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Influence of carbonate ions and temperature on the
oxygen reduction reaction at platinum in alkalinedia
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A number of existing and emerging electrochemical
power sources like fuel cells and metal air bagterise air
electrodes as cathode to deliver electrical endnggn
acidic environment like in a proton exchange meméra
fuel cell, the oxygen reduction reaction at platmu
electrodes, which are most commonly used, is knimwn
exhibit large over potentials. These over potesitiauce
the efficiency of the power sources and their réidads
therefore of high interest. One approach to achtieige
goal might be to change the pH in the electrodmfro
acidic to alkaline. This has become of more intenéth
the introduction of new alkaline anion exchange
membrane electrolytes which avoid some of the draw
backs of liquid bases. However, the effect of cadte on
such electrodes is still not entirely clear. E.eg¥ and
Mustain report a reduction of the ORR activity of
platinum in presence of carbonate ions but aldmhts
increase of performance of an actual fuel cell in
carbonated state [1]. This increase in performasnae
agreement with other literature reports [2,3] boit with
the finding of reduced ORR activity [1] and increds
membrane resistance [4].

In order to further investigate this issue testezkpents
were performed the ORR activity of a polycrystadlin
platinum disk electrode was measured as functicghef
concentration of carbonate ions in the electradytd of
the temperature. In order to simulate the saturaifche
vase by carbon dioxide the carbonated electrolytas
prepared in such a way that the concentrationet#tion
was kept constant by replacing two parts of KOHbhg
part of K,COs. The measurements were performed with a
Pine RDE set-up in a double walled cell using &rsible
hydrogen electrode by Gaskatel as reference etertind
platinum gauze as counter electrode. By an external
thermostat the temperature of the cell was varetdiden
20 °C and 60 °C. In addition measurements in sialfur
acid solution were performed for comparison. Fer th
measurements the rotation speed was varied betk@fen
rpm and 2500 rpm. From the measured currents at the
different rotation speed kinetic limiting currenere
determined using the Koutecky-Levich analysis métho

At a temperature close to the ambient temperatwas
found that the ORR activity of the platinum elededs
strongly reduced with increasing carbonate conaéoty
(cf. fig. 1). This is in agreement with the findsgf [1].
In comparision two the ORR in the sulfuric acidusimins
the kinetic current for the ORR in alkaline solasas
also found to be higher for potentials of 0.7 Vabove
except for the case of pure potassium carbonate
electrolyte. However the kinetic currents at lovtgmtials
increase much stronger in the acidic environment. |
principle this is alos the case for the pure patass
carbonate solution, which with a pH of about 1inizre
acidic than the other alkaline solutions.

The situation changes at a higher temperature 6€50
Here a strong increase of the activity of the etk in
the acidic environment is observed so that thetiine
currents in sulfuric acid solution at 0.7 V vs. RHE

higher than those in alkaline solution. Also therent in
pure carbonate solution is strongly increased ab th
kinetic currents are higher than in other alkaotution
at potentials of 0.6 V or lower.
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fig 1: Kinetic currents for the ORR at 20 °C atlatipum

disk electrode in oxygen saturated electrolyte with

varying carbonate concentrations.
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fig 2: Kinetic currents for the ORR at 50 °C at a
platinum disk electrode in oxygen saturated
electrolyte with varying carbonate concentrations.

As fuel cell test in contrast to most three eledtro
measurement are usually performed at higher terpera
around 50 °C this may in part explain the differefaund
in literature. In the presentation details on the
experimental results will be shown together with th
results ongoing RRDE measurements investigating the
H,0, production as function of carbonate concentration
and temperature
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