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Abstract:  

As global oil demand continues to rise and operators scale back on exploration investments, the adoption 

of enhanced oil recovery (EOR) technology is becoming increasingly essential. This approach 

strategically aims to optimize reserves in existing fields, maximizing production through efficient 

processes. In recent years, there has been a notable surge in the adoption of foam applications in EOR. 

These foam applications are particularly effective in managing gas mobility in injector wells and 

preventing gas blockages in production wells. The use of foam has proven to be an effective method for 

addressing reservoir heterogeneity concerns, including viscosity fingering, gravity segregation, and 

channeling. These solutions maintain operational stability while improving the efficiency of oil 

recovery. However, persistent challenges remain ongoing, such as foam solution quality, foamability, 

stability under high pressures and temperatures, and interactions with the oil phase. Thus, ongoing 

research and development are crucial to overcome these challenges and optimize the use of foam in 

enhanced oil recovery. This paper aims to comprehensively review and synthesize the most pertinent 

studies on foam-based enhanced oil recovery (EOR). The study thoroughly investigates the factors that 

affect foam stability and efficiency, offering a comprehensive understanding of foam generation in 

porous media. The paper review identifies knowledge gaps and proposes methods to incorporate 

physical understandings of experiments into assessments of foam project performance. The paper 

explores the applications of foam in laboratory and field settings, highlighting recent advancements in 

improving foam stability. 
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Introduction: 

One of the primary energy sources for human development is hydrocarbons, and it is anticipated that 

this will continue to be the case in the coming years. [1] [2]. As the world's population grows, the needs 

of human beings for energy are constantly increasing. As stated by the US Energy Administration, the 

consumption of hydrocarbons is projected to be nearly 250 quadrillion BTU in the year 2050 [3]. which 

necessitates increasing hydrocarbon production to satisfy energy needs. The extraction of hydrocarbons 

from a well typically occurs through three primary phases: initial, secondary, and tertiary recovery [4] 

[5] [6]. The first phase includes retrieving oil from the wellbore through the natural pressure of the 

reservoir and the force of gravity. The recovery of oil typically falls within the range of 10 to 20% of 

the total available oil in the field [7], while the second phase begins as the well pressure decreases. To 

increase the pressure at this stage, the wells are filled with seawater or gas injection, forcing the oil 

upwards [8], thereby increasing the recovery rate by about 20% to 30% of the well material extracted 

after primary and secondary recovery, which means that the well is exhausted, leaving more than 70% 

of the oil untapped [9]. This marks the beginning of the third stage, called enhanced oil recovery (EOR) 

or tertiary recovery. EOR is the process of injecting one or more fluids into the reservoir that is not 

already there to increase the production of residual oil or remaining oil after primary and secondary 

recovery [10,11]. The injected fluids physically or chemically interact with the rock-oil system to 

promote oil recovery. EOR methods aim to improve the displacement of oil and enhance the overall 

recovery factor. Enhanced oil recovery is a group of techniques that use various injected materials to 

extract oil from reservoirs. EOR techniques can be broadly classified into four primary methods: gas 

injection, thermal injection, chemical injection, and alternative approaches such as microbial and foam 

EOR. [12]. The effectiveness of various EOR methods relies on the characteristics of the fluid, reservoir 

conditions, and the composition of the rock. 
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Figure1: The various stages of oil recovery and the associated oil recovery factor. 

Gas injection involves injecting various miscible gases, such as carbon dioxide, nitrogen, flue gas, and 

natural gas [13,14,15]. This gas injection technique aims to enhance the displacement of oil and maintain 

reservoir pressure by achieving a single-phase state between the injected gas and oil. During the thermal 

EOR method, the oil displacement is improved by heat transfer through the reservoir, using hot water 

and/or steam injection processes to reduce its viscosity, making it easier to extract [16]. On the other 

hand, the chemical injection approach entails injecting various chemicals such as polymers, salts, alkalis, 

and surfactants, to facilitate oil transportation by a variety of processes, such as the modification of 

wettability, the lowering of surface tension, and water shut-off [17,18,19]. 

Gases utilized in gas-flooding operations, including CO2, hydrocarbons, air, and N2, typically exhibit 

significantly lower viscosity and density than water and crude oil. This characteristic leads to gas 

preferentially channeling through high-permeability zones and experiencing gravity override 

[20,21,22,23]. Consequently, gas flooding tends to have suboptimal volumetric sweep efficiency, 

especially in cases of immiscible displacement where the displacing phase has lower viscosity. 

While gas injection offers the advantage of superior microscopic sweep, resulting in lower residual oil 

saturation in pores compared to waterflood, a significant challenge arises due to its poor volumetric 

sweep efficiency [24]. This inefficiency means that a substantial portion of the oil is not contacted, 

resulting in overall low recovery rates. The primary causes for this inefficiency include segregation 

gravity and gravity override due to the gas's lower density compared to oil and water, fingering 
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phenomena caused by high mobility ratios between injected gas and water/oil, and channeling through 

high-permeability layers in heterogeneous and layered reservoirs [25,26]. An alternative approach to 

continuous gas injection is Water-alternating-gas (WAG) injection, where gas and water slugs are 

alternated. While this method partially addresses the limitations of continuous gas injection, gravity 

segregation during WAG flooding can still cause premature gas breakthroughs and gravity segregation 

[27,28]. To address this issue and enhance control over fluid mobility in gas flooding, foam is introduced 

for sweep improvement and profile modification. The strategic use of foam aims to boost the efficiency 

of the displacing fluid in sweeping through the reservoir, ensuring better contact with and recovery of 

oil [29,30,31]. 

 

Figure 2: Comparison of the effectiveness of gas, water-alternating gas (WAG), and foam flooding. 

I. The Role of Foams in Enhanced Oil Recovery Techniques: 

The foam-enhanced oil recovery (EOR) technique has garnered attention from the upstream oil industry 

for its capacity to address challenges associated with gas-based EOR methods, such as gravity 

segregation, channeling, and viscous fingering. [32]. The foam injection process has emerged as a 

promising and innovative technique. Although it has been successfully applied in oilfields to improve 

oil recovery efficiency, there are still many challenges, especially regarding foam solution quality, 

foamability, and stability at high pressures and temperatures [33]. 

Foam is a colloidal system, defined as the dispersion of gas in a liquid. The liquid phase is continuous 

and external, whereas the gas phase is discontinuous and internal. The gas separates from the liquid by 

forming bubbles, thin walls, or borders that divide the gas phase from the liquid phase and are known 
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as lamellae (Figure 3). These films are usually stabilized by surfactants, polymers, and nanoparticles 

[34,35,36]. The presence of surfactants, polymers, and nanoparticles helps to reduce the surface tension 

of the liquid film, allowing the bubbles to maintain their shape and stability [37]. This unique structure 

gives foam its characteristic light and airy texture, making it useful in various applications such as 

wastewater treatment, food manufacturing, pharmaceuticals, cosmetics, firefighting, and Enhanced Oil 

Recovery (EOR). [38] 

 

Figure 3: Foam structure 

Foam has been widely employed in the oil and gas industry, particularly as a drilling fluid during the 

drilling phase. Foam's lighter composition compared to traditional drilling fluids aids in reducing the 

hydrostatic pressure exerted on the formation [39]. Additionally, foam exhibits excellent cuttings 

carrying capacity, facilitating the efficient removal of drilled cuttings from the wellbore [40,41]. In 

acidizing operations, the use of foam is intended to enhance treatment efficiency, improve well 

productivity, and optimize reservoir stimulation [42]. In hydraulic fracturing, foam can contribute to 

improved fracture extension, connectivity, fluid efficiency, and proppant distribution, thereby enhancing 

the effectiveness of the hydraulic fracturing process [43].  

Foam production processes: There are various foam production techniques, each employing distinct 

concepts that result in bubbles of varying sizes. The type of foam generated is influenced by several 

factors within the process, including parameters such as speed, temperature, flow regime, the viscosity 

of the liquid, the type of surfactant (cationic, anionic, amphoteric, nonionic), and the type of gas [38]. 

Processes for generating foam can be classified into two categories. The first set of methods involves 

capturing air bubbles from the atmosphere, encompassing actions such as shaking, pouring, and circling. 
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The second set of methods revolves around the artificial creation of gas bubbles, achieved through 

processes like electrolysis, nucleation, sparging, and chemical reactions. [44] 

i. Mechanism of foam stability:  

The foam's stability refers to its ability to retain or maintain its initial characteristics, such as its quality. 

Several physical phenomena cause the destabilization of the bulk foam [45]. After its formation, foam 

is not permanently static and stable. It undergoes an aging process (collapse), influenced by various 

phenomena occurring at different spatial and temporal scales, which may interact with each other. 

Despite the intricacy of this aging process, three phenomena can be distinguished as contributing to the 

destabilization of the foam: gravitational drainage, Ostwald ripening, and coalescence [46,47]. Two 

types of foam can be distinguished based on their structure (Figure 4): 

1- Wet foams, are dispersions of gases in a liquid with a high-volume fraction of liquid ranging 

from 5 to 20-30%. The gas bubbles form perfect spheres. [48] 

2- Dry foams are characterized by a liquid volume fraction that is below 5%. In these foams, the 

bubbles undergo deformation, taking on polyhedral shapes, and they are separated by thin films. [49,50] 

Foam quality (Γ) is the volumetric ratio of gas-phase (VG) to gas/liquid-phase (VL) i.e.  

Γ= VG/VG+VL 

 

Figure 4: Structure of liquid foam (dry and wet foam) 
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Gravitational drainage of foam is the phenomenon wherein a liquid drains out of a foam structure due 

to the influence of gravity. This process involves the dynamic interplay of gravity, surface tension, and 

viscous forces, leading to the depletion of liquid within the foam. As a result, the upper part of the foam 

tends to dry out. The concavity of the surface, particularly at the edges of the tray. [51] 

Ostwald ripening is a phenomenon observed in systems containing multiple gas bubbles. It involves the 

diffusion of gas from smaller bubbles to larger ones through the thin liquid films (lamellae) that separate 

the bubbles [52][53]. This process is driven by the pressure difference between smaller and larger 

bubbles, as explained by Laplace's law, the pressure inside a bubble is inversely proportional to its 

radius. Consequently, smaller bubbles experience higher internal pressure than larger ones. As a 

consequence, gas from the smaller bubbles diffuses through the liquid films and merges into the larger 

bubbles. This leads to the shrinking of the smaller bubbles and the continued growth of the larger ones, 

resulting in a gradual increase in the size of the larger bubbles at the expense of the smaller ones. Ostwald 

ripening occurs due to the pressure discrepancy between bubbles and the diffusion of gas through the 

liquid films, causing a redistribution of gas and a change in bubble sizes within the system. 

Coalescence refers to the phenomenon where two bubbles approach each other within a critical distance, 

causing the thin liquid film between them to rupture and resulting in their merging [54,55]. This process 

leads to an increase in the size of the bubbles and a simultaneous decrease in their number [56]. It 

testifies to the fragility of films. The coalescence phenomenon can be constrained by mechanisms that 

stabilize the lamellae. For instance, the disjoining pressure might, in certain cases, contribute to the 

stability of thin films. Augmenting the viscoelasticity of the interfaces is another method to impede the 

thinning and rupture of the films [57,58,59]. Nevertheless, it is important to note that a film cannot be 

stabilized indefinitely, primarily due to factors such as drainage, spontaneous fluctuations in thickness 

and density, or external disturbances [60] 
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Figure 5: Destabilization mechanisms in a foam [61] 

ii. Mechanisms of foam formation in the porous media:  

There are four fundamental mechanisms of foam generation in porous media, including snap-off, lamella 

division, leave-behind, and pinch-off [62,63]. The snap-off mechanism is a crucial step in the formation 

of foam in porous media. This mechanism describes how bubbles form when gas pushes the gas-liquid 

interface into the groove of a pore and subsequently ruptures the interface. This leads to the creation of 

gas bubbles that are roughly equivalent in size to the pores present in the porous medium. Snap-off takes 

place when the capillary pressure at the constriction surpasses the capillary pressure at the leading edge 

of the interface [64,65]. This process is influenced by various factors, including pore geometry, 

interfacial tension between the gas and liquid phases, and the flow rate of the liquid [66,67]. 

The second mechanism is lamella division, a process for generating foam in which the presence of a 

pre-existing foam with bubble sizes larger than those in the porous body is essential [68]. When a bubble 

approaches a branch line, it undergoes division, leading to the creation of two distinct bubbles [69,70]. 

This mechanism contributes to the augmentation of the number of lamellae. 

Leave-behind mechanism: When two liquid/gas interfaces come into contact, they create a liquid film 

parallel to the gas flow direction [71]. This mechanism produces foams that are less stable and weaker 

compared to the two previous mechanisms. 

Pinch-off: This mechanism occurs when two or more bubbles simultaneously reach a constricted point. 

There are two types of pinching: one occurs between a bubble and a narrowing wall (neighbor-wall 

pinch-off), and the other involves a bubble being pinched between two other bubbles (neighbor-neighbor 
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pinch-off) [70]. Several factors influence this mechanism [72], including the flow rate. Higher flow rates 

can lead to more frequent pinch-off events. Additionally, foam properties play a role in the occurrence 

of the pinch-off mechanism, as foam with higher viscosity and lower surface tension is more likely to 

exhibit pinch-off behavior. The characteristics of porous media, such as pore size distribution and 

permeability, also influence the occurrence of pinch-off. Narrower pore sizes and lower permeability 

can increase the likelihood of pinch-off events. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: processes involved in foam formation within porous media, including (a) the snap-off 

mechanism, (b) the lamella division mechanism, and (c) the leave-behind mechanism. 

Additionally, (d) the pinch-off mechanism is detailed, covering (a) neighbor-wall pinch-off and (b) 

neighbor-neighbor pinch-off. [73] 

iii. The role of surfactants in foam stability:  

Surfactants are organic chemical compounds that reduce the surface tension between two substances, 

such as a solid and a liquid or two liquids (e.g., oil and water) [74]. Surfactants have a hydrophobic tail 

 

(a) (b) 

(d) 
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that repels water and a hydrophilic head that attracts water, enabling them to interact with both water 

and non-water substances [75]. These substances are frequently employed in a variety of applications, 

including dispersants, foaming agents, emulsifiers, and detergents. Based on the charge in their 

hydrophilic head, they may be divided into four groups: zwitterionic (both negative and positive 

charges), non-ionic (no charge), cationic (positive charge), and anionic (negative charge) [76,77,78,79]. 

Surfactants exert a notable influence on the stability of foam through diverse mechanisms. By reducing 

the surface tension of liquids, these surfactants facilitate the formation of bubbles and promote the 

stabilization of small bubbles [80,81,82]. Surfactant molecules tend to adsorb at the air-water interface, 

creating a protective film that prevents the coalescence of adjacent bubbles and helps maintain the foam 

structure [83,84]. Additionally, surfactants can enhance stability by facilitating the creation of a 

viscoelastic layer at the interface between the liquid and gas, providing mechanical strength to resist 

deformation and cracking [85]. They also play a key role in improving drainage resistance in liquid 

films, slowing down the rate of liquid flow, and thereby contributing to increased foam stability [86,87]. 

