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Ozet

Nanoteknoloji son glinlerin en popdler aragtirma konusu olmakla
birlikte diger endustri alanlarinda oldugu gibi tekstil enddstrisinde
de genis uygulama alanlarina sahiptir.

Bu calismada; yiksek teknoloji lifleri (high-tech fibers), kir itici teks-
tiller, antibakteriyel ve antistatik tekstiller, renk degistirebilen, UV
isinlarindan koruyucu, alev itici, insan bedenini tedavi edici ve besle-
yici tekstiller gibi nanoteknolojinin tekstil endustrisindeki uygulama
alanlarinin gelisimi incelenmistir.

Nanoteknoloji bu kullanim alanlariyla birlikte, tekstil endustrisinin

gelecegini sekillendirecek iyi bir firsattir.

|.Giris

Her bir atomun yerlesimini (atomlar arasi uzaklik~0,1-100nm) dik-
kate alarak, nanometre Slgekteki atom, molekdl, fonksiyonel malze-
me, arag ve sistemlerin kontrol edilmesiyle ¢alisan nanoteknoloji
muikemmel 6zelliklere sahip yapilar yaratmaktadir (I nanometre=
[0-9metre).Nanoteknoloji; kimya, tip, otomobil, gida, ilag, tekstil,
cevre ve biyoteknoloji gibi endUstri alanlarinda yeni trtin ve uygula-
malari gelistirmek icin bugltine kadar kullanilmamis fonksiyon ve
ozellikleri ortaya gikarmistir.

Nanoteknoloji; malzeme bilimi, mekanik, elektronik, optik, tip, plas-
tik, enerji, uzay, tekstil, optik kaplamalar, fotovoltaik, antibakteriyel
kimyasallar, fizik ve biyolojide ¢ok fazla uygulama alani bulan disip-
linlerarasi bir bilim daldr.

Yapisal ve kavramsal olarak ¢ok karmasik gérinmesine ragmen
giindelik yasantimizda genis bir yer kaplamaktadir. Kullandigimiz bir

cok trtin nanoteknoloji yardimiyla modifiye edilip gelistirilebilir.

2. Nanotekstiller

Nanoteknolojinin tekstil endistrisindeki giinimtizdeki uygulamalari
elyaf, iplik, kumas, dokusuz ytzey, boyama ve kaplama gibi terbiye
islemleri, elektronik tekstiller, elyaf modifikasyonu ve katma degerli
drinlerdir. Dustik kimyasal kullanimi; distk enerji maliyetleri; tu-
tum, mukavemet, hava gegirgenligi, 1slanma gibi fiziksel ve mekanik

ozellik kaybinin az  olmasi nanoteknolojinin tekstil ve giysi uygula-
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Abstract

Nowadays; nanotechnology is the most popular research area. Like
the other industries, nanotechnology generates many additional bene-
fits for the textile industry.

In this paper; the improvements on the application areas of nanotech-
nology in textile industry such as hightechfibres, stay clean textiles , an-
tibacterial textiles, antistatic textiles, textiles that can change color,
textiles protecting UV radiation, flame reterdant textiles, textiles he-
aling and nourishing human body are mentioned.

Nano technology is an opportunity for the textile industry that will sha-

pe its future.

1. Introduction

Nano technology creates structures that have excellent properties by
controlling atoms and molecules, functional materials, devices and
systems on the nanometer scale by involving precise placement of in-
dividual atoms (around 0.1-100 nm, one nanometer isone millionth of
a meter). Nanotechnology brings new functions and properties to de-
velop new products and applications in the industrial fields such as
chemistry, medical technology, automobile, food industry, pharmacy,
textile industry, environmental industry and biotechnology where na-
noscale is so important. Nano technology is an interdisciplinary science
branch which takes role in the material science, mechanics, electronics,
optics, medicine, plastics, energy,aerospace, textiles, optical coatings,
photovoltaics, antibacterial agents, physics, biology. Although the me-
aning and the structure of the nanotechnology is very complex, it takes
great part in our daily life. Because lots of the products that are used

in our everyday life can be developed by nanotechnology.

2. Applications of nanotechnology in textiles

As in the other fields, nanotechnology has a great role in textile in-
dustry. In this paper, the applications of nanotechnology in textile in-
dustry are researched. Current applications of the nanotechnology in
the textile industry take place in fibers, yarmns, fabrics, nonwovens; finis-
hing like dyeing and coating; electronic textiles, fiber modification and

value added applications. The purposes of using nanotechnology in
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malarinda kullanilmasinin sebebidir [1,2,3].

