
1.  Introduction

Nanotechnology is a path breaking and innovative concept, 
capable  of  revolut ionizing al l  major  industr ia l 
establishments. The advent of Nano technology has served as 
a paradigm for textile and fashion industry with the 
technology finding application in different textile segments 
ranging from casual wear to antimicrobial clothing to 
sportswear, medical textiles and smart wearable electronic 
textiles.  The indispensable and significant contribution of 
Nano technology to world of textiles is attributed to drastic 
change in material properties by reduction of dimensions to 
nanometer scale. Nanotechnology is gaining popularity in 
textile arena due to the limitations faced by conventional 
methods that influence the textile properties in temporary 
manner and the functionality is retained till laundering or 
wearing. Better fabric affinity and durability can be achieved 
through Nano-technology owing to large surface area-to-
volume ratio and high surface energy of Nano-particles. 
Apart from imparting functionality, comfort, handle, 
breathability of Nano-finished textile substrates is not 
compromised unlike the conventional methods. 

Therefore, the role of nanotechnology in textile applications 
cannot be undermined considering the fact that technology is 
fully explored to alter functional and performance attributes 
of textiles namely enhanced  tenacity, unique surface 
characteristics, texture, durability, water proofing, flame 
repellency, antistatic and antimicrobial properties [1]. The 
paper will mainly focus on the role of Nano technology in 
various textile applications with emphasis on improved 
functionality and incorporation of smart features in textile 
substrates via the use of technology. 

2. Nano materials for Textile applications 
A range of nano-materials namely nano composite fibres, 

carbon nano fibres, nanoparticles, clay nano particles, carbon 
nanotubes, cellulosic and carbon nano whiskers, nano 
cellular foam structure and  inorganic colour pigments like 
TiO2, ZnO, Fe2O3, MgO, SiO2 are utilized to enhance the 
functionality and thus the performance of textiles.

Carbon nanotubes are employed for conductive fibres, 
energy storage devices and sensors which are increasingly 
being used in smart, wearable e textiles [2].

CNT coatings on conventional fiber fabrics like cotton 
impart sensing abilities to the treated fabric The conductivity 
properties of cotton yarn can be altered by polyelectrolyte 
based coating of carbon nanotubes thus making them 
suitable for electronic textiles. Furthermore, CNTs coated 
cotton yarns can detect blood protein (albumin) and can be 
effectively utilized for medical textiles.  The fabrics modified 
by application of carbon nano tubes develop the ability to 
transform solar energy into electrical energy; thereby can be 
utilized for development of self-powering energy apparels 
and accessories [3]. 

Nano cellular foam structures are light weight polymeric 
materials exhibiting nano size porosity and unique properties 
like good thermal insulation, high resistance against cracking 
at elevated temperature without any deterioration in 
mechanical strength [4, 5].

Nano-composites are far more superior than conventional 
cellulosic materials as far as mechanical properties are 
concerned. Additionally nano-composites are bio-based, bio 
degradable and possess relatively high strength. 
Accordingly, Nano size cells can be used to encapsulate 
drugs and pesticides and find application in designing 
protective clothing and medical textiles [6-9]. 

Properties exhibited by nanoscale materials are enhanced as 
compared to bulk counterparts. Drastic change in properties 
can be administered as material size is brought down to 
nanometer range. 
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The material selection for nano particle preparation is 
dictated by number of factors as listed below:
Ÿ Desirable size of nanoparticles
Ÿ Surface characteristics 
Ÿ Degree of biodegradability
Ÿ Biocompatibility 
Ÿ Toxicity levels
Ÿ Inherent properties- solubility, stability 

3. Nano Technology for Smart applications 
Application of Nano-technology has enormously benefitted 
the textile sector. Some salient features exhibited by Nano-
finished textiles include – increased durability, comfort, 
hygienic properties and reduction in production cost.  

