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Foam sclerotherapy is a widely used method to treat varicose veins disease. It is easy to use and apply,
affordable, and has high efﬁciency that depends on foam stability upon injection. Since sclerotherapy is
usually applied in a medical doctor’s ofﬁce, one of the most employed methods to generate foam is based
on the Tessari technique which uses pumping cycles of liquid and air in-and-out of a double syringe
system. Finally, the produced foam exits through a small oriﬁce (2 mm) at the output of a three-way
valve. The present work shows results regarding the factors that may inﬂuence foam stability (liquid to
air ratio, type of connector, syringe diameter, number of pumping cycles, etc.) of a commonly used
sclerosing agent (polidocanol). Furthermore, an effort is made to evaluate the effect of adding different
substances on the stability of polidocanol foams (0.5% w/w) by altering the surface tension or/and the
bulk and interfacial rheological properties of the ﬂuids. It is shown that adding small concentrations of
nonionic surfactants can increase foam stability with just a very small variation of the mean bubbles size.
ã 2014 Elsevier B.V. All rights reserved.
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1. Introduction
Foams are deﬁned as a dispersion of gas bubbles separated by
thin liquid ﬁlms. They are encountered in several domains like:
medicine, food, personal care, petrochemical industry, defense, etc.
Depending on the air/liquid ratio, foams can be wet or dry. Wet
foams, with a higher liquid content, are usually characterized by
fast drainage, unless the liquid has considerable viscosity. Due to
foam high liquid content, bubbles that compose a wet foam are
usually mobile, having small interbubble contact and spherical
shapes. A stable wet foam can drain and become dry foam, which is
characterized by its low liquid content, closed bubble packing, and
a polyhedral bubble shape (Schwartz and Roy, 2003; Lemlich, 1972;
Stubenrauch and Blomqvist, 2007).
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Foams, as all dispersed systems, are thermodynamically
unstable. One of the important factors that may inﬂuence their
stability is addition of surfactants and/or nanoparticles
(Pugh, 2005a). Their stability is the result of two competing
forces: capillary drainage of liquid towards Plateau borders (Fig. 1)
and disjoining pressure (A) (Yoon and Wang, 2007; Kostoglou
et al., 2011). The addition of surface active substances modiﬁes not
only surface tension but also the (shear and dilatational)
rheological properties of adsorbing layers at gas/liquid interfaces.
Foam is usually destabilized by several processes. One of them
is the drainage of liquid due to gravity, which is due to density
difference between the liquid and the air in the foam. Also, foam
decay may appear by gas diffusion across ﬁlms from small bubbles
to large bubbles (Ostwald ripening) due to their different internal
pressures which induce modiﬁed gas solubility. Other processes
involve foam coalescence, thermal ﬂuctuations, spontaneous
vapor nucleation, ionizing radiation, external vibrations, and
instability of interbubble ﬁlms (Kostoglou et al., 2011; Krägel
and Derkatch, 2010; Britan et al., 2009). Before bubble rupture an
interbubble ﬁlm stretches and becomes thinner which leads to a
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Fig. 1. Plateau border (Lemlich, 1972).

variation of surfactant concentration at ﬁlm surface, and therefore
to an increase in surface tension which is opposing rupture; this is
termed the Gibbs – Marangoni effect (Ivanov, 1988; Pugh, 2005b;
Maldonado-Valderrama and Rodríguez Patino, 2010; Chandra
Mishra et al., 2006; Pal, 2011).
Varicose veins disease is widespread, with a high percentage of
the population having varicose veins or trophic changes of the legs.
Treatment options have largely consisted of using hosiery for
compression, conventional surgical ligation or venous stripping,
subfascial endoscopic perforator surgery, endovenous laser, radiofrequency ablation, and chemical sclerotherapy (Frullini and
Cavezzi, 2002; Wollmann, 2004; Eckmann, 2009; Kundu et al.,
2007; Mozes et al., 2005). Sclerotherapy is one of the most
minimally invasive and cost effective methods to treat blood
vessels or blood venous malformations, spider veins, varicose
veins, preoperative portal vein embolization, gastric fundal varices,
and hemorrhoids. Other techniques used for treatment are surgery,
endovenous laser or radiofrequency ablation. The differences
between them are in costs, recurrences, global assessment of
results. Preferences of physician and patient also have a role in
choosing the technique (Guex, 2005).
It has been proved that the use of sclerosant substances as
foams is more effective and it requires smaller concentrations
of sclerosant agent. The use of foam reduces the quantity of
substance, maximizes the sclerotic effect by increasing the contact
surface area with varices walls, and prevents intravascular
hemorrhage. One of the reasons of its improved effect is the fact
that the foam displaces the intravascular blood, ﬁlling the vein
entirely (for veins smaller than 12 mm diameter (Eckmann, 2009)).
The foam is not diluted in blood as it occurs in the case of sclerosing
liquid and so the concentration of the sclerosing agent in the vessel
is known and remains controlled from the beginning throughout
the application. For blood vessels with bigger diameters, foam
viscosity should be increased in order to obtain good results

