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Abstract— During the last decades or so, new surfactant 

molecules have been synthesized to parallel the emphasis on 

increasing the basic performance of surfactant formulations 

and the provision of new surfactant technologies to a diverse 

range of disciplines. Political and economic forces have 

brought about demands for environmentally friendly ‘green 

‘products that are user friendly, mild in concentration and 

pose less potential damage to the environment. Now-a-days, 

even though many areas of application such as detergents and 

cleaning products are considered to be ‘mature’ industries, 

the demand of the increasing population, changing lifestyle, 

availability of alternative raw materials and market demands 

have caused the technology of surfactants and surfactant 

application to flourish at a healthy rate. Generally, 

surfactant’s major role was concerned with cleaning 

operations, with the passage of time, the demand of new 

technological areas has enhanced the role of surfactants in 

modern aspect of life. Personal care products are not the only 

ones that are becoming greater economic force in terms of 

volume and money; diverse applications such as petroleum 

recovery processes, pharmaceuticals, medicines etc. are 

placing more demands on our ability to better understand the 

actions and applications of surface-active-agents. This review 

provides a basic nature of surfactants and the range of their 

use in modern science and technology while focusing on 

more sustainable routes of manufacturing such products.  
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I. INTRODUCTION 

Surfactants are a broad group of chemicals that play 

important and vital role in a great variety of fields. 

Applications as diverse as cleaning, food, metallurgy, 

pharmacy, medicine, paints and varnishes, mining, and many 

others utilize the characteristic properties provided by the 

surfactants as illustrated in the figure 1 [1]. With holistic 

growth in these end-use industries, demand for surfactants is 

also expected to increase at proportionately high CAGR 

through 2026. The abundance in the availability of raw 

material and increase in use of the surfactants in variety of 

new applications is also expected to augment the market of 

surfactants both on the demand as well as supply side.  

The demand for mild, non-toxic, biodegradable 

products made from renewable or ‘natural’ raw materials are 

gaining momentum. At present, about 50% of the surfactants 

used in the surfactant industry are derived from petroleum 

based raw materials and the remaining 50% are derived from 

oleo chemical raw materials. For industrial applications, 

surfactants currently available in the market can be divided 

into two groups: the ones that have a ‘natural ‘or renewable 

origin from oil seed crops, animal fats, or trees and those 

derived from petroleum distillates. While there have been 

debates on the pros and cons of these types of sourcing, 

renewable feed stocks are often considered as being the better 

choice from environment point of view [2].       

 
Fig. 1: Areas of surfactant application 

Dwindling of fossil resources has no effect in the 

demand for petroleum dependent chemicals. Bulk 

consumption of these products result in catastrophic 

environmental issues, which are lethal threats to human 

health. With the increasing concern regarding such problems, 

the society’s demand for sustainable and green products is 

rising inevitably. With the production of over 35 million 

tonnes of sugar, the Indian Sugar industry has established 

itself as a key sugar producing geography and now aspires for 

greater frontiers. The sugar industry looks forward to 

continue to service the domestic demand, while also aiming 

to enhance value addition from sugarcane by focusing on 

emerging by-products through integrated sugar complexes.  

Bio-refineries are regarded as the cornerstone of a 

bio-economy, where a range of thermo-chemical and bio-

chemical routes including non-catalytic or catalytic 

technologies can be installed and integrated to transform 

biomass organic molecules to a plethora of bio-products [3]. 

One such approach could be in utilizing the lignocellulosic 

biomass which has little or no value for preparation of 

surfactants that have applications in various fields. In our 

earlier studies a process where in effective utilization of 

sugarcane bagasse was done for producing gylcosidic 

surfactants that can be employed in detergent formulations 

[4]. Generally, the role of surfactant is confined to the 

cleaning operations, but with the advancement in 

technologies and awareness amongst masses, the potential of 

these surfactants are further exploited for various operations 

and new developments such as in fields of medicines, food, 

pharma, etc. that not only benefit mankind but also preserve 

nature from being further harmed. 

