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Upgrading of present functions and performance of textile materials

Introduction of innovative functionalities, not present before in textiles

Development of smart/intelligent textiles, that is. textiles with new functions as a result
of the integration of electronics into fabrics
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¢ Introduction of functional nano-materials into raw materials for fibre production
A== ( >(C)= +(C8 ) 28)=8> A=C(C0 ) &C) C)
Coating on the surface of fibre or textile A)=8/() ( ( (0 ) 1) - 7
/() ()% A=+ ) .. .&/
Spinning of polymers (electrospinning) for the production of nanometric fibres, A= =

C ) (COA& (8> A= - &. (A=) ):=6( /)-

- ) C

;C )29 /2. ) )= ) N 0): G @):

/7 Q? - @+ )= & A@ () () 1 Antibacterial O (¢ >

-= ) )& ); Self-cleaning, Water/oleo repellence -=) )& /- =2, -=> Qo

.= :& ) Moisture absorption] 1 -blocking] Tear/wear resistancel Thermal insulation)

Conductivity (for antistatic purposes mostly)] (. ; () . D08 )& = + Q:

= o/ )8+ () =/0> () )=)8 = 8)=: 8/() () :

U O)()&)=( toor 8 A= =A -) A CACCIC> .

& - :

The most common applications are currently 8 ) (- & (O ¢ . . ) (8 .
=AM m¢E G ¢r T ) ) - ) C=E ) ) =
@)J8 $ - nanofibre8) : (:- ) (. /N )% : )= ( - ) (

- 10?287(¢ () @):)=)scC:& /o) S /G 0 1 (:-)

0 0:62. -=>) ) OQ:/=:1)= (T =C ¥ 0).>?*
F(EC G0 D8 s e s G (> 8 ) )+ A =L
& )= (9% /- 8?2

= = ) (C8CC) =C 7 (> .:C¢E-& () >C() 8 ) (:
Y9 : (>:)= (B (+ 80: P )=(+A)= )& () C /= :
¢ )¢ /( )(+_8/() C): )- ))?_- &+ 0: A)=

O+).-=)¢ O: & )=) ) /) [/:: A= = > )
()/ O =)=+ - )« G )= -8 C =& > (
(+C >)3)»= N =) CG)rE . )8 /(o () >
) - ¢ > 8+ /7)) ( ()= )= ->)?7) > (¢ (&) G
) ot o+ > @) O= =) . 1+ Q)=: -/ = L0140
#; - ) ( ? D? (: - . -(C:)=).&8 - (27
) =C + (&) ¢ O= . (/)?>++ > -2 20 9=C (EI=C(
2% 2 .8 =& )= AC:/>) () EF 8 )J=A& )=7? /i)
> YA =t=) = -(C:C - ) )N 2 (- 0:)7))=7?

2



(& + ()= + > @) = =/:>)=:/50:+ (- A8 -(:
) + )+ > @) ¢+:)=? A (¢)-)C A»x=( 8)=":
+ > - ?
GA& )= (/)?:) =: +A?) + >8 () =C + (> .- 1)
> (- 3 < )) ) C ) > o> = (/¢
- o> )/ >)?8)= (0> () )/ - ).A==EA
) (8 ) ( (A (28 G/ 6 C 2= (1)
= =8 ) = 9)-0: ) -)0C (¢ o =W - (
)9 (/)?A =& ) ) (D=(C)x 8 )) 8 /)W - () 1) -8C (
.N/)  +/) 28 A0 =/ /) (> - ) O=) @ =:))= A:=:
C 8= ¢ (O :8®H(C=8 % - O =0 > |
- ))& - =) (88 s - A)x -)) D)%) + (
-) 0 :
2 INTRODUCTION
2.1 Definition
=8 AG.80 C - ).(=- -:.3BF3 3BF (.
3BBF3 1 +(C 2?2 -).0= ) M
Nanotechnology(0 = -- ) ( 8: Q8 @CA .+) (O (.7 )
)= C(C: A= ) .- - ) C¢=C C ( +
Nanoscale - 3 ) ——-3% )? () (
Nano-object or Nanostructure) = ) A= ( )A )= ) C - C C¢(
)= C(:

Nanoparticle(04 ( 0 > )A)= )=  C . C GCO= ((C:
Nanofibre04 (0 > )A)=)A $ ( - ¢ G O= ((: )= )= .

