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Abstract

We report results on foamability, stability and coarsening of foams made either of surfactant (SDS) or of milk protein (casein) solutions.
Studies have been performed at the scales of the gas—liquid interface, thin liquid film and bubble size, in order to find the correlations between
these different scales, and to elucidate the microscopic origins of the macroscopic features. For both systems, foamability concentration
thresholds have been measured, and a bubble size dependence has been found. A clear correlation between the stability of an isolated thin filn
and the foam stability is always evidenced. However, the mechanism of stability of the casein thin films is different from the surfactant one,
and related to the confinement and percolation of casein aggregates. We also report results on coarsening at constant liquid fraction, showing
that the protein foams coarsen more slowly than the surfactant ones, and that it is due to differences in thin film thickness.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction foam, is due to the electrostatic repulsion between the sur-
factant covered bubble surfaces, resulting in high disjoining
Aqueous foams are familiarly stabilized by small soap pressure$3,4]. In comparison with the knowledge on sur-
molecules (surfactant), when they are used in the field of factants, much less is know on the protein systems: it is for
detergency, cleaning et¢l,2]. Oppositely, for the food- instance importantto determine if simple criterions for foam-
related applications, foams are mostly stabilized by protein ing can be defined, if critical concentrations can be found in
molecules[1]. In spite of their wide use in food products, connection with the foaming properties, and if one can finally
the stabilization mechanisms are not yet completely known elucidate the main contributions of the disjoining pressure,
for these protein foams, as well as the conditions required thus explaining the origins of stability of protein foams.
for good foaming (or foamability). For small surfactants, the Another important issue is to know if the macroscopic
properties atliquid interfaces or in bulk, together with the thin properties of protein and surfactant foams are different; in a
liquid films properties are well known, and the relations with  more general way, to find out how much the foam proper-
the mechanism of foaming and stability have been identi- ties depend on the chemicals used. Some results are already
fied. It is known that surfactants make micelles in bulk above known: concerning drainage, it has been found that the chem-
the critical micellar concentration (cmc), and that above this icals are important via the surface shear viscd&it§g]. Pro-
cmc the interfaces are saturated in surfactfijtsThe cmcis teins adsorbed at interfaces create highly viscoelastic layers
then often used as a simple concentration criterion for foam- [7—10], with high surface shear viscosities, resulting in very
ability. Then, for most of the classical surfactants (which are rigid Plateau Borders boundaries, whereas the opposite is
charged molecules), the stability of the thin films and of the usually found for pure surfactant foafi2ss,6]. Regarding the
macroscopic foam mechanical properties, beside the simple
* Corresponding author. Tel.: +33 1 69 15 6960; fax: +33 169 15 6086. dependence with the surface tension, it has also been found
E-mail addresssaint-jalmes@Ips.u-psud.fr (A. Saint-Jalmes). that the viscoelasticity depends in a more complex manner on
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the chemicals used, and this remains to be completely under+otated upside down, inverting the drainage direction. The
stood[11,12] The tricky point is always to figure out which  cell size and the period are optimized to obtain a constant
microscopic parameters control the macroscopic properties.liquid fraction ¢ for long period of times at the cell center.
The role of the chemicals adsorbed at the interfaces is evenThe cell is 40 cm high, 12.5 cm wide and 2.5 cm thick, and
more unknown for problems like coarsening or coalescence,is made of transparent Plexiglas. The periad between 20
while recent works suggest that the interfacial viscoelastic and 200 s depending of the foam used (different gas and liquid
properties may influence the coarsening pro¢&3s.4]. fractions). Note that with time; must be reduced as bubbles

In this article, in order to answer some of these issues, we get larger, and drainage is faster. Here, an important parame-
have selected and studied two opposite systems: a surfactarter, making the experiment feasible, is the initial bubble size:
(SDS) and a protein (casein) solutions. We present resultsdrainage is indeed very slow for foams witlh~ 120um,
obtained at the different length scales of a foam, from the whereas the coarsening is quite fast. In fact, a typical Rtio
smallest one of the gas—liquid interface to the macroscopic of the drainage time over the coarsening one scalesdﬁke
scale, where foaming and coarsening are studied. This al-[16], and herdR « 1. The evolution of the bubble sizit) is
lows us to investigate and find some correlations between thefollowed by light transmission: in the limit of multiple scat-
properties at all these different scales. tering, the transmitted intensity by a foaly,depends both

directly ond, and in a more complex way on the liquid frac-

tion e [17]. So for a fixed liquid fraction, one can obtain the
2. Materials and methods variations ofd directly from those of;. In practice, a white

