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Abstract 
This review article discusses the physical characteristics of surfactants and how crucial they are to contemporary science and technology. Surfactants are surface active agents, commonly referred to as "active at the surface." Surfactants are materials with an adsorption capacity at surfaces and interfaces. A distinct class of chemical substances is comprised of surfactants. Chemical surfactants come in a variety of forms and are typically categorised according to the charge of the surface-active molecules, which can be anionic, non-ionic, cationic, or amphoteric. Due to their superior physicochemical features and capacities for effective adsorption, solubilization, dispersion, suspension, and transportation, among other things, surfactants have been the subject of a lot of interest. By mixing the correct additives, such as “salts, polymers, co-solvents, ionic liquids, and other additives,” the characteristics of the surfactant self-assembled nanostructures can be successfully modified for desired applications. They have a “polar head group and a non-polar hydrophobic tail” as part of their structure.  These nanostructures have shown a wide range of potential applications, nanoscience, pharmaceutics, including synthesis, catalysis, separation and extraction, etc. The primary capability of surfactant molecules is the formation of self-aggregating micelles, which give rise to the ability to use the surfactants. The study of surfactants opens up a variety of fields for employment, including “food, health and personal care goods, biological systems, nanotechnology, mineral and petroleum processing” etc.   
Keywords: Surfactants, micelle, CMC, self-aggregate, surfactants in biological system. 
1.Introduction
Surfactants are “surface active agents”, commonly referred to as "active at the surface." Surfactants are materials with an adsorption capacity at surfaces and interfaces, when any two immiscible phases are connected by an interface and any one phase, such as air, is a gas, the interface is referred to as the surface [1-2]. The following are some illustrations of surfaces and interfaces: Liquid - Liquid, Solid - Solid, and Solid - Solid interfaces Liquid - Vapour (surface), are all possible. Surfactant molecules can lessen the surface tension between two liquids or between a liquid and a solid. These might serve as emulsifiers, dispersants, and wetting agents. A polar head group plus a non-polar hydrophobic tail group make up surfactants. 
The following are some illustrations of surfaces and interfaces: Liquid - Liquid, Solid - Solid, and Solid - Solid interfaces Liquid - Vapour (surface), Surfactant monomers can join together to produce micelles, which are colloidal-sized clusters (CSCs) with sizes ranging from 1 to 100 nm, in liquids. Micelle formation occurs within the range of surfactant concentrations referred to as the critical micelle concentration (CMC) [3–4]. The surfactant monomers in the solution scatter below this concentration. Surfactant self-assembled nanostructures, such as conventional micelles, reverse micelles, and micro-emulsions, have major significance because of the broad variety of potential applications in several scientific and technical fields. 
Water's surface tension can be decreased by surfactants and other amphiphilic compounds acting as surface active agents. As antiseptics, foaming agents, emulsifiers, dispersants, and corrosion inhibitors, surface-active compounds are often used [5]. Salts, co-solvents, polymers, ionic liquids, and other additives can be used with the right additives to successfully modify the properties of these surfactant self-assembled nanostructures for specific purposes.  
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Fig-1 structure of surfactant molecule

2.Classified of surfactants 
Surfactants are available in many forms, and are generally classified based on charge of the surface-active molecules such as anionic, non-ionic, cationic and amphoteric. 
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Fig:2 types of surfactants and their structure 
2.1 Anionic surfactants 
Anionic surfactants are made up of anionic functional groups like sulphate, sulfonate, phosphate, and carboxylate. The majority of detergent formulations contain anionic surfactants, which we use more frequently than any other kind of surfactant. The best detergency is provided by alkyl and alkyl-aryl chains with a length of C12–C18 [6-7]. Soaps are anionic surfactants produced by saponifying natural oils and fats, making them the most prevalent type of surfactant. The metal salt of an alkali carboxylic acid that was originally generated from plant- or animal-based fats is referred to as "soap" in this context. The bulk of the time, the base of soap bars is a mixture of tallow and coconut fatty acids.
2.2 Cationic surfactants 
In this category, the hydrophilic element is positively charged. It sticks to surfaces and may have softening, antistatic, soil-repelling, antibacterial, or corrosion-inhibiting properties despite the fact that this group doesn't have any wash activity. In many typical uses, they serve as softeners (fabric softeners) and antistatic. The counter ion of cationic surfactants is often a halide or methyl sulphate [8]. The pH affects the primary, secondary, or tertiary amines.
