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We  present  a new  method  to measure
the  permeability  of foam  films  in  situ
in a two-dimensional  foam.
We  examine  the  influence  of  the liq-
uid fraction  and  show that  it can  be
taken into  account  through  geomet-
rical considerations  only.
We  examine  the  influence  of  the  gas
and show  that  we  recover  results
obtained  in  the literature  at  the  scale
of an  isolated  film.
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a  b  s  t  r  a  c  t

The  gas  permeability  of  the  thin  liquid  films  which  separate  neighbouring  bubbles  in a liquid  foam  plays
a  key  role  in  foam  coarsening.  Different  approaches  have  been  developed  in the  past  to  measure  the  film
permeability,  relying  on  measurements  either  on  individual  films/bubbles  or on bulk  foams.  While  the
first  approach  may  not  be sufficiently  representative  of  a real foam  film,  the  latter  is hardly  feasible  due
to  a lack  of  quantitative  description  of the  coarsening  of bulk foams  with  non-negligible  liquid  content.
Here  we  show  that  a good  compromise  between  these  approaches  can  be  achieved  by investigating  the
coarsening  of  quasi-two-dimensional  foams.  More  precisely,  we  propose  a particularly  simple  approach
oarsening
oam film permeability

in  which  we  follow  the  evolution  of  the  number  of  bubbles  of  an  initially  monodisperse  foam.  In  this
case,  a large  number  of bubbles  disappear  simultaneously,  leading  to a “catastrophic”  event,  which  can
be identified  easily  and  accurately  related  to the film  permeability.  We  demonstrate  the potential  of this

technique  by  using  aqueous  foams  stabilised  by sodium  dodecyl  sulfate  having  different  liquid  fractions

and  containing  different  gases
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. Introduction

Liquid foams consist of closely packed gas bubbles which are
urrounded by a continuous liquid phase and stabilised by surface
ctive agents [1,2]. They are inherently unstable, leading to a con-
inuous growth of the average bubble volume with time either via
he rupture of the thin films separating two bubbles (“coalescence”)
r via the diffusion of gas through the thin films driven by pressure
ifferences between neighbouring bubbles (“coarsening”).

In order to understand the coarsening behaviour of a liquid
oam, one needs to couple the gas transport through a single film
ith the distribution of film sizes and bubble pressures in the

oam. Many different experiments have been developed in the past
iming to measure the permeability of an isolated film ([3] and
eferences therein). These include in particular the “bubble dimin-
shing method” [4–7] and a variant in which a pressure gradient
cross the film can be imposed explicitly [8–11]. We  can also cite
xperiments performed in 1D-foams (bamboo foams: collection
f bubbles in a tube) [12]. Even though these approaches have
een quite successful in linking the permeability of the film to
arameters like the film thickness or the physico-chemical param-
ters (nature and concentration of stabilising agents, nature of gas,
dditives, etc.), they remain somewhat simplistic and non-realistic
odels of real foam films. The collective effects as well as the topol-

gy of the foam are crucial to understand coarsening. For example,
n isolated bubbles, the pressure across the liquid film which drives
he coarsening is directly linked to the radius R of the bubble by the
aplace law (�P = 4�/R, with � being the surface tension of the liq-
id), while in a foam with polyhedral bubbles the same Laplace law

inks the pressure drop directly to the topology of a bubble (here,
he number of neighbours).

In order to access the permeability of the films in real foams, light
cattering or tomographic techniques have been successfully used
13] to measure the characteristic time for coarsening. However,
o particular attention was paid to the determination of foam film
ermeability. It was generally considered to be a parameter which
epends mainly on foam film thickness. In more recent results, a
ependence on the monolayer permeability was reported, as in
odel films [14]. However, in the experiments of reference [14],

nly the bubbles at the surface of the container were monitored,
hich could prevent to extract the averaged permeability in the
hole foam.

