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Abstract

Fabric softeners are extensively used across both domestic and industrial textile care use to enhance the
fabric feel , longevity and performance. This paper explores the comprehensive role of fabric softeners,
including their classification, mechanism on action of fibers, functional and aesthetic benefits,
environmental and health concerns, testing methods and current market use.
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Introduction

Fabric softeners are an integral part of both domestic laundry care and industrial finishing processes,
playing a significant role in enhancing the tactile quality, aesthetics and overall performance of textile
materials. In the early days, textile finishing focused mainly on enhancing strength, dyeability, or moisture
management. However, with the emergence of synthetic fibers, frequent washing practices, and consumer
demand for improved comfort, fabric softeners became essential. They serve as finishing agents that
condition the fabric surface, reduce static cling, minimize wrinkling, and improve the softness or ‘hand
feel’ of the fabric. This has made them indispensable in apparel, home textiles, and even technical textiles
where tactile properties matter (Smith J,2021).Textile materials , such as cotton and wool , often loose
their natural softness and flexibility after repeated mechanical and chemical treatments during
manufacturing, washing and drying. Fabric softeners address this issue by forming a thin layer on fabric
surfaces by restoring the softness lost during these processes. This treatment not only makes the garments
pleasant to wear but also extends their life by reducing fiber wear and surface abrasion (Karmarkar,1999).
Fabric softeners are classified into cationic, nonionic, and silicone based types. Cationic softeners are most
commonly used for cellulosic fabrics due to their ability to bind electrostatically with negatively charged
fabric surfaces. Silicone based softeners are widely used in industrial purposes to impart a luxurious and
silky feel to high value products such as knits, lingerie and activewear (Schindler,e.d,2004). With growing
environmental awareness and health concerns, the composition of fabric softeners is increasingly being
scrutinized. Traditional softeners often contain non-biodegradable surfactants, synthetic fragrances, and
preservatives that contribute to aquatic toxicity and indoor air pollution. This has led to the development
of eco-friendly alternatives such as bio-based polymers, and plant-derived oils that aim to minimize the
ecological footprint without compromising performance (Vankar,2007). fabric softeners are gaining
popularity in both domestic and industrial applications. Brands such as Comfort, Godrej Ezee, and Genteel
offer domestic-use conditioners, while several Indian textile mills and research institutions are exploring
the use of bio-softeners for sustainable processing. The Bureau of Indian Standards (BIS) and the Central
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Pollution Control Board (CPCB) have laid down guidelines and norms to promote the use of safe and
biodegradable textile auxiliaries (CPCB &BIS India,2021).

How Fabric Softeners are used on Fabrics

1. Surface Lubrication & Friction Reduction

Most fabric softeners work by coating the fibres with a thin lubricating film that helps friction between
individual yarns and fibres. This lubrication minimizes entanglement, abrasion and stiffness thus making
the fabric feel softer and more comfortable against the skin (Miller,2020). In the case of cellulosic fibers
such as cotton, the hydroxyl (-OH) groups on the fiber surface carry a slight negative charge. Fabric
softeners—especially cationic (positively charged) softeners—are naturally attracted to these negative
charges, forming a strong bond that enables uniform deposition across the fiber surface (Schindler &
Hauser,2004).

2. Role of Cationic Softeners

Cationic Fabric softeners, including quaternary ammonium compounds are most effective for cotton and
other natural fibers. Their structure includes:

e A positively charged nitrogen head that binds with negatively charged fiber.

e Hydrophobic alkyl chains that face outward and provide a soft , slippery feel.

These compounds reduce electrostatic charges, control static cling, provide a cushioning effect between
yarns, resulting in enhanced drape of the fabric (Kadolph,2007).

3. Action of Synthetic Fibers

Synthetic fibers like polyester and nylon do not have the same natural polarity as cotton, making cationic
softeners less effective on them . Instead, nonionic or silicone-based softeners are used. These softeners
penetrate deeper into the synthetic fiber matrix and fill microvoids on the surface, improving smoothness
and flexibility without significantly affecting moisture wicking properties (Jain & Goel,2019). Silicone
softeners, especially amino-functional silicones, interact with the fabric surface through hydrogen bonding
and form a semi-permanent film that imparts a luxurious silky feel. They are especially favoured for use
in knitted garments, sarees, premium cotton blends, and sportswear (Gupta,2011).

