PHASE BEHAVIOR AND
STRUCTURE OF
MICROEMULSIONS

Shuzhen Chen
Katie Weigandt and Javen Weston
NIST Center for Neutron Research




Amphiphile Self-Organized Aggregate

What are Surfactants? chp e siuure

(cpp <1/3)

&
Surfactant 20
Hydrophilic . g :
e v Cylinder

Cone
[1/3< cpp <1/2)

Water Self- el
=> Assembled 8 I

Sphﬂre

or | A
Oil Structure Truncated
(1/2< cpp <1) (Bilayer) Vesicle

Hydrophobic |
Tail ’
Cylinder Lamellar
{cpp ~1) _ —
j 'Zj: . ) —Ramanathan
et L h et al. Phys.
Truncated Reverse Sphere Chem. Chem.

i Phys. 2013



Presenter
Presentation Notes
Surfactant is a compound that helps lower the surface tension between two liquids. There are different types surfactant such anionic, cationic, and nonionic. 
In water or oil. The surfactant will self assembly. Depending on the surfactant’s shape, different structures are formed

Salt screens the negative charge on the head which reduces repulsion
higher temperature because the heat reduces the polar effect of water causing hydrogen bonds to break.
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In a special case where there are excess oil and/or excess water, a microemulsion forms. 
The types of microemulsions formed depends on the type of surfactant and the sample environments. By varying the salinity for an ionic surfactant system, phase transition changes from Winsor I to Winsor III to Winsor II. 
Type I: the surfactant is preferentially soluble in water
Type II: the surfactant is mainly in the oil phase
Type IV: micelle solution or one phase microemulsion (bicontinuous system)

Focus on type 3
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We care about microemulsions because they can be used for a variety of things. 

Synthesizing nanoparticles in microemulsion 
gelatin microemulsion-based organogels  used to deliver hydrophilic drug 


Objective & Motivation

m Previously, an interesting gel was found
with Isopar L

- Impure solvent
— Mixture of various alkanes

m [o reproduce the gel but with pure alkane
and a similar anionic surfactant system

m [o investigate the shear-induced gelation
phenomenon
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An interesting thixotropy microemulsion is formed with Isopar L but Isopar l is a messy industrial solvent that is a mixture of a variety of alkanes. Every batch of Isopar L is different from each other due to different mixtures of alkanes. The results for the microemulsions will be different. 
To better understand this system (thixotropy microemulsion) a anionic surfactant is used with different alkanes. 

Thixotropy – fluids becomes less viscous when stress is applied 
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Preparation
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All at 3% surfactant
Salt screens the hydrophilic head 


Phase Behavior
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The optimal salinity shifts for the different oils
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Small Angle Neutron Scattering (SANS)
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Neutrons are highly penetrating and nondestructive 
Collimation is used to narrow the beam of particles or neutron to obtain low angles 
Learn about the domain size of the structure
Investigate specific compounds within a complex fluid using contrast matching = this method can be used to highlight the different alkanes and study the surfactant. 



~ BSANS of Two Phases
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Water doesn’t scatter because hydrogen doesn’t have a neutron and theres a lot of incoherent scattering 


Middle Phase of
Various Alkane at
the Optimal Salinity
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The uncertainty is a lot higher (10-20%) at low q than it is at high q (5%)
High intensity also has a lot less uncertainty (less than 1%) whereas low intensity has higher uncertainty (5-15) (around high Q region)



Teubner-Strey Model Fitting
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Describes the scattering of bi-continuous microemulsions
Domain size, d – distance between water and oil regions 
Correlation length, ξ – size of channels in bi-continuous phase
Q^-4 = smooth surface



Domain Size for the Middle Phase of Various
Alkanes
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Objective

m To reproduce the gel
but with pure alkane
and a similar anionic
surfactant system

m o investigate the
shear-induced
gelation
phenomenon
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An interesting thixotropy microemulsion is formed with Isopar L but Isopar l is a messy industrial solvent that is a mixture of a variety of alkanes. Every batch of Isopar L is different from each other due to different mixtures of alkanes. The results for the microemulsions will be different. 
To better understand this system (thixotropy microemulsion) a anionic surfactant is used with different alkanes. 

