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The experimental Plateau border curvature profiles are compared to the profiles calculated on the assumption of a mobile border

surface.

The dispersion medium flow out from foams and emulsions is a
main stage of their destruction. In the hydrodynamics of dis-
persed systems with elastic surfaces, the mobility of these sur-
faces, which influence greatly the total flow velocity and the
Plateau border profile (a change in the Plateau border curvature
with height), is very important.

The aim of this work was to study the Plateau border profile
in foams of sodium dodecylsulfate (SDS) and Triton X-100 with
an additional compound (electrolyte, glycerol, or gelatine) and
a comparison of the experimental Plateau border profile and a
calculated one assuming that border surfaces are mobile. The
experimental cell was described earlier.!-2

Foam from a foam generator was introduced into a cell /
with two porous plates 3,4 which were in contact with a liquid
(dispersion medium) under different pressure drops P =
=P,— AP, and Pf" =P — AP, . at the upper and lower
porous plates, respectlvely (Figure D).

On the assumption that the border surfaces are immobile and
dP;/dl >pg [where P; is the liquid pressure in the Plateau
border; p is the liquid density; g is the acceleration due to
gravity; and / is the coordinate in the direction opposite to the
liquid flow (Figure 1)], the theoretical volumetric flow rate (Q)
is determined by the Leonard—Lemlich equation:2
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where Q is the volumetric flow rate; r is the Plateau border
radius; f'is a geometrical dimensionless coefficient of 3.3x10-3;2
n is the dynamic viscosity of the solution; and dP/d/ is the
pressure gradient in the liquid phase.
The functions r(/) were calculated by the equation:!-2

r3= r13mn + (r?nax 7Lr%nin)[ , )
where / is the distance from the cell bottom; L = 1.35 H; H is the
straight-line distance from one porous plate to the other; r;,
and r,,,,, are minimum and maximum Plateau border radii at the
lower and upper porous plates, which were under the different
pressure drops P[™* and P/™", respectively; 1.35 is the winding
coefficient for a foam bubble as a pentagonal dodecahedron.
The Plateau border radius was calculated by the equation

r=0lP,, 3)

where o is the surface tension and P, is the capillary pressure
(the difference between the pressure in the foam bubbles P, and
the pressure in the liquid phase P;).

In the polyhedral foams with the volume part of a liquid
phase approximately equal to 5x10-3, the excess pressure in the
liquid phase (AP, = P; — P,) is measured by a capillary micro-
manometer,? and it is much higher than the excess bubble gas
pressure AP, = Py — Py; therefore, P, = —AP| (here, P, is the
pressure in a surrounding medium).

For the estimation of the border surface mobility, Desai and
Kumar3-5 used a foam bubble model of a pentagonal dodeca-
hedron, whose border shape is ideally considered as a pipe with
a cross section as an equilateral triangle, and its vertex has a
zero velocity. The Navier—Stoke equation was solved for this
model using the method of successive approximations involving
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surface viscosity and assuming that border edges are immobile
(at the border-film transition line). The border surface mobility
was estimated by the parameter

B=01/0n =), (39

where Q) is the volumetric flow velocity through the border
with a mobile surface; Oy, is the theoretical flow velocity through
a border with an immobile surface; « is the inverse value of
surface viscosity (a = 0.176ry/y ), where 7, is the surface vis-
cosity. The function B(«) was described elsewhere.3-

The function § = fla) was linearised in the Ig f-lg a coor-
dinates.

With the help of this straight line, we obtained the approxi-
mate formula:

B=1+54a05. )

From equations (1), (3") and (4) we obtained equation (5) for
calculating the volumetric flow rate of the solution taking into
consideration the surface mobility

S
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Substituting (3) in (5) and then separating the variables and
integrating the left-hand side of this equation from /=0to /=1
and the right-hand side from r =r_;, to » =r, we obtained the

equation
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where 4 = 0.16f/.
The volumetric flow rate (Qf,) of the solution through the
Plateau border with definite r,,,;, and r,,,, is

min max
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From equations (6) and (7), we obtain the following equation
for calculating the Plateau border curvature profile:
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Using equation (8), we calculated the Plateau border profile
of foams of SDS with an electrolyte and gelatine added and of
Triton X-100 (Table 1, r,). As can be seen in Table 1, the
Plateau border radii were greater than the radii (r;) calculated
by equation (2) on the assumption of rigid border surfaces.

