
A Holistic Approach for the Model-based Control of Crystal Size, Shape and Purity in 
Integrated Continuous Crystallization – Wet Milling – Classification Systems
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Specific aims: ”To develop and provide the first proof-of-concept simulation and experimental demonstration of a real-time implementation of a
full population balance model based nonlinear predictive control approach for batch and continuous crystallization processes integrated with
wet milling and classification/recycle system, in order to achieve desired crystal size and shape distribution. The effects of impurity/additive
mixtures on the size, shape and crystal purity distribution will be incorporated in the model.”
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 High performance, GPU accelerated implementation 
of the HR-FVM for 1D and 2D crystallization processes

 Soft sensor based on improved geometrical model 
 ANN for learning the geometrical model output: 

efficient memory and grid independent.
 Estimation of measurable AR of a crystal population 

(PVM-soft sensor) from mean crystal size data. 

Integrated 
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 External wet mill in recirculation with 
batch crystallizer High aspect ratio
crystals

 Mechanisms: nucleation, growth, 
dissolution. Energy balance, 
fragmentation and attrition in the 
wet-mill

 Improved CSD with the integrated 
system

Design parameters: 
Temperature, flowrate and wet-mill RPM
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 1D kinetic parameter estimation, 1D NMPC
implementation (size control)

 IMED based high performance parameter 
estimation for spherical crystallization 
(agglomeration)

 Real time feasible 2D NMPC system 
development with sampling time < 5 
minutes with 1 manipulated variable
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 Crys.–WM–Class.–R: simplified 
 Classifier design with partition coefficient
 Design space: comparing 4 different 

integrated systems (DOE vs. Monte Carlo)
 Effect of recycle on CQAs (mean size and 

impurity) and dynamics
 Validation experiments: max and min 

mean size and impurity
Min Max

Impurity Min Max

Experimental 3.95 ± 0.031 % 6.33 ± 0.012 %

Simulation 3.45 ± 0.016 % 4.62 ± 0.0086 %

(hr)

O
bjective

 Crystallization-Milling-Classifier-Recycle systems (Crys.–WM–Class.–R)
 flexible crystallization network development
 Mechanisms: 1D/2D nucleation, growth, dissolution, breakage, 

agglomeration
 Mean size increases with recycle
 Impurity increases with recycle
 CSD becomes broader with recycle
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