(Breu and Guggenbichler, 2004; Choi et al., 2010). Reports of
85–95% success rate of foam sclerotherapy compared to 35% for
liquid in abolishing reﬂux in the great saphenous veins have been
made. Also, histological studies show similar effects of sclerosing
substances at a concentration of 0.5% as foam and 3% as liquid
(Breu and Guggenbichler, 2004; Choi et al., 2010; Hamel-Desnos
et al., 2007). Use of foam allows controlled delivery of a known
drug concentration in order to obtain the wanted effect on
the affected area. By controlling the foam stability one can control
the duration of its contact with the blood vessel and therefore the
effect of the sclerosing agent. These are the reasons that made
foam sclerotherapy a widely used technique. The fact that this
technique is cheap, effective, and easy to apply is another reason of
its extended use. The foam sclerosant action mechanism is the
induced damage to the endothelium (Guex, 2005; Hamel-Desnos
et al., 2007; van Deurzen et al., 2011) and the treatment
effectiveness is determined by the degree of damage induced by
the sclerosing agent. The effect of sclerosing agent depends on
foam quality; an unstable foam will need a higher quantity of
sclerosant liquid for the same effect as a stable (and with proper
rheological properties) foam. With the increase of concentration or
quantity of sclerosant liquid, the risk of side effects rises, too,
(such as phlebitis and hyperpigmentation (Ceulen et al., 2007))
which asks to ﬁnd ways for a better stability and rheological
properties of the foam. Smaller quantities and concentrations
(with the same efﬁcacy but no side effects) of sclerosant agent may
be used (van Deurzen et al., 2011).
There are several sclerotic substances used for this treatment
and polidocanol is one of the ﬁrst sclerotic and anesthetic agents
used in painless sclerotherapy (Chung et al., 2011). Several
techniques have been developed to generate foams for clinical
use, most of them being represented by cyclical mechanical
agitation of the liquid substance in the presence of a gas, usually air
(79% N2 and 21% O2), at gas/liquid ratios ranging from 1:1 to 8:1
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Fig. 2. Tessari technique.

(Eckmann, 2009). One of the most used methods to generate foam
is the Tessari technique (Fig. 2) which uses a double syringe system
and a small connector provided with a small hole.
There are several factors that inﬂuence the characteristics of the
obtained foam: liquid to air ratio, concentration, type of connector,
syringe diameter, number of pump cycles, type of used surfactant
and its concentration, rheological properties of the obtained
solution, etc. (Tessari et al., 2001; Frullini, 2000). In this paper, two
parameters are measured (bubble size and foam stability) for the
obtained foam with and without addition of other substances that
could inﬂuence the surface tension or/and the viscosity of the bulk
liquid.
2. Materials and methods
Polidocanol (Laureth-9) is a synthetic fatty alcohol, an alkyl
polyglycol ether of Lauryl alcohol. It is a nonionic surfactant whose
chemical structure forms an alkyl chain of 12 carbon atoms and an
ethylene oxide chain of 9 ethylene oxide unites (C30H62O10) (Fig. 3).
The polidocanol (POL) concentrations selected for the present
study are those mostly used in foam sclerotherapy (FS) and are
commercially available at concentrations of 0.5%, 1%, and 3% in
buffer solution. It was ﬁrst developed in 1931, and since then it has
been used in personal care products (facial cream, body lotions,
shampoo, and hair-conditioner) and medical applications which
transformed it into an extensively evaluated product for oral and
dermal toxicity (Eckmann, 2009).
The action mechanism upon injection of POL is the so-called
protein theft denaturation in which an aggregation of detergent
molecules forms a lipid bilayer that causes concentration
dependent disruption of the cell surface membrane, activates
the cellular calcium signaling and nitric oxide pathways and
produces endothelial cell death (Eckmann et al., 2005). The current
work aims to show how foams of POL may have longer lifetime in
view of clinical applications, without inﬂuencing the action
mechanism of the foam on the varicose veins walls. For

