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Continuous manufacturing is better
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v" Concentration are constant
v Low variability

But in pharma processing switch is not easy either...
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v Process control is easy

‘<« Rigoerous control required

robust understanding of the processes is needed
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Design of granulator scirew, screw speed,
material feed rate control granulation
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High Shear Wet Granulation involves
different rate processes
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At appropriate conditions, granulation is
in steady state

granulatior:

Traaner out
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Transfer in

Stdady state
transfer in =~ constant ~ transfer out
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Two key implications
1.Fluxes are roughlv constant (Dynamics are transient)

2.Same amount of time is to complete all sub-processes
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Having many time-scales is challenging

Residence tirme-scale
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Having many time-scales is challenging

Mixing time scale
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Residence time and moisture distributions
effect on the granulation performance

Screw Configuration Kneading diSCStag‘&‘g'e
- Number of kneading discs (4, 6, 2x6) -

- Stzgger angie (20°,80°. 220°) o

Process parameters :

- Material thrcughput (10-25 kg,'h) ®
- Screw speed (500-900 rpm)
- Liquid-to-solid ratio (6-8%)
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Analysis of distributions in twin-screw
granulation

Measurement bv distributions

Resuits

Summary
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Tracer concent

ration in granules

measured by NIR chemical imaging

Granulation
premix

Theophylline
tracer
addition

Past-crocessing of
hyperspectral data
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Tracer maps used to measure distributions

API map based on tracer present m the granules from twin- screw granulator

RTD plec for mean APl coricentration
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Qualitative assessment of the RTD profiles
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Shannon Entropy based Mixing Index
H(X) = P(X)log,y,(@l/P(X)))
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Analysis of distributions in twin-screw
granulation

RTD Measurement bv Chemical Imaging

Resuits

Summary
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Effects [Nm]

Experimental domain was effective in
causing variations

Torque (Nm)

SA

LSR
RPM -
MEFR -

« SR*RPM -
MFR*SA -
MFR*RPM -

N=42 = R2=0948 RSD=0.1024
DF=32  'Q2=08a6 Coniley=095 MODDE 10.1.1 - 16-May-15 22:27:30 (UTC+2)
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Size fracticn change is respense of change in

residence time and mixing

Size Tractions ' Axizl raixing

—

|

es. time
Péclet No.

Factors

\

m

—

'jJa riance }

)

Screw speed
Throughput

L,’S ratic

kneading discs

= .
: > Oversized |
ckco

Stagger angle

Solid-liquid mixing
\

Mixing Index-

:

req. Var.




Iricrease inL/S'and no. of kineading led to
improved liquid distribution, hence less fines

Size tractions Axizl raixing Solid-liquid mixing
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lncrease in scraw speea cagused low
residence time and mixing so more fine

Size Tractions Axizl raixing Solid-liquid mixing
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I axiai mixing by 1 screw speed &
/N liquid distribution at A L/S lead to more vyield

Size tractions Axizl raixing Solid-liquid mixing
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lncrease in scraw speea cagused low
residence time and mixing so less yield

Size tractions Axizl raixing Solid-liquid mixing
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Increase in axial-mixing and iow residence
time lead to less oversized

Size tractions Axizl raixing Solid-liquid mixing
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Reducing arnount of oversized is difficult
S
more oversized

Size tractions Axizl raixing Solid-liquid mixing
[ : | [ A | [ : |
>
)
© | & ) o _8 =
o b= G, = — p ©
N - O B0 © >
O 0O . & 2= Q
Fact c ol 2|y §F g = & E
o— . — (O N
Screw speed
Throughput O
5 Fatie sl T
kneading discs 0
Stagger angle !




Analysis of distributions in twin-screw
granulation

RTD Measurement bv Chemical Imaging

Resuits

Summary
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Combined results showed that..

..a balance between material throughput and screw
speed is required for high yield.

..material throughput and number of kneading discs
cictate sciig-liquid mixing.

~hon-conventional screw elements with modified
geometries should be explored for improvement in
solid-liquid mixing.
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Perspectives

In further study we will investigate material
argperties influence on the RTD + mixing and
granulation yield.

Utilise the mixing and residence time
information for mechanistic modeling of the

TSG.
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