The problem of a liquid flow in a single Plateau border and
the influence of the interfacial surface viscosity on the liquid
velocity was investigated by Nguen.® The volumetric flow rate
of a surfactant solution in the Plateau border was calculated as

Kr4dP[ a(By)12
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where C =0.209; K =0.026; a =0.0655; B, is the Boussinesq
number defined as the ratio of the surface to the bulk dynamic
viscosity:
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Note that for all of the test surfactant solutions the value
BY628 >> C (for example, the lowest interfacial viscosity 7, =
=1.2x10"n s m~! and, for the greatest Plateau border radius,
r=32x10°m, B, =2.3).

Substituting (3) into (9), separating variables and integrating
the left-hand side of this equation from O to 1 and the right-
hand side from r. to », we obtain:

min
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Taking into account the volumetric flow rate (Q") of the solu-
tion through the Plateau border with minimum r,,;, and maximum

o Tadii
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we determined the Plateau border profile:
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+ =

4.13n(n/n)06 3 4.13n(/n)°SL
5.2X104005y, — i)l | Koalyn Sy | 5:2x10%0r3,

3L 4.131( /)03 3n (12

Using equation (12), we calculated the Plateau border radii
(75) in the foams of SDS and Triton X-100 (Table 1).

We found that in the foam of SDS with common black films
and in the foam of Triton X-100, the calculated [by equation
(12)] radii are greater by 0.5-1% (in the middle part of the
Plateau border) than the Plateau border radii on the assumption
that border ‘walls’ are immobile [equation (2)] (at AP, ,, = 8 kPa;
AP, =3 kPa and r,;, = 4x10% m).

The experimental Plateau radii in the foams of SDS + 0.1 M
NaCl and Triton X-100 + 0.4 M NaCl were the same as calculated
by equation (12) at the high pressure gradients (AP,,,, = 8 kPa;

AP, = 3 kPa) and equal to 8x10-6 and 8.6x10-¢ m, respectively.

The Plateau border profile was also studied at the pressure
gradients AP =3 kPa (AP, =4kPa; AP ; =1kPa) and the
maximum radius 30x10-° m in the foams of SDS and Triton X-100
with additional compounds (electrolyte, gelatine and glycerol).

The Plateau border profiles in the foam of SDS with an addi-
tional compound (electrolyte and gelatine) are given in Figure 2.

As can be seen in Figure 2, the experimental Plateau border
radius in the foam of SDS + 0.1 M NaCl was equal to 24x10-° m
(at /=1cm), and the Plateau border radius calculated from
equation (12) was 24.1x10-° m. The experimental Plateau border
radius in the foam of Triton X-100 + 0.4 M NaCl and the calcu-
lated value were 24x10-¢ and 26x10-¢ m, respectively (Table 1).

Table 1 The Plateau border radii¢ in forms of SDS and Triton X-100.

Test surfactant AP, ./ AP, ../ Lim Te/ 1Y/ ryf s/
solution kPa  kPa 10°m 10°m 10°m 10°m
103MSDS+ 8 3 0.02 6.6 8.64  8.65 8.71
0.4 M NaCl

103MSDS+ 8 3 002 8 8.07 8.1 8.1
0.1 MNaCl

103 M Triton 8 3 0.02 8.6 8.64 8.7 8.73
X-100 + 04 M

NaCl

102MSDS+ 4 1 0.02 17 239 239 239
0.1 MNaCl +

0.2% gelatine

10-3 M Triton 4 1 0.02 24 25.5 26 26.5
X-100 + 04 M

NaCl

103MSDS+ 4 1 0.02 24 239 24.1 24
0.1 M NaCl

4The Plateau border radii are given at / = 1 cm.
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Figure 1 Schematic diagram of the cell for investigation of foams: (/)
cell; (2) micromanometer; (3),(4) - porous plates; H is the foam height.

(Note that the Plateau border radii in the foam of Triton X-100
+ 0.4 M NaCl and glycerol were the same as in Table 1).

In the foam of SDS with Newton black films and gelatine,
the Plateau radii were distinguished from those calculated by
equation (12).

In the foam of SDS with Newton black films, the Plateau
border radius was 20% smaller than that calculated by equation
(2) with the surface immobility taken into account and equal to
6.6x10°m (AP, =8 kPa; AP_;, =3 kPaand /=1 cm).

A similar decrease in the Plateau border radii was observed
in the foam of SDS and 0.2% gelatine. The experimental Plateau
border radius in the foam of SDS + 0.1 MNaCl + 0.2% gelatine
was 17x10-6m (at / = 1 cm), which differed by 28% from that
calculated by equation (2).
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Figure 2 The function (/) in the foam of 10-3 mol dm= SDS: AP, =4 kPa;
AP_ ;. = 1 kPa: (I) calculation by equation (12); (w) the experimental radii

in the foam of SDS + 0.1 M NacCl; (2) (a) the experimental radii in the foam
of SDS + 0.1 MNaCl + gelatine.
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