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ABSTRACT: -

Non-ionic surfactants have emerged as crucial agents in textile production because of their unique physicochemical
characteristics, such as neutrality, low toxicity, and good compatibility with various chemicals and fibres. Their
amphiphilic nature allows them to wet, emulsify, disperse, and stabilize well, making them suitable for application at
different stages of textile processing especially in pre-treatment, dyeing, and finishing. This review discusses the structural
diversity of non-ionic surfactants and examines their functionality in enhancing fabric quality, dye uniformity, process
efficiency, and environmental compliance. Individual surfactant types like alcohol ethoxylates, fatty acid ethoxylates,
sugar-based surfactants, and block copolymers are explored for their individual contributions to textile treatment. In
addition, the paper discusses new developments such as bio-based surfactants, thermos responsive materials, and
nanostructured finishes that broaden the application of non-ionic surfactants in smart textiles and green manufacturing.
Environmental factors such as biodegradability, aquatic toxicity, and regulatory limitations are also discussed. By
summarizing available literature and emphasizing new trends, the review of this article should present an integral view of
the mechanism, advantage, and future outlook of non-ionic surfactants in contemporary textile production. The extended
progress of non-ionic surfactants will be crucial to address the requirements of the industry for high performance,
sustainability, and process innovation.

KEYWORDS: - Non-ionic surfactants, textile processing, dyeing auxiliaries, eco-friendly surfactants, textile pre-
treatment, finishing agents,

1. INTRODUCTION

Non-ionic surfactants have become integral materials in numerous industries, most notably in textile production, based
on their singular attributes and flexible applications. Such chemicals, known for their non-charged status, are an integral
part of various processes in the textile manufacturing process. From production of fibres to finishing of the fabric, non-
ionic surfactants provide excellent wetting, emulsifying, and dispersing properties, and thus find themselves being crucial
in dyeing, printing, and treatment of fabric. Non-ionic surfactants feature no charged groups within their molecular
structure.[1], [2] Instead, they have hydrophilic (water-attracting) and hydrophobic (water-repelling) parts, and thus can
act between water and oil. This biophilic character renders them very effective in numerous textile processes, such as
scouring, bleaching, dyeing, and finishing. In addition, Non-ionic surfactants are less toxic and more biodegradable than
their anionic and cationic counterparts, thus a choice of preference in environmentally friendly textile processing. These
surfactants play a central role in processes like detergency, fabric treatment, and hydrophilic finishing. For example,
Dehypon® LS54, an ionic surfactant, is applied in wet cleaning in textile conservation, though its low cloud point could
present cleaning difficulties [3]. Moreover, new non-ionic surfactants, for example, those with cyclic structure and
hydroxyl groups, have been synthesized for fabric treatment with improved properties such as increased solubility and
stability [4]. With respect to environmental influence, non-ionic surfactants such as alkyl Nonylphenol ethoxylated
(APEO) are tracked in textile wastewater owing to their possible ecological impact, though they are less toxic than anionic
surfactants [5]. Additionally, non-ionic surfactants are applied in surfactant formulations for the provision of a permanent
hydrophilic finish to textiles, frequently in conjunction with anionic or cationic surfactants and hydrophobic additives
such as fatty acid esters. These uses focus on the utility of non-ionic surfactants in texturing properties in addition to
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controlling environmental issues and thus are essential in the push by the textile industry to counterbalance performance
versus sustainability. They are widely used in the synthesis of polymeric nanoparticles, emulsions, and stabilizing carriers
in liquid media They possess special properties like low toxicity, good stability, and compatibility with other chemicals,
which make them unavoidable in the textile sector. Non-ionic surfactants are more effective in the wetting, dyeing, and
finishing of textiles, resulting in better fabric quality and performance. This detailed review seeks to investigate the
multifaceted applications, mechanisms, and recent developments of non-ionic surfactants in textile production, noting
their major influence on the industry's efficiency and sustainability[1] . They are most favored in industrial applications
because of their non-toxicity, formulation ease, and cost effectiveness [6]. Non-ionic surfactants help in the formulation
of eco-friendly processes for textile production to fulfil consumer demands. The NMMO-based lyocell process using non-

