-
sembled at the Paul Scherrer Institute. After replac-
ing all the membranes and electrocatalytic layers and
part of the current collectors and bipolar plates, the
plant was reassembled and transferred to an experi-
mental site of the Swiss electric utility company
ATEL at NiedergoÈ sgen/Switzerland in 1991. The
plant has been in intermittent operation ever since
and has accumulated over 5500 operating hours to-
day. Except for the cathode catalyst, the cells in the
revamped ATEL version were made up using the
same materials. The ATEL plant was equipped with
cathode electrocatalysts prepared from mixed oxides
of Ir and Ru [14] and applied to the cathode current
collector surface.

3.2. The Solar Wassersto� Bayern (SWB) plant

The design of this second Membrel demonstration
unit was slightly di�erent from the Stellram plant.
The major di�erences were: the thickness of the bi-
polar plates of the cell stacks was reduced. All 120
cells were assembled into one stack consisting of three
modules of 40 cells each. The hydraulic compression
of the cell stack was replaced by a mechanical system
with springs to allow for thermal expansion. The
nominal clamping pressure was the same as in the
Stellram/ATEL plant. As in the revamped ATEL
plant, the cathode catalyst consisted of the same
material as the anode catalyst (Ir/Ru oxide).

4. Experimental

4.1. Disassembly of cell stacks from 100 kW units

The individual cells were disassembled and visually
inspected. Membranes were separated from the po-
rous current collector plates and sealed into poly-
thene bags for storage. Deionized water was added to
maintain the hydration of the material. In order to
remove adhering powder agglomerates (electrocata-
lyst and loose current collector material) the mem-
branes were, prior to measurements, subjected to
ultra-sonic treatment in deionized water for 15min,
followed by careful cleaning using a jet of water.

4.2. Measurement of membrane thickness distributions

The thickness distribution over the whole active area
of the membranes was measured manually in the case
of the membranes from the Stellram plant using a
Micro-Hite gauge, which measures, with a calibrated
tip, the elevation of an object relative to a reference
plane. The thickness was measured at nine regularly
distributed points on the 20 ´ 20 cm2 active area
of the membrane. For the measurements of the
samples from the SWB cells, an automatic instrument
(Wenzel PraÈ zision), which scans the membrane at
preselected points, was available. The accuracy of

both instruments is in the order of �2 lm. The
thickness of the SWB membranes was measured at 6
´ 6 points of the membrane area, including, as a
reference, those parts which were clamped between
the cell gaskets and, hence, were not exposed to
electrode reactions at their surface.

4.3. Equivalent weight measurements

For determining the equivalent weight of membranes,
samples were boiled in HNO3 (33%) for 2 h and wa-
shed free of acid afterwards with deionised (18MX)
boiling water in several consecutive operations. After
this treatment each membrane was immersed in a
de®ned volume of 0.5 M KCl solution at room tem-
perature and kept there for 2 h. The liberated acid was
titrated with 0.1M KOH to pH7. The obtained po-
tassium form of the membrane was washed free of salt
and dried in an vacuum oven (60 °C, 20mbar). The
equivalent weight was calculated from the base con-
sumption and the weight of the dried membrane,
corrected for the di�erence between K+ and H+.

Membranes tested in an electrolysis cell were
treated in 3M HCl at 80 °C to regenerate the proton
form and subsequently washed acid-free, before de-
termining their equivalent weight as described above.

4.4. Laboratory experiments with single 30 cm2

multiple membrane cells

Na®onÒ 117 membranes were tested in the laboratory
at 80 °C in stainless steel single cells of 30 cm2 active
area using standard Ir/Ru anodes and Pt black
cathodes.

5. Results

5.1. Inspection and thickness analysis of membranes
from Stellram plant

The reason for the shut-down of the Stellram plant
was hydrogen levels in oxygen exceeding the safe level
of 3%. At the same time the operators realised that
the cell voltages of some of the 120 cells had dropped
signi®cantly below average. When disassembled,
eight out of the total number of 22 cells with reduced
voltage showed areas on the membrane of several cm2

which were damaged to the point that anode and
cathode where short-circuited.

In addition to the 22 membranes which had been
marked by the operators as being low in voltage, an
equal number of membranes was chosen randomly
from the remaining 98 cells. The thickness distribu-
tions over the active area of these membranes were,
after careful cleaning, measured. The average thick-
ness of the membranes was calculated from nine
measurements at di�erent sites on the active area. The
results are summarised in Fig. 2 which shows a plot of
the average thickness for membranes which had been
marked by the operators (cell voltages below average)
and from the random sample. The standard devia-
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tions of the average values are also given (shorter bars
on the right hand side of the bars indicating average
thickness). The standard deviations tend to be larger
for lower average thickness, indicating that mem-
brane thinning is not occurring uniformly over the
entire active area of a cell. As a reference, the thick-
ness and standard deviation of a fresh Na®onÒ 117
membrane after standard hydration procedure was
measured. The resulting average thickness was
229 lm, with a standard deviation of 7 lm.

