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Abstract
Polymer electrolyte membrane fuel cells need initial conditioning, activation or break-in the first time they are operated

after being assembled. The initial conditioning procedure proposed and investigated in this paper consists of temperatu-

re and potential cycling. Temperature cycling is a new approach for the conditioning, and the idea is to rapidly cool a

running cell at some point to allow the membrane to equilibrate with condensed water, which should result in higher in-

take of water within the membrane. The results show that proposed procedure is better or at least comparable to some

conventional procedures for the initial conditioning. The MEAs reached their maximum performance quickly, within an

hour, and performance was better than that obtained without temperature cycling.
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1. Introduction
It is well known that the Polymer Electrolyte Mem-

brane (PEM) fuel cells need initial conditioning, activation
or break-in the first time they are operated after being as-
sembled.1 During this period the performance of the fuel
cell gradually increases until it reaches its final value. De-
pending on the membrane electrode assembly (MEA) and
the break-in procedure, this process can take hours or even
days to complete. So, choosing the right break-in procedure
can save a lot of time as well as hydrogen. Despite this, litt-
le attention has been given to this topic and there are very
few papers dealing with this matter. As a consequence, the-
re is a general lack of understanding of the fundamentals
going on within the MEA during the break-in process and
there are more hypotheses than facts.1 Several conditioning
protocols have been applied, patented and/or proposed, inc-
luding both on-line methods, such as current control, poten-
tial control, short-circuiting and hydrogen pumping, as well
as off-line methods like MEA steaming.1,2,3 There were
even attempts to standardize the process but the choice of
break-in procedure still lies with the practitioner.4 In gene-
ral, it is accepted that high temperatures and high humidi-
ties coupled with high currents and/or load cycling are be-
neficial for the successful initial conditioning.2

While the exact mechanism of initial conditioning is
not completely understood generally it is assumed that du-
ring the conditioning process the polymer membrane, as
well as the polymer in the catalyst layer, gets humidified,
and the number of active catalyst sites increases, thus im-
proving the performance of the cell. Also, it is believed
that during this period, the number of proton conducting
channels increases.

The procedure proposed in this paper consists of both
temperature and potential cycling. While the potential cy-
cling is widely accepted to accelerate the initial conditio-
ning, the temperature cycling is a novel approach. The idea
is that at some point during the initial conditioning a fuel cell
is rapidly cooled down, well below the dew point temperatu-
re of the incoming reactant gases. The reasoning behind this
proposed procedure is that cycling to low voltages/high cur-
rents results in more water being produced, while cooling
down the cell below the dew point allows water vapor to
condense inside the fuel cell. It is well known that a mem-
brane equilibrated with liquid water can take in more water
molecules per sulfonic acid group (λ = 22) than the same
membrane equilibrated with water vapor in saturated gas (λ
= 14). This phenomenon is called Schroeder’s paradox.5

While the idea of controlling the cell temperature is
not entirely new, to the best of our knowledge, no one has
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so far reported cycling of the cell’s temperature with the
running cell as a part of the initial conditioning protocol.
Fumio, et al., reported dropping the temperature of a fuel
cell as a part of the conditioning protocol but only after
the cell was stopped and purged with dry gases.6 Simi-
larly, Debe reported cooling the cell down to room tempe-
rature after being stopped and injecting liquid water in
both compartments.7 There have also been attempts to
over-saturate the incoming gases. Qi and Kaufman repor-
ted that saturating air and hydrogen at 90 and 95 °C dew
points respectively, while keeping the cell temperature at
75 °C, resulted in a short break-in period.8 The drawback
is that at such humidification temperatures water vapor sa-
turation pressures are very high, and therefore high reac-
tants pressure, as well as high flows of the reactants, are
needed (stoichiometries of 20 at 1 A/cm2 were used in
their experiments). 

