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Abstract

Abstract

Pt-based metal nanocatalysts are widely applied as catalysts in a variety of fields
such as fuel cell, automobile exhaust purification, petrochemical industry and
chemical industry. Due to the rare reserves and the high price of platinum group metal,
therefore,now to improve their utilization efficiency and find an alternative to
Pt-based catalysts has been an important scientific and engineering issue.

It has reported that high-index Pt nanocatalysts perform better electrocatalytic
properties for the low accordance number of surface atoms. Through long-term
research, our group has developed an electrochemical flow reaction system (EFRS),
which realized the electrochemical synthesis of Pt/C, Pd/C, PtPd/C and other
supported metal nanocatalysts with high-index facets in solution. The EFRS not only
improve the performance of catalysts but also achieve mass production of catalysts.
However, the electrochemical behavior and the involved reaction mechanism of the
system remains to be explored further.

In recent years, Pd-based catalysts emerging as an alternative to Pt-based
catalysts have been widely investigated. The price of Pd is cheaper and it possesses
superior catalytic activity toward the anodic alcohols electrooxidation in alkaline
electrolyte especially for ethanol.

In this thesis, we use the microelectrode chips prepared by micro-electro-
mechanical system (MEMS) to explore a new principle of electrochemical continuous
synthesis in solution, and study the properties of LEIP (Locally-Enhanced Interfacial
Potential). Besides, to reduce the use of Pt, we explore Pd-based nanocatalysts and
their catalytic activity toward ethanol electro-oxidation. The main results are listed as
below:

1. Based on the requires of the experiments and the structural characteristics of
electrochemical flow reactor (EFR), we designed and fabricated two Kkinds of
microelectrode chips by MEMS technology for researching the electrochemical

behavior in EFR. By changing the parameter and structure of microelectrode chips,



Abstract

we observe the variation of potential near the conductive particles to explore the
regularity of potential distribution near the conductive particles.

2. By changing the test condition, such as potential of SWP, frequency of SWP
and concentration of electrolyte solution to study the properties of LEIP. LEIP is
increased with the increase of potential of SWP and the variation of frequency of
LEIP is completely agreement with varying of frequency of SWP. LEIP increase first
then decrease with the increase of concentration of electrolyte solution, and when
concentration of NaClO,4is 30 mmol/L, LEIP presents the maximum. We discover
that external SWP is the direct factor which inducing the LEIP of conductive particles,
and the intensity of LEIP can be modulated by external SWP. Also, we can get the
required LEIP by optimizing the concentration of the electrolyte solution.

3.Using electrochemical potentiostatic deposition to deposit AuPd alloy
nanoparticles on indium tin oxide (ITO) substrates. Emphasis was put upon
systematic studies of effects of the composition and preparation conditions of the
AuPd alloy nanoparticles to electrocatalytic properties. The results demonstrated that
the deposition potential affects the size and dispersion of AuPd alloy nanoparticles. It
has found that the AuPd alloy nanoparticles exhibited higher electrocatalytic activity
and stability than Pd nanoparticles towards ethanol electrooxidation, ranking in the
order of Au;Pds>Au;Pd;>Au;Pdy>Pd. The Au;Pd; nanoparticles produced at -0.3
V vyielded the highest catalytic activity and the most stability towards ethanol
electrooxidation. The anodic peak current density of ethanol oxidation on Au;Pd;
nanoparticles was measured at 34.36 mA cm™ that is 7.7 times of that measured on
the Pd nanoparticles (4.46 mA cm™). Moreover, after a run of 1800 s for ethanol
oxidation at -0.3 V, the steady-state oxidation current on the Au;Pds nanoparticles
was determined to be 1.05 mA cm? which is 52.5 times of that on the Pd
nanoparticles (0.02 mA cm™).

Herein, the exploration of the reaction mechanism involved in EFR is of great

importance in the study of the electrochemical reaction in solution.The study about

v
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AuPd alloy nanocatalysts has thrown new insight into the design and preparation of

high performance electrocatalysts for direct ethanol fuel cells, and presents potential

applications in relevant fields such as photoelectrochemistry and alcohol sensors.
Keywords: electrocatalyst; microelectrode chips; local-enhanced interfacial

potential; AuPd alloy; ITO; ethanol oxidation
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