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Recently, intense efforts have been made to lower the
operating temperature of SOFC to minimize fabrication
cost and material issues, and thus to broaden their
applications.[1] However, reduction in operating
temperature is followed by a significant sacrifice in
electrode kinetics and ionic conductivity.[2] While
sacrifice in ionic conductivity has been successfully
supplemented by minimizing electrolyte thickness[1,3-5],
sustaining decent electrode kinetics, especially oxygen
reduction reaction (ORR) rate, at lower temperatures
using conventional ceramic-based electrodes remains as a
challenge. However, graphene-based electrodes such as
nitrogen-doped graphene were recently found to show an
excellent ORR catalytic activity comparable to that of Pt-
based electrodes even at room temperature.[6] In
addition, graphene is reported to have exceptional thermal
stability up to at least 2600 K.[7] Motivated by these
superior attributes of graphene, reduced graphene oxide
(rGO) variants were applied to LT-SOFC as a cathode
material.

As shown in Fig. 1a, ORR activities of rGO-
based electrodes were first characterized by
electrochemical impedance spectroscopy (EIS) in
atmospheric air environment at various temperatures.
Yttria-stabilized zirconia (YSZ) was used the electrolyte,
and three different kinds of rGO variants (rGO, N-doped
rGO and Pt nanoparticle incorporated rGO) were studied
as electrode materials. The Faradaic resistances for ORR
extracted from the resulting impedance spectra were
plotted in Fig. 2. Although these rGO-based electrodes
showed lower ORR activities than that of pure Pt
electrodes by almost 1-2 orders of magnitude under a
given temperature, the gap became negligible as the
operation time elapses (data not shown). Although Pt
have been unrivaled as a cathode material for low
temperature catalysts, metal electrodes tend to degrade
over time due to Ostwald ripening,[9] which again results
in significant cell performance degradations. In the
presentation, the full cell performances using these rGO-
based electrodes will be presented as well (Fig. 1b).

It is also noted that all the rGO variants studied
here suffered from an abrupt increase in the resulting
Faradaic resistance at a temperature of >~400°C. It is
attributed to the oxidation of rGO materials, and resulting
change in its volume and the contact with the YSZ
electrolyte. Although rGO variants may not be a stable
material for operating > ~350°C, an ultra-thin electrolyte-
based cell can be a viable solution to implement an LT-
SOFC operating at a very low temperature (~300°C).
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Figure 1. Simplified experimental setup for quantifying
(a) ORR activities and (b) powering performances of the
RGO-based electrodes
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Figure 2. Arrhenius plot comparing ORR activities of
rGO variants and Pt electrodes.
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