Sudden rapid cooling of a running cell creates over-
saturated conditions, causing condensation throughout the
cell, including in the catalyst layer. Liquid water in the ca-
talyst layer remains in an intimate contact with the poly-
mer, thus facilitating polymer equilibration with liquid
water. This situation is much better than a case when over-
saturated gases flow through the flow channels, because
in that case water condenses mainly in the flow field chan-
nels.

2. Experimental

The tested MEAs were commercially available 12E-
W MEA produced by BASF with Nafion 112 membranes
and 50 cm2 active area. The cells were assembled in a co-
flow configuration with single serpentine flow field on the
anode and quadruple serpentine on the cathode side. Be-
fore the tests, the assembled cells were shortly purged
with dry nitrogen to remove any residual air in the anode
compartment. Pure hydrogen and synthetic air were used
as the reactant gases, each with relative humidity (RH) of
100% at 65 °C in all experiments. Back pressures were al-
so constant in all experiments, 1.2 and 1.5 bar absolute on
the anode and the cathode respectively. 

The experiments were conducted with the Teledyne
Medusa RD fuel cell test station with built-in electroche-
mical impedance spectroscopy (Scribner & Assoc.), and
data acquisition system (software: Scribner & Assoc.;
hardware: National Instruments).

Polarization curves were recorded every hour with
50 mA/cm2 steps and four seconds per point at the cell
temperature of 65 °C and 100% (RH) of both reactants.
Polarization curves scans were performed in constant
stoichiometry mode with stoichiometry of 1.4 on the ano-
de and 2.3 on the cathode.

In the proposed procedure the cell was cycled bet-
ween 65 °C and 50 °C with the rest time at each tempera-
ture of 20 minutes, while the temperature and relative hu-

midity of the incoming reactant gases were kept constant
at 65 °C and 100% respectively. The cell was first opera-
ted at constant voltage of 0.6 V and temperature of 65 °C.
After approximately 20 minutes the load was switched to
0.8 V while the cell was forcibly cooled down to 50 °C
with the help of a fan. At this temperature the water satu-
ration pressure is about half of that at 65 °C, and since the
gases inside the cell quickly equilibrate with the cell’s
temperature, significant condensation occurs within the
cell. The cell was kept at these conditions for about 20 mi-
nutes, when the load was switched back to 0.6 V and the
cell heated again to 65 °C. This was done repeatedly. The
reactants’ flow rate was set as constant at 0.45 Standard
Liters Per Minute (SLPM) on the anode and 1.72 SLPM
on the cathode. This corresponds to stoichiometries of 1.4
and 2.3 on the anode and the cathode respectively at 900
mA/cm2, which is the expected value of generated current
at 0.6 V at the end of the break-in process. The constant
high flow was chosen to avoid excessive flooding and en-
sure effective removal of the condensed water from the
flow field channels while operating at the high volta-
ge/low temperature regime.

3. Results and Discussion

Figure 1 shows current density evolution over time.
Polarization curves were scanned after the 3rd cycle (∼60
min) and after each two subsequent cycles (∼40 min). The
fuel cell almost reached its maximum performance after
only ∼1 hour. There was practically negligible improve-
ment in the performance recorded after second scan (<2%
improvement at 0.6V after the 5th cycle) while no further
improvement was noticed for the subsequent scans. 

It should be noted that due to the problems with
flooding, all the scans exhibited little weaker performance
at lower current densities (< 200 mA/cm2). However, this
is temporary reversible condition which eventually disap-
peared. The proposed protocol was done on two MEAs to
ensure the repeatability of the results. 

It is interesting that in the literature, the time needed
to break-in an MEA, which are usually in-house built, va-
ries from several hours up to more than one day, depen-
ding on the applied break-in procedure. In our case com-
mercial MEAs from a renowned manufacturer were used
and the break-in times were much shorter. The proposed
procedure was compared with three other procedures. The
first one was according to the recommendation of the
MEA producer, and it was to keep the cell at 0.6 V and 65
°C with the stoichiometries of 1.4 and 2.3 on anode and
cathode respectively and 100% RH. The second one was
with the same parameters but this time the voltage was
kept at 0.7 V in order to see whether it is possible to
break-in a cell at lower currents, thus saving on the consu-
med fuel. The third one was to use potential cycling bet-
ween 0.7 and 0.5 V with the frequency of 60 seconds with
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other parameters same as in previous procedures. Current
density evolution over time at both voltages is shown in
Fig. 2. Potential cycling is known to accelerate initial con-
ditioning while increasing the frequency of cycling redu-
ces the activation time even more.2

