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RESUMO

Introducgdo: As células a combustivel de metanol direto séo dispositivos eletroquimicos capazes de converter
a energia quimica, proveniente da oxidacdo das moléculas de metanol sobre a superficie dos
eletrocatalisadores, em energia elétrica e térmica®. O metanol vem sendo amplamente investigado em fungdo
da sua elevada densidade energética e pela facilidade do seu transporte e armazenamento dentro dos
dispositivos®. A formacdo de ligas metalicas e a adogdo de morfologias diferentes sdo abordagens que
proporcionam melhorias as propriedades cataliticas dos eletrocatalisadores, tornando-os materiais mais
eficientes na oxidacéo das moléculas®. Metais como o Ru, o Pb e o Pd quando incorporados junto & Pt na
composic¢ao, bem como a formacdo da morfologia casca-nucleo, tendem a potencialiazar a acdo dos efeitos
eletrdnicos e geométricos nas propriedades cataliticas dos materiais, 0s quais resultam em desempenhos
cataliticos satisfatorios ao longo das reagdes?. Objetivos: Sintetizar eletrocatalisadores do tipo casca-ntcleo
PtRu@PbPd/C variando as propor¢cdes molares do Pb e do Pd na relacdo Pt:Ru:Pb:Pd,visando estudar o
desempenho dos mesmos frente a oxidagao eletroquimica de metanol em meio acido. Metodologia: Os
eletrocatalisadores foram sintetizadas adotando raz6es molares Pt:Ru:Pb:Pd (3:1:0,25:0,75; 3:1:0,5:0,5;
3:1:0,75:0,25 e 3:1:1:0), a partir do método de reducgdo quimica dos precursores metélicos por acido formico.
Os desempenhos cataliticos dos materiais frente a oxidacdo do alcool foram investigados a partir de
voltametrias ciclicas, curvas de polarizacao, diagramas de Tafel, testes cronoamperométricos e voltametrias
de dessorcdo oxidaiva de CO. Resultados: Os eletrocatalisadores PtsRui@Pbo,75Pdo,2s/C,
PtsRu1@PbosPdos/C, PtsRui@Pbo25Pdo,7s/C, PtsRui@Pb: e Pt/C comercial apresentaram valores de
potencial de inicio de oxidacéo do CO entre ~0,44 V e ~0,55 V vs. EHMS, sendo o PtsRu1@Pbi/C aquele que
apresentou o melhor desempenho, iniciando a oxidacdo da espécie em ~0,44 V vs. EHMS. A Pt/C comercial
iniciou a oxidag&do do CO em poteciais maiores aos dos catalisadores sintetizados neste estudo, em ~0,55 V.
Por meio das voltametrias ciclicas na presenca do alcool e dos diagramas de Tafel observou-se que o
eletrocatalisador Pt3Rul@Pb0,75Pd0,25/C apresentou o menor potencial de inicio de oxidag¢édo, em ~0,47 V
vs. EHMS, cerca de ~0,08 V menor do que o Pt/C comerial. Além disso, nas técnicas cronoamperomeétricas,
0 PtsRu1@Phbo 75Pdo,2s/C apresentou maior toleréncia a inativacéo, causada pelos intermediarios da reacéo,
dos sitios ativos. Os melhores desempenhos por parte do PtsRui@Phbo,7sPdo2s/C podem estar associados a
maior propor¢do de atomos de Pb no nilcleo, os quais podem ter provocado tensdes expansivas mais
acentuadas na estrutura cristalina da Pt e interagdes mais sinérgicas com os atomos dos outros metais,
resultando em propriedades cataliticas mais aprimoradas?. Conclusdo: A possivel formagdo da morfologia
casca-nucleo e a presenca da liga PbPd no nudcleo aprimoraram as propriedades cataliticas. Os
eletrocatalisadores PtsRu1@Pbo,7sPdo,25/C e PtsRu1@Pbo,2sPdo,75/C apresentaram os melhores desempenhos
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cataliticos frente a oxidag&o do alcool. Dentre eles, a superficie do PtsRu1@Pbo,7sPdo,2s/C foi a que se mostrou
mais ativa para oxidacdo das moléculas e mais tolerante a inativacao, resultando possivelmente de
modificacdes mais efetivas, por parte das interacdes atbmicas e das tensdes de expansdo, na estrutura da
Pt.
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ABSTRACT