Geleneksel tekstil yontemleri kumas ozelliklerini gegici olarak sekil-
lendirmekte sekillendirmekte; kullanim sirasinda bu &zellikler za-
manla azalmakta veya kaybolmaktadir.

Nanoteknoloji ile kumaslara kazandirilan ¢zellikler daha kalici ol-
maktadir. Bu da nanopartikiillerin ytizey alan/hacim oraninin ve yu-

zey enerjilerinin ylksek olmasindan kaynaklanmaktadir [4].

2.1. Lifte nanoteknoloji

Nanoteknolojinin tekstil endustrisindeki uygulamalarindan bir tane-
si; PP (Polipropilen), PA (Poliamide), PES (Polyester) gibi gelenek-
sel liflerin nano boyutta Uretilmesidir.

Nefes alabilen lamineler ve genis gdzenekli yapi saglanarak retilen
yuksek emicilige sahip lifler gibi elyafin son kullanim alanlarini genis-
letmek amaciyla, lifin elektriksel, 1sil, mekanik ve kimyasal ¢zellikleri
nanoteknoloji sayesinde gelistirilir. Tibbi tekstillerde ylksek spesific
surface area gereklidir.

Polimer nanolifler, nanoboyuttaki ¢aplan ve uzun lif boylar sayesin-
de tibbi tekstillerin vazgegilmez malzemelerdir. $6yle ki; captaki du-
sUs lifleri daha ¢ok birbirine yaklastiracagindan, temas alani artar ve
son Urlin ytksek islanma 6zelligine sahip olur [5].

Bununla birlikte, dustk agirlikli liflere nanoteknoloji sayesinde pho-
nemenal ekstra mukavemet kazandirilir [6].

Ek olarak, multi-walled carbon nano-tubeler kullanilarak, iplik pro-
sesinde bukim esnasinda belirgin mukavemete sahip ¢ok katl iplik
olusturulabilir. CNT(Carbon Nanotube)'ler diger dogal ve sentetik
liflere gore daha sert yapida olup gerilme dayanimi 6riimcek agiyla
esdegerdedir.

CNT iceren kumaslar ; sensorler, elektronik i¢c baglantilar, electro-
manyetik shields (elektromanyetik dalgalar engelleyiciler) antenler
ve elektrik depolayan baterileri iceren elektronik tekstil uygulamala-
rinda kullanilir.

Bununla beraber elektrospinning teknigiyle tretilen polimer nanolif-
leri iceren yeni nonwovenlar fonksiyonel son kullanim Grtinlerine
olanak saglamaktadir. Omesin yiksek gevre standartlarini karsilayan
ytksek performansli filtreler Uretiimektedir [7,8,9].

Nanotube icerikli kompozit malzemeler, iplik egirme islemini ve
son Urtint gelistirir.

Omegin cok yaygin geleneksel bir polimer olan polipropilene kar-
bon nanotubeler eklenmesiyle, elektrospinning esnasinda kilcal tp-
ten ¢ikan polimerin dizensiz bir sekilde ayniimasi olarak bilinen “die
swell effect” in elimine edildigi kanitlanmistir. Bu gelisme liflerin yuk-
sek gerilime karsi; kilcal tup ile toplayici arasinda kaldiklart andaki
dayanikliigini artirmistir. Boylece komposit polimerler yiksek hizlar-
da ¢gekilebilir10].

65

textile and apparel applications are low chemical usage; low energy
costs and less change in physical and mechanical properties such as
hand, strength, air permeability, wetting [1,2,3]. In textile industry; the
conventional methods that are used to give the fabrics different pro-
perties lead to temporary effect as a result after laundering or wearing
these properties are lost. In contrast, the properties that are given by
nanotechnology to the fabrics show stability. This is caused by both sur-
face area to volume ratio and high surface energy of the nanoparticles.

Thus nanotechnology is today's most preferred solution [4].