2.3 Non-ionic surfactants 
Hydrophilic components that are not charged are present in non-ionic surfactants. These substances work well for cleaning and are unaffected by the water's hardness. They are frequently found in cleaning detergents and belong to classes like fatty alcohol polyglycosides and alcohol ethoxylates. Some surfactant properties are present in long chain alcohols [9]. The most common varieties of these are fatty alcohols, cetyl alcohol, stearyl alcohol, cetostearyl alcohol (mostly composed of cetyl and stearyl alcohols), and oleyl alcohol.
2.4 Zwitterionic surfactants 
Two groups (anionic and cationic) with opposing charges make up a zwitterionic surfactant. Although zwitterions are usually described as "amphoteric," these ideas are separate. A surfactant that undergoes a pH change from low to high and transforms from a net cation to a net anion via Zwitterion is called an amphoteric surfactant. Because neither the acid nor the base sites are always charged, the molecule is only Zwitterionic across a limited pH range. At the isoelectric point, the physicochemical behaviour usually resembles that of non-ionic surfactants [10]. Below and above the isoelectric point, there is a continuous transition towards the cation and anion character, respectively. A subgroup called Zwitterion is renowned for having outstanding dermatological skills. The following are some illustrations of surfaces and interfaces: Liquid - Liquid, Solid - Solid, and Solid - Solid interfaces Liquid - Vapour (surface), They cause minor skin and eye irritation. The use of them in shampoo and other personal care (cosmetic) products is so appropriate. Surfactants that are zwitterionic (amphoteric) include both cation and anion centres connected to the same molecule. Primary, secondary, or tertiary amines or quaternary ammonium cations are required for the cation component.
	Types of surfactants 
	Example
	Uses 

	Anionic 
	Alkyl sulfates, soap, calsoft, texapon
	50% of overall industrial production, laundry detergent, dishwashing liquid, shampoos.

	Cationic 
	Quaternary ammonium salts
	Used together with nonionic surfactant but not with anionic, softness in textiles, anti-static additives.

	Nonionic 
	Ethoxylated aliphatic alcohol, polyoxyethylene surfactants, triton x-100, span, tergitol.
	45% of overall industrial production, a wetting agent in coatings, food ingredients.

	Zwitterionic 
	Betaines, amphoacetates.
	Expensive, special use e.g. cosmetic.
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Fig:3 Molecular structure of surfactants 
3. Physicochemical properties of surfactants 
Surfactant have their excellent physicochemical qualities and capacities for effective adsorption, solubilization, dispersion, suspension, and transportation, among other things, surfactants have drawn a lot of interest.
3.1 Hydrophilicity and Hydrophobicity of Surfactant Molecules 
The hydrophilic functional group of surfactant molecules has a strong affinity for interacting with polar materials such as water, metals, and other ions. Surfactants frequently stick to metal surfaces, obstruct active areas such those near corrosive fluid exposure, and so limit the attack of corrosion [11]. Current theories suggest that the surfactant adsorption mechanism is dominated by the structure of heterocyclic surfactant molecules. The surfactant concentration at which a monolayer of molecules sticks to and covers a metal surface is known as the surface aggregation concentration. A rise in surfactant concentration favours the formation of surface bilayers or multilayers. Surfactant molecules can also form clusters in the aqueous phase at the solubility saturation point, where they typically point their hydrophilic head groups towards water or hydrophilic surfaces and their hydrophobic tails towards other surfactant molecules.
3.2 Surface Tension 
“Surface tension” is the product of cohesive energy in molecules. Water molecules communicate with one another in aqueous media through hydrogen bonding and van der Waals forces. However, the hydrogen bonding is insufficient above the air-water barrier. Van der Waals interactions at the interface are further weakened by the absence of interacting molecules in the air phase [12]. As a result, molecules at the air-water interface have more energy available and fewer opportunities to form bonds than those present in the bulk phase. This added energy is what creates surface tension. The name "surfactant" derives from the term "surface-active agent," which lowers surface tension, in accordance with this. Surface tension is predicted to be higher in substances having higher cohesive energies between water molecules at the air-water interface.[image: ]
Fig-4 Solution of surfactant

3.3 Krafft point 
The following are some illustrations of surfaces and interfaces: Liquid - Liquid, Solid - Solid, and Solid - Solid interfaces Liquid - Vapour (surface), Surfactant molecules do not considerably dissolve in aqueous solutions below the Krafft point. Above the Krafft point or temperature, surfactants can form micelles, greatly increasing their total solubility [13]. 
