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ABSTRACT 

‘Functionalised’ calcium carbonate (FCC) is produced by etching calcium carbonate particles with 

citric and/or phosphoric acid.  Variations in the etching process produce a range of morphologies 

with recrystallized surfaces of hydroxyapatite which are dual porous (mesoporous and macroporous). 

Subsequent packing of the particles into tablets adds a further level of macroporosity to the system. 

FCC has a wide range of applications, particularly as a filler and coating pigment for the 

papermaking process. FCC is also being proposed as an excipient and a pharmaceutical ingredient 

[1], because the porous nature of calcium carbonate offers a good stability of the ingredients, slow 

biodegradability, is easily produced, tasteless, stable, and biocompatible. The use of modified 

calcium phosphate as a drug carrier has also been discussed in the literature, but the time-consuming 

production processes tend to give a low yield mixed with several phases. 

The ability to vary the morphology of FCC raises the possibility of tailoring it to provide a 

controlled-release delivery vehicle for drugs and flavours. However, such systematic tailoring must 

be based on a fundamental characterisation of the way in which a drug or flavour, loaded into an 

FCC, then flows and diffuses out over a period of time to provide the delayed release. To achieve 

such characterisation, we have measured the diffusion of saccharin, an artificial sweetener, from 

monolayers, packed beds and compressed tablets of FCC. Measurements have been made in a stirred 

reactor vessel, a ‘zero-length’ (monolayer) flow cell, and a packed bed flow cell. Numerical analysis 

of the results then gives Fickian diffusion coefficients.  

In order to model the void structure, a range of FCC morphologies were subjected to mercury 

intrusion porosimetry.  The percolation characteristics of both the dual porous and mesoporous 

systems were input to PoreXpert, the successor of Pore-Cor, to produce a three-dimensional void 

network.  Although the shapes and positions of the voids within the simulated network are simplified, 

their volumes, cross-sections and network connectivities are quantitatively matched to produce 

porosities and percolation characteristics almost identical to those of the experimental samples.  The 

void structures can then be used for the simulation of diffusion coefficients [2] and tortuosities [3], 

with results validated by comparison with experimental results from limestone and sandstone.  We 

show that particle size and mesoporous tortuosity correlate well with diffusion coefficient. 

The software facilitates the optimisation of the delayed-release properties of the FCC samples 

through its ‘cell engineering’ facility, which allows selected void features to be altered in size, thus 

allowing the prediction of the effect of production modifications on end properties. The software also 

accepts porometry as well as porosimetry data [4], and may also be used for the simulation of other 

properties such as wetting [5], and depth filtration [6].  
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