
• 10 ml of an oil à 0.2 mm droplet

• Work remains in the system as potential energy
à The system is thermodynamically unstable and rapidly 

undergoes whatever transformations to reduce the energy
à To make emulsion stable

§ Reduce � by 1 mN/m à work required reduced to 0.3 J
§ Also kinetics can play an important role
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As interfacial tension values fall, the ease of emulsion formation increases and 
the droplet size achievable decreases. Systems in which the interfacial tension 
falls to near zero (<10-3 mN/m) may emulsify spontaneously under the influence 
of thermal energy and produce droplets so small (<100 nm diameter) that they 
scatter little light and give rise to clear dispersions. The microemulsions so 
formed occupy a place between macroemulsions and micelles and are 
thermodynamically stable.
Microemulsions usually require the presence of both a surfactant and a 
cosurfactant (e.g. short chain alcohol)

(milk, etc)

(butter, etc)

μm

μm



Function: 1) lower the surface tension
2) retard the drop reversion into bulk separation

(must be adsorbed at the interface)

- Should be able to form some type of film or barrier at the interface  
that will prevent or retard drop flocculation and coalescence 

Emulsifiers



Reduce interfacial tension 
electrostatic barrier

Do not directly affect interfacial tension 
but form a physical barrier
Particles should be partially wetted by 
both liquids phases, but with a slight 
preference for the external phase

Steric and electrostatic interactions
More important as stabilizers, preventing 
drop flocculation and coalescence



Polymers
Proteins, Starches, Gums, cellulosics, PV alcohols, Polyarcrylic Acid, 
Polyvinylpyrrolidone
- Mechanism: 1) reduce interfacial tension

2) form barrier (electrostatic and/or electrostatic)
3) increase the viscosity of the system and impart added 

kinetic stability 

- Mechanism: Do not directly affect interfacial tension but form a 
physical barrier

- Particles should be partially wetted by both liquids phases, but with a 
slight preference for the external phase



Hydrophobic solid particles stabilize W/O emulsions
: basic sulfates of Fe, Cu, Ni, Zn, Al  (θ>90)

Hydrophilic solid particles stabilize O/W emulsions. (θ<90)
: carbon black, rosin, lanolin: W in kerosene, or benzene

Particles should have limited colloidal stability in both 
liquids, otherwise their tendency to locate at the oil-
water interface will not be sufficiently strong: 
Contact angle is close to 90o.
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- Mechanism: 1) reduce interfacial tension
2) form barrier (electrostatic and/or electrostatic)
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Emulsion Type

1. Chemical structure of surfactant

• Alkali metal salts of fatty acid soap produce o/w emulsions while di- and 
trivalent soaps results in w/o emulsions.

• Hydrophilic head > hydrophobic tail à o/w emulsion and vice versa

• The liquid in which the surfactant is most soluble will the continuous phase 
in the final emulsion: Bancroft’s rule

• Sodium Oleate (water soluble)à O/W emulsion   CH3(CH2)7CH=CH(CH2)7COONa

• Calcium Oleate (oil soluble) à W/O emulsion    CH3(CH2)7CH=CH(CH2)7COO-

CH3(CH2)7CH=CH(CH2)7COO-
Ca



Oleic acid                                                     Sodium Oleate
Originally developed by Griffin
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Calculation of HLB numbers (Davies and Rideal)



For mixed emulsifiers, HLP number can be approximated by 
algebraic addition



Solubility Parameter
• Theoretical approach to explain HLB

• Solubility parameter, � ∶ cohesive	energy	density	of	a	material
- Originally developed by Hildebrand to explain the solubility of materials in 

various solvent

- The higher the cohesive energy, the more sticky the interaction between 
molecules

- cohesive energy: intermolecular interactions (dispersion force, hydrogen 
bonding, dipole interactions ---)

