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Figure 1: Pharmaceutical Manufacturing Process1

Recently, there has been an increased use of AFDs (Figure 2) in
pharmaceutical processing, which combine filtration and drying in the
same vessel.

Figure 2: Cross-sectional representation of an AFD2

There is extensive knowledge available of wet granulation (Figure 3).
We intend to use this knowledge to provide insight into undesired
agglomeration in AFDs.

Problem Statement
Undesired agglomeration occurs during drying in AFDs which can cause
issues (Figure 4) and the underlying reasons for this are not fully
understood.

Background
Drying is a crucial post-crystallisation step to lower the solvent content to 
acceptable levels but is often a bottleneck in the manufacturing process 
(Figure 1).

Potential experimental investigations are shown in Figure 5. The ratio of
kinetic energy of colliding granules to the viscous dissipation of the
binder can be modelled by the viscous Stokes number, St.4

𝑆𝑆𝑆𝑆 = 4𝜌𝜌𝑔𝑔𝑢𝑢𝑢𝑢
9𝜇𝜇 Where: 𝜌𝜌𝑔𝑔 = granule density, u = initial collision velocity of granules, d = granule

diameter and µ = binder viscosity.

These experiments will be used to determine the influence of viscosity
and agitation rate on Reynold’s impeller number, ReN.
𝑅𝑅𝑅𝑅𝑁𝑁 = 𝑢𝑢2𝑁𝑁𝜌𝜌

𝜇𝜇 Where: d = diameter of the impeller, N = stirrer speed, ρ = specific particle

density and µ = viscosity of the powder bed.
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Figure 3: Wet Granulation Mechanism3

Figure 4: Examples of issues due to undesired agglomeration in AFDs 

Figure 5: Possible Routes of Investigation for Experimental Work

Future work:
The next steps for this project are outlined below in Figure 6.
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Figure 6: Flowchart of future work

Conclusion:
The aim of this research is to address the gaps in knowledge of the
mechanisms of agglomeration during drying in AFDs, by applying
existing understanding of wet granulation. This will in turn be used to
improve process design for AFDs.

Introduction
Agitated filter dryers (AFDs) are increasingly used in the pharmaceutical industry due to the combined filtration and drying operations and use of an
agitator to improve mass and heat transfer of particles during drying. However, this agitation can lead to undesired agglomeration which requires further
downstream processing and leads to unfavourable cycle times. Undesired agglomeration is still not well understood, and this work aims to identify and
study the underlying mechanisms, and apply current knowledge of wet granulation to develop tools to predict and reduce agglomeration in AFDs.
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Tweezer Induced Heating
Previous experiments have shown that the focus of an optical tweezer can cause
the region surrounding the focus to experience temperature elevation. However,
this is dependent upon several factors, the main one being absorption. One way
to significantly reduce heating in aqueous solutions is to use deuterium oxide
(D2O) due to the orders of magnitude reduction of absorption coefficient between
the isotopologues at common trapping laser wavelengths [2]. Modelled for the
maximum possible temperature rise at 60 microns from the heat sink.

Figure 1:Both; Temperature rise per watt of laser power delivered in solutions aqueous of glycine, using two
laser wavelengths 975 nm (solid) and 1064 nm (dashed) at an axial distance of 60 micron from the nearest
heat sink while trapping spherical silica particles. Left; Solutions of glycine in H2O. Right; Solutions of
Glycine in D2O.
• Use of D2O significantly reduces tweezer induced heating compared to H2O.

Solvent Isotopologue Effects
Induction time distributions were performed to determine the primary
nucleation rates response to the detueration of the solvent used [3]. In
both solute cases examined, the samples shifted to longer induction
time distributions, indicating lower primary nucleation rates.

