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2. Modelling framework
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1. Introduction 
• Inthepharmaceutical industry,crystallisationprocessdevelopmentandscale-uparegenerallycarriedoutusingexperimentaltrial-and-errorapproaches,whichcansignificantlyaffectthetime-to-market

• A first-principle model based holistic approach using QbD principles has the potential to provide a step-change in the efficiency of work flows associated with the process development and scale-up in order to produce crystals of
predefinedattributessuchasparticleshapeandsizedistribution.

• ACFD–PBMframeworkformodellingcrystallisationprocessesisproposedtoassesstheeffectofhydrodynamics,mixingandheattransferonnucleationandcrystalgrowthkineticsandhenceinPS&SD

• This can provide a basis for multi-zonal modelling approach is suggested to predict CSD produced by batch cooling crystallisation in agitated crystallisers with the advantage of reducing extensive
computational resources
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𝑮 = 𝒌𝑮 𝝈 𝒏
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Fig 1. Flow diagram summarising the strategy for the digital design of batch cooling
crystallisation processes

Fig 2. Model for estimation
of crystallisation kinetics
parameters in gCRYSTAL

Fig 3. Comparative predictions of CSD using different sets of

nucleation & growth kinetics parameters & comparison with
experimental data
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Using estimated kinetic parameters in gCRYSTAL initiating
with those in [1]

Nucleation kinetics parameters from literature [1] and
crystal growth kinetics obtained from data in [2]

Using estimated kinetic parameters in gCRYSTAl initiating
with those in [1] for nucleation and with those obtained
from [2] for crysstal growth

𝑱 = 𝒌𝑩 𝝈 𝒃

3. Nucleation & crystal growth kinetics parameters 
estimation

7. Conclusions
• Crystallisation process modelling methodology for accurate prediction of crystal size and 

shape distribution facilitates process development and scale up. 
• CFD –VOF approach provides a detail insight of the hydrodynamics during batch cooling 

crystallisation process.  
• Fully coupled CFD-1-D PBM model accurate predicts the effect of kinetic parameters on 

predicted CSD and  the predictions are in good agreement with measurements. 

6. Effect of kinetic parameters on predicted CSD

▪ E

▪

Fig 8. Comparison of experimental [3] and
predicted CSD at 100 rpm using nucleation and
growth kinetics from [1]

Fig 9. Comparison of experimental [3] and
predicted CSD at 150 rpm using nucleation and
growth kinetics from [1]
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Fig 4. Microscopic images of α-form L-glutamic 
acid at 200rpm [3]

Fig 5. Measured LGA  PSD at different 
impeller speeds [3]

4. Modelling crystallisation of L-glutamic acid (LGA) 
in aqueous solutions
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Fig 10. Comparison of experimental [3]
and predicted CSD at 100 rpm using
nucleation [1] and growth kinetics [2]

Fig 11. Comparison of experimental [3]
and predicted CSD at 150 rpm using
nucleation[1] and growth kinetics [2]
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Fig 7. Predicted LGA volume fraction (a) and temperature 
distribution (b) for 100 and 150 rpm

Fig 6. Predicted vortex formation 
for 100 and 150 rpm using VOF

5. Two-phase CFD modelling  (ANSYS Fluent)

▪

CFD - Volume-of-Fluid 
(VOF) Approach

▪

CFD  - 1D-PBM  simulations crystallisation 
of LGA in aqueous solutions

▪

(a)

(b)


