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Figure 2. ?%,+&(0.#@(A!2$%&!@,BCD'0*#,B!0%&!@(0#*(!977789797:!3)+;!<4=>
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Figure 4.!H,*(A!2$%&!@,BCD'0*#,B!977G89797:!<4=>

Figure 5. "#$%&!@,BCD'0*#,B!0%&!@(0#*(!456789797:!!<4=>

Figure 6.!"#$%&!0&,FD@*#,B!977789797:!<4=>
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Figure 7.!I,#C*D&%!&%+(#B!,1!*%J*#A%!2$%&C!<G=>
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Figure 8. Botanic principles – photosynthesis.
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Figure 10.!H:QR:L®: Reduced resources and environmental impact possible in dyeing.
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:BB>B(HK(9L5H=D<I>;9(85(D;B>;(6D(E;D6><6(67>(9I85N(OD;(
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Figure 11.!S,BF&(*#%11!A,B+!-(O%C!$/!Q%2,F,->!<T=
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Figure 12. Temperatur regulation in bed – comparison 

H:QR:L® and polyester.
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D;FP( ;<( 7<jB78=I( C6;PB[=( 67C6;PB[9Q9D9=EI( C6;[7NN98:(
[;N=N(F8P(\;6O76(>7FD=>(F8P(NF<7=EY

hG;87(;<<76N(F8(7[;D;:9[FD(F8P(C6F[=9[FD(QD7F[>98:(FD-
=768F=9M7Y(H96(<6;@(=>7(F=@;NC>767(9N(=6F8N<;6@7P(98=;(Figure 2. Scheme of general garment processing.
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Results and Discussion
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Table 1. Bacterial species present on skin before and after the wearing trials with PES 

textiles. Gr+ = Gram-positive bacteria, Gr- = Gram-negative bacteria.



1-

!"#$%#&"'()"'%*+,"(-.(/0.102(((((13(4(0.

A;>(C8?A(M98CE<><A(?M>:E>?(8<(A;>(?DE<(8@(M>9?8<(1(6<G(
0(6<G(*89K<>F6:A>9EBC(?MV(H6?(M9>G8CE<6<A( E<(M>9?8<(
bV(,;>(GEP>9?EAK(8@(F6:A>9E6J(?M>:E>?(F>@89>(A;>(H>69E<=(
A9E6J(H6?(J8HQ(H;E:;(E?(AKME:6J(@89(6(9>J6AEP>(G9K(6<G(B<-
M98A>:A>G(?DE<(69>6V(+8H>P>9Q(A;>(?M>:E>?(GEP>9?EAK(H6?(
E<:9>6?>G(6@A>9(A;>(H>69E<=(A9E6JQ(HEA;(a3(?M>:E>?(G>A>:A>GV(
,;E?(?B==>?A?( A;6A( A>NAEJ>?( E<G>>G(GE9>:AJK( E<\B><:>( A;>(
GEP>9?EAK(8@(A;>(?DE<(CE:98FE8A6V(%<A>9>?AE<=JKQ(A;>(<BCF>9(
8@(I98ME8<EF6:A>9EBC(6:<>?(8@(M>9?8<(1(6<G(0(H6?(G96?-
AE:6JJK(G>:9>6?>GQ(6<G(6( ?E=<EZ:6<A( E<:9>6?>( E<()6:EJJB?(
?BFAEJE?(:8BJG(F>(8F?>9P>G(6@A>9(A;>(H>69E<=(A9E6JV(%<(M>9-
?8<(bQ(A;>(M9>G8CE<6<A(*89K<>F6:A>9EBC(?MV(GE?6MM>69>G(
6<G(A;>9>(H6?(6<(E<:9>6?>(E<(I98ME8<EF6:A>9EBC(?MV

,;>( ?E=<EZ:6<A( ><;6<:>C><A( E<( GEP>9?EAK( E?( 6J?8( E<-

GE:6A>G(FK(A;>(<BCF>9(8@(F6:A>9E6(M;KJ6(@8B<G(F>@8-

9>(6<G(6@A>9(A;>(H>69E<=(A9E6J?(/YE=B9>(12V()>@89>(A;>(
H>69E<=(A9E6J?( A;>(?DE<(8@(6JJ(M>9?8<?(?;8H>G(6(9>J6-
AEP>JK(?ECMJ>(M;KJ6(:8CM8?EAE8<Q(H;E:;(H6?(@8B<G(A8(
F>(CB:;(C89>(:8CMJ>N(6@A>9(A;>(H>69E<=(A9E6J?V(

T( :J8?>9( J88D( A8( A;>( C6789( :;6<=>?( E<GB:>G( FK( A;>(
H>69E<=(A9E6J?(9>P>6J>G(A;6A(A;>9>(H6?(6(G96?AE:(:;6<=>(
E<(A;>(9>J6AE8<?;EM(F>AH>><(&96CLM8?EAEP>(6<G(&96CL
<>=6AEP>(F6:A>9E6(6@A>9(A;>(A9E6J?(/YE=B9>(0(T(6<G()2V()>-
@89>(A;>(H>69E<=(A9E6J?(6JC8?A(6JJ(F6:A>9E6(M9>?><A(H>9>(
&96CLM8?EAEP>?(/-XVS]2(6<G(A;>(&96CL<>=6AEP>?(H>9>(

;E=;JK(B<G>99>M9>?><A>G(/aV1c]2V(+8H>P>9Q(A;E?(9>J6AE-
8<?;EM(H6?(?E=<EZ:6<AJK(:;6<=>G(6@A>9(A;>(H>69E<=(A9E-
6J?Q(HEA;(6(?A98<=(E<:9>6?>(8@(&96CL<>=6AEP>?(/b3VS1]2(
6<G(6(G>:9>6?>(8@(&96CLM8?EAEP>(?M>:E>?(/3bV1]2V(

>̀(GEG(<8A(Z<G(9>C69D6FJ>(M>9C6<><A(:;6<=>?(E<(?DE<(
M696C>A>9?Q(JED>(?DE<(M+(89(?DE<(C8E?AB9>(GB9E<=(A;>(
H>69E<=(A9E6J(/G6A6(<8A(?;8H<2Q(H;E:;(:8BJG(6::8B<A(
@89( A;>( :;6<=>?( @8B<GV( ,;>9>@89>Q( H>( ?B==>?A( A;6A(
A;>(;KG98M;8FE:(I"[(CE=;A( E<GB:>( ?8C>( A>CM8969K(
:;6<=>?(E<(A;>(CE:98><PE98<C><A(8@( A;>(?DE<Q(H;E:;(
@6P8B9?(><;6<:>G(=98HA;(8@(&96CL<>=6AEP>(F6:A>9E6V(
%A( E?( 6(H>JJ( D<8H<( @6:A( A;6A(&96CL<>=6AEP>( F6:A>9E6(
69>(C89>(?><?EAEP>(A8(;69?;(><PE98<C><A6J(:8<GEAE8<?V(
,;B?Q( A;>( rM98A>:AEP>s( CE:98><PE98<C><A( =><>96A>G(
FK(A;>(I"[(A>NAEJ>(CE=;A(@6P8B9(=98HA;(8@(A;E?(=98BM(
8@(F6:A>9E6V(`;>A;>9(A;E?(>@@>:A(;6?(M8?EAEP>(89(<>=6-
AEP>(:8<?>_B><:>?(<>>G?(A8(F>(M98P><(FK(@B9A;>9(?AB-

GE>?V(+8H>P>9Q(EA(E?(<8A>H89A;K(A;6A(=98HA;(8@()6:EJ-
JB?(?BFAEJE?Q(H;E:;(E?(D<8H<(A8(F>(6<(8G8B9(M98GB:E<=(
F6:A>9EBC(d11eQ(H6?(><;6<:>G(6@A>9(A;>(H>69E<=(A9E6JV(
%<(6GGEAE8<Q(6J?8(?8C>(M8A><AE6J(M6A;8=><?Q(JED>(hJ>F-
?E>JJ6( M<>BC8<E6>( 6<G(+6>C8M;EJB?( E<\B><^6(H>9>(
G>A>:A>G(8<(A;>(?DE<(6@A>9(A;>(H>69E<=(A9E6J?V

I'"!%5%#T'm('"[R!,[(Y'f5(
`"T'%#&(,'%T![(R[%#&(,"#*"!®-
BASED TEXTILES
,8( E<P>?AE=6A>Q(H;>A;>9( A;>( E<\B><:>(8<( A;>(?DE<(CE-
:98FE8A6( @8B<G( HEA;( I"[LF6?>G( A>NAEJ>?( E?( C6A>9E6JL
G>M><G><A( 89( 6(C89>( =><>96J(C>:;6<E?CQ(H>( M>9@89-
C>G(A;>(?6C>(H>69E<=( A9E6J?(6?(G>?:9EF>G(6F8P>(HEA;(
TENCEL®LF6?>G(A>NAEJ>?V(T?(>PEG><A(@98C(A;>(9>?BJA?(
M9>?><A>G(E<(YE=B9>(bQ(<8(G96?AE:(:;6<=>(E<(A;>(9>J6AE8<-
?;EM(F>AH>><(&96CLM8?EAEP>(6<G(&96CL<>=6AEP>(F6:A>-
9E6(H6?(@8B<G(B?E<=(A;E?(C6A>9E6JV(,;>?>(9>?BJA?(?A98<=JK(
?BMM89A( A;>( EG>6( A;6A( GE@@>9><A(C6A>9E6J?( ;6P>(GEP>9?>(
>@@>:A?(8<(A;>(?DE<(CE:98FE8A6V(%<(:8<A96?A(A8(I"[Q(,"#-

CEL®(E?(6(C89>(;KG98M;EJE:(C6A>9E6JQ(H;E:;(M98F6FJK(
M9>P><A?(6(?E=<EZ:6<A(:;6<:>(8@(A;>(CE:98:JEC6A>(8@(A;>(
?DE<Q(H;E:;(CE=;A(8::B9(HEA;(A;>(I"[(C6A>9E6JV

Figure 2. Changes in the relationship between Gram-positive and Gram-negative bacteria after the wearing trials with 

738!&'(&)*'"9!:;!.'<$%'!&='!>'/%)-?!&%)/*"+!@;!/<&'%!&='!>'/%)-?!&%)/*"9

Figure 1. Relative abundance of the most prevalent bac-

terial phyla present on the skin of the persons investigated 
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trials.
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Conclusions
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Figure 3. Changes in the relationship between Gram-positive and Gram-negative bacteria after the wearing trials with 
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Introduction

TENCEL®(7Y=?:77(C8H(G::A(8`8@78G7:(@A(>C:(98<L:>(D=<(
H:`:A>::A(Y:8<HX(%A(@>aH(:8<7Y(H>8F:H(=D(@A><=\P?>@=A(>C:(
98<L:>(8??:[>:\(7Y=?:77(D=<(@>H(8G@7@>Y(>=(F:A:<8>:(A:B(
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>@=A87( \Y:@AF( 8A\( bA@HC@AF( >:?CA=7=FY( HP?C( 8H( DP77(
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Why use TENCEL®?
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A Microporous structure
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Figure 2. Transmission Electron Micrograph Image of 
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>:<J(9=<:(?=9D=<>8G7:J( <:>8@A(H><:AF>C(G:>>:<(=A(:8HY(
?8<:( bA@HC@AF( 8A\( <:>8@A( ?=7=<( :V?:[>@=A877Y( B:77(
>C<=PFC(9P7>@[7:(B8HC@AFX
k@A?:( >C:( 98@A( \@H8\`8A>8F:H( =D( 6'( ><:8>9:A>H( =A(
?=>>=A( [<@98<@7Y( <:78>:( >=( H>@DDA:HH( =D( C8A\( 8A\( PA-

?=9D=<>8G7:(=`:<(?=AH><P?>:\(C:8`Y(D8G<@?H(8A(=[[=<-
>PA@>Y(B=P7\(H::9(>=(:V@H>(D=<(7Y=?:77(>=(@9[<=`:(>C:-
H:(?=9D=<>(8A\(B:8<@AF([<=[:<>@:HX

I;;!%*I,%f#(f6(6'(6%#%k+"k(,f(
!lf*"!!(I#_(!lf*"!!(m(*f,,f#(
BLENDS
I7>C=PFC( H@9[7:( =<F8A@?( H87>H( ?8A( @9[8<>( :V?:77:A>(
d89:( <:>8<\8A>( [<=[:<>@:H( >=( ?:77P7=H:J( \P<8G@7@>Y( >=(
78PA\:<@AF( @H( 8( [<:<:cP@H@>:( <:cP@<:9:A>( D=<( 8[[8<:7(
8[[7@?8>@=AHX( ,C:( 9=H>( HP??:HHDP7( \P<8G7:( d89:( 
<:>8<\8A>H( D=<( ?:77P7=H:( 8<:( G8H:\( =A( [C=H[C=<=PH( 
8A\(A@><=F:A(?=A>8@A@AF(?C:9@?87(HYH>:9H(>C8>(:@>C:<(
<:8?>( B@>C( >C:( bG:<( =<( D=<9( ?<=HH7@AL:\( H><P?>P<:H( 
=A( >C:( bG:<( HP<D8?:X( ,C:H:( 8<:( :@>C:<( G8H:\( =A( 
#T9:>CY7=7( \@9:>CY7[C=H[=A=[<=[@=A89@\:( =<(
>:><8L@H/CY\<=VY9:>CY72[C=H[C=A@P9( ?C7=<@\:( =<(
,+;*X(,C:(D=<9:<(B@77(D=<9(?<=HH7@ALH(B@>C(>C:(bG:<(
8A\(@H(?=99=A7Y(8`8@78G7:(@A(>C:(98<L:>(D<=9(8(AP9-

G:<(=D(HP[[7@:<H(=D(BC@?C(>C:(9=H>(B:77(LA=BA(@H(;Y-

<=`8>:V(*;(D<=9(+PA>H98AX(,C:(78>>:<(D=<9H(8([=7Y-

9:<@?(H><P?>P<:(=A(>C:(bG:<H(8A\(@H(8([<=?:HH(7@?:AH:\(
GY('C=\@8J(B:77(LA=BA(8H(;<=G8AX
KC:>C:<(>C:(HYH>:9(D=<9H(?<=HH7@ALH(B@>C(>C:(bG:<(@H(
8(L:Y([<=[:<>Y(BC:A(?=AH@\:<@AF(@>H([:<D=<98A?:(=A(
7Y=?:77J(G:?8PH:(?<=HH7@AL@AF(@H(A::\:\(>=([<:`:A>(b-

G:<(bG<@778>@=A(@A(78PA\<YX

Pyrovatex CP type

,C:(A=<987(8[[<=8?C(@H(>=(<:8?>(>C:(#T9:>CY7=7(\@9:-
>CY7[C=H[=A=[<=[@=A89@\:( @A( ?=9G@A8>@=A(B@>C( ><@-
9:>CY7=7(9:789@A:(8A\([C=H[C=<@?(8?@\(8H(?8>87YH>(@A(
8([8\T\<YT?P<:([<=?:HHX(,C:( <:cP@<:\(8\\T=A( @H(A=<-
9877Y(0.T5.e\:[:A\@AF(=A(>C:(B:@FC>(=D(>C:(D8G<@?X(
K8HC@AF( @H( A::\:\( 8D>:<( ?P<@AF( >=( <:9=`:( >C:( 8?@\X(
,C:H:(C@FC(7:`:7H(=D(8?@\(?8A(87H=(<:HP7>(@A(bG:<(\:F<8-
\8>@=A(\P<@AF(>C:([<=?:HHJ(H=(=D>:A(D8G<@?H(A::\(>=(G:(
=`:<(:AF@A::<:\(>=(877=B(8??:[>8G7:(>=(G:(<:>8@A:\(8D-
>:<(>C:([<=?:HHX
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OH !( f+T*:77((

(CH
5
f2

2
P=OCH

2
CH

2
C=ONHCH

2
fT*:77

I(?=9[8<@H=A(B8H(?8<<@:\(=P>(=D(>C:(:DD:?>(=D(>C@H([<=-
?:HH(=A(?=>>=AJ(7Y=?:77(8A\(8A(@A>@98>:(].m].(7Y=?:77(m(
?=>>=A(G7:A\X

68G<@?HQ
K8<[(N.m0(#:J(6@77(1m1O(#:J(-S:m@AJ(]1[m@AJ(H:9@TC=[-
H8?L(H><P?>P<:J(]=EmHc(Y8<\
I[[7@?8>@=A(<:?@[:Q

3..Fm7( ;Y<=`8>:V(*;(4(!6
O.Fm7( nA@>>:V(^!6(A:B(/9:789@A:2
05Fm7( ;C=H[C=<@?(I?@\(/N.e2(/?8>87YH>2
5.Fm7( ,P<[:V(I*#(A:B(/H=D>:A:<2
5.Fm7( o7><8>:V(6kI(A:B(/H=D>:A:<2
]97m7( %A`8\@A:(/B:>>:<2
N.e( B:>([@?L(P[
;8\J(\<Y(8>(10.p*J(?P<:(](9@AH(8>(1].(p*
K8HC(=DD(8A\(A:P><87@E:X

,C:(>:H>(<:HP7>H(?8A(G:(H::A(@A(,8G7:(1X

,C:H:(<:HP7>H(8<:(>Y[@?87X(k><:AF>C(7=HH(=D(7@L:(D=<(7@L:(
><:8>9:A>H(=A(7@L:(D=<(7@L:(D8G<@?(H><P?>P<:H(HC=B(8(H@-
FA@b?8A>( 7=B:<( H><:AF>C( 7=HH( D=<( 7Y=?:77( D8G<@?H( >C8A(
=A(?=>>=AX(,C@H(@H(8(><:A\(87H=(H::A(@A(<:H@A(bA@HC@AFX
%>(@H(87H=(@9[=<>8A>(>=(A=>:(>C8>(>C:(7Y=?:77(D8G<@?(<:-
98@AH( H@FA@b?8A>7Y( H=D>:<( 8D>:<( >C:( ><:8>9:A>( >C8A(

1..e(?=>>=AJ(8A\( >C8>( >C:(8[[:8<8A?:(8D>:<(B8HC@AF(
<:98@AH( :V?:77:A>X( ,C:( ?<=HH7@AL@AF( DPA?>@=A( =D( >C:(
;Y<=`8>:V(bA@HC([<:`:A>H(bG<@778>@=A(=D(>C:(7Y=?:77(b-

G:<H(@A(B8HC@AFX

%)<8).2!7.)/+.23+5!)8!'()*+''!C!*)22)4!8;-.3*5!

treated with Pyrovatex CP and comparison with 

DEEF!*)22)4

,C:( ?=9D=<>( [<=[:<>@:H( B:<:( 8HH:HH:\( PH@AF( %kf(
11.-05( q,:V>@7:HT( ;CYH@=7=F@?87( "DD:?>H( 4( ^:8HP<:-
9:A>(=D(,C:<987(8A\(K8>:<(g8[=P<(':H@H>8A?:(PA\:<(
k>:8\Y( H>8>:(*=A\@>@=AH( /kB:8>@AF( FP8<\:\( C=>[78>:(
>:H>2r

,C@H(>:H>(B=<LH(8H(D=77=BHQ
6=<(>C:(\:>:<9@A8>@=A(=D(>C:(B8>:<(`8[=P<(<:H@H>8A?:J(
':>J(8A(:7:?><@?877Y(C:8>:\([=<=PH([78>:(@H(?=`:<:\(GY(
8(B8>:<T`8[=P<([:<9:8G7:(GP>(7@cP@\(B8>:<(@9[:<9:8-
G7:(9:9G<8A:X(K8>:<( D:\( >=( >C:(C:8>:\([78>:(:`8[=-

<8>:H(8A\([8HH:H(>C<=PFC(>C:(9:9G<8A:(8H(`8[=P<J(H=(
>C8>(A=(7@cP@\(B8>:<(?=A>8?>H(>C:(>:H>(H[:?@9:AX(K@>C(
>C:( >:H>( H[:?@9:A([78?:\(=A( >C:(9:9G<8A:J( >C:(C:8>(
dPV(<:cP@<:\(>=(98@A>8@A(8(?=AH>8A>(>:9[:<8>P<:(8>(>C:(
[78>:(@H(8(9:8HP<:(=D(>C:(<8>:(=D(B8>:<(:`8[=<8>@=A(8A\(
D<=9(>C@H(>C:(B8>:<(`8[=P<(<:H@H>8A?:(=D(>C:(H89[7:H(@H(
9:8HP<:\X
)8H@?877YJ(>C:(B8>:<(`8[=P<(@H(\<@`:A(>C<=PFC(>C:(D8G-

<@?( GY(9:8AH( =D( 8( [<:HHP<:( F<8\@:A>J( <:HP7>@AF( D<=9(
\@DD:<:A>(<:78>@`:(CP9@\@>@:HX
,C:(<:HP7>(?8A(G:(H::A(@A(6@FP<:(]X

Table 1. Effect of Pyrovatex treatment on lyocell and cotton.

Figure 5.!:;2+.!G;/)1.!.+5352;4*+!@H+2A6
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,C:(<:HP7>H(8<:(<:78>@`:7Y(H@9@78<(@A(>C@H(9:8HP<:X(,C@H(
@H(>=(G:(:V[:?>:\(8H(>C:(`87P:(@H(78<F:7Y(\:[:A\:A>(=A(
>C:(D8G<@?(?=AH><P?>@=A(8A\(>C@?LA:HHX(6@G<:(?C:9@H><Y(
F:A:<877Y(\=:H(A=>(8DD:?>(>C@H([<=[:<>Y(>==(9P?CX

+=B:`:<J(D<=9(>C:H:(>:H>(<:HP7>H(B:(?8A(9:8HP<:(>C:(
6@(`87P:(/6@FP<:(O2X

,C:(6@(`87P:(@H(\:>:<9@A:\(GY(B:@FC@AF(>C:(D8G<@?(G:-
D=<:(8A\(8D>:<(>C:(>:H>(BC@?C(>8L:H(1X](C=P<HX(,C:(`8-
7P:(@A(FmHc(9(@H(>C:(89=PA>(=D(B8>:<(`8[=P<(>8L:A(P[(
GY(>C:(D8G<@?(@A(1X](C=P<HX
,C:( \@DD:<:A?:( G:>B::A( >C:( ?=>>=A( 8A\( >C:( 7Y=?:77( m(
?=>>=A( G7:A\( /-XN( `( 15X02( <:[<:H:A>( 8( \@DD:<:A?:( =D(

0Oe(B:(B=P7\(:V[:?>(D<=9(>C@HJ(>C8>(B:8<@AF(?=9D=<>(
>=(G:(H@FA@b?8A>7Y(G:>>:<(8H(>C:(GPDD:<@AF(?8[8?@>Y(D=<(
B8>:<(`8[=P<(@H(H@FA@b?8A>7Y(:AC8A?:\X

IA=>C:<(@A>:<:H>@AF(9:8HP<:(@H(>C8>(=D(B8>:<(8?>@`@>YX(
,C:(<:HP7>(@H(HC=BA(@A(6@FP<:(S

K8>:<( 8?>@`@>Y( \:H?<@G:H( >C:( :cP@7@G<@P9( 89=PA>( =D(
B8>:<(8`8@78G7:(D=<(CY\<8>@=A(=D(98>:<@87H(8>(8(F@`:A(
>:9[:<8>P<:(8A\(9=@H>P<:X(%>(@H(\:bA:\(8H(>C:(<8>@=(=D(
>C:(B8>:<(`8[=<([<:HHP<:(=`:<(8( H89[7:( >=( >C8>(=`:<(
[P<:(B8>:<(8>(>C:(H89:(>:9[:<8>P<:X(%A(=>C:<(B=<\HJ(@>(
@H(8(9:8HP<:(D=<(>C:(D<::J(8`8@78G7:(B8>:<(@A(8(98>:<@87X(
%A( F:A:<87J( qD<::(B8>:<r( <:[<:H:A>H( >C:( G8H@H( D=<( >C:(

Figure 6.!:;2+.!G;/)1.!;-5)./23)4!@I3A6

Figure 7. Water Activity.
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F<=B>C(=D(9@?<==<F8A@H9HX(8
B
(?8A(<8AF:(D<=9(.(>=(1X(

I>(8
B
(s(.X-J(G8?>:<@8(H>8<>(>=(F<=BX(I(7=B(89=PA>(=D(

qD<::(B8>:<r(/7=B(B8>:<(8?>@`@>Y2(<:HP7>H(@A(8(<:>8<\:\(
F<=B>C(=D(9@?<==<F8A@H9HX(k=(D=<(CY\<=[C@7@?(bG:<HJ(
>C:(89=P>(=D(D<::(B8>:<(@H(7=B:<(>C8A(D=<(HYA>C:>@?H(8H(
>C:Y(\=(A=>(8GH=<G(B8>:<X
,C:(7=B:H>(7@A:(@H(D=<(>C:(?=>>=AX(,C:(<:HP7>(HC=BH(>C8>(
@>(?8A(8GH=<G(8G=P>(Ne(9=@H>P<:(G:D=<:(>C:(B8>:<(8?-
>@`@>Y(`87P:(<:8?C:\(.X-(8A\(G8?>:<@8(?8A(F<=BX

,C:(=>C:<(H89[7:(@H(>C:(7Y=?:77(G7:A\X(%>(@H(HP[:<@=<(>=(
>C:(?=>>=AJ(<:8?C@AF(P[(>=(879=H>(10e(9=@H>P<:(G:D=<:(
>C:(?<@>@?87(.X-(`87P:(@H(<:8?C:\X

,C:(bA87(9:8HP<:(>C8>(@H(̀ :<Y(<:7:`8A>(>=(?=9D=<>(@H(>C8>(
=D(8@<([:<9:8G@7@>Y(8A\(>C:(<:HP7>(@H(HC=BA(@A(6@FP<:(NX
,C:( <:HP7>H( HC=B( >C8>( >C:( 7Y=?:77( m( ?=>>=A( G7:A\( @H(
9P?C(9=<:(G<:8>C8G7:(>C8A(>C:(?=>>=A(D8G<@?X(,C:(?=A-
H><P?>@=AH(8<:(@\:A>@?87(4(>C:(\@DD:<:A?:(\:<@`@AF(D<=9(
>C:(7:8AJ(<:FP78<(Y8<AH(@A(>C:(7Y=?:77(G7:A\X
,C:(6'([:<D=<98A?:(8A\(\P<8G@7@>Y(@H(@\:A>@?87(4(>C:(
7Y=?:77(m(?=>>=A(G7:A\(H@9[7Y(=P>H?=<:H(>C:(?=>>=A(D=<(
?=9D=<>(<:78>:\([<=[:<>@:HX

Proban type

,C:( L:Y( @AF<:\@:A>( @A( >C@H( bA@HC( @H(,+;*(BC@?C( @H(
98\:(D<=9(>C:(<:8?>@=A(=D([C=H[C@A:J( D=<987\:CY\:(
8A\(CY\<=?C7=<@?(8?@\X(,C:(,+;*(B@77(<:8?>(B@>C(P<:8(
>=(D=<9(8([<:?=A\:AH8>:(B@>C(C:8>X(,C@H([<:?=A\:AH8-
>:( @H( [8\\:\( =A>=( >C:( D8G<@?( 8A\( >C:( D8G<@?( \<@:\( >=(
t1]e(9=@H>P<:(?=A>:A>X(,C:(D8G<@?(@H(>C:A(:V[=H:\(>=(
899=A@8(`8[=P<H(@A(8(H[:?@87(<:8?>@=A(?C89G:<(D=77=-
B:\(GY( =V@\8>@=A( @A( CY\<=F:A( [:<=V@\:(BC@?C( ?=A-

`:<>H(>C:([C=H[C=<=PH(8>=9H(>=(>C:@<(C@FC:H>(=V@\8>@=A(
H>8>:(>C8>(<:HP7>H(@A(?:77P7=H@?(F==\H(B@>C(`:<Y(\P<8G7:(
d89:(<:>8<\8A?YX(fA:(=D(>C:(\<8BG8?LH(=D(>C@H(>:?C-

A=7=FY(@H(>C:(H>@DDA:HH(=D(>C:(><:8>:\(D8G<@?H(87>C=PFC(

?8<:DP77Y( ?C=H:A( H=D>:A:<H( 8A\(9:?C8A@?87( bA@HC@AF(
[<=`@\:(?=99:<?@877Y(8??:[>8G7:(D8G<@?HX
,C:( [=7Y9:<( >C8>( D=<9H( @H( [<@98<@7Y( 7=?8>:\( =A( >C:(
HP<D8?:(=D(>C:(bG:<(8A\(@>(\=:H(A=>(:DD:?>@`:7Y(?<=HH-
7@AL(>C:(bG:<X(,<:8>9:A>(=D(7Y=?:77(bG:<(B@>C(>C:(;<=-

G8A( >Y[:( =D( bA@HC( [<=\P?:H( 8( H=D>:<( D8G<@?( >C8A( >C:(
:cP@`87:A>( ?=>>=A( D8G<@?( 8H( :V[:?>:\X( +=B:`:<J( >C:(
D8?>(>C8>(A=(?<=HH7@ALH(8<:(D=<9:\(9:8AH(>C8>(>C:(D8G-

<@?(B@77( bG<@778>:( \P<@AF( 78PA\<Y( F@`@AF( >C:( D8G<@?( 8(
\@H><:HH:\(8[[:8<8A?:(:`:A(>C=PFC(>C:(d89:(<:>8<\8A>(
[<=[:<>@:H(8<:(:DD:?>@`:7Y(98@A>8@A:\X

%A(=<\:<( >=(8?C@:`:(8??:[>8G7:(B8HC8G@7@>Y(B@>C( <:H-
[:?>(>=(D8G<@?(HP<D8?:(8[[:8<8A?:(@>(@H(A:?:HH8<Y(>=(?8<-
<Y(=P>(8(H:?=A\8<Y(bA@HC@AF([<=?:HH(8D>:<(>C:(;<=G8A(
8[[7@?8>@=A( >=( @9[8<>( [<=>:?>@=A( 8F8@AH>( bG<@778>@=A(
BC@?C(@H(8A(PAB8A>:\([<=?:HH(8\\@>@=AX

I( H:?=A\( 87>:<A8>@`:( B8H( >=( @A`:H>@F8>:( >C:( PH:( =D(
TENCEL®(I1..X(,C@H(bG:<(@H(?<=HH7@AL:\(\P<@AF(>C:(
bG:<(98APD8?>P<:X(I( ><@87(B8H( ?8<<@:\( =P>( >=( ><:8>( 8(
LA@>>:\(TENCEL®(I1..(D8G<@?(@A(;<=G8A(8A\(>C:A(>=(
HPGW:?>(>C:(D8G<@?(>C<=PFC(<:[:8>:\(B8HC@AF(4(@A(>C@H(
@AH>8A?:( 1].( ?Y?7:H( 8>( 13.p6X( ,C:( 8[[:8<8A?:( B8H(
98@A>8@A:\(8A\(A=(bG<@778>@=A(B8H(`@H@G7:(:`:A(8D>:<(
>C@H(:V>:A\:\(B8HC@AF(><@87X(6'([<=>:?>@=A(B8H(98@A-

>8@A:\( 8A\( [C=H[C=<PH( 7:`:7( >:H>H( \:9=AH><8>:\( >C8>(
>C:( ;C=H[=<PH( 7:`:7( C8\( =A7Y( D877:A( D<=9( 0XNe( >=(
0XOe(:`:A(8D>:<(1].(B8HC(?Y?7:HX(KC@7H>( >C@H(HC=BH(
:V><:9:7Y(F==\([=>:A>@87J(8(AP9G:<(=D(@HHP:H(H>@77(<:-
98@A( >=( G:( =`:<?=9:X(TENCEL®(I1..( @H( A=>( DP77Y(
H>8G7:( >=( `8>( \Y:( 8[[7@?8>@=AJ( H=( ?P<<:A>( LA=B7:\F:(
B=P7\(<:H><@?>(>C:(8[[7@?8>@=AH(>=(BC:<:(<:8?>@`:(D8H>-
A:HH(@H(HPDb?@:A>X

IA(@A>:<:H>@AF(A=>:(@H(>C8>(<:8?>@`:(\Y:H(8<:(A=>(A=<-
9877Y(PH:\(=A(?=>>=A(B@>C(;<=G8A(=B@AF(>=(>C:(H:`:<:(

Figure 8. Air permeability.



!"#$%#&"'()"'%*+,"(-.(/0.102(((((03(4(5.

5.

Table 2. #88+*2!)8!7.)-;4!,435>34=!)4!.+;*23G+!0(+!'3=>2!8;524+556

<:\P?>@=A( @A( 7@FC>( D8H>A:HHX(TENCEL®(I1..( HC=BH(
G:>>:<( 7@FC>( D8H>A:HH( >C8A( ?=>>=A( 8A\( 87>C=PFC( 7@FC>(
D8H>A:HH( D877H(=A( ><:8>9:A>(B@>C(;<=G8A( >C:( <:HP7>8A>(
bFP<:H(8<:(H>@77(H@FA@b?8A>7Y(G:>>:<(>C8A(=A(?=>>=AX

,8G7:(0(HC=BH(H=9:(>Y[@?87(7@FC>(D8H>A:HH(<:HP7>HX

Conclusions

TENCEL®(7Y=?:77(?8A(G:(HPGW:?>:\(>=(?=99:<?@87(d8-
9:( <:>8<\8A>( bA@HC:H( =D( >C:( ;Y<=`8>:V( 8A\( ;<=G8A(
>Y[:X(K@>C( ;Y<=`8>:VJ( 7:HH( H><:AF>C( 7=HH:H( 8<:( H::A(
>C8A(=A(?=>>=A(8A\(B@>C(G=>C(>Y[:H(=D(bA@HCJ(>C:(D8G<@?(
C8A\(@H(H@FA@b?8A>7Y(H=D>:<X
,C:(?<=HH(7@AL@AF(G:C8`@=<(=D(>C:(;Y<=`8>:V(?C:9@H><Y(
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Abstract
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7<@KJ*\`*?=?8KE@F*KQ<E9*89:A<JJ<J*E@*:9=<9*K:*J?;<*9<J:O9A<J*YEC<*B?K<9*?@=*<@<9F Z̀*G@=*a@?YY`*JOJK?E@?\EYEK`*BEKQ*
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Workwear market

I-G.*'f*Ig)hI$G)i
Workwear -** F?97<@KJ*BQEAQ*89<;<@K*KQ<*
* B<?9<9*>9:7*?@`*=E9K*:9*J:EY**
* =O9E@F*B:9C
Corporate wear -*F?97<@KJ*BQEAQ*A9<?K<*?** *
* A:98:9?K<*E=<@KEK`*\<KB<<@*B<?9<9**
* ?@=*<78Y:`E@F*A:78?@`
Protective wear -**F?97<@KJ*BQEAQ*89<;<@K*KQ<**
* B<?9<9*(PPE)*>9:7*?@`*Q?97**
* A?OJ<=*\`*B:9C*19<_OE9<*
* A<9KEaA?KE:@*\`*@:KEa<=*\:=`3

TARGET GROUPS
industry - * 7<K?Y*1<ZFZ*<@FE@<<9E@FH*
* ?OK:7:KE;<H*<Y<AK9:@EAJ3H*
* AQ<7EA?Y*1<ZFZ*:EYH*8Y?JKEAJH**
* 8Q?97?A<OKEA?Y3
health care sector*Q:J8EK?YJH*A?9<*K?CE@F*A<@K9<JH*
* B<YY@<JJjf8?
hospitality* Q:K<YJH*9<JK?O9?@KJH*>::=*E@=OJK9`

 

 

authorities* 8:YEA<H*7EYEK?9 H̀*a9<*\9EF?=<H*
* =:7<JKEA*?>>?E9J
service sectors* \?@CE@FH*8:JKH*K9?@J8:9K?KE:@*
* 19?EYB? H̀*?E9YE@<J3
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* A:@K9?AK*Q?J*K:*\<*8O\YEJQ<=H*<ZFZ*$k3
* 6*JO88YE<9J*9<J8:@=*K:*E@;EK?KE:@J*K:*_O:K<
!* =E9<AK*>9:7*JO88YE<9J*;E?*A?K?Y:FO<*4*J8<AE?YEJK**
* 7?EY*:9=<9*A:78?@E<J*:>><9*<X6JK:AC*K:*<@=*OJ<**
* \O`<9J
!* \`*=E9<AK*A:@K9?AK*@<F:KE?KE:@*4*J<;<9?Y*JO88YE<9J**
* A:78<K<

!"#"$%&'()'*+,-+.®

HIGH STRENGTH
^O<*K:*KQ<*=E>><9<@K*89:=OAKE:@*89:A<JJ*1?Y7:JK*A:78Y<-
K<Y`*AY:J<=*J:Y;<@K*A`AY<*4*8Q`JEA?Y*89:A<JJ*p*J<<*?YJ:*
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Y<@*a\<9J*m2nZ
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fkf.G'%G+'#'.q
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.Q<*J:Y;<@K*EJ*@:@6K:XEA*?@=*9<A`AY<=*\`*//Z/rZ

I::=* >9:7* JOJK?E@?\Y<* >:9<JK* 8Y?@K?KE:@* F:<J* Q<9<*
Q?@=* E@* Q?@=*BEKQ* ?* JOJK?E@?\Y<* 89:=OAKE:@* 89:A<JJ*
OJE@F*8<9JEJK<@K*9<A:;<9`*K<AQ@:Y:FE<JZ

Prototyping

INITIAL SITUATION
IQ<@*B<*Y::C*?K*KQ<*:;<9?YY*B:9CB<?9*7?9C<KH*KQ<9<*
EJ*:@<*=:7E@?KE@F*>?\9EA*BQEAQ*EJ*OJ<=*E@*\EF*;:YO7<J*
>:9*J<;<9?Y*?88YEA?KE:@JZ*'KeJ*?*5Uj!Ur*P:Y`<JK<9*j*,:K-
K:@* KBEYY*BEKQ* ?9:O@=* 2U0Fj7sZ*.QEJ* >?\9EA* JQ?YY* \<*
9<8Y?A<=*\`*?*@<B*A:@JK9OAKE:@*OJE@F*.$%,$#®Z

APPROACH
+?J<=*:@*KQ<*E@Q<9<@K*AQ?9?AK<9EJKEAJH*Y<JJ*.$%,$#® 

KQ?@*,:KK:@*EJ*@<<=<=*E@*?@*E=<@KEA?Y*>?\9EA*A:@JK9OA-
KE:@*K:*?AQE<;<*KQ<*J?7<*B<?9E@F*A:7>:9KZ*.Q<*KQ<9<:>*
9<JOYKE@F*QEFQ<9*P$f*JQ?9<*Q<Y8J*K:*E@A9<?J<*KQ<*=O9?-
\EYEK`*:>* KQ<*>?\9EA*?@=*KQ<*a@?Y* YE><*A`AY<*A:JKJ*:>*?*
B:9CB<?9*F?97<@K*=<A9<?J<Z

TEXTILE CONSTRUCTIONS
I?98R* %7*2Nj"*9E@F*4*!2*<@=JjA7*Y::76JK?K<
I<>KR* %7*"Tj"*9E@F*4*"N*8EACJjA7*Y::76JK?K<
I<?;<R* KBEYY*2j"
+Y<@=*"R* 5Ur*P$f*"ZU=K<Xj!N77*J<7E6=OYY

 

!Ur*,:KK:@*A:7\<=
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* !Ur*.$%,$#®*"Z!=K<X*j*!N77*\9EFQK
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* 20r*.$%,$#®*"Z!=K<X*j*!N77*\9EFQK

^q$'%(*t*W'%'f-'%(
I:9CB<?9* 9<_OE9<J* J8<AE?Y* A:Y:O9* >?JK@<JJ<J* >:9* ?*
Y:@F*YE><*KE7<H*J:*KQ<*=`<E@F*t*a@EJQE@F*89:A<JJ<J*?@=*
KQ<*=`<JKO>>J*Q?;<*K:*\<*J<Y<AK<=*;<9`*A?9<>OYY Z̀*'@*:9-
=<9*K:*>:YY:B*KQ<*7?9C<KH*>?\9EAJ*B<9<*=`<=*=?9C*\YO<Z

P9:A<JJR
fE@FE@FH*=<JEDE@FH*Q<?K6J<KKE@FH*7<9A<9EDE@F
P$f*=EJ8<9J<*=`<*KQ<97:J:Y
,<YYOY:J<*;?K*=`<
)<JE@*a@EJQ
f?@>:9

,g]Wg).*P)gP$).'$f

.:* =<K<97E@<* KQ<* A:7>:9K* 89:8<9KE<JH* B<* OJ<=* KQ<*
JB<?KE@F* FO?9=<=* Q:K* 8Y?K<* K<JK* BQEAQ* >:YY:BJ* 'fg*
""0/2* 1b.<XKEY<J6* PQ`JE:Y:FEA?Y* $>><AKJ* 4*]<?JO9<-

Figure 3.!<=>:=?® production process.

Figure 4. Principle of the sweating guarded hot plate test.
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Figure 5. Results of the short-term water vapor absorption 
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Figure 6. Principle of the water activity test.
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Figure 8. Micrographs of different yarns.
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Materials and Methods
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Results and Discussion
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Figure 2. I3*&,534'%A'2.2&*'#4&&3#'A*%6'KLLME"#$%#&F

Figure 3.'I3*&,534'%A'#27,0.$&1',%,-%!&,#'A*%6'KLLM'E"#$%#&F Figure 4. I3*&,534'%A',&&10&A&03',%,-%!&,#'A*%6'KLLM'E"#$%#&F
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Figure 6.'R)#%*)&,$/'%A',&&10&A&03',%,-%!&,#'A*%6'KLLM'

Viscose.

Figure 5. Absorbency of spunlaced nonwovens from 

KLLME"#$%#&F

Figure 7. I4%*3'3"6&'-.3&*'!.2%7*'.)#%*)&,$/'N?
i
G'%A'

spunlace and needlefelt nonwovens.



63

#$%&'%($)*+$)',-.$*/0*120324*****!"*5*62

]>9;B*F8B*;=*;IB*I=??=[*A;D8:;8DB*[I<:I*I=?FA*C>:W*>*?=;*
=E*?<c8<F*A[B>;*I>A*;IB*I<JIBA;*H>?8BAU*@BDF<*>9F*A;>9-
F>DF*@<A:=AB*AI=[*:=La>D>C?B*J==F*DBA8?;A*17<J8DB*/4U

.>W<9J*<9;=*>::=89;*>??*;IB*aBDE=DLBF*;IBDL=aINA<=?=-
J<:>?*:I>D>:;BD<A>;<=9*LB;I=FA*E=D*;BT;<?B*L=<A;8DB*L>-
9>JBLB9;M*;IB*@BDF<*XCDB*AI=[A*;IB*CD=>FBA;*<LaD=HB-
LB9;*:=La>DBF*;=*;IB*A;>9F>DF*H<A:=AB*XCDBU

'^G)g@$]*.-$)^b#*^b%b($^$%.*

G)gG$).'$`*'%*%g%og@$%`
7=D* :=?F* aD=;B:;<HB* :?=;I<9J* ;IBDL>?* <9A8?>;<=9* <A* ;IB*
L><9*E89:;<=9U*bA*A==9*>A*;IB*<9A8?>;<=9*?>NBD*JB;A*[B;*
;IB*;IBDL>?*<9A8?>;<=9*[<??*CB*H>A;?N*DBF8:BFU*.IB*9B[*
AaB:<>?;N*XCDBA*I>HB*AI=[9*;I>;*;IBN*:>9*>CA=DC*L=DB*
L=<A;8DB*:=La>DBF*;=*A;>9F>DF*H<A:=AB*XCDBAU*-=[*;I<A*
CBI>H<=8D* >EEB:;A* ;IB* ;IBDL>?* <9A8?>;<=9* aD=aBD;<BA* =E*
;IBAB* 9=9[=HB9A* [>A* <9HBA;<J>;BF* CN* ;IB* E=??=[<9J*
;IBDL=aINA<=?=J<:>?*LB;I=FA

34&*6.0'",#70.3"%,'S'34&*6.0'*&#"#3.,$&'NT
ct
G

.IBDL>?*DBA<A;>9:B*[>A*>J><9*LB>A8DBF*=9*;IB*-=IB9-
A;B<9*AW<9*L=FB?*89FBD*A;>;<=9>DN*m*9=DL>?*[B>D*:=9F<-
;<=9AU*d9FBD* ;IBAB* :=9F<;<=9A* ;IBDB* <A* >* ;<LBQ:=9A;>9;*
IB>;*f8T*ED=L*;IB*[B>DBDqA*C=FN*;=*;IB*>LC<B9:B*>9F*
;IB*LB>A8DBF*Aa89?>:B*>9F*9BBF?BEB?;*9=9[=HB9A*>DB*<9*
;IB*FDN*A;>;BU

]>9;B*>9F*@BDF<*AI=[*9B>D?N*;IB*A>LB*J==F*;IBDL>?*<9-
A8?>;<=9*>A*;IB*A;>9F>DF*H<A:=AB*XCDB*CN*>;*;IB*A>LB*;<LB*
I>H<9J*I<JIBD*8a;>WB*:>a>C<?<;<BA*=E*H>a=D=8A*>9F*?<c8<F*
A[B>;*17<J8DB*304U*.I<A*AI=[A*;I>;*;IB*H>a=D=8A*>9F*?<-
c8<F*A[B>;*<A*A;=DBF*<9*;IB*XCDB*L>;D<T*<;AB?E*>9F*9=;*=9*
;IB*XCDB*A8DE>:B*=D*<9*CB;[BB9*;IB*A<9J?B*X?>LB9;AU

34&*6.0'",#70.3"%,'S'34&*6.0'*&#"#3.,$&'%A'34&'6%"#3'

A.)*"$'NT
ct*
G

bA<FB*ED=L*:=?F*aD=;B:;<HB*:?=;I<9JM*>9=;IBD*<9;BDBA;<9J*
aD=aBD;N*=E*XCDBA*[<;I*B9I>9:BF*[>;BD*8a;>WB*<A*>*?=9-
JBD*FDN<9J*;<LB*>9F*>*;I8A*DB?>;BF*:==?<9J*BEEB:;U*.I<A*
:=8?F*CB*=E*<La=D;>9:B*<9*;DB>;LB9;*=E*A89C8D9*=D*=;IBD*
;IBDL>?*<9Z8D<BA*=E*;IB*AW<9U*b?A=*aINA<:>?*>:;<H<;N*89FBD*
I=;*:?<L>;B*:=9F<;<=9A*[IBDB*>FF<;<=9>?*:==?<9J*<A*9BB-
FBF*;=*aDBHB9;*;IB*aBDA=9*ED=L*IB>;*A;D=WB*<A*>*a=AA<C?B*
>aa?<:>;<=9*>DB>U
.IB*;IBDL>?*DBA<A;>9:B*m*<9A8?>;<=9*>9F*FDN<9J*;<LB*=E*
;IB*L=<A;*E>CD<:*)

ct*
*[>A*LB>A8DBF*=9*;IB*-=IB9A;B<9*

AW<9*L=FB?*;=*FB;BDL<9B*;IB*:==?<9J*BEEB:;*=E*;IB*9BBF-
?BEB?;*9=9[=HB9AU*'9*;IB*)

ct*
*H>?8B*>9F*FDN<9J*;<LB*@BD-

F<* >9F* A;>9F>DF*@<A:=AB* >DB*c8<;B* :=La>D>C?B*C8;* ;IB*

Figure 8. U7AA&*",5' $.2.$"3/' %A' 0"87"1' #-&.3' S' 0"87"1' #-&.3'

3*.,#2%*3'N?G'%A'#27,0.$&',%,-%!&,#F

Figure 9. U7AA&*",5'$.2.$"3/'%A'0"87"1'#-&.3'#-&.3'723.9&'NP
Q
G'

of spunlace nonwovens.

Figure 10.'C4&*6.0'*&#"#3.,$&'%*'34&*6.0'",#70.3"%,'NT
ct
G'%A'

spunlace and needlefelt nonwovens.

Figure 11. C4&*6.0'*&#"#3.,$&'%A'34&'6%"#3'A.)*"$'NT
ct*
G'%A'

different viscose needlefelt nonwovens.



#$%&'%($)*+$)',-.$*/0*120324*****!"*5*62

42

FDN<9J*:8DHB*AI=[A*>*c8<;B*F<EEBDB9;*CBI>H<=8DU*'9*;IB*
@BDF<*:8DHB* ;IB*FDN<9J*aD=:BAA* <9A<FB* ;IB*XCBD*L>;D<T*
:>9* CB* =CABDHBF* [<;I* >* AL>??* a?>;B>8* >;* 20* L<98;BA*
[I<:I*<9F<:>;BF*;IB*F<EE8A<=9*=E*;IB*[>;BD*;=*;IB*A8DE>:B*
=E*;IB*XCDB*17<J8DB*334U*.IB*]>9;B*XCDB*J<HBA*>*:=La?B-
;B?N*F<EEBDB9;*a<:;8DBU*oI<?B*;IB*)

ct*
*H>?8B*<A*:=La>D>C?B*

;IB*FDN<9J*;<LB*L8:I*?=9JBDU*.IB*:8DHB*AI=[A*;IB*FDN-
<9J*=E*;IB*I=??=[*Aa>:B*CB;[BB9*30*>9F*R0*L<98;BA*>9F*
>E;BD[>DFA* ;IB*FDN<9J*=E* ;IB*XCDB*L>9;?BU*.I<A*L>WBA*
;IB*]>9;B*XCDB*L=A;*>aa?<:>C?B*E=D*?=9JQ?>A;<9J*:==?<9J*
BEEB:;A*<9*[B;*A;>;BU
 

b]]'.'g%b#*`$#7*$r.'%(d'`-'%(*
+$-b@'gd)*g7*@$)]'*7'+)$`
b9=;IBD*<9;BDBA;<9J*>FF<;<=9>?*BEEB:;*=E*;IB*9B*XCDBA*<A*
;IB*<9IBDB9;*AB?E*BT;<9J8<AI<9J*CBI>H<=8D*[I<:I*L>WBA*
<;*A8<;>C?B*E=D*>aa?<:>;<=9A*[IBDB*:=9HB9;<=9>?*f>LB*DB-
;>DFB9:N*<A*9=;*?BJ>??N*DBc8<DBFU
.IB*#g'*Q*;IB*A=*:>??BF*#<L<;<9J*gTNJB9*'9FBT*Q*=E*;IB*
@BDF<*XCDB*[>A*FB;BDL<9BF*>9F*:=La>DBF*[<;I*;IB*?<;B-
D>;8DB*#g'*F>;>*=E*=;IBD* :=LLBD:<>??N* >H><?>C?B*XCDB*
a=?NLBDAU*.IB*#g'*=E*;IB*@BDF<*XCDB*<A*L8:I*I<JIBD*;I>;*
=;IBD*:B??8?=A<:*a=?NLBDA*?<WB*9>;<HB*,g*>9F*A;>9F>DF*
@<A:=AB*17<J8DB*324U*';*BHB9*:=LBA*:?=AB*;=*[==?*[I<:I*
<A*=E;B9*8ABF*<9*DBF8:BF*f>LB>C<?<;N*>aa?<:>;<=9AU*.I<A*
BEEB:;*L><9?N*FBD<HBA*ED=L*;IB*>FF<;<HBA*<9:?8FBF*<9*;IB-
AB*9B*XCDBA*CB<9J*>?A=* DBAa=9A<C?B* E=D* ;IB*I<JI*[>;BD*
>CA=DCB9:NU

Conclusions

*g9*F<EEBDB9;*9=9[=HB9*:=9A;D8:;<=9A*L>FB*ED=L*I<JI-
?N*>CA=DCB9;*AaB:<>?<;N*H<A:=AB*XCDBA*<;*[>A*AI=[9*;I>;*
>9*Bc8>?*=D*CB;;BD*;B9A<?B*A;DB9J;I*=E*;IB*9=9[=HB9*:>9*
CB*>:I<BHBF*>A*[IB9*8A<9J*DBJ8?>D*H<A:=AB*XCDBU*bFF<;<-
=9>??N*<;*[>A*:=9XDLBFM*;I>;*;IBAB*AaB:<>?<;N*XCDBA*F=*
9=;*=9?N*F<Aa?>N*I<JI*A<9J?BQXCDB*>CA=DCB9:NM*C8;*;I>;*
>?A=*I<JI?N*>CA=DCB9;*9=9[=HB9*A;D8:;8DBA*:>9*CB*L>FB*
=8;*=E*;IBLU
b*I<JI*C8EEBD<9J*:>a>:<;N*=D*8a;>WB*=E*H>a=D=8A*>9F*?<-
c8<F*A[B>;*CN*>;*;IB*A>LB*;<LB*I<JI*;IBDL>?*<9A8?>;<=9*>*
:?B>D*>FH>9;>JB*=E*;IB*@BDF<*XCDB*:=La>DBF*;=*A;>9F>DF*
H<A:=AB*[>A*aD=HB9*CN*A[B>;<9J*J8>DFBF*I=;a?>;B*LB>-
A8DBLB9;AU*]8B*;=*;IB*>?;BDBF*[>;BD*8a;>WB*>9F*DB?B>AB*
CBI>H<=8D*=E*;IB*@BDF<*XCDB*>*A;D=9JBD*>9F*?=9JBD*:==-
?<9J*BEEB:;*:>9*CB*=CABDHBF*F8D<9J*A=*:>??BF*):;s*LB>-
A8DBLB9;A*:=La>DBF*;=*89L=F<XBF*XCDBAU*78D;IBDL=DB*
>9* >FF<;<=9>?* <9IBDB9;* AB?E* BT;<9J8<AI<9J* CBI>H<=8D*
:=8?F*CB*=CABDHBFU

Acknowledgements

.IB*&'^QK==a*GD=ZB:;*K723!_"0/-(0*[>A*A8aa=D;BF*
;ID=8JI*;IB*b<7*GD=ZBW;*(LC-*<9*;IB*A:=aB*=E*;IB*t&B9-
;D>?BA* '99=H>;<=9AaD=JD>LL*^<;;B?A;>9F* 1&'^4\* ED=L*
;IB*7BFBD>?*^<9<A;DN*=E*$:=9=L<:A*>9F*.B:I9=?=JN*=E*
(BDL>9NU

References

h3i* (+QG>;B9;*%=U* k"00* 13k/24M*,I>D?BA* 7DBFBD<:W*
,D=AA*>9F*$F[>DF*u=I9*+BH>9U
h2i** (+QG>;B9;*%=U*3022*13k/k4M*,I>D?BA*-B9DN*̀ ;B>D9U
h!i* (l;jBM*KUM*,IBL<BE>ABD9*9>:I*FBL*@<AW=ABHBDE>I-
DB9U*!U*$FU*3/_"S*+BD?<9M*-B<FB?CBDJM*%B[*v=DW^*̀ aD<9-
JBDQ@BD?>JU
h6i* oU*)=JJB9A;B<9S*#B9j<9JBD*+BD<:I;B*k/*120334*"2Q
""U
hRi* 'U*+BD9;S*#B9j<9JBD*+BD<:I;B*k/*120334*"kQkRU
h_i* ^B:IBB?AM*uU*13//34U*KlDaBD*Q*K?<L>*Q*K?B<F89JO*
(D89FjYJB*FBD*+BW?B<F89JAaINA<=?=J<BU*+BD?<9O*7>:I-
HBD?>J*`:I<B?B*w*`:Il9U
h"i* KU*-U*dLC>:IM*d9<HBDAB??B*+BA:IDB<C89J*FBA*.D>-
JBW=LE=D;A*<9*bCIx9J<JWB<;*H=9*K?B<F89J*89F*FB9*F>D-
<9* HBD[B9FB;B9*.BT;<?<B9* A=[<B* H>D<>C?B9*)>9FCBF<9-
J89JB9*H=9*K?<L>*89F*bDCB<;M*b<7Q@=DI>CB9*%DU*6k2"M*
3/k6

Figure 12.'?0.6.)"0"3/'2*%2&*3"&#'N:;<'<,1&DG'%A'E&*1"'

E"#$%#&'$%62.*&1'3%'%34&*'()&*'3/2&#F



!"

#$%&'%($)*+$)',-.$*/0*120324*****!"*5*60

%78*9:;<=<>?@A<BC*,7CCDC@E7*F<A?7E*G@?*H@?I*
H7B?*G@?*;J7*F@@K*L?@>7EE<:M*':KDE;?N 
  

Edith Claßen1, Kirsten Stauche2 and Ina Sigmund3

3*-@J7:E;7<:*':E;<;D;*GO?*.7P;<C<::@QB;<@:*M(=AJR*S!"6S*+T::<MJ7<=R*(7?=B:N
LJ@:7U*1V!/4*S3!"*2S3*"W2X*FBP*1V!/4*S3!"*2S3/!"W2X*$Y=B<CU*7Z>CBEE7:[J@J7:E;7<:ZK7
2*.JO?<:M<E>J7E*':E;<;D;*GO?*.7P;<CY*D:K*\D:E;E;@GGYF@?E>JD:M*7Z]ZR*0S!0S*)DK@CE;BK;R*(7?=B:N
"*^_>JE<E>J7E*.7P;<CG@?E>JD:ME<:E;<;D;*7Z]Z*B:*K7?*.7>J:<E>J7:*`:<Q7?E<;_;*,J7=:<;aR*0/326*,J7=:<;aR*(7?=B:N
.J<E*bDAC<>B;<@:*8BE*b?7E7:;7K*KD?<:M*;J7*60;J*cB:5cBK7*F<A7?*,@:G7?7:>7*2033R*d@?:A<?:R*9DE;?<BZ

Abstract

9:;<=<>?@A<BC*GD:>;<@:BC<a7K*;7P;<C7E*EJ@DCK*b?@;7>;*;J7*JD=B:E*BMB<:E;*=<>?@A<BC*<=bD?<;<7EZ*':*G@@K*b?@>7EE<:M*
<:KDE;?N*D:JNM<7:<>*8@?I*>C@;J7E*>B:*A7*?7Eb@:E<AC7*G@?*;J7*;?B:EG7?*@G*<:G7>;<@:E*;@*G@@KZ*':*;J<E*b?@e7>;*;J?77*
B:;<=<>?@A<BC*GD:>;<@:BC<a7K*>7CCDC@E<>*fA?7E*87?7*K7Q7C@b7K*8J<>J*>B:*DE7K*8<;J@D;*b?@AC7=E*G@?*NB?:*b?@KD>-
;<@:*<:* ;J7*?<:M*Eb<::<:MZ*.J7*:78*B:;<=<>?@A<BC*>7CCDC@E7*fA?7E*87?7*b?@KD>7K*B>>@?K<:M*;@* ;J7*9#,$)`®-

b?@>7EE*AN*K@b<:M*8<;J*a<:>R*a<:>*@P<K7*@?*E<CQ7?*:<;?B;7*BE*B:;<=<>?@A<BC*EDAE;B:>7EZ*.J7*<:Q7E;<MB;<@:*@G*8@Q7:*
B:K*I:<;;7K*GBA?<>E*8<;J*;J7*:78*NB?:E*EJ@8E*;JB;*;J7*gDBC<;N*<E*J<MJ*7:@DMJ*G@?*;J7*DEBM7*@G*8@?I*87B?*<:*;J7*
G@@K*b?@>7EE<:M*<:KDE;?NZ*.J7*;J7?=@bJNE<@C@M<>BC*B:K*EI<:*E7:E@?<BC*>@=G@?;*@G*;J7*GBA?<>E*<E*M@@KZ*^@*;J7*:78*
fA7?E*B?7*B*M@@K*BC;7?:B;<Q7*G@?*8@?I*87B?*B:K*;J7*?7EDC;E*EJ@8*;JB;*;J7*B=@D:;*@G*>7CCDC@E<>*?7M7:7?B;<Q7*fA?7E*
>B:*A7*Db*;@*S0h*AN*8@Q7:*GBA?<>E*B:K*W0h*AN*I:<;;7K*fA?7E*8<;J*B*J<MJ*b?@KD>;*gDBC<;N*B:K*b?@KD>;*b7?G@?-
=B:>7*G@?*8@?I*87B?Z*.J7*K7Q7C@b7K*fA?7E*B:K*GBA?<>E*>B:*A7*DE7K*G@?*C7BE<:M*GBA?<>EZ*

Keywords: !"#$%$&'()$!*+&,**-*(.$&+/)',.0+1('2+1,!'0+3(4,".#,$"+5-!*$#6+.#!"7!'7+89:;;0+1,!'+&(%;('#0+$"7-.#'$!*+*!-"7'6

Introduction

9:;<=<>?@A<BC* GD:>;<@:BC<a7K* ;7P;<C7E* EJ@DCK* b?@;7>;*
;J7*JD=B:E*BMB<:E;*=<>?@A<BC*<=bD?<;<7EZ*':*;J7*G@@K*
b?@>7EE<:M* <:KDE;?N*D:JNM<7:<>*8@?I*>C@;J7E*>B:*A7*
?7Eb@:E<AC7* G@?* ;J7* ;?B:EG7?* @G* <:G7>;<@:E* ;@* G@@KZ*
.J7?7G@?7* <:* ;J7* G@@K* b?@>7EE<:M* <:KDE;?N* ;J7*8@?I*
87B?*EJ@DCK*b?@;7>;*;J7*G@@K*G@?*:7MB;<Q7*<:iD7:>7E*
B:K*EJ@DCK*BQ@<K*;JB;*;J7*G@@K*A?<:M*?<EIE*;@*;J7*b7@-

bC7Z*^@*B:;<=<>?@A<BC*8@?I*87B?*B?7*DE7K*<:*G@@K*b?@-
>7EE<:M*<:KDE;?N*B:K*B?7*@G;7:*=BK7*AN*B:;<=<>?@A<BC*
EN:;J7;<>*fA?7E*7ZM*L$^Z*.J7*87B?7?*@G*8@?I*>C@;J7E*
7Pb7>;*;J7*b?@;7>;<Q7*GD:>;<@:*@G*;J7*8@?I*>C@;J7E*B:K*
BCE@*B*J<MJ*=7>JB:<>BC*KD?BA<C<;NR*B*C@:M*C<G7*EbB:*BE*
87CC*BE*B*M@@K*8BEJ*BA<C<;N*B:K*7BEN*>B?7*b?@b7?;<7EZ*
+7N@:K* ;JB;*M@@K*bJNE<@C@M<>BC* GD:>;<@:*@G* ;J7*>C@-

;J7E*<E*<=b@?;B:;R*8J<>J*b?@;7>;E*BMB<:E;*J7B;*@?*>@@-

C<:M* E;?7EER* ;J7* 8@?I* 87B?* EJ@DCK* JBQ7* M@@K* 87B?*
>@=G@?;*;@*EDbb@?;*;J7*b?@KD>;<Q<;N*@G*;J7*87B?7?Z*
':* ;J7*bBb7?* ;J7* ?7EDC;E*@G* ;J7* ?7E7B?>J*b?@e7>;* 1'(F* 
3W"06+(4*B?7*b?7E7:;7KZ*.J7*B<=*@G*;J7*b?@e7>;*8BE*;J7* 

 

 

K7Q7C@b=7:;* @G* :78* B:;<=<>?@A<BC* >7CCDC@E<>* EN:;J7;<>*
fA?7E*AN* ?7:78BAC7*fA?7*=B;7?<BC* G@?*8@?I* >C@;J7E* <:*
G@@K*b?@>7EE<:M*<:KDE;?NZ*.J7*:78*B:;<=<>?@A<BC*>7CCDC@-
E7* fA?7E*87?7* b?@KD>7K* B>>@?K<:M* ;@* ;J7*9#,$)`®-

b?@>7EE*AN*K@b<:M*8<;J*a<:>*B:K*<:*B:*<@:*7P>JB:M7*fA?7*
8<;J*a<:>*@P<K7*@?*E<CQ7?*:<;?B;7*BE*B:;<=<>?@A<BC*EDAE;B:-
>7EZ*.J7*E7>@:K*E;7b*8BE* ;J7* <:Q7E;<MB;<@:*@G* ;J7*Eb<:*
b?@>7EE*@G*;J7*:78*fA?7*=B;7?<BC*B:K*;J7*b?@KD>;<@:*@G*
8BQ7K*B:K*I:<;;7K*GBA?<>EZ*F<:BCCN*;J7*gDBC<;N*@G*;J7*GBA-
?<>E*8BE*K7;7?=<:7K*AN*<:Q7E;<MB;<@:*@G*<=b@?;B:;*;7P;<C7*
bJNE<>BC*bB?B=7;7?ER*B:K*;J7*;J7?=@bJNE<@C@M<>BC*bB?B-
=7;7?E* D:K7?* >@:E<K7?B;<@:* @G* ;J7* <:KDE;?<BC* 8BEJ<:M*
b?@>7EE*B:K*;J7*C7BE<:M*b?@b7?;<7E*@G*;J7*>C@;J<:MZ

Materials and Methods

9;*;J7*.'.\*;J7*:78*B:;<=<>?@A<BC*fA?7E*ABE7K*@:*?7-
M7:7?B;7K*>7CCDC@E<>*fA?7E*87?7*K7Q7C@b7K*B:K*b?@KD-
>7K*B>>@?K<:M*;@*;J7*9#,$)`®Yb?@>7EE*1E77*F<MD?7*34Z



#$%&'%($)*+$)',-.$*/0*120324*****!"*5*60

44

':*;J<E*E;DKN*;J?77*;Nb7E*@G*fA?7E*87?7*b?@KD>7KU*
3Z* &<:>*@P<K7*1&:j4*1]34
2Z* '@:*7P>JB:M7*fA7?*8<;J*&:j*1]24
"Z* '@:*7P>JB:M7*fA7?*8<;J*9M%j"*B:K*.<j2*1]"4

.J7*'@:*7P>JB:M7?*8BE*B*EDb7?*BAE@?A7?*ABE7K*@:*^@-
K<D=*b@CN*B>?NCB;7*1^9L4*8<;J*bB?;<>C7*E<a7*k*30l=Z

.J7*:7P;* E;7b*8BE* ;J7*NB?:*L?@KD>;<@:*B:K* ;J7*b?@-

KD>;<@:*@G*8@Q7:*B:K*I:<;;7K*GBA?<>E*B;*;J7*^.F'Z*.J7*
NB?:*b?@KD>;<@:* >B:*A7* <:iD7:>7K*@:* ;J7*gDBC<;N*@G*
;J7*:78*fA?7EZ*
9;*C7BE;*;J7*gDBC<;N*@G*8@Q7:*B:K*I:<;;7K*GBA?<>E*8BE*
<:Q7E;<MB;7K*B;* ;J7*-'.Z*.J7* ?7b?@>7EE<:M*gDBC<;N*@G*
;J7*8@Q7:*B:K*I:<;;7K*GBA?<>E*8BE*<:Q7E;<MB;7K*BG;7?*B*
>7?;B<:* :D=A7?* @G* <:KDE;?<BC* 8BEJ* >N>C7E* B>>@?K<:M*
;J7*d'%*$%*'^j*36/S/*m3nZ*.J7*B:;<=<>?@A<BC*B>;<Q<;N*
8BE* <:Q7E;<MB;7K*BG;7?* ;J7* ;7E;*=7;J@K*d'%*$%*'^j*
20S!"*8<;J*;7E;*=<>?@*@?MB:<E=E*^;BbJNC@>@>>DE*BD-

?7DE* 9.,,* W6"o* B:K* \C7AE<7CCB* b:7D=@:<B* 9.,,*
!"62*m2nZ*.J7*gDBC<;N*@G*;J7*GBA?<>E*8BE*;7E;7K*B>>@?-
K<:M*;J7*-@J7:E;7<:*pDBC<;N*^;B:KB?K*S03GG*m"nZ*.J7*
-@J7:E;7<:*pDBC<;N*^;B:K*S02*m!n*G@?*8@?I*87B?*8BE*
DE7K*G@?*;J7*8@Q7:*GBA?<>E*B:K*;J7*-@J7:E;7<:*pDBC<-
;N*^;B:KB?K*S0!*m6n*G@?*^J<?;E*B:K*L@C@E*87?7*DE7K*G@?*
I:<;;7K*GBA?<>EZ*.J7*b?@@G7K*bB?B=7;7?E*B?7*;J7*;7:E<C7*
b?@b7?;<7ER* ;J7* AD?E;<:M* E;?7:M;JR* ;J7* BA?BE<@:* ?7E<E-
;B:>7R*;J7*b<CC<:M*b?@b7:E<;NR*;J7*K<=7:E<@:BC*>JB:M7R*
;J7* >?7BE7* ?7>@Q7?N* B:K* ;J7* JNb@>JC@?<;7* AC7B>J<:M*
GBE;:7EE*B:K*;J7*;@?E<@:*@G*E7B=EZ*.J7*>@=G@?;*@G*;J7*
8@Q7:*B:K*I:<;;7K*GBA?<>E*8BE*<:Q7E;<MB;7K*AN*K<GG7-
?7:;*>C@;J<:M*bJNE<@C@M<>BC*>JB?B>;7?<E;<>E*AN*=7BED-

?7=7:;*8<;J*;J7*-@J7:E;7<:*^I<:*c@K7C*mWnZ*.J7*;J7?-
=@?7MDCB;@?N*=@K7C*@G*JD=B:*EI<:*Y*^I<:*c@K7C*G@?*
EJ@?;*Y*<E*B*;7E;*K7Q<>7*8J<>J*E<=DCB;7E*;J7*K?N*BE*87CC*
BE*;J7*E87B;<:M*JD=B:*EI<:Z*H<;J*;J7*^I<:*c@K7C*;J7*
Eb7><f>*;J7?=@bJNE<@C@M<>BC*gDB:;<;<7E*@G*;7P;<C7E*BE*
CBN7?ER*?7C7QB:;*;@*87B?*>@=G@?;R*B?7*K7;7?=<:7KZ

.J7*G@CC@8<:M*;J7?=@bJNE<@C@M<>BC*bB?B=7;7?E*B?7*b?@@-
G7KU* ;J7?=BC* ?7E<E;B:>7R*8B;7?* QBb@D?* ?7E<E;B:>7R*8B;7?*
QBb@D?*b7?=7BA<C<;N*<:K7PR*EJ@?;Y;<=7*8B;7?*QBb@D?*BA-
E@?A7:>NR* =@<E;D?7* ?7MDCB;<@:* <:K7PR* ADGG7?<:M* <:K7PR* 
C<gD<K*=@<E;D?7*;?B:Eb@?;*B:K*8B;7?*?7;7:;<@:4Z*':*BKK<;<@:*
;J7*G@CC@8<:M*E7:E@?<BC*bB?B=7;7?E*B?7*b?@@G7KU*;J7*E@?b-
;<@:* <:K7PR* ;J7*87;* >C<:M* <:K7PR* ;J7* ED?GB>7* <:K7PR* ;J7*
:D=A7?*@G*>@:;B>;*b@<:;*GBA?<>qEI<:*B:K*;J7*E;<GG:7EEZ**
9E*;J7*?7EDC;*@G*GD:KB=7:;BC*?7E7B?>J*@D;*@G*;J7*Eb7><-
f>* ;J7?=@bJNE<@C@M<>BC* gDB:;<;<7E* @G* ;7P;<C7E* ;J7<?*
;J7?=@bJNE<@C@M<>BC*87B?*>@=G@?;*;@*A7*7Pb7>;7K*>B:*
A7*7Pb?7EE7K*AN*B*>@=G@?;*Q@;7*H,

T
Z*

H@Q7:*GBA?<>U*
H,

T
rB

"
*R

et
VA

"
sF

K
V>

"
*K

G
VK

"
sF

i
V7

"
st(Vu

"

\:<;;7K*GBA?<>U*
H,

T
rB

4
*i

mt
VA

4
sF

i
V>

4
sF

K
VK

4
*K

G
Vu

4

H,
T
* Y*;J7?=@bJNE<@C@M<>BC*>@=G@?;*

R
et
* Y*HB;7?*QBb@D?*?7E<E;B:>7*m=v*LB*H*Y3n

F
K
* Y*=@<E;D?7*?7MDCB;<@:*<:K7P*

K
G
* Y*ADGG7?<:M*<:K7P

F
i
* Y*EJ@?;*;<=7*8B;7?*QBb@D?*BAE@?A7:>N*mMn
t(* Y*8B;7?*?7;7:;<@:*mhn
B

n
R*A

n
R*>

n
R*K

n
R*7

n
R*u

n
*Y*FB>;@?E

9E*;J7*?7EDC;*@G*GD:KB=7:;BC*?7E7B?>J*@D;*@G*;J7*Eb7><-
f>*EI<:*E7:E@?<BC*gDB:;<;<7E*@G*;7P;<C7E*;J7<?*EI<:*E7:-

E@?<BC*87B?*>@=G@?;*;@*A7*7Pb7>;7K*>B:*A7*7Pb?7EE7K*
AN*B*>@=G@?;*Q@;7*H,

E
Z*

H@Q7:*GBA?<>U*
H,

E
rB

3
*i

mt
VA

3
*i

K
V>

3
*i

B
VK

3
*i
@
V7

3
*n

K
VG

3
sEVu

3

\:<;;7K*GBA?<>U*
H,

E
rB

2
*i

mt
VA

2
*i

K
V>

2
*i

B
VK

2
sweY<

@
V7

3
*n

K
VG

2
sw3WYEwVu

2

TK1-4* Y*EI<:*E7:E@?<BC*>@=G@?;
i
mt
* Y*HB;7?*QBb@D?*b7?=7BA<C<;N*<:K7P**

i
K
* Y*87;*>C<:M*<:K7P

i
B
* Y*E@?b;<@:*<:K7P**

i
O
* Y*ED?GB>7*<:K7P

n
I
* Y*:D=A7?*@G*>@:;B>;*b@<:;E

E* Y*E;<GG:7EE
B

n
R*A

n
R*>

n
R*K

n
R*7

n
R*G

n
R*x

n 
Y*FB>;@?E

.J7* ?7EDC;<:M*87B?* >@=G@?;* @G* ;7P;<C7E*8@?:*:7P;* ;@*
;J7*EI<:*B:K*b7?>7<Q7K*EDAe7>;<Q7CN*<E*K7;7?=<:7K*AN*
;J7* ;7P;<C7E* ;J7?=@bJNE<@C@M<>BC* BE* 87CC* BE* AN* ;J7<?*
E7:E@?<BC* b?@b7?;<7EZ* FD:KB=7:;BC* ;7E;E* JBQ7* EJ@8:*
;JB;*;J7*CB;;7?*B?7*:7B?CN*BE*<=b@?;B:;*BE*;J7*;J7?=@-

bJNE<@C@M<>BC*b?@b7?;<7EZ*L?B>;<>BCCN*;J<E*=7B:E*;JB;*B*
;7P;<C7*Y*7Q7:*8<;J*M@@K*;J7?=@bJNE<@C@M<>BC*b?@b7?-

Figure 1.+.&4,%,+(;+<=>?@A®-process.



45

#$%&'%($)*+$)',-.$*/0*120324*****!"*5*60

;<7E*Y*>B:*A7*b7?>7<Q7K*BE*D:>@=G@?;BAC7R*<G*;J7*E7:E@-
?<BC* gDB:;<;<7E* B?7* :@;* >@??7>;Z* ':* @?K7?* ;@* eDKM7* ;J7*
;@;BC*87B?* >@=G@?;* ;@* A7* 7Pb7>;7K*8<;J* ;J7* EB=bC7E*
;7E;7KR*;J7*>@=G@?;*Q@;7E*H,

T
*B:K*H,

S
*B>>@?K<:M*;@*

;J7* ?7EDC;E* @G* B* GD:KB=7:;BC* ?7E7B?>J* b?@e7>;R* JBQ7*
A77:*>@=A<:7K*<:;@*@:7*Q@;7*H,U

*****************H,***r***0ZWW**H,
T
***V***0Z"!****H,

S
 

                                                               

.J7*b?7><E<@:*@G*;J7*H,YQ@;7*>B:*A7*BEED=7K*;@*0Z"*
1E;B:KB?KYK7Q<B;<@:4Z*d<GG7?7:>7E* A7;877:* GBA?<>E* <:*
;J7*H,YQ@;7* @G* 0Z6* @?* =@?7* B?7* ?7M<E;7?7K* EDAe7>-
;<Q7CN*AN*;J7*87B?7?Z
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Table 2. Fiber mixtures for the yarn production.

Table 1. >4!'!&#,'$.#$&+B!'!%,#,'.+(;+#4,+#4',,+/)',+.B,&$%,".E
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Figure 6. Antimicrobial activities of the woven fabric speci-
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Figure 5. Colour of the woven and knitted fabrics.

Table 3. >*!..$/&!#$("+(;+#4,+%$&'()$!*+!&#$D$#6E
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;JB;*;J7*;J?77*:78*B:;<=<>?@A<BC*fA?7E*Eb7><=7:E*>B:*
A7*DE7K*<:*=<P;D?7E*8<;J*L$^*B:K*@?<M<:BC*?7M7:7?B;<-
Q7*>7CCDC@E<>*fA?7E*G@?*8@?I*87B?*<:*8@Q7:*B:K*BCE@*
<:*I:<;;7K*GBA?<>EZ*.J7*gDBC<;<7E*@G*;J7*NB?:E*<:*;J7*<:-

Q7E;<MB;7K*=<P;D?7E*B?7*M@@KZ*****

.J7*;BAC7E*W*B:K*S*EJ@8*;J7*;J7?=@bJNE<@C@M<>BC*?7-
EDC;E*@G*BCC*b?@@G7K*8@Q7:*B:K*I:<;;7K*GBA?<>EZ*jD;*@G*
7Pb7?<7:>7*G@?*;J7*7QBCDB;<@:*@G*;J7*;J7?=@bJNE<@C@-

M<>BC* >@=G@?;* b?@b7?;<7E* @G* 8@Q7:* GBA?<>E* G@?* 8@?I*
87B?*@?*b?@;7>;<Q7*>C@;J<:M*;J7*G@CC@8<:M*>?<;7?<B*>B:*
A7*BbbC<7KZ*.J7*C@87?*;J7*GBA?<>{E*8B;7?*QBb@D?*?7E<E-
;B:>7*)

et
R*;J7*A7;;7?*<;E*|A?7B;JBA<C<;N}Z*-@87Q7?R*8B-

;7?* QBb@D?* ?7E<E;B:>7* BE* 87CC* BE* ;J7?=BC* <:EDCB;<@:*
E;?@:MCN*K7b7:K*@:*;J7*GBA?<>{E*;J<>I:7EEZ*.J<E*=7B:E*
;JB;* B* J<MJ7?* ;J7?=BCCN* <:EDCB;<:M* B:KR* ;JDER* ;J<>I7?*
GBA?<>*<:7Q<;BACN*b@EE7EE7E*B*J<MJ7?*BAE@CD;7*8B;7?*QB-
b@D?* ?7E<E;B:>7* ;JB:* B* ;J<::7?* GBA?<>Z* .J7?7G@?7R* ;@*
eDKM7*;J7*bJNE<@C@M<>BC*gDBC<;N*@G*B*GBA?<>*B*gDB:;<;N*
=DE;*A7*>J@E7:*<:*8J<>J*;J7*<:iD7:>7*@G*;J7*GBA?<>{E*
;J<>I:7EE* <E* 7C<=<:B;7KZ*.J<E* K7=B:K* <E*=7;* AN* ;J7*
8B;7?*QBb@D?*b7?=7BA<C<;N*<:K7P*<

mt
Z*';*<E*K7f:7K*Q<B*

;J7* ?B;<@* @G* ;J7?=BC* ;@*8B;7?* QBb@D?* ?7E<E;B:>7* B:KR*
;JDER*7Pb?7EE7E*;J7*GBA?<>{E*?7CB;<Q7*=@<E;D?7*;?B:Eb@?;*

b?@b7?;<7EZ*.J7*bJNE<@C@M<>BC*gDBC<;N*@G*B*GBA?<>*JBE*;@*
A7*eDKM7K*;J7*A7;;7?R*;J7*J<MJ7?*;J<E*<

mt
YQBCD7*;D?:E*@D;*

;@* A7Z* H@Q7:* GBA?<>E* G@?* 8@?I* 87B?* @?* b?@;7>;<Q7*
>C@;J<:M*EJ@DCK*b@EE7EE*B:*<

mt
YQBCD7*@G*B;*C7BE;*0Z36Z*':*

B*87B?*E<;DB;<@:*8<;J*<:>?7BE7K*E87B;<:MR*<:*@?K7?*;@*
I77b* ;J7* |=<>?@>C<=B;7}* :7P;* ;@* ;J7* A@KN* BE* K?N* BE*
b@EE<AC7R*B*GBA?<>*=DE;*b@EE7EE*B*M@@K*ADGG7?<:M*>BbB-
><;N*@G*8B;7?*QBb@D?R*7GG7>;7K*bB?;CN*AN*B*J<MJ*B:K*GBE;*
8B;7?*QBb@D?*;?B:Eb@?;R*B:K*bB?;CN*AN*B*GBE;*8B;7?*QB-
b@D?*BAE@?b;<@:Z*.J7*>@=A<:7K*7GG7>;*@G*;J7E7*b?@b7?-
;<7E*<E*EJ@8:*AN*;J7*=@<E;D?7*?7MDCB;<@:*<:K7P*F

K
Z*';*

EJ@DCK*A7*BE*J<MJ*BE*b@EE<AC7Z*LB?;<>DCB?CN*GBA?<>E*G@?*
8@?I*87B?*B:K*b?@;7>;<Q7*>C@;J<:M*EJ@DCK*b@EE7EE*B:*
F
K
YQBCD7*@G*B;*C7BE;*0Z!0Z*':*87B?*E<;DB;<@:E*>@=A<:7K*

8<;J*J7BQN*E87B;<:MR*G@?*;J7*?7EDC;<:M*87B?*>@=G@?;*@G*
B*;7P;<C7*bB?;<>DCB?CN*B*J<MJ*E87B;*;?B:Eb@?;*F*<E*<=b@?-
;B:;Z*.@*A7*eDKM7K*BE*|M@@K}R*8<;J*8@?I*87B?*@?*b?@-

;7>;<Q7*>C@;J<:M*;J7*FYQBCD7*B;*26y,R*60*h*?ZJZ*=DE;*A7*
CB?M7?*;JB:*SW6*Mq=vJZ*.@M7;J7?*8<;J*;J7*E87B;*;?B:E-
b@?;*;J7*E87B;*Db;BI7*(

2
*K7;7?=<:7E*;J7*GBA?<>{E*ADG-

G7?<:M*>BbB><;N*@G*C<gD<K*E87B;R*7Pb?7EE7K*AN*;J7*ADG-
G7?<:M*<:K7P*\

G
Z*.J7*J<MJ7?*;J7*\

G
YQBCD7R*;J7*A7;;7?*<E*

;J7*ADGG7?<:M*>BbB><;NZ*.J7*=<:<=D=*\
G
YQBCD7*;@*A7*

K7=B:K7K* G?@=* GBA?<>E* G@?*8@?I*87B?* @?* b?@;7>;<Q7*
>C@;J<:M*<E*0ZSoZ*-@87Q7?R*G?@=*B*bJNE<@C@M<>BC*b@<:;*
@G*Q<78*<;*<E*;J7*A7;;7?R*;J7*=@?7*E87B;*<E*;?B:Eb@?;7K*
;J?@DMJ*;J7*GBA?<>*B:K*;J7*C7EE*=@<E;D?7*?7=B<:E*<:*;J7*
;7P;<C7*:7P;* ;@* ;J7* EI<:Z* ':*@?K7?* ;JB;* <:* ?7E;*b7?<@KE*
BG;7?* bJNE<>BC* B>;<Q<;NR* >@=A<:7K* 8<;J* J7BQN* E87B-
;<:MR* :@* D:bC7BEB:;* B:K* D:K7?* >7?;B<:* >@:K<;<@:E*
J7BC;JYKB=BM<:M*b@E;Y7P7?><E7Y>J<CC*<E*>BDE7KR*GBA?<>E*
G@?*8@?I*87B?* @?* b?@;7>;<Q7* >C@;J<:M* EJ@DCK* JBQ7* B*
C@8*8B;7?*?7;7:;<@:*t(Z*

9>>@?K<:M*;@*.BAC7*W*B*;J7?=BC*<:EDCB;<@:*)
ct
*<E*G@D:KR*

;Nb<>BC* G@?*8@Q7:* GBA?<>E*@G* ;J7* ;Nb7*@G*8@?I*87B?Z*
.J7*E<P*GBA?<>*Eb7><=7:E*EJ@8*B*8B;7?*QBb@D?*?7E<E-
;B:>7*)

et
*A7C@8*6*=vLBqH*>@=A<:7K*8<;J*M@@K*?7CB;<-

Q7*=@<E;D?7*;?B:Eb@?;*b?@b7?;<7ER*;J7*CB;;7?*7Pb?7EE7K*
AN* ;J7* <

mt
YQBCD7* BA@Q7* 0Z36Z* .JDER* ;J7* GBA?<>{E*

|A?7B;JBA<C<;N}*JBE*;@*A7*eDKM7K*BE*M@@KZ*9E*<;*<E*;Nb<-
>BC*G@?*GBA?<>E*8<;J*B*J<MJ*>@;;@:*>@:;7:;R*;J7*EB=bC7{E*
8B;7?*QBb@D?*BAE@?A7:>N*F

i
*<E*J<MJZ*.@M7;J7?*8<;J*;J7*

Table 4. Results of the conformity test on the compliance 

1$#4+#4,+3(4,".#,$"+S-!*$#6+C#!"7!'7+89GE

Table 5. Results of the conformity test on the compliance 

1$#4+#4,+3(4,".#,$"+S-!*$#6+C#!"7!'7+89ME

Table 6. Thermophysiological data of the fabrics.
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=@<E;D?7*?7MDCB;<@:*<:K7P*F
K
*CB?M7?*;JB:*0Z!0*1E77*.B-

AC7*S4*;J<E*<:K<>B;7E*B*M@@K*ADGG7?<:M*>BbB><;N*@G*8B;7?*
QBb@D?*@G*;J7*GBA?<>*;7E;7KZ*.J7*8@Q7:*GBA?<>E*EJ@8*
B:* FYQBCD7* E<M:<f>B:;CN* BA@Q7* o30* Mq=vJ* B:K* ;J7*
GBA?<>{E*C<gD<K*E87B;*;?B:Eb@?;*<E*Q7?N*M@@KZ*':*>@:;-
?BE;*;J7*I:<;;7K*GBA?<>*]3c*B:K*]2c*EJ@8*B:*FYQBCD7*
BA@Q7*W/6*Mq=vJ*B:K*;J7*GBA?<>{E*C<gD<K*E87B;*;?B:E-
b@?;*<E*EDGf><7:;Z*j:CN*I:<;;7K*GBA?<>*]2c*EJ@8E*B:*
<:EDGf><7:;*FYQBCD7*8<;J*WSS*Mq=vJZ*.J7*GBA?<>{E*ADG-
G7?<:M* >BbB><;N* @G* C<gD<K* E87B;* @G* ;J7*8@Q7:* GBA?<>*
]3(*JBE*;@*A7*?B;7K*BE*Q7?N*M@@K*B:K*@G*;J7*;8@*@;J7?*
8@Q7:*GBA?<>E*]2(*B:K*]"(*@:CN*BE*M@@KZ*9CC*I:<;;7K*
GBA?<>E*EJ@8*B*Q7?N*M@@K*ADGG7?<:M*>BbB><;N*@G*C<gD<K*
E87B;Z*.J7*QBCD7E*@G*;J7*8B;7?*?7;7:;<@:*t(*EJ@8:*<:*
.BAC7* S* B?7* J<MJ7?* G@?* ;J7* I:<;;7K* GBA?<>E* BE* G@?* ;J7*
8@Q7:* GBA?<>EZ*.J7*K?N<:M* ;<=7*@G* ;J7* ;J?77* I:<;;7K*
GBA?<>E*8BE*BCE@*K7;7?=<:7K*B:K*8<;J*!2*=<:*;J7*K?N-

<:M*;<=7*@G*;J7*I:<;;7K*GBA?<>*<E*C@:MZ**.J7*K?N<:M*;<=7*
t;*EJ@DCK*A7*A7C@8*;J7*>?<;<>BC*QBCD7*@G*"S*=<:*<:K<-
>B;7EZ*.J7*I<;;7K*GBA?<>E*]2c*B:K*]"c*EJ@8*B*K?N<:M*
;<=7*@G*"W*=<:*B:K*;J7N*B?7*A7C@8*;J7*>?<;<>BC*QBCD7Z*
':*b?B>;<>BC*DE7*;J7*;8@*I:<;;7K*GBA?<>E*8<CC*:@;*>BDE7*
B*b@E;Y7P7?><E7Y>J<CCZ

.J7*.BAC7*o*EJ@8*;J7*?7EDC;E*@G*;J7*EI<:*E7:E@?<BC*<:-

Q7E;<MB;<@:EZ*
jD;* @G* 7Pb7?<7:>7* G@?* ;J7* 7QBCDB;<@:*@G* ;J7* E7:E@?<BC*
>@=G@?;*b?@b7?;<7E*@G*8@Q7:*GBA?<>E* G@?*@?*b?@;7>;<Q7*
>C@;J<:M* ;J7* G@CC@8<:M* >?<;7?<B* >B:* A7* BbbC<7KZ* F@?* B*
M@@K*E7:E@?<BC*>@=G@?;R*;J7*87;*>C<:M*<:K7P*<

K
*@G*B*GBA-

?<>*8@?:*<:*>@:;B>;*8<;J*;J7*EI<:*=DE;*A7*E=BCC7?*;JB:*
36Z*j;J7?8<E7*B:*D:bC7BEB:;*>C<:M<:M*@G* ;J7* GBA?<>* ;@*

EI<:*87;;7K*AN*E87B;*<E*;@*A7*7Pb7>;7KZ*.J7*ED?GB>7*<:-
K7P* <

@
*@G*B*8@Q7:*GBA?<>* G@?*8@?I*87B?*@?*b?@;7>;<Q7*

>C@;J<:M*=DE;*C<7*A7;877:*"*B:K*36*<:*@?K7?*:@;*;@*A7*
G7C;*BE*;@@*E=@@;J*@:*;J7*@:7*JB:K*@?*;@@*?@DMJqE>?B;>JN*
@:*;J7*@;J7?Z*H<;J*?7MB?K*;@*M@@K*E7:E@?<BC*>@=G@?;*;J7*
:D=A7?*@G* >@:;B>;*b@<:;E*A7;877:* GBA?<>*B:K* EI<:*:

K
 

EJ@DCK*A7*C7EE*;JB:*3600R*B:K*;J7*8@Q7:*GBA?<>{E*E;<GG-
:7EE*E*EJ@DCK*C<7*A7C@8*W0Z*jD;*@G*7Pb7?<7:>7*;J7*E@?b-
;<@:*<:K7P*<

B
*EJ@DCK*:@;*A7*J<MJ7?*;JB:*2S0R*A7>BDE7*B*

GBA?<>{E*E7:E@?<BC*>@=G@?;*<E*:@;*@:CN*K7;7?=<:7K*AN*<;E*
bJNE<>BC*ED?GB>7*E;?D>;D?7R*AD;*BCE@*AN*<;E*BA<C<;N*;@*I77b*
;J7*87B?7?{E*EI<:*K?NZ*d?N*EI<:R*:B=7CNR*<E*C7EE*E7:E<;<Q7*
;@*=7>JB:<>BC*<??<;B;<@:ER*>BDE<:M*B*EDAe7>;<Q7CN*D:bC7-
BEB:;*E7:EB;<@:R*;JB:*=@<E;*EI<:Z*.J<E*<E*;J7*?7BE@:*8JN*
<:*;J7*b?7K<>;<Q7*G@?=DCB*G@?*;J7*E7:E@?<BC*>@=G@?;*Q@;7*
H,

S
*BCE@*;J7*=@<E;D?7*b7?=7BA<C<;N*<:K7P*<

mt
*<E*<:>CD-

K7KZ*.BAC7*o*EJ@8E*;JB;*;J7*GBA?<>{E*87;*>C<:M*<:K7P*<
K
 

BE*87CC* BE* <;E* E;<GG:7EE* E* C<7*87CC*8<;J<:* ;J7* E7:E@?<BC*
:7D;?BC*?7M<@:EZ*.J7*E@?b;<@:*<:K7P*<

B
*@G*BCC*GBA?<>*Eb7-

><=7:E* >@:f?=E* ;J7*^I<:*c@K7C* ;7E;* ?7EDC;E* @G* M@@K*
C<gD<K* E87B;* ;?B:Eb@?;Z*.J7* ED?GB>7* <:K7P* <

O
* @G* GBA?<>*

Eb7><=7:*]3(*<E*CN<:M*A7C@8*"Z0*B:K*;JB;*<:K<>B;7E*;JB;*
;J7*GBA?<>*8<CC*A7*b7?>7<Q7K*BE*E@=7*8JB;*;@@*E=@@;J*
@:*;J7*EI<:Z*9CE@*8<;J*;J7*:D=A7?*@G*>@:;B>;*b@<:;E*:

K
 

E<M:<f>B:;CN*BA@Q7*3600*<;*;7:KE*;@*A7*G7C;*BE*>CB==N*
@:*;J7*EI<:*8J7:*;J7*87B?7?*<E*E87B;<:M*=@?7*J7BQ<CNZ*
9CC*@;J7?*fQ7*GBA?<>*Eb7><=7:E*EJ@8*B*ED?GB>7*<:K7P*<:*
;J7*:7D;?BC*?7M<@:*B:K*BCE@*;J7*:D=A7?*@G*>@:;B>;*b@<:;E*
<E*D:K7?*3600*G@?*7B>J*GBA?<>*Eb7><=7:EZ

.BAC7*/*B:K*;J7*F<MD?7E*SR*o*B:K*/*EJ@8*;J7*?7EDC;E*@G*;J7*
>BC>DCB;<@:*@G*;J7*EI<:*E7:E@?<BC*>@=G@?;*Q@;7R*;J7*;J7?=@-
bJNE<@C@M<>BC*>@=G@?;*Q@;7*B:K*;J7*>@=G@?;*Q@;7*@G*;J7*
E<P*;7E;7K*Eb7><=7:EZ*
^D==B?<a<:M*;J7*bJNE<@C@M<>BC*b?@b7?;<7E*@G*;J7*GBA-

?<>*;7E;7KR*BE*K<E>DEE7K*BA@Q7R*B>>@?K<:M*;@*.BAC7*/*G@?*
;J7*E<P*GBA?<>*Eb7><=7:E*B*;J7?=@bJNE<@C@M<>BC*>@=-

G@?;* Q@;7* H,
T
* A7;877:* 3ZS* B:K* 2Z6* 1<:* BCC* >BE7E*

}M@@K|4* ?7EDC;EZ*F@?* ;J7* E7:E@?<BC*>@=G@?;* ;J7*H,
S
-

Q@;7* K<GG7?E* G?@=* 3Z!* ;@* 2Z0* 1A7;877:* }M@@K|* B:K*
}Q7?N*M@@K}4Z

Table 7. Thermophysiological data of the fabrics.

Table 8. Skin sensorial data of the fabrics.

Table 9. Skin sensorial comfort vote, thermophysiological 

comfort vote and comfort of the tested fabrics.
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.J7*;@;BC*87B?*>@=G@?;R*<:>CDK<:M*;J7*GBA?<>{E*;J7?=@-
bJNE<@C@M<>BC*B:K*EI<:*E7:E@?<BC*b?@b7?;<7ER*ABE7K*@:*
;J7*H,YQ@;7*A7;877:*3ZS*BK*2Z"*@G*;J7*E<P*Eb7><=7:E*
Q7?ABCCN*JBE*;@*A7*?B;7K*BE*M@@KZ*d<GG7?7:>7E*A7;877:*
GBA?<>E*<:*;J7*H,YQ@;7*@G*0Z6*@?*=@?7*B?7*?7M<E;7?7K*
EDAe7>;<Q7CN*AN*;J7*87B?7?Z*^@*;J7*?7EDC;E*EJ@8*Q7?N*
E=BCC*K<GG7?7:>7E*B:K*;J7*gDBC<;N*<E*Q7?N*E<=<CB?*A7;-
877:*;J7*E<P*GBA?<>*Eb7><=7:EZ*.J7*?7EDC;E*EJ@8*;JB;*
;J7*>@=G@?;*Q@;7*K7b7:KE*@:* ;J7*>@:E;?D>;<@:*@G* ;J7*
GBA?<>E*B:K*;JB;*<;*<E*:7>7EEB?N*;@*b?@@G*;J7*8@Q7:*B:K*
I:<;;7K* GBA?<>*A7>BDE7* ;J7*gDBC<;N*>B:*A7*K<GG7?Z*.J7*
K<GG7?7:;*K@b<:M*@G* ;J7*fA?7E*K@7E:~;* C7BK*;@*E<M:<f-

>B:;* K<GG7?7:>7E* A7;877:* ;J7* >@=G@?;* Q@;7* @G* ;J7* "*
fA?7*Eb7><=7:EZ*

Conclusions

.J7*B<=*@G*;J7*b?@e7>;*8BE*;J7*K7Q7C@b=7:;*@G*B*8@?I*
87B?* G@?* ;J7* G@@K* b?@>7EE<:M* <:KDE;?N* >@:E<E;<:M* @G*
B:;<=<>?@A<BC*?7M7:7?B;7K*>7CCDC@E<>*fA?7E*8J<>J*B?7*
ED<;BAC7*G@?*C7BE<:MZ*F@?*;J7*B:;<=<>?@A<BC*GD:>;<@:*;J7*
>7CCDC@E<>*fA?7E*87?7*ED>>7EEGDCCN*K@b7K*8<;J*K<GG7-
?7:;* B:;<=<>?@A<BC* EDAE;B:>7EZ*.J7*K@b<:M*8<;J* a<:>*
>@=b@:7:;E*C7BKE*;@*8J<;7*fA?7EZ*.J7*<:;7M?B;<@:*@G*
B:*<@:*7P>JB:M7?*B:K*^<CQ7?*>@=b@:7:;E*C7BKE*;@*fA-

?7E*8<;J*B* C<MJ;* B*N7CC@8*>@C@?Z*.J7* E<a7*@G* ;J7* <@:Y
7P>JB:M7?*JBE*B*CB?M7*<:iD7:>7*@G*;J7*fA7?*b?@b7?;<7E*
B:K* ;J7* ?7EDC;E* EJ@8* ;JB;* ;J7* <@:* 7P>JB:M7?* JBE* ;@* 
A7*=<CC7K* ;@* B* E<a7* E=BCC7?* ;JB:* 30* l=Z* .J7* NB?:* 
b?@KD>;<@:*<:*=<P;D?7E*@G*L$^*B:K*D:;?7B;7K*>7CCDC@-
E<>* fA?7E* <E* b@EE<AC7* B:K* C7BKE* ;@* NB?:* 8<;J* M@@K* 
b?@b7?;<7EZ* ':* ;J<E* b?@e7>;* ;J7* =<P;D?7* ?B;7* 8BE*
W0,]q"0L$^q30,]K@b7K* G@?* I:<;;7K* GBA?<>E* B:K*
60,]q!0L$^q30,]K@b7K* G@?* 8@Q7:* GBA?<>EZ* .J7*
;J?77*B:;<=<>?@A<BC*fA?7E*>B:*A7*DE7K*8<;J*@;J7?*fA7?E*
<:*=<P;D?7E*B:K*G@?*NB?:*8<;J@D;*B:N*b?@AC7=E*<:*;J7*
NB?:*b?@KD>;<@:Z*9;*C7BE;*;J7*gDBC<;<7E*@G*I:<;;7K*B:K*
8@Q7:* GBA?<>E* B?7* K7;7?=<:7K* B:K* <;* <E* b@EE<AC7* ;@*
87BQ7*B:K*I:<;*GBA?<>E*8<;J*B*M@@K*gDBC<;NZ*9CE@*;J7*
;J7?=@bJNE<@C@M<>BC*>@=G@?;*B:K* ;J7*E7:E@?<BC*>@=-

G@?;*>B:*A7*eDKM7K*BE*M@@KZ*̂ @*<;*<E*b@EE<AC7*;@*b?@KD>7*
B*M@@K*gDBC<;N*@G*8@Q7:*B:K*I:<;;7K*GBA?<>*8J<>J*>B:*
A7*DE7K*G@?*8@?I*87B?*<:*;J7*G@@K*b?@>7EE<:M*<:KDE;?NZ*
9CE@*;J7*J<MJ*B=@D:;*@G*S0h*>7CCDC@E<>*fA?7E*1W0h*
D:;?7B;7K*B:K*30h*;?7B;7K*>7CCDC@E<>*fA?7E4*<:*I:<;;7K*
GBA?<>E*B:K*;J7*B=@D:;*@G*W0h*160h*D:;?7B;7K*B:K*30*
;?7B;7K*>7CCDC@E<>*fA?7E4* C7BK* ;@*B*8@?I*87B?*8<;J*B*
J<MJ*C7BE<:M*b7?G@?=B:>7Z*

Acknowledgements

.J7*9<FYL?@e7>;*3W0"/*+(*8BE*EDbb@?;7K*;J?@DMJ*;J7*
F@?E>JD:MEQ7?7<:<MD:M*F@?E>JD:MEID?B;@?<D=*.7P;<C*
7Z]ZR*)7<:JB?KE;?Bu7*32Y3!R*3033S*+7?C<:R*AN*;J7*9<F*
8<;J<:*;J7*b?@M?B=*@G*GD:K<:M*@G*;J7*<:KDE;?<7CC7:*(7-
=7<:E>JBG;EG@?E>JD:M*D:K*$:;8<>ICD:M*1'(F4*AN*;J7*
+D:K7E=<:<E;7?@<D=*GO?*H<?;E>JBG;*D:K*.7>J:@C@M<7*
KD7*;@*B*?7E@CD;<@:*@G*;J7*d7D;E>J7:*+D:K7E;BMZ

Figure 7. Comparison of the thermophysiological vote of 

the woven and knitted fabrics.

Figure 8. Comparison of the skin sensorial vote of the 

woven and knitted fabrics.

Figure 9. Comparison of the comfort vote of the woven and 

knitted fabrics.
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#<9J>9?*K(L*M<NOBENGP<*2L*QRS0*#<9J>9?L*K8BEN>G
T@H9<U*1VQ53*WSW2*W0"X2W!WY*ZG[U*1VQ53*WSW2*/"RX2W!WY*<\G>DU*O]^GN?G_D<9J>9?]IH\
.@>B*78CD>IGE>H9*`GB*7N<B<9E<=*=8N>9?*E@<*!0E@*FG94FG=<*Z>C<N*,H9a<N<9I<*20""L*:HN9C>N9L*K8BEN>G]

Abstract 

ZD8HN<BI<9E*I<DD8DHB<*a>C<NB*aHN*8B<*>9*N<aD<IE>^<*BGa<E;*IDHE@>9?*@G^<*C<<9*=<^<DH7<=*G9=*E@<*7GE<9E*@GB*
C<<9*a>D<=]*.@<*=<^<DH7<=*\G94\G=<*aD8HN<BI<9E*I<DD8DHB>IB*IG9*B>\8DEG9<H8BD;*C<*aDG\<*N<B>BEG9E]*b9D>O<*
<[>BE>9?*aD8HN<BI<9E*a>C<NBL*`@>I@*GN<*E;7>IGDD;*\G=<*aNH\*B;9E@<E>IB*B8I@*GB*7HD;<BE<NL*E@<*I<DD8DHB<*E<[-

E>D<B*GN<*IH\aHNEGCD<*EH*`<GNL*D<BB*7NH9<*EH*E@<*=<^<DH7\<9E*Ha*H=HNB*G9=*D<BB*B8BI<7E>CD<*EH*E@<*=<^<DH7-

\<9E*Ha*<D<IENHBEGE>I*I@GN?<BL*`@>I@*IG9*C<*=G9?<NH8BL*D<G=>9?*EH*<[7DHB>H9B*>9*I<NEG>9*<9^>NH9\<9EB]*.@<*
;<DDH`*aD8HN<BI<9E*\G94\G=<*a>C<NB*BGE>Ba;*E@<*D>?@E4aGBE9<BB*N<c8>N<\<9EB*Ha*>9E<N9GE>H9GD*BEG9=GN=B*G9=*
`@HB<*IHDHNGE>H9B*GN<*9HE*B>?9>a>IG9ED;*CD<GI@<=*C;*<[7HB8N<*EH*NG=>GE>H9*Ha*[<9H94DG\7B]*.@<;*GDBH*a8D-
a>DD* E@<*BEG9=GN=*N<c8>N<\<9EB*aHN* D>?@E*=<9B>E;*aGIEHNL*IHDHN4B7GI<*G9=*N8C*aGBE9<BB*1CHE@L*=N;*G9=*`<E3]*
.@<*7HB>E>^<*N<B8DEB*IG9*C<*GI@><^<=*C;*IHNN<IE*>9IHN7HNGE>H9*Ha*^GN>H8B*IHDHN*G9=*aD8HN<BI<9E*7>?\<9EB*
>9EH*B7>99>9?*=H7<*=8N>9?*E@<*a>C<N*7NHI<BB>9?]**

Keywords: !"#!$%"&"'"(")*+,'-.&/+0-12"1#+34®, protective textiles.

Introduction

'9*E@<*DGBE*=<IG=<*G9=*<B7<I>GDD;*9H`4G4=G;B*E@<*=<-
^<DH7\<9EB* >9* E@<*B<?\<9E*Ha* E@<*dC<NB*G9=* E<[E>D<B*
7G;*@8?<*GEE<9E>H9*EH*E@<*BGa<E;*G9=*7NHE<IE>^<*dC<NBL*
aGCN>IB* G9=* IDHE@>9?]* .@<* eG\<4N<B>BEG9E* 7NHE<IE>^<*
\GE<N>GDB*@G^<*EH*C<*BEGCD<*GE*@>?@4E<\7<NGE8N<BL*G9=*
H9*E@<*HE@<N*@G9=*<9GCD<*IH\aHNE*>9*`<GN*EH*7N<^<9E*
E@<*@<GE*BEN<BB*Ha*E@<*`HNO<NB]*.H*a8DdDD*GDD*E@<>N*N<c8>-
N<\<9EBL* G* IH\C>9GE>H9* Ha* @;?NHBIH7>IL* 9GE8NGD* G9=*
B;9E@<E>I*dC<NB*?>^<B*G*7NH7<N*BHD8E>H9]*.@<*B;9E@<E>I*
dC<NB*?>^<*7<NaHN\G9I<*G9=*9GE8NGDL*@;?NHBIH7>I*d-

C<NB*<9GCD<*\H>BE8N<*BHN7E>H9*G9=*`<GN*IH\aHNE]*)<-
I<9E* =<^<DH7\<9EB* >9* 7NHE<IE>^<* IDHE@>9?* =<GD* `>E@*
@>?@4^>B>C>D>E;*IDHE@>9?*f"g]

.@<N<*GN<*\G9;*BEG9=GN=B*`@>I@*=<d9<*E@<*7NH7<NE><B*
Ha* E@<* @>?@4^>B>C>D>E;* 7NHE<IE>^<* IDHE@>9?]* .@<* BEG9-

=GN=B* GN<* B7<I>dI* aHN* <GI@* IH89EN;* HN* IH9E>9<9E]* '9*
?<9<NGDL* E@<N<*GN<* E`H*\G>9*G77D>IGE>H9*B<?\<9EB*Ha*
@>?@4^>B>C>D>E;*IDHE@>9?U*E@<*IDHE@>9?*aHN*7NHa<BB>H9GD* 
8B<*G9=*aHN*9H947NHa<BB>H9GD*8B<*1B7HNEB`<GNL*aHN*<[-

G\7D<3*f2L5g]*.@<*\HBE*>\7HNEG9E*BEG9=GN=B*aHN*@>?@4 

 

 

^>B>C>D>E;* IDHE@>9?* GN<* $8NH7<G9* BEG9=GN=B* $%* '6h* 
QW"\* $%* '6h* ""!0L* ,G9G=>G9* BEG9=GN=* ,K%i,6K* 
&/S402L* b6K* BEG9=GN=B*K%6'i'6$K* 20W4200S* G9=*
+6*$%*Q"WU2005*fQ4Wg]*

Z>?8N<* "* B@H`B* =>aa<N<9E* GN<GB* Ha* 8B<* Ha* @>?@4^>B*
IDHE@>9?]*+<B>=<B*?N<<9L*7>9OL* N<=L*^>HD<E*HN*e8HN<B-
I<9E*CD8<*IHDHNBL*HNG9?<*G9=*;<DDH`*IHDHNB*GN<*\HBED;*
G77D><=* =8<* EH* E@<* @>?@<N* j^>B>C>D>E;k* EH* E@<* @8\G9*
<;<BL*<B7<I>GDD;*>9*=GNO*`HNO*7DGI<B]*

'9* \H=<N9* @>?@4^>B>C>D>E;* IDHE@>9?L* E@<* \HBE* 8B<=*
dC<N*E;7<*>B*B7894=;<=*7HD;<BE<N]*.@<*7>?\<9EB*=H*
9HE*?<E*I@G9?<=*=8N>9?*E@<*\<DE*B7>99>9?*7NHI<=8N<*
G9=* GN<* BEGCD<* GaE<N*l<9HE<BE* <[7HB8N<]*A<N;* IH\-

\H9*>B*E@<*8B<*Ha*H7E>IGD*CN>?@E<9<NB*EH*>\7NH^<*E@<*
e8HN<BI<9E*G77<GNG9I<]* '9* E@<*IGB<*Ha* B;9E@<E>I*d-

C<NBL*CGE@*=;<=*IHEEH9*HN*^>BIHB<*dC<NB*GN<*CD<9=<=*
`>E@* B;9E@<E>I* dC<NB]* +8E* H9D;* N<GIE>^<* =;<>9?* Ha*
I<DD8DHB<*`>E@* ;<DDH`*e8HN<BI<9E* =;<B* >B* 7HBB>CD<L*
E@<N<* GN<* 9H* <[>BE>9?* HNG9?<* e8HN<BI<9E* =;<BE8aaB]*
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,H9I<N9>9?* E@<* 8B<* Ha* I<NEG>9* IHDHN* aHN* 7NHE<IE>^<*
`<GNL*e8HN<BI<9E*;<DDH`*G9=*?N<<9*GN<*8B<=*aHN*NG>D-
`G;*`HNO<NB*G9=*dN<Xd?@E<NB]*ZD8HN<BI<9E*HNG9?<*>B*
\HN<*8B<=*aHN*IH9BEN8IE>H9*`HNO<NB*G9=*aHN*dN<*d?@-
E<NB* GB*`<DD]*ZHN* <\<N?<9I;*7<NBH99<DL*e8HN<BI<9E*
N<=*>B*N<IH\\<9=<=]*

.@<*\G>9*?HGD*Ha*E@>B*`HNO*`GB*EH*=<^<DH7*@>?@4^>B>-
C>D>E;*dC<NB*̀ >E@*eG\<4N<B>BEG9E*7NH7<NE><B*aHN*7NHE<I-
E>^<*IDHE@>9?*`@>I@*a8DdDD* >9E<N9GE>H9GD*BEG9=GN=B]*'9*
E@>B*78CD>IGE>H9L*E@<*aHI8B*>B*7DGI<=*H9*yellow high–

visibility Lenzing FR®*dC<NB]*

Materials and Methods

FK.$)'K#6
ZHN* E@<* a>C<N* B7>99>9?L* E@<* aD8HN<BI<9E* 7>?\<9EB*
`<N<*B877D><=*aNH\*IH\7G9;*6`G=G]*#89GN*m<DDH`*
2WL*).6*6<N><L*7GNE>ID<*B>J<*54Q*n\*7>?\<9EB*`<N<*
8B<=]*.@<*G77D><=*IHDHN*7>?\<9E*aHN*E@<*;<DDH`*a>-
C<NB*`GB*G*CD<9=*Ha*^GN>H8B*IH\7H9<9EB*b9>B7<NB<*
m<DDH`*G9=*Kc8GN>9<;<DDH`]*.@<*IHDHN*7>?\<9E*>B*
9<I<BBGN;*aHN*GI@><^>9?*@>?@*D>?@E4aGBE9<BB]*ZD8H-

N<BI<9E*7>?\<9E*>B*9<I<BBGN;*EH*GI@><^<*@>?@*D8\>-
9G9I<]*KB*Z)4G?<9EL*G==>E>^<*CGB<=*H9*7@HB7@HNi
B8Da8N*>B*8B<=]*.@<*<[GIE*IH\7HB>E>H9*Ha*E@<*IH\-

7H9<9EB*>9*E@<*a>C<NB*`GB*9HE*?>^<9*=8<*EH*E@<*B<I-
N<I;*N<GBH9B]

F$.-h:6
Fiber development

.@<* a>C<N* B7>99>9?*`GB* 7<NaHN\<=*H9* B\GDD* BIGD<*
^>BIHB<*7DG9E*>9*#<9J>9?*K(*)o:*=<7GNE\<9E]*.@<*
a>C<NB*>9*^GN>H8B*a>9<BB<B*`<N<*=<^<DH7<=*aHN*=>aa<-
N<9E* G77D>IGE>H9* GN<GB]* .@>99<N* a>C<NB* GN<* aHN* <[-

G\7D<L* \HN<* B8>EGCD<* aHN* .4B@>NEB* G9=* D>?@E<N*
IDHE@>9?* 1@>?@4^>B>C>D>E;* IDHE@>9?* aHN* 9H947NHa<B-
B>H9GD*8B<3L*G9=*E@>IO<N*a>C<NB*GN<*\HN<*B8>EGCD<*aHN*
E@<*CD<9=B*`>E@*B;9E@<E>I*a>C<NB*G9=*`HHDL*C<IG8B<*
E@<*CD<9=>9?*7GNE9<NB*GN<*7HD;<BE<N*1p2*=E<[3L*\H=-

GIN;D>I* 1p2* =E<[3* HN*`HHD* 1CNHG=<N* NG9?<* Ha* a>C<N*
a>9<9<BB3*a>C<NB]*

Color coordinates and luminance factor

.@<B<*\<GB8N<\<9EB*`<N<*7<NaHN\<=*GE*E@<*K8BEN>G9*
'9BE>E8E<* aHN*$IHDH?;L*.<I@9HDH?;*G9=* '99H^GE>H9* >9*
A><99G*GIIHN=>9?*EH*BEG9=GN=*$%*'6h*QW"]*.@<*<[7H-
B>E>H9*E>\<*`GB*=<E<N\>9<=*GIIHN=>9?*EH*BEG9=GN=*$%*
'6h* "0!4+02]* $[7HB8N<* B@H8D=* IH9E>98<* 89E>D* E@<*
CD8<*BIGD<*IH9ENHD*BEG9=GN=*98\C<N*Q*@GB*I@G9?<=*EH*
BE<7*Q*Ha*E@<*?N<;*BIGD<]*.@<*E<BE<N*F>9HDEG*,F4!0RI*
`GB*8B<=*`>E@*GNE>dI>GD*=G;D>?@E]*.@<*D8\>9G9I<*aGI-
EHN*`GB*=<E<N\>9<=*C;*8B>9?*G*Q!q*\<GB8N<\<9E*?<H-

\<EN;]*

Testing of fastness properties

.@<*aGBE9<BB*7NH7<NE><B*`<N<*\<GB8N<=*GIIHN=>9?*EHU*
'6h*"0!4+02*1BEG9=GN=*aHN*D>?@E*aGBE9<BB3Y*'6h*"0!4
K02* 1BEG9=GN=* aHN* DG89=<N>9?L* S0q,3Y* '6h*"0!4K02*
1BEG9=GN=* aHN* N8C* aGBE9<BBL* =N;* G9=* `<E3Y* '6h* $0Q*
1B`<GE*aGBE9<BBL*GI>=*G9=*GDOGD>3*G9=*@>?@4E<\7<NGE8N<*
7HD;<BE<N*H^<N4=;>9?*1"50q,*aHN*Q!*\>93]*

5"&67("&7)"81+89+!"#!$%"&"'"(")*+,'-.&+

ZHN*E@<*6$F*\>INH?NG7@BL*E@<*BG\7D<B*`<N<*K84IHG-
E<=*aHN*S0*B]*K*->EGI@>*64Q00*6$F*`GB*8B<=*`>E@*G9*
GII<D<NGE>9?*^HDEG?<*Ha*E@<*<D<IENH9*C<G\*Ha*!*OA]*

Results and Discussion

.@<*c8GD>E;*Ha*E@<*=<^<DH7<=*dC<NB*>B*7N>\GN>D;*\<G-
B8N<=*C;*E@<*IHDHN*7NH7<NE><B*GaE<N*l<9HE<BE*<[7HB8N<]*
67<I>GD*B<9B>E>^<*7NH7<NE;*>B* E@<*D8\>9G9I<*aGIEHN]*K*
@>?@*D8\>9G9I<*aGIEHN*IG9*C<*GI@><^<=*C;*8B>9?*G*@>?@*
IH9E<9E*Ha*E@<*e8HN<BI<9E*7>?\<9EB]*ZHN*;<DDH`*IHDHNL*
E@<*D8\>9G9I<*aGIEHN*GaE<N*l<9HE<BE*<[7HB8N<*@GB*EH*C<*
\>9]*0]WS]*'E*>B*=>\<9B>H9D<BB*89>E*G9=*>E*N<7N<B<9E*E@<*
G\H89E*Ha*N<e<IE<=*D>?@E*aHN\*E@<*\GE<N>GDB]*.@<*N<-
B8DEB* B@H`* E@GE* E@<* 7NH7<N* IH\C>9GE>H9* Ha* E@<* 7>?-

\<9EBL*E@<*BEG9=GN=*$%*Q"W*G9=*GDBH*$%*""!0*IG9*C<*
a8DdDD<=]*.@<*D8\>9G9I<*aGIEHN*Ha*;<DDH`*@>?@4^>B>C>-
D>E;*#<9J>9?*Z)®*>B*0]/R*C<aHN<*<[7HB8N<*G9=*0]R"*Ga-
E<N*l<9HE<BE* <[7HB8N<]*lm4IHDHN* IHHN=>9GE<B*\GEI@*
`>E@*BEG9=GN=]*

Figure 1. High–visibility clothing for professional and non–professional use.
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K==>E>H9GDD;*EH*E@<*IHDHN*7NH7<NE><B*GaE<N*l<9HE<BE*<[-

7HB8N<L* E@<* aGBE9<BB* 7NH7<NE><B* Ha* E@<* dC<NB* >9* E@<>N*
8BG?<*GN<*Ha*E@<*C>?*>\7HNEG9I<]*.@<*N<B8DEB*>9*E@<*.G-
CD<*2*B@H`*E@GE*E@<*;<DDH`*@>?@4^>B*#<9J>9?*Z)®*d-

C<NB*IHNN<DGE<*`>E@*E@<*N<c8>N<\<9EB*>9*E@<*BEG9=GN=B]*

.@<*6$F*\>INH?NG7@B* >9* E`H*\G?9>dIGE>H9B*1Z>?8N<*
23* B@H`* ^<N;* @H\H?<9H8B* =>BEN>C8E>H9* Ha* E@<* 7>?-

\<9EB*H9*E@<*`@HD<*dC<N*D<9?E@]*

Conclusions

.@>B* 78CD>IGE>H9* @>?@D>?@EB* E@<* 7NH7<NE><B* Ha* dC<NB*
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Table 1. Color properties before and after Xenon exposure.
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Material and Methods (experimental)
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Results and discussion
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Comparison of surface appearance and hand, after 

repeated laundry washing cycles

O@K7?>a(?AB7K( BL7(bKDB(C?DL:8;(HaH@7P( BL7(?>[?8B?;7(=A(
!789:8;(<=>?@®(!=AB(c(U"e(^@78>(:8(]:@7(C?D(K7M?KN? -̂

@7Z(OAB7K(W.(C?DL7DP(BL7(>:AA7K78H7(:D(D:;8:bH?8B(?8>(DL=C(
BL7(?^:@:Ba(BL7(H=M]?K:D=8(DL=C7>(?(H@7?K(?>[?8B?;7(=A(
!789:8;(<=>?@®(!=AB(?;?:8DB(H=BB=8(:8(BL7(D?M7(^@78>Z
,L7(L?8>(7[?@G?B:=8D(7Y]K7DD7>(:8(D=AB87DD(;K?>7D(/.(
A=K(C=KDBX(1.(A=K(^7DB2(/F:;GK7(12Z
!789:8;(<=>?@®(!=AB(b^7K(H?8(M?:8B?:8( :BD(DM==BL-

87DD(?AB7K(K7]7?B7>(C?DL:8;(?8>(>Ka:8;(HaH@7DZ(

"))6!3#5)H+,!2.3#$'.7

!==](K7M=[?@(DBK78;BL(:D(?(HKGH:?@(dG?@:Ba(HK:B7K:=8(A=K(
B7KKa(A?^K:HD(GD7>(:8(:8DB:BGB:=8?@(GD7Z(
,L7(K7DG@BD(=A(BL7(@==](K7M=[?@(DBK78;BL(?K7(]K7D78B7>(
:8(F:;GK7(0Z(O@BL=G;L(BL7(M=>?@(b^7K(:D(N8=C8(B=(^7(
DM==BLP( BL7( @==]( K7M=[?@( DBK78;BL( =A( B7KKa( A?^K:HD(
M?>7(AK=M(!789:8;(<=>?@®(!=AB(:D(H=M]?K?^@7(C:BL(
BL7(H=KK7D]=8>:8;(A?^K:HD(GD:8;(H=BB=8Z

Fabric drape

,L7(A?^K:H(>K?]7(>7B7KM:87D( BL7( K:;:>87DD(=A( BL7( A?^K:H(
?8>(:BD(?^:@:Ba(B=(?>?]B(:BD7@A(B=(BL7(LGM?8(^=>aZ(_K?]7(
7Y]K7DD7D(BL7(A?^K:H(D=AB87DD(?8>(L?8>(?8>(:B(:D(?8(:M]=K-
B?8B(A?HB=K(A=K(B=C7@:8;P(?AA7HB:8;(BL7(>a8?M:H(AG8HB:=8?-
@:BaP(K7D]7HB:[7@aP(:B(:D(?(>7H:D:[7(]7KA=KM?8H7(HK:B7K:?Z
_G7(B=(BL7(DM==BL87DD(=A(BL7(M=>?@(b^7KP( BL7(>K?]7(
>:K7HB@a(H=KK7@?B7D(C:BL(BL7(DL?K7(=A(!789:8;(<=>?@® 

!=AB(:8(BL7(A?^K:H(/F:;GK7(W2Z

QO,"'(O*,%i%,j(/O
Q
JiO!`"2(

Q?B7K(?HB:[:Ba(:D(=AB78(>7b87>(?D(oAK77p(=K(o?[?:@?^@7(
C?B7Kp(:8(?(DaDB7M(?8>(:D(:M]=KB?8B(B=(>7B7KM:87(M:-
HK=^:?@(;K=CBL(K?B7D(/%B(:D(C:>7@a(GD7>(:8(A==>(DH:78H7(
?D(?(D:M]@7(M7?DGK7(=A(BL7(>Ka87DD(=A(A==>2Z(!7DD(AK77(
C?B7K(?[?:@?^@7(:8(BL7(A?^K:HP(K7DG@BD(:8(?(D@=C7K(;K=CBL(
=A(M:HK==K;?8:DMZ(,L:D(7AA7HB(=A(8?BGK?@(La;:787(:D(?8(
:M]=KB?8B(?BBK:^GB7(:8(:8DB:BGB:=8?@(GD7Z(+:;L7K(H7@@G@=-
D:H(K?B:=(@7?>D(B=(@=C7K(C?B7K(?HB:[:BaZ(,L7(C?B7K(?HB:-
[:Ba(K7DG@BD(/F:;GK7(42(DL=C(L:;L7K(^=8>:8;(=A(LGM:-
>:Ba(/L78H7(@=C7K(C?B7K(?HB:[:Ba2(:8(!789:8;(<=>?@® 

!=AB(b^7KD(H=M]?K7>(B=(H=BB=8Z(
 

)?HB7K:?@( ;K=CBL( =8( !789:8;( <=>?@®( !=AB( K7dG:K7D(
L:;L7K(=[7K?@@(LGM:>:Ba(@7[7@(=8(BL7(b^7KZ
,L:D(M7?8D( ?( K7>GH7>( ;K=CBL( =A( ^?HB7K:?( ?8>( AG8;:(
C:BL=GB(?]]@a:8;(^:=H:>7DZ(,L7(8?BGK?@(La;:787(?D]7HB(
M:;LB(^7(=A(?>[?8B?;7(A=K(BL7(L7?@BL(H?K7(D7HB=KZ

"#"'&j(*I#e`<U,%I#(O,(
,`<)!"'(_'j%#&
_7H:D:[7(A=K(BL7(>Ka:8;(K?B7(?8>(L78H7(BL7(787K;a(H=8-
DGM]B:=8( >GK:8;( BL7( >Ka:8;( ]K=H7DD( :D( BL7( :8:B:?@(
?M=G8B(=A(C?B7K(?AB7K(D]:88:8;(?8>(BL7(M7HL?8:DM(=A(
C?B7K(BK?8D]=KB(C:BL:8(BL7(A?^K:HZ(
Q?B7K(BK?8D]=KB(C:BL:8(BL7(A?^K:H(:D(HKGH:?@(A=K(BL7(7[?-
]=K?B:=8(DGKA?H7P(CL:HL(>7B7KM:87D(BL7(>Ka:8;(D]77>Z(
!789:8;(<=>?@®(!=AB(?^D=K^D(M=K7(C?B7K(BL?8(H=BB=8(
>=7D(/F:;GK7(32Z(,L:D( A?HBP(CL:HL( :D(?8(?>[?8B?;7( :8(
B=C7@:8;P(M:;LB(^7(?(>:D?>[?8B?;7(?B(>Ka:8;Z
O@BL=G;L(!789:8;(<=>?@®(!=AB(:D(?^@7(B=(?^D=K^(M=K7(
C?B7KP(K7D]7HB:[7@aP(N77]D(M=K7(C?B7K(?AB7K(D]:88:8;P(
BL7( !789:8;( <=>?@®( !=ABc]=@a7DB7K( ^@78>( DL=C7>(
7[78(@7DD(787K;a(H=8DGM]B:=8(]7K(N;(BL?8(BL7(H=BB=8c
]=@a7DB7K(^@78>(/F:;GK7(T2Z(
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Figure 2.!;<=!+0%1),&!$>!-!40*%$*&!,-#$/!2.&,8 Figure 3. SEM picture of a ?<@A<"®!2.&,8
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I;(;:I8C<(`8U@>A(\;9(IL>(8?IC`8I>W(A@9\8?>V

Results and discussion

='"*i'bg'(E#E!hb%b
RCD@9>A(0(8<W(7(AL;Z(?U>89U_(IL>(WC\\>9><?>(:>IZ>><(̀ CA?;-
A>(98_;<(^:>9(8<W(IL>(U_;?>UU(^:>9(TENCEL®V(,L>(U8II>9(
L8A(8(AT;;IL(A@9\8?>(8<W(8(9;@<W(?9;AA(A>?IC;<V(TENCEL® 

8UA;(L8A(8(ACD<C^?8<IU_(LCDL>9(?9_AI8UUC<CI_(?;TY89>W(ZCIL(
IL>(̀ CA?;A>(98_;<(I_Y>A(ZLC?L(CA(AL;Z<(C<(RCD@9>(KV(fCA?;-
A>()(L8A(8<(>`><(U;Z>9(?9_AI8UUC<CI_(IL8<(`CA?;A>(EV(EUA;(
Y@9CI_(CA(WC\\>9><I(\;9(IL>(A8TYU>AV(,L>(%*=(`8U@>A(AL;Z(
ACD<C^?8<IU_( U;Z>9(<@T:>9A( 8?9;AA( 8( 98<D>(;\( I98?>(>U>-
T><IA(\;9(TENCEL®(?;TY89>W(I;(`CA?;A>(98_;<V
,><ACU>(AI9><DIL(;\( IL>(TENCEL®(^:>9A(Z8A(89;@<W(
63(Y>9?><I(LCDL>9(IL8<(`CA?;A>(98_;<(E(8<W(7.(Y>9?><I(
LCDL>9(IL8<(`CA?;A>(98_;<()V("U;<D8IC;<(Z8A(1.(8<W(
1Kd(\;9(IL>(TENCEL®(^:>9AF(1Od(\;9(`CA?;A>(E(8<W(
10d(\;9(`CA?;A>()V

Figure 4. Precursor crystallinity of ?<@A<"®
 and viscose 

,-#$/!B&,04&B!2.&,*8

Table 1. ICP-analysis of ?<@A<"®
 and viscose rayon samples.

Figure 5. Relative comparison of trace element loading of 

carbonisation emissions from ?<@A<"®
, viscose rayon A 

and viscose rayon B.

Figure 7.! ?CDE%),4&! >$,! FG!HDIJ! 1,&-1&B! -/B! )/1,&-1&B!
?<@A<"®

.

Figure 6. TGA-curve for ?<@A<"®
 and viscose rayon B.
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,L>(?89:;<CA8IC;<(T8AA(_C>UW(\;9(8UU(̂ :>9(I_Y>A(8<W(WC\\>-
9><I(Y9>PI9>8IT><I(8<W(?89:;<CA8IC;<(Y9;D98TA(CA(AL;Z<(
C<(,8:U>(0V(%I(CA(C<I>9>AIC<D(I;(<;I>(IL8I(8UU(WC\\>9C<D(Y9>P
I9>8IT><IA(U>W(I;(;YICT@T(Y9>PI9>8IT><I(I>TY>98I@9>A(I;(

Figure 9.!?&/*0'&!*1,&/61:!$>!%-,.$/!2.&,*!B&,04&B!>,$7!
?<@A<"®!K8K!B1&L(!+,&E1,&-1&B!1:&,7-''#!-1!B0>>&,&/1!1&7+&-
,-1),&*!M?JN!-/B!%:&70%-''#!+,&E1,&-1&B!501:!HDIJ!MAJN8

Figure 11. Thermal conductivity of differently processed 

%-,.$/!2.&,*!B&,04&B!>,$7!?<@A<"®
 precursor, TP-thermal 

pre-treated, CP-chemically pre-treated, C-carbonised.

Figure 10. ?:&,7-'!%$/B)%10401#!$>!%-,.$/!2.&,*!B&,04&B!
from different precursors.

O!A$7+-,-104&!4-')&*!>,$7!,&>&,&/%&!P8

Table 2. =-**!#0&'B!->1&,!%-,.$/0*-10$/!>$,!B0>>&,&/1!2.&,!1#+&*!-/B!B0>>&,&/1!+,&E1,&-17&/1!+,$%&**&*(!-*!1:&,7-'!+,&E1,&-17&/1!
M?JN!-/B!%:&70%-'!+,&E1,&-17&/1!MAJNV(

Figure 8. Carbonisation mass yield after thermal pre-treat-

7&/1!M?JN!-1!B0>>&,&/1!1&7+&,-1),&*8
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Figure 12. SEM picture of activated ?<@A<"®
.

Table 3. Mass yield and surface characteristics of activated ?<@A<"®!-/B!40*%$*&!,-#$/!2.&,*!-1!B0>>&,&/1!-%104-10$/!%$/B010$/*8
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Conclusions
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789:;<=(+,(5(=>?(@A=AB?(;@(>8C>(D?B@;BEF<:?(
G89:;9?(HIFE?<=9(F<J(=>?8B(=?K=8I?(FDDI8:F=8;<9 
  

Bernhard Müller*, Martin Gebert-Germ and Axel Russler

&IF<L9=;@@(%<JA9=B8?9M(+?BL;C?<NABC?B(O=BF99?(3-M(PQR1..(O=S(TUI=?<M(PA9=B8F
"QEF8IV(EA?II?BWCIF<L9=;@@S:;E

Abstract

,>?(G89:;9?(DB;:?99(89(E;B?(=>F<(1..(X?FB9(;IJS(#;<?=>?I?99(=>?(D;=?<=8FI(;@(:?IIAI;9?(NF9?J(HN?B9(@;B(=?:><8:FI(
F<J(=?K=8I?(FDDI8:F=8;<9(89(9=8II(<;=(@AIIX(A=8I8L?JS(,>89(DANI8:F=8;<(89(C;8<C(=;(DB?9?<=(B?:?<=(J?G?I;DE?<=9(=;YFBJ9(
>8C>( =?<F:8=X( HIFE?<=9( @;B( =?K=8I?( FDDI8:F=8;<9(Y8=>( F( NB?FZ8<C( @;B:?( FN;G?( 4.:#[=?KS( %<( FJJ8=8;<( =>?( NF98:( 
@?F=AB?9(;@(=>89(<?Y(DB;JA:=(@FE8IX(NX(&IF<L9=;@@(%<JA9=B8?9(Y8II(N?(DB?9?<=?JS(OD?:8FI(@;:A9(Y8II(N?(DF8J(=;(=>?(
DB;JA:=8;<(DFBFE?=?B9(F<J(@?F=AB?9(;@(=>?(D?BEF<?<=(\FE?(B?=FBJF<=(EAI=8QHIFE?<=(789:;<=®(]'S

Introduction

,>?(J?EF<J(@;B(EF<QEFJ?QHN?B9(89(9=?FJ8IX(CB;Y8<CS(
!;;Z8<C(F=(=>?(X?FBIX(DB;JA:=8;<(G;IAE?(;@(9X<=>?=8:(
HIFE?<=9(N?=Y??<(1--0(F<J(0..-(F(:;ED;A<J(F<<AFI(
CB;Y=>(BF=?(/*P&'2(;@(6S4^(YF9(9??<(_1`S(*;==;<(>FJ(
8<(=>?(9FE?(D?B8;J(F(*P&'(;@(;<IX(1S0^(Y8=>(F(98C-

<8H:F<=(J?:B?F9?(@B;E(0..6(;<YFBJ9S(789:;9?(F9(=>?(
a;IJ?9=b(EF<QEFJ?QHN?B(>F9(9??<(F(9=?FJX(8<:B?F98<C(
J?EF<J(@;B(9=FDI?(HN?B9M(?9D?:8FIIX(8<(=>?(HB9=(J?:FJ?( 

 

 

 

;@( =>?( <?Y(E8II?<<8AES(,>?( 9>FB?( ;@( G89:;9?( 9=FDI?(
HN?B9(;@(=>?(=;=FI(HN?B(DB;JA:=8;<(YF9(4Sc^(8<(0..-S(
%=(89(?KD?:=?J(=>F=(=>?(J?EF<J(@;B(:?IIAI;9?(NF9?J(H-

N?B9(Y8=>(=>?8B(A<8dA?(DB;D?B=8?9(Y8II(8<:B?F9?M(98<:?(
:;==;<( DB;JA:=8;<( :F<<;=( Z??D( AD( Y8=>( =>?( FG?BFC?(
HN?BQ*P&'(;@(FDDB;K8EF=?IX(4Sc^(A<=8I(0.R.S(,>?(
B?9AI=8<C(CFD(89(Z<;Y<(F9(=>?(a:;==;<(CFDbS((
   

Figure 1.!"#$%&'!()&$)*&+!,-&$./
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%<(:;<=BFBX(=;(G89:;9?(9=FNI?(HN?B9M(=>?(G89:;9?(HIF-
E?<=(DB;JA:=8;<(F<J(EFBZ?=(9>FB?(>F9(98C<8H:F<=IX( 
J?:B?F9?J(;G?B(=>?(IF9=(0.(X?FB9S(,>89(E8C>=(N?(JA?(
=;( :>F<C8<C( :A9=;E?B( >FN8=9( ;<( =>?( ;<?( >F<J( ;B( F(
IF:Z(;@( 8<<;GF=8;<9(;<(=>?(;=>?BS(e>8I?(=>?(8<:B?F-
98<C(FYFB?<?99(;@(I8E8=?J(B?9;AB:?9(>F9(9D?J(AD(=>?(
J?G?I;DE?<=( ;@( EAI=8Q@A<:=8;<FI( EF<QEFJ?QHN?B9(
DB;JA:?J( @B;E( B?C?<?BF=8G?( 9;AB:?9( 8<( C?<?BFI( ?9-
D?:8FIIX(9=FDI?(HN?B9M(>FBJIX(F<X( 8EDB;G?E?<=(>F9(
N??<( B?D;B=?J( @;B( =?K=8I?( G89:;9?( EAI=8QHIFE?<=9(
[2]S(f<?(EFg;B(?K:?D=8;<(89(=>?(8<=B;JA:=8;<(;@(>8C>(
9D??J(:;<=8<A;A9(9D8<<8<C( =?:><;I;C8?9S(,>?B?@;B?(
=>?(;G?BG8?Y(NX(#8<;Y(F<J(+?8J?<B?8:>(B?CFBJ8<C(
DB;D?B=8?9(;@(G89:;9?(HIFE?<=9M(FI=>;AC>(DANI89>?J(
8<(1--.(89(9=8II(GFI8J(=;(;AB(=8E?(_R`S(f<?(;@(=>?8B(DB?-
J8:=8;<9(YF9( =>F=( G89:;9?(HIFE?<=9( FB?( <;=( FNI?( =;(
:;ED?=?(Y8=>(=>?(=?<F:8=X(F<J(J8E?<98;<FI(9=FN8I8=X(
;@(9X<=>?=8:(HN?B9S(

%<(=>89(DFD?B(8=(Y8II(N?(J?E;<9=BF=?JM(=>F=(8=(89(D;998NI?(=;(
DB;JA:?(EAI=8QHIFE?<=(XFB<9(@;B(=?K=8I?(DABD;9?9(Y8=>(
F(>8C>?B(JBX( =?<F:8=X( =>F<(:;EDFBFNI?(D;IX?9=?BQXFB<9(
Y>8I?(Z??D8<C(=>?(@AII(BF<C?(;@(DB;D?B=8?9(G89:;9?(89(Y?II(
Z<;Y<(@;BS(%<(FJJ8=8;<(F(@AB=>?B(J?G?I;DE?<=M(F(D?BEF-

<?<=(\FE?(B?=FBJF<=(EAI=8QHIFE?<=(XFB<(Y8=>(=>?(=BFJ?(
<FE?(789:;<=®(]'

2
(Y8II(N?(J89:A99?J(8<(E;B?(J?=F8IS((((

History of Viscont®

789:;<=®(89(=>?(NBF<J(<FE?(@;B(G89:;9?(EAI=8QHIFE?<=9(
DB;JA:?J(NX(&IF<L9=;@@Q);>?E8F(9SBS;SM(F(E?EN?B(;@(
&IF<L9=;@@(%<JA9=B8?9M(?9D?:8FIIX(J?98C<?J(@;B(>8C>?<J(
=?K=8I?(FDDI8:F=8;<9S(

%<( @;BE?B( =8E?9( G89:;9?( ;B( BFX;<(YF9( FI9;( Z<;Y<(A<-
J?B( =>?(9X<;<XE(a&IF<L9=;@@b( B?@?BB8<C( =;( =>?(98IZ( I8Z?(
NB8C>=<?99(;@(=>?(HB9=(EF<QEFJ?QHN?B(DB;JA:?J(8<(NAIZS(
,>?B?@;B?( =>?( HB9=( G89:;9?( DB;JA:?B9( 8<( &?BEF<X( F<J(
PA9=B8F(>FJ(&IF<L9=;@@(8<(=>?8B(:;EDF<X(<FE?(Y>?<(=>?X(
Y?B?(@;A<J?J(F=(=>?(=AB<(;@(=>?(IF9=(:?<=ABXS(#;YFJFX9(
&IF<L9=;@@Q);>?E8F(9SBS;S(89(=>?(IF9=(B?EF8<8<C(;@(=>?9?(
D8;<??B9(Y8=>(=>89(B?E8<89:?<:?(8<(8=9(:;EDF<X(<FE?S
(,>?(J?G?I;DE?<=(;@(789:;<=®(YF9(9=FB=?J(F=(&IF<L9=;@@(
PA9=B8F( 8<( 0..3(;<(D8I;=( 9:FI?( F<J( @AB=>?B( J?G?I;D?J(
8<(&IF<L9=;@@Q);>?E8F( 9SBS;S( @B;E(N?C8<<8<C(;@(0..-(
;<YFBJ9S(h?9D8=?(J?:FJ?9(;@(?KD?B8?<:?(8<(=>?(DB;JA:-
=8;<(;@(BFX;<(@;B(B?8<@;B:?E?<=(FDDI8:F=8;<9(;<(=>?(;<?(
>F<JM(F<J(Z<;YQ>;Y(;@(9D8<<8<C(9=F<JFBJQ(F<J(E8:B;Q

Figure 2.!0$&#%*12!3($4&!4(15*'*(1&5!#15!+&'!(3!6*.4(1'789!:;!#15!('<&$!=#$1./

Table 1. Currently available yarns counts Viscont® HT together with some physical parameters.
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HIFE?<=9(Y8=>( a*;<=8<A?(5=?:><8dA?b(;<( =>?(;=>?B( 8=(
YF9(9=8II(F(I;<C(YFX(=;(Viscont® – comfort in protection. 

Viscont® - General features

,>?(@?F=AB?9(;@(789:;<=®(FB?(F9(@;II;Y9V
!( >8C>Q=?<F:8=X(BFX;<(EAI=8QHIFE?<=
!( aG89:;9?(I8Z?b(Y?FB8<C(:;E@;B=
!( C?<=I?(=;(=>?(9Z8<
!( NB?F=>FNI?
!( FGF8IFNI?(@B;E(XFB<(:;A<=(36(=;(044.
!( N8;J?CBFJFNI?
!( C;;J(=;(?K:?II?<=(JX8<C(DB;D?B=8?9

!"#$%&'()*"&+,-)+.(,/01&"21)/'(&
Viscont® HT

,>?( HB9=( :;EE?B:8FIIX( FGF8IFNI?( DB;JA:=( DB;JA:?J(
Y8=>(=>?(<?Y(9D8<<8<C(DB;:?99(89(
789:;<=®(+,S(+,(89(=>?(F:B;<XE(@;B(>8C>(=?<F:8=X(F<J(
B?@?B9(=;(;<?(;@(=>?(;A=9=F<J8<C(DB;D?B=8?9(;@(=>89(<?Y(
EAI=8QHIFE?<=(HN?BS(,FNI?(1(C8G?9(F<(;G?BG8?Y(;@(=>?(
:ABB?<=IX( FGF8IFNI?( XFB<( :;A<=9( =;C?=>?B( Y8=>( 9;E?(
=?:><8:FI(DFBFE?=?B9S(789:;<=®(+,(>F9(N??<(f"ifQ
,?K(IFN?I?JS

Breaking force conditioned and wet

%<(:;EDFB89;<(=;(a9=F<JFBJb(G89:;9?(HIFE?<=9(=>?(=?-
<F:8=X(:;<J8=8;<?J(;@(789:;<=®(+,(89(FIE;9=(=Y8:?(F9(
>8C>S(e>8I?( =>?(CAFBF<=??J(E8<8EAE(=?<F:8=X(:;<JS(
89(R3(:#[=?KM( =>?( FG?BFC?( =?<F:8=X( :;<JS( 89(4.( =;(40(
:#[=?K( =>?B?NX( 9ABDF998<C(?G?<(D;IX?9=?B(XFB<9( /9??(
]8CAB?(02S(
#?K=(=;(=>?(NB?FZ8<C(@;B:?(8<(:;<J8=8;<?J(9=F=?M(=>?(Y?=(
=?<F:8=X(89(;@(9D?:8FI(8<=?B?9=S(%<(]8CAB?(0(=>?(GFIA?9(@;B(
GFB8;A9(EF=?B8FI9(FB?(:;EDFB?JS(%<(C?<?BFI(=>89(>F9(N??<(
F(9>;B=:;E8<C(;@(G89:;9?(NF9?J(HN?B9M(NA=(?G?<(@;B(=>?(H-
<?9=(XFB<(:;A<=(Q(789:;<=®(+,(11.(J=?K(@3.(Q(=>?(Y?=(=?<F-
:8=X(@;A<J(89(E;B?(=>F<(0.:#[=?KS(,>?(NB?FZ8<C(@;B:?(;@(
F(9=F<JFBJ(G89:;9?(HIFE?<=(@;B(?KFEDI?(89(N?I;Y(1.:#[
=?K(F<J(?G?<(F(:;EDFBFNI?(:;==;<(XFB<(89(0c^(I;Y?BS(,>?(
Y?=(=?<F:8=X(;@(>8C>?B(XFB<(:;A<=9(9A:>(F9(789:;<=® HT 

0..(J=?K(@11.(89(;<(FG?BFC?(FN;G?(0c:#[=?KS(,>89(GFIA?(
89(9=8II(I;Y?B(=>F<(:;EDFBFNI?(D;IX?9=?B(HIFE?<=9(;@(E;B?(
=>F<(R.:#[=?KM(NA=(NX( @FB(>8C>?B( =>F<(F<X(G89:;9?(HIF-
E?<=(:;EE?B:8FIIX(FGF8IFNI?(@;B(=?K=8I?(FDDI8:F=8;<9S((
h?9D8=?( =>?( >8C>( =?<F:8=X( =>?(YF=?B( B?=?<=8;<( F::;B-
J8<C(=;(h%#(cRj14V1-64(89(9=8II(aG89:;9?( I8Z?b(>8C>S(
];B(?KFEDI?(=>?(YF=?BQB?=?<=8;<(@;B(789:;<=®(+,(136(
J=?K( @-0( 89( RjS6M( Y>8I?( F( 9=F<JFBJ( G89:;9?( HIFE?<=(
Y8=>(:;EDFBFNI?(XFB<(:;A<=(;@(136(J=?K(@63(>F9(c4S-S(
,>?(9I8C>=IX(J?:B?F9?J(FN8I8=X( =;(B?=F8<(YF=?B(>F9(<;(
<?CF=8G?(8EDF:=(;<(=>?(Y?FB8<C(:;E@;B=S(%<(:;<=BFBX(

=>89(@?F=AB?(>F9(N??<(C?<?BFI(FDDB?:8F=?J(NX(=?K=8I?(J?-
G?I;D?B9(/9??(]8CAB?(R2S(

Figure 5. Cross section of standard textile viscose produ-

ced by Glanzstoff Austria.

Figure 4. Cross section of Viscont® HT produced by 

Glanzstoff Bohemia s.r.o.

Figure 6. Comparison of abrasion according to Martindale 

between Viscont®!:;!#15!.'#15#$5!)*.4(.&!,>#?&1'/

Figure 3. Water-retention Viscont® HT versus standard 

)*.4(.&!,>#?&1'/
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Cross section

,>?(:B;99(9?:=8;<(;@(789:;<=®(+,(:;EDFB?J(Y8=>(9=F<-
JFBJ(G89:;9?(B?G?FI9(F<;=>?B(:;<9?dA?<:?(;@(=>?(<?Y(
9D8<<8<C( =?:><;I;CXS(e>8I?( =>?( 9=F<JFBJ( =?K=8I?( G89-
:;9?(>F9(=>?(Y?IIQZ<;Y<(9?BBF=?J(9AB@F:?(/]8CAB?(c2M(
789:;<=®(+,(>F9( F(G?BX( 9E;;=>(F<J( B?CAIFB( 9AB@F:?(
/]8CAB?(42S(,>?(FDD?FBF<:?(89(98IZ(I8Z?(F<J(89(:;EDF-
BFNI?(F<J(FIE;9=(98E8IFB(Y8=>(=;(G89:;9?(DB;JA:?J(NX(
=>?(*ADB;KFEQDB;:?99S(

Abrasion

P<;=>?B( GFIA?( FJJ8<C( DB;D?B=X( @;B( >8C>( ?<J( =?K=8-
I?( FDDI8:F=8;<9( 89( =>?( FNBF98;<( N?>FG8;B( ;@(789:;<=® 

+,S(%<(:;EDFB89;<(Y8=>(F(9=F<JFBJ(=?K=8I?(BFX;<(XFB<M(
9A:>(F9(136(J=?K(@63(DB;JA:?J(8<(&IF<L9=;@@(PA9=B8F(
=>?( FNBF98;<(E?F9AB?J( F::;BJ8<C( =;(kFB=8<JFI?( %Of(
10-46[0V1---(89(4(=8E?9(>8C>?BS(,>89(dAFJBADI8:F=8;<(
9??E9(=;(N?(F(:;<9?dA?<:?(;@(=>?(FACE?<=?J(:BX9=FII8-
<?(B?C8;<9(;N=F8<?J(NX(=>?(789:;<=®(9D8<<8<C(DB;:?99S(

 

Figure 7. Comparison of tenacity between Viscont®!@8!#15!('<&$!A#?&!$&'#$5#1'!=#$1./

Figure 8. B(?C#$*.(1!(3!.=1'<&'*4!,-&$.!D.&5!*1!'<&!EEF!?#$%&'!'(5#=!)&$.D.!6*.4(1'® FR.
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3'-/)('(&,4)/',-'&)-5)(&,-)+.(,
/01&"21)/'(&,6"7*.(&® FR

,>?(<??J(@;B(\FE?(B?=FBJF<=(@FNB8:9(>F9(N??<(9=?FJ8IX(8<-
:B?F98<C(;G?B(=>?(IF9=(X?FB9S(("9D?:8FIIX(D?BEF<?<=(\FE?(
B?=FBJF<=(XFB<9(FB?(;@(>8C>(8<=?B?9=S(,>?B?(FB?(F(<AEN?B(
;@(Y?IIQ?9=FNI89>?J(9X<=>?=8:(HN?B(DB;JA:=9(FGF8IFNI?M(NA=(
9;(@FB(F(D?BEF<?<=(\FE?(B?=FBJF<=(EAI=8QHIFE?<=(NF9?J(
;<(:?IIAI;9?(A98<C(<;<(>FI;C?<M(;BCF<8:(\FE?(B?=FBJF<=(
9AN9=F<:?9(YF9(<;=(:;EE?B:8FIIX(FGF8IFNI?S

The Production Process

,>?( DB;JA:=8;<( ;@( D?BEF<?<=( \FE?( B?=FBJF<=( BFX;<(
9=FDI?(HN?B9(89(Y?IIQZ<;Y<(F<J(>F9(N??<(J?9:B8N?J(8<(
I8=?BF=AB?( N?@;B?( [4]S(e>8I?( 9;E?( :>FII?<C?9( 8<( DB;-

JA:=8;<(;@(9=FDI?(HN?B9(F<J(HIFE?<=9(FB?(98E8IFBM(=>?(
EF8<(J8@@?B?<:?(B?9AI=9( @B;E(=>?(a?<JI?99b(<F=AB?(;@(
HIFE?<=S("G?BX(J?G8F=8;<( 8<( =>?(DB;JA:=8;<(DFBFE?-
=?B9( 9A:>( F9( G89:;98=X( ;@( =>?( 9D8<<8<C( G89:;9?M( L8<:(
:;<=?<=(8<(=>?(9D8<<8<C(NF=>M(YF9>8<C(YF=?B(F<J(=?E-

Figure 9. E*>>*12!5&'&$?*1&5!3($!%1*''&5!3#-$*4!+*'<!GHHI!6*.4(1'®!@8!#15!#!%1*''&5!3#-$*4!?#5&!(3!GJG!?*K'D$&!6*.4(1'® 

@8!#15!)*.4(.&!@8!.'#C>&!,-&$/!

Figure 10. Comparison between different fabrics made of of Viscont®!@8!,>#?&1'!#15!#!4D$$&1'>=!D.&5!4(1.'$D4'*(1!*1!,$&!

,2<'&$!L#4%&'./
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D?BF=AB?(F<J(H<FIIX(JBX8<C(>FG?(F<( 8<\A?<:?(;<( =>?(
FDD?FBF<:?( ;@( =>?( HIFE?<=( F<J( :F<( :FA9?( ;@@QCBFJ?(
dAFI8=XS

,>?B?@;B?(;<?(Z?X( =;(DB;JA:?(789:;<=®(]'(;<( IFBC?(
9:FI?(89(F(G?BX(DB?:89?(B?CAIF=8;<(;@(=>?(9D8<<8<C(DF-
BFE?=?B9(=;(?<9AB?(E8<8EAE(:;I;B(J8@@?B?<:?9(;<(=>?(
;<?(>F<J(F<J(F(G?BX(I;Y(<AEN?B(;@(NB?FZFC?9(;<(=>?(
;=>?BS(,;( ;N=F8<( =>?( D?BEF<?<=( \FE?( B?=FBJF<=( DB;-
D?B=8?9(8=(89(<?:?99FBX(=;(>;E;C?<?;A9IX(8<:;BD;BF=?(
AD(=;(00(Y[Y^(;@(=>?(D>;9D>;B(NF9?J(:;ED;A<J(8<(
=>?(G89:;9?(EF=B8KS(,>89(>8C>(FE;A<=(;@(=>?(DFB=8:I?9(
aJ89BAD=b(=>?(>8C>IX(;BJ?B?J(:?IIAI;9?(EF=B8K(=>?B?NX(
J?:B?F98<C(=>?(=?<F:8=X(NX(FDDB;K8EF=?IX(0.^(=;(R.^(
:;EDFB?J(=;(F(<;<Q\FE?(B?=FBJF<=(HIFE?<=S(
P<;=>?B(Z?X(89(F(<?YIX(J?G?I;D?J(:;I;B(J;98<C(J?G8:?(
?<FNI8<C( =>?(DB?:89?(FJJ8=8;<(;@(\FE?( B?=FBJF<=(J89-
D?B98;<(8<=;(=>?(G89:;9?(9=B?FE(N?@;B?(9D8<<8<CS(,>?(
E?J8AE(98L?(;@(=>?(DFB=8:I?9(8<(=>?(J89D?B98;<(>F9(=;(
N?(N?I;Y(1(lES(*BA:8FI(@;B(=>?(>;E;C?<?;A9(J89=B8-
NA=8;<(FB?( =>?( @F:8I8=F=?J(J89D?BCF=;B9M(;=>?BY89?( =>?(
9D8<<8<C(DB;:?99(:F<(N?(F<J(89(J89=ABN?J(NX(B?FCCI;-

E?BF=8;<S(

,>?(9D8<<8<C(DB;:?99(;@(789:;<=®(]'(89(F(:;<=8<A;A9(
;<?S(P@=?B(=>?(F:8J8:(:;FCAIF=8;<(NF=>(=>?(XFB<(89(9=B?=-
:>?J(8<(F(9?:;<J(NF=>M(N?@;B?(8=(89(YF9>?JM(JB8?J(F<J(
Y;A<J(ADS(,>?(XFB<(89(B?CAIFBIX(:>?:Z?J(Y8=>(=>?(E?-
=>XI(;BF<C?(=;(EFZ?(9AB?(=>F=(=>?(XFB<(89(@B??(;@(F<X(

F:8J8:( :;<=FE8<F=8;<S( %<( FJJ8=8;<( F( 9=B8:=( 9?DFBF=8;<(
N?=Y??<(=>?(;D?BF=;B9(;@(=>?(F:8J8:(aY?=b(F<J(<?A=BFI(
aJBXb( 98J?( 89( ?K?:A=?JS( %=( =FZ?9( I?99( =>F<( R(E8<A=?9(
@B;E(=>?(9D8<<?B?=(=;(=>?(H<FIM(A<=Y89=?J(XFB<S(h?D?<-
J8<C(;<(=>?(XFB<(:;A<=(=>?(9D8<<8<C(9D??J(;@(789:;<=® 

]'(GFB8?9(NA=( 89( 8<(C?<?BFI(9I;Y?B( =>F<(@;B(789:;<=® 

+,S(

Tenacity 

,>?(=?<F:8=X(:;<J8=8;<?J(;@(=>?(A<=Y89=?J(XFB<(89(8<(F(
BF<C?(;@(03(=;(R4(:#[=?KS(e>8I?(=>89(89(I;Y?B(=>F<(=>?(
=?<F:8=X( ;@(789:;<=®(+,M( 8=( 89( 9=8II( >8C>?B( =>F<(E;9=(
DAB:>F9FNI?( ;BJ8<FBX( =?K=8I?( G89:;9?( HIFE?<=9S( ,>?(
Y?=( =?<F:8=X( 89( B;AC>IX(c.^(;@( =>?( :;<J8=8;<?J(;<?(
F<J(I8?9(N?=Y??<(1R(F<J(0.(:#[=?KS(O=F<JFBJ(G89:;9?(
>F9(8<(C?<?BFI(F(Y?=(=?<F:8=X(N?I;Y(1.(:#[=?KS(%<(:;E-

DFB89;<(=;(:;==;<M(=>?(Y?=(=?<F:8=X(;@(789:;<=®(]'(89(
9=8II(E;B?(=>F<(0.^(>8C>?BS(,>89(;@@?B9(<?Y(D;998N8I8-
=8?9(=;(Z<8==?B9(F<J(Y?FG?B9(=;(DB;JA:?(I8C>=?B(@FNB8:9M(
98<:?(=>?(E?:>F<8:FI(9=B?<C=>(;@(=>?(XFB<(89(>8C>?BS

,>?(=?<F:8=X(;@(\FE?(B?=FBJF<=(D;IX?9=?B(XFB<(89(9A-

D?B8;B( =;(789:;<=®(]'S()A=(98<:?(789:;<=®(]'(89(<;=(
F(=>?BE;DIF9=8:(8=(J;?9(<;=(E?I=(A<J?B(=>?BEFI(9=B?99(
I8Z?( D;IX?9=?B( J;?9S( ,>8<Z8<C( ;@( FDDI8:F=8;<9( I8Z?( 
I8<?B9(=>89(89(F(N8C(FJGF<=FC?(;G?B(@FNB8:9(EFJ?(;@(D;-
IX?9=?BS(%<(FJJ8=8;<(BFX;<(>F9(F(EA:>(N?==?B(E;89=AB?(
AD=FZ?(F<J(Y?FB8<C(:;E@;B=(=>F<(D;IX?9=?BS(

Figure 11. B(?C#$*.(1!(3!'<&!<('!+#'&$!.<$*1%#2&!-&'+&&1!.'#15#$5!'&K'*>&!)*.4(.&!#15!6*.4(1'M!@8!()&$!NH!+#.<*12!

cycles. 
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#AE?B;A9( TT"QFDDI8:F=8;<9( A9?( #;E?K®( NX( hA-

T;<=®S(,>?B?@;B?( 8=(>F9(N?:;E?(F(N?<:>EFBZ(Y8=>8<(
=>?(EFBZ?=S(%<(:;EDFB89;<(Y8=>(#;E?K®(HIFE?<=(0..(
J=?K( @63( =>?(NB?FZ8<C( @;B:?(:;<J8=8;<?J(;@(789:;<=® 

]'(136(J=?K(@-0(89(;<(=>?(9FE?(I?G?IS(P(9AEEFBX(;@(
=>?(B?9AI=9(89(C8G?<(8<(]8CAB?(6S
 

Fluffs

P( :B8=8:FI( DFBFE?=?B( @;B( =?K=8I?( FDDI8:F=8;<9( ;@( HIF-
E?<=9(89(=>?(<AEN?B(;@(\A@@9[NB?FZFC?9(D?B(ZC(XFB<S(
,>89(YF9(;<?(;@( =>?(N8CC?9=(:>FII?<C?9( 8<( =>?(J?G?-
I;DE?<=(;@(789:;<=®(]'(98<:?(F(I;=(;@(DFBFE?=?B9(:F<(
:FA9?(NB?FZFC?9(;@(:FD8IIFB8?9S( %<(C?<?BFI( 8=(YF9(<?-
:?99FBX(=;(H<J(F(NFIF<:?(N?=Y??<(9D8<<8<C(9D??JM(DFB-
=8:I?(98L?(;@( =>?(\FE?(B?=FBJF<=M(9=B?=:>8<CM(9D8<<8<C(
NF=>(=?ED?BF=AB?(F<J(:FD8IIFBX(=8=?BS(P::;BJ8<C(=;(;AB(
B?9?FB:>( :FD8IIFBX( =8=?B9( N?I;Y( 1Sj( J=?K( FB?( <;=( 9A8-
=?J(=;(F:>8?G?(F::?D=FNI?(\A@@(GFIA?9(@;B(XFB<(:;A<=9(
N?I;Y(4..(J=?KS(%<(C?<?BFI(=>?(DB;JA:=8;<[9D8<<8<C(;@(
H<?(=8=?B9(I8Z?(11.(J=?K(@43M(Y>8:>(89(=>?(H<?9=(XFB<(
:;A<=(:;EE?B:8FIIX(;@@?B?J(X?=M(89(E;B?(J8@H:AI=(=>F<(
=>?( 9D8<<8<C( ;@( >?FG8?B( XFB<( :;A<=9( 9A:>( F9( c..( ;B(
044.S(*ABB?<=IX(Y?(FB?(J?G?I;D8<C(XFB<(:;A<=(36(F<J(
j4(;<(D8I;=( 9:FI?( F<J(DA9>( =>?( I8E8=9( @;B( D?BEF<?<=(
\FE?(B?=FBJF<=(G89:;9?(HIFE?<=9(?G?<(@AB=>?BS(

Limited Oxygen Index (LOI)

P<;=>?B( 8ED;B=F<=( @?F=AB?( @;B( \FE?( B?=FBJF<=( XFB<9(
F<J(@FNB8:9(89(=>?(!8E8=(;@(fKXC?<(%<J?K(/!f%2S(,>89(
GFIA?(Q(J?9D8=?(N?8<C(F<(8<JA9=BX(9=F<JFBJ(Q(>;Y?G?B(89(
9I8C>=IX(E89I?FJ8<CM(98<:?(<;=(=>?(XFB<(8=9?I@(NA=(;<IX(
@FNB8:9(EFJ?(;A=(;@(=>?(XFB<(/Z<8==?J(;B(Y?FG?J2(FB?(
=?9=?JS(%<(FJJ8=8;<M(=>?(E;B?(;D?<(=>?(@FNB8:(89(F<J(=>?(
H<?B(=>?(XFB<(:;A<=(89M(=>?(?F98?B(8=(NAB<9S(,>?(:;<9?-
dA?<:?(89(=>F=(Z<8==?J(@FNB8:9(8<(C?<?BFI(>FG?(F(I;Y?B(
!f%( GFIA?( =>F<( Y?FG?J( ;<?9S( ,>?B?@;B?( FJJ8=8;<FI(
=?9=(E?=>;J9(Y?B?(J?G?I;D?J(@;B(:;EDFB89;<M(9A:>(F9(
G?B=8:FI(\FE?(=?9=9S

,>?(!f%(;@(789:;<=®(]'(89(FN;G?(03(F<J(;<(FG?BFC?(
0j(@;B(FII(XFB<(:;A<=9S(,>89(:;EDFB?9(@FG;BFNIX(Y8=>(
;=>?B(9X<=>?=8:(]'(HN?B9(5(HIFE?<=(F<J(9=FDI?(HN?B(Q(
=>F=(FB?(A9?J(8<(=>?(TT"(EFBZ?=(=;JFX(/9??(]8CAB?(j2
 

Utilization

789:;<=®( ]'( HIFE?<=( BFX;<( @FNB8:( >F9( N??<( Y;G?<(
;B(Z<8==?J(@;B(F(GFB8?=X(;@(FDDI8:F=8;<9M(E??=9(J8G?B9?(
9D?:8H:F=8;<9(F<J(DF99?9(=>?(B?dA8B?E?<=9(;@(?SCS("#(
%Of(11310S(]FNB8:(Y?8C>=9(>FG?( BF<C?J( @B;E(13.C[
m2( F<J(AD(Y8=>( @AII(]'(:;EDI8F<:?(Y>?<( =?9=?J( @;B(
?KFEDI?( NX(PO,k(h( 341RM( G?B=8:FI( \FE?( =?9=(E?-

=>;JS()?98J?(=>?(\FE?(B?=FBJF<=(DB;D?B=8?9(F(<AEN?B(
;@(=?K=8I?(DFBFE?=?B9(FB?(;@(8ED;B=F<:?(9A:>(F9(D8II8<C(
F<J(9=B?<C=>S

Pilling

,;(@AB=>?B(GFI8JF=?(=>?(D8II8<C(;@(789:;<=®(]'(HIFE?<=(
=Y;( @FNB8:9( Y?B?( =?9=?JS( ]FNB8:( 1( YF9( Z<8==?J( Y8=>(
1..^(789:;<=®( ]'( HIFE?<=( 0..( J=?K( @63( O-.( F<J(
>FJ(F(@FNB8:(Y?8C>=(;@(0..C[E2S(]FNB8:(0(>FJ(F(@FN-

B8:(Y?8C>=( ;@( 0.cC[E2( F<J(YF9(Z<8==?JM( =;;S( %<9=?FJ(
;@(1..^(HIFE?<=(;<IX(c.^(;@(789:;<=(]'(0..(J=?K(@(
63(O(1j.(F<J(c.(^(]'(789:;9?Q9=FD?IQHN?B(0.(=?K[1(
YF9(FDDI8?JS

h?9D8=?( F( :;EDFBFNI?( Y?8C>=( F<J( :;<9=BA:=8;<M( =>?(
D8II8<C(N?>FG8;B(F::;BJ8<C(=;(%Of(10-4cQ0(/E;J8H?J(
kFB=8<JFI?(E?=>;J2(89(J8@@?B?<=(F9(?KD?:=?J(J8@@?B?<=S(
e>8I?(@FNB8:(0(9>;Y9(98C<8H:F<=(D8II8<C(Y8=>(F(I;FJ(;@(
1ccC(F@=?B(c..(=AB<9(@FNB8:(1(89(FIE;9=(A<F@@?:=?JS(%=(89(
Y?II(Z<;Y<(=>F=(F(HIFE?<=(:F<(B?989=(=>?(E?:>F<8:FI(
FNBF98;<( N?==?B( =>F<( 9=FDI?( HN?B( XFB<9M( >;Y?G?B( =>?(
G?BX( I;Y(D8II8<C( F@=?B( 6...( =AB<9( @;A<J( @;B( @FNB8:(1(
YF9(A<?KD?:=?JS(
 

Strength 

O8<:?(EF<X(X?FB9( ?<J(A9?B9(;@(D?B9;<<?I(DB;=?:=8;<(
?dA8DE?<=( FB?( F9Z8<C( @;B( I8C>=?B( @FNB8:9S( ,>89( C;FI(
:F<(N?( F:>8?G?J(DB8EFB8IX(Y8=>(H<?B(XFB<( :;A<=9(;B(
a9EFB=?Bb( :;<9=BA:=8;<9S( );=>( 9;IA=8;<9( >FG?( =>?8B( 
I8E8=F=8;<9S(

789:;<=®( ]'( @8IFE?<=( F<J( 789:;<=®( +,( @8IFE?<=(
C8G?(=?K=8I?(J?G?I;D?B9(F(<?Y(;DD;B=A<8=X(=;(B?JA-

:?(Y?8C>=M(=>F<Z9(=;(=>?8B(>8C>(=?<F:8=X(DB;D?B=8?9S(
,;( J?E;<9=BF=?( =>?( D;=?<=8FI( F( @?Y( @FNB8:9( Y8=>(
789:;<=®(]'(@8IFE?<=(Y?B?(:;EDFB?J(Y8=>(F<(?K89-
=8<C(@FNB8:(EFJ?(;@(F(9=FDI?(@8N?B(NI?<J(A9?J(8<(@8B?(
@8C>=?B(gF:Z?=9S

,>?(B?@?B?<:?(EF=?B8FI(>F9(F(@FNB8:(Y?8C>=(;@(0-.C[
m2(F<J(9=B?<C=>(/YFBD[Y?@=2(;@(1104[-.j(#S(]FNB8:(
0( 89(R.^( I8C>=?B( F<J(Y?8C>9(;<IX(00cC[E2S(+;Y-

?G?B( =>?(9=B?<C=>( 89(1-^(>8C>?B( 8<(YFBD(F<J(0-^(
>8C>?B(8<(Y?@=S(]FNB8:(1(Y?8C>9(;<IX(13.(C[E2S(,>89(
FJJ9( AD( =;( j.^(Y?8C>=( B?JA:=8;<( :;EDFB?J(Y8=>(
=>?( B?@?B?<:?( @FNB8:S( O=AD?<J;A9IX( =>?( 9=B?<C=>(
89(;<IX(j^( I;Y?B( 8<(Y?@=( F<J(0c^( 8<(YFBD(Y>8I?(
N?8<C( 8<( @AII( :;EDI8F<:?(Y8=>( =>?( @IFE?( B?=FBJF<=(
DB;D?B=8?9S((

]FNB8:(R(89(=>?(>?FG8?9=(;@(=>?(9FEDI?(@FNB8:9(F=(RR4(C[
m2S(,>?(9=B?<C=>(>;Y?G?B(89(NX(@FB(>8C>?B(=>F<(=>?(NX(
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1c^(8<:B?F9?J(Y?8C>=S(,>?(GFIA?9(@;A<J(@;B(=>?(YFBD(
Y?B?(0R4c#(:;BB?9D;<J8<C(Y8=>(F(11.^(8<:B?F9?( 8<(
9=B?<C=>S( 1311#(Y?B?( E?F9AB?J( @;B( =>?( Y?@=( Y>8:>(
FJJ9(AD(=;((F(66^(>8C>?B(9=B?<C=>S(

h?9D8=?(=>?(A<8dA?IX(>8C>(9=B?<C=>M(=>?(G89:;9?(=XD8:FI(
Y?FB8<C(N?>FG8;B(89(<;=(F@@?:=?J(;B(B?JA:?JS(

Hot-Water Shrinkage

f<?(:>FBF:=?B89=8:(=BF8=(;@(G89:;9?(8<(C?<?BFI(89(=>?(>;=QYF-
=?B(9>B8<ZFC?S(f<:?(FCF8<(789:;<=®(]'(HIFE?<=(N?>FG?9(
J8@@?B?<=IX(=>F<(;BJ8<FBX(=?K=8I?(G89:;9?(HIFE?<=9S(e>8I?(
=?K=8I?(G89:;9?(Z??D9(;<(9>B8<Z8<C(Y8=>(?G?BX(YF9>(:X:I?M(
789:;<=®(]'(9=FN8I8L?9(F@=?B(=>?(HB9=(YF9>8<CS(,>89(89(F<(
?@@?:=(Y>8:>(9??E9(:;<<?:=?J(Y8=>(=>?(>8C>(:BX9=FII8<8=X(
;@(=>?(:?IIAI;9?QEF=B8KS(,>?(8<8=8FI(9>B8<ZFC?(89(:;EDFBF-
NI?(Y8=>(9=F<JFBJ(G89:;9?(F<J(789:;<=(F<J(I8?9(8<(=>?(BF<C?(
;@(1.^(=;(13^S(P@=?B(c.(YF9>(:X:I?9(=>?(B?98JAFI(9=B?<C=>(
;@(=>?(@FNB8:(89(9=8II(E;B?(=>F<(cc^(Y>8I?(=>?(FJJ8=8;<FI(
9>B8<ZFC?(89(N?I;Y(R^S((((
 

,>?B?@;B?(Y?(FJG89?(=;(A9?(789:;<=®(]'(F9(DB?Q9>BA<Z(
XFB<(DB8EFB8IX(@;B(Y?FG8<C(FDDI8:F=8;<9S

Conclusions

Viscont® - Comfort in protection( 89( F( <?Y( G89:;9?(
NF9?J(DB;JA:=QI8<?(NX(&IF<L9=;@@(%<JA9=B8?9S(,>?(HB9=(
:;EE?B:8FIIX( FGF8IFNI?( DB;JA:=9( FB?( 789:;<=® HT 

Y8=>(8=9(:;<J8=8;<?J(=?<F:8=X(FN;G?(4.(:#[=?K(F<J(=>?(
D?BEF<?<=(\FE?(B?=FBJF<=(789:;<=®(]'(HIFE?<=S(789-
:;<=®(]'(HIFE?<=M(I8Z?(789:;<=®(+,M(>F9(N??<(NI?<J?J(
Y8=>8<(@FNB8:9(8<(F<(?<J(F<J(?<J(:;<9=BA:=8;<(F<J(Y8=>(
J8@@?B?<=(Y?@=(XFB<9(8<(;BJ?B(=;(E??=(=>?(?<J(A9?B(B?-
dA8B?E?<=9S(,>?X(:F<(N?(9ADDI8?J(\F=M(=Y89=?J(F<J(=?K-
=AB?JS(,Y89=8<C(;B(=?K=AB8<C(Y8II(<;=(B?JA:?(=>?(\FE?(
B?=FBJF<=(DB;D?B=8?9(;@(=>?(XFB<S(789:;<=®(:F<(N?(DI8?J(
;B(:;G?B?J(Y8=>(;=>?B(HN?B9(;B(XFB<(F=(F(XFB<(;B(@FN-
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Figure 1.!:06'*4()*'!0.1!()*'4()*'!#.6'*0%6#&.;

Figure 2. Tube Tester. Figure 4. SEM, stucture of spunlaced nonwovens.

Figure 3. Flush tube test, dispersibility criteria.
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Figure 6. Tensile strength of spunlaced nonwovens.
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)SgO( ACD( %=FE;9:( ?9<>9:;EH9FRP( _9?9( >A?;FR( G<9D( EC(
ACAFR;E:AF(I?AD9(ACD(>A?;FR(EC(;9:KCE:AF(I?AD9(/>G?E;R(m(

-in2[(SFF(;K9(<=FH9C;<(_9?9(G<9D(_E;K=G;(ACR(8G?;K9?(
>?9@;?9A;B9C;[(
SFF(=;K9?(:K9BE:AF<(G<9D(_9?9(=];AEC9D(EC(ACAFR;E:AF(
I?AD9( /?9<>9:;EH9FR( +h!*@I?AD9( 8=?( g"*( B9A<G?9-
B9C;<2(ACD(G<9D(_E;K=G;(ACR(8G?;K9?(>?9@;?9A;B9C;[

h'"hS'S,%k#(kO(*"!!f!kg"(
SOLUTIONS 
,K9(>?9>A?A;E=C(=8(:9FFGF=<9(<=FG;E=C<(_A<(:A??E9D(=G;(
G<ECI(A(<>9:EAF(H9?;E:AF(YC9AD9?(<R<;9BP(FECY9D(_E;K(A(
'+"k*k'\( -...( /+SSN"2[( ,9B>9?A;G?9P( ;=?JG9(
B=B9C;(ACD(?9H=FG;E=C<(>9?(BECG;9(/?>B2(H<[(?9A:;E=C(
;EB9(_9?9(D9;9?BEC9D(=C@FEC9[(
)98=?9( ]9ECI( A>>FE9D( EC( ;K9( DE<<=FG;E=C( >?=:9<<( ;K9(
:9FFGF=<9(_A<(DE<EC;9I?A;9D(]R(B9AC<(=8(AC(fF;?A@,G?-
?AM(<K9A?ECI(;==F(G<ECI(_A;9?(A<(DE<>9?<ECI(B9DEGB[(
"M:9<<(_A;9?(_A<( <9>A?A;9D( 8?=B( ;K9( :9FFGF=<9(>GF>(
ACD(;K9(>GF>(_A<(A8;9?_A?D<(;?AC<89??9D(EC(AC(AJG9=G<(
<=FG;E=C(=8(;K9(E=CE:(FEJGED[(,K9(?A;E=(]9;_99C(_A;9?(
ACD(E=CE:(FEJGED(EC(;KE<(<G<>9C<E=C(_A<(<9F9:;9D(]R(1U1(
8=?(AD`G<;B9C;(=8(A(D9bCE;9(]A<E:E;R(ACD(A(D=<AI9(=8(
<;A]EFEa9?<[( ,K9( =];AEC9D( >9?<E<;9C;( >GF>( <G<>9C<E=C(
_A<(>=G?9D(EC;=(;K9(YC9ADECI(:KAB]9?[(

,K9(9M:9<<(_A;9?(_A<(?9B=H9D(A;(;9B>9?A;G?9<(]9;-
_99C(-.(ACD(10.c*P(A;(?9DG:9D(>?9<<G?9(D=_C(;=(i(
B]A?(ACD(<K9A?ECI(?A;9<(]9;_99C(i(ACD(i.(?>B[(,K9(
<;A?;ECI( DE<<=FG;E=C( >?=:9<<( ]9:=B9<( HE<E]F9( EC( A(
<;?=CI(EC:?9A<ECI(=8( ;K9( ;=?JG9(B=B9C;[(,K9(?9<GF-
;ECI(HE<:=G<(I9F(_A<(K=B=I9CE<9D(_E;KEC(A(<=@:AFF9D(
oA8;9?@DE<<=FG;E=Cp(;EB9(=8(=C9(K=G?(A;(10.c*P(A(:=C-
<;AC;(;=?JG9(?A;9(=8(A]=G;(1.(?>B(ACD(:=C<;AC;FR(?9-
DG:9D(>?9<<G?9[(

SPINNING TRIALS
g>ECCECI(;?EAF<(_9?9(:A??E9D(=G;(]R(D?R@_9;(<>ECCECI(
9M>9?EB9C;<(8=?(>?9>A?A;E=C(=8(<;A>F9(b]?9<(=8(A]=G;(
1[3(D;9M(bC9C9<<(G<ECI(A( FA]=?A;=?R(<>ECCECI(9JGE>-

B9C;P(_KE:K(E<(D9<:?E]9D(EC(8=?B9?(>G]FE:A;E=C[d-e 
g>ECCECI(C=aaF9<P(:=C;AECECI(W.(:A>EFFA?E9<(_E;K(K=F9<(
DEAB9;9?<(=8(1..(qB(_9?9(G<9D(8=?(AFF(<>ECCECI(9M>9-
?EB9C;<[(,K9(<>ECCECI(;9B>9?A;G?9<(_9?9(<9F9:;9D(EC(
9A:K(:A<9( A::=?DECI( ;=( ;K9( ?K9=F=IE:AF(>?=>9?;E9<(=8(
;K9(G<9D(:9FFGF=<9(<=FG;E=C[(

Methods

CELLULOSE CHARACTERISATION
,K9(G<9D(>GF>(ACD(?9I9C9?A;9D(:9FFGF=<9(<AB>F9<(8?=B(
;K9(DE<<=FG;E=C(ACD(<>ECCECI(;9<;<(_9?9(:KA?A:;9?E<9D(
]R(:A>EFFA?R(HE<:=<E;R(8=?(;K9(D9;9?BECA;E=C(=8(;K9(AH9-
?AI9(D9I?99(=8(>=FRB9?E<A;E=C(/\h

*G=MAB
2(ACD(]R(<Ea9(

9M:FG<E=C(:K?=BA;=I?A>KR(/g"*2(8=?(;K9(ECH9<;EIA;E-
=C(=8(;K9(B=F9:GFA?(BA<<(DE<;?E]G;E=C[(
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,K9(\h
*G=MAB

(_A<(D9;9?BEC9D(]R(;K9(:G=MAB(B9;K=D(
G<ECI(AC(EC;9?CAF( EC<;E;G;9(<;ACDA?D[(O=?(;KE<(>G?>=<9(
;K9(EC;?EC<E:(HE<:=<E;R(EC(:G=MAB(dre

*G=MAB
(/BFlI2(_A<(

D9;9:;9D(]R(B9AC<(=8(AC(AG;=BA;E:(:A>EFFA?R(HE<:=B9-
;9?(B9A<G?9B9C;( /g*+k,,(Ssg(W4.2[(,K9(\h

*G=MAB
 

_A<(:AF:GFA;9D(A::=?DECI(;=(;K9(9JGA;E=C(/12[(

DP
*G=MAB

t0(u(dre
*G=MAB

  

g"*@j"Sgf'"j"#,g(
Sample preparation:( 0( I( =8( A( :9FFGF=<9( <AB>F9(_9?9(
<_=FF9C( EC(_A;9?[(,K9(_A;9?(_A<( >?9<<9D( G>( ACD( 9M-
:KACI9D(;K?99(;EB9<P(1i(BEC(A;(6.c*(EC(AC(GF;?A<=CE:(
]A;K(AIAEC<;(DEB9;KRFA:9;ABED9(/\jS:P(i.(BF2[(,K9C(
;K9(<AB>F9<(_9?9(9JGEFE]?A;9D(A;(7c*( 8=?(A]=G;(14(K[(
.[.0(@(.[.7i(I(/D?R(:=C;9C;2(=8(;K9(<AB>F9(_A<(_9EIK;9D(
EC(A(0.(BF(H=FGB9;?E:(^A<Y(ACD(0(BF(=8(A(<=FG;E=C(=8(6(
_;@n(!E*F(EC(DEB9;KRFA:9;ABED9(_9?9(ADD9D[(,K9(:9F-
FGF=<9(_A<(AFF=_9D(;=(DE<<=FG;9(=H9?(3(DAR<(ACD(;K9C(;K9(
^A<Y(_A<(bFF9D(G>(;=(0.(BF(_E;K(\jS:[(,K9(=];AEC9D(
:F9A?(<=FG;E=C(_A<(bF;9?9D(;K?=GIK(A(.[7i(qB(h,O"(bF-
;9?(ACD(EC`9:;9D(=C(;K9(:K?=BA;=I?A>KE:(<R<;9B[
,K9(g"*(ACAFR<E<(_A<(>9?8=?B9D(_E;K(A(;?E>F9(D9;9:-
;E=C( <Ea9( 9M:FG<E=C( :K?=BA;=I?A>KR( <R<;9B( /g"*P(
sE<:=;9YP(fgS2(:=C<E<;ECI(=8(AC(=CFEC9(;_=(:KACC9F(
D9IA<<9?P(A(KEIK(>?9<<G?9(>GB>P(AC(AG;=(<AB>F9?(/AFF(
>A?;<( EC;9I?A;9D( EC( ;K9(&h*BAMP(sE<:=;9YP(fgS2P( A(
.[i(BB(<;AECF9<<(<;99F(EC@FEC9(bF;9?(_E;K(A(h,O"(B9B-

]?AC9P(;K?99(<9?EAF(:=CC9:;9D(h!&9F(BEM9D(S(/0.qB2(
:=FGBC<(ACD(>?9@:=FGBC(8?=B(SIEF9C;( ;9:KC=F=IE9<P(
fgSP( A( ;9B>9?A;G?9( :=C;?=FF9D( ;?E>F9( D9;9:;=?( A??AR(
/,\SBAM(W.iP(sE<:=;9YP(fgS2(_E;K(A(DE889?9C;EAF(?9-
8?A:;=B9;9?( A;( t( 44.( CB( /'%\( Wi6.2P( A( ?EIK;( ACIF9(
/-.c2(FEIK;(<:A;;9?ECI(D9;9:;=?(/'S!g2(ACD(A(F=_(ACIF9(
/3c2(FEIK;(<:A;;9?ECI(D9;9:;=?(/!S!g2(_E;K(A(<9BE:=C-

DG:;=?(FA<9?(DE=D9(A;(vt(43.(CB(ACD(A(8=G?(:A>EFFA?RP(
DE889?9C;EAF(wK9A;<;=C9(]?EDI9(HE<:=B9;9?[(,K9(g"*(
:=CDE;E=C<( _9?9( A<( 8=FF=_<U( A( >=FR<;R?9C9( <;ACDA?D(
/jw( t( --0.-( IlB=FP(j_ljC( t( 1[.1P( dre( t( .[733(
DFlIP(h=FR:AF(g;ACDA?D<,j(8=?(,?E>F9(*AFE]?A;E=CP(sE<-
:=;9Y2(EC(\jS:(_E;K(.[6(_;@n(!E*F(A;(A(^=_(?A;9(=8(
.[3(BFlBEC(ACD(6.c*(_A<(G<9D(;=(C=?BAFEa9(FEIK;(<:A;-
;9?ECI(D9;9:;=?(ACD(A(DClD:(=8(.[1761(_A<(G<9D(8=?(;K9(
j_(:AF:GFA;E=C[(\A;A(A:JGE<E;E=C(ACD(>?=:9<<ECI(_9?9(
:A??E9D( =G;( ]R( G<9( =8( kBCEg"*( 7[1( <=8;_A?9( /sE<-
:=;9Y(*=?>=?A;E=C2[(

1(>9?<=CAF(?9>=?;(8?=B(jAFH9?C(%C<;?GB9C;<(&B]+

S#S!x,%*S!(*+S'S*,"'%gS,%k#(
kO(*"!!f!kg"(gk!f,%k#g(
SC(=>;E:AF(:KA?A:;9?E<A;E=C(=8(:9FFGF=<9(<=FG;E=C<(_A<(
:A??E9D( =G;( ]R( B9AC<( =8( >=FA?E<A;E=C( BE:?=<:=>R(
/$"%gg( SME=FA]2[( ,K9( ?K9=F=IE:AF( B9A<G?9B9C;<(

_9?9(?9AFE<9D(A<(D9<:?E]9D(]9F=_[(,K9(D9;9?BECA;E=C(
=8(;K9(<=FED<(:=C;9C;<(=8(;K9(<=FG;E=C<(_A<(>9?8=?B9D(
]R( B9AC<( =8( _9EIKECI( >?9:E>E;A;9D( bFB<P( A8;9?( 9M-

KAG<;EH9(<=FH9C;(9M;?A:;E=C(ACD(D?RECI[(

RHEOLOGICAL CHARACTERISATION 
,K9(?K9=F=IE:AF(:KA?A:;9?E<A;E=C(=8(:9FFGF=<9(<=FG;E=C<(
_A<( >9?8=?B9D( G<ECI( A( ?K9=B9;9?( +SSN"(jS'g(
_E;K(:=C9(l(>FA;9(B9A<G?ECI(<R<;9B(/7c(ACIF9(I9=B9;-
?R2(ACD(9F9:;?E:AFFR(K9A;9D(:=C9(y(>FA;9(GCE;(_E;K(A:;E-
H9(:=C9(K9A;9?[(
$9?=(<K9A?(HE<:=<E;E9<(_9?9(:AF:GFA;9D(8?=B(:?99>(A;;-
9B>;<(EC(;K9(?=;A;E=C(B=D9(A;(<K9A?(<;?9<<(=8(-.(hA[(
,K9( D9;9?BEC9D( :9FFGF=<9( <=FG;E=C<( <K=_9D( <EICEb-

:AC;(HE<:=9FA<;E:(]9KAHE=G?[(S(:KA?A:;9?E<A;E=C(=8(;K9(
HE<:=9FA<;E:(>?=>9?;E9<(_A<(?9AFE<9D(EC(;K9(=<:EFFA;E=C(
B=D9[(k<:EFFA;E=C(;9<;<(_9?9(:A??E9D(=G;(A<(8?9JG9C:R(
<_99><(/.[.74(5(17[3(+aP(D98=?BA;E=CU(.[.32(A;(DE889-
?9C;(;9B>9?A;G?9<[(,K9(w!O@;?AC<8=?BA;E=C(_A<(G<9D(
8=?(:AF:GFA;E=C(=8(BA<;9?(:G?H9<(ACD(?9FAMA;E=C(<>9:;-
?A[(,KE<(B9;K=D( >9?BE;<( AC( EC;9?>=FA;E=C( =8( ;K9( 8?9-
JG9C:R(l(ACIGFA?(?A;9(?ACI9(=H9?(<9H9?AF(D9:AD9<(ACD(
E<(AC(9HAFGA;9D(B9;K=D(8=?(;K9(D9;9?BECA;E=C(=8(HE<:=-
9FA<;E:(>?=>9?;E9<(=8(>=FRB9?(<=FG;E=C<[(\9;AEF<(=8(;K9(
?K9=F=IE:AF(D=>9(:KA?A:;9?E<A;E=C(KAD(]99C(D9<:?E]9D(
EC(8=?B9?(>G]FE:A;E=C<[(d07@03e

O%)'"(*+S'S*,"'%gS,%k#
,K9(;9M;EF9@>KR<E:AF(b]?9(>A?AB9;9?<(_9?9(D9;9?BEC9D(
A::=?DECI(;=(;K9(8=FF=_ECI(B9;K=D<U(
!( bC9C9<<(A::=?DECI(;=(\%#("#(%gk(1-3WP(
!( ;9C<EF9(<;?9CI;K(ACD(9F=CIA;E=C(A::=?DECI(;=((
( \%#("#(%gk(i.3-(ACD(
!( F==>(;9CA:E;R(A::=?DECI(;=(\%#(iW67WP(>A?;(0[

Results and Discussion

g=FG;E=C(<;A;9<(=8(:9FFGF=<9(EC(E=CE:(FEJGED<(A<(_9FF(A<(
;K9( :9FFGF=<9( b]?9<( >?=>9?;E9<( =];AEC9D( ]R( D?R@_9;(
<KA>ECI(=8(;K9<9(<=FG;E=C<(A?9(A889:;9D(]R(DE889?9C;(>A-
?AB9;9?<[(g=B9(9889:;<(=8( ;K9(G<9D(E=CE:( FEJGED<(ACD(
>GF><(A?9(AF?9ADR(?9:=C<ED9?9D(EC(8=?B9?(>G]FE:A;E=C<(
d-P(06e[(+9?9(_9(_=GFD(FEY9(;=(DE<:G<<(DE889?9C;(9889:;<(
=8( >?9@;?9A;B9C;( :=CDE;E=C<( A;( <=FG;E=C( >?9>A?A;E=CP(
<G:K(A<(>GF>(>?9>A?A;E=CP(>GF>(<G<>9C<E=C(]A<E:E;R(ACD(
;K9(EC^G9C:9(=8(<;A]EFEa9?<[(

\%ggk!f,%k#(S#\(g+Sh%#&(kO(
CELLULOSE USING THE IONIC 
!%zf%\()j%j*!
%BEDAa=FEGB(]A<9D(E=CE:(FEJGED<(_E;K(:KF=?ED9(ACE=C<(
A?9(<=B9(=8(;K9(B=<;(EC;9C<EH9FR(ECH9<;EIA;9D(<=FH9C;<(
8=?(:9FFGF=<9[(,K9(BA`=?E;R(=8(;K9(>G]FE<K9D(_=?Y<(D9-
<:?E]9( ;K9( DE<<=FG;E=C( =8( :9FFGF=<9( EC( <G:K( <=FH9C;<(
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G<ECI(_9FF(D?E9D(:9FFGF=<9(ACD( E=CE:( FEJGED<( dWP(ie(S(
D9I?ADA;E=C(=8(;K9(:9FFGF=<9(BA;9?EAF(_A<(=8;9C(9<;A]-

FE<K9D( EC( ;K9<9(:A<9<[d1.e()G;(A( <EICEb:AC;(:9FFGF=<9(
D9I?ADA;E=CP(>A?;E:GFA?FR(_E;K(EBEDAa=FEGB(]A<9D(E=-

CE:( FEJGED<(_E;K(:KF=?ED9(ACE=C<P(:AC(]9(AH=ED(G<ECI(
:9?;AEC(>?=:9<<ECI(>A?AB9;9?<[d-P(W.e
kC9(G<98GF(=>>=?;GCE;R(8=?(;K9(:9FFGF=<9(<=FG;E=C<(>?9-
>A?A;E=C(EC(E=CE:(FEJGED<(A;(;9:KCE:AF(?9F9HAC;(:=C:9C;-
?A;E=C<(E<(;K9(8=FF=_ECI(>?=:9DG?9U(A(DE<EC;9I?A;E=C(=8(
;K9(>GF>(<K99;<(EC(AC(<;?=CI(<;E??9D(AJG9=G<(DE<>9?<E=CP(
8=FF=_9D( ]R( <G<>9CDECI( ;K9(_9;( >GF>( EC( AC( AJG9=G<(
<=FG;E=C(=8(;K9(G<9D(E=CE:(FEJGED(ACD(<G]<9JG9C;FR(;K9(
DE<<=FG;E=C(<;9>(]R(?9B=HECI(;K9(9M:9<<(_A;9?P(K9?9EC-
A8;9?(?989??9D(;=(A<(o_9;(DE<<=FG;E=C(>?=:9<<p[(,KE<(A>-
>?=A:K( _A<( G<9D( ;=( ECH9<;EIA;9( ;K9( EC^G9C:9( =8( ;K9(
]A<E:E;R(=8(;K9(<;A?;ECI(<G<>9C<E=C(ACD(=8(>?=>RF(IAFFA-
;9(/h&2(A<(<;A]EFEa9?(EC(<=FG;E=C(<;A;9(ACD(=C(b]?9(>?=-
>9?;E9<(_K9C()j%j*F(_A<(G<9D(A<(DE<<=FG;E=C(B9DE-
GB[(,K9(>?9>A?A;E=C(=8(:9FFGF=<9(<=FG;E=C<(G<ECI(A(oD?R(
DE<<=FG;E=C(>?=:9<<p(_A<(AF<=(;9<;9D(8=?(:=B>A?E<=C[(
,A]F9(1(:=C;AEC<(<=B9(ACAFR;E:AF(DA;A(=8(;K9(>?9>A?9D(
:9FFGF=<9( <=FG;E=C<( G<ECI( 9G:AFR>;G<( >GF>( g@i13( 
(DP

*G=MAB
U( i132[(,K9( <=FED<( :=C;9C;<( =8( ;K9( <=FG;E=C<(

A?9( FE<;9D( EC(:=FGBC(1(/:
:9FFGF=<9

2[(,K9(AD`G<;B9C;(=8(A(
D9bCE;9( ]A<E:E;R( KAD( ]99C( ?9AFEa9D( ]R( ADDE;E=C( =8(
AJG9=G<(<=DEGB(KRD?=MED9(;=(;K9(>GF>(<G<>9C<E=C(EC(
AJG9=G<()j%j*F(/_A;9?(U()j%j*F(t(1U1P(_l_2[(,KE<(
]A<E:E;R(AD`G<;B9C;(_A<(:A??E9D(=G;(]R(B9A<G?ECI(=8(
;K9(>+@HAFG9(/1.[iP(-[i(ACD(6[.2P(YC=_ECI(8GFF(_9FFP(
;KA;(;K9(D9bCE;E=C(=8(>+(E<(?9<;?E:;9D(;=(DEFG;9D(AJG9-
=G<(<=FG;E=C<P(=CFR[(S<(<;A]EFEa9?(h&(_A<(G<9D(A;(AC(

AB=GC;(=8(.[i(_;@nP(?989??ECI(;=(:9FFGF=<9[(S(:KA?A:;9-
?E<A;E=C(=8(;K9(=];AEC9D(:9FFGF=<9(D=>9<(_A<(>9?8=?B9D(
DE?9:;FR(A8;9?(;K9(<=FG;E=C(>?9>A?A;E=C(ACD(A8;9?(AC(ADDE-
;E=CAF(<;9>(BAEC;AECECI(;K9(;9B>9?A;G?9(DG?ECI(0.(K=G?<(
A;(6.c*P(?9<>9:;EH9FR[(gG:K(A( ;9B>9?ECI(<;9>(>?9:9D9<(
;K9(G<9D(FA]=?A;=?R(<>ECCECI(>?=:9<<P(E[9[(;K9(;9B>9?9D(
<AB>F9<( A?9( :F=<9?( ;=( ;K9( <>ECCECI( <AB>F9<[( ,K9( FA<;(
;K?99(?EIK;(:=FGBC<(:=C;AEC(;K9(\h

*G=MAB
(=8(?9>?9:E>E;A-

;9D( :9FFGF=<9( DE?9:;FR( A8;9?( ;K9( <=FG;E=C( >?9>A?A;E=C(
(DP

S
2P(=8(;K9(;9B>9?9D(<AB>F9<(=?(=8(;K9(b]?9<(/\h

O
2(

ACD(;K9(>9?:9C;AI9(=8(\h@D9I?ADA;E=C(=8(\h
O
(:=B>A-
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Figure 1. !"#$%&'"#()$*&+,$"-.(&/*01&"23-*4&'%03$"5*1&

0"-.(4&6789%,:*#(";*<&%=&3&1$>&1"55%0;*1&532'0*&+66?@&A(9B&

C9D6E&"F&G!H!I0<&A"(.&311"("%F&%=&7?DB&JK4&L?D.&

1"55%0)("%F&("2*&3(&677MI?

Figure 3. Molecular mass distributions from SEC-measu-

$*2*F(5&%=&')0'&C9D6E&3F1&'$*'3$*1&/,$*5&)5"F-&(.*&5%0;*F(&

BMIMCl.

Figure 2. Weighted relaxation time spectra of cellulose 

solutions in BMIMCl. 

A

B

Table 2. N*5)0(5&=$%2&COI92*35)$*2*F(5&%=&')0'&C9D6E&3F1&'$*'3$*1&/,$*5&)5"F-&(.*&5%0;*F(&G!H!I0?&
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Table 3. PF30>("#30&13(3&%=&#*00)0%5*&5%0)("%F5&"F&O!H!P#&+')0'&C9D6E<?

Figure 4. Q*8("0*9'.>5"#30&'$%'*$("*5&%=&#*00)0%5*&/,$*5&

from BMIMCl.
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Figure 5. Viscosity curves resulting from master curves 
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Figure 6. Weighted relaxation time spectra, calculated 
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1-hO(;G7>=8I>(7>?(F?;I?D7E(=F(7>?(EC9?(KF=98B7E(@=FH?9(
98FCDI(7>?(?E7?FCAB;7C=D(/?\I\O(pW7=G8?D?E8G@=DCB(;BC92(
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VQ6P(F?;B7E(bC7>(7>?(;BC9(B>G=FC9?(CD(;(cCD9(=@(N8H-
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;Bo8CF?9(bC7>(;()F8c?F(eme#*"(04.(EK?B7F=H?7?FO(CD(
*V*G

Z
( /3.( HIdHG2( ;7( F==H( 7?HK?F;78F?\( ,>?( EB;D(

D8H<?F(b;E(1.0Y\
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E?K;F;7C=D(b;E(B;FFC?9(=87(8ECDI(N66(6Vm(GCD(Q(
/N=G:H?F( 67;D9;F9E( 6?FLCB?O( Q;CD_2( B=G8HDE( 
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Dissolution of cellulose in dimethyl sulfoxide 
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Dissolution of cellulose in N,N-dimethylacetamide 
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Acylation of cellulose with carboxylic acid anhydride 
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Acetylation of cellulose with carboxylic acid 
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CE=G;7?9(<:(KF?BCKC7;7C=D(bC7>(0..(H!(?7>;D=G\(,>?(E=-
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Peracylation of cellulose ester, typical example
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98B7(b;E(CE=G;7?9(;D9(b;E>?9(7>F??(7CH?E(bC7>(1..(
H!(?7>;D=G(;D9(@CD;GG:(9FC?9(=L?F(kP+(CD(L;B88H(
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Percarbanilation of cellulose
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Results and discussion
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Figure 1. Reaction scheme for the cellulose acylation in 
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( V5;;FI5b75I(?8BC68CB5

!( I58M@;5I(?8BC68CB5(M7M;K?@?
!( 5:M;CM8@<7(<E(=B<=5B8@5?X

,G@?(@7E<B>M8@<7(@?(:5BK(C?5EC;(@7(=MB8@6C;MB(E<B(C7I5B-
?8M7I@7D(8G5(M68@<7(<E(65;;C;<?5(58G5B?(@7(M`C5<C?(>@Q-
8CB5?X(,GC?N( 5QM68( W7<V;5ID5( <E( ?C6G( ?8BC68CB5F=B<-

=5B8KFB5;M8@<7?G@=?( @?( M7( @>=<B8M78( =B5B5`C@?@85( 8<(
@>=B<:5(8G5(=5BE<B>M765(<E(65;;C;<?5FSM?5I(=B<IC68?X
#C>5B<C?(V<BW(GM?(S557(I<75(B5DMBI@7D(8G5(?K78G5-
?@?( M7I( 6GMBM685B@]M8@<7( <E( 0N3FI@F!FEC768@<7M;@]5I(
65;;C;<?5(58G5B?(M7I(6<>=<C7I?(I5B@:5I(8G5B5<EXc1FUd
*5;;C;<?5(I5B@:M8@:5?(EC768@<7M;@]5I(M8(=<?@8@<7(3(<7;K(
MB5(<E(=MB8@6C;MB;K(@785B5?8(M?(8G5(O+(DB<C=(<E(8G5(;<-

V5?8( B5M68@:@8K( @?( EC768@<7M;@]5I( V@8G( 5Q8BM<BI@7MBK(
G@DG(?5;568@:@8KX

,G5(?8BC68CB5(<E(65;;C;<?5(@?(?8B<7D;K(6<775685I(V@8G(M(
758V<BW(<E(GKIB<D57(S<7I?X('5D@<?5;568@:5( EC768@<-

7M;@]M8@<7(6M7(S5(C?5I(8<(S;<6W(GKIB<D57(S<7I?(@7(M(
?5;568@:5(VMK(V@8G<C8(I@?8CBS@7D(8G5(?8BC68CB5(<E(65;-
;C;<?5(B5>MBWMS;KX(a7(5QM>=;5(@?(8G5(>58GK;M8@<7(<E(
=<?@8@<7(3X(,GC?N(8G5(GKIB<D57(S<7I(EB<>(=<?@8@<7(3(
8<( 8G5( B@7D( <QKD57( <E( 8G5( MI_M6578(a&JN( VG@6G( @?(
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W7<V7(8<(@7eC5765(8G5(><;56C;MB(?8@EE75??(<E(8G5(=<-

;K>5BN(6M7(S5(?5;568@:5;K(?V@86G5I(<EEXcfd
,G@?( =M=5B( B5:@5V?( 8G5( ?K78G5?@?( =M8GVMK?( <E( 3F!-

EC768@<7M;@]5I( 65;;C;<?5( 58G5B?( MI5`CM85;K( 6<7?@I5-
B@7D( <V7( B5?5MB6G( B5?C;8?X( %7E<B>M8@<7( <7( ?8BC68CB5(
M7M;K?@?( M7I( ?8BC68CB5F=B<=5B8KFB5;M8@<7?G@=?(V@;;( S5(
D@:57X(P<B5<:5BN( ECB8G5B(><I@b6M8@<7?(<E(3F!FEC76-
8@<7M;@]5I(65;;C;<?5(58G5B?(V@;;(S5(I5?6B@S5I(M?(V5;;X

Precursors for 3-O-alkyl celluloses

,G5(EC768@<7M;@]M8@<7(<E(=<?@8@<7(3(<E( 8G5(a&J(V@8-
G<C8( MEE568@<7( <E( 8G5( <8G5B( O+( DB<C=?( B5`C@B5?( 8G5(
85>=<BMBK(=B<8568@<7(<E(=<?@8@<7(0(M7I([X(%7(8G@?(6M?5N(
8K=@6M;(I5>M7I?(E<B(=B<8568@7D(DB<C=?(MB5Y
!( G@DG(?5;568@:@8K(<E(@78B<IC68@<7
!( ?8MS@;@8K(ICB@7D(?CS?5`C578(EC768@<7M;@]M8@<7
!( 5M?K(?5;568@:5(I5=B<8568@<7(V@8G(;<V(MEE568@<7(<E((
( 8G5(=<;K>5B(/I5DBMIM8@<72X

A@;@6<7FSM?5I( =B<8568@7D( DB<C=?( >558( 8G5?5( B5`C@B5-
>578?(:5BK(V5;;X(a==B<=B@M85( B5MD578?( MB5( 8G5( 6<BB5?-
=<7I@7D(6G;<B<?@;M75?X(,B@M;WK;6G;<B<?@;M75?N(5XDX(8B@>5-
8GK;6G;<B<?@;M75N( MB5( W7<V7( 8<( B5M68( B5MI@;K( V@8G(
65;;C;<?5Xc[F-d(+<V5:5BN(8G5K(I<(7<8(B5M68(V@8G(I5?@B5I(
GKIB<QK;(DB<C=?(M7I(>MK(D@:5(EC;;K(EC768@<7M;@]5I(?@;K;(
M;WK;( 58G5B?X( %7( <BI5B( 8<( 8CB7( 8G5>( @78<( ?5;568@:5( B5-
MD578?N( @8( @?( 7565??MBK( 8<( B5=;M65( M8( ;5M?8( <75(nFM;WK;(
DB<C=(SK(M(SC;WK(SBM76G5I(M;WK;(><@58KN(5XDXN(SK(85B8XF

SC8K;F( M7I( 85B8XFG5QK;( B5?@IC5?X( ,5B8XFG5QK;I@>58GK;-
6G;<B<?@;M75(/,9PA*;2(M7I(85B8XFSC8K;I@>58GK;6G;<B<-
?@;M75( /,)9PA*;2( MB5( :M;CMS;5( B5MD578?( E<B( 8G5(
?5;568@:5(=B<8568@<7(<E(O+(DB<C=?(@7(65;;C;<?5X(,G5(C?5(
<E(,9PA*;(VM?(I5?6B@S5I(@7(><?8(<E(8G5(?8CI@5?X(,G5(
MI:M78MD5(<E(,9PA*;(@?(8GM8(@8?(B5D@<?5;568@:@8K(6M7(S5(
6<78B<;;5I(SK(8G5(B5M68@<7(6<7I@8@<7?(/H@DCB5(02N(@X5XN(8V<(
I@EE5B578;K(=B<85685I(65;;C;<?5(I5B@:M8@:5?(6M7(S5(=B5=M-
B5I(C?@7D(8G@?(B5MD578(M==;K@7D(M(G585B<D575<C?(M7I(M(
G<><D575<C?(=M8GN(8GM8(@?(M(=56C;@MB@8K(<E(=<;K>5B(M7M-
;<D<C?(B5M68@<7?(V@8G(65;;C;<?5X
,G5(6<7:5B?@<7(<E(65;;C;<?5(M68@:M85I(V@8G(;@`C@I(M>-

><7@M( M7I(NF>58GK;=KBB<;@I<75(V@8G(,9PA*;( ;5MI?(
8<(M([F><7<F!F,9PA(65;;C;<?5Xc1.N11d(,G5(?5;568@:@8K(
8<VMBI?(=<?@8@<7([(@?(?C=5B@<B(6<>=MB5I(V@8G(8G5(E<B-

Figure 1. Functionalization pattern of cellulose derivatives at the structural level of both anhydroglucose unit and polymer chain.

Figure 2. Selectivity of thexyldimethylsilylation of cellulose 

in dependence on the reaction medium.
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>M8@<7(<E([FOF8B@=G57K;>58GK;(58G5B?(<E(65;;C;<?5Xc10d(
O7( 8G5( 6<78BMBKN( 8B5M8>578( <E( 65;;C;<?5( I@??<;:5I( @7(
N,NFI@>58GK;( M658M>@I5( /9Pa2g!@*;( V@8G( ,9PA*;(
M7I(=KB@I@75(M?(SM?5(MEE<BI?(,9PA(65;;C;<?5N(VG@6G(@?(
?@;K;M85I(7<8(<7;K(M8(=<?@8@<7([(SC8(M;?<(M8(=<?@8@<7(0Xc11d

a(EC;;K(0N[FI@F!F?@;K;M85I(,9PA(65;;C;<?5(/I5DB55(<E(
?CS?8@8C8@<7N(9A(02(VM?(M665??@S;5(SK(6<7:5B?@<7(<E(
8G5( I@??<;:5I( 65;;C;<?5( V@8G( ,9PA*;( /><;MB( BM8@<(
a&JY,9PA*;( 1YU2( @7( 8G5( =B5?5765( <E( 8G5( 5Eb6@578(
SM?5(@>@IM]<;5(E<B(0U(G(M8(1..h*Xc13d
P@6B<6BK?8M;;@75(65;;C;<?5(@?(C?5I(M?(?8MB@7D(>M85B@M;(
@7(>M7K(?8CI@5?(IC5(8<(8G5@B(5M?K(GM7I;@7DX(+<V5:5BN(
8G5(I5DB55(<E(=<;K>5B@]M8@<7( @?( ;<V(M7IN(G5765N( 8G5(
=B<IC68?(=B5=MB5I(EB<>(8G@?(?8MB8@7D(>M85B@M;(MB5(GMBI(
8<(6<>=MB5(V@8G(6<>>5B6@M;;K(M:M@;MS;5(I5B@:M8@:5?X(
H577(58(M;X(@7:5?8@DM85I(8G5(0N[FI@F!F?@;K;M8@<7(<E(6<8-
8<7( ;@785B?( V@8G( I5DB55( <E( =<;K>5B@]M8@<7( 1U33( @7(
9Pag!@*;(?<;C8@<7Xc1Ud(%7(<BI5B(8<(57?CB5(8G5(E<B>M-
8@<7(<E(<=8@6M;;K(6;5MB(65;;C;<?5(?<;C8@<7?N( 8G5(6<88<7(
;@785B?( VM?(>5B65B@]5I( =B@<B( 8<( 8G5( I@??<;C8@<7( =B<-

65??X(%8(VM?(E<C7I(8GM8(8G5(>MQ@>C>(9A(VM?(B5M6G5I(
M;B5MIK( ME85B( U( G( B5M68@<7( 8@>5( /H@DCB5( 3N( 8<=2X(,G5(
><;MB( BM8@<(<E(a&JY,9PA*;(>MK(S5( B5IC65I( EB<>(
1YU(8<(1Y3(=B<:@I5I(8G5(B5M68@<7(@?(6<7IC685I(E<B(0U(G(
/H@DCB5(3N(S<88<>2X(#P'(@7:5?8@DM8@<7?(<E(8G5(=<;K-

>5B(ME85B(>58GK;M8@<7(<E(=<?@8@<7(3N(I5?@;K;M8@<7(M7I(
M658K;M8@<7( B5:5M;5I( 8G5( ?8BC68CBM;( C7@E<B>@8K( <E( 8G5(
0N[FI@F!F,9PA(65;;C;<?5X
 

a;8G<CDG(8G5(E<B>M8@<7(<E(,)9PA(65;;C;<?5(V@8G(9A(
.XT(VM?(I5?6B@S5I(SK(RMV;<V?W@(58(M;X(@7(1-\Tc1fdN(8G@?(
I5B@:M8@:5(I@I(7<8(B565@:5(>C6G(M88578@<7(@7(B5D@<?5;56-
8@:5(65;;C;<?5(6G5>@?8BK(ICB@7D(8G5(=M?8(K5MB?X(i;5>>(58(
M;X(B5=<B85I(8G5(?K78G5?@?(<E(,)9PA(65;;C;<?5(V@8G(9A(
.X-TXc\d(%7(S<8G(6M?5?N(?5;568@:5(?@;K;M8@<7(<E(=<?@8@<7([(
VM?( I5?6B@S5IX( +5@7]5( 58( M;X( @7:5?8@DM85I( 8G5( ,)9P( 
?@;K;M8@<7(<E(65;;C;<?5(C=(8<(9A(0Xc1[d(%7(6<78BM?8(8<(8G5(
,9PA(65;;C;<?5N(8G<?5(?K78G5?@?(B5`C@B5?(M(85>=5BM8CB5(
<E(1..h*N(M(B5M68@<7(M;B5MIK(M8(B<<>(85>=5BM8CB5(K@5;I?(
0N[FI@F!F,)9PA(65;;C;<?5(V@8G(9A(0X(958M@;5I(#P'(
@7:5?8@DM8@<7?(ME85B(>58GK;M8@<7N(I5?@;K;M8@<7N(M7I(M65-
8K;M8@<7(B5:5M;5I(8G5(?8BC68CBM;(C7@E<B>@8K(<E(8G@?(=<;K-
>5B(/H@DCB5(U2X(P<B5<:5BN(M(6<7:5B?@<7(M8(M(85>=5BM8CB5(
<E(1..h*(VM?( E<C7I( 8<(S5( @7M==B<=B@M85(S56MC?5( ?@I5(
B5M68@<7?(<66CBN(@X5XN(M(6GM7D5(@7(?5;568@:@8Kj([F><7<F!-

,)9PAFN(3N[FI@F!F,)9PAF(M7I(0N3N[F8B@F!F,)9PA(
><@58@5?(V5B5(I585685IX
 

3-O-Ethers of cellulose

,G5(=B5=MBM8@<7(<E(3F><7<F!FEC768@<7M;@]5I(65;;C;<-

?5(58G5B?(E<;;<V?(8G5(D575BM;(?6G5>5(<E(0N[FI@F!F=B<-

8568@<7N( 3F!FM;WK;M8@<7N( M7I( 0N[FI@F!FI5=B<8568@<7X(

Figure 4. "#$"#%&!'(%)*+,-./0123,45,1/216%7819:;<=/1>9:-

-<:9:,?@AB*'C,0/::8:4-/-,-9D1>/-<E/;,31,244=,1/=./23182/,

?14.F,;/G2//,45,-87-1<181<4D,45,@AB*',G248.-F,B'
TBDMS

 

"6HIC,3D;,"JJK&,?74114=F,B'
TBDMS

,L6""C,351/2,=/1>9:31<4DF,

;/-<:9:31<4DF,3D;,30/19:31<4D6,?3;3.1/;,524=,M"NOC6

Figure 3. B/G2//,45,-87-1<181<4D,?B'C,4713<D/;,79,1>/,

conversion of cellulose dissolved in N,N-dimethyl acetami-

;/$P<&:,Q<1>,1>/R9:;<=/1>9:0>:424-<:3D/,?@B*'&:C,<D,1>/,

presence of imidazole. Dependency of the DS from the 

2/301<4D,1<=/,?14.F,=4:32,231<4,3D>9;24G:804-/,8D<1F,

STUV@B*'&:V<=<;3E4:/,"VWVW6XC,3D;,524=,1>/,=4:32,231<4,

STUV@B*'&:,31,W,3D;,LW,>,2/301<4D,1<=/,?74114=F,

3;3.1/;,524=,M"WOC6
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a;WK;M8@7D(MD578?(MB5(C?CM;;K(M;WK;(@<I@I5?N(VG@;5(M;-
WK;(SB<>@I5?N(F6G;<B@I5?N(M7I(?C;E<7@6(M6@I(5?85B?(MB5(
?6MB65;K( M==;@5IX( 9C5( 8<( @8?( G@DG( B5M68@:@8KN( ?<I@C>(
GKIB@I5(@?(C?5I(M?(SM?5(C7I5B(M7GKIB<C?(6<7I@8@<7?X(
A<I@C>(GKIB<Q@I5N(VG@6G( @?(>C6G( 5M?@5B( 8<( GM7I;5N(
6M7(7<8(S5(C?5IX(a7GKIB<C?(6<7I@8@<7?(MB5(GMBI;K(8<(
M6G@5:5(V@8G(8G@?(B5MD578(M7I(8BM65?(<E(VM85B(@7IC65(
=MB8@M;(I5?@;K;M8@<7(M7IN(G5765N(;<??(<E(?8BC68CBM;(C7@-
E<B>@8KX( H@7M;;KN( 8G5( ?@;K;( 58G5B?( MB5( 6;5M:5I( <EE( SK(
8B5M8>578(V@8G(858BMSC8K;M>><7@C>(eC<B@I5(8B@GKIBM-
85X(,G5(3F!FM;WK;(65;;C;<?5?(W7<V7(C=(8<(7<V(M7I(8G5(
8K=@6M;(?<;CS@;@8K(MB5(?C>>MB@]5I(@7(,MS;5(1X(
M(A8MB8@7D(>M85B@M;Y(P@6B<6BK?8M;;@75(65;;C;<?5(/P**2N(
6<88<7(;@785B?(/*!2N(?=B@65(?C;b85(=C;=(/ARR2N(I5DB55(
<E(=<;K>5B@]M8@<7(/9R2N(7<8(D@:57(/7X(DX2
S( 9@>58GK;( ?C;E<Q@I5( /9PAO2N( N,NFI@>58GK;( M658-
M>@I5(/9Pa2N(?<;CS;5(/Z2N(@7?<;CS;5(/F2
c(95DB55(<E(=<;K>5B@]M8@<7N(7<8(D@:57(/7X(DX2
,G5@B( ?8BC68CB5?(V5B5( 6<7bB>5I( SK(>5M7?( <E(#P'(
?=568B<?6<=K(/?55(H@DCB5(f(E<B(?<>5(5QM>=;5?2X(,G5(

?K78G5?@?( <E( 3F><7<F!F=B<=MBDK;( 65;;C;<?5( S5MB?(
?<>5(6GM;;57D5?Xc00d(a;8G<CDG(8G5(=B<8<7(<E(8G5(8B@=;5(
S<7I( @?( B5>MBWMS;K( M6@I@6N( 8G5B5( @?(7<(G@78(<E( 6GM@7(
5;<7DM8@<7( SK( E<B>M8@<7( <E( *F*FS<7I?N( @X5XN( =CB5(
3F><7<F!F=B<=MBDK;( 65;;C;<?5(VM?( <S8M@75IX(+<V5-
:5BN(GKIB<D57(S<7I?(MB5(=B5?578(8GM8(G@7I5B(M(I58M@;5I(
?8BC68CB5(6GMBM685B@]M8@<7(SK(>5M7?(<E(8V<FI@>57?@<-

7M;(#P'(856G7@`C5?X
 

,MS;5(1(?G<V?(8GM8(7<8(<7;K(?G<B8(6GM@7(58G5B?(V5B5(=B5-
=MB5IX(%785B5?8@7D;KN(iMI;M(58(M;X(V5B5(MS;5(8<(?K78G5?@]5(
3F!F58G5B?( S5MB@7D( ;<7DF6GM@7( >58G<QK=<;K/58GK;575(
D;K6<;2( 58G5B?( V@8G( 3F1[( 58GK;575( D;K6<;( ><@58@5?( SK( 
6<7:5B?@<7( <E( 0N[FI@F!F,9PA( 65;;C;<?5( V@8G(
>58G<QK=<;K/58GK;575(D;K6<;2(8<?K;M85?(@7(8G5(=B5?5765(
<E( @>@IM]<;5Xc0[d( a==;K@7D( >58G<QK=<;K/58GK;575(
D;K6<;2( @<I@I5(M?(M;WK;M8@7D(MD578( @7( 8G5(=B5?5765(<E(
?<I@C>(GKIB@I5(K@5;I5I(=B<IC68?(GM:@7D(M(9A(M?(G@DG(
M?(.X\Xc0fd

Table 1. Y%!%S:Z9:,0/::8:4-/-,ZD4QD,8.,14,D4Q,3D;,1>/<2,-4:87<:<196
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aRR!%*a,%O#(OH(O',+O&O#a!(
PROTECTING GROUPS
,G5(C?5(<E(=B<8568@7D(DB<C=(?8BM85D@5?(57MS;5?(8G5(=B5-
=MBM8@<7(<E(65;;C;<?5(58G5B?N(VG@6G(MB5(7<8(M665??@S;5(
SK(6<7:578@<7M;(?K78G5?@?(=B<65ICB5?X(+KIB<QKM;WK;(

65;;C;<?5?(MB5(=B5=MB5I(@7(856G7@6M;(?6M;5(SK(6<7:5B?@-
<7( <E( 65;;C;<?5(V@8G( M;WK;575( <Q@I5?X(a?(>578@<75I(
MS<:5N(<QKM;WK;575(?@I5F6GM@7?(MB5(E<B>5IX(%7(6M?5(<E(
GKIB<QK58GK;( 65;;C;<?5N( 75@8G5B( 58GK;575( <Q@I5( 7<B(
0FSB<><58GM7<;( V@;;( K@5;I( M( C7@E<B>( =B<IC68X( ,G@?(
6<C;I( S5( M:<@I5I( SK( C?@7D( <B8G<D<7M;( =B<8568@7D(
DB<C=(M==B<M6G(/H@DCB5([2Xc1\d
,GC?N( 0FSB<><58GM7<;( VM?( M;;<V5I( 8<( B5M68( V@8G(
3NUFI@GKIB<F0HF=KBM7( @7( 8G5( =B5?5765( <E( pF8<;C575-

Figure 7.,*<024%B'&,2/-8:1-,542,3[8/48-,-4:81<4D-,?W\F,

Q$QC,45,/1>9:,0/::8:4-/,Q<1>,23D;4=,58D01<4D3:<E31<4D,

.311/2D,?3C,3D;,Y%=4D4%!%/1>9:,0/::8:4-/,?7C6

Figure 8. Temperature dependent transmittance of aqueous 

Y%!%.24.9:,0/::8:4-/,-4:81<4D-,Q<1>,]329<DG,;/G2//,45,

-87-1<181<4D,45,.24.9:,G248.-,?B'
Propyl

C6ML"O With kind 

permission from Springer Science+Business Media: 

^4:9=6,A8::6,LJ"JF,B!_,"J6"JJX$-JJLIH%J"J%JYW`%YF,

&4.92<G>1,'.2<DG/2%a/2:3G,LJ"J6

Figure 9. Topographic AFM images of polystyrene latex 

.321<0:/-,?^'PF,8../2,:/51CF,^'P,0431/;,Q<1>,-131<-1<03::9,

58D01<4D3:<E/;,/1>9:,0/::8:4-/,?8../2,2<G>1CF,Y%=4D4%!%

/1>9:,0/::8:4-/,?:4Q/2,:/51CF,3D;,03274R9=/1>9:,0/::8:4-/,

?:4Q/2,2<G>1F,30042;<DG,14,MYYOC6,_=3G/,-<E/,<-,"J,b=c,"J,

b=,?+/.2<D1/;,524=,MYLOF,&4.92<G>1,?LJJICF,Q<1>,./2=<--<-

4D,524=,d:-/]</26C

Figure 5. "Y&%)*+%-./0123,45,-/:/01/;,Y%!%58D01<4D3:<E/;,

0/::8:4-/,/1>/2-,?-//,@37:/,"C6,e@><-,<-,1>/,&#
Y
 group of 

acetate because the peracetylated sample was measured 

due to solubility reasons.

Figure 6. ^2/.3231<4D,45,Y%=4D4%!%>9;24R9/1>9:,0/::8:4-/,

524=,LFN%;<%!%1>/R9:;<=/1>9:-<:9:,0/::8:4-/,]<3,421>4G4D3:,

.241/01<DG,G248.-6,?S;3.1/;,524=,M"IOC6
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?C;E<7@6(M6@I(M?(6M8M;K?8(8<(K@5;I(0F/0FSB<>58G<QK285-
8BMGKIB<=KBM7(M?(8G5(M;WK;M8@7D(MD578Xc0Td(,G5(<BI5B(
<E(I5=B<8568@<7(<E(8G5(M;WK;M85I(0N[FI@F!F,9PA(65;-
;C;<?5(VM?( E<C7I( 8<(S5(:5BK(6BC6@M;N( @X5XN( 8G5(,9PA(
DB<C=?(GM:5(8<(S5(B5><:5I(bB?8(S5E<B5(M6@I(8B5M8>578(
6;5M:5?( <EE( 8G5( 858BMGKIB<=KBM7(><@58@5?Xc1\d( OS:@-
<C?;KN( 8G5(6<>=MBMS;K(7<7F=<;MB(,9PA(DB<C=?(=B5-
:578(8G5(=B<8<7F@7IC65I(GKIB<;K?@?X
,G5(58G5B(><@58K(B5D@<?5;568@:5;K(@78B<IC65I(M8(=<?@-
8@<7(3(6M7(S5(C?5I(M?(=B<8568@7D(DB<C=(@8?5;EX(95?=@85(
8G5(?8MS@;@8K(<E( 8G5(M;WK;(58G5B?N( 8G5( B5><:M;(<E(M;;K;(
DB<C=?( @?(6<>=MBMS;K(5M?KN(5XDXN(SK( @?<>5B@]M8@<7(8<(
8G5(1F=B<=57K;(58G5B(E<;;<V5I(SK(M6@I@6(6;5M:MD5c0\d 

<B(SK(M(=M;;MI@C>F6M8M;K]5I(B5M68@<7Xc0-d(,G@?(>MW5?(
8G5( M;;K;( 58G5B( 8<( M( :M;CMS;5( =B<8568@<7( DB<C=X( P5-
8GK;M8@<7(<E(3F><7<F!FM;;K;(65;;C;<?5(M7I(?CS?5`C578(
I5M;;K;M8@<7( MEE<BI?( 8G5( 6<BB5?=<7I@7D( 0N[FI@F!-me-

8GK;( 65;;C;<?5c0-dN( VG@6G( @?( 7<8( M665??@S;5( SK( <8G5B(
=<;K>5B(M7M;<D<C?(B5M68@<7?X
 

,G@?(I5B@:M8@:5(VM?(E<C7I(8<(S5(@7?<;CS;5(@7(<BDM7@6(
>5I@M(M7I(@7(VM85BX(P<B5<:5BN(M(G@DG(6BK?8M;;@7@8K(VM?(
I585685IN( VG@6G( >@DG8( =B5:578( 8G5( =<;K>5B( EB<>(
S5@7D(I@??<;:5IX

Properties of 3-O-alkyl celluloses

AO!J)%!%,k(a#9(,+"'Pa!(
)"+al%OJ'
,G5( ?<;CS@;@8K( <E( 3F!FM;WK;( 65;;C;<?5?( ?8B<7D;K( I5-
=57I?(<7(8G5(8K=5(<E(58G5B(?CS?8@8C578X(3F><7<F!-me-

8GK;(65;;C;<?5(VM?(E<C7I(8<(S5(@7?<;CS;5( @7(6<>><7(
<BDM7@6(?<;:578?(M7I(VM85BXc13d(+<V5:5BN(?V5;;@7D(@7(
M=B<8@6( I@=<;MB( ?<;:578?( VM?( <S?5B:5IX( aII@8@<7( <E(
!@*;( MEE<BI5I(=<;K>5B( ?<;C8@<7?N(VG@6G(VM?( 5Q=;M@-
75I(V@8G(8G5(SB5MWMD5(<E(GKIB<D57(S<7I?X(H,%'(?=56-
8B<?6<=K( @7( 6<>S@7M8@<7( V@8G( M( ;@75( b88@7D( >58G<I(
5QG@S@85I( 8GM8( @7?85MI( <E( @78BM><;56C;MB( GKIB<D57(
S<7I?(S58V557(8G5(GKIB<QK;(DB<C=(<E(=<?@8@<7(3(M7I(
8G5(B@7D(<QKD57(<E(8G5(MI_M6578(a&JN(M7<8G5B(@78BM-
><;56C;MB( GKIB<D57( S<7I( S58V557( 8G5( GKIB<QK;(
DB<C=?( M8( =<?@8@<7( 0( M7I([(>MK( 5Q@?8( @7( 3F><7<F!-

>58GK;(65;;C;<?5X(,G5(?8B<7D(@785B6GM@7(S<7I?(@7I@6M-
85I(SK(8G5(MS?<B=8@<7(M8(33U.(6>F1(V5B5(M;?<(E<B>5IN(
6MC?@7D(6BK?8M;;@]M8@<7(V@8G(B5;M8@:5;K(G@DG(I5DB55(<E(
6BK?8M;;@7@8KXcfd
"Q857?@<7(<E(8G5(M;WK;(6GM@7(SK(<75(*+

2
(><@58K(6GM7-

D5?(8G5(?<;CS@;@8K(B5>MBWMS;KX(3F><7<F!F"8GK;(65;;C-

;<?5( @?( ?<;CS;5( @7(M=B<8@6FI@=<;MB(<BDM7@6(>5I@M(V@8-
G<C8( MII@8@<7( <E( !@*;X(P<B5<:5BN( 8G@?( 6<>=<C7I( @?(
?<;CS;5(@7(VM85BXc1Td(,G5(@>=M68(<E(EC768@<7M;@]M8@<7(
=M885B7( <7( 8G5B>M;( S5GM:@<CB( VM?( I5><7?8BM85I( SK(
6<>=MB@7D( 8G5(=B<=5B8@5?(<E(3F!F58GK;( 65;;C;<?5(M7I(
BM7I<>;K(EC768@<7M;@]5I(58GK;(65;;C;<?5(V@8G(?@>@;MB(

9AX(mG@;5(8G5(BM7I<>;K(EC768@<7M;@]5I(58GK;(65;;C;<-

?5(S56M>5(@7?<;CS;5(M8(M==B<Q@>M85;K(3.h*N(8G5(6;<CI(
=<@78( 85>=5BM8CB5( <E( 8G5( B5D@<?5;568@:5;K( EC768@<7M-
;@]5I(=B<IC68( @?( M8( [.h*X(,G@?( 6<C;I(S5( M??5??5I(SK(
5K5( M7I( VM?(>5M?CB5I( C?@7D( 8G5( 856G7@`C5?( <E( 1H-

#P'(?=568B<?6<=KN(<?6@;;M8<BK(BG5<;<DKN(M7I(>@6B<F
I@EE5B578@M;( ?6M77@7D(6M;<B@>58BK( /H@DCB5(T2Xc3.d(A5-
:5BM;(=B<65??5?(MB5(8G<CDG8(8<(<66CB(ICB@7D(M??<6@M8@<7(
M7I(D5;M8@<7(<E(8G5?5(58GK;(65;;C;<?5(I5B@:M8@:5?X(,G5-
?5(V5B5(?5=MBM85I(V@8G(B5?=568(8<(85>=5BM8CB5N(8<(:M-
BK@7D( I5DB55?N( <7( 6<<;@7D( M7I( GM:5( S557( ><I5;;5I(
C?@7D(9A*(IM8MX(*<78BM?8@7D(V@8G(=B5:@<C?(V<BWc31dN(
8G5(BG5<;<D@6M;(>5M?CB5>578?(I<(7<8(?G<V(nn8V<(I@?-
8@768(VM:5?(<E(?8BC68CB5(E<B>M8@<7oo(M8(8G5(=B5?578(6<7-
6578BM8@<7?(M7I(8G5(9A*(>5M?CB5>578?(?G<VN(<7(6<<-
;@7DN(M7(5Q8B5>5;K(V@I5(?5=MBM8@<7(@7(85>=5BM8CB5(<E(
8G5(=B<65??5?(E<B(8G5(3F><7<F!F58GK;(65;;C;<?5X
 

3F><7<F!FRB<=K;(65;;C;<?5(I@??<;:5?(M;?<(@7(N,NFI@-
>58GK;( E<B>M>@I5( /9PH2( M7I( I@>58GK;( ?C;E<Q@I5(

Figure 10. 'd*,<=3G/-,45,>4D/904=7,f:=-,=3;/,524=,?3C,

LFN%1>/R9:;<=/1>9:-<:9:,?@B*'C,0/::8:4-/F,?7C,Y%!%?=/1>4R9,

.4:9?/1>9:/D/,G:904:CFdTC
Y
%LFN%@B*',0/::8:4-/F,?0C,

Y%dT
X
%LFN%@B*',0/::8:4-/F,3D;,?;C,Y%dT

"N
%LFN%@B*',

0/::8:4-/6,'03:/,732,`,==6MLNO,?+/.2<D1/;,Q<1>,./2=<--<4D,

524=,MLNO6,,&4.92<G>1,LJJX,S=/2<03D,&>/=<03:,'40</19C6

Figure 11.,^2/.3231<4D,45,Y%=4D4%!%?Yg%>9;24R9.24.9:C,

0/::8:4-/,79,>9;2474231<4D$,4R<;31<4D,45,Y%=4D4%!%3::9:,

cellulose.
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/9PAO2X(A<;CS@;@8K( 85?8?( @7(VM85B(M8( B<<>(85>=5BM-
8CB5(B5:5M;5I(M7(@7?<;CS;5(=<;K>5BXc01d +<V5:5BN(M7(
M;><?8( 6;5MB( ?<;C8@<7(VM?( E<B>5I(C=<7( ?8<BMD5( @7( M(
B5EB@D5BM8<BX(,5>=5BM8CB5(I5=57I578(8CBS@I@8K(>5M?C-
B5>578?( @7I@6M85I(6;<CI(=<@78( 85>=5BM8CB5?(S58V557(
1fX0h*(/9A(1X.02(M7I(03Xfh*(/9A(.XT12N(8GM8(I5=57I(
<7(8G5(9A(/H@DCB5(\2X
'M7I<>;K( EC768@<7M;@]5I( 58GK;( 65;;C;<?5( M?( V5;;( M?(
3F><7<F!F58GK;(65;;C;<?5(I@I(MI?<BS(<7(=<;K?8KB575(
=MB8@6;5?N(VG@6G(@7I@6M85I(M(EM:<BMS;5(@785BM68@<7(S58-
V557(58GK;(65;;C;<?5(M7I(=<;K?8KB575(;M85Q(=MB8@6;5?N(
G<V5:5BN( @7( M( I@EE5B578( >M775B( I5=57I@7D( <7( 8G5(
?8BC68CB5(<E(58GK;(65;;C;<?5( /H@DCB5(-2Xc30d(,G5(6<7-

:578@<7M;;K(?K78G5?@]5I(58GK;(65;;C;<?5(V@8G(?8M8@?8@6M;(
EC768@<7M;@]M8@<7( =M885B7( E<B>5I(>C6G( ?8B<7D5B( 758-
V<BW?(V@8G(=<;K?8KB575(;M85Q(=MB8@6;5?(8GM7(3F><7<F
!F58GK;( 65;;C;<?5( I@IX( ,G5( ;<V5B( =GM?5( ?5=MBM8@<7(
85>=5BM8CB5(M7I(8G5(?;@DG8;K(G@DG5B(><;56C;MB(V5@DG8(
<E(8G5(6<7:578@<7M;(58GK;(65;;C;<?5(DM:5(@8(G@DG5B(=B5-
E5B5765(E<B(@785BM68@7D(V@8G(=<;K?8KB575(;M85Q(=MB8@6;5?(
8<(E<B>(758V<BWX

3F><7<F!F+KIB<QK58GK;Fc1\dN( 3F><7<F!F>58G<QK-

58GK;Fc1-dN(M7IN(3F><7<F!F/3oFGKIB<QK=B<=K;2(65;;C-

;<?5c0.d(V5B5(E<C7I(8<(S5(VM85B(?<;CS;5(M?(V5;;X(+<V-

5:5BN(75@8G5B(D5;M8@<7(7<B(e<66C;M8@<7(<E(8G5(M`C5<C?(
?<;C8@<7(M8(5;5:M85I(85>=5BM8CB5?(6<C;I(S5(<S?5B:5IX
A8MB8@7D( V@8G( 3F><7<F!FM;;K;( 65;;C;<?5N( 8G5( G@DG5B(
3F!FM;WK;( 65;;C;<?5?( ;<<?5( 8G5@B( VM85B( ?<;CS@;@8KX(
+<V5:5BN(8G5(=578K;FN(@?<=578K;FN(M7I(I<I56K;(58G5B?(
S56<>5(?<;CS;5( @7( ;5??(=<;MB( ?<;:578?( ;@W5(>58GM7<;(
M7I(58GM7<;(M7I(5:57(858BMGKIB<ECBM7(/,+H2(@7(6M?5(
<E( 8G5( I<I56K;( 58G5BXc0Ud( !@DG8( ?6M885B@7D( >5M?CB5-
>578?( B5:5M;5I( M( I@?8@768( MDDB5DM8@<7( S5GM:@<B( 8GM8(
I5=57I?(<7(8G5(8K=5(<E(?CS?8@8C578X(,G5(G@DG5?8(MDDB5-
DM8@<7(7C>S5B(<E(1\0(VM?( E<C7I( E<B( 8G5(3F!F=578K;(
58G5BN(VG@;5(8G5(3F!FI<I56K;(58G5B(I<5?(7<8(?G<V(MD-

DB5DM8@<7X(O765( 8G5(O+( DB<C=( M8( =<?@8@<7( 3( @?( S;<-

6W5IN( 8G5( B5>M@7@7D(O+(DB<C=?(V@;;( BM7I<>;K( E<B>(
GKIB<D57(S<7I?(M><7D(I@EE5B578(6GM@7?N(C78@;(M(=MB-
8@6;5(V@8G(M(?CBEM65(<E(>M@7;K(M;WK;(6GM@7?(@?(<S8M@75IX(
,G5( ><7<><;56C;MB( ?<;CS@;@8K( <E( 8G5( 3F!FI<I56K;(
58G5B(I5><7?8BM85?(8GM8(?C6G(MDDB5DM8@<7(6M7(S5(=B5-
:5785I(@E(8G5(?@I5(6GM@7(@?(;<7D(57<CDGX

A,'J*,J'"(HO'Pa,%O#
iMI;M( 58( M;X( @7:5?8@DM85I( 8G5( ?8BC68CB5( E<B>M8@<7( <E(
b;>?( =B5=MB5I( EB<>( 0N[FI@F!F,9PA( 65;;C;<?5( M7I(
>58G<QK=<;K/58GK;575(D;K6<;2(58G5B?(M8(=<?@8@<7(3Xc0[d(
,G5(b;>?(V5B5(6M?8(EB<>(6G;<B<E<B>(<B(8<;C575(?<;C8@-
<7(<78<(D;M??(?;@I5?N(IB@5I(@7(BC77@7D(M@B(M8(M(B5;M8@:5(
GC>@I@8K( <E( T.F\.p( M7I( 5:M;CM85I( SK( >@6B<?6<=@6(
856G7@`C5?X( %8( 6<C;I( S5( I5><7?8BM85I( 8GM8( 0N3FI@F!-

,9PA(65;;C;<?5(I@I(7<8( E<B>(B5DC;MB( ?8BC68CB5?X(,G5(
@78B<IC68@<7(<E(>58G<QK=<;K/58GK;575(D;K6<;2(58G5B?(M8(
=<?@8@<7(3(;5I(8<(8G5(E<B>M8@<7(<E(B5DC;MB(G<75K6<>S(
?8BC68CB5?X(mG@;5(M(?G<B8(6GM@7(?CS?8@8C578(/3(58GK;575(
D;K6<;(><@58@5?2(;5I(8<(@BB5DC;MB(G<75K6<>S?N(b;>?(<E(
6<>=<C7I?( V@8G( T( M7I( 1[( 58GK;575( D;K6<;( ><@58@5?(
V5B5(<E(:5BK(B5DC;MB(?GM=5(/H@DCB5(1.2X

Subsequent reactions

OXIDATION
OQ@IM8@<7(<E(B5D@<?5;568@:5;K(EC768@<7M;@]5I(65;;C;<?5(
58G5B?(MEE<BI5I(7<:5;(I5B@:M8@:5?X(O75(=<??@S@;@8K(E<;-
;<V?( 8G5(GKIB<S<BM8@<7g<Q@IM8@<7(?6G5>5(<E(M;W575?(
K@5;I@7D( =B@>MBK( M;6<G<;?( M?( I5><7?8BM85I( V@8G( M(
0N[FI@F!F,9PAF3F><7<FOFM;;K;( 65;;C;<?5( /H@DCB5(
112Xc0.d(,G5(,9PAFDB<C=?(B57I5B(8G5(=<;K>5B(,+H(
?<;CS;5X( ,G5( 6<>=<C7I( VM?( M;;<V5I( 8<( B5M68( V@8G(
-FS<BMS@6K6;<c3X3X1d7<7M75(8<(K@5;I(8G5(S<BM75(I5B@-
:M8@:5(M7I(8G57(8G5(<Q@IM8@:5(6;5M:MD5(V@8G(M(#MO+g
H

2
O

2
(>@Q8CB5(K@5;I?(8G5(=B@>MBK(M;6<G<;X

 

ACS?5`C578(8B5M8>578(V@8G(,)aH(MEE<BI5I(8G5(3F><-

Figure 12. "Y&,)*+%,3D;,Bd^@"Y`,)*+,-./0123,45,

Y%=4D4%!%=/1>9:%N%03274R9,0/::8:4-/,?3C,3D;,Y%!%7819:%

N%03274R9,0/::8:4-/,?7C,?+/.2<D1/;,524=,MYNOF,&4.92<G>1,

?LJJHCF,Q<1>,./2=<--<4D,524=,d:-/]</2C6

Figure 13. Plot of surface tension of aqueous solutions 

?:/51F,"\F,]$]C,Y%=4D4%!%=/1>4R9/1>9:,0/::8:4-/,4 and 

Y%=4D4%!%=/1>4R9/1>9:%N%03274R9,0/::8:4-/,5MY`O and 

?2<G>1F,J6`\F,]$]C,45,Y%=4D4%!%=/1>9:%N%03274R9,0/::8:4-/,

?1aCF,Y%=4D4%!%/1>9:,0/::8:4-/,?2CF,Y%=4D4%!%/1>9:%N%032-

74R9,0/::8:4-/,?2aCF,3D;,Y%!%7819:%N%03274R9,0/::8:4-/,?3aC,

]/2-8-,=/3-82<DG,1<=/,?+/.2<D1/;,524=,MYNOF,&4.92<G>1,

?LJJHCF,Q<1>,./2=<--<4D,524=,d:-/]</2C6
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7<F!F/3qFGKIB<QK=B<=K;2( 65;;C;<?5X( ,G@?( =<;K>5B( @?(
?<;CS;5(@7(M=B<8@6(I@=<;MB(>5I@M(/9PHN(9PAO2(M7I(
@7(VM85BX(%7(6<78BM?8(8<(6<>>5B6@M;;K(M:M@;MS;5(GKIB<-
QK=B<=K;(65;;C;<?5N(M(=B<IC68(EC768@<7M;@]5I(M8(=<?@8@-
<7( 3( 6<78M@7@7D( =B@>MBK( GKIB<QK;( DB<C=?( <7;K(VM?(
I5?@D75IX( ,G5( ?8BC68CB5( VM?( 6;5MB;K( 5:@I5765I( SK(
?=568B<?6<=@6( 856G7@`C5?X( ,V<FI@>57?@<7M;( #P'(
?=568B<?6<=@6( >5M?CB5>578?( <E( 8G5( =5BM658K;M85I(
?M>=;5( @7I@6M85( 8G5( =B5?5765( <E( ?CS?8BC68CB5?N( M;8-
G<CDG(8<(M(;<V(5Q8578X
,G5(<Q@IM8@<7(<E(8G5(=B@>MBK(O+(DB<C=(M8(=<?@8@<7([(<E(
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Figure 1. Cellulose reactions during alkaline steeping.
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Figure 2. Treatment of the pulp and the residuals.

Figure 3. Decrease of the cellulose yield loss in presence 

and absence of the inert gas.
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Figure 4. Comparison of the gravimetrically determined cellu-

lose yield loss and the corresponding intrinsic viscosity loss of 
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Figure 5. Intrinsic viscosity and carboxyl group content of 

the regenerated pulp as a function of the treatment time in 
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