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1. Introduction 3. Mathematical Model based

The size and shape distribution of crystals grown from the *
crystallization purification process strongly influences downstream
processes, such as filtrationl', drying, blending and tableting.
Pharmaceutical crystals often form needle- or platelet-like crystals
which tend to increase processing time by exhibiting long filtration
times, complicate drying because of their fragility and make accurate
dosing a challenge due to their poor flowability.

2. Aims and Objectives

This project (Oct. 2018 — Sept. 2022) aims to study and improve wet-
milling combined with temperature cycling approaches, to create more
equant-shaped crystals with a well defined crystal size and shape
distribution.

To reach our target the following objectives have been set:

« Establish a modular experimental setup allowing for cycles of
crystallization, dissolution and breakage.

« Establish a measurement device that allows obtaining
accurate size and shape information for a statistically relevant
number of particles.

+ Create a mathematical model that predicts the resulting
crystal size and shape distribution from such cycles.
- This poster is focused on this objective.

« To match experimental data with the model out-
puts and investigate different model systems, so
as to devise heuristics for efficient temperature
cycling and milling strategies.
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Base Case
The experimental parameters of growth, dissolution and
breakage were obtained from Salvatori et al#!l%! (describing
the model substance L-glutamic acid in water).

Simulation Results —_

Cycle conditions for the base case:
« Initial temperature: 50 °C

PSSD change over time
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Crystallization

The needle-like crystals targeted in this work are
approximated as cylinders with length L and width W,
enabling the formulation of a 2D model.

Figure 1: Geometrical representation of needle-like crystals!®!

The evolution of particle size and shape distributions (PSSDs) over time can be described using process
models based on population balance equations.

Since our goal is to describe crystallization (particles grow), dissolution (particles shrink), as well as milling
(particles break), we have included the necessary mechanisms in our model.

particle formation due to milling
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growth/dissolution

= -G+ —Gw + Br + Bw — EL — Ew

particle destruction due to milling

The analytical solution of the PBE does not exist, therefore the
Finite Volume Method is used to generate numerical solutions:

Dissolution + Koren's?l numerical solution is used for
describing the growth and dissolution
mechanisms.

« The mechanism of milling is described using the

technique developed by Kumar and Kumart3l,
* Our model can simulate growth/dissolution and
| breakage occurring at the same time or
n cycles consecutively.
_— \ Case studies with varying cycle parameters

The effect of the following conditions on the final
particle size distribution was studied:

* Milling intensity.

* Number of cycles.

* Mass dissolved.

Arrows indicate the direction of condition increase.

Milling

Figure 2: Average crystals’ size evolution Figure 4: Aspect ratio evolution

Figure 6: Concentration profile

on the average PSD
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5. Conclusions and future work

* A process model accounting for the evolution of particle size and shape
distributions has been developed and tested.

« It was shown that crystallization/milling/dissolution cycles can be highly
effective in getting more equant-shaped particles of a desired size.

« Using modelling and experimental work, we will investigate whether
heuristics for the design of these cyclic processes can be defined.

« To do the experimental part, a shape measurement device, capable of
measuring needles and platelets accurately will be developed and used
in the experimental campaigns.

Solute — Solvent System

Caffeine crystals were grown in:

Pure ethanol solution.
Grown in a seeded
batch crystalliser.
Applied slow cooling.
Low stirring rate.

Figure 9: Caffeine B-polymorph crystals grown in ethanol solution.
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