[image: ]
Fig-5 Temperature, total surfactant concentration, and their interactions with surfactant states are all compared. adjacent to the axes, arrows Point at the direction of the increase.
3.4 The Surfactant States 
Liquid - Liquid, Solid - Solid, and Solid - Solid interfaces Liquid - Vapour (surface), Surfactants are capable of arranging themselves into several phases or states. Concentration and surfactant phase or condition are frequently closely related. The quantitative connections between micelle concentration, related cmc, monomer concentration, and total surfactant concentration [14] show that monomeric surfactants assemble into micelle-like structures when surfactant concentration climbs over the cmc. Surfactants can also form gels and micelles at the gel temperature. Surfactants can also result in the formation of liquid crystals. The gel state exists between the liquid crystal phase and the solid state. At high temperatures, the solubility of some surfactants is restricted. Because of greater energy levels and conformational changes in the surfactant's structure, there is less hydrogen bonding with water as a result of this decrease [15]. 
3.5 Microemulsions 
Fluids that include micelles are similar to microemulsions. They are simply micelles that have been inflated and contain liquid droplets that range in size from 5 to 100 nm. They can exist in an oil continuous phase with nanoscale water droplets inside of a surfactant shell or in an oil continuous phase with oil droplets inside of a water continuous phase with surfactant shell. Microemulsions, which combine water, oil, and alcohol with an ionic surfactant, have many uses [16]. A microemulsion is a type of thermodynamically stable emulsion. 
3.6 Adsorption at Surface 
3.6.1 “Adsorption”
Adsorption of the surfactant is necessary for the surface to be covered with surfactants. a typical explanation for the ionic surfactant's adsorption on negatively and positively charged substrates.
3.6.2 Adsorption Isotherms 
The most used adsorption models are the Stern Adsorption model, van der WaalsStern model, Temkin model, Freundlich model, Frumkin model, Flory-Huggins model, Dhar-Flory-Huggins model, Bockris-Swinkels model, and Bockris-Devanathan Muller model [17]. The Langmuir adsorption isotherm assumes that all surface adsorption sites are comparable, regardless of whether surrounding sites are occupied.
3.6.3 Adsorption Kinetics 
Due to desorption, the surfactant concentration in aqueous solution diminishes with time. In order to optimise the frequency of surfactant injections and ensure efficient surfactant adsorption and surface coverage, it is essential to understand the adsorption and desorption kinetics of surfactants [18]. Both the concentration of the surfactant and the concentration of competing ions have an impact on the extent and rate of adsorption of many surfactants. [image: ]
Fig-6 Adsorption of surfactant at the surface of water. 

3.7 The Surfactant Partitioning Between Water and Oil 
Different types of surfactant molecules form in water, oil, and their mixtures. In an oil and water solution, surfactant molecules have been found to be in equilibrium in a number of different forms. A surfactant can interact with hydrogen ions or metal ions to make hydrogenated compounds and metal salts, as well as adsorb on solid surfaces to form dimers and micelles. It can also divide into the aqueous and oil phases [19]. When an aqueous surfactant solution comes into contact with an immiscible organic liquid, such as oil, the surfactant monomers may prefer partitioning into the organic liquid until equilibrium between the two liquids is reached.[image: ]
Fig-7 Surfactant as stabilizer oil/water.
3.8 The Surfactant Precipitate and Colloid Formation 
In solutions, ionic surfactants typically interact with other ions. Surfactants can react to produce precipitates when they come into contact with reactive counter ions. It is common for oil droplets to develop when certain surfactants, including carboxylates, combine with hydrogen ions to generate carboxylic acid. Additionally, carboxylates can interact with other species that are positively charged, such as calcium or magnesium ions, to produce colloidal, solid particles that are hydrophobic and behave like miniature wax particles. Water solubility is significantly decreased during the precipitation process that produces neutral molecules. However, nonpolar solvents like oils frequently make the hydrophobic colloidal precipitate particles liquid. Precipitation thus substantially favours the lipophilic or oil phase and has a very noticeable effect on phase partition [20]. Ionic surfactants interact with hydrogen ion, hydroxide ion, and other ions. 