The wide spread usage of Nano technology in textiles may be 
attributed to textiles being best suitable substrate presenting 
large surface area for given fabric aerial density or volume.
Large surface area and high surface energy of Nano treated 
textiles enhance the affinity for fabrics along with increased 
durability. Furthermore, particle size determines the 
adhesion to fibres.
Biggest particle agglomerates can be conveniently detached 
from surface of textile substrate. However, the smallest 
particles can penetrate deeper and will exhibit stronger 
adhesion into fabric matrix. Therefore, the properties of 
materials can be drastically changed as the size of particle is 
decreased to Nano-scale [10]. 

Nano particle modified textiles find application in a variety of 
textile applications like intimate wear, casual and active 
wear, extreme weather clothing, protective clothing and 
medical textiles. Accordingly, the Nano-textiles should 
exhibit enhanced functionality along with inherent textile 
characteristics like strength, durability and comfort. Nano 
particles on account of   even distribution in polymer 
matrices, exhibit load bearing capacity, provide toughness 
and abrasion resistance; transferring stress away from 
polymer matrices thereby enhancing the tenacity and 
durability of composite fibers [11, 12].

The stated property can be exploited for textile applications 
where high tensile strength, durability and toughness are 
essential like high performance garments such as anti-
ballistic, military wear and protective clothing.

Nano fabrics have an edge over conventional fabrics like 
Teflon and Gore-Tex as far as performance and functionality 
is concerned. A wide range of functionalities like 
waterproofing, stain proofing, odor-resistance properties can 
be imparted to textiles, retaining the inherent textile 
characteristics, comfort and handle of the base fabrics. 
Nanoparticles embedded with natural or synthetic fibres do 
not alter the tactile properties of fabric. Furthermore, 
technology plays a pivotal role in altering, improving and 
creating textiles with enhanced functionality. Accordingly, 
Nano engineering of textiles can be accomplished thereby 
enabling textile substrates to showcase particular property as 
per intended end use like antistatic properties, hydrophobic 

characteristics, antibacterial properties, conductivity and 
anti-wrinkle and properties.  The scope of Nano textile 
application areas thus increases manifolds ranging from 
casual wear to technical and smart textiles [13].  

The characteristics desirable in smart nano-textiles are as 
follows:
Ÿ Mechanical strength
Ÿ Conductivity
Ÿ Flexibility
Ÿ Wash ability
Ÿ Biocompatibility
Ÿ Durability against washing and aging 
Ÿ Comfortable feel to wearer
Ÿ Warning and protection against danger
Ÿ Biometric data monitoring
Ÿ Treatment of diseases, ailments and injuries 
Ÿ Improvement of athletic performance via sensor 

embedded, wearable technologies
Ÿ Means of communication for military personnel.

Mechanical flexibility intended for wearable textiles can be 
achieved through Nano technology.
Nano sizes of the elements ensure thinness of elements and 
thus flexibility. Accordingly, smart textiles finished with 
Nano-technology assist in achieving the extensibility of 
conventional textile fabrics [13].

Durability against washing and ageing can be attained by 
effective bonding of smart components with textile raw 
materials via Nano coating process. Thus it can be 
recapitulated that Nano technology can be fully explored in 
high performance, smart textiles to enhance their functional 
and aesthetic properties. It thus becomes crucial to 
understand about smart textiles [14]. 

The term Smart textiles is coined for category of materials 
that are capable of sensing, adapting and responding to 
external impetus like changes in ambient conditions. A 
lightweight, nanomaterial-based wearable system behaves 
smartly responding to ambient temperature and providing 
comfort to wearer in extreme temperature of – 50 °C to +50 
°C. A variety of smart materials like PCM, SMA and 
polymers, color changing materials and electrically 
conducting materials are used in smart textiles. Nano based 
high performance textiles laced with technology like 
wearable electronics, sensors can serve multitude of 
functions like monitoring physiological parameters of 
athletes, sportsperson, electricity conduction, embedded 
communication between devices, controlled moisture 
management and protection from hazardous environments 
[15]. 

