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Table 1 List of characteristics of three types of catalysts: Precious metal, non-precious transition metal,

and precious/non-precious transition metal

Catalyst type Catalyst Structure/Features Reference
P The lattice of Pt is surrounded by Pd NPs, enhancing OH (7]
t
adsorption
fce-2H-fee heterophase Wet chemical eni b | d

Preci 1 et chemical epitaxy with regular arrangement an

recious meta Au@Pd core-shell & £ [19]
excellent electrocatalytic properties
nanorods
Au, o/Pty, Good adsorption and conversion [20]
Small particle size, 3~4 nm, increased the alcohol contact
CoMn-based catalysts ) [24]
specific surface area
Nickel-cobalt oxide
) o modified chitosan Synergy mechanism [25]
Non-precious transition
electrocatalysts
metal The Mo catalyst can compensate for the rate-limiting effect of
. NiOOH in the reaction, and the synergistic effect can

NiMo-based catalysts ) ) ) [29]

effectively reduce the reaction energy barrier and

increase the rate of the alcohol oxidation reaction

) Weakening the binding of Pd to CO and completing exposure
. . PdBi NCs o ) S [32]
Precious/non-precious of the active site of the nanostrand provide abundant active sites

transition metal PdCu NSs Pd changes the crystal structure of the Cu-phase interface and [33]

the catalytic energy consumption is lower than that of Pd
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Table 2 List of characteristics of three characterization methods: In-situ Raman, In-situ Infrared, and

X-ray absorption fine structure spectroscopy

In-situ characterization methods Characteristic Ref.
Dynamic evolution of adsorbed species, reaction intermediates and products on electrode

In-situ Raman . . . .
surfaces by detecting Raman peak shifts and intensity changes

By using different wavelengths, the species structure of the product in different stages is
In-situ Infrared detected, further analyzed and excluded from the inconsistent structure, and the whole  [43]

process identifying the corresponding product by the appeared peaks

The X-ray energy is adjusted to coincide with the inner electron layer in the element under

X-ray absorption fine structure . .
study before it is used to probe the sample, and then the amount of X-rays absorbed is  [44]

spectra . . .
monitored as a function of its energy
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Advances in Coupled Hydrogen Production from Alcohol Oxidation
Catalyzed by Noble and Non-Precious Metal Materials

CAO Lijuan"’, ZHANG Rongxin'"?, ZHOU Lei"”’
(1. School of New Materials and Chemical Engineering, Beijing Institute of Petrochemical Technology, Beijing,
China, 102617, 2. Beijing Key Laboratory of Enze Biomass Fine Chemicals, Beijing, China, 102617)

Abstract: Transition metal catalysts play a key role in the electrocatalytic alcohol oxidation coupled with

hydrogen production reaction. Therefore, it is of great significance to deeply study the formulation and

modification mechanism of precious and non-precious transition metals. Relevant studies have been conducted to

modify the catalysts in terms of nanostructure optimization, electronic structure modulation, and multi-component

synergistic effect, and so on. The mechanisms of micro-modulation of the alcohol oxidation electrocatalysts by

heteroatom doping, vacancy engineering, alloying, and core-shell structure and other strategies have been

reviewed in detail, and the significant effects of the d-electronic orbitals, empty orbitals, and lattice parameters on

the catalytic performance have been analyzed in-depth, followed by a principle analysis of the typical

characterization. The typical characterization techniques are then analyzed. Finally, the microregulation of the

catalysts is summarized, and its development prospect is outlooked, which is expected to achieve further

breakthroughs in the field of electrocatalysis.

Key words: alcohol oxidation; transition metal catalysts; precious metal catalysts; in-situ characterization
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