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Experimental Results

Increasing the impeller speed in the tank results in fewer primary particles remaining in the system. This is due to increased collision velocity leading to consolidation and greater contact 
between the particles and bridging liquid.

CFD and experimental Result Comparison

Rushton turbine increases solid velocity in the tank compared to pitched blade as it promoted radial flow in the
tank. Increased solid velocity will increase collision velocity, resulting in agglomerates with increased density
and sphericity. This is supported by experimental results.

Methodology
CFD
ANSYS Fluent 19.1 was used for the CFD simulations of a 1L
stirred tank.
Four impeller geometries were varied, they are flat-blade, propeller,
Rushton turbine and pitched-blade.

These were tested for clearances of 18mm, 20mm, 25mm, 27mm,
and 30mm at impeller speeds of 300rpm, 450rpm and 600rpm.
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Introduction
Spherical agglomeration is a promising particle size enlargement technique for the pharmaceutical industry. In spherical agglomeration primary crystals are suspended in a solvent
system and a bridging liquid is added to create agglomerates.
Most research occurs at bench-top scale in small stirred tanks. Although the effect of scale and impeller geometry are shown to influence the flow patterns and velocity of fluid and solid
in the tank, there has not been much research into these parameters for spherical agglomeration.
CFD simulations were produced for varied impeller conditions to determine how these parameters influence spherical agglomeration. The results of the CFD simulations inform
derivation of an agglomeration kernel; with the intention to predict ideal impeller design for spherical agglomerate characteristics.

Conclusion
-Impeller geometry significantly influences flow fields in the tank which in turn effect
spherical agglomerate properties
-Increased contribution of radial flow in the tank will increase the sphericity of agglomerates
in comparison to increased axial flow
-CFD compartmentalisation provides a more accurate representation of tank velocities

Future Work
-Development of the PBM to include influence of flow characteristics
-Further characterise the produced agglomerates to determine the effect of flow field on
agglomerate characteristics such as strength and porosity
-Produce CFD simulations for oscillatory baffled reactor flow pattern at varied conditions

Monosized 52µm PMMA beads suspended
in water are used as model particle system
with toluene used as the bridging liquid.
The BSR for all experiments was 0.5.
This system was tested at all impeller
geometry, clearances and speeds that
were used in CFD simulations

The CFD results were compartmentalised according to the zones specified in Desouza and Pike, 1972 [1].
1 – Flow from impeller –tangential jet
2 – Flow on tank wall – stagnation flow
3 – Corners of tank – potential flow
4 - Top and bottom of tank – potential flow
5 – Flow at centre of tank – circular jet
6 – Doughnut shape regions – dead water zones

Rushton Turbine CFD
25mm clearance and 450rpm

Pitched Blade Impeller CFD 
25mm clearance and 450rpm
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Population Balance Model

Deriving an agglomeration kernel for a spherical agglomeration population balance model (PBM) that will be coupled with the CFD results for different compartments.
Agglomeration kernel will consider the flow field generated by the impeller geometry, the solid and fluid velocities and how the solid concentration in the various compartments.
One-dimensional PBM solved for many compartments so a constant volume Monte Carlo approach is appropriate for solving the PBM.

𝜕𝜕𝑉𝑉𝑉𝑉(𝑥𝑥, 𝑡𝑡)
𝜕𝜕𝑡𝑡 = ሶ𝑄𝑄𝑖𝑖𝑖𝑖𝑛𝑛,𝑖𝑖𝑖𝑖 𝑥𝑥 − ሶ𝑄𝑄𝑒𝑒𝑒𝑒𝑛𝑛,𝑒𝑒𝑒𝑒 𝑥𝑥 − 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝑥𝑥, 𝑡𝑡

𝜕𝜕𝜕𝜕 + V ሶ𝑏𝑏(𝑥𝑥) − 𝑉𝑉 ሶ𝑑𝑑(𝑥𝑥)
[2].
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Figure 2

Aims and Objectives

Figure 3

Mechansitic ModellingTheory
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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.

• 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.
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Uncertainty Analysis

Conclusion

Results – Concentration Profiles
• The predicted trends fall within the error of the measured concentration However, the predictions 

follow a linear trend and deviate from the exponential decay of the measured results.
• Slow growth kinetics are clear across all tested conditions.
• Effects of T and C can be seen across the experimental results.

• The full seed PSD was supplied to gPROMS to allow for accurate simulation of the
experimental conditions.

• The tail of the seed PSD is being lost within the agglomeration kernel and is producing too narrow a distribution.
• 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.

Results – Particle Size Distribution

Fitted 
Parameter

Growth Rate Kinetics Agglomeration Kinetics
Constant

(m/s)
Supersaturation Order 

(-)
Activation Energy 

(J/mol)
Mumtaz Number (N/m)

Value 1.353e-5 4.663 0 0.00186

Parameter Estimation

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.

• 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
uncertainty of the fitted growth kinetics parameters

• The important factors affecting the process outputs of this
system have been highlighted utilising the uncertainty
analysis entity within gPROMS such as figure 6.

• Initial mass fraction of alpha-lactose is shown to have a
positive relationship with both crystal mass recovery and
average particle size.

Uncertainty of fitted parameters Uncertainty of process conditions
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