2.1 Applications in fibers:

One of the applications of nanotechnology in textile industry is in poly-
meric materials for producing conventional fibers such as PES (Polyes-
ter), PA (Polyamide), PP (Polypropylene) etc in nano scale. By nano-
technology; electrical, thermal, mechanical and chemical properties of
the fibers can be improved to enlarge the application fields of the fi-
bers in the final use such as "breathable” laminates and super absor-
bency of fibers provided by the process of creating open-pore-structu-
re in a variety of polymers. In medical textiles, high specific surface are-
as are required mostly. Polymer nano-fibers are the potential right ma-
terials with nano-scaled diameters and long lengths. For example, dec-
reasing diameter releases the contact angle between fibers, so on the
last product have an excellent wetting behaviour [5]. In addition to
these the light weight fibers which are produced by nanotechnology
gain phenomenal strength [6]. Additionally in the spinning process du-
ring twisting, multi-walled carbon nanotubes can be used to make mul-
ti-ply torque-stabilized yarns that have remarkable strengths.Carbon
nanotubes are tougher than any natural or synthetic fiber and they
match spider silk for tensile strength. Also these nanotubes are spun
into cloth. By the help of nanotubes, the cloths that are used in elect-
ronic textile applications including sensors, electronic inter connects,
electromagnetic shields, antennas and batteries store electricity .
What's more the new nonwoven technologies meeting with nano fi-
bers from polymers that are produced by electrospinning techniques
give functional end use products; such as new high performance filters
for air filtration where high environmental standards are required to be
met. Nanofibres have multifunctional properties like high surface areq,
a small fiber diameter, good filtration properties, thin layers and high
permeability [7,8,9]. Moreover; nanotube compound in composite
improved the spinnig process and the outcomes. It's proven that the
addition of carbon nanotubes to a common commercial polymer,
polypropylene, leads to eliminate “die swell” effect, causes in swelling
of polymers when passing through the capillary tube in electro-spinning
process. This improvement enhances the strenght of the fibres against

the high voltage between capillary tube and the collecter. So, this com-
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2.2 Dokuma ve 6rme kumaglarda nanoteknoloji

Omuz ve by-pass ameliyatlarinda yararlanilan dokuma ve 6rme da-
mar dokulan gibi tibbi tekstil araglarinda nanoteknoloji kullanilabil-
mektedir.

Yara iyilestirici tekstil yUzeyleri kronik yaralar, savas yaralanmala-
n,traffik kazalarinda olusan yaralar gibi durumlarda en gerekli tedavi

artnleridif 1 1.

2.3 Boyama isleminde nanoteknoloji

Nanoteknoloji boyama isleminde de &nemli bir uygulama alanina
sahiptir. Nano pargaciklar cok kiigtik boyutlarda ve yuksek ylzey
alanina sahip olduklarindan dolayi nanoclay, montmorillonite ve ba-
zI modifiye edilmis nanoclayler; anyonik, katyonik ve nétr boyalar
icin emici madde olarak kullaniimaktadir.

Boya emilimini gelistirmek icin emici madde, kompozit olusturmasi
icin polimer matriks'e fiziksel olarak eklenir.

Nanoclayden yapiimis emici maddenin boya emme yeteneginden
dolayl bu kompozitten yapiimis olan tekstil yuzeyleri ¢cok iyi bir bo-
yanabilme, renk hasligl, boyamada daha az maliyet ve atik su arttil-
masinda daha az problem gibi ¢zelliklere sahiptir.

Ayrica nanoclay, tekstil malzemelerinin dayanim moduld, UV gegir-
genligini ve alev iticiligini gelistici fonksiyonlara sahiptir. Isi yardimiyla
erime ve ¢6zinme islemi esnasinda organik sorbent ve/veya meka-
nik olarak kanistirimis nanoclayler, polipropilen matriksine eklene-

rek polimer yapinin isil ve kimyasal stabilitesini saglarlar [12,13].

2.4 Terbiye isleminde nanoteknoloji

Bu arastirmada bahsedilen nanoteknolojinin tekstil endUstrisindeki
diger bir uygulama alani da tekstil terbiye islemidir. Nano parcacik-
larinin tekstil yUzeylerine uygulamanin en yaygin yolu kaplama yon-
temidir. Tekstil ylizeyini modifiye eden nano pargaciklar, ytizey aktif
madde, bilesen ve tasiyici ortam kaplamanin yaprtaslandir.

Kumag ytzeyi kaplamada kullanilan spreyleme, transfer baski, yika-
ma, ¢calkalama, emdirme gibi tekniklerin yaninda nanoteknoloji yar-
dimiyla da tekstil ylzeylerine su-leke iticilik, kingma dayanimi, anti-
bakteriyel, antistatik, alev iticilik, UV koruyuculuk, renk degistirebil-
me, 1sil yaliticilik gibi 6zellikler kazandirlir [4].