ionic surfactants is of great promise in meeting environmental and customer demands in producing fibres [7] Besides,
non-ionic surfactants having ethylene oxide (EO) head groups also show thermal solubility and can be used to develop
temperature-insensitive formulations when blended with sucrose and glucose-based surfactants Non-ionic surfactants are
extremely essential in improving the sustainability of textile production processes and consumer demands. Their utility
goes beyond the NMMO-based lyocell process, since they may be applied in any step of textile manufacturing, such as
preparation of fibres, dyeing, and finishing. The thermoresponsive solubility of non-ionic surfactants containing ethylene
oxide head groups also presents process control and efficiency benefits.[8] In addition, the complexation between
polymers and non-ionic surfactants such as TX-100 has proved promising in enhancing hydrophilicity of textile substrates
[9] Non-ionic surfactants provide a number of benefits in textile production, such as improved dyeing efficiency and fabric
quality. They have good wetting and foaming properties, which allow for better dye penetration and uniformity, especially
with natural dyes, as evidenced by their synergism with different types of dyes [10]. Non-ionic surfactants are also less
toxic compared to anionic surfactants, thus cutting environmental costs, an important aspect considering the pollution
potential of the textile industry [5]. However, their disadvantages are their lower cloud points, which may make wet
cleaning processes difficult, as with Dehypon® LS54, and reduce their effectiveness under some conditions [5].
Additionally, although they enhance color fastness, overall performance may be concentration and pH level dependent
during dyeing [11]. Therefore, although non-ionic surfactants are advantageous, proper evaluation of their properties and
application conditions is necessary.[12] With the fast-paced development of the textile manufacturing industry, non-ionic
surfactants have become indispensable chemical entities that play a major role in multiple steps of textile processing.
These multifaceted compounds, defined by their neutral charge and distinct molecular structure, have transformed
conventional textile manufacturing processes by optimizing process efficiency, product quality, and environmental
compatibility. The increased demand for high-performance textiles and stricter environmental legislation have fueled the
interest in researching how to better understand and maximize the use of non-ionic surfactants in textile processing. The
textile sector is one of the largest and most diversified sectors in the world, encompassing a lot of chemical processing
involving the application of surfactants.[ 13-14] Surfactants, also known as surface-active agents, are chemicals that reduce
the surface tension between two liquids or between a liquid and a solid. Surfactants find extensive application within the
textile industry due to their capacity to enhance wetting, emulsification, dispersion, and detergency. Amongst the different
categories of surfactants, Non-ionic surfactants have been of great interest because of their special characteristics,
including low foaming, hard water stability, and compatibility with other chemicals This review paper discusses the basic
principles, present applications, and future trends in the use of non-ionic surfactants in the textile industry. We investigate
their significant function in important processes like scouring, dyeing, finishing, and fabric care, and study their influence
on fabric properties, process parameters, and environmental aspects. This in-depth review reviews the basic principles,
existing applications, and future trends in the use of non-ionic surfactants in the textile manufacturing industry. We discuss
their vital function in important processes like scouring, dyeing, finishing, and fabric care, examining their influence on
fabric properties, process parameters, and environmental factors. By emphasizing both their chemical flexibility and
ecological advantages, this review highlights the promise of non-ionic surfactants to address the increasing needs for
efficiency, innovation, and sustainability in textile processing.