3.9 The Salt/Ion Effects on Surfactant Behaviour 
The aqueous phase in oil fields typically contains mixtures of different inorganic salts, which affect surfactant-related processes like aggregation, adsorption, partitioning, surfactant ion pair, hydration, and thus affect corrosion inhibition. These processes not only promote the corrosion of metal in certain ways [21]. This should be considered in any modelling and experimental evaluation work. 
3.10 Micelle
Surfactant molecules are forced to band together above the cmc to create micelle-like structures. A micelle typically consists of tens to hundreds of surfactant molecules. The quantity of surfactant monomers contained within a micelle is indicated by the aggregation number. The molecular weight of a micelle can be calculated by merely multiplying the aggregation number by the molecular weight of the surfactant monomer. The number of surfactants that aggregate depends on several factors, including temperature, hydrophobic chain lengths, head group properties, and ionic strength. Increasing ionic strength increases the tendency for aggregation by reducing the interaction between ionic head groups and enhancing the attraction of the hydrophobic tail to the aqueous medium. On the other hand, micelles form and split apart in milliseconds [22]. But as the surfactant concentration and the surfactant's size and properties change, these time scales drastically alter. Micelle aggregates can take the forms of vesicles, rod-like or cylindrical micelles, spherical micelles, hemimicelles, plate-like micelles, and more. The arrangement of the surfactant's hydrocarbon chain in a micelle is what determines its shape. 
[image: ]
                                                 Fig-8 Micelle 
3.11 Critical Micelle Concentration (CMC): 
The concentration of surfactants (amphiphilic molecules) over which micelles form is known as the critical micelle concentration (CMC). Micelle nanoparticles are 5 to 100 nm in size. An essential quality of a surfactant is its CMC. These molecules begin to form the micellar structure at this concentration thanks to the reduction in free energy driving assembly. Temperature, pressure, and (in some cases strongly) the presence and concentration of additional surface-active compounds and electrolytes all affect the CMC value for a specific dispersant in a given medium [23]. Only at temperatures over the crucial micelle or Kraft temperature do micelles develop. Micelles cannot form below the Kraft temperature.

4. Applications of the “Surfactants” 
The surfactant is a crucial component of cleaning, wetting, dispersing, emulsifying, foaming, and anti-foaming agents and is used in a wide range of goods, some of which are listed below: 
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Fig: Application of surfactants 
4.1 Surfactants in crop protection 
4.2 Surfactants in foods 
4.3 Surfactant and wetting 
4.4 Ore flotation 
4.5 Surfactants and detergency 
4.6 Surfactants in respiratory distress therapy 
4.7 Surfactants for contact lens cleaning 
4.8 Surfactants in hard gelatin capsules 
4.9 Solubilization of Drugs 
4.10 Inhibition of Corrosion 
4.11 Gene therapy 
4.12 Surfactant in Nanotechnology 
4.13 Surfactants in health and personal care products 
4.14 demulsification. 
4.15 Industrial foams. 
4.16 Oil flotation. 
4.17 Foams in harsh environments
4.18 Defoaming. 
4.19 Emulsions 
4.20 emulsions in petroleum production

4.1 Surfactants in crop protection 
Pesticides, herbicides, fungicides, and insecticides are categorised as crop protection products. The stability and effectiveness of pesticides are significantly influenced by their formulation. Crop protection products are now being developed to be stronger, safer for users, less harmful to the environment, easier to use, and more effective when applied. Colloid and interface science has an impact on every area of application for sprayed items. Spray droplets first hit the surface of the leaf, forming a foliar deposit from which the pesticide enters the leaf or comes into touch with the insect [24]. The applicator nozzle, the physical characteristics of the spray fluid, and the motion of the sprayer vehicle all have an impact on the spray pattern. The formulation affects the droplets' effect and retention, the duration of the deposit, and the readiness of the active ingredient to enter the plant. Effectiveness is also influenced by environmental variables as temperature, humidity, wind, sunlight, and rainfall.
