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Abstract

The study of foam stability is a subject of continuous research, due to the different
fields of application foams are used in. In this study, foams stabilized with a family of
nonionic sugar-based surfactants were investigated systematically. For this purpose,
we changed the concentration (c > cmc), the gas flow rate, and the disk porosity.
The foam properties were evaluated by measuring the foam volume, the liquid frac-
tion, and the bubble size distribution as a function of time. We observed good foam-
ability for all conditions tested with a tendency towards increasing stability with
increasing chain length and increasing head group size. For foams stabilized by the
short chain surfactants -CgG, and 3-CgG, we observed a significant time evolution
due to coarsening and coalescence, while foams stabilized with the longer chain
surfactants hardly changed during the observation time. From an industrial point of
view, our study helps to understand properties of foams generated under different
conditions. We conclude that for the special family investigated here a very good
performance can be expected for a broad variety of conditions.
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such as pharmaceutical formulation, cosmetic, food and
personal care products because of their mild character, bio-

Once one disperses gas into a liquid, a liquid foam might
be generated (Encyclopedia of Chemical Technology.
12, 2005; Rossen, 1996; Saint-Jalmes, 2006; Weaire &
Hutzler, 1999). Liquid foams are present in many applica-
tions, such as detergency, food, cosmetics, firefighting, oil
recovery, or flotation of minerals. Liquid foams are also
used as template for the synthesis of solid foams
(Andrieux et al., 2018; Stubenrauch et al., 2018).

Among a large variety of surfactants applied worldwide,
those that originate from renewable resources have been
intensively studied due to sustainabilty and an
environment-friendly demand (Bhadani et al., 2020; Bois
et al., 2020). This includes sugar-based surfactants
(Stubenrauch, 2001). Sugar-based surfactants consist of a
hydrophobic alkyl chain and a hydrophilic glucose ring.
They are found in starch, sugar beet or sugarcane, and
have been extensively investigated in many applications,

degradability and functional properties (Bois et al., 2020;
Camero Ruiz, 2008; Hill & Rhode, 1999; Tesmann
et al., 1996; Von Rybinski & Hill, 1998). Using sugar-based
surfactants one may end up in colloidal systems with good
wetting, foaming, and emulsifying performances (Bhadani
et al, 2020; Camero Ruiz, 2008; Gaudin, Rotureau,
et al, 2018; Lourith & Kanlayavattanakul, 2009; Rojas
et al., 2009; Yoshimura et al., 2013).

Two types of measurements are often used in foam-
ing studies: foamability, which is the foam generation
power of a solution, and foam stability, which stands for
the lifetime of a foam after its generation (Stubenrauch
et al., 2009). While the former is related to the nature of
the surfactant and its concentration in the solution
(Engels et al., 1998; Prins, 1992; Pugh, 1996;
Rosen, 2004; Shinoda et al., 1961; Stubenrauch
et al., 2009), the latter is limited by drainage of the liquid
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inside the foam, Ostwald ripening, and coalescence
(Ekserova & Krugliakov, 1998; Pugh, 1996; Sadoc
etal., 1999).

Being able to control the factors that affect foam stabil-
ity, one can deliberately increase or decrease foam stabil-
ity. Examples are (i) an increase of the liquid’s viscosity or
the surface viscoelasticity to slow down drainage
(Pugh, 1996; Stubenrauch et al., 2009); (ii) a reduction of
the gas bubbles polydispersity, of the water solubility of
the gas, and of the gas permeability through the surfac-
tant layer to slow down Ostwald ripening (Prud’homme &
Khan, 1996); and (iii) boost the resistance to rupture of
the foam films through high disjoining pressure and high
surface viscoelasticity (Kim et al., 1997; Santini
et al., 2007; Stubenrauch & Miller, 2004; Tadros, 2007;
Tamura et al., 1995; Ting et al., 1984).