homogeneous illumination is applied on one side of the cell,

The two widely used surface active compounds studied and a CCD camera collect the intensity on the other side. The-
here are: the milk casein (CAS), and the surfactant sodium oretically, coarsening is predicted to be a self-similar process
dodecyl sulfate (SDS), both purchased from Sigma. The ca-[18,19], to which corresponds a growth law for the bubble di-
sein powder contains all the milk caseins f andk). The ameter mean valugt): d()? — dg = dg(t —19)/tc (do is the
B-casein (30% of all the milk proteins) is the most surface ac- initial mean bubble diameter, &t tp). In the asymptotic limit
tive, often considered as a natural flexible diblock copolymer of long times, a simple scaling is expectdd t1/2, which has
(209 amino acids residueld,, = 24 kDa). In solutions, even  been experimentally report¢a0]. The characteristic coars-
at low concentrations, most of the caseins exist in a colloidal ening time is given by, = (dgh)/(Zngngasyf(s)), with
particle, the so-called micelle, with typical diameters varying Kgeo is a geometrical constant (reflecting the bubble geom-
from 50 to 300 nm. Though the micelle structure is not yet etry), Kgas@a gas constant (including the diffusivity and sol-
completely understood, itis supposed to be made of sub-unitsubility constant) f(¢) a function of the liquid contentj the
(sub-micelles) linked by calcium and magnesium ions. The thin film thickness, ang is the surface tensioji6,21]
sub-micelles contain between 10 and 100 casein molecules, The thin film balance is used for investigating the stability
with typical size from 10 to 25 nm. In our studies, the casein and the properties of single foam fili&,4]. In this technique,
concentrations are varied from 0.03 to 1 g/L, solutions are the film is created and held on a horizontal support (a glass
sonicated to ensure good dissolution, pH is set at 5.6 by afritfilled with solution, mimicking the Plateau borders around
phosphate buffer, and only “fresh” solutions are used (within the real foam film). In the usual setup, external pressures are
the first 2 days). SDS is used as received (purity >99%), andapplied over the film, corresponding to different disjoining
concentrations from 0.05 to 5 g/L were studied. pressures and resulting in different equilibrium thickness h

We have used a simple setup for the foamability tests. At (measured by interferometry). Together with th@&) curve,
the bottom of a long Plexiglas column, some air is blown at important information are also obtain by the direct obser-
controlled rates into the solution, through calibrated glass frits vation of the film uniformity and morphology (monitored
or nozzles (in order to control and change the bubble size). by videomicroscopy). Here, regarding stability issues, rather
The foam volumeé/; is measured as a function of time, and than studyingr as a function of h, we have simply applied
compared to the amount of gas injecigd In a steady state,  single sharp steps of over pressures (from 0 to a few hundred
after a few minutes, the ratkb=V;/Vy becomes independent  of Pa), and check how the film behaves, thins, and if it resists
of time: a good foamability will correspond #®~ 1, while or breaks. This situation is chosen to mimic the collision and
poor foamability taK « 1. Starting from very low valuesand  packing of two bubbles in a real foam. In our setup, the di-
increasing the concentrations of surface active compounds,ameter of the hole in the frit is 1.4 mm; this thus corresponds
the coefficienK rises from 0O to close to 1. We then define a to the bubble face diameter, and then to a bubble diameter of
foamability concentration threshotd by K(cs) =0.5. typically 3mm.

A second foam production method is used for the coars-  Atthe scale of the gas—liquid interface, we have studied the
ening studies. The foam are produced by a turbulent mixing time evolution of the surface tension (often called “dynamic
method, which creates foam with an initial mean bubble di- surface tension”) both by the maximum bubble pressure, and
ameterdg ~ 120pm [15]. In order to study coarsening with-  pendent drop methods. With the first method, bubbles are
outdrainage, we have developed arotating cell setup. The cellformed at the tip of a capillary: the maximum pressure applied
remains fixed during a time periag after which it is rapidly to create a bubble corresponds to a bubble radius equal to the
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one of the capillary, and it is then possible to extract the 14
surface tension via the Laplace equation. This technique is 1s| —e—sDS
especially well-suited for the very short times range (down to —o—casein
ms). In the second technique, the surface tension is deduced 1
from the droplet (or bubble) shape, pending (or rising) at the
tip of a syringe (oriented downward or upwafd). =) 08

& 06
3. Results 04

0.2
3.1. Foamability
R B
Fig. 1shows typical data found with the foamability setup. bubble diameter (mm)

The height of foam in the column is plotted as a function N _ o

of time, for different casein concentrationgfixed bubble F.|g. 2. Foamab|l|ty concentration threshqigl(as defined in the text) for
. L . . different bubbles sizes, for SDS and casein.

size). The arrow indicates the increase of the concentrations.

