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Spray freeze-drying — What and why?

What is spray freeze-drying?
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Why?

To increase the shelf life of
(biopharmaceutical)
products that are:

* Unstable in
liquid solution

e Sensitive to high
temperatures
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Spray freeze-drying — A multiscale and multiphysic problem
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Modelling
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Modelling — Macroscale
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Modelling — Macroscale

2D - axisymmetric

Heat transfer
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Modelling — Macroscale

2D - axisymmetric

Heat transfer

Accumulation Conduction Convection Generation
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Modelling — Macroscale

2D - axisymmetric Mass transport
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Modelling — Macroscale

2D - axisymmetric

Mass transport
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Modelling — Macroscale

2D - axisymmetric Mass transport
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Modelling — Microscale

To calculate the
kinetic parameter:
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Modelling — Microscale

Moving
interface

To calculate the
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Modelling — Microscale

Generation of packed Simulations

To obtain:

* Porosity

* Tortuosity

* Permeability
* Poresize

From SEM images, From simulations of the

obtain the particle packed bed, obtain the
size distribution bed descriptors
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Simulations — Case studies
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Results
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Results — Microscale

Mass transport controls
the sublimation rate
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Results — Macroscale

Packed bed
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Results — Macroscale
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Spray freeze-drying is particularly suitable for the preservation of biopharmaceuticals as it involves gentle drying
and can easily be integrated with continuous manufacturing strategies. This process is still an evolving appli-
cation, and its potential is often being explored experimentally. However, experimental methods are expensive
and time-consuming. Therefore, much effort is currently focused on the development of mathematical models to
understand the basic mechanisms and hence lay the foundation for analysis and experimentation. Even though a
few models were proposed in the past, all of them presented various flaws and failed in describing the process
behavior. We propose a multiscale approach, which is able to reproduce the structure of a packing of spray-
frozen particles and extract detailed pore-scale geometrical features, informing the final vial-scale drying and
heat transfer simulation. This latter step is the main innovation here presented, a new model that is based on the
concept of a diffused interface and describes the process in a more accurate way.
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