On the Rotational Intergrowth of Hierarchical FAU/EMT
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Abstract 
Hierarchical zeolites is a class of materials that combine zeolite micropores with meso and/or macropores.[1,2] These materials exhibit higher reaction rates,[3,4] improved selectivity,[5,6] resistance to deactivation,[6-8] and novel adsorption behavior[9] compared to microporous-only zeolites. Several approaches were reported for the synthesis of hierarchical zeolites at lab scale, [10] but have not been scaled up for industrial applications because of safety and cost constraints. We believe that repetitive branching by rotational intergrowths[4,11,12] holds promise for industrial implementation due to its simplicity (one-step synthesis) and lower cost (simple structure directing agents or additives) compared to templating approaches.
In a recent publication, Inayat et al. reported the synthesis of hierarchical arrangement of faujasite nanosheets as a type X zeolite (Si/Al<1.5).[11] The house-of-card nanosheet structure combines faujasite micropores (0.74 nm), with mesopores (ca. 7 nm) contained within the sheets (sheet thickness of  ̴ 100-200 nm) and macropores (ca. 200 nm) resulting from the intersection of the sheets. However, a plausible scenario for how branching takes place was not presented up to now. Since understanding the branching mechanism may enable one to control the nanosheet thickness, branching frequency and other structural characteristics, we attempt to provide such understanding through a structural study using Transmission Electron Microscopy imaging and diffraction and comparison to simulations.
Our results show that T-H-Faujasite: (1) at the particle level has a cuboctahedron morphology consistent with cubic FAU; (2) each cuboctahedron particle consists of a skeletal arrangement of nanosheets interpenetrating at 70.5° or 109.5°; (3) each nanosheet is thin along <111>cubic, and is predominantly composed of FAU, with EMT present in small isolated domains that do not give rise to XRD peaks. We propose that the presence of the hardly detectable small EMT domains is what directs the formation of anisotropic nanosheets and creates the growth instability leading to branching. This is a type of dendritic growth that is similar, yet distinct, to that observed in many crystals including snowflakes. It demonstrates, along with earlier work on MFI/MEL,[4] that there is a direct link between zeolite polytypes and the repetitive branching mechanism leading to hierarchical structures.
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