4. Anti Static Effect and Wrinkle Reduction

In addition to enhancing softness, fabric softeners also reduce electrostatic buildup, especially in synthetic
fabrics. Static charges often build up during tumble drying or dry atmospheric conditions, causing
garments to cling uncomfortably to the body or attract lint. Softeners neutralize these charges, creating a
more manageable and clean garment (Babu & Singh,2015). Softeners improve wrinkle resistance and
dimensional stability. By reducing inter-fiber tension, they allow the fabric to recover more easily from
deformation and compression, making ironing easier and improving garment shape retention
(Ferreria,2016).

5. Water Repellency vs Softness

An interesting effect observed with certain softeners—especially silicone-based ones—is a slight
reduction in water absorbency. This is due to the formation of a hydrophobic layer on the fabric surface.
While this may be a desired effect in applications such as outerwear or curtains, it may be a drawback for
towels or sportswear where absorbency is crucial (Park & Kim,2014).

Types of Fabric Softeners
Fabric softeners are formulated to improve the feel, flexibility, and fragrance of textiles after washing.

IJFMR260165741 Volume 8, Issue 1, January-February 2026 2



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

They are available in different types, each with distinct compositions, methods of application, and
performance outcomes. These include liquid softeners, dryer sheets, in-wash scent boosters, spray-on
types, and industrial-grade finishes.
1. Liquid Fabric Softeners
Liquid fabric softeners are most commonly used in domestic laundry. Added during the rinse cycle, they
deposit a thin lubricating layer of cationic surfactants—typically quaternary ammonium compounds—
onto fabric fibers, reducing friction and enhancing smoothness (Maytag, 2023).
Pros:
e Long-lasting fragrance.
e Significant improvement in fabric softness.
e Anti-static and wrinkle-resistance benefits.
Cons:
e May reduce water absorbency in towels or activewear.
e Overuse can lead to residue buildup in washing machines.
2. Dryer Sheets
Dryer sheets are disposable sheets treated with softening and fragrance agents. Activated by the heat of a
dryer, they transfer lubricants onto the fabrics, reducing static cling and enhancing aroma (Southern
Living, 2023).
Pros:
e FEasy to use.
e Provides anti-static benefits.
e Leaves clothes fragrant and less wrinkled.
Cons:
e Coating may reduce absorbency or hinder drying efficiency.
e May cause allergic reactions due to added perfumes or chemicals.
3. In-Wash Beads & Crystals
These are dissolvable beads added directly into the washing drum before the wash begins. Brands like
Downy Unstopables and Comfort Perfume Deluxe offer long-lasting scents, though the softening effect
may be secondary (Tru Earth, 2023).
Pros:
e Potent and lasting fragrance.
e FEasy to measure and apply.
Cons:
o Softening ability is less effective than liquids.
o May contain non-biodegradable microplastics (Plastic Pollution Coalition, 2023).
4. Spray-on Softeners
These are typically used during ironing to ease creases and add scent. DIY versions using vinegar and
essential oils have gained popularity as eco-friendly options (Good Housekeeping, 2021).
Pros:
e Control over usage.
e Convenient and travel-friendly.
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Cons:

o Only temporary effects.

o Commercial sprays may contain VOCs.

5. Industrial Softeners

Used in textile finishing processes, industrial-grade softeners are more complex and offer higher
durability. They are commonly silicone-based and provide properties such as flame resistance, softness
retention after multiple washes, and hydrophilic/hydrophobic control (Gupta, 2011, IS 6874:1994).

Pros:

e Tailored performance for different textile applications.

e Durable even after multiple industrial washes.

Cons:

e Require specialized machinery and expertise.

e Higher chemical load and potential environmental impact.

Benefits of Fabric Softeners

Fabric softeners are formulated to enhance the tactile and functional properties of fabrics during the
laundering process. These chemical finishing agents provide a range of advantages that improve both
consumer satisfaction and textile longevity. The benefits span across comfort, fabric aesthetics,
performance, and even downstream processing in industrial textile applications.