Introduction: Direct methanol fuel cells are electrochemical devices capable of converting chemical energy,
from the oxidation of methanol molecules on electrocatalyst surfaces, into electrical and thermal energy?.
Methanol has been extensively investigated due to its high energy density and ease of transport and storage
in devices'. The formation of metallic alloys and the adoption of diverse morphologies are approaches that
provide improvements to the catalytic properties of electrocatalysts, making them more efficient materials in
the oxidation of this molecule?. Metals such as Ru, Pb, and Pd when incorporated into Pt in the composition,
as well as the adoption of the core-shell morphology, tend to potentiate the action of electronic and geometric
effects on the catalytic properties of materials. These strategies result in catalytic performances more satisfying
in oxidation reactions?. Objectives: To synthesize PbPd@PtRu/C core-shell electrocatalysts varying the molar
proportions of Pb and Pd in the Pt:Ru:Pb:Pd ratio aiming to study their performance toward the electrochemical
oxidation of methanol in acidic media. Methodology: The electrocatalysts were synthesized by adopting
Pt:Ru:Pb:Pd molar ratios (3:1:0.25:0.75, 3:1:0.5:0.5, 3:1:0.75:0,25, 3:1:1:0), using the chemical reduction
method of metallic precursors by formic acid. The catalytic performance of materials toward alcohol oxidation
was investigated using cyclic voltammetry, polarization curves, Tafel diagrams, chronoamperometric tests,
and CO stripping. Results: The Pbo.7sPdo2s@PtsRu1/C, PbosPdos@PtsRu1/C, Pbo.2sPdo.7s@PtsRu1/C,
Pb:i@PtsRu1/C, and commercial Pt/C electrocatalysts presented oxidation onset potentials toward CO electro-
oxidation between ~0,44 V and 0,55 V vs. RHE, being Pb:@PtsRuiC the one that presented the best
performance, starting the oxidation of the specie at ~0.44 V vs. RHE. All synthesized electrocatalysts achieved
better performances than those achieved by commercial Pt/C, which had an onset potential of ~0,55 V. By
means of cyclic voltammetry in the presence of alcohol and Tafel diagrams, it was observed that the
Pbo.7s@Pt3Ru1/C electrocatalyst displays the lowest oxidation onset potential, at ~0.47 V vs. EHMS, about
~0.08 V lower than the commercial Pt/C. The best performances of the Pbo.7sPdo2s@PtsRui/C may be
associated with a higher proportion of Pb atoms in the nucleus. This higher proportion may have caused
enhanced expansive stresses in the Pt crystal structure and more synergistic interactions with the Pt atoms,
resulting in improved catalytic properties?. Conclusion: The possible formation of the core-shell morphology
and the presence of the PbPd alloy in the core promoted improvements in the catalytic properties. The
Pbo.7sPdo.2s@PtsRu1/C and Pbo.2sPdo.7s@PtsRu1/C electrocatalysts exhibited the best catalytic performance
toward the alcohol oxidation. Among them, the surface of Pbo.7sPdo.2s@PtsRu1/C was the most active for the
oxidation of methanol molecules and more tolerant to inactivation, possibly resulting from more effective
modifications, by atomic interactions and expansion stresses, in the structure of Pt.

KEYWORDS: Multimetallic electrocatalysts, core-shell structure, methanol electro-oxidation.
ACKNOWLEDGEMENTS: We thank CAPES and CNPq for this project's scholarship and financial support.

REFERENCIAS/REFERENCES:

10ONG, B.C.; KAMARUDIN, S.K.; BASRI, S. Direct liquid fuel cells: A review. International Journal of Hydrogen Energy, v.
42, p. 10142-10157, 2017.

2 SANTOS, D. S.; ALMEIDA, C. V. S.; TREMILIOSI-FILHO, G.; EGUILUZ, K. I. B.; SALAZAR-BANDA, G. R. Improved
carbon dioxide selectivity during ethanol electrooxidation in acid media by Pb@Pt/C and Pb@PtSn/C electrocatalysts.
Journal of Electroanalytical Chemistry, v. 879, p. 114741, 2020.


mailto:Pb0.25Pd0.75@Pt3Ru1/C
mailto:Pb0.25Pd0.75@Pt3Ru1/C
https://www.sciencedirect.com/science/journal/03603199