applications in sclerotherapy a concentration range between
0.5% and 4% is used with almost no reported side effects or
allergic reactions (Noel, 2004). In order to compare the obtained
results with the ones in literature, a working protocol as in Ceulen
et al. (2007) was used in this paper.
One of the main factors that inﬂuence foam stability in a syringe
is the liquid drainage between bubbles under the inﬂuence of the
gravity (Pugh, 2005b; Ceulen et al., 2007). To measure foam
stability, we recorded the time needed for half of the original
volume of sclerosing solution to revert to liquid state (foam half
time, FHT) and we measured the bubble size distribution into
the foam for different conditions. The foam was obtained using
the Tessari method by mixing a known ratio of liquid and gas
for different numbers of pumping cycles and afterwards FHT
was measured along the scale of the syringe for quantitative
imaging (Fig. 4).
Each measurement was performed on freshly generated
foam that was contained in one syringe placed vertically
with the piston set to the total volume of air/liquid mixture;
measurements were repeated 5 times and the average FHT
value was calculated. According to Wollmann (2010) the rubber
part of a disposable plastic syringe could inﬂuence the stability
of foam leading to a decrease in stability due to the silicone
based lubricant used to make the injection smoother (this effect
could be explained by the destruction of foam lamellae by silicone)
(Rao and Goldman, 2005).
Similar with other results (Ceulen et al., 2007) the foam
stability depends on the syringe type and size. For these
measurements 10 ml (diameter 15.7 mm) syringes and 5 ml
(diameter 12.2 mm) syringes were used. The results obtained
with the two types of syringes were close, with a small increase in
stability for 10 ml syringe. For syringes bigger than 10 ml the
handling is difﬁcult and it is not recommended for use in
sclerotherapy (Wollmann, 2010).
Foam stability dependence on the number of pump cycles,
liquid/air ratio, and POL concentration was evaluated. All samples
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Fig. 3. Chemical structure of polidocanol.
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Fig. 4. Foam stability measurements.

were fresh, although according to Ceulen et al. (2007), both fresh
and reused solutions have similar properties in terms of stability
and bubble size distribution. The foam stability can be enhanced by
addition of surface active or rheology modifying substances. For
this report, Tween 80, xanthan gum and glycerin were selected
which have a chemical structure shown in Fig. 5.
Tween 80 is a non-ionic surfactant: (polysorbate 80-polyoxyethylene sorbitan monooleate) used in food industry.
Concentrations between 0.1% and 50% v/v were used in the study.
Xanthan gum is an extracellular polysaccharide secreted by
Xanthomonas campestris. It is used as food additive and is obtained
from fermentation of glucose, sucrose or lactose. Due to its unique
rheological properties (strong shear thinning behavior) xanthan
gum is recognized as an excellent emulsion stabilizer. In particular,
xanthan gum initially offers convenience to make a foam because
of its low viscosity at high shear rates as those encountered during
vigorously pumping the Tessari syringes and then enhances foam
stability because of its high viscosity at low shear rates as those
occurring during gravitational drainage. In pharmaceutics,
xanthan gum is used as a suspending and stabilizing agent in
oral and topical formulations, for the production of sustainedrelease matrix tablets or for its mucoadhesive properties (Bouyer
et al., 2012). The concentrations used in this study are between
0.01% and 0.42% w/v.
Glycerin is a colorless, odorless, and viscous liquid with low
toxicity, used in pharmaceutics. Recent literature reports regarding
its inﬂuence on sclerosant foams stability with good results are
made in (Peterson and Goldman, 2011; Rial et al., 2013). It
enhances the stability of foams and emulsions by increasing
mixtures viscosity. The concentration range used for this study is
between 0.1% and 50% v/v.
Bubble size distribution was measured both by microscopy and
by light scattering. The results obtained with both techniques were
similar. The microscope used was a Carl Zeiss Microscope system
type Axiostar Plus equipped with a Cannon camera that recorded
pictures of the foam. For each sample, pictures were taken to cover
the entire statistical family of bubbles. The bubble dimensions
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were also measured by light scattering with a Malvern Mastersizer
E2000 system with a measuring error of 1%.
The rheological properties of the implied substances were
evaluated by dynamic surface tension measurements that were
performed with a Drop Proﬁle Analysis Tensiometer (PAT1,
Sinterface). After surface tension was stabilized (t = 10000 s), a
“surface disturbance-relaxation experiment” was performed in the
form of harmonic perturbations followed by Fourier analysis of
obtained data. The employed volume oscillation amplitude is
1 mm3 of the initial drop volume and the utilized oscillation
frequencies are 0.005, 0.008, 0.01, 0.02, 0.04, 0.05, 0.08, 0.1,
0.16 and 0.2 Hz.
The viscosity of the liquids used for foam preparation was
measured with a Physica MCR 301 Anton Paar rheometer that
evaluates the viscosity as function of the shear rate.
3. Results
Among the studied issues is the dependence of foam stability
on: number of pumping cycles, air to liquid ratio and concentration
of sclerosant agent (POL). In literature reports these values vary
because the Tessari technique is not standardized. For the present
measurements, the three most frequently used air/liquid ratios
(1:3, 1:4, 1:5) (Ceulen et al., 2007; Chung et al., 2011; Tessari et al.,
2001; Frullini, 2000; Eckmann et al., 2005; Noel, 2004) have been
selected and we pumped them from 10 to 100 cycles.
Fig. 6 shows the variation of foam stability in terms of foam half
time regarding the above parameters. One can clearly observe that
by increasing the sclerosing agent’s concentration, in the examined
range, foam stability is increased. For each measurement, after a
number of pumping cycles (between 50 and 60), foam stability
values reach a plateau which indicate that bubbles sizes attained
minimal values and can not break to smaller sizes despite the
further dissipated energy for higher number of pumping cycles.
Every plot in Fig. 7 presents foam stability measurements for
the same concentration of POL but with variable liquid to air ratio
(1:3, 1:4, and 1:5). Foam stability increases with the increase of air