4. Nano Technologies - Boon for Textile Industry
Nano Textiles are undoubtedly a boon for apparel, accessory 
and technical textile segments owing to high performance 
attributes of Nano enhanced materials.  The functional and 
aesthetic appreciation of textiles achieved as a result of Nano 
technology is fully explored in high performance, smart 
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textiles, sportswear, wearable sensors, digital fashion, color 
changing textiles, medical and military wear [16, 17]. 

Nano technological advancements in textiles can be 
attributed to greater repeatability, reliability and robustness. 
Enhanced, intelligent functionality to textiles such as 
excellent durability, weather resistance, moisture 
management, antimicrobial activity, sensing, controlled 
release of drugs, fragrances etc can be achieved through a 
variety of coating techniques such as plasma polymerization, 
sol gel and layer by layer deposition [18].  

Nanotech enhanced textiles find applications in sportswear, 
medical textiles, military wear, automotive textiles, extreme 
weather clothing, protective and smart clothing (Fig. 1). 
Multi functionality like water and stain repellency, anti odour 
property, anti-bacterial properties, UV protection and easy 
care properties can be incorporated into textiles via Nano 
technology. 

Figure 1 - Nano based Smart Textiles

Development of Water repellant textiles by intervention of 
Nano technology 
Nano-whiskers, the hydrocarbons of size 1/1000 of cotton 
fiber offer water repellency to fabrics without any strength 
loss. Water is retained on the top of whiskers and above the 
surface of fabric owing to small space between whiskers than 
water droplets, thus providing water repellant properties to 
treated fabrics. Water repellency and prevention of dirt 
particles adhering to surface can be achieved by Nano sphere 
impregnation on textile substrate. Beading up and rolling of 
water droplets occur as water droplets fall on surface treated 
with Nano sphere particles thereby resulting in dry surfaces 
with rolling droplets carrying dirt particles along.

Development of UV protective textiles by intervention of 
Nano technology 
The adverse impact of ultraviolet rays on human beings and 
environment can be circumvented by designing clothing 
treated with metal oxide nanoparticles namely TiO, MgO, 
ZnO and AlO. The metal oxides are effective UV blockers 
and when applied on textiles impart UV resistance to treated 
substrates. The larger surface area/ mass and volume of Nano 
sized materials compared to conventional materials results in 
increased effectiveness of UV radiation blocking. 
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UV protection on cotton fabric can also be achieved via 
application of nano rods. The length of the rods can vary from 
10 to 50 nm. The effect becomes more pronounced by 
padding process for application of nano particles on textile 
substrate with penetration of nano particles into yarn 
interstices and fabric structure. 

Development of Medical textiles by intervention of Nano 
technology 
Nanotechnology is a promising and innovative field as far as 
medical textiles are concerned.  Medical textiles modified 
with nano synthesized materials are effective against 
microbial activity and thus find application in health 
professionals' protective wear and uniforms to impart 
antimicrobial properties to fibres. Bamboo rayon-copper 
nanoparticle composites have replaced metal nano particles 
which undoubtedly exhibit antibacterial activities but are 
less durable. Copper nano particles can be immobilized using 
bamboo rayon fabric grafted with acrylic acid. Bamboo 
rayon-copper nanoparticle composites are effective against 
bacteria of Gram positive and negative genre. Furthermore, 
composite can be easily laundered exhibiting durability up to 
50 washes and are economical. The modified fabrics thus find 
application in hospitals to avoid infections caused by 
infected clothes in patient's wards. Nano particles based on 
bio active compounds extracted from herbal plants like 
Curcumin longa and Datura metel also find application in 
medical textiles owing to their biodegradability, high 
antibacterial activities, easy availability and economic 
benefits. 

One of the promising nano- products finding application in 
medical textiles is nano silver. The size of nano silver 
particles is less than100 nm and consists of 20–15,000 silver 
atoms. Silver nanoparticles are used for treatment of burn 
wounds, used in wound dressings for better cosmetic 
appearance and scar less healing [19]. 

