
Conclusions
It is evident that particle size and deformation behaviour are key physical properties, which 
influence the consolidation of binary powder mixtures.  Component interactions were 
complex and deviations from linearity were apparent with the materials used in this work.  
Packing simulation software was shown to be a useful tool in helping to explain observed 
results by illustrating instances where continuous networks of particles form and where 
individual particles become isolated.  This helped to elucidate circumstances where the 
deformation behaviour of one component would dominate over another.  This observed 
behaviour is important and demonstrates the potential for perceived minor changes in 
excipient grade or volume fraction in more complex tablet formulations to have a significant 
effect on the overall consolidation behaviour of the system.
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Introduction
Research has shown that although certain general rules can be applied when powders are 
mixed and compressed in to tablets, interactions can be complex and depend on physical 
properties such as particle size, shape, deformation behaviour and strain rate (Fell 1996).  Work 
in this area is limited and at times conflicting due to variation in methodologies used by 
researchers.  The following piece of work was performed in an attempt to understand the 
consolidation behaviour of powder mixtures. 

Methods

The binary powder mixtures were produced by mixing the components in a glass jar using a 
Turbula blender for 10 minutes. The true density of the single components was measured using 
an Accupyc 1330 helium pycnometer (Micromeritics Ltd.) and the values used to calculate the 
true densities of the binary mixtures.  Particle size analysis was performed by means of laser 
diffraction using a dry dispersion method on a Sympatec® particle size analyser, and a Nikon 
E600 microscope connected to Image Solutions Spot Advanced software was used to visualise 
relative particle size and shape.  Mean deformation pressures were determined by compressing 
powder mixture samples uniaxially on a compaction simulator at compression speeds of 0.1 and 
300 mms-1 using a simple sawtooth profile (Roberts and Rowe 1985).  Packing simulation 
software (MacroPac, Intelligensys) was used to visualise the packing of the powders prior to 
compression.

Results and discussion

Particle size analysis
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Materials

The materials used in this programme of work were microcrystalline cellulose (MCC), a ductile 
material, and dibasic calcium phosphate dihydrate (DCP), a brittle material.  The grades used 
were Avicel PH101 and PH200 (FMC Corp), Calipharm D and Di-Tab (Rhodia).  These were 
selected to provide a range of particle sizes, see Table 2.  Binary powder mixtures were 
produced by mixing combinations of MCC and DCP at various volume fractions, see Table 1.
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Table 1   Binary powder mixture compos it ion

Table 2   Part icle s ize dist ribution of s ing le components

Microscopy

Figure 1   Av icel PH101 Figure 2 Av icel PH200

Mean deformation pressures

The mean deformation pressures for mixtures of Avicel PH200 and DiTab (grades of 
similar particle size) show a negative deviation from linearity at both compression 
speeds indicating that MCC dominates the system at all fractions tested, see Figure 5.  
The negative deviation is more apparent at 0.1 mms-1 above volume fractions of 75% v/v 
due to increased time for deformation of MCC at slower speeds.  In contrast, mixtures of 
Avicel PH101 and Calipharm D (grades of different particle size) display a linear 
relationship at both compression speeds, although MCC appears to dominate the 
properties of the system at higher volume fractions.  This is, again, more apparent at 
0.1 mms-1 where the relationship becomes more negative due to increased time for 
deformation of MCC.

Figure 5   Mean deformat ion pressures for mixtures of MCC and DCP at compression speeds  

of 0.1 and 300 mms -1

Packing simulation

Computer generated packing simulations (prior to compression) support the above 
hypothesis by illustrating that within mixtures of Avicel PH200 and Di-Tab, the Avicel 
PH200 particles form a continuous network at all volume fractions tested (see Figures 6, 7 
and 8).  In contrast, the simulations of Avicel PH101 and Calipharm D mixtures show that 
the differences in particle size mean the smaller Calipharm D particles form a continuous 
network at all fractions tested with the larger Avicel PH101 particles becoming isolated at 
volume fractions below 50% v/v. 

Figures 9, 10 and 11   Packing simulat ions of Av icel PH101 + Calipharm D b inary powder mixtures
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Figures 6, 7 and 8   Packing simulat ions of Av icel PH200 + DiTab binary powder mixtures

= Calipharm D= Avicel PH101

= Avicel PH200 = Ditab

25% v/v Avicel PH200 50% v/v Avicel PH200

= 50 microns

= 250 microns

It is apparent from Table 2 and Figures 1 and 2 that although Avicel PH101 and 
Calipharm D were considered to be small particle size grades, relatively, they are very 
different.  In contrast, Avicel PH200 and DiTab are more similar in terms of particle size, 
see Figures 3 and 4.
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