As regards sugar-based surfactants, lots of research
was done in order to better understand structure—prop-
erty relationships in general and the relationship between
molecular structure and surface and self-assembling
properties in particular (Bois et al., 2023; Gaudin, Lu,
et al., 2019). Moreover, studies to develop predictive
models were carried out to correlate surface properties
with the molecular structure of sugar-based surfactants
(Gaudin et al., 2016; Gaudin, Fayet, et al., 2018; Gaudin,
Lu, et al., 2019; Gaudin, Rotureau, et al., 2018; Gaudin,
Rotureau, et al., 2019). However, relatively few studies
about foam properties and foam film properties were con-
ducted. For instance, Stubenrauch (Boos, Preisig,
et al, 2013; Grigoriev & Stubenrauch, 2007; Stubenrauch
et al., 2007, 2010), Muruganathan et al. (2004) and Zhao
et al. (2018) have extensively investigated the foaming
properties of n-dodecyl-B-maltoside, which included
microscopic arrangement of the surfactant at the air/water
interface, rigidness, thickness, stability and viscoelasticity
of the foam film. In addition, the influence of the surfac-
tant's molecular structure on the foaming properties of
alkylpolyglycosides (Bois et al., 2023; Ware et al., 2007)
was investigated. Bois et al. (2023) carried out promising
research about the foaming behavior of 17 sugar-based
surfactants. They analyzed the foamability, the foam sta-
bility and the maximum foam density of foams which were
generated with the gas sparging method. By gradually
changing the surfactant structure it was possible to corre-
late the foaming behavior of glycolipids to the surfactant
concentration and the interfacial properties, by using Prin-
cipal Component Analysis (Method of projection of inde-
pendent variables, inter-correlated at some order, into a
set of non-inter-correlated variables for development of
predictive linear and non-linear regressions between the
parameters involved).

The above-mentioned study from Bois, however, was
conducted at bulk concentrations from ¢ = 0.001cmc to
¢ = cmc for each surfactant. At these low concentrations
depletion effects (Boos et al., 2012) must be considered
which the authors overlooked: it is only at concentrations
well above the cmc that new surface areas can be gener-
ated without changing the bulk concentration. Following

this line of thinking, the foam measurements presented in
the study at hand were carried out well above the cmc.
We studied the foaming properties of 5 sugar-based sur-
factants, with different alkyl chain lengths and glucose
units. We used the gas sparging method and investigated
foamability and foam stability. In the latter case we mea-
sured the time evolution of the liquid fraction, the foam
volume, and of the bubble size distribution. Furthermore,
different experimental conditions were tested, namely dif-
ferent surfactant concentrations, different disc porosities,
and different gas flow rates, for evaluating how they affect
the foaming properties of the surfactant solutions.

MATERIALS AND METHODS
Chemicals

From Glycon a family of 7 nonionic sugar-based
surfactants was purchased: n-octyl-G-glucoside (3-CgG1),
n-octyl-GB-maltoside (B-CgG,), n-decyl-B-glucoside (-
C410G4), n-decyl-B-maltoside (B-C10G,), n-dodecyl-G-
glucoside (B-C4,G,), n-dodecyl-B-maltoside (B-C4.Gy)
and n-tetradecyl-B-maltoside (B-C14G,). Each of them
was used as received. NaCl (purity above 99%) was
obtained from Merck. The glassware used was cleaned
with deconex 22 LIQ-x from Borer Chemie AG and rinsed
several times with doubly distilled water. All the solu-
tions were made with doubly distilled water at room
temperature (22°C). In Table S1 we listed the molec-
ular structures, molar masses, and cmc-values at
room temperature of the nonionic sugar-based sur-
factants studied.

Foam measurements

The FoamScan (TECLIS, France) was used to carry
out the foam measurements. Image analysis and con-
ductivity measurements were used to determine the
foamability, the foam stability, the liquid fraction, and
the bubble size distribution.