At'low G almpst no foam is produced, and the coefficie'nt have found thats is always a few times lower than the cmc
K is ~0.1. This corresponds to many bubble ruptures, with (2.8 g/L). For casein, a typical mean valuegis 0.2 g/L, and

most of the injecteq gas not being a_lctually incorporated in one has now to figure out from which microscopic parameters
the foam. For the highest concentrations, the curve becomesand stabilization mechanism this typical value emerges.

linear, and the amount of foam (at any given time) becomes o jiminary experiments on SDS/casein mixtures show

almost independent af In that regime, the foaming is opti- that these solutions have unexpectedly high foamability. The

mal af‘d all the gas is entrapped into the foaﬁMO.Q,'also __mixtures actually foam better than what could be expected
meaning that the foams produced are rather dry). With caseing . the foaming of each solution taken separately, possi-

solutions, and for any bubble sizes, the cUf{e) presents a bly evidencing some synergistic effects. This remains to be

well-defined range of concenfcration whé(qi;es from 0.1 studied in a systematic and detailed way, and it is an ongoing
to 0.9 (S-shape curve), meaning that there is really a thresh-.

old in concentration for foamability. Thus, defining a single work.
threshold concentratiots (with K(cs) =0.5) appears mean-
ingful. Our results on casein solutions show thastrongly
depends on the bubble size, but not on the injected gas flow
rate (typically varied from 0.1 to 1 L/min). Same trends have
been found while performing the measurements with SDS,
where it is also easy to determine a concentration threshold
Cs. The dependence of with bubble size is reported fig. 2
both for casein and SDS, it is found th@tincreases witld,

and in the range investigated here, the dependence is som
how linear (withcg(SDS) >c5(CAS)). Note that for SDS we

3.2. Coarsening at constant liquid fraction

With casein and SDS concentrations well above the foam-
ability threshold ¢(SDS =8 g/L, andc(CAS) =5 g/L), stable
foams are obtained for the coarsening studies. For the gas, we
used either Mor perfluorohexane £F¢. With the latter, one
obtains low coarsening rates, meaning also low drainage rates
d16-21,22] with which the measurements are easier to per-

form, but providing less bubble size variatioRr#g. 3shows
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Fig. 1. Foamability measurements: foam height as a function of time, for
different casein concentrations, and with a fixed bubbledsiz&.5 mm. The Fig. 3. Relative bubble size evolution with time measured by light transmis-
arrow indicates the increase of concentration. The cross-section of the cellsion, at constant liquid fraction= 0.15, with initial bubble sizely = 120um.
is4cmx 4cm. The lines correspond to the model described in the text.
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the results obtained for the time evolutiondsdfly for casein tension significantly decreases with increasing the concen-
and SDS foams, both at a constant liquid fraction0.15, tration.

with almost equatly (with casein, the mean bubble diame-

ter is slightly smaller than for SDS) and made of. Both 3.4. Thin film studies

data set can be fitted by the predicted law (solid line) de-

scribed previously. However, we found that the correspond-  The structure, thickness and disjoining pressure curves of
ing tc are differenttc(casein) =980 s and(SDS)=190s (s0  small surfactant, like SDS, have been extensively studied, es-
thattc(casein)i:(SDS)~ 5). The coarsening rate is thus sig- pecially with the thin film balanci,4]. Here, for the SDS, we
nificantly smaller for the casein foams, at a fixed liquid frac- have recovered some classical results. Under an applied pres-
tion and bubble size. A similar ratio fdg was found with  syre step, films get formed, then always thin in a few seconds,
CoFs, showing that this effect is independent of the gas: down to very small thickness (around 10 nm). They usually

te(casein) =19100s ang(SDS) =4200s. remain very flat and uniform, though some dimples can be
trapped in the first drainage stage (at the highest concentra-
3.3. Surface tension tions). A transition from the common black film (CBF) to the