The ion exchange capacity per unit of active area
was determined for a number of membranes. For
this, the actual active area of the membrane after
disassembly and cleaning was determined and com-
pared with the 400 cm2 of active area in the electro-
lyser. The area speci®c ion exchange capacities given
in Fig. 3 have been corrected to re¯ect the area in the
electrolyser. The area speci®c ion exchange capacities
correlate with the membrane thickness. The ®ndings
suggest that membrane degradation is not a process
which is speci®c for the ion exchange groups of the
polymer (i.e., preferential leaching of water soluble
low EW polymer or preferential chemical attack on
ionic groups).

5.2. Inspection and thickness analysis of membranes
from SWB plant

The second demonstration unit of Membrel Tech-
nology on a 100 kW scale was operated by Solar
Wassersto� Bayern GmbH (SWB). The main pur-
pose of this plant was to assess the suitability of the
technology for the chemical storage of a variable
solar electricity input. As a technology research
facility the plant was monitored to much more detail
than the Stellram unit. The plant was operated for
only short periods and was in stand-by mode for
most of the time. During stand-by periods, in order
to avoid corrosion of the metallic parts of the
cathode current collectors, a small protective po-
larization current of 150mA, corresponding to
0.34mA cm)2, was applied to the cell modules at
ambient temperature. This protective current was
applied in all plants when the electrolyser was not in
operating mode. The long stand-by periods were in
most cases not due to availability problems of the
Membrel system.

The reasons for shutting down and dismantling the
plant were the same as in the case of the Stellram
plant: gas purity problems (hydrogen levels in oxygen
exceeding 3 vol%). In the case of the Stellram plant
the ®nal shut-down occurred after a total operating

Fig. 2. Stellram plant: distribution of average membrane thickness along the electrolysis unit. Short bars at the bottom of the diagram
show the standard deviation of the average thickness calculated from nine measuring points. Black bars refer to cells identi®ed as having
low voltage by the plant operators. Grey bars refer to cells chosen randomly. (�) Cells where membrane was found damaged (i.e., short
circuit) after disassembly.
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time of 15 000 h, while in the case of the SWB plant it
occurred after a total operating time of 2300 h only. It
must be stressed, however, that the SWB plant had
been on stand-by for a total of 50 000 h. The gas
purity record over the years before shut-down is
given in Fig. 4. The hydrogen leakage to the anode
compartment increased continuously over this period
of time.

Deviations from normal in the cell voltages were
recorded after four years. Cells 3 and 43 were ®rst
diagnosed short circuited (cell voltage zero under
standby polarization conditions), followed by cells 5,
16 and 17 showing cell voltages below the thermo-
dynamic water splitting potential (1.23V) under
stand-by conditions. After ®ve years cells 1 to 20 and
the cells in the upper part of the second module
showed a signi®cantly lowered cell voltage at stand-
by. In the last stage, before disassembly of the stack,
the voltages of the cells 1 to 30, 43, 46, 50 to 53 were
found to be below normal.

The accumulation of faulty cells in the upper half
of the electrolyser stack is con®rmed by the thickness
analysis of a sample of 30 membranes taken from the

disassembled electrolyser (Fig. 5). The thickness
analysis was carried out using the automated mea-
suring device described above. As in the Stellram
case, all membranes which showed short circuit were
included in the sample. Some areas of the membranes
were still covered with carbon/PTFE particles from
the cathode and some areas of the membrane were
blistered. As a result, some of the thickness values
exceeded markedly the reference thickness of a Naf-
ionÒ 117 membrane. The thickness of the membranes
in the area which was masked by the gaskets and had
not been active electrochemically, was used as a ref-
erence. It averages for all membranes around 215 lm.
Thickness values in the active area exceeding 220 lm
(i.e., artefacts due to water blisters and/or incomplete
removal of current collector material) on one hand,
and lower than 30 lm (i.e., areas which had been
damaged in operation or in process of dismantling)
on the other were not considered for averaging the
thickness data.

Figure 6 shows a plot visualizing the thickness
pro®le over the whole area of membrane 3 (i.e.,
from the part of the electrolyser which was most

Fig. 3. Ion exchange capacity of membranes per unit electrode area for a number of cells from the Stellram unit. A (linear) relationship
exists between area speci®c ion exchange capacity and thickness, suggesting unchanged equivalent weight in the remaining membrane
material.