4.2 Surfactants in foods 
The extraction of cholesterol, the solubilization of oils, the liquor emulsification, the prevention of component separation, and the solubilization of key nutrients are all processes that are aided by surfactants, which are also used in the preparation of many common food items. Ice cream, a partially frozen foam that contains 40–50% air (by volume), is one well-known example. Making an emulsion is the first stage in the ice cream formulation process. Under moderate pressure (about 15 to 19 MPa), the homogenization process pushes hot substances (milk fats, milk solids-no fat, sweeteners, corn-syrup solids, stabilizers/emulsifiers, and other dry solids) through tiny orifices. The consistency of droplet sizes leads to smoother, more consistent final products, improved whipping ability, and more stable fat droplets throughout time [25]. In order to allow for a broad surface area for protein adsorption (which in turn stabilises the emulsion to coalescence), the fat droplet diameters decrease to 0.4 to 2.0 micrometres.
4.3 The surfactant & wetting 
If a liquid drop has just a weak affinity for the surface, that is, if its surface tension is higher than the surface's critical surface tension (c), a bead will form on the surface. On the other hand, if it has a significant affinity for the surface, that is, if its surface tension is lower than c, it will spread and create a film. Teflon's essential surface tension is 18 mN m-1, while nylon's is around 46 mN m-1. In commercial settings, surfactants are frequently utilised as wetting agents, especially when applying the wetting liquid to a waxy or "wax-like" surface. In this context, anionic surfactants are most frequently utilised [26]. 
4.4 Ore flotation 
The ability of solid particles to float on a liquid medium depends on the contact angle, which can be changed by the application of surfactants. A popular experiment in fundamental chemistry involves coating a needle in wax to make it float on the surface of water. When later household detergent is added, the needle sinks. The ideas are the same as those employed in the flotation process, which adds a little amount of collector oil during the grinding and slurring step, to treat raw mineral ores. The ability of the ore particles to remain wet is influenced by the collector oil, an anionic, cationic, or nonionic surfactant [27]. For oxide and carbonate ores, long-chain fatty acids are typically used, but for sulphide ores, organic xanthates and thiophosphates are frequently used. A foaming agent is frequently added to the suspension in practise in order to help the ore particles stick to the air bubbles when air is shot through it. When skimming is employed to extract the ore bits, they float to the surface. Sludge and effluents are purified using this type of flotation as well.
4.5 Surfactants & Detergency 
The action of the surfactants that causes aids in the removal of foreign material from solid surfaces by adsorbing at interfaces and reducing the energy needed to affect the removal is the definition of detergent action. The most efficient wetting agents often rapidly diffuse and adsorb at the right interfaces. Long used as a detergent, soap is a surface-active fatty acid salt with at least eight carbon atoms. Glycerol is produced as a by-product when glyceride oils and fats are saponified with NaOH or KOH in the past to make soap. Although soaps are great deodorizers, they are sensitive to acidic pHs and the hardness of the water (Ca2+ and Mg2+ ions), which results in soap scum. Although the usage of detergent producers will make up for this shortcoming, synthetic detergents have mostly taken the place of soaps [28]. The majority of the production of surfactants is used to create the components that go into commercial detergent formulations.
4.6 Surfactants in respiratory distress therapy 
Neonatal respiratory distress syndrome, commonly known as hyaline membrane disease, affects premature newborns, and is treated with surfactant formulations as a replacement therapy. This lung condition, which causes 5000 fatalities annually, affects 20% of the 250,000 preterm infants born in the US each year. A severe lack of endogenous lung surfactant is the primary contributor to the pathophysiology of respiratory distress syndrome [29]. Lung surfactant preparations are used along with more oxygen and mechanical ventilation to improve gas exchange for the prevention or rescue treatment of newborn respiratory distress syndrome. Exogenous surfactants can be produced artificially or derived from animal products.
4.7 Surfactants for contact lens cleaning 
Surfactants serve as cleaners by emulsifying lipid, oil, and inorganic deposits that have accumulated on contact lenses. By dabbing a few drops of solution onto the surface of the lens and gently rubbing it back and forth with the thumb and fingers, or by holding the lens in the palm of the hand and gently rubbing with a fingertip (20 to 30 seconds), surfactant agents are used in mechanical cleaning systems. Among the ingredients of these cleaners are frequently a non-ionic detergent, a wetting agent, buffers, and preservatives.
