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Aims and Objectives

The aim of this work is to develop a mechanistic model utilising the population balance modelling software gPROMS FormulatedProducts from PSE. The cooling
crystallisation kinetics of alpha lactose monohydrate from water have been fitted utilising isothermal seeded desupersaturation experiments under a range of
conditions following the method described by Pérez-Calvo, Kadam and Kramer[1]. The development of a robust model that accurately depicting the investigated
system allows the model to be used in replacement of copious experiments for optimisation and further investigation into the behaviour of the platform.

Theory Mechansitic Modelling
The basic theory of this work is to assess the
individual mechanisms within the crystallisation
process separately and define their unknown
parameters. These individual mechanisms can then
be combined to give a full mechanistic model
representing the system.

Performed Experiments Virtual Experiments

B ® O @O
] l]
i
\ o :

Figure 3 j
e  ACC|OMeration AV 4

[Parameter Estimation|
L

gm Volume Diffusion Fitted Growth Rate Kinetics Agglomeration Kinetics

Parameter

Heterogeneous Primary
Nucleation Nucleation
EasyMax
Attrition Secondéry
Nucleation

uondiosaq anauly |n4

Growth Constant Supersaturation Order Activation Energy Mumtaz Number (N/m)
(m/s) (-) (J/mol)
Surface
Value 1.353e-5 4.663 0 0.00186
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Results — Concentration Profiles

* The predicted trends fall within the error of the measured concentration However, the predictions 029

follow a linear trend and deviate from the exponential decay of the measured results.

« Slow growth kinetics are clear across all tested conditions. 0.29

« Effects of T and C can be seen across the experimental results.
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° $D4 10° 10 102 * The full seed PSD was supplied to gPROMS to allow for accurate simulation of the
o Size Classes (um) experimental conditions.
107 10° 10! 102 * The tail of the seed PSD is being lost within the agglomeration kernel and is producing too narrow a distribution.

Figure 4 Size Classes (um) «  The inclusion of additional PSD quantiles during the parameter estimation improved the shape of the distribution but its full shape has
not been captured by the growth and agglomeration model.

Uncertainty Analysis
o ¢ The relationship between the growth kinetic parameters is
displayed in figure 5. .
* The crystal mass recovery across the tested conditions is ==
shown to hold consistently by the colour gradient across the 2 “**"
uncertainty of the fitted growth kinetics parameters g .
The important factors affecting the process outputs of this & so= 55000
system have been highlighted utilising the uncertainty & WB%% -
analysis entity within gPROMS such as figure 6. 7 j ’ i
) < Initial mass fraction of alpha-lactose is shown to have a  ~wo= m\ ¥
gt positive relationship with both crystal mass recovery and (L
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Conclusion
« The current growth and agglomeration model is found to accurately predict and simulate the process in relation to concentration profiles. However, the particle size
predictions are a known limitation of the model and as such will not be the focus going forward with the optimisation of the process.
+ SEM images showed the necessity of including the agglomeration term despite the removal of the tail from the predicted PSD.
« The future of this work is to optimise the process conditions of the process in terms of crystal mass recovery.

Uncertainty of process conditions

Uncertainty of fitted parameters
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