In each experiment 120 mL of foam was formed in a
glass column by sparging nitrogen (N,) at a constant
flow rate through a porous disk placed on the bottom of
the column. For each run 60 mL surfactant solution
were filled into the column. We carried out foam mea-
surements with (1) different surfactant concentrations
(2 cmc, 5 cmc, and 10 cmc), (2) different gas flow rates
Q (20, 40, 60, and 84 mL min~") and (3) different disk
porosities (P1 with pore sizes of @ = 101-160 um, P2
with @ = 41-100 pm, P3 with @ = 17—40 um). For each
surfactant 250 mL solution was prepared for a triplicate
experiment. The duration of each run was up to 3600 s.

The foam volume was monitored by a CCD
(Charged-Couple Device) camera, while the conductiv-
ity of the solution Apyk and the foam As.m Were mea-
sured by using electrodes at fixed positions of the
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column. To ensure conductivity we added 1072 M of
NaCl to each surfactant solution. The liquid fraction €
of the foam was determined by using empirical
Equation (1) provided by Feitosa et al. (2005).

1+ 1164
=3 — ], 1
&= S0el (1 42564 + 10029,> (1)

with o being relative electrical conductivity.

_ Afoam (2)
Abuik

Oe¢l

With an additional CCD camera at the wall of the
glass column and the cell size analysis (CSA) soft-
ware one can visualize and evaluate the change of
the bubble size and of the bubble size distribution
over time. The CSA software calculates the bubble
radius r from the cross-sectional area of the bubbles
on the column wall, assuming that all bubbles are
spherical. The number of bubbles in an observed
area, the arithmetic mean bubble radius <r>, and
the polydispersity index (Pl) were calculated at different
times:

p_V(srt> —<r>2) 3)

<r>

Before using the CSA software, bubble images
were treated with the freeware program Imaged to
obtain a water-free skeleton by reducing the dark lines
on the surface plateau borders to a line of one-pixel
width (for more detail see Boos et al.,, 2012; Boos,
Drenckhan, et al., 2013). Pictures of foam bubbles
taken directly after stopping the gas spreading (t = 0 s)
are shown in Figure 1. Additional information concern-
ing the experimental procedure are given in the Sl.

RESULTS AND DISCUSSION

The main focus of this study was to measure how
foamability and foam stability are affected by (a) the
molecular structure of the surfactant and (b) the condi-
tions under which the foam was generated. In the first
case we varied the chain length and the head group
size. In the second case we varied the surfactant con-
centration, the porosity of the disk through which the
gas was supplied, and the gas flow rate Q.

B-C12G2

FIGURE 1

B-C14G2

Pictures taken with the cell size analysis camera at t = 0 s for different surfactant solutions. All foams were generated with a

porous disk with porosity P2. The concentrations of -CgG1, B-CgG,, and 3-C14G, were 10 cmc, while for -C4¢G, and 3-C1,G, 5 cmc were

chosen.
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Table 1 lists the surfactants that we used as well as
the conditions under which the foams were generated. In
addition, the values of the mean bubble radii <r > and of
the polydispersity index P/ are given, which were mea-
sured at different times from t = 0 s to t = 1000 s. A com-
parison of the polydispersity indices is shown in
Figure S12.

The surfactants 3-C3G4 and B-CgG,

We measured the foaming properties of aqueous sur-
factant solutions of B-CgG4 and B-CgG,. The measur-
ing conditions were chosen as follows: the surfactant
concentration was 10 cmc, a disk of porosity P2 was
used, and the gas flow rate was Q =84 mL min~".
Figure 2a shows the foam volume V;y,m as function of
time t, while Figure 2b shows the time evolution of the

liquid fraction ¢.

Note that in Figure 2a the time t = 0 s corresponds
to the time at which a foam volume of 120 mL is
reached, and the gas flow stopped as explained in the
Section 2. Assuming that the foam destabilization pro-
cesses (drainage, coalescence, and coarsening) do not
happen at f< 0, the growing part of the curve repre-
sents the foamability, while data measured for t > 0 can
be assigned to the foam stability. This assumption was
made for all experiments carried out in the study
at hand.

