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Industrial production of hydrogen is mostly achieved by the water-gas shift (WGS) reaction (H2O + CO  H2 + CO2). To shift the equilibrium of the exothermic reaction to the right and maximize hydrogen production, the catalytic WGS reaction is performed at two temperature ranges. The high temperature WGS reaction stage was traditionally performed with the unsupported Cr2O3-Fe2O3 mixed oxide catalyst. In recent years, the addition of Cu to the Cr2O3-Fe2O3 mixed oxide catalyst was found to increase the performance of the HT WGS catalyst, but the promotion mechanism of Cu is still not well understood because of the lack of characterization studies under reaction conditions. 
To advance the fundamental understanding of the promotion of Cu for this important industrial reaction for hydrogen production, a series of CuO-Cr2O3-Fe2O3 catalysts were synthesized and investigated with modern  in situ (TPR, TP-DRIFTS and Raman) and operando (Raman-MS, XANES/EXAFS-MS and near ambient pressure XPS-MS) spectroscopy studies during the HT WGS reaction. The unsupported Fe2O3, Cr2O3-Fe2O3 and CuO-Cr2O3-Fe2O3 catalysts were synthesized by the co-precipitation method from the corresponding nitrates. The freshly calcined CuO-Cr2O3-Fe2O3 catalyst consists of surface Cr6+ species and a solid solution of Cr+3 and Cu+2 in the Fe2O3 bulk lattice. During the HT WGS reaction, surface Cr6+ reduces to Cr3+ and further dissolved in the iron oxide lattice, bulk Fe2-xCrxO3 transforms to bulk Fe3-xCrxO4 and Cu2+ reduces to large metallic Cu0 particles. Redox experiments confirm that Fe and Cu are active sites during the HT WGS reaction, while the role of Cr is to stabilize the surface area of the Fe3-xCrxO4 component by retarding sintering. Addition of Cu promotes both the initial bulk transformation of Fe2-xCrxO3 to Fe3-xCrxO4 and, more importantly, the redox properties of the catalyst. 