Fig. 4. Gas purity record as a function of lifetime of Membrel plant SWB. Open symbols: hydrogen content in anodic oxygen gas. Filled
symbols: Accumulated hours during which the electrolyser was operating and producing gas.
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a�ected by degradation). Thickness is clearly a
function of position on the membrane. Practically
all of the membranes from stack 1 and most from

stack 2 show the same general topography. Thin-
ning and also the formation of hot spots is found
predominantly near the one margin of the active
area where the anodic product is leaving the cell.
No thickness gradient along the membrane area is
found in cells from stack 3. Figure 7 summarizes
the ®ndings of the thickness analysis with respect to
position in the cell and in the electrolyser: it shows
a plot of the average membrane thickness near the
anode outlet channel (i.e., an average value calcu-
lated from the measuring points of row 1 in Fig. 6),
as well as the average thickness near the inlet
channel (i.e., the average value of the measuring
points of row 6 in Fig. 6) for all the membranes
analysed. This shows clearly that membrane thin-
ning is a function of the position in the cell stack
and along the membrane surface. No correlation
between position of the cell in the electrolyser
stacks and extent of membrane thinning was found
in the case of the Stellram plant (see Fig. 2).

5.3. Laboratory experiments using multimembrane
single cells

One set of experiments was carried out using an as-
sembly of four Na®onÒ 117 membranes as solid
electrolyte. This o�ered the possibility to separate
interfacial and bulk degradation by investigating
separately the membranes adjacent to the anode
and the cathode, respectively, in a post mortem
analysis.

Typical results of these experiments are shown in
Fig. 8, where the amount of base consumption to
neutralise the regenerated membrane acidity and the
thickness of the four individual membranes are

Fig. 5. SWB plant: Distribution of average membrane thickness in micrometre, along the electrolysis unit. (�) cells where membrane was
found damaged (i.e., short circuit) after disassembly. Short bars at the bottom of the diagram show the standard deviation of the average
thickness calculated from 24 measuring points.

Fig. 6. (a) View on membrane as arranged for automatic mea-
surement of the thickness distribution. Dots indicate measuring
points on active area. Membrane is oriented such that anode face is
up and cathode face is down. Direction of ¯ows of water and
products is indicated by arrows. (b) Local distribution of thickness
for SWB-membrane no. 3. Column height represents the thickness
recorded at the measuring dots. Membrane exhibits hot spots at the
thin end (zero values).
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plotted against their position in the cell. Clearly, only
the base consumption and the thickness of the
membrane adjacent to the cathode changed. Both
values decreased in parallel, suggesting that the
equivalent weight of the remaining membrane mate-
rial remained constant. Surprisingly, this result of a
heterogeneous degradation at the cathode (hydrogen
side) parallels older results for membrane degra-
dation in solid polymer electrolysis cells, however
with membranes prepared from sulfonated p-styrene
[12].

5.4. Operating experience with Membrel plant ATEL

The Membrel plant at ATEL has been in operation
since 1991 and has accumulated a total of over 5500
operating hours. The state of the modules has been

checked periodically by measuring the cell voltages
and monitoring the gas purities. As Fig. 9 reveals,
the diagnostic parameters (i.e., oxygen purity and
cell voltage) have levelled at constant values in the
past two years. Accurate o�ine measurements of
hydrogen levels in oxygen by gas chromatographic
analysis have been available during the past two
years. The periodic measurements of the cell voltages
at nominal operating conditions (not available dur-
ing the start-up phase of the electrolyser) reveal that
none of the cells have developed signi®cant devia-
tions towards low cell voltages. The general trend in
the average cell voltage is within the normal voltage
increase due to catalyst ageing. The behaviour of the
electrolyser so far does not indicate any signs of
membrane failure, in contrast to the SWB plant
(Fig. 4).

Fig. 7. Summary of membrane topography. (n) Average membrane thickness at the anode outlet side of individual membranes (i.e., from
measurements in row 1 (cf. Fig. 6)); (H) average membrane thickness at the anode inlet side of individual membranes (i.e., from mea-
surements in row 6 (cf. Fig. 6)).

Fig. 8. Membrane thinning in a 30 cm2 multimembrane laboratory cell: Membrane 1 was facing the cathode, membrane 4 was facing the
anode. Ion exchange capacity and thickness of the membranes is given as a percentage of the corresponding values of membranes before
use.
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6. Discussion

Single PEM electrolysis cells with Na®on as the
electrolyte membrane have reportedly been run with
steady performance data over long periods of time
(>20 000 h) without detectable degradation [15]. On
the other hand, the dimensional measurements car-
ried out on the Na®onÒ 117 membranes after use in
the 100 kW electrolysers show clearly that mem-
brane material was lost during prolonged operation
of the units. The ion exchange capacity measure-
ments on thinned membranes reveal that the com-
position of the remaining polymer is not changed
with respect to ionic groups (Figs 3 and 8). This
rules out possible degradation mechanisms involving
preferential attack on the ion exchange groups,
which would manifest itself in an increased EW in
the remaining polymer.