Fabrics functionalized with microencapsulated nano 
particles for controlled release of drugs, skin moisturizers, 
bug and insect repellent are extensively utilized for tissue 
engineering, medical textiles, drug delivery, wound 
dressings and topical treatments like chitin for wound 
healing [19, 20]. 

Development of antibacterial textiles by intervention of 
Nano technology   
Nanotechnology plays a vital role in offering resistance to 
microbial growth to nano modified textiles. Nano sized Ag, 
TiO2, ZnO, triclosan and chitosan are generally used for 
rendering textiles antibacterial. The large relative surface 
area of nano silver particles increases the contact with 
microbes thereby improving the efficacy against bacteria, 
fungi etc. The cellular metabolism is adversely affected with 
inhibition of cell growth as the nano silver contacts bacteria 
or fungi. The multiplication and growth of infection, odor, 
itchiness and sore causing bacteria and fungi is inhibited by 
application of nano-silver particles [20, 21]. 
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Bacteriostatic properties can be imparted to nonwoven 
fabrics by treating PES nonwoven fabric and colloids with 
Ag based nano particles which  prohibit the bacterial growth 
in the fabric thus making the treated fabric suitable for 
designing socks, medical textiles like burn dressings and all 
such applications where bacterial growth is required  to be 
culminated. Likewise, coating of silver nanofibers on nylon 
fabric imparts antibacterial properties to fabric against 
bacteria. Filtration textiles utilizes cotton/nylon woven 
fabrics coated with electro spun nylon 6 nanofibers.  
Triclosan is a non-ionic, chlorinated bis phenol synthetic 
agent effective against microbes and thus frequently used to 
impart antibacterial, antiviral and antifungal properties to 
textiles. Another antimicrobial agent for textile is a natural 
biopolymer named chitosan. ZnO nanoparticles exhibit 
antibacterial and UV blocking properties and thus utilized for 
antimicrobial protective clothing3.

Development of antistatic textiles by intervention of Nano 
technology 
Antistatic agents are employed for elimination of static 
electricity on the textile substrate. The improvement of 
antistatic properties of synthetic materials is a major cause of 
concern as the former possesses poor antistatic properties.
Accordingly, synthetic fibres are rendered antistatic by 
application of nano sized TiO2 particles, ZnO whiskers, nano 
antimony doped SnO. The textile substrates so treated can 
dissipate the accumulated static charge from the fabric's 
surface. Antistatic property achieved through Nano-particles 
is durable compared to conventional methods where 
antistatic agents are less durable to washing and laundering 
cycles. 

Durable anchoring of electrically conductive nano-particles 
in the fibrils of Teflon membrane produce an electrically 
conductive network. The network so formed prevents the 
formation of isolated chargeable areas and voltage peaks.

Development of wrinkle resistant textiles by intervention of 
Nano technology 
Nano TiO2 and nano silica are generally utilized for 
imparting crease resistance to natural and synthetic fabrics 
like cotton and silk respectively. The application of nano 
particles to textiles for wrinkle resistance assists in 
overcoming the demerits associated with conventional 
methods of resin application which results in decreased 
tenacity, abrasion resistance, moisture vapor transmission, 
dye ability and breathability of resin treated fabrics. 
Nano-engineered cross-linking agents impart wrinkle 
resistance to cotton fabrics, during the fabric finishing 
process and unlike the conventional crease resistant finishes, 
do not adversely impact the handle and comfort properties of 
treated cotton fabrics. Application of nano-silica in 
conjunction with catalytic agent like maleic anhydride on 
silk can significantly improve the crease resistance of silk 
[12]. 

Development of flame resistant textiles by intervention of 
Nano technology 
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Flame retardant textiles are being developed by application 
of colloidal antimony pentoxide. Flame retardant finish to 
garments is imparted by nano antimony pentoxide in 
combination with halogenated flame retardants. Flame 
retardant properties can also be imparted by application of 
polymer nanocomposites based on nano metric fillers like 
layered silicates, metal oxides, layered double hydroxides 
and nano tubes.