II. SURFACTANTS: CLASSIFICATION AND PROPERTIES 

Surfactants or more commonly known as ‘Surface-active-

agents’ are materials that help in lowering the surface tension 

(or interfacial tension) between two liquids or between a 
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liquid and a solid. They are usually classified in the following 

two categories. The first type of surfactants is the ones that 

are based on natural sources, the fatty carboxylic acid salts, 

are the soaps. Historically, soaps were the first type of 

surfactants that were discovered and used by humans. The 

second type of surfactants were the detergents. They were 

generally made from industrial chemicals, usually petroleum 

based. These surfactants are tailor-made, so that, they can be 

used for any specific use having desirable physical and 

chemical properties. Surfactants or surface-active-agents are 

amphiphillic in nature that is they have both hydrophobic 

(tail) and hydrophilic group (head) in their structure [5]. 

Hence, a surfactant molecule has both a water soluble 

component and a water insoluble component. Depending 

upon the nature of the polar head group, surfactants are 

usually divided into different categories as shown in table 1. 

Examples 
Structures 

Class: Anionic 

Sodium Stearate CH3(CH2)16COO-Na+ 

Sodium Dodecyl 

Sulphate 
CH3(CH2)11SO4

-Na+ 

Sodium dodecyl 

Benzene Suphonate 
CH3(CH2)11C6H4SO3

-Na 

Class: Cationic  

Laurylamine 

Hydrochloride 
CH3(CH2)11NH3

+Cl- 

Trimethyl Dodecyl 

ammonium Chloride 
C12H25N+(CH3)3Cl- 

Cetyl Trimethyl 

ammonium Bromide 
CH3(CH2)15N+(CH3)3Br- 

Dodecyl trimethyl 

ammonium Bromide 
C12H25N+(CH3)3Br- 

Class: Non-ionic  

Poly oxy ethylene 

alcohol 
CnH2n+1(OCH2CH2)mOH 

Alkyl phenol 

Ethoxylate 
C9H19–C6H4–(OCH2CH2)nOH 

Class: Zwitterionic  

Dodecyl Betain C12H25N+(CH3)2CH2COO- 

Lauramido propyl 

Betain 

C11H23CONH(CH2)3N+(CH3)2

CH2COO- 

Coco amido - 

2hydroxypropyl 

sulphonate 

CnH2n+1CONH(CH2)3N+(CH3)2

CH2CH(OH)CH2SO3
- 

Table 1: Classification of Surfactants 

Among all the classes of surfactants, anionic 

surfactants tend to occupy the largest market share and are 

generally used in household detergent applications, where 

they showcase excellent cleaning properties and also act as 

excellent foaming agents. On the other hand, non-ionic 

surfactants are the second to occupy the market shelves as 

they offer wide range of applications such as wetting, 

dispersion, emulsification and detergency. Cationic and 

amphoteric surfactants are produced in small quantities. 

While cationic surfactants are used as bactericides and as 

disinfectants and also in fabric conditioners because of their 

ability to adhere to surfaces. On the basis of pH, amphoteric 

surfactants may behave as non-ionic or anionic, or as cationic 

surfactants. Since they are mild in nature towards skin, they 

are usually used in formulations for toiletries and cosmetics. 

Generally, the nature of hydrophobic group is more varied 

compared to the hydrophilic group. They are usually long-

chain hydrocarbon groups; however, they may be including 

structures such as: 

1) Long, straight-chain alkyl groups (n = C8–C22 with 

terminal substitution of the head group)  

CH3(CH2) n – S 

2) Branched-chain alkyl groups (C8–C22, internal 

substitution)  

CH3(CH2) n C(CH3) H (CH2) m CH2 – S 

3) Unsaturated alkenyl chains such as those derived from 

vegetable oils 

CH3(CH2) n CH = CH (CH2) m - S 

4) Alkyl benzenes (C8–C15C6H4 with various substitution 

patterns) 

C9H19(C6H4) - S 

5) Alkyl naphthalenes (alkyl R usually C3 or greater)  