The first procedure (constant voltage of 0.6 V) reac-
hed its maximum performance after four hours but with
little improvements after the first hour; only about 5% at
0.6 V, Fig 3. Still the final performance is somewhat wea-
ker at higher current densities compared to the procedure
with temperature and potential cycling. The second proce-
dure (constant voltage of 0.7 V) reached its maximum af-
ter about three hours, but the final performance was consi-

derably worse compared to the proposed procedure. Thus,
it was shown that high current densities are mandatory for
successful MEA conditioning. 

Potential cycling gave better results than previous
two procedures as not only it gave better overall perfor-
mance, but the break-in procedure was completed in ap-
proximately two hours. The performance was more or less
the same as with proposed procedure of temperature and
potential cycling, albeit at somewhat longer time. Also, it
is important to remember that frequent cycling has negati-
ve impact on the cell lifetime. Comparison of the final po-
larization curves for the different initial conditioning pro-
cedures is given in Fig 4. 

Fig. 1. Initial conditioning by temperature and potential cycling 

Fig. 2. Initial conditioning by potential cycling
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As it can be seen, the temperature and potential cy-
cling procedure proved to be an excellent choice for the
initial conditioning as it gave better performance than the
procedure recommended by the producer itself, while it
replicated the performance of another popular approach
consisting of frequent cycling but in a shorter time. 

4. Conclusion

PEM fuel cells need initial conditioning in order to
reach the best performance. A new approach of tempera-
ture and potential cycling is applied and the results show

that cooling of a running cell helps the conditioning pro-
cess as the obtained results are better, or at least compa-
rable to some conventional break-in protocols. It is belie-
ved that condensation within the cell during the break-in
process is beneficial for the membrane water uptake
which should result in better cell performance. Our fin-
dings somewhat replicate the findings of Qi and Kauf-
mann8 though at lower temperatures, pressures and reac-
tants’ flows. The exact temperatures, voltages and cycling
frequencies in the presented procedure were chosen arbi-
trarily based on our experience and practical reasons. Our
goal was to see if this simple idea works and the right
choice of the aforementioned parameters is another topic

Fig. 3. Polarization curve change for the constant voltage break-in

Fig. 4. Final polarization curves after different initial conditioning protocols
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worth of further research. Also, the protocol should be te-
sted on the different MEAs, as with the MEAs that need
longer conditioning than the ones we used in our experi-
ments the differences between the different protocols
should be even more obvious. 
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Povzetek
Gorivne celice s polimernimi elektrolitskimi membranami (PEM) je potrebno pred prvo uporabo podvre~i postopku

za~etne aktivacije. Predlagani in preu~evani postopek aktivacije je sestavljen iz temperaturnega in napetostnega cikla-

nja. Za~etna aktivacija gorivne celice PEM s pomo~jo temperaturnega ciklanja predstavlja nov pristop. Bistvena zami-

sel predlaganega postopka je v hitri ohladitvi obratujo~e gorivne celice v dolo~eni delavni to~ki. Le-ta povzro~i konden-

ziranje vode znotraj celice, s ~emer je omogo~en ve~ji vnos vode v membrano in pripomore k vzpostavitvi ustreznega

ravnote`ja vla`nosti le-te. Rezultati ka`ejo, da je predlagani pristop bolj{i oziroma vsaj primerljiv z nekaterimi `e uve-

ljavljenimi postopki za~etne aktivacije. Maksimalna u~inkovitost gorivne celice PEM je s tak{nim pristopom dose`ena

v roku ene ure in je vi{ja kot pri postopkih brez temperaturnega ciklanja.


