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Transforming Pt-CeO, interfaces into Active and Stable
Catalysts for the Conversion of Carbon Dioxide and Methane
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Scientific Achievement :

Scientists developed active catalysts for conversion of .
carbon dioxide and methane to syngas (CO/H,), using
Pt-CeO, interfaces with small Pt clusters activated by
strong metal-support interactions with ceria.
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Significance and Impact | o Mo oy Mo B S L
The reaction of CO, and CH, to produce syngas Pt/Ce0,(111) shows stable activity: higher
(methane dry reforming, MDR) converts two than other M-CeO, surfaces (left), and
greenhouse gases to chemical intermediates for without deactivation seen for Pt(111) (right)

sustainable fuel production but requires better catalysts. Here, strong metal-support
interactions in Pt-CeO, interfaces activate both CO, and CH, reactants for MDR at moderate
temperature (500 C). Pt-CeO, has higher activity and selectivity than other M-CeO, (M= Ni,
Co, Fe, Cu) surfaces and avoids C deactivation that is a limitation of bulk platinum surfaces.

Research Detail
— Experimental studies characterized systems by combined in-situ/operando methods (AP-XPS, XRD, XAFS)

— Studies identified important role of an active Pt-CeO,_, interface where both oxide and metal are
involved, and oxide-metal synergy is critical for activity and stability

— Reactor powder catalyst studies (0.5 wt% Pt/CeO,) confirmed stable activity consistent with models
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Presentation Notes
On Pt(111), elevated temperatures are necessary to activate CH4 and CO2 and massive deposition of carbon makes this metal surface ineffective for the CH4 + CO2  2CO + 2H2  process.  A similar problem occurs with surfaces of other late transition metals (Pd, Ni, Co, Fe, Rh). In this study, we show that strong metal-support interactions present in Pt/CeO2(111) and Pt/CeO2 powders lead to systems which can  bind well CO2 and CH4 at room temperature and are excellent and stable catalysts for the MDR process at moderate temperatures (500 ºC). The behaviour of these systems was studied using a combination of in-situ/operando methods (AP-XPS, XRD, XAFS) which pointed to an active Pt-CeO2-x interface. In this interface, the oxide is far from being a passive spectator. It modifies the chemical properties of Pt, facilitating improved methane dissociation, and is directly involved in the adsorption and dissociation of CO2 making the MDR catalytic cycle possible. A comparison of the benefits gained by the use of an effective metal-oxide interface and those obtained by plain bimetallic bonding indicates that the former is much more important when optimizing the C1 chemistry associated with CH4 and CO2 conversion. The presence of elements with a different chemical nature at the metal-oxide interface opens the possibility for truly cooperative interactions in the activation of C-H and C-O bonds. 
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