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Understanding transport processes in porous media is central to the design and operation of 
many chemical and physical processes. Ongoing work in the group aims to develop a suite 
of techniques which can probe transport processes in porous media over a hierarchy of 
length-scales from 10-8-10-2 m. This talk will summarise the motivation for applying 
magnetic resonance techniques to study transport phenomena in a number of different 
systems, and then present illustrative results. Three areas of application will be considered: 
 
Oil recovery – identifying oil and water fractions in a permeable rock 
Recently we have implemented a pulse sequence in which T1 relaxation times have been 
encoded in the second dimension of two-dimensional relaxation correlation and exchange 
experiments using a rapid “double-shot” T1 pulse sequence. The technique retains chemical 
shift information (δ) for short systems. Thus, a spectral dimension is incorporated into a 
T2-T1-δ correlation without an increase in experimental time compared to the conventional, 
chemically insensitive T1-T2 correlation. This approach enables the unambiguous 
identification of oil and water fractions in a permeable rock. 
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Pharmaceutical delivery systems – quantifying rapidly evolving pore-size distributions 
For reasons of both ease-of-use for the consumer and more effective treatment, there is 
increasing motivation to understand and control the release of drug into the body from a 
‘delivery system’; e.g. tablet, polymer extrudate. Magnetic resonance is well-established for 
use in characterising pore-size distributions in, for example, rocks – in such systems the 
pore size is usually constant with time. When considering pharmaceutical delivery systems, 
the pore size will evolve with time. Recent data will be presented which demonstrate that 
during release, both the pore structure and the dissolution of the pharmaceutical active can 
be followed using combined 1H T2 relaxometry/ q-space molecular displacement imaging 
and 19F NMR, respectively.   
 
Chemical reaction engineering – velocity mapping of gas and liquid in two-phase flows 
The fixed-bed reactor is widely used throughout the chemical industry. The process unit 
comprises a cylindrical column packed with porous catalyst particles. In the context of this 
meeting, the fixed-bed reactor can therefore be considered as a model hierarchical porous 
structure comprising the macroscopic pore space of the inter-particle space within the 
cylinder, and the micropore space within the catalyst pellets. Here we will focus on recent 
results in which we have imaged both gas and liquid velocities within the inter-particle 
space. These data allow us to compare the characteristics of two-phase (gas-liquid) flow 
with that of a single-phase flow within the same porous structure. Further, these data 
provide us with first measurements of gas, liquid flow velocity and particle wetting upon 
which predictive models of reactor performance can be developed.  
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