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Formulation of solid products: two-component tablets with a disintegrating agent
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The formulation of binary tablets containing an insoluble powder and a disintegrating agent is examined from the point of view of the particle packing theory in terms of the relative size and proportion of the two components. A relationship is found between the overall porosity and the crush resistance, and between the contacts between particles and the disintegration time. Tablets made with an industrial tablet press for three different systems, caffeine-starch, cocoa-ultrafine sugar and cocoa-icing sugar, were tested for crush resistance and disintegration time. The results followed the theoretical predictions.

INTRODUCTION

Solid products are usually mixtures in the form of granules, extrudates, tablets or even free powder, which are formulated to provide the end-use properties required by consumers. As in the formulation of liquids or emulsions, the primary requirement is to establish the correct dose of each ingredient for the required function, and to ensure their mutual chemical compatibility. The second stage is to assemble the ingredients in a structure to provide the end-use properties of stability, handling, dispersability, etc. In practice, product design is usually based on experience and empirical methods, with new products developed by small modifications to existing formulas. This means that formulation methods are difficult to transmit to others, are nonconducive to innovation, and leave little room for the development of an ordered body of information about product design. Another consequence is that formulas tend to become more and more complex, involving more and more components, the overall utility of which are difficult to establish (see Schorsch 1 ).

In other fields of technology, the analytical approach has been found to be useful. By this method, complex systems have been simplified to find their inherent substructure which has lead to better understanding and permits generalisations. It may be supposed that this could be the case for solids product design. It is probable that practical formulations involving many components pose too complex a problem for simple analysis, in which case multi-dimensional parameter analysis, (eg Brooks et al 2 ) may give more insight than trying to break down the problem into simpler units. In addition, the processing method used to obtain a given solid product has obviously a very important effect on product characteristics, eg granules produced by spray drying differ considerably from those produced by high shear granulation. A product in the form of a tablet can be very different from the same product produced by extrusion.

Despite these complications, and as a first simple approach, it can be observed that all solid products are formed from individual grains assembled together in a structure, which depends on the relative sizes, shapes and quantities of the individual grains. By examining this geometrical structure it may be possible to give some general rules for product design. As an example we consider here the formulation of tablets composed of an insoluble active product and a hydrophilic disintegration promoter. Two geometrical properties are considered: (1) the compacity (or porosity) of the mixture is assumed to determine mechanical strength;

(2) the types of contact between the particles are assumed to determine the structural nature of the powder mixture and the ease of disintegration. The variation of porosity (or compacity) and the variation of contacts between particles as function of particle size and mixture composition are examined theoretically and experimentally. Results are presented for tablets made from caffeine-starch mixtures and cocoa-sugar mixtures.

the above results are average values for measurements on six tablets. For a finer analysis of the phenomena, tablets could be prepared more carefully under controlled conditions on a compression test machine. This should reduce the variability, but the intention here was to treat the more practical problem of industrial production and show that the effects were more important than the large variability. In this sense, it is clear above, that the disintegrating agent forms a continuous network of contacts which penetrates the tablets and leads to disintegration. To confirm this, Leuenberger 8 suggests that it may be necessary to make a more detailed examination of the structure of the tablets using the percolation theory.

CONCLUSIONS

The interactions between soluble solids and disintegrating agents in tablets have been examined with respect to their relative particle sizes by means of theoretical models of particle packings of spheres. The porosity of mixtures and the contacts between the different components depended on the relative particle sizes and the relative volumes of the two components and are indicative of the structure of the two-component tablets. These structural characteristics are taken to be related to usage properties such as the crush resistance and disintegration time of binary tablets.

An industrial tablet press has been used to make tablets from three different binary systems of different particle size ratios and with a range of compositions. Experimental determinations of the variation of crush resistance and disintegration times with mixture composition for three different particle size ratios are generally in agreement with the theoretical predictions despite the great simplifications involved in applying conclusions from the structures of sphere packing to real powder mixtures.

This preliminary study gives a theoretical basis for the formulation of tablets comprising two components and indicates that binary formulations should be considered in two zones of composition: as one component dispersed in the other or the opposite. The critical composition separating these two zones depends on the relative particle sizes of the components. For example, it is shown why the minor component in the mixture should always have the smaller particle size.
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