2. Chemical Structure and Properties of Non-ionic Surfactants

Non-ionic surfactants are amphiphilic molecules defined by their absence of electrical charge in the hydrophilic section
of the molecule. Their molecular structure is usually a hydrocarbon chain (hydrophobic tail) and a non-charged hydrophilic
head group, typically made up of chains of polyoxyethylene (POE) or polyhydroxy compounds. This distinctive molecular
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design allows non-ionic surfactants to lower the surface tension at interfaces and allow dissimilar phases, e.g., oil and
water, to interact [ 15]. The lack of ionic charge makes these surfactants less electrolyte and water hardness sensitive than
their ionic counterparts and yet remain operational over a broad range of pH values. The majority of non-ionic surfactants
show an inverse temperature and solubility relationship, being less soluble at higher temperatures as their ethoxylate
chains dehydrate. This phenomenon, referred to as the cloud point, is an important formulation design parameter for textile
processing. Non-ionic surfactants are usually noted to exhibit excellent compatibility with other surfactant classes,
allowing for synergistic blends that maximize performance in a wide range of textile uses [16]. The most important
difference between non-ionic and ionic surfactants is in their hydrophilic head group constitution and subsequent charge
properties. Anionic surfactants have negatively charged head groups, usually sulphates, sulfonates, or carboxylates, which
make them very effective against particulate soil and oils but sensitive to water hardness and acid conditions. Their intense
electrostatic repulsions give them very good detergents but possible severity against protein fibres such as wool and silk.
Cationic surfactants, having positively charged quaternary ammonium groups, are poor detergents but good softeners and
antistatic because they adhere to the negatively charged surface of textiles. They are incompatible with anionic surfactants
by virtue of their positive charge and restrict the formulator to some choices. Amphoteric surfactants have both an anionic
and a cationic charge, with performance varying according to solution pH; they provide very good mildness and
compatibility with other classes of surfactant.[17] Non-ionic surfactants, on the other hand, exhibit stable performance
over ranges of changing pH and water hardness values, show good compatibility with all classes of surfactant, and tend
to exhibit better mildness on sensitive fibres. They perform well under low-temperature conditions where their solubility
is optimized. Though generally more costly than their anionic counterparts, non-ionic surfactants typically exhibit better
overall performance in difficult-to-handle textile processing situations, especially where electrolyte tolerance, hard water
stability, and soft handling of fibres are critical concerns.[18]

Sr.no Surfactant Type Chemical Structure Environmental Profile

. Good biodegradability
1 Alcohol Ethoxylates R-(OCH2CH2),-OH (R = C8-C18, n = 3-20) | * Linear types more eco-friendly
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Ethoxylates regions
* Estrogenic degradation products
. Moderate to good
3 Fatty Acid Ethoxylates | R-COO-(CH.CH:0),-H biodegradability
» Lower aquatic toxicity
. Good biodegradability
4 Fatty Alcohol R-(OCH:CHz)-OH (from natural sources) * Derived from renewable

feedstocks
* Moderate aquatic impact

Ethoxylates

* Slow but complete biodegradation
5 Block Copolymers HO-(EO)x-(PO),~(EO)«-H . Low toxicity
* Persistent in some environments

. Excellent  biodegradability
R-O-(glucose).(for APGs) . Low aquatic toxicity
* Sustainable sourcing possible

Sugar-based
Surfactants

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM45346 | Page 3


http://www.ijsrem.com/

Volume: 09 Issue: 04 | April - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

égﬁ International Journal of Scientific Research in Engineering and Management (I[JSREM)
Rwiad

phospholipids, etc.)

. Limited biodegradability
- . . . . * Persistent i i t
7 Silicone Surfactants Polysiloxane with EO/PO side chains croistent - I cnvironmen
. Low aquatic toxicity
* Higher production footprint
. Excellent  biodegradability
. Vari lycolipids, li ides, | * Minimal i 1 i
8 Biosurfactants arious (glycolipids ipopeptides inimal environmental impact

. Carbon-neutral potential
+ Non-toxic to aquatic organisms

Table 1 Non-ionic Surfactant & Their types
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Figure 1 Overview of Non -ionic surfactant types
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Sr.no Surfactant Type Key Properties Primary Textile Applications
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* Good detergency * Hydrophobic dispersants
*  Excellent alkaline stability | * Wool scouring
) Alkylphenol . Cost-effective | * Emulsifiers
Ethoxylates . High performance | * Dye/pigment dispersants
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. Controlled foam | * Antifoaming in jet dyeing
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Table 2 Type of surfactant & their used in textile application