1. Improved Fabric hand and softness

One of the primary reasons fabric softeners are used is to impart a soft and pleasant hand feel to textiles.
Cationic surfactants and silicones used in softeners coat textile fibers, making them smoother and reducing
the harshness often associated with repeated washing, especially for cotton and linen fabrics (Chowdhury,
2018).

2. Reduced Static Electricity

Static electricity is a common concern, especially for synthetic fabrics like polyester and nylon. Fabric
softeners counteract the electrostatic build-up by introducing conductive molecules that neutralize charge
separation on the fabric surface (Mohan & Chakraborty, 2020).

3. Enhanced Ironing and Wrinkle Reduction

Another major benefit is the ease of ironing that softeners provide. By relaxing fiber bonds and reducing
surface friction, fabrics treated with softeners require less effort and lower temperatures for ironing.
Studies have shown that the application of fabric softeners can reduce wrinkle recovery angles
significantly, especially in cellulose-based fabrics (Kimbrell, 2014).

4. Fragrance and Freshness

Modern fabric softeners often include long-lasting fragrances that mask residual odours from perspiration
or detergent use. Micro-encapsulation techniques have enabled timed release of fragrance molecules,
offering extended freshness even after storage (Henkel Group, 2023).

5. Fabric Strength and Colour Retention

Softeners can indirectly contribute to the longevity of garments by reducing tensile stress during
mechanical agitation in washing machines. By lowering the friction between fibers, fabric softeners
prevent premature pilling and fraying (Romakk Silicones, 2024). Some softeners incorporate anti-
redeposition agents that help fabrics retain dye molecules and avoid color dullness over repeated washes
(ColourInn, 2024).
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6. Moisture Management and Wicking

Newer generations of silicone-based and hydrophilic fabric softeners improve the moisture transmission
rate in performance fabrics. This allows fabrics, especially sportswear and undergarments, to exhibit better
breathability and wicking action without compromising softness (Fineotex, 2024).

7. Reduced Drying Time

By altering the surface tension of fabric fibers, softeners can help expel more water during the spin-dry
cycle, reducing the time needed for tumble or line drying. This not only saves energy but also improves
laundering efficiency in commercial laundries and hospitals (The Spruce, 2023).

Environmental Impact of Fabric Softeners

Most traditional fabric softeners contain quaternary ammonium compounds (quats), such as diethyl ester
dimethyl ammonium chloride (DEEDMAC), which are not readily biodegradable. When washed down
the drain, these compounds can bioaccumulate in aquatic organisms and lead to toxicity in freshwater and
marine environments (Ternes et al., 2004). Fabric softeners can disrupt the microbial ecology of
wastewater treatment plants. The cationic surfactants present in softeners can inhibit the growth of
nitrifying bacteria necessary for ammonia conversion, reducing the efficiency of biological treatment (Luo
et al., 2014). Dryer sheets used as alternatives to rinse-cycle softeners often contain synthetic polyester
nonwoven fabrics, which shed microfibers and microplastics during use. These materials, once released
into the environment, are not filtered effectively and contribute to microplastic pollution (Plastic Soup
Foundation, 2023). Fragrances used in fabric softeners often contain volatile organic compounds (VOCs),
such as limonene, a-pinene, and linalool, which can react with indoor ozone to form secondary pollutants
like formaldehyde (Steinemann, 2016). In India, where wastewater treatment infrastructure is under strain,
discharge of non-biodegradable laundry chemicals poses a major issue. A study by the Central Pollution
Control Board (CPCB) highlights that over 80% of India’s wastewater is discharged untreated, amplifying
the environmental risk of domestic softener usage (CPCB, 2021). The production and transportation of
softeners involve petrochemical-derived raw materials, plastic packaging, and fossil fuel usage. This
lifecycle contributes to the carbon footprint of textile care. Studies show that incorporating softeners
increases the overall GHG emissions of a laundry cycle by about 8—15%, depending on the product and
washing temperature (Woolridge et al., 2014). To counteract environmental harm, manufacturers are now
developing biodegradable, plant-based fabric softeners free from quats, dyes, and synthetic fragrances.
Products bearing certifications such as EcoLabel, USDA BioPreferred, or GreenSeal are gaining
popularity in India and abroad . Indian brands like Herbal Strategi and Beco India are producing softeners
using neem and coconut oil derivatives that have lesser aquatic impact (Ecolabel Index,2023).