4.8 Surfactants in hard gelatine capsules 
Pennings et al.24 gave poorly soluble benzoic acid as a loose powder, and the same powder was added to size 00 and size 1 capsules. The size 1 capsule that had the tightest powder packing disintegrated at the slowest pace. This problem is resolved by adding 0.5% polyol surfactant to the mix. They showed that this led to an increase in the material's rate of disaggregation, which they utilised to demonstrate that the dissolving rate significantly improved as a result [30]. If hydrophobic compounds must be included in formulations due to filling machine requirements, wetting agents, or surfactants, can be added at levels of 0.1-0.5% to prevent their adverse effects on drug release.
4.9 Solubilization of Drugs 
Surfactants play a significant part in modern pharmaceutical biotechnology since they are widely used in many therapeutic dosage forms to regulate qualities including wetting, stability, and bioavailability, among others. Regarding their capacity to solubilize hydrophobic medicines and their use in medication delivery, surfactants are crucial. Solubilization is the reversible interaction of a substance with the micelles of a surfactant in water to produce a thermodynamically stable isotropic solution with a decreased thermodynamic activity of the solubilized substance. The ability of surfactants to dissolve pharmaceuticals is influenced by a variety of variables, including temperature, pH, ionic strength, surfactant and drug chemical structures, and many others [31]. Cremophor EL, a non-ionic surfactant that has been utilised to solubilize a wide range of hydrophobic medications including anaesthetics, photo sensitizers, sedatives, immunosuppressive medicines, and anticancer treatments, merits special attention.
4.10 Inhibition of Corrosion 
Surfactants' promising prospective use as corrosion inhibitors has been thoroughly researched during the past few years. It is common knowledge that surfactants have a propensity to collect together at interfaces and in solutions. The basic role of the surfactant functional group is to be adsorbed on the metal surface, which is essential for the suppression of corrosion. The capacity of the surfactant to aggregate to form micelles is generally directly tied to the adsorption of the surfactant molecules onto the metal surface, which was discovered to be responsible for the metal's corrosion inhibition [32]. According to the polarisation technique examination, SDS is an effective anodic inhibitor at low anodic overvoltages, and the inhibitor's adsorption followed the Langmuir isotherm.
4.11 Gene therapy 
The idea behind gene therapy is to transfect cells with healthy DNA to replace damaged or missing genes. This process is known as transfection. To allow negatively-charged DNA to travel across hydrophobic membranes, many vectors contain a positive charge. It has proven challenging to foresee a vector's efficiency, nevertheless. To allow negatively-charged DNA to travel across hydrophobic membranes, many vectors contain a positive charge [33].
4.12 Surfactant in Nanotechnology 
Surfactant molecules can self-assemble into a variety of nanostructures, including spherical/rod-shaped micelles and lamellar sheets, thanks to their amphiphilic nature. It is conceivable to design a surfactant package using surfactant nanotechnology that can solubilize significant amounts of oil while vigorously wetting the casing. Surfactant mixes can be used to create in-situ oil-in-water microemulsions, enabling the wetting of surfaces [34]. This might make it possible to get rid of dangerous chemicals.
4.13 The Surfactants in health & personal care products 
Quaternary ammonium surfactants (quats), cationic surfactants with significant germicidal activity, are also used as fabric softeners in detergents. The most popular fabric softener and antistatic is ditallow dimethyl ammonium chloride (DTDMAC). In contrast to emulsifiers, which frequently have a N-alkyltrimethylammonium chloride or N-alkylimidazoline chloride configuration, germicides, such as benzalkonium chloride, frequently have a N-alkyldimethylbenzylammonium chloride structure. The idea that "natural" cosmetics are more pure, safe, and effective is what has made them so popular. Even while many products are marketed as "natural" or "herbal," they actually just include herbal extracts that have been added for marketing purposes [35–36]. 
