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            linear CO bridge CO decrease Pt-based bimetallic catalysts for alkane dehydrogenation: structural, spectroscopic, and kinetic characterization Delivery of promoter elements via support • Secure supply of high-quality propylene decoupled from the ethylene market. • Suitable for the exploitation of unconventional resources such as shale gas. • Pt-based catalysts are often used for industrial propane dehydrogenation. Introduction C 3 H 8 ⇄ C 3 H 6 + H 2 • Generates hydrogen as a co-product. • The activity, selectivity, and stability of these catalysts must be further optimized. • This project is focused on the bimetallic PtM/Mg(Al,M)O x (M=Ga, In, Sn) catalysts with improved performance and resistance to coking. • In a more general context, these catalysts serve as a model for studying:  the effects of Pt promotion with Ga, Sn, In and other metals on dehydrogenation catalysis.  novel way of introducing promoter elements to Pt nanoparticles Sun et al., 2010 J.Catal., 274, 192-199 Redekop et al., 2014 ACS Catal., 4 (6), 1812–1824 Structural characterization (TEM, EDX, XRD) calcined reduced re-oxidized 10 nm Pt/Mg(Al)Ox Pt/Mg(Al)Ox • In situ XRD characterization during reduction/oxidation cycling at 873 K: • Pt-Ga alloying/segregation is strongly environmental-dependent • TEM and local EDX analysis confirms alloy formation/segregation • A model for the alloy formation/segregation process:      ⇌            ⇌         ⇌     • Pt-Ga alloy(s) formed on HT supports at much higher T than on native Ga 2 O 3 (873 K vs. 773 K) Redekop et al., 2014 ACS Catal., 4 (6), 1812–1824 Spectroscopic characterization (DRIFTS) • Time-scale of alloying-segregation is limited to 5-10 minutes • CO used as a probe molecule to characterize accessible catalyst sites • Characterization was performed during different stages of catalyst life-time • Effects of alloying with Ga on CO peak positions at RT before and after coking before coking after coking • Analysis guided by DFT calculations on model surfaces Mojet et al., Chem. Soc. Rev.,2010, 39, 4643-4655 carbonates formed on the support from CO upon heating Peng et al., J.Catal, 286 (2012) 22 Galvita et al., unpublished S. Saerens, M. Sabbe, and M. F. Reyniers • A number of questions regarding dehydrogenation mechanism on Pt remain open: location and structure of active sites, the role of promoting elements, positive effect of hydrogen on dehydrogenation rates, etc. C 3 H 8 C 3 H 6 H 2 CH 4 R C3H6 (norm.) 2% Pt/Mg(Al)O x Ga/Pt ~ 0 873 K, Wcat/FC3H8,0 = 25 kgcat·s·mol -1 , and PC3H8,0 = 5 kPa at a total pressure of 101.3 kPa 3% Pt/Mg(Ga,Al)O x Ga/Pt ~ 10 Atmospheric flow step-response • The presence of promoters enhances alkene selectivity and hinders coke formation • Steady-state alkene selectivity is established after the initial unselective period of hydrogenolysis and coking • Co-feeding hydrogen improves steady-state dehydrogenation rates, most probably due to competitive co-adsorption of hydrogen and product alkene 873 K, 10 -2 -10 2 Pa Temporal Analysis of Products (TAP) • Non-steady-sate activity/selectivity trends are reproduced on different time scales • Coke burn-off data suggest the presence of several types of coke (on metal and support) E.A. Redekop 1 , V.V. Galvita 1 , H. Poelman 1 , V. Bliznuk 2 , C. Detavernier 3 , S. Saerens 1 , M. Sabbe 1 , M. F. Reyniers 1 , and G.B. Marin 1 1 Laboratory for Chemical Technology 2 Department of Materials Science and Engineering 3 CoCooN Research Group, Department of Solid State Sciences European Research Institute of Catalysis • Main and side products during propane multi-pulse experiments at 873 K: • Coke burn-off at 873 K: • Co-adsorption of C 3 H 2 and H 2 at 573 K: Redekop et al., 2014 ACS Catal., 4 (6), 1812–1824 Conclusions • A novel synthesis method is investigated to prepare highly active and selective Pt-based bimetallic catalysts for light alkane dehydrogenation • Catalysts exhibit a dynamic alloying/segregation process driven by switching between reducing and oxidizing gas environments during different stages of catalyst life-time • Structural (geometric) effects of promoter elements prevail over electronic effects Acknowledgments • Long Term Structural Methusalem Funding by the Flemish Government • Fund for Scientific Research Flanders (FWO) • Interuniversity Attraction Poles Programme (IUAP) - Belgian State – Belgian Science Policy • Marie Curie International Incoming Fellowship granted by the European Commission (Grant Agreement No. 301703) 
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linear CO
 bridge COdecrease
 Pt-based bimetallic catalysts for alkane dehydrogenation: structural, spectroscopic, and kinetic characterization
 Delivery of promoter elements via support• Secure supply of high-quality propylene decoupled from the ethylene market.
 • Suitable for the exploitation of unconventional resources such as shale gas.
 • Pt-based catalysts are often used for industrial propane dehydrogenation.
 Introduction C3H8 ⇄ C3H6 + H2
 • Generates hydrogen as a co-product.
 • The activity, selectivity, and stability of these catalysts must be further optimized.
 • This project is focused on the bimetallic PtM/Mg(Al,M)Ox (M=Ga, In, Sn) catalysts with improved performance and resistance to coking.
 • In a more general context, these catalysts serve as a model for studying: � the effects of Pt promotion with Ga, Sn, In and other metals on dehydrogenation catalysis.� novel way of introducing promoter elements to Pt nanoparticles
 Sun et al., 2010 J.Catal., 274, 192-199 Redekop et al., 2014 ACS Catal., 4 (6), 1812–1824
 Structural characterization (TEM, EDX, XRD)
 calcined reduced re-oxidized
 10 nm
 Pt/Mg(Al)Ox Pt/Mg(Al)Ox
 • In situ XRD characterization during reduction/oxidation cycling at 873 K:
 • Pt-Ga alloying/segregation is strongly environmental-dependent
 • TEM and local EDX analysis confirms alloy formation/segregation
 • A model for the alloy formation/segregation process:
 �� � � ��
 �⇌
 �
 ���   ���� �� � �� � �� ��
 �⇌
 �
 ���   �������   ����
 �⇌
 ��
 ���   ����
 • Pt-Ga alloy(s) formed on HT supports at much higher T than on native Ga2O3
 (873 K vs. 773 K)
 Redekop et al., 2014 ACS Catal., 4 (6), 1812–1824
 Spectroscopic characterization (DRIFTS)
 • Time-scale of alloying-segregation is limited to 5-10 minutes
 • CO used as a probe molecule to characterize accessible catalyst sites
 • Characterization was performed during different stages of catalyst life-time
 • Effects of alloying with Ga on CO peak positions at RT before and after coking
 before coking
 after coking
 • Analysis guided by DFT calculations on model surfaces
 Mojet et al., Chem. Soc. Rev.,2010, 39, 4643-4655
 carbonates formed on the support from CO upon heating
 Peng et al., J.Catal, 286 (2012) 22
 Galvita et al., unpublished
 S. Saerens, M. Sabbe, and M. F. Reyniers
 • A number of questions regarding dehydrogenation mechanism on Pt remain open:location and structure of active sites, the role of promoting elements,positive effect of hydrogen on dehydrogenation rates, etc.
 C3H8 C3H6H2 CH4
 RC
 3H6 (n
 orm
 .)
 2% Pt/Mg(Al)Ox
 Ga/Pt ~ 0
 873 K, Wcat/FC3H8,0 = 25 kgcat·s·mol−1, and PC3H8,0= 5 kPa at a total pressure of 101.3 kPa
 3% Pt/Mg(Ga,Al)Ox
 Ga/Pt ~ 10
 Atmospheric flow step-response
 • The presence of promoters enhances alkene selectivity and hinders coke formation
 • Steady-state alkene selectivity is established after the initial unselective period of hydrogenolysis and coking
 • Co-feeding hydrogen improves steady-state dehydrogenation rates, most probably due to competitive co-adsorption of hydrogen and product alkene
 873 K, 10-2-102 Pa
 Temporal Analysis of Products (TAP)
 • Non-steady-sate activity/selectivity trends are reproduced on different time scales
 • Coke burn-off data suggest the presence of several types of coke (on metal and support)
 E.A. Redekop1, V.V. Galvita1, H. Poelman1, V. Bliznuk2, C. Detavernier3, S. Saerens1, M. Sabbe1, M. F. Reyniers1, and G.B. Marin1
 1Laboratory for Chemical Technology
 2Department of Materials Science and Engineering
 3CoCooN Research Group, Department of Solid State SciencesEuropean Research Institute of Catalysis
 • Main and side products during propane multi-pulse experiments at 873 K:
 • Coke burn-off at 873 K: • Co-adsorption of C3H2 and H2 at 573 K:
 Redekop et al., 2014 ACS Catal., 4 (6), 1812–1824
 Conclusions• A novel synthesis method is investigated to prepare highly active and selective Pt-based
 bimetallic catalysts for light alkane dehydrogenation
 • Catalysts exhibit a dynamic alloying/segregation process driven by switching between reducing and oxidizing gas environments during different stages of catalyst life-time
 • Structural (geometric) effects of promoter elements prevail over electronic effects
 Acknowledgments • Long Term Structural Methusalem Funding by the Flemish Government• Fund for Scientific Research Flanders (FWO)
 • Interuniversity Attraction Poles Programme (IUAP) -Belgian State – Belgian Science Policy• Marie Curie International Incoming Fellowship granted by the European Commission (Grant Agreement No. 301703)
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