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This current research is in collaboration with Omya AG (Oftringen, Switzerland), and the aim is to study and 
develop functionalised calcium carbonates (FCCs) as active substrates for the slow delivery of functional 
materials, such as drugs and flavours. 
 
The zero length cell or column (ZLC) method, introduced by Eić and Ruthven, [1] has been shown to provide a 
simple and relatively straightforward means of measuring diffusion rates in porous adsorbent particles [2] in 
gaseous systems. It allows a monolayer (or “Zero Length”) of a particular sample to be held in a gas stream, so 
that the diffusion is controlled by only the intra-particle porosity (i.e. porosity within particles), rather than the 
inter-particle porosity (i.e. porosity between particles) [3]. The ZLC has now been adapted to liquid systems, and 
the basic assumption of such a system is that it is linear and the equilibrium between the fluid and adsorbed 
phases is maintained at all times at the outer surface of the sample. The sample is assumed to be sufficiently 
small for the fluid-phase concentration to be regarded as well mixed and constant throughout the sample, i.e. 
mathematically identical to a differential plug flow reactor (PFR) or an infinitesimally small continuous stirred 
tank reactor (CSTR), free from turbulence [4]. 
 
The ZLC was further developed within the Environmental and Fluid Modelling Group (EFMG) at Plymouth 
University and is central to these investigations. It comprises two sinters between which a monolayer of porous 
material is sandwiched. The device is connected to a High Performance Liquid Chromatography (HPLC) unit, 
and allows the study of the diffusion characteristics from the material. Currently, the ZLC has been extended to 
sandwich more than a monolayer of sample, thus transforming the zero length cell (ZLC) into a finite length cell 
(FLC), which allows the study of the diffusion within its inter-particle pores (i.e. porosity between particles) along 
with its intra-particle pores. 
 
Ground calcium carbonate (GCC) is modified through using various concentrations of phosphoric acid to form 
modified calcium carbonate (MCC). The modification process changes the surface and porous properties of the 
ground calcium carbonate [3] via in-situ surface re-precipitation. Some grades then undergo a second treatment 
with a different acid and/or are treated with additives. These may influence the surface properties of the MCCs 
in different ways, including its porosity. MCCs have hydrophilic surfaces and exhibit both calcium phosphate and 
carbonate crystalline structure [5]. MCCs already have a wide range of applications, particularly as an important 
filler and coating pigment for the paper making process. 
 
Functionalised calcium carbonates (FCCs), on the other hand, are chemically the same as MCCs, but the 
applications are different: MCCs are designed for the paper industry, whereas FCCs are pharma-grade and 
therefore produced from chemical-free calcium carbonate, with strict process regulations regarding the 
environment under which they are produced. Results obtained from diffusion experiments with MCCs, however, 
can still be applied to FCCs because the mechanisms of diffusion will be the same. 
 
Diffusion coefficients have been calculated from FLC desorption curves of vanillin, a common and popular 
flavour compound, which has been dissolved in ethanol, diffusing through different grades of FCCs supplied by 
Omya AG. The coefficients are then compared to one another in relation to the FCCs’ properties (i.e. porosity, 
surface area, particle size) in an attempt to predict the diffusion behaviour of the active ingredient from other 
minerals. 
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The FCC samples were then modelled using PoreXpert, a powerful software developed by the Environmental 
and Fluid Modelling Group (EFMG) at Plymouth University that generates 3-dimensional void structures from 
measurements of mercury intrusion using an annealing simplex that fits an Euler-Beta function. [3] The software 
can then be used to model diffusion within the porous network, assuming Fickian diffusion, with diffusion 
coefficients based on Einstein-Stokes coefficients that have been corrected for steric hindrance [6]. 
 
In many cases, it is easier to obtain the solution to a problem computationally rather than experimentally, 
because the experiment may not be feasible (i.e. in the case of in-vitro studies). Computational fluid dynamics 
(CFD) can be used to obtain these results computationally, and will be extremely applicable in studying the 
diffusion of flavours and drugs from FCCs inside the human system. The FLC experimental data will be 
modelled mathematically using the Python programming language and the finite difference method. The idea 
behind finite difference modelling is to solve partial differential equations (PDEs) by replacing spatial and time 
derivatives with suitable approximations, then to solve the resulting differential equations (i.e. instead of δx → 0, 
δx is a finite value). The solution of the problem is represented in a finite dimensional space of points called 
nodes. The equations must be solved subject to specific boundary and initial conditions [7]. 
 
In the future, the pores of the FCC samples will be loaded with vanillin, as it is solid at room temperature and 
exhibits solubility in both water and ethanol, thus giving an opportunity to change the solvent from ethanol to 
water. Other active drugs or flavour compounds may be loaded into the pores at a later stage [8], and their 
release from the sample quantified using the FLC, thus obtaining a new application for the FLC technique. Also, 
the solvent within the FLC will progress to synthesized stomach and/or oesophagus fluids and saliva in order to 
mimic the human gastrointestinal tract. Finally, the ZLC technique will be refined in order to measure only the 
intra-particle diffusivity of a sample. 
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