Here we propose the systematic use of quasi-two-dimensional
quasi-2D) foams as a good compromise between single
lm/bubble and real foam experiments. Such quasi-2D foams
re obtained by squeezing a monolayer of bubbles between two
ransparent plates. They have been used successfully in the past to
eveal important foam properties, their key advantage being their
traightforward visualisation and accurate theoretical description
2,15]. In particular, Roth et al. [16] have recently reported detailed
nvestigations into the coarsening behaviour of such quasi-2D
oams with different liquid fractions. Duplat et al did an extensive
tudy of the evolution of a 2D monodisperse foam towards the
caling state through coarsening [28].

Here we propose that these foams may  be used in an even more
traightforward manner by simply measuring the time evolution
f the number N of initially equal-volume bubbles contained in
he cell. Even highly disordered quasi-2D foams consist of bubbles
hich mainly have either five, six or seven sides [17]. Following

on Neuman’s Law (Section 3), the gas exchange between the bub-
les leads to a shrinkage of the 5-sided bubbles and a growth of the
-sided bubbles, while the volume of the 6-sided bubbles remain

nchanged. If topological rearrangements during the initial coars-
ning stage are negligible, then all the initially 5-sided bubbles
isappear at the same moment. At this point the number of bub-
les drop dramatically, which can be easily measured using simple
icochem. Eng. Aspects 473 (2015) 32–39 33

image analysis software like ImageJ. This phenomenon is shown in
Fig. 1 using Surface Evolver simulations [18] and experiments.

In the following we  describe this approach in detail. After a
description of the experimental set-up in Section 2 we continue
with a short introduction to the theory of 2D foam coarsening (Sec-
tion 3). We  then discuss experimental results obtained for aqueous
foams containing different amounts of liquid and surfactants (Sec-
tion 5.2), and different gases (Section 5.3).

We find good agreement between our results and those obtained
by the diminishing bubble method for the permeability of the films.
The simplicity of our approach makes it attractive to easily and
accurately measure the permeability of foam films over a wide
range of parameters.

2. Materials and methods

2.1. Experimental setup and procedure

To study 2D foams, we use a cell made of two  glass plates
separated by a uniform thickness of 1 mm.  Before use, the cell
is immersed in Deconex 22LIQ-x diluted 30 times during 10 h.
Then, it is rinsed 10 times with tap water, 10 times with dis-
tilled water and 5 times with double-distilled water (Millipore
system, � = 18.2 m�  cm). It is then soaked in double distilled water
during 10 h. The tubes are rinsed in the same way. We  use new
syringes for each experiment. The cell is watertight thanks to two
rubber joints separated by a silicon joint which ensures the tight-
ness but never enters in contact with the foam. This is important
since silicone is hydrophobic and leads to bubble bursting upon
contact.

The cell is first set vertically and filled with the foaming solution.
We measure the injected liquid volume Vinj, which corresponds
to the volume of the cell. A known quantity of liquid Vliq is then
removed through a syringe placed at the bottom of the cell which
puts the cell at a pressure below ambient pressure. A second syringe
is connected to a balloon containing the gas of interest (air, argon
or nitrogen). The balloon is partially deflated to ensure that it is
at ambient pressure. The gas replaces the removed liquid creating
monodisperse bubbles of radius between 0.5 and 1 mm depend-
ing on the experiment. This procedure allows controlling the type
of gas, the bubble size which is fixed by the size of the syringe
and the liquid content of the foam which is defined by the liquid
fraction

 ̊ = Vinj − Vliq

Vinj
. (1)

In our experiments the liquid fraction varies between 2% and
10%.

Once the desired liquid fraction is achieved, the syringes are
sealed and the cell is set horizontally. The horizontality is ensured
by a three feet support adjusted using a bubble level. The cell is
lit by a circular neon allowing a homogeneous lighting of the foam
(Fig. 2). A video of the foam ageing is recorded using a digital cam-
era (uEye, lens with a focal of 12 mm),  which allows taking high
resolution pictures of the foam (3840*2748 pixels) at 1 frame/min.