• Nonpolar materials: low values of �

• Polar  materials: intermediate values

• Hydrogen bonding materials: high values

�, (J/cm3)0.5 Boiling Point Viscosity

Water 47.9 100oC 1.0 cP

Diethyl ether 15.1 35oC 0.23 cP



• Cohesive interaction energy between two unlike molecules

1. Mixture of water(�=47.9) and hexane (�=14.9)

2. Mixture of water(�=47.9) and glycerol (�=33.7)

��(��) = �� × ��

��(��) = 47.9 × 14.9 = 714

��(��) = 47.9 × 47.9 = 2294

��(��) ≫ �� �� → ��	���	���

��(��) = 47.9 × 33.7 = 1614
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à two materials mix well
à For	miscibility	of	two	materials, �	����	��	�������
à “like” dissolve “like”



Solubility Parameter, Surfactant and Emulsions 

• For emulsion stabilization, surfactants have a strong interactions 
with both the water and oil phase

– If water interactions are too dominant, the molecule ill tend to be 
too soluble in the aqueous phase, and will loose effectiveness at the 
oil-water interface

– The goal is to balance the cohesive interaction of the surfactant tail 
with that of oil phase and that of the head with the aqueous phase.
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• HLB number varies with temp. because the relative solubilities of the liphophile and the 
hydrophile vary with temp.

• The variation of solubility with temp. is most profound for nonionic emulsifiers 
containing a PEO hydrophile.
Ø Water soluble at low temp. à O/W emulsion
Ø Oil soluble at high temp. à W/O emulsion











Viscosities of two types of emulsion

In concentrated emulsions, the emulsion droplets become 
in contact, and the flow of the emulsion is impeded by 
interference of the droplets with one another.





High Speed Mixers - Impart shearing forces

Rotor-Stator Disperser Colloid Mill

High shear generated from 
the spinning rotor rotating at 
5,000 – 20,000 rpm. 

The liquid/liquid mixture as it 
passes through the narrow 
gap, liquid films breakup into 
small drops. The rotor rotates 
at 1,000 – 20,000 rpm. 



Homogenizer Sonolator

Pump liquid mixture at high pressure 
(up to 12,000 psi) through a small 
orifice against a spring loaded plunger

Variation of homogenizer. Pump liquid 
mixture at lower pressure (up to 5,000 
psi)









Induce contact between droplets with consequent coalescence

Contact with hydrophilic filter bed surface 
leads to a separation of phase

Adsorption of the stabilizer decreases with temp.
In some case, emulsifying agent is thermally decomposed
PEO or PPO become insoluble at higher temp. 

Add Ca to emulsions stabilized with alkali 
metal soap, converting soaps to water-
insoluble.
Adding a cationic surfactant to anionic systems.
Adding a surfactant with a very different HLB.
Add electrolyte to reduce the electrostatic 
repulson.



Foams
• A foam is a colloidal dispersion in which a gas is dispersed in a 

continuous liquid phase.

• The three-dimensional foam bubbles are spherical in wet foams (i.e., 
those with gas volume fractions of up to Φ= 0.74, the maximum volume 
fraction possible for an internal phase made up of uniform, 
incompressible spheres), but the foam bubbles start to distort in drier 
foams, in the range 0.74 < Φ < 0.83 approximately). In still drier foams 
the foam cells take on a variety of polyhedral shapes (Φ > 0.83, 
approximately).



• The arrangement of films coming together at equal angles of 120 (called 
the Steiner angle) results from the equalization of the surface tension 
vectors, or contracting forces, along the liquid films. The bubbles in a 
foam arrange themselves into polyhedra such that, along the border of a 
lamella, three lamellae always come together at angles of 120; the 
border where they meet is termed a Plateau border. In three dimensions, 
four lamellae meet at a point at the tetrahedral angle, approximately 
109.



• Forces in the lamellae:

– Gravity Force: drainage of liquid

– Capillary Force: flow from higher pressure region to the low pressure 
region in the plateau area, causing thinning of the films, eventually 
leading to film rupture and collapse of foam.