Furthermore, surfactants can prevent the coalescence of bubbles by creating a repulsive force between 

them [88,33]. The chemical composition of the surfactant, along with its concentration, influences the 

stability of the foam. The selection of surfactant is customized to the particular application and the 

desired foam characteristics. 

iv. Stability of foam during interaction with oil: 

The stability of foam has been a topic of interest in many industries, as the foam is commonly used in 

products such as food, cosmetics, cleaning agents, and enhanced oil recovery. However, the presence of 

oil can significantly influence the stability of foam, affecting its quality and performance. Understanding 

the link between oil and foam stability is crucial for several industries to uphold the effectiveness and 

consistency of their products. The stability of foam in the presence of oil is a critical issue for its 

application in oil recovery. To achieve proper mobility control, the foam must remain stable while it 

comes in contact with oil. [89]. According to certain research, the oil phase destabilizes the generated 

foam, this interaction depletes the liquid content in the thin films (lamellae) that separate gas bubbles in 

the foam [90]. Additionally, the presence of oil changes the wettability of the rock and disturbs the gas-
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water interface by spreading, resulting in foam destabilization [91]. The formation of an emulsion further 

compromises the structure of the foam. Several research [92,93,94] proposed coefficients, such as the 

entering coefficient (E), spreading coefficient (S), and bridging coefficient (B), as essential tools to 

explain the destabilizing effects of oil on foam [figure flowchart] [95]. Positive values for E indicate 

easy penetration of oil into the foam, while positive values for S and B indicate oil spreading and acting 

as a bridge between gas bubbles, respectively (Table 1) [97]. These mechanisms lead to the coalescence 

and subsequent reduction in the stability of the foam structure [96]. 

Figure 7: Flowchart for forecasting foam stability from E, S, and B coefficients [95] 

 

 

 

 

 

 

 

 

 

 

S= σgw−σow−σgo 

E= σgw+σow−σgo 

B= σ2
gw+σ2

ow−σ2
go 

where σgw is the surface tension between gas and water, σow is the interfacial tension between oil and 

water, and σgo is the surface tension between gas and oil. 

Schramm and Novosad presented a different interpretation for foam stability, proposing that it arises 

from the emulsification of oil and its integration into the foam framework. The key step in this process 

entails generating tiny oil droplets via emulsification, enabling them to navigate within the foam 

structure. They also introduced a dimensionless factor called the lamella number (L) to measure foam 

E > 0 Stable foam 

S > 0 B > 0 

Unstable foam 
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No 
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stability, which is calculated as the ratio of capillary pressure at Plateau borders to the pressure variance 

across the oil-water interface. [97] 

L= 
∆𝑷𝒄

∆𝑷𝑹
 = 

𝑹𝟎

𝑹𝑷

𝝈𝒘/𝒈

𝝈𝒘/𝒐
= 𝟎, 𝟏𝟓

𝝈𝒘/𝒈

𝝈𝒘/𝒐
 

RO is the radius of oil droplet, and Rp is the radius of the plateau border (Ro/Rp = 0.15±0.01), There are 

three types of foam identifiable based on the values of L, E, and S: [97] 

 

 

 

 

 

 

 

 

Table 1 : Predicting the stability of foam using L, E, and S. 

The Gibbs-Marangoni effect is a combination of two complementary phenomena. The Gibbs effect 

refers to the change in surface tension that occurs when a surfactant is adsorbed at equilibrium. When 

two gas bubbles come close to each other, the liquid film between them stretches, causing a decrease in 

the amount of surfactant and resulting in an increase in surface tension at equilibrium [98,99]. The 

dynamic tension in the film varies in the same direction due to the non-instantaneous equilibrium, 

creating a tension gradient between the stretched zone and the adjacent zone. Consequently, surfactant 

molecules are displaced from the adsorbed layer towards the stretched zone of the film, causing the 

underlying liquid to be entrained by the Marangoni effect [100,101]. This process ultimately prevents 

the thinning of the film. 

II. Experimental investigations on Enhanced Oil Recovery using foam in a laboratory setting: 

Foam stability is usually assessed through the bulk foam and core flooding experiments. The first 

category, bulk experiments used to study foam stability, employs various techniques to observe foam 

behavior on a larger scale rather than in a porous medium. This approach provides insights into foam 

Value of L E S Foam stability to oil 

Inferior to 1 - - Stable foam 

Ranges between 1 and 7 + - Moderately stable foam 

Superior to 7 + + Unstable foam 
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stability, longevity, and rheological properties under various conditions, enhancing our understanding 

of its performance in Enhanced Oil Recovery and other applications [102]. Conversely, core flooding 

experiments offer valuable insights into the behavior of foam in porous media. These experiments help 

researchers and engineers understand the stability and performance of foam under conditions that closely 

resemble those encountered in real reservoirs, particularly under harsh conditions [103]. Here are some 

of the most pertinent research studies related to the assessment of foam stability. 

The paper by Liyuan Lang et al [104] explore air-foam's effectiveness in recovering heavy oil across 

various reservoir conditions, analyzing its flow behavior in porous media and the impact of key factors 

like gas-liquid ratio, injection rate, and crude oil saturation. They utilized foaming agent XHY-4 at 0.1 

wt%, revealing air-foam's capability to enhance oil recovery by displacing fluid from high to low 

permeability zones, thus decreasing water cut. 

Viren Thakore et al [105]. conducted a series of experimental studies to assess the influence of pressure 

and temperature on foam stability. Initially, they conducted a screening investigation of temperature 

influences on different foam-based surfactants, including AOS, SDS, NP-40, and CTAC, with 

temperatures varying from 100°C to 200°C. Foam stability, specifically for CO2-based and N2-based 

foams, was measured using the half-time method. The results are shown in Figure 8. After the screening 

test, AOS was chosen as the surfactant because it exhibited the highest stability. Subsequently, the half-

life of AOS foams was examined as a function of pressure at two distinct temperatures: (a) 100°C and 

(b) 200°C, with pressure ranging from 100 to 1000 psi. The results are presented in Figure 9. 
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Figure 8: Thermal stability of foams with different surfactants as a function of temperature at a 

pressure of 400 psi. [105] 

 

 

Figure 9: Half-life of AOS foams as a function of pressure at (a) 100°C and (b) 200°C. [105] 

Wang et al [106]. have also examined the effect of temperature and pressure on CO2 foam stability. 

They reported that higher pressure tends to improve foam stability by increasing resistance to foam 

collapse and coalescence. However, it is important to note that excessively high pressure can also lead 

to a decrease in foam stability. The specific effects of pressure on CO2 foams depend on various factors, 

including temperature, foam quality, and surfactant concentration. Furthermore, they observed that 

higher temperatures can cause a decrease in foam stability. They found that as the temperature increased, 

the foam quality factor decreased, indicating reduced foam stability. 

 

 

Figure 10: Influence of pressure on stability (Half-life) of N2 and CO2 foams with SDS foaming 

agent. [106] 
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Fernø, M. A. et al. [107] conducted a study focusing on miscible CO2 and CO2-foam injection tests to 

investigate CO2- EOR in fractured carbonate core plugs. The objective was to evaluate the feasibility 

of using foam for mobility control in fractured systems under conditions of 9 MPa and 20 °C. The core 

plugs had a permeability range of 11–60 mD and porosity between 18–25%. AOS14-16 surfactant was 

employed at a concentration of 1 wt%. The researchers observed a significant increase in oil recovery 

during CO2 injections under miscible conditions, ranging between 75% and 92% of the original oil in 

place (OOIP) in cores with irreducible initial water saturation. Additionally, they found that injecting 

pre-generated CO2 foam expedited oil recovery compared to injecting pure CO2 in fractured core plugs. 

This improvement was attributed to the introduction of a viscous displacement mechanism in addition 

to diffusion. 

Mohammed et al [108] assessed foam's efficacy in Enhanced Oil Recovery (EOR). They studied 

CO2/N2 foam stability and texture in sandstone via oil-free steady-state foam flooding experiments 

under supercritical CO2 conditions. Using fluoro-surfactant (FS-51) and alpha-olefin-sulfonate (AOS), 

they investigated varying N2 levels with CO2 (supercritical-CO2-foam) using both surfactants. Co-

injection of surfactant, CO2, and N2 was conducted, with pressure drop (P) data collected across the 

core. Analysis via ImageJ software on foam images revealed enhanced foam strength with N2 addition. 

N2 incorporation increased foam bubble circularity, indicating improved strength. Additionally, N2 

addition to sc-CO2 led to smaller, finer foam bubbles, enhancing texture. Increased pressure weakened 

CO2 foam, reducing sweep efficiency for EOR. 

In their study, Pacelli L. J. Zitha et al. [109] investigated into the effectiveness of the alkali-surfactant 

foam (ASF) process for oil extraction. The primary objectives of the research were to evaluate the 

effectiveness of oil recovery using ASF and to compare its performance with conventional extraction 

methods. Additionally, the study aimed to clarify the underlying mechanisms involved in ASF and its 

stability in the presence of oil. The relevant characteristics and properties of the oil surfactant and the 

core were as follows: the crude oil exhibited an API gravity of 37.82 and a viscosity of 2.78 ± 0.01 cP 

at 60°C, using an internal olefin sulfonate (IOS 2024) at 0.5 wt%, and nitrogen gas. The core-flooding 

experiment involved using Bentheimer sandstone, which has a porosity of 21% and a permeability of 
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1.2 Darcy. The investigation's key findings revealed that the ASF process achieved notable oil extraction 

from the porous medium, with oil recoveries reaching nearly 100%. The resulting foam exhibited 

heightened viscosity, thereby enhancing sweep efficiency and oil displacement. Moreover, the 

application of ASF has demonstrated potential for minimizing environmental impact, attributed to the 

reduced usage of chemically activated fluids. Notably, ASF demonstrated effectiveness in low-

permeability reservoirs, where the retention of polymers might lead to plugging issues. The study 

emphasized the benefits of ASF in enhancing oil recovery compared to conventional methods. 

Nagar Nadia Nasr et al [110] conducted a comparative study on foam stability, investigating the impact 

of salinity and surfactant concentrations through bulk foam tests and sandpack flooding. They used the 

mixed anionic and amphoteric surfactant MFOMAX with pure nitrogen. Salinity variations of 0.5%, 

2.0%, and 3.5%, as well as surfactant concentrations ranging from 0.1% to 1.0%, were examined. 

Experiments were conducted in a 600mm sand pack with 29% porosity and 1791 mD permeability. 

While conventional bulk foam stability tests were typically used for surfactant selection, the researchers 

observed homogeneity in the generated foam. To address this issue, they modified the test by adding 

quartz river sand at the base of the column, which created a more heterogeneous foam texture. The study 

concluded that all three screening methods consistently assessed the impact of surfactant concentration 

on foaming. Despite yielding different salinity results in standard bulk tests, they effectively identified 

very low-performing samples. Bulk tests with modified sand yielded results similar to those of sandpack 

tests, suggesting that the improved performance may be attributed to the sand inducing a more 

heterogeneous foam texture. 

Farajzadeh, R et al [111] found that oil significantly affects foam stability. They noted that AOS foam, 

especially with shorter carbon chain alkanes, showed reduced stability and decayed earlier. The length 

of the alkane chain notably affected AOS foam stability, with shorter chains causing greater 

destabilization. This was explained by spreading and bridging coefficients. Moreover, increasing 

surfactant concentration from 0.1 to 1.0 wt% greatly improved foam stability in the presence of oil, 

increasing both liquid volume and stability. 
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Figure 11: Effect of oil type on the foam longevity and half-decay time, with a constant surfactant 

concentration of 0.5 wt% [112] 

In the research paper authored by Anjan Phukan [113] et al., they conducted an assessment of foam 

stability in the ASAG (alkaline-surfactant-alternated-gas) process at different temperatures. The results 

revealed that as the temperature increased, the stability of CO2 foam, characterized by foam volume, 

decreased for both anionic surfactants (SDS and AOS). An increase in temperature typically leads to a 

decrease in foam stability, manifested by a reduction in the foam's half-life (foam volume). This 

phenomenon is attributed to the increased tendency of the liquid phase to evaporate at higher 

temperatures, resulting in rapid bubble collapse and the release of trapped gas. Moreover, elevated 

temperatures increase the solubility of the gas phase, weakening the interfacial strength between the gas 

and liquid phases. As a result, the foam becomes more prone to instability due to greater liquid drainage. 

The viscosity and elasticity of the foam lamella decrease simultaneously at higher temperatures, 

significantly affecting foam performance. The extent of foam stability deterioration may depend on the 

chemical composition or hydrocarbon chain length of the foaming agent used. 
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Figure 12: Stability curves for CO2-foam with SDS and AOS were examined at both room 

temperature (28 °C) and reservoir temperature (70 °C) in the presence of crude oil. The surfactant 

concentration was kept constant at 0.5 wt%, and the crude oil content was 10 vol%. [113] 

III. Applications of foam for enhanced oil recovery at the field scale: 

In the field, the injection process is intricately linked with the method of foam production, to the extent 

that the terms "foam generation" and "foam injection mode" can be used interchangeably. There are 

three main types of foam generation: pre-formed foam, foam Co-injection, and SAG. Figure 13 

[114,115]. 

1. Pre-formed Foam: This type of foam is generated outside the porous medium before entering the pay 

zone. 

2. Foam Co-injection involves the in-situ formation of foam near the injector, achieved by 

simultaneously injecting a surfactant solution and gas. During the co-injection process, the surfactant 

can be continuously injected alone or concurrently with water in a semi-continuous manner. 

3. SAG Foam: Sequential injection of a surfactant solution and gas leads to the production of SAG foam. 

In this case, the foam is generated within the reservoir as part of the SAG injection process.  

The selection of the most suitable foam generation method depends on several factors, including 

reservoir characteristics, desired displacement efficiency, and economic considerations. 
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Figure 13: Illustration of the three mechanisms of injection of foam in porous medium 

The reservoir pressure plays a crucial role in the EOR-foam process. Higher pressures require lower 

surfactant concentrations to achieve a specified mobility reduction factor (MRF) [116]. Consideration 

of reservoir pressure and rock permeability is crucial when selecting the injection mode (such as SAG, 

co-injection, or preformed foam). To ensure the success of a foam application, it is imperative to 

determine the specific problem to be addressed. This involves identifying the well causing the problem 

and pinpointing the offending well. It is also important to determine whether foam application is best 

suited for a production well or an injection well. Additionally, the use of foam as a mobility control 

agent is crucial, especially for injection wells where sustained injectivity and long-distance propagation 

are critical factors. This requires a low to moderate Mobility Reduction Factor. 

