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ABSTRACT

The present work deals with the simulation of the dissolution process of
polydisperse powders. Three different size fractions 01 Ibupr01en were used
to develop a model which assumes a diffusion layer thickness proportional
to the particle diameter, up to a critical value, beyond which it is considered
constant. The application of the resultant integrated equations to each size
class of the primary particle size distribution leads to an almost perfect
agreement between simulated and experimental dissolution profiles.

1 INTRODUCTION

A previous study 01 the dissolution 01 Ibuprofen using a particle counter ­
which allows the monitorization 01 the size and number 01 the particles in
suspension throughout the time - enabled to test the applicability 01 the
Hixson-Crowell model to multisized powders [1]. Although reasonable

,. fittings were achieved (especial/y for the 1ine fractions) these were only
apparent. In 1act, this model is based on the premise that the number 01
partides remains constant, which was not found experimental/y [1,2].
Besides, al/owing the boundary layer thickness (h) to vary with particle size
(d) seems physically more realistic than to assume a constant value 01 h
during the whole dissolution process [3]. Furthermore, the polydispersity
nature of the drug powder must also be taken into consideration [4,5,6].
An integrated form 01the Noyes-Whitney equation, assuming h proportional
to d, was recently applied to each size c/ass 01 the primary particle size
distribution 01 one 01 the 1ractions (the finest), and an a/most perfect
agreement between the simu/ated and experimental profiles was obtained,
using a value of h approximate/y equal to hal1of the particle radius [7].

Since dissolution data are available for various fractions, the present work
intends to study the model quality 01fit when applied to larger particles.

2 EXPERIMENTAL

2.1 Physical characterisation 01 /buprofen fractions

Three different size fractions of Ibuprofen, a widely used NSAID, were



utilised for dissolution testing. Table 1 summarises the most relevant
physical characteristics with regard to this study. Particle size distribution
was evaluated using a Coulter Multisizer 11 in a previously saturated solution
being the results shown in figure 1. A particle shape factor was calculated
from the powder specific surface area (8ET), as described elsewhere [8].
Density was measured by helium picnometry. The diffusion coefficient was
evaluated using the rotating disk method by the Levich equation [9]. The
Ibuprofen solubility was determined by spectrophotometric assay of
saturated solutions at 221 nm [10].

Table 1 - PhysicaJcharacteristics of Ibuprofen samples

Fraction VolumeShapeSolubilityOiffusionOensity
(nominal size)
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diameter
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50
52.63.2726.6x10-61.112
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Figure 1 Primary particle size distribution of the Ibuprofen fractions
obtained with the Coulter Multisizer 11: a) fraction 25; b) fraction 38; c)
fraction 50.

2.2 Experimentaldissolution profiles

The experimental procedure adopted in this work was to follow the
suspended solids concentration, as a function of time, with the Coulter
Multisizer li, and using potassium dihidrogen phosphate buffer solution of
pH=4.5 (European Pharmacopoea), complemented by 0.01010 Tween 80,
under sink conditions.

3 MODELLlNG

Assuming the boundary layer thickness proportional to particle diameter, the
integrated equation, takes the form:

1/3 2/3 1/3
Wt At' = wt· - N· Kt where+0,1 ,I 1 '

being
K _ 2 O ( 6 )1/3- 3 k as,dv lTp Cs

(1)

Wt +M i - suspended partides weight at time t+l!t, for the size dass i,,



Wt i - suspended particles weight at time t. for the size dass i,•

Ni - number of particlas at time t for tle size dass i.
k - constant:::h/d.

The rest 01the variables are defined in Table 1.
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Figure 2 Experimental versus simulated dissolution pr01i1esof the various
1ractions 01 Ibuprofen (k=0.282. adjusted for fraction 25).

(2)

As can be seen from figure 2, the simulated and experimental profiles
obtained using the value of k. optimised for the fraction 25 (k=O.282) , clearly
deviate for the largest fraction. An additional condition was then imposed to
the model: beyond a certain size, designated as critical diameter (derit) , h is
considered constant [5.11J. In this case, equation (1) is no longer valid and
the fo/lowing equation has to be used

2/3

1/3 1/3 V3 1 O ( 6 )Wt+M i = Wt i - Ni Kt , where K = - k asdv - CsI , 3 dcrit ' 1Cp

These equations (eq. (1) for d<derit and eq. (2) for d>derit) were applied to
each size class (in a total of 64 classes) of the primary particle size
distribution, the total mass of suspended solids, at a given time, being equal
to the summation of the calculated values. The number of particles in each
size class was constantly updated taking into consideration the
correspondent mass decrease, computed at every time interval.
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Figure 3 Experimental versus simulated dissolution profiles of the various
fractions 01 Ibuprofen (k= 0.263. and derit=22 pm).

Figure 3 shows the new simulated profiles, after optimisation of k and derit.
As the new value of k (0.263) is close to the previous one, it can be
concluded that the condition added concerning the larger partides (d>dcrit)



was the main responsible for the good fittings.
Additional experiments were carried out with mixtures of the finest and
coarsest fractions and equally good fittings were obtained.

4. CONCLUSIONS

The almost perfect agreement between the simulated and experimental
profiles leads to the conclusion that the model developed here is valid to
describe the dissolution process of Ibuprofen, regardless of the size of the
fraction. The relationship between the diffusion layer thickness and the
particle radius was not equal to unity, as mentioned by other authors [3,5],
but inferior. Similar relationships can, nevertheless, be evaluated from the
results published in the Iiterature [12].
Besides being straightforward, one of the greatest advantages of this model
is that it uses the real particle size distribution of the powder drug and not an
assumed one as frequently found in the literature [3,4,11]. However, it
requires in principie, at least two size fractions of the drug (one finer and
one coarser) in order to adjust both k and derit.
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