– Opposing force

• Marangoni effect: 



• Foams are partly characterized by their relative stability to film drainage and 

rupture. In most cases “stable” foams are caused by the presence of a foaming 

agent residing at the gas–liquid surface. Surfactant adsorption at the L/G 

interface lowers the interfacial energy and makes it easier to create and maintain 

the large interfacial area associated with having many gas bubbles in a liquid. It 

also increases the interfacial viscosity, which promotes stability as well. 

• Foaming ability reaches its maximum at or above the cmc of the surtactant. 

• Ionic surfactants are better foamers than non-ionics, presumably because their 

ionic head groups increase the stability of the foam through electrostatic 

repulsion between the two sides of the foam lamella. 

• Generally, foaming ability increases with increasing alkyl chain length in the 

hydrophobic group and decreases with branching in the hydrophobic group. 

• Foaming also tends to be decreased by any structural factor that increases the 

cross-sectional area of the surfactant at the surface, e.g., branching in the 

hydrophobic group, an increase in the number of oxyethylene units in the 

hydrophilic group of non-ionics, or “capping” of the terminal hydroxyl of the 

polyoxyethylene group with a less water-soluble group.



Marangoni Effect
• In order to be able to withstand deformations without rupturing, a thin liquid film must be 

somewhat elastic.

• When a surfactant-stabilized film undergoes sudden expansion, then immediately the 
expanded portion of the film must have a lower degree of surfactant adsorption than 
unexpanded portions because the surface area has increased. This causes an increased local 
surface tension which provides increased resistance to further expansions. 

• The local rise in surface tension produces an immediate contraction of the surface. Since the 
surface is coupled by viscous forces to the underlying liquid layers, the contraction of the 
surface induces liquid flow from the low-tension region to the high-tension region. 

• The transport of bulk liquid due to surface tension gradients is termed the Marangoni effect; 
it re-thickens the thin films and provides a resisting force to film thinning.



Foam Stability 

• Factors favoring foam stability
1) Low surface tension – makes it easier to form and maintain large 

interfacial area.

2) Low gravity drainage – decreases the rate of film thinning.

3) Low capillary suction – decreases the rate of film thinning.

4) High surface elasticity – counteracts the effect of surface perturbations.

5) High bulk viscosity – reduces the rate of film thinning.

6) High surface viscosity – reduces the rate of film rupture.

7) High electric double layer repulsion – increases disjoining pressure and 
reduces the rates of film thinning and rupture.

8) High steric repulsion – reduces the rates of film thinning and rupture.

9) Low dispersion force attraction – decreases the rates of film thinning and 
rupture.



Foam Stabilization with Solid Particles
• In the presence of surfactant, the foam stability is affected by the surfactant type, 

particle size and concentration.

– Hydrophilic particles can enhance aqueous foam stability by collecting in the 
plateau borders of the foam and retarding film drainage.,

– Hydrophobic particles enter the airwater surfaces of the foam and cause 
destabilization via the so-called bridging-dewetting mechanism.

• Not many studies on foam stabilization in
the absence of surfactants.

- Stable foams were only obtained when 
particles coagulation is induced by reducing 
electrostatic repulsion with addition of either 
1) electrolyte (NaCl) : 
2) cationic surfactant (DTAB) : charge 

neutralization)



Process for Foam Generation
• Bubbling gas into a liquid or solution

• Causing a stream of liquid to fall onto a pool of liquid or solution, 
thereby engulfing air bubbles,

• Suddenly reducing the pressure on a solution of dissolved gas, causing 
rapid nucleation and growth of gas bubbles within the solution,

• Turbulent mixing such that air is whipped into a liquid or solution, as 
with a beater, paddle- or propeller-stirrer, vortex mixer, blender, etc.,

• Co-injecting gas and liquid into a mechanical foam generator, which uses 
pressure drop, turbulence and/or tortuous flow pathways to cause 
bubble pinch-off and sub-division.


