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Wormlike micdles
Long polymer-like chains resulting from the association of surfactant

o — Usually :

o Cl6-surfactants and cationic
Polar head  Aliphatic chain

Phase Behavior Cylindrical aggregates are intermediate in terms of
curvature of the surfactant film between spheres and bilayers
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Growth of cylindrical micelles (1sradachvili 1976)

cisthe mncentration

n
o) =—exp(- =)

Micelle of contour length L The end-cap enery E drives
’\ the unidimensional growth o the aggregates
/ End-cep E ~20KkgT (~ 1 kgT per surfadant in the endcap)
End-cep

Number density c(n) of micelles of aggregation number n :

i nisthe average aygregation number

T3

fi=y ¢~ expE/k,T)

Dynamic of breging/recombination (Cates 1987)

Predictions are that micelles are broadly distributed in size, polydispersity index 2
Experimentally : 100A in length correspond to 200 moleaules

surfactant film
(or packing df surfactants)

L L " Equilibrium properties are
\4 + / based on curvature of the
—

Probabil ity of breekage ~ ¢,” L
(c, and L are thermally activated)
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Strongly viscoel agticity in entangled state

The viscoel asticity is Maxwellian

Experiments : How to make micelles grow ?

1. Add cosurfactant asin CPCl/Hexanol/water (Porte)

2. Addsdlt (to screen electrostatics) asin CTAB/KBr (Lequeux, Candau)
3. Add strongly binding counterions Rehage, Hoffmann and others
4. Gemini surfadant (In, Zana)

Cationic-anionic mixtures (Kaler)

Sdlicilate dc... are not smple sdlt : they are incorporated to the body of the micdles
(Edtimation from the eff edive charge per unit lenth : 90 % are in the micelles)

+

With strongly binding counterions ; ; : S ;M“’e”af“’fe

T4

+  water
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Illustrations of a Maxwellian behavior
CPCl-NaSdl-H,0 CPCl-NaSa-H,0 (0.5 M NaCl)
" Rehage and Hoff mann (88)
s
102 y ‘%\.‘n‘
AR A P P
Viscoel adticity arises from entangled network
Cates Model (1987)
1. Unicity of relaxation timeis explained by the combination d reptation and breging
2. Scaling laws for viscoel astic parameters versus concentration hy ~ ¢”2 and G, ~ ¢4
| 1l isamost always observed, 2 not dways!
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Speaficity of the strongly binding counterions
1 - With increasing counterions concentration _
No change of morphology % il
(Except from sphere to worms) £ I i N— ayer
@ ) = cylinder
2 - Rehage and Hoff mann (88)
3 n=,01/mPas  Static viscosity
3 I Y
1 by
"1 [ Not all Maxwellian fluids are eguivalent
Maxwellian ] ,‘1‘1 o (shea thinning, shear tickening, or both)
behavior — }‘ o
] A Theoretical predictions (growth law,
= ‘; \\L/‘ A scaling) might not apply
Eo L A\ Thereis a spedificity for micelles made
wi | c/mmol with counterions, especialy for the
Fij 8. Z ;:un i <:;>s'jnl (<, 0; us"i l‘uncli‘on:iu:f the NaSal con- dynarnl(s Of the r‘etwork 7
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Genera Flow curve

Experiments made at stetionary state
250

Micdlar system : CPCl-NaSa-H,0 (0.5 M NaCl)

shear rate §

T7
Rheology of Wormlike Micelles
System invedtigated:  CPCI, NaSal
Requirements : 1 - Fix the ratio counterion/surfactant (here 0.5)
2 - Saturate the solutions with sdt (screening e ectrostatics)
T T T T HRRRN] T
1% [salcP =050 e®
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= 100+ T=25°C .'.,:,
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o 0.1F T .
F Scaling in agreament
0.0LE 1 with Cates Model
0.001%‘3 o T
0.1 1 10
concentration (wt%)
Changing counterion/surfactant ratio and the agreement is less good
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At the stationary state, the stress dows a plateau (above g;). The stress plateau is robust
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Shear stress (Pa)

T9
Transient rheology of Wormlike Micelles
Before the plateau - ‘,
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Transient rheology of Wormlike Micelles

At the stressplateau
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* Long-time relaxations
* Oscillations

* Sy - «mechanical » stress
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General Flow Phase diagram

Playing with concentration and temperature
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Stress plateaus are robust
Strong analogy with phese transition
In this case : isotropic-to-nematic induced by shea
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Argumentsin favor of the I-N transition (19
1 \
critical ¢
1-s,/G,extrapolatesat Oforc=¢,y  os| |
(foundintwo different systems) o0 061 ,
o 04l 1
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02t J ™
2 - Kinetics at the onset of stressplateau e N e lN
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* The stress decrease mincides with the nucleation
and growth o the digned (nematic) state
» The exponent 2)is related to a one-dimension mechanism SANSandFB
« Strongly aligned phese is the high shear rate band Inconclusive!
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The «ideal » example . CTAB/DZO (Cappelage ¢ d. 1997)

* Rheology
(rate and stress controll ed)
* SANS
* Flow birefringence A
(J.P. Decruppe)
50
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New results (1) : Fisher and Callaghan (2000)

NM R measurements
Does the highly birefringent band correspond to a high shear rate band ? ?

Micdlar system : CTAB-D,O

Proportion of nematic phase Velocity profile Birefringent band

The agreament between SANS - — -
and NMR is excel lent Thehlghly_ birefrigent phaseis
not the high shear rate band
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New results (2) : Lerougeet a. (2000
Transient flow birefringence
I(t) ~ sinzﬁ sin(2c(t) - q)
| Micdllar system : CTAB-NaNO; | 2 q
Rheology identical to CPCl-NaSal f : phase shift
If ¢ : extinctionangle
Appeaence . Dn= ﬁ g;al;ggfpawem pdarizer and V
. birefringence
of athinband — >

h : height of the Couette cell

Extinction angle

Flow birefringence

~ €X

[SER NN
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Thelong-time kineticsin FB coincides precisely
with the kinetics seen in transient rheology
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Transient birefringence

One band multibands

Short time Long time

Evidence of multibanded flow / the stressremains constant

Final bands are 100 nm broad and not stationary
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conclusons

In entangled state, wormlike micelles are Maxwellian fluids

The nonlinear rheology of wormlike micelles dow stress plateaus

Stress plateaus are associ ated to shear banding (flow birefringence)
The picture of an isotropi c-to-nematic transition is not appropriate

A descriptionin terms of amechanical instability related to

the existence of a non monotonic constitutive equation is plausible

ghrowdE

Posdbleroutes :

Determine experimentally the non-monotonic constitutive equation

for wormlike micelles (?)

Investigate s multaneoudy the tempora and spatial (at the micron length scale)
responses of the sheared fluids using FB, NMR, scattering
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