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Research progress of Pd-based heterogeneous catalytic system for liquid phase
dehydrogenation of formic acid
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Abstract: Formic acid is colorless, low toxicity, easy to store and transport, and can be produced by CO, hydrogenation and biomass
conversion, which is an ideal hydrogen carrier. As an active metal, Pd has high catalytic activity in formic acid dehydrogenation, but the
Pd-based heterogeneous catalysts are still facing the problems of low catalytic activity and selectivity, poor stability and expensive,
which cannot meet the needs of industrialization. In order to solve these problems, the research progress of Pd-based heterogeneous
catalysts for the liquid-phase dehydrogenation of formic acid in recent years was reviewed, and the reaction mechanism of liquid phase
dehydrogenation of formic acid was discussed, as well as the effects of key factors of liquid phase dehydrogenation of formic acid (Pd
nanoparticles (Pd NPs) size/microstructure, carrier structure/surface properties and reaction additives) on the catalytic activity and
stability were discussed. It is found that the alloying, core-shell structure, pore confinement effect of porous materials, amino
functionalization/nitrogen doping modification of carrier surface and metal oxide defect effect, etc. could obtain Pd NPs with smaller
sizes, then improve the dispersion and stability of Pd NPs and reduce the amount of Pd, and at the same time adjust and optimize the
microstructure of Pd NPs, resulting in the improvement of the activity and stability of the catalysts for the dehydrogenation of formic
acid, which can provide useful reference for the development of novel Pd-based heterogeneous catalytic systems for the efficient
dehydrogenation of formic acid.
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Fig. 1 Reaction mechanism of liquid-phase dehydrogenation

of formic acid catalyzed by Pd-based catalysts
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Table 1 Typical Pd cluster catalysts

e Wik R ~F am  BHEEE °C TOF /' B30k
Pd/YSMSNs-NH, 1.5 40 1207 [18]
PA/NCt@WO, 23 50 1225 [19]
Pd/A-SEP-NH, 2.8 30 1140 [20]
Pd-B/C 2.2 30 1148 [21]
Pd-NMC 1.3 25 913 [22]
Pd/NH,-rGO 23 25 767 [23]
Pd/S-1-in-K 1.8 25 856 [24]
Pd@MC(2)-P 2.8 25 971 [25]
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Fig. 2 Variation law of TOF of catalysts with particle size of

Pd NPs"*
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Table 2 Typical Pd alloy catalysts
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Fig.3 Schematic diagram of PdAg@Pd ONCs -catalyst

preparation process and surface metal interaction'*!
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Table 3 Characteristics of different support materials
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