To analyse the pictures of 2D foams, we  use homemade plugins
implemented in the free software ImageJ. These plugins allow us
extracting the number of sides, the area and the perimeter of each
bubble from a given picture. Three main steps are accomplished
during the image analysis. The picture is first thresholded using
grey level intensity in order to separate the wet  walls (dark pixels)
from the gas bubbles (bright pixels). Each bubble, constituted of

connected pixel, is tagged with a single identifier. Secondly, the
pixels from the walls are scanned and attached to a bubble only
if they touch a single bubble. This operation leads step by step to
a skeletonised 2D foam. At the end of this operation, vertices are
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ment of the results. We observe that coalescence appears only
when the liquid fraction  ̊ is below a critical value. This is in line
with previous studies suggesting that a critical liquid fraction sets
ig. 1. Evolution of a disordered monodisperse 2D foam during coarsening: simula
-sided bubbles (dark grey in the simulation) disappear simulataneously. This lea
utomated image analysis.

he remaining wall pixels that are touching three different bubbles.
hirdly, the three neighbouring bubble index associated to each
ertex is used to reconstruct the whole foam structure which enable
s to process to the measurements.

.2. Systems

We  used two different foaming solutions. We  first use a com-
ercial solution (Fairy-Procter & Gamble) which is known to make

ery stable foams while it has a complex composition. The absence
f bubble coalescence in foams generated from these solutions
llows us testing the relevance of the proposed experiment. We
hen performed experiments with pure surfactant solutions, using
ifferent concentrations of sodium dodecyl sulfate (SDS). SDS is
urchased from Sigma–Aldrich and used as received. Fresh solu-
ions are prepared for each experiment to avoid the hydrolysis of
he surfactant. The glassware is cleaned before use with the same
rotocol used with the glass cell (see Section 2.1). The SDS con-
entration is varied between 8.2 and 123 mM,  which corresponds
espectively to the critical micellar concentration (cmc) and to

5 cmc. In the following, all surfactant concentrations are given in
ultiples of the cmc.

ig. 2. Experimental setup: visualisation of the ageing of a 2D foam enlightened by
 circular light spot.
ith Surface Evolver (top row), observed experimentally (bottom). In both cases, all
a dramatic decrease in the number of bubbles which can be detected easily with

2.3. Avoiding coalescence

One major concern of our experiment is to study coarsening only
in the absence of any coalescence event. We therefore performed
a preliminary study to identify a domain of liquid fraction and
surfactant concentration in which foams experience only coarsen-
ing. To do so, we generated 2D foams having bubble size roughly
constant (R = 1.2 ± 0.25 mm),  different liquid fractions (2–10%) and
different SDS concentrations (1–15 cmc). We  followed their age-
ing during 600 s. From visual observation, we were able to build
a stability diagram represented in Fig. 3. We  marked foams expe-
riencing coarsening only (no coalescence event observed within
600 s) with empty diamonds and foams experiencing both coarsen-
ing and coalescence with filled diamonds. In Section 5, we will only
present experiments performed with foams in which coalescence
events were absent.

The diagram of Fig. 3 is a subject of interest in itself but beyond
the scope of this paper. Nevertheless, let us make a quick com-
Fig. 3. Stability diagram for the competition between coarsening and coalescence
in  2D SDS foams. The “no coalescence area” is defined such as no bubble coalescence
is  observed during the first 600 s of foam ageing. The bubble radius is between 1 and
1.5  mm.
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he coalescence [19,20] but we measure much higher values of
his critical liquid fraction, maybe because we are working on 2D
oams. Nevertheless, the mechanism behind this observation is still
nknown [21].

. Theory

The main advantage of working with 2D foams is how well
hey are already described in the literature [2,15,28]. In particular,
he coarsening of perfectly dry quasi-2D foams has been accu-
ately accounted for by von Neumann [22]. The von Neumann’s law
escribes the evolution of the area Ai of a bubble i in an infinite 2D
oam due to the gas flux coming from its ni neighbouring bubbles.
ssuming that the gas diffuses only through the flat film of height
F (Fig. 7), the temporal rate of change of Ai can be written as

