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Polymer electrolyte membrane fuel cells (PEMFCs) are considered environmentally friendly energy convertors, exhibiting many advantages, including low operating temperatures (70-100 °C), high power density (~1.4 kW/kg), high electrical efficiency (40-60%), quiet operation, and low emissions. However, challenges like cost and durability remain barriers to the sustainable commercialization of PEMFCs technologies. In particular, PEMFC's contamination, caused by impurities in feed streams, contribute significantly to durability issues. Intensive R&D thus still needed for PEMFC technology development. 
EIS has played an essential role in PEMFCs' research as a diagnostic tool. EIS's main advantage is in identifying the contributions from different components or processes within the PEMFC to the total impedance. In order to perform contributors' identification correctly, a reliable method for analyzing EIS data is needed. For that, we have used Impedance Spectroscopy Genetic Programming (ISGP) as an analysis tool. 
In the following research, EIS measurements were performed in operando on PEMFCs, and the ISGP analysis method was implemented for the first time on data derived from PEMFCs. We demonstrated that this analysis method yields a consistent model that include the major contributors to the total impedance. In addition, by changing the operating conditions of the PEMFC, we gained further information on the fundamental processes within the fuel cell. Then, the obtained model was used in a contamination study. In this part, PEMFCs were operated under different CO2 cathode contamination levels, and in operando EIS measurements were performed. The data was analyzed using ISGP and according to the previously obtained model, revealing the effect of CO2 cathode contamination on each of the fundamental processes within the fuel cell. This work can be further continued to the study of many PEM FC's contaminations. 
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This study investigates commercial membrane lecimde assemblics
(MEA) oftype Geeeneity” HSO0EL? withplatinum loadings of 04
m™ (cathode) and 0.2 mgrcn (anode). Sngle cols with an acive
surace area of 1cm? weze prepared by 25cm® MEAs and
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The acve lecrode areacontacing I eslized by gold flow ields with
parallel flow channels eros secton: 1 mm x 1 ). The high elec
rical and thermal conducivicyof gold prevents gadieats over the cell
area and ensurs  verylow contactresitance 15 the GDL (e Section
3.1 for dedalled descripin). In adiion, olmie losses cased by con-
tacting and wiing are kept at & minimum usng four point measure
ment. As expected, hort.ircalt measurenents resulied in 3 resianee
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knowing the eventual number, size and time constants of the con-
tributing processes. The. ofa ly
motivated ECM remains challenging, especially if polarization pro-
cesses with close time constants occur. This leads 10 processes over-
lapping in the frequency domain and thus hinders clarification, which
may result in incorrect model assumptions and instable and/or am-
bivalent fiting results. A more meaningful physical process identifica
tion is given by an alternate approach, where ECM and starting para-
meters for the CNLS algorithm are obtained by a pre identification of
the impedance response aided by the distribution of relaxation times
(DRT) [16,17]. This approach was established in the framework of our
solid oxide fuel cells research 18] and successfully transferred to li-
thium-ion batteries [19]. More recently, the DRT method was partially
demonstrated on high temperature polymer electrolyte fuel cells (HT-
PEMFC) [20].

In this paper, DRT analysis is applied to the impedance spectra of a
PEMFC single cell, across a wide range of operating conditions (see
Section 2.2 for details). In all cases, homogencous operating conditions
are applied over the entire cell area o set a clearly defined operating
point and to derive unambiguous parameter dependencies. A suitable
measurement setup will be introduced below.

It will be demonstrated that DRT analysis facilitates the deconvo-
lution of five individual polarization processes (P1-P) in full-cell mode:
(Ha/air) and three minor anode polarization processes (P1A ~ P3A) in
anodic half-cell mode (Hy/Hy). For the first time, the contributions of
both electrodes will be precisely quantified and correlated. The iden-
tified processes will then be assigned to the underlying physicochemical
‘mechanisms.
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2. Experimental
21, Cell assembly

“This study investigates commercial membrane electrode assemblies
(MEA) of type Greenerity” HS00EL? with platinum loadings of 0.4 mgy.
e (cathode) and 0.2 mgor cm 7 (anode). Single cells with an active:
surface area of 1em? were prepared by cutting 25cm® MEAS and
welding them into a PVDF foil for better handling and mechanical
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Fif. 1. (a) Cell setup it old flow ek and contacting for 1 cx? MEAS: (1)
Invesigated cell with platinum loadings of 0.4 mgy, cm = (cathode) and 0.2
g em (anode). (Fo ntrpreaton ofthe eferencest colour f this gure
legend, e reader i efeeed 10 the Web version of tis arick)

‘The active electrode area contacting i realized by gold flow fields with
parallel flow channels (crosssection: 1mm x 1mm). The high clec-
rical and thermal conductivity of gold prevents gradicnis over the cell
area and ensures a very low contaet resistance vs the GDL (see Setion.
3.1 for detailed description). In addition, ohmic losses caused by con-
tacting and wiring are kept at 2 minimum using four point measure.
ment. As expected, shortcircuit measurements resuled in a esistance
Value ofles than 1 mQea’. Furthermore, the us of wisted pas cables
achieves Tow inductiity, which is beneficial for high resolution im-
pedance measurements

PIFE gaskets (thickness: 150 m) are used for sealing between the
gas distribution plates and the cell. The housing is compressed by
stainless steel heat exchanger pltes containing a thermal fluid. The cell
temperature s controlled by a Julabo F32ME thermostal
‘Thermocouples attached to the rear of the gold flow fields provide in-
formation about temperatures close o the anode and cathode. In our
setup the GDL contact pressure i independent from thescaling presure
and continuously adjustable rom 0 o 200 N. The actual contactpres-
sure is continuously logzed by a force sensor. This ensures reproducible
‘measuring conditions for varying cell dimensions. All following mea-
surements have been conducted by applying a contact pressure of SON,
which correlates o 1 MPa with respect o the land area of the flow field

“The gas i supplied by mass low controlles enabling the supply of a
welldefined mixture of oxygen, nitrogen and hydrogen to anode and
cathode. The humidiy in oxidant and fuel is generated in a catalytic
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