Figure 2: Cumulative frequency distribution of induction times of Glycine and NaCl in H2O and D2O at the scale
of 3 g of solvent performed under agitated isothermal (25 °C) conditions, measured using turbidity. H2O shown in
open symbols and D2O shown in filled symbols. Curves are fitted according to the Jiang and ter Horst model [3]

• At equal supersaturation deuterated solvents give longer induction times
under equivalent isothermal agitated conditions.
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Impact of Tweezers on Crystal Growth Rates
The nature and magnitude of this impact depend on the solvent isotopologue,
presence of a tweezed particle and laser power used. This allows the growth rates
to be increased, but this can also prohibit growth in the region closest to the focus
of the tweezers, which is evident even after growth was allowed to occur in the
region where the laser had prevented it.

Figure 3: Both; Average of two measurements of Growth rate of a NaCl Crystal in S=1.01 NaCl in D2O, when
a tweezing focus generated from a 975 nm laser is at an initial distance of 10 micron laterally. Left; Empty
Tweezing Focus. Right; Tweezing Focus holding a 1.57 micron diameter silica microsphere.

Figure 4: Upper; Growth of a NaCl crystal from S=1.01 solution in H2O where the crystal has been allowed to
grow through a tweezing focus with a set power of 300 mW. Position of the tweezing focus when active
indicated by the arrow. Lower; Further growth following the deactivation of the tweezers.

• Tweezing focuses can increase crystal growth rates in proximity, however this
can be negated by the presence of a silica particle, or due to local heating when
using non-deuterated solvent and higher laser powers.

Tweezer Induced Nucleation
Higher laser powers can directly induce nucleation; however, the time distribution
over which this occurs depends on several factors, including supersaturation,
laser power, polarisation, and solvent isotopologue. However, one factor that has
not been previously investigated is the distance between solution-air interfaces
and the tweezing focus. It is also possible to induce a crystal to nucleate from
what is in bulk undersaturated, which then dissolves back into solution on
cessation of the laser.

Figure 5: Left; Cumulative frequency distribution of crystallisation times of S=1.5 glycine in D2O solution at
various lateral distances from the solution droplet edge on the borosilicate glass coverslip using a 1064 nm
laser at a power of 770 mW. No nucleation was observed in bulk solution at great distance from the edge
Right; Cumulative frequency distribution of crystallisation times of various supersaturations of glycine solution
at the droplet edge using a 1064 nm laser at a power of 700 mW at the focus.

• Tweezing focus distance from the droplet edge alters distribution of induction
times, however supersaturations within the levels tested does not have a
significant impact on the induction times.

Next Steps
• Nucleation Time distributions when tweezers are trapping a silica particle.
• Effects of tweezing particles (Silica and Polystyrene) on primary nucleation characteristics.

Optical tweezers allow crystallisation from solution to be localised to a known position within a solution within a relatively well-known timeframe [1]. However, the impact optical tweezers
can have on crystallisation still requires investigation. Depending upon the makeup of the solution under investigation, this can result in significant localised heating surrounding the
tweezing focal volume [2]. One commonly used way to minimise this temperature rise in aqueous solutions is to use deuterium oxide. However, since this is not the standard isotopologue of
water, the fundamental impacts that this would have on bulk crystallisation have not been previously detailed beyond solubility. Investigations show a reduction in the primary nucleation
rate. Crystal growth from supersaturated solution can be enhanced locally through the presence of an optical tweezing focus even a relatively low powers. However, the localised growth of
a macroscopic crystal can also be inhibited by using regular water and a laser wavelength known to be highly absorbing at a high enough power. The presence of a trapped silica particle
appears to prevent the tweezers from being able to increase the growth of a crystal close to the focus in conditions where growth would be enhanced in the absence of the silica particle. At
higher laser powers, the focus can directly induce nucleation from solution even in undersaturated conditions when near a solution-air interface. But when moving into the bulk of the
solution, the ability to nucleate from the solution diminishes with increasing distance between the interface and the droplet edge. Future work will explore the impact that commonly used
tweezing particles have on primary nucleation characteristics, and the effect that holding particles within the focus of the tweezers have on their ability to influence nucleation directly.
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