Looking at Figure 2a one sees that the foamability
of both surfactants is the same with a value of 86 s for
120 mL. Once the gas flow is switched off at t = 0, the
foam of both samples collapses very rapidly. Compar-
ing the two surfactants, one sees that the foam gener-
ated with B-CgG4 decays faster than the one generated
with B-CgG,. Thus, for a given chain length, the addi-
tional sugar unit in the head group of B-CgG, leads to a
more stable foam.

t—0s t—0s TABLE 1 The table lists the used
surfactants and the foam generation
Surfactant B-CsG4 B-CsG, B-C10G2 B-C12G, B-C14G2 conditions.
Concentration (c/cmc) 10 10 5 5 10
Disk Porosity P2 P2 P2 P2 P2
Q (mL min~") 84 84 60 60 60
<r > (mm) 0.22 0.25 0.22 0.17 0.20
Pl 0.17 0.15 0.16 0.24 0.21
t=50s t=250s
Surfactant B-CsG4 B-CsG, B-C10G2 B-C12G, B-C14G2
Concentration (c/cmc) 10 10 5 5 10
Disk Porosity P2 P2 P2 P2 P2
Q (mL min~") 84 84 60 60 60
<r > (mm) 0.22 0.25 0.22 0.17 0.19
PI 0.21 0.16 0.16 0.27 0.23
t=100s t=500s
Surfactant B-CsG4 B-CsG, B-C10G2 B-C12G, B-C14G2
Concentration (c/cmc) 10 10 5 5 10
Disk porosity P2 P2 P2 P2 P2
Q (mL min~") 84 84 60 60 60
<r>(mm) 0.22 0.25 0.22 0.16 0.19
Pl 0.24 0.17 0.17 0.31 0.23
t=200s t=1000s
Surfactant B-CsG4 B-CsG> B-C10G2 B-C12G, B-C14G2
Concentration (c/cmc) 10 10 5 5 10
Disk porosity P2 P2 P2 P2 P2
Q (mL min~") 84 84 60 60 60
<r>(mm) 0.23 0.25 0.22 0.16 0.19
PI 0.33 0.17 0.20 0.38 0.25

Note: Foams analyzed were generated at similar concentrations, porosities and gas flow rates Q. Mean bubble
radii <r> and polydispersity indices P/ are given for different times after foam generation.
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FIGURE 2 Variation of foam volume V;o.m (@) and liquid fraction
€ (b) of foams stabilized by B-CsG4 and 3-CgG, as function of time .
60 mL of surfactant solution with a concentration of 10 cmc was
sparged with N, at 84 mL min~" to form a preset foam volume of
120 mL. The time t = 0 s represents the time at which V;,,,, reaches
120 mL. A disk with porosity P2 was used.

Looking at Figure 2b, one can see that the initial
liquid fraction of both foams is approximately the
same, namely € ~ 7%. The time evolution, however,
is slightly different: the liquid fraction of the foam sta-
bilized with 3-C3G¢ decreases faster, which, in turn,
is in line with Figure 2a. Finally, the evolution of the
bubble size distribution (see Figure 3) is also in line
with a lower stability of the foam stabilized with B-
CgG1. Looking at Figure 3 one clearly sees that the
bubble size distribution shown in Figure 3a for B-
CgG1 gets more polydisperse than the one shown in
Figure 3b for B-CgG,, which is due to a faster aging
of the foam.

In conclusion one can say that with both surfac-
tant solutions one can only generate unstable
foams that drain and thus decay quickly once the
gas flow is switched off. The additional sugar unit in
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FIGURE 3 Relative number of bubbles n/n, with different radii
r for foams stabilized by B-CgG4 (a) and B-CgG. (b), respectively. A
surfactant concentration of 10 cmc, a gas flow rate of 84 mL min~"
and a disk with porosity P2 were used.

the head group, however, obviously increases the
foam stability. This observation is perfectly in line
with the fact that sugar surfactants form intersurfac-
tant H-bonds between the head groups (Kanduc
et al., 2021; Ranieri et al., 2018; Stubenrauch
et al., 2017). A maltoside unit can form more
H-bonds with its neighbor than a glucose unit.
Thus, in the former case, the surfactant monolayer
is more densely packed and more stable, which, in
turn, leads to a more stable foam.