Testing and Evaluation of Fabric Softeners

The performance and safety of fabric softeners are assessed through rigorous testing protocols based on
both physical and chemical evaluations. These tests help manufacturers, textile researchers, and quality
control labs to determine the effectiveness, compatibility, and environmental impact of softeners. In India
and globally, fabric softeners are evaluated according to standardized norms to ensure consumer safety
and fabric integrity.

1. Evaluation of Softening Performance

One of the primary functions of fabric softeners is to improve the hand feel or softness of textiles. This is
measured through both subjective and objective methods.
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e Subjective Testing involves panel testing, where trained individuals rate the softness or tactile quality
of treated vs. untreated fabrics on a scale (Gupta, 2011).

e Objective Testing includes instruments like KES-FB (Kawabata Evaluation System for Fabrics) and
Handle-O-Meter, which measure mechanical properties such as surface friction, compressibility, and
stiftness. These values reflect the changes brought about by softener application (Mahapatra &
Khandual, 2019).

2. Wettability and Water Absorbency

Fabric softeners can negatively impact the water absorbency of textiles, especially terry towels and

cottons. This is tested using methods like:

e Drop Test Method: Measures the time taken for a water droplet to be absorbed by the fabric surface.

e AATCC 79: Determines absorbency rate in seconds. Excessive use of cationic softeners may increase
this rate significantly (AATCC, 2022).

3. Surface Chemistry and Fabric Interaction

Advanced testing like FTIR spectroscopy (Fourier Transform Infrared) is used to analyze chemical

bonding between fabric softeners and cellulose or synthetic fiber surfaces. Scanning Electron Microscopy

(SEM) may also be used to visually assess the film formed by softeners on fiber surfaces (Siddiqui &

Arora, 2020).

4. Testing for Toxicity and Skin Sensitivity

Fabric softeners, especially those with synthetic fragrances and preservatives, are evaluated for skin

irritation and allergenicity using dermatological patch testing (Steinemann, 2016). In India, BIS standards

mandate that fabric softeners should not exceed certain limits of formaldehyde, heavy metals, or allergenic

fragrances (BIS, 1994).

5. Indian Testing and Quality Standards

In India, the Bureau of Indian Standards (BIS) has developed norms under IS 6874:1994 — Fabric Softeners

— Specification, which outlines parameters like:

e pH value

Stability on storage

e (Colour and appearance

e Active content percentage

Additionally, testing bodies like SITRA (The South India Textile Research Association) and ATIRA also
conduct third-party testing and issue certifications for textile finishes, including softeners.

Usage Guidelines and Application Techniques

1. Domestic Use: Washing machine and Manual methods

In household laundry, softeners are added during the final rinse cycle to allow better quality of fibers.
Automatic washing machines have a separate softener compartment and the softener is dispensed in the
final rinse automatically (Consumer reports,2022). Overuse of softeners can lead to residue buildup,
reduced absorbency and potential allergic reactions.Commonly,5-10 ml pr kg of dry load is recommended.
Users should avoid direct pouring onto fabric, as undiluted textiles can stain textiles (Surf Excel
India,2021).
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2. Fabric specific Guidelines

Different fabric types respond differently to softeners:

e Cotton and Terry Towels: Excess use may hinder absorbency. Light dosages or occasional usage is
preferred (Mahapatra, 2022).

e Synthetic Fabrics (Polyester, Nylon): Cationic softeners reduce static electricity and enhance drape.

e Wool and Silk: Require mild, pH-neutral softeners that do not disturb

¢ natural protein fibers. Specialized softeners such as lanolin-based products are used.

e Baby Garments: Pediatricians recommend avoiding strong fragrances and preservatives.
Hypoallergenic softeners are preferred (American Academy of Pediatrics, 2019).

3. Industrial Application in Textile Finishing

In textile mills and processing units, softeners are applied using:

o Padding mangle technique: Fabric is passed through a solution of softener and squeezed between
rollers.

o Spray application: Uniform distribution of softener solution is achieved using spray guns.
Exhaust method (for loose fibers or yarn): Softeners are added in the last rinsing bath at controlled
temperatures (40—-50°C) for uniform absorption.

o Industrial dosages and formulations are carefully calculated based on fabric GSM (grams per square
meter), wet pick-up percentage, and machinery parameters (Gupta & Sharma, 2021).