Kumasta islanmayi etkileyen faktorler; yizey dizglnlugd, iplik buku-
md, kumas sikligy, lif inceligi ve statik elektriklenmedir.

Bu faktorlere bagll olarak ylzey islemlerinde kullanilan malzemeler
ylizey bosluklarina ve gézeneklere yani iplik ve lifler arasi bosluklara
tutunuriar. OlaganUstU su gegirmezlik ozelligine sahip dogadaki bitki
ylzeylerine benzer sekilde kumas ylizeyinde purtzIGligl saglayan
nanoteknoloji, su ve kir iticilik icin en iyi ¢ozimdur.

Su ve leke itici bir yuzey elde etmek icin film yuzeyi gibi kir itici bir

bitim maddesi kullanmak gereklidir.
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posite polymer can be spun at high speed in production [10].

2.2 Applications in woven and knitted fabrics

Another application of nanotechnology takes place in medical textile
devices such as woven and knitted vascular grafts which are used for
replacing human arteries in by-pass surgery and in “scaffolding”-machi-
ne embroidered implants- for connecting nerves during reconstructive
shoulder surgery .In living century, dresssings for wound healings are the
most necessary care products for chronic wounds, warfare conflicts, traf-
fic accidents etc. Nanotechnology also releases new developments of in-
novative dressing materials for wound healing. This new technology int-
roduced a new attitude to the hedling. It facilitates the wound healing

apart from covering the wounds from environmental infections [ 1 1].

2.3 Applications in dying process

Also nanotechnology has an important application area in dying pro-
cess. The nanoclay, montmorillonite, and some modified nanoclays can
be used as sorbent for nonionic, anionic, cationic dyes because nano-
particles have small sizes that provide large surface area. To improve
dye sorption, the sorbent can be added physically into the polymer
matrix for making a composite. Because of good dye sorption ability of
the sorbent made from nanoclay, textiles made from that composite
will have good dye ability, good color fastness, less cost in dying and
less problems in waste water treatment. Also they have functionality to
improve the properties of the textile material such as strength, modu-
lus, UV absorbance and fire resistance. Furthermore; nanoclays used to
create dye sites into PP fibers with modified quatemary ammonium
salt lower the cost of dyeing in apparel fibers. In a melting or dissolving
process by using heat, organic sorbent and\or mechanical blending na-
noclays can be added to the polypropylene matrix. This gives the poly-
mer structure thermal and chemical stability and good mechanical
properties [12,13].

2.4 Applications in finishing process

The last application area of nanotechnology in textile industry that is
studied on this paper is finishing process of textiles. The common tech-
nique for applying nanoparticles onto textiles is the coating. Nanopar-
ticles, surfactant, ingredient and a carrier medium that modify the sur-
face of textile are the coating compositions. There are lots of techniqu-
es like spraying, transfer printing, washing, rinsing and padding that are
used for applying the coating onto fabrics. With the help of nanotech-
nology make the textiles can gain many properties like water-stain re-
pellence, wrinkle resistance, antibacterial, antistatic, flame retardant,
UV protection, color change, thermal insulation [4]. The factors that
influence wetting in fabrics are surface smoothness, yam twist, density

of fabric, fiber fineness and static electrification. Depending on these
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Bu konuyla ilgili aragtirmalar sonucu Nano-Tex, kumagin su iticiligini
gelistirmek amaciyla “'nano-whiskers” yapisini gelistirdi. Nano-whis-
kers; kumasa, pamugun dayanimini distirmeden seftali ylzeyi etkisi
veren hidrokarbonlardir.

Nano-whiskers arasi bosluklar su molekdllerinden daha buyik ol-
malarina ragmen kumas ytizeyinde su damlasindan daha kuigtk olan

bosluklara neden olurlar.
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Bu sayede su damlalari whiskers tizerinde yani kumas ytzeyinde ka-
lir. Su ve kir iticilik tzerine yapiimis bir diger ¢alisma ise 3 boyutlu
ylizey yapisini iceren Schoeller'in “nanosphere”dir. Su iticilikte diger
bir teknik ise, pamuklu kumasl ince “nanoparticulated” plazma film
ile kaplamaktir.

