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“Making Better Medicines”
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APE including SAX™, DISCUS™ UMAX

SPE
Prosonitron™
Technology
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Particle Engineering Technology Platform
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Liquid Motion
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 Utilisation of Ultrasound
IS a process intensification
Methad in comparison to
other energy applications

» Enables delivery of large
guantities of energy in short
timeframes on microscales,
but for controlled macro
process effect

Suslick, K. S.; Didenko, Y.; Fang, M. M.; Hyeon, T.; Kolbeck, K. J.; McNamara, W. B. Illl; Mdleleni, M. M.; Wong, M. ® .

"Acoustic Cavitation and Its Chemical Consequences” Phil. Trans. Roy. Soc. London A, 1999, 357, 335-353.
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Equilibrium Critical supersaturation
Solubility S=1.0 (spontaneous

crystallization)
Low to ‘reasonable’

S and very slow

nucleation
Very rapid
nucleation
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1 Equilibrium
?  Solubility S = 1.0

Low S but
nucleation
response from
ultrasound pulse
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Critical supersaturation and
Nucleation enhancement with
ultrasound

More significant S:
nucleation
response from

ultrasound pulse Very rapid
nucleation

Supersaturation S







Supersaturation increase

In principle solid material
can form anywhere within
metastable (yellow) and
labile zones

Labile
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Stable

Metastable limit Equilibrium solubility

Temperature
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Screening experiments

e.g solubility, temperature,
ultrasonic energy, flow rates,
residence time etc..

Explored space

Design space
Acceptable performance,

+/- parameters of operation

Operating range
Control space

Process understanding via:
Critical Quality Attributes and Critical Process Pa rameters
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Cooling &
Form crystals at high
supersaturation with or
without ultrasound and
expect uneven growth,
rapid nucleation, fines and
higher inclusions

S increase
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Ultrasonic nucleation
to form crystals at low
supersaturation and
allow to grow evenly
and perfectly with
lower inclusions

Temperature
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In-situ Ultrasonic Seeding: Aspect & Purity Control

Acknowledgement to Prof. Kevin Roberts, Leeds, UK




Purer Crystals formed at low supersaturation with US

Low/Least supersaturation Critical supersaturation
(no ultrasound)
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Broken lines indicate metastable
limits (with respect to each
polymorph) and higher/ critical
supersaturation
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The Possible least degree of supersaturation with respect to P1
but undersaturated with respect to P2

Temperature
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Polymorph Control with Ultrasound #1

L-Glutamic Acid

a3b
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Critical supersaturation Least supersaturation to form
leads to metastable a thermodynamically stable b
polymorph and often polymorph

mixture of a and b
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Key results: reduced median crystal size, tighter CSD, polymorph control
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Raw powder Rounded powder

@
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Cooling crystallisation Sonomilling and rounding

Sonocrystallisation Sonocrystallization,
Sonomilling and rounding

» Agglomeration and solvent inclusion is avoided
* Micronisation eliminated, giving significantly reduced unimodal PSD
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