4. Use in Commercial Laundry Services

In India, commercial laundry services such as UClean, LaundryMate, and hotel laundries use eco-certified

softeners that are biodegradable and compatible with large-capacity washers. They typically use

automated dosing systems to minimize human error and product wastage (UClean India, 2023).

5. Integration with Detergents: Two-in-One Formula

Modern products include detergent + softener combinations, especially in liquid formats. These

formulations are designed for convenience and are pH balanced to clean and soften simultaneously.

However, they may not match the softening performance of dedicated softeners (P&G India, 2022).

6. Precautions in Use

To maximize safety and performance, the following precautions are recommended:

e Do not pour directly on fabric.

e Do not exceed the recommended dose (can cause buildup).

e Shake well before use (especially natural/organic softeners).

e Avoid use on moisture-wicking fabrics (e.g., sportswear, activewear), as it may impair performance.

e Store in cool and dry places to avoid chemical degradation (Mayo clinic,2022).

Case Studies and Industrial Use in India

India’s diverse textile industry—from homegrown laundromats to large-scale apparel exporters—has
embraced fabric softeners not only for quality enhancement but also for improving product marketability.
These case studies represents real-world examples and industrial data on how softeners are being
incorporated into production and care cycles.

Case Study 1: Raymond Ltd.-Soft Finishing for premium Suiting

Raymond, a renowned Indian textile giant, uses specialized non-yellowing cationic softeners during the
finishing of its premium wool-polyester blended suiting materials. Their state-of-the-art Vapi plant applies
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softeners using pad-dry-cure techniques. The goal is to improve fabric drape, touch, and anti-static

behavior, crucial for export-quality menswear.

Outcome: Their trials indicated that the use of cationic silicone softeners reduced surface friction by 32%

and increased wearer comfort rating (via blind testing) by 25% over untreated fabric (Raymond Ltd,2022).

Case Study 2: Arvind Mills-Bio-based Softener trials

Ahmedabad-based Arvind Mills, one of India’s leading denim exporters, partnered with Clariant

Chemicals to test plant-derived softeners on their stretch denim range. Conducted in 2023, the trials

focused on eco-toxicity, softness perception, and impact on tensile strength.

Outcome:

e The bio-softener outperformed petroleum-based quats in feel and finish.

e No compromise in tensile strength was observed.

e Wastewater showed 68% lower BOD levels compared to conventional softeners (Clariant,2023).

Case Study 3: Indian Hotel Laundry chains-Hygiene meets Softness

Chains such as Taj Hotels and The Oberoi Group use fabric softeners for guest linens and towels. In

collaboration with Diversey India, their laundry operations in Pune and Jaipur use automated dosing units

to add liquid softeners post-detergent cycles.

Key Focus:

e Hygiene and softness are balanced using antimicrobial fabric softeners.

e Cotton towels treated with softeners had higher retention among guests and received superior reviews
( Diversy India,2021).

Case Study 4: Small scale unit- Bengaluru based Handloom Co-op

A cooperative of handloom weavers in Bengaluru (supported by NABARD) started applying aloe-vera-

based softeners post-dyeing on cotton sarees to improve market appeal and reduce fiber harshness from

reactive dyes. This effort was documented as a case under India’s Ministry of MSME Textile Cluster

Initiative.

Outcome:

e 60% increase in customer satisfaction (based on feedback).

e Less fiber breakage during ironing and folding.

e Productivity increased as fewer sarees were returned or rejected (MSME India,2022).

Case Study 5 : Laundry Startups-Pressto India and Wassup

Urban startups like Wassup Laundry and Pressto use pH-balanced softeners in their post-wash cycles.

These companies rely on biodegradable softeners that leave a mild scent but avoid parabens or

phthalates—important for their eco-conscious, young urban clientele (Startup India,2023).

Case Study 6: Consumer Perspective- Field study in Pune

A study conducted by students of NIFT Mumbai in 2023, involving 100 households in Pune, explored

fabric softener usage in domestic laundry. Results showed:

e 74% of users preferred liquid softeners over dryer sheets.

e 42% noticed longer life of their cotton clothing.

e 16% complained about residue when using excessive amounts (NIFT Mumbai,2023).

