Molecular diffusion in porous media: a multimodal
approach coupling 3D imagery, X ray scattering,
NMRD and numerical simulations

Pierre Levitz*! and Anne-Laure Rollet!

1PHysicochimie des Electrolytes et Nanosystemes InterfaciauX — Institut de Chimie du CNRS,
Sorbonne Universite, Centre National de la Recherche Scientifique — France

Résumé

1 Introduction Diffusive transport of confined fluid in disordered porous media raise some
challenging questions related to fluid dynamics inside these materials, at different time and
length scales. Some examples can be mentioned such as the life cycle of building materials
associated to concrete durability (water and ion long term diffusion) (1,2), the degradation
of porous media belonging to the cultural heritage (3), the long-term confinement of nuclear
wastes in geological horizons (clays) and the optimal design of catalyst supports (4). Molec-
ular diffusion dynamics inside nanoporous and meso porous materials follows an intermittent
dynamic (5-7) involving adsorption, surface diffusion and relocation inside the pore space.
This coupling between dynamics and interfacial confinement, contributes to constraint the
molecular diffusion inside pore network. In order to quantify this coupling, some parameters
need to be measured such as the molecular surface diffusion coefficient, the average residence
time on the pore surface, the time delay between two consecutive adsorptions where molecule
diffuses inside the bulky part of the pore network (6). In the case of hierarchical disordered
porous material such as soil, and mesoporous catalysts, molecular exchange between two or
more pore networks, organized at different length scale, generalizes and extend molecular
intermittent dynamics toward larger time. In both cases, the pore network organization on
a length-scale ranging from nanometers to some micrometers is a cornerstone to properly
understand diffusion-permeation properties. A strong need to a bottom-up approach mixing
X-ray scattering (SAXS, SANS,2D-3D imagery technics and numerical simulations is highly
suitable for these types of multiscale complex systems (1,2,3,6). This multimodal structural
analysis offers the possibility to use 3D reconstructions and to build constrained models mim-
icking geometrical features observed experimentally (6,8). These models can then be used
to compute transport properties, allowing comparison with experimental determinations. In
this presentation, we attempt to illustrate these topics and focus on two specific examples. 2
Molecular diffusion in a mesoporous material This first example concerns the water interfacial
dynamics inside a mesoporous precursor of a catalytic support, the boehmite. As Al203
catalyst support inherits most of morphological properties of this precursor, understand-
ing and optimizing molecular transport inside a boehmite pore network is a key parameter
to improve molecular accessibility to a specific pore surface location. 3D morphology and
topology of a commercial sample from was first investigated by electron tomography (8)
and small angle scattering, providing a reliable 3D representation of the pore network at
the nanometer scale. At the mesoscopic time scale (from 1ns to 10 ms), water dynamics
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was probed by NMRD (8) of 1H and 2H at different levels of water saturation of the pore
network. In all cases, dispersion curves R1() follow a very similar algebraic law, highlighting
the determinant contribution of the water dynamics on surface. In order to decipher different
contributions of interfacial molecular dynamics, numerical simulations are conducted using
the 3D reconstruction of the pore network, as it was formerly done in the case of the Vycor
glass (6). Respective role of surface interaction and surface geometry on water dynamics
were analyzed. Comparison with NMRD experimental data has allowed determining two
important surface descriptors: First, the escaping time and/or the adsorption time found to
be rather long: 8 10 -6 s; second, the surface self-diffusion of the proton inside the surface
layer estimated on the order of 10-10 m 2 /s. More technically, it was also concluded that
the interfacial geometry and its curvature properties plays an important role to understand
water proton diffusing on the surface of this porous material and its NMRD signature. 3
Bridging scales in hierarchical pore networks In the second part of this presentation, more
numerical oriented, we propose some possible ways to upscale the analysis of fluid dynamics,
allowing decoupling the scale of the so-called ”elementary pore” (which involves adsorption
and relocation dynamics) and the long-range exploration, sensitive to the porous network
structure. More specifically, in the case of a multiscale pore network and using first passage
statistics, we analyze the possibility to quantify the molecular exchange between two pore
networks organized at different length scales, Kinetics of a first encounter with a reactive site,
located inside one specific pore network of a multiscale porous material is also discussed. Ref-
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