. GG (8 Q? +

Nanotube (G A ( ( 8>

Nanoporous-3) / )/ A)=- : : ()= ((:

Nanoclays- ? .: ): 8 $ - ¢ O O= ((C:

Nanocomposite - -:) 8.8 O ) : = />) (0 (A= =)
D ( -CO0C/. 0 CC-) = (7))

Nano-textiles or Nanoengineered textiles- $) : ) $) - ./): (A= =

Q) =C 2/ S ¢ - /) C 8C=(¢0) -

2.2 Keywords

> (C 1)0)% 3 0>) ¢ > )% J09) )8 I 0+ ¢
)9 12 )=> )8 d; /C)E)Y T (/)& ) U0 - :
Y % ) ()% J# ) -0Q)9% UG )= )$) UG?> L) %) G+=
-8 C )% 936G =2 )% J G -=> )% J /)H)XE ) I
/ (C: 0)9% J " . ) T > > )% d30 (¢H)9 I



3CGH)%) 3= - ?2)%) Jd3 ))9$ 93-)BNH. )9 I A
:)0)9) Jdroe e@¢+)9%) D /(. Y GO R I

2.3 Overview
()= 8 8)= B> &) 24 4B- < ))A - ). (+A)= +( & & A 8

= - ) G - - )Er (- @) 8)= CC) =C +# ).)9 A
/> = . ( 56 =:(CA - ):.8&).) )= (2:8)A - 8 :+ (A=
= ((&)& ) =C +:=& A. -)0 C ?) - =) (-
=) /). S -

$ - /) /1?0 8. (1) )= (. @) = 8 A ()@ 8
- 8=C 0 )9 ) =C )9 (W - =8)=: + O

/() /+=78 8)) @): - 1K Q K(¢) =C )9 :

K56

=) =C )9 :+ O0=:8% C.)= +)C  C ) /¢ )
? tA)=E=+=-8 (C: (CC @O C) =C )9 -+ (¢ & + A
) O ( -(¢t) )= W o- (s D CwTPs )Y o= (.
-& - QO EF i=4= (=8 )= 0 @O (CHY = =¢ (&) (
8/7-) 0 K 8)=)) (& R56 =) =C )% :) 0::)) > )= .
8 A@s )= O .7) C8CAYYC) () /)Hs = /1 8 ((&)&
) =C + /=) =C #?

4(C)=C ¥ =09 )= 0C (=:) (> )&

Upgrading of both present functions and performance of textile materials
= ) .>28 8 - GE(C-) =) A )¢ = =
=?. -=> 7 )G¢--) (8 1) (

Introduction of innovative functionalities ( )? )- : () () %) : (+)=":

8 ) @ 0>) S8 (1 ¢ (/)&)? O -

8 )& + 0 )

Development of smart/intelligent textiles )= ) :) $) : A)=(C A8/ () ()= /+=

= O0+) (8 ) (08> A== 0 ) =& ) )
= A B2 8 - =) A= CH G Y)Y O ->)

=)=+ == =18 )= - /)yCs8CC0 ).)9 + >:. ()
8 A@()>= - i
* Introduction of functional nano-materials into raw fibre materials A= = ( > (

= +(C 8 ) 1 8)=8> A)RC(CO0 ) () C)
Coating the surface of fibres or textiles A)=8/() ( ( (0 ) ) - ./
/() ()% A=+ ) .. .&/
Electrospinning of polymers for the production of nanometric fibres . (+) ( (0
A& (> A= -¢&. (A= ) ):A)=7/)- - ) C

=/=)= - ) G CO) =C 2 ()=)y) ) A (O 2?20 /.
= /+= @O0 C+ O CYC=EE)Y ) - ) 8 =+=-8 (
) =C )9 = + C GC N0 U= ) G- )=t O )

4



( 8--)(3(()=(+1()=2=)0_-/) - 7))

A= -8 ( DA += D8 8 -) /- ) 7 (=
=48 = () §) 15 06

))= MG .+ 8= >& () =C + 1 )= - ) ) > ()
()9 == .& - 08: )CO)Y :=:)=-)0 ) &N ()

/¢) ¢ )28 /7 =G () 8> (/7 ICGreG)= /G- -0 -
= ) )= ¢ )G G /C )8 )/

=)A ) & L>?)=r - ) )=E) . G- ) ) )9 0 -0
$ - 8) =C )9 A= () =C ¥ (-7 (8 O 0= (
8/ 2)=:+ 0)(C)- ) -8 C & ))=/t= )>(8)) . &

/) A?2> 8/ (... ) G. > -) 8):= EF 8 ). ()= : = 8

(A - &.8/(C) () $ - %)= -)C 8= - 0) CC
) C 8 CAYYO)CH) s C)Eony)y o) i+ 8

c¢) =C ¥ ). 0>) - /)

F/ ) )= & —-G(C .2 8)=)A:) :: /C) () : (.- =) : N .
= - )8 /:: (- /)Y/(C) () . G<QO?2A)=( &) )% 8 ) :8
>):)6 - Gr =)Nn. ) :>)(C )¢E)= - 8):8 =
N

2.4 Methodology

= 00 8)=: -):)>= /)8 .0 C?2: 8¢ ) (8 -/> ? & >
VAR O HE: 2 G QoS- D R O I I VA3 74 VAR T G @ ( - = )& : 8
(C¢) =¢C ¥ % )0 &A: )= -:(C? & OCNHYW A :

