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Wettability determined by:

� Nature of the particle
� Nature of the oil and 

aqueous phase

Particle Stabilized Emulsions: Formulation
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I. Physicochemical Aspects
Particle wettability determines preferred emulsion type 

Binks, B.P., Curr. Opin. Colloid Interface Sci. 7, 21-41 (2002).



E proportional to R2 �

Larger particles are generally more 
effective

For 90 °°°° contact angle:
1 �m particle E ~ 107 kT

10 nm particle E ~ 103 kT

1 nm particle E ~ 10 kT

Globular proteins E ~ a few kT

Surfactants E ~ 1 kT

Pieranski, P. Physical Review Letters 1980, 45, 569-572.

Binks, B. P.; Lumsdon, S. O., Langmuir 2001, 17, 4540-4547.

Particle Stabilized Emulsions: Formulation
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…the properties of an emulsion depend on 
a complex interplay of factors!

II. Composition
• Amount
• Ratios
• Order of addition

III. Emulsification protocol
• Shear (turbulence)
• Mixer geometry (turbine, blade)
• Energy (intensity, duration)
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Novel Development: 
Robust Particle-stabilized Nanoemulsions
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I. Blute et al. / Colloids and Surfaces A: Physicochem. Eng. Aspects 337 (2009) 127–135

�Hydrophobically modified 
(methoxysilanated or ethoxysilanated) silica particles

�Aqueous dispersion ( pH 7.5, 30% w)
�Particle diameter: 7 nm 

Surface activity

Size distribution by volume as 
determined by dynamic light 

scattering
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emulsions



Emulsification Protocol
� Ultra shear device - High pressure homogenizer type
� Production of extremely fine emulsion (drops in nanometer size range)
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http://www.microfluidicscorp.com

adjustable 
narrow gap



Emulsification Protocol Studies 
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High shear turbine

Microfluidization- 1 pass
Microfluidization- 2 passes
Microfluidization- 3 passes



Emulsification Protocol Studies 
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High shear turbine

Microfluidization- 1 pass
Microfluidization- 2 passes

Microfluidization- 6 passes
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Effect of particle : rapeseed oil ratio
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�Effect of Oil Phase
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Ostwald Ripening 

• Molecules of the dispersed 
phase travel from the small 
droplets to the larger ones. 

• Leads to emulsion breakage 

  
∆p =  γ 

2
r

 
Young - Laplace equation

Ostwald ripening rate of linear  aloane
emulsions stabilized with 20 mM SDS
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Surface Formation in Spray-dried Suspensions

Mass transport by diffusion
and convection

Moisture moves from the interior
of the droplet by diffusion and 
capillary forces

inlet air
180

�

C

liquid feed

outlet air
75

�

C

powder 
collection
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10% hexadecane, 
3.5% silica particles
3.5% maltodextrins



SEM of Spray-dried Emulsion

Droplet size range 0.9-3 µm



Spray-dried Pickering Emulsion

Size of Pickering emulsion droplet



Environmental SEM of 
Spray-dried Pickering Emulsion



Calcined
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Surface Formation in Spray-drying

inlet air
180

�

C

liquid feed

outlet air
75
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C

powder 
collection

spray

hot air hot air

air

feed

air

ð The surface composition 
reflects the composition of the 
spray-droplet surface

ð The extent of surface excess 
of a substance depends on 
adsorption kinetics and 
efficiency of the substance and 
any competing components in 
the drying liquid

• Surface-active substances 
adsorb at the air/liquid 
interface of the spray-droplet

• This surface is conserved 
during spray-drying



Spray Drying: Particle Formation

Control of the  particle size
Mainly hollow particles

Droplet size
Change nozzle operation

Concentration of
the spray solution
(little effect on �)

5-20% lactose

1% lactose

Reduced surface 
tension



Initial (%) Weightloss 
[%]

of Pickering 
emulsion

Hexadecane 54.5 43

Maltodextrin 21 25

Silica sol 24.5 32

Content of Emulsion Retained During Spray-drying



T

Air intake

Heating
Feed

Nozzle

Filter Aspirator

Spray-drying Process

Droplet life-time during spray drying
4.5 ms (droplet 10 µm, particle 7 µm)
21 ms (droplet 50 µm, particle 30 µm)

Droplet surface temperature:
T(wb), wet bulb temperature ~45ºC
(at Tin=200 ºC and Tout=90 ºC)

Residence time in lab dryer:~1sec

Tfeed

First 
crystals

Particle
established

Dry
particle

Diameter

Tout

Twb

Temperature

Drying time