The design for the entire foam field test should be based on laboratory experiments conducted under 

conditions that accurately represent the prototype, incorporating the same placement method. A.T. Turta 

and A.K. Singhal [116] proposed a multi-level decision tree designed to facilitate the selection of the 

most appropriate format and placement method for figures, Figure 14. 
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Figure 14: Selection and placement of foam in projects related to Enhanced Oil Recovery. [116] 

 

Numerous pilot investigations have been conducted on foam flooding as a potential Enhanced Oil 

Recovery (EOR) technique for depleted oil reservoirs. Table 2 summarizes the primary field applications 

of foam flooding. 
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Field, Country Reservoir characteristics and 

oil properties 

Problem encountered in the 

reservoir 

Surfactant used Gas used Main results of foam application References 

Snorre field 

Norway 

Temperature = 90°C, 

Pressure = 383 bar, Depth= 

2475m, Porosity=0.24, 

Permeability= 100 to 3000 

mD, Oil viscosity= 0.687 

cp, Formation type: 

Sandstone 

Early gas breakthrough, 

High GOR 

AOS Hydrocarbons Reduction of gas breakthrough, GOR 

reduction, improvement of sweep 

efficiency, higher water cut 

 

[117] 

Rock creek. WVA. 

USA 

Depth= 610m, 

Porosity=0.217, 

Permeability= 21.5 mD, Oil 

gravity API= 43, oil 

viscosity= 3.2 cp, Formation 

type: Sandstone, 

Temperature =73°F 

Override problem 

High gas mobility 

Low oil production 

 

Alipal CD-128 CO2  

Foam flooding could not decrease 

mobility under reservoir conditions. 

 

[118] 

[116] 

Joffre Viking 

Alberta 

Canada 

Temperature = 56°C, 

Depth= 1500m, 

Porosity=0.13, 

Permeability= 500 mD, Oil 

viscosity= 1 cp, Formation 

type: Sandstone 

Override problem ARC CO2 There was no observed reduction in 

the Gas Oil Ratio, and the marginal 

increase in oil rate was deemed 

insignificant. It is hypothesized that 

the oil displaced from the unswept 

zone was directed into the 

extensively swept zone and remained 

unproduced. 

 

[119] 

[116] 

North Ward-Estes 

Texas 

USA 

Temperature = 28.33°C, 

Pressure = 1100 psi, Depth= 

800m, Porosity=0.18, 

Permeability= 15 mD, Oil 

gravity API= 37, Oil 

viscosity= 1.4 cp, Formation 

type: Sandstone to siltstone 

Early CO2 breakthrough, 

Poor sweep efficiency and 

low production 

CD 1040 0.2% and 0.5% CO2 Foam within a quality range of 50-

80% has demonstrated successful 

application, resulting in a nine-fold 

reduction in Gas-Oil Ratio (GOR) in 

the problematic well. Concurrently, 

oil production exhibited a remarkable 

15-fold increase, accompanied by a 

reduction in water cut.  

improve the injectivity: CO2 

injectivity by 40 to 85% 

 

[120] 

Oseberg/North Sea 

Norway 

Temperature = 100°C, 

Depth= 2600m, Porosity= 

0.164, Permeability= 2000-

3000 mD, Oil viscosity= 0.5 

cp, Formation type: 

Sandstone 

High GOR, early gas 

breakthrough 

LSS38/AS HC-r enriched 

hydrocarbon 

gas 

Reduction in GOR by 50%, better 

gas mobility control 

 

[121] 
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Siggins, Illinois 

USA 

Temperature =65°F, 

Permeability= 75mD, P= 

100 Psi, Oil viscosity= 8cP, 

Porosity= 0.15, Depth= 

500ft, 

Thief zone problem O.K. Liquid (a modified 

ammonium lauryl 

sulfate), 0,1 to 1,5% 

Concentration 

Air Reducing air mobility and halting 

channeling in the production well 

 

[116] 

[122] 

 

 

East Vacuum 

Grayburg/San 

Andres Unit 

(EVGSAU) 

USA 

 

Temperature=101°F, Depth= 

4400ft, Pressure =1613 psia, 

Porosity= 0.117, 

Permeability= 11mD, Oil 

viscosity= 1cP, Formation 

type= dolomite 

 

Poor CO2 injectivity, low 

sweep efficiency, high 

mobility of CO2, and CO2 

early breakthrough 

 

 

Chaser CD-1045 

 

 

CO2 

 

Foam flooding increased oil 

production, 

Reduction in CO2 production, 

Diverted gas from high to low 

permeable zone, thus improved 

volumetric sweep efficiency 

 

 

[116] 

[123] 

 

The Kaybob south 

Triassic  

Canada 

Temperature = 88°C, 

Depth=2123m, Pressure 

=17580kPa, Porosity= 

0.115, Permeability= 25-200 

md, Oil viscosity=0.414 cP, 

Formation type= dolomite 

High gas mobility, 

Channeling 

DOWFAX surfactant N2/ Miscible 

gas 

Successful reduction of gas 

injectivity was observed, resolve 

GOR problem 

 

[124] 

Bohai Bay  

China 

Temperature = 65°C, 

Depth= 1300-1500m, 

Porosity= 28 to 35%, 

Permeability= 2000 mD, Oil 

viscosity= 305 to 924 cp, 

Formation type: sandstone 

High oil viscosity and 

severe heterogeneity,  

early breakthrough of the 

injected water, water cut 

was 90% 

Foaming agent N2  Plugging high permeability zone 

theft channels (resolve high wat cut 

problem), reduction of IFT and 

enhance recovery efficiency, resolve 

water coning problem and improve 

oil recovery, 

 

[125] 

Liaohe oilfield  

China 

Temperature =49.7°C, 

Pressure =10.7MPa, Depth= 

1080m, Average 

permeability=1079mD, 

Porosity=0.297, Oil 

viscosity= 110 to 129 m.Pa.s 

Poor sweep efficiency, 

Severe decrease of 

reservoir pressure after 9 

years of steam Huff-and-

Puff process. 

Foaming agent N2 Improved injection profile, sweep 

efficiency, 

 

[126] 

kern river field 

 USA 

Oil viscosity= 1780 cp, 

Depth= 120 to 425m, 

Porosity=0.3, Permeability 

= 1 to 5 D, Oil gravity API = 

9 to 16, Formation type= 

Sandstone 

Poor sweep efficiency, 

Severe decrease of 

reservoir pressure after 9 

years of steam Huff-and-

Puff process. 

AOS N2 Improvement of sweep  

[116] 

[127] 

[129] 

[130] 

Midway Sunset field 

USA 

Porosity=0.35, 

Permeability= 1D, 

Depth=420m 

Reservoir depletion, Thief 

zone leading to steam 

losses and inefficient 

recovery 

Chaser SD1000 N2 Significant increase in oil production, 

oil rate increased four-fold, injection 

profile improved 

 

[116] 

[128] 

[129] 

[130] 

North kern front, 

California  

USA 

Depth = 480m, 

Permeability= 2200 mD, 

Porosity= 0.33, Oil gravity 

API=13 

Early steam breakthrough COR 180 surfactant 

(mixture of sodium and 

amino oxyethylen 

sulfates) 

N2 Improvement of injection profiles 

(steam distribution) 

Improvement in Steam oil ratio. 

 

[116] 

[129] 
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San Ardo, 

California, USA 

Depth = 2300 ft, Porosity= 

0.349, Permeability= 1000 

to 3000 mD, Pressure = 100 

to 300 psig, Temperature = 

100°F, Oil viscosity= 2500 

cP 

Steam override AOS N2 Injection profile improvement  

[129] 

[130] 

South Belridge Field 

California 

USA 

Depth= 570ft, Porosity= 

0.35, Permeability= 1.5 to 

3.5D, Oil viscosity= 1600 

cP at 95 °F, Pressure = 

2MPa, Temperature = 

204.4°C 

High gas mobility, 

Channeling 

A balanced mixture of 

anionic surfactant 

combined with a small 

quantity of non-ionic 

surfactant. 

 

Air Foam successfully diverted steam to 

unswept zone, thus improved sweep 

efficiency. 

Gas mobility controlled and 

increased oil recovery. 

 

[116] 

[130] 

Wilmington field, 

Tar zone 

USA 

Porosity= 0.24 to 0.26, 

Permeability= 100 to 1000 

mD, Depth= 2300 ft,     

      Temperature = 120°F, 

Oil gravity API= 13 to 14, 

Oil viscosity= 180 to 410cp, 

Pressure =900 to 1.100 psi 

Low CO2 injection 

distribution and poor sweep 

efficiency 

Alipal CD-128 Foaming 

Agent 

Immiscible 

CO2/N2 

Improvement of gas distribution, 

increase oil recovery 

 

[116] 

[131] 

Hockley county, 

Texas Slaughter 

field 

USA 

Formation type= carbonate, 

Permeability= 0.01 to 28 

mD 

High CO2 channeling CD-128 and chaser CD-

1045 

CO2 Profile and mobility control, 

conformance-control agent, Foam 

decreased gas injectivity and 

production, however concurrently 

enhanced overall oil production, 

particularly with a decrease in the 

offending well. Injecting above the 

formation parting pressure adversely 

affected foam effectiveness in this 

well. As a result, oil production saw 

significant increases of 22% and 

31%, equivalent to 16 and 22 barrels 

of oil per day (BOPD). 

 

[132] 

Madisonville West, 

Woodbine, Texas 

USA 

Average porosity= 0.13, 

Permeability= 100µD to 

15mD, Temperature = 

120°C, Pressure =3800Psi, 

Oil gravity API= 39, 

High gas mobility  Surfactant N2 Improvement of the volumetric 

sweep efficiency and increased oil 

production, improvement of 

injectivity of gas, reduction of gas-to-

oil ratio, and mobility reduction 

 

[133] 

Rangely Weber 

Sand Unit, Colorado 

USA 

Temperature = 71°C 

Pressure = 18.9 MPa 

Average porosity = 12% 

Average permeability = 8 

mD 

Oil viscosity = 1.7 cp  

 

High gas production, 

     CO2 breakthrough and  

Poor sweep efficiency 

Chevron chaser CD1040 CO2 Oil production was slightly higher 

Sweep profile improvement 

     CO2 production was much lower 

 

[134] 
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Cupiagua, Recetor 

field 

 Colombia 

Porosity= 6%, 

Permeability= range of 0.01 

to 10 mD, 

High conductivity, and poor 

sweep efficiency 

PetroStep C1, an AOS 

with carbon chain length 

C14/C16. 

N2 a strong gas blockage, reduction in 

GOR, production increased 

 

[135] 

Tia Juana Field, 

Venezuela 

Depth= 1600 to 2900 ft, 

Temperature = 100 to 130°F, 

Porosity= 0.38, 

Permeability= 1000 to 

3000mD, Oil gravity 

API=10 to 15°, Oil 

viscosity= 100 to 10000 cP, 

Formation type= Sandstone 

High steam mobility Surfactant AOS N2 The objective of the steam-foam 

process was to enhance steam 

distribution within a reservoir by 

decreasing steam mobility and 

improving the vertical steam-

injection profile. 

 

[129] 

[130] 

[136] 

Guadalupe 

California  

USA 

Depth= 850m, 

Porosity=0.35, 

Permeability= 1550mD, Oil 

gravity API=9, Oil 

Viscosity= 560cp 

Early steam breakthrough, Alkyle Toluene Sulfonate, N2 Improved the conformance, increased 

the injection pressure. Foam had 

successfully diverted steam to 

unswept zones, Oil production 

increased (oil recovery was estimated 

at 29400 bbl.), improvement in 

injection profile. 

 

[116] 

[129] 

[130] 

South Casper Creek, 

USA 

Depth= 790m, Oil gravity 

API= 13.7, Oil 

viscosity=600cp, 

Porosity=0.283, 

Permeability= 3600mD, 

Poor steam conformance 

due to the presence of high 

permeability thief zone, 

Alkylaryl sulfonate 

surfactant 

N2 Pressure injection improved, steam 

diversion to unswept zone, 

 

[130] 

Cymric, California, 

USA 

Depth= 305m, API= 12.6,  

Oil viscosity=2000cP, 

Porosity=0.39, 

Permeability= 500 to 

2000mD 

High permeability channel, 

downdip migration 

Surfactant Chaser SD 120 N2 An additional production of 75 

BPOD was attributed to steam foam 

injection. 

 

[130] 

Shengli field  

China 

Depth= 1125m, Air 

Permeability*10^-

3µm2=2304, Porosity= 

0.37, Pressure= 11.27MPa, 

Temperature =60°C, Oil 

viscosity= 74mPa.s, Oil 

density=0.92, 

Ultra-high water cut (up to 

97.2%) and the remaining 

oil potential is becoming 

lower and lower 

Foaming agent N2 The total water cut decreased by 

2.3%, the oil production rate 

increased by 13 t/d, foam injection 

raised injection pressure, improved 

the injection profile of the reservoir. 

 

[130] 

Sacroc field 

USA 

Depth=6200 ft - 7000 ft, 

Formation type= carbonate, 

Permeability=19.4 mD, 

Porosity=0.076, Pressure= 

3500 Psi, Temperature=136 

°F, Oil gravity API =42, 

Viscosity=0.33cP 

The inadequate control of 

mobility and overall 

performance issues 

stemming from reservoir 

heterogeneity caused the 

premature breakthrough of 

CO2 in the course of the 

miscible CO2 injection 

process. 

Alipal CD-128 CO2 Foam flooding improved 

conformance and mobility control. 

 

[116] 

[137] 

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


Salt Creek Light Oil 

Unit, 

USA 

Formation type= Sandstone, 

Porosity =0.14, 

Permeability= 42mD,          

Temperature = 125°F, 

Pressure= 1750Psi, 

Channeling of fluids 

through high permeability. 

Low volume zones 

(fractures, thief zone). 

Gravity over-ride. 

Surfactant CO2 Foam effectively reduced CO2 

injectivity by at least 40%. 

Improvement in the overall CO2 

sweep. 

 

 

[138] 

Levantine–Moreni, 

Romania 

Formation type= Sandstone, 

Depth=250m, 

Porosity=0.29, 

Permeability= 1000mD, Oil 

viscosity= 800 cP, 

Temperature = 62.6°F, P= 

2MPa, 

Low rate of oil production 

because of the viscous and 

heavy oil 

CAPTOR 4020X N2 Reduction of water-cut, improve oil 

production, 

 

[116] 

[130] 

[139] 

Pembina Ostracod 

'G' Pool, Signalta 

Resources Limited, 

Canada 

Formation type= Sandstone, 

Depth= 1730m, 

Temperature= 57°C, 

Porosity=0.12, 

Permeability=70mD 

Gas mobility Control 

Foam; Over-Ride Problem. 

