non-linear viscoelasticity and wall slip regimes of aqueous foams

Foams :@ striking rheological properties

Foams = dispersion
of gas into a quuid,\‘?‘ |

stabilized

by molecules
adsorbed at

interfaces...

New oscillatory protocol : performing oscillations at constant shear rate y

Results of frequency-sweep at constant y?

Results of amplitude-sweep experiments,
at constant frequency f:
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O A linear regime at small amplitude vy :

then the foam yields and flows, with non-linear power laws

(exponent 3 00.8+0.1 and 6.5+ 0.1 )

O Frequency-sweep at constant y?
Because of foam aging, hard to get
the low frequency ( f < 10-2 Hz) behavior

O Why not performing oscillations at constant shear rate y = yf ,

rather than at constant y or f ? In that case, the two quantities

are varied simultaneously and inversely.

Still many
issues :
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Institut de Physique de Rennes

Shearing foams ? an everyday life experience (food,

cosmetics, detergency...)
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A visco-elasto-plastic material ;

Effects of the liquid fraction

As the deformation is increased : First elastic behavior,
then plastic behavior with irreversible bubble rearrangements : fiber
and finally the foam flows like a viscous liquid

though a foam is mostly made of gas !

Amplitude and frequency dependence of the viscoelastic moduli

Coupling with natural aging of the foam : drainage, coarsening

¢ Role of the physical chemistry of the components,

quite different from the results at constant y, where o haractrisic equoncy F (macroscoptc soal)
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Steady-shear results with smooth surfaces

Strong effect of the bottom plate roughness :
stress o vs shear rate
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From these DWS data : the first regime
with smooth plate (in red) corresponds to
pure slip of the foam

Two different slip regimes depending

on

10

Stress (Pa)

0,1
0

Note

the interfacial properties :
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that a < 1 :

the bubble is moved away from the
solid surface, and the wetting film
thickness h depends on the velocity

= aqua-planning

2 different slip regimes. The selection of a regime depends on :
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Experimental setup : rheometry coupled to Diffusive Wave Spectroscopy (DWS)

rheometer:axis . .
: optic PMT Foam parameters investigated:

/f/ O Liquid fraction, €:

top cone correlator T ) -
o . LY & Y¢ ~
. 2 il IO C% g
bottom plate : S g ALY, { I O O A
Rough or smooth laser W) S| - £ £
rirror Varied from 0.01 to 0.25

O Cone-plate geometry, with controlled surface properties : macroscopic measurements O Bubble diameter, D = 100um

O DWS : rate of bubble rearrangement : microscopic bubble-scale measurements (O Chemical components : from small soq
molecules to large proteins

All the curve can then be rescaled on a

shift of the frequency curve single curve, once plotted vs f / F,; :

r——rrrr————————  With the shear rate ?

Applying a shear rate shifts the inaccessible low Same exponents at high amplitudes and at low frequencies :

frequency behavior to a range of accessible B=p and 5 =&

frequencies | — same microscopic mechanism of stress relaxation =
localized bubble rearrangement, called T1, either
induced by coarsening or by shear

At low shear rate, a regime independent of shear

controlled by coarsening (but depending on foam age): at

high shear rates, a regime controlled by the shear, Large analogies and same results with other soft matter

independent of foam age. systems (emulsions, hydrogels, colloidal suspensions,
interfacial monolayers, etfc..) : all have an internal
relaxation frequency depending on the shear rate.

Good agreement between rheological data and DWS ones :
clear connection between micro and macroscopic scale. Y. can be identified as the foam yield strain. From the

—» Amplitude-sweep results ? Independent of y dependence of F; with shear rate : y, = 0.25 = a correct value

- S fUdy a f SUI' f aC e S/ ip f Of' 3 D f 00”15 Our foam data can be compared to other systems and models by using

With increasing liquid fraction €, the slip stress

decreases :

if a

it remains (0 2/3

non-dimensional quantities :
normalized stress , ¢' : stress divided by the Laplace pressure, (I'/R)
slip velocity is transposed in Capillary number Ca = yV/T

( R : bubble radius, y: bulks viscosity, I' : surface tension)
02/3 for the driest foams,

Viscous dissipation in part 1 (liquid channel): ¢’ ~ a;' Ca 2/3
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applied shear rate (s™)

But, which microscopic parameters have to be included in this interfacial mobility ??

. the liquid fraction + the interfacial properties

- Performing oscillatory experiments while keeping the shear rate constant provides new
features and brings back to experimentally accessible frequencies the low frequency
behavior.

- Such protocol provides how the relaxation frequency inside the foam depends on the shear

rate : a coarsening-controlled regime is found at low shear rate, and a shear-controlled
regime above. We can also recover DWS data obtained at the microscopic scale.

The difference in geometry of the liquid channel and of

- A foam slips easily on a smooth solid surfaces: non- - erenc : . .
linearities comes from the fact that the bubbles are lifted the we‘t’rmg film explains the differences in the
apart from the solid surface macroscopic power laws
Slip regime : a balance between viscous dissipation in two @ Depending on the surfactants and the liquid fraction, the
& different foam sub-structures balance is tuned and a slip regime is selected



