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Abstract

We report results of drainage in aqueous foams of small bubblelsize = 180 um) prepared with SDS-dodecanol solutions. We have
performed free-drainage experiments in which local drainage rates are measured by electrical conductivity and by light scattering technique:
We have investigated the role of the surfactant—cosurfactant mass ratio on the drainage regime. The results confirm that a drainage regin
corresponding to a high surface mobility can indeed be found for such small bubbles, and show that an increase in the cosurfactant contel
can induce a transition to a low surface mobility drainage regime. We show that the transition is not linked to variations of the bulk properties,
but rather to variations of the interfacial properties. However, the results show that the added amount of dodecanol to trigger the transition i
quite high, evidencing that the relevant control parameter for drainage regimes includes both bubble size and interfacial contributions.
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1. Introduction terfacial tension, gas properties, and liquid fraction of the
foam: e = Vijiquid/ Vioam- Drainage, on the other hand, is the
Foams are dispersions of gas bubbles in a liquid or solid 9ravity-driven flow of the liquid phase inside the liquid chan-
phasd1]. They have received alot of interest in the last years N€lS (Plateau borders, PB) between the gas bubbles. In a
because of their applications: cosmetics, detergency, foods, 'e€ drainage” experiment, a foam of initially uniform wet-
packaging, mineral flotation, etc. The study of the behavior N€SS is allowed to drain: the foam dries first at the top, and
of foams is relevant not only for the design of materials with & dry front propagates downward, while the liquid emerges
new physical properties but for the understanding of funda- a1d accumulates at the bottom. Two drainage regimes have
mental phenomena in complex fluids. been opse_rved, depending on the surfacg mob|I|ty parame-
Aqueous foams are made from solutions of amphiphilic ter, which incorporates both the bubble size, the interfacial

molecules which absorb to the air—water interface. These and bulk properties,_an_d which describes th_e coupl_ing be-
systems are not in equilibrium. They evolve in time by tween the bulk flow inside the PBs and the interfacial one

three mechanisms: coarsening, drainage, and film rupture.taht theirfsurfzce@—?t]H\t/\éhegl Itliufal surfacctia mct)bili;y i.s higﬁ'h
During coarsening, smaller bubbles dissolve, while bigger € surface flows wi € bulk Tlow, and water drains with-

ones grow in size due to gas diffusion across the liquid out much resistance in the PBs (with a non-zero velocity at

. . . the PBs surface). In this limit, the major dissipation eventu-
films [1]. This effect depends both on the bubble size, in ally takes place in the nodes of the foédn-7]. On the other

hand, for low surface mobility, there is no flow at the PBs
* Corresponding author. Fax: +52 662 2592109. surfaces, and a Poiseuille-like flow is established, providing
E-mail address: maldona@fisica.uson.n{A. Maldonado). a slower rate of drainagdé—4].
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Note that the drainage rate is also controlled by the gasfunction of timee(¢) in several points of the foam. First,
used, due to a coupling between coarsening and drainagewe use electrical conductometjl/], via a set of electrodes
However, by choosing an insoluble gas or by controlling the installed along the foam container. The setup is similar to
bubble sizg8], the study of free-drainage without coarsen- that described in Ref3]. Locally, the liquid fractione is
ing effects is possible. proportional to the electrical conductivity[10]. The setup

In previous free-drainage experiments with SDS foams provides the liquid fraction profile in the foam at any time.
and SDS-dodecanol foams of small bubble size¢D < Simultaneously, we use a light scattering method, similar to
200 pm), only the regime corresponding to a high surface that reported in Ref8]. The foam is uniformly illuminated
mobility was surprisingly observed,8], though the surface  on one side of the Plexiglas column with white light, and a
mobility was supposed to be low (in the models, the surface CCD camera collects the transmitted light on the other side.
mobility M is inversely proportional to the bubble si&). For a large enough foam thickne®s providing the limit
However, in these studies, only low concentrations of DOH of multiple scattering of each photon inside the foam, the
were used, so that the surfactant—cosurfactant mass ratiodiffuse transmitted intensity can be, as a first approxima-

k = msps/ mdodecanol Was only investigated down to 250. tion, related to the liquid fraction vihoc D/ T /¢ (D is the
The aim of this work is to study how the free-drainage bubble diameter)11]. Thus, one can straightforwardly infer
behavior of SDS-dodecanol foams, in the case of small bub-¢(¢) from I, if D is constant. IfD does not remain constant
ble size, depend on the surfactant—cosurfactant ratio on the same timescale as the one of the variation tkat-
order to better understand the unusual drainage properties ofng the data as iD was constant and comparing them to the

such small bubble foams. We thus report here free-drainageconductivity data is a way to evidence effect of coarsening
experiments with foams made with different dodecanol con- in the drainage ratf8].
tents, as well as different gases.

3.3. Solution properties

2. Materials The bulk viscosity of all surfactant—cosurfactant solutions

were determined with a Brookfield DV-1Il rheometer. Elec-
Sodium dodecyl sulfate (SDS, high purity) and dodecanol trical conductivities of solutions were measured with a Ra-

were supplied by Sigma-Aldrich. All solutions were pre- diometer Analytical DMA-200 apparatus.
pared using ultra-purified water (Millipore); We used two

gases for preparing the foams: nitrogerp)fnd hexaflu-

oroethane (gFg). The latter is highly insoluble in water 4. Resultsand discussion

and thus strongly reduces coarsening of the bubbles. The
surfactant—cosurfactant mass ratios studied wete 100,

12, 8, 5, and 4. We also studied foams prepared with pure
SDS solutions.