S N)=E CGA ) =8 - 0) GG - ) ) ) o+ .
o+ o G) 88)y .& - (:8 = - :0-0 8& A = 8¢
(/: CA : = 0.A)= (/> 8A 0 - ). $- )

- 8 $- ) ) .>)= > 0+ /(. (- - ( & A )=8C & : (8)=
- )



|

Sector insight
& Material
preparation

Expert
identification

I |

Desk
Research

N

Figure 2-1 B>:

=

=

| Creation of
| guestionnaires

&) 24 4B

Experts

Web enabled
Questionnaire

Experts

Experts
Review
Final
Draft

Participate
expert panels




3 SCIENTIFIC AND TECHNOLOGICAL ASPECTS

3.1 State of R&D

3.1.1 Properties and applications of nanotechnology in the textiles sector
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Table 1 - List of nanomaterials used in the textile sector and resulting properties

Nanomaterials Properties/Applications

Carbon nanofibres

Carbon black nanoparticles

Clay nanoparticles

Metal nanoparticles
Ag, Au, Cu)

Metal oxide nanoparticles
(TiO,, Al,03, ZnO, MgO

Carbon nanotube

Chitin nanofibrils

Increased tensile strength
High chemical resistance
Electrical conductivity

Improved abrasion resistance and roughness
High chemical resistance
Electrical conductivity

Electrical heat and chemical resistance
Block UV light
Flame retardant, Anticorrosive

Antimicrobial
Self sterilization
Antiodour

Photocatalytic ability
Electrical conductivity
UV absorption
Photooxidizing activity against chemical and biological
species
Antimicrobial/self-sterilization

100X tensile strength of steel at one sixth of the weight
Electrical conductivity similar to copper
Good thermal conductivity

Increased tensile strength
High temperature resistance
Drug delivery capacity




3.1.2 Technologies available for the production of nanotextiles
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3.1.3 New nano-enabled functionalities in textiles
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8 O)>= /) (5 "'

1;¢/)&)9 -

D) C)Y >)=0) (¢ 20=) DAY/ ) = 0 ) (
) 8 ¢)>= O /) 8 )= C ) )¢ 0)) 5 016
) () = (¢4 O: 8 )= - /) C8)= &) (C? ) (
0 P9 :

) =C +:/) ) 0

_> .
;2 /) - ? @ -

) 9) (/)& > (0= 0 /) CO )=
) CC-) + >(CCC)>: ;4 >(> 0
-2 - 2((C (-?=-=( 0 6
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= (./)& +0Q: O -/ - Q 8> : (8> /:(+- o= o=

&- .- (33 56 - CQO -7 8 A .>-((¢;4 5! !-6
) -(((+ ;25 6 .- Y6 &-/ /) (-7 ) 8 (/)&
- 2 51016

=0 ) C=: ))9§ P D ) C ¢ N0 0)=? O C:(C

) - GO /0> ) ()= 8 ) (7?8 § ) > )=+
?2> )= - & -> 8:CGH)= 7 /¢ G) GG o)
O CGE>)=:C¢ ¢ )M) ) = .9)) = 8 (/)

$ :@&&. () ) e NCA (83 (.:70=) 8> 0 7
GM& A= L) (8% G 02 (/)GE-7 0t - 72

*4 -2((C (4 >(CC)>: 3/ =8> : > ) > >>) (o
8 )= wC ( )= =) D) - /(1) )= @(5 16
$) A= Q. i+ (O

=) 8)9% 8¢ - ) (C(C @8 2= [+ (A /(L (e
GC) - ¢ N o )FEE 8+ ( NG )= N/ l(
Do) Shnpre o= CC ) : -?2. (C)=: /- cC 722 0
O O A=: =-+()-AF)FE )& +0Q =)(((8> A==
-$.A)= )¢ + .0 ) -/(. .A)= -7 8 A > -G
() O)& 3B (CC::=8&> (/:.> ..) (C8)= )&= © ( )¢S
=8> >?: 0+ (- (5 116

3.1.4 Maedical Textiles

4(C) =C # ).)9% = (-2 C -)O0 O - ) Q7
A& CCGCCOALCQP ) 8> )= 9/t — ) @ 8C() =C +?
O= . )% =+ O0>CG/)-&0CG ) C - . . )=+
ACG. =@ G> . @

= (> 88 A ((C) =C ¥ ).)9 : 8.+ - ) C
A (G (7T

» Surgical, with surgical drapes8 )= : -) ) =(N/ :/: . ( & ?.?A /(.. i (+

=) =¢¢ G 0) /)= =C:8 0 ) CCG =206 )(
Medical, three-dimensional ) $) :) - & () (. .7/ O) )) ¢ (-A/(C
@) C