Newton black film (NBF)[3,4] is also sometimes observed,
As the adsorption of the surfactants or of the caseins pro- before filmrupture. Atthe lowest concentrations:0.2 g/L),
ceeds at the air-liquid interface, its surface tension decreasesthe films are strongly unstable and break in a few seconds, and
For surfactants, at any given concentrations, an equilibrium it is only for ¢>0.6 g/L that they are getting quite stable (at
is usually obtained within the first minute. For casein (as for least for a few minutes). At this stage, it is however indeed
most proteins) the adsorption is much slower, and the dy- difficult to determine a precise concentration threshold for
namics strongly depends on the bulk concentration. In fact, film stability, as it would require a complete statistical study
if one wants to correlate surface tension and foamability, it is and a large number of measurements to reduce the error bars.
important to determine a typical adsorption time, after which ~ Regarding the casein filmBjg. 5represents top views of
it is relevant to know the surface tension. As a first attempt, the thin films at three concentrations. One important observa-
we have considered the time taken by a bubble between itstion is that these films are always heterogeneous in thickness
creation on the frit and its arrival on the above foam (where with the presence of thick spots (or bumps), which density in
it hits the other bubbles, and get jammed). It is indeed dur- the film depends on the bulk concentrationHig. 5a, with
ing that time that adsorption is possible. In our setup, we c=0.05g/L (representative of the low concentration range,
estimate this time to be 3s. We have thus reportefign 4 c<0.1g/L), only afew thick regions are detected, while most
the surface tensiogr as a function of the bulk concentra- of the film gets rapidly very thin, and eventually breaks. The
tion ¢, measured with the maximum bubble pressure, after sizes and thickness of these regions are respectively on the
3's (and corresponding to a bubble diamekterl.5—-2 mm). order of a few microns and hundred of nanometers. These
Measurements with the pendent drop technique provides thethick spots can be interpreted as confined casein aggregates,
same results, but with slightly less accuracy. Here again, we containing probably many casein micelles, which are trapped
have found a difference between the two type of solutions. in the films, and cannot flow. The density of aggregates, for
For casein, after these 3 s, almost no adsorption is detected irwhich the thin film becomes stable typically corresponds to
the range of concentration tested: the surface tension remainghe image irFig. 5 (c=0.3 g/L). At that stage, it seems that
close to the one of pure water. For the SDS, the adsorptionthe aggregates are no longer isolated from each others in
is much more active at these small timescales, as the surfacéhe film; but on the contrary, they get connected, providing
some rigid and thick bridges between the sides of the film
; . . . (possibly similar to a percolation process), and a coverage
—esos of approximately 50% of the film. At the highest concen-
trations, the film is completely filled with aggregates and

70

—o— casein

65

60 |

surface tension (mN/m)