The experiments in small 30 cm2 cells reveal that
the membrane degrading reaction can be localised on
the cathodic side of the cell and that the interface
with the anode as well as the bulk of the membrane
electrolyte are una�ected. Cathodic reduction of the
C±F-bonds in the per¯uorinated polymer is one of
the thermodynamically possible steps which eventu-
ally may break up the polymer and lead to membrane
failure:

±CF2±::� 2H2 ! . . . ±CH2± . . .� 2HF DG� < 0

A partial de¯uorination of the polymer material in
the vicinity of the cathode would make the same more
sensitive to attack by H2O2, as postulated for mem-
branes using nonper¯uorinated polymers [12]. In or-
der to quantify the extent to which the above reaction
might contribute to the overall degradation, a careful

analysis of the permeated water in the cathode com-
partment of the electrolyser with respect to ¯uorides
would have to be carried out. In fact, ¯uoride ions
have been detected qualitatively in previous tests in
laboratory cells, but no quantitative correlation of F-
loads and membrane thinning has been made so far.

The results of the thickness analysis of the SWB
membranes reveal that the thinning of the mem-
branes in this particular case does depend on their
position and orientation in the electrolyser stacks (cf.
Figs 5 to 7). This ®nding strongly suggests that the
extent of membrane degradation might depend on
unaccounted parameters resulting from the design of
the cells and/or stacks.

Inhomogeneities in current distribution with as-
sociated preferential membrane wear might result
from uneven temperature distribution in the stack.
Temperature e�ects at an average operating temper-
ature of 80 °C are, however, regarded to be relatively
small (limited to 100 °C by the boiling point of
water).

The only stack design parameter we can think of
to produce the systematic patterns observed in the
membrane topography of the SWB electrolyser is
uneven mechanical pressures exerted on the mem-
brane by the clamping system employed. The obvious
explanation for the in¯uence of mechanical stress on
membrane thickness would be creep of the membrane
material. We have, however, strong evidence that the
membrane thinning is due to e�ective material loss by
a cathodic process and that mechanically induced
creep can be excluded (Fig. 3). One possible hy-
pothesis for explaining the observed membrane ma-
terial loss is that mechanical stress on the membrane
might enhance and/or trigger the corrosive process by
local erosion of fragments of the membrane material
by gas bubble nucleation. Bubble induced erosion
would, however, also lead to degradation on the an-
odic side, which was not observed in the experiments
with multimembrane cells (cf. Fig. 8). Any mechani-
cally induced damage of the membrane by nucleating
gas bubbles would depend on the pathways for gas
evacuation from the membrane surfaces and hence on
the pore structure of the current collectors employed.
In the design of the Membrel electrolysers the pores
in the anode current collectors have been made more
open and hydrophilic than in the cathode current
collectors which might explain the observed restric-
tion of the e�ect to the cathode. To verify the hy-
pothesis that gas bubble erosion at the cathode gives
rise to the degradation of the membranes, the cathode
water e�uent from an electrolyser would have to be
analysed for ionomer fragments (tensides).

We have, however, no experimental proof of the
hypothesis (e.g., from long term measurements with
laboratory cells with controlled mechanical stress on
the membrane). The laboratory cells employed in the
present study did not guarantee the control of me-
chanical parameters over the entire duration of an
experiment (several thousand hours). The absence of
any detectable membrane degradation so far in the

Fig. 9. Membrel plant ATEL: Average cell voltage of 120 cells
operating at 10 kA/m)2 and 80 °C (a), and gas purity record as a
function of total plant lifetime, after revision in 1991 (b). Open
symbols in (b): hydrogen content in anodic oxygen gas. Filled
symbols: Accumulated hours during which the electrolyser has been
operating and producing gas. Last record: May 1997; plant is still
operating on a regular basis.
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closely monitored plant at ATEL, and also the time
to failure of the Stellram plant which was almost a
factor of ten longer than the one of the SWB plant,
are in favour of the hypothesis: in this design the
pressure on the membranes is controlled by a hy-
draulic system which allows much better control of
the homogeneity of the force applied to the active
current bearing membrane.

7. Conclusions

The membrane is the weakest part in a PEM elec-
trolyser regarding long term performance. Failure of
100 kW units using PEM technology has been due a
process corroding or eroding the membrane material
Na®onÒ 117. The dissolution process proceeds from
the interface between the cathode and the membrane,
is not speci®c with respect to the ion exchange
groups, and is triggered and/or enhanced by local
stress on the membrane. The e�ect of mechanical
stress on the degradation process is plausible, how-
ever, more detailed studies to con®rm this hypothesis
would be necessary. The observed membrane degra-
dation phenomena in industrial scale electrolysers are
a serious problem for the advancement of this tech-
nology and should be considered in further develop-
ment work on technical PEM electrolysers.
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