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Fluid transfers in nanopores through dynamic NMR
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NMR relaxation time measurement is a well-known, non-destructive method to probe all states of protonic
liquid such as water, in porous media, at different pore scales. In contrast with MRI which can get local
information but is blind with respect to most liquid in nanomaterials, standard NMR relaxation measurements
can provide information on the liquid content over six decades of relaxation times typically corresponding
to pore scales from the millimeter to the nanometer. Here, we propose a simple though powerful technique
which provides various direct, quantitative information on the liquid distribution inside nanoporous porous
structures and its variations over time due to fluid transports and/or phase changes. It relies on the analysis of
the details of the NMR (nuclear magnetic resonance) relaxation of the proton spins of the liquid molecules and
its evolution during some process such as imbibition, drying, phase change, etc, of the sample. We present
a few applications of this technique to nanoporous materials such as a silica glass [2], cellulose fibers [3], or
nanoporous glass beads [1]. We show that this approach allows to observe and quantify a variety of possible
dynamic phenomena such as: a progressive homogeneous or inhomogeneous emptying of pores, and isotropic
or differential shrinkage of the pores, the possible existence of liquid films along the pore walls, transfers
between bound and free water.
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