3. APPLICATION IN TEXTILE PROCESSING
3.1 Applications in Textile Pre-treatment

Non-ionic surfactants are very important during textile pre-treatment operations because they possess excellent wetting,
emulsifying, dispersing, and detergent characteristics. Unlike ionic surfactants, non-ionic surfactants bear no charge and
thus exhibit high compatibility with different chemicals and low sensitivity to water hardness or pH levels. Typical
examples include ethoxylated fatty alcohol, alkyl phenol ethoxylate and fatty acid ethoxylate Such surfactants find perfect
applications in textile processing where they are utilized during desizing, scouring, bleaching, and other preparatory steps
to guarantee homogeneous and effective treatment of textiles. One of the major uses of non-ionic surfactants is in desizing,
in which they assist in stripping sizing agents like starch, polyvinyl alcohol (PVA), and carboxymethyl cellulose (CMC)
from textiles. Surfactants such as polyethylene glycol (PEG) esters and ethoxylated sorbitan esters (e.g., Tween series)
enhance penetration of desizing enzymes or oxidizing agents by lowering surface tension so that efficient breakdown and
stripping away of size material can be achieved. Their low-foaming character is especially useful in continuous processing,
where foam can cause operation to be interrupted.[18-20] In scouring, non-ionic surfactants like fatty alcohol ethoxylates
(e.g., laureth-7, steareth-10) and ethoxylated triglycerides are necessary for stripping natural impurities such as oils,
waxes, and fats from cotton and other natural fibres. They serve as emulsifiers, disintegrating hydrophobic materials and
dispersing them in the scouring bath for simple rinsing. Their capacity to perform well under alkaline as well as neutral
conditions makes them suitable for various scouring recipes. In addition, non-ionic surfactants increase the wettability of
textiles so that they can absorb subsequent chemicals evenly in dyeing and finishing treatments. [21-24]

Non-ionic surfactants also play an important role in bleaching operations, especially in hydrogen peroxide bleaching.
Surfactants such as alkyl polyglucoside (APGs) and ethoxylated amines stabilize the bleaching bath by inhibiting
decomposition of peroxide and ensuring uniform distribution of the bleaching agent on the fabric. Their mutual
compatibility with oxidizing agents and enzymes makes them ideal for use in combined scouring-bleaching operations,
allowing water and energy to be saved. Another significant use is in silk degumming, where non-ionic surfactants like
ethoxylated castor oil (e.g., PEG-40 hydrogenated castor oil) help to remove sericin without harming the fragile silk fibres.
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[21-23] They aid in emulsifying the gum residues, making them easier to remove while preserving the lustre and strength

of the silk. Likewise, in scouring wool, surfactants such as block copolymers (e.g., poloxamers) and ethoxylated fatty
acids help to remove grease and suint (natural wool grease) without fibre damage. Non-ionic surfactants are also
employed in synthetic fibre processing, especially in the removal of spin finishes and lubricants used during yarn
production. Some examples are ethoxylated fatty acids and alcohol alkoxylates, used to guarantee removal of the
processing aids in their entirety, essential for ensuring uniform dye absorption. Additionally, non-ionic surfactants are
environmentally friendly as opposed to certain ionic analogs because they tend to be biodegradable and less toxic. Some
surfactants such as alkyl polyglucoside (APGs) and sugar-based ethoxylates are increasing in usage since they are
environmentally friendly. Their resistance to high temperatures and hardness of water make them convenient for use in
different textile pre-treatment processes.[19], [24-27]

