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1. Introduction 
• Omya AG is a leading global producer of industrial minerals, and produce functionalised calcium carbonates (FCCs), which already have 

successful applications as fillers and pigments for the paper making process1. 

• The porous nature of calcium carbonates offers a much better stability of the active ingredients, is tasteless, stable, and biocompatible for drug 

mixtures2. The bimodal pore-size distributions of FCCs will aid the controlled release of the active ingredient because the release times will be a 

function of the inter- and intra-particle pores. 

• Therefore, the aim of my research is to find a way to use functionalised calcium carbonates (FCCs) as slow-release delivery vehicles of drugs 

and flavours for application in tablets and chewing gums, for example. 

• PoreXpert, a computer software that models porous structures based on mercury intrusion porosimetry measurements, will then be used to 

model the tortuosity of each grade of FCC in order to further explain the diffusion results, and a model of an FCC grade will be shown. 

3. Results 

Figure 1. Functionalised calcium carbonate (FCC) grades vary in 

their porosity, particle size, surface area, and morphologies, as 

evident in the scanning electron micrographs (SEM) of ground 

calcium carbonate (GCC) and FCC 13. 

Figure 2. Packed 10 mm finite length column (FLC) with 

functionalised calcium carbonate (FCC). The finite length 

column (FLC) was adapted from the zero length column 

(ZLC), which was first introduced by Eić and Ruthven3. 

2. Materials & Methods 
 

Initially, the diffusion of vanillin in ethanol through different grades 

of functionalised calcium carbonate (FCC; Figure 1) was studied 

using a finite length column (FLC; Figure 2). 

Figure 3. The diffusion profiles of various functionalised calcium carbonates (FCCs), along 

with a blank (no sample), a ground calcium carbonate (GCC), and hydroxyapatite (HAP). 

Sample Ds
 (m2 s-1) 

Particle size, 

d50 
*1 (µm) 

Porosity 

(%) 

Surface area 

(m2 g-1) 

GCC 7.86 x 10-15 (7) 7.7 (7) 57 (9) 1.5 (9) 

HAP 7.48 x 10-15 (6) 7.1 (6) 84 (3) 63 (4) 

FCC TP 7.43 x 10-15 (5) 7.0 (5) 88 (1) 55 (5) 

FCC 02 5.11 x 10-15 (2) 4.9 (2) 81 (5) 54 (7) 

FCC 03 1.31 x 10-15 (1) 3.1 (1) 76 (7) 34 (8) 

FCC 06 5.23 x 10-15 (3) 5.5 (3) 84 (2) 142 (1) 

FCC 07 7.27 x 10-15 (4) 6.3 (4) 78 (6) 49 (6) 

FCC 12 2.42 x 10-14 (8) 10 (8) 82 (4) 81 (2) 

FCC 13 1.34 x 10-13 (9) 24 (9) 68 (8) 66 (3) 

5. Future Work 
• Tortuosity modelling of each sample with PoreXpert 

in order to obtain a more mechanistic explanation of 

diffusion (see Figure 4 for a model)6. 

• Model the diffusion with Python and compare with 

coefficients obtained experimentally. 

• Load pores with vanillin and quantify the load. 

• Improve zero length cell (ZLC) method to distinguish 

intra-particle diffusion from inter-particle diffusion. 

• Tablets and simulated bodily fluids as solvents. 

Figure 4. A 15 x 15 

x 15 unit cell of 

FCC 13 generated 

by PoreXpert, 

which is a 3D 

representation of 

the internal pores; 

the orange cubes 

represent the pores, 

and the orange 

cylinders represent 

the throats.  The 

shaded cubes 

represent clusters 

of pores due to the 

ink-bottle effect. 

4. Conclusions & 

Discussion 
• Particle size is a better predictor of 

diffusion coefficient than surface area or 

porosity. 

• As the diffusivity values vary with particle 

size, it is likely that the diffusion was 

controlled by inter-particle rate processes 

rather than by intra-particle diffusion5. 

*1. dN represents the particle diameter for which N% of the 

sample has particles finer than d. 

 

The FLC had a length of 10 mm 

and was attached to a high 

performance liquid 

chromatography (HPLC) system in 

order to push through 50 mg/L 

vanillin in ethanol, which was then 

later switched to just ethanol; the 

diffusion of vanillin through the 

FCC was then monitored by a 

diode array detector (DAD). 

Table 1. The particle 

size, surface area, and 

porosity of the samples 

along with their 

diffusion coefficient 

calculated from FLC 

experiments 4, 5. The 

ranking from 1-9, where 

1 is the smallest 

diffusion coefficient, 

smallest particle size, 

highest porosity, or 

largest surface area. 

Ds/rs
2 is equivalent to the 

gradient of the diffusion 

curve 3, 4, 5. 
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