50 L L L L Fig. 5. Top views of casein thin films, obtained with the thin film balance
0 0.2 0.4 0.6 0.8 1 apparatus, at three different casein bulk concentrations:{8)05 g/L, (b)
concentration (g/L) ¢=0.3¢g/L and (cx=0.8g/L, showing the thickness heterogeneity, and the
presence of thick regions (confined casein aggregates), which surface density
Fig. 4. Surface tensions, after 3s, measured by the maximum bubble pres-depends on the concentration. The thin films becomes stable as soon as these
sure method, as a function of the SDS and casein concentration. confined aggregates can percolate (b).
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its surface is quite corrugated. The films are then extremely both independent measurements of the dynamic surface ten-
stable: they almost do not thin or drain under an increasedsion and of the thin film properties appears to be very useful
pressure, as they appear as “gelified” in all their volume. for foamability predictions, and the different sets of results at
In that concentration rang€ig. 5), the film resemble very  all the length scales are consistent. We also believe that the
much to those observed for mixed surfactant/polyelectrolytes same stability sequence mechanism (a first rapid adsorption,
films, close to the precipitation conditiof3]. The addition then repulsion between covered surfaces) should probably be
of SDS strongly changes the film morphology: starting with valid for most of the low molecular weight surfactant systems,
¢=0.5¢/L of casein, and with only a small SDS amount of like with the cationic GTAB (alkyltrimethylammonium bro-
0.1 g/L added, almost all the thick regions have been removedmide) for instance, as the related stable thin films are always
and the films simply resemble to those of pure SDS. So it very uniform and flat. However, one must be aware that the
seems that the pre-adsorption of SDS prevent the confinementonditions for the thin film and foam stability (especially, in
of the casein aggregates in the film. These results cannot beerms of concentrations) depends also on the chemistry of the
easily linked to those on the foamability of mixtures. In order molecule (length of the chain, or type of head groj28).
to understand the 3D behavior of these foams, the structure  Now, concerning the casein solutions, at the measured 3D
and the composition of the mixed SDS/casein interfacial lay- foamability thresholdd¢s=0.15 g/L, fordp =2 mm) the sur-
ers and thin films remain to be determined. Note finally that face tension after 3s is still close to the one of pure wa-
other studies with only purg-casein solution§24], or only ter, meaning almost no adsorption (and this remains true to
non-aggregated sub-micelles of cag@it] have shown that  at leastc=3cs). So, following the conclusions obtained for
the films are more homogeneous in morphology and thick- SDS, and if one only relates on a criterion based on dynamic
ness, with stepwise thinning. surface tension measurements, there should be no foam at
these concentrations. On the contrary, we have found good
correlations between macroscopic foamability and thin film
4. Discussion stability: for similar bubble sized~ 3 mm), the 3D foama-
bility threshold and the one for thin film stability are close
We can now check if the results obtained at these different (c=0.2-0.3 g/L).
length scales allow us to explain the foamability and coarsen-  So, it seems that the mechanisms of stability of the casein
ing results. It is also interesting to test if the results obtained and SDS foams are quite different. For the casein solutions,
onisolated single foam structures (interface and thin film) are when the bubbles get in contact and packed at the bottom of a
consistent with the 3D behavior. First let us look at the SDS foam sample, their surfaces seem to be poorly covered (high
results. The typical bubble diamet&in the surface tension  surface tensions). But stable foams can nevertheless be pro-
measurement is 1.5-2 mm, and at this size corresponds a 3Quced, due to the confinement of casein aggregates between
foamability thresholds=0.45 g/L Fig. 2). At such acg, itis the bubbles in the thin films. These aggregates, which were
found that some significant adsorption has actually occurrednot previously completely adsorbed on the surfaces finally
within the first 3 s (with a decrease of almost 10 mN/m when provide the film (and the foam) stability, possibly via a per-
compared to pure water). As usually expected for surfactant, colation process. Such a percolation of the aggregates may
it appears that there are some clear connection between surrigidify the film, avoiding any more flow or drainage, and
factant adsorption and foamability. However, we have already preventing large areas of the film to get to very low unstable
pointed that thes values are smaller than the cmc, here one thickness. Here again, it is interesting to note that this mech-
can see how far the surface density needed for foam stabil-anism (simple confinement and percolation of aggregates,
ity (corresponding to a surface tension of 62 mN/m) is below without previous adsorption) may not be relevant only for the
the maximum possible coverage (corresponding to a surfacecasein solutions, but could be also valid for foams and emul-
tension of 36 mN/m at the cmc). The SDS thin film studies sions stabilized by other high molecular weight molecules
show that the threshold of film stability, though difficult to  (other proteins or solid particles, for which the adsorption
determine, is roughly in agreement with the foamability one, at a liquid interface is not fast and efficient). Note however,
and it is here also possible to make a clear connection be-as for the low molecular weight surfactant systems, that we
tween these two length scales. The fact that the thin films areare discussing here a possible origin for the thin film sta-
flat and thin is indeed consistent with homogeneously cov- bility with large molecules, but that the foamability itself of
ered surfaces. Moreover, when they are stable, the disjoiningprotein solutions depends obviously strongly on the protein
pressure curves can be nicely interpreted by DLVO models, chemistry[9].
for which the main repulsive contribution is an electrostatic These results also show that independent measurements
one, corresponding to homogeneously charged surfaggs of dynamic surface tension are not relevant for explaining
We thus believe that, for a surfactant systems like SDS, the or predicting the protein solution foamability. It may be im-
freshly made bubbles get first covered by surfactants, andportant to note that for these surface tension measurements,