Dow Pusher+ 

XSS84321.11 

Hydrocarbon 

Miscible gas 

Gas mobility Control Foam [140] 

Painter reservoir, 

Wyoming, USA 

Temperature = 78.8°C 

Oil gravity = 44 API 

reservoir pressure = 31 MPa 

permeability = 7 mD 

 

High mobility of the 

injected gas 

Gas breakthrough 

 

Surfactant N2 Significant reduction the injectivity [116] 

[141] 

 

IV. Table 2: Applications of foam flooding in enhanced Oil Recovery Projects. 
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V- Recent advancements in foam-based Enhanced Oil Recovery: 

The primary challenge in using foam for enhanced oil recovery lies in maintaining the stability and longevity of the foam 

under challenging reservoir conditions, such as high temperature and pressure. These conditions include maintaining foam 

quality at high temperatures, high salinity, and the presence of oil components that could potentially destabilize the foam. 

Successful resolutions to these challenges have been achieved through the application of nanoparticles or nanofluids [142]. 

The introduction of nanoparticles (NPs) ranging in size from 1 to 100 nm, serves to enhance foam stability by reducing bubble 

coalescence, thereby contributing to the creation of a more durable foam structure [89]. This, in turn, results in improved 

foam stability and prolonged foam longevity [143]. Nanoparticles can irreversibly adsorb into the fluid, which is due to their 

elevated adsorption energy and enduring thermal-chemical stability [33]. Consequently, they contribute to improving the 

stability of the foam. Silica dioxide nanoparticles, SiO2, have emerged as a highly effective nanomaterial in the context of 

Enhanced Oil Recovery (EOR) applications [144,145,146]. The incorporation of SiO2 nanoparticles into foam formulations 

contributes to a reduction in foam mobility and a simultaneous enhancement of foam strength. Notably, SiO2 nanoparticles 

have the capability to form strong bonds with the amphiphilic head of a surfactant, resulting in improved thermal properties 

and heightened efficiency in oil recovery processes [147]. 

Nurudeen Yekeen et al, [148] studied the impact of SiO2 and Al2O3 nanoparticles on mixed solutions with SDS at bulk and 

bubble levels. They observed maximum surfactant adsorption at a concentration of 3 wt%. Increasing nanoparticle 

concentration enhanced foam stability but diminished foamability. Nanoparticles resulted in smaller bubbles and higher 

bubble concentration, indicating reduced coalescence. Moreover, nanoparticles extended foam half-life, stabilized bubbles, 

and elevated apparent viscosity through adsorption and accumulation at foam borders. 

Solid particles enhance bubble stability by reducing the contact area between fluids. Adding nanoparticles to foam reduces 

liquid drainage by absorbing them at the liquid-gas interface, reinforcing the film and increasing lamella elasticity. This limits 

gas diffusion between bubbles, thereby extending foam longevity. 

Youjie Sheng et al, studied how silica nanoparticles affect the properties of mixed solutions containing fluorocarbon and 

nonionic hydrocarbon surfactants. They found that while nanoparticles improved foam stability, they compromised foaming 

properties. The presence of nanoparticles at plateau borders enhanced foam drainage, coarsening, and mechanical strength. 

[149]. In another study [150], the thermal stability of foams stabilized with mixed dispersions of SiO2 nanoparticles, nonionic 

surfactants, and fluorocarbon surfactants was investigated. The results showed that nanoparticles can prevent foam decay, 

drainage, and coarsening under heat, enhancing foam thermal stability. 
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In their research paper, Ali Esfandyari Bayat et al conducted a comparative analysis to investigate the impact of different 

nanoparticles (SiO2, Al2O3, TiO2, and CuO) on CO2 foam half-life, incremental oil recovery, and residual oil saturation 

[151]. The findings revealed that improved stability and incremental oil recovery were primarily associated with SiO2 foam. 

According to the results, the sequence of CO2 foam stability among the nanoparticles can be arranged (ascending order of 

foam stability) as follows: CuO, TiO2, Al2O3, SiO2. This observed trend can be attributed to the increased interaction energy 

of silica nanoparticles, which leads to heightened inter-particle repulsive forces. This, in turn, enhances dispersion stability 

and extends foam half-life. 

 

 

 

 

 

 

 

Figure 15 illustrates: (a) the half-life of CO2 foams stabilized by nanoparticles (NPs) and (b) the incremental oil 

recovery and residual oil saturation concerning the type of nanoparticles used. [151] 
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Figure 16: Comparison of mechanisms for mobilizing oil droplets using Surfactant-foam and NP-Surfactant-foam, 

Adapted from. [143] 

 

Nanoparticles have demonstrated remarkable efficiency in foam-based oil recovery. The following table categorizes the main 

experimental laboratory investigations related to the utilization of nanoparticles as stabilizers for foam.

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


 

VI-    Table 3: Laboratory investigation of nanoparticle, and nanoparticle-surfactant-stabilized foams. 

Nanoparticle 

type 

Nanoparticle 

size (nm) 

Nanoparticle 

Concentration 

Surfactant used Temperature 

(°C) 

Pressure Salinity Foam generator Oil recovery 

(%) 

References 

Aluminum 

oxyhydroxide 

10-100 1 wt% SC (0-100 mM) 60 6mPa CaCl2 (10-

200M), NaCl 

(10- 600 mM),  

Sandpack 20% OOIP  

[152] 

SiO2 100-200 0.05-3.0% w/v PEG, Tergitol 15-S-

20, DCDMS 

35, 50 1200-3000 

psia 

- Glassbead pack -      [153] 

APTES-SiO2 20-30 0.01 wt% SDS(0.4wt%) 25 14.7 psi - Glassbead pack 18% OOIP [154] 

SiO2, Al2O3 15-20 1.0 wt% SDS (0.01-1.0 wt%) 25 - NaCl (0.25-

6.0wt%), CaCl2 

(0.125-5.0 

wt%), 

AlCl3(0.025-

0.1wt%) 

Hele-Shaw cell -  

[155] 

Al2O3-coated 

SiO2 

20 1-5 wt% Triton CG-110 

AOS, PG (0.1–

0.5wt%) 

Ambient 100 psi - Berea sandstone 14.8-20.6% 

OOIP 

 

[156] 

SiO2, Al2O3, 

CuO, TiO2 

10-40 0.1-1.0 wt% AOS (0.5wt%) Ambient - NaCl (2wt%) Sandpack 5-14% OOIP  [157] 

PEG-coated 

SiO2 

5(10) 0.3 wt% AOS (0.5 wt%) 55.75 110 psi NaCl(1-8wt%) Heterogenous 

sandpack 

34.4% OOIP 

9% OOIP 

[158] 

PEG-coated 

SiO2 

10(20) 0.5 wt% AOS(0-0.5wt%) 25 100 psi NaCl (1-10 

wt%) API Brine 

Berea sandstone 10% OOIP [151] 

PECNP - 1.0wt% Surfonic N120 40 1300 psi, 

1800 psi 

KCl (2.0wt%) Indiana limestone 10.71% OOIP  [159] 

PEG-SiO2, 

GLYMO-SiO2 

12.20 0.5 wt% AOS 25, 60, 80 110 psi NaCl (8wt%), 

CaCl2(2wt%) 

Sandpack 29.0 -43.3 

OOIP 

 [160] 

TTFA 80 0.5 wt% Anionic and non-

ionic, Cationic 

surfactant (0.2wt%) 

25 1300 psi NaCl (1.0wt%) Berea sandstone -  [161] 

SiO2 100-150 0-5 wt% - 25, 60 1200 – 2000 

psia  

NaCl (0.5, 2.0, 

5.0%) 

Sapphire 

observation tube 

-  [162] 

MWCNT 10 0.01wt% Tergitol 15-s-40, 

AOS 

25 - NaCl (2.4wt%), 

CaCl2(0.6wt%) 

Ottawa -  [163] 

Modified 

hydrophobic 

SiO2 

20 nm 1.0 wt % Mixtures: 0.15% SDS 

+ 0.05 wt % AOT, 

0.15% SDS + 0.05 wt 

% C12E23, 0.15% 

SDS + 0.05 wt % 

betaine 

Room 

temperature 25 

°C 

Backpressure 

1.2 MPa 

- Micro glass model N2 

Foam:88.75% 

CH4 

Foam:47.25% 

 [164] 
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Silica 

nanoparticles 

- 0.00, 0.01 and 

0.10 wt. % 

C20H44BrN 

0.019, 0.038 and 

0.057 wt. % 

Ambient High pressure - 100~150 μm glass 

beads 

-  [165] 

SiO2 17 0.01-0.5 wt% - 25 1200 psig, 

1500 psig 

NaCl (2.0%) Berea sandstone 

core 

-  [166] 

PEG-coated 

SiO2 

5 0.01-0.1 wt% - 21.1-90 1350-1400 

psia 

NaCl (2-4 wt%) Glass beads pack -  [167] 

SiO2 20 0.25-1.0 wt% - 25 1500 psig NaCl  Glassbead pack 

and Capillary tube 

-  [168] 

SiO2 5, 10 0.01 – 1.0 wt% PEG 50-90 2000 psia, 

2800 psia 

NaCl (0-4 wt%) Glassbead pack, 

Sandstone (Berea, 

Biose, Indiana) 

-  [169] 

SiO2, Al2O3 12-20 0.05-5.0 wt% SDS (0.03 wt%) 25 - NaCl (0.5 wt%) Hele-Shaw cell - [170] 

Nanoash 100-200 - AOS (0.031wt%) 80 80 bars NaCl, CaCl2 Bentheimer 

sandstone 

23% remaining 

oil saturation 

[171] 

SiO2 30 nm±1 0.50 wt% Anionic surfactant 50 °C 1550 psi 1 wt% NaCl corefood 

apparatus (non-

fractured and 

fractured) 

In non-

fractured rock: 

44.3%, 

however in 

fractured rock, 

it only yields 

12.62%. 

[172] 

SiO2 140 nm 0.1 wt% Anionic AOS ( 0.5 

wt%) and viscoelastic 

surfactant cocobetaine 

(0.4 wt%) 

150˚F 1500 psi 5 wt% NaCl Berea sandstone 

cores 

8% in the 

presence of 

NPs, and 15% 
by adding NPs 

and viscoelastic 
surfactant. 

[173] 

Methyl coated 

silica 

- 1% w/v 

solution 

SDS Ambient - 1% wt/v NaCl Microfluidic pore 

network chip 

17% IOIP [174] 

CuO, SiO2, 

TiO2, and 

Al2O3 

CuO and 

Al2O3: 40 nm, 

SiO2: 20 – 30 

nm, 

TiO2: 10–30 

nm 

(0.5, 0.1, 1 and 

0.3) wt% 

AOS 0.5 wt% Room 

Temperature 
Room 

Pressure 
0.5 wt% and 2 

wt% of NaCl 

Porous stone Al2O3:14%, 

SiO2: 11%, 

TiO2 and CuO: 

5%. 

[175] 

SiO2 14 nm 0.6 wt% SDS 0.5 wt% 60 - 80°C  Backpressure 
2.0 MPa 

NaCl 0.5wt% Sandpacks and the 

glass-etched 

micromodel 

Varied between 

38% and 44% 

for both 

individual and 

paired 

sandpack cores. 

[176] 
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SiO2 17 – 20 nm - Surfactant 25, 45, 60 °C 2000 psi 2 wt% NaCl 3 samples cores 

used: 

Dolomite 

Limestone 

Berea sandstone 

 

26.5% 

dolomite, 

33.2% 

limestone, 

39.6% 

sandstone 

 [177] 

Methyl-coated 

silica 

12  

 

 

 

 

1% w/v SDS ∼22 °C - 1% w/v NaCl Borosilicate glass 

micromodel 

Compared to 

CO2 gas 

flooding, the 

incremental 

output with 

OOIP is 10% 

greater. 

[178] 

Silica - - AOS (Alpha Olefin 

Sulfonate) 

- - Brine solution Core samples: 

Limestone and 

Sandstone 

17 %  [179] 

SiO2 17 – 20 nm  5,000 ppm in 

2% brine 

Foaming agent 20°C 1200 psig NaCl Berea sandstone Ranged from 

36% to 49%

  

[180] 
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VII- Conclusion:  

Foam provides a cost-effective solution for improving Enhanced Oil Recovery processes. Optimizing foam usage in 

Enhanced Oil Recovery requires consideration of several key factors, including: 

• Understanding the specific properties of the reservoir, such as permeability, porosity, and heterogeneity, is crucial for 

selecting the most appropriate method for generating foam. 

• Assessing the need for mobility control and selecting the appropriate foam generation method to address challenges 

such as viscosity fingering, gravity segregation, and channeling. 

• Successful EOR applications necessitate stable and long-lasting foam that can withstand challenging reservoir 

conditions, including high temperatures, pressures, and salinity levels. 

• Determining the optimal surfactant concentration and type based on reservoir pressure and rock permeability is 

essential to achieve the desired reduction in mobility factor. 

• Foams are thermodynamically unstable, which makes it challenging to maintain bubble stability over time. The 

strength of lamellae can be improved by using polymers, nanoparticles, nanofluids, and mixtures of surfactants, offering 

more stable foam. 

      By carefully considering these factors, operators can effectively optimize the use of foam in enhanced oil recovery (EOR), 

resulting in improved oil recovery efficiency and operational stability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


References: 

[1] Litvinenko, V. (2020). The Role of Hydrocarbons in the Global Energy Agenda: The Focus on Liquefied Natural Gas. 

Resources, 9(5), 59. https://doi:10.3390/resources9050059.  

[2] Gbadamosi, A. O., Junin, R., Manan, M. A., Agi, A., & Yusuff, A. S. (2019). An overview of chemical enhanced oil 

recovery: recent advances and prospects. International Nano Letters. https://doi:10.1007/s40089-019-0272-8  

[3] U.S. Energy Information Administration. (2019, September 24). TODAY IN ENERGY. https://www.eia.gov. Retrieved 

January 11, 2022, from https://www.eia.gov/todayinenergy/detail.php?id=41433 

[4] Perera, M., Gamage, R., Rathnaweera, T., Ranathunga, A., Koay, A., & Choi, X. (2016). A Review of CO2-Enhanced Oil 

Recovery with a Simulated Sensitivity Analysis. Energies, 9(7), 481. https://doi:10.3390/en9070481.  

[5] Malozyomov, B. V., Martyushev, N. V., Kukartsev, V. V., Tynchenko, V. S., Bukhtoyarov, V. V., Wu, X., Tyncheko, Y. A., 

& Kukartsev, V. A. (2022). Overview of Methods for Enhanced Oil Recovery from Conventional and Unconventional 

Reservoirs. Energies, 16(13), 4907. https://doi.org/10.3390/en16134907  

[6] Mokheimer, E. M. A., Hamdy, M., Abubakar, Z., Shakeel, M. R., Habib, M. A., & Mahmoud, M. (2018). A Comprehensive 

Review of Thermal Enhanced Oil Recovery: Techniques Evaluation. Journal of Energy Resources Technology [6] 

Gbadamosi, A. O., Kiwalabye, J., Junin, R., & Augustine, A. (2018). A review of gas enhanced oil recovery schemes used in 

the North Sea. Journal of Petroleum Exploration and Production Technology. https://doi:10.1007/s13202-018-0451-6  

[7] Gbadamosi, A. O., Junin, R., Manan, M. A., Agi, A., & Yusuff, A. S. (2019). An overview of chemical enhanced oil 

recovery: recent advances and prospects. International Nano Letters. 

