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Characterization of nanoporous materials using
cryoporometry and nuclear magnetic resonance techniques

GARCIA, Rodrigo Henrique dos Santos!; TREBBI, Bruno'; AZEVEDO, Eduardo Ribeiro de’

brunotrebbi@usp.br

Hnstituto de Fisica de Sio Carlos - USP

Time domain NMR (TD-NMR) is one the most effective methods for porous media characterization.
While pores with dimensions in the range of hundreds of nm to tens of um can be characterized by
various TD-NMR techniques based on relaxation and molecular diffusion, pores with dimensions in the
range of tens to hundreds of nm can be characterized using the so-called cryoporometry techniques. (1)
In general, cryoporometry explores variations in the melting temperatures of fluids confined in nanoscale
spaces, which can be characterized by monitoring the emergence or (disappearance) of the NMR signal
from a liquid phase as a function of temperature. This is usually achieved using a standard spin echo
pulse sequence. (2) We present an alternative approach to perform NMR-cryoporometry experiments
using dipolar echoes pulse sequences. By combining a dipolar echo pulse sequence, such as mixed Magic
Sandwich Echoes (mixed MSE), with dipolar filters, such as spin echo or Goldman-Shen, the signals
from the full, solid + liquid, and the liquid phase can be obtained almost simultaneously. (3) This makes
possible to calculate the fraction of the liquid phase at a given temperature directly from the signal
intensities, i.e., without the need of an extra experiment for correcting the temperature dependence
of the magnetization with temperature, as in the spin echo-based experiments. The approach was
tested in controlled pore glasses (CPG) and silica gels of different pores sizes, using cyclohexane, water
and terc butanol as probe fluids. In comparison with the experiments performed with standard spin
echo, the dipolar echo approach presented some advantages such as an easier determination of the
temperature range and conditions for avoiding the appearing of supercooled fluid at low temperatures.
Additionally, we will show some applications of the approach t to characterize mesopore distribution in
materials such porous biopolymers, natural biomass and soils. FAPESP (grant 308760/2022-0), CAPES
(88887.839183/2023-00), CNPQ (130118/2023-0).
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