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Abstract

Abstract

Degradation of membrane electrolyte assemblies (MEAS) is commonly analyzed
either in traditional three-electrode systems or in single cells. In order to combine the
advantages of both three-electrode systems and single cells, as well as to overcome
their limitations, the improved electrochemical devices applied for MEAS’ analysis
were designed and implemented in this work. This type of electrochemical devices,
which satisfies the testing conditions in laboratories, establishes an environment as
close as possible to that of actual fuel cells and meets the requirements for
degradation analysis. Mutual verification results were acquired by combinations of
electrochemical and ICP-MS analyses in durability tests of simulated direct methanol
fuel cell (DMFC), accelerated degradation tests of E-TEK anode gas diffusion
electrode (GDE), accelerated degradation tests in anode half-cells with Pd-modified
Nafion membranes as proton exchange membranes (PEM), thus confirmed the
stability and applicability of the electrochemical devices.

Ruthenium dissolution from anode GDE was found during the normal operation
of DMFC, especially during the initial period. The accelerated degradation tests and
high potential activation treatments enhanced Ru dissolution and changed the
distribution and oxidation states of surface elements of catalyst, which affect
methanol oxidation activity. The instability of Pd in DMFC operating conditions was
evidenced by Pd dissolution from Pd-modified Nafion membranes which served as
PEM during the accelerated degradation tests in anode half-cells.

Ruthenium oxides originally existed in the E-TEK anode GDE were the main
causes of Ru dissolution during the initial DMFC operation period. High potential
activation treatments dramatically improved methanol oxidation activity by promoting
the ability of anode catalysts to tolerant poisonous intermediates of methanol
oxidation through (1) changing surface Pt:Ru ratios, and (2) reducing the amount of

Ru oxides detrimental to methanol oxidation. However, high potential treatments also
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simultaneously worsen Ru dissolution. The electrochemical devices are either suitable
for electrochemical performance and degradation analyses of MEAs in conditions as
close as possible to those of actual fuel cells or suitable for the performance

evaluation of methanol inhibiting membranes.

Key words: Direct methanol fuel cell; Membrane electrode assemblies;

Electrochemical devices; Ru dissolution; Activation treatments
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