[8] Afzali, S., Rezaei, N., & Zendehboudi, S. (2018). A comprehensive review on Enhanced Oil Recovery by Water 

Alternating Gas (WAG) injection. Fuel, 227, 218–246. https://doi:10.1016/j.fuel.2018.04.015  

[9] Mokheimer, E. M. A., Hamdy, M., Abubakar, Z., Shakeel, M. R., Habib, M. A., and Mahmoud, M. (September 14, 2018). 

"A Comprehensive Review of Thermal Enhanced Oil Recovery: Techniques Evaluation." ASME. J. Energy Resour. Technol. 

March 2019; 141(3): 030801. https://doi.org/10.1115/1.4041096   

[10] Alvarado, V., & Manrique, E. (2010). Enhanced Oil Recovery: An Update Review. Energies, 3(9), 1529–1575. 

https://doi:10.3390/en3091529  

[11] Muggeridge, A., Cockin, A., Webb, K., Frampton, H., Collins, I., Moulds, T., & Salino, P. (2013). Recovery rates, 

enhanced oil recovery and technological limits. Philosophical Transactions of the Royal Society A: Mathematical, Physical 

and Engineering Sciences, 372(2006), 20120320–20120320. https://doi:10.1098/rsta.2012.0320    

[12] Al-Adasani, A., & Bai, B. (2010). Recent Developments and Updated Screening Criteria of Enhanced Oil Recovery 

Techniques. International Oil and Gas Conference and Exhibition in China. https://doi:10.2118/130726-ms  

[13] Belhaj, H., Abukhalifeh, H., & Javid, K. (2013). Miscible oil recovery utilizing N2 and/or HC gases in CO2 injection. 

Journal of Petroleum Science and Engineering, 111, 144–152. https://doi:10.1016/j.petrol.2013.08.03  

[14] Ren, G. (2020). Numerical Assessments of Key Aspects Influencing Supercritical CO2 Foam Performances when Using 

CO2-Soluble Surfactants. Energy & Fuels, 34(10), 12033–12049. https://doi:10.1021/acs.energyfuels.0c01526    

[15] Li, W., Wei, F., Xiong, C., Ouyang, J., Dai, M., Shao, L., & Lv, J. (2019). Effect of Salinities on Supercritical CO2 Foam 

Stabilized by a Betaine Surfactant for Improving Oil Recovery. Energy & Fuels, 33(9), 8312–8322. 

https://doi:10.1021/acs.energyfuels.9b01688    

[16] Askarova, A., Turakhanov, A., Markovic, S., Popov, E., Maksakov, K., Usachev, G., … Cheremisin, A. (2020). Thermal 

enhanced oil recovery in deep heavy oil carbonates: Experimental and numerical study on a hot water injection performance. 

Journal of Petroleum Science and Engineering, 107456. https://doi:10.1016/j.petrol.2020.107456  

[17] Deng, X., Tariq, Z., Murtaza, M., Patil, S., Mahmoud, M., & Kamal, M. S. (2021). Relative contribution of wettability 

Alteration and interfacial tension reduction in EOR: A critical review. Journal of Molecular Liquids, 325, 115175. 

https://doi:10.1016/j.molliq.2020.115175  

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi:10.3390/resources9050059
https://doi:10.1007/s40089-019-0272-8
https://doi:10.3390/en9070481
https://doi.org/10.3390/en16134907
https://doi:10.1007/s13202-018-0451-6
https://doi:10.1016/j.fuel.2018.04.015
https://doi.org/10.1115/1.4041096
https://doi:10.3390/en3091529
https://doi:10.1098/rsta.2012.0320
https://doi:10.2118/130726-ms
https://doi:10.1016/j.petrol.2013.08.03
https://doi:10.1021/acs.energyfuels.0c01526
https://doi:10.1021/acs.energyfuels.9b01688
https://doi:10.1016/j.petrol.2020.107456
https://doi:10.1016/j.molliq.2020.115175
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[18] Xuefen Liu, Yili Kang, Lingling Yan, Jian Tian, Jianfeng Li, Lijun You, Implication of interfacial tension reduction and 

wettability alteration by surfactant on enhanced oil recovery in tight oil reservoirs, Energy Reports, Volume 8, 2022, Pages 

13672-13681, ISSN 2352-4847, https://doi.org/10.1016/j.egyr.2022.10.052.  

[19] Samanta, A., Bera, A., Ojha, K. et al. Comparative studies on enhanced oil recovery by alkali–surfactant and polymer 

flooding. J Petrol Explor Prod Technol 2, 67–74 (2012). https://doi.org/10.1007/s13202-012-0021-2  

[20] Chen X, Yu H, Cao A, Yang Z, Li W, Niu Z, Chang Y, Du M. Study on Enhanced Oil Recovery Mechanism of CO2 

Miscible Flooding in Heterogeneous Reservoirs under Different Injection Methods. ACS Omega. 2023 Jun 27;8(27):24663-

24672. https://doi:10.1021/acsomega.3c03352 . PMID: 37457460; PMCID: PMC10339338. 

[21] Liu, N., Ju, B., Yang, Y., Brantson, E. T., & Meng, S. (2019). A novel method of bidirectional displacement with artificial 

nitrogen gas cap and edge water for enhanced oil recovery: Experimental and simulation approaches. Energy Exploration & 

Exploitation, 37(4), 1185–1204. https://doi:10.1177/0144598719840875  

[22] Sun, Y.; Zhang, W.; Tian, J.; Meng, Y.; Zhang, L. Research Progress on Displacement Mechanism of Supercritical CO2 

in Low-Permeability Heavy Oil Reservoir and Improvement Mechanism of Displacement Agents. Molecules 2023, 28, 6154. 

https://doi.org/10.3390/molecules28166154  

[23] Farajzadeh, R., Andrianov, A., & Zitha, P. L. J. (2010). Investigation of Immiscible and Miscible Foam for Enhancing 

Oil Recovery. Industrial & Engineering Chemistry Research, 49(4), 1910–1919. https://doi:10.1021/ie901109d  

[24] Kumar, S., & Mandal, A. (2017). A comprehensive review on chemically enhanced water alternating gas/CO 2 (CEWAG) 

injection for enhanced oil recovery. Journal of Petroleum Science and Engineering, 157, 696–715. 

https://doi:10.1016/j.petrol.2017.07.066  

[25] Talebian, Seyedeh H., Masoudi, Rahim , Tan, Isa M., and Pacelli L. Zitha. "Foam assisted CO2-EOR; Concepts, 

Challenges and Applications." Paper presented at the SPE Enhanced Oil Recovery Conference, Kuala Lumpur, Malaysia, 

July 2013. doi: https://doi.org/10.2118/165280-MS  

[26] Farajzadeh, R.. , Andrianov, A.. , Krastev, R.. , Hirasaki, G. J., and W. R. Rossen. "Foam-Oil Interaction in Porous Media: 

Implications for Foam Assisted Enhanced Oil Recovery." Paper presented at the SPE EOR Conference at Oil and Gas West 

Asia, Muscat, Oman, April 2012. doi: https://doi.org/10.2118/154197-MS  

[27] Zekri, A. Y., Nasr, M. S., & AlShobakyh, A. (2011). Evaluation of Oil Recovery by Water Alternating Gas (WAG) 

Injection - Oil-Wet & Water-Wet Systems. SPE Enhanced Oil Recovery Conference. https://doi:10.2118/143438-ms  

[28] Khan, M. Y., Kohata, A., Patel, H., Syed, F. I., & Al Sowaidi, A. K. (2016). Water Alternating Gas WAG Optimization 

Using Tapered WAG Technique for a Giant Offshore Middle East Oil Field. Abu Dhabi International Petroleum Exhibition 

& Conference. https://doi:10.2118/183181-ms  

[29] Sunmonu, Rasak Mayowa, and Mike Onyekonwu. "Enhanced Oil Recovery using Foam Injection; a Mechanistic 

Approach." Paper presented at the SPE Nigeria Annual International Conference and Exhibition, Lagos, Nigeria, August 

2013. doi: https://doi.org/10.2118/167589-MS  

[30] Zoeir, A., Simjoo, M., Chahardowli, M., & Hosseini-Nasab, M. (2020). Foam EOR performance in homogeneous porous 

media: simulation versus experiments. Journal of Petroleum Exploration and Production Technology. 

https://doi:10.1007/s13202-020-00845-0  

[31] Sie, C.-Y., & Nguyen, Q. P. (2021). A non-aqueous foam concept for improving hydrocarbon miscible flooding in low 

permeability oil formations. Fuel, 288, 119732. https://doi:10.1016/j.fuel.2020.119732  

[32] Sunil Kumar, Ajay Mandal, Investigation on stabilization of CO2 foam by ionic and nonionic surfactants in presence of 

different additives for application in enhanced oil recovery, Applied Surface Science, Volume 420, 2017, Pages 9-20, ISSN 

0169-4332, https://doi.org/10.1016/j.apsusc.2017.05.126. 

[33] Afifi, H. R., Mohammadi, S., Mirzaei Derazi, A., Moradi, S., Mahmoudi Alemi, F., Hamed Mahvelati, E., & Fouladi 

Hossein Abad, K. (2021). A comprehensive review on critical affecting parameters on foam stability and recent advancements 

for foam-based EOR scenario. Journal of Molecular Liquids, 116808. https://doi:10.1016/j.molliq.2021.116808  

[34] Wei Yu, Mazen Y. Kanj, Review of foam stability in porous media: The effect of coarsening, Journal of Petroleum 

Science and Engineering, Volume 208, Part D, 2022, 109698, ISSN 0920-4105, https://doi.org/10.1016/j.petrol.2021.109698  

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.1016/j.egyr.2022.10.052
https://doi.org/10.1007/s13202-012-0021-2
https://doi:10.1021/acsomega.3c03352
https://doi:10.1177/0144598719840875
https://doi.org/10.3390/molecules28166154
https://doi:10.1021/ie901109d
https://doi:10.1016/j.petrol.2017.07.066
https://doi.org/10.2118/165280-MS
https://doi.org/10.2118/154197-MS
https://doi:10.2118/143438-ms
https://doi:10.2118/183181-ms
https://doi.org/10.2118/167589-MS
https://doi:10.1007/s13202-020-00845-0
https://doi:10.1016/j.fuel.2020.119732
https://doi.org/10.1016/j.apsusc.2017.05.126
https://doi:10.1016/j.molliq.2021.116808
https://doi.org/10.1016/j.petrol.2021.109698
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[35] Samin, A. M., Manan, M. A., Idris, A. K., Yekeen, N., Said, M., & Alghol, A. (2016). Protein foam application for 

enhanced oil recovery. Journal of Dispersion Science and Technology, 38(4), 604–609. 

https://doi:10.1080/01932691.2016.1185014   

[36] Yekeen, N., Manan, M. A., Idris, A. K., & Samin, A. M. (2017). Influence of surfactant and electrolyte concentrations 

on surfactant Adsorption and foaming characteristics. Journal of Petroleum Science and Engineering, 149, 612–622. 

https://doi:10.1016/j.petrol.2016.11.018  

[37] Arifur Rahman, Farshid Torabi, Ezeddin Shirif, Surfactant and nanoparticle synergy: Towards improved foam stability, 

Petroleum, Volume 9, Issue 2, 2023, Pages 255-264, ISSN 2405-6561, https://doi.org/10.1016/j.petlm.2023.02.002  

[38] Tayeb Sakhi, Rachida Chemini, Yacine Salhi, Abdellah Arhaliass. (2022). Overview of foam production processes, 

Bayburt University Publications, 34, 978-605-9945-35-6 

[39] Jay P. Deville, Chapter 4 - Drilling fluids, Editor(s): Qiwei Wang, In Oil and Gas Chemistry Management Series, Fluid 

Chemistry, Drilling and Completion, Gulf Professional Publishing, 2022, Pages 115-185, ISBN 9780128227213, 

https://doi.org/10.1016/B978-0-12-822721-3.00010-1  

[40] Chen, Z., Ahmed, R. M., Miska, S. Z., Takach, N. E., Yu, M., Pickell, M. B., & Hallman, J. H. (2007). Experimental 

Study on Cuttings Transport With Foam Under Simulated Horizontal Downhole Conditions. SPE Drilling & Completion, 

22(04), 304–312. https://doi:10.2118/99201-pa  

[41] Amanna, B., & Khorsand Movaghar, M. R. (2016). Cuttings transport behavior in directional drilling using 

computational fluid dynamics (CFD). Journal of Natural Gas Science and Engineering, 34, 670–679. 

https://doi:10.1016/j.jngse.2016.07.029  

[42] Kong, Xiangwei, Bing Liu, Hongxing Xu, Jianwen Shen, and Song Li. 2023. "Optimization and Performance Evaluation 

of Foam Acid Systems for Plugging Removal in Low Pressure Oil and Gas Reservoirs" Processes 11, no. 3: 649. 

https://doi.org/10.3390/pr11030649  

[43] Gonzalez Perdomo, Maria E., and Sharifah Wan Madihi. 2022. "Foam Based Fracturing Fluid Characterization for an 

Optimized Application in HPHT Reservoir Conditions" Fluids 7, no. 5: 156. https://doi.org/10.3390/fluids7050156  

[44] Pugh, Robert J. “Generation of Bubbles and Foams.” Chapter. In Bubble and Foam Chemistry, 155–93. Cambridge: 

Cambridge University Press, 2016. 

[45] Sakhi, Tayeb, Rachida Chemini, Yacine Salhi, and Abdellah Arhaliass. 2023. “Dynamic Simulation of Preformed 

Aqueous Foam Stability for Enhanced Oil Recovery Application”. Algerian Journal of Engineering and Technology 8 (1), 

101-7. https://www.jetjournal.org/index.php/ajet/article/view/274  

[46] Langevin, Dominique. "Recent Advances on Emulsion and Foam Stability." Langmuir 39.11 (2023): 3821-3828. 

[47] Denkov, N., Tcholakova, S., & Politova-Brinkova, N. (2020). Physicochemical control of foam properties. Current 

Opinion in Colloid & Interface Science. https://doi:10.1016/j.cocis.2020.08.001    

[48] Pouria Amani, Reinhard Miller, Aliyar Javadi, Mahshid Firouzi, Pickering foams and parameters influencing their 

characteristics, Advances in Colloid and Interface Science, Volume 301, 2022, 102606, ISSN 0001-8686, 

https://doi.org/10.1016/j.cis.2022.102606  

[49] Drenckhan, W., & Hutzler, S. (2015). Structure and energy of liquid foams. Advances in Colloid and Interface Science, 

224, 1–16. https://doi:10.1016/j.cis.2015.05.004  

[50] Pugh, R. J. (2005). Experimental techniques for studying the structure of foams and froths. Advances in Colloid and 

Interface Science, 114-115, 239–251. https://doi:10.1016/j.cis.2004.08.005    

[51] Koehler, S. A., Hilgenfeldt, S., & Stone, H. A. (2000). A Generalized View of Foam Drainage:  Experiment and Theory. 

