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Things | have enjoyed:
 Instrument development

« Data analysis and modelling
« Aerosol Science
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Formation of micro-structured particles
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Pharmaceutical Industry
» Powder production
» Drug delivery to the lungs
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Determination of the transport
properties of aerosol particles
produced by droplet drying
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Aim:  Understanding and control of particle properties
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* Droplet evaporation ()2 = ¢,? — kt Buckled Particle

. Donut Shaped
‘ Cubic Crystal

Aggregated
Crystals or Particles

« Solvent properties

* Drying conditions Hollow Particle
 Particle composition

 Particle formation _ _
Solid Particle

« Solidification behavior of solutes
or colloidal particles
« Solvent properties

Rough Particle
e Solvent/solute interactions

Porous Particle
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Contact free behaviour

Droplet dimensions

Droplet density

Droplet phase
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Study dry particle formation
from aerosol droplets

» Contact free behaviour
» Droplet dimensions
» Droplet density

* Droplet phase

» Droplet structure
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Falling Droplet Chain Instrument

« Contact free behaviour « Monodisperse droplet chain Py
» Droplet dimensions
» Droplet density

* Droplet phase

» Droplet structure
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Falling Droplet Chain Instrument

« Contact free behaviour « Monodisperse droplet chain Py

o{

» Droplet dimensions » Stroboscopic imaging

» Droplet density

* Droplet phase

» Droplet structure
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Study dry particle formation

Falling Droplet Chain Instrument
from aerosol droplets J P

« Contact free behaviour « Monodisperse droplet chain Py

» Droplet dimensions » Stroboscopic imaging

» Droplet density

®
 Observation throughout .

. Droplet phase evaporative lifetime

» Droplet structure
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Experimental Design
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Study dry particle formation

Falling Droplet Chain Instrument
from aerosol droplets J P

» Contact free behaviour

Monodisperse droplet chain P

» Droplet dimensions » Stroboscopic imaging

» Droplet density

®
 Observation throughout .

. Droplet phase evaporative lifetime

» Collect final particles for
SEM imaging

» Droplet structure
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Aerodynamic Diameter

Diameter of a sphere with a density of 1 gcm-3 ‘
that has a settling velocity, v, equal to a
droplet in question.

Ay pgd(t)? 18pv;
AL < Ay
. m

o bristol.ac.uk



-% University of
B BRISTOL

Measuring Droplet Diameter
IRSHN J =P

Aerodynamic Diameter
Diameter of a sphere with a density of 1 gcm-3 20 - 50 pm { O

that has a settling velocity, v, equal to a
droplet in question.

Ay — pgd(t)? 4 - |18Hs
At 5T 18y | p'g
Geometric diameter a,
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Observing Droplet Trajectories
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Sodium chloride:
e Solute, not colloidal
» |deal solute
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 Solute, not colloidal | O

» |deal solute

 Well known behaviour in aerosol

61 Efflorescence
phase '

Mass Droplet / Mass Solute

o . 41
e Clear solidification behaviour ‘ .
Deliquescence
2-
Q
0 1.0

Relative Humidity
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Sodium chloride:
e Solute, not colloidal

 |deal solute
« Well known behaviour in aerosol » Understand the phenomena that occur
phase

e Clear solidification behaviour
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Sodium chloride:
e Solute, not colloidal

 |deal solute
« Well known behaviour in aerosol » Understand the phenomena that occur

phase
» Clear solidification behaviour

—

» Relevant to food the food industry

« Nuclear industry involves mixed > * Apply to more complex scenarios
solutions D
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Aerosol Generating Procedures (AGPS)
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Sodium fluorescein:
e Less ideal solute
» Slower diffusion
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Sodium fluorescein:
e Less ideal solute
» Slower diffusion

e Less well known behaviour in
aerosol phase
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IRSHN - Sodium Fluorescein

Sodium fluorescein:
e Less ideal solute
» Slower diffusion

e Less well known behaviour in
aerosol phase

» Poorly understood solidification
behaviour
« Amorphous?
 Solid?
e Ruptured?
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Jim 5. Walker, Justice Archer, Florence K. A. Gregson, Sarah E. . Michel, Bryan R. Bedek,

and Jonathan I Reid*®
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ABSTRACT: Aerosols and droplets from expiratory events pliy an integral rolke in dVF - Pp SC;!pg | Vp - Vg | ( Vp = Vg) s —
tsosmitting puthopens such i SARS-CoV-2 from an infecied individod 9 4 contd —:g(] ——) - - :f;‘ (rh f V}._)
susceptible host. However, there remain significant uncertaintics in our understanding Lo ""‘0— o di p 8 p r - f P f
of the acrosel droplet microphysics occurring during deying and sedimentation and 2 Y O'“-‘ F 4 P P
the effect on the sedimentation outcomes. Here, we apply a new treatment for the .E ||:|----j o . =
microphysical behavior of respiratory fluid droplets to a droplet evaporation)/ ;:!. 4 o dr g —
sedimentation model and assess the impact on sedimentation distance, time scale, and 3 i . V Ry ( V )
partiche phase. Above 2 100 pm initial diameter, the sedimentation outcome for a2 E @ . d W | e 4 il
respiratory droplet is insensitive to composition and ambient conditions. Below 100 = ’ - I
prm, and particularly below 80 pm, the increased settling time allows the exact nature ]
of the evaporation process to play a significant robe in influencing the sedimentation - - L | -
outcome. For this size range, an incorrect treatment of the droplet composition, or Huorizontal position [ m

imprecise use of RH or temyperature, can lead to large discrepancies in sedimentation

distance (with representative values =1 m, =1 m, and >2 m, respectively). Additionally, a respiratory droplet is likely to undergo a
phase change prior to sedimenting if initially <100 pm in diameter, provided that the RH is below the measured phase change RH.
Cabculations of the potential exposure versus distance from the infected source show that the volume fraction of the initial
respiratory droplet distribution, in this size range, which remains elevated above | m decreases from | at | m to 0125 at 2 m.
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droplet trajectories
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Capability :

» Observe and model freefalling
droplet trajectories

Vertical Position / mm
=

» Image droplets throughout
drying process

100

Honzontal Positon § mm

* Measure geometric and
aerodynamic diameter
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Falling Droplet Column '} e wmese
Capability : % O

» Observe and model freefalling
droplet trajectories

e la]

Vertical Position / mm
=

» Image droplets throughout
drying process

100

. Honzontal Position / mm :
« Measure geometric and

aerodynamic diameter
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» Observe phase changes

» SEM analysis of dry particles
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Increasing evaporation rate, k| Temperature Relative Humidity

v

Pe < 1 Diffusion dominates, homogeneity Pe > 1 Leads to surface enrichment
maintained Peclet Number
« Many nucleation sites
 Fewer nucleation sites k(RH,T)
= 8D—(T) » Parallel crystal growth

» Crystal growth on earliest nucleation site
» Surface crust / shell formation
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e Further experiments on:
e Industrially relevant compounds
« Compounds forming amorphous particles
o Parameterisation of sodium fluorescein aerosol properties

e For use in model

» Further development of model

e To include surface enrichment
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e Image analysis

 Particle morphology

e Particle orientation
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