∂(eAi)
∂t

= ∂V

∂t
= − �

Pi

nj∑
j=1

lijeF (Pi − Pj), (2)

here � is the permeability of the film of length lij which sepa-
ates the bubble i from one of his neighbour j (j = 1, . . .,  ni), e is the
late spacing, eF the film height and Pi (Pj) is the pressure in the
ubble i (j). Note that � is supposed to be the same for all the film
nd, thus to be independent of the film thickness, at least in the
ange of thicknesses present in the foam. The Laplace law quotes:
P = 2�C = 2�(1/R1+1/R2) with R1 and R2 the principal radius of cur-

ature of the surface and � the surface tension. Since it is a 2D foam,
/R2 is equal to 0. Eq. (2) then becomes

∂Ai

∂t
= − eF

e

2��

Pi

nj∑
j=1

lijCij, (3)

here Cij denotes the curvature of the film separating bubbles i
nd j. In a purely two-dimensional foam, the angle separating two
djacent films equals 2�/3 (Plateau’s law). It follows that:

� = �

3
ni +

nj∑
j=1

lijCij, (4)

rom which the von Neumann’s law can easily be deduced

∂Ai

∂t
= − eF

e

2���

3Pi
(6 − ni) = −Deff(6 − ni), (5)

here Deff is a diffusion coefficient taking into account not only the
lm permeability but also the pressure of the bubble, the surface
ension and the separation between the two plates. The variation
f the bubble volume then simply depends on the number of sides
f the bubble. Bubbles with more than six sides will grow, bubbles
ith less than six sides will shrink and the size of those with six

ides will remain unchanged. In the dry limit, the height of the film
s simply the plate spacing so e = eF.

. Simulations

We  used Surface Evolver [18] in the 2D-arc mode combined
ith a coarsening algorithm in order to investigate certain ques-

ions which were more difficult to explore by experiments. This
oncerned in particular the effect of disorder and polydispersity of
he initially monodisperse foam on the presence of the catastrophic
vent.

For this purpose, we generated a check-board-like geometric

rid with 900 fields (bubbles) using a home-made MATLAB code
n order to obtain the bubble topology and the bubble-area con-
traints, which was then fed into the Surface Evolver. Surface
volver was then used to relax the check-board bubble geometry
Fig. 4. Evolution of the normalised bubble area for bubbles with respectively five, six
and seven sides. The experiments are performed with the commercial dishwashing
liquid “Fairy” (Section 2.2). Bubbles radius R = 1.5 mm,  F = 5%.

while maintaining the constraints on the bubble area distribution.
Different cut-off lengths were used during the relaxation, leading to
foams with different degrees of disorder (as shown in Fig. 5(c)). The
polydisperse foams where obtained by imposing area-constraints
with a Gaussian distribution and a standard deviation of 30% in the
case of Fig. 5(c).

Since Surface Evolver has access to the bubble pressures after
the relaxation, coarsening is simulated using the same kind of dif-
fusion equation as given in Eq. (2) applied to each element of the
discretised films which separate bubbles. A more detailed account
of the use of Surface Evolver for foam coarsening can be found in
[23,24], we therefore only describe briefly the main concept: at each
iteration and at each film element, we transfer a small amount of
gas (area �A) which is proportional to the pressure drop �P across
the film and a diffusion coefficient �eff, i.e. �A = −�eff �P  which
is chosen sufficiently small so that the area change of each bub-
ble during one iteration remains small in comparison to its total
area. Once the area transfer has been performed at each film ele-
ment, the foam is relaxed to its new equilibrium configuration.
Bubbles which are smaller than 1/1000 of the initial bubble area
are removed from the simulation. All quantities are dimensionless
(average bubble area = 1, film tension = 1, etc.) and can be related
to the physical experiments by proper dimensionalisation – which
we verified. However, we  did not follow up quantitative compar-
ison between experiments and simulation since we were mostly
interested by complementary exploration and illustration. A typi-
cal image sequence obtained by these simulations is shown at the
top of Fig. 1.

5. Results

5.1. Proof of principle

Von Neumann’s law (Eq. (5)) can be easily demonstrated in
experiments. This is shown in Fig. 4 using a typical result of our
experiments. The average of the visible area 〈An,t〉 of n-sided bub-
bles is normalised by the initial averaged size of the n-sided bubbles
〈A0,t〉 and plotted versus time. One can see that at the beginning, the
5-sided bubbles shrink, the 7-sided bubbles grow and the size of the
6-sided bubbles does not change.