The surfactant B-C,oG,

The foaming conditions listed in Table 1 were
applied to solutions of -C4¢G,. Measurements with
the corresponding glucoside B-C{oG; were not
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FIGURE 4 Variation of foam volume Voo (a) and liquid fraction
€ (b) of foams stabilized by B-C4oG. as function of time t. 60 mL of
surfactant solution with a concentration of 2 and 5 cmc was sparged
with N, at 60 mL min~" to form a preset foam volume of 120 mL. The
time t = 0 s represents the time at which Vs, reaches 120 mL. A
disk with porosity P2 was used.

possible due to the low solubility (Boyd et al., 2000),
that is, the preparation of clear solutions with
¢ > cmc were not possible (see Figure S2). In case
of B-C40G,, the surfactant concentrations were 2 and
5 cmc, a disk of porosity P2 was used, and the gas
flow rate was 60 mL min~'. Figure 4a presents the
foam volume Vi,am as function of time ¢, while
Figure 4b shows the time evolution of the liquid frac-
tion ¢.

At first one sees that the foamability of both sur-
factant solutions is basically the same, that is,
120 mL foam were generated in 120s. Once
switching off the gas, the foam volumes of both
samples stayed constant during the experiment time
of 3600 s.

Taking a look at Figure 4b, one can see that the ini-
tial liquid fraction of both foams is really the same with
€ ~ 8%—9%. Differently from what is seen for B-CsG;
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FIGURE 5 Relative number of bubbles n/ny, with different radii
r for foams stabilized by B-C40G, with a surfactant concentration of
2 cmc (a) and 5 cmc (b), respectively. A gas flow rate of 60 mL min~
and a disk with porosity P2 were used.

1

and B-CgG,, however, the liquid fraction of both foams
barely changes with time, which is in line with
Figure 4a. Finally, there is also no time evolution of the
bubble size distribution (see Figure 5), which means
that neither drainage nor coalescence play a significant
role during the first 1000s.

Comparing B-CgG, and B-C1oG,, one can see
that foams stabilized with B-C1oG, are much more
stable than those stabilized with B-CgG,. This differ-
ence in stability can be assigned to the fact that the
surfactant layer can pack more densely for longer
alkyl chain due to the increasing van der Waals
interactions. The increase of the packing density and
the lowering of the surface roughness lead to an
increase of the surface elasticity (Bergeron, 1999;
Stubenrauch et al., 2017) and thus of the foam
stability (Georgieva et al.,, 2009; Stubenrauch
et al., 2010).
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FIGURE 6 Variation of foam volume V,.m (@) and liquid fraction
€ (b) of foams stabilized by B-C4,G, as function of time ¢. 60 mL of
surfactant solution with a concentration of 5 cmc was sparged with No
at 20, 40, and 60 mL min~" to form a preset foam volume of 120 mL.
The time t = 0 s represents the time at which Vjo,m, reaches 120 mL.
A disk with porosity P2 was used.

The surfactant -C1,G>

The conditions for foam generation with aqueous solu-
tions of B-C41,G, were as follows: the surfactant con-
centrations were 2 and 5 cmc, disks of porosities P1,
P2, and P3 were used, and the gas flow rates chosen
were 20, 40, and 60 mL min~". Measurements with the
corresponding glucoside B-C4,G4 were not possible
due to the low solubility (Boyd et al., 2000), that is, the
preparation of clear solutions with ¢ >cmc were not
possible (see Figure S3). In Figure 6a one sees the
foam volume Vfoom, as function of time ¢ for foams gen-
erated with three different flow rates. The surfactant
concentration was ¢ = 5 cmc and the disk porosity was
P2. Figure 6b shows the time evolution of the liquid
fraction ¢ at the same conditions. Additional data for
2 cmc and different disk porosities are shown in
Figures S4-S8.
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FIGURE 7 Relative number of bubbles n/nisia With different radii
r for foams stabilized by B-C,,G, with a surfactant concentration of

5 cmc. Gas flow rates of (a) 20 mL min~" (b) 40 mL min~", and

(c) 60 mL min~" and a disk with porosity P2 were used.

