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4. Global sensitivity analysis

In order to identify key parameters in single granule disintegrating model, a two stage
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desired environment. The objective of this work is to create a model for product
performance that can accurately predict the disintegration behavior of granules and

establish a connection with wet granulation processes.
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2. Single Granule Swelling Model 5. Validation

The disintegration of single granule via swelling is modelled using two step approach.
In the first step the granule properties such as porosity, saturation, and the size of
primary particles is modelled. In the second step , the these variables are fed into the
population balance disintegration model to predict the particle size distribution during
disintegration.

A series of granules were made in a high 13
shear granulator that consisted of
Microcrystalline cellulose (MCC), Sodium _ 125
starch glycolate (SSG) and 12.5% aqueous
: solution of Hydroxypropyl methyl cellulose

(HPMC) with different concentration of SSG.
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Fig 5. Single Granule Swelling Model validation

Normalized Diameter

Liquid imbibition v'l

SSG (%4)

@ Liquid Absorption

6. PSD measurement

To measure the particle size distribution (PSD) during disintegration, Optimax setup is

de
'.‘ dt 2 Xo,ifi dt used with G400 Focused Beam Reflectance Method (FBRM). Granule size range of 1 1 4
Swelling (Stress Build-up) — » ‘ I mm is investigated with concentration of 1.5 % (mg/ml) N E': b) Time = 1000 sec .
@ (1 — €)V — np 2 Xn,l'(V ’i‘l‘V i (O)BSV) in 400 ml water at 300 RPM. AO_%S_......EESZQZZ

a) Size<1000 20025
15000 | T | .

——SSG 0%
—— 388G 2%
—— 558G 4%

Fig 2. Single granule swelling model ,

t: time, R: granule radius, €: porosity, S: saturation, S: normalized saturation V: volume, n,: total number of .f \\ A I~ - | -
primary particles in the granule, x,, ;: number fraction of it component particle in the solid phase, x,,;: volume NN
fraction of ith component particle in the solid phase, Vp,i: volume of a single ith component particle, teap: @
characteristic capillary time, f: a parameter describing the Sherwood capillary number, Q;: mass absorption
ratio of i'" component, Q;,45 ;: Maximum mass absorption ratio of i'" component, t;;¢¢;: a diffusion-absorption
characteristic time, pg;: density of i*" component, p;: fluid density, V},;(0): initial volume of a single it
component particle, BSy: volumetric ratio of solidified binder in the granule to solid
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3. Single Granule Swelling Characterisation
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To monitor the size evolution of individual granules and calibrate the single granule
swelling model, a specially 3D printed flow cell combined with a digital optical
microscope was used. The captured images from the microscope, then were analysed
in a designed app in MATLAB to obtain the size of the granules.
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7. Conclusion

A new mechanistic single granule swelling model has been developed to predict the
swelling of granules during disintegration.

A new way to monitor the size of individual granules using a 3D designed flow cell,
optical microscopy and image analysis has been proposed.

The model was tested on a specific formulation with emphasis on swelling behaviour
was tested. The results showed good agreement with the experimental data.

A new setup has been proposed involving FBRM technique has been proposed to
measure PSD during disintegration
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Fig 3. Flow Cell experimental setup Fig 4. Diameter vs disintegration time




