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Introduction

Foam injection is one of the EOR techniques, but this
method faces the challenge of stability. Extensive
studies have been conducted on the stability of
foam, and effective stability factors include: gravity,
Marangoni effect, disjoining pressure, capillary
pressure, and presence of oil [1-3]. This study has
focused on the molecular arrangement in lamella and
the role of Marangoni convection in foam stability
in the presence of nanoparticles. Convective flow of
fluids from a low surface tension (ST) point to a high
surface tension point is named Marangoni flow. In
a foam system, when gravity drains the lamella and
liquid flows from the film to the plateau border, the
bubble surface increases. Therefore, the concentration
of surfactant decreases in the middle of the film.
Therefore, a flow from the plateau border toward

Table 1 Experiment Series
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the middle of the film occurs. This flow reduces the
drainage rate and stabilizes the foam by returning the
bubble to its primary shape [4,5]. Research has shown
that nanoparticles increase foam stability significantly.
There are several mechanisms and the phenomenon
which strengthen the foam stability in the presence
of nanoparticles. Some of the includes: particle
detachment energy, maximum capillary pressure,
repulsive forces and particle arrangement during film
drainage [6-8].

Materials and Methods

Based on Table 1, two sets of experiments were done
for 4 series: Ross-Miles (static tests), and surface
tension measurement. Two types of surfactants as the
foaming agent were utilized; 1) Hexadecyl Trimethyl
Ammonium Bromide (CTAB, purity >99.97) and
2) Sodium Dodecyl Sulfate (SDS, purity >99.969)
as a cationic and an anionic surfactant, respectively.

Series SDS CTAB Sio,
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Hydrophilic silica nanoparticles with a mean diameter
of 12-14 nm were used as stabilizing agents. Distilled
water was used as the aqueous phase for surfactants
and nanoparticles.

Results and Discussion

As shown in Figure 1, by increasing the concentration
of the SiO, at the constant concentration of CTAB, the
foamability decreases, but the foam stability improves.
Also, Figure 2 shows, in unlike-charge system surface
tension decreases as the concentration of nanoparticles
increases. Foamability and surface tension reduction
means less surfactant has reached the interface.
Despite the surfactant molecules reduction at the
interface, the foam stability boosts at the presence of
CTAB. Previous studies have shown that nanoparticles
are adsorbed to the interface, in the presence of
CTAB33,34. Therefore, it can be inferred that the
nanoparticle molecules have been transferred to the
interface and changed the bubbles’ surface properties.
Figure 3 illustrates that in like-charge system by
increasing the weight percent of SiO,, foamability and

Petroleum Research, 2022(October-November), Vol. 32, No. 125

foam stability increase linearly. Additionally, Figure
2 demonstrates that surface tension increases as the
concentration of nanoparticles increases. Foamability
and surface tension improvement indicates that
nanoparticles cause more surfactant molecules to be
transferred to the interface due to the repulsive electric
forces.

The effect of Marangoni convection is investigated
using the gradient in the surface tension due to gradient
in the nanoparticles concentration. The results in Table
2 show that the surface tension gradient increases
with the increase in nanoparticles concentration in a
like-charge system. This increase in surface tension
gradient indicates the positive effect of Marangoni
convection, which boosts the foam stability. Unlike
SDS-Si0, foam, in the CTAB-SiO, foam system, the
surface tension gradient decreases as nanoparticles
concentration increases. As discussed, in the unlike-
charge case, nanoparticles reach the interface; thus,
solid particles at the interface change it to a solid-like
surface and diminish Marangoni convection; therefore,
in this case, Marangoni convection does not affect the
stability of the foam.
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Fig. 1 Comparison of the logarithm of foam half-life (foam stability) versus foam height (foamability) for the foam with; a)
1.4 CMC of CTAB and 0.2/0.4/0.6/1 Wt.% of SiO,. b) 0.4 CMC of CTAB with 0.2/0.4/0.6/1 Wt.% of SiO,. ¢) CTAB (0.2-2

CMC) without presence of SiO,.
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Fig. 2 Variation of surface tension versus SiO, concentration for SiO,-foam with; a) 0.3 CMC of SDS, b) 0.4 CMC of CTAB.
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Fig. 3 Comparison of the logarithm of foam half-life (foam stability) versus foam height (foamability) for the foam with; a)
1.3 CMC of SDS + 0.8/1/1.2 Wt.% of SiO,. b) 0.3 CMC of SDS + 0.2/0.6/1 Wt.% of SiO,. ¢) 0.1 CMC of SDS + 0.2/0.4/0.6
Wt.% of SiO,. d) 1.3 CMC of SDS-no SiO,.

Table 2 Surface Tension Experiments Result.

SDS (CMC) CTAB (CMC) Si0, (Wt%)
0.3 - 0.2 1.69
0.3 - 0.6 1.81
0.3 - 1 1.93
- 0.4 0.2 6.08
- 0.4 0.6 343
- 0.4 1 0.77
Conclusions stability measured in static tests and flow behavior

In the following paragraph, the essential results of this
research are highlighted.

1-The presence of the nanoparticles in like-charge
foam systems increases both foamability and foam
stability and reduces the surface tension. However,
the presence of nanoparticles in unlike-charge foam
systems reduces foamability and increases the surface
tension; it significantly boosts foam stability.

2-) In like-charge cases, the repulsion forces between
particles and surfactant molecules cause more
molecules to reach the interface and increase stability.
Also, Marangoni convection compensates for the
gravity drainage and contributes to foam stability.

3- In an unlike-charge foam system, the presence of
the nanoparticles- surfactant molecules complexes
at interface, change interface to a solid-like surface.
Although these complexes cause Marangoni flow to be
lost, improve the foam stability.
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