Langmuir, 16(15), 6327–6341. https://doi:10.1021/la9913147  

[52] Benali, B., Sæle, A., Liu, N. et al. Pore-level Ostwald ripening of CO2 foams at reservoir pressure. Transp Porous Med 

150, 427–445 (2023). https://doi.org/10.1007/s11242-023-02017-0  

[53] Rio, E., Drenckhan, W., Salonen, A., & Langevin, D. (2014). Unusually stable liquid foams. Advances in Colloid and 

Interface Science, 205, 74–86. https://doi:10.1016/j.cis.2013.10.023  

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi:10.1080/01932691.2016.1185014
https://doi:10.1016/j.petrol.2016.11.018
https://doi.org/10.1016/j.petlm.2023.02.002
https://doi.org/10.1016/B978-0-12-822721-3.00010-1
https://doi:10.2118/99201-pa
https://doi:10.1016/j.jngse.2016.07.029
https://doi.org/10.3390/pr11030649
https://doi.org/10.3390/fluids7050156
https://www.jetjournal.org/index.php/ajet/article/view/274
https://doi:10.1016/j.cocis.2020.08.001
https://doi.org/10.1016/j.cis.2022.102606
https://doi:10.1016/j.cis.2015.05.004
https://doi:10.1016/j.cis.2004.08.005
https://doi:10.1021/la9913147
https://doi.org/10.1007/s11242-023-02017-0
https://doi:10.1016/j.cis.2013.10.023
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[54] Rio, E. and Biance, A.-L. (2014), Thermodynamic and Mechanical Timescales Involved in Foam Film Rupture and 

Liquid Foam Coalescence. ChemPhysChem, 15: 3692-3707. https://doi.org/10.1002/cphc.201402195  

[55] Orvalho, S., Ruzicka, M. C., Olivieri, G., & Marzocchella, A. (2015). Bubble coalescence: Effect of bubble approach 

velocity and liquid viscosity. Chemical Engineering Science, 134, 205–216. https://doi:10.1016/j.ces.2015.04.053  

[56] Kazakis, N. A., Mouza, A. A., & Paras, S. V. (2008). Coalescence during bubble formation at two neighbouring pores: 

An experimental study in microscopic scale. Chemical Engineering Science, 63(21), 5160–5178. 

https://doi:10.1016/j.ces.2008.07.006  

[57] Karakashev, S. I., & Manev, E. D. (2015). Hydrodynamics of thin liquid films: Retrospective and perspectives. Advances 

in Colloid and Interface Science, 222, 398–412. https://doi:10.1016/j.cis.2014.07.010    

[58] Georgieva, D., Cagna, A., & Langevin, D. (2009). Link between surface elasticity and foam stability. Soft Matter, 5(10), 

2063. https://doi:10.1039/b822568k  

[59] Bournival, G., Ata, S., & Wanless, E. J. (2015). The roles of particles in multiphase processes: Particles on bubble 

surfaces. Advances in Colloid and Interface Science, 225, 114–133. https://doi:10.1016/j.cis.2015.08.008   

[60] Dominique Langevin, On the rupture of thin films made from aqueous surfactant solutions, Advances in Colloid and 

Interface Science, Volume 275, 2020, 102075, ISSN 0001-8686, https://doi.org/10.1016/j.cis.2019.102075  

[61] Feneuil, B., Pitois, O., & Roussel, N. (2017). Effect of surfactants on the yield stress of cement paste. Cement and 

Concrete Research, 100, 32–39. https://doi:10.1016/j.cemconres.2017.04.015   

[62] Chen, M., Yortsos, Y. C., & Rossen, W. R. (2004). A Pore-Network Study of the Mechanisms of Foam Generation. SPE 

Annual Technical Conference and Exhibition. https://doi:10.2118/90939-ms  

[63] Wu, Z., Du, Q., Wei, B., & Hou, J. (2020). Study on the regional characteristics during foam flooding by population 

balance model. Energy Exploration & Exploitation, 39(5), 1588–1606. https://doi.org/10.1177/0144598720983614 

[64] Jang, J., Z. Sun, and J. C. Santamarina (2016), Capillary pressure across a pore throat in the presence of surfactants, 

Water Resour. Res., 52, 9586–9599, https://doi:10.1002/2015WR018499  

[65] Zhang, C., Yuan, Z., Matsushita, S., Xiao, F., & Suekane, T. (2021). Interpreting dynamics of snap-off in a constricted 

capillary from the energy dissipation principle. Physics of Fluids, 33(3), 032112. https://doi:10.1063/5.0044756  

[66] Li, Guihe, and Jia Yao. 2023. "Snap-Off during Imbibition in Porous Media: Mechanisms, Influencing Factors, and 

Impacts" Eng 4, no. 4: 2896-2925. https://doi.org/10.3390/eng4040163  

[67] A. Hosseinzadegan, H. Mahdiyar, A. Raoof, E. Nikooee, J. Qajar,The pore-network modeling of gas-condensate flow: 

Elucidating the effect of pore morphology, wettability, interfacial tension, and flow rate,Geoenergy Science and 

Engineering,Volume 229,2023,211937,ISSN 2949-8910, https://doi.org/10.1016/j.geoen.2023.211937  

[68] Hematpur, H., Mahmood, S. M., Nasr, N. H., & Elraies, K. A. (2018). Foam flow in porous media: Concepts, models 

and challenges. Journal of Natural Gas Science and Engineering, 53, 163–180. https://doi:10.1016/j.jngse.2018.02.017  

[69] Liontas, R., Ma, K., Hirasaki, G. J., & Biswal, S. L. (2013). Neighbor-induced bubble pinch-off: novel mechanisms of 

in situ foam generation in microfluidic channels. Soft Matter, 9(46), 10971. https://doi:10.1039/c3sm51605a  

[70] Xiao, S., Zeng, Y., Vavra, E. D., He, P., Puerto, M., Hirasaki, G. J., & Biswal, S. L. (2017). Destabilization, Propagation, 

and Generation of Surfactant-Stabilized Foam during Crude Oil Displacement in Heterogeneous Model Porous Media. 

Langmuir, 34(3), 739–749. https://doi:10.1021/acs.langmuir.7b02766  

 

[71] Abdelaal, A., Aljawad, M. S., Alyousef, Z., & Almajid, M. M. (2021). A review of foam-based fracturing fluids 

applications: From lab studies to field implementations. Journal of Natural Gas Science and Engineering, 95, 104236. 

https://doi:10.1016/j.jngse.2021.104236  

[72] Vecchiolla, D., Giri, V., & Biswal, S. L. (2018). Bubble–bubble pinch-off in symmetric and asymmetric microfluidic 

expansion channels for ordered foam generation. Soft Matter. https://doi:10.1039/c8sm01285g  

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.1002/cphc.201402195
https://doi:10.1016/j.ces.2015.04.053
https://doi:10.1016/j.ces.2008.07.006
https://doi:10.1016/j.cis.2014.07.010
https://doi:10.1039/b822568k
https://doi:10.1016/j.cis.2015.08.008
https://doi.org/10.1016/j.cis.2019.102075
https://doi:10.1016/j.cemconres.2017.04.015
https://doi:10.2118/90939-ms
https://doi.org/10.1177/0144598720983614
https://doi:10.1002/2015WR018499
https://doi:10.1063/5.0044756
https://doi.org/10.3390/eng4040163
https://doi.org/10.1016/j.geoen.2023.211937
https://doi:10.1016/j.jngse.2018.02.017
https://doi:10.1039/c3sm51605a
https://doi:10.1021/acs.langmuir.7b02766
https://doi:10.1016/j.jngse.2021.104236
https://doi:10.1039/c8sm01285g
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[73] Liontas, R., Ma, K., Hirasaki, G. J., & Biswal, S. L. (2013). Neighbor-induced bubble pinch-off: novel mechanisms of 

in situ foam generation in microfluidic channels. Soft Matter, 9(46), 10971. https://doi:10.1039/c3sm51605a  

[74] Benzagouta, M.S., AlNashef, I.M., Karnanda, W. et al. Ionic liquids as novel surfactants for potential use in enhanced 

oil recovery. Korean J. Chem. Eng. 30, 2108–2117 (2013). https://doi.org/10.1007/s11814-013-0137-1  

[75] Madsen, M. D., Coronel, E. G., & Hopkins, B. G. (2013). Soil Surfactant Products for Improving Hydrologic Function 

in Post‐Fire Water‐Repellent Soil. Soil Science Society of America Journal, 77(5), 1825-1830. 

[76] Massarweh, O., & Abushaikha, A. S. (2020). The use of surfactants in enhanced oil recovery: A review of recent 

advances. Energy Reports, 6, 3150–3178. https://doi:10.1016/j.egyr.2020.11.009     

[77] Kume, G., Gallotti, M., & Nunes, G. (2007). Review on Anionic/Cationic Surfactant Mixtures. Journal of Surfactants 

and Detergents, 11(1), 1–11. https://doi:10.1007/s11743-007-1047-1   

[78] Negin, C., Ali, S., & Xie, Q. (2017). Most common surfactants employed in chemical enhanced oil recovery. Petroleum, 

3(2), 197–211. https://doi:10.1016/j.petlm.2016.11.007  

[79] Olajire, A. A. (2014). Review of ASP EOR (alkaline surfactant polymer enhanced oil recovery) technology in the 

petroleum industry: Prospects and challenges. Energy, 77, 963–982. https://doi:10.1016/j.energy.2014.09.005  

[80] Petkova, B., Tcholakova, S., Chenkova, M., Golemanov, K., Denkov, N., Thorley, D., & Stoyanov, S. (2020). 

Foamability of aqueous solutions: Role of surfactant type and concentration. Advances in Colloid and Interface Science, 276, 

102084. https://doi:10.1016/j.cis.2019.102084    

[81] Vinod Kumar, Nilanjan Pal, Anil Kumar Jangir, Dhana Lakshmi Manyala, Dharmesh Varade, Ajay Mandal, Ketan 

Kuperkar,Dynamic interfacial properties and tuning aqueous foamability stabilized by cationic surfactants in terms of their 

structural hydrophobicity, free drainage and bubble extent, Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, Volume 588, 2020, 124362, ISSN 0927-7757, https://doi.org/10.1016/j.colsurfa.2019.124362  

[82] Briceño-Ahumada, Z., Soltero-Martínez, J. F. A., & Castillo, R. (2021). Aqueous foams and emulsions stabilized by 

mixtures of silica nanoparticles and surfactants: A state-of-the-art review. Chemical Engineering Journal Advances, 7, 

100116. https://doi:10.1016/j.ceja.2021.100116   

[83] Hill, C., & Eastoe, J. (2017). Foams: From nature to industry. Advances in Colloid and Interface Science, 247, 496–513. 

https://doi:10.1016/j.cis.2017.05.013   

[84] Vishal, Badri. "Foaming and rheological properties of aqueous solutions: an interfacial study" Reviews in Chemical 

Engineering 39, no. 2 (2023): 271-295. https://doi.org/10.1515/revce-2020-0060  

[85] Shojaei, M. J., Méheust, Y., Osman, A., Grassia, P., & Shokri, N. (2021). Combined effects of nanoparticles and 

surfactants upon foam stability. Chemical Engineering Science, 238, 116601. https://doi:10.1016/j.ces.2021.116601   

[86] Razavi, S. M. H., Shahmardan, M. M., Nazari, M., & Norouzi, M. (2019). Experimental study of the effects of surfactant 

material and hydrocarbon agent on foam stability with the approach of enhanced oil recovery. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 124047. https://doi:10.1016/j.colsurfa.2019.124047     

[87] Li, B., Li, H., Cao, A., & Wang, F. (2019). Effect of surfactant concentration on foam texture and flow characteristics in 

porous media. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 560, 189–197. 

https://doi:10.1016/j.colsurfa.2018.10.02   

[88] Firouzi, M., Howes, T., & Nguyen, A. V. (2015). A quantitative review of the transition salt concentration for inhibiting 

bubble coalescence. Advances in Colloid and Interface Science, 222, 305–318. https://doi:10.1016/j.cis.2014.07.005 

[89] Majeed, T., Kamal, M. S., Zhou, X., & Solling, T. (2021). A Review on Foam Stabilizers for Enhanced Oil Recovery. 

Energy & Fuels, 35(7), 5594–5612. https://doi:10.1021/acs.energyfuels.1c00035    

[90] Osei-Bonsu, K., Shokri, N., & Grassia, P. (2015). Foam stability in the presence and absence of hydrocarbons: From 

bubble- to bulk-scale. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 481, 514–526. 

https://doi:10.1016/j.colsurfa.2015.06.023    

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi:10.1039/c3sm51605a
https://doi.org/10.1007/s11814-013-0137-1
https://doi:10.1016/j.egyr.2020.11.009
https://doi:10.1007/s11743-007-1047-1
https://doi:10.1016/j.petlm.2016.11.007
https://doi:10.1016/j.energy.2014.09.005
https://doi:10.1016/j.cis.2019.102084
https://doi.org/10.1016/j.colsurfa.2019.124362
https://doi:10.1016/j.ceja.2021.100116
https://doi:10.1016/j.cis.2017.05.013
https://doi.org/10.1515/revce-2020-0060
https://doi:10.1016/j.ces.2021.116601
https://doi:10.1016/j.colsurfa.2019.124047
https://doi:10.1016/j.colsurfa.2018.10.02
https://doi:10.1016/j.cis.2014.07.005
https://doi:10.1021/acs.energyfuels.1c00035
https://doi:10.1016/j.colsurfa.2015.06.023
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[91] Ibrahim Youssif M (2023) In-situ Foam Generation: A Superior Method for Enhanced Oil Recovery in Unconventional 

Fractured Reservoirs. Improved Oil Recovery - New Advances [Working Title]. IntechOpen. Available at: 

http://dx.doi.org/10.5772/intechopen.1002695  

[92] Fuchao Zhan, Xiaorui Zhou, Ying Jiang, Jing Li, Bin Li, From an oil with “antifoaming” properties to stabilization for 

foam: A novel approach for establishing a long-term stable foam system, Food Hydrocolloids, Volume 145,2023,109086, 

ISSN 0268-005X, https://doi.org/10.1016/j.foodhyd.2023.109086  

[93] Nanjun Lai, Jun Zhao, Yuanqiang Zhu, Yiping Wen, Yuaojie Huang, Jinghang Han, Influence of different oil types on 

the stability and oil displacement performance of gel foams, Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, Volume 630, 2021, 127674, ISSN 0927-7757, https://doi.org/10.1016/j.colsurfa.2021.127674  

[94] Yu, Y., Soukup, Z. A., & Saraji, S. (2019). An Experimental Study of In-situ Foam Rheology: Effect of Stabilizing and 

Destabilizing Agents. Colloids and Surfaces A: Physicochemical and Engineering Aspects. 

https://doi:10.1016/j.colsurfa.2019.06.014     

[95] Farid Ibrahim, A., & A. Nasr-El-Din, H. (2020). CO2 Foam for Enhanced Oil Recovery Applications. Foams - Emerging 

Technologies. https://doi:10.5772/intechopen.89301   

[96] Denkov, N. D., Marinova, K. G., & Tcholakova, S. S. (2014). Mechanistic understanding of the modes of action of foam 

control agents. Advances in Colloid and Interface Science, 206, 57–67. https://doi:10.1016/j.cis.2013.08.004   

[97] Duan, X., Hou, J., Cheng, T., Li, S., & Ma, Y. (2014). Evaluation of oil-tolerant foam for enhanced oil recovery: 

Laboratory study of a system of oil-tolerant foaming agents. Journal of Petroleum Science and Engineering, 122, 428–438. 

https://doi:10.1016/j.petrol.2014.07.04 

[98] Manikantan, Harishankar, and Todd M. Squires. “Surfactant Dynamics: Hidden Variables Controlling Fluid Flows.” 

