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Determining Correct Tortuosity Factors for Gas Diffusion inside Aerogel Catalysts by Diffusion NMR
Mueller, R.; Zhang, S. (U. of Florida, Chem. Eng.); Klink, M.; Bäumer, M. (Bremen University, Inst. for Appl. and Phys. Chem., Germany) and Vasenkov, S. (U. of Florida, Chem. Eng.)
Introduction 

Samaria and samaria-alumina aerogels represent promising catalysts for the oxidative coupling of methane (OCM). The transport properties of such catalysts can be characterized by the tortuosity factor ((), which provides a means of quantifying the extent of increased molecular trajectories in porous systems due to multiple reflections from the porous structure.
Experimental 

Monoliths of samaria-alumina aerogel catalyst were synthesized in the laboratory of Prof. Bäumer following the epoxide addition sol-gel method. 13C PFG NMR diffusion studies of CO2 inside these monoliths were performed using a wide-bore 17.6 T Bruker BioSpin spectrometer located at AMRIS, University of Florida. 
Results and Discussion


Fig 1 and 2 show, respectively, the PFG NMR attenuation curves and the resulting diffusivities of CO2 molecules inside monoliths of samaria-alumina aerogel catalysts. Analysis of the data reported in Fig. 2 demonstrates that it is possible to separate the contribution from surface diffusion into the apparent tortuosity factor measured for the catalyst using PFG NMR [1].  It is shown that without separating this contribution the apparent tortuosity factor obtained in the Knudsen regime by PFG NMR can be several times larger than the corrected tortuosity, i.e. the  traditionally-defined tortuosity which for a given diffusion regime depends only on the geometrical properties of a porous system.
Conclusions

This work reports the procedure for obtaining correct tortuosity factors for gas diffusion in porous catalysts. 
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Fig.2. CO2 self-diffusivity, Dintra, measured by 13C PFG NMR inside the samaria-alumina aerogel catalyst and the corresponding theoretical diffusivity, Dintra model, discussed in ref. 1. Also shown are the following self-diffusivities of CO2: self-diffusivity in the macroscopic gas volume surrounding the catalyst (Dg0), and the reference self-diffusivity in the Knudsen regime (DK0).





Fig.1 Examples of 13C PFG NMR attenuation curves for CO2 self-diffusion inside the aerogel catalyst for several diffusion times and CO2 loading pressures at 297 K. In this presentation, the contribution of the gas phase surrounding the catalyst monoliths have been subtracted away revealing only intraparticle diffusion attenuation.












