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Investigating the Role of Thermal Interactions during Freezing on
the Morphology of Freeze-Dried Products
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PURPOSE

The solidification of water into ice is initiated by a stochastic phenomenon called nucleation.
Since the phase change is an exothermic process, the heat released by nucleation in a vial
can delay nucleation in the neighbouring ones. The combination of these two phenomena
causes each vial to have a unique thermal profile. Since the ice crystal size depends on the
thermal history of the solution, the morphology of the final product resulits to be heterogeneous.
In this work, experiments were coupled with a mathematical model to assess the influence of
thermal interactions during freezing on the morphology of freeze-dried products.

METHODS

A 5% sucrose-mannitol (1:1) was freeze-dried in different loading conditions, with wials in an
interacting or a non-interacting configuration. The nucleation times of 10x20 vials were
recorded by two video cameras placed above the shelf. The thermal profiles recorded by
thermocouples were used to estimate the equipment-to-vial and the vial-to-vial heat transfer
coefficients. These pieces of information were used as input in a mathematical model to
compute the thermal profile of each vial in the batch. From these profiles, the model extracts
information on the product morphology and the resulting drying times.

RESULTS

Thermal interactions led to a decrease in the average nucleation temperature characterised
by a broader distribution. Moreover, the average freezing front rate increased, and in this case
as well, resulted to be highly variable within the batch. Therefore, when interactions were
present, the average pore size resulted to be lower and more variable than the non-interacting
case. The resulting drying times resulted to be higher due to the increased resistance to the
vapour flow.

CONCLUSION

-~

The mathematical model suggested that thermal interactions affect the product morphology.
The pore size distribution had a lower average value and a higher variability compared to non-
interacting cases, slowing down the drying step. These results evidenced the importance of
considering thermal interactions in the design and the optimisation of freeze-drying cycles.
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