Prostheses A)=8> :)=) > )8 )) )= > (¢ 8)= -0) )= &
> ( A= . >> +/.(C .& 8 )= +(C ) (8- -= ( &:
Dental A)=) $) )=) : ; Y& +::8 )= -/ - ) (G A)=
/)0 -COCCs 08 -0 - ) C

Garments A)= +=)A +=) § $> .08 H ? = .(+ - C )=
(88- ¢+ ) /) ¢) O > o+ - ) - - & )= N )?
Drug delivery A)= . /+0 . . 8> :8 )= & (+ ()= O ; 8
= -/ + QO
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Fabrics surface-functionalized (./) : .8 )::/ (+( (+

Non-woven nanofibre filters /: . ( & )? 8 . N/ - (O /= = ) ?
N - O () @8 (. ?:: =(:

Hygiene A)= =) (COA & CGA= - & . N > >(+8 ) 8 (- :
O ?2¢-0¢ /)COCC --2-07C )

3.1.5 Sport/Outdoor Textiles

3-)) 9 C 8)=)9% :+ O:A= -8 ( &2 =)0 =: =+=
-8 « = ) ): = & O¢+/: 8 (&) ) =C + : + 0 $
() =C ¥ =/ 8)=:) = + : D) - & .8 Q- /)- - ) ::
A (- )ECAYQ) () ¢ 8)= - - ) tA)E=+= - )( 8
N (/07

Improvement in comfort- = -=?. + 8 ) 8:- )A (8 )() (?

A A > (#>/) : =:- 8 (

Increase of protection-* ) ) ( 8)= A 1 88/7(. @) -)C .

Al - )-))(0-)) C+QO®)» JA) ) C) GA)

&-/7) (8

Performance enhancement— - & () 8 )= ) (- 8  J8 & - )=

=2, . = ) ) 8:A

Addition of monitoring and training features in the textiles - = >() ( 8:-)

Y9 A= (C & A: )= O ¢ 8)= )=) =2 +

¢G) G ¢ -& O0C=2 >):) (&)Y )=) -)0

G -C¢n& /) (¢ + C
;o >0 )=EU(0) GAEA 8 ): + A+ @)) (- (.8 )&
=):)=: ))): &) 8 ) 8 = &(+ =+=- 38 ( & 516 = - )
(./)?2=:.8( ) 8 0 =A=()=)% (/H)?2)A o - &(+ )=
-8 C - 8 ) G-) ) (8 )= (0: 516 =)= >&
+ (&) 8> (8> (/. (+=4=- 8 ( G=+=8/C) C 8> :: )
¢ 0 +0)% - ¢ )G ()-)9 =& > (/) :.30=) 1))
A C /) > 6 ) Q) 8> t(A> )=+=-8 ( = ) 3):
) C?7)= - ) 8 () =C +? (. >() C8 ) C: ()9 =
e )= )Y E8 F=EAE=O0).-= )¢ O: 8> 8 & -
A== /) [/ :
=) = & - 00 ()= =) )= (/)= ) ()= /0008
+( )% 8 =+4=2 - Do -8 ( : (.8 QO - ) D)= =+=?
7¢) ¢ G ) ) - &G/ = ) (8 /()= )9) (/)2 (7

-(: ¢ ¢?2 o0¢8 &/ ...0)% ¢ ¥/(C)C -+ (

- ):A A (0 +t0)% A== () -8 ( A=07): ¢ :

4 () =C 2/ .) - &)%) -8 ( _(C-)E /). - ) C
# A(E 8= - C-0CCO) P --.) -¢&)9% -8 (C ()
=) N - ) C
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Carbon nanofibres /) C ) )CE ) (B - &)= =
C G) 0/ ) (-7)8&)?

Carbonblack ( ( - ) : /1) - &)= > (C ) ) /1+=(:
) ¢ o= ) C G¢) O/ ) (.7)&)
Carbon nanotubes /) - ) N)GCE( 8GO ()= )

(.7)&)?: ) — G+ )= (.7)&)

Clay nanoparticles /:.) ( : ) =) (. = ) (

8 ) -0 G O & (o> 0 81 +9)

Metal and metal oxide nanoparticles + / ;/ B B ,(B "+B /i)
- ))-:_) );)?)_ )&)? ) 7)1 > o) C 0 >

3.2 Additional Demand for Research
= = ) (C8CC) =C ¥))=)9 ) =:+ )-)O0 >H)= 4 =8
(CoC>..& - QO::(.) ) )& A +=) 8)= & 1 (. > ¢

CNQO )>(8) ) )) (&7 -(#))=:) 8- ) C=) . 8
A0 A L) () ) b= o)) f)> s> () -)F) CCT

(> . &) CA C =-) AP )= @O0 C -

= 8 )= Go- ¢& )y = = @¢)rF )y &/
= (@) 2> - (- ( =(: 28 ) (8 $ - )= NQO ).
--) /8 0 ) C CC-) .8 (C.0)>) CO -7 ) §
) - & 8 H)&(C: >) (- (.]) ) ( 8- ao(- ) L)
c(x ).- (G- )) s N- O (- AR B 4 2):
D)E N CH )=o) 8- ) C8CCX ) L8/C) () - - )