If we now focus on the 5-sided bubbles, it appears that after a

time close to 50,000 s, almost all these bubbles disappear. Indeed,
we work with monodisperse bubbles and they all shrink at the
same rate so there is a “catastrophic time” at which they all dis-
appear together. The only hypothesis is no rearrangements occur
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ig. 5. Observation of the catastrophic event on both (a) experiments and (b) simu
ishwashing liquid “Fairy”, at a liquid fraction of 5% with an average bubble radius o
volver  simulations, leading to the data shown in (b).

uring this first stage which would reshuffle the foam and hence
he foam topology. The linear evolution of the normalised area with
ime, accordingly to Eq. (5) is a proof that this assumption is ful-
lled, i.e. that the topological rearrangements are negligible. This

s confirmed experimentally by direct visualisation. Right after the
isappearance of all the 5-sided bubbles, a lot of re-arrangements
ccur leading to new 5-sided bubbles. A similar scenario applies
o the 7-sided bubbles. After the catastrophic time, the coarsening

ollows Eq. (5) again until a second and sometimes a third cata-
trophic time. Nevertheless, the evolution of (〈 An,t 〉 − 〈 An,0 〉)/〈 An,0 〉
ith time is less and less linear, while approaching the scaling

tate. This is because the polydispersity increases so that more and
s containing N0 = 900 bubbles. The experiments are performed with a commercial
m.  (c) Different types of initial foams whose coarsening was studied using surface

moretopological events occur leading to a smoother and smoother
behaviour, which will finally lead to the scaling state. In the fol-
lowing, we will thus focus one the first catastrophic time for a
quantitative study of the coarsening.

This catastrophic time is then quite easy to observe visually since
a lot of events occur after a quiet period of time. In particular, it can
be determined easily by counting the number of bubbles versus
time. As can be seen in Fig. 5(a), a large number of bubbles dis-

appear at a given time. This means that the use of this method
does not require an extensive treatment of the pictures but only
a careful counting of the bubbles versus time. This last measure-
ment is quite easy to perform. For example, there is a plugin which
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s implemented in the native version of the free Software ImageJ
hich enables counting the evolution of the number of bubbles in a

eries of pictures. This result is confirmed by simulations (Fig. 5(b)),
or which we use Surface Evolver [18], as briefly described in Section
.

The simulations allow exploring the influence of different
arameters on this catastrophic time. Of particular interest to us
as the effect of initial disorder and polydispersity. The different

nitial foam structures whose coarsening behaviour we explored
re shown in Fig. 5(c). These range from a perfectly ordered
onodisperse foam, which does not coarsen at all, since all bub-

les have six neighbours, to a disordered polydisperse foam. The
ases in-between are monodisperse foams which either consist of
rdered zones separated by grain boundaries, or are perfectly dis-
rdered. The increasing disorder and polydispersity of these foams
eads to an increasing width of the distribution of the number of
eighbours. While a monodisperse, ordered foam has only 6-sided
ubbles, a monodisperse, disordered foam contains bubbles with
ve, six and seven neighbours. A polydisperse disordered foam
ontains also bubbles with less than five and more than seven
eighbours, their numbers depending on the polydispersity. One
an see in Fig. 5(b) that these changes in the neighbour distribu-
ions have an influence on how well the transition in the number
f bubbles at the catastrophic event is defined without changing
ts absolute position. The transition is sharper with monodisperse
oams and it is easier to define the catastrophic time in the pres-
nce of disorder, simply because there are more 5-sided bubbles in
his case so the number of disappearing bubbles is more important.
oams obtained in the experiment are typically foams with ordered
ones separated by grain boundaries.