RnC10H (7 - n) - S 

6) Fluoro alkyl groups (n > 4, partially or completely 

fluorinated)  

CF3 (CF2) n - S 

7) Poly di-methyl siloxanes  

CH3 – (OSi [CH3] 2O) n - S 

8) Poly-oxy propylene glycol derivatives  

CH3 CH (OH) CH2 O (CH) CH3(CH2O) n - S 

9) Bio-surfactants  

10) Derivatives of natural and synthetic polymers  

III. PROPERTIES OF SURFACTANTS 

A. Increased Solubility 

Since surfactants have both the hydrophilic and hydrophobic 

group, they tend to accumulate at the interface of water and 

other substances where both the polar and non-polar ends of 

its molecule are balanced. Non-aqueous phase liquids 

(NAPLs) and other non-polar molecules are held within the 

interior of the micelles. Non-polar compounds at the water 

surface will be more attracted to the non-polar interior of the 

micelle. Because of the polar exterior of the micelle and its 

ability to hold a non-polar molecule in its interior, and their 

ability to move across the water easily, provides an excellent 

mechanism for increasing solubility of non-polar molecules. 

B. Surface Tension 

The surface tension (interfacial tension) of water and non-

aqueous phase liquids (NAPLs) is decreased by surfactants. 

With the reduction in the surface tension of non-aqueous 

phase liquids (NAPLs), the capillary force that holds the 

NAPL within the pore space of the soil are also reduced, 

thereby increasing the mobility of the contaminants. Studies 

have shown that the surface tension between tetra chlor-

ethlene and several aqueous solutions of surfactant is lowered 

to the minimum when the surfactant solution has increased 

the solubility to its maximum [1]. 

IV. SURFACTANT APPLICATION IN MODERN SCIENCE AND 

TECHNOLOGY 

Surfactants or surface active agents play vital role as 

cleaning, emulsifying, dispersing, wetting foaming and anti-

foaming agents in various applications and products, such as: 
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emulsions adhesives, inks, paints, shampoos, detergents, 

sanitizers, toothpaste, insecticides, etc. 

A. Surfactant and Wetting: 

A drop of liquid when comes in contact with a solid surface, 

forms a bead on its surface as a result of weak affinity for the 

surface that is, if its surface tension is more than the critical 

surface tension of the surface. On the other hand, the drop of 

liquid would spread and forms a film as a result of strong 

affinity for the surface that is, if its surface tension is less than 

the critical surface tension of the surface. Surfactants are 

usually used as wetting agents in many applications, in 

particular where the wetting liquid is to be applied on a waxy 

surface, e.g., anionic surfactants are most commonly used for 

such application. 

B. Surfactants as Enhancers for Percutaneous Absorption: 

Certain adjuvant known as enhancers can be used to increase 

the transport of molecules through the skin. Ionic surfactants 

intensify trans-dermal absorption by de-naturating the keratin 

and disordering the lipid layer of the skin (stratum corneum). 

Enhancers may result in increasing the drug’s penetration by 

causing the skin to swell up and/or causing some of the 

structural components to leach out thereby resulting in 

reduction of resistance towards diffusion and increasing 

skin’s permeability. 

C. Surfactants and Detergency: 

‘The action of any surfactant that helps in removing foreign 

substances from a surface by adsorbing at the interface and 

thereby reduces the energy required for its removal’ is 

defined as detergency. From several times, soap, a fatty 

carboxylic acid salts with at least eight carbon atoms is used 

as detergent. Soaps have been obtained as a result of 

Saponification of glycerides oils and fats with strong alkali 

such as NaOH or KOH, with glycerol as the by-product. 

Soaps though are excellent detergents, have some limitation 

as they are sensitive to acid pH and also to the hardness in 

water due to Ca2+ and Mg2+ ions leading to scum formation. 

As a result of this soaps are gradually replaced with synthetic 

detergents. Therefore, majority of the bulk surfactant 

manufacturing is driven to those materials that are blended 

into commercial detergent formulations [6].  