109 O /7: 8 )8 : =

= = (+: ¢¢C N >)3=> - )C 0. 1 =

() 8 A= +AG. (8 = =31 ).) )= -u> =)= (
@ C 0= 1-)O ?2 = ).A=CC-) + () O 8?2 8
(Cn$ = + /20 8)= 0 ) C8CC ) :A)F)= = (>.7 (
= @& C O ) ? =/ Q+t). 1 =) )+t 1> +¢- (0
+-1 /D)) > >(.A)=-=2: 0= = ) ) ( 8)= ) in vitro, in
vivo (. ex-vivo =(:) M. )8 +( (2: >00) : (. /
O ) C@EH+).>»?> =0 ) .o+ 0L&C@>C8): O 8:)

0=/ (). :A)=A4F:

3.3 Applications and Perspectives

3.3.1 Publicly available Nanotechnology-based Consumer Products

G))==/+ (/> 8: Q8 /> ) C-)0: - &) Q- <)
G- /)y - @GA=CC) =C ¥ ). Sy ):/28) o) ()=
Y/ & 8) (8 ) )= (/ 0) 8)=:A .A. (() =( + 8)
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O.) 8 =13 (%l =:- &. ./7:A)= (8 ) ¢  ((+)= (:/
& >) 8- /) O CC) =C +3)=/.>()-)=))= -) :
-&C /7)) O00 /) CBCA) 2 (m) 8)=)= L) & >
& (G ) C8)= =) (8= ((&)& - /)= .8 O ¢/
- ./) -) 0 )= &C 8)= .8 O- /¢ /70  ( 8)= )
A. 2/ .(( ) :

Project on Emerging Nanotechnologies

=)y (h +¢4() =C + A )>=. (- o= ==
>)A (=D . AD:(CO () C ;0 8 3= ()= *As=)> [
506 )=:- ./ .)= first publicly available on-line inventory of nanotechnology-based
consumer products.
8 /+/) = CC) =C ¥ ¢/ - /) &0 ? OC
- /) - /) (= @O ?2=:+ A(>@( ? 1 K38 )
- 7)o HA .7 = !
* )=k > (/- -(+) &0 C )+ 1)) 7>l (
/> 2 & > ¢/ - /) 8 ) (7))
= + ) ( )+ ?2:G )=E#)(::A)=)) 8V - /)8 A _>G E
. ( # .E26& + /) )& v % ) (:E; -/ 1 )

>0 )+ o ) A= )= +3) ( Y+ ?2G )= (= (/.
Do) 1= ) )= N G - )¢+ /¢ (
¢#)) " +(C- J)yA= &C ) /)- )+ =& > (
/0.8 /)- ) =5 )5 )@ G C5 A
(A= +950= @&Q ?
= > 0.AC8- /> + (G ))) -C:>0.(0)= 1(0).3)):
-/ D 8= - /) A=)) 8",8 A .>? -C:(Mm) (/¢
;= ( A(M 9-C " W - IM# ( @ #(C (. 3A) . )?
SA . (F(C 0@ =4)>= (.: "o T A= /()= A . 1) ; (-
=3 : 4 A, (* 2 = (3¢- = *= ——(:" 7?22 1

= ) ccC ) OC-CF - 7). -)C:0C:¢
- ) ;> (A==(/1. 8 (: )= : ( ) 8 ( . 8§ A .>?

ARG XANEY : C (/¢ Cs. G+ .
1

European study of products containing nanoparticles (BEUC & ANEC)

(% - 2%0; =% - (; ¢/ B+ () C (. 4% =W - (; (/
(¢ )Y (=& -/>=. (%7 €O 2?2 8- 1) (+)

O CCC-) :)7) & > ()= % @)51% = /-1 1) - -

/> .>) ) t)= A <+ >N)>(C8): (o8 = )= ()= @& C O

+& (>?:/ = ) :
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= /2= .08 . - /), lk. o> ) 8 AT ) - ) ;
# .- /) I* /) /> =0 (C IB= - /)" 2 (&) )= )
+ /- : )$) 8O ) / - )