4.1. Effect of gas

Typical conductivity and light scattering curves are
shown inFig. 1, for an equalk value ¢ = 4), at a given

height, and for the two different gases. In this figure, the
3. Methods treatment of the light scattering data is always made by con-
sidering the bubble size as a constant. Both experimental
3.1. Foam preparation
Foams were prepared by the turbulent mixing method "] k“;—f‘};fffoffoofooc’%ﬁ CF
[9]. A jet of the surfactant—cosurfactant solution is injected T, “\O"‘u. - 28
at high pressure (125 PSI) to a mixing chamber through a "-, 5
tiny hole (0.7 mm diameter). To produce the foam, gas is ¢, ° E{
fed into the chamber at high pressure. The resulting foamis ~ ° l\ 2
conducted to a Plexiglas column (height 1 m, width 25 cm, ‘ .
and thickness 3 cm). This method provides, in a few sec- \.L é;\
onds, large volume of homogeneous foams of uniform initial ] ] | cé N 2
liquid fraction sg. In our experimentsgg = 0.08 and 0.16. 01 S
The bubble average diameter was 180 pm, and the foams are 5\ ES
slightly polydispersé9]. 'o. ?
wﬁu 1DIDD 10600
3.2. Drainage experiments t (seconds)

We study the drainage dynamics by two complementary Fig. 1. Effect of gas on the drainage of SDS-dodecanol fodms4). The
technigues which allow to follow the liquid fraction as a curves correspond to a fixed height, 30 cm below the top of the foam.
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techniques produce the same qualitative results, for everylaw ¢ = +—# [4,9]. The value of the exponent depends on
studied gas, and this typical behavior is observed for all val- the height in the foam, and on the PB surface mobility.
ues ofk andeg. In this figure, one can see that there are clear In the case of immobile surfaces (vanishing flow velocity
differences between the two gases: drainage of foams pre-n the walls, and Poiseuille flow) the exponent varies with
pared with N begins sooner as compared with foams pre- the height in the range:/2 < 8 < 1. On the other hand,
pared with GFg. In addition, the light scattering and elec- when the PBs walls are mobile the exponent is predicted
trical conductometry curves for the foam produced with N to be: 1< 8 < 2, evidencing a more plug-like type of flow
strongly separate already at early times, whereas 6% C  in the PBs. From the exponent of the experimental curves,
there is a relatively good agreement between the two ex-we see that for low cosurfactant contents= 100, 12,
perimental techniques (as already reportedkfer250[4]). and 8) we have a high mobility regime, and rather plug-like
So, these results show that there is a strong bubble growthdrainage flows. This behavior agrees with previous observa-
or coarsening for the Nfoam, resulting in a strong effect tions fork = 250[4]. On the other hand, for higher cosur-
on drainage. As expected the coarsening wigkgds much factant contentsk(= 5 and 4) we have found Poiseuille-like
lower, as a result of both a low solubility and a diffusivity. flows.

Consequently, we have verified that withFg, coarsening The observed transition from a drainage regime of
is low, allowing us to study only the drainage dynamics, out high surface mobility to a regime of low surface mobility
of any coupling with other effects, and its dependence or the (Poiseuille-like flow) is thus also occurring for the small

amount of cosurfactant. bubble foams. The surface mobility depends on the inter-
facial and the bulk properties, it is thus important to check
4.2. Effect of cosurfactant how the bulk properties depend dn especially for such

high values ok. We have measured the bulk viscosjtand

The light scattering and electrical conductometry ex- the electrical conductivity of the solutions used for foam
periments produced similar results when the surfactant—production Fig. 3). The viscosity in the solutions increases
cosurfactant mass ratio was changedFig. 2 we plot the slightly when the dodecanol content is increased, whereas
free drainage curves obtained with light scattering exper- the conductivity decreases at the same time. This means
iments for foams prepared with,€s gas; in this picture  that the aggregates in the solution are undergoing a physical
k=100, 12, 8, 5, and 4. The initial liquid fraction in these transformation. In fact, the effect of cosurfactant is to change
foams waseg = 0.16, and the measurements are made at athe shape and size of the micellg]. In our system, the
fixed position in the foam, 30 cm from the top. micelles are spherical at low dodecanol contents. As more

We see that after some time, which depends on the dode-dodecanol is added, micelles become cylindrical and grow
canol content, the drainage rate follows a power law decay, in size, producing the observed effectsijirando. In the
as expected for free-drainage experimgdt8]. The time drainage theories, an increase of the bulk viscosity always
where the power law behavior appears is of the order of corresponds to a higher surface mobiljs~7]. Here, we
1000 s for pure SDS foams, and 3000 sket 4. have found an opposite effect: decreasinge., increasing

From the long time behavior of the liquid fraction, one the cosurfactant content) means increasing the bulk viscos-
can determine the flow regime from the exponent of a power ity, and thus should provide more mobile interfaces, whereas
experimentally we have found low surface mobility at low

e thus we can conclude that the observed drainage transition
is not connected to the variation of the bulk viscosity. Then,
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Fig. 2. Effect of cosurfactant on the drainage of SDS-dodecanol foams pre-
pared with GFg gas. The curves correspond to a fixed height, 30 cm below Fig. 3. Bulk viscosity and electrical conductivity of the surfactant—cosurfac-
the top of the foam. tant solutions used to prepare the foams.
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one can only attribute the drainage regime transition to a drainage transition which is related to interfacial rather than
change in the interfacial properties. To summarize, we havebulk variations.

found that also for small bubble sizes, the cosurfactant can

trigger a transition between two different drainage regimes.
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