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Abstract 

Routes to convert light alkanes derived from shale gas into chemicals and liquid fuels involve various 
types of solid acid-catalyzed reactions. Acidic zeolites are an attractive class of materials to catalyze 
such reactions, because synthetic approaches allow purposefully manipulating active site arrangements 
and intracrystallite diffusion phenomena that influence reaction rate, product selectivity, and stability 
against deactivation. We discuss recent advances in the synthesis, characterization, catalytic evaluation, 
and theoretical modeling to probe these phenomena on a family of acid-catalyzed hydrocarbon and 
oxygenate reactions. These examples highlight the potential for new opportunities to use catalytic 
reaction engineering principles in designing routes to convert light alkanes into heavier hydrocarbons. 
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Introduction

The activation of light alkanes (ethane, propane) to 
form alkenes (ethene, propene), and their subsequent 
oligomerization to heavier hydrocarbons, provides a 
strategy for converting light gases into compounds useful 
as chemicals and liquid transportation fuels. In the case of 
Brønsted acid zeolite catalysts, the location (Gounder et 
al., 2009) and proximity (Song et al., 2017) of framework 
Al atoms, which generate active H+ sites, has been shown 
to influence rates and selectivities of monomolecular 
alkane activation via carbonium ion transition states. The 
sizes of primary zeolite crystallites, and the density of their 
framework Al atoms, also influence rates, selectivities, and 
deactivation during alkene oligomerization because longer 
diffusion paths and higher active site densities 
preferentially increase intracrystalline residence times of 
larger products (Sarazen et al., 2016). The combined 
effects of crystallite size and Al content are captured in an 
effective diffusion parameter, proportional to the 
volumetric density of active sites and the square of the 
characteristic diffusion length (Sarazen et al., 2016). Thus, 
synthetic methods to generate zeolitic materials with 

tailored active site arrangements and characteristic 
diffusion parameters provide new opportunities in catalytic 
reaction engineering for light hydrocarbon conversion. 

Results and Discussion 

We will discuss our recent work to use mixtures of 
structure-directing agents (Di Iorio et al., 2016) and non-
catalytic heteroatoms (Kester et al., 2018) to independently 
tailor active site arrangements and crystallite diffusion 
parameters, and efforts to adapt these synthesis approaches 
to broader families of zeolite topologies. We will also 
discuss experimental tools and first-principles theoretical 
approaches to characterize active site arrangements in 
zeolites. Finally, we will discuss experimental and 
microkinetic modeling data that interrogate how active site 
arrangements and crystallite diffusion parameters 
influence the rates, selectivities, and deactivation of 
zeolites, in the catalytic contexts of monomolecular alkane 
activation (>673 K), alkene oligomerization (<573 K), and 
methanol dehydration (<473 K) (Di Iorio et al., 2017). 



  
 
Conclusion 

Developing catalytic routes to convert light shale gas 
hydrocarbons to chemicals and fuels relies on fundamental 
research in the areas of atom-precise materials synthesis, 
active site and porous material characterization, kinetic 
and mechanistic interrogation of catalytic materials, and 
first-principles and microkinetic modeling. The examples 
discussed here show how the confluence of these research 
efforts can help identify new materials and operating 
conditions that benefit from the application of catalytic 
reaction engineering principles.  
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