Ko) (= ):) + )& IM 3= ) >
=3 )= (C )03 -= /7 [
+ )& A + )& IMI; ) (O)A ) ).)= & ) ) QY& 3/ YY)
> > ) . - 738

) @ & K §> ) (7.¢

) ) 0 > > -un@¢E ) )0 > > G A
& A/ ()= =)0 -8 ) =C +2¥3 2)NC(C 722 (
4 () =; D 8 )4 (0 s3> )=)> ( :>.?) - ) )
Q) 9C > =) 7
Y O G 8 )A - (8 O =C: % MJ; =G - A4 (o
$8(:=)=) -1 (A (0 :
38 =((:& 3 @:3 # =1IMJ4O®%$ Q@ + :0:-¢e0Q¢8)
VAN G- 8 ). ::
3= (- > (B 3F= + () )8 )>.) E>)t A=8 ./
/:(+> )
# =: )A ). 1) (> (/7. .)=))% : (C 8)= 1) : A=
) =C #?2:=&¢ + -)7 =8 2?23 ) (/). )=+ (
A)= - /) ) =)(C(:& )= DAL 2/ (C(C-) A)=
= 00 ) - -)2 - 1 0¢)= ) 8/7¢) € )?- &. .>2 (0
GEC )9 -

3.3.2 Nanotechnology product applications in medical/healthcare textiles

aO= - =)x =) )»xcC ) -C-?2H:. & CC-)
B ) 4. 0> ) ey

Q> ) ) $) -
= - )OO . ) &) @+ 8 0>) )9 A)F > 0
=)/ 80 > )&)? ()= > (C 8./+ 1)( -> ) - &0 )
@) cC)- - NI 0>) A/ (. @G -) 0. >l (e
/2> /+ o+ & (0 @05 1m162N))=? (> (. ) -) )&
8 0: (/) + ()> = L5116 ) ) )=>/:=:5 6
=C )0 ¢ CGC C)rE &2?) 1=0). (0= 9C(
8= 0>) A ) @)= >)/=:1-)x F¢E. ) ) )&

O )% : ()51 16 = Q> ) )&)? 8)=: )% /) . (
Y/ )Y = Q0.7 )=z )= =)D O/ ) 516 (

) (- /008 0> ) ) $) G. 8 )==/1=_- /)=
0)=C ;-G )A:
Q > A/( . (+:
=1t & ? -)0 - ) C8CC) =C ()= . 8. D/. 2@
8 )y .>? G 8 >07? 8:&0 ). =40 )= ?)=2 ( =A)=
2( .0 )& - ?3) = o oG o 8 CC ) (it Q@
= 0 CO> & /8 516 (&) ). =& =A0=))= /) (. 8
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=2 C - CC 7)) (& 0 C ( 8 )& Q0 ) o/ . )&)?
5 6 C..) CCC 7)) C:& o (=8> C C ?7)).(C& )8
-) O:A)=>/ (A /5 67 @ (- )- (E (FA/C:S 68 ))YHA /(.
> .N) .>. 0 (>) ¢ 9 >«

D/(.. =(t:=& > (C @ . & -. A== > ( ) —/(—'7/)(
(s> 7: > C (08> (C(8> 5" 6 =: ) =/C )
= ) > AL (8- L)) (=== 0)? (=428 0) 0
& / ) A= = 8& /7 > - ) 8 ) = O+ A= (- 8 )(
= - /[:0/7)Y -)/ 2?2 -)Y(QO8 8/. $/.) (8 = A/(. & . (+
AG.: ) CGC - G$+(17: (@) (

Q0 .=:& A/ - i (+:
) A/ . @S = -0 > (. +:8( A. (+ 8/::(
- ) G) & A/C/0 ) = G- o (-)))= A/ +()$)(
&« C o noe )yCA/(. 2@E+C 72 .= ) )= GFA/
/¢t (A ? ( & () >0 /H)¢E)>= = ¢- o=
(@) & 8> =) )Y & .> > 2 0 8-)0 O 8 =+4=7

?
- -0/ (> (8> ) > - () - CCGCA= O) GCC 2?

) -) D ()= ()8 ? )$) /8 8)=: A/(. . i+ 1 8
-)C 38 8 ) (.-&0 (8 =¢( )) (

(&)& A/C . (A= Q0 .= &—-)2))== A/ =8> (

(: 8 OA)= (0

> (->7 )¢ ) (&: - >(C+:A)= (
=(C. 0) @e%$: (: C..)C () G ?28) 8)= >& ((&)&
A/Z( . ()= >)2 (A) /-)0 .> ) (- =) 18 )= A/(.
$/.) : 8+ )= -) )= = (+- (. 8:- & /78 >. .. (-) O:
A== ( A/(:
" /) 8 -
Acticoat™ (Smith & Nephew plc, UK 3 )=E4 -= A=: ). 80 )@+ >) 0
-) PGA/ L G ) OG> ) CO0) G 8:& A)F

=)0 -CC0 ) () =C +

Face Masks; (Nanbabies® Face Masks, USA ) A @: + () )?-: 8> ) (.