3.2 Role of Non-Ionic Surfactants in Dyeing Processes

Non-ionic surfactants are crucial in textile dyeing as they enhance dye dispersion, facilitate uniform application of color,
and increase process efficiency. They are chemically stable and compatible with various classes of dyes, making them a
necessity in contemporary dyeing processes. Dye particle dispersion is one of their main roles, and surfactants like
ethoxylated fatty alcohols (e.g., oleyl alcohol ethoxylate) and alkylphenol ethoxylates serve to disperse and break down
dye aggregates for uniform distribution in the dye bath. This is specifically important in case of disperse dyes used in
dyeing polyester, surfactants such as sorbitan monooleate (Span 80) and polysorbates (Tween series), ethoxylated fatty
alcohol, ethoxylated triglyceride hinder the agglomeration of dye, decreasing chances of improper dyeing or spots.
Dispersion mechanism involves attaching hydrophobic parts of surfactants onto dye particles as their hydrophilic ends dip
into the water phase to stabilize the dispersion. This steric hindrance avoids re-aggregation of dye molecules during
dyeing. For instance, nonylphenol ethoxylates with 8-10 units of ethylene oxide are especially good for disperse dyes,
forming micelles that enclose dye particles and keep them in suspension even at high temperatures of 130-140°C employed
in high-pressure dyeing of polyester.[28-29]

Non-ionic surfactants serve as levelling agents in achieving balanced dyeing by regulating the rate of absorption of dye.
Some examples of these are block copolymers and fatty amine ethoxylates, which decelerate the migration of dyes,
particularly in fibre-reactive and acid dyeing procedures. This helps to reduce blotchy dyeing and ensure greater color
consistency. Levelling is accomplished by two major mechanisms: controlled retardation, where surfactants briefly
complex with molecules of the dye to decrease their initial attraction to the fibre and enable more even distribution prior
to fixation; and migration enhancement, where surfactants enable the transfer of molecules of the dye from zones of high
concentration to zones of low concentration of the substrate. Advanced levelling agents such as EO/PO block copolymers
show thermosensitive behaviour, with more enhanced retardation at lower temperatures and dye molecule release with
increased temperature during the dyeing process. This temperature-responsive property is useful in the management of
dye uptake kinetics in polyester dyeing and similar processes.[30-34] Non-ionic surfactants' anti-foaming action resolves
problems in high-speed dyeing processes such as jet dyeing, which tend to create foam and promote uneven dyeing and
machine overflow. Anti-foaming substances such as silicone-based polyether’s and EO/PO (ethylene oxide/propylene
oxide) copolymers are powerful defoamers that ensure stability in processes without influencing dyeing performance. The
antifoam mechanism involves the destabilization of the air-water interface within foam bubbles, surface tension reduction
at critical locations within the dyeing equipment, and the formation of hydrophobic films that disrupt foam structures.
Modern antifoaming agents are designed specifically to be effective at the high temperatures (90-140°C) found in pressure
dye systems as well as being compatible with the entire spectrum of auxiliary chemicals in the dye bath. [35-38]

One of the advantages of non-ionic surfactants is that they are compatible with a range of dye classes because they do not
interact ionically with dyes. Ethoxylated castor oil enhances dye penetration and solubility for reactive dyes applied to
cotton and rayon. Their multi-hydroxyl functionality offers very good compatibility with cellulosic substrates with an
increase in dye diffusion into capillaries of fibres. They also serve to stabilize reactive groups under conditions of alkaline
fixation. With wool and silk acid dyes, fatty alcohol ethoxylates help to distribute the dye evenly. Their mildness maintains
the sensitive protein structure of these fibres while allowing level dyeing, with ethoxylates containing 12-15 carbon chains

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM45346 | Page 6


http://www.ijsrem.com/

A \&h
7nsremyy International Journal of Scientific Research in Engineering and Management (IJSREM)

5 ; 2 Volume: 09 Issue: 04 | April - 2025 SJIF Rating;: 8.586 ISSN: 2582-3930

and 7-9 EO units providing the best balance between dispersing power and fibre affinity. With disperse dyes applied to
polyester, aryl ethoxylates improve dye dispersion at elevated temperatures. Their heat-stable architecture inhibits
degradation under high-temperature dyeing, ensuring dispersion efficiency throughout the process and helping to facilitate
thermomigration of dye molecules in the polymer architecture upon heat-setting. While dyeing with vat and sulfur dyes,
PEG surfactants help reduce and solubilize dyes, assist in preserving water solubility of leucon forms, and inhibit
premature reoxidation during the dyeing process.[35-39]