Journal of Fluid Mechanics 892 (2020): P1. https://doi.org/10.1017/jfm.2020.170  

[99] Vitasari, D., Cox, S., Grassia, P., & Rosario, R. (2020). Effect of surfactant redistribution on the flow and stability of 

foam films. Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences, 476(2234), 20190637. 

https://doi:10.1098/rspa.2019.0637   

[100] Langevin, D. (2014). Rheology of Adsorbed Surfactant Monolayers at Fluid Surfaces. Annual Review of Fluid 

Mechanics, 46(1), 47–65. https://doi:10.1146/annurev-fluid-010313-141403  

[101] Zeng, Xiaohui, Xuli Lan, Huasheng Zhu, Haichuan Liu, Hussaini Abdullahi Umar, Youjun Xie, Guangcheng Long, 

and Cong Ma. 2020. "A Review on Bubble Stability in Fresh Concrete: Mechanisms and Main Factors" Materials 13, no. 8: 

1820. https://doi.org/10.3390/ma13081820  

[102] Zhou, J., Ranjith, P. G., & Wanniarachchi, W. A. M. (2020). Different strategies of foam stabilization in the use of foam 

as a fracturing fluid. Advances in Colloid and Interface Science, 102104. https://doi:10.1016/j.cis.2020.102104  

[103] Farzaneh, S. A., & Sohrabi, M. (2013). A Review of the Status of Foam Application in Enhanced Oil Recovery. EAGE 

Annual Conference & Exhibition Incorporating SPE Europec. https://doi:10.2118/164917-ms  

[104] Lang, L., Li, H., Wang, X., & Liu, N. (2019). Experimental study and field demonstration of air-foam flooding for 

heavy oil EOR. Journal of Petroleum Science and Engineering, 106659. https://doi:10.1016/j.petrol.2019.106659  

[105] Thakore, V., Ren, F., Wang, H., Wang, J. A. J., & Polsky, Y. (2022). High Temperature, High Pressure Stability of 

Aqueous Foams for Potential Application in Enhanced Geothermal System (EGS). Oak Ridge National Lab.(ORNL), Oak 

Ridge, TN (United States). 

[106] Wang, Y., Zhang, Y., Liu, Y., Zhang, L., Ren, S., Lu, J., … Fan, N. (2017). The stability study of CO 2 foams at high 

pressure and high temperature. Journal of Petroleum Science and Engineering, 154, 234–243. 

https://doi:10.1016/j.petrol.2017.04.029  

[107] Fernø, M. A., Eide, Ø., Steinsbø, M., Langlo, S. A. W., Christophersen, A., Skibenes, A., … Graue, A. (2015). Mobility 

control during CO2 EOR in fractured carbonates using foam: Laboratory evaluation and numerical simulations. Journal of 

Petroleum Science and Engineering, 135, 442–451. https://doi:10.1016/j.petrol.2015.10.005  

[108] SIDDIQUI, Mohammed Abdul Qadeer et GAJBHIYE, Rahul N. Stability and texture of CO2/N2 foam in sandstone. 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2017, vol. 534, p. 26-37. 

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

http://dx.doi.org/10.5772/intechopen.1002695
https://doi.org/10.1016/j.foodhyd.2023.109086
https://doi.org/10.1016/j.colsurfa.2021.127674
https://doi:10.1016/j.colsurfa.2019.06.014
https://doi:10.5772/intechopen.89301
https://doi:10.1016/j.cis.2013.08.004
https://doi:10.1016/j.petrol.2014.07.04
https://doi.org/10.1017/jfm.2020.170
https://doi:10.1098/rspa.2019.0637
https://doi:10.1146/annurev-fluid-010313-141403
https://doi.org/10.3390/ma13081820
https://doi:10.1016/j.cis.2020.102104
https://doi:10.2118/164917-ms
https://doi:10.1016/j.petrol.2019.106659
https://doi:10.1016/j.petrol.2017.04.029
https://doi:10.1016/j.petrol.2015.10.005
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[109] ZITHA, Pacelli LJ et GUO, Hua. Alkali‐surfactant foam improves extraction of oil from porous media. The Canadian 

Journal of Chemical Engineering, 2022, vol. 100, no 6, p. 1411-1416. 

[110] HADIAN NASR, Negar, MAHMOOD, Syed M., AKBARI, Saeed, et al. A comparison of foam stability at varying 

salinities and surfactant concentrations using bulk foam tests and sandpack flooding. Journal of Petroleum Exploration and 

Production Technology, 2020, vol. 10, p. 271-282. 

[111] FARAJZADEH, Rouhollah, ANDRIANOV, Alexey, KRASTEV, Rumen, et al. Foam-oil interaction in porous media: 

Implications for foam assisted enhanced oil recovery. In : SPE EOR Conference at Oil and Gas West Asia. SPE, 2012. p. 

SPE-154197-MS. 

[112] Simjoo, M., Rezaei, T., Andrianov, A., & Zitha, P. L. J. (2013). Foam stability in the presence of oil: Effect of surfactant 

concentration and oil type. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 438, 148–158. 

https://doi:10.1016/j.colsurfa.2013.05.062  

[113] PHUKAN, Ranjan, GOGOI, Subrata Borgohain, et TIWARI, Pankaj. Alkaline-surfactant-alternated-gas/CO2 flooding: 

Effects of key parameters. Journal of Petroleum Science and Engineering, 2019, vol. 173, p. 547-557. 

[114] Memon, Muhammad Khan, Khaled Abdalla Elraies, and Mohammed Idrees Ali Al-Mossawy. "Performance of 

surfactant blend formulations for controlling gas mobility and foam propagation under reservoir conditions." Journal of 

Petroleum Exploration and Production Technology 10 (2020): 3961-3969. 

[115] de Lima, Nicolle Miranda. "Microscale Analysis of Foam Formation and Surfactant-Alternating-Gas Injection in 

Porous Media Micromodels." PhD diss., PUC-Rio, 2021. 

[116] Turta, A. T., & Singhal, A. K. (2002). Field Foam Applications in Enhanced Oil Recovery Projects: Screening and 

Design Aspects. Journal of Canadian Petroleum Technology, 41(10). https://doi:10.2118/02-10-14  

[117] Skauge, A., Aarra, M. G., Surguchev, L., Martinsen, H. A., & Rasmussen, L. (2002). Foam-Assisted WAG: Experience 

from the Snorre Field. Proceedings of SPE/DOE Improved Oil Recovery Symposium. https://doi:10.2523/75157-ms  

[118] Heller, J. P., Boone, D. A., & Watts, R. J. (1985). Testing CO2-Foam for Mobility Control at Rock Creek. SPE Eastern 

Regional Meeting. https://doi:10.2118/14519-ms  

[119] Stephenson, D. J., Graham, A. G., & Luhning, R. W. (1993). Mobility Control Experience in the Joffre Viking Miscible 

CO2 Flood. SPE Reservoir Engineering, 8(03), 183–188. https://doi:10.2118/23598-pa  

[120] Chou, S. I., Vasicek, S. L., Pisio, D. L., Jasek, D. E., & Goodgame, J. A. (1992). CO2 Foam Field Trial at North Ward-

Estes. SPE Annual Technical Conference and Exhibition. https://doi:10.2118/24643-ms  

[121] G. Aarra, M., Skauge, A., Soegnesand, S., & Stenhaug, M. (1995). A Foam Pilot Test Aimed at Reducing Gas Inflow 

in a Production Well at the Oseberg Field. IOR 1995 - 8th European Symposium on Improved Oil Recovery. 

https://doi:10.3997/2214-4609.201406952  

[122] Holm, L. W. (1970). Foam Injection Test in the Siggins Field, Illinois. Journal of Petroleum Technology, 22(12), 1499–

1506. https://doi:10.2118/2750-pa  

[123] Katiyar, Amit , Hassanzadeh, Armin , Patil, Pramod , Hand, Michael , Perozo, Alejandro , Pecore, Doug , Kalaei, Hosein 

, and Quoc Nguyen. "Successful Field Implementation of CO2-Foam Injection for Conformance Enhancement in the 

EVGSAU Field in the Permian Basin." Paper presented at the SPE Improved Oil Recovery Conference, Virtual, August 2020. 

doi: https://doi.org/10.2118/200327-MS  

[124] Liu, P. C., and G. J. Besserer. "Application of Foam Injection in Triassic Pool, Canada: Laboratory and Field Test 

Results." Paper presented at the SPE Annual Technical Conference and Exhibition, Houston, Texas, October 1988. doi: 

https://doi.org/10.2118/18080-MS  

[125] Liu, Y. M., Zhang, L., Ren, S. R., Ren, B., Wang, S. T., & Xu, G. R. (2016). Injection of Nitrogen Foam for Improved 

Oil Recovery in Viscous Oil Reservoirs Offshore Bohai Bay China. SPE Improved Oil Recovery Conference. 

https://doi:10.2118/179584-ms    

[126] Lin, Y., & Yang, G. (2006). A Successful Pilot Application for N2 Foam Flooding in Liaohe Oilfield. SPE Asia Pacific 

Oil & Gas Conference and Exhibition. https://doi:10.2118/101188-ms  

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi:10.1016/j.colsurfa.2013.05.062
https://doi:10.2118/02-10-14
https://doi:10.2523/75157-ms
https://doi:10.2118/14519-ms
https://doi:10.2118/23598-pa
https://doi:10.2118/24643-ms
https://doi:10.3997/2214-4609.201406952
https://doi:10.2118/2750-pa
https://doi.org/10.2118/200327-MS
https://doi.org/10.2118/18080-MS
https://doi:10.2118/179584-ms
https://doi:10.2118/101188-ms
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[127] Patzek, T. W., & Koinis, M. T. (1990). Kern River steam-foam pilots. Journal of Petroleum Technology, 42(04), 496-

503. 

[128] Friedmann, F., Smith, M. E., Guice, W. R., Gump, J. M., & Nelson, D. G. (1994). Steam-foam mechanistic field trial 

in the midway-sunset field. SPE Reservoir Engineering, 9(04), 297-304. 

[129] Hirasaki, George J.. "The Steam-Foam Process." J Pet Technol 41 (1989): 449–456. doi: https://doi.org/10.2118/19505-

PA  

[130] Delamaide, E., Cuenca, A., & Chabert, M. (2016). State of the Art Review of the Steam Foam Process. SPE Latin 

America and Caribbean Heavy and Extra Heavy Oil Conference. https://doi:10.2118/181160-ms  

[131] Holm, L. W., & Garrison, W. H. (1988). CO2 diversion with foam in an immiscible CO2 field project. SPE Reservoir 

Engineering, 3(01), 112-118. 

[132] Hoefner, M. L., & Evans, E. M. (1995). CO2 foam: results from four developmental field trials. SPE Reservoir 

Engineering, 10(04), 273-281. 

[133] Katiyar, A., Patil, P. D., Rohilla, N., Rozowski, P., Evans, J., Bozeman, T., & Nguyen, Q. (2019, July). October. 

Industry-first hydrocarbon-foam EOR pilot in an unconventional reservoir: design, implementation, and performance 

analysis. In Unconventional Resources Technology Conference, Denver, Colorado (pp. 22-24). 

[134] Jonas, T. M., Chou, S. I., & Vasicek, S. L. (1990, September). Evaluation of a C02 Foam Field Trial: Rangely Weber 

Sand Unit. In SPE Annual Technical Conference and Exhibition? (pp. SPE-20468). SPE. 

[135] Ocampo-Florez, A., Restrepo, A., Rendon, N., Coronado, J., Correa, J. A., Ramirez, D. A., ... & Lopera, S. H. (2014, 

December). Foams prove effectiveness for gas injection conformance and sweep efficiency improvement in a low porosity 

fractured reservoir–field pilots. In International Petroleum Technology Conference (pp. IPTC-17950). IPTC. 

[136] Keijzer, P. P. M., Muijs, H. M., Janssen-van, R. Rosmalen, Teeuw, D., Pino, H., Avila, J., and L. Rondon. "Application 

of Steam Foam in the Tia Juana Field, Venezuela: Laboratory Tests and Field Results." Paper presented at the SPE Enhanced 

Oil Recovery Symposium, Tulsa, Oklahoma, April 1986. doi: https://doi.org/10.2118/14905-MS  

[137] Sanders, A. W., Jones, R. M., Linroth, M. A., & Nguyen, Q. P. (2012). Implementation of a CO2 Foam Pilot Study in 

the SACROC Field: Performance Evaluation. SPE Annual Technical Conference and Exhibition. https://doi:10.2118/160016-

ms  

[138] Mukherjee, J., Nguyen, Q. P., Scherlin, J., Vanderwal, P., & Rozowski, P. (2016). CO2 Foam Pilot in Salt Creek Field, 

Natrona County, WY: Phase III: Analysis of Pilot Performance. SPE Improved Oil Recovery Conference. 

https://doi:10.2118/179635-ms  

[139] Elliot, C. S., Aldea, C. H., Calarasu, D., Teisanu, F. L., Jiboteanu, M., & Gutu, G. (1991, May). Field trial results 

obtained with a foam block during a steam drive experiment in the Romanian Levantine-moreni Reservoir. In IOR 1991-6th 

European Symposium on Improved Oil Recovery (pp. cp-44). European Association of Geoscientists & Engineers. 

[140] Chad, J., Malsalla, P., & Novosad, J. J. (1988). Foam Forming Surfactants In Pembina/Ostracod 'G' Pool. Annual 

Technical Meeting. https://doi:10.2118/88-39-40  

[141] Kuehne, D. L., Ehman, D. I., Emanuel, A. S., & Magnani, C. F. (1990). Design and evaluation of a nitrogen-foam field 

trial. Journal of petroleum technology, 42(04), 504-512. 