Fig. 5. Chemical structure of (a) xanthan gum, (b) tween 80, and (c) glycerin.
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Fig. 6. Foam stability as function of the sclerotic agent (POL) concentration.
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Fig. 7. Foam stability as function of the air to liquid ratio.

quantity but the difference between 1:4 and 1:5 is small. This is
why we have selected 1:4 liquid/air ratio and 50 pump cycles as
optimal conditions for all further experiments in this study.
Bubble mean size at different POL concentrations at optimal
conditions is shown in Table 1. With increasing of sclerosing agent
concentration bubbles dimensions are only slightly increasing.
In order to increase foam stability, more surface active
substances were added. In (Nastasa et al., 2011) the effect of
Tween 80 on the stability and droplet size distribution in
emulsions was studied. It was shown that by increasing surfactant
concentration and the dissipated energy, a smaller droplet size
distribution and increased stability is obtained. With the increase
of added surfactant concentration the mean bubble diameter
increases. At ﬁrst glance this appears counter-intuitive if one
considers only the possible effect of Tween 80 onto surface tension.
However, the diameter rise can be explained by the rise in viscosity
since most of the concentrations are larger than the critical micelle
concentration (CMC) which is 0.012 mol/m3 0.1536% v/v
(i.e., micelles are present).
Fig. 9 demonstrates that foam stability depends on Tween
80 concentration; after an addition of 10% Tween 80 (10,000 ppm)
a 2.5 times increase of POL foam stability is obtained.
In Fig. 10, the stability and mean bubble size of polidocanol 0.5%
– glycerin foam at different concentrations of glycerin are shown.
By increasing the glycerin concentration toward 10%, a linear
improvement of foam stability is obtained. Glycerin is a highly
viscous ﬂuid and its presence increases substantially the viscosity

of the liquid mixture which is capable of delaying drainage through
bubble interstices. This is so despite the fact that the mean bubble
size increases, too, due to the higher viscosity. One has to consider
that high viscosity hampers bubble breakage to smaller sizes
during pumping the syringes. The presence of glycerin also makes
the ﬁlms rigid between bubbles, leading again to increased foam
stability.
For both glycerin and Tween 80 the measured foam half time
(FHT) for 10% v/v concentration is around 200 s.
However, for higher concentrations of glycerin (data not
shown), the foam stability of the POL/glycerin mixture is
decreasing (for 50% glycerin the foam is destabilized almost
instantly). At the same time, for Tween 80, at 20% concentration

[(Fig._8)TD$IG]

Table 1
Mean bubble size D[1,0] for the concentrations of POL used in this study.
Concentration of polidocanol (POL)

D[1,0] (mm)

0.5% (8  103 M)
1% (1.6  102 M)
3% (4.8  102 M)

47.1
54.9
64.1
Fig. 8. Viscosity measurement for glycerin and Tween 80.
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Fig. 11. Foam stability and mean bubble size after addition of xanthan gum.
Fig. 9. Effect of Tween 80 concentration on polidocanol 0.5% foam stability.

