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Experimental analysis of the effects of CO and CO:2o0n High Temperature PEM
Fuel Cell Performance using Electrochemical Impedance Spectroscopy

Soren Juhl Andreasen®, Jakob Rabjerg Vang and Soren Knudsen Kaer
Department of Energy Technology, Aalborg University, Pontoppidanstraede 101, 9220 Aalborg East, Denmark

Introduction HTPEM Fuel Cell Electrochemical Impedance Spectroscopy Conclusions

This work presents the results A 1omated electrochemical impedance spectroscopy measurements have resulted in a full map of Using electrochemical impedance spectroscopy,
of using electrochemical Impe- o impedance of a BASF Celtec P2100 HTPEM fuel cell at different temperature (se figure 4 and 6). @ BASF P2100 has been characterized in

dance  Spectroscopy 10 Thg polarisation curves created before each of the EIS measurements is seen in figure 5. different ~ operating  points  with  varying
analyse the behaviour of a temperature and gas concentrations. The
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operated under varying ope- TN 3 ik e that measurements are consistent and
rating conditions with different ey S Lo, g S ' e reproducible.  Increasing the number of

measurements in each operating point increases
the reliability of the conclusions drawn from these
measurements.
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temperatures and gas con- .
centrations. Figure 1 shows &
the experimental setup used  ° | 5 | |
for these measurements. | , o
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Figure 4: Nyquist plot of fuel cell impedance at different Figure 5: Polarisation curve using pure hydrogen at different S 1 Hz
temperatures and DC currents. temperatures. QE 01 M
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Varying temperatures increase the conductivity of the MEA, clearly depicted in the impedance at
high frequencies, but also the intermediate and low frequency performance is changed due to

Figure 1: Single cell setup capable of  eXxpected effects occurring in the catalyst and diffusion layers. The effect of adding CO to the anode

mixing different concentrations of Hz, CO : : : : : Dog—H & Ll

and CO:z to simulate reformate gas ~ 98S Immediately increases the ohmic losses of the fuel cell, but due higher local temperatures 2.0, 0B 0z, MM ¥ 0B 0% ¢ f

performance . because of higher expected activation losses, increasing the CO concentration losses lower these P
The Setup uses two Separate |OSS€S (ﬁgure 7) Figure 12: N}[/qgist plcr)]t ofdiff?rent rrlletasurements, with 2 consecutive
Labview Real Time systems e gy’ "' iaiiiasiy
one for controlling the 1¥uel celi ) I - The measurements conducted on pure hydrogen
mass flows an dgtem erature | [— e o with varying temperatures, shows decreasing
el 6T el conditioFr)ﬂn thé < x T high frequency resistances with increasing
current and  inter reting e s * ’§ & temperatures, which was also expected, due to
trol cell volt rp ng t N el 19w | W | the better proton conductive abilities of the
|St LT VORAGE TESponse 10 * al G i O oumio membrane at higher temperatures.
the galvanoostatic impedance | B < o FLrie %
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measurements. The impe- : . _
dance measurement resSIts oo WD ST Bl A g ik When introducing CO to the anode gas, a higher
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are interpreted and converted Frel e L T T high frequency resistance is visible, this is
. p_ . _ | | Zp, [ o] - expected to be due to the higher activation losses
into Nyquist plots, as shown in Figure 5: Myduist plot of fuel cell impedance at 10A DE current diforent CO concentiations. o e because of the additional CO. When increasing
figure 9. and different temperatures. ' _ . ' _

X Nyquist plots comparing the impedance at different temperatures and adding CO and CO:z to the the CO content this high frequency resistance

surprisingly decreases, which is expected to be
due to increasing local temperatures because of
the additional activation losses involved with the
CO adsorption/desorption processes.

anode gas reveals combined effects of increasing losses and additional cooling due to higher gas
flows. The additional activation losses are suggested to increase local temperatures in the cell
which in turn shift the Nyquist plot to the left. The additional CO: increases the cell cooling and
greatly affects the fuel cell at temperatures (see figure 9). The affect of adding CO2 on the
polarisation curve of the fuel cell is shown in figure 8.
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and LF), and Q to the ohmic losses of the - O 180°C 0.5%CO, 0%CO, g 012223:222550 these measurements Suggest that multlple

et g e \ ’§* o phenomena affect the impedance of the fuel cell.
The results can be used to % s ég : 2 S i At 180°C and 160°C the high frequency
construct simple equivalent 3 T impedance is lower when CO:2 is absent. At 140
circuit models or used to ol Bonk s N | °C and 120°C the additional CO2 decreases this
validate more complex phy- §ij;" . resistance. This effect is expected to be a
sical models and give insight A, 1 combination of losses and locally higher
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In the dynamic processes . cumemenstywen® o N temperatures due to CO and increased cooling
occuring in the different layers T crenoesy ey T Y e T due to the high flow of CO:x.
of the fuel -cell. Figure 3 Figure 8: Polarisation curve using 0.5% CO at different Figure 9: Nyquist plot of fuel cell impedance at 10A DC
. temperatures with and without CO2. current, 0.5% CO, different temperatures with and without : :
presents the different ope- COo. The experimental results gained from the

rating conditions under which The different operating conditions and their effect on the electrical fuel cell performance electrochemical impedance spectroscopy
the automated measurement can be modelled by using simple equivalent electrical circuit models. Figure 10 shows = measurements, can be used to model the
system has tested the BASF ¢ fitted parameters of the layout in figure 2 to the measurement conducted at different ~ Nonlinear behaviour of the fuel cell as a function

MEA. g of temperature, CO and COz2 content.
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E— varying temperatures. parameters vary with changing temperatures. implementing this method on operating fuel cells

for state-of-health diagnosis could provide an
efficient way of giving system control inputs for
optimal system performance.

Figure 3: Table of the different operating In figure 11 the variation in resistances and capacitances of the equivalent circuit is

points examined in this work, using

different combinations of DC currents, gas  presented as a function of operating temperature.

concentrations and temperatures.
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