The effect of CuO loading on the performance of CuO/CeO2 nanocomposites in the low-temperature oxidation of carbon monoxide
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One of the best ways to achieve CO elimination is to design catalysts, which promote the oxidation of CO to CO2 at low temperatures. In this work, we are going to produce CuO/CeO2 nanocatalysts by solution combustion synthesis using urea as a reductant [1] and copper-cerium nitrates as oxidants with a Red/Ox ratio (urea to nitrates or U/N) of 0.2 [2]. The aim is to determine the effect of the CuO loading in CuO/CeO2 composites on their activity toward low-temperature CO oxidation and to find the optimal catalyst composition. The CuO content applied in this report varied from 0 to 50 at%Cu in the ratio of Cu/Ce. The as-synthesized samples were calcined at 500°C for 2 hours to remove undesirable organic impurities as well as the residual carbon remaining after the combustion reaction. The thermogravimetric analysis showed that the residual carbonaceous species should be removed at temperatures below 300°C since the weight change did not occur after 300°C [3]. The catalysts were then characterized by EDS, PXRD, SEM, ADS analyses and tested for CO oxidation. Based on the observed results, the optimal catalyst was determined as CuO/CeO2-20 with the at%Cu = 20%. The characteristics of this sample were additionally investigated by the Raman, XPS, TEM, H2-TPR, EDS-mapping and its stability was also studied.
The findings confirmed the absence of impurities in the samples, showed 3 phases of crystalline CeO2, crystalline and amorphous CuO with the average crystallite size not exceeding 10 nm for CeO2 and 33 nm for CuO; as for SEM observations, the hermetically agglomerated micro-spherical shapes were formed for the samples with the at%Cu of 2.5-20%, meanwhile, from 30 to 50%, discrete smaller spheres gradually appeared; ADS demonstrated the formation of porosity in the samples, in particular, the interparticle pores with Dp ~ 2-3 nm and the hierarchical pores – 23-50 nm; generally, the more the CuO loading, the lower the formation of pores; the specific surface area decreases from 85.8 to 12.2 m2/g with the CuO loading of 0→10%, whereas from 20 to 50%, it tends to increase slightly in the small range of 52.7-63.7 m2/g; concerning the catalytic performance, the more the CuO loading, the higher the activity (for cases of at%Cu less than 20%), while the activity is almost unchanged for cases with the at%Cu ≥ 20%; it was shown that various factors, including specific surface area, the crystallite size of CeO2, amount of amorphous CuO phase, as well as the type of morphology and pore distribution, comprehensively affected the catalytic performance.

Additional methods used for characterizing the CuO/CeO2-20 sample proved the strong synergistic effect between copper and cerium particles, the finely dispersed copper particles on the catalyst surface; showed the coexistence of redox pairs Ce4+/Ce3+-Cu2+/Cu+ induced to the formation of oxygen vacancies, as well as the presence of superficial lattice oxygen and adsorbed oxygen species leading to improve the catalytic activity of CuO/CeO2-20 catalyst. Moreover, the experiments with cyclic and water vapor effects for the CuO/CeO2-20 sample confirmed its high stability, the CuO/CeO2-20 catalyst retained its properties after testing the CO conversions, as measured by PXRD and ADS. We believe that the activity in CO oxidation of the CuO/CeO2-20 sample can even be enhanced by doping/loading oxides of the other rare-earth and transition metals, which requires further study.
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