When creating a shampoo, the following criteria are often met: light detergency, good foaming, passable conditioning, suitably maintained, and aesthetically pleasant. There are no prerequisites for "natural" shampoo, although it may have the following ingredients: no harmful chemicals, usage of plant or plant-based surfactants, and only natural additives (such xanthan gum as a viscosity builder) and preservatives (like alkylpolyglucosides as an antibacterial). The phrase "natural surfactant" can be used to refer to both a surfactant that was taken directly from a natural source as well as one that was synthesised chemically from one [37, 38]. For cosmetic formulations, new emulsion formulation techniques are crucial, particularly for their preservation abilities. The phase inversion temperature (PIT) emulsion and microemulsion are distinguished by their extremely small droplet sizes and high stability. Microemulsions are useful for creating an O/W formulation that is clear and also appears to be less unpleasant.
4.14 Demulsification. 
Some emulsions, when they do, are undesirable. Process industries typically utilise chemical demulsification to separate water from oil and produce a fluid suitable for additional processing. The specific type of emulsion treatment required can vary widely, even within the same industry. The first step in systematic emulsion breaking is to characterise the emulsion in terms of its nature (O/W, W/O, or multiple emulsion), the number and kind of immiscible phases, the presence of a protective interfacial layer around the droplets, and the sensitivity of the emulsifiers. Based on their chemical composition, surfactants are often classed as demulsifiers [39]. Demulsifier surfactants include soaps, glyceryl esters, fatty acid esters, fatty alcohols, alkylphenol ethoxylates, alkyl sulfonates, alkyl aryl sulfonates, and other detergents.
4.15 Firefighting foam
The numerous industrial operations that involve the transportation, processing, or handling of flammable petroleum liquids include refineries and offshore production platforms, to name just two. Since their initial introduction in the early 1900s, firefighting foams have evolved into specialised and frequently used systems. Firefighting foams function to put out a fire by smothering it, preventing air from coming into contact with flammable vapours, separating flames from the fuel surface, and chilling the fuel and its surface. The foams used to put out fires are referred to as "low expansion" foams and typically contain 75–97% air [40]. Foam is chosen based on traditional qualities such as static half-lives, salt tolerance, toxicity, and stability to decomposition, as well as qualities like as expansion and fire extinguishing capability.
4.16 Oil flotation. 
Mineral ore flotation, which depends on wettability alteration and bubble attachment, is less dependent on attachment and filmmaking than oil and bitumen flotation, which generates an oleic foam [41]. In the hot water flotation method used commercially in Canada to recover bitumen from oil sands, surfactants play crucial roles in the separation of bitumen from mineral particles and the subsequent floating of the former. 
4.17 The Foams in harsh “environments”. 
To control the mobility of injected fluids or to block particular zones or channels, foams can be injected into a petroleum reservoir. As a result, injected fluids are diverted into different sections of the reservoir. A number of gases, including air/nitrogen, hydrocarbons, carbon dioxide, or steam, can be used to form acceptable foams for injection [42].
4.18 Defoaming. 
Foam breakers or defoamers are substances that function to lessen a system's foam stability, whereas foam preventatives or foam inhibitors work to stop foam from forming in the first place. Such compounds are many; Kerner 331 lists over a hundred different foam inhibitor and foam breaker compositions. Even if these substances aren't often surfactants in and of themselves, they are nonetheless relevant since in each and every instance the reason for the decreased foam stability can be linked to numerous modifications made to the characteristics of the surfactant-stabilized interface [43].
4.19 Emulsions 
A mixture of “oil and water” is called an emulsion when one of the phases, the dispersed phase, is present as a dispersion of droplets inside the continuous phase. The droplet diameters can range from a few nanometers to hundreds of micrometres, but they are commonly in the range of 0.1 to 100 m. The two most popular emulsion types, O/W (oil/water) and W/O (water/oil), are easily distinguishable. 
4.20 “Emulsions” in petroleum production. 
As part of an improved oil recovery process, chemicals may be injected into oilfields after the primary and secondary cycles of oil recovery. To drive out surplus oil, this procedure may entail creating in-place emulsions in the reservoir [44]. The relative oil and water saturations in a petroleum reservoir are determined by the distribution of pore sizes in the rock.

5. Conclusion 
Surfactants hold certain beneficial properties; their use in everyday life becomes nearly indispensable. The wide applications of surfactants such as Surfactants are among the most essential ingredients encountered in laundry detergents, dishwashing detergents, liquid soaps, cleaning products, cosmetic hair care and personal care products etc. these are the main applications of the surfactants. 
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