(data not shown) FHT is 481.2 s, a value much higher than the one
obtained for the same concentration of glycerin (which is smaller
than the one obtained for 10% v/v–80.86 s). This is opposite from
what one might expect based on the different rheological
properties of the two substances (glycerin is a more viscous liquid
than Tween 80 – see Fig. 8).
Fig. 11 shows the effects of increasing the xanthan gum
concentration on FHT and mean bubble size. One may observe that
with increasing the concentration foam stability and mean bubble
diameter increase. One of the most interesting results of this study
is the observed stability of 0.42% w/v xanthan gum that presents
FHT longer than 1 h, i.e., an increase of 47 times compared to the
stability of POL 0.5% with no added surface active substance. Even
the addition of 0.1% (1000 ppm) of xanthan gum generates a
6.5 times increase in foam stability (around 550 s). The mean
bubble diameter is comparable with that obtained for POL 0.5%
without any added substance. With an increase of xanthan gum
concentration, an increase in bubble size is obtained; measurements showed that less than 5% of bubbles have diameters bigger
than 200 mm, most of them having dimensions around 50 mm with
a mean bubble size of 66.6 mm.

[(Fig._10)TD$IG]

Measurements are performed on mixtures of xanthan gum 0.08%
and 3% of either glycerin or Tween 80. For both types of mixtures the
stability is increased and it is comparable with the stability obtained
for xanthan gum (e.g., FHT: Pol 0.5% + Gly 3% + Xanth 0.08% = 459.3 s;
bubble mean size 42.8 mm; FHT: Pol 0.5% + Tween 80 3% + Xanth
0.08% = 487.3 s; bubble mean size 37.6 mm).
Compared with the other substances used in this study,
xanthan gum is a non-Newtonian ﬂuid (see Fig. 12), its viscosity
being dependent on shear rate. At body temperature (37  C), its
viscosity values are slightly smaller than at ambient temperature
and it has the same non-Newtonian rheological behavior. This
manifests that an increase from ambient temperature (when
preparing the foam by the Tessari method) to body temperature
(when injecting the foam in the human body) will not affect foam
characteristics which will still be effective for treatment.
Due to its rheological properties, xanthan gum exhibits low
viscosity during the pumping cycles (intense mixing process)
followed by a very large viscosity after the pumping has stopped,
which contributes to the stability of the obtained foam
(Nastasa et al., 2014).
The physicochemical stability of gas/liquid ﬁlms of the
examined substances are evaluated by measuring the dynamic

[(Fig._12)TD$IG]

Fig. 10. Foam stability and mean bubble size after addition of different glycerin
concentrations.

Fig. 12. Viscosity versus shear rate measurements for xanthan gum.
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Table 2
Surface tension values at the equilibrium of the used mixtures.
Solution

ST (mN/m)

Polidocanol 0.5%
Polidocanol 1%
Polidocanol 3%
Glycerine 3%
Glycerine 3% + polidocanol 0.5%
Tween 80 3%
Tween 80 3% + polidocanol 0.5%
Xanthan gum 0.1%
Xanthan gum 0.1% + polidocanol 0.5%

30.7  0.3
30.5  0.4
30.1  0.3
71.4  0.3
31.7  0.4
34.9  0.4
32.8  0.2
71.9  0.3
31.4  0.5

surface tension (ST) using a pendant droplet technique. In addition,
the interfacial dilatational viscoelasticity of gas/liquid ﬁlms of the
studied substances are evaluated by using Fourier transform to
analyze the effect of induced harmonic perturbations on surface
tension. For all measurements a single concentration of each added
substance to POL 0.5% is selected (e.g., 0.1% xanthan gum, 3% Tween
80 and 3% glycerin). The examined concentrations are those that
yield a clear increase in foam stability and a lower value of viscosity
to avoid the increase of bubble diameters.
In Table 2 the values of surface tension at equilibrium (a plateau
is reached after 4000 s) are presented for different POL concentrations and POL 0.5% mixtures with the selected substances. The
ST values of the mixtures at equilibrium are very close to the POL
values. These results also show no visible difference between the