Development of anti-odor textiles by intervention of Nano 
technology 
Tourmaline is effective as odor fighting finish. Electrolytic 
dissociation as a result of contact of tourmaline with oxygen, 
CO2 and water molecules generate negative ions. The 
magnetic fields created by negative ions resist bacteria 
enabling fabric to stay odor free.

Development of active & leisure smart sportswear by 
intervention of Nano technology 
Design and development of sportswear need special 
consideration of sports for which the clothing is intended, 
activity level of wearer and ambient conditions to which 
sports person would be subjected.  Accordingly, 
nanotechnology-based materials find application in 
sportswear to fulfill the requirements of this smart clothing 
segment. Fabrics modified with nano particles exhibit the 
capacity of providing functional properties desirous and 
sought after in sportswear like moisture management, 
breathability, thermal regulation, anti-microbial and anti 
odour properties. Low aerodynamic and hydrodynamic drag 
force, thermo-physiological comfort aspects, compression 
and monitoring of body's physiological parameters and are 
required for sportswear to be designed for dynamic, extreme 
weather sports activity.  Accordingly, nano technology is 
being explored for designing a range of active and leisure 
wear catering to sports such as ballooning, parachuting, 
skiing, snowboarding, aerobics, athletics, hiking, 
mountaineering and under water sports etc. The sportsperson 
is presented with challenging conditions in all these sports 
and hence it becomes crucial that the sportswear exhibit 
multifunctional properties [22]. 

The traditional methods involved finishing with deleterious 
chemicals like phthalates, dimethyl formamide (DMF), 
nonylphenol and ethoxylates. Not only the chemicals pose 
adverse environmental and health impacts, but they are non-
durable too with effect and functionality lost after repeated 
laundering and wearing. The limitations can be overcome by 
nano finish application that offer a more durable and eco-
friendly alternative. The better fabric affinity and increased 
durability of finishes can be attributed to large surface area-
to-volume ratio and high surface energy of nanoparticles [22, 
23]. 

Nanostructures are effectively utilized in smart textiles to 
render therapeutic properties to relieve the sportsperson 
involved in rigorous physical activities like bodybuilding, 
arm-wrestling and powerlifting from fatigue and injury. 
Germanium and ceramic powders like alumina, TiO2, SiO2 
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incorporated into textile structures can be effectively utilized 
for next to skin applications.  Accordingly, the Nano 
structures with far-IR radiation effect have been increasingly 
used in a range of therapeutic applications like therapeutic 
knee and elbow bands. 
Nano materials developed by atmospheric pressure non-
thermal plasma technology followed by graft polymerization 
are effectively used in sportswear owing to controlled 
moisture and odor in the fabrics.

Development of wearable textiles by intervention of Nano 
technology 
Nano technology has revolutionized the design and 
development of wearable textiles by creation of sensor based 
materials via use of TiO2MgO nano particles. Incorporation 
of nano crystalline ceramic particles onto fabrics impart 
special functionality to finished fabrics thereby exhibiting 
capability of converting applied mechanical force into 
electrical signals. 

The physiological parameters like heartbeat, pulse rate can 
be monitored as garment developed from finished fabric is 
worn next to skin. Titanium di oxide and Zinc oxide 
nanoparticles possess the capability of conducting electricity 
and dissipating the fiber's static charge, repel static and 
exhibit sterilizing effect and thus being effectively used in 
smart wearable technologies [5]. 

The innumerous textile applications (Fig. 2) which utilize 
Nano technology can be broadly classified as:
Ÿ Electronic textiles
Ÿ Military & Combat wear
Ÿ Protective clothing ( UV, Static)
Ÿ Medical textiles, Tissue engineering 
Ÿ Jacket, gloves and functional accessories
Ÿ Composite fabrics and materials
Ÿ Sportswear
Ÿ Camouflage applications  & climate control garments
Ÿ Extreme weather clothing
Ÿ Active & casual wear

 
Figure 2 – Nano technology in Textiles

5. Innovative Nano textiles for smart functionality  
Nano care is self-cleaning cotton fabric that uses the bio 
mimic technique – lotus effect of cleaning its surface by 
rolling water droplets removing dust along (Fig. 3). The high 
density of minute surface protrusions of lotus leaves prevent 
soil from sticking and rolling the falling water droplets. The 
effect has emerged as technological innovation with Nano 
technology utilized to create self-cleaning cotton fabrics. 
The fabrics so developed have modified cylindrical structure 
of cotton fibres.