The catastrophic time is directly linked to the diffusion coeffi-
ient Deff defined in Eq. (5). This equation can be integrated and
veraged over the different bubbles leading to

A5,t〉 − 〈A0,t〉 = −Deff(6 − ni)t. (6)

o, at the catastrophic time 	, 〈A5,t 〉 =0 and

eff = 〈A0,t〉
	

. (7)

In the following, we  will use this equation to measure the per-
eability of the foam films under different conditions. A second and

ometimes a third drop of the number of bubbles can be observed
see Fig. 5) but the procedure using the first drop is more accurate.
ote that Eq. (6) suggests that the slope of the linear part in Fig. 4

s also directly linked to the permeability. On the particular foam
nalysed in Fig. 4, both method respectively lead to Deff = 1.5 m2/s
nd Deff = 1.8 m2/s. Thus, they agree qualitatively. In the following,
e choose to use the method of the “catastrophic time” because it

s easier to implement: it is only necessary to know the number of
ubbles and not their respective number of neighbours.

.2. Influence of the liquid fraction and of the surfactant
oncentration

We  measured the effective diffusion coefficient Deff for differ-
nt liquid fractions  ̊ and for different concentrations of SDS above
he cmc  assuming at the outset that we are in the dry limit i.e.

 = eF in Eq. (5). The obtained results can be seen in Fig. 6. The bub-
le size is R = 0.6 ± 0.07 mm.  We  can observe (i) that the diffusion
oefficient does not depend very strongly on the surfactant con-
entration c and (ii) that the diffusion coefficient decreases when
he liquid fraction increases. The first result is not so surprising

ince it has already been observed on single bubbles [7]. Moreover,
ost authors attribute the variation of the permeability with the

oncentration of surfactant to the higher difficulty for the gas to
ross a denser interface. At concentrations higher than the cmc, the
Fig. 6. Evolution of the diffusive coefficient with the liquid fraction for solutions of
SDS of different concentrations.

surface concentration does not depend on the bulk concentration
anymore, explaining why  no influence of the bulk concentration is
observed.

The dependency of the diffusion coefficient on the liquid fraction
is more pronounced and reflects different mechanisms. One of them
is that the film height eF decreases with the liquid fraction meaning
that we cannot assume e = eF in Eq. (5). As it can be seen in Fig. 7,
the actual height of the film (the flat part separating two bubbles)
decreases when the radius of curvature r of the Plateau Borders
increases. This thickness is the equivalent in 2D of the fraction of
the area of the bubbles covered by the films in 3D [25]. This means
that even if the permeability of the film does not depend on the
liquid fraction, the coefficient Deff should.

To take into account this effect, we  used a semi-empirical
approach to evaluate eF:

• We  measured, from a top view of the 2D foam, the variation of the
radius RBP of the pseudo-Plateau Border with the liquid fraction
˚.

• We deduced the value eF from geometrical considerations [26]:

eF = e −

√
W1 − (2

√
3 − �)R2

BP
2 − (�/2)PSQ

(8)

where W1 is the quantity of liquid per bubble and PSQ the
mean perimeter of a bubble. This leads to the results pre-
sented in Fig. 7(b), which shows the film height as a function
of the liquid fraction. One can see that eF decreases linearly
with the liquid fraction and does not depend on the surfactant
concentration, as expected.

We  used these values of eF to normalise the effective diffusion
coefficient and extract the permeability � of the films. Taking into
account the fact that e /= eF the permeability becomes:

� = e

eF

3P0

2��
Deff. (9)

We thus plotted the permeability, calculated from Eq. (9) and
from the data of Fig. 6 as a function of the liquid fraction for differ-
ent concentrations of SDS in Fig. 8. The new data does not exhibit a
variation with the liquid fraction anymore. Nevertheless, the data
are increasingly noisy when the liquid fraction increases. This is

because the rearrangements occur more easily at high liquid frac-
tion. The bubbles then reorganise before they disappear, hence
changing topology (number of neighbours) and thus coarsening
rate.
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Fig. 7. (a) Side view of a 2D foam squeezed in between two plates separated by a
t
(

P
T
p
i
i
i
p
j
a
p
a
t
w
e

F
S

Fig. 9. In situ measurements of the permeability in SDS 2D foams (concentration
of  3 cmc, liquid fraction of 6%) with different gas. Our data (filled triangles) are
hickness e. The height of the films depends on the liquid fraction and is denoted eF .
b)  Evolution of eF with the liquid fraction ˚.

