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Current solid-aosage manufacturing is

slow and expensive
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Traditional to new granulation method
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Bothvgecmetry and process conditions
drive constitutive mechanisms
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Understanding the role of screw design




Consigma™-1 system

(GEA pharma systems, Collette)

Open barrel of a twin screw granulator
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Consigma™- 1 experiments

Granulatad Lactose monohvdrate with distilled water

Throughput 10 Kg/h 25 Kg/h
Licuic-3a''d iatio 4.58 % 6.52%
Screw speed 500 RPM 900 RPM
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Pa-ticle characterization by Dynamic Image Analysis
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(Location 1, 3,5)




Consigma™- 1 experiments
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For details see: Kumar. et al. "Experimental investigation of granule size and shape dynamics in twin-screw
granulation.“ | J Pharria 4/£.2(2014): 485-42..



Consigma™- 1 experiments
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For details see: Kumar, et al. "Experimental investigation of granule size and shape dynamics in twin-screw
granulation.“ | J Pharma 472, (2024): 485-425.



Tracer concentration'in granules produced
was measured using NIR chemlcal imaging

Granulation
premix

- QL 0O
02085
" r -
<5 3

2 rara Post-crocessing of
- Lioua

hyperspectral data

Theophylline ‘4@0}{\ addition
tracer . N I
addition Ci
7 - Spectral %
Zas -~ Camera
M Twin-screw granulator |
Halogen
Granulator’ ’ /O Lamp
outlet
SR B0 APRARA0R A HRMERACRATE A
Moving conveyor belt—» C
c }_ J

\‘)k
()

-
fan
'®)

(O B)

11



APl Map was used to measure RTD
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RTD plot for mean API concentration
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For details see: Kumar. et al. "Mixing and transport during pharmaceutical twin-screw wet granulation:
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Experimental anclyziz via cr.emical iinag.ng .’ = J 2harmea. Bieghanaa, £7.2 (2014, 279-25C,



Measure of the mean of the distribution
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For details on results visit my presentation in Imaging Session of IPFAC 2015 on :
"Mixing-and transport during pharmaceutical twin-screw wet granulation: Experimental analysis via
chem czl.rmaginyg’
or
Read: Kumar, et al. E J Pharma. Biopharma. 87.2 (2014): 279-289.
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Population balance modeals can track
granule attributes

SO o — e — e — e e W = E R W A e S W W R W A W S W S A W E— e e—

g [ ] N
on(t, X Q.

) - an Min (X) = ng Nout (X) GSD balance
ot Y, Y, )
PTILENT TOT TEIETR |

S +—J' L, x—g,e)nt,x—&)n(t,e)de

op g 270 aggregatlion rate '

EJ' "C'D' P4 B 7 Pl

80 —it, X) § O x e)n(t, e)de
\< O-aggregation rate -/
(o +[” b(x,£)S(£)n(t. &) d )

T E Sreakage fun. Selection rate

o 2 —S(x)n(t, x)
\ - Selection rate y.

14




Semi-empirical kernels

Aggregation Kernel BX,Y) = 4,

(Constant kernel)

Breakage Kernel
o (A=g)ax

S(y)=S,(v)” B(%, y) = — +<1—¢y>a
y+1 a+1

] (Austin, 2002)
Cell-average technique

Granules formeu duriing particle event
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Experimental and simulated data have a
agreement

Cumulative size distribution Q 0 i %
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Particie population dynamics during
granulation
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including effect of granulator design on
‘granule size distributio
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Inciuding effect of granulator design
on granule S|ze dlstrlbutlon
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cumulative size distribucio
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Including effect of granulator design on

granule size distribution
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Thro;ghput biigr Liquic-solia ratio Higin | Screw speed Low
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lnvestigating effect of screw speed and

screw conflguratlon

1st knnadmg hlnrk 2nd kneading bIock

H gk throvghgut, high LG

1 mixing zone 2 mixing zones 1 mixing zone 2 mixing zones
A)

r

Zoine  1- 3-5 1-3 3-5 o-
RMSE 2424 2317 2716 3929 1.153 3.366 8.176 3.772
R2 098 NOR7 (0984 0083 002 0983 097 0.982
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3'-, I .,I

Zone 1.3

RMSE 2424 2317 2716 3929 1.153 3.366 8.176 3.772
R2 0.989 0.987 0.984 0.983 0.989 0.983 0.97 0.982
|3~ LCHE-CS 3.1Zz0-Co 3.115-C2 1.20=-)2 2 306l--C4 2.55E-01 8.97E-02 2.44E-01
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Conclusions

Along with exoerirnentai siudy, an improved insight
can be obtained by model-based analysis.

......

Watting kinatics requires a sepaiate explanation in
the twin-screw granulation modelling.

Aggregation and breakage are most dominant
phenomena in the twin-screw granulation.

Particle popuiation dynamics and screw geometry
effect can be better understood by compartmental
PRM, and can ultimately be used for predictive
modelling of twin-screw granulation.
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