First, evaluating foamability, one notices that the
foam volume increases linearly with values of 6, 3 and
2 min for 120 mL of foam for 20, 40, and 60 mL min~"
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respectively. As expected, the lower the flow rate the
longer it takes to generate 120 mL of foam. As
regards foam stability, like it was the case for
B-C10G,, the foam volume remains constant at
120 mL during the whole experiment. Thus, the flow
rate has an influence on the foamability only and not
on the foam stability.

Looking at Figure 6b, one can see different initial lig-
uid fractions attributed for different gas flow rates,
namely €~ 7.0, 90 and 9.7% for 20, 40, and
60 mL min~" respectively. This trend is more pro-
nounced at surfactant concentration of 2 cmc
(Figure S4e). ¢ ~ 3.7, 6.4 and 8.0% for 20, 40, and
60 mL min~" respectively. This observation is also
expected: the lower the flow rate, the longer it takes to
generate 120 mL of foam. Since drainage cannot be
avoided during foam generation, the foam generated
with the lowest flow rate has the longer time for drain-
age, which, in turn results in the lowest initial liquid frac-
tion. In all cases one observed a fast drainage in the
first couple of minutes which than levels off as was
the case for B-C41oG,. Finally, the evolution of the bub-
ble size distribution (see Figure 7) is in line with the
high foam stability: bubble size distribution does not
change significantly during the first 1000 s, that is, aging
effects such as coarsening and coalescence do not
play a significant role.

The presented data are in agreement with previous
studies (Boos et al., 2012; Stubenrauch et al., 2009) in
which the very same surfactant was studied. In both stud-
ies the foam volume did not change during the experi-
ment, while all foams drained significantly.

The study at hand differs from the previous one
because here we studied systematically the influence
of the foaming conditions (different flow rates and dif-
ferent porosities) for two different concentrations
(2 cmc and 5 cmc). Under all conditions very stable
foams were generated. In other words, foams stabi-
lized by B-C42G> no matter what the foaming condi-
tions are. It was only for 2 cmc where we observed a
small influence of the disk porosity (see Figure S4c,f
as well as Figure S7d—f). Foams generated at 2 cmc
with a disk of porosity P3 were less stable and the bub-
ble size distribution became more polydisperse after
1000 s compared to all other foams. There are two rea-
sons for this difference. (1) Depletion: The bubbles
generated with a P3 disk are the smallest, that is, here
the largest water-air interface is generated. For this
large interface the surfactant concentration is too low
to fully cover the new surface without changing the
bulk concentration (Boos et al., 2012). We estimated
this concentration changing Ac with eq. (7) from Boos
et al. (2012) for our experiment conditions.
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FIGURE 8 Variation of foam volume V4,am (@) and liquid fraction
€ (b) of foams stabilized by 3-C44G. as function of time t. 60 mL of
surfactant solution with a concentration of 10 cmc was sparged with
N, at 20, 40, and 60 mL min~" to form a preset foam volume of

120 mL. The time t = 0 s represents the time at which V;,,,, reaches
120 mL. A disk with porosity P2 was used.

with the area per surfactant molecule A, Avogadro’s
number N,, the Sauter mean radius r;, =
<r3>/<r?>, and the volume of foam V;oam and sur-
factant solution Vgoution, respectively. After foam gener-
ation the bulk concentration of B-C1,G, is ~ cmc, that
is, half of the surfactant is absorbed at the newly gener-
ated surface. (2) Coarsening: The smaller the bubbles,
the larger is the Laplace pressure and thus the faster is
coarsening.