When the liquid volume fraction increases, the curvature of the
lateau borders decreases, hence the capillary pressure decreases.
his capillary pressure 2�/r is equilibrated by the disjoining
ressure in the films, fixing the film thickness. In our exper-

ments � ∼ 35 mN/m and r ∼ 0.4–0.7 mm,  the capillary pressure
s thus around 100–175 Pa. Because the surfactant concentration
s large, the Debye screening length is small and the disjoining
ressure decreases very abruptly with film thickness. Around a dis-

oining pressure around 100–175 Pa, such as the one we estimated
bove, the film thickness is therefore expected to be largely inde-
endent of the liquid fraction and to remain between 10 and 20 nm
s measured by Bergeron and Radke for SDS solutions at concentra-
ions closed to the ones we  use in this article [27]. As a consequence,

e do not expect the film thickness to change appreciably in our

xperiments in the small range of capillary pressure explored.

ig. 8. Evolution of the permeability � with the liquid fraction  ̊ for solutions of
DS of different concentrations c.
compared to data from the literature performed on single bubbles [7].

5.3. Influence of the gas

The method presented in the previous paragraph can now be
applied to characterise the film permeability in various foams. Since
neither the liquid fraction nor the surfactant concentration seems
to impact the permeability, we choose to explore the influence of
the gas.

The obtained permeabilities are shown in Fig. 9. We  worked
with air, argon and nitrogen with SDS at a surfactant concentra-
tion of three times the critical micellar concentration and a liquid
fraction of 6%. We  did the experiment twice for each gas to ensure
reproducibility. The results are in line with previous measurements
performed with the diminishing bubble method [7].

This shows that the collective behaviour of the bubbles is well
taken into account in the von Neuman’s law and validates the
experiments at the scale of a single film or bubble. We  thus provide
a very simple method to measure the film permeability directly
in a 2D foam since it is just necessary to count the number of
bubbles along time and to know the initial average size of the
bubbles A0. Moreover, it is a reasonably fast method since only
the very beginning of the coarsening process is analysed in the

measurement.

Fig. 10. Variation of number of bubbles with time all the way from an initially
monodisperse foam to a polydisperse foam in the scaling state.
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. Conclusion

We  have proposed a simple technique to measure the per-
eability of thin liquid films in quasi-2D foams by simply

ounting the number of bubbles squeezed between two plates
nd by following their evolution with time. By identifying the
ime interval after which most of the initially 5-sided bubbles
isappear, one can determine in a straightforward manner the
lm permeability after taking properly into account the film
eight. We  have shown that in the case of SDS this perme-
bility is independent of the surfactant concentration above the
mc  (in the range studied). It is also independent of the liq-
id fraction for the bubble sizes and liquid fractions investigated
ere.

In the future it would be interesting to use this experiment to
ystematically investigate the influence of the foam formulation
n the film permeability. For instance, for surfactants exhibiting a
isjoining pressure with a less abrupt barrier, the capillary pressure
cting on the films may  be sufficiently strong to influence the film
hickness and therefore its permeability.

While for the coarsening investigations we have considered only
he first catastrophic event, it may  be interesting to consider in

ore detail what happens later. In fact, as shown in Fig. 10, the
nitially monodisperse foam undergoes several “dramatic events”
efore reaching the scaling state [2,15] in which the foam is com-
letely disordered and polydisperse. In the latter state the number
f bubbles is inversely proportional to time. It would be interesting
o understand in more detail the physics of this transition following
he work done by Duplat et al. [28]

Last but not least we would like to point out that the prelim-
nary experiments conducted in order to ensure that we  work

ith non-coalescing systems are not only important to choose
egimes in which the foam bubbles do not coalesce but is also

 first result in itself. The competition between coarsening and
oalescence is an almost unexplored area and Fig. 3 shows that
his competition depends not only on physical parameters (liquid
raction, bubble size, capillary pressure) but also on the surfactant
oncentration.
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