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Creation of hi%hly active electrode reaction field by composite and higher-order
structuring of different-dimensional catalysts
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With the aim of constructing a fuel electrode catalyst layer that
dramatically improves the power output of a direct methanol fuel cell, we investigated the
introduction of surface treatment for GO as a 2D catalyst support and the composite with nano-sized
cocatalysts and spacer materials. By using RGOA, which is obtained by heat-treatment of GO aerogel
at 200 degree C, as the support, we succeeded in increasing the catalytic utilization of PtRu. This
is due to the decrease in oxygen functional groups on the surface of GO. Furthermore, the composite
of PtRu / RGOA with Ti407 fine particles showed almost 100% catalyst utilization and mass activity
about twice as high as PtRu/RGOA. It was demonstrated that high catalyst layer activity is realized
by adjusting the mixing ratio of PtRu/RGOA and Ti407 fine particles.
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Table 1 Properties of the PtRu/RGO catalysts prepared
by different treatments.
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Table 2 Properties of the PtRu/RGO composite catalysts with different
materials.
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Table 3 Properties of the PtRu/RGOA composite catalysts with different materials.

Catalyst EzCSA PtRl(l; utili.  Mass activity ~ Vol. actiVSity
[m?/g-pru] [%] [A/g-pru] [mA/cm’]
PtRu/RGOA+KB (1:1) 103.1 109.6 149.4 276.9
PtRu/RGOA+KB (9:1) 107.2 113.9 104.5 753.6
PtRW/RGOA+TiO; (4:1) 93.5 99.4 108.5 874.8
PtRW/RGOA+TiO: (9:1) 98.3 104.4 117.1 1123.6
PtRW/RGOA+TisO7 (1:1) 81.1 86.2 125.5 5433
PtRuW/RGOA+TisO7 (4:1) 121 128.6 126.6 1020.7
PtRuW/RGOA+Ti407 (9:1) 117 124.3 130.5 1252.2

Fig. 2 FE-SEM photos of the catalyst layer with PtRu/RGO+Ti407
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Fig. 2 DMFC power generation performances with the different anode catalysts

Table 4 Comparison of the DMFC and catalyst performances between the different catalysts

Catalyst DMEC performance
ECSA Mass activity ECSA Cat. Vol. cat. Max. power Cell
[m?/ ] [A/g rwu] [m?/ ] utilization density density resistance
gk £ E-piRu [%] [mgpro/em’]  [mA/cm?] [mQ]
PtRu/RGOA+Tis07 (1:1) 73.1 88.9 44.9 61.4 70.9 454 154.8
PtRu/RGO 353 50.7 34.1 96.6 87.0 24.5 131.3
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