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Abstract

Given the importance of foam stability in the oil phase displacement Received: 16 November 2024
process, this paper investigates the synergistic effects of the anionic Accepted: 26 January 2025
surfactant sodium lauryl ether sulfate and nano-silica on foam stability. Page Number: 119-131

To assess the dynamic stability of the foam, its performance was
examined at qualities of 60%, 75%, and 90% in a micromodel with dual
permeability. A static test was conducted to evaluate the impact of
nanoparticles at a fixed surfactant concentration of 3CMC on enhancing
foam stability. The effects of nanoparticles on reducing interfacial tension
and Wettability alteration were also assessed. Experiment observations

Keywords:
indicated that silica nanoparticles, at a concentration of 0.5%Wt, E yw
enhance the stability of surfactant foam due to high accumulation at Q?m’ )
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the gas-liquid interface. By adding nano-silica to the surfactant solution, .
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a decrease in foam quality due to reduced gas saturation, foam mobility
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decreased, resulting in improved sweep efficiency.
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Table 1. Chemical properties of Sodium lauryl ether sulfates.
Code Unit Value

P-Purity (anionic active) Wit% 70
P-Unsulfated fatty alcohol Wit% 25
P-Sodium chloride Wt% 0/5
P-Sodium sulfate Wit% 1/5
P-Iron ppm 20

P-Heavy metal (as Pb) ppm 20
P-Dioxan ppm 50
P-Formaldehyde ppm 250
P-Bisulfate ppm 50

P-Hg ppm 3

P-Arsenic (as As203) ppm 2
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Table 2. Specifications of the crude oil used in the experiments.

Asphaltene (%Wt)

Density (g/cm®)

Viscosity (cP)

0.935 7.378 0.4
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Figure 1. Wettability alteration of the glass surface from water-
wet to oil-wet after modification.

P9’ (Swiliw! Siolosl F-¥
I¥¥lazostanal ' cra Sil (39 51 pgd 55l (bl 5 oss (sl
Jo—tlome 5l i oo Yo a S el &g oipay LS b,

.Lbuﬁ:al.o",i‘,ao..alé.h.ul4‘,3.4J'a.l&’\.aJa:;aaol‘glm‘t..n4.'|L§3.\gdf&g&gﬁggwjadu‘g&uam.\'djg

Table 3. Characteristics of two-dimensional micromodel with dual permeability as a porous media used in experiments.

Length of the Width of the Depth of the Width of high Width of Low Porosity
Micromodel (Cm) Micromodel (Cm) Pores (Cm) Permeability (Cm) Permeability (Cm) (%)
85 3.5 0.02 15 15 41.54
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Figure 2. Schematic of used setups. (1): The contact angle measurement setup, (2): Micromodel flooding setup.
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Figure 3. The effect of the surfactant solution prepared in 0.5 wt% of salt on reducing the surface tension of the oil-water system.
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Figure 4. Left: The amount of foam stability over time in terms of Different concentrations of nanosilica in 0.51 wt% of SLES and 0.5
wt% of salt, Right : Zeta potential according to different concentrations of nanosilica in 0.51 wt% of SLES and 0.5 wt% of salt.
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Figure 5. Schematic of the synergistic effect mechanism of surfactant and nano-silica in (1): absence of nanoparticles, (2): low
concentration of nanoparticles, (3): optimal concentration ratio of surfactant-nanoparticles, (4): high concentration of nanoparticles.
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Figure 6. Effect of nanoparticle concentration on interfacial tension.
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Figure 7. Effect of nanoparticle concentration on wettability alteration.
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Figure 8. The amount of oil recovery vs. volume of injected fluid for different scenarios after 1 PV of water flooding and
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oparticle foam flooding in 60% quality.
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