Nano care fabrics are characterized by tree trunks resembling 
cotton fibres at the Nano scale. 

Air cushioning around the fibres is created by covering tree 
trunks in fuzz of minute whiskers.

Extra buoyancy is created as the air in the cavities is 
compressed by beads on points of whiskers on exposure of 
water with fabric. The fabric is thus rendered super 
hydrophobic. Fewer points of contact for dirt are created by 
whiskers. T-shirts, underwear are created using Nano- based 
self- cleaning fabrics that require minimal washing.

Nanotex – a US based company has developed fabric 
treatment which can be credited for specialized, high 
performance properties to textiles namely softness and 
suppleness, resistance against abrasion and creasing, tearing 
strength.

Nano-pel technology by the company is used to achieve oil 
and stain repellant fabrics that possess breathability, softness 
and comfort. Permanent water and stain resistance in treated 
fabrics is achieved by attachment of Nano whiskers 
rendering the fabric stain and water resistant permanently. 

Nano touch technology is employed to impart permanent 
anti-static property and durability to core-wrap fabrics. A 
Nano treated core of synthetic fibres impart strength, anti-
static behavior while natural fiber wrapping the core provides 
softness, comfort and aesthetic properties to textiles. 

Nano dry technology provides hydrophilic characteristics in 
synthetic fabrics whereby fabric is treated with Nano-based 
finish. The finished fabric is capable of wicking away 
generated sweat and thus providing wearer comfort. 
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Nano beads have been extensively used as carriers for 
bioactive, biological agents, drugs, pharmaceuticals, textile 
dyes and therefore, the finished fabric can fulfill the 
requirements in a range of smart, high performance 
applications (Fig. 4). 

Figure 4 - Enhanced functionality of Nano based textiles

Nano-engineered cross linking agents have been 
successfully utilized to impart wrinkle resistance to cotton 
fabrics.

Nano-sized antimicrobial particles integrated with textile 
fibres are successfully utilized in medical arena for designing 
wound dressings. Likewise, synthetic fibres can be 
chemically modified by application of nano-particles.

De Novo fibres have been developed which offer the 
advantage of both cotton and synthetic fibres in the 
developed fabrics. The fabric so developed thus offers 
excellent comfort properties coupled with strength, 
antimicrobial property, crease and dirt resistance. Composite 
fibres produced from synthetic Nano-fibres by advanced 
electro-spinning process serve as super capacitors in 
electronic textiles.

The highly twisted Nano- yarns comprising of multi wallet 
CNT offer extraordinary properties like strength, toughness, 
energy damping capability. The achieved properties enable 
Nano yarns to be utilized for electronic textiles. Functional 
finishes applied on textiles via micro encapsulation 
technique enhance functionality of fabrics like odor 
elimination, fire retardancy and antimicrobial activity.

Nano-based soft shells fabrics are functional stretch, 
multilayered fabrics that exhibit dynamic climate control and 
thus superior comfort properties which are attributed to soft 
interior layer and tough, durable exterior layer. The 
developed fabric finds application in extreme cold weather 
clothing, outdoor sportswear, mountaineering and ski 
sportswear.

Nano-sphere finished fabrics offer self-cleaning and stain 
resistance. Rain and snow repellant fabrics can be developed 
by amalgamation of soft shell technology and Nano-sphere 
finish. 

Hygienic fabric for intimate wear is credited to development 
of Nano-functional fibres.

Odor free clothing for developing socks, stockings, 
undergarments make use of Nano-fibres in their production. 
Silver Nano-particles embedded socks are capable of 
minimizing foot odor while Nano fresh technology enables 
development of quick drying, sweat absorbing and odor 
trapping fabrics.  