Thixotropy – fluids becomes less viscous when stress is applied 


Shear-Induced Gelation

Dodecane| X X X X~[] O O O OOMOD DT @ @
Decane| X X X X X X,,': MTEe e @
Octane |:|
Heptane| X XXXXD:.UJ. o 0 0
Hexane |‘:||:.:||:|,
14 19 24 29

NaCl Concentration
B Optimal salt concentration

Vortexed

Dodecane

Decane

No Gel Gel

O O O O

LLLLPS TEEE

K X X000 0000000000 0O0

Heptane
%N
X
X
IIIIIIIOIIIIII
O
O
O
O
O

0] 0.05 0.1 0.15 0.2
Oil:Water Ratio

0.25


Presenter
Presentation Notes
As the oil change, the ratio at which the fluid will gel does not change. 
Changing the oil:water ratio doesn’t change the gelation point but changing the salt concentration changes the optimal salt concentration. Although they all gel at the same oil:water ratio, the strength of the gel is very different from oil to oil. To quantify that, we use rheology 
0.44 ratio is where the fluids will gel 
The energy required to lower the interfacial tension is not high enough for low oil:water ratio for the fluids to gel
These shear-induced gels will remain viscous for a period of time and then return to their original state, the process might take minutes or hours or every days 
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Small Angle Neutron Scattering (SANS)
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Neutrons are highly penetrating and nondestructive 
Collimation is used to narrow the beam of particles or neutron to obtain low angles 
Learn about the domain size of the structure
Investigate specific compounds within a complex fluid using contrast matching = this method can be used to highlight the different alkanes and study the surfactant. 



Oil scan at 22%
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The uncertainty is a lot higher (10-20%) at low q than it is at high q (5%)
High intensity also has a lot less uncertainty (less than 1%) whereas low intensity has higher uncertainty (5-15) (around high Q region)


Domain Size for the Oil Scan
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Rheology

= The study of flow and
deformation of materials

= |nvestigate the
viscoelastic properties of
the shear-induced gel
= Time scale of thixotropy

(change of viscosity due
to stress)

= Mechanical property—
strength of gel
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Thixotropy – slow change in viscosity when force or torque to the fluid

Stress controlled- the bottom surface is fixed while the top surface, geometry, rotates. A torque, or stress is applied to the geometry and is independent.  Torque is applied to control strain or to get a certain strain. When a stress is applied, material deforms, which is the strain. And the sensor measures that displacement. 
Viscoelastic materials are intermediated between both liquid and solid. The are solids for a short period of time and liquid for a long time 
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Flow curve shows us how the material changes in response to continuous deformation 
The gel decays overtime
The gels are time dependent 
Use pre-shear to make sure all the measurements are taken with the same history/condition


Frequency Sweep for Dodecane Emulsion

100 -
. o G
o Gn
[ ]
10 § ° Py ) [ L
[ ]
,CU\ ]
(o
= ©)
0, O
1 4 o)
-8 ] O e O
©
O
0.1 L | T T T T T T LI
1 10 100

Angular Frequency (rad/s)

A A

®RUBBER BALL * LOSS
l (Gu)
| I
X
| I
| I STORAGE
| | (G’)
I
U, VAR /

» G’ - Storage modulus or storage
of elastic energy
» G"- Loss modulus or dissipation
of elastic energy


Presenter
Presentation Notes
Used to characterize the mechanical properties of the materials like the strength 
G’- storage of elastic energy or how solid like the fluid is
G’’- dissipation of elastic energy or how liquid like the fluid is 

The storage modulus is pretty much a plateau 
The change with loss modulus might be due to time, the gel is decaying, phase separating 


Strength of Various Alkane Gels
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RheoSANS Preliminary Results

RheoSANS
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Look at the scattering or structure of the gel under flow 
Peaks mean crystals, forming vesicles 
At that shear rate, the vesicles are packed 
Not fully analyze d
The narrow region is where the crystals are formed


Conclusions

m Increase in alkane length increases the optimal salt
concentration and decreases the domain size

m Alkane length does not affect the conditions where shear-induced
gels form

m Heptane gel is weaker compared to that of decane and dodecane

Future Works

m RheoSANS -Below and above oil:water gel
ratio

m RheoSANS with different contrast points

: Surfattant
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