D. Surfactants in Respiratory Distress Therapy 

Neonatal respiratory distress syndrome also known as hyaline 

membrane disease is pulmonary condition which occurs in 

about 20% of the 20-25 lakh premature babies. This case is 

reported in US with 5000 babies dying annually. Many 

surfactant preparations have been used as a replacement 

therapy for the treatment of the syndrome in premature 

infants. Lung surfactant preparation in combination with 

supplement oxygen and ventilation is used so as to facilitate 

exchange of gas either for prophylactic or for rescue 

treatment of neonatal respiratory distress syndrome. The 

exogenous surfactants are either derived from animals or 

synthesized 

E. Surfactants for Contact Lens Cleaning 

Surfactants tend to emulsify the oils, lipids and other 

inorganic compounds that accumulate on the contact lenses 

and hence can be used in formulation for lens cleansers. The 

ingredients used in these cleansers are usually a non-ionic 

detergent, buffers wetting agents and preservatives [7] 

F. Gene Therapy 

The basic concept of gene therapy is to replace missing or 

defective genes with the healthy DNA that is delivered into 

the cells with the help of a carrier, called the vector, through 

a process called transfection. Vectors usually have a positive 

charge that allows the negatively charged DNA to pass across 

the hydrophobic membrane. However, the efficiency of the 

vector used for the process is difficult. Several studies were 

conducted on the complexes formed between DNA and the 

synthetic vectors also called the Gemini surfactants and how 

they would help in improving the efficiency of the vectors. 

Gemini surfactants are lipids with two hydrocarbons, each of 

which is chemically linked connected to an ionic group by a 

spacer. The efficiency of these doubled-up surfactants is high, 

with each lipid molecule having twice the positive charge as 

that of a single surfactant, thereby allowing binding to the 

DNA at a lower concentration.  

G. Surfactants in Nanotechnology 

The amphiphillic character of surfactants allows the 

surfactant molecule to self-assemble themselves in to variety 

of nanostructures from lamellar sheets to rod like or spherical 

micelles. With the use of surfactant nanotechnology, a 

surfactant package could be engineered which would be 

capable of solubilizing large volumes of oil while vigorously 

water wetting the cover. With the use of surfactant mixtures, 

it could be possible to form oil-in-water in-situ emulsions that 

allow the surfaces to be water wet, thereby allowing 

elimination of toxic solvents [8] 

H. Analysis of Humic Substances 

The dark brown substances, decomposed remains of plants or 

animal organic matter are known as humic substances. These 

substances are the most active elements in the soil having 

cationic and anionic exchange capacities exceeding those of 

clays. Humic substances are most widespread biosynthetic 

products available on earth. They can be found in varying 

concentration in a number of sources besides soil such as- 

lakes, compost, rivers, soft coal, sediments, etc. the 

interaction of humic substance and ionic surfactants has 

increased the attention of their role in various academic 

researches, environmental issues, etc.  

V. NEW SURFACTANT IN SPOTLIGHT – GREEN SURFACTANT 

FEED STOCK 

A new technology entering the low-priced, high-volume 

household cleansers and detergent sector accounting for large 

scale end-use market for surfactants have a tough competition 

to deal with. The demand for alkyl poly-glucoside (APG) - a 

non-ionic surfactant made from vegetable oils and starch is 

growing and is driving new developments and increasing 

marketing for other sugar-based surfactants. Such products 

have a tendency to replace traditional used petroleum based 

products and even other natural oil-based surfactants. These 

products are non-toxic, environment friendly and 

biodegradable. Because of their biological and environmental 

compatibility, these products exhibit great physiochemical 

properties in comparison to the products made on the basis of 
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non-renewable resources. As a result of this, these surfactants 

have uses in many applications in areas such as – agriculture, 

industry, medicine, food, everyday life and also in 

environment protection. Sugar-based surfactants are 

surfactants that have a sugar group in their structure [2]. The 

type of raw material used to produce sugar-based surfactants 

and their number are increasing from time to time giving new 

possibilities the chance to mold their properties and expand 

the scope of their application.  