Cellulose based nano-composites that utlilize clay Nano-
particles as nano filler material are used for range of flame 
retardant end products owing to their upgraded thermal 
stability. Nano- filtration membrane technology facilitates 
dye recovery and water conservation thus offering economic 
and environmental benefits. The technology uses a 
separation process in which Nano porous membrane retains 
small organic molecules and ionic components. The removal 
of dye molecules enabling dye recovery and recycling of 
processed water is thus achieved by the grafted membrane. 

Nano-spider technology is put to use for mass production of 
Nano fibres for textile applications. 

Wrap Nano sheet - Strength, durability, color fastness, crease 
retention and stain resistance of fabrics can be improved by 
using wrap Nano sheet produced by wrapping the fibres. 
Chemical, heat, electrical resistance and flame retardancy of 
fabrics can be improved by incorporation of clay Nano 
particles of hydrous alumina silicates onto textile substrates. 
UV shielding and antistatic properties in nylon fabrics can be 
imparted through ZnO nano particles.

Self-sterilizing properties to textiles can be imparted by 
application of TiO2, MgO which exhibit photocatalytic 
activity thereby breaking toxic chemicals and biological 
agents. The antimicrobial and anti mould property of silver 
Nano particles make them suitable choice for development of 
anti-odor and ultra-fresh finished undergarments and socks. 

A new fabric capable of discharging heat and lowering body 
temperature by around 4 degrees Fahrenheit has been 
developed by research team in Stanford integrating 
nanotechnology, chemistry and photonics. The developed 
fabric is expected to provide cooler feel to wearer owing to its 
specific nanostructure which is opaque to light and 
transparent to infrared radiation enabling the body heat to 
escape easily. 

The another promising avenue of technology being explored 
is as filtration media against  pathogens, toxic gases, 
deleterious particles in the air , thereby utilizing the 
developed Nano textiles for designing protective garments 
for fire fighters, emergency services, medical and health care 
professionals, military personnel who are frequently exposed 
to toxic fumes, gases, pathogens etc.

ARJUNA.AG, a 'luxury protective fashion company' 
produces silver-based active wear for travel and active urban 



living. The clothing features unique features of shielding the 
wearer from EM radiation (emitted from electronic gadgets) 
along with further therapeutic benefits such as heat 
regulation and anti-inflammatory properties for joint or 
muscular pain. The high performance active wear is 
composed of medical- and military-grade material coated 
with 18% -by-weight pure silver ions. The silver ions utilized 
in fabrics offer conductive shield against EM radiations. 
Furthermore, the innovative apparel assists in increasing 
wearer's stamina, improving circulation, and protection 
against germs [23, 24]. 

Nanotechnology has been adopted commercially for design 
and development of active and leisure wear for sports. A 
nano-based technology has been successfully utilized by 
Scholler, a Swiss company who came up with innovative 
extreme cold weather sportswear for skiing and 
mountaineering offers clothing with ideal thermo-
physiological comfort, self-cleaning property, passage to air, 
moisture vapor along with resistance to wind and water to 
sports person. The athletes can get rid of foot odor by Sole 
Fresh TM socks which are smart socks treated with silver 
nanoparticles, another smart innovation by JR Nanotech, a 
UK-based company. 

Carbon Nanotubes coating are used to develop smart textiles 
that can respond to changing temperature and humidity.  The 
modified fabric enables passage of heat near microclimate as 
the wearer is sweating while in cool and dry conditions, the 
clothing prevents the heat passage to the environment.  The 
yarns of the Nano treated fabric serves as blinds, opening and 
closing as per the temperature and humidity to either transmit 
or block heat thus serving as bidirectional regulator. The 
defense personals are exposed to extremes of environmental 
conditions and challenges thus their clothing should be 
designed as an effective disaster management kit against all 
odds.  

Accordingly, the most compelling attributes of military wear 
include water repellency, breathability, flame retardance, 
bullet proofing, thermal protection and anti-bacterial, anti-
odor properties. Nano whiskers modified fabrics and 
garments offer water-repellency while incorporation of nano 
clay can bring about significant improvement in fire 
resistance of acrylic uniforms. Thermal insulation with high 
warmth to weight ratio can be provided by inclusion of high 
loft nanofiber battings composed of carbon fibers and 
polymer fibers poly acrylonitrile .The soldiers can be 
protected from bullet attacks by body armours composed of 
woven poly aramids (Kevlar, Nomex) and spun carbon 
nanotubes (CNT). Protection against hazardous chemicals in 
war fare situations is achievable by utilization of active 
carbon system in protective suits. The military wear can be 
rendered anti-bacterial by incorporation of Ag, TiO2 and 
ZnO nanoparticles [4].  

Nano technology has been utilized by several research 
institutes to develop lightweight uniforms or so called 
molecular exoskeleton for U.S. soldiers. The uniform is 

expected to block out biological weapons and even heal the 
soldiers. Further it is envisaged that uniform will be capable 
of deflecting the bullets and can effectively repel chemical 
and biological agents [23, 24]. 

6.Going green in Nanotechnology by adoption of 
sustainable principles 

The challenges faced by Nanotechnologists in spite of the 
path breaking innovations brought about by this  technology 
in textile arena   is the adoption of sustainable practices for 
incorporation of Nano particles in textiles and creation of  
prototypes. Several constraints like expensive chemical 
precursors for production of nanoparticles, high 
consumption of renewable and non-renewable sources of 
energy, production of deleterious liquid trashes and 
innumerous batch operations cannot be overlooked during 
traditional pad-dry-cure processes for textile Nano finishing. 
The challenging aspect of Nano finish application on textiles 
pertains to dispersion, impregnation, distribution and 
immobilization of low concentrations of nanoparticle on 
fibers in a meticulous and controlled environment as a result 
of conventional pad-dry-cure processes. The batch type 
finishing poses several adverse consequences like lack of 
reproducibility, release of damaging effluents and wastes, 
tendency of nanoparticles to migrate on fibers due to variable 
temperature profile over textiles and uncontrolled loading of 
Nano particles within textiles. 

Gas-phase nanoparticle production process for deposition of 
Nano particles application onto textile fibers is the plausible 
process to mitigate the limitations of conventional processes. 
Further, the aerosol nanoparticles are deposited in the 
process that improves the washing permanence of Nano 
finished textiles and paves the way for designing textiles 
exhibiting enhanced functionalities.  
One approach towards sustainability can be the development 
of bio-inspired fibers and fabric coatings in Nano based smart 
textiles. Incorporation of plasmonic nanoparticles into textile 
substrates leads to aesthetic appreciation via manipulation of 
their optical appearance. The Nano modified color-changing 
chameleon fabrics laced with sensor technologies can adapt 
to surroundings and thus can serve as combat for military 
personnel on warfront to dupe enemies [24]. 

7. Conclusions 

 Nanotechnology is one of the most innovative and emerging 
technologies that has revolutionized the textile and fashion 
industry by imparting enhanced functionalities and thus 
finding applications in different textile domains. Nano 
modified textile substrates exhibit exceptionally brilliant 
functional and aesthetic properties without compromise in 
the inherent bulk, tactile and mechanical properties of 
textiles. Accordingly, the technology has been successfully 
utilized in a gamut of textile applications namely smart 
wearable textiles, medical and protective textiles, 
sportswear, anti-microbial, self-cleaning and extreme cold 
weather clothing. The crucial contribution of Nano 
technology to world of textiles is attributed to drastic change 
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in material properties by reduction of dimensions to 
nanometer scale. Moreover, the technology has outshined the 
conventional chemical and wet processing techniques, 
which offer temporary functionality. Nano technology is thus 

a promising avenue for textile industry and the technology 
can further be explored for enhancing functional and 
performance attributes of  casual, leisure wear, vanity 
clothing, technical and smart textiles.
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