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Summary:  Modif icat ion of  f ibre forming polyamide (e.9.  PA 6) is wel l -known posibi l i ty  to pre-
pare fibres with improved properties. By comonomer chemically modified PA 6 can be used as a
modifier for non modified PA 6. Preparation and properties of blended fibres PA 6 + copolyamides
based on the r-caprolactam, isophtal ic acid and 1,4-bis (3-aminopropyl)  p iperazine or 1-(2
aminoethyl)piperazine, respectively are described in this paper. Blended fibres have better elec-
trical properties and higher hydrophil icity, elasticity, elastic degree and orientation factor as well.

1. Introduction

Nowadays mixing of polymers and their spinning is a
common method to prepare modified fibres with better
properties. Many research works and papers about
mixing of commercial polymers were published and a
modification of commercial fibre-forming polymers with
different other additives is described as well.

Properties of PA 6 fibres can be improved by chemi-
cal or physical modification. The physical modification
consists of PA 6/additive blend preparation. For fibre-
forming PA 6 both low-molecular weight or high-molecu-
lar weight compounds can be used as additives and fi-
bres with M/F configuration can be prepared.

Some properties of PA 6 fibres such as sorption of
water vapour and electrical properties are not satisfied.
Polymer additives containing certain hydrophilic atom(s)
like oxygen [1,2], nitrogen [3] or SO2groups [4] are very
hygroscopic or even soluble in water. Their introduction
into fibre-forming polymer e.g. PA 6 improves hydrophi-
licity and electrical properties of blended PA 6 fibres [5].
Introduction of a copolymers containing some deriva-
tives of piperazine into polypropylene fibres increases
the absorption of water vapour and dyestuffs and elec-
trical properties of the blend fibres [6,71.

lntroduction of copolyamides containing some addi-
tional ring structures could have a positive influence on
sorption properties and as a consequence on electric
properties as well. Copolyamides containing piperazine
and benzene structures [8] could be additives with such
an effect.

2. Experimental

2.1. Preparation of modified PA 6 fibres

Copolyamides [8] prepared from e-caprolactam (CL)
and a nylon salt from isophtalic acid and 1-(2-amino-
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ethyl)piperazine - lN2 or 1,4-bis (3-aminopropyl) pipera-
zine - INB were used:

lN2 | -  copolyamide from 86 wt. % of CL+ 14wt. 0/o

of nylon salt lN2
lN2 l l  -  copolyamide from 75.4wL % of CL + 24.6

wL. % of nylon salt lN2
INB - copolyamide from 83.2 wt. % of CL + 16.8 tul. Yo

of nylon salt  INB
The mixtures consisting of 70, 80 and 90 wt % of

dried PA 6 and 30, 20 and 10 wt, % of dried copoly-
amide were melted in a single-screw ribbon extruder at
the temperatures of zones Tr = 200-21 0 "C, T 2 = 210-
245"C, and T3 = 225-245 "C. The blended ribbon was
cooled in the cold water and cut into granules. The air-
dried blend was finally vacuum dried at 105 "C and used
for  sp inning.

The spinning of modif ied PA 6 granules was per-
formed on the laboratory model equipment at the tem-
peratures of i ts three zones T : T = T = 250 "C (13
fibrils) with and without a lubricant.

After spinning, the fibres were drawn (l-a = 120 'C) to
the  d raw ing  ra t io  l r  :  3  (bo th  lub r i ca ted  and  non-
lubricated f ibres) ,  L2: 4 and 1"3: 4,5 (only lubricated
fibres), respectively.

2.2. Evaluation of the f ibres propert ies

The electrical properties of nonlubricated fibers ()"t :

3.0) were measured by a Polystat 1. The fiber sample
with a surface of about 1-1.4 cm'was charged up to the
maximum potential, Uru. and simultaneously the time
of achieving the zero potential, tou, was recorded. From
this dependence it was possible to obtain the half-time
of discharging, t172. Results are shown in Table 1.

The content of low molecular compounds (oligomers
soluble in the hot water) was determined gravimetrically.
Modi f  ied PA 6 f  ibres conta in ing nonextracted
copolyamides were extracted in the boiling water dur-
ing 3h, dried and the mass loss as a portion of the fibre

vldkna a textil I (4) 130-1 34 (2002)



Table 1 Electrostatic properties of PA 6 and blend fibres

Pofymer, WL % Uru'V t t /2,  s

Table 4 Tensi le strength, TS, elongation, E, elast ic degree, e0,
()"3 = 4,5) and orientation factor, f, (tr2 = 4.0) of PA 6
and blended nonextracted fibres

Polymer

wt. %

tou, s

P A 6
lN2 |
1 0
20
30

tN2 il
1 0
20
30
I N B
1 0
20
30

9.0

6.0
5 .0
6 ,5

9.5
8.5
3 .5

4.0
2 ,0
2.5

520

500
455
490

560
500
490

40
340
330

120

1 3 0
50
40

100
1 1 0
50

30
20
30

To, TS E so

dtex cN/dtex Yo % 
|

0,62

0.70
0.68
0.72

214 4.85 22 62

211 4.09 21 76
208 3.94 25 65
213 3.59 25 70

213 4.16 26 69
210 4.09 26 77
200 3.63 25 72

215 4.42 24 69
219 3.55 25 80
218 3.47 26 65

1 0
20
30

P A 6
lN2 |
1 0
20
30

tN2 il
1 0
20
30
I N B

0.70
0.70
0.71

0.71
0.68
0.65

Table 2 Extraction of low molecular compounds calculated to the
fibre weight (EF) and to the former total amount of
comonomers (EA)

Polymer, wt. % 3. Discussion

For the spinning of all fibres the same temperatures,
througput of material and rate of spinning were applied.
Cool ing by an a i r -s t ream could be appl ied only  for
samples with 10 wt. % of copolyamides in PA 6. Melt
flow index of modified PA 6 during spinning was only a
l i t t le dif ferent ( i .e.14.1-14.2 g.min- '  in comparison with
that of nonmodified PA 6 equal to 13.95 g.min-l) so con-
dit ions of spinning for al l  samples were almost t l ' re
same.

For the evaluation of electrical properties the three
values Ur*, 1172 and tou were determined. All these val-
ues must be taken into consideration to obtain a real
view of the fibres behaviour in this domain. A general
tendency is that higher amount of copolyamide im-
proves electrical characteristics. Higher concentration
of the nylon salt of lN2 is not as important as it could be
supposed  and  copo lyamides  lN2  |  and  lN2  l l  a re
aproximately equally effective. Better electrical proper-
ties are obtained with INB copolyamide though the con-
centration of INB nylon salt is not significantly higher in
comparion with the concentration of lN2 salt in the lN2
I copolyamides ( i .e. 16.8 wt. % INB and 14 wt. % lN2).

Substantial improvement of electrical properties can
be reached wi th 30 wt .  % of  lN2 |  and I  N2 |  |
copolyamides and with 10 wt. % of INB copolyamide
(Table 1) .

The hydrophilicity of modified fibres is positively influ-
enced especial ly by an introduction of nonextracted
copolyamides. lt is caused basically by a presence of
low molecular compounds (LMC) as it is shown in Table
2 and demonstrated by diferences between water
vapour sorption of nonextracted and extracted modified
PA 6 f ibres. PA 6 blends prepared from PA 6 and
copolyamides lN2 | and lN2 ll are characterized by a
higher part of LMC. Values of LMC amount for relevant
copolyamides (8) (lN2 | equal to 14.2w1. o/0,lN2 ll equal

1 3 1

EF, wt.o/o

10 20 30
EA, wt. %

10 20 30

tNz  I
tN2 tl
I N B

4 ,0  9 .1  13 .5
5.5 8 .0  12.0
3.5 4 .3 ,  6 .7

40 46 45
55 40 40
35 22 22

mass, EF, and as a portion of the former total amount
of comonomers, EA, was calculated (Table 2).

The f ibres' hydrophil ici t ies for extracted and non-
extracted fibres (SE and SN values respectively) were
evaluated gravimetrical ly at the temperature T5 =

21.7 "C and at the 65 % relative humidity using lubri-
cated fibres with a drawing ratio 1,1 = 3.0. Results are
listed in Table 3.

Table 3 Water vapour sorption of PA 6, blended extracted (SE)
and nonextracted (SN) fibres

Polymer, wt.% SE, wt. %
0 1 0 2 0 3 0

SN, wt .  %
10 20 30

t N 2  |
tN2 tl
I N B

4.3 4 .5  4 .5
4.3 4 .5  4 .5
4.3 4.4 4.7

4,6 4 .6  5 .2  5 .8
4.5 4 .6  5 .3  6 .2
4.7 4 .7  4 .9  5 .2

The fibres' orientation factor, t, ()"2= 4.0) was calcu-
lated according to the equation:

f = 1 - C ' J C '

where Cn is  the speed of  sound in  the absolute ly
nonoriented fibre being equal to 1 .25 x 103 m/s and C
is the speed of sound in the relevant fibre measured by
a PPM-S Dynamic Modulus Tester PPM-S (H.M. Mor-
gan Co. Inc., Norwood, USA).

The tensile strength, TS, elongation, E, and elasticity
degree, e0, of tubricated fibres (1.3 = 4.5) were obtained
using the apparatus Instron 1112. They are l isted in
Table 4.
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to 55.5 wL. % and INB equal to21.5 wt. %) confirms their
relatively high amount of extractible fractions what mani-
fests in the modified PA 6 fibres as well. Generally 40-
55 % of all amount of copolyamide AN2 | and AN2 ll is
removed by extraction from modified fibres. ln the case
of  INB the s i tuat ion is  bet ter  and the amount  of
extractible additives is 22-35 % (Table 3).

Tensile strength, TS, of modified PA 6 fibres is nega-
tively influenced. The lower molecular weight of copoly-
amides, higher amount of LMC and higher amount of
copolyamide in  PA 6 cause a decrease in  tensi le
strength of PA 6 fibres modified with all three copoly-
amides. The addit ion of 10 and 20 wt. % of any lN2
copolyamide leads to a decrease of tensile strength to
82-86 % of nonmodified PA 6 tensile strength. 30 wt. %
of lN2 copolyamide causes the reduction to the level
7+75 %. Addit ion of 10 wt. o/o of INB copolyamide
causes a decrease to the level of 91 % while 20 and
30 wt. % reduce TS to the level 72-79 % of pA 6 ten-
sile strength.

Elongation, E, is practically not changed, elastic de-
gree, e0, and orientation factor, f, of modified PA 6 fibres
are positively influenced. lt could be explained by the
effect of low-molecular compounds present in the sys-
tem. LMC function probably as an internal lubricant
helping in the orientat ion of macromolecules during
spinning and drawing.

4. Conclusions

1 . Processability of PA 6 fibres modified by 1f3O wt. %

of  copolyamides based on the e-capro lactam,
isophtal ic acid and 1-(2-aminoethyl) piperazine or
1,4-bis (3-aminopropyl) piperazine respectively is
good.

2. Electrical properties of modified PA 6 fibres are bet-
ter especially by using INB copolyamide.

3. Hydrophil ici ty is basical ly improved only for non-
extracted modified PA fibres.

4. Elongation of the modified PA 6 fibres is not influ-
enced.

5. Tensile strength is negatively influenced.
6. Elastic degree and orientation factor of modified pA

6 fibres have higher values in comparison with non-
modified PA 6 fibres.
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ZMESNE VLAKNA POLYAMID 6 - KOPOLYAMID

Translation of article:
Polyamide 6 - copolyamide blended fibres

Modifik6cia vldknotvornyich polyamidov (napr. PA 6) je zn6my sposob pripravy vl6kien so zlep-
Senfmi vlastnostami. Komonom6rom chemicky modifikovanf PA 6 mOZe byt pouZitf ako modifi-
kdtor pre nemodifikovanf PA 6.

V tejto prdci s0 popisan6 priprava a vlastnosti zmesnfch vldken PA 6 + kopolyamidy na bAze
e-kaprolaktdmu, kysel iny izof ta lovej  a1-(2-aminoetyl)piperazinu alebo 1,4-bis(3-aminopropyl)pi-
perazinu. Zmesn6 vl6kna maju lep5ie elektrick6 vlastnosti, vy5Siu hydrofi l i tu, a vy55i stupefi pruZ-
nosti i orientadnf faktor.

Uvod

V sfcasnostije mie5anie polym6rov a ich zvldkhova-
nie beZnou metodou pripravy modifikovanfch vl6kien so
zlepSenfmi vlastnostami. Vela vyiskumnyich projektov
a publikdcii sa zaoberA mie5anim polym6rov a modifi-
kdciou komercnych vldknotvornyich polym6rov roznymi
aditivami.

Vlastnosti PA 6 vldken moZe byt zlep5en6 chemickou
alebo fyzikdlnou modifikdciou. Fyzik1lna modifik6cia
spoclva v prlprave zmesi PA 6/adit ivum, (pricom sa
m0Zu pouZit aditfva nizko- 6i vysokomolekulov6) a ich
zvldkneni na vldkno typu M/F.

Niektor6 vlastnosti PA 6 vldken napr. sorpcia vody
(vodnlich pa| a elektrick6 vlastnosti nie su vyhovujfce.
Polym6rne aditiva obsahujrice hydrofiln6 atomy ako
kysl ik [1,2], dusfk [3] alebo SO2 skupiny [ ]  s{ vel 'mi
hygroskopick6 ci dokonca rozpustn6 vo vode. Zavede-
nie takfchto aditfv do vldknotvorn6ho polym6ru napr.
PA 6 zlep5uje hydrofilitu a elektrick6 vlastnosti zmes-
nfch PA 6 vldken [5]. Kopolymery obsahuj0ce derivdty
piperazinu ako aditiva do polypropyldnovfch vl6ken
zlep5uj0 ich sorpciu vodnfch par a farbiv, ako aj elekt-
rick6 vlastnosti [6,7],

Zaveden ie kopolyam id ov obsah uj ricich kruhovd Stru k-
tury mdZe mat vplyv na sorpdn6 i elektrick6 vlastnosti.
Kopolyamidy obsahujuce piperazlnov6 a benz6nov6
Strukt0ry [8] mOZu byt v tomto zmysle dcinn6.

2.  Exper iment6 lna dasf

2.1 Priprava modif ikovanfch PA 6 vl6ken

Pre pripravu zmesnfch vlaken PA 6 + kopolyamidy
boli pouZit6 kopolyamidy [8] pripraven6 z e-kaprolaktd-
mu (CL) a nylonovej soli kyseliny izoftalovej a 1-(2-ami-
noetyl) piperazfnu (lN2) alebo1,4-bis(3-aminopropyl)pi-
perazinu (l N B) nasledovn6ho zlolenia:
lN2 | - kopolyamid z 86 hm.% CL + 14hm.% lN2, mo-

l6rny pomer 16/1
lNz f f  -  kopolyamid 2o75,4 hm.% CL + 24,6 hm.% lN2,

mol6rny pomer 8/1

Vtdkna a textil 9 (4) 130-1 34 (2002)

INB -  kopolyamid 283,2 hm.% CL + 16,8 hm.% lNB,
moldrny pomer 16/1

Zmes pozostdvajtica zo 70, 80, 90 hm.% vysu5en6-
ho PA 6 a 30, 20, 10 hm.% vysu5en6ho kopolyamidu
bola roztavend v jednozdvitovom extruderi pri teplote
jednotlivlich zon Tr = 200-210 oC, Tz = 210-245 "C
d Ts = 225-245'C. Zmesnd struna bola chladend vo-
dou a porezand na granuldt. Vzduchosuchli  zmesnf
granuldt bol vdkuovo vysuSenf pri 105 "C a zvldkneny.

Zvldknenie modifikovan6ho PA 6 granuldtu bolo vy-
konan6 na laboratornom zariadeni pri teplotdch 3 zon
T = T = T : 250 "C (13 fibril) s prepardciou i bez nej. Po
zvl6kneniboli vlakna vydlZen6 (To = 120 "C) na dlZiace
pomery Ir = 3 (vldkna s prepardciou ibez nej), Lz= 4
€r Is = 4,5 (iba vldkna s prepardciou).

2.2 Hodnotenie vlastnosti vl6ken

Elektrick6 vlastnosti vl6ken bez prepardcie (),1 :3,0)
boli zmeran6 na prfstroji Polystat 1. Vzorka vl6kna s plo-
chou asi 1-1 ,4 cm2 bola nabit6 na maximdlny potenci-
al (U,", ) a sledoval sa pokles potencidlu v dase na nu-
lov0 hodnotu (teu). Z tejto zdvislost i  moZno stanovit
poldas vybijania (t'rz ). Vfsledky s0 v Table 1.

Obsah nizkomolekulo4ich ldtok (oligom6rov rozpus-
tnfch v hor(rcej vode bol stanovenf gravimetricky. Mo-
difikovan6 PA 6 vldkna obsahujuce neextrahovan6 ko-
polyamidy boli extrahovane vo vriacej vode pocas 3h
a vysu5en6. Z pOvodnej hmotnosti vlAkna a jej ubytku
po extrakcii a su5eni bol vypocltanf fbytok hmotnosti
vzhladom na vldkno (ED i vzhl'adom na celkov6 povod-
n6 mnoZstvo (EA) komonom6rov lN2 di INB (Table 2).

Hydrofilita extrahovanyich aj neextrahovanfch vldken
s prepardciou a Ir = 3 bola stanovend gravimetricky pritep-
lote T5 = 21,7 "C a 65 % RH. Vyisledky s0 v Table 3. Orien-
tadny faktor f (Iz = 4,0) bol vypocitanf podlh vztahu:

f=1-c1 lc ' ,
kde Cn je ryichlost Sirenia zvuku v t iplne neoriento-
vanom vldkne - 1 ,25.103 m/s, C je ryichlost Sirenia
zvuku v meranom vldkne, obe stanoven6 na prfstroji
PPM-S Dynamic Modulus Tester.
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Pevnost (TS), taZnost (E) a stupen elasticity 1e0; vla-
ken s prepardciou a 1,3 = 4,5 boli stanovend na pristroji
lnstron 1112. Vfsledky su uveden6 v Table 4.

Diskusia

Zvldknenie v5etkrich vldken bolo vykonan6 pri rovna-
kej teplote, ddvkovani i nichlosti zvldkfiovania. Chlade-
nie vzduchom bolo moZn6 pouZit len pre vzorky s ob-
sahom 10 hm.% kopolyamidov v PA 6.  Index toku
tavenin modifikovan6ho PA 6 bol takmer rovnakri (4,1-
14,2 g.min-1)  ako u nemodi f ikovan6ho PA 6 (13,95
g.min-1). Z uvedeneho vyplfv a,2e podmienky zvlakno-
vania boli pre v5etky vzorky rovnak6.

Hodnotenie elektrickfch vlastnosti modifikovanfch
vl6kien vyZaduje pre redlne zhodnotenie tejto oblasti,
uvdZit v5etky tri zfskan6 hodnoty - Ur"", t112 i tsu. VSe-
obecnd tendencia je takd, Ze vy55iobsah kopolyamidu
zlep5uje elektrick6 vlastnosti. VyS5ia koncentrdcia ny-
lonovej soli lN2 nie je rozhodujuca a kopolyamidy lN2
I a lN2 lls0 pribliZne rovnako tlcinn6. Lep5ie elektrick6
vlastnosti sa zfskaj0 u PA 6 vldkien modifikovanfch ko-
polyamidom lNB, hoci koncentrdcia nylonovej soli INB
nie je podstatne vy5Sia ako koncentr6cia nylonovej so-
l i  lN2 v kopolyamide lN2 I ( t . j .  16,8 hm.% INB a 14hm.%
lN2). Podstatn6 zlepSenie elektriclqich vlastnostl moZno
dosiahnut modifik6ciou s 30 hm.% lN2 | aj lN2 ll kopolya-
midu a s 10 hm. % kopolyamidu INB fl-able 1).

Hydrofilita modifikovanyich vl6kien je pozitivne ovplyv-
nen6 pouZitim neextrahovanfch kopolyamidov. Je to
sp6sobene n ajm d pritom n ostou n izkom oleku lovyich I a-
tok (LMC) ako to vidno z Table 2 a potvrden6 rozdiel-
mi v hydrofilite neextrahovanfch a extrahovanlich mo-
difikovanfch PA 6 vldkien. Zmesi PA 6 s lN2 | aj lN2 ll
s0 charakteristick6 vysoloim obsahom LMC. Koncentrd-
cie LMC pre prislu5n6 kopolyamidy I8l ( lN2 | -  14,2
hm.  %,  lN2  l l  -  55  hm.  % a  INB -21 ,5  hm.  %)  sa  p re -
javuj0 i vysokyim obsahom extrahovatel'n;ich frakciI
v modifikovanfch PA 6 vldknach (hodnoty EA). Extra-
hovatefhyi podiel dosahuje 40-55 o/c; zp6vodn6ho obsa-

hu nylonovejsoli lN2 v kopolyamidoch lN2 I a lN2 ll. Po-
citan6 na hmotnost modifikovan6ho vldkna (EF) je to
+14 hm. %. V prfpade INB je situdcia lep5ia a podiel
extrahovanyich frakcif EA je 22-35 hm. % a EF hodno-
ty su v rozsahu 3-7 hm. % (f able 2).

Pevnost TS modifikovanlich PA 6 vldkien je negatlv-
ne ovplyvnend. NiZ5ia molovd hmotnost kopolyamidov,
vy55i obsah LMC a vy55f obsah kopolyamidu v PA 6
sp6sobuje zniZenie pevnosti u PA 6 vldkien modifikova-
nyich vSetkfmi tromi aditfvami. Pridanie 1 0 a 20 hm. %.
f N2 | 6i lN2 ll kopolyamidu do PA 6 spOsobi zn[Zenie
pevnosti na 82-86 % pevnosti nemodifikovan6ho PA 6
vldkien. 30 hm.% sposobizn%enie pevnosti na7f75 %.

Pridanie 10 hm. % kopolyamidu INB vedie k zniZeniu
pevnosti na 91 o/0, zalial co 20 a 30 hm. % tohto kopo-
fyamidu spdsobi jej znllenie na72-73 % povodnej hod-
nojy.

TaZnost E sa prakticky nemenl, hodnoty stupna pruL-
nosti e0 a orientadn6ho faktora f modifikovanyich PA 6
vlakien s0 vyS5ie. MoZno to vysvetlit vplyvom nfzkomo-
lekulor4ich zludenln prftomnfch v syst6me, ktor6 prav-
depodobne funguj0 ako vnutorn6 mazadlo ul'ahdujuce
or ientdc iu makromolekf l  v  pr iebehu zv ldknovania
a diZenia.

4. ZAvery

1 . Spracovatelhost PA 6 vldkien modifikovanlich 10-30
hm. % kopolyamidov na blze e-kaprolaktdmu, kyse-
liny izoftalovej a 1-(2-aminoetyl)piperazlnu (lN2) ale-
bo 1,4-bis(3-aminopropyl)piperazinu ( lNB) je dobrd.

2. Elektrick6 vlastnosti modifikovanlch PA 6 vldkien s[
lep5ie, najmd v pripade kopolyamidu lNB.

3. Hydrofilita je podstatne zlep5end len v prfpade neex-
trahovanfch PA 6 vldkien.

4. TaZnost modifikovanfch PA 6 vldkien sa nemen[.
5. Pevnost je negativne ovplyvnend.
6. Stupei pruZnosti a orientadnf faktor modifikovanfch

PA 6 vldkien maj0 vySSie hodnoty v porovnanis ne-
modifikovanyimi PA 6 vldknami.
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THE INFLUENCE OF PET FIBRES CROSS.SECTION
GEOMETRY ON DYEING
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Slovak University of Technology in Bratislava, Radlinskdho 9, 812 37 Bratislava, Slovak Republic
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Summary: Light dispersion conditions on geometrically modified fibres are various and this
phenomenon is related to optical and color properties of dyed fibres. The paper evaluates the
influence of geometric modification of PET fibres on their color strength. The fibres were geo-
metr ical ly modif ied dur ing spinning using prof i led spinning nozzles wi th Y, (-) ,    openings. Lin-
ear density, ramification degree, forming factor and fibres measuring surface are the properties
defining geometric modification - change of cross-section profi le of f ibres. These properties of
profi led fibres with different profi le differ and they significantly influence color strength.

Key words: PET fibres, cross-section profi le, measuring surface, forming factor, ramification
degree, color strength

1. Introduct ion

One of possible physical modifications is changing
fibres geometry in cross-section profile through media
of profiled spinning nozzles with a profile other than cir-
cular.  Consider ing rheology and f ibre prof i le
reproductivity, the process of spinning of profiled fibres
is very demanding. The advantage of physical fibres
modification by changing cross-section geometry of fi-
bres profiles during their preparation using profiled spin-
ning nozzles is the lack of requirements throughout pro-
duction ecology when compared with typical spinning.
Profiled fibres report changes in physical properties
when compared to typical circular fibres. lt is caused by
change of fibre macrostructure and related properties.
Influence of fibres macrostructure is significantly mani-
fested on optical properties and in case of dyed fibres
on color perception.

2. Theory

After meeting criteria of fibres creation, fibres are ob-
tained having diversified geometry depending on shape
of profiled spinning nozzle. Using this process of modi-
fication, profile of elementary fibres in cross-section and
longitudinal direction preserves the same geometry. ln
order to express geometry of cross-section profile of
fibres, different indicators and their equivalents are used
which more or less express differences from typical cir-
cular prof i le,  [1,2,3] .

The method of cross-section fibres profi le picture
analysis is used to evaluate geometric properties. Apart
from real and equivalent perimeter and cross-section
cut surface there are other criteria such as measuring
surface a, ramification degree R, forming factor q ac-
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cording to Malinowska and many more. The ramifica-
tion degree R is defined by quotient of perimeter square
and cross-section profile surface. The forming factor q,
according to Malinowska, is defined as follows (1):

q = (O/nd) - 1 (1)

O - cross-section fibre profile perimeter, nd - equiva-
lent circle perimeter.

The q : 0-0,07 is for circular fibre profile. All higher
values of q at the same fineness of fibres express dif-
ferences from circular profile in direction of fighter level
of configuration.

Measuring surface a, defined as (2):

a = 2p ' t ' (1+q) / (p,T)1/2 (2\

q - forming factor, p - PET fibres density, T - unit lin-
ear density.

Mutual arrangements of elementary fibres inside of
band profiled fibres is random and the profile of such
band of fibres has diversified geometry in cross-section
and longitudinal direction contrary to elementary fibre
profile related with level of filling. Elementary fibres cre-
ate conditions for creation of capillaries of different sizes
and subsequently related demonstrations of surface
and transport properties, [4,5]. Shape of cross-section
fibre profile and size of surfaces of elementary fibres
influence optic environment related to dyeing properties
of profiled and dyed fibres, [6,71. Color strength is de-
termined by Kubelka-Munk equation (3):

K/S = (1 - il?z1 (3)
K - absorption coefficient, S - scattering coefficient,
B - reflectance value.

Absorption coeff icient K is a function of spectral
properties and dye concentration inside of fibre. Scat-
tering coefficient S is a function of structure and geo-
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metry of fibre. Among structural influences are mainly
molecular structure of fibres and dye structure. Linear
density, geometry of cross-section and longitudinal pro-
file are among geometric influences.

During light impact on dyed fibre surface, part of light
is absorbed and part of it is reflected. The bigger the
diffraction index at fibre - air border the more light is
being reflected and less absorbed inside of fibre. The
result of less light being absorbed is a lighter dyeing
effect of the fibre. Such light reflection can be repressed
by specialtreatment of sur.face that makes the dye per-
ception of the dyed fibre darker.

Arkan and East expressed relation between fibre fine-
ness and scattering coefficient S (a):

S = a + b . t e x - 1 / '  g )

a - scattering constant, b - fibres surface properties
constant.

According to the relation (4) less light penetrates to
molecules of dye inside of finer fibres and more light is
being reflected back by so-called noncolorful reflection,
t8l.

The color strength, fibres thickness and fibres mea-
suring surface are related as follows (5):

(K/S), /(K/S)z = dtldz = dzl4 (5)

KS - color strength, d - fibre diameter, a - fibres mea-
suring surface.

Related relations are valid for fibres with circular pro-
file and same structural properties. These requirements
forfibres are very differentto obtain in real life conditions
and that is why the related relations are only approxi-
mately valid during their usage, [8]. Dye concentration
needed to reach color saturation is proport ional to
square-root of linear densities (6):

c1 = c2(T rlT.,)'t ' (6)

cr, e - dye concentration on fibres, Tr, Tz - linear den-
sity of fibres. In other words, finer dyed fibres with same
dye concentration as thicker fibres are seen lighter by
human eye. Logically, profiled fibres create better con-
ditions for diffraction than circular fibres.

Table 1 Geometric properties of smooth textured PET fibres de-
termined by the method of picture analysis

Equivalent Equivalent
perimeter surface
of picture of picture

of f ibre, cm of f ibre, cmz

Scattering coeff icient increases by transferr ing to
more segmented fibre profiles. Because there must be
more criteria in order to evaluate a complex cross-sec-
tion profile, there is not a simple relation that would gen-
erally express influence of size, shape and configura-
tion of profiled fibres to their optical and color properties.
The goal of the paper is to evaluate influence of some
PET fibre profiles to their color strength.

3.  EXPERIMENTAL

The experimental is divided to:
- determining geometric parameters of PET fibre profiles
- dyeing of profiled PET fibres
- determining color strength of profiled PET fibres.

3.1 Determining geometric parameters of PET
fibre prof i les

Geometric parameters, forming factor q according to
Malinowska R-ramification degree were assed in a set
of seven samples of PET fibres with a unit linear den-
sity Td, = (2,3;3,0; 3,5; 4,6 dtex) and cross-section pro-
file (Y, (-), l).The analysis of cross-section profile pic-
ture was used to determine them. The picture was
caught by electron microscope. Picture 1 shows three
types of cross-section fibre profiles from the set of seven
samples of PET fibres, that were analyzed by proper
method of picture analysis. Measuring surface of fibres a
[kg/m']was calculated according to the relation (2).

3.2 Dyeing f ibres

All samples of profiled PET fibres were dyed using the
same dyeing process -  dye exhaust  method.  The
Terasil Blau 3RL made by Ciba Geigy - disperse dye was
used containing 1,5 o/o of dye in bath related to fibre den-
sity. The temperature of dyeing bath during fibre dyeing
was 100 "C. The dyeing process was made in presence
of dye carrier. All remaining conditions during the dyeing
were conformed with formulas for dyeing PET fibres with
disperse dyes. ln order to avoid influence of other factors
while evaluating dyeing, the same time-temperature dye-
ing regime was used for all samples.

3.3 Determining f ibre color strength

l(S color strength of all dyed samples of profiled PET
fibres was set by spectrofotometer Datacolor 3890 us-
ing standard light resource DuJ1Odeg.

4. Results and discussion

Figure 1 shows the main types of cross-section fibre
profiles. Their geometry was analyzed by method of

Fibres
profile

Forming
factor

q

84 dtex f 36 Y
84 dtex | 24 Y
84 dtex t 24 L
84 dtex t 24 (-)
'110 dtex t  24 L
1 10 dtex t 24 (-')
110  d tex  f  36  Y

29,5
36,0
36,0
46,5
32,0
70,0
39.0

50,0
76,0
74,0
77,5
62,0
1 3 0
86,0

0 , 1 8 2
0,173
0,190
0,495
0,147
0,725
0,182
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Fig. 1 Cross-section profiles of fibres

cross-section profile picture analysis based on REM
photographs, Table 1 evaluates geometric properties of
analyzed pictures of smooth textured fibres.

The geometric properties stated in table 1 were used
to calculate R - ramification degree of fibres and a -
measuring surface of fibre.

Figures 2-5 show graphic dependencies of KS color
strength from geometric parameters

- unit linear density, Td,
- ramification degree, R
- forming factor, q
- measuring surface of fibre, a.

4.1 Inf luence of f ineness on color strength

The influence of fineness of elementary profiled fibres
on KS color strength manifests in interaction with shape
of cross-section profile expressed by forming factor.
Even though the f ibres wi th prof i le  prepared on Y
shaped spinning nozzle report lower linear densities in
the set of prof i led f ibres they report the highest K/S
value, according to picture 2, table 1. Diffraction on sur-
faces of fibres with profile type illustrated on picture 1a)
table 1 is relatively lower and that corresponds with
lower forming factor of these fibres. Type of fibres on
picture 1c) report high forming factor and related high
diffraction on their surfaces. These are the reasons why
thick fibres with (-) profile show low color strength.
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Fig.2 Dependence of color strength KS on unit linear density Td;
of different cross-section profiles, c = 1,5 g of dye/1009 of fi-
bre
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Fig. 3 Dependence of color strength K/S on ramification degree R
of ditferent cross-section profiles, c = 1,5 g of dye/1009 of
fibre
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Fig. 4 Dependence of color strength KS on forming factor q of dif-
ferent cross-section profiles, c = 1 ,5 g of dye/1009 of fibre

1 6
l(/S
1 5

1 4

1 3

12

11

1 0

1 . 5 2.5

1 6
KS
1 5

1 4

1 3

1 2

11

1 0

1 51 0

1 6
l(s
1 5

1 4

1 3

1 2

1 1

1 0

5-f'.',

ffiiji'*,'rr.i,,.,.'f

#effi.

137



0 1

0 1

0 1

t2 03
l2 03

1 6
KS
1 5

1 4

1 3

1 2

11

1 0

350 370 390 410 430
a, m2.kg-r

1 -  Y  2 - ( - )  3 -  , ^ .

Fig. 5 Dependence of color strength 1(S on measuring surface a of
ditferent cross-section profiles, c = 1,5 g of dye/1009 of fi-
bre

4.2 Influence of ramification degree on color
strength

Profiled fibres prepared on spinning nozzles with Y
and l profiled openings have a very close ramifica-
tion degree. Fibres were prepared with almost double
the ramification degree on profiled spinning nozzle of
(-) type.When evaluating influence of ramification de-
gree on color strength, figure 3, interaction of influences
must be considered because on one hand fibres on
same ramification degree level (Y ahd | ) have differ-
ent color strength on the other hand fibres on different
ramification degree level have close color strength (A
and (-)). Supposedly, in th.is case as with linear density,
the same reasons lead ramification degree to interact
with forming factor.

4.3 Influence of forming factor on color
strength

Forming factor q is significant when it comes to the
influence on color strength. lt highly influences diffrac-
tion on fibre profile. When values of forming factor are
low, diffraction on fibres surface is low and dyed fibre
reports high value of color strength and vice versa. Pic-
ture 4 lists l(S values in dependence of q. Fibres with
Y and I profile have close forming factors and their
color strength decreases with increasing linear density,
tablel. This contradiction in theory of colorfulness of fine

and thick fibres with profiled and circular profile dwells
in interaction of influence of forming factor and linear
density on color strength.

4.4 Influence of measuring surface on color
strength

Value of color strength l(S decreases with increase
of fibre measuring surface. Fibre measuring surface can
be increased during geometric modification either by
decrease of linear density of basic fibres or by fibres
profilating - changing cross-section geometry of fibres.
In the set of evaluated profiled fibres on picture, mea-
suring surface is increased in direction from Y -+ A ->
(-). Color strength decreases in this direction in accor-
dance with measuring surface of profiled fibres.

5.  Conclus ion

Based on results reached after evaluating influence
of geometric parameters of profiled fibres on their color
strength we can say that they highly influence diffrac-
t ion and according to Kubelka-Munk equation color
strength. Influences of interactions between linear den-
sity of profiled fibres and criteria forming cross-section
profile - forming factor and ramification degree.
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VPLYV GEOMETRIE PRICCruCNO PROFILU PET VLAKIEN
NA VYFARBENIE

Translation of article:
The influence of cross-section of PET fibres on dyeing

Sfhrn: Rozptylov6 podmienky svetla na geometricky modifikovanyich vldknach s0 rozdielne
a s tfm s0visia optick6 a koloristick6 vlastnosti vyfarbenfch vldkien. V prispevku sa hodnotf vplyv
geometrickej modifik6cie PET vldkien na ich silu vyfarbenia. Vldkna sa geometricky modifikovali
pri zvldfrovanl s vyuZitim profilovanyich zvl6kiovacich hubic s otvormi Y, (-), I . Charakteristiky
vyjadruj0ce geometrick0 modifiki iciu - zmenu priedneho profi lu vldkien s0 dlZkovd hmotnost,
stupei rozvetvenia, tvarovf faktor a mernf povrch vlakien. Tieto charakteristiky u profi lovanfch
vldkien s rOznym profi lom s0 rozdielne a ich vplyv na silu vyfarbenia je vfznamn5i.

Klucov6 slov6: PET vl6kna, priedny profi l, tvarovyi faktor, stupefr rozvetvenia, merny povrch,
sila vyfarbenia

1. Uvod

Jednou z moLnych fyzikalnych modifikaciije zmena
geometrie vldkien v priecnom profile cestou vyuZitia
profilovanfch zvlakfiovacich hubfc, ktor6 maj0 profil inf
neZ kruhoui. Proces zvldkfiovania profilovanfch vldkien
je n6rodnf z hl'adiska reologie a reprodukovatelhosti
profilov vldkien. Prednostou fyzik6lnej modifikdcie vld-
kien zmenou priecnej geometrie profilov vldkien pri ich
tuorbe vyuZitim profilovanfcfr zvldkiovaclch hubfc je,2e
nevyZaduje d'alSie n6roky pri nirobnej ekologii v porov-
nanls klasicklim zvldknovanim. Profilovan6 vlSkna vy-
kazuj0 zmeny vo fyzikdlnych vlastnostiach v porovna-
ni s klasickfmi kruhovymi vldknami. Je to sposoben6
zmenenou makro5trukturou vldkien a s iou s0visiacimi
vlastnostami. Vplyv makro5truktfry vldkien sa v5eobec-
ne vfznamne prejavuje na optick6 vlastnosti a v prfpa-
de vyfarbenfch vldkien na farebnf vnem.

2.Teoretick6 casf

Po zvl6dnutipodmienok pri tuorbe vldkien sa ziskajri
vlAkna s najrozmanitej5ou geometriou v zdvislosti od
tvaru pouZitej profilovanej zvldkfrovacej hubice. Profil
elementdrneho vldkna v priecnom aj v pozdlZnom sme-
re si zachovdva pri tomto spdsobe modifikdcie rovno-
mernost. Na vyjadrenie geometrie prie6neho profilu vld-
kien sa pouZivaju r6zne veliciny a ich ekvivalenty, ktor6
viac-menej vyjadrujI odli5nosti od klasick6ho kruhov6-
ho profilu, [1,2,3]. Na stanovenie geometrichich charak-
teristfk sa vyuZiva metoda anal,fza obrazu priedneho
profilu vldkien. Okrem skutocn6ho a ekvivalentn6ho ob-
vodu a plochy priedneho rezu sa vyuZfvajti dhl5ie krite-
ria, ako s0 mernf povrch vldkien a, stupefi rozvetvenia
R, Warovf faktor q podl'a Malinowskej a in6. Stupefi roz-
vetvenia R je danli podielom Stuorca obvodu a plochy
priecneho profilu. Tvarovf faktor q podl'a Malinowskej
je definovanf podla vztahu (1):
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q :  (O /nd )  -  1  (1 )

kde O je obvod priecneho profilu vldkna, nd je obvod ek-
vivalentn6ho kruhov6ho profilu vldkna.

Pre kruhovf profil vl6kna je q = 0-0,07. V5etky vyS-
Sie hodnoty q pri rovnakejjemnostivl6kien vyjadrujf od-
li5nostiod kruhov6ho profilu smerom k vy55iemu stup-
iu clenitosti.

Mernf povrch vl6kien je definovanf podl'a vztahu (2):

a = 2ntr( t  + q)/(p .T), t ,  e)

k9" q je tvarovf faktor, p je hustota PET vl6kna, T je
dlZkova hmotnost vldkna.

Vo zvdzku profilovanyich vldkien je vzdjomn6 usporia-
danie element6rnych vl6kien ndhodn6 a profil tak6ho-
to zvdzku vldkien na rozdiel od profilu elementdrneho
vldkna md v priednom a pozdllnom smere nerovnak0
geometr iu,  do s0vis i  so stupiom zaplnenia vldkien.
Medzi elementdrnymivldknami sa totiZ vytvdraju pred-
poklady pre vznik kapildr rdznej velkosti a ndsledne s ni-
mi sfvisiace rdzne prejavy povrchovfch a transpor-
tnych vlastnosti, [4,5].

Tvar priecneho profilu vldkien a velkost povrchov ele-
mentdrnych vldkien ovplyvfiuj0 optick6 prostredie, do
kore5pond uje s koloristidcf mi vl astnostami prof i I ovanfch
a vyfarbenfch vldkien, [6,7].

Sila vyfarbenia sa vyjadruje podlh Kubelka-Munkovej
rovnice (3):

K/S = (1 - B)'lzp (3)

kde K je koeficient absorpcie svetla, S je koeficient roz-
ptylu svetla, B je stupefi remisie.

Koeficient absorpcie K je funkciou spektrdlnych cha-
rakteristfk a koncentrdcie farbiva vo vl6kne. Koeficient
rozptylu S je funkciou Struktfry a geometrie vldkna.
K Struktrirnym vplyvom patri najmd nadmolekulov6
Strukt0ra vldkien a Strukt0ra farbiva. Ku geometrick;im
vplyvom patrinajmai dlZkova hmotnost, geometria priec-
neho a pozdlZneho profilu.
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Pri dopade svetla na povrch vyfarben6ho vldkna sa
6ast svetlaodrazi a 6ast pohltf. Cim je index lomu svetla
na rozhranivl6kno-vzduch vi65f, tim viic5ia cast svetla
sa odrazf a men5ia 6ast svetla sa pohlt i  vo vldkne.
V dosledku menSieho podielu pohlten6ho svetla sa ja-
vivyfarbenie vldkna svetlejSie. Odraz svetla na povrchu
vldkna ovplyviuje vfznamne geometria povrchu vldk-
na. Takfto odraz svetla sa m62e potladit Specidlnou po-
vrchovou upravbu, 6fm sa dosiahne tmav5i farebnyi
vnem vyfarben6ho vldkna.

Zdvislost jemnosti vl6kna a rozptylov6ho koeficientu
S vyjadrili Akar a East vztahom (4):

S = a + b . t e x - 1 / '  g l

kde a je kon5tanta charakterizujr.rca rozptyl vo vl6kne,
b je kon5tanta charakterizujuca vlastnosti povrchu vldk-
na.

Podl'a vztahu (4) k molekuldm farbiva v jemnej5ich
vldknach sa dostdva men5ie mnoZstvo svetla a vdc5ia
dast svetla sa odrazispdt od vl6kna tzv. nefarebnou ref-
lexiou, [8].

Medzi si lou vyfarbenia, hr0bkou vldkna a mernfm
povrchom vldkna plativztah (5):

(K/S).'/(K/S)z = dtldz = dzJ4 (5)

kde (K/S) je sila vyfarbenia, d je priemer vl6kna, a je
mernf povrch vldkna.

Odvoden6 vztahy platia pre vldkna s kruhovfm pro-
filom a rovnalqTmi Strukturnymi vlastnostami. V redlnych
podmienkach sa tieto poZiadavky na vldkna dosahuj0
obtiaZne, a preto maj0'odvoden6 vztahy iba pribliZn0
platnost pri pouZfvani, [8].

Koncentrdcia farbiva potrebnd na dosiahnutie urditej
farebnej sftosti je nepriamo0mernd druhej odmocnine
dlZkouich hmotnosti podl'a vztahu (6):

cr : c2 (T fr r)'t ' (6)

kde c.,, c2 s0 koncentr6cie farbiva vo vl6knach, T',.T2 su
dlZkov6 hmotnosti vldkien. Infmi slovamivyjadren6, vy-
farben6 vldkna jemnej5ie s rovnakou koncentr6ciou far-
biva ako majf vldkna hrub5ie sa javia oku svetlej5ie.

Je logick6, Ze profilovan6 vldkna vytvaraj[ lep5ie pod-
mienky pre rozptyl svetla neZ kruhov6 vldkna. Rozpty-
lov! koeficient vzrastd s prechodom k dlenitej5im pro-
filom vldkien. Vzhladom k tomu, Ze na komplexnej5ie
vyjadrenie priecneho profilu vldkna sa vyZaduje viacej
krit6rii, neexistuje jednoduch! vztah, ktory by obecne
vyjadroval vplyv velkosti, tvaru a 6lenitosti profilov vl6-
kien na ich optick6 a koloristick6 vlastnosti.

Cielbm predkladanej prdce je zhodnotit vplyv niekto-
rfch profilov PET vldkien na ich silu vyfarbenia.

3. Experiment6lna cast

Experimentdlne rie5enie tematick6ho zamerania sa
de l ina :
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- stanovenie geometriclaich parametrov profilovanfch
PET vldkien

- farbenie profilovanyich PET vldkien
- stanovenie sily vyfarbenia profilovanlich PET vldkien.

3.1 Stanovenie geometrickfch parametrov
vl6kien

V s0bore siedmich vzoriek PET vlakien s jednotkovou
dfZkovou hmotnostou Tdi = (2,3: 3,0; 3,5; 4,6 dtex)
a priednym profilom (Y, (-), A) sa stanovili geometric-
k6bezrozmerov6 parametre tvaroni faktor q podt'a Ma-
linowskej a stupefi rozvetvenia R. Na ich stanovenie sa
pouZifa metoda analyzy obrazu priecneho profilu vldk-
na, ktoryi sa ziskal zaznamenanim na rastrovacom elek-
tronovom mikroskope. Na obr. 1. s[ zaznamenan6 tr i
druhy priecnych profi lov vldkien zo suboru siedmich
vzoriek PET vldkien, ktor6 boli analyzovanl podl'a vlas-
tnej metody analfzy obrazu. Merny povrch vldkren a,
[kgim'] sa vypodital podl'a vztahu (2).

3.2 Farbenie geometricky modif ikovanfch
vl6kien

V5etky vzorky profilovanfch PET vldkien boli farbe-
n6 rovnakfm farbiacim postupom - vytahovacim pos-
tupom farbiva z farbiaceho k0pela. Na farbenie sa po-
uZilo disperzn6 farbivo Terasi l  Blau 3RL od f irmy Ciba
Geigy s obsahom 1,5 0/o farbiva vo farbiacom kupeli
vztahovan6ho na hmotnost farben6ho vldkna. Teolota
farbiaceho kupela pri  farbenlvldkien bola 100 "C. Far-
bilo sa v pritomnosti prendsaca farbiva. bal5ie podmien-
ky prifarbeniboli obvykle podl'a receptur prifarbeni PET
vldkien disperznyimifarbivami. Pre v5etky vzorky bol ca-
sovo-teplotnf reZim farbenia rovnakf, aby sa vylucil
vplyv d'al5ich faktorov pri hodnotenf vyfarbenia.

3.3 Stanovenie s i ly  vyfarbenia v l6k ien

Spektrofotometrom Datacolor 3890 sa stanovila fa-
rebnd sila KS v5etkyich vyfarbenfch vzoriek profilova-
nfch PET vlakien pri  Standardnom zdroj i  osvetlenia
DuJ1Odeg.

4. Vfsledky a diskusia

Hlavn6 druhy priecnych profi lov vldkien, ktorfch
geometria bola analyzovand metodou analyzy obrazu
priecnych profilov na podklade REM obrdzkov su zob-
razenf na obr. 1. Stanoven6 geometrick6 charakteris-
tiky analyzovanlich obrazov hladkfch dfZenfch vldkien
su uveden6 v tabulkel.

Geometrick6 charakteristiky uveden6 v tabulke 1 sa
pouZili pre vypoditanie stupna rozvetvenia R vldkien
a mern6ho povrchu vldkien a, [m27kg1.
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Na obr. 2-5 s0 uveden6 grafick6 z6vislosti farebnej
sily (S od geometricklich parametrov

- jednotkovej dlZkovej hmotnosti, Tdj
- stupna rozvetvenia, R
- tvarov6ho faktora, q
- mern6ho povrchu vldkien, a.

4.1 Vplyv jemnosti na silu vyfarbenia

Vplyv jemnosti elementdrnych profilovanfch vldkien
na silu vyfarbenia ryS sa prejavuje v interakcii s tvarom
priedneho profilu, ktory vyjadruje tvaro4i faktor. Najvy5-
Siu hodnotu KS podla obr.2. maj0 vldkna s profilom,
ktor6 boli pripraven6 na zvl6kfiovacej hubicitvaru Y, ho-
ci majf tieto vldkna v s0bore profilovanich vldkien niZ-
Sie dlZkov6 hmotnosti, tab. 1. Rozptyl svetla na povr-
choch vl6kien s profilom typu, ktory je naobr. 1a), tab. 1
je relatlvne niZ5i, co koreSponduje s niZ5im tvarovfm
faktorom tfchto vldkien. Vldkna typu, ktoryi je uvedenf
na obr. 1c), majf vysokf tvaroni faktor a s nlm s0visiaci
vysokf rozptyl svetla na ich povrchu. Z tfchto d6vodov
vykazujri aj hrube vldkna s profilom (-) nizku silu vyfar-
benia.

4.2Yplyv stupna rozvetvenia na silu vyfarbenia
Profilovan6 vldkna pripraven6 na zvldkfrovacich hu-

biciach s profilovanlimi otvormi Y a I maj0 vel'mi bliz-
ky stupei rozvetvenia. Na zvldknovaclch profilovanfch
hubiciach typu (-) sa pripravili vldkna takmer s dvakrdt
vySSrm stupiom rozvetuenia. Pri posudzovani vplyvu
stupia rozvefuenia na silu vyfarbenia, obr. 3, treba brat
do fvahy interakcie vplyvov, pretoZe na jednej strane
vldkna na rovnakej urovni stupia rozvetvenia (Y
a A) majf r6znu silu vyfarbenia, na druhej strane vldk-
na na rdznej urovni stupna rozveNenia maju blizku hod-
notu sily vyfarbeni.a ((-) a l). Pravdepodobne i v tomto
pripade ako pri dlZkovej hmotnosti z rovnaloich d6vo-
dov vstupuje do interakcie so stupiom rozvetvenia tva-
rovf faktor.

a.3 Vplyv tvarov6ho faktora na si lu vyfarbenia

Tvarovf faktor q je z hl'adiska vplyvu na silu vyfarbe-
nia vfznamny. Vysoko ovplyviuje rozptyl svetla na po-
vrchu vldkien. Pri nizkych hodnotdch tvaroveho fakto-
ra je rozptyl dopadajfceho svetla na povrchu vldkien
nizky a vyfarben6 vl6kno m6 vysokrjr hodnotu sily vyfar-
benia a naopak. Na obr. 4 s0 uveden6 hodnoty K/S
v zdvislosti od q. Vldkna s profilom Y a Amaju blizke
tvarov6 faktory a ich sila vyfarbenia klesd so vzrastaj0-
cou dlZkovou hmotnostou, tab.1. Tento rozpor v zmysle
te6rie o farebnostijemnfch a hrubfch vldkien s profilo-
vanlim a kruhouim profilom spo6iva v interakcii vplyvu
tvarov6ho faktora a dlZkovej hmotnosti na silu vyfarbe-
nia.

4.4Yplyv mern6ho povrchu na si lu vyfarbenia

So zvy5ovanim'mern6ho povrchu vl6kien sa zniZuje
hodnota sily vyfarbenia 1(S. Mernli povrch vldkien sa
moZe.zvy5it pri geometrickej modifikdcii bud' znilova-
nfm dlZkovej hmotnosti  elementdrnych vldkien, bud'
profilovanim vldkien zmenou prie6nej geometrie vldkien.
V s0bore hodnotenfch profilovanfch vl6kien, obr. 5, sa zvy-
Suje mernyi povrch smerom od profilu Y + A --> (-). Tfmto
smerom klesd sila vyfarbenia v dobrej zhode s mernlm
povrchom profilovanfch vl6kien.

5. Zfver

Na zdklade dosiahnu\ich vfsledkov pri posudzovani
vplyvu geometrickych charakteristik profilovanfch vl6-
kien na ich silu vyfarbenia mdZeme kon5tatovat, 2eW-
soko ovplyviuj0 rozptyl svetla a v zmysle Kubelka-Mun-
kovej rovnice si lu vyfarbenia. Vfznamn6 s0 vplyvy
interakcii medzi dlZkovou hmotnostou profilovanfch vld-
kien a krit6riami vyladruj0cimi tvar priedneho profilu tva-
rouim faktorom, stupiom rozvetvenia a mernfm povr-
chom.
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CONNECTION BETWEEN STRUCTURE, SYMMETRY AND
ANISOTROPY OF MECHANICAL PROPERTIES OF WOVEN

FABRICS

Sodomka, L., Vargovd, H.

TU Liberec

In the paper the connection between structure, symmetry and anisotropy of mechanical proper-
ties especially the Young modulus and drape of the woven cotton fabrics of the three main bonds
plain, twist a satin are being presented. The anisotropy of the structure is represented through
the new quantity l inear density of the bond points putting in the polar diagrams. The polar dia-
grams are being plotted for the structure, Young modulus, for the coefficient of drape and their
anisotropy are being compared.

Key words: Structure, symmetry, anisotropy, elastic modulus, drape, drapemeter

l . lntroduction

It is the effort of the theory and of the experiment to
explain the complicated and complex properties of the
textile fabrics through the basic textile components as
the fibres is. From the linear, planar as well as volume
distribution of the fibres the yarns and planar structure
are being created. In the static structure the positions
of the individual fibres are being described, in the dy-
namical one the movement of the fibres in the textile
fabrics is being considered also. The planar structure of
textiles is being carried out as the woven, knitting and
web fabrics. The knowledge of the textile fabric struc-
ture is very important for the technology of the produc-
tion of the textiles of the requested properties. In the
textile fabrics properties the very important role are
being played in the interaction forces between fibres and
their aggregates. There are the friction forces that are
being held the fibres together as in the yarns as well as
in the woven, knitting and nonwoven textiles. In the knit-
ting and woven fabrics the distribution of the fibres is
periodic, in the web fabrics aperiodic one. The object of
our research there are the woven fabrics that have also
the periodic distribution of the bonding forces repre-
sented through the bond points in the woven fabrics.
The bonding points are being created the bond of the
woven and they can be used also as the structure ele-
ments of the woven fabric. When these bond points are
being represented through the geometrical points, the
complicated woven structure is being represented
trough the planar point lattice. For the structure repre-
sentation and description of this lattice the two-dimen-
sional crystal lattice can be applied and with it the all
mathematical apparatus. All this will be done in the fol-
lowing paper. Thus supposed the textiles structure is
inducing the basis of the anisotropy of the properties of
the woven fabrics as for instance the mechanical moduli
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and strength of the textiles are. The further properties,
which are being expected the anisotropy from, the fric-
tion coefficient and drape are [1], [2]. All this presented
problems are being solved in this paper.

2.The objects of research interest, the structure
anisotropy

ln the paper the object of the study there are the cot-
ton of the woven fabrics of the three bonds, the plain,
the twill and the satin. The basic parameters of the stud-
ied woven fabrics are following ones summarised in the
tab le  1 .

In the table the full square are being represented the
warp bond point and the white one are not the bond
points. lt can be recognised the warp and weft bond
points.

Table 1 Fundamental propert ies of the studied cotton woven fab-
rics

plane twil l  sat in

textile bond *!r oL ^rcr
6 6 ' ,

p t
1

area mass (g/mt)

thickness (mm)

warp thread density (n/m)

weft thread density (n/m)

warp thread shorteninS fk)
weft thread shortening (%)

1 2 2  1  1 6
0,52 0,5
2900 2900
3000 2700
7,8 B
1 2  1 0

120,5
0,38
2900
2600

1 6
1 0
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3.The description and relation in the ideal
structure of the woven fabrics

When they are joining the centres of the bond squares
in the woven scheme it is being obtained the geometri-
cal lattice. These are being represented the same gen-
eral properties of the woven as the symmetry and
anisotropy are. Thus constructed textile lattice is iso-
morphic with planar crystallographic lattices and all their
properties especially the symmetry can be transferred
to the textile lattice. Let us construct the geometrical
lattice from the woven of the plain, twill and satin bonds
shown in the table 1. These three lattices are on the
fig. 1 a, b, c.

From these figures together with the lattice theory it
can be deduced the structure characteristics and the
symmetry of the textile lattices. Generally it can be
shown that each lattice point can be expressed through
the following relation

r  =  u  a  +  v  b  ( 1 )

r is the position vector of the lattice point, ? , b are the
lattice cell parameter (see fig. 1) and u, v are the inte-
ger number. Because the a, b are for the defined wo-
ven constant, it is possible to use for the designation of
lattice point the symbol [[uv]l and [[00]l is the origin of
the lattice. In the textile lattice it can be distinguished
also the lattice direction. Each of them is determined
through the two points; one is the origin and second is
the general point [[uv]].The often-used lattice directions
are being denoted simply [uv].

After the planar lattice theory, the periodic structures
are having the elements of  the macro- and/or
microsymmetry. Trough these the five type of the pla-
nar lat t ices [1 ,21 are being induced. There are the
simple paral le logram, squared, t r iangle,  s imple and
centred rectangle (oblong) (fig. 2). Because the textile
planar structure are being in the most causes
orthotropic, the

Fig. 2 The form of five different textile planar elementary unit cell:
parallelogram, rectangle (oblong), centred rectangle, square
(a = b) and triangle

is in the distance L(uv), then for the density H(uv) can
be written

H(uv) = 1/L(uv) : nonr/./(n2ou2 + n?,v'),
flo = 1/a, r.lu = 1/b (2\

no is the linear warp thread density and n, is the werf
one.

For the polar diagram plotting there is very important
to know also the angle between the direction [01] and
general lattice direction [uv], 0. This can be calculated
after using the following formula

For the simplifying the construction of the structure
polar diagram the square unit lattice cell is being sup-
posed, a = b and H(uv) = n/!(u2 * v'), where n = no = nu,

0 = cos-11vnr/r/1n2ou2 r nrrvr)) (4).

In the fig. 3, 4, 5 the structure polar diagram are be-
ing presented.

From the fig. 3, 4, 5 it is seen that there are existing
four primary and four secondary peaks in bond point
density and the point density is being anisotropic. The
measure of the anisotropy is defined as the coefficient
of the anisotropy S(A)

S(A)= (P.", - Pr,^)/(P,", * Prin) (5)

Using the (5) it is possible to calculate the anisotropy
coefficient for the structure anisotropy presented in the
polar diagram on fig. 3, 4, 5.

cos([01 ],[uv]) = vn,/{(n?u' * n',v'),
o = cos-11vn/./(n2"u' * n'rv')) (3)

The bond (geometrical)
orthotropic lattice is being
bond points in the lenqt

3'r=:

point density H(uv) in the
defined as the number of

b)
1

T_S
6

1
s 6 / 4 /
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Fig. 1 Lattices of a) plain, b) twill and c) satin structures

r, m
respectively
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34J"

330'

255" 
27- . 2t5.

a)  
b)  

-L-  -a.L\  . . .^ -^  l -^h, . .  ,  

c)

Fig.3 The polar structure diagram H(uv) = H(q) for the plain woven a) all bond points of; b) warp bond points; c) weft bond points

a)
Fig. 4 The polar dtructure diagram H(uv)

il;
= H(q) for the twill woven a) warp bond points; b) weft bond points

rooT i
140
80

plain
woven bond

twill satin

S(A) warp 0,56
weft 1

All bond points: 0,56.

4. Anisotropy of elastic modulus of woven
fabrics

The structure anisotropy of textiles is being implied the

anisotropy of the textile properties especially of the

mechanical ones. The most important property from the

mechanical ones is the elastic (Young) modulus show-

1M

ing the in general 3D anisotropy. For the mathematical

dJscription of the anisotropy the tensors are using. The

tensoi for the elastic modulus has the forth order and

in general 81 components. These are being lowered

with symmetry and 2D dimension for the orthotropic

symmetrytothethreecomponents[3],[4] 'Thussuchan
eiasticity tensor E,,can be expressed in the matrix form

AS

r r  r  t  l l  E . ,  E , l l
ll r,ll= 

ll ;,, ;;ll, 
E,z = Ez, (6)

From (6) it is seen that for the orthotropy planar tex'

tile fabrics it is necessary to know only three tensor

components. For the construction of the polar diagram,

/,,
l l 5 '

\

210'

a) b)

Fig. 5 The polar structure diagram H(uv) = H(q) for the satin woven a) warp bond points; b) weft bond points

0,89
1

0,79
1
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the dependence of the elastic modulus E on the polar
angle 0, E(q), it is necessary to transform the tensor
expression (6) to the more advantageous form with the
fol lowing result [5,6]:

1/E(0) = 1sos40/Eo) * (sin4e7E,; +
F (Eos + 1l4Eo- 1/4E,)sin22o (7)

From the relation (7) it is seen that for the construc-
tion of the whole polar diagram there are necessary to
know the three value of the elastic modulus Eo is the
modulus in warp direction Eu , is the modulus in the weft
direction and Eo, is the modulus in the 45 degree direc-
tion in polar diagram. The three experimental obtained
modulus values are sufficient to calculate after (7) val-
ues of elast ic modulus in al l  direct ions in the polar dia-
gram. This wil l  be made for the plain bond in the f ig. 6
a), for the twill bond in the fig. 6 b) and for the satin bond
in the f ig .  6  c) .

From these figures it is being observed that only maxi-
mal values in the axis direction have been shown and
the secondary peaks appearing in the structure anisot-
ropy have been lost. Considering this fact it is possible
to introduce the new quantity, the orthotropy coefficient
S(O) through the fol lowing definit ion

S(o )  :  (E [10 ]  -  E [01 ] ) / (E I10 l  +E [01 ] )  (8 )

where E[10] is denoting the elastic modulus in the direc-
t ion of warp [10] and E[01] in weft [01] threads.

The values of the S(O) can achieve the values from

I 80"

the in terval  <0,1>.  The value 1 is  reserved for  the
square or thotropy and the value 1 for  the l inear
orthotropy, when the textile fabrics are created only
trough the paral lel threads. The S(O) values for the
three types of the woven fabrics are being calculated
and are as fol lows : for plain structure 0,04, for twi l l
structure 0,14 and for satin woven fabrics 0,33.

5. Anisotropy of the drape of woven fabrics

The drape is defined as the deformation of the textile
fabrics made through the gravitational force. Therefore
for the drape measurements the different set up and
technique can be used. In the first technique (1950) the
circle text i le sample of the known radius R is being
coaxially situated on the solid circle base of the radius
r. The action of the gravitational force is deforming the
textile circle. The projection of the deformed textile fab-
rics trough the parallel light beam in the symmetry axis
direction of the set up is leading the creation on the bed
area A. The drape coefficient S(S) is defined as

S(S) : (A - nr'111nR'- nrl (9)

Now the area measurement is being made used the
video camera and Lucia program for the evaluating of
the S(S). This method has been carr ied out for the
drape measurements in [5], [6].  The measurements of
the drape of the three woven structure are presented
on the t ig .7.

I  900

b)

Fig. 6 Polar diagram of elastic modulus a) plain structure; b) twill structure; c) satin structure

Fig. 7 The projection area in drape measurement of the a) plain structure; b) twill structure; c) satin structure.
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Fig. 8 The set up of the drapemeter after Sodomka [7], [8]

On the border of this projected area the so called
waves are being observed. This is the expression of the
drape anisotropy. Also their number is its characteris-
tic. In the fig. 7 b) and 7 c), the 8 wave number is being
shown; on the tig.7 a) only 7 waves are being observed.
Number 8 can be probably cohered with the structure
anisotropy.

By the first author one fast and simple method of
drape measuring (drapemeter) has been proposed. lts
principle is being explained using the fig. 8. The textile
fabric band of the length L (200mm) and the breath B
(50mm) is putting between two planar wall and letting
to create the waves. The textile fabric is in the contact
with the walls at the heights L,, L, ,  L3 , . . .  L, ,  . . .  Ln . The
drape coefficient is defined as UL orland S (UnL) where
n is the number of the waves. The theory of this defor-
mation type is in the beginning.

Another drapemeter is being based on the measuring
of the sag of the textile fabric bend. The drape anisot-

ropy is measured in dependence of the band axis direc-
tion in the textile fabrics. The anisotropy measurements
of the drape for the all three bond types throgh the textle
bending are being presented on the fig. 9. These two
last types of the dynamometers are in the development.
The some details

6.  Review,  conclus ions and futher  developtment

In the paper the connection between structure and
anisotropy of the mechanical properties of woven tex-
tiles has been studied. For the structure description the
crystallographic analogy between the 2D crystal lattice
and 2D woven textile has been borrowed. The lattice
points  in  woven text i les are the bonding points .  On
these suppositions the structure anisotropy of the three
types of woven textiles have been designed on the fig.
3,  4 ,5.  These can be compared wi th the measured

2&'
lm.

210.

Fig. 9 Anisotropy of the drapeability measured through the textile bending of the sample preparation and measurements can the
reader f ind in [9] and [10].

\
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anisotropy of the Young modulus of woven textiles on
fig. 6. From this comparison it is evident, that only
orthotropy symmetry is being conserved. The subsid-
iary bonding point directions on the mechanical polar
diagrams have not been obserued,

In the paper it is being also shown that all mechani-
cal properties have been shown anisotropy. The
drapeability of woven textiles measured with classical
method cannot be directly measured. For these pur-
poses the two new methods have been proposed and
applied.

The connection between structure and mechanical
properties of woven textiles is not being easy to solve
and this paper can be understood as the firs step , be-
cause only the geometry of the bonding points has been
considered and the forces between then can be ne-
glected.

This publication is being granted from the GACR under the grant
number 106/01/0387.
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SOUVISLOST STRUKTURY S ANIZOTROPII
MEcHANrcKVcn vlAsTruosri rrnruiru

Transtation of article:
Connection between structure, symmetry and anisotropy of mechanical proper-

ties of woven fabrics

V dldnku je pojedndno o vztahu struktury, soumdrnosti a anizotropie mechanickfch vlastnosti
zvld5td modulu v tahu, t ieni a splfvavosti bavlnenlich tkanin ti i  z6kladnich vazeb : pl6tnov6, kep-
rov6 a atlasov6. Anozotropie struktury tkanin je kvantif ikovdna soustavou vazbovfch bod0, kter6
tvoif dvojrozmdrnou mifZku. Z ni je tak vytvoien soumdrnli ftvar pro vazn6 body osnovnl a 0tko-
v6. Ty vytvdieji poldrni diagramy ve tvaru r02ice s vfraznfmi osmi maximy se dtyidetnou osou
soumdrnost i ,  se stejnou osou soum6rnost i  jakou maj i  pol6rni  d iagramy modul0 v tahu. V5echny
zaveden6 charakteristiky uvaZovanfch texti l i i  vykazujf anizotropii.

Klicovd slova: Struktura, soum6rnost a anizotropie tkanin, elastickyi modul v tahu, splyivavost.

Uvod

Je snahou, jak teorie tak experimentu, vytvoiit struk-
turu textilif z jejich zdkladnlch prvk0, jako jsou vldkna
a vytvaieni plo5n;ich textilii z linedrnich Zddanfch vlast-
nostf. Orientace arozlolenivldken a jejich orientace vy-
tvaiejiv tkanindch statickou periodickou stavbu tkanin,
jejich geometrickou strukturu. Vazbov6 sily, kter6 drZi
vl6kna pohromade vytv6ieji pak jejich fyzikdlni struktu-
ru. Je snahou jak experimentu, tak iteorie odvodit ze
struktury vlastnosti textilif pro jejich technologii uiroby.
Z vy chozi geometrick6 a fyzi kal n i stru ktu ry tkan i n vyply-
vajijako d0sledek v5echny vlastnosti textilif, jako jsou
pruZnost, pevnost, soucinitel tienia splfvavost. Je proto
snahou textilnfho r4izkumu objevovat vztahy mezi struk-
turou a vlastnostmi. V5echny tyto vlastnosti sdruZuje
anizotropie textilii. Piedmetem cldnku je hledat ffto sou-
vislosti.

Stru ktu rn i an izotropie

Jako piedm6t vfzkumu byly vybr6ny bavlnen6 tkani-

ny zdkladnich vazeb: pldtnov6, keprovd a atlasov6. Je-
jich z6kladnf textilni charakteristiky jsou shrnuty v tabul-
ce a jejich strukturnf zobrazenf je na obr. 1. Textilie jsou
chApdny jako dvojrozmdrn6 periodick6 struktury, kter6
tvoii p6t elementdrnich dvojrozm6rnfch bun6k uvede-
nfch na obr. 2. Jako strukturnicharakteristika byla zvo-
lena hustota vazbovyich bodu H(uv), definovan6vzta-
hem (2) .  Je j fm uZi t lm by ly  zkonstruov6ny poldrn i
strukturni diagramy pro zdkladni vazby pldtnovou, kep-
rovou a at lasovou. Poldrnf diagramy tdchto struktur
H(uv) : H(6) majidtyidetnou nebo dvojcetnou osu sou-
m6rnosti a jsou uvedeny pro lfc a rub na obr. 3, 4 a 5.
Jim pi islu5n6 poldrni diagramy modul0 v tahu jsou na
obr. 6. Anizotropii jevila tak6 splfvavost vSech tif typ0
tkanin, jak ji znazorfiuje obr. 7. Prdce ukAzala na sou-
vislost struktury a vlastnosti tri typ0 tkanin, pldtnov6,
keprov6 a atlasove. V dlanku je rozliSena celkov6 (v5es-
m6rovd) a jednosm6rovd spllvavost a uvedena jedno-
duchd metoda k hodnocenf jednosm6rov6 splyivavosti
spolu s jednoduchfm mdifcim piistrojem jednosmero-
v6 splyivavosti.
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OBJECTIVE EVALUATION OF THERMAL EFFICIENCY OF
PROTECTIVE GARMENTS CONTAINING PCM PARTICLES

LuboS Hes, L., Balcaiikovd, V.

Technical Univerzity of Liberec, e-mail: /uboshes@ hotmail.com

This paper brings concise explanation of the function of fabrics and clothes which provide
increased thermal protection (insulation) on principle of dynamic thermal resistance given by
accumulation of heat in PCM particles integrated into protective texti le layer. Besides description
of structure of the fabrics, a simplif ied thermo-mechanical model of their thermo-protective func-
t ion is given.

In the second part of the paper, new method of thermal efficiency evaluation of the protection
layers in time course time is described. This method is based on 't ime of at least twofold thermal
protection" and an original device for application of this easy method is introduced. ln the end,
first f indings found by the new method which emphasize necessity of relatively high amount of
the PCM elements for sufficiently good protection effect are given.

1. lntroduct ion

Several companies in the world offer sport clothes
with higher thermal capacity, which provide temporary
protection against overheating whether caused by stay
in hot surroundings or by higher production of metabolic
heat during high sport or work strain. Protective func-
tion of those products is based on heat absorption dur-
ing phase change in so called "phase change materi-
als" (PCM) which are put inside protection layer of the
special clothes.

Due to intensive marketing, these clothes are known
to public and they found their customers. However, pro-
ducers of the fabrics are not able to characterize the
effect of the proclaimed heat protection in simple man-
ner. There is growing suspicion among textile special-
ists that the protection is not necessarily proportional to
high price of these "performance" fabrics and garments.

Objective of this paper is a simplif ied analysis of
thermoprotective mechanism of fabrics containing PCM
elements and a proposal of new method and related
devices which allow easy evaluation of thermal effi-
ciency of the thermoprotective clothes of the "outlast"
type.

2. Dynamics of fabric heating

While dressing especially of underwear with tempera-
ture different from body temperature we feel effect of
heat accumulation in the clothes, which is given by area
related thermal capacity of clothing C U/mzl calculated
as a product of specific heat c [J/kg] and surface den-
sity of the fabric M [kg/m2]. Thermal conductivity of tex-
tile material takes share on the overallthermal-contact
perception of the fabric. Well known Prof. Kawabata first
pointed out the importance of dynamics of thermal-con-
tact perception as a part of feel or hand [1]. Resulting
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parameter catled thermal absorbtivity b [Ws1t'1m'K1in-
troduced by Hes in [2] can be determined with commer-
cial apparatus AI-AMBETA described in [3].

Thermal capacity of clothes has to defend the body
from sudden temperature changes in the environment,
for example when leaving air-conditioned space and
entering to tropical atmosphere.

In fact, this balancing effect is weak and short. Wool
clothes provide much higher "buffer" effect due to va-
porization heat of absorbed water, but only in case if
high temperature of surrounding air comes with low
humidity. Yet this is not a usual case. That is why fab-
rics based on heat accumulation by means of phase
change appeared on the market.

This principle was first used in civil engineering - un-
der roofs of "intelligent" houses there were put closed
containers with PCM materials. The heat accumulated
during hot days warmed the whole house during cold
nights. Dr Barbara Pause published this principle first
- see in [a] after the suitable way of application of these
mater ia ls  in  fabr ics was solved.  The most ly  used
materals - alkens - are products of organic chemistry
and their melting temperature lies usually between 15
and 40 "C. As an example eicosan can be used, with
melting temperature 36,1 'C.

3. A theory of using of phase change materials
in thermo-protective garments

These wax-like materials are enclosed in small cap-
sules of diameter 5 to 15 micrometers and can be in-
put and fixed inside any textile structure (e.9. in non-
woven fabric) or on the surface of text i le fabric by
means of a resin. Recently, the PCM elements were
successfully built inside acrylic fibres. These PCM ele-
ments are characterized by relat ively high phase
change heat L [cca 250 J/kg] which is taken off the fab-
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r ic during i ts heating-up in consequence of higher ex-
terior temperature tg, or when cool ing i t  down from
melted state. In both cases in the course of phase
change tr6 [sec], PCM elements keep respective textile
layer with thermal resistance Rp6 at the phase change
temperature tp6 for time of fractions to multiples of min-
utes.

lf the user of the protection clothes is exposed to high
exterior temperature tg, then protective clothes consist-
ing of two textile layers with inner and exterior thermal
resistanc€ Rpnor d Re, and PCM layer which is laid be-
tween the textile layers, should guarantee that the skin
temperature t, of the wearer does not exceed at least
for certain time the temperature limit level which brings
thermal comfort feeling. With certain simplification and
for Rrsel t;' Rr the above mentioned mechanisms can
be quantified in the following way:

Heat flow qo [Wmt] to the skin (ts ,, 33"C) without pro-
tection:

Qo = (te - ts)/(Re + Rpc+ Rr*or) (1)

Heat flow qo [Wm'] to the skin with protection (tpc =
35-38'C):

Qp = (tpc - ts)/(O,sRpc + Rr*ot) (2)

l f  PCM protection appears, then qp.( go,
Heat flow to PCM layer during the time of protection

tocH:

Qpcra : ( tE - tpc) /(0,5Rpc + Re) (3)

Total heat L U/m'l necessary for complete melting of
PCM layer:

L = Qpcu'tpc g)

Time of thermal protection provided e. g. by protec-
tion glove determined under precondition (in the prac-
tice only hardly feasible) that temperature of PCM layer
is for certain time in the whole PCM layer constant:

tpc : L/qp61,,1 = L.RE/(te - tpc) (5)

From this simplified analysis follows that level of pro-
tective function of PCM is strongly affected by the level

Fig. 1 Scheme of the PC Tester instrument for evaluation of
efficiency of thermal protective fabrics
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of phase change temperature and the level of thermal
resistance, and that the most important factor is mass
of PCM elements inserted into active layer of clothes.
l f  their weight port ion is low (lower than 30%), the out-
side penetrates through the PCM layer to inside layers
which are in contact with skin and the second parl of the
equation is invalid. To get really effective PCM heat pro-
tection, we have to use thick textile layers, which are
less flexible and consequently less comfortable.

4. New method for evaluation of thermal
eff iciency of PCM protection

New instrument called PC Tester is based on com-
mercial equipment ALAMBETA for the measurent of
thermal-contact and thermal-isolation characteristic of
flat textiles. The scheme of this equipment is shown on
F i g .  1 .

The instrument consists of two blocks - boxes with
different temperatures. The temperature of the first one,
so called SKINBOX, is kept on skin temperature tri by
means of classical circulation thermostat 2. The second
one is HOTBOX 3; it is heated or cooled electrically. The
temperature in this case is kept by digital regulator or
computer 4 on different level ts. Tested fabric 5 contain-
ing PCM elements is located between sensing areas of
both boxes, and in the course of the testing proccess it
is surrounded by two f lat text i les 6 and 7 which simu-
late both effect of thermal resistance of undenryear with
respective air gaps Rrror and effect of total thermal re-
sistance Ru between PCM layer and the environment
with temperature tg.

When evaluating effect of PCM layers it is necessary
to prepare the PCM layer with thermal resistance Rps
as well as the simulation layer with the same thermal
resistance Rsrru, but without PCM elements.

Evaluation of the efficiency is started by allocation of
layers 4, 5 (SlM) and 6 between sensing surfaces of
both boxes and their bringing into mutual thermal con-
tact. The computer begins to register level of heat flow
q[Wmz) passing through sensing sur face of  the
SKINBOX. As i t  is evident from f ig. No 2., the heat f low
reaches its maximUffi gmaxo in short time to not exceed-
ing several seconds, because effective surface thermal
capacity of fabrics, given by product of specific heat c
[J/kg] and surface density of fabric [kg/mt] is very low.
The final value of thermal resistance is then given by the
re lat ion (1) .

In next step the textile fabric 5(SlM) replaces protec-
t ive layer S(PCM) in the measured assmbly and mea-
surement is repeated. In this case the increase of the
level of heat flow is slower, because of the effect of heat
accumulation needed to accomplishing of the phase
change. In theory, the above mentioned accumulation
of heat should be constant for some time and conse-
quently, the heat f low should not change in the mean-
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ing of the relation (3). Time of protection should be char-
acterized by the time of protection according to the re-
lation (5). In reality, there is no "plateau" with constant
value q at the registration of the heat flow going though
the system with PCM layers, because PCM layer is not
continuous in usual appl icat ion in text i les. A non re-
duced heat flow penetrates beWveen fibres from outside
layer, and as a result of it the curve of heat flow is
smooth and continuous and reminds again an exponen-
tial one. How can we then simply evaluate time of pro-
tection?

ln physics, the exponential curves characterize a lot
of natural processes, as e.g. radioactive isotope decay.
For simple expression of the radiation intensity drop, the
radioactive half time was introduced, which is given by
time necessary for drop of radiate level intensity to half.
This parameter is useful, because it is clear for under-
standing. Similarly, analogy of this parameter wil l  be
used for evaluation of the thermal protective efficiency
of fabrics containing PCM elements.

As the time of protection tps will be appointed the time
in which heat flow will be lower or equal to one half of
the maximum rate of heat flow qr"",o achieved when
measuring the fabric simulating the protective layer, but
without PCM elements.

Because thermal resistance R of fabrics is given by
the known relation

R = (tE - t".J/g (6)

then the time of protection means in reality also the time
for what effective thermal resistance of protective fab-
ric is at least twofold in comparison with the same layer
without PCM elements.

5. Experimental results

First prototype of the equipment was made in coop-
eration with Prof. R. Gomes at the University of Minho.

l,s

Fig.2 Time course of heat flow passing through the simulated skin
during the evaluation of thermal efficiency of the PCM fabrics
in the PC Tester
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The results were published at a conference in Portugal
in 2001, but there was no detailed description of the
device and method given [5].  During the prel iminary
tests  the PCM layer  (mel t ing point  28 'C)  was sur-
rounded by textiles with the same thermal resistance R
(about 0,1m2K/VV) and the quantity of PCM elements
was raised from 0 to 50% of the sample weight. Time
necessary to reach the 50% level of q,n"r,o with raising
proportion of PCM was increasing almost linearly to 620
sec, which in some extend proves the validity of rela-
t ion (5).

Another prototype of the device PCM tester was build
recently in the Textile Research lnstitute in Taipei, Taiwan,
and the method was once more verified, by providing simi-
lar results. A priority of the described method of evalua-
tion of thermal efficiency of PCM fabrics is covered by a
patent application since 2001. The theoretical analysis of
heat transfer in protective textile was completed at the
Technical University of Liberec in 2002.

6.  Conclus ion

Function of thermo-protective fabrics containing PCM
elements was analysed theoretically in this work and a
new method for evaluation of thermo-protective function
of these fabrics was proposed. This method provides
the simulation of real boundary conditions at wearing of
these fabrics and enables to characterize thermal effi-
ciency of the PCM fabrics by the only parameter which
is the time of at least twofold rise in thermal resistance.
Preliminary tests carried out on the first prototype of the
related instrument showed, that in order to reach the
meaningful time of thermal protection, it is necessary to
apply relat ively high amount of PCM elements, when
severe boundary condi t ions ( in  pract ice f requent ly
occuring) of wearing of the protective clothes are set
on the device.
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OBJEKTIVNI
ocHRANruVcn

t .  Uvod

Nekolik firem na sv6t6 v poslednidobd nabizi sportov-
nl od6vy se zui5enou tepelnou kapacitou, kter6 posky-
tujf do6asnou tepelnou ochranu proti piehidti, al jil zpit-
soben6ho pobytem v hork6m prostiedi, nebo zr4i5enou
produkcf metabolick6ho tepla pii vy,soke sportovninebo
pracovni zat62l Tyto odevy se diky intensivnfmu marke-
tingu staly znAm6 veiejnosti a na5ly sv6 zdkazniky.
Nicm6n6, r,nirobci tdchto od6v0 nejsou schopni jednodu-
chyim zp0sobem ch arakterizovat uci n n ost proklamovan6
tepeln6 ochrany. Mezi textilnimi odbornfky proto klidi
podezienf, Ze tato ochrana nemusf bft vZdy 0mdrnd
vysok6 cen6 t6chto"performance" textilif a z nich zhoto-
venyicfr oddv0, zaloZenfch na pohlcovdnf tepla piifdzove
zmdnd tzv. ,,phase change" materidl0 (PCM) uloZenyich
uvniti ochrann6 vrstvy t6chto specidlnlch oddv0.

Cilem tohoto piispdvku je zjednodu5en 6, analyza
tepeln6 ochrann6ho mechanismu textili i obsahujicich
PCM ddstice, a ndvrh nov6 metody a souvisejlclho zai[-
zen{, kter6 by umoZnily jednoduch6 hodnocenitepeln6
06innosti tepeln6 ochrann;ich oddv0 typu,,outlast".

2. Dynamika ohievu text i l i i

Pii oblekdni oddvu, zejm6na pak spodniho prddla o
teplotd odli5n6 od teploty pokoZky vnimdme vliv akumu-
lace tepla v od6vu, danyi plo5nou tepelnou kapacitou
od6vu C [J/m2] danou soudinem m6rn6ho tepla c U/kgl
a plo5n6 hmotnosti  text i l ie M [kg/m2]. Na celkov6m
tepelnd-kontaktnim vjemu se pak podflf i tepelnd vodi-
vost textilie. Na d0leZitost dynamiky tepelnd-kontaktniho
vjemu coby soucdsti omaku jako prvniupozornil znamf
Prof. Kawabata [1]. Vfslednf parametr zvany tepelnd
jfmavost b [Wsu2762K] zavedenf Hesem v [2] lze pak
m6iit pomocf komerdnfho piistroje ALAMBETA popsa-
n6ho napi. v [3].Tepeln6 kapacita od6vu pak by nAs do
jiste miry m6la chrdnit pied n6hllimi zmdnami teploty
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HODNOCETI UEINNOSTI TEPELNE
TEXTILII OBSAHUJ1C1 PCM EASNCE

Translation of article:
Objective evaluation of thermal eff iciency of protective garments containing PMC

particles

V prdci je strudn6 vysv6tlena funkce textilil a od6v0 poskytujici zvfsenou tepelnou ochranu
(izolaci) na principu dynamick6ho tepelndho odporu vytvoien6ho akumulacf tepla v tzv. PCM
ddsticfch, kter6 jsou integrovAny do ochrann6 texti lnivrstvy. Krom6 popisu struktury t6chto texti l i i
je tel uveden zjednoduSenf termomechanickf model jejich tepelnE-ochrann6 funkce.

Ve druh6 6dsti piisp6vku je popsdna novd metoda hodnocenitepeln6 ri6innosti tdchto ochrannfch
vrstev pomoci tzv. doby nejm6nd dvojndsobnd tepeln6 ochrany a je uveden i p0vodni pifstroj pro
aplikaci t6to jednoduch6 metody. V z6v6ru jsou zmindny i prvnivfsledky ziskan6 novou metodou,
kter6 zdtrazfiujf nezbytnost aplikace relativnd vysok6ho mnoZstvi PCM 6dstic, aby ochrannf
efekt byl dostatedn6 vyrazny.

okoll, napi. kdyl opouStime klimatizovanyi prostor a
vstupujeme do tropick6ho prostied[.

Ve skutecnostije v5ak tento kompenzacniefekt slabli
a krdtkodobf. Daleko vy55itzv. ,,buffer" efekty poskytujf
dfky 4iparn6mu teplu sorbovand vody vlnene od6vy,
av5ak jen tehdy, je- l i  vndj5f vysokd teplota okolniho
vzduchu doprovdzena jeho nizkou vlhkostf. Toto vSak
neni b6Znf pi ipad. Proto se na trhu objevi ly text i l ie
zaloleni na akumulaci tepla pomocf fazov6 zmeny.
Tento princip byl nejdiive pouZivdn ve stavebnictvi -
pod st iechami , , intel igentnich" dom0 byly umist6ny
rozlehl6 uzavien6 nddoby obsahujici PCM materidly.
Teplo akumulovan6 b6hem hork6ho dne pak ohilvalo
celf d0m bdhen chladn6 noci.  Jako prvni publ ikovala
tento princip Dr. Barbara Pause - vizl4l pot6, co bylo
vyie5ena vhodn6 forma aplikace techto materi6l0 v tex-
t i l i ich. Nejdastdj i  pouZivan6 materialy - alkeny jsou
produkty organick6 chemie, a jejich tavn6 teplota beZne
leZi mezi 15 a2 40 "C. Jako piiklad uved'me eicosan,
s teplotou tAzov6 zm6ny 36,1 'C.

3. Teorie poui i t i  t{zov6 zm6ny materi6lu
v tepeln6 ochrannfch od6vech

Tyto vosku podobajlcise materidly jsou zapouzdieny
v mallich kapslfch o pr0m6ru $-15 mikrometr0 a tyto
mohou bft uloZeny a zafixovdny uvniti jakekoli textilnI
struktury (napi. v netkan6 textili i) nebo povrchu latky
texti l ie pomocipryskyi ice. V poslednidob6 se podaii lo
zabudovat PCM cdstice piimo do hmoty akryl6tovlch
vl6ken. Tyto PCM jsou charakterizovdny relativn6 vyso-
kou fdzovou zm6nu tepla L [asi 250 J/kg] odebfranou
z textilie piijejim ohievu v d0sledku vy55iteploty okoli
t5, flebo kdyl dochdzlk chladnuli z roztaven6ho stavu.
V obou piipadech, bdhem dasu tazovd zm6ny tps [sec],
PCM ddstice udrZujf piislu5nou textilnf vrstuu s tepelnfm
odporem Rr" na teplot6 tAzov1 zmeny tpc po dobu
zlomk0 a2 ndsobk0 minut.
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Je-li napi. nositel ochrann6ho oddvu vystaven vysok6
teplot6 okolf tr, pak ochrannf od6v, sest6vajici ze dvou
textilnich vrstev o vnitinim a vndj5fm tepeln6m odporu
Rp €r RE, a z PCM vrstvy, um[st6n6 mezi tdmito vrstva-
mi, md zajistit, aby teplota pokoZky nositele ts tohoto
oddvu alespofi po ndjakou dobu nepiestoupila mezni
frovefr, kterd poskytuje pocit tepeln6ho komfortu. Po
jist6m zjednoduSeni a pro Rp tt' Re lze vf5e popsan6
mechanismy kvantif ikovat n dsledovn6 :

Tok tepla Qo [Wm2] do pokolky (ts = 33 "C) bez
ochrany:

9o = (te - ts)/(Rr + Rpc+ Rocr) (1)

tok tepla Qp do pokoZky s ochranou (tpc = 35-38 "C):

9p = (tpc - ts)/(O'sRpc +Roctr) (2)

JestliZe se PCM ochrana projevuje, pak gp << Qe, tok
tepla Qpc do PCM vrstvy b6hem doby ochrany tesx:

Qpq,,r = (te - trc)/(O,SRpc +Re) (3)

celkov6 teplo L U/m2l nutn6 pro 0pln6 roztavenl PCM
vrstvy:

L = gpcu.tpc @

Cas tepeln6 ochrany poskytnutf ochrannou rukavicf
stanoveny za (v praxi obtiZnd realizovateln6ho) piedpo-
kladu, Ze teplota PCM vrstvy je skutecn6 po jistou dobu
v cel6 PCM vrstvd konstatni:

tpc = UQpcu = L.RE/(IE - trc) (5)

Jak vyplyva z t6to jednoduch6 analyzy, Irovei
ochrann6 funkce PCM je si lnd ovl ivnena zvolenyimi
teplotami fAzovd zm6ny a hladinou tepeln6ho odporu,
nejd0leZitej5im faktorem je pak hmotnost PCM ddstic
vloZenfch do aktivni vrstvy od6vu. Jestl iZe je jej ich
hmotnost nizkl, (niZSlneZ 30 %), teplo piivdddne zvendi
pronikd skrz PCM vrsUu do vnitinich vrstev dohikajicich
se pokoZky, a druhd rovnice t6to analf zy je neplatnd.
N6sledn6,  p i i  poZadavclch na 0c innou tepelnou
ochranu pomoci PCM castic je nutno pouZivat tlust6
textilnf vrstuy, kter6 jsou m6nd flexibilni, tudiZ tak6 m6nd
komfortn[.

4. Novd metoda pro hodnoceni tepeln6
udinnost i  PCM ochrany

Novf piistroj PC Tester je do jist6 mfry zalolen na
komer6nim pilstroji ALAMBETA pro m6ieni tepeln6-
kontaktnich a tepeln6-izoladnich vlastnostf plo5nfch
textilif. Schema piistroje je uvedeno na obr. 1.

Pi istroj sestdv6 ze dvou teplotnd se odl i5uj icich
blok0 - box0, z nichl prvnitzv. SKINBOX, posice 1, je
pomoci klasick6ho ob6hov6ho termostatu 2 udrloviln
na koZniteplot6 ts6. Druhf tzv. HOTBOX 3 je vytapen
resp. chlazen elektricky. Teplota je udrZovdna digit6lnim
reguldtorem, resp. pocitacem 4 na odli5n6 teplot6 ts.

vldkna a textil I (4) 149-1 54 (2002)

Zkou5end textilie 5 obsahujfci PCM cdstice se pak pii
m6ienf nachAzi mezi snimacfmi plochami obou box0,
av5ak pii testovanije obklopena dvdma plo5nyimitexti-
l iemi  6 a 7,  k ter6 s imulu j i  jak v l iv  tepeln6ho odporu
spodnfho prddla a souvisejicich vzduchovfch mezer
Ro.r, tak celkov6ho tepeln6ho odporu R= mezi PCM
vrstvou a vn6j5im prostiedim o teplotd tE.

Pi i  mdieni 06innosti  PCM vrstev je zapotiebi mit
k dispozici jak vlastni PCM vrstvu o tepeln6m odporu
Rp6, tak tzv. simulacnivrstvu 5(SlM) se stejnfm tepel-
nyim odporem Rs;y, avSak bez PCM cdstic.

Hodnoceni fcinnosti pak za6{nA umist6n[m vrstev 4,
5(SlM) a 6 mezi snlmaclmi plochami obou box0 a jejich
uvedenim do vzdjemn6ho tepeln6ho kontaktu. Pocitac
pak zadne registrovat 0rovefi tepeln6ho toku q [Wmt]
prochdzejiciho m6iiciplochou SKINBOXU. Jak je patrno
z obr .2,  tepelny i  tok dos6hne sv6ho maxima gmaxo
b6hem krdtke doby te nepievy5ujici  n6kol ik sekund,
protoZe efektivni plo5nd tepelnd kapacita textili i dand
soucinem mdrn6ho tepla c [J/kg] a plo5nd hmotnosti
text i l ie Ikg/mt] je velmi nizkA. Konecnd hodnota
tepeln6ho odporu je pak ddna vztahem [1].

V dal5im kroku se text i l ie 5(SlM) v prom6iovan6m
souboru nahradi ochrannou vrstvou s(PCM) a meieni
se zopakuje. V tomto piipade v5ak froven tepeln6ho
toku vzr0std pomaleji, nebot se projevuje akumulace
tepla potiebnd k dosaZenitlzovf zmdny. Teoreticky by
zmfn6n6 akumulace tepla m6la bVt  po j is tou dobu
konstantni, a ndslednd i tepelnf tok by se ve smyslu
rovnice (3) nemel menit.  Doba ochrany by pak byla
jednoznacn6 charakterizovdna 6asem ochrany dle
vztahu (5). Ve skutednosti v5ak pii registracitepelneho
toku prochdzejicfho syst6mem s PCM vrstuou praktick6
26dne,,plato" s konstantni hodnotou q nevznik6, a to
proto, Ze PCM vrstva pii beZne aplikaci v textili ich nenf
souvisld. Mezi vldkny pronikd neomezovanf tepelny tok
z vn6j5i vrstvy, drjsledkem dehoZ je kiivka tepeln6ho
toku hladkd a spoj i ta a pi ipomfn6 op6t exponencidlu.
Jak tedy jednoduSe hodnoti t  dobu ochrany?

Ve fyzice charakterizuji exponencidlni kiivky mnoho
piirodnich ddj0, jakfm je i napi. rozpad radioaktivnfch
izotop0.  Pro jednoduche vy jadieni  poklesu urovn6
intenzity zdienf byl zaveden tzv. polocas rozpadu, danli
dobou potiebnou k poklesu intenzity radioaktivniho
zAieni na polovinu. Tento parametr se vZil, protoZe je
snadno pochopi te lnf .  Proto bude analogie tohoto
parametru pouZi ta i  k  hodnocenI  udinnost i  tepelne
ochrannlich textili i obsahujicich PCM cdstice.

Pr0beh tepeln6ho toku simulovanou pokoZkou pi i
ov6iovdni 06innosti tepeln6-ochrann;ich textilif v piistroji
PC Tester je na obr.2.

Jako doba ochrany tp6 bude stanovena doba, po
kterou tepelnli tok qr"" bude niZSf nebo roven polovine
maximdlnlhodnoty tepeln6ho toku qn,,"*,o dosaZene pii
prom6iovdni texti I ie si muluj ici och ran nou vrstvu, avSak
bez PCM cdstic. ProtoZe tepelnf odpor R textili i je dan
zndmlim vztahem
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R = (tE - tsr)/q (6)

znamend doba ochrany ve skutecnosti tak6 dobu, po
kterou je efektivnitepelnf odpor ochrann6 textilie nej-
m6n6 dvojndsobnf ve srovn6nf s stejnou vrstvou bez
PCM ddstic.

5. Experiment6lni vfsledky

Prvni prototyp piistroje byl realizovdn na MINHO
universit6 v Portugalsku, a to ve spoluprdci s Prof. R.
Gomesem. Vyisledky byly publikovdny na konferenci
v Portugalsku v r.2001, av5ak bez podrobn6ho popisu
piistroje a metody [5]. Pri prunfch piedbeZnfch testech
byla PCM vrstva o tavn6 teplotd 28oC obklopena texti-
liemi o shodnfch tepelnfch odporech R (piibliZnri) =
0,1m2(flrV, piidemZ mnoZstvi PCM d6stic se z nulov6ho
podilu postupnd zvy5ovalo aZ na 50% hmotnosti PCM
vzorku. Doba nabdhu na 50% gr", se zvySujicfm se
podlfem PCM zhruba linedrn6 rostla a2 na 620 s, coZ
potvrzuje platnost vztahu (5).

Podobnfch vfsledk0 bylo dosaZeno ve Vyizkumn6m
0stavu textilnim v Taipei na Tajvanu, kde byl sestaven
druhf prototyp PCM testeru a kde nov6 metoda byla

podruh6 ov6iena. Popsand metoda mdienia hodnoceni
tepeln6 udinnosti  PCM byla v roce 2001 navrZena
k patentovdnf. Teoreticka analyza pienosu tepla
v ochrann6 textilii byla dokon6ena na Technick6 univer-
s i t6vLiberc i  vr .2002.

6. Zdvilr

V prdci byla teoreticky analyzov6na funkce tepelnd
ochrannfch textili i obsahujicich PCM ddstice, a byla
navrZena i novd metoda m6ieni a hodnocenitepelne-
ochrann6 funkce t6chto textili i. Novd metoda umoZnuje
simulovat redln6 okrajov6 podmfnky pii noSeni tdchto
textilii a charakterizovat 0cinnost t6chto textilif pomoci
jedin6ho parametru, ktery7m je doba zvj5enf efektivniho
tepeln6ho odporu na nejm6n6 dvojndsobek. Na prvnim
prototypu piistroje bylo ov6ieno, Ze k dosaZenl doby
vliznamne doby ochrany je zapotiebiaplikovat relativne
vysok6 mnoZstvi PCM 66stic, pokud na pirstroj i
nastavime nepiizniv6 (av5ak v praxi se vyskytuj icf)
okrajov6 podminky jejich no5enf.

Poddkovdn[: Tato publikace ddsteind vznikla za podpory grantu
uSur c. LNooBogo.
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THE PLASMA SURFACE ACTIVATION OF ARAMIDE
REINFORCEMENT MATERIALS FOR RUBBER INDUSTRY

Janypka, P.,  Sur iovd, V.

Rubber Research Institute of Matador, 8.s., P0chov, Slovakia
peter. j an y pk a @ m atad or. s k

The adhesion properties of reinforcement materials for rubber industry treated in nitrogen plasma
was measured. The plasma was generated by a pulsed electric voltage on the yarn surface. The
adhesion between rubber blends and aramide tire cord was evaluated and compare with stand-
ard chemical  t reatment (RFL coated) mater ia ls.  The exper imental  measurements were done on
the standard tyre cords materials with static and dynamic adhesion test methods.

1.  INTRODUCTION

The textile reinforcing materials for the rubber indus-
try like rayon and nylon possess polar surface resulting
in strong physical or even chemical bonding to resorci-
nol-formaldehyde resin. The RF component promotes
adhesion to the textile fabric via polar covalent interac-
tions, while the dried latex rubber (L) covulcanizes with
the rubber matrix ensuring adhesion to that material [1].
The optimization of treating process was published by
many authors, because the treatment of advanced pqly-
ester tyre cord, which is used as conventional carcass
materials for radial passenger tyres and also for all other
rubber appl icat ions [2,3]. The inf luence of prolonged
periods of storage can have detrimental effect on the
adhesion characteristics of dipped cord [4] and also the
influence of temperature and time on cord stiffness is
studied in [5].  Al l  these inf luences on the adhesion of
layers aramide f ibres-RFL - rubber are reduced using

the alternative way for surface activation of aramide tyre
cord by the low temperature nitrogen plasma at atmo-
spheric pressure.

ln the rubber industry, the "conventional technology"
activation of surface textile reinforcement materials is
used most of al l ,  in which the chemical treatment of
greige material is the last operation of dipping process.
The standard process of manufacturing textile tyre cord
fabric consists of the following steps:

For the aramide and polyester tyre cord, as the wide
used materials for radial passenger tyres, the "conven-
tional technology" double dipped process is used dur-
ing the final step of the production of tyre cord fabric.
The chemical treatment consists of the predipped and
dipped process for bonding with rubber matrix (Fig. 1).

The comparison of adhesion between rubber blends
and standard aramide tyre cord chemically treated and
surface activated by atmospheric - pressure plasma is
evaluated in this paper by static and dynamic testing
methods.

2.  EXPERIMENTAL

FIBRES AND RAW MATERIALS USED

The properties of commercial types of aramide cord
1 100 D tex 1x 2 twist 4201460 used as reinforcing mate-
rials in car tyres were evaluated during the experiment.

The first type of aramide cord was treated by chemi-
cal surface treatment based on RFL and the second
type was without any chemical surface treatment.

The rubber compound A wase used for fabric coating
of alltested reinforcing materials contained natural rub-
ber, SBR and polybutadiene rubber.

i,#l;s.+,
i]{ii:;f;:t.1:lx.t.wp

Predrp

'' RFL

tlreige cord Chemrcal treatrnent

Rubber

RF resin

Latex

Primer: predip

Aramide fiber

Fig. 1 The principle and systems of adhesion of reinforcement ma-
terials for the rubber industry - "conventional technology"
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Table 1 The physical-mechanical properties of aramide tyre cord
1100 Dtex 1x2

Specification Breaking
of aramide Strength

cord INI

Elongation Elongation
at Break at tension [%]

t%) 45 N eoN

Thickness

lmml

11OODtex x1x2 350 0,9 0,56

TEST METHODS

The static adhesion of the tested cords to rubber was
characterised in the standard H-pull test (ASTM D 2138-
83) by the force required to draw out the filament bundle
of a rubber block.

The adhesion between aramide cords and rubber
blend after dynamic strain was characterised by dy-
namic adhesion (Henley test method) according to STN
621464. The principle and conditions of stress using the
Henley Test Method:

The testing method is used to evaluate adhesion
properties of textile reinforcing materials and those of
metal reinforcing materials cured in a rubber compound
test sample of cyl indrical shape. The test sample is
stressed in its central part applying dynamic pressure
and bending force in the Henley testing apparatus. The
sample is compressed between two anvil stakes in a
speed of 450 cycles per minute (Fig. 2). Consequently,
the adhesion of cord to rubber is measured in the cen-
tral (deformed) and in the edge (non-deformed) parts of
the test sample. The frequency of anvil stakes is 7.5 Hz.
The standard conditions of measuring various kinds of
cords are given in Table 2.

Table 2 Standard Condit ions of Measuring for Henley Test

Kind of Tyre Cord Time [hours] Deformation [%]

Rayon Cord
Nylon Cord
Polyester Cord
Aramide Cord

Note: Conditions apply to constant temperature of 80 "C

The changes in the chemical structure of the fiber
surface were investigated by infrared spectroscopy
using an attenuated total reflection (ATR-|R) method.
Absorption spectra were obtained by FTIR spectroscop
MATSON with KRS-S crystal.

The changes in the surface morphology of reinforc-
ing aramide fibres after surface activation by low tem-
perature nitrogen plasma at atmospheric pressure were
analysed by scanning electron microscopy. The
samples were sputtered with Au layer using a Sputter
Coater of Balzers-SCD 050. The surface morphology
was evaluated by scanning electron microscope Tesla
BS-300 with attached digital unit Tescan.

The total volume between fibres in the cords, even-
tually of pores on the surface of treated cords and the
distribution of size of the pores were analysed by the

1 5 6

Tlzn F\-$'.

Fig. 2 The principle of Henley Test Method, 1 - Compound ,2-Tyre
Cord, 3 - Clamps, 4 - Positioning of Deformation, 5 - Fixed
Anv i l . 6 -MovedAnv i l

method of the mercury porosimetry. Measurements
were performed on the apparatus Porozimetro 1500, of
Carlo Erba, Milan with attached evaluated unit CW 960.
With the maximum used pressure of the mercury 150
Mpa, we can achieve pores of 5 nm in size.

TEST DEVICE

Our patented device was used for this surface treat-
ment [6] and the information about it was published in
more articles on reinforcing materials [7-1 1]. The device
simplifies the surface treatment of reinforcing materials
to required improved adhesion levels without RFL. Ac-
tual ly, one from the most widely appl ied techniques for
the surface activation of polymers is the plasma treat-
ment in which the polymeric surface is exposed to low-
temperature plasma . The vast majority of applications
were made at reduced pressures within 10-5-10 Torr
[12-15], where the plasma can easily be generated and
brought into direct contact with the fiber surface. High
power consumption, long processing times and difficulty
to scale-up of an experimental set-up to a large produc-
tion reactor are disadvantages of the techniques.

The plasma reactor (Fig. 3) consisted of two on-axis
arranged electrodes housed in a glass chamber. Nitro-
gen of a technical purity was introduced into the cham-
ber with a flow rate on the order of 1 cm3 per second.
The grounded stainless-steel tubular anode (Fig. 3 - 1)
was 1 mm in inner diameter. The cathode (Fig. 3 - 2)
was a 15 mm diameter hemispherically capped brass
rod with a 2 mm diameter hole in its axis. The treated
cords (Fig. 3 - 3) moved on the axis of the electrode
system with a speed from 1 .5 to 60 m per minute. The
distance between electrodes was adjusted to 15 mm.
The cathode was connected with a tyratron source of
pulsed high voltage. The HV pulse rate was maintained
at 100 Hz and the peak voltage was approximately 25 kV.

1 , 54,7

12
12
12
12

37,41,45
35,43,51
35,39,43
35,43,51
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Fig. 3 The Principle of surface activation in Plasma reactor; 1 - steel
anode, 2 - brass cathode, 3 - treated cord /time/

Fig. 4 Plasma reactor

3. RESULTS

The experimental was concentrated on the following
areas:

- the influence of plasma treatment on the structural
properties of aramide tyre cord

- evaluation of adhesion between the N, plasma and
RFL treated aramide cord.

The results of the influence of the aramide cords sur-
face treatment obtained by mercury porosimetry are
summarized in Table 3.

From the comparison of the value of the volume pores
of untreated aramide cord and aramide cord treated by
RFL is evident decreasing of total volume pores from
0,538 cm3/g b 0,229 cm3/g. After application of plasma
treatment  the value of  to ta l  vo lume of  pores is
0,452 cm3ig. The volume of the pores was reduced in
the case of application of chemical treatment by RFL,
because the pores were fil led with RFL resin. The re-
sults confirm that the aramide cord after chemical sur-
face treatment has reduced the volume of pores, which
are avai lable for rubber compound penetrat ion (the
pores of size greater than 10 mm).

The results of dynamic adhesion of aramide cords to
rubber compound measured by a method of Henley test
are shown in Table 4.

In the case of untreated aramide cord, adhesion was
measured also after washing of acetone which the
preadhesion surface treatment applied by the producer
of cords was removed from the surface of cords. From
results in table 4 is evident that the valued of static and
dynamic adhesion to rubber compound increased after
surface activation.

ln the case of treated aramide cord by low tempera-
ture nitrogen plasma at atmospheric pressure, the 90 %
level of static adhesion and 60 % level of dynamic ad-
hesion in comparison with surface treated cord by RFL
was obtained. These changes in adhesion of aramide
are connected not only with chemical changes of the
cord surface, but also with changes of morphology of
the cord surface, which is i l lustrated in Fig. 5.

t
l !  u

,! \
J.. \ ___-+_

32.S

Table 3 The inf luence of surface treatment on the structural propert ies of aramide cords 1100 Dtex 1x2

Specif icat ion
of aramide

cord

Total
porosity

I%l

Total volume
of pores (Vt),

Icm'/g]

Volume of pores (V.,0)
with diameter 10 pm,

Icm'/g]

Ratio
vlo /  vt,

l% l

Untreated cord
Untreated cord + N2 plasma
Cord treated by RFt
Hot rubberized cord treated by RFL

M,O8
39,66
24,01
9,01

0,538
0,452
0,229
0,084

0 , 1 9 8
0 , 1 7 6
0,067
0 ,014

36,8
38,9
29,3
1 6 , 6

Table 4 The inf luence of surface treatment on the stat ic and dynamic adhesion of aramide cord to rubber blend (compound A)

Specif icat ion
of aramide

cord

Method of sudace treatment
wash activation

in acetone by plasma

Adhesion by HENLEY test
sTN 62 1464

Static, [N] Dynamic, [N]
Untreated cord
Untreated cord
Untreated cord
Untreated cord
Treated cord by RFL

?

T

?

T

69 t  2 ,5
108  t  8 ,5
74 x  7 ,1
117 x  4 ,2
126 t 4,2

55 t  6 ,0
86 x  2 ,2
60 t  9 ,3
83  t  3 ,1
135  t  6 ,5
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Type
of cord

Table 5 The inf luence of surface treatment on the adhesion ol
reinforcing materials to rubber blends

4.  DISCUSSION

The results presented in the paper confirmed that the
application of low temperature nitrogen plasma at atmo-
spheric pressure on the surface of aramide cords im-
proves adhesion between cord and rubber compound
in comparison with untreated cord.

The values of the volume of pores, which are avai l-
able for rubber penetration (pore sizes greater than '10

ptm) obtained by mercury porosimetry are different for
individual su rface treatments used.

The p lasma sur face t reatment  of  aramide cord,
based on these obtained results, is more advanta-
geous for  fabr ic  coat ing in  pract ica l  use than the
chemical surface treatment.

The changes in the surface of aramide cord after sur-
face treatment were evaluated by scanning electron
microscopy. The obtained figures of chemical treated
cords demonstrate unevenness of the RFL coat created
by the treatment in comparison with the surface of
plasma treated aramide cord.

Method Static Adhesion by HENLEY-test
of surface adhesion (STN 62 1464)
treatment H-test, [N] Stat ic, IN] dynamic IN]

Aramide

coro

unt reated 35 t  1 ,9

N2 p lasma 52 x  1 ,7
treated

treated 102 1 3,8
by RFL

69 t  2 ,5  55 t  6 ,0

1 1 8  t  5 , 0  9 3  x  7 , 4

1 3 0  t  3 , 1  1 3 8  i  8 , 3

ln the experifmental work, it was also interesting to
compare the level of dynamic adhesion and static ad-
hesion to rubber compound after nitrogen plasma treat-
ment or chemical treatment by RFL. The results are
summarized in table 5.

Results in table 5 demonstrated positive influence of
surface treatment by nitrogen plasma on the adhesion
of aramide cord to rubber.

Fig. 5 The morphology of surface of the aramide cord; a - treated cord by the nitrogen plasma; b - chemical sudace treatment by RFL
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The values of the stat ic and dynamic adhesion of
untreated aramide cords and the n i t rogen p lasma
treated cords demonstrate positive influence of plasma
surface treatment on the adhesion of aramide cord to
rubber blend. The static adhesion (by Henley test) af-
ter plasma surface treatment of aramide cords is at 90
% level of the chemical surface treatment in this time
and the static adhesion (by H-test) after plasma surface
treatment is at the 50 % level of the chemical surface
treatment in this time..

ln the next measurements we want to achieve the
comparable level of adhesion with the level of adhesion
after chemical surface treatment and simultaneously to
el iminate the imperfections of the chemical surface
treatment (the pores volume reduction, which are avail-
able for penetration of rubber compound, the uneven-
ness of the BFL coat, the low value of adhesion be-
tween the cord and the RFL coating layer, etc,). lt will
be also necessary to study the influence of the low tem-
perature plasma application at atmospheric pressure on
the dimensional and stiffness characteristics of aramide
tyre cords in more detail.

5 .  CONCLUSION

The obtained results of the surface treatment by low
temperature nitrogen plasma at atmospheric pressure
demonstrate that this method of the surface treatment
of aramide cord introduces a suitable and technologi-
cally applicable system for the improvement of adhesion
of aramide reinforcing materials to rubber.

By optimising the condit ions of the plasma surface
treatment we can improve the dynamic adhesion three
times in comparison with untreated cord in the case of
aramide cord.

The hydrophil ici ty and basic groups density on the
surface of treated coid were improved by plasma treat-

ment and also the surface coating of plasma treated
cord by rubber compound was more uniform.
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AKTIVACIA POVRCHOV ARAMIDOVYCH VYSTUZNYCH
MATERIALOV PLAZMOU PRE GUMARENSKV PRIEMYSEL

Abstract of article:
The plasma surface activation of aramide reinforcement materials for rubber

industry

elenof sa zaoberA hodnotenim adhezivnych vlastnosti aramidovyich kordov povrchovo uprave-
nfch dusikovou plazmou ku gumArskej zmesi pouZfvanfch pre gum6rskf priemysel. Plazma bola
na povrch vldkna generovand striedavfm elektrickfm nap?itim. Adhdzia medzi gumovou matricou
a aramidovlim kordom upravenfm dusikovou plazmou bola porovndvand s adh6ziou medzi gumo-
vou matricou a aramidovlm kordom upravenlim beZnou chemickou 0pravou (RFL impregndciou).
Experimentdlne merania boli preveden6 dynamickfmi a statickyimi metodami pre meranie adh6zie
textilnfch vfstuZnlich materidlov ku gumdrskej zmesi na Standardnom aramidovom korde.

Vtdkna a textitg (4) 1s5-1 ss (2002) 1 59



DETERMINATION OF HAZARDOUS ARYLAMINES IN
TEXTILES AND TEXTILE PRODUCTS

H[Stavove, M.,  Pol ldk,  M.

VUTCH-CHEMITEX spo/. s r. o., Zilina, Slovak Repubtic
Authorized Body SKTC-I 1 9

1. lntroduct ion

Safety of textile products and other consumer goods
is an important factor influencing possibility of increas-
ing export of the articles to EU-countries. Only manu-
facturers comparable with the most advanced ones in
EU-countries have a guaranteed success. Protection of
consumer, living and working environment plays at least
the same role as fashion in textile manufacture. Today
there are many environmental labels trying to present
health safe products to consumers. A class of so-called
,,gree.p" textiles or eco-textiles was created as well. La-
bels OKO-TEX Standard 100, TOXPROOF and eco-tex
belong undoubtely among the most important environ-
mental labels in Germany but also in Europe. The Eu-
ropean eco-label well-known as the European flower
should be mentioned in this connection as well. lt will cut
down the immense number of environmental labels in
the textile sector.

2.  Arylamines

New regulations are being adopted in the frame of EU
on the basis of new scientific knowledge about demon-
strable hazardous properties of certain chemical sub-
stances. Azodyes used for dyeing of textile products
and consumer goods are the most frequently discussed
and the best regulated substances. They have the ca-
pacity to release certain arylamines by reductive cleav-
age and in the course of physiological processes. The
arylamines were defined as demonstrable hazardous
substances which may pose cancer risk. Azodyes are
released from a textile surface on human skin by per-
spiration.

Findings of tests demonstrate that the aromatic
amines can be subsequently resorbed through the skin
into human body. Considerable risk of cancer exists
when contact with the human skin is repeated. Obser-
vation of the prohibition against use the dyes can be
testified simply by a declaration, however analytical
verification is necessary as well to inspect compliance
with the regulation on the market.

The Council Directive 761769/EEC relating to re-
strictions on the marketing and use of certain hazard-
ous substances and preparations (azodyes) was
amended for the nineteenth time and adopted as Direc-
tive 2002/61/EC on a session of the European Parlia-
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ment and Counci l  of the European Union on July 19,
2002. Arylamines released by reductive cleavage are
classified into two groups designated as:
MAK - ll l A1 - arylamines demonstrably carcino-

genic for a man
MAK - ll l A2 - arylamines suspected to be carcino-

genic for a man on the base of
demonstrable carcinogenic effect on
animals.

List of arylamines prohibited in EU

Arylamine CAS numberNo.

1
2
J

4
5
b

7
I
9

J A

1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
20
21
22
23
24

4-aminobiphenyl 92-67-1
benzidine 92-87-5
4-chloro-o-toluidine 95-69-2
2-naphthylamine 91-59-8
4-chloroanil ine 106-47-8
2,4-diaminoanisol 615-05-4
4,4'-diaminodiphenylmethane 101-77-9
3.3 ' -d ich lorobenz id ine 91-94-1
3,3'-dimethoxybenzidine 1 19-90-4
3,3 ' -d imethy lbenz id ine 1 19-93-7
3, 3' -dimeth y14,4' -diaminod iphenylmethane 838-88- 0
p-cresidine (2-methoxy-S-methylani l ine) 120-71-B
4,4'-methylene-bis-(2-chloroanil ine) 101-14-4
4,4'-oxydiani l ine 101-80-4
4,4'-thiodiani l ine 139-65-1
o-toluidine 95-53-4
2.4-diaminotoluene 95-80-7
2,4,5-tr imethylani l ine 137-17-7
2-amino-4-nitrotoluene 99-55-8
o-aminoazotoluene 97-56-3
o-anisidine (2-methoxyaniline) 90-04-0
4-amino azobenzene 60-09-3
2,4-xyl idine (2,4-dimethylani l ine) 95-68-1
2,6-xylidine (2,6-dimethylaniline) 87-62-7

3. Analyt ical methods for evaluation
of  ary lamines accord ing

to the Directive 76l769lEEC

Use of azodyes which may release one or more aro-
matic amines listed above in detectable concentrations
i.e. above 30 ppm (mg.kg't) in f inal products or in the
dyed parts thereof must not be used in text i le and
leather articles which may come into direct and pro-
longed contact with the human skin or oral cavity (e.g
toys).

A maximum concentration of 70 ppm is allowed for
textile articles made of recycled fibres if the amines are
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Fig. 1 A sample containing benzidine from the international round test

Fig.2 Typical mass spectrum and structural formula of benzidine

released by residua deriving from the previous dyeing
of the textiles. This is the case for a transitional period until
January 1, 2005. This provision will enable to recycle tex-
tiles. The measure is beneficial to the environment.

A prerequisite to implementation of this Directive is
harmonization of test methods for determination of the
substances. The tests will be developed by the Euro-
pean Committee for Standardization (CEN) preferen-
tially on the European level. Member States shall adopt
and publish laws, regulations and administrative provi-
sions necessary to comply with this Directive not later
than September 11, 2003.
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The most stringent and thoroughly elaborated criteria
for use of certain azodyes in textile manufacture are
valid in Germany at present. A test method for proof of
prohibited azodyes has been worked out by the German
Federal lnstitute for Protecting Consumer Health and
Veterinary Medicine. l t  was published in the Federal
Gazette of test methods in accordance with $ 35 of the
German Law relating to foodstuffs and consumer goods.
Publication of the above-mentioned methods enables to
prove results of analyses in all testing laboratories un-
der the same condit ions and in the same manner in
spite of the existence of a number of applications (TLC,
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HPLC, GC/MS). This method is used also in the frame
of OXO-T EX Standard 100. Practical proof limit is 30
ppm.The limit must not be confused with the absolute
proof limit of aromatic amines which can be even 1 ppm.
The aim of the limit set up this way is to prevent false
positive findings.

Test results are expressed as follows:
- if content of an amine is < 30 mg.kg-' (ppm), then no

prohibited azo dyes have been determined in the
sample tested under given conditions

- if content of an amine is > 30 mg.kg-t (ppm), then pro-
hibited dyes have been used in manufacture and fin-
ishing the textile test sample

A positive result must be confirmed by another alter-
native method for determination of arylamines. Prohib-
ited azodyes which have the capacity to release by
cleavage of their azo groups amines: o-aminoazo-
toluene and 2-amino-4-nitrotoluene are proved by this
method as o-toluidine and 2,4-diaminotoluene. When
concentration of 2-naphtylamine >30 ppm is found, fur-
ther information (e.9. about chemical structure of the
dyes etc.) is necessary to be obtained.

Process of determination of arylamines consists of
steps as follows:

1. Sample preparation
2. Extraction - method depending on material com-

position of the sample
3. Reductive cleavage of azodyes
4. Separation and concentration of amines
5. Detection and determination (TLC, GC/MS).
Methods for determination of arylamines in textiles by

thin-layer chromatography and gas chromatography
with FID detector were tested and adopted by the ac-
credited test ing laboratories of VUTCH-CHEMITEX,
spol. s r. o., SKTC-1 19, Zitinaalready in 1999. Presence
of the health harmful arylamines was tested and proved
in textile samples dyed in the laboratory for coloristics
of SKTC-1 19 and subsequently also in textite samples
obtained in the frame of round tests organized on an
international level. The substances were proved also in
a sample of Midlon Red. Arylamines: 3,3-dimethoxy-
benzidine; benzidine; 3,3-dimethylbenzidine were in-
volved.

A gas chromatograph with mass detector was added
to instrumentation of the analytical laboratories as pre-

cise and clear analytical results are required increas-
ingly. Thus, possibi l i t ies of analysis of arylamines in
textiles have been extended considerably.

Capability to determine arylamines by GC/MS was
checked in the frame of international round tests orga-
nized by the International Association OfO-ffX in the
first quarter of the year 2002. Twenty European testing
laboratories part icipated in the tests. Benzidine was
proved and determined in a textile sample. Result of the
international round tests confirmed clearly that the test-
ing laboratories of SKTC-1 19 have managed success-
fully procedures for analysis of arylamines in textiles.
The results can be seen in Figures as follows:

4.  Conclus ion

Prohibited dyes are used for dyeing of textile products
imported mostly from countries with cheap labour force
and cheap raw materials. Low price of the products is
often a result of non-consistent quality control and low
level of environmental standards. Manufacturers and
importers are aware that environmental safety of prod-
ucts is an inevitable condition of successful export to-
day.

An indirect proof through amines is the only possible
and correct way regarding great number of azodyes
capable of decomposing by potential cleavage into
arylamines that are known or suspected carcinogens.
Occurance of 123 dyes, coupling ingredients and devel-
opers is stil l aniticipated on the market. An authorized
testing laboratory with an appropriately qualified staff
and proper equipment is able to carry out successful
determination of all hazardous arylamines in the applied
azodyes using a suitable t ime-undemanding analyt ical
method without need to have all reference samples of
azodyes at disposal.

5. Literature

I1l Directive 76l769lEEC
tzl Directive 2002161 IEC
I3l 6XO-reX Standard 100

Recieved: October 2002
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SLEDovANTE NEBEzpEeruVcn ARylAlvtittov
v rExrilncH A TEXTU-ttYcn vVnoBKocH

Translat ion of art icle:
Determination of hazardous arylamines in text i les and text i le products

1 .  Uvod

Bezpecnost textilnyich vfrobkov a ostatnlich spotreb-
nyich predmetov je d6leZihi m faktorom pre z4i5enie ich
exportuschopnosti do krajin EU.Zarudenf 0spech ma-
j 0 len vyirobcovi a. porovn atel'n I s n ajvys pel ej5im i vyiro b-
camiv Stdtoch EU. Ochrana spotrebitel'a, ochrana Zivot-
n6ho a pracovn6ho prostredia hraj0 pri vfrobe textilif
minimdlne takf d6leZit0 rolu ako m6da. V s06asnostije
k dispozicii velk6 mnoZstvo ekoznaciek, ktor6 sa sna-
Zia spotrebitelbm prezentovat tzv. zdravotne ne5kodn6
vfrobky. Bola vytuorend aj tzv. trieda textiliipomenova-
nlich ako,,zelen6" textilie alebo ekotextflie. K najdoleZi-
tej5im ekologicklim zna6k6m v Nemecku a aj v Eur6pe
patr ia urdite znacky 6XO-f fX Standard 100, TOX-
PROOF a eco-tex. V tejto srivislosti treba spomen{t aj
europsku ekoznacku zn6mu ako europsky kvet, ktor6
obmedzi neprehladne velk6 mnoZstvo ekologickfch
oznadeni v textilnom sektore.

2.  Ary laminy

Vdaka no4im informdcidm o preuk6zatelhe zistenf-
ch nebezpecnfch vlastnostiach niektonich chemickfch
ldtok sa v rAmci EU pristupuje k schvalbvaniu novlich
legislatfvnych opatreni. Jednou z najviac diskutovanlich
a legislativne najviac,,oSetrenych" latok s0 azofarbivd,
pouZivan6 pri farbenI textilnfch 4irobkov a spotrebnfch
predmetov. Redukcnyim Stiepenim azofarbiv a v priebe-
hu fyziologickyich pochodov moZu vznikat arylaminy,
ktor6 boli preukdzatelhe definovan6 ako nebezpecn6
latky. P6sobenim potu dochddza k uvolhovaniu azofar-
biv z povrchu textilu na povrch I'udskej pokoZky.

Sk05ky ukdzal i ,  Ze ndsledne sa aromatick6 aminy
moZu resorbovat cez pokoZku do vn0tra ludsk6ho te-
la. Pri opakovanom kontakte s pokoZkou existuje neza-
nedbatelh6 nebezpedenstvo vzniku rakoviny. DodrZia-
vanie zAkazu ich pouZfvania je sice moZn6 splnit
jednoduchou deklardciou, ale je nevyhnutna aj moZnost
analytick6ho preverenia v rdmci kontroly plnenia legis-
latfvneho opatrenia na trhu uvedenyich vfrobkov.

Na zasadnutfeuropskeho parlamentu a rady dha 19.
jula2002 bola opdtovne novelizovand Smernica Rady
76l769lEHS o obmedzeniach predaja a pouZivania
niektoryich nebezpecnlch ldtok a prfpravkov (azofarbfv)
ako Smernica d.2002161/ES. Arylamlny, ktor6 vznika-
j0 ich redukcnyim Stiepenim su rozdelen6 do dvoch sku-
pin, oznadenych ako:

VlLkna a textil I (4) 160-164 (2002)

MAK lll 41 - arylaminy preukdzatelhe rakovinotvorne
pre cloveka

MAK lll A2 arylaminy, u ktor;ich sa predpokladd ra-
kovinotvornyi 0cinok na dloveka na zak-
lade preukazatelh6ho karcinog6nneho
0cinku na zvieratdch

3. Analyt ick6 metody na hodnotenie arylamfnov
podl 'a Smernic e 6. 761769/EHS

Azofarbivd, ktor6 m02u uvolnovat 1 alebo viac aroma-
tickyich aminov, ktor;ich zoznam je uvedenf v pred-
chddzaj[cej casti prispevku, v zistitel'n1ich koncentrd-
cidch, t.j. nad 30 ppm (mg.kg-t) vo finSlnych vfrobkoch
alebo v ich farbenfch dastiach sa nesm0 pouZivat v tex-
tilnfch a koZenfch vfrobkoch, ktor6 m0Zu prichddzat
do priameho a dlhodob6ho kontaktu s I'udskou pokoZ-
kou alebo s 0stnou dutinou (napr. hracky).

Na textilne vfrobky vyroben6 z recyklovanyich vldkien
je povolend maximdlna koncentrdcia aminov 70 ppm
docasne do 1 . 1. 2005, ak sa aminy uvol'nuj[ zo zvyS-
kov z predchddzajuceho farbenia tlichto textilif. Tfm sa
umoZnl recykldcia textili i, co je prospe5n6 pre Zivotn6
prostredie.

Podmienkou implementdcie tejto Smernice je harmo-
nizdcia sk0Sobnfch metod pre ich stanovenie, ktor6 vy-
pracuje Europsky normalizacnf vyibor (CEN), najlepSie
na eur6pskej  0rovni .  Clenske Stdty  su povinn6 do
1 1. 9. 2003 schvdlit a zverejnit zdkony, nariadenia a ad-
ministrativne opatrenia zabezpedujrice sulad ndrodnej
legislativy s touto Smernicou.

NajprisnejSie ale aj najdOslednejSie prepracovan6 kri-
t6ria na pouZfvanie vybranyich druhov azofarbiv pre 4i-
robu textili imaju v sfdasnej dobe v Nemecku. Nemec-
kym spolkovyim 0stavom pre ochranu zdravia
spotrebitelbv a veterindrnu medicinu bola vypracovand
testovacia metoda urdend na d6kaz zaklzanych azo-
farbiv. Bola zverejnend v Uradnej zbierke sk05obnlich
metod podl'a $ 35 Nemeck6ho zakona o potravindch
a spotrebnfch predmetoch. Zverejnenie uvedenej me-
tody umoZfiuje preverit visledky analyz vo v5etkfch
sku5obnyich laboratoridch pri rovnakyich podmienkach
a rovnaklim sposobom napriek extistencii viacenich ap-
likAcii [ILC, HPLC., GC/MS). lde o met6du pouZivanu
aj v rdmci normy OKO-TEX Standard 100. Prakticke
hranica dokazu je 30 ppm. Td sa nesmie zamiefiat s ab-
sol0tnou hranicou dOkazu aromatickyich aminov, ktord
moZe byt aj na 0rovni hodnoty 1 ppm. Cielbm takto sta-
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novenej hranice je zabrdnit chybnfm pozitlvnym ndle-
zom.
Vfsledky sk0Sky sa vyjadruj0 nasledovn;im sposo-
bom:
- ak je obsah jednotliv6ho amfnu < 30 mg.kg-t (ppm),

potom pri danfch podmienkach sk05ania neboli
v sku5anej vzorke 4irobku stanoven6zakAzanf azo-
farbivd.

- ak je obsah > 30 mg.kg-t (ppm) jednotliv6ho aminu,
potom pri vyirobe alebo 0prave sku5anej textilnej
vzorky boli pou2it6 zakAzan6 azofarbivd.
Pozitivny qisledok je potrebn6 potvrdit prostrednic-

tvom d'alSej alternatlvnej metody
stan ove n i a aryl am i nov . Zakdzanf azot arbiv6, kto 16 by

mohli pri Stiepenisvojich azoskupfn vyWdrat aminy: o-
amfnoazotolu6n a 2-amino-4-nitrotolu6n sa dokdZu tou-
to met6dou ako o-toluidfn a 2,4-toluyl6ndiamin. Pri zis-
tenf2-naftylamfnu v koncentrdcii > 30 ppm je potrebn6
z(skat d'alSie doplnkov6 informdcie (napr. o chemickej
Struktfre pouZitlch farbfv a pod.).

Postup stanovenia arylaminov pozostdva z nasledov-
nfch krokov:

1 . Prlprava vzorky
2. Extrakcia - sp6sob podl'a materidlov6ho zlolenia

vzorky
3. Redukcne Stiepenie azofarbiv
4. Separdcia a koncentr6cia aminov
5. Detekcia a stanovenie OLC, GC/MS)
V akreditovanyich skriSobnyich laboratoridch VUTCH-

CHEMITEX, spol .  s r .o. ,  SKTC-119, Zi l ina bol i  uZ v r .
1999 odskfSand azaveden6 metody na stanovenie
arylaminov v textilidch tenkovrsWovou chromatografiou
a plynovou chromatografiou s FID detektorom. Prftom-
nost zdraviu nebezpecnyich arylaminov bola odsk05a-
nd a ndsledne dokdzand v textilnfch vzorkdch modelo-
vo vyfarbenfch v laboratoriu koloristiky SKTC-1 19,
ndsledne aj v textilnyich vzorkdch ziskanyich v rdmci
medzilaboratornych porovndvacfch sk0Sok realizova-
nfch na medzinArodnej-0rovni, ako aj vo vzorke farbi-
va Midlonova deruend. Slo o tieto arylamfny: 3,3-dime-
toxybenzidfn ; benzid in ; 3, 3-dimetyl benzid fn.

Vzhl'adom na zvy5ujUce sa ndroky na presnost a jed-
noznadnost analytickfch {sledkov, bolo prlstrojove vy-
bavenie analytick)tch laboratoriidoplnen6 o plynovf ch-
romatograf s hmotnostnyim detektorom, cim sa
moZnosti analyzy arylamfnov v textilidch podstatne roz-
Sir i l i .

Schopnost stanovovat arylaminy pomocou GC/MS
bola preverend v r6mci medzindrodnfch porovndvacich
testov, ktor6 organizovalo medzindrodn6 zdruZenie
OKO-TEX v prvom Stvrtroku r. 2002 a ktor6ho sa zu-
6astnilo 20 europskych sku5obnfch laboratorii. V tex-
tilnej vzorke bol dokdzanyi a stanovenf benzidin. Vlis-
ledok MPS jednoznacne potvrdil, Ze metodiky analyzy
arylamlnov v textilidch boli vfaSobnfch laboratoriAch

SKTC-119 uspe5ne zvlddnut6. Vfsledky sn znAzor-
nen6 na nasleduj0cich obrdzkoch 1 a2.

4. ZAver

Problematika pouZfvania zakazanfch farbiv je v s[-
dasnosti zamerand na textilne nirobky, ktor6 su impor-
tovan6 zkrajin s lacnou pracovnou silou a vyuZivanlm
lacnfch surovinovfch vstupov, uich je nizka cena dasto
nisledkom nedoslednej kontroly kvality a nizkej 0rovne
enviromentdlnych noriem. Environmentdlna vhodnost
vyirobkov je v sfcasnej dobe pre vyirobcov a import6-
rov nevyhnutnyim predpokladom uspe5nej real izdcie
exportu.

Vzhladom na velkri pocet azofarbfv, ktoryich potencidl-
nym Stiepenim moZu vznikat rakovinotvorn6 a podoz-
riv6 arylaminy (ide o 132 farbiv, kopuladnfch zloliek
a vyvrjadov, o ktorfch sa predpokladA,2e sa e5te vys-
kytuj0 na trhu) je ich nepriamy dokaz cez aminy jedinf
moZnf a sprdvny spdsob. Pri zvolenivhodnej analytic-
kej metody, pri ktorej nie je potrebn6 mat k dispozicii
v5etky referendn6 vzorky azofarbiv a ktor6 je naviac ca-
sovo nendrodnd, sa v rdmci kompetentn6ho, vhodne
persondlne a technicky vybaven6ho sku5obn6ho labo-
ratoria, zabezpeci 0spe5n6 stanovenie v5etkyTch nebez-
pednfch arylamlnov v pouZitfch azofarbiv6ch.
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IMPLEMENTATION OF THE ECO.LABEL
..ENVIRONMENTALLY FRIENDLY PRODUCT''
IN CONDITIONS OF THE SLOVAK REPUBLIC

Dubnickd, A.,

VUTCH-CHEM\TEX, spo/. s r.

Protection of the environment plays an increasingly
important role in developed countries and it becomes a
decisive condition of sustainable development of the
society. Systems of environmental management of in-
dustrial and manufacturing activities are being intro-
duced, enhanced attention is paid to the influence of
products on the environment and on human health, prin-
ciples of prevention and principles of voluntariness with
participation of public are being implemented increas-
ingly.

Tendencies of propagation of indirect tools are appar-
ent in the environmental policy besides the national leg-
islation. They are based to considerable extent on vol-
untary activi t ies of manufacturers and increasing
environmental awareness of citizens. Systems of envi-
ronmental evaluation and label l ing are being imple-
mented. They declare that a product meets in conformity
with present stage of knowledge selected parameters
reducing or even eliminating adverse effects on the en-
vironment and/or human health. At the same time, there
is apparent an effort to assess product in the whole life
cycle, i.e. from raw materials, through manufacture, ap-
plication up to its disposal or recycling. lntroduction of the
systems follows not only from the effort and require-
ments of state environmental bodies, but also from in-
terests of manufacturers and customers.

Labelling of environmentally friendly products with a
guaranteed eco-label is a recognized and motivating
indirect tool of the environmental policy. Thus, custom-
ers obtain positive information about "cleaner" products
acceptable from the environmental point of view.

Some countries, carrying out environmental evalua-
tion and eco-labelling of products, implement a unified
system according to the Directive of the European
Union EEC 880/92 as amended by the Directive of the
European Union No. 1980/2000 and No. 76112001lEC
concerning a scheme for awarding eco-label of the
Community. The Slovak Programme of environmental
labelling follows from the scheme. The Programme was
adopted by the Governmental Ordinance of the Slovak
Republic on February 6, 1996 as a National Programme
of EnvironmentalAssessment and Labelling of Products
in the Slovak Republic (further Programme) with valid-
i ty  f rom Apr i l  15,  1997.  The label  "Envi ronmenta l ly
Friendly Product" ( EFP) becomes an important infor-
mative tool of environmental and customer-oriented
policy as a result of implementation of the Programme.
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SlAdek,  D.

o., Zitina, Stovak Repubtic

Basic documents for environmental assessment and
labelling of a product group are a technical report and
a directive. The technical report justifies selection of a
given group of products from environmental point of
view and it is a basis for working out a draft directive.
The directive is a technical document for assessment
of the group of products. lt includes definition of terms,
exact specification of the group of products subject to
the directive, basic and specific requirements as well as
way of verification.

Basic requirements refer to environmetal properties
and performance characteristics of a product. They are
to ensure that the product is comparable regarding its
performance characteristics with competitive products
designed for the same purpose (environmental proper-
ties have not been achieved at the expense of quality).

Speci f ic  requi rements are h igher  than that  con-
tained in general binding regulations and technical stan-
dards. They are set up with regard to present level of
science and technique and they must be achievable for
a manufacturer. Method of verification of properties in-
cluding test methods is given in a separate part of the
Directive. Test methods according to STN, EN and ISO
standards are used preferentially.

Coordinator of the Programme is Ministry of the En-
vironment of the Slovak Republic. Minister of the Envi-
ronment approves directives, awards and withdraws the
applicants authorization to use the label on the base of
recommendation of the Commission for environmental
assessment and product labelling.

The Commission for environmental assessment and
product labelling is a collective authority. lts members
and representatives of industry, trade, customer orga-
nizations, environmental organizations on level of gov-
ernmental bodies and voluntary non-state organiza-
tions. The Commission is established by Minister of the
Environment and it is bound to follow the Organizational
Manual and Rule of Procedure.

The Commission inspects fairness of the activities
connected with implementation of the Programme, sets
up course of works concerning preparation and revision
of the directives and recommends their final wording for
approval by the Minister of the Environment. lt prepares
proposals for authorization to use the label "Environ-
mentally Friendly Product" for the Minister.

The Programme is safeguarded organizationally by
the Slovak Environmental Agency - Centre for waste
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Institutional Elements of the Programme

T - - - - - - - - - - - 1
t l
t l

annual
output
mi l .  Sk

year 1998 from the year 1999
rate max. fee rate max. fee
o/o thousand Sk o/o thousand Sk

bed linen made from 100% cotton - Ty & Ja and Sheets
- Ty & Ja with authorization to use the label from '1997

to 2003.
A decisive stage of bed linen is that of manufacture

and that of use - direct long-term contact with a man -
from viewpoint of its influence on the environment. Bed
linen Ty & Ja is offered in a wide gamut of colours in
spite of the fact that use of suitable auxiliaries and dye-
stuffs for its manufacture was rather limited to meet re-
quirements for protecting the environment and human
health (content of heavy metals, formaldehyde etc. in
the product). Application of biologically non-degradable
agents containing chlorine, formaldehyde, volat i le or-
ganic substances in amounts exceeding the limits, dye-
stuffs and pigments cleaving carcinogenic aromatic
amines and heavy metals in amounts exceeding the lim-
its is banned.

The Directive No. 0001 Bed l inen, val id unti l  now, is
being amended on the base of EU Direction No. 1999/
178lEC (setting up environmental criteria for awarding
eco-label EC for textile products). The evaluating crite-
ria concern particular kinds of textile fibres and chemi-
cals used in their manufacture. The European Directive

up to  15 ,0  0 ,01
15,0-50,0 0,01
50,0-1oo,o o,ot
100,0 and more 0,01

1,5  0 ,02  3 ,0
5,0 0,02 up to 0,0
10,0 0,02 up to 20,0
15,0 0,02 up to 30,0

Nineteen directives have been adopted in the frame
of implementation of the Programme up to now. The first
directive was adopted for bed linen. The label "Environ-
mentally Friendly Product" was awarded for several
times only to the company BZTexicom a.s. for a Set of

Steps for awarding authorization to use the label "Environmental ly Friendly Product"

ffiffiffiffiw
and environmental management (SAZP - COHEM) ,
Department of environmental management in Trnava.

Fees paid for awarding and use of the label "Environ-
mentally friendly product" depend also on the output.
They are not too high and belong to the lowest ones
among neighbour ing countr ies.  They are dest ined
mainly for publicity campaign in support of the label.

Step Participant Activity Result

1 . Manufacturer/ importer
applicant

Centre for waste and environment.
management + qualified corporate
bodies and natural persons

Commiss ion

Ministry of Environment
of the Slovak Republic

Ministry of Environment
of the Slovak Republic

Application
Obtaining information materials and/or consultations
in the Centre for waste and environmental management

Sending complete appl icat ion, payment of registrat ion fee

Assessment of conformity of the products
with requirements of the Directive

Clearance of the report about results of
conformity assesment

Authorization to use the label EFP

Agreement about conditions of the contract and about
authorization to use the label EFP

Registered application

Report about results of
conformity assessment

Proposal to award or not
to award authorization to
use the label EFP

Decision of Minister of the
Environment

Contract and acceptance
of the authorization to
label the product

2.

3 .

4.
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A l ist of direct ives on environmental assessment of products approved up to now

Name of the directive Number Validity

Bed l inen

Toilet paper from 100% recycled f ibres

Paper handkerchieves from recycled f ibres

Plastic products containing recycled plastics manufactured
by intrusion and extrusion for outdoor appl icat ion

Water dilutable paints

Water dilutable adhesives and putties

Electr ic automatic washing machines for household

Radial tyres for passenger cars

Electr ic refr igerators and freezers for household

Heating boi lers for gas fuels with atmospheric burner

Heating boi lers for gas fuels with overpressure burner

Means for winter service

Biodegradable plastic packaging materials

Washing agents for text i les

0001
0001 /2000

0002
000212000

0003
0003/2000

0004

0005
000s/2000

0006
0006/2000

0007

0008

0009

0010

001 1

001 2

001 3/2000
001412000

Apr i l  1997-Apr i l  1999
September 2000-September 2003

Apri l  1 997-Apri l  1999
September 2000-September 2003

Apri l  1 997-Apri l  1999
September 2000-September 2003

Apr i l  1997-Apr i l  1999
Directive was held up temporary

Apri l  1997-Apri l  1999
September 2000-September 2003

Apri l  1997-Apri l  1999
September 2000-September 2003

Apri l  1997-Apri l  1999

Directive under revision

February 1998-February 2000
Directive under revision

September 1 999-September 2001

September 1 999-September 2001

September 1 999-September 2001

September 1 999-September 2001

September 200O-September 20A2

September 2000-September 2002

will be taken over before the end of 2002 on the base
of recommendation of the authorized bodies, The envi-
ronmental criteria are expected to be extended using the
method of life cycle assessment (LCA, e.g. according
to ISO 14040 series) similarly as when awarding eco-
label EU with the f lower.

Although the Programme of Environmentally Firendly
Product goes already on for over 5 years, it is not pos-
sible to evaluate it as very successful one because only
32 products from 9 manufacturers have been awarded
the label until now. Only two textile products have been
labelled. Lower economic efficiency of the Slovak en-
terprises is given as the main reason. However, the
reason is more likely on the side of manufacturers and
partly also on the side of public in our opinion because
there are also economically stronger enterprises than
BZ Texicom which did not show interest in the label for
the present. On the other side it is necessary to empha-
size that particular directives have not been adopted for
many groups of products yet and besides sufficient pro-
fessional capacities are not available to establish a valu-
ation commission due to complexity of the matter (e.g.
life cycle assessment).

lntensive communication between testing laborato-
ries, research institutes and environmental organiza-
t ions and associat ions, self-administrat ion and state
administration is aimed at extension of technical possi-
bilities and information sources. The above-mentioned
Programme is not self-funding one and i t  is not pro-
moted sufficiently for the present. The situation might
improve in the near future due to legislation adopted
lately (mainly the Act No. 469/2002 Coll. on environmen-
ta l  product  label l ing wi th va l id i ty  f rom December 1,
2002).lt anticipates also accession of the Slovak Re-
public to the European Union and possibility of certifi-
cation and eco-labelling with EU flower.

* * *

in i
%1p

* [ *
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A l ist of products authorized to bear the label "Environmental ly fr iendly product"

Product name/ Manufacturer Directive No. Validity

Set - Ty & Ja bed l inen made f rom 100% cotton
Bavlndrske z6vody - TEXICOM, s. r.  o RuZomberok

Sheets - Ty & Ja bed l inen made f rom 100% cotton
Bavlndrske zAvody - TEXICOM, s. r.  o RuZomberok

EKOKRYL-MAT V 2045 disperse acrylate paint, matt
Chemolak,  a .s .  Smolen ice

EKOKRYL-LESK V 2062 disperse acrylate paint,
lustre, Chemolak, a.s. Smolenice

FARMAL V 2073 interior paint Chemolak, a.s. Smolenice

PAMAKRYL lN disperse acrylate paint PAM, s.r.o. Bratislava

SADAKRIN disperse acrylate paint for plaster cardboard PAM, s.r.o. Bratislava

DUVILAX LP, disperse adhesive for parquets and cork, Duslo, a.s. Sala

DUVILAX LS-50, disperse adhesive for wood, Duslo, a.s. Sala

DUVILAX L-58, disperse adhesive for wall  t i les and f looring, Duslo, a.s. Sala

TENTO ECO, 3-ply paper handkerchieves from recycled f ibres, Tento, a.s. Zi l ina

0001
0001/2000

0001
0001/2000

0005
0005/2000

0005
0005/2000

0005

0005

0005

0006/2000

0006/2000

0006/2000

0003

1 997-1 999
2000-2003

1 997-1 999
2000-2003

1 997-1 999
2000-2003

1 997-1 999
2000-2003

1 997-1 999

1 999-2002

1 999-2002

2000-2003

2000-2003

2000-2003

1 998-2001

1 998-2001

1 998-2001

1 998-2001

1 998-2001

1 998-2001

1 998-2001

1 998-2001

1 998-2001

1 997-1 999

1 997-1 999

1 997-1 999

1 997-1 999

1 997-1 999

1 997-1 999

1 998-2001

2001-2004

2001-2004

TENTO - BUTTERFLY, toi let paper up to 25 g/m2, Tento, a.s. Zit ina 0002

TENTO -  LUXUS, to i le t  paper  up to  25 g lm2,  Tento,  a .s .Z i l ina OOO2

TENTO - STANDARD, toi let paper up to 25 g/m2, Tento, a.s. Zit ina OOO2

TENTO - MAXI, toi let paper up to 25 glmz, Tento, a.s. Zi l ina OOO2

TENTO - ECONOMY, toi let paper up to 25 g/m2, Tento, a,s, Zit ina OOO2

TENTO -  J0 l ius  Mein l ,  to i le t  paper  up io  25 g lm2,  Tento,  a .s .  Z i l ina 0OO2

TENTO -  EKO, to i le t  paper  up to  25 g lmz,  Tento,  a .s .Z i l ina 0002

TENTO - JOKER, toi let paper over 25 glmz, Tento, a.s. Zi l ina 0OO2

HARMASAN - SOLO SOFT, toi let paper over 25glm2 "Z'Hatmaneck6 papierne, a.s. Harmanec0002

HARMASAN -  MVVAL,  to i le t  paper  over  25 g lmz '7"  Harmaneck6 papierne,  a .s ,  Harmanec OOO2

HARMASAN - ENCIAN, toi let paper over 25 glmz "7" Harmaneck6 papierne, a.s. Harmanec OOO2

HARMASAN - DIVV MAK, toi let paper over 25 glmz "2" Hatmaneck6 papierne, a.s. Harmanec 0002

HARMASAN - LEKNO, toi let paper up to do 25 glml 'Z',  Hatmaneck6 papierne, a.s. Harmanec0002

HARMASAN - BREdTAN, toi let paper up to 25 glmz "7" Harmaneck6 papierne, a.s. Harmanec 0002

Radial tyre for passenger cars 165/70 R 13 ECOFLEX-T, Matador, a.s. Puchov 0008

Water-soluble PVA foil SELEKT VF - H 108808, SELEKT, Vfskumnf a Sl'achtitel 'skf t istav, a.s. Budany 0013

Stbel enamelled shower basin ESTAP, FESTAP, s.r.o. Bratislava 001 7
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REALI zfucrA EKoLocrcKEJ zNAcrv
,,ENVTRoNMENTALNE vHoDruY vYRoBoK"

V PODMIENKACH SR

lranslation of the article:
lmplementat ion of  the eco- label  "Environmental ly f r iendly product"  in condit ions

of the Slovak Republ ic

Ochrana Zivotn6ho prostredia sa vo vyspelfch kraji-
ndch sveta dynamicky vyvija a stdva sa rozhoduj0cou
sfdastou podmienok trvalo udrZatelh6ho rozvoja spo-
lodnost i .  Real izu j0 sa syst6my envi ronmentd lneho
riadenia priemyselnfch a vyirobnfch dinnosti, zvli5end
pozornost sa venuje vplyvu samotnfch vfrobkov na Zi-
votn6 prostredie a zdravie I'udf a dastejSie sa zacfnajti
uplatnovat zdsady preventfvnosti a principy dobrovol-
nosti aj s [dastou verejnosti.

V environmentdlnej politike sa popri ndrodnej legisla-
tfve prejavujI aj tendencie roz5irovania nepriamych
nAstrojov,zalolenych v nemalej miere na dobrovolhfch
aktivitdch uirobcov a rastfcom environmentdlnom po-
vedomi obdanov. Uplatnuj0 sa syst6my environmentdl-
neho hodnotenia a oznadovania, ktor6 deklaruj0 ,2evy-
robok spi ia v sulade s aktudlnym stavom poznania
vybran6 parametre, minimalizuj0ce alebo dokonca vy-
lucujuce nepriazniv6 0cinky na Zivotn6 prostredie alale-
bo zdravie l'ud[. Je pritom snaha posudzovat vyirobok
v celom Zivotnom cykle, t.j. od suroviny, cez vyirobu,
pouZitie a2 po jeho zne5kodnenie ci recykldciu. Uplat-
novanie takychto syst6mov vypllva nielen z 0silia a po-
Ziadaviek Stdtnych orgdnov Zivotn6ho prostredia, ale aj
zo zdujmov na strane qirobcov a spotrebitel'skej verej-
nosti .

Uzndvanyim a motivujricim nepriamym ndstrojom en-
vironmentdlnej politiky je oznadovanie vfrobkov menej
znedistujricich 2ivotn6 prostredie garantovanou environ-
mentdlnou znackou. Spotrebitel'skd verejnost tak dos-
tdva pozitivne informdcie o vfrobkoch, pouZfvanfm kto-
rfch prispieva k ochrane Zivotn6ho prostredia.

Niektor6 zkralin, v ktoryich prebieha environmentdl-
ne hodnotenie a oznadovanie 4irobkov uplatnujti jed-
notnli syst6m podl'a nariadenia Europskej 0nie EEC
880/92, ktor6 bolo revidovan6 nariadenim Europskej
fnie 6. 1980/2000 a 6.761\%OjUEC o sch6me Spolo-
denstua na udelbvanie environment6lnej znacky. Z ne-
h o vych d dza aj sl oven s k1i prog ram e nvi ron mentdl neho
znadenia. Ten bol prijatf uznesenim vl6dy Slovenskej
republiky dria 6. februdra 1996 a vyhldsen;i ako Ndrod-
ni program environmentdlneho hodnotenia a ozna6o-
vania 4irobkov v Slovenskej republike (d'alej program)
s fcinnostou od 15. aprila 1997. Realizdciou programu
sa znadka Environmentdlne vhodn;i  vfrobok (d'alej
EW) zaraduje k doleZitim informativnym ndstrojom en-
vironmentalnej a spotrebitel'skej politiky.

ZAkladnym d oku mentom n a envi ron mentdl ne hod no-
tenie a ozna6ovanie urditej 4irobkovej skupiny je tech-
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nickd sprdva a smernica. Technickd sprAva zdovodnu-
je, pre6o bola dand skupina vfrobkov vybrand z hl'adis-
ka vplyvu na Zivotn6 prostredie a je zakladom na vyp-
racovanie ndvrhu smernice.  Smernica je  technickf
dokument na posudzovanie prislu5nej skupiny vyirob-
kov. Obsahuje definfciu pojmov, presn6 vymedzenie
skupiny 4irobkov na ktoru sa smernica vztahuje, zdk-
ladn6 a Specifick6 poZiadavky a spdsob overovania.

Zflkladn6 poZiadavky sa vztahujti k environmentdl-
nym a k funkcnlm vlastnostiam uirobku a maj0 zabez-
pedit, Ze uirobok je svojimifunkdnyimi vlastnostami po-
rovnatel 'nf s konkurencnlimi vyirobkami sltrZiacimi
rovnak6mu fcelu (environmentdlne vlastnosti neboli do-
siahnut6 na Ikor kvality).

Specifick6 poiiadavky s0 vySSie, ako je ich uroven
vo v5eobecne zfvazn'ich predpisoch a technicklich
normdch. Su stanoven6 s prihliadnutfm na sudasnf 0ro-
ven vedy a techniky a musia byt pre nirobcu prakticky
d osi ah n utelh 6. S pOsob overovan ia vl astn osti vyrobkov,
vrdtane sku5obnlich metod je uvedenyi v samostatnej
6asti smernice. Prednostne sa pouZivaj0 skri5obn6 me-
tody v zmysle noriem STN, EN a lSO.

Gestorom programu je Ministerstvo 2ivotn6ho pros-
tredia (MZP SR). Minister ZP SR schvaluje smernice,
udel'uje a odoberd Ziadatelbm prdvo pouZivat znadku na
zAklade od porucan i a Kom isi e envi ro n mentdl neh o hod -
notenia a oznadovania 4irobkov.

Komisia environmentdlneho hodnotenia a ozna6ova-
nia 4irobkov je kolektivna autorita pozostdvajfca z 6le-
nov zastupujucich zainteresovan6 zdujmov6 skupiny:
priemysel, obchod, spotrebitel'sk6 organizdcie, organi-
z6cie Zivotn6ho prostredia na 0rovni vlddnych orgdnov
a dobrovolhfch ne5tdtnych organizAcil.Zriad'uje ju mi-
nister ZP a riadi sa Organizadnfm a rokovacim poriad-
kom.

Komisia kontroluje nestrannost vlikonov spojenyich
s realizdciou programu, odporuca vytvorit nov6 skupi-
ny vfrobkov, urduje postup pri tvorbe arevizii smernic
a odporfca ich kone6n6 znenie na schvdlenie ministrovi
ZP SR. Pripravuje pre ministra ndvrh rozhodnutia o ude-
leni prdva pouZivat znacku EW.

Org anizacn6 zabezpecen ie prog ram u real izuje Slo-
venskd agentura Zivotn6ho prostredia - Centrum odpa-
dov6ho hospoddrstva a environment6lneho mana26r-
stva (SAZP -  COHEM) Odbor envi ronmentd lneho
manaZ6rstva v Trnave.

Zaziskanie a pouZivanie zna6ky EW sa platia poplat-
ky zdvisl6 aj od objemu realizovanej produkcie. Tie nie
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Postup na udelenie priva poui iva( znadku EVV

Udastnik e innost Visledok

1. Vfrobca/dovozca Ziadatel' Podanie Ziadosti
Ziskanie intormadnlch materidlov a pripadn6 konzult6cie
na COHEM/OEM
Zaslanie kompletnej prihldSky, zaplatenie
registradn6ho poplatku

Zaregistrovan6 prihl:i5ka

2. COHEM/OEM + sp6sobil6
prdvnick6 atyzickf osoby

Pos0denie zhody prihliisenfch vfrobkov
s poZiadavkami smernice

Spr6va o nisledkoch
pos0denia zhody

3. Komisia Prerokovanie spr6vy o vfsledkoch pos0denia zhody N6vrh na udelenie alebo
neudelenie pr6va pouZfvat
znaCku EW

4. MZP SR Udelenie prdva pouZivat znadku EW Bozhodnutie ministra 2P

5.  MZP SR
Ziadatel'

Dohodnutie zmluvnfch podmienok a uzavretie zmluvy
o prdve pouZivat znadku EW

Zmluva a prevzatie pr6va
oznadovat nirobok

s0 prili5 vysok6 a v remci okolihich krajin patria k naj-
niZ5fm. ShiZia predov5etkyim na propagdciu znadky
medzi verejnostou.

V rdmci doteraj5ej realizdcie programu bolo prijatrich
19 smernfc. Z nich bola prvd smernica urdene pre pos-
telh0 bielizen. Na jej zdklade bola znadka Environmen-
t6lne vhodnf uirobok viackr6t pridelend zatial'len spo-
locnosti BZ Texicom a.s. za Supravu postelhej bielizne
zo 100o/o bavlny - Ty & Ja a Prestieradl6 - Ty & Ja
s platnostou oprevnenia pouZfvat znacku na obdobie od
r. 1997 do roku 2003.

Rozhoduj0cimi etapanii z hl'adiska vplyvu na2P pri
postelhej b ie I izn i je f aza ni roby a f 6za pouZfvan i a - pri a-
my dlhodobf kontakt s dlovekom. Postel'n6 bielizen
Ty&Ja je pon0kan6 v Sirokej farebnej Skale napriek to-
mu, Ze moZnost pouZitia vhodnfch pomocnych prfprav-
kov a farbfv na ich vfrobu bola zna6ne obmedzen6
z hl'adiska splnenia poZiadaviek na ochranu 2ivotn6ho '

prostredia a zdravia cloveka (obsah taZhich kovov, for-
maldehydu a pod. vo nirobku). Vyl06ene je pouZivanie
biologicky nerozloZitelhlch pripravkov, obsahuj0cich
chlor, formaldehyd, prchav6 organicke l6tky nad stano-
ven6 limity, d'alej s[ vyl06en6 farbivd a pigmenty uvol'-
nujrlce karcinog6nne aromatick6 aminy a taZk6 kovy
prekraduj 0ce stanoven6 I imity.

Doteraz platna smernica c. 0001 Postelhd bielizen sa
roz5iruje a dopffra na z6klade rozhodnutia EU d. 1999/
17&lEC (ustanovuje ekologick6 krit6ri6 pre udelbvanie
environmentdlnej znadky spolodenswa pre textilne 4i-
robky). Hodnotiace krit6rid s0 zameran6 na jednotlive
druhy textilnfch vldkien, procesy a chemikdlie pouZfva-
n6 pri ich rryirobe. Na zdklade odporfcania autorizova-
nfch os6b sa europska smernica prevezme do konca
roku 2002. Je tieZ predpoklad roz5irenia environmen-
tdlnych krit6rif aplikovanlm metody posudzovania Zi-
votn6ho cyklu vfrobkov (LCA, napr. podla noriem ra-

du ISO 14040) podobne ako je to pri udelbvani znac-
ky EU kvetu.

Hoci program EW trvd uZ vy5e 5 rokov, nie je moZ-
n6 ho v plnej miere hodnotit ako fspe5nf. Predov5et-
klm z toho d6vodu, Ze doteraz ziskalo zna6ku len 32
vfrobkov od 9 vfrobcov a z toho len2 na textiln6 vfrob-
ky. Ako dovod sa uvddza predov5etkfm niZ5ia ekono-
mickd rnikonnost slovenskfch podnikov. Nakolko vSak
o znadku e5te neprejavili zlujem ani ekonomicky silnej-
Sie podniky od BZ Texicom, vidime dovod sk6r v ne-
zdujme a nepochopenisitudcie 4irobcami a ciastocne
aj verejnostou. Na druhej strane v5ak treba zd6raznit,
2e pre mnoh6 skupiny uirobkov e5te neexistuj0 prfslu5-
n6 smernice a dokonca, vzhl'adom na zloZitost (napr.
posudzovania LCA) ani dostatodn6 odborn6 kapacity
pre zostavenie hodnotiacej komisie.

V s0casnosti sa zintenzivfiuje vzdjomnd komunikacia
medzi sku5obframi, niskumnfmi 0stavmi, podnikmi, en-
vi ron m entdl n e zamer anym i o rg an i z dci am i a zdr ulenia-
mi, samosprdvou a Stdtnou sprdvou s cielbm rozSfrit
technick6 moZnosti a informa6n6 zdroje. Zatial'v5ak
uvedenli program nie je samofinancovatelhyi a dosta-
todne spropagovan;i. MoZno aj z pohlhdu neddvno pri-
jatej legislativy (predov5etklm z6kona e. 469120022. z.
o environment6lnom zna6eninirobkov s ridinnostou od
1. decembra2002) by sa situ6cia v blfzkej bud0cnosti
mohla zmenit k lep5iemu. Td predpokladd tieZ pripoje-
nie Slovenska k EU a moZnost cerrifikacie pod znackou
EU kvetu.

Uveden,i materidlodznel ako prednaSka na medzind-
rodnej konferencii ,,ECO-hbiling of textiles in Central
European Countries in the perspective of integration to
EU", poriadanej v dfioch 15.-16. 10. 2002 v Ustroni,
Pol'sko
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Suhrny diplomovlich pr6c na
Katedre ch6mie a technologie polym6rov a textilu, FPT TnU

so sidlom v Puchove v rdmci inZinierskeho Studia
v Skolskom roku 200112002

M6ria Markechov6:
FARBENTE vLNENVoH crsnrucov REAKTivruvur
FARBIVAMI

Buducnostou farbenia vlny vo v5etklich odtienoch sri
reaktfvne farbiv6, ktor6 by mohli v Merina a.s. nahradit
pouZivan 6 1 :2 kovokomplexn6 farbivd. Diplomovit pr6-
ca je zalolenana vykonaniradu sku5ok, kde konkr6tne
vyisledky poukdZu na 4ihody, ci nevyihody reaktfvnych
a 1 :2 kovokom plexnlich farb[v.

DYEING OF THE WOOL LOOSE STOCK WITH A
REACTIVE DYE

The future of dyeing wool in alldifferent shades, is with
reactive dyes, which could replace the 1:2 metalcom-
plex dyes currently used in Merina, d.s. Trenbin. The
thesis is based on a number of tests and experiments
in which the results should point out the advantages and
disadvantages of reactive and 1:2 metalcomplex dyes.

Alena Zold6kov6:
PRiPRAVA BIOSURFAKTANTOV KARBOXYMEryL-
Sxnoeu

V tejto prdci sa Studovali fyzikdlno-chemickd vlast-
nosti derivdtov pripravenfch chemickou modifikdciou z
O-karboxymetyl5krobu rdznymi postupmi. Stanovili sa
ich povrchovo-aktivne vlastnosti: emulgacnd fdinnost,
pracia a antiredepozicnd 0dinnost, povrchov6 napdtie.

PREPARATION OF BIOSURFACTANTS OF
CARBOXYMETHYLSTARCH

ln th is  work physico-chemical  proper t ies of  O-
carboxymethylstarch derivatives performed chemical
modification various procedure was studied. The sur-
face-active properties was determine: emulsifying per-
formance, washing performance, antiredeposition per-
formance and surface tension of water.

Danka Hanec6kov6:
ruAvnH ODEVU A ZoDPoVEDAJUcA KVALITA
TEXTILNVCH MATERIALOV

DiplomovA prdca je zamerand na hodnotenie kvality
vybranyich druhov textiliiurden;ich pre navrhnu\i model
odevu s konkr6tnymi poZiadavkami, s ohl'adom na
oblast pouZitia. Zaober6,sa najmd hodnotenim tepelno-
vlhkostn6ho komfortu, ostatnfmi vlastnostami fZitko-
vfch ukazovatelbv a pos0denfm vhodnosti aplikdcie
pouZitfch druhov materidlov.

LAYOUT OF A CLOTHES MEDEL AND RESPOADIG
QUALITY OF TEXTILE MATERIALS

The diploma work is aimed at the quality assessment
of selected textiles, designated for the proposed model
of clothes with evaluation of warmth - humidity comfort,
properties of consuption qualities and assessment of the
employed materials application suitability.

Anna Jurikov6:
VPLW MATERIALOVEHO ZLOZENIA PRIADZE NA
VLASTNOSTI HRUEVCH PANEUCHOWCH
Wnoexov

PredloZend diplomovd prdca bola zamerand na pri-
pravu hrublch pancuchovyich vlirobkov zo zmesi vld-
kien PP, ba, vl ,  ln, VSs. a hodnotenie ich fyzikdlno -
mechanickyich a uZitkor4ich vlastnosti. V diplomovej prdci
je spracovanli prehl'ad o rozvoji PP vldkien a o odevnlich
ulrobkoch. Vlastnosti pripravenych vldkien boli hodno-
ten6 pomocou laboratornych metod a 0Zitkov6 vlast-
nosti pancuchovlich vyirobkov nosenim a hodnotenim
vybranlimi probantkami. Ziskan6 vyisledky budu sl0Zit
ako podklad pre vWoj d'al5ieho sortimentu.

INFLUENCE MATERIAL COMPOUND FILATURE AT
PROPERTIES ROUGHT STOCKING PRODUCTS

The diploma work has been aim at preparation rought
stocking products of the compound fibres PP, cotton,
wool, VSs, flax and evaluation physical - mechanical
and using propert ies. Within the diploma work is num-
ber review development PP fibres and clothes product.
The properties preparation fibres has been the evalua-
tion laboratory method and using properties wear and
evaluation choice a man. Obtain result shal l  has basic
for evolution next assortment.

Ivana Cmikov6:
MoZNOSTI VYUZITIA WPOETOvE.I TECHNIKY PRI
TVORBE STRIHOVEJ DOKUMENTACIE V ODEV.
NOM PRIEMYSLE

Diplomovd prdca sa zaoberd moZnostami vyuZit ia
vfpoctovej techniky pri tvorbe strihovej dokumentdcie
v odevnom priemysle. Analyzuje v s[casnosti najroz-
Sfrenej 5i software svetovlch 4irobcov CAD/CA M syst6-
mov pouZivanfch v technickej pr(prave vfroby. Porov-
ndva moZnostijednotlivyich systdmov a uvddza 4ihody
oproti priprave vfroby klasickfm spdsobom. Vyhodno-
tenlm moZnostf jednotlivylch syst6mov prdca prin65a
ndvrhy na komplexn6 vyuZit ie syst6mu Investronica
Sistemas v spolocnosti Ozeta, a.s. Trencin.
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POSSIBLE APPLICATION OF COMPUTER.CON-
TROLLED TECHNIQUE AT THE CREATION OF CUT
DOCUMENTARY EVIDENCE IN CLOTHING INDUS.
TRY

The submitted diploma work treats the application of
computer - controlled technique at the creation of cut
documentary evidence in clothing industry, analysing
the present most spread software of the world - wide
known producer of CAD/CAM systems used in the tech-
nical preparation of manufacture. The diploma work is
trying to compare the possibilities of the individual sys-
tems and introduces the advantages opposite to the
preparation of manufacture according to the classical
way. By evaluating the possibilities of the respective
systems the diploma work if offering suggestions for a
complex utilization if the Investronica Systemas system
within the Ozeta joint - stock company Trendfn.

Elena Kim6kov6:
I{IAUTATIVTC HODNOTEN I E WROEXOV A.S.
MERINA, Z HI}DISKA MECHANICK/CH VLASTNOSTI

DiplomovA prAca sa zaoberd kvalitatfvnym hodno-
tenim vytypovanlich vzoriek vyrobkov a.s. Merinaz po-
hl'adu mechanickfch vlastnosti. V teoretickej casti sa
nachddza prehl'ad poznatkov o prirodnom vldkne - vlne
a o chemickom vlAkne - polyester, ktor6 s0 spracovan6
u vyrobcu do findlnych nirobkov (tkanin). Experimen-
tdlna 6ast obsahuje sk05obn6 metodiky, popis a rnisled-
ky experimentov, ktor6 s0 spracovan6 tabulkovou a
grafickou formou v obvyklom rozsahu, pouZlvanom vo
vfrobnom procese a.s. Merina.

QUANTITATIVE EVALUATION PRODUCTS FROM
MERINA, a.s. HAVING CONCENTRATED ON THEIR
MECHANICAL PROPERTIES

The thesis deals with the quantitative evaluation of
selected products samples from Merina, a.s. having
concentrated on their mechanical properties. In the
theoretical part there is an overview of knowledge of a
natural fibre - wool and a chemical fibre - polyester
which are worked by the manufacturer into the final
products (textiles). The experimental part contains test-
ing procedures, description and experiments results fur-
ther processed in the form of charts and graphs to the
ussualextent used in Merina, a.s. manufacturing process.

Lenka Jancikov6:
INOVAENE STRATEGIE USPESNEJ ODEVNEJ FIRMY

TAto diplomovd prdca sa zaoberd moZnostami aplika-
cie inova6nfch zmien v rispeSnejodevnejfirme. Vysvet-
I'uje podstatu pojmov inovdcia, sortiment a marketing
ako doleZitri s0cast inovadnej strat6gie. Cielbm tejto
prdce je analyzovat inovacn6 zmeny vo firme Makyta,
a.s. P0chov v oblastiuirobkovej, procesnej, organizad-
nej a navrhn[t inovacnf strat6giu predaja, konkr6tne
vytvorenie koncepcie Modneho klubu,,Makyta" na zA-
klade prieskumu.
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INNOVATION STRATEGIES OF THE SUCCESSFUL
CLOTHING COMPANY

This registered labor deals with abilities of the appli-
cations innovations changes in successful l  clothing
business. Represents the entity of the terms innovation,
assortment and marketing as an important component
of the innovation strategy. The goal of this labor is to
analyse innovation changes at business Makyta, a.s,
P0chov in sphere manufactural, procedural, organiza-
tional and to vote the sale innovation stategy, concrete
creation of the Fashion club,,Makyta" design following
marketing inquiry.

Zuzana Lavorov6:
NAVRH SYSTEM U SLEDOVAN IA KVALITATIVTVC H
UKAZOVATETOV PRI SPRACOVANi POTruEJ VLNY
NA VLNEIVV OCSNNEC

Cielbm diplomovej prdce je navrhnut a na vzorke vlny
urditej partie odsk[Sat syst6m sledovania kvalitativnfch
ukazovatelbv pri  spracovani potnej vlny na vlneny
desanec. Na vzorke vlny partie 43 196 s jemnostou 66/
64 s' sa sledujri parametre v laboratoriu prddovne vlny
a v laboratoriu Uster.

THE CONCEPT OF THE SYSTEM OF THE QUALITY
INDICATORS USED WITH WOOL MANUFACTURING
EXECUTED ON A SPECIFIC WOOL TOP

The aim of this study is to make conception and un-
dergo the experiment on the system of the quality indi-
cators used with wool manufacturing executed on a
specific wool sample. The parameters are examined on
the sample of wool (lot 43 196, softness 66/64) in the
laboratory of a wool scouring mil l  and in the Uster
laboratory.

Lucia Vargov6;
TEXTILNE POMOCNE PROSTRIEDKY NA
OLEOCHEMICKEJ BpZE

Studovali sa fyzikdlno - chemick6 vlastnosti aviva2-
nych a mfikciacich textilnfch pomocnych prostriedkov,
pripravenych z produktu OLEO l,  ktorf je technicky
cist l i ,  svetlofarebnf a biodegradabilnyi.  Stanovi l i  sa:
disla kyslost i ,  viskozita pripravenyich text i lnlTch po-
mocnych prostr iedkov, bod samovznietenia emulzie
Techazi l  -  31 V.

TEXTILE AUXILIARIES ON OLEOCHEMICAL BASE
The physico - chemical properties of fabric softeners

obtained from the OLEO l product were examined. The
product OLEO I is technically clean, light - coloured, and
biodegradable. The following indicators were set: the acid-
ity number, viscisity of fabric softeners, the point of spon-
taneous combustion of the Techazil- 31 V emulsion.
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Zuzana Kuimov6:
Wsrn vHoDNEJ pAD srRrZE pRE KUSovE FAR-
BENIE DAMSKYCH PIASiOV MANTPULOVANVCH
zo zMESr VUPAD

Ulohou diplomovej prdce je ndjst a posudit vhodn0
PAD striZ pre kusov6 farbenie ddmskych pld5tov mani-
pulovanyich zo zmesi vUPAD pomocou r6znych rezer-
vacnfch pripravkov. Na zdklade ekonomickej analfzy
farbiacich recept0r s r6znymi rezeruadnfmi prfpravkami
bude navrhnutd ekonomicky najuihodnej5ia PAD striZ.

THE SELECTION OF SVITABLE PAD STAPLE OF
PIECE - DYEING OF WOMENS' OVERCOATS MA.
NIPULATED MADE OF WOOUPAD BLEND

The task of the diploma thesis is to find and assess
svitable PAD staple for piece- dyeing of womens'over-
coats made of wooUPAD blend, with the help of various
blocking agents. On the basic of economic analysis of
dyeing formulas with various blocking agents, the most
svitable PAD stapel is going to be suggested.

Eva Benkov6:
VPLW MATERIALOVEHO ZLOZENIA PRIADZE NA
VI-ASTNOSTI PON OZIEK

Diplomov6, prAca je zamerand na pripravu a hodno-
tenie uZitkonich vlastnostf tentcfch ponoZiek pri rdznom
m ateri dl ovom zl oZen I pri ad ze. Zdtklad n ou su rovi nou
hodnotenfch ponoZiek je polypropyl6n v zmesis prirod-
nfmi aj syntetickfmivl6knami, ako bavlna, lhn, viskozo-
v6 vldkna a lycra. V experimentdlnej 6asti diplomovej
prdce sa hodnotia: fyzkdlno - mechanick6 vlastnosti
priadzi, 0Zitkov6 vlastnosti ponoZkor4ich pletenin v labo-
ratornych podmienkach a nosenfm.

THE INFLUENCE OF MATERIAL COMPOSITION
YARN ON THE PROPERTIES OF SOCKS

This work is directed on preparation and valution of
utilitarian gualities of thin socks with various material
composition. Basic raw material of tested socks is
polypropylen in the mixture by natural and synthetic fi-
bres, such as cotton, flax, viscose yarn and lycra. The
experimental part of this registered work there are
evaluated: physical and mechanical characteristics of
yarn applicated for production of socks, evaluation of
socks in the laboratory term, evalution of worn socks.

Miroslava Mozolov6:
VPLW SOLI NA FARBENIE BAVLNEruVCH
UPLETOV BEAKTIVTYUI FARBIVAM I

Cielbm diplomovej pr6ce bolo skfmat ako sa zmeni
qyfarbenie bavlnenfch npletov predovSethim z hl'adiska
posunu odtiefia a st6losti vyfarbenia, ked'sa pomerne
radikdlne zvf5i a znfti doporuden6 mnoZstvo elektro-
lytu. Na zdklade dosiahnutfch vyisledkov si Slovenka
a.s. upravf receptdry, prfpradne obmedzl pouZfvanie
menej nihodnyich farbiv.
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SALT INFLUENCE ON DYEING COTTON TWIST
PIECEGOODS BY REACTIVE DYES

An aim of my task was the research of changes of
dyeing cotton twist piecegoods mainly from the colour
shade move and fastnes propert ies, when the
reconnended electrolyte amount is relat ive radical
raised and reduced. Based on these results Slovenka
a.s. should regulate its dyeing proceduress or should
limit using less suitable dyes.

Dorota Kocmanov6:
ANALVZA PROCESU PRIPRAVY WNOAY
ODEVNEJ FIRMY MAKYTA, a.s. PRE PODMIENKY
VNUTORNEHO TRHU

T6to diplomovA pr6ca pojedn6va o procese pripravy
vfroby odevnej firmy Makyta, a.s. pre podmienky vn0-
torn6ho trhu. Ndvrh opatrenf na odstrdnenie nedostat-
kov vznikol na zdklade podrobnej analyzy predvlirob-
n6ho procesu a komunikdcie so softwarovyimi
spolocnostami.

ANALYSIS PROCESS OF PRODUCTIONS PREPAR.
ING OF CLOTHES FIRM MAKYTA, a.s. PUCHOV FOR
SLOVAK MAR KET CONDITION

The following work deals with process of productions
preparing of clothes firm Makyta, a.s Puchov for Slovak
market condition. My improving suggestions stands on
concrete analysis of preparing process and communi-
cation with software companies.

Alibeta Vr6blbv6:
ESTER I FI KACIA XYUITIOV, CHARAKTE R IZAC IA
n SrUoIuM ICH VLASTNoSTi

Studovali sa fyzikdlno - chemick6 vlastnosti novfch
deriv6tov pripravenlich parciAlnou hydrofobiz6ciou
xyldnov s vinyllaurdtom, s chloridmi vy55ich mastnfch
kysel[n (stearoylchloridom), a s vinyllaurdtom za vplyvu
ultrazvuku. Stanovili sa povrchovo - aktivne vlastnosti:
emulgadnd Idinnost, povrchov6 napdtie, kritickd mice-
lovd koncentrdcia, pracia u6innost, antiredepozicnd
udinnost a penivost.

ESTERIFICATION OF XYLANS, CHARACTERIZA.
TION AND STUDY OF THEIRS PROPERTIES

The physico - chemical and performance properties
of newly synthesised derivates prepared by part ial
hydrophobization of xylans with vinyllaurate, with chlo-
rides of higher fatty acids (stearoyl chloride), with vinyl-
laurate under influence ultrasound were studied. Emul-
sifying power, surfacetension, cr i t ical micel le
concentracion, wasching performance, antiredeposition
efficiency and foamability were determined.
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Zuzana Borotov6:
Specrrrxn Wnoey DAMSKYcH NoHAVic
V PODMIENKACH TRECOfU, s. r.o, TRENOIN

Tdto diplomov 6 prilcasa zaoberd Specifikami uiroby
damskych nohavlc v podmienkach zaddvatela Trecom,
s. r. o, Trencfn. V experimentdlnej dasti prdce sa stano-
vili mechanick6 parametre tkanin, priadzf a mikrosko-
pick6 anal'i za odevnyich textil i i pouZlvanf ch pre d dmsku
konfekdu. V d'alSej 6asti prdca rie5i technicko - organi-
zalny projekt ddmskych nohavic a jeho vyhodnotenie.

SPECIAL CHARACTERISTICS OF LADIES PANTS
MANUFACTURE IN CONDITION WITH TRECOM,
Lmt.,  TRENCIN

This thesis analyze special characterictics of ladies
pants manufacture, in condition with Trecom, Lmt,
Trencin. ln the experiment part are set mechanical pa-
rameters of fabric, yarn and microscopical analysis of
fabric used for ladies clothing industry. The next part of
this thesis deals with technical - organizational design
of ladies pants and its evaluation.

Lucia Petrociov6:
VPLW G EOM ETRI E POLYPROPYLENOWCH
VUqXICT NA UZTKOVE VLASTNOSTI TEXTILII

Diplomovd prdca bola zamerand na hodnotenie vply-
vu zmeny tuarovacieho procesu PP vl6kien a na 0Zitko-
v6 vlastnosti ich textilii. Posudzuje vplyv priecnej a
pozdiZpej geometrie a fyzikalno - mechanicke vlastnosti
PP vl6kna na uZitkov6 vlastnosti ich tefiilnfch uirobkov.

THE INFLUENCE GEOMETRY POLYPROPYLENE
FIBRES ON UTILITY QUALITIES OF PRODUCTS

The thesis analyzes the influence of change of the
forming process on utility qualities of textile. lt appreci-
ates the effect of cross - section and longitudinal geom-
etry on utility qualities of products and it also eValuates
physico - mechanical qualities nature of PP fibres.

Folvardikov6 Katarina :
SrnurruRA A vt-ASTNosl vLqrNltnlcH MATE-
RIALoV Z NoVEJ GENERACIE PoLYoLEFiNoV

DiplomovA prAca je zameran6 na pripravu vldkien
z novej generdcie polyolefinov - z metalocenov6ho
polym6ru. V experiment6lnej casti prdce sd uveden6
postupy prfpravy polypropyl6no4ich striZor4ich vl6kien
z Zigler - Nattovyich polym6rov a metalocenov6ho
polypropyl6nu, hodnotenie ich Strukt0rnych parametrov
a fyzikdlno - mechanicloich vlastnostf a popis metod pri
anal'ize vldkien.

THE STRUCTURE AND PROPERTIES OF FIBRES
MATERIALS FROM THE NEW GENERATION
POLYOLEFINS

The purpose of this work is the preparation of fibres
from the new generation polyolefins - from metallocene
polymers. This work contains process of preparation of
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polypropylene fibres from Zigler-Natta and metallocene
polypropylene, evaluation of structure parameters and
physical-mechanical properties and an experimental
apparaturs descri ption.

ludmila Balogov6:
SLEDOVANIE VPLWU VPICHOVACICH IHIEL, IN-
TENZITY VPICHOVANIA A ZAKLADITIVCH PARA.
METROV PPS A PESS NA WSLEDNU UCINNOSi
FI LTRACI E N ETKAITIVCH TEXTILI i

Cielbm tejto diplomovej prdce bolo sledovanie vplyvu
vpichovacich ihiel, intenzity vpichovania a zdkladnyich
parametrov PPs a PESs na vfsledn0 0dinnost filtrdcie
netkan;ich text i l i i .  Hlavnou dastou bolo stanovenie
priedu5nosti netkanyich filtradnfch materialov v zdvis-
lost i  od druhu pouZitej ihly, intenzity vpichovania a
zdkladnfch parametrov PPs a PESs vldkien.

OBSERVATION OF INFLUENCE OF NEEDLING,
ITS INTENSIry AND BASIC PARAMETERS PPs
AND PESs ON THE RESULTING FILTRATION
EFFICIENCY OF THE NON - WOVEN TEXTILES

The intention of my diploma work is to observe the
influence of needling, its intensity and basic PPs and
PESs fiber parameters on the resulting efficiency of the
non - woven textiles. The aim of the main body of my
work is to inspect and find out the permeability of the
non - woven filtration materials in relation to the kind of
needle used, intensity of needling, as well as PPs and
PESs fibres parameters.

Lenka Koristov6:
NAVRH zufSTruIA PRODUKTIVIry A
EFEKTiVNOSTI PRACE V ODEVNEJ FIRME
M - S, s. r. o., Zlt-lrun

Cielbm diplomovej prdce bolo rozpracovanie ndvrhu
projektu novej vfrobnej haly z technick6ho a technolo-
gick6ho hl'adiska. Prestahovanim casti uiroby z podla-
Liana prfzemie sa zlep5f komunikdcia, znlli sa dasovd
ndrodnost transformacn6ho procesu a skval i tni  sa
kontrola.

THE CONCEPT OF THE INCREASING OF THE PRO.
DUCTIVIry AND EFFECTIVENES OF WORK IN THE
TEXTILE FIRM

The aim of diploma work was elaborates a suggestion
of a new production hall project from the technical and
technological standpoint. The moving of a part of pro-
duction from the floor to the ground floor improves the
communication, reduces the t ime pretension of the
transformation process and improves the quality of the
control.

Ingrid Put5kov6:
VPLW TECH NOLOG ICK/CH PARAM ETROV
TERM ICKEHO SPEVNOVAN IA N ETKANYC H
TEXTILII NA ICH SEPARACIIu uEIruNoSi
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T6mou diplomovej prdce s0 netkan6 textilie poull-
van6 ako fi l tra6n6 materidly na separdciu nedist6t
v ovzdu5i. Predmetom sk0mania srl zmeny fyzikdlno -
mechanickfch vlastnosti (hr0bka, plo5nd hmotnost,
pevnost v tahu, taZnosf) a funkcnfch vlastnosti (prie-
du5nosf) filtracnyich materidlov v zdvislosti od pouZit6ho
vfchodiskov6ho materi6lu a od intenzity jednostran-
n6ho povrchov6ho natavenia textilie.

INFLUENCE OF THE TECHNOLOGICAL PARAM.
ETERS OF THERMIC HARDENING NON.WOVEN
FABRIC FOR THEY SEPARATION EFFICIENCY

Theme of diploma work are non - woven fabric appli-
cable as filter materialfor separation impurities in atmo-
sphere. Object of search are change physico-mechani-
cal properties (roughness, areal weight, tensile strengh,
elongation at break) and functional properties (air-per-
meability) at relation of used basic fibrous material and
intensity unilateral superficial smelting.

INSTRUCTIONSFOR AUTHORS

The journal ,,Vl6kna a textil" is the scientific and pro-
fessionaljournal with a view to technology of fibres and
textiles, with emphasis to chemical and natural fibres,
processes of fibre finishing and dyeing, to fibrous and
textile engineering and oriented polymer films. The origi-
nal contributions and works of background researches,
new physico-analytical methodes and papers concern-
ing the development of fibres, textiles and the market-
ing of these materials as well as review papers will be
published in the journal.

Manuscript
The original research papers are required to be writ-

ten in  Engl ish language (maximum 10 type-wr i t ten
pages) with summary (abstract - maximum 10 lines).
Text of contribution from Slovak and Czech Republic
have to be in Slovak or Czech language as well.

The other parts of the journal will be published in Slo-
vak language, the advertisements will be published in
a language according to the mutual agreement.
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o The title of the article.
r The initials of the first name (s) and also surnames

of all authors.
o The complete address (es) of the working place of

the authors, (e-mail if it is possible).
The manuscript has to be type-written at the size A4

in standard form, 30lines with 65 beates, at a page. The
total number of figures and tables would have been less
than 10.

Allfigures, tables, schemes and photos have to have
their own number and title.

The figures would have been drawn at the tracing
paper or Bristol, drawn round by black ink, numbered
by Arabic numerals and titled beneath the figure.

The tables would have been written at an individual
piece of 

'paper 
with number and title above them.

Photos and schemes have to be sufficiently contras-
tive at a photographic paper or to be drawn at a white
paper.

Equations and schemes are stated right in the text.
Numbers of the figures and tables shall be stated in

the text at the left margin.
Physical and technical properties have to be quanti-

fied in Sl units, names and abbreviations of the chemi-
cal materials have to be stated according to the IUPAC
standards.

References in the text have to be in square brackets
and literature cited at the end of the text has to respect
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be published on PC disks 3,5" in WINWORD and by
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ZO ZAH RAN ICI.IYCN CNSOP ISOV

Polyesterov6 vldkno s absorp6nou schopnostbu
porovnatel'nou s bavlnou
ADVANCES /N TEXTILES TECHNOLOGY, 2002,
6. 2, s. 2-3

US Patent 6 258 309 udelenf korejskej f irme
SAEHAN INDUSTRIES, lNC. popisuje polyesterov6
striZov6 vl6kno, mod if ikovan6 anorganickf mi zl [6en i n a-
mi, s absorpdnfmi schopnostami porovnatelhlimi s pr[-
rodnfmi materidlmi. Castice anorganickfch zl0cenin,
napr. oxidu v6penat6ho, hore6nat6ho, manganidit6ho,
resp. ich zmesisa prid6vajf do taveniny medzi stupnom
polymeriz6cie a zvldkhovania. Ostatn6 aditiva ako sta-
bilizdtory, antioxidanty, absorb6ry UV-Ziarenia sa pri-
ddvajf bezprostredne po esterifikdcii alebo podas po-
lykonden zdcte. Uprava nezvy5uj e vyrazne vyirobn6
naklady. Ostatn6 fyzikdlne vlastnosti vldkna zostdvaj0
v podstate nezmenen6. Novf materiSl mOZe plne nah-
radit bavlnu v odevnyich textflidch.

Texti l ie odoln6 voci prerezaniu a prepichnutiu
ADVANCES /N TEXTILES TECHNOLOGY, 2002,
c. 2, s. 3-4

Firma JHRG LLC (USA) patentovala sp6sob vyiroby
textiliiodolnlich voci prerezaniu a prepichnutiu, ktor6 zd-
roveh neprepfStaju vzduch a kvapaliny. Na textfliu ob-
sahuj0cu viac ako 25 % vl6kien pre n6rodn6 aplikdcie,
napr. polyetylen s vysokfm modulom alebo s vysokou
pevnostou v tahu, sa laminuje termoplasticlqi film. Po-
diel etylenu vo fi lme musf byt minimdlne 20 %. Film sa
spolu s textiliou navlja v napdtom stave a zohrieva sa,
aby zmdkol. Dochddza ku zrazeniu textilie a lamindcii
vrstiev za pdsobenia tlaku. Jednfm z variantov popisa-
nfch v patente USA 6 280 546 je lamindt s vonkaj5ou
vrstvou, ktorf tvoritextilia pre n6rodn6 aplikdcie a vn0-
tornou vrstvou vo forme filmu z polyetyl6nu s nizkou
hustotou, medzi ktor6 je vloZend mrieZka.

Nezr6iav6 vlna
ADVANCES /N TEXTILES TECHNOLOGY, 2002,
d. 2, s. 4-5

Ddnskym vliskumnfkom zfirmy NOVOZYMES bol
udelenf US patent 6 258 129 naenzymaticku nezrAla-
v0 fpravu vlny. Na vlnu sa najprv p6sobi v plynnom
prostredf nizkoteplotnou plazmou. Dalej sa upravuje vo
vodnom roztoku peroxidu vodfka za pritomnosti nei6no-
v6ho zmdcacieho prostriedku a katalyzdtora. Po pldkani
nasleduje enzymatickd fprava v kyslom, neutr6lnom
alebo zdsaditom prostredf s prldavkom povrchovoaktfv-
nych prostriedkov. Pred enzymatickou upravou alebo
podas nejje vhodn6 na vlnu krdtko p6sobit ultrazvukom.
Proteolyticky enzfm mOZe byt Zivoci5neho alebo ras-
tlinn6ho p6vodu. Overen6 bolo aj pouZitie mikrobi6lnych
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enzlimov. NezrdZavd riprava zlep5uje belost vlny, zni-
Zuje jej Zmolkovitost a zlep5uje jej miikkost.

Spracovanie v nadkrit ickom oxide uhl ici tom
ADVANCES /N TEXTILES TECHNOLOGY, 2002,
c. 2, s. 5-6

Metoda zariadenia farbiv a infch chemikdlif do had-
kritick6ho kvapaln6ho oxidu uhliciteho za udelom upra-
vy textili i je popisand v patente USA 6 261 326. V na-
vrhovanom syst6me sa farbivo pred [pravou rozpusti
v rozpu5tadle, 6im sa rie5i probl6m aglomerdcie dastic.
Farbivo sa ddvkuje do uzatvorenej nadrZe s cirkulac-
nfm okruhom, derpadlom, filtrom a rozvodnfmi ventil-
mi, naplnenej nadkriticlgim kvapalnyim oxidom uhli6igim.
V procese zmie5avania sa moZe pridat povrchovoaktiv-
ny prostriedok alebo dispergdtor. Obsah nAdrle sa nds-
ledne zohrieva tak, aby sa dosiahol tlak rovnakyT ako
v tiprav6renskom syst6me. lzol6cia syst6mu prfpravy
ti p ravare nsk6ho rozto ku je zabezpeden d p rostred n ic-
tvom ventilov.

Zdokonalenf podklad z netkanej textilie pre v5i-
van6 koberce
ADVANCES /N TEXTILES TECHNOLOGY, 2002,
6 , .  2 ,  s .7 -8

Medzindrodnli patent WO 00/12800 bol udelenyi ho-
landskej firme AKZO NOBEL BV. Popisuje podklad pre
v5fvan6 koberce, ktoru tvori tkanina z termoplastick;ich
vldkien, spojend s netkanou textfliou prostrednictvom
termopojiv6ho polym6ru a termoplastickl ich vl6kien.
Netkand textilia je vyrobend z bikomponentnych vldkien
so Strukt0rou jadro/pla5t s jemnostou 5-20 dtex. Jad-
rom vldkna je polyetylentereftal6t, pldSt tvori polyamid
6. Teplota tavenia termopojiv6ho polym6ru je o 15-20
% nillia ako teplota tavenia ostatnych vldkien. Paten-
tovanf podklad md zlep5enu stabi l i tu a mechanick6
vlastnosti.

Transplant6t s antimikrobi6lnym prostr iedkom
ADVANCES /A/ TEXTILES TECHNOLOGY, 2002,
c . 2 ,  s . 1 0 - 1 1

Firma Agio Technologies LLC vyvinula transplantdt-
textiliu povrstven0 anorganickfm a antimikrobidlnym
prostriedkom, ktoryi sa na nu nandSa rozpra5ovanim.
Textilia napriek povrstveniu zostava porovitA, prulnA
a prepfSta kvapalinu. Upravuje sa za mokra v napdtom
stave a ndsledne sa na ilu posobistlacenfm vzduchom.
Pri suSenisa antibakteridlny prostriedok pritomny v po-
roch textilie odstr6ni, dim dochddza k zachovaniu poro-
vitej Struktfry. Ako antibakteridlny prostriedok s0 vhod-
n6 ant ib io t ickd zeol i ty ,  na jv iac sa v5ak osvedci l
dusidnan striebornyi. V priklade je uvedend receptura
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upravy polyesterovej pleteniny urcenej na cievne tran-
splantdty.

S06asn6 trendy vl ikien pre netkan6 text i l ie
TECHNISCHE TEXTILIEN, 44,2001 ,  6 .  4 ,  s .  E 180

Priemysel netkanfch textilii je vliznamnfm odbytis-
kom chemickfch vldkien. lch svetovd spotreba v roku
2000 predstavovala 3 mili6ny ton a predpokladd sa, Ze
do roku 2005 sa zvf5i na 3,7 mili6nov ton.Z uveden6-
ho mnoZstva 2,1 mili6na ton pripadd na polypropyl6n
250 000 ton na bikomponentn6 vldkna (PP, PET) a 750
000 ton na polyesterov6 vldkna. V bud0cnosti sa oda-
k6va vyrazny rast spotreby Specidlnych PES vldkien,
napr. kopolym6rov, bioaktivnych vldkien alebo ko-po-
lyesterouich vldkien podliehajfcich rozkladu. Perspek-
tivu maj0 vl6kna vyroben6 na bAze kyseliny mliecnej,
ktor6 nezataZuj{r Zivotn6 prostredie. Vldkna pre ndrod-
n6 aplikacie zatial' v priemysle netkanfch textflii nehra-
j0 vfznamnej5iu tilohu. Viskozov6 vldkna sa v tomto
sektore vyuZivajf najmd pre hygienick6 aplikdcie, hoci
ich podiel na svetovom trhu je pomerne malyi (8 %).

Firma Honeywell rozSiruje vfrobu vl6kna Spectra
TECHNISCHE TEXTILIEN, 44, 2001 , e .  4, s. E 183

Firma Honeywell, USA zvf5i kapacitu vfroby polye-
tyl6nov6ho vldkna Spectra s vyso$im modulom. Vlek-
no ma najvy55i pomer pevnost/hmotnost zo v5etk;ich
synteticloich vldkien. Je I'ahk6, md 4ibornti odolnost vo-
cichemikdlidm, vode a UV Ziareniu a vysok0 schopnost
absorbovat energiu. PouZiva sa na 4irobu Specidlnych
pracovnfch odevov, ochrannych pomocok, ldn a pov-
r azov, nepri estrel nyich viest, pan ci erov vozid iel, 5porto-
Wch vfrobkov a pod. Vl6kno je zdkladnfm materi6lom
na vfrobu kompozitov Spectra Shield vyuLivanych v ar-
mdde, policajnlch zboroch a v ndrocnfch priemysel-
nfch aplikdcidch.

Novd l inka na virobu polyesterovfch netkanich
texti l i i  spod trysky v Berl ine
TECHNISCHE TEXTILIEN, 44, 2001 , e .  4, s. E 184

Firma Johns Manvil le Europe GmbH vyvinula novf
netkanu textiliu z jemnlich vldkien vhodnf na vfrobu fil-
trov. Filtracn6 m6dium Combi Fil ma vrstvenI Struktri-
ru tvorenu z ultrajemnyich a hrubfch polyestero4ich vla-
kien. Ultrajemn6 filamemty na povrchu filtra vyirazne
zlep5uj0 separacnu funkciu, hrub5ie vldkna na zadnej
strane zabezpecuj0 minimdlnu tlakov0 stratu. Filter je pev-
ny, m6 vysokri efektivnost, dlhri Zivotnost a I'ahko sa cis-
tf. Namiesto tradidnyicfr spojilv sa prijeho uirobe pouZfvajf
ekologicky vhodnej5ie polyesterov6 kopolym6ry.

Spracovanie priadzi z dutfch vl6kien do osnov-
nfch upletov pre technick6 apl ik6cie
TECHNISCHE TEXTILIEN, 44, 2OO1 , d. 4, S.
E  187-E  190

etanof predstavuje nov6 typy osnovnyich upletov vy-
robenyich s pouZitim priadzl z dutfch vldkien v Struktti-

vl'kna a textil9 (4) 176-179 (2002)

re pleteniny, ktord zodpovedd predpokladanej oblasti
pouZitia. Tieto 0plety sa pouZfvajti ako substrdty biolo-
gickfch filtrov, biofunkcn6 textilie v zdravotnicNe, moZu
byt s0castou vyhrievacich a chladiacich prvkov, kolek-
torov, izoldcif, absorb6rov a pod. S0 vhodne aj na vf-
robu kompozitov. V prispevku s0 uvedene 4isledky
skti5ok absorpcnfch a tepelnfch vlastnost( vybranfch
vzoriek osnovnyich ripletov zpriadz{ z du\ich vldkien.
V sfdasnej dobe sa overuju moZnosti dalSich Struktu-
rdlnych modifikdcii tfchto materidlov.

Pouii t ie termopojivfch produktov f irmy Ems pri
virobe text i l i i  do automobilov
TECHNISCHE TEXTILIEN, 44,2001, d. 4,
s .  E  190-194

Na spevnenie textiln6ho substr6tu ponfka Svajdiarska
firma Ems-Griltech termopojive bikomponentn6 vldkna
s teplotou spracovania 1 15-170 'C. Teplom tavitel'n6
adh6zne granule a prd5ky sa pouZivaj0 na lamindciu
dvoch alebo viaceryich vrstiev materidlu. UmoZnuju
spevfiovanie a spdjanie netkan;ich textili i bez pouZitia
roz p u5tad la a zatalov an i a Zivotn6 ho prostred i a p rch a-
4imi organickfmi zl0ceninami. Tieto netkan6 textilie si
zachovdvaj0 priedy5nost, vyborne odvddzaju vlhkost
a splnaju poZiadavky kladen6 na materidly pre nov6 kli-
matizovan6 Struktury sedadiel. Vyirobky vyroben6 s po-
uZitim termopojivych produktov firmy Ems splnaj0 pred-
pisy EU pre recykldciu. Polyesterov6 netkan6 Strukt[ry
spojen6 adhezlvamitavitelhylmi teplom pouZivan6 v la-
minovanfch kon5trukcidch su vhodnou ndhradou poly-
uretdnovej peny.

Skri5ky vyuiitia odpadovfch vl6kien z kobercov
v netkanfch geotexti l i6ch
TECHNISCHE TEXT|L|EN,44,2001 ,  e .4,  s .  E 195

Legislatfva o odpade vyZaduje spracovanie textiln6-
ho odpadu do uirobkov zodpovedajucej kvality s co naj-
vy55imi ndkladmi. V rdmci vyiskumn6ho projektu vyko-
nal STFI Chemnitz sk0Sky spracovania odpadu zo
v5fvanfch kobercov s penovou fpravou do netkanfch
geotextilii. Pre tento fcel bola navrhnutd optimdlna tech-
nologia trhania kobercov a ndsledn6ho cistenia tkaniny.
Z regenerovanlich vldkien boli vyroben6 netkan6 texti-
lie spevnen6 mechanicky vdzbovou nitou. Optimalny
podiel regenerovanfch vldkien v tfchto vyirobkoch je
10-1 5 % v pripade polypropyl6nu a 50 % v pripade vl-
ny. Z materidlov s obsahom polypropyl6novej druhotnej
suroviny sa vyrdbaj0 geotextl l ie plniace separacn6
a ochrann6 funkcie, vlnen6 regenerovan6 vlSkna sa
pouZivaj0 do protieroznych rohoZia zatrdvnovacich ma-
teridlov.

Sikoplast: novf syst6m recykl6cie odpadu z PP
netkanich textili i
TECHNISCHE TEXTILIEN, 44, 2001 , 6. 4, s. E 2Q7

NoW Hybridsystem nemeckej firmy Sikoplast GmbH
umoZfiuje recyklovat odpad z PP netkanfch textiliitak,
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Ze sa vracia priamo do procesu vytlSdania. Odpadovf
materidl (vldkna, priadze, odstriZky) sa najprv rozsekd
abez medzistupfia peletizacie sa pneumaticky priv6d-
za do zdsobnika, kde sa hromadi. To umoZiuje dosa-
hovat kon5tantn0 rlchlost vytldcania bez ohl'adu na
ryichlost pod6vania odpadu do granuldtora. Vfhodou je
to, Ze odpad6 medzistupei peletizdcie a 2e je moZn6
recyklovat aj polymery s vysokou nichlostou toku tave-
niny. Hybridsystem umoZfiuje bez predkompresie vyro-
bu netkanfch textilii s hmotnostou 12 glmz. Proces je
energeticky 0spornli a Setrnf k spracovdvan6mu poly-
m6ru.

Hydrotex - proces recykl6cie textilnich kompo-
zitov
TECHNISCHE TEXTILIEN, 44, 2001 , 6. 4, s. E 216

V Nemecku md doskoro nadobudn[t platnost naria-
denie, podl'a ktor6ho aZ 80 % priemernej hmotnosti au-
tomobilu musf byt vyrobenyich z recyklovateln6ho ma-
ter idlu.  Firma Woma Apparatebau GmbH vyvinula
v spoluprdci s Univerzitou v Kaiserslauterne proces
Hydrotex, ktoryi umoZiuje separdciu jednotliuich textil-
nfch zloliek z automobilovfch prvkov. VyuZiva vodn6
trysky, z ktorfch pr0di voda pred tlakom rfchlostou
250 m/s. Pr0d vody oddeluje napr. textiln6 materidly
z el asticlgich su bstr6tov, I am i n dtov al ebo kom pozitnlich
prvkov a ridinne ich rozvldknuje. Probl6mom nie je ani
oddelbvanie rubovfch povrstvenl ahbo peny.

Vo v5etkich oblastiach sa odak6va zvf5enie spot-
reby technickfch texti l i i
TECHNICAL TEXTILES, 10, 2001, d. 10, s. 5-7

V roku 1995 sa vo svete vyrobilo 9,3 milidrd ton tech-
niclq?ch textili(v celkovej hodnote 60 miliard US dol6rov.
Predpokladd sa, 2e v roku 2005 sa ich objem, zvyi5i na
13,7 milidrd ton. Podlh optimistickfch prognoz by tech-
nick6 textflie mali v roku 2005 dosiahnul25 o/o-ny podiel
na trhu textilii. NajvadSim odberatelbm techniclgich tex-
tilii je automobilovli priemysel. V;irazne st0pa spotreba
zdravotnickych a hygienictaich virobkov. Va65i odbyt
technickfch textflii pre stavebnictuo limituje stagndcia
stavebn6ho priemyslu. So situ6ciou v tomto sektore
6iasto6n6 sfvisiaj spotreba textilif na ochranu Zivotn6-
ho prostredia. lch podiel na trhu je relativne malf, oda-
kdva sa v5ak z4i5enie odbytu. Sektor ochrannfch ode-
vov charakterizuje 4ichly rast a vysok6 ceny. Objem
vfroby je v porovnanis ostatnymi malf.

Teijin investuje do svetlej buducnosti para-arami-
dovich vl6kien
TECHNICAL TEXTILES, 10, 2001 , 6. 10, s. 8-9

Para-aramidov6 vldkna maj0 vysolai modul, vysokri
Specifick0 pevnost, s0 I'ahk6, odoln6 voci chemikdliam
a vysokfm teplot6m. Firma Teijin ich vyrdba pod ob-
chodnfm ndzvom TWARON. PouZivaju sa na uirobu
ochrannfch odevov, pracovnyich rukavic, nepriestrel-
nfch viest, vyrabaj0 sa z nich kompozity pre n6rocn6
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aplik6cie v priemysle a v armdde, optick6 kdble a land,
geotextilie, r0rky, odevy pre poZiarnikov, plachty na ha-
senie poZiaru, panciere vozidiel. V kombindcii s termo-
setovou Zivicou sa TWARON pouZfva na spevfiovanie
betonoqich stavieb najmii v oblastiach ohrozenyich ze-
metrasenfm. Odakdva sa rodnf 10 %-nil rast spotreby
tohto vldkna. Preto aj firma Teijin pl6nuje v rokoch
2003-2004 roz5irit kapacity jeho vfroby.

Technol6gia a pridan5 hodnota - optimaliz6cia
namiesto kompromisu
TECHNICAL TEXTILES,10, 2001, 6. 10, s. 10-12

Netkan6 textllie Colback firmy Colbond (Holandsko)
sa vyrdbaj[ z bikomponentn;ich vldkien s polyestero-
vfm jadrom a s pld5tom z polyamidu. Jadro zabezpe-
cuje tepeln0 a mechanick0 stabilitu rdna, polyamid s ui-
bornou afinitou k farbivdm a povrsNeniam plnifunkciu
spojiva. Material sa speviuje termicky pOsobenfm tep-
la a tlaku bez pouZitia chemikelif. Netkan6 textilie Col-
back sa pouZivaj0 ako primdrny podklad v5ivanfch ko-
bercov, tvarovanych autokobercov, kobercovych
dlaZdfc. Maj0 4iborn0 rozmerovf stabilitu. Netkan6 tex-
tilie Colback s0 vhodn6 aj ako nosn6 textilie pre asfal-
tov6 ndtery a stre5n6 membrdny v stavebnictve. Novou
generdciou tohto materiSlu je uirobok Colback Duolock
a Colback EasyTuft.

Vliroba Specidlnych textilii je z6rukou uspechu fir-
my Christian Eschler
TECHNICAL TEXTILES, 10, 2001, d. 10, s. 13-14

Svajciarska firma Christian Eschler je poprednfm vyi-
robcom Sportonich odevov, v ktonich Spickovf Sportovci
dosahuju vltazstua v najvy55lch svetovfch sutaZiach.
Okrem lyZiarskych odevov pre olympionikov firma Es-
chler dodala ticastnikom preteku Tour de France cyk-
listick6 dresy vyroben6 z PES vldkien s antimikrobidl-
nou vfplnou sedacej casti nohav[c, ktor6 sp[na1u
najprfsnejSie hygienick6 poZiadavky. Svoje poznatky
zvyroby Sportouich odevov vyuZila firma Eschler pri W-
robe multifunkdnyTch pracovnfch a ochrannfch odevov.
Pon0ka ohriovzdorn6 odevy pre poZiarnikov a zachra-
ndrov i klimaticky aktivne odevy pre cestdrov a stavb6-
rov s vysokfm komfortom nosenia aj pri tyzicky ndroc-
nej prdci, ktor6 zfurovefi zabezpeluju ochranu voci UV
Ziareniu azniluju riziko ochorenia tfchto pracovnikov
na rakovinu koZe.

Smery rozvoja geosyntetickfch materi6lov
TECHNICAL TEXTILES, 10, 2001, 6. 10, s. 20-22

Textilnf sektor geosyntetichich materiAlov sa bude
podlh prognoz rozv[jat dvomi smermi. Jednfm z nich je
d'alSie zdokonalbvanie a diferencidcia sortimentu, dru-
hfm smerom, kto4i rizko strvisf s pokrokom v oblasti
skriSobnictva, je zvy5ovanie kvality. Predpoklad6 sa, Ze
priemysel bude poZadovat nov6 kompozity na bdze
geomembrdn ako aj integrovan6 geotextflie so zvy5e-
nfmi pevnostnfmi charakteristikami. V stavebnictue sa
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uplatnia nov6 typy high-tech syst6mov a multifunkdne
geomembrdny so Specidlnymi z6termi'a ndstrekmi s ba-
ri6rovfm efektom. Roz5fri sa sortiment agr6rnych
geotextiliis melioradnfm 06inkom. D6raz sa bude kl6st
na vzdeldvanie odbornikov a vyu2ivanie modernfch in-
formacnyich medii.

Adres6r priemyslu technickfch texti l i i  pre rok
2002
TECHNICAL TEXTILES, 10, 2001 , d. 10, s. 28-82

Prv6 dast adresdra je abecedn'! zoznam firiem spolu
s ich kontaktnimi adresami, resp. osobami. V druhej
6asti s0 v abecednom poradi uvedenf vfrobcovia stro-
jov a zariadeni, sku5obnfch pristrojov, vldkien a priad-
z[, tkanin, pletenfn a netkanfch textilii, povrstvenyich
a laminovanfcl'r textilif , kompozitov, d'alej vfrobcovia ag-
rotextilil, technickfch textilii pre stavebnictuo, ochranu
Zivotn6ho prostredia, zdravotnickych materidlov,
geotextilii, ochrannfch a inteligentnfch odevov, obalo-
Wch materi6lov...
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