The surfactant B-C,,G,

The conditions for foam generation with aqueous solu-
tions of B-C14G, were as follows: the surfactant concen-
tration was 10 cmc, disks of porosities P1, P2, and P3
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FIGURE 9 Relative number of bubbles n/ny, with different radii
r for foams stabilized by 3-C14G, with a surfactant concentration of
10 cmc. Gas flow rates of (a) 20 mL min~" (b) 40 mL min~", and

(c) 80 mL min~" and a disk with porosity P2 were used.

were used, and the gas flow rates chosen were 20, 40,
and 60 mL min~". Considering that 3-C14G. is part of the
same surfactant family, one expects similar

qualitative results as for B-C10G, and B-C45Gs,. In
Figure 8a one sees the foam volume Vi, as func-
tion of time t at the different flow rates and disk of
porosity P2, while Figure 8b shows the time evolution
of the liquid fraction ¢ at the same conditions. All
other data are shown in the Supporting Information in
Figures S9-S11.

As regards the foamability we measured the same
values as for 3-C42G,, namely 6, 3, and 2 min for the gen-
eration of 120 mL foam with flow rates of 20, 40, and
60 mL min~", respectively. Again, the foams are very sta-
ble which is reflected in the constant foam volume
(Figure 8a) and in the constant bubble size distribution
(Figure 9). The liquid fraction changes in the same way
as was observed for B-C1,G,: the initial liquid fraction is
the lowest for the smallest flow rate, it changes rapidly
during the first minutes and then levels off. A change of
the foaming conditions (flow rates and disk porosities)
has no influence on the foam stability (Figures S9-S11).
Thus, again, foams stabilized by 3-C14G, are expected to
be very stable no matter what the foaming conditions are.
Note, that all measurements were carried out at 10 cmc.
Because of the very low cmc of the for 3-C44G, severe
depletion effects are expected at lower surfactant
concentrations.

CONCLUSIONS

If one wants to use a surfactant for a broad variety of
foam applications one must understand how it behaves
under different foam generation conditions. This is exactly
what this study is about: we generate foam with a family
of sugar-based surfactants under a broad variety of condi-
tions. The structure of the five alkyl polyglucosides varied
either in the length of the alkyl chain or in the number of
glucose groups. The experimental conditions varied as
regards the bulk concentrations (2, 5, and 10 cmc), the
disk porosities (P1, P2, and P3), and the N, flow rates
(20, 40, 60, and 84 mL min~"). The study was conducted
with the foam analyzer FoamScan, with which foamability
and foam stability can be measured by monitoring how
the foam volume, the liquid content, and the bubble size
distribution change with time.

We observed a good foamability of all surfactant solu-
tions without any significant destabilizing effects during
foam generation. As regards foam stability, we found that
foams generated with B-CsG4 decay faster than those
generated with B-CgG,. Since the two surfactants have
the same chain length, it is the extra sugar unit in the
head group of B-CgG., that leads to a more stable foam.
This observation can be explained by the formation of
more H-bonds between neighboring head groups.

For B-C10G2, B-C1262, and B-C14G2, the foamablllty
and foam stability were basically the same. Other than for
B-CsG4 and B-CgG,, the foam volume does not change
over 3600 s, i.e. that neither coalescence nor coarsening
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played a significant role during the experiment. The addi-
tion of one glucose group in the head group and the
enlargement of the alkyl chain increases significantly the
foam stability. First, strong intersurfactant H-bonds
between neighboring head groups are formed at the sur-
face, which, in turn, increases the packing density and
thus the foam stability. Second, the longer the chain
length the stronger are the attractive van der Waals forces
which, again, increases the packing density and the foam
stability.

From an industrial point of view, our study helps to
understand properties of foams generated under dif-
ferent conditions. For the special surfactant family
investigated here, a very good performance can be
expected for various foam generation conditions as
long as the hydrophobic chain has 10 or more
C-atoms. We conclude with a qualitative order for
foam stability: B-CgGq < B-CgGy << B-C10Ga <~ B-
C12G12 <~ B-C14Go.
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