Innovations and Trends in Fabric Softener Development
1. Shift towards Bio-based and Green Softeners
The growing demand for biodegradable, plant-based ingredients has led to significant R&D investments
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in esterquats, polymeric softeners, and enzymatic alternatives. Major brands like Procter & Gamble,

Huntsman, and Croda have introduced softeners derived from canola, soybean, or palm oil derivatives,

reducing reliance on petrochemicals.

For example, Croda’s Crodasoft TM series offers readily biodegradable softeners with high dispersibility

and low aquatic toxicity (Croda, 2023).

2. Microcapsule and Fragrance Encapsulation Techniques

Modern softeners are increasingly incorporating microencapsulation techniques to deliver long-lasting

fragrance and functional additives such as anti-bacterial agents or UV blockers. These capsules are

engineered to break upon friction, releasing fragrance during wear.

e P&G’s DownyTM uses proprietary scent beads for time-release effects.

e BASF has developed Encaps™ technology with polymeric walls that protect fragrance oils from
degradation during washing and drying (BASF, 2022)

3. Hybrid Finishing Agents: Softener + Antimicrobial + Antistatic
Formulators are designing multi-functional softeners that combine softening with:

e Antibacterial properties (e.g., silver nanoparticles or essential oils),

e Antistatic behavior (especially important for synthetic fabrics), and

e  Wrinkle reduction.

These hybrid finishes are in high demand in the athleisure and hospital linen segments. In India, companies

like Rossari Biotech and Resil Chemicals have launched products like ResisoftTM that meet these

multifunctional needs (Resil Chemiclas,2023).

4. Enzymatic Softeners and Biocatalytic systems

Enzyme-based softeners are emerging as clean-label alternatives, particularly in finishing natural and

regenerated cellulosics like cotton, viscose, or bamboo. These systems reduce surface roughness by

modifying fiber ends enzymatically, allowing softening without silicone oils or quats.

e Novozymes has developed Textile Enzymes SoftCareTM, reducing water load and process time

e These enzymatic finishes are compatible with low-temperature and zero-formaldehyde processing,
supporting sustainable production (Novozymes,2023).

5. Cold wash and Energy saving softeners

Innovations are being developed to allow effective softening at lower temperatures (15-20°C), making

them ideal for cold-water washing. These products are designed for urban users in developing countries,

helping reduce energy costs and water heating demands.

e Henkel’s Vernel Soft & OilsTM claims to maintain fabric softness even in cold washes by using a
patented cationic polymer matrix.

e Such products also help extend fabric life by minimizing thermal damage during wash cycles
(Henkel,2022).

6. Waterless and Spray applied Softeners

In response to water scarcity, startups in the EU and Asia have launched waterless softener applications,

such as compressed sprays, aerosol-based systems, and UV-curable coatings. These are targeted at dry-

cleaning, on-the-go, or industrial finishing settings (European Textile Technology,2023).

Conclusion
Fabric softeners have evolved from simple comfort enhancers to multifunctional textile care agents that
improve aesthetics, performance, and usability of fabrics. Their application spans domestic laundry,
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industrial textiles, healthcare linens, and fashion fabrics, offering varied benefits such as softness, reduced
static cling, fragrance retention, and increased durability. Fabric softeners play a crucial role in maintaining
textile quality and enhancing user experience across a wide range of fiber types.

From a scientific and industrial perspective, the mechanisms of softener action—such as surface
lubrication, fiber coating, and electrostatic neutralization—have been well-studied for decades. However,
the rise of synthetic blends, functional finishes, and sustainability imperatives has demanded significant
innovation in softener design and formulation.

Key Findings

o Cationic softeners dominate the market due to their strong performance on cotton and blends.

o The role of silicone softeners is expanding in industrial and premium apparel applications for their
high durability and hydrophobicity.

o Modern softeners are being designed to be biodegradable, plant-derived, and multifunctional,
supporting eco-conscious textile production.

o Testing standards like ASTM , AATCC and fabric hand evaluation techniques help ensure consistent
performance and safety.

o The Indian market is adopting both conventional and eco-smart softeners in segments like denim, terry
towels, and uniforms.
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