Non-ionic surfactants have a large impact on penetration and wetting by lowering surface tension of the dye baths from
around 72 mN/m to 30-35 mN/m, which allows complete and fast wetting of substrates of textile. This aspect is particularly
useful in the case of dense substrates such as denim or heavy twills with problems of penetration of dyes, natural fibres
that have built-in hydrophobicity by waxes or contaminants, and synthetic fibre clumps where capillary forces inhibit
access of dye. Ethoxylated alcohols of 10-13 HLB value have excellent wetting character, and on especially difficult
substrates, advanced penetrating agents featuring a combination of non-ionic and amphoteric structures are used to cope
with extreme hydrophobicity. Apart from these particular applications, non-ionic surfactants contribute to general dyebath
stability by inhibiting precipitation of dyes or auxiliaries during hard water conditions, ensuring consistent dye solubility
over temperature fluctuations, pH buffering against conditions that might degrade dye performance, and minimizing
mechanical fibre-to-fibre friction during processing. The advantages are reflected in increased process efficiency,
decreased reject rates, and lower water and energy consumption in advanced dyeing processes. Further, newer generations
of non-ionic surfactants are formulated with better biodegradability profiles to cater to environmental issues related to
textile processing.[40-42]

33 Finishing Applications

Non-ionic surfactants are also important as emulsifiers in the application of hydrophobic finishing agents like silicones,
waxes, and water repellents. They disperse these substances in water so that they can be applied evenly to the fabric. Their
stability over a broad pH range and electrolyte resistance makes them ideal for many textile formulations. in silicone
finishes, for instance, non-ionic surfactants facilitate the cleavage of silicone oils into thin droplets and enhance
smoothness and flexibility in fabrics. In water repellents, they support uniform application of protective coatings that lead
to persistent and uniform performance. Their resistance to heat is also in line with their use in high temperature finishing
treatments. in textile processes, improvement in fabric characteristics and performance traits. As softening aids,
ethoxylated fatty amides and silicone-based non-ionic such as polydimethylsiloxane derivatives give outstanding hand
feel to fabrics without yellowing effects which are commonly seen in cationic softeners. The rebounded polyglycerol
esters which can both give softness and still ensure moisture wicking in sportswear. In lubricant uses, polyethylene glycol
derivatives and ethoxylated castor oils minimize fibre-to-fibre and fibre-to-metal friction during mechanical processing,
avoiding damage to fragile fibres such as silk and fine wool. Anti-static treatments often employ ethoxylated amines and
polyglycol ethers to drain electrical charges on synthetic fibres. Perhaps most importantly, non-ionic surfactants allow for
exact control of fabric surface properties via hydrophilic/hydrophobic modification. Fluorinated non-Ionics produce long-
lasting water-repelling finishes for outdoor wear, and ethoxylated sorbitan esters yield hydrophilic finishes to make
moisture management in performance fabrics better. [43-48]

4. Conclusion

Non-ionic surfactants are a backbone in the development of contemporary textile processing, providing multifunctional
advantage that caters to both technological and environmental requirements. Due to their distinctive characteristics such
as superior chemical compatibility, low toxicity, and wide functionality, they can be applied to all the pre-treatment,
dyeing, and finishing phases. Ranging from the enhancement of dye uniformity and fabric softness to providing
sustainable processes with less environmental impact, non-ionic surfactants have proved to be unparalleled in their
versatility. The development of bio-based and smart surfactants further complements their applications in future-proof
textile technologies as the industry becomes more geared towards green chemistry and performance textiles. With
tightening environmental regulations and changing consumer needs, non-ionic surfactants will play a crucial role in
developing textile formulations that are effective, sustainable, and innovative. Continued R&D will play a vital role in
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maximizing their use and revealing new functions, rendering them as vital agents for the revolutionizing of the textile
industry.
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