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Ni-CeO,/SIO, nanocluster s catalyzing CO, hydrogenation to formic acid
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Abstract: In order to prepare Ni-based heterogeneous catalyst with high activity, easy separation and low
cost, Ni-CeO,/SiO, catalyst was synthesized by reverse microemulsion method with nickel nitrate
hexahydrate and cerium nitrate hexahydrate as raw materials and self-made nano-SiO, as support,
characterized by SEM, TEM, XRD, and XPS for analyses on the microstructure, composition, particle size
distribution and electronic structure, and further used to catalyze the hydrogenation of CO, to formic acid,
with the effect of reaction conditions on formic acid yield evaluated. The results showed that Ni-CeO,/SiO,
exhibited a regular spherical morphology, an average particle size of (60.7+2.6) nm, and the active
component Ni-CeO, of (1.5+£0.4) nm, which belonged to nanoclusters. The Ni and Ce loading (based on the
mass of SiO,, the same below) of Ni-CeO,/SiO, were 2.5% and 2.1%, respectively. The specific surface
area was 453 m*/g. The formic acid yield reached 77.8% with 0.1 mol/L aqueous solution of KHCOs as
CO, source at 200 °C and hydrogen pressure 3 MPa in 2 h. The introduction of CeO, promoted the
dispersion of Ni, also induced the electron transfer from Ni to CeO, due to the difference of work function
between Ni and CeQO,, forming a Ni‘”—(CeOz)‘F hetero junction which could induce the H, heterocleavage,
thereby improving the catalytic activity of Ni-CeO,/SiO,.
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Fig. 1 Standard curve for formic acid
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