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Traditional to new granulation method

Fluidised-bed

Drum

High-shear mixer

From minutes to hours

Twin-screw
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Design of granulator screw, screw speed,
material feed rate control granulation

Kneading discs at
certain stagger




Wet Granulation involves different
events which are queueing
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Characterizing liquid distribution in TSG
is crucial both at micro and meso-scale

Experimental investigation Particle scale modelling
(meso-scale) (micro-scale)

Spectroscopy Discrete element method
Abstract (572d), Presentation today at 4:25 PM
Ballroom B (Salt Palace Convention Center)




Particle scale for detailed investigation of
liquid distribution

Discrete elemept
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IMohan et al., Powder Technology. (2014)
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Setup for simple shear simulation

Front view Side view
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Approximately 1500 particles in a periodic box (S/Dp=15)

Shear gradient in x-direction (Lees—Edwards boundary conditions)
Stiffness based on dimensionless shear rate y*

Particles in the center are wet (L}, = 1) other dry (L,=0)



Liquid distribution was tracked applying
simple shear to particles in a periodic box
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Overfilled-liquid bridges formed quickly
which formed more liquid bridges later
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Weak liquid bridges break to transfer
liquid to stronger bridges at a high fill ratio
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Knowledge transferred from simple shear
to complex shear field in TSG mixing zone

Approximately 45000 particles

Normailised Liquid on Particle Sufaces Time: 0.0000 s Normalised Liquid in Bridges
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More liquid resulted stronger bridges, but
coordination number remained same
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Higher shear resulted rapid liquid transfer
from surface to bridges, but also breakage

LA A
v UV JViv VIV

0.40 . ‘ . . . . 0.09
ew speed

0.35¢ ew speed | Z 0.08}

0.30} §0.07

~0.25| 5 006

= = 0.05|
5 0.20¢ o

i, £0.04|

= 0.15 @ 0.03]
©

0-10/ 5 0.02|
O

0.05 5 0.01

0083704 05 06 07 08 09 1o 99302 05 06 07 08 09 10
Normalised time () Normalised time () 13



Higher shear and liquid loading resulted
rapid and stronger liquid bridge formation
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Summary

1. Particle scale simulations studies using simplified geometry
can be used for detailed analysis of liquid transfer.

2. Simulating complete TSG is difficult, but particle scale
simulation of a 2D-section is useful for a first
understanding.

3. Simultaneous increase in screw speed and liquid-solid ratio
was identified to be important for solid-liquid mixing and
granulation in TSGs.

Perspective
1. Development of closures population balance models.
2. Exploring non-conventional screw element geometries.
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Outlook

Particle scale simulations allow the analysis of particle mixing
rates (and hence final product quality) in a screw section
(movie shows non-cohesive system, a force is applied in the
axial direction to model the effect of a pressure gradient)

Isometric View
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