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Abstract

The development of palladium (Pd) electrocatalysts supported on graphene oxide (GO) modified with three aza-BODIPY compounds (DA, DM and DP) has been carried out to

enhance efficiency of oxidation reaction in direct alcohol fuel cells (DAFCs). The synthesis of the catalysts involved ultrasonic dispersion and chemical reduction. The
electrochemical activity and stability of the synthesized catalysts were investigated using cyclic voltammetry (CV) and chronoamperometry (CA), respectively. The results showed
that the electrochemical surface area of the modified catalysts (GO-DA/Pd, GO-DM/Pd and GO-DP/Pd) significantly increased compared to that of the unmodified catalyst
(GO/Pd). Additionally, the GO-DM/Pd exhibited the highest current density of 0.328 mA.cm™ for methanol oxidation and 0.257 mA.cm™ for ethanol oxidation. For butanol
oxidation, the GO-DA/Pd showed the highest current density of 0.177 mA.cm™. This improvement in catalytic efficiency resulted from the synergistic effect between palladium
and the modified graphene oxide support. From the CA study, the GO-DM/Pd catalyst has greater stability than the GO-DA/Pd, GO-DP/Pd and the unmodified catalysts
(GO/Pd). In addition, the GO-DM/Pd catalyst demonstrated the highest electrocatalytic activity and stability for methanol and ethanol oxidation reactions.
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Fig. 4 CV curves of the catalysts conducted in an electrolyte of 0.5 M KOH at a scan rate of 50 mV s™' with (A) 0.5 M methanol (B) 0.5 M
ethanol and (C) 0.5 M n-butanol

Methodology
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DI water 15 ml : : GO/Pd -0.41 0.024 -0.25 -0.082 -0.27 -0.295
4 mg with DI water 10 ml mg/ml solution of Pd /
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n-butanol
GO-DM/Pd | -0.22 0.040 -0.19 0.018 -0.25 2.249
ReSU "‘S GO-DP/Pd |  -0.49 0.028 -0.23 0.023 -0.21 1215
- °
° CYCI'C VOH'Gmmei'I‘y (CV) Table 1 The electrical measurements of hydrogen adsorption and Chronoqmperometry (CA) o
 comd desorption of the prepared catalysts The CA curves in Fig. 5 show that the GO/Pd and GO-
0101 — Goompd 0.10- ~ com aza/Pd initially exhibit the highest current density but
- —— GO-DP/P catalysts Qy ESA(cm?) | ECSA (cm®mg™) - oAb . T ]
i o 0081 — GO-DM/Pd decline over 3600 seconds, indicating poor stability. In
5 GO/Pd 0.033 2873 C —— GO-DP/Pd
2 o £ o006 contrast, the GO-DM/Pd, GO-DA/Pd and GO-DP/Pd
z GO-DA/Pd . 0.036 3213 z ] : :
z / 2 o0os- show more stable current retention, suggesting better
: GO-DM/hd ' 0044 5872 U 002- durability. The addition of aza compounds enhances the
0.10 1
GO-DA/Pd . 0.005 4830 B I S — catalytic activity and also reduces catalyst degradation,
""" L ~0.02 1 , . , . , . , . : :
O e S 5 T _ leading to a longer electrocatalyst lifespan.

E (V) vs Ag/AgCl

Fig. 3 CV curves of the catalysts conducted in an electrolyte of 0.5 M KOH at a scan rate of 50 mV s™ i , , B
Fig. 5 CA curves at -0.85 V in 0.5 M KOH with 0.5 M methanol at a scan rate of 50 mV s

0 - 3 ’ - ., B T BN - . a.

| Conclusions

1) Pd-electrocatalysts on the modified GO (GO-DA/Pd, GO-DM/Pd and GO-DP/Pd) provided significantly improved electrochemical surface area (ECSA) in the range of 3213 - 4830 cm?/mg™!, compared to that of the
' non-modified catalyst (GO/Pd) of 2873 cm?/mg”, indicating a remarkable enhancement.

2) The GO-DM/Pd catalyst exhibited the highest current density of 0.328 mA.cm™ for methanol oxidation and 0.257 mA.cm™ for ethanol oxidation. For butanol oxidation, the GO-DA/Pd showed the highest current density
~ of 0.177 mA.cm™
3) The GO-DM/Pd catalyst has greater stability than the GO-DA/Pd, GO-DP/Pd and the unmodified catalysts (GO/Pd).
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