Compared to the synthetic surfactants, these sugar 

based surfactants have a polar head which is more stable and 

sustainable. They are also mild towards the skin, mucous 

membrane and eyes causing no irritation and hence are very 

promising alternative for personal care products, especially 

for skin care regime and also for those products used for 

delicate skin of children. Also depending upon the structure, 

surfactants have characteristic features. For example, alkyl 

polyglucosides are stable at high pH while on other hand they 

are sensitive to low pH in which they hydrolyze.  These sugar 

based surfactants also have some application in pharmacy and 

medicines. They have great potential as drug vehicles (e.g. 

amphiphillic dextran derivative), and can also replace other 

toxic and allergenic surfactants used in protein formulations 

(e.g. trehalose fatty acid esters). Some of these surfactants 

also exhibit antibacterial activities (e.g. based gemini 

surfactants).  

VI. NEW ALTERNATIVE DEVELOPMENTS FOR VALUE-

ADDITION 

In-spite of the challenges, the global surfactant market has 

immense potential to gain within 28.6bn lb/year (12.9m 

tonnes/year) thereby attracting alternative green materials to 

be used as raw material for its manufacturing. Recently, the 

development of green surfactants based on natural renewable 

resources is a concept that is gaining recognition in detergents 

and cosmetics. This new class of bio-degradable and bio-

compatible products is a response to the increasing consumer 

demand for products that are both "greener", milder and more 

efficient. Carbohydrate-based surfactants are becoming 

promising substitutes for poly (ethylene oxide)-based 

surfactants which can be applied in a broad range of industrial 

and consumer applications, such as pharmaceuticals, 

detergents, agrochemicals, and personal care products. 

Hemicelluloses, the second most abundant natural 

polysaccharides after cellulose, are receiving increasing 

attention as feedstock for carbohydrate starting materials, 

such as xylose, for the synthesis of next-generation 

surfactants [9]. The sugar part of the surfactants can be 

substituted from lignocellulosic biomass and thereby 

preventing them from interfering the food chain as was in the 

case of glucose-based raw materials. Pentoses derived from 

lignocellulosic biomass like sugarcane bagasse have the 

advantage of being highly reactive, thereby leading to a low 

temperature process, low polymerization degree and reduced 

post-treatments.  

The Indian sugar industry continue to serve the 

domestic demand for sugar, while also aiming to enhance 

value addition from sugarcane by focusing on the by-products 

of the industry through integrated sugar complexes. Integral 

utilization of bagasse is a high priority for the diversification 

of the sugarcane industry. Indian sugar factories crush about 

250-million-ton cane per year, generating about 37.5 million 

ton of bagasse on a dry-weight basis. Bagasse of the Indian 

territory is quantitatively composed by 40-43% cellulose, 22-

24% hemicellulose and 20-22% lignin. While sugarcane 

bagasse is currently widely used for co-generation, the 

utilization of this bagasse to produce higher value products is 

a profound opportunity to improve the sustainability and 

economic profitability of processing operations. Its 

transformation into biodegradable next generation detergents 

is one possibility for its valorization [4] 

VII. CONCLUSION 

The different views of surfactant science and technology and 

its varied application has given rise to their own distinctive 

terminologies and literatures. On one hand the scientists may 

inquest the properties of surface-active agents, surfactants, 

tensides, or amphiphiles, while on the other hand the 

industrialists may be concerned with properties such as 

detergency, emulsification, wetting efficiency & economics. 

Keeping out of the box thinking, many fields of application 

concerning surfactants are being exploited and the research is 

still on. Effectively utilizing the technologies and resources 

to exploit the underutilized materials into making something 

that adds value to the chain is necessary. The multi-

dimensional concept of sustainability encompasses 

environmental protection, economic viability and social 

responsibility. Sugar industries across the globe are specially 

adopting good industrial, agricultural and environmental 

practices in order to ensure economic viability with an 

overarching efforts ensuring long-term sustainability of the 

industry. Looking out for more renewable source of raw 

material for production of such value-added surfactants, and 

further utilizing them in numerous application will benefit the 

sugar industry as well and human race in times to come. 
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