Bu teknikte nano-particulate hidrofobik filmi
stabilize etmek i¢in florokarbon kimyasallar
kullaniimaktadir.

Bunun sonucu olarak, pamuklu kumasin yu-
musaklik ve aginma dayanimini negatif olarak
etkilemeyen yuksek su iticilik elde edilmis olur
[14,1534,16,17,18].

Kumasa kirisma dayanimi kazandirirken, selt-
loz molekuld ile karboksilik asit arasi ¢capraz
bag reaksiyonunu katalize etmek i¢cin nano-ti-
tanyumdioksit katalizdr olarak kullanilir.

Buna ek olarak ipegin kirisma dayanimini artir-
mak icin ise “nano-silica ve maleicanhydride”
katalizor olarak uygulanir [4,15].

Sentetik liflerin dustk antistatik ozelligini gelis-

Boya kullanilmadan renklendirilmis yizey
tirmek amaciyla nano boyuttaki titanyumdioksit, Coloured surface without dyestuff

factors substances take hold on the surface interstices and pores, the
fiber spaces or in the yam holes. The best solution for water- soil repel-
lency is nanotechnology which is known as very small particles’ combi-
nation on fabric surfaces that ensures roughness on fabric surface like
the plant's surfaces in the nature which have interesting water proof
ability. In order to obtain water and soil repellent surface it is necessary

to use antisoiling finishes as a film layer. There are some researches on
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this subjects; for example Nano-Tex created nano-whiskers that imp-
rove the water repellent of fabric. Nano-whiskers are hydrocarbons
that give the fabric a peach fuzz effect without reducing the strength
of cotton. The whiskers create spaces between each other on the fab-
ric surface that are smaller than the drop of water; howe-
ver they are larger than water molecules. So water stays
both at the top of the whiskers and above the surface of
the fabric. The other research on water-soil repellency is
Schoeller's nanosphere including three dimensional surfa-
ce structure like the plant surface in the nature which ha-
ve an interesting water proof ability. Another technique
for water repellency is coating a cotton fabric with a thin
nanoparticulate plasma film. In this technique fluorocar-
bon chemicals are widely used to stabilize nanoparticula-
te hydrophobic films. As a result of this super hydrophobi-
city that does not affect the softness and abrasion resis-
tance of cotton obtained
[14,1534,16,17

to fabric, nano-titanium dioxide is used with carboxylic

fabric can be

,18]. While imparting wrinkle resistance

acid as a catalyst to catalyze the cross linking reaction

between the cellulose molecule and the acid. In addition to
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zinkoksit whiskers, nanoantimony-dopedtionokside (ATO) ve sila-
nenanosol gibi kimyasal maddeler kullanilir.

Bu gelismis malzemeler, k&t hava sartlarina ve is giysilerinde elekt-
rostatik yUk bosalmalarina karsi koruyucu giysi olarak kullanilir
[4,18].

Ultraviyole isinlarindan korunma amaciyla nano boyutta titanyumdi-
oksit ve zinkoksit ¢ok tercih edilen kimyasallardir.

Bilindigi Uzere birim kutle ve hacim bagina disen ytizey alani ne ka-
dar buytk olursa UV isinlarini bloke etme verimliligi de o kadar yuk-
sek olur [34].

Kumasa antibakteriyel dzellik kazandirmanin bir yolu nano boyutta-
ki gtimis titanyumdioksit ve zinkoksit kullanmaktir.

Su ve havadaki oksijen ile etkilesen metal iyonlari ve metal bilesikle-
ri sayesinde sterilizasyon saglanir.

Sovyle ki; ¢6zinmis organik madde, oksijenin aktif hale gelmesiyle
sterilizasyon etkisi yaratir.

Nanogtimus partikullerinin proteinlerle birlikte ytksek reaktiflik gos-
termesi, bakteri ve mantarlarin hiicresel metabolizmalarini ve geli-
simlerini etkiler.

Antibakterivel 6zellikler saglayan bu nanoglimts pargaciklarinin uy-
gulama alanlari; coraplar, kisisel bakim Urtinleri, yanik kaplama Griin-
leri gibi bakteri Uremesine agik olan durumlardr.