[142] Kazemzadeh, Y., Shojaei, S., Riazi, M., & Sharifi, M. (2019). Review on application of nanoparticles for EOR purposes: 

A critical review of the opportunities and challenges. Chinese Journal of Chemical Engineering, 27(2), 237-246. 

[143] Yusong Zhang, Qi Liu, Hang Ye, LeiLei Yang, Dan Luo, Bo Peng, Nanoparticles as foam stabilizer: Mechanism, control 

parameters and application in foam flooding for enhanced oil recovery, Journal of Petroleum Science and Engineering, 

Volume 202, 2021, 108561, ISSN 0920-4105, https://doi.org/10.1016/j.petrol.2021.108561  

[144] Agista, M. N., Guo, K., & Yu, Z. (2018). A state-of-the-art review of nanoparticles application in petroleum with a 

focus on enhanced oil recovery. Applied Sciences, 8(6), 871. 

[145] Afekare, D., Gupta, I., & Rao, D. (2020). Nanoscale investigation of silicon dioxide nanofluids and implications for 

enhanced oil recovery–An atomic force microscope study. Journal of Petroleum Science and Engineering, 191, 107165. 

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.2118/19505-PA
https://doi.org/10.2118/19505-PA
https://doi:10.2118/181160-ms
https://doi.org/10.2118/14905-MS
https://doi:10.2118/160016-ms
https://doi:10.2118/160016-ms
https://doi:10.2118/179635-ms
https://doi:10.2118/88-39-40
https://doi.org/10.1016/j.petrol.2021.108561
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[146] Bhatt, S., Saraf, S., & Bera, A. (2023). Perspectives of Foam Generation Techniques and Future Directions of 

Nanoparticle-Stabilized CO2 Foam for Enhanced Oil Recovery. Energy & Fuels, 37(3), 1472-1494. 

[147] Ngouangna, E. N., Jaafar, M. Z., Norddin, M. M., Agi, A., Oseh, J. O., & Mamah, S. (2022). Surface modification of 

nanoparticles to improve oil recovery Mechanisms: A critical review of the methods, influencing Parameters, advances and 

prospects. Journal of Molecular Liquids, 360, 119502. 

[148] Yekeen, N., Manan, M. A., Idris, A. K., Samin, A. M., & Risal, A. R. (2017). Experimental investigation of minimization 

in surfactant adsorption and improvement in surfactant-foam stability in presence of silicon dioxide and aluminum oxide 

nanoparticles. Journal of Petroleum Science and Engineering, 159, 115–134. https://doi:10.1016/j.petrol.2017.09.021   

[149] Youjie Sheng, Yunchuan Peng, Canbin Yan, Yang Li, Li Ma, Qiuhong Wang, Shanwen Zhang, Influence of 

nanoparticles on rheological properties and foam properties of mixed solutions of fluorocarbon and hydrocarbon surfactants, 

Powder Technology, Volume 398, 2022, 117067, ISSN 0032-5910, https://doi.org/10.1016/j.powtec.2021.117067  

[150] Youjie Sheng, Yunchuan Peng, Shanwen Zhang, Ying Guo, Li Ma, Hanling Zhang, Thermal stability of foams stabilized 

by fluorocarbon and hydrocarbon surfactants in presence of nanoparticles with different specific surface areas, Journal of 

Molecular Liquids, Volume 365, 2022, 120187, ISSN 0167-7322, https://doi.org/10.1016/j.molliq.2022.120187  

[151] Bayat, A. E., Rajaei, K., & Junin, R. (2016). Assessing the effects of nanoparticle type and concentration on the stability 

of CO2 foams and the performance in enhanced oil recovery. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 511, 222-231. https://doi:10.1016/j.colsurfa.2016.09.083  

[152] Yang, W., Wang, T., & Fan, Z. (2017). Highly Stable Foam Stabilized by Alumina Nanoparticles for EOR: Effects of 

Sodium Cumene sulfonate and Electrolyte Concentrations. Energy & Fuels, 31(9), 9016–9025. 

https://doi:10.1021/acs.energyfuels.7b01248  

[153] Worthen, Andrew J., Bagaria, Hitesh G., Chen, Yunshen , Bryant, Steven L., Huh, Chun , and Keith P. Johnston. 

"Nanoparticle Stabilized Carbon Dioxide in Water Foams for Enhanced Oil Recovery." Paper presented at the SPE Improved 

Oil Recovery Symposium, Tulsa, Oklahoma, USA, April 2012. doi: https://doi.org/10.2118/154285-MS  

[154] Risal, A. R., Manan, M. A., Yekeen, N., Azli, N. B., Samin, A. M., & Tan, X. K. (2018). Experimental investigation of 

enhancement of carbon dioxide foam stability, pore plugging, and oil recovery in the presence of silica nanoparticles. 

Petroleum Science. https://doi:10.1007/s12182-018-0280-8  

[155] Singh, R., & Mohanty, K. K. (2017). Foam flow in a layered, heterogeneous porous medium: A visualization study. 

Fuel, 197, 58–69. https://doi:10.1016/j.fuel.2017.02.019  

[156] Singh, Robin , and Kishore K. Mohanty. "Nanoparticle-Stabilized Foams for High-Temperature, High-Salinity Oil 

Reservoirs." Paper presented at the SPE Annual Technical Conference and Exhibition, San Antonio, Texas, USA, October 

2017. doi: https://doi.org/10.2118/187165-MS  

[157] Yekeen, N., Manan, M. A., Idris, A. K., Samin, A. M., & Risal, A. R. (2017). Experimental investigation of minimization 

in surfactant adsorption and improvement in surfactant-foam stability in presence of silicon dioxide and aluminum oxide 

nanoparticles. Journal of Petroleum Science and Engineering, 159, 115–134. https://doi:10.1016/j.petrol.2017.09.021  

[158] Singh, R., & Mohanty, K. K. (2014). Foams Stabilized by In-Situ Surface Activated Nanoparticles in Bulk and Porous 

Media. SPE Annual Technical Conference and Exhibition. https://doi:10.2118/170942-ms  

[159] Singh, R., & Mohanty, K. K. (2015). Synergy between Nanoparticles and Surfactants in Stabilizing Foams for Oil 

Recovery. Energy & Fuels, 29(2), 467–479. https://doi:10.1021/ef5015007   

[160] Kalyanaraman, N., Arnold, C., Gupta, A., Tsau, J. S., & Ghahfarokhi, R. B. (2016). Stability improvement of CO2foam 

for enhanced oil-recovery applications using polyelectrolytes and polyelectrolyte complex nanoparticles. Journal of Applied 

Polymer Science, 134(6). https://doi:10.1002/app.44491  

[161] Singh, R., Gupta, A., Mohanty, K. K., Huh, C., Lee, D., & Cho, H. (2015). Fly Ash Nanoparticle-Stabilized CO2-in-

Water Foams for Gas Mobility Control Applications. SPE Annual Technical Conference and Exhibition. 

https://doi:10.2118/175057-ms  

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi:10.1016/j.petrol.2017.09.021
https://doi.org/10.1016/j.powtec.2021.117067
https://doi.org/10.1016/j.molliq.2022.120187
https://doi:10.1016/j.colsurfa.2016.09.083
https://doi:10.1021/acs.energyfuels.7b01248
https://doi.org/10.2118/154285-MS
https://doi:10.1007/s12182-018-0280-8
https://doi:10.1016/j.fuel.2017.02.019
https://doi.org/10.2118/187165-MS
https://doi:10.1016/j.petrol.2017.09.021
https://doi:10.2118/170942-ms
https://doi:10.1021/ef5015007
https://doi:10.1002/app.44491
https://doi:10.2118/175057-ms
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[162] Yu, Jianjia, Liu, Ning, Li, Liangxiong, and Robert L. Lee. "Generation of Nanoparticle-Stabilized Supercritical CO2 

Foams." Paper presented at the Carbon Management Technology Conference, Orlando, Florida, USA, February 2012. doi: 

https://doi.org/10.7122/150849-MS  

[163] Wang, S., Chen, C., Kadum, M. J., Shiau, B.-J., & Harwell, J. H. (2017). Enhancing foam stability in porous media by 

applying nanoparticles. Journal of Dispersion Science and Technology, 39(5), 734–743. 

https://doi:10.1080/01932691.2017.1388175   

[164] Xu, Z., Li, B., Zhao, H., He, L., Liu, Z., Chen, D., … Li, Z. (2020). Investigation of the Effect of Nanoparticle-Stabilized 

Foam on EOR: Nitrogen Foam and Methane Foam. ACS Omega, 5(30), 19092–19103. 

https://doi:10.1021/acsomega.0c02434  

[165] Farhadi, H., Riahi, S., Ayatollahi, S., & Ahmadi, H. (2016). Experimental study of nanoparticle-surfactant-stabilized 

CO2 foam: Stability and mobility control. Chemical Engineering Research and Design, 111, 449–460. 

https://doi:10.1016/j.cherd.2016.05.024  

[166] Mo, D., Yu, J., Liu, N., & Lee, R. L. (2012). Study of the Effect of Different Factors on Nanoparticle-Stablized CO2 

Foam for Mobility Control. SPE Annual Technical Conference and Exhibition. https://doi:10.2118/159282-ms  

[167] Espinoza, D., Caldelas, F., Johnston, K., Bryant, S., & Huh, C. (2010). Nanoparticle-Stabilized Supercritical CO2 

Foams for Potential Mobility Control Applications. Proceedings of SPE Improved Oil Recovery Symposium. 

https://doi:10.2523/129925-ms  

[168] Yu, J., An, C., Mo, D., Liu, N., & Lee, R. L. (2012). Foam Mobility Control for Nanoparticle-Stabilized Supercritical 

CO2 Foam. SPE Improved Oil Recovery Symposium. https://doi:10.2118/153336-ms  

[169] Aroonsri, A., Worthen, A. J., Hariz, T., Johnston, K. P., Huh, C., & Bryant, S. L. (2013). Conditions for Generating 

Nanoparticle-Stabilized CO2 Foams in Fracture and Matrix Flow. SPE Annual Technical Conference and Exhibition. 

https://doi:10.2118/166319-ms    

[170] Yekeen, N., Idris, A. K., Manan, M. A., Samin, A. M., Risal, A. R., & Kun, T. X. (2017). Bulk and bubble-scale 

experimental studies of influence of nanoparticles on foam stability. Chinese Journal of Chemical Engineering, 25(3), 347–

357. https://doi:10.1016/j.cjche.2016.08.012  

[171] Eftekhari, A. A., Krastev, R., & Farajzadeh, R. (2015). Foam Stabilized by Fly Ash Nanoparticles for Enhancing Oil 

Recovery. Industrial & Engineering Chemistry Research, 54(50), 12482–12491. https://doi:10.1021/acs.iecr.5b03955  

[172] AlYousef, Z., Almobarky, M., & Schechter, D. (2017, July). Surfactant and a Mixture of Surfactant and Nanoparticles 

Stabilized-CO2/Brine Foam for Gas Mobility Control and Enhance Oil Recovery. In Carbon Management Technology 

Conference (pp. CMTC-486622). CMTC. https://doi.org/10.1007/s13202-019-0695-9  

[173] Ibrahim, A. F., Emrani, A., & Nasraldin, H. (2017, July). Stabilized CO2 foam for EOR applications. In Carbon 

Management Technology Conference (pp. CMTC-486215). CMTC. https://doi.org/10.7122/486215-MS  

[174] Nguyen, P., Fadaei, H., & Sinton, D. (2014, June). Nanoparticle stablized CO2 in water foam for mobility control in 

enhanced oil recovery via microfluidic method. In SPE Heavy Oil Conference-Canada. OnePetro. 
https://doi.org/10.2118/170167-MS  

[175] Manan, M. A., Farad, S., Piroozian, A., & Esmail, M. J. A. (2015). Effects of nanoparticle types on carbon dioxide 

foam flooding in enhanced oil recovery. Petroleum Science and Technology, 33(12), 1286-1294. 
https://doi.org/10.1080/10916466.2015.1057593  

[176] Sun, Q., Li, Z., Li, S., Jiang, L., Wang, J., & Wang, P. (2014). Utilization of surfactant-stabilized foam for enhanced oil 

recovery by adding nanoparticles. Energy & Fuels, 28(4), 2384-2394. https://doi.org/10.1021/ef402453b  

[177] Mo, D., Jia, B., Yu, J., Liu, N., & Lee, R. (2014, April). Study nanoparticle-stabilized CO2 foam for oil recovery at 

different pressure, temperature, and rock samples. In SPE Improved Oil Recovery Symposium. OnePetro. 
https://doi.org/10.2118/169110-MS  

[178] Nguyen, P., Fadaei, H., & Sinton, D. (2014). Pore-scale assessment of nanoparticle-stabilized CO2 foam for enhanced 

oil recovery. Energy & Fuels, 28(10), 6221-6227. https://doi.org/10.1021/ef5011995  

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.7122/150849-MS
https://doi:10.1080/01932691.2017.1388175
https://doi:10.1021/acsomega.0c02434
https://doi:10.1016/j.cherd.2016.05.024
https://doi:10.2118/159282-ms
https://doi:10.2523/129925-ms
https://doi:10.2118/153336-ms
https://doi:10.2118/166319-ms
https://doi:10.1016/j.cjche.2016.08.012
https://doi:10.1021/acs.iecr.5b03955
https://doi.org/10.1007/s13202-019-0695-9
https://doi.org/10.7122/486215-MS
https://doi.org/10.2118/170167-MS
https://doi.org/10.1080/10916466.2015.1057593
https://doi.org/10.1021/ef402453b
https://doi.org/10.2118/169110-MS
https://doi.org/10.1021/ef5011995
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/


[179] Azizi, A., Husin, H., Ghazali, N. A., Khairudin, M. K., Sauki, A., Alias, N. H., & Tengku Mohd, T. A. (2015). 

Nanoparticles stabilized carbon dioxide foams in sandstone and limestone reservoir. Advanced Materials Research, 1119, 

170-174. https://doi.org/10.4028/www.scientific.net/AMR.1119.170  

[180] Yu, J., Mo, D., Liu, N., & Lee, R. (2013, April). The application of nanoparticle-stabilized CO foam for oil recovery. 

In SPE International Symposium on Oilfield Chemistry. OnePetro. https://doi.org/10.2118/164074-MS  

 

 

 

This content has been retracted.
https://doi.org/10.26434/chemrxiv-2024-dxgz3 ORCID: https://orcid.org/0000-0002-4920-9679 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.4028/www.scientific.net/AMR.1119.170
https://doi.org/10.2118/164074-MS
https://doi.org/10.26434/chemrxiv-2024-dxgz3
https://orcid.org/0000-0002-4920-9679
https://creativecommons.org/licenses/by/4.0/