[(Fig._13)TD$IG]

Fig. 13. Visco-elastic modulus and visco-elastic phase lag of the used substances as a function of frequency of harmonic perturbations.
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three selected substances since the values for the ST at equilibrium
are very close. A difference can be observed in the data obtained
from the Fourier analysis of the harmonic perturbations induced to
pendant droplet. In Fig. 13 the visco-elastic modulus and phase lag
for all used substances and mixtures are presented. The values of
|E| and F are calculated from the EIm and ERe values obtained after
Fourier analysis of the rheological data generated by the induced
harmonic perturbations (Babak et al., 2005; Fainerman et al., 2012;
Aksenenko et al., 2006; Fainerman et al., 2010; Ravera et al., 2010).
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Ds m
jEj ¼ E2Re þ E2Im ¼
¼ ratio of amplitudes
DAm =A0
ERe ¼ jEj  cosf; EIm ¼ jEj  sinf
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conﬁrm that a modiﬁcation of the visco-elastic behavior appears
after the addition of xanthan gum to POL 0.5% solution that leads to
a decrease of |E| values.
The foam stability obtained for the concentration of 0.42% w/v
of xanthan gum may be too much for direct application in medical
trials since such a stability is not, at the moment, needed. At the
same time the foam obtained from a mixture of 0.1% w/v xanthan
gum/0.5% POL with a FHT of 550 s could represent a solution for
the low stability of POL foam obtained by Tessari method. Also, a
concentration of up to 10% v/v of glycerin and 20% of Tween
80 could present interest from the point of view of foam stability
and its use in sclerotherapy.
Acknowledgements

For all used substances, the values of ERe are larger than the
values of EIm (not shown) which shows that the gas/liquid
interfaces made of these solutions present a more viscous than
elastic character. A similar behavior is observed in terms of the
appreciable visco-elastic phase lag presented in Fig. 13 (for pure
elastic behavior F should be zero). Detailed interpretation of the
measured viscoelasticity parameters based on molecular and
physicochemical arguments are beyond the scope of this study.
From the technological standpoint considered here, only the
variation of these parameters with respect to added substances is
of interest.
Xanthan gum and its mixture with POL show the lowest
viscoelasticity. On the other hand, Tween 80 and its mixture show
the highest viscoelasticity values. For both substances and for
small frequencies, especially for xanthan gum, viscoelasticity
values of pure substances are smaller than those of mixtures. After
the mixing process of selected substances with POL the |E| value
decreases signiﬁcantly, an effect that is not visible on Tween 80.
One explanation is that POL and Tween 80 have a similar value of
|E| and therefore addition of Tween 80 does not modify the viscoelastic behavior of the mixture. This modiﬁcation of |E| values
could be one of the reasons for the increased stability of
POL/xanthan gum foam. A similar stability is not obtained for
glycerin due to its increased viscosity and lack of dependency on
shear rate that makes it harder to mix with the used technique.
For xanthan gum/POL and Tween 80/POL mixtures visco-elastic
phase values are smaller than those of pure substances for all used
oscillation frequencies. For glycerin/POL mixture, this occurs
for oscillation frequencies bigger than 0.1 Hz. Increasing polidocanol’s concentration, viscoelasticity value decreases with elastic
character prevailing.
4. Conclusions
This study is conducted to evaluate the effect of different
rheology or surface tension modiﬁer substances on the stability of
foams generated by the Tessari technique for a drug used in
sclerotherapy (POL).
It is observed that addition of concentrations up to 10% v/v of
glycerin and Tween 80 leads to an increase in foam stability
(3 times the stability of POL foam) with a minor change in bubble
size distribution. However, the addition of xanthan gum at a
concentration of 0.42% w/v leads to an increase of foam stability of
almost 47 times with respect to that obtained for POL with no other
added substance. One of the reasons for the increased stability of
this mixture is represented by the shear-thinning (non-Newtonian) behavior of xanthan gum that presents a small viscosity during
the mixing process and becomes very viscous after the mixing is
stopped. This behavior is also responsible for the small variation of
bubble size distribution. At the same time, interfacial dilatational
rheological measurements of the POL/xanthan gum mixture
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