&/ &(C0 (+ O0>) 90 ¢ A T MG G) ( = ( (0
?2) (& -) /. G )& /-) A =

Nano Cyclic Towel (NanoCyclic Inc, USA 3/- > >(+ (. (> ) =) > >

A) ( -+

NanoMask (Emergency Filtration Products, USA ) : )= 8 ) - ) )& 8 0 ()=

A ) ) (C-) 0EC -8) ) o) 0 ?2= & > (
0O (O

Greenyarn - ./ : Eco-fabric A= = : ()0 > 00)) (.=: )= = )=

> (8):

NanoPro Wrist Supporter; NanoProElbow Supporter; NanoProBack Supporter (Vital Age,

USA )= -1) ( /) CO= >AC0OF A>0 1) =-
&) ./ )/ i ($ /& : -/ . (O)= - ) (
8 4(* - /)
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NANOVER™ WetWipes038 ) /: 8 =_ () ?:38 @ ) (- ) )>> (8
0C A ))& )Y ¢ - 0-)) G oo 2/ 00 G- &Q0(
y /> ; C=(G: (. /(. -1 434 (+ .

. 3 )9
$) (- &. (S O:/))8 O0+) A= ) (C & - (/.G CCG
O ¢ @ ) (- () o>) ) )= ) ¢ G) /0 )=

=(C )= ) ) ) ->?)= A 5 16
== )= 8. /.)0 &Q+ 8)=:: ))§ ) - &. 8 -) O
.- O /¢ ¢+ =>)) (- 51 6 ()8 . (A 8
)y 2 (/)& ) 21O I (+; -:) Z: o> (- A .
>2)= IM>:.* ) =5 6 Z;=:)= /(NN >)) : )=2 =(+ 8 (
) G ) ) Y08 (/) A=(- /(. - =/ D=:8 ) A
8¢- (4 > 8 . - ) cc/.¢+> .-/ 0 - ) ? O ¢

GGG 9=7) - 0)

3.3.3 Nanotechnology product applications for the sport/outdoor sector

-)8 )= - ) (8 ) 8N ) 8 )= - & () 8)= =)
-8 C )F)A > A=) @ )= 0 &0 ¢C8CC) =C +? ()
- 1) (8- . =G A =% (/. .: 8)y= / (Q? & >
- )t /- -(+) )= /7¢) C)?

) C ) D) - (
) C )0 G A) - C 8= - >>2 )=+ ) () =C +
- )CO% )y e)y:C ¢ . (= ) N () ) -
) )= =) /). =G> ) o)A o/ (G E(EHA = o
)9 -8 C =:> (> C.>2.8 Q) =C + - =:1:/=:1 )¢
AF- 8/ = tr (C-) o 2O AR L)L) (¢
-=) ) ?) B
Products examples

Hi-tech (0 :@0X = +?21* : ( 0~

Nike /( D . ,X = +7* : ( @0~

Ecco 2 /(((+:= X = +71* : ( 0~

Magnum > ):- =( +?71* : ( 0=

Adidas 8:= :- =( +71* : ( 0~

New Balance * 3§ ( BY) A &QO+0CG- . ; 0 /N A ( X

=( +774 4B %H /). 4 4B %H

Odlo9 @)X =( +77A) ) ( G Z

Cloudveil 3A) => @< @) X =( 71 ). 8 )04 (:-= 0 ; OO0

3=
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0> ) B./7: Q0
B./7 O (-) /). =¢:C -)0)- 3= 0 (> =4é&.
(.8 QA2 :/=:>2 & (+/-)= ./ A)= 8+ ( > &@¢)= ./

/=2 8 . =2¢ (0 > 8=+
=81 - = ./: & A8+ ( >? G 8 -/
)o((+8+(:)=)(> — ) )= 8> ) - & A &
(=: - = /1.2 .9 (: =: /(A= -/
/Y = ) 1 .>? =2 = /8 (. =2. -==> )2 = ./

/> (= => > ) — . (= &) :8)= 2 .9 ( (
8. G I G

()= )=. - =)= - > - L)) )2 (+ . /8 .oL) 8
>)  + A=) - ) (B 0>) BG=())=E> > ) - & ()
> ) + A= (. GN Q?2)= .78 ) ( =:)- =:> (- & /:?
) ) - 0= 7. $ 1 =-)

Product examples:
Puckskin-2 > =) 3 @: 3= )3 & - (+3 & - +* (:
3 & i -

Extera QA (. 1(8 X; /)Y =0 ; -
Wigwam: @:X =( +773 ):& 4 (G €
AgActive (> ) 3 0:
Greenyarn's . @: X% 0# > @ (
Funtional sportwear X3 ( ) $) :; ).

$(4(0B3& 3 @

N V4 (+ Q

370=) 8> (. : () ). +) > A (@@ 8 =2. -=>J=A& >?
(C)=C + ) ) 0): 8> :> > ) >t > ) -/ (¢ A?
- =)@ )E>2C AGF)»EA -7 (G 8 )>
Product examples:

Adidas / )& A (0 = +?714 4B %H 2 8 )X 4 4B %H

Plasma Mec ~%; %H

CW-X; - =2 (/- ): @0 =C 26 =1 OS5

"3 (#)= A ¢

Product example
Adidas Nanotech Shoe = LoneStar :)= A .(:8 :) :? ) " -0 8 ) (+)=
8 :) & full-length carbon nanotubes reinforced plate

* ?-
Conducting textile platform based on novel e-fibres.
=-:10-.-)): ) -?2 ¢8>0 -+ O 0 (¢t)E )

8> ) . (©)) ) /)& A=) O ¢ C +C =-): Al
- - =) G- /) ) o C )>=e ) )¢+ (
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( (8¢ /)80?2 (CA==)= >_ ()=¢C)>= - -) :1:3))>
>? (/)& 8 A/ Q:+C d)=:(C /. : /. +(: N Q8 4+
132 A/ (Q:/-7 2= )& = )(+5 6

Smart Textiles for Sport Clothing
C-)QO)> >&8 ) 8C ) C )= )=)k 8))= =)+ O:
e.) > N--.  A=:1(C ) -& @G )(C>/H)= )
-=?0 4 ) ¢ = >) ) (&)Y =) -)0 G o-(CG)
& /) ((+ + (516
3 (: ¢ : .8 - ) ) 2> /00) ) )=/ - &
& O- 8 ( . / « 56 =) =G (- ))>x=8> >
= )= ) & OA 8 ))= (.7)&) A(+)= (O (+ 8> .20¢( )
5 0 6
W o-:8/= - )C 1T + Q8 )= )=)EeC)=) O ¢
& - )= (& ) 88 )= L)) (8- - & O 8 & O
-8 C G /)8 8 CO +OMC 3 & L& - ))F
1(& :)? 8D (+ (+ (-3 B8 )= O ¢ 8)=A @eC <0 )«
JGES -GG CE) 6 ) ) CG¢) =(N SR -
D) )= )= )l >+ 8 )= > )=¢ () ¢ (: )G 8 )=
O +8-0Q -/ 50V 16 = QO+) (8= G 0)9 8
= ( ?::( ) 8)= :A ) -y (C: : (C-- (+- = )5 6
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Table 2 - ObservatoryNano - Technology Readiness Level (TRL

FUNCTIONALITY COMMERCIAL PRODUCTS

HI-TECH ION-MASK

NIKE LUNAR WOOD

Ecco BIOM RUNNING

MAGNUM

ADIDAS GOLF

NEW BALANCE PERFORMANCE OUTERWEAR
ODLO JACKET

CLOUDVEIL SWITCHBACK JACKET

PUCKSKIN - BAMBOO ATHLETIC SOCKS / SHORT SLEEVE TOP
/LONG SLEEVE TOP / LONG PANTS / SLEEVELESS TOP
EXTERA TAEKWONDO UNIFORM

4 WIGWAM SOCKS
AGACTIVE ANTIBACTERIAL SOCKS
GREENYARN'S SOCKS
FUNTIONAL SPORT WEAR — SINOTEXTILES CO.LTD.

ADIDAS YOCUM ACTIVEWEAR
4 PLASMA MEC (MECTEX)
CW-X COMPRESSION SUPPORT SOCKS

ADIDAS

N N W w b~

‘B>: &) 24 (02 : D= 0= . =0%))- "M e) Q20" ) @)

3.3.4 Perspectives

D)y /-: &8 N ¢ ) COz-& - 0) ¢ CCC) =+

) )9 0= . =) ¢(.:-)7/NH. ) :A=&-8 .
())& Ar (. /). = )N C ) . G 7)) %) 8)=
=N CGC 0. )= -CC & .8 +=) $- ) / .18 Al

= - =& & - 08CC) =C 0 . C ¢ >)A(CIC
("% 0O 8 )= . =) ¢ 8 )==)Nn ):
= - (8 o8 — ) G8C(C) =C t A ST
8 )= . = )= 1) 0> ) ) %) JA /(. N G
VAN ¢ o &N NYO) C G GG Yo
¢C
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> 8 )= =) ). )t 0 - ) )¢ ) A
)= /). O -/ > )F> ( A8 ) (C 8 0)9 :

0O+ @9 -
= ) -)0 &0+t &G )= - ) (C8C(C) = + AT
8 )= . =)= 1) ¢y )y /)y s A ) ¢
(. (+ $-CI&?2=+=:/8 &/ : AGE ( .
)&)2> ) = . ( 8GN ) YA
> 8 )= =) /). D) 0=2. - (2 8 (G (.
O/ ¢+ &) : 8 8 Yy (C = 8 =(C -8 (
= D -)0> ) )= - ) 8 () =C +:>)= ()
. = )= . )= =) N. ) A T8 8 )= - ) 8
(C- /)y O== (= )= 08 +/)dJd /7 H)C(C?) &) d
.8 /) + o - /) (Q=+=Q0 -:-(C )N -8 -)(C :
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4 Economic aspects

4.1 General market description

4.1.1 European textile sector
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Principal Sports Apparel Manufacturers
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Medical Industry Key Players
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