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Effect of Alkali Metal Promoters on Water-Gas Shift Activity
over Au-Pt/CeO, Catalyst
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Abstract: Au-Pt/CeO, catalyst samples modified with alkali metals M (M = Na, K, Rb, and Cs) were prepared and their catalytic activity for
water-gas shift (WGS) was evaluated. The structure and surface properties of the Au-Pt/CeO, catalyst promoted by potassium were investi-
gated by X-ray powder diffraction, H, temperature-programmed reduction, ultraviolet-visible diffuse reflectance spectroscopy, and X-ray
photoelectron spectroscopy. The higher activity obtained on the K-promoted Au-Pt/CeO, sample was possibly due to the reduction of Au®*
species and the enrichment of Ce®* on the catalyst surface, which generated more oxygen vacancies. The catalytic activity of Au-Pt/CeO, was
greatly influenced by the alkali metals. When the K content was 0.025%, the CO conversion achieved up to 95% at 250 °C.
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Fig. 1. Effect of alkai metal promoters on WGS reaction activity over

0.5%M-Au-Pt/CeO, catalysts. Reaction conditions: n(H,0)/n(CO) = 8,
CO 10 ml/min, catalyst 0.5 ml.
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Fig. 2. Effect of K loading on WGS reaction activity over the
K-Au-Pt/CeO, catalyst. Reaction conditions are the same as in Fig. 1.
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Fig. 3. XRD patterns of M-Au-Pt/CeO, catalyst samples. (1)
Au-Pt/CeO;; (2) 0.025%K-Au-Pt/CeO,; (3) 0.25%K-Au-Pt/CeO,; (4)
0.5%K-Au-Pt/CeOy; (5) 0.5%Cs-Au-Pt/CeO,.
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Fig. 4. H,-TPR profiles of M-Au-Pt/CeO, catalyst samples. (1)
Au-Pt/Ce0;; (2) 0.025%K-Au-Pt/CeO;; (3) 0.25%K-Au-Pt/CeO,; (4)
0.5%K-Au-Pt/CeO,; (5) 0.5%Cs-Au-Pt/CeO,.
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Fig. 5. UV-Vis diffuse reflectance spectra of K-Au-Pt/CeO, catalyst
samples. (1) Au-Pt/CeO,; (2) 0.025%K-Au-Pt/CeO; (3) 0.25% K-Au-
Pt/CeOy; (4) 0.5% K-Au-Pt/CeO,.
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Fig. 6. XPS spectra of Au/CeO; (1), Au-Pt/CeO, (2), K-Au-Pt/CeO, (3), and Pt/CeO, (4) catalyst samples.
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Table 1 Bindingenergy of various elements and surface atom concentration derived from XPS spectra of different catalyst samples

Binding energy (eV)

Surface atomic concentration (%)

Atomic ratio (%)

Sample

Au Pt Ce (0] Au Pt Ce O Au/Ce Pt/Ce Au/O Pt/O Ce/O
Au/Ce0O, 83.9 — 882.7 529.6 0.7 — 229 76.3 3.1 — 0.9 — 30.1
Pt/CeO, — 734 8832 5302 — 0.8 22.0 77.2 — 3.7 — 1.06 28.5
Au-Pt/Ce0O, 843 735 8833 5302 0.2 0.6 18.4 80.7 1.4 3.4 0.33 0.77 22.7
K-Au-Pt/Ce0, 841 731 8828 5298 0.3 0.7 22.1 76.8 1.3 3.3 0.39 0.96 28.7
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