then repulsive forces between the adsorbed surfactant layershe bubble is fixed and no motion occurs in the fluid; which
allow (or not if the surface density is not high enough) for is not the case in the real situation where the bubble is ris-
the stabilization of the film, and of the foam. In that sense, ing upwards. However, it is not clear if the motion of the
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bubble can result in a different, and possibly higher, surface 30 and 40 nm, whereas a mean value can be approximated to
adsorption coverage. In fact, the duration of the bubble mo- be around 200-250 nm for the caselig( 5¢), so a typical
tion remains short (3s), a time which remains small when thickness ratid(caseini(SDS)~ 5—7. It is thus reasonably
compared to the typical anchoring times (time needed for a possible to explain the differences in coarsening rates simply
single casein to completely and definitively adsorb at the in- by the differences in film thickness. The agreement is in fact
terface); moreover, it is possible that the anchoring efficiency even better if one also include the small surface tension differ-
may be actually reduced by the relative bubble motion. So, ence. So, these results tend to prove that no new contributions
in spite of the bubble rising into the solution, the bubble sur- coming from the viscoelastic or other interfacial properties
faces are still probably widely uncovered when they finally have to be taken into account regarding the coarsening pro-
hit each other in the foam. It would then be interesting to cess, as it has also been found with measurements on isolated
be able to measure the effective in situ surface tension, oncebubble covered by casein molecu]2g]. Note finally that the
the bubbles are in contact, and with the aggregates finally same difference of coarsening rates between SDS and casein
adsorbed. foams has been recovered in an indirect manner, via rheo-
With these results on the mechanisms of foam stabiliza- logical creep experiments which provide information on the
tion, we can now look at the linear dependence of the thresh-role of coarsening in macroscopic stress relaxation, and on
old concentratiorts with the bubble diameter. For a surfac- coarsening rateld 2].
tant, to any given bulk concentration corresponds a single
surface density (surface tension), at long times and at equi-
librium. This means that, at equilibrium, surfaces are covered 5. Conclusions
at the same surface density whatever their areas, avoiding
then any bubble size dependence. As we have found a dif- We have reported comparisons between surfactant (SDS)
ferent behavior, a first hypothesis is that this effect is related and protein (casein) foam properties, measured at different
to the dynamics of adsorption (before the equilibrium), with length scales. It is found that the microscopic origins of foam
intermediate surface densities depending on the size of thestability is quite different for SDS and casein foams. For
bubble. One can also wonder if, even with equal mean sur- surfactant solution, the repulsive interaction between the ad-
face density, bigger surface density gradients could occur for sorbed layers provides the thin film and foam stability. The
larger bubble surfaces, providing more film rupturing (and surface density is then an important parameter, and indepen-
thus necessitating higher bulk concentration to avoid them). dent dynamic surface tension measurements are thus instruc-
For the casein, the situation is somehow similar, and it is pos- tive. For casein foams, the mechanism of stability is related to
sible that for large bubble surfaces, big areas of very thin andthe confinement of aggregates within the thin films, trapped
unstable thickness can occur, making the films more frag- there when bubbles come in contact (and not previously ad-
ile. In the same time, it is also not obvious that, for a given sorbed). The film stability threshold appears to correspond
bulk concentration, the effective surface density of aggre- to the percolation of these aggregates in the film. With this
gates confined in the film, or even their size, is independent of type of stabilization mechanism, which could be relevant for
the film area. Clearly, more experiments on the microscopic systems stabilized by other large proteins or solid particles,
properties, corresponding to various bubble sizes, are neededlynamic surface tension on single interfaces cannot be linked
to elucidate completely these macroscopic bubble sizeto macroscopic foamability. However, for both casein and
effects. SDS, it is found that there are always clear correlations be-
We can finally check if our results allow us to explain the tween the stability of a single thin film and the one of the
differences in the coarsening rates. As reported before, thefoam.
ratiots(casein)i;(SDS)~ 5. Back to the model predictirtg, A new experimental setup for studying coarseningoat-
we can first check ifit can explain this result. For these two ex- stantliquid fraction (cell rotation, coupled to a light scat-
periments the liquid fraction, gas and initial bubble diameter tering measurement method) has been presented, allowing
can be considered as identical. Regarding the surface tenus to measure the time evolution of the mean bubble size
sions, for SDS’ = 36 mMN/m since the concentration is above inside a foam. It is then found that differences in thin film
the cmc; for the casein, we also take the value correspond-thickness can explain the ones seen on the coarsening rates.
ing to the maximum coverage since the bulk concentration With this setup, more results are now being collected: other
is very high, meaning that the surfaces are completely sat-chemicals, gas, liquid fractions, or initial bubble size distri-
urated of casein. In fact, at these concentrations, the initial bution.
surface tension (measured by the pendent drop technique) Finally, though our results for mixtures of casein and SDS
after a few seconds is already close to the equilibrium value are preliminary, and as also reported from rheology exper-
at longer timesy =42 mN/m. So the differences between the iments[12], it appears that the properties of such surfac-
surface tension is finally also small. In fact, our studies have tant/protein solutions and foams seems to be rather different
shown that the only significant difference is in the thin film from the ones of their pure components, probably because of
thickness. For the SDS films, a mean thickness (for a liquid interactions both in the bulk and at the gas-liquid interfaces,
fraction of 0.15, and at low capillary pressures) is between which remains to be identified.
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