K&tu kokulara neden olan mikroorganizmalarin kontrol edilmesin-
deki 6nemli ydntemlerden bir digeri ise antimikrobiyal maddeler
iceren mikrokapsillerde bulunan nanotastyicilardir [ 4,3,19,18].
Bunlara ek olarak, inorganik-organik hibrit (IOH) nanopargaciklar,
ateslendiginde kendini sondirebilme yetenegine sahip, alev olusu-
munu sinirlayan, dustik duman ve toxic gaz emisyonlari saglayan
alev itici polimerlerin gelismesine olanak saglamistir [7].
Nanoteknoloji; tekstil ylzeylerinin boya kullanilmaksizin, farkli yansi-
ma indisleri yardimiyla renklendiriimesine de onctltk etmistir
(bkz.resim 1) [3].

Sonug olarak, diger endustrilerde oldugu gibi tekstil endustrisinde
de nanoteknoloji, insanoglunun gelecegi icin yeni kapilar agmakta-
dir. Bu disiplinlerarasi teknolojinin tekstildeki kullanim alani; yiksek
teknoloji lifleri, kir itici, antibakteriyel, antistatik, renk degistirebilen,
UV isinlarindan koruyucu, alev itici, insan bedenini tedavi edici ve
besleyici tekstiller gibi oldukga genis bir araligl kapsamaktadir.
Nanoteknoloji, tekstil endUstrisinin gelecegine yon verebilecek en

onemli ¢ikis noktasidir.
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this; nanosilica with maleicanhydride can be applied as a catalyst to
improve the wrinkle resistance of silk [4,15]. To improve the poor antis-
tatic properties of synthetic fibers, unlike the cellulose fibers which have
higher moisture content to carry away static charges, nanotechnology is
used as a technique that includes nanosized titanium dioxide, zinc oxi-
de whiskers, nano antimony-doped tionoxide (ATO) and silane nanosol.
Because of being electrically conductive materials, they can easily dissi-
pate the static charge accumulated on the fabric. As an example of
this; W.L.Gore&Associates used DuPont's Teflon with nanotechnology
to produce an antistatic membrane for protective clothing against bad
weather and electrostatic discharges in work wear [4,18]. For UV pro-
tection, inorganic UV blockers that are semiconductor oxides such as
TiO2, ZnO, SiO2 and Al203 are used. Because of the absorbency and
scattering of UV radiation, the nanosized titanium dioxide and zinc
oxide are more preferable. As mentioned before, the larger the surfa-
ce area per unit mass and volume than the conventional materials, the
larger effectiveness of blocking UV radiation [3,4]. The first method to
gain antibacterial property, nanosized silver titanium dioxide and zinc
oxide are used. Sterilizing affect is provided by metallic ions and metal-
lic compounds which have a contact with oxygen in the air or water.
Dissolved organic substance can create a sterilized effect by the help
of the oxygen that is turned to active oxygen. Because of being very re-
active with proteins, the nano silver affects cellular metabolism and cell
growth of bacteria and fungus. This concludes with inhibition of multip-
lication and growth of bacteria and fungi that cause infection, odour,
itchiness and sores. The application areas of nano silver particles that
have antibacterial properties are socks, healthcare products such as
dressing of burns, scald, skin donor and recipient sites. Another appro-
ach for controlling odour generating microorganisms is CIBA specialty
chemicals' development: Their odour mechanism works with the nano
container in the microcapsules that release antimicrobial agents

[4,3,19,18]. Also by the help of nanotechnology, inorganic-organic
hybrid (IOH) nanoparticles improve the flame retardant polymers by
resisting combustion through self extinguishment when ignited, limiting
flame propagation, generating low smoke and low toxic gas emissions
[/]. Furthermore without using dyes, textiles can be colored by nano-
technology. To achieve this natural color by micro-nano-structure; mul-
tilayered iridescent film which is a thin film composed of a plurality of
generally parallel layers of transparent polymeric material with diffe-
rent refractive index is used [3]. In conclusion the science of manipula-
ting atoms and molecules which is called as nanotechnology, offers wi-
de range of functiondlity for many industries to improve materials that
are more versatile and that have chemically, mechanically, physically
and thermally better performance characteristics. Not only in other in-
dustries but also in textile industry as mentioned in this paper, nano-

technology opens a new door to the humanity for the future. To sum
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up; applications in textiles range between high-tech fibres, stay clean
textiles, antibacterial textiles, antistatic textiles, textiles that can change
color, textiles protecting UV radiation, flame retardant textiles, textiles
healing and nourishing human body. Nanotechnology is an opportunity

for the textile industry that will shape its future.
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