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POLYPROPYLENE FIBRES MODIFIED BY COPOLYAMIDES
PART Il. DYEABILITY OF FIBRES

Kristofi¢ M., Bolhova E., Ryba, J., Nadiniakova Z., Vassova |.

Department of Fibres and Textile Chemistry, Institute of Polymer Materials,
Faculty of Chemical and Food Technology, Slovak University of Technology in Bratislava,
Radlinského 9, 812 37 Bratislava, Slovak Republic
e-mail: michal.kristofic@ stuba.sk

The contribution is focused on the dyeing and evaluation of CIELab 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 dyeability of PP fibres modified by copolyamides is essen-
tially positively influenced mainly when C.I. Disperse Blue 56 is used. The amount of comonomer
(5, 10, 15 wt. %) in copolyamide does not influence substantionally the dyeability while the higher
amount of copolyamide (4, 8, 12 wt. %) in modified fibres influence it positively.

1. Introduction

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 assortment 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. It 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

T, i. e., a sufficiently high amorphous portion of the

polymer.

Only the addition 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, 2] 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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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 compatibility, and the addition
of a reactive [11] or an unreactive compatiblizer [12]
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 additives (with polar atoms of
nitrogene or other basic groups with nitrogene like
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
dyestuffs 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 g-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. % of copolyamides composed of e-caprolac-
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tam (CL) and comonomer, e.g., nylon salt of adipic acid
and diethelenetriamine (ADETA), are known as KOPA
5, KOPA 10 and KOPA 15. The fibres were drawn to A
= 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. |. Disperse Blue 56 (Fig. 4) and

C. |. Disperse Red 60 (Fig. 5),

NaCH, 38" Bé,

Na,PO,, Na,S,0,, (NH,),SO,,

Kortamol NNO - dispersant,

SLOVAPON N - detergent,

formic acid.

2.2 Dyeing process and its evaluation

2.1.1 Dyeing process

A lubricant from the unmodified and modified lu-
bricated PP fibres was removed in the bath (1.5 g/l
Slovapon A and 1 g/l Na;PO,) 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
°C for 60 min with C.1. Disperse Blue 56 or C.I. Disperse
Red 60. The dyeing bath contained 1 g/l Kortamol NNO
—dispersant, 2 g/l (NH,),SO,, 3 g/l Na,SO,, 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 °Bé, 1.5 g/l Slovapon, and 2 g/l
Na,S,0,, at 75 °C for 30 minutes.

2.1.3. Colour characteristics

The colour characteristics (K/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 A = 630 nm for the C.I. Disperse Blue 56 and
A =520 nm for the C.I. 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 dyeability of modified PP fibres 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 maodified PP fibres

Fibres Abbreviation [wa:’zB] KOP{:‘,IS'.,(:JO' 15

1 PP 100 0

2 a6 4

3 KOPA 5 92 8

4 88 12

5 a6 4

6 KOPA 10 92 8

7 88 12

8 96

9 KOPA 15 92

10 88 12
9 -
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Fig.1 The dependence of the K/S values on the type of dyestuff and
copolyamide for the unmodified and modified PP fibres for C.I.
Disperse Blue 56 (DB 56) and C.I. 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
—NH, OH and oxygen atoms. In addition, C.I. Disperse
Blue 56 contains the chlor atom in its 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 ((K/S)pess and given in Fig. 1 show that the K/S value
increases proportionally with the higher amount (4, 8
and 12 wt. %) of any copolyamide, i.e., KOPAS5, 10 and
15 in the modified PP fibres. It is possible to assume
that copolyamides used, which contain segments of
polyamide 6 and those of nylon salt ADETA with their

Vidkna a textil 14 (1) 3-7 (2007)
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Table 4 CIELab characteristics AL* and AH * measured in night
lighting for modified PP fibres dyed with C.I. Disperse
Blue 56 and Disperse Red 60

Fibres AL* AH"

KOPA, wt. % Blue Red Blue Red
4 -23.31 -14.64 1.66 -2.85

KOPA 5 8 -30.06 -14.74 2.81 -3.65
12 -33.88 -13.83 3.13 -5.87

4 —24.55 -5.22 0.73 1.32

KOPA 10 8 -32.91 -5.73 2.63 1.59
12 —-33.63 -8.21 2.90 -3.01

4 -25.98 —6.84 1.14 3.44

KOPA 15 8 -30.75 -6.53 1.51 0.96
12 -34.65 -11.66 1.6 2.42

Table 2 CIELab characteristics AL* and AH * measured in daylight
for modified PP fibres dyed with C.I. Disperse Blue 56
and Disperse Red 60

Fibres AL® AH*

KOPA, wt. % Blue Red Blue Red
4 -20.97 -14.92 0.87 -4.04

KOPA 5 8 —27.38 -14.99 217 -4.99
12 -31.18 —-14.05 2.55 —-6.89

4 -22.46 -5.40 -0.13 -0.32

KOPA 10 8 -30.13 -5.85 1.75 -0.26
12 -30.73 -8.30 2.09 -4.39

4 -23.79 -7.04 0.36 1.27

KOPA 15 8 —28.49 —6.58 0.77 -0.75
12 -32.05 -1179 113 0.20

Table 3 CIELab characteristics AL* and AH * measured in artificial
light for modified PP fibres dyed with C.1. Disperse Blue
56 and Disperse Red 60

Fibres AL® AH®

KOPA, wt. % Blue Red Blue Red
4 -24.03 -14.14 -1.34 -5.07

KOPA 5 8 -30.73 -14.30 -0.85 -6.22
12 -34.51 -13.76 -0.69 -8.29

4 -25.28 -6.18 -1.87 -2.20

KOPA 10 8 -33.51 -6.81 -1.11 -2.39
12 -34.23 -8.53 -1.02 -6.14

4 -26.74 ~7.66 -1.71 -0.94

KOPA 15 8 -31.44 —7.98 -1.50 —2.95
12 —-35.34 -12.31 -1.64 —2.08

amide —~NH-CO- and mainly 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 significant; 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 dyeability is practically the same

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

4% 8% 12% 4% 8% 12% 4% 8% 12%
KOPA KOPA KOPA KOPA KOPA KOPA KOPA KOPA KOPA

5DETA SDETA SDETA 10 10 10 15 15 15
DETA DETA DETA DETA DETA DETA

Fig. 2 The dependence of the colour difference 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, artificial light
and night lighting

4% 8% 12% 4% B% 12% 4% 8%  12%
KOPA KOPA KOPA KOPA KOPA KOPA KOPA KOPA KOPA

5 DETA 5DETA S5DETA 10 10 10 15 15 15
DETA DETA DETA DETA DETA DETA

Fig. 3 The dependence of the colour difference AE* of the C.I. 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
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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 rise proportionally to the concentration of
comonomer in the copolyamide.

On the other hand, the effect of the same copolyam-
ides on the K/S value of the modified PP fibres dyed
by Disperse Red 60 (K/S)pgso, is not so significant as
for the Disperse Blue 56. It can be observed that these
K/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 (K/S)pgeo value
can be seen for the PP fibres modified by KOPA 5, and
the (K/S)preo 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.1. Disperse Blue 56, which
can form chemical bonds with the macromolecules of
the copolyamide (mainly with their -NH- groups). The
C.I. 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 Josss Of the dyed modified
PP fibres increase with an increased amount of KOPA
5,10 and 15 in the fibre (Fig. 2). The modified PP fi-
bres have relatively very high values of (&E )ogss. 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 fibres have better dyeability in comparison with
the standard PP fibres. For all 3 types and amounts
of copolyamides, the highest values of (AE )pgss Were
found in the artificial light and the lowest values for the
daylight.

All the modified fibres dyed 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
(Tables 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. N

The colour difference (AE ) values of the modified
PP fibres dyed by C.I. Disperse Red 60 (Fig. 3) have
50 % lower values than the (aE ) values for the fibres
dyed by C.|. Disperse Blue 56. This corresponds with
the results of the (K/S)preo 0f the dyed modified fibres.
The highest values of (AE )pre 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 fibres dyed by Disperse Red 60,
when measured in daylight and artificial light, have
negative values. The dyed fibres appeared bluer than
the standard (Tables 2 and 3). On the other hand, the
PP fibres modified 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 lighting.

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.Conclusions

soty

H,N O HO

Fig. 4 Structural formula of the C.I. Disperse Blue 56 dyestuft
{Amax= 630 nm)

O NH,
LR -
O HO

Fig5 Structural formula of the C.I. Disperse Red 60 dyestufi
(Amax = 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 effective than C.I.
Disperse Red 60 according to the K/S values.

3. The higher the amount of copolyamide (4, 8, 12 wt.
%) in the modified PP fibres, the higher the dyeability
by C.I. Disperse Blue 56. This is not valid for C.1.
Disperse Red 60.

4. The amount of comonomer ADETA in a copolyamide (5,
10, 15 wt. %) does not have any positive importance.
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Polypropylénové viakna modifikované kopolyamidmi
Cast Il. Farbenie vlakien

Translation of abstract;
Polypropylene fibres modified by copolyamides.
Part Il. Dyeability of fibres

Prispevok sa zameriava na farbenie a vyhodnotenie CIELab charakteristik PP viakien modifikovanych 4, 8
a 12 % hm. kopolyamidov pripravenych z 95, 90, 85 % hm. €-kaprolaktamu a 5, 10 a 15 % hm. komonoméru

zloZeneho z kyseliny adipovej a dietyléntriaminu.

Vysledky farbenia ukazujt, Ze vyfarbitelnost PP vigkien modifikovanych kopolyamidmi je podstatne pozitivne
ovplyvnena najméa pouzitim C.l. Disperse Blue 56. MnoZstvo komonoméru (5, 10, 15 hm. %) v kopolyamide

e

zasadne nevplyva na vyfarbitelnost, zatial &o vy3&i obsah kopolyamidu (4, 8, 12 wt. %) v modifikovanych

vliaknach ju ovplyviiuje kladne.
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POLYPROPYLENE FIBRES WITH SPECIAL COLOUR EFFECTS Il.
PHOTOLUMINESCENT PIGMENTS

Folvaréikova K., Brejka O., Brejkova A., Hrbal F.

Research Institute of Man-Made Fibres, JSC., Stirova 2, 059 21 Svit, brejka@vuchv.sk

Within the frame of experimental work two PP concentrates with a content of photoluminescent
pigments were prepared and subsequently fibres 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. Introduction

In recent years, the textile and clothing industry
markets have changed due to more attention paid to
smart 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 stimulus
— the energy source [2], e.g., 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, 4].

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 [3]. The luminescent
pigment works by absorbing and releasing light energy
in a continuous cygle, which can last for more than 10
years [4]. Phosphorescence could also be viewed as
delayed fluorescence [3].

There are two types of photoluminescent materials,
organic and inorganic minerals. The photoluminescent
organics are rigid compounds which possess a good
molecular conjugation 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-

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 arts 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 particle 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 effect 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:

Vidkna a textil 14 (1) 8-12 (2007)
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— Polymer— polypropylene (PP) with a Melt Flow Ratio
(MFR) = 8-10 g/10 min (230 °C/2.16 kg)

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

OH-(CH2-CH-0)(CH;-CH;-0)(CH;-CH-0),-H
CH; CH,

x—z=15-16
v=1

— Inorganic luminescent pigments based on ZnS (Spe-
cialchem, Sp.A., ltaly) with a particle size of 2010
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-32/16 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 °C,
heating speed 10 °C/min, conditioning time at
Tmax 10 min. Cooling phase — initial temperature 260°C,
maximum temperature 60 °C, 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 for the preparation
of fibres with a pigment content of 0-5 %. The produc-
tion of the concentrates and fibres during the process
was without any problems.

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

ID Polymer Lumin:qs::lm Pig- Dispersion agent PressureTtlJEahind he Drive loading
Type [%] Type (%] Type [%] [bar] [%]
28/0068 PP 94.5 Lumini 5 D 0.5 1 51
28/0069 PP 94.5 Lumin2 5 D 0.5 0 45

neret of 40/0.5 at spinning temperatures of 270-275 °C,

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
performed 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 fibres’ colouristic properties (CIELab) at the
phase of emission measured by the ULTRASCAN
XE (HunterLab, U.K.) remission spectrophotometer
were performed after 60 min of the fibres' exposure
(excitation phase) in an illumination chamber under a
D65 light — modified PPS-6.7/97 norm for the evalu-
ation of the colouristic properties under the CIELab
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 properties as informative; it

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

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 of 5 % of the
pigments up to 34-42 % 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 particles
of pigments in comparison with the other common
pigments; on the other hand, by the poor level of the
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Fig. 1a Microscopic picture of the PP fibres with 3% of the Lumin 1

pigment (magnification 255x)
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258x

Fig. 1b The microscopic picture of PP fibres with 3% of the Lumin 2
pigment (magnification 255x)
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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 Lumin1 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. It 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 or/and 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 the 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. 3 The elfect of the type and concentration of the luminescent
pigments on the value a* of the PP fibres
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Fig. 4 The effect 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 Lumin1, 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 0.1-2%,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 crystailization and melt-
ing were also changed.
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Table 2 The thermal characleristics of the PP luminescent fibres

Fibre-Forming Polymers

Phase of melling Phase of crystallisation

e T onsetm [°Cl AHm [kJ/kg] Tm [°C] T onsete [°Cl AHc [kJ/kg] Tc [°C]
620/06 152.8+1 79.9+4.0 164.3x1 115.0+1 -89,8+4,5 111,121
623/06 151.6x1 82.2+4.1 164.3x1 119.5+1 —-92,8+4,6 114,341
643/06 153.4+1 81.4x4.1 164.3¢1 119.2+1 -91,8+4,6 114,5¢1
624/06 154.8+1 81.5¢4.1 163.1x1 115.1¢1 -88,6+4,5 111,341
627/06 151.6%1 81.0+4.1 163.5¢1 119.4+1 -90,3+4,5 114,441
646/06 153.2£1 84.3+4.2 163.6+1 119.2+1 -93,914,7 114,3+1

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).

8,0 -
. 5% |

| — |

6,0 -

4,0 i e

b* (CIE Lab / D65)
/

2,0 -

-1,0 -0,5
a* (CIE Lab / D&S)

=== Lumin 1 == Lumin 2

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

4. Conclusion

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-

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

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 Lumin1 pig-
ment used shows a more marked luminescent effect
with the yellow — green hue.
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Polypropylénové viakna so Specialnymi farebnymi efektami Il.
Fotoluminiscencné pigmenty

Translation of abstract:
Polypropylene fibres with special colour effects Il.
Photoluminescent pigments

V ramci tejto experimentélnej prace boli pripravené dva PP koncentraty s obsahom fotoluminiscenénych
pigmentov a nasledne viakna s obsahom 0-5% tychto pigmentov. Cielom bolo overif vplyv vybranych
fotoluminiscenénych pigmentov na process pripravy PP koncentratov a viakien a ich spracovatelskych viