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Vl6knotvorn6 polym6ry

POLYPROPYLENE FIBRES MODIFIED
PART II. DYEABILITY OF

1. lntroduction

The modification of ordinary commercial polymers
and products made from them is always an interesting
field of research work, especially when it brings about
some new and improved properties or processability,
a new assoftment or a lower price.

The modification of fibre-forming polypropylene (PP)
and PP fibres with the aim of improving their dyeability
in a bath is one of many interesting tasks. lt is impos-
sible to dye non-modified PP fibres because of their
nonpolar aliphatic structure, high crystallinity and lack
of any polar groups. All these factors inhibit the dye
diffusion into the fibres, the accessibility of functional
groups of dyestuffs and the fixation of the dye into polar
groups. So three factors have to be fulfilled:
- the presence of polar groups in a polymer system,
- the ability to durably fix (chemically or physically)

molecules of the dyestuff and
- the accessibility of these polar groups at least above

Ts, i. e., a sufficiently high amorphous portion of the
polymer.
Only the addit ion of some polar groups ( in)to the

PP fibre (surface) enables dyeing in a bath. This ad-
dition can be done by chemical, physical or combined
modifications.

Chemical modifications like copolyreaction, substi-
tution reaction or grafting [1, 2l are rather complicated
and expensive and principally affect the basic charac-
teristics of PP such as T,, crystallinity, etc. Polyami-
notriazole [3], copolymers of ethylene with acrylates
or methacrylates [4, 5] or with vinylpyridine, N-vinylcar-
bazol, or acrylamide [6] contain an atom of nitrogene
and can be used as additives for polypropylene dyed
by acid dyestuffs.

Physical modification, i.e., the addition of some suit-
able additive into PP is the simplest way to introduce
polar groups capable of being dyed. These additives
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BY COPOLYAMIDES
FIBRES

can be low or high (macro) molecular compounds. The
advantage of macromolecular compounds is their es-
sentially lower washability from the PP/additive blend
during wet processes occurring during the lifetime of
the products, especially textiles.

PP/additive polymer blends, when the additive is
PA 6 or PET, form a thermodynamically incompatible
system [7-10] with close rheological characteristics as
one of the basic conditions for good spinnability and the
general processability of such polymer blends. Close
rheological characteristics are often not sufficient to
assure technological compatibi l i ty, and the addit ion
of a reactive [1 1] or an unreactive compatiblizer l12l
is necessary.

Some other polymer compounds like ethylene-vin-
ylacetate coplymer [13] or ABS terpolymer [14] can be
used for the successful dyeing of modified PP fibres by
disperse dyestuffs.

Fibres containing addit ives (with polar atoms of
nitrogene or other basic groups with nitrogene l ike
amide, amine and imino groups) can be dyed by acid
or disperse dyestuffs. Modification with macromolecular
compounds containing derivatives of piperazine (co-
polyamideureas, copolyamides) and dyed with acid
dyestutfs have been described as well [15, 16].

Because dyeing with acid dyestuffs demands a
very low pH of the dyeing bath, two types of disperse
dyestuffs were used in this contribution for dyeing PP
fibres modified by copolyamides from e-caprolactam
(CL) and comonomer ADETA, i.e., nylon salt of adipic
acid and diethelenetriamine.

2. Experiment

2.1 Material used

Unmodified PP fibres and PP fibres modified by 4, 8
and 12 wt. o/o of copolyamides composed of e-caprolac-

Kri5tof id M.,  Bolhovd E.,  Ryba, J. ,  Nddiniakovd 2. ,  Vassov6 l .

Department of Fibres and Textile Chemistry, lnstitute of Polymer Materials,
Faculty of Chemical and Food Technology, Slovak University of Technology in Bratislava,

Radlinskeho g, 812 37 Bratislava, Slovak Republic
e- m ai I : michal. kri stofic@ stuba. s k

The contribution is focused on the dyeing and evaluation of ClELab characteristics of PP fibres
modified by 4,8 and 12 wt. % of copolyamides prepared from 95, 90, 85 wt. % of e-caprolactam
and 5, 10 a 15 % wt. % of comonomer from adipic acid and diethylenetriamine.

The results of dyeing show that the dyeabil ity of PP fibres modified by copolyamides is essen-
tially positively influenced mainly when C.l. Disperse Blue 56 is used. The amount of comonomer
(5, 10, 15 wt. %) in copolyamide does not influence substantionally the dyeabil ity while the higher
amount of copolyamide (4, 8, 12 wt. %) in modified fibres influence it positively.
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tam (CL) and comonomer, e.9., nylon salt of adipic acid
and diethelenetriamine (ADETA), are known as KOPA
5, KOPA 1 0 and KOPA 15. The fibres were drawn to l.
= 3, as described in [17]. The copolyamides are:

KOPA 5 consists of: 5 wt. % of ADETA
and 95 wt % of CL,
KOPA 10: 10 wt. "/" of ADETA and 90 wt. % of CL,
KOPA 15: 15 wt. "/" of ADETA and 85 wt. % of CL,
Disperse dyes: C. l .  Disperse Blue 56 (Fig. 4) and
C. l .  Disperse Red 60 (Fig. S),
NaOH, 38" 86,
NarPOo, NarSrOo, (NH4)2SO4,
Kortamol NNO - dispersant,
SLOVAPON N - detergent,
formic acid.

2.2 Dyeing process and its evaluation

2.1.1 Dyeing process
A lubr icant  f rom the unmodi f ied and modi f ied lu-

bricated PP f ibres was removed in the bath (1.5 gi l
Slovapon A and 1 g/l NarPOo) at 75 "C for 20 min.

The unmodified PP fibres and PP fibres modified by
different types and amounts of copolyamides (KOPA)
were dyed in the AHIBA AG CH 4127 Bisfelden (Swit-
zerland) laboratory equipment at a temperature of 98
oC for 60 min with C.l. Disperse Blue 56 or C.l. Disperse
Red 60. The dyeing bath contained 1 gil Kortamol NNO
- dispersant, 2 g/l (NHo)rSOo, 3 g/l NarSOo, formic acid
(pH = 5), and disperse dye 1 %.

2.1 .2. Reduction cleaning
The dyed fibres were washed in a solution consist-

ing of 3 ml/l NaOH 38 "86, 1.5 g/l Slovapon , and 2 gll
NarSrOo, at75 "C for 30 minutes.

2.1.3. Colour characterist ics
The colour characteristics (l(S, AL* - the difference

in lightness between the standard and the sample, AE*
- the colour difference between the standard and the
sample and AH* - the difference in hue between the
standard and the sample) of the dyed fibres were evalu-
ated by the CIE Lab method. The colour parameters
were estimated by the measurement of the reflective
curves by DATACOLOR 3890 equipment at a wave
length of l" = 630 nm for the C.l. Disperse Blue 56 and
l, = 520 nm for the C.l. Disperse Red 60.

3. Results and discussion

The results obtained from the dyeing in the bath are
collected in Tables 1-4 and Figures 1-5.

The dyeabil i ty of modif ied PP f ibres depends on
the type of chemical structure of the disperse dyestuff
(Figs. 4 and 5) and on the type and amount of copoly-
amide used (KOPA 5, 10 and 15) as well. The copoly-
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Table 1 Characterization of the modif ied PP f ibres

Fibres Abbreviat ion P P
[wt. %]

KOPA 5 ,  10 ,  15
lwt. %l

I
I P P 1 0 0 0

2
KOPA 5

96 4

3 92 I

4 BB 1 2

5

KOPA 1O

96 4

6 g2 B

7 B8 12
8

KOPA 15

96 4

I 92 B

1 0 88 1 2

':""1"1't9it"ttn:.n"
-s1l"Xl"{s{"1,i"1ffi
tr l(/s DB 56 tr l(s DR60

Fig.1 The dependence of the KS values on the type ol dyestuff and
copolyamide for the unmodilied and modified PP fibres for C.l.
Disperse Blue 56 (DB 56) and C.l .  Disperse Red 60 (DR 60)

amides improve the dyeability of the modified PP fibres
in comparison with the unmodified PP fibres dyed at
the same temperature of 98 "C (Fig. 1).

Both dyestuffs contain amine and hydroxyl groups
-NHr,OH and oxygen atoms. In addition, C.l. Disperse
Blue 56 contains the chlor atom in i ts molecule. The
reactivity of this atom is the highest, so the possibility
of forming a chemical bond between the Cl and the
macromolecule of copolyamide is the highest.

The results concerning dyeability with Disperse Blue
56 (([(S)DB56and given in Fig. 1 show that the KS value
increases propoilionally with the higher amount (4, I
and 12 wt. %l oI any copolyamide, i.e., KOPA 5, 10 and
15 in the modified PP fibres. lt is possible to assume
that copolyamides used, which contain segments of
polyamide 6 and those of nylon salt ADETA with their

Vlilkna a textil 14 (1) 3-7 (2007)



Fibres AL' A H T

KOPA, wt. % Blue Red Blue Red

KOPA 5

4 -23.31 -14.64 1 . 6 6 -2.85

I -30.06 -14.74 2 .81 -3.6s

12 -33.88 -13.93 3 . 1 3 -5.87

KOPA 1O

4 -24.55 -5.22 o.73 1 .32

8 -32.91 -5.73 2.63 1 . 5 9

12 -33.63 -8.21 2.90 -3.01

KOPA 15

4 -25.98 -6.84 1  . 1 4 3.44

8 -30.75 -6.53 1 . 5 1 0.96

12 -34.65 - 1  1 . 6 6 1 . 9 6 2.42

Vl6knotvorne polym6ry

Table 4 ClELab characteristics AL. and AH * measured in night
l ighting for modif ied PP f ibres dyed with C.l .  Disperse
Blue 56 and Disperse Red 60

Table 2 ClELab characterist ics AL'and AH * measured in dayl ight
for modif ied PP l ibres dyed with C.l .  Disperse Blue 56
and Disperse Red 60

Fibres AL' AH*

KOPA, wt. % Blue Red Blue Red

KOPA 5

4 -20.97 -14 .92 0.87 -4.04

8 '-27.38 -14 .99 2 . 1 7 -4.99

1 2 - 3 1 . 1 8 -14 .05 2.55 -6.89

KOPA 10

4 -22.46 -5.40 - 0 . 1 3 -o.32

B -30 .13 -5.85 1 .75 -0.26

1 2 -30.73 -8.30 2.09 -4.39

KOPA 15

4 -23.79 -7.04 0.36 1 . 2 7

8 -28.49 -6.58 0.77 -0.75

12 -32.05 -1  179 1 . 1 1 0.20

Table 3 ClELab characteristics AL'and AH * measured in artificial
l ight for modif ied PP f ibres dyed with C.l .  Disperse Blue
56 and Disperse Red 60

amide -NH-CO- and main ly  imino -NH- groups,
create attractive dyeable points for the molecules of
Disperse Blue 56 in the modified PP fibres.

The type of  copolyamide ( i .e .  the amount  of  the
functional comonomer ADETA in the macromolecule
of the copolyamide) is not signif icant; nevertheless,
the concentration of polar groups in the modified PP
fibres increases (expressed by the raised amount of
comonomer ADETA, i.e., KOPA 5 wt. "/", 10 wt. % and
15 wt. %), and the dyeabil i ty is practical ly the same

Vldkna a textil 14 (1) 3-7 (2007)
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4% 8% 12% a% E% 12% a.A E% 12%
I(OPA I(C'PA I(OPA I(OPA IC)PA KOPA I(oPA I(OPA K()PA

5 DETA 5 DErA s DErA r0 10 t0 t5 15 15
DEIA DETA TETA TETA IETA DETA

Fig.2 The dependence of the colour diflerence AE. of the C.1. Dis-
perse Blue 56 on the type and amount of copolyamide for the

unmodified and modified PP fibres in daylight, artif icial l ight

and night  l ight ing

4% 8% 12% 4./c 8% 12% 1% 8% 12%
I(oPA KOPA KOPA KOPA KOPA KOPA KOPA KOPA KOPA
sIErAsDErAt*o 

#o #^ #o #^ rS^ #^
Fig. 3 The dependence of the colour difference AE' of the C.l. Dis-

perse Red 60 on the type and amount of copolyamide for the
unmodified and modified PP fibres in daylight, artificial light
and night lighting

according to the K/S value. From this fact one can
infer that there are two factors influencing the effec-
tive concentration of functional groups and dyeability
as well. One of them is the theoretical concentration
of the functional groups (calculated from the amount
of the functional comonomer) and the other is their ef-
fective or "free" concentration in the fibres, depending
on the efficiency of the dispergation process. Because
polypropylene and copolyamides are not compatible
polymers, if the efficiency of the dispergation process

Fibres AL- AH-

KOPA, wt. % Blue Red Blue Red

KOPA 5

4 -24.03 - 1 4 . 1 4 -1 .34 -5.07

B -30.73 -14.30 -0.85 -6.22

1 2 -34.51 -13 .76 -0.69 -8.29

KOPA 10

4 -25.28 - 6 . 1 8 -1.87 -2.20

8 -33.51 -6.81 - 1 . 1 1 -2.39

12 -34.23 -8.53 -1.O2 -6 .14

KOPA .I5
4 -26.74 -7.66 -1.71 -0.94

I -31.44 -7.98 -1 .50 -2.95

1 2 -35.34 - 1 2 . 3 1 -1 .64 -2.08
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is not sufficient, the macromolecules of copolyamide
themselves are mainly in bundles; their polar groups
are not accessible; and their effective concentration
does not r ise proport ional ly to the concentrat ion of
comonomer in the copolyamide.

On the other hand, the effect of the same copolyam-
ides on the l(S value of the modified PP fibres dyed
by Disperse Red 60 (lVS)Dnoo, iS not so significant as
for the Disperse Blue 56. lt can be observed that these
l(S values of modified PP/KOPA10 and PP/KOPA15
fibres are lower than for comparable PP fibres dyed by
Disperse Blue 56. The remarkably high (KS)o*uo value
can be seen for the PP fibres modified by KOPA 5, and
the (l(S)pruo values for PP fibres modified by KOPA 10
and 15 are lower in comparison with those modified by
KOPA 5, and they are comparable with those of the un-
modified PP fibres. The molecules of the Disperse Red
60 are not able to form a suitable interaction with the
copolyamide modifiers used. The only reason for this
effect could be the presence of the more polar atom of
chlor in the molecule of the C.l. Disperse Blue 56, which
can form chemical bonds with the macromolecules of
the copolyamide (mainly with their -NH- groups). The
C.l. Disperse Red 60 dyestuff contains -NH, and -OH
groups (like Blue), but they are not able to form chemi-
cal bonds with the above-mentioned polar groups of
copolyamide. *

The color differences (AE )osso of the dyed modified
PP fibres increase with an increased amount of KOPA
5, 10 and 15 in  the f ibre (F ig.2) .  The modi f ied PP f i -
bres have retatively very high values of (AE')ouuu. This
is caused by the very low affinity of the disperse dyes
to the unmodified PP fibres, which were used as the
standard; therefore, the colour differences (AE ) for the
modified PP fibres achieve high values. The modified
PP f ibres have better dyeabil i ty in comparison with
the standard PP f ibres. For al l  3 types and amounts
of copolyamides, the highest values of (AE )esr. were
found in the afiificial light and the lowest values for the
daylight.

Al l  the modif ied f ibres {yeO by Disperse Blue 56
have a positive value of (AH ) in daylight and night light-
ing. This means that the modified PP fibres appeared
ruddier in comparison with the dyed standard PP fibres
(Tabf es 2 and 4). The (AH ) values of the modified
dyed fibres measured in artificial light have negative
values as does the greenish hue in comparison with
the standard PP fibres.

The colour difference (AE") values of the modified
PP fibres dyed by C.l. Disperse Red 60 (Fig. 3) have
50 % lower values than the (AE') vatues for the fibres
dyed by C.l. Disperse Blue 56. This corresponds with
the results of the (l(S)onoo.of the dyed modified fibres.
The highest values of (AE')onuo were achieved for the
copolyamide KOPA 5. The same values for the PP
fibres modified by KOPA 10 and 15 are lower by about
30-50 %.
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The (AH-) of the f ibres dyed by Disperse Red 60,
when measured in dayl ight and art i f ic ial l ight, have
negative values. The dyed fibres appeared bluer than
the standard (Tables 2 and 3). On the other hand, the
PP f ibres modif ied with 4 and 8 % KOPA 15 appear
in the comparison with the standard PP as yellowish.
The same can be said of the fibres modified by 4 and
8 % KOPA 10 and 4,8 and 12"/" KOPA 15 that were
measured in night l ighting. *

The measured negative values (AL ) of the dyed
fibres, using both dyes, indicate that modified PP fibres
are darker than the unmodified standard PP fibre in all
the samples (Tables 2, 3 and 4).

4.Conclus ions

HO O NH,

Fig. 4 Structuralformula of the C.l. Disperse Blue 56 dyestufl
(A'"'= 630 nm)

\H,

Fig 5 Structural formula of the C.l. Disperse Red 60 dyestulf
(A'",= 520 nm)

1. The dyeability of PP fibres modified with copolyam-
ides by dispersed dyestuffs is positively affected.

2.  C. l .  Disperse Blue 56 is  more ef fect ive than C. l .
Disperse Red 60 according to the l(S values.

3. The higher the amount of copolyamide (4, 8, 12 wt.
%l in the modified PP fibres, the higher the dyeability
by C.l .  Disperse Blue 56. This is not val id for C.l .
Disperse Red 60.

4. The amount of comonomer ADETA in a copolyamide (5,
10, 15 wt.%) does not have any positive impoftance.
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011404) and VEGA (1/2475/05) grant agencies is appreciated.

5. References

l1] Borsig, E., Marcindin, A., Hodul, P., Fiedlerov6, A., Hrdkov6,
L: Chemical modification of polypropylene, Vl6kna a textil, 7
(4), 2000, p. 177

l2l Shah, C., Jain, D.: Texti le Research Journal,54, 1984, pp.
742-748

t3l Nakajima, M., Hasegawa, M.: Polyaminotriazoles, Encyclopae-
dia of Polymer Science and Technology, Vol. 10, Interscience
Publishers, New, York, 1976, p.623

o )

\ - ,

o )

\ , 2

Vl^kna a textil 14 (1) 3-7 (2007)



Vl6knotvorn6 polym6ry

EU pat. 41 345/1984
Mafi6sek, 2.,  Borsig, E., Sldma, E., et al. :  Acta polymerica,
40 ,  1989 ,  p .672
Jap. pat. 19 173/1967
Grof, 1.,  burdov6, O., Jambrich,. M.: Colloid and polym. Sci. ,
27O, 1992, p.22

t8l Jambrich, M., Durdov6, O.: Fibres and Textiles in Eastern
Europe,  1 ,  1993,  p .  34

tgl Seves, A., Testa, G., Marcandalli, 8., Bergamosco, L., Muna-
retto, G., Beltrame, P.: Inducing water bath dyeability in poly-
propylenic fibers by blending them with polyamide 6, Dyes
and Pigments, 35 (4), 1997, pp. 367-373

[10J Prchal, V., Kri5tofid, M., Lapdik, L.jr., Havlinov6, B.: Colouristic
Properties of Blended PPlpA6 and pplpET polymer Fibres,
Fibres and Textiles in Eastern Europe, 5, 1997, pp. 4g-50

[11] Beltrame, P., Castel l i ,  A., Canauz, M., Seves, A.: Macromol.
Chem. Phys. ,  196,  1995,  p .  2751

[12] Ackrman, J.:  Chemick6 vl6kna, 43, 1g93, p. 1g Received: January 2OO7

Polypropyl6noy6 vl6kna modifikovan6 kopolyamidmi
Cast ll. Farbenie vl6kien

Translation of abstract:
polypropytene fibres modified by copolyamides.
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POLYPROPYLENE FIBRES WITH SPECIAL COLOUR EFFECTS II.
PHOTOLUMINESCENT PIGMENTS

Folvardfkov6 K., Brejka O., Brejkov6 A., Hrb6t F.

Research tnstitute of Man-Made Fibres, JSC., Sthrova 2, OSg 21 Svit, brejka@vuchv.sk

Within the frame of experimental work two PP concentrates with a content of photoluminescent
pigments were prepared and subsequently f ibres with a content of 0 - 5 % mentioned pigments
were prepared. The aim was to verify the effect of the selected photoluminiscent pigments in the
process of the preparation PP concentrates and fibres and their resultant processing properties.
The mechanical and colouristic properties of the prepared fibres were determined. With the optical
microscopy microscopic longitudal pictures of the fibres were prepared, and the thermal charac-
teristics of the selected fibres were determined by the DSC method.

1. lntroduction

In recent years, the text i le and clothing industry
markets have changed due to more attention paid to
smail textiles [1]. Smart textiles are defined as textiles
that can sense and react to environmental conditions or
stimuli, from mechanical, thermal, chemical, electrical
or magnetic sources [1, 2].

Luminescent materials are one material, which can
be used for the preparation of smart textiles. The lu-
minescent effects depend on the external st imulus
- the energy source [2],  e.9., photoluminescence is
stimulated by light. Energy can be absorbed from ul-
tra-violet radiation direct from the sun or from black
lamps, halogen lamps, discharge lamps and other light
sources where UV light is present [3, 4J.

Two types of photoluminescent materials are known,
fluorescent and phosphorescent [2]. Fluorescent pig-
ments emit light when they are excited by a light en-
ergy source. In daylight conditions, they appear pale
or light coloured, but under UV light, they display an
intense fluorescent colour. The phosphorescent prod-
uct continues to emit light after the energy source has
been removed. The emission happens immediately
and can be brief or continue for a period of minutes
to hours. This effect is typically referred to as a'glow-
in-the-dark' or 'afterglow' effect [3J. The luminescent
pigment works by absorbing and releasing light energy
in a continuous cvqle, which can last for more than 10
years [4J. Phosphore.scence could also be viewed as
delayed fluorescence [3].

There are two types of photoluminescent materials,
organic and inorganic mlnerals. The photoluminescent
organics are rigid compounds which possess a good
molecular conjugatlon and a relaxation mode that
allows for the emission of photons. There are also
mineral photoluminescent materials such as alkaline
earth aluminates and metals (zinc sulphide-based pig-
ments, earth-doped aluminates of europium, iridium,
etc.) [2,3].

Luminescent pigments can be added to many medi-

I

ums like plastic, fibres, glass, etc.. They are suitable for
the production of master batches based on PP, PE, PC,
PS, ABS and many others. All of these pigments can
be mixed with transparent colours or standard pigments
[4]. Photoluminescent materials are generally used for
security products, valuable brand products, in product
authentication features, safety-way-guidance systems
in public buildings, in work clothes used in bad-lighting
situations and for marking arrows on carpets to guide
people [2, 5].They are also used in clothing, shoes,
caps, the afts and sporting goods. Glow fibres, which
are just like normal thread and are available in various
colours [4], can be used to produce glow ropes, lumi-
nous fishing nets, glow carpets and knitted goods,.

The range of luminescent pafticle sizes is between
cca 5-65 microns. Different sized particles have differ-
ent properties and are used for different applications.
The larger the particle size, the brighter the glow, but
their application is limited. For plastic moulding middle-
sized particles are suitable. The smallest particle sizes
with the lowest intensity are suitable for the production
of glow threads and fibres or areas which require very
fine particles [4].

The main characterization of photoluminescence is
given by the brightness of its afterglow, the length of
the glow and the afterglow excitation, etc., measured
according to norm DIN 67 510 [4].

Within the frame of the experimental part of this work
PP concentrates and fibres with different concentra-
tions of the two selected types of photoluminescent
pigments were prepared. The etfect of the photolumi-
nescent pigments on mechanical, thermal and colour-
istic properties of PP fibres was verified moreover, the
degree of the pigments' dispersion in fibres was verified
by an optical microscope.

2. Experimental

a) Master batch preparation:
raw materials used:

Vl*kna a textil l4 (1) 8-12 (2007)



Table 1 The composition of the PP master batches and the main technological parameters of production

Vl6knotvorn6 polym6ry

- Polymer - polypropylene (PP) with a Melt Flow Ratio
(MFR) = 8-10 g/10 min (230 "C12.16 kg)

- Dispersion agent'D'- block co-polymer of ethylene
oxide and propylene oxide (f. Sloveca ). Chemical
formula:

oH-(c:Hl -c:H-o )r-(c:H:-c'H:-o ).{cHr-c:H-o ),-H

c'llr C,u.
s - z = 1 5 - 1 6
t ' =  l

- Inorganic luminescent pigments based on ZnS (Spe-
cialchem, Sp.A., ltaly) with a particle size of 20-10
microns and a yellow-green afterglow: Lumin 1 (yel-
lowish body colour) and Lumin 2 (light-yellow body
colour).
The preparation of the master batch: in the 1st step

a powder premix was prepared by a fluidal mixer (Hen-
schel). Then, in the second step, the powder premix
was processed on a ZDSK-28 (W-P) twin-screw ex-
truder at a temperature ragtime in a range of 80-230
['C] (Table 1).
b) For the preparation of fibres a TS-3216 device (LOY
system with following drawing) was used with a spin-

Fibre-Forming Polymers

will be necessary to revise the evaluation method in
the future. The results are shown on Figs.2-5.

- An assessment of the melting and crystallization
characteristics of the PP fibres with various con-
tents of the luminescent pigments was realised on
the DSC-4 device according to the STN EN ISO 11
357-1 and STN ISO 3146 norms.
Measurement conditions: Heating phase - initial

temperature 60 "C, maximum temperature 260 oC,
hea t i ng  speed  10 'C /m in ,  cond i t i on ing  t ime  a t
Tr", 10 min. Cooling phase - initial temperature 260'C,
maximum temperature 60 oC, cooling speed 10 "C/min.
Flow rate N, during measurement 40 ml/min. The re-
sults are given in the Table 2.

3. Results and discussion

Within the frame of the project two PP concentrates
with a content of 5 "/" of photoluminescent pigments
were prepared, and these were used forthe preparation
of fibres with a pigment content of f5 %.The produc-
tion of the concentrates and fibres during the process
was without any problems.

With the increase in the concentration of photolumi-
nescent pigments in the fibres, a decrease in tenac-
ity (Fig. 2) in the fibres with a content ol 5 o/" of the
pigments up to 3442 7o occurs. The dependence of
tendency to elongation on the pigment concentration
was not determined. A decrease in tenacity occurred,
on the one hand, due to the relatively large pafticles
of pigments in comparison with the other common
pigments; on the other hand, by the poor level of the

Fig. la Microscopic picture of the PP fibres with 3% of the Lumin 1
pigment (magnification 255x)

neret of 40i0.5 at spinning temperatures of 27V275 oC,

a take-up speed of 200 m/min, a drawing ratio of 1:3
and an individual fineness of filament 13 dtex.

The measurement of the PP fibres' properties was
pedormed using the following procedures:
- The dispergation of the luminescent pigments in the

fibres was determined by an optical microscope at
a magnification of 255x. The pictures are shown on
Figs.  1a,  b.

- The measurement of the mechanical properties of
the PP fibres was determined according to the STN
EN ISO 5079 norm. The results are shown on Fig. 2.

- The f ibres' colourist ic propert ies (ClELab) at the
phase of emission measured by the ULTRASCAN
XE (Hunterlab, U.K.) remission spectrophotometer
were pedormed after 60 min of the fibres' exposure
(excitation phase) in an illumination chamber under a
D65 light - modified PPS-6.7197 norm for the evalu-
ation of the colouristic properties under the ClELab
system. Because of the rapid change in colour, the
fibres were measured only once (1x). That is why it
is necessary to consider the results of the measure-
ment of the colouristic propefties as informative; it

Vl1kna a textil 14 (1) 8-12 (2007)

I D Polymer
Luminescent pig-

ment
Dispersion agent

Pressure behind the
TE

Drive loading

Type l%l Type t%l Type lr"l lbarl l'/"1
28/0068 PP 94.5 Lumin l 5 D' 0.s 1 51

28/0069 PP 94.5 Lumin2 5 D' 0.5 0 45
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Fig. 1b The microscopic picture of PP fibres with 3% of the Lumin 2

pigment (magnification 255x)

1 2 3 4 5

pigm e nt conce ntration [7rl

' ' - 'F- '  Lumin I . . { . iF .  Lumin2

Fig. 2 The effect of the type and concentration of the luminescent
pigments on the tenacity of the PP fibres

pigment dispersion, which is visible from the optic mi-
croscopy pictures (Figs. 1a, b). In the pictures there is
a visible amount of large agglomerates. In the fibres
with a Luminl content (Fig. 1a), it is possible to see
agglomerates of a prolonged shape - the effect of the
drawing process. Agglomerates in fibres with a Lumin
2 content (Fig. 1b) have an oval shape, i.e., the effect
of the drawing was not significant. lt will be necessary
to resolve the method of pigment dispersion in concen-
trates and fibres by changing the temperature set dur-
ing the masterbatch's preparation orland by selecting
other type of dispersion agent.

Particles of pigments used come under the photo-
luminescent pigments with smaller dimensions, e.g.
their intensity of radiation at lhe emission phase is
weaker. The colouristic properties (Figs. 3-5) were
measured by a remission spectrophotometer. The
samples had been exposed for a period of 60 min-
utes under a standard D65 type illumination before
the measurement. Because of the rapid change in
colour, the fibres were measured only once (1x). That
is why it is necessary to consider the results of the
colouristic properties' measurement as informative; it
will be necessary to revise the method of evaluation
in the future. The results obtained and a subjective
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Fig. 4 The elfect of the type and concentration of the luminescent
pigments on the value b'of the PP fibres

evaluation confirm that the prepared fibres show a
photoluminescent effect. In the fibres with an increasing
content of Luminl , the hue is moved to a yellow - green
area (Fig. 3-5) at the emission phase. In the fibres
with a content of Lumin 2 (Fig. 3-5), the yellow hue is
deepened at the emission phase, but the intensity of
the hue is less sharp.

From the results of the determination of the thermal
characteristics (Table 2), it is clear that fibres with a
content of photoluminiscent pigments are stable in the
whole range of measuring temperatures. The values
of the thermal parameters did not change markedly,
depending on the type and concentration of pigments
from a statistical point of view. But probably in a pig-
ment concentration between 0.1-2o/o,when the pig-
ments occur, the certain structure changes, which is
responsible for the earlier start of crystallization - the
higher values of the melting temperature of the polymer
(onset). The enthalpies of the crystallization and melt-
ing were also changed.

0'0
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Table 2 The thermal characteristics of the PP luminescent fibres

Fibre-Forming Polymers

Note: T onset,m(c) (temperature of a melting (crystallisation) beginning); Tm(c) (melting (crystallisation) temperature of the samples - given
by the value of the melting (crystallisation) temperature tip);AHm(c) (melting (crystallisation) enthalpy).

-1,5 -1,0 -0,5 0,0 0,5
ar (ClE Lab / D65)

-*-.-" Lumin 1 *:: i* LUmin 2

Fig. 5 The etfect of the type and concentration of the luminescent
pigments on the change in shades in the colour area (a. and
b. values)

4.  Conclus ion

The preparation of the PP concentrates and fibres
with a content of photoluminescent pigments was with-
out problems. The poor level of pigment dispersion
and many oversized agglomerates unacceptable in the
preparation of fibres are typical of the prepared fibres.
The poor dispersion of pigments reflects in the worsen-

ing of the mechanical characteristics of the fibres with
the increasing concentration of pigment. The modified
fibres show a luminescent effect, although the method
of the measurement is problematic. The Luminl pig-
ment used shows a more marked luminescent effect
with the yellow - green hue.
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Polypropyl6nov6 vlikna so Speci6lnymi farebnimi efektami ll.
Fotol uminiscen6n6 pigmenty

Translation of abstracl:
Porvproot'"liot'1,',;'i,;:T"|lfi ';'r""',llJref recrsrr'

V r6mci teilo experiment6lnej pr6ce bofi pripraven6 dva PP koncentrdty s obsahom fotoluminiscendnfch
pigmentov a ndsledne vl6kna s obsahom O-5"/o tfchlo pigmentov. Cielom bolo overil vplyv vybranfch
fotoluminiscenCnfch pigmentov na process pdpravy PP koncentr6tov a vl6kien a iclr spncovatefskfch vlastrrostf.
Bolistanoven6 mechanick6 a koloristick6 vlastnosti pripravenfch vl6kien. Oflickou mikroskopiou bolizhotoven6
obr6zky pdpravenfch vldkien a DSC met6dou bofi slanoven6 termick6 charaktedstiky vybranfch vl6kien.
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1.  ln t roduct ion

Fibre materials based on synthetic fibres are com-
monly used in the automobile industry. Fibre materi-
als are used for armouring parts of an automobile's
construction as a thermal and sound-isolat ing f i l l ing
for doors or for interior equipment. One of the require-
ments for f ibre materials for automobiles, which are
environmentally sensitive to electrostatic discharges
and electrostatic fields, are their appropriate electro-
conducting propefties. From the point of view of electric
conductivity, classical synthetic fibres are classified as
nonconductors. Their etectr ic resistance is1 012-1 014
Qm. Electric resistance directly affects electrostatic
charges. The surface resistance of 106-107 om of
f ibre material corresponds with very good antistat ic
properties. The surface electrical resistance of non-
conductors corresponds with inappropriate antistatic
propefiies [1-5].

Static electricity is created by the contact between
two surfaces, mainly by rubbing. At the same t ime,
electrons are gathered, and static electricity is created
on one surface, depending on the electrical unit resis-
tance of the material. The creation of static electricity
can be accompanied by the creation of a flash what is
unwanted and dangerous.

ln order to increase their safety, fibre materials for
automobiles are functionalized focusing on their electric
propefties. Methods for increasing the electro-conduct-
ing properties of fibre materials on the level of polymer
substances, on the level of surfaces of fibre materlals
and the implementation of conducting carbon or metal
fibres to the textile, respectively hydrophilisating pro-
ceedings [6, 7], are well known.

Pigments based on aluminium and carbon are used
in our paper to block the creation of electrostatic charg-
es on the surfaces of polyethylentereftalate (PET)
and polypropylene (PP) fibre materials.

Vldkna a textil 14 (1) 13-16 (2007)

THE FUNCTIONALIZATION OF FIBRE
SURFACES FOCUSED ON ELECTRICAL

Textile Technologies

MATERIAL
PROPERTIES

2. Experimental

2.1. Testing material

Standard PET and PP fabrics were pigmented on
thei r  sur faces.  Pigments based on a lumin ium and
carbon were used:
- Al powder, type ALBO 615,
- Printex L-6, fumace carbon black,
- graphite unmodified.

Printex L-6 and graphite are nanopigments. The pig-
ments were implemented into a pigmenting paste.

Composition of the pigmenting paste: Pigment con-
tent - 1-5% for the fabric's weight, acrylate and poly-
vinylacetat fixing agent - 10"/", sodium alginate - 2%
water solution, Novanik 1010 and Slovafol 909 wetting
reagent.

The pigmenting paste was applied to the PET and
PP fabrics by stippling on a laboratory foulard with a
100% wring. The f ixat ion of the fabrics modif ied on
their surfaces was realized by the thermal-air at 200
"C, 2 minutes or microwave at 900 W, 1 minute. The
ensemble of the model test ing samples is l isted in
Table 1.

2.2. Testing methods

2.2.1 Measurement of volume and surface resis-
tance

ln orderto measure the electricalvolume and sudace
resistance of the pigmented PET and PP fabrics, the
flow measurement method through an object was ap-
plied at a constant one-direction voltage on a Keithley
617 Programmable Electrometre machine and TETTEX
2904/SA Guard Ring Capacitor: The working proce-
dures were according to the STN IEC 93 norm.

The equation for calculation of the volume resistance
p, [Qm]:

Murdrov6 A., Podobekovd S., Rusnek A.

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology, Radlinskdho 9, 812 37
Bratislava, Slovak Republic, e-mail: anna.murarova@stuba.sk

The paper deals with the functionalization of f ibre material surfaces, namely polyethylenetere-
phtalate (PET) and polypropylene (PP) fabrics by focusing pigmentation on electrical properties.
Original PET and PP fabrics showed a high degree of electrical volume and surface resistance
as well as the accumulation of an electrostatic charge with a high half-t ime of discharge. After
surface reformation by the selected electro-conducting pigments based on alluminium and car-
bon, the character of the PET and PP fabrics qualitatively changed with regard to their electrical
properties. This qualitative change occurred even at only a 2o/o content of Printex L-6 pigment on
the fabric's surface, and such material showed antistatic properties.
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Number
of sample

Type of fabrics
Type of pig-

ment
Fixation
method

Fixation rea-
gent

Pigment con-
tent in paste

w
Figure

A PET 1 . 2
B P P 3.4
1 PET Printex L-6 thermal- air acrylic 5 ' t .2

2 PET Printex L-6 thermal- air PVAc 5 1 . 2
3 PET Printex L-6 mtcrowave acrylic 5 1 . 2
4 PET qraphite thermal- air acrylic 5 1 . 2
5 PET graphite thermal- air PVAc 5 1 . 2
6 PET graphite microwave acrylic 5 1 . 2
7 PET graphite mtcrowave PVAc 5 1 . 2
8 PET ALBO 615 thermal- air acrylic 5 1 . 2
I PET ALBO 615 thermal- air PVAc 5 't.2

1 0 PET ALBO 615 microwave acrylic 5 1 . 2
1 1 PET ALBO 615 microwave PVAc 5 1 . 2
12 P P Printex L-6 thermal- air acrylic 1 3.4
1 3 PP Printex L-6 thermal- air acrylic 2 3.4
1 4 PP Printex L-6 thermal- air acrylic 3 3.4
1 5 PP Printex L-6 thermal- air acrylic 4 3.4
1 6 P P Printex L-6 thermal-air acrylic 5 3.4
1 7 P P Printex L-6 thermal- air PVAc 1 3.4
1 8 PP Printex L-6 thermal- air PVAc 2 3.4
1 9 P P Printex L-6 thermal- air PVAc 3 3.4
20 P P Printex L-6 thermal- air PVAc 4 3.4
21 PP Printex L-6 thermal- air PVAc 5 3.4

Textiln6 technol69ie

Table 1 PET and PP labrics modified on their surlace and the modification conditions

Textile Technologies

element connects with the entry of the plotting machine
for a moment shorter than 1ms when the exploring
element discharges to low ohm entry. The specif ic
measuring parameters are the following:
- maximal voltage achieved after 5 seconds of the

charging corona on the textile material's surface
- speed of the decline in charging from the maximal

voltage value to half of it. This time is called the half-
time of discharging and is expressed in seconds.

3. Results and discussion

The surfaces of the PET and PP fabrics were pig-
mented by standard methods used during textile fin-
ishing. The pigments were selected with a focus on
reforming the electr ical propert ies, specif ical ly the
volume resistance, the surface resistance and the sur-
face's electrostatic potential. For operative reasons it is
necessary to prevent the accumulation of electrostatic
charges on textile material surfaces, respectively the
electrical resistance to reach the level which disables
the accumulation of the electrostatic charge. The pig-
ments used are electro-conducting, and the pigments'
elements have nano-dimensions. A fixation reagent is
essential during the above-mentioned pigmenting in
order to fix the dispersion particles of the pigments to

Un(d,, + g)",=T (1)

The equation for calculating the surface resistance
o, [Q]:

Un(d, + g)
"-T (2)

where U is the measuring voltage, / is the unit flow,
d, is the diameter of the measuring electrode, h is the
sample's thickness, g is the size of space between the
measuring and protective electrodes.

The electric flow was in accordance with the norm
measured one minute after the voltage connection.

2.2.2 Measurement of the electrostatic charge
A Polystat PS-l integral electrometer with a charg-

ing corona was used in order to measure the electro-
static charge of the PET and PP fabrics according to
Cs. patent 215536. The principle of the creation of an
electrostatic charge dwells in the fact that the creation
of impulses occurs without any connection with the
measuring sample in the way that the rotating table
periodically guides the charged sample close to the
isolated exploring element. Electrically induced charges
change to actual charges by a system of magnetically
operated contacts. During every rotation, the exploring

1 4 Vlilkna a textil 14 (1) 13-16 (20071
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the textile material's surface. The effect of the various
chemicalfixation reagents used during the experiment
was not essentially seen on the different values of the
volume and surface resistance. Furthermore, the ex-
periment showed that thermal and microwave fixation
equally affects the surface and volume resistance of the
PET and PP textile fabrics modified on their surfaces.
Microwave energy during the fixation of the fabrics modi-
fied on their surfaces is more advantageous due to the
50% time savings compared to thermal-air fixation.

The primarily measured values of the electrical vol-
ume and sudace resistance helped us to evaluate the
dependency of the volume and sudace resistance of
the PET fabrics modif ied on their surfaces from the
type of pigment and various pigment fixations (Fig. 1,
2). The dependency proves that the Printex L-6 pig-
ment is highly eff icient and quali tat ively changes the
material 's character when considering the electr ical
propefiies. The effect of the other two pigments used
based on carbon and aluminium - graphite and ALBO
615 - is smaller than the change in electrical propefties
compared to Printex L-6. The effect of Printex L-6 on
electrical properties was further evaluated in its depen-
dency from its content on the PP fabric surface (Fig. 3,
4). The dependency shows an impofiant change in the
vof ume and sudace resistance at a 2"h even Printex
L-6 content, and these are electro-conducting smuts.
The Printex L-6 provides the textile material with its
antistatic character.

The potential measurements of the electrostat ic
surface on Polystat PS-1 showed that not allthe model
PET and PP fabrics modif ied by pigments on their
surfaces had an electrostat ic charge. After charg-
ing the corona they immediately discharged, and the
half-time of the discharge could not be recorded. The
original referential PET and PP fabrics unmodified on
their surfaces showed a maximal voltage value after 5
seconds of charging the corona as well as a measur-
able and relatively long half-time of the discharge. The
initial maximal voltage of 0.74 kV and 20 minutes half-
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PET graphite ALBO615 PrintexL€

standard
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Fig. 1 Dependency of volume resistance of PET fabric from kind of
pigment; 5% pigment content, termo - is thermal-air fixation,
micro - is microwave fixation
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Fig. 2 Dependency of surface resistance of PET fabric from kind of
pigment; 5% pigment content, termo - is thermal-air lixation,
micro - is microwave fixation

time of discharge were measured for PET fabric. Initial
maximal voltage of 0.80 kV and a very long half-time
of discharge, the voltage decreased to 0.70 kV after
discharging for 20 minutes, were measured for the PP
fabrics. The above mentioned values demonstrate the
presence of an electrostatic charge on the original PET
and PP fabrics unmodified on their sudaces, which was
eliminated by the pigmenting - sudace modification.

The group of evaluated PET fabrics pigmented on
their surfaces demonstrates that the surface resistance
in Q varies in digits from 106-1013 and the correspond-
ing volume res is tance in  Qm 104-101t .  The volume
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Fig. 3 Dependency of the volume resistance of PP fabrics lrom the
content of Printex L-6 pigment; thermal-air fixation
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resistance of the PET fabrics modified by the Printex
L-6 electro-conducting pigment varies in digits from
104-10s Qm and the surface resistance fiom 1 06-1 08,
which classif ies them as text i les with an antistat ic
modification.

PET fabrics modified on their surface by graphite and
ALBO 615 showtheirvolume and surface resistance on
a very close level. The electrical volume resistance is
from 108-1011Qm and the electrical surface resistance
is  f rom 1011-1013 Q.

4.  Conclus ion "

The functionalization of textile materials by pigment-
ing by electro-conducting pafiicles is a solution to the
electro-conducting character of textile materials.
- PET and PP fabrics without surface modif icat ion

showed a high degree of volume and surface resis-
tance as well as a potential electrostatic surface.

-  PET and PP fabr ics modi f ied on thei r  sur faces
by ALBO 615, graphite and Prinex L-6 pigments
showed considerably lower values of volume and
sudace resistance up to 50% in comparison to PET
and PP fabrics without surface modifications.

- The Printex L-6 pigment, even at 2"h of its content,
applied to a surface qualitatively changes the charac-
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Funkcionaliz6cia povrchov vl6knitfch materi6lov so
zameranim na elektrick6 vlastnosti

Translation of abstract:
The functionalization of fibre material surfaces focused on electrical properties

V prispevku sa pojedn6va o funkcionaliz6cii povrchov vl6knitfch materidlov, konkr6tne polyetyl6ntereftal6-
tovfch (PET) a polypropyl6novfch (PP) tkanin pigmentovanim so zameranim na elektrick6 vlastnosti. P6vodn6
PET a PP tkaniny vykazovali vysokf elektrick0 objemov0 a povrchov0 rezistivitu ako aj hromadenie elektrostat-
ick6ho n6boja s vysokfm poldasom vybijania. Po reformovani povrchov vybranfmi elektrovodiuimi pigmentmi na
bine hlinika a uhlfta sa kvalitativne zmenil charakter povrchov PET a PP tkanin vzhladom na elektrick6 vlastnosti.
T6to kvalitativna zmena sa prejavila uZ pri2/" obsahu pigmentu Printex L-6 na povrchu tkaniny a takflo materidl
vykazoval antistatick6 vlastnosti.

Texti le Technologies

ter of PET and PP fabrics when considering electrical
properties.

- The surface modification of PET and PP fabrics by
ALBO 615, graphite and Printex L-6 pigments elimi-
nates the creation of electrostatic charges.
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FIBRE MATERIALS BASED ON POLYESTER AND
POLYLACTIDE FIBRES
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The paper deals with the preparation, structure and properties of f ibre materials made from
polyethyleneterephthalate (PET) and polylactide (PLLA) fibres. Housing texti les represent a basic
component of human habitation. This sector includes covers. Feathers, wool and secondary texti le
raw materials from natural and chemical f ibres represent classic fi l l ings for covers. Currently, syn-
thetic f ibres, especially PET, are commonly applied to fi l l ings. The paper focuses on the application
of microbial PLLA fibres and their blends with PET fibres into webbings as fi l l ings for covers. The
paper deals with the over-molecular, morphological and macromorphological structure of f ibres
and webbings and their  mechanical  and thermal propert ies.

1.  In t roduct ion

Fibre materials constitute an important paft of the
texti le industry. One of the f ields for their appl icat ion
are housing text i les. Covers make up a part of this
category. The covers'f i l l ings can be made of feathers,
wool, secondary textile raw materials and, currently, of
special synthetic f ibres. These are mainly PET and PP
fibres with a modif ied longitudinal and cross-section
geometry. The use of synthetic fibres has resulted in
an increasing demand quality factor for textile products
-  covers [1  ,  2 ,  10] .

Special synthetic types of fibres with a modified ge-
ometry are most suitable for the production of covers.

Profiled, hollow and shaped fibres have, in compari-
son to fibres with a full profile, the following advantages:
a highervolume weight, a higher unit surface, a consid-
erably higher degree of permeability, a lower disposi-

Sk in lrrsulating luy'r,"r of w:rnn uit
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Tcxtrh'
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i n t r r l u r i n g  t i r

'  
C!.rr.-up ut- irul low-curc tr iur l

Fig. 1 Humidity transport through a textile layer
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tion to crumbling, a higher resistance to deformation, an
improved shape retention, a modified feel, an increased
transport of humidity and increased thermal isolation of
the products made from them.

The transport of heat and humidity, together with
air permeability, are the main physiological properties
of fibre materials. This is due to the basic physiological
activities of the human body and requirements during the
usage of clothing and housing products ( Fig. 1), [12].

Most  f ibre- forming polymers are made of  a non-
renewable raw material resource - oi l .  Classic poly-
mer systems cause a number of problems concerning
negative effects on the environment, and pad of them
cannot be recycled. The new raw material basis is a
hopeful solution that offers polymers which are more
environmentally f riendly.

Currently, an attention is drawn to the observation
of microbial polymer systems that are prepared on
the basis of natural renewable and nontoxic products.
The one most obseryed is the production of polylactic
acid, but there are other well-known polymers such as
polycaprolacton, polybutylensukcinat and poly-3-hy-
droxybutyrat (Table 1). Polylactic acid is produced from
agricultural products such as corn, potatoes, sugar-
beets, sugar-cane and waste biomass. The agricultural
production of these resources constantly increases,
unlike the planet's oil resources on which conventional
synthetic polymers are based and which can run out in
the future. Polylactic acid is liable to hydrolytic degrada-
tion and biological decomposition. Carbon oxide and
water are the final decomposition components. From
this point of view, polylactic acid represents no threat
to the environment [1, 3, 4].

Fibres from polylactic acid are one of the most prom-
ising biodegradable f ibres presenting the character
of natural and synthetic fibres. Their properties and

1 7
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Table 1 Chemical structure of biodegradabie polymers
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Polymer Basic unit Monomer Comment

acid
polylactic (PLLA)

Jo-.H-cofl"-i;, ""7 H O - C H - C O O H
I
I
cHr

optic isomer

L(+) a D(-)

poly-3-hydroxybutyrat

(PHBA/)

+-ru-3'-co
\ t,,

H2
H O - C H - C - C O O H

I
I

cHr

optic isomer

L(+) a D(-)

polybutylensukcinat (PBS)
-o-(cHJ4-o-

-o-(cH2)r-co-
HO-(CH2)4-OH

HOOC-(CH2)2-COOH

polycaprolacton (PCL) -o-(cH2)u-co- HO-(CHts-COOH

preparation are the best compared to other biodegrad-
able polymers such as polybutylensukcinat, poly-3-
hydroxybutyrat, modified starch and polycaprolacton
(Tablel ).

Polylactides are made of lactic acid. Lactic acid (o-
hydroxypropion acid) is a simple natural organic acid
found in animal bodies, plants and germs. Biological ly,
it easily decomposes without any side effects on the en-
vironment. Lactic acid can be a polycondensate. lt has
an asymmetric carbon and creates two optic isomers. lt
is produced by the fermentation of L (+) lactic acid. Poly-
L- lactic acid (PLLA) has a high degree of crystallization,
whereas the copolymer UD of lactic acid has a lower
degree of crystallization or is amorphous [4, 8, 9].

Most of the physical properties of fibres made from
PLLA are comparable to conventional synthetic fibres
such as PET and PA6 (Table 2). The physical proper-
t ies of the PLLA polymer such as melt ing tempera-
ture, crystal l izat ion and modules are condit ioned by
copolymerization procedures such as L- and D- acid
copolymerization or other comonomers.

PLLA f ibres have good mechanic propert ies and
temperature resistance. The PLLA fibres' properties
are condit ioned by molecular weight and preparation
proceedings. They can be prepared with various cross-
sect ions and longi tudinal  geometr ies.  Thus,  f ibres
made from PLLA can be applied to clothes, housing
and technical textiles [4-8].

Tabfe 2 The physical-mechanical propert ies of f ibres made from
PET, PLLA and PA6 polymers

Properties PET PLLA PA6

Density [kg/m3] 1 400 1270 1  150

Refraction index 1 .58 1 .45 1 .53

Crystallization temperature ['C] 170 103 140

Remaining humidity [%] o.4 0.6 4.5

Combustible heat [kJ/kg] 23000 1 9000 31000

PLLA is produced from a monomer of lactic acid us-
ing the two following procedures (Fig. 2):
1. directly by polycondensation from the lactic acid
2. indirect ly via dimer-lact ide polymerization with a

cycle opening.
The lact ic acid obtained from D- glucose fermen-

tat ion ex is ts  99.5% as a L- isomer and 0.5% as a
D-isomer. The production of cycl ic dimer, the inter-
mediate product and lact ide can result in three dif-
ferent potential forms. The D- and L- forms of lact ide
are always optical ly act ive, unl ike the mezzo-form,
which is inactive and reports a lower melting point. The
polymerization with a lactide circular opening creates
polymers in a ceftain range of molecular weights with
a combination of L and D isomers. l f  the L level in a
polymer is higher, the polymer and related products
crystallize. Fig. 3 il lustrates the gradual steps from corn
to various products [4, 8].

PLLA polymer processing is oriented towards fibres,
foils, plastic bottles and lamination.

PLLA polymers enable the preparat ion of  mul t i -
component  f ibres (core/ la tera l  area,  poly f ibr i l lar  or
segmented types)  wi th modi f ied physio logica l  and
biodeg radable properties.
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corn -+ starch + dextrose -* 
[t"**Etion'l

+
lactic acid
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PLLA + -+ PolYmer
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Fig. 3 The processing lrom corn to various PLLA products

PLLA polymers can gradually replace the exist ing
fibre-forming polymers from non-renewable raw mate-
rial resources as they have at the same time the same
properties as microbial types of fibres.

During the PLLA f ibre appl icat ion, the possibi l i t ies
of  improving c lass ic  text i le  mater ia l  s t ructures and
non-woven textiles using a combination of natural and
synthetic f ibres support ing the usage of good PLLA
properties such as cover fil l ings are studied [4, B].

2.  Exper imenta l

2.1 Test ing methods for  f ibre evaluat ion

The following testing methods were used for evaluat-
ing the PET f ibres (manufactured f i  Tunex) and PLLA
fibres (manufacturer Cargi l l  Dow LLC):
-  opt ica l  microscope for  scanning longi tudinal  and

cross-section fibre profile
- electron microscope for scanning internal morpho-

logical structure
- mechanical hardness and elongation measurement

method on Instron machine
- thermal analysis method.

2.2 Preparation and testing methods for eva-
luat ing webbings

2.2.1 Preparation of webbings
Webbings composed f rom PET and PLLA f ibres

in different ratios were prepared mechanically on the
operating equipment (Fig. a).

2.2.2 Testing methods for evaluating webbings
- The contact method of measurement on an Alambeta
machine was used in  order  to  measure the thermal
properties of webbings made from PET and PLA fibres
during heat transfer by convection [10]. The concept
behind the machine 's  funct ion ing is  the mathemat i -
cal processing of the t ime of the thermal f low from

VlAkna a textil 14 (1) 17-24 (2007)
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Fig. 4 Webbing preparation scheme; a - scanning rol ler, b - l i f ter
belt lor spider web, c - pair of mutual swinging belts, d - de-
livery carrier

unstable to stable running through the sample due to
the different temperatures on both sides of the testing
sample's surface. A higher temperature on one side of
the sample is caused by the heating board that was
attached to the sample. The measurement results are
the fol lowing thermal propert ies: Thermal conductiv-
i ty tr  [W.m-t.K-t] ,  area resistance of heat transfer r
[W-1.K.m2] and thermal absorptivi ty b [W.m'.st".K-t] .

The measurement of the webbing's sudace temperature
change during heat transfer by radiation was realized by a
thermovision method using the Vigo system-20 thermovi-
sion camera and Therm V-20 computer program. The
volunteer's skin, which was covered and uncovered by
the webbing, served as a thermal resource of radia-
t ion. The webbing's ternperature on the external layer
from the skin was measured, and the thermal change
on the webbing's surface in relat ion to the outside air
temperature was evaluated.
- An image analysis using a camera and Lucia com-
puter program was used to evaluate fhe volume ratio
of the f ibres and alr in the webbing.

3.  Resul ts  and d iscussion

The in ternal  morphologica l  s t ructure of  the PET
and PLLA f ibres used for preparing the webbings is
f ibr i l lar (Fig. 5). The PET and PLLA f ibres in a cross-
section profile contain one hollow that, in a longitudinal
prof i le, changes into one channel (Fig. 6).

The basic physical propefties of the PET and PLLA
fibres are l isted in Table 3.

Weight loss at isometric temperatures of 230 "C
and 280 oC was observed in order to evaluate the effect
of the thermal charge of the PLLA polymer (Fig. 7).

The dependency illustrated in Fig. 7 proves that the
change in weight at a time interual of 5 to 20 minutes
is  a maximum of  4"h.  Consequent ly ,  appropr ia te ly
modif ied PLLA polymers are adequately stable at a
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Fig. 5 nenf pictrles of intemal structure a) PLI,A fibres b) PET fibres

temperature range from 230 "C to 280 'C during the
fibres' preparation.

The theory of heat transfer through a layer of a cer-
tain thickness says that the transfer occurs by conduc-
tion, radiation and convection. There are many factors
that affect the prevailing method of heat transfer. The
heat transfer through a layer of fibre material is also af-
fected by the structure and properties of the elementary
fibres as well as the fibres' propefiies and the fibres'
material macrostructure [10, 11].

Table 4 demonstrates that an increase in the PLLA
fibres' ratio inside the webbings originates a decrease
in thermal conductivi ty (A), an increase in the heat
transfer area's resistance (r) and a considerable de-
crease in thermal absorptivi ty (b). According to the
measured results, the PLLAflbres inside the webbings
added to the PET fibres ensure an increase in thermal
isolat ion. Equally, the dependency in Fig. 8 proves
that the increase in the PLLA fibres' ratio inside the
webbings causes a decrease in the webbing surface
temperature compared to the area temperature. The
collective results prove that the PLLA fibres inside the
webbings result in a higher thermal radiation imperme-
ability, which corresponds with the increase in thermal
isolation.

The air volume percentage between the fibres was
evaluated via an image analysis of webbings made
from 100% PET fibres and 100% PLLA fibres (Fig. 9).
The results of the method used do not include the vol-
ume of air permanently kept inside the fibres'channels
and causes their thermal isolation to increase.

Transfer through a textile layer is affected by the
f ibres 's t ructure,  the mutual  f ibre composi t ion in  a

Table 3 Basic physical propert ies of PET and PLLA f ibres.

Texti le Technologies

.3

Fig. 6 Microscopic pictures of profile of longitudinal and cross-
section fibres; a) PET fibres b) PLLA fibres

-  , t  230 'C
-+ 280 'C

' . --*-.- .------*"1--* '--  --- --r l  --- ' -  -  - ' ---{

s 1 0 1 5 2 0

Time period [minl

Fig. 7 Weight loss dependency ol the PLLA polymer from the
time of 230 'C and 280 "C temperature effect by thermal
analysis method

layer and the leaks between the fibres that are fil led
with air. Air pafticipation in non-woven textile webbings
is high, which predeterminesthem for the production
of products such as covers.

4.  Conclus ion

The preparation of fibre materials based on PLLA
fibres from renewable raw material resources is more
advantageous compared to synthetic PET fibres mainly
because PLLAfibres are biodegradable, recyclable and

I
? ,3
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E
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3
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Fibre
Linear density

Idtex]
Strength
[cN/dtex]

Elongation

lY.l

Tm
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t%l

Tg
t'cl

PLLA 8.0 1 . 0 39.3 175 48 58

PET 8.8 2.7 53.7 256 50 69
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Table 4 Thermal- isolat ing propert ies of webbings made lrom PET and PLLA f ibres

C D

Semple

Fig. 8 Change in surface temperature of webbings made from PET
and  PLLA f i b res ;A -  100  %PET,  B -80  %PET +20" / "
PLLA, C - 60 % PET + 40 "h PLLA, D - 40 % PET + 60 %
PLLA, E- 20 %PET + 80"/" PLIA, F- 100 %PLLA

more biocompatible to living organisms. With regard to
thermo physiological comfon, covers are given higher
thermal isolating properties due to the application of
one-hollow PLLA fibres in webbings in conjunction with
PET fibres.
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Vlikna a priadze

1 .  0vod

Vliiknite materi6ly tvoria d0leZitri s06ast textiln6ho
priemyslu. Jedna z oblasti  uplatnenia vl6knitfch ma-
teri6lov su bytov6 textilie. Do tejto kategorie zarad'ujeme
aj priknivky. Vfplfi priknivok mOZe byt tvorend perim,
vlnou, druhotnfmi textilnfmi surovinami a v stidasnosti
je zab ezpedovan 6 5 pec i 6l nym i syntetickf m i vldknam i.
S0 to najmd PET a PP vldkna so zmenenou pozdlZnou
a priednou geometriou. VyuZivanie syntetickrich vldkien
sp6sobila vySSia n6rodnost na kvalitu textilnych vfrob-
kov-- prikryivok [1, 2, 10].

Pre vi irobu prikryvok najviac vyhovujr l  syntet ick6
S p e c i d l n e  t y p y  v l d k i e n  s o  z m e n e n o u  p o z d l Z n o u
a priednou geometriou. Profilovanim vlakien v priednom
a pozdlZnom tvare pri zvldknovanf a tvarovanf sa mOZu
zfskat rozmanite typy vlakien s vlastnostami s pridanou
hodnotou.

Profilclvan6, dut6 a tvarovan6 vl6kna majf v poro-
vnani s vldknami s kruhovfm profi lom t ieto prednosti :
vySSia objemovd hmotnost, vy55i mernf povrch, pod-
statne zvyi5end priedu5nost, zniZenf sklon k Zmol-
kovaniu, zvy5end odolnost vodi deformAcii ,  zlep5end
tvarovd st6lost, zmeneny ohmat, zv1iSen1i transport
vlhkosti ,  vySSiu tepelnu izoldciu vl irobkov z nich vy-
robenfch.

Hlavn6 fyziologick6 vlastnosti vl6knitfch materi6lov
sf transport tepla, vlhkosti a priepustnost vzduchu, do
vyplSiva zo zAkladnfch fyziologickfch dinnostf orga-
nizmu a z potrieb pri poulivan{ odevn6ho a bytov6ho
vfrobku (Obr.  1) ,  [12] .

Obr. 'l Transport vlhkosti cez textiln0 vrstvu

Preva2nd dast vldknotvornfch polym6rov sa vyr6ba
z neobnovitelneho zdroja surovin - ropy. Klasick6 poly-
mtirne syst6my prind5aj0 so sebou rad probl6mov ty-
kajricich sa negativneho ovplyvfiovania Zivotn6ho pros-
tredia a dast z nich nie je moZn6 recyklovat. Priaznivym
rie5enim je novd surovinov6 zdkladia, ktord poskytuje
polym6ry prijatel'nej5ie pre Zivotn6 prostredie.
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V sfdasnosti sa pozornost zameriava na mikrobidlne
polym6rne syst6my, ktore su pripravovane na bdze
prirodnfch obnovitel 'nfch a netoxickfch produktov.
Najv iac z  n ich preskr imand je  v f roba polyml iednej
kysel iny, zn6me s0 aj d'alSie polym6ry napr. polykap-
rolakton, polybutyl6nsukci ndt, poly-3-hyd roxybutyrdt
(Tab. 1). Priemyselne sa polymliedna kysel ina vyr6ba
z pol'nohospoddrskych plodin ako je kukurica, zemiaky,
cukrovd repa, cukrov6 trst ina a odpadov6 biomasa.
Pol'nohospoddrska produkcia tfchto zdrojov neust6le
rastie na rozdiel od svetovfch zdsob ropy, od ktorych
z6visia konvendn6 synteticke polymery, ktore sa mOZu
v budfcnosti  vycerpat. Polymliedna kysel ina podlieha
hydro ly t i cke j  degraddc i i  a  b io log ick6mu rozpadu .
Konednymi zloZkami rozpaciu st i  oxid uhl ici ty a voda.
Z tohto hl 'adiska polymliedna kysel ina neznamend pre
Zivotne prost redie Z iadne ohrozenie [1 ,  3 ,  4 ] .

Vldkna z polymliecnej kysel iny s0 jednfm z najsl 'ub-
nej5 ich b iodegradovate l 'nych v ldk ien,  k tore prezen-
tu j0  charak te r  p r f rodn fch  i  syn te t i ck fch  v ldk ien .
l ch  v las tnos t i  a  p r ip rava  su  na j lep5 ie  v  po rovnan f
s biodegradovatel'nfmi polymermi, ako s0 polybutyl6n-
sukcindt, poly-3-hydroxybutyr6t, modifikovanli Skrob,
polykaprolakton (Tab.1 ),  [4].

Polylaktidy sa vyr6baju z kyseliny mliecnej. Kyselina
m liedna (kyselina cr-hydroxypropi6novd) je jednod uchd
prirodn6 organick6 kyselina, ktor6 sa nachddza v tele
zvierat, rast l in a mikrobov. Lahko sa biologicky roz-
klad6 v prirode , bez z6sahov do prostredia. Kyselina
mliedna mOZe polykondenzovat. M6 asymetrickf uhlik
a vytvdra dva optick6 izom6ry. Vyrdba sa fermentdciou
ako L (+) mlie6na kysel ina. Poly-L- mliedna kysel ina
(PLLA) mi i  vysoku kry5ta l in i tu ,  zat ia l 'do kopolym6r
UD mliednej kysel iny mA niZ5iu kry5tal ini tu, alebo je
amorfny [4, 8, 9].

Tabul 'ka 1 Chemick6 Strukt0ra biodegradovatetnfch polym6rov

Vl6kno z PLLA mA vddiinu fyzikdlnych vlastnosti
porovnatel'nych s konvendnlimi synteticklmi vl6knami
napr. PET a PA6 (Tab.2). Fyzikdlne vlastnosti  PLA

Vl6knitri materidly na bflze polyesterovfch
a polylaktidovfch vldkien

Translat ion of  ar t ic le:
Fibre mater ia ls based on polyester and poly lact ide f ibres

Ctdnok pojednAva o priprave, Strukt0re a vlastnostiach vldknitfch materidlov z polyetyl6nteref-
tali i tovfch (PET) a polylaktidovlich (PLLA) vl6kien. Bytov6 texti l ie s0 neodmyslitel 'nou s0dastou
fudsklih prfbytkov. Do tejto oblasti sa zarad'uj0 aj prikrVvky. Klasickou vfpliou prikryivok je perie,
vlna a druhotn6 texti ln6 suroviny z prirodnfch a chemickych vldkien. V sddasnosti sa v znadnej
miere aplikuj0 do vyiplni priknivok syntetick6 vlAkna, najmd PET. Cl6rnok je orientovany na aplik6ciu
mikrobi6lnych PLLA vldkien a ich zmesi  s PET vl6knami do r fn ako vfplni  pr ikr fvok.  V dlAnku sa
pojedn6va o nadmolekulovej, morfologickej a makromorfologickej Strukt0re vli ikien a rfn, a o ich
mechanickfch a tepelnlich vlastnostiach.

Vl^kna a textil 14 (1) 17-24 (2007)
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polymeru napr. teplota topenia, kry5tal ini ta a moduly
s0 podmienene kopolymerizadnym postupom, napr.
kopofymerizAciou L- a D- kyseliny, alebo s inymi ko-
monom6rmi.

PLLA vldkna majf dobr6 mechanicke vlastnosti  a
teplotnri  odolnost. Vlastnosti  PLLA vldkien s[ pod-
mienen6 molekulovou hmotnostou a postupmi prfpravy.
Je ich moZn6 pripravovat s rdznou priednou a pozdlZnou
geometriou. Z tohto dOvodu vldkna z PLLA mOZu byt
aplikovan6 na odevy, bytov6 a technick6 textilie [4-8].

rabuf'ka 2 Fyzikatno 
T:Ttri"^"jTI3r,' 

vldkien z polym6rov

PLLA sa vyr6ba z monom6ru kyseliny mliednej dvo-
ma sp6sobmi (Obr. 2):
1. priamo polykondenzdciou z kysel iny mlie6nej,
2. nepriamo cez dim6r- laktid polymerizdciou

s otvorenim kruhu.

Obr. 2 Hlavn6 smery vyiroby PLLA

Mf iedna kyselina ziskavan 6, z terment6cie D- glu-
kozy sa v 99,5 % vyskytuje ako L -izom6r av 0,5 "/"
ako D - izom6r. Vfroba cykl ick6ho dim6ru, medzi-
produktu, laktidu mOZe mat vfsledok v troch odli5nfch
potenci6lnych form6ch. D- a L- formy laktidu stl stdle
opticky aktivne, ale mezo - forma je neaktivna a pre-
javuje sa n iZ5im bodom topenia.  Polymer izdc iou s
otvorenfm kruhu laktidu ziskame polym6ry v urditom
rozsahu molekulovyich hmotnostf s kombindciou L a
D izom6rov. Ak je 0rovefi L v polym6ri vySSia, polym6r
a produkty z neho pripraven6 kry5talizuju. Obr6zok
3 znAzorfiuje postupn6 kroky od kukurice k rOznym
produktom [4, 8].

Obr. 3 Postupnost spracovania od kukurice k r6znym PLLA
produktom

Spracovanie PLLA polym6ru je orientovan6 na vl6k-
na, f6lie, plastick6 fta5e a laminovanie.

PLLA polym6ry umoZiujt i  pr ipravovat viackom-
ponen tn6  v ldkna  ( jad ro /p l65 t ,  po ly f ib r i l d rny ,  a le -
bo segmentov; i  typ)  so zmenenfmi  fyz io logickfmi
a biodegradovatel'nfmi vlastnostami.

PLLA polym6ry mdZu postupne nahradit existujrlce
vldknotvorn6 polym 6ry z neob novitel'nych zd rojov surovin,
pridom majf vlastnosti mikrobidlnych typov vl6kien.

Pr i  ap l i kdc i i  PLLA v l6k ien  sa  S tudu j0  moZnos t i
zlep5enia Strukt0r klasick;ich textilnyich materidlov a
netkanfch textil i i vy uliv ajucich ko m b i n iici e p rirod nf ch
a syntetickfch vldkien, ktor6 podporuj0 vyuZitie dobnich
vlastnosti PLLA, napr. vfplfi do priknivok [4- 8].

2. ExperimentSlna dast

2.1 Skfsobn6 met6dy na hodnotenie vlSkien
Na hodnotenie PET a PLLA vldkien (ui robca Cargill

Dow LLC) sa pouZili tieto skti5obn6 met6dy:

Vl*kna a textil 14 (1) 17-24 (2007)
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-  svete lny mikroskop na snfmanie pozdlZneho a
priedneho profilu vl6kien

- elektr6novy mikroskop na snimanie vnftornej mor-
fologickej Strukt[ry

- metoda merania mechanickej pevnosti a taZnosti na
pristroji Instron

- met6da termickej analyzy.

2.2 Prfprava a skf5obn6 met6dy na hodnote-
n ie r fn

2.2.1 Prfprava run
R0na z loLen6 z PET a PLLA v l6k ien v r6znom

pomere bol i  pr ipraven6 mechanickfm sp6sobom na
prevAdzkovom zariadeni (Obr.  ).

Obr. 4 Sch6ma pripravy r0na;
a - snfmaci valec, b - priv6dzacf p6s pre pavudinu, c - dvo-
jica spolodne vfkyvnfch p6sov, d - odvddzacidopravnik

2.2.2 SkriSobn6 metody na hodnotenie r0n
-  Na meranie tepelnfch charakter is t ik  r ln  z  PET
a PLLA vldkien pri prestupe tepla vedenlm sa pouZila
kontaktnA met6da merania na pristroji Alambeta [10].
Podstatou funkcie prfstroja je matematick6 spracovanie
dasov6ho priebehu tepeln6ho toku od neust6len6ho
po ustdlenf, ktoni prechddza vzorkou v dOsledku ro-
zdielnych teplOt na oboch stran6ch povrchu skf5anej
vzorky. Vy55iu teplotu na jednej strane vzorky sp6so-
buje vyhrievan6 platia, ktor6 sa priklad6 na vzorku.
Vfsled kom me ran ia s0 tepeln6 charakteristi ky: Tepel n6
vodivost A [W.m-l.K-t] ,  ploSnyi odpor vedenia tepla r
[W-1.K.m2], tepeln6 absorbtivita b [W.m2.st'".lzc'].
- Meranie zmeny povrchovej teploty r0na pri prestupe
tepla Z iarenim sa uskutodni lo  termovfznou met6-
dou s vyuZitim termovfznej kamery Vigo syst6m-20
a poditadov6ho programu Therm V-20. Tepelnfm zdro-
jom Ziarenia bola pokoZka probanta pokryt6 a nepokry-
td runom. Merala sa teplota rfna na vonkaj5ej strane
od pokoZky a hodnotila sa tepelnd zmena na povrchu
rdna vzhl'adom na vonkaj5iu teplotu vzduchu.
- Obrazovi, analyza s vyuZitim kamery a poditadov6ho
programu Lucia sa vyuZila na stanovenie objemov6ho
podielu vl6kien a vzduchu v r(ne.

3. Vfsledky a diskusia

PET a PLLA vl6kna pouZit6 na pripravu r0n majf
vnritornf mor{ologickri Struktfru fibrildrnu (Obr. 5). V
priednom profi le PET i PLLA vl6kna obsahuj0 jednu
dutinu, ktor6 sa v pozdlznom profile premieta na jeden
kandlik (Obr. 6).

Obr. 5 REM obrdzky vn0tornej Strukt0ry;
a) PLLA vldkna b) PET vl6kna

Obr. 6 Mikroskopick6 obr6zky pozdiZneho a priedneho prolilu
vl6kien; a) PET vl6kna b) PLLA vl6kna
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Z6kladn6 fyzikAlne vlastnosti PET a PLLA vldkien
s0 uveden6 v Tabul'ke 3. Poskytuj0 dopliuj0ci 0daj
o vldknach s rozdielnou chemickou Strukt0rou.

Tabutka 3 Z{kladnf fyzik6lne vlastnosti PET a PLLA vldkien

Na posridenie vplyvu tepeln6ho zataZenia PLLA
polym6ru sa sledovaljeho fbytok hmotnosti pri izomet-
rickej teplote 230 "C a 280 "C (Obr. 7).

Obr. 7 Z6vislost 0bytku hmotnosti PLLA polym6ru od doby
pOsobenia teploty 230 "C a 280 "C

Zo zlvislosti na Obr. 7 vyplliva, 2e zmena hmot-
nosti v dasovom intervale 5 a2 20 minft ie max. 4/"
a teda vhodne upraven6 PLLA polym6ry sf pri priprave
vl6kien v oblasti teplOt od 230'C do 280 "C primerane
stabiln6.

Podta teorie o prestupe tepla cez vrstvu o urditej
hrdbke sa prestup uskutodiu je vedenfm, Z iarenim
a p ruden im.  Prev ldda j0c i  sp6sob  p res tupu  tep la
z6visi od viaceryTch faktorov. Prestup tepla cez vrstvu
vl6kniteho materidlu bude z6visiet tieZ od Strukt0ry a
vlastnosti element6rnych vl6kien ako aj od vlastnosti
vldkien a makro5trukt0ry vl6knit6ho materidlu [10, 11].

Z Tabulky a vyplyva, ie so zvy5ujricim sa podielom
PLLA vldkien v r0nach sa zniZuje tepelnd vodivost (tr),
zvy5uje sa plo5n;i  odpor vedenia tepla (r) a vlrazne
klesd tepelnd absorbt iv i ta  (b) .  Nameran6 vfs ledky
poukazui0 na to,  Ze PLA v l6kna v runach pr idane
k PET vldknam zabezpeduju zvy5enie tepelnej izo-
l6cie. Rovnako i zdvislost na obr. 8 potvrdzuje, Ze so
zvy5ujricim sa podielom PLLA vldkien v r0nach sa povr-
chov6 teplota runa oproti teplote prostredia zniZovala.
Vfsfedok podporuje zAver, Ze PLLA vl6kna v r0nach
sp6sobuj0 vy55iu nepriepustnust tepelnej radi6cie, do
kore5ponduje so zvf5enim tepelnej izol6cie.

Fibres and Yarns

Tabulka 4 Tepelnoizoladn6 vlastnosti r0n z PET a PLLA
vl6kien

Obr. 8 Zmena povrchovej teploty r0n z PET a PLLA vl6kien;
A - 100 "/" PET, B - 80 "/" PET + 2O "/o PLLA, C - 60 % PET + 40 "/o

PLLA, D-40 % PET + 60 % PLLA, E- 20 %PET + 80 % PLLA,
F _ 1 O O % P L L A

Obrazovou anal fzou r fn  zo 100Y" PET v ldk ien
a 100"/" PLLA vl6kien sa zist i l  percentudlny objem
vzduchu medzi  v l6knami (Obr.  9) .  PouZi td metoda
nezahrfiuje vo uisledku objem vzduchu, ktoni je perma-
nentne zadrliavanf v kan6likoch vldkien a sp6sobuje
zvli5enie ich tepelnej izolAcie.

Obr. 9 Objemov! podiel vldkna a vzduchu v r0ne

Prestup tepla cez textilnf vrstvu zdvisf od Strukt0ry
vldkien, vz6jomn6ho usporiadanie vlAkien vo vrstve
a porov medzi vldknami, ktor6 s0 vyplnen6 vzduchom.
Podielov6 zastfpenie vzduchu v netkanfch textili6ch
- r0nach je vysok6 a to ich predurduje do vyrobkov,
ako s0 priknivky.

4. Zfver

Priprava vldknitfch materidlov na bAze PLLA vl6kien
z obnovitetnfch zdrojov surovfn mA prednosti  pred
syntetickfmi PET vl6knami predov5etkfm v tom , 2e
PLLA vl6kna st i  biodegradovatel 'ne, recyklovatel 'n6
a biokompatibi lnej5ie k Zivfm organizmom.

Z hf 'adiska termofyziologickeho komfortu zabez-
peduje aplikdcia jednodutinovych PLLA vldkien v r[nach
v podietovom zastfpenf s PET vliiknami vySSie tepelne
izoladn6 charakteristiky prikryivkam.

Pod'akovanie: Prispevok vznikol s podporou ndrodnej agenttry
sR VEGA, A. 1/2451/05
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PROJECTING BREAKAGE CHARACTERISTICS OF
FABRICS IN A LINEN WEAVE
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Fabric breakage characteristics depend on their structural and constructive solutions. Through the
usa of familiar structure parameters and fabric construction, as well as the results of their structural
and mechanical characteristics, dependencies have been set up which can be used for projecting
breakage force and breakage of a fabric's length in a linen weave have been set up. Additionally,
the effect of relative wire density on the breakage characteristics of fabrics with different structural
solutions has been analyzed in this paper. The results show that if the relative wire density is
greater than 1, the fabric breakage characteristics in a given direction wil l worsen.

1. lntroduction

Fabrics are produced for different purposes so they
must have appropriate characteristics acclimated to
their future usage. Every fabric has a ceilain specificity,
which determines, i.e., results in its characteristics such
as: length, width, density, mass, thickness, breakage
fo rce, elasticity, thermal characteristics, col or, appear-
ance, etc. [1].

The stability of the structure of fabrics subjected to
different forces depends on their mechanical charac-
teristics, which are caused by the characteristics of the
lower structural range elements (warp and weft yarn,
fibers) involved in their construction, as well as on the
structure and construction parameters of the fabrics
themselves (weave used, density of basic and weft
wires, in-weaving etc.) [2-6].

An estimation of the breakage force of a fabric pro-
ceeds from the geometric scheme of its connective
structure Fl.We musttake into consideration the inequal-
ity of the wire tension during the fabric's straining.

When the values of the usage coeff icient of the
breakage force in a fabric are familiar l7l, the breakage
force of the fabric in the direction of the warp can be
determined by the expression:

Fr" = 0.5.c,n .d*".fr" ldaNl (1)

As well as the breakage force of the fabric in the
direction of the weft

F*" = 0.5 .cwo .d," .f*" [daN] (Z\

Where cwa and cwe are the usage coefficients of the
breakage forces of the warp and weft wires in the
fabric:

(d,"
T T d*" .  +7,* ,  dr. 

(10)tt,^ = ,rl"ff i t  It,remr"

cn" = (0.85 * Kz.d*" .d*" .sin B*" .7,,o"). cosB* (4)

cos B,, - 1 - 0.01 .w,, (5)

cos p'r" = 'l- 0.005.w," (6)

cos B," = ' l -  0.01.u.* (7)

cos B'we - 1 - 0.005 .u," (8)

f*^, flr"- the angle of the warp and weft in relation to
the f ine of the force action ll, P'*^, f 

'*" - the angle of
the warp and weft in relation to the line of the force
action at the moment of the fabric's breakage ["], Kr,
lc2 - proportionality coefficients, dr, , dnr- the density
of the warp and weft wires in the fabric [cm-t], fn", fr"
- the yarn's breakage forces for its warp and weft [N],
wws, wws- the warp and weft in-weaving,l/"1,71,r",7'n"
- the warp and weft yarn count, [tex].

The straining of a fabric initially causes tension in
a wire and finally the breaking of the wire. Analyses
of the experimental data of the tested fabric samples,
which have ditferent structures, have enabled the es-
tablishment of the dependence between the sum of the
breakage lengthening of the fabric and the structural
parameters as well as the breakage lengthening of the
yarns used [7]:

e , o + e w e = k s ' d n ' T r , ^ + 0.85 .1i*, + e *1 (9)

where: e ,, and E we - breakage lengthening for warp
and weft yarn - l/"1, rc, - proportionality coefficienl, Tt,^
- mean yarn count of yarn used in fabric [tex].

Mean yarn count of the yarn used can be determined
by the equation:

c," =[o.ru * ",
+

d

d,"). sinB,,
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,n .cosB' ,n (3)
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2. Material and methods

In order to check the theoretical equations for pro-
jecting fabric breakage characteristics, as well as carry
out appropriate corrections, some 40 l inen fabrics
were woven. The fabric samples differ in wire density,
yarn count and the raw material structure of the yarns
used.

Table 1 Characteristics of the raw labrics tested

Modeling of Texti le Technologies and Materials

Having used standardized methods, the necessary
testing of the characteristics of the yarn used, the den-
sity of the warp and weft wires in the fabrics and the
wire in-weaving were carried out. The breakage forces
and the breakage fabric lengthening were determined
on a ZWIK dynamometer (tape method - ISO 13934-1 :
1999), and the results were processed using TestX-
pert software. The actual values of the fabric breaking

VlAkna a textil 14 (1) 25-29 (2OO7}26

Fabric
Yarn count [tex] Raw material structure [%] Real relative density

warp weft warp weft warp welt

1 3 0 x 2 50 Co; 1oo Co;  100 0.932 o.723
2 3 0 x 2 3 0 x 2 Co;  100 Co ;  100 0.899 0.701

3 3 0 x 2 3 0 x 2 Co;  100 Co;  100 0.899 0.761
4 3 0 x 2 50 Co ;  100 C o ; 1 0 0 o.947 0.790

5 3 0 x 2 3 0 x 2 C o ; 1 0 0 C o ; 1 0 0 0.899 0.853

6 3 0 x 2 50 Co ;  100 Co;  '100 0.946 0.886

7 3 0 x 2 3 0 x 2 Co;  100 Co ;  100 0.927 0.936

I 3 0 x 2 50 Co; 1oo Co;  100 0.946 0.967

I 3 0 x 2 3 0 x 2 Co;  100 C o ; 1 0 0 0.932 0.982

1 0 3 0 x 2 50 C o ; 1 0 0 C o ; 1 0 0 0.975 1 .073

11 16.7x2 50 Co;  100 C o ; 1 0 0 0 . 9 1 7 0.665

12 16.7x2 3 0 x 2 Co ;  100 Co;  100 0.879 0.644
1 3 16.7x2 50 Co;  100 Co ;  100 0 . 9 1 7 0.700

1 4 16.7x2 3 0 x 2 Co ;  100 C o ; 1 0 0 0.875 0.681

1 5 16.7x2 50 Co;  100 C o ; 1 0 0 0.921 0.835

1 6 16.7x2 3 0 x 2 Co ;  100 Co ;  100 0.871 0.807

1 7 16.7x2 50 Co;  100 Co;  100 0.950 0.887
1 8 16.7x2 3 0 x 2 Co;  100 Co;  100 0.871 0.844

1 9 16.7x2 50 Co;  100 Co;  100 o.942 0.978

20 16.7x2 3 0 x 2 Co;  100 Co;  100 0.902 0.978
21 2 0  x 2 2 0 x 2 PES/Co; 67133 PES/Co; 67133 1.259 0.471

22 2 0  x 2 2 Q  x 2 PES/Co; 67133 PES/Co; 67133 1.259 0.557

23 2 O x 2 2 0 x 2 PES/Co; 67133 PES/Co; 67133 1.259 0.655

24 2 0  x 2 2 0 x 2 PES/Co: 67133 PES/Co; 67133 1.263 0.745

25 2 0  x 2 2 O  x 2 PES/Co; 67133 PES/Co; 67133 r.263 0.780

26 2 0  x 2 2 Q  x 2 PES/Co; 67133 PES/Co; 67133 1.266 0.902
27 2 0  x 2 16.7 x 2 PES/Co; 67133 Co/PES; 67133 1.230 0.557
28 2 O x 2 16.7 x 2 PES/Co; 67133 Co/PES; 67133 1.222 0.586

29 2 0 x 2 16.7 x 2 PES/Co; 67/33 Co/PES; 67/33 1.230 0.667

30 2 O x 2 16.7 x 2 PES/Co; 67133 Co/PES; 67133 1.222 0.740
31 2 O x 2 16.7 x 2 PES/Co; 67133 Co/PES; 67133 1.230 0.821
32 2 O x 2 16.7 x 2 PES/Co; 67133 Co/PES; 67133 1.234 0.909
33 16.7 x 2 16.7 x 2 Co/PES; 67133 Co; 100 1.009 o.732
34 16.7 x 2 16.7 x 2 Co/PES: 67133 Co; 100 1.009 0.802
3s 16.7 x 2 16.7 x 2 Co/PES; 67133 Co; 100 1.009 o.872
36 16.7 x 2 16.7 x 2 Co/PES; 67/33 Co; 100 1.009 0.941

37 16.7 x 2 33.3 x 1 Co/PES; 67133 Co; 100 1.029 0 . 8 1 1

38 16.7 x 2 33.3 x 1 Co/PES; 67133 Co; 100 1.036 0.895

39 16.7 x 2 33.3 x 1 Co/PES; 67/33 Co; 100 1.036 0.971

40 16.7 x 2 33.3 x 1 Co/PES; 67133 Co; 100 1.036 0.990
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forces in the weft and warp directions were compared to
the theoretical values. Subsequently, the correction of
the theoretical equations was carried out and adopted
to the actual conditions of the weaving production.

3. Results and discussion

Figures 1 and 2 show the dependencies between
the projected and actual breakage forces in the warp
direction for fabrics with the linen weave used. Figure
1 shows the dependency between the projected and
actual breakage force value in fabrics whose relative
warp density [8, 9] is no greater than 1, while Figure 2
shows the dependency between the actual breakage
force and the projected value for a fabric whose relative
warp density is greater than 1.

The results given showed that the breakage forces
of the fabrics in a warp direction have greater breakage
force values in relation to the projected ones in fabrics

Proilded breakage forces - (daN)

Fig. 1 Projected and actual breaking lorce values of the fabrics in
the warp direction (dnt.,"< 1l

Projeded breakage forces - (daN)

Fig.2 Projected and actual breaking force values of the fabrics in
a warp direction (dr"t.,"> 1l
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used with relative wire densities in a given direction of
less than 1. However, in fabrics whose relative warp
density is greater than 1, the actual values are some-
times greater and sometimes less than the projected
ones. Because of that, the special proportionality coeffi-
cients forthis kind of fabric were defined (k,). Thus, the
equation for projecting the breakage force of a fabric
in the warp direction for fabrics whose relative warp
density is less than 1, has the following form:

The proportionality coefficient k, for fabrics whose
relative density in the warp direction is greater than 1
was also defined:

l l  t A  , A  \ a i ,  -  I  
' )

F", = 0.5]l o.as * , .uul(d*' I d4sin0'" 
lcos p; lo*.r*" (rr)

LLd* " r tT , . , " J * j

The results given were used in forming the graph,
which shows the connection between the projected
and actual breakage forces of the fabrics in a weft
direction. Fig. 3 includes all the fabrics, due to the fact
that the relative density of the weft wires is always less
than 1.

The equation for projecting the breakage force of
fabrics in the weft direction with the linen weave used,
has the following form:

F* = 0.5[(0.95 + 4.397. 1 0-5 d,*d,*sinp,* ji,J@s'dx

xdn"fn" ldaM (13)

In addition, the equation for projecting the sum of
the breakage fabric lengthening was adapted to the
actual values, which are gained by testing the analyzed
fabrics. This equation has the following form:

- for fabrics whose d7s1,un 1 1

t r^* e n"=2. 43 1 . 1 o-s d *"T r" {m +0. 85 (e'r"+e'*") ( 1 4)

Proiected breakage forces - (daN)

Fig. 3 Projected and actualvalues of the breakage forces of fabrics
in the weft direction (d,a.,,< 1l
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Table 2 Statistics

Modeling of Textile Technologies and Materials

where: k-- r""n proport ional i ty coeff icient, SD- standard deviat ion, CV- coeff icient variance, c- confidence l imit
(f  or a confidence level of 95%)

fr---
Wg 

---*

Parameters
k1

(dntl"<1)
k,

(dnt,*">11
k2

(dnt,*"<11
k3

(dnt.*"<11
k3

(da.,?11

-k
2.145 1 .661 4.387.10-s 2,431.10-3 2,1 58.1 o-3

SD 0.224 0.249 5.258 .10-6 0,377.10-3 0,38.10-3

cv (%l 10.42 15.00 1 1 . 9 8 15 .49 17 .59

c (for confidence level 95%) 0.099 0 . 1 1 1 1 .66 . 1o-5 0,168.10-3 0,1 7 .10-3

k  * " 2.244 1.772 4 .553 .10 -s 2,599.10-3 2,328.10-3

k  - c 2.046 1 .550 4.221 .10-5 2,263.10-3 1,988.10-3

C---*=-=.-=-' --O=

Fig. 4 Forced position of warp wires

- for fabrics whose dr"r,*") 1

t *u* € *"=2. 1 58. 1 O-3 d *"T *" {ffi; +0. 85 (e'*"+e'*") ( 1 5)

The results given are statistically shown in Table 2.
Changing the relative density in the wire system of

the fabrics more or less causes changes in the position
of the weft and warp wires in them. This can particularly
be seen in the increasing of the relative density to more
than 1.0. Figure 4 shows an example of the forced posi-
tion change of the warp wires in the case of increasing
the density (thin circles), due to the fact that the weft
cannot bend any more [10].

Increasing the wire density in fabrics causes a lesser
possibility for changing the positions of the wires. The
space which is needed for changing the effect de-
creases with the increase in the opposing system's
wire density, so the wires take the position caused by
the construction of the fiber itself. Fabrics with less of
a density of wires have more possibilities of different
posit ions, which can be changed either in the same
process of fabric production on looms or in the pro-
cess of finishing, especially during the wet treatment
of fabrics.

The forced position of the wire system with a greater
relative density can cause more participation of a plas-
tic deformation in the overall yarn deformation of that
system, which can be the main reason for the given
results of the breaking forces in the warp direction 21
to 40.

Based on the given results, it can be said that the
production of fabrics with a relative density of a given
wire system which is less than 1 should be avoided,
when the fabric project permits, because the mechani-
cal characteristics can be diminished.

4.  Conclus ion

The breakage characteristics of fabrics depend on
their structural and constructive solutions as well as on
the technological circumstances of the production of
the fabrics in the weaving process. The most impoftant
parts include the raw material's structure, the structural
and physical-mechanical characteristics of the yarns
used, the density of the weft and warp wires, the in-
weaving of the wires, as well as the linen weave used.
Knowing the mutual connection between the structural
and mechanic characteristics of fabrics enables their
projection in relation to future usage.

Based on the experimental results and the theoreti-
cal models, some actual mathematical dependencies
were set up, by which some breakage characteristics
of cotton fabrics can be projected on a linen weave.
The results show that the relative wire density in fabrics
affects their breakage characteristics. Therefore, it can-
not be ignored during the projection process.

The above is a method for simplifying and improving
technical preparations in the production of weaving,
and for creating conditions for excluding of probe fabric
serials. This is also a method for saving raw materials
and energy.
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Proiektovanie charakteristik rozpadu textilii v Ianovrjch
tkanin6ch

Translation ot abstrac{:
Proiecllng brcakage characterlstjca ot tabricr In a llnon weayo

-. Charakt€ristiky tozpadu textilii z6visia na ich 5trukt0mom a konstrukcnom riegenf. pouiitrm znemych
Slruh0mych paramelror a konstrukcie textilie spolu s vysledkami ich srrukt0mycn a mecnanicrfch ln"on"isikmozno vworil zevislosti, ktor6 sa daid pouzil pre p.oiektovanie trZnej sily a rizpad textilie 

" 
J'Ere pri tan-gcr,

tkanindch. zer.ovei i€ vlomto prisp€vku analyzovany vplw retativnej trustoty rbnu na charakterisiiry rozpiou
loxtilii v podrionkach rdznych textilntch riaseni. vfltecky ukazuiri, !e af fr rcutlvna trustoia uacsia ai<" t,charakterisliky rozpadu textilil sa v danom smere zhorsujrl.
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1. 6vod

Charakter tahk6ho priemyslu na Slovensku sa zapo-
sledn6 roky zmenil. P0vodn6 velk6 odevn6 organiz5cie
sa zmen5ili, dasto sa rozdelili na viac subjektov. Popri
firm6ch so zniZenfm rozsahom samostatnej produk-
cie vznikli firmy, ktor6 sf 0zko naviazan6 cez,,know-
how" vfroby a odbyt produkcie na in6 uirobn6 kom-
plexy, prevaZne nadn6rodn6ho charakteru. A s0 to vo
vetkej miere pr6ve uiroby, s06astou ktonich je uiroba
spadajdca do oblastitechnickej konfekcie. Tento termin
sa aj u n6s dostdva stSle viac do odborn6ho povedomia
a dobre opisuje roz5iruj0cu oblast vfroby pre in6 ako
odevn6 0dely p0vodn6ho odevn6ho sektoru.

S tfmto novfm zameranim s0visi aj novf adresnf
vfznam zodpovednosti za odvedenf pr6cu v tfch
profesi6ch, kde p,Ovodne kvalita bola len sfdastou
efektivity zrudnej, av5ak anonymnej pr6ce vyudenfch
zamestnancov s tvrdlimi vlirobnlimi normami. Sidky
k takfm profesi6m bezpochyby patria. Miera zod-
povednosti jednotlivca prirodzene rastie s moZnfmi
ndsledkami nekvality, alebo pripadnej chyby pri tfch
druhoch vfroby, ktor6 s0 s06astou procesu priameho
zabezped,enia bezpednosti, alebo m6Zu bezpe6nost
urditfm sp6sobom vfznamne ovplyvnit.

V tejto srivislosti je pote5iteln6, ked' dosahovand
kvalita produkcie, ako d6leZityi ukazovatef vfroby,
spofu s produktivitou preuklzatelne a trvale potvrdzuje
vysoky Standard. V na5om prostredf vyznaduj0com sa
vfhodnou vfrobnou cenou, vfznamne podmienenou
nizkou cenou pr6ce, ddva totiZ pristub zachovania
nastupen6ho trendu rozvoja pracovn6ho trhu, nielen
v 0zko Specializovanej oblasti subdod6vok pre rastfci
automobilovf priemysel.

Dod6vky pre automobilovf priemysel v5ak m6Zu
shiZit ako n6zornf priklad toho, ako kvalita vfrobnlich
oper6cii rOznych profesif ovplyvfiuje mieru bezpednosti
uZivatelov ich ufrobkov. Konkr6tny pripad je spolahliv6
zapracovanie aktivneho bezpednostn6ho prvku - py-
rotechnick6ho vzduchov6ho vankfSa umiestnen6ho
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pod potahom v operadle sedadla automobilu (bodnf
airbag). Airbag je vzduchoui vak chr6niaci cestujfce-
ho v automobile pri dopravnej nehode. V kombin6cif
s bezpednostnfmi pdsmi predchddza v pripade kolizie
nilrazu pasaZiera do volantu, palubnej dosky, alebo
infch dasti vozidla. Syst6m je vybavenf elektronickfm
senzorom, ktorf okamZite reaguje na vyvoldvajfce
reakcie. Pyrotechnickf syst6m musi v zlomku sekun-
dy spolahlivo naffknut vankf5 medzi pasaZierom
a prekdZkou. Tdto spotahlivost sa sklad6 z funkdn6ho
airbagov6ho modulu (senzor, vankfS, pyrotechnika) a
jeho bezprobl6mov6ho rozvinutia sa. eo ovplyvfiuje
jeho funkdnost? Je to sprdvna mont6Z, materiSl a kvalit-
n6 u5itie potahu. Potah musi ustripit nafukujricemu sa
airbagu a pritom md byt odolnf vodi vplyvom pouZivania
- vyberaj0 sa kvalitn6, odoln6 a pevn6 materiSly
spliujfce nielen poZiadavky n.a pevnost a taZnost, ale
aj na dizajn a komfort. V praxi sa tento rozpor rie5i po-
mocou tzv. airbagov6ho Sva (SAB Sev). V5etky ostatn6
Svy sedadlouich potahov musia mat vySSiu pevnost
proti pretrhnutiu neZ SAB Sev, preto sa tieto Sij0 in-
fmi nitami. SAB Sev musi spiRat rad parametrickfch
poZiadaviek. lch nedodrZanie m6, v pripade vyirobkov
Sitrich na mieru, za nSsledok vyradenie cel6ho uirobku.
Akcept6cia nevyhovuj0cich parametrov by mohla mat
fatdfne n6sledky a preto ani zn(Zenie ceny z d6vodu
niZ5ej kvality vfrobku, tak ako je to beZn6 pri infch
vfrobkoch, nie je moZnyim rie5enim.Z pohladu kvality
a spolahlivosti nie je moZn6 vykonat ani opravu pr[-
padn6ho nepodarku a vlirobok je okamZite vyradenf
ako celok. Preto tu vfznamnf flohu zohr6va pr6ve
spr6vne vypracovanie vfrobkov technickej konfek-
cie, ktor6 je moZn6 len pri preciznom dodrZani pred-
pisan6ho vlirobn6ho postupu a kvality pr6ce. Sit ie
sa realizuje na zariadeniach, umoZfiuj0cich z6znam
procesu (dokumentadnf Sev). Nezdokumentovanie
m6, za n6sledok vyradenie cel6ho potahu. S0dastou
dokumentovania ie ai presn6 evidencia v5etk6ho pri
vfrobe pouZit6ho materi6lu pomocou priradenfch
diarouich k6dov.

Sme ABEzPEeNosf
Urban K.G.t,  Pi lko M. 2

tTnu A.D. Tren6[n, Fakulta priemysettnlich technologii v Pkchove, lvana Krasku 491/30, O2OOI Pkchov
2EYBL Slovakia s.r.o., ul. 1. Mdja 882, SK-0200t Phchov

Lahkyi priemysel za posledn6 roky zmenil svoj charakter. Roz5[ril sa podiel vliroby, ktoni spad6
pod definiciu technickd konfekcia. Specifikd tejto vfroby vyZaduj0 zmeny vo vfrobnfch postu-
poch, ale aj zmeny prfstupu a zodpovednosti riadiacich pracovnikov. Roz5fren6 poiiadavky na
kontrolu kvality s0 sridastou tejto zmeny. Technickd a informadnd str6nka vfroby, dokumentAcie
a archiv6cie kontroly sa rie5i na Orovni videovej a vfpodtovej techniky. Pravideln6 a d6sledn6
kontrola vfrobkov technickej konfekcie, aklimi automobilov6 potahy urdite s0, umoZfiuje prevero-
vat, dokladovat a budovat dobr6 meno vfrobcu. Zmeny s cielom zefektivnenia a zjednodu5enia
prebiehajf aj v organizilcii vfroby a vyuZitie takejto osveddenej praxe prin6Sa efekt aj v klasickej
odevnej vyirobe.
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V tejto pr6ci sri uveden6 vfsledky sk0Sok airbagov-
6ho 5va na prednej opierke autosedadky, vyrdban6ho
firmou EYBL, s.r.o. Slovakia.

2. Experiment

SAB Sev (Seitenairbag) - ie to chrbatovanf Sev
triedy 2100 medzi prednfm a zadnfm dielom operadla,
z vonku nepostrehnutetnf. SAB Sev je celf airbagovi
bodnf Sev, vr6tane dokumentadn6ho Sva.

Dokumentacnf Sev - je airbagovf Sev v 0seku do-
kumentAcie, pri  ktorom sa r iadi proces Sit ia, kde sa
zdokumentuj0 komponenty materi6lu, ako i Sijacie a
technick6 parametre. Usek dokumentadn6ho Sva je
samostatne oznadenV [3J.

Materi6l autopotahov mOZe byt syntetickf, prfrodnf,
alebo umel6 koZa. V experimente bol i  pouZit6 dva
syntetick6 materi6ly potahov (A a B) zo5ivan6 v mieste
SAB Sva rovnakfmi nitami.

Funkdn6 sk0Sky tfkaj0 sa hotovfch vfrobkov, ktor6
sa podla predpfsan6ho postupu odoberaii zvyrobenej
s6rie a musia byt preveren6 najneskOr nasleduj0ci
defi v laborat6riu, kde sa robia sk0Sky nastrelovania
airbagov. Laboratorium musf byt vybaven6 v s0lade s
poZiadavkami skriSok: - pre vyhrievanie a chladenie
(rozsah teplOt -35 aZ 85 "C), pre kl imatiz6ciu - vz-
duchotechnick6 a klimatizadn6 zariadenie, dalej kom-
pfetn6 zAznamov6 videokamera, PC k cel6mu syst6mu,
osvetlovacia, riadiaca, meracia a vyipodtov6 technika,
pom6cky, pripravky a moduly (airbagy) t4l. Doba klima-
tizdcie pri zadanej teplote musi byt aspoi 3 hodiny.

Research

Sku5ka sa vykon6va v laboratoriu firmy EYBL, Slova-
kia za pritomnosti pracovnika prfslu5nej odbornej sp6-
sobilosti, podfa metodiky [5]. Podstata sk0Sky - zistit,
di danf vzduchovf vank0S vystreli za urden0 dobu, pri
zadanfch teplotnlich podmienkach.

Predpokladom spr6vnej sk0Sky ie, 2e 5ev sa ro-
z t rhne  do  max im6 lne  I  m i l i sek0nd .  Hodno ty  zo
sk0senosti ukazuj0, Ze pretrhnutie dokumentadn6ho
Sva m6 byt dlhe 41 cm, v5ak nie je povinn6. Ak sa
SAB spusti a vzduchovf vank65 sa rozvinie ako vej6r,
ktor6mu neprek62a pretrhnutie Sva, povaZuje sa test
za rispe5nf. Gas zap6lenia modulu SAB Sva po koniec
nafukovacieho procesu airbagu nesmie presiahnut 30
ms. Zadiatok pretrhAvania Sva - presne zachyteny mo-
ment zadiatku procesu vystrelenia airbagu v ms, koniec
pretrhdvania Sva - ked'd6jde k vystreleniu airbagu a
uZ nedochAdza k dal5iemu roztrhnutiu 5va.

3. Vfsledky a diskusia

Kaldy test splnil poZiadavky spr6vnosti. Sirka pretrh-
nut6ho Sva sa pohybovala v rozmedzf od [1430 mm
- 640 mml a das pretrhnutia od 13,77 ms - 7,78 msl.

Na Obr.1 sa nach6dzaiu ilustradn6 snimky videozilz-
namu procesu sk0Sky v r6znom dase (ms).

Analyzovala sa otvdracia Sirka SAB Sva pri troch
rOznych teplotSch. Tieto teploty boli urden6 zilka-
znikom, pre ktor6ho firma EYBL vyriba.

Celkov6 Sfrka airbagov6ho Sva predstavule 700 mm
aj so zaoblenim. Pri vfrobe autopotahov je stanoven6
dokumentadn6 Sirka Sva 565 mm. Z vyisledkov bolo

Vlilkna a textil 14 (1) 30-33 (2007)

Obr.l Cast videoz6znamu sk0Sky airbagov6ho Sva
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-tGtovecia teplota
--+- ohdracb Slfta Matorlllu A

+ohnlrecia Sfrta MateriCilu B
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Materi6l potrhu A MateriAlpoDhu B

Obr. 2 Z6vislost otv6racej Sirky airbagovdho Sva od teploty

zisten6, Ze Sfrka pretrhnutia Sva sa pohybuje priteplote
-35 "C cca 482 mm, pri teplote 22,5 "C cca 544 mm pri
teplote 85'C cca 606 mm.

Z uisledkov je zreime z6vislost otv6racej Sirky Sva
od teploty (Obr. 2). Pri  teplote -35 'C doch6dza k
najmen5iemu pretrhnutiu SAB Sva v mm. Naopak, dim
je teplota autosedadiek vySSia, tfm je veid5ia aj Sirka
pretrhnutia Sva v mm. Pritom experiment6lne hod-
noty parametra su v poZadovanom limitnom rozsahu
a funkdnost SAB Sva bola potvrden 6 pri kaldom teste,
t.j. kvalita preverovanejvyroby bola preuk{zan6 podta
predpisanfch poZiadaviek [3, 5, 6].

Ndslednd skri5ka pouZit6ho materidlu Sva horenim,
ktord bola vykonan6 v laborat6ridch FPT P0chov,
na Katedre text i lu a odevnictva, d6va odpoved' na
ot6zku pridiny vySSie uvedenej z6vislosti od teploty.
Materi6l nite pri skri5ke nehorf - tavf sa bez plamefia,
nem6 Specificky zilpach a po horeni zost6va zvy5ok
taveniny. Materi6ly pri experimentoch pri teplote 85'C
dosahuj0 najdlh5ie pretrhnutie Sva, ale vzhladom na
to, Ze menia svoje vlastnosti, stdvaj0 sa tavitelnfmi
bez plameia, dochildza k taZ5iemu pretrhnutiu Sva
a doba pretrh6vania od zadiatku procesu po koniec
je najdlh5ia. Naopak pri teplot6ch mrazu, v tomto prf-
pade -35 'C materidly stuhn0, I'ah5ie sa pretrhdvaj0,
t.j. dochddzak najkrat5iemu a najnichlej5iemu pretrh-
nutiu Sva. Pritom t6to zSvislost jasne z6visi od spra-
cov5van6ho potahov6ho materidlu . Vyraznei5ie pre
materi6l A. Nit je syntetick6. PouZfuait sa nite z PAD
a PES vldkien. Napriklad, pri Siti SAB Svov (serafil 80,
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amifil 40), a autopotahov, (strongfil 40, filan 20) pre
vozidl6 znadky VW PASSAT 86. Zn6my uirobcovia
trichto nitis0 napr. Amann (SRN), Epic (Anglicko), Dmc
(Francfzsko), ktonich vfrobky zabezpeduj0 kvalitu
mech an icko-ty zikill nych vl astnosti n iti.

4. Zfvery

Funkdnost airbagov6ho Sva sa kontroluje pre beZn6
prevddzkov6 teplotn6 podmienky, ako aj pre krajn6
hodnoty teploty vyskytujrice sa pri prev6dzke automo-
bilu podas roka.

Zirvery je moZn6 formulovat na ziiklade experimen-
tdlnych vfsledkov - materiSl potahu B sfce vykinal
stabilnejSie a vySSie hodnoty otv6racej Sfrky, ale do-
siahnut6 hodnoty potvrdil i  spr6vny vyiber materi6lu
a kvalitu pr6ce pre oba pouZit6 potahov6 materi6ly.
Zabezped,enie funkdnosti sa preuk6zalo pre ce\i urdenf
rozsah tepl6t. TVm sa potvrdila spotahlivost vfrobkov,
ovplyvfi ujfca bezpednost uZfvatelov - cestujricich.

D6kaz funkdnosti experimentSlnou skri5kou nie je
potrebnf len pre dokladovanie kvality danej produkcie,
ale je nevyhnutnf pre zabezpel,enie vz6jomnej dOvery
medzl mnoZstvom firiem spolupracuj0cich na vyirobe
zloZit6ho mont6Zneho celku, kde nekvalita prdce jed-
n6ho m0Ze ohrozit uisledok prdce v5etkyich a rovnako
i ich dobr6 firemn6 meno. Podas existencie firmy EYBL
s.r.o. a testovania SAB Sva nedo5lo ani k jedn6mu
zlyhaniu pretrhnutia 5va.

Vl1kna a textil 14 (1) 30-33 (2007)
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Tento zodpovednostnf vztah (pracovnik/firma -
produkcia)je v s0dasnosti nutn6 aplikovat na prevaZn0
vddSinu vfroby v r6mci oboru technickej konfekcie,
kde sa javi ako aspekt novf p6vodn6mu klasick6mu
odevnictvu m6lo znilmy.

Spr6vnym vfberom a vhodnou kombin6ciou ana-
lyzovanfch Sijacich niti moZno zefektivnit Sijaci proces a
kvalitu zhotovovanfch rnirobkov, jeho vysok0 Zivotnost
a plynulost uirobn6ho procesu.

Research
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1 .  Uvod

Vfroba syntetickfch farbiv sa stala z6kladom or-
ganickej ch6mie a technologie a st imulovala vfvoj
toxikologie organickfch ldtok. Farbiarske medziproduk-
ty (napr. anilin) od druhej polovice dvadsiateho storodia
zapridinili celyi rad profesion6lnych otrdv.

V liter6rnych 0dajoch s0 dasto nejasnosti o rldinkoch
jedno t l i v f ch  fa rb iv  vyp l f va f  uce  z  ne jedno tn6ho
oznadovania. lba mSlo farbiv m6 klasick6 n6zvy (in-
digo, fuchsin a pod.).

Syntetick6 farbivd sa delia jednak podl'a Strukt0ry
(nitrozofarbiv6, azofarbiv6, antrachin6nov6 farbiv6,
sfrne farbiv6 atd'.), d'alej podl'a fyzik6lnochemickfch
vlastnosti:
-  kysl6 farbivd ani6nov6, dobre rozpustn6 vo vode

s afinitou k bielkovine, polyamidovfm a akrylovlim
funkdnfm skupinAm substr6tov,

- birzick6 farbivd kati6novd sof farebnej bitzy, m6lo
rozpustnA, s afinitou ku proteinouim vl6knam a syn-
teticklim akryldtom,

- priame farbiv6 ani6nov6 alebo kati6nov6, ktor6 sf
zAkladnd pre vldkno celul6zy,

- reaktivne farbivd, ktor6 maju vlastnost tvorby kova-
lentnfch vdzieb s vldknami,

- kypov6 farbivd sfrne, ktor6 s[ nerozpustn6, ale ap-
likujri sa v redukovanej vodorozpustnej forme na
textilnom substr6te,

- disperzn6 farbiv6 (pigmenty) napr. polyvinylalko-
holov6, polyvinylid6nchloridov6 a akryl6tov6, ktor6
sf neutrdlne, slaborozpustn6 vo vode a dobre sa
adsorbujri na polyesterov6 a polyamidov6 vl6kna.
Pre skupiny farbiv podl'a pouZitia (kvality) existuj0 aj

obchodn6 n6zvy (napr. egacidov6, cibanonovd a pod.),
ku ktorfm sa pripdjai l  oznadenia kval i ty, odtieiu
a doporuden6ho sp6sobu farbenia (napr. cibanonovd
Zfta FSGK). Niekedy sa st6va,2e t6 ist6 zludenina m5
niekof'ko n6zvov d,o zataluje identifik6ciu, preto sri
ddleZit6 disla k6dov (C.1. a CAS). Okrem toho treba brat
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do fvahy, Ze obchodn6 prepar6ty nepozost6vaju iba
z 6istej l5tky, ale zo zmesifarbiv, textilnfch pomocnfch
prostriedkov, soli a pod., ale aj toxikologicky vfznam-
nfch medziproduktov. Vzhladom k r6znemu zloZeniu
a distote obchodnfch prepar6tov a ich rozdielnosti do
do SarZi a f iremnfch fdajov o toxicite, hodnoty ko-
dov6ho oznadenia toxicity (TCS) treba povaZovat iba
za orientadne [1].

Nedobr6 povest syntetickfch farbiv ako jedov nie je
spr6vna, lebo akftne nebezpedenstvo z vddSiny farbiv
je minim6lne. Vo vedomi I 'udi sa dasto udrZuje ne-
spr6vny negatfvny postoj k roz5iren6mu pomenovaniu
,,anilfnov6 farby". I ked'chronick6 tldinky farbiv najmd
z oblasti profesiondlneho rizika nemoZno zanedbat
v preventivnom dozore, predsa po zastaveni vyiroby
,,benzidfnovfch farbiv" sa nebezpedenstvo qTrazne
redukovalo. Pre uZivatelov textilii nastala tieZ minimal-
izdcia rizika tfm, Ze dne5n6 sprdvne farben6 textilie
prakticky neuvoliuj0 farbivo.

2. Toxikologick6 hodnotenie farbiv

2.1 Odhad r izika

Krit6ri6 pre odhad rizika (risk assessment) su uve-
den6 publikdci6ch [2, 3]. Tu sa uv6dzaju chronologicky
otdrzky hodnotenia rizika resp. nebezpedenstva vy-
pllivaj0ceho hlavne z pohl'adu profesiondlneho u uirob-
cov farbiv.

S priemyselnou uirobou farbiv paralelne od5tartovalo
aj sk0manie nebezpedenstva najmd karcinogennej ak-
tivity organickyich zl f den in. N a pridine boli pozo rovania,
Ze u pracovnlkov vo farbiarenskom priemysle sa reg-
istroval dastf vfskyt rakoviny modovyich ciest, najmA
modov6ho mechfra u2 koncom 19. storodia. Tfm sa
dostal priemysel farbiv, najmd niektor6 medziprodukty
(2-naftylamin, benzidin) do stredu pozornosti.

Skoro v5etky dOkazy o karcinogenite farbiv sa opi-
eraj0 o vfsledky pokusov na zvierat6ch a nemoZno

ZDRAVOTNA BEZPEEruOST TCXTILNVCH FAREIV

Szokolayov6 J.,  Uhn6k J.,  Szokolay A.

Slovenskd zdravotnlcka univerzita, Limbovd 12, 83303 Bratislava 37
e-mail : jana. szokolayova@ szu. sk

V sfbornom refer6te sa prezentujf rdzne fyzikdlnochemick6 vlastnosti farbiv z hladiska ich vyu-
Zivania v textili6ch. Z pohl'adu rizika karcinogenity sa preferuje model farbiva, ktor6 sa metabolizuje
ako hydrofi ln6 na rozdiel od viacej rizikovfch amino, alebo nitroskupin v Strukt0re.

Z pohtadu textilnyich vfrobkov po str6nke zdravotnej bezpednosti m6 prioritu najmd u uZivatelov
dr62divost pokoZky, ktor6 sa hodnoti prevaZne n6plastovfm testom. Udaje z literat0ry referuj0
o prevaf encii vo vyiskyte kontaktnej alergickej dermatitfdy disperzn'ich azofarbiv Blue 106, 1 24 a 35.
Prezentuje sa aj poditadov6 met6da QSAR na modele hodnotenia antrachinonovfch farbiv.

UvAdza sa aj medzin6rodn6 legislativa zameran{, na minimalizdciu rizika urdenfmi limitmi na
kontaminanty vo farbiv6ch a tabel6rnym zoznamom potenci6lne karcinog6nnych a alergizuj0cich
farbiv.

Vldkna a textil 14 (1) 34-38 (2007\



ReSerS

v kaZdom pr ipade s urd i tostou predpokladat ,  Ze
skfman6 lStka vyvol6 n6dory a j  u  tudf .  Pokia l ' ide
o vdd5i vfskyt nAdorov u pracovnikov ktori pracujri vo
vfrobe niektonich farbiv, sti 0daje dasto nedostatodne
podloZen6, alebo star6 a nemoZno vyhidit, Ze na vine
su medziprodukty resp. nedistoty. Prichodf poukdzat
aj na vetk0 pestrost prdce zamestnancov v priemysle
farbiv z doho vyplyiva neistota, di sri to 0dinky jedin6ho
farbiva. Epidemiologicky sa poklad6 karcinogenita
za dokAzan0 na lud'och iba u farbiva auramin 0 (llta
z6sadit6 2), ktor6 je deriv6tom kyseliny tiokyan6tovej
a m6 k6d Cl. 41000 l1l.  Za velmi si lne podozriv6 je
nutn6 povaZovat farbivd zalolend na medziproduktoch,
ktorfch karcinogenita pre I'udf je preuk6zan6 (napr.
benzidin) a ktor6 mOZu obsahovat tieto medziprodukty
alebo ich metabolizdciou uvoffiovat. V organizme sa
m0Ze azovdzba Stiepit  a je vfhodn6, ak sa pri tom
uvolnia metabolity so sulfoskupinou alebo s karbox-
ylom di fenolic$im hydroxylom. Tak6to metabolity stl
toxikologicky menej rizikov6 ako aminy alebo nitroldtky
[4]. Celkove teda moZno povaZovat za toxikologicky
z6vaZnej5ie farbiv6, ktore s0 bez,,hydrofilnych" skupln,
d'alej farbivd rozpustn6 v nepoldrnych rozp05tadl6ch
a nerozpustn6 vo vode.

ln6 biologickd aktivity farbiva mOZu sp6sobovat met-
hemoglobinovf cyan6zu, tvorbu Heinzovfch teliesok
a hemolyizu. MOZu ovplyvfiovat krvnri zr6Zanlivost,
sp6sobovat  zmeny v z lo leni  krvnfch b ie lkov in
a v deruenom i bielom krvnom obraze. U experimen-
tdlnych zvierat sa po aplik6cii niektonich farbiv popisuj0
patologick6 zmeny v pedeni, v oblidkdch, v myokarde
a v slezine. N6lezy u exponovanfch os6b neposky-
tujri typick6 obtiaZe. Mutag6nny a teratog6nny alebo
embryotoxickyi r idinok je experimentdlne dok6zanf
u podetnfch farbiv.

Uveden6 moZnosti nebezpedenstva a rizika sa tf-
kajf hlavne pracovnfkov vo vyrobe samotnfch farbiv
(napr. prach z tarbiv po inhalovani) d'alej vo vfrobe
(farbenie) textilii a z ulivatel'ov hlavne konzumentov
farbenlich poZivatin. Pre uZivatelov textilnlich vfrob-
kov, alebo v kozmetike a u hradiek vysoko prevldda
nebezpedie rizika cestou perkut6nneho privodu farbiv
pri kaZdodennom uZfvani. Udinky u u2ivatetov mOZu byt
vfraznej5ie u os6b ktor6 pracujri vo vfrobe a aplik6cii
farbiv na vl6kna, priadzu, odevy, teda ktori pracujri
v prostredi s nepretrZitfm dotykom s farbenfmi texti-
liami aj v pracovnej dobe aj v sfkromi.

2.2 Drifidenie pokoiky

Dr62divy udinok je napr. vyrazny u bazickfch farbiv,
ktor6 pri vniknuti do tkaniva rryvoldvaju drAildiv6 zmeny.
Dost dast6 s0 prfpady alergickfch ochorenf pokoZky
nevynimaj0c ani fotosenzibiliziciu.

Predpokladom toho, aby farbivo dr6Zdilo pokoZku
a vyvofdvalo alergickt kontaktn0 dermatitfdu, je jeho
prenos z textilie na pokoZku a prenikanie pokoZkou,
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aby mohlo reagovat s koZnfmi proteinmi. Preto sri
pre identifikdciu farbiv ako alerg6nov d6leZit6 St0die
o sfdrZnosti textilie s molekulami farbiva, o nichlostiach
absorpcie a o priemernom mnoZstve farbiva absor-
bovan6ho pokoZkou. Udaje o st6losti farbiv majri tieZ
vel'k0 d6leZitost a su uveden6 v registri Color Indexu
l5l.

Z t is icok r6znych farb iv  s [  n iektor6 kontaktn6
alerg6ny, ktor6 mOZu u citlivfch os6b vyvolat reak-
cie, v d6sledku ktorl ich nesmie u tfchto osOb dOjst
k d'al5iemu kontaktu s tfmito farbivami. PribliZne 60
- 70% farbiv, ktor6 sa s0dasne pouZivajf v textilnom
priemysfe patri do skupiny azotarbiv.

Z6kladnym prvkom pri Studiu alergickej kontaktnej
dermatit idy vyvolanej text i lnfm farbivom je pouZit ie
nApf astovlich testov. Z 12 st0dif o textilnfch farbivdch
uverejnenfch na prelome storodia [6-12] dve z tfchto
([8, 16]sa zameriavajf na n6plastov6 testy pracovnikov
v text i lnom priemysle a zvySnyich 10 na ndplastov6
testy os6b, ktor6 nie s0 zamestnan6 v textilnom prie-
mysle.

Vlsledky dok6zali najniZ5iu prevalenciu v populScii
pacientov s alergickou kontaktnou dermatitldou ne-
zn6meho p6vodu a najvy55iu v popul6cii pacientov,
u ktonich bolo zn6me, Ze majf alergick0 kontaktnf
dermatitidu, vyvolan0 textilnfmi farbivami.

Hodnotenim testov podl 'a jednotl ivfch pouZitfch
farbiv sa dok6zalo, Ze 3 z 35 sk05anfch farbiv malo
pozitivnu reakciu u vdd5ieho podtu pacientov. Preva-
lencia bola pritom ovela niZ5ia v prfpade nedisperznlich
farbiv ako v prfpade disperznfch farbiv.

Pokusy na zvierat6ch (mordatd, my5i) dokdzali [18-
21), 2e 5 zo skri5anfch 13 textilnlich farbiv bolo poz-
itfvnych po v5etkfch druhoch aplik6cie.

Osobitne vela publik6cii, viac ako 50 dokazuje aler-
gizujuce 0dinky disperznyich azofarbiv Blue 106, 124
a 35. Dalej podobn6 vlastnosti vykazovali aj disperzn6
farbiv6 Yellow 3, Red 1 a Orange 3. Khanna a Sasse-
villa [23] zistili kontaktnu dermatitidu aj u stewardov na
lietadlAch z uniformy. Podobn6 fdinky tfchto modnich
farbfv sa beZne vyskytuj0 u farbenfch acet6tovfch
a polyesterovfch vl6kien. Medzi textilnyimi farbivami
a paraamfno zl0deninami mOZu nastat aj interakcie
u tetovanfch osOb [17].

Tieto Stridie a pokusy Kathryn L. a Hatcha 124, 251
shiZili k overeniu a spresneniu Standardov Oeko-Tex,
ktor6 uv6dzame v tabulk6ch [26].

Met6du QSAR pre textiln6 farbiv6 vysvettuje Ma-
gee a kol. [27], dalej Hatch a Magee [28], ktori pouZili
tento pristup na hodnotenie antrachin6novfch farbiv.
Z tfchto farbiv niektor6 vyvol6vaj0 kontaktnf derma-
titidu, pridom sa vedelo, 2e vfchodiskov6 l6tka an-
trachin6n nem6Ze byt prfdinou, pretoZe t6to nie je
alerg6nom. Pridinou nem6Zu byt ani protein-aktivne
skupiny ako u rOznych infch alerg6noch, kedZe tieZ nie
sf prftomn6 v antrachininouich farbiv5ch. Na z6klade
podftadov6ho programu autori predpokladali reaktivitu
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N6zov aminu d. CAS N6zov aminu E. CAS

4-Aminodifenyl

Benzidfn

4-4-Chl6r-o-toluidin

2-Naftylamfn

o-Aminoazotolu6n

2-Amino-4-nitrotol u6n

p-Chl6ranilin

2,4-Diaminoanizol

4,4'-Diaminodifenylmet6n

3,3'- Dichl6rbenzidin

3,3'- Dimetoxybenzidin

3,3'- Dimetyl-4,4'-diaminodifenylmet6n

92-67-1

92-87-5

9s-69-2

91-59-8

97-s6-3

99-55-8

106-47-8

615-05-4

101-77-9

91 -94 -1

1 19-90-4

838-88-0

3,3'-Dimetylbenzidin

p-Kresidfn

4,4'-Metyl6n-bis-(2-chl6rani I in)

4,4'-Oxydiani l in

4,4'- Tiodiani l in

o-Toluidfn

2,4-Toluylfndiamin

2,4,5,-Trimetylani lfn

o-Anisidfn (2-Metoxyani lfn)

2,4-Xyl idin

2,6-Xyl idin

4-Aminoazobenz6n

1 19-93-7

120-71-8

101-14-4

101-80-4

139-65-1

95-53-4

95-80-7

137-17-7

90-04-0

95-68-1

87-62-7

60-09-3
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Tabulka 1 Arylamfny, ktor6 v redukdnfch podmienkach nesm0 od5tepovat farbiv6 [26, 31, 32]

medziproduktu, pridom niektor6 formy aktiv6cie elek-
tronovfm prenosom (prfpadne fotopropagdciou) s0
zodpoved n6 za reaktivnost proteinov.

Dal5ie Strjdie [29, 30], v ktonich sa sledovala stAlost
farbiv dokdzali, 2e pri spr6vnej vfrobnej praxi sa stelost
reaktfvnych farbiv pri prani a otere hodnoti ako vfborn6
a pre disperzn6 farbivd ako dobr5. Na z6klade gichto
experimentov sa zistilo, Ze pri typickej st6lofarebnosti,
je dlovek vystavenf priemern6mu mnoZstvu 1 pg far-
biva na kg hmotnosti na osobu a defi.

2.3 Legislat iva a poZiadavky na minimaliz6ciu
riztka

Napriek tomu, Ze doteraz iba u jedn6ho farbiva sa
dok6zalo, Ze vyvoldva rakovinu u dloveka, zdravotn6
poZiadavky z htadiska prevencie si prfsne. V poku-
soch na zvierat6ch je totiZ karcinogenita dok{zanA
u niekolkfch farbiv, preto sa poZiadavky v predpisoch
formovali z pohladu minimaliz6cte rizika (Tab. 1).

Na z6klade horeuvedenfch St0di i  minimalizovaf
zdravotnd rizikd z poulivania farbiv moZno t1im, Ze sa
nebud0 pouZivat farbivd a pigmenty:
- na blze kovov arz6n, kadmium, chr6m, oftut, olovo,

nikel,  antim6n, cin, zinok (med'iba pre pleten6 ma-
teriSly),

- ktor6 sa degradujf na karcinog6nne aromatick6
aminy, alebo sri karcinog6nne (Tab.1 a 3),
ktor6 pri  t ladi obsahujr i  produkty prchavyich or-

ganickfch zl0denin (VOC) nad 5% hm.,
- azotarbiv6 vo vySSom obsahu ako 0,1 % hm. na

farbenie textilnfch, usfiovfch a odevnfch vyirobkov
ako l6tky alebo zlolky pripravkov [32],

- na bAze organicklich kovouich solf (med', cin, chr6m,
nikel, kobalt )alebo modoviny (tam kde je moZn6 tieto
nahradit inyimi),

- s potencion6lnym rizikom na alergizi,ciu bez upo-
zornenia spotrebitel'a,
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- s obsahom PCB, kadmium, chl6r a ktor6 su na btne
benzidinu,

- ktonich LD50 je niZ5ia ako 200 mg/kg [31],
- ktor6 maj0 vy55i obsah znedistenin a kovov ako s0

limity uveden6 v Tab. 2.
Pri farbeni kombin6cie polyester-vlna, ked' je to

moZn6, treba pouZit nehalogenovan6 noside. Nemaj0
sa pouZivat najmd di-alebo trichl6rbenz6n, butylbenzo-
6t, metyl k r ezolSl, o-fenyl-fen olbifenyl, bifenyloxid, ben-
z6nbenzodt alebo chl6rovan6 arom6ty. Treba zabrfunit,
aj redukci i  farbiv sulf idmi, oxid6ciu s dichromanom
nahradit peroxidom. Pri opracovani bavlny chl6r z kys-
l6ho katalyz1tora m0Ze mat interakciu s formaldehy-
dom, pridom mOZu vznikat aj rizikov6 karcinog6nne
splodiny.

Azofarbiv6, ktor6 m6Zu v dOsledku redukdn6ho
Stiepenia jednej azo skupiny alebo viaceryich azo skupin
uvolfiovat jeden aromatickyi amin alebo viac aromatick-
fch amfnov s obsahom nad 30 ppm sa nesm0 uvSdzat
na trh resp. pouZivat do tfchto uirobkov [32]:
-  o s o b n d  b i e l i z e i ,  v r c h n 6  a  s p o d n 6  o S a t e n i e ,

l6Zkoviny, uter6ky, pridesky, parochne, klobriky,
plienky a in6 hygienick6 vlirobky, spacie vaky,

Tabulka 2 Obsah kovov (mg/kg) vo farbivdch a pigmentoch [31]

Kovy Farbiv6 Pigmenty

Arz6n 50 250

Kadmium 20 50
Chrom 100 100

Med 250

Ortut 4 25
Nikel 200
Olovo 100 100

Antim6n 50 250
Cin 250

Zinok 1 500 1 000
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Tabul 'ka 3 Karcinogdnne farbivd a ich kody podl 'a Oeko-TEX Tabulka
Standardu [26]

N6zov podl'a Cl Cfs. color indexu Cis. CRS

Acid Red 26

Basic Red 9

Basic Violet 14

Direct Black 38

Direct Blue 6

Direct Red 28

Disperse Blue 1

Disperse Orange 11

Disperse Yelow 3

1 6  1 5 0

42 500

42 510

30 235

22 610

22 120

64 500

60 700

1 1  8 5 5

3761-53-3

25620-78-4

632-99-5

1937-37-7

2602-46-2

573-58-0

2475-4s-8

82-28-O

2832-40-8

- obuv, rukavice, remienky n6ramkovfch hodiniek,
taSky, pefiaZenky, naprsn6 taSky, aktovky, potahy
sedadiel, ta5tidky na zavesenie na krk,

- textiln6 alebo usilov6 hradky alebo hradky s takfmto
obledenim,

- priadza a text i l ie urden6 na pouZit ie konednyim
spotrebitetom (Tab. 3).
Niektor6 textiln6 farbiv6 diazozlil,enfn (benzidin, to-

luidin), ktor6 sf uveden6 v Tab. 1 a 3, s0 karcinog6nne
s vysokou pravdepodobnostou. Niektor6 farbiv6, ktor6
sa pouZivaj0 na farbenie a tlad (polyesterov6, polyami-
dov6, acet6tov6 a polyakrylnitrilov6 vl6kna), mOZu mat
alergick6 tidinky. Farbiv6 s potenci6lnym alergizuj0cim
0dinkom a ich kody (d. kodu CAS: ChemicalAbstract Ser-
vice; d. k6du Cl: Colour Index) sti uveden6 v Tab. 4.

Existujrice krit6ri6 [31] pre farbenie z hladiska ob-
sahu taZkyich kovov vo farbivdch a pigmentoch sr.r
uveden6 v Tab. 2.

Vzhladom na uveden6 skutodnosti a poznatky v tom-
to prehladnom s0bornom referdte, bude potrebn6
z htadiska zdravotnej bezpednosti vykonat monitoro-
vanie pouZivan;ich farbiv a ich kombindciu v rdznych
vfrobkoch podl'a Nariadenia EC [3].

Tento prfspevok bol spracovan! v rdmci rie1enia WP i. APVT-
99-01 0604,,ZDRAVIE", finanine podporen6ho APVV SR.
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