
Catalytic dehydrogenation of propane on Pt-based catalysts: the 

positive effect of Ga-promoting 

Stephanie Saerens, Maarten K. Sabbe, Vladimir V. Galvita, Marie-Françoise Reyniers
*
, 

Guy B. Marin 

Laboratory for Chemical Technology, Ghent University, Technologiepark 914, B-9052 

Ghent 

Propylene plays an important role in petrochemical industry for its use in polypropylene 

production. Steam cracking is the conventional source for light alkenes, but this high-

temperature process (>1000 K) is not selective and cannot satisfy the growing demand. 

For this reason, alternative pathways such as catalytic propane dehydrogenation have 

been studied. However, this highly endothermic reaction, operated at 800-900 K, is 

sensitive to side reactions such as deactivation of the industrially used chromia catalyst. 

Pt-based catalyst show higher activity and better stability than chromia catalysts, and 

have therefore gained significant attention in recent years. Experiments have shown that 

even higher activity and selectivity and limited coke formation can be achieved by 

promoting the Pt catalyst with another element such as Ga [1]. In this work, a low amount 

of promotor element is used, leading to the Pt3Ga alloy composition [1]. 

Thermodynamic and kinetic data of an extensive propane dehydrogenation 

reaction network were obtained using periodic DFT calculations. 

Electronic energies and geometries at 0 K were calculated using the Vienna 

Ab initio Simulation Package (VASP). The optPBE vdW-DF functional 

was used to take non-local interactions into account, such as van der Waals 

forces. The Pt(111) and Pt3Ga(111) surfaces are modeled by a four-layered 

slab and are represented using a 42 unit cell, corresponding to typical 

catalyst coverage. Thermodynamic and kinetic data at 873 K have been 

calculated using statistical thermodynamics and transition-state theory. 

The calculations indicate that all considered intermediates towards propylene adsorb 

more strongly on Pt3Ga(111) than on Pt(111), only propylene adsorbs as strongly on both 

surfaces. Furthermore, lower reaction barriers are calculated on Pt3Ga(111), leading to 

expected higher catalytic activity. The deeply dehydrogenated coke precursors are less 

strongly bonded to the Pt3Ga(111) surface than to the Pt(111) surface and, hence, the 

presence of Ga will likely suppress coke formation and improve selectivity. The ab initio 

calculated rate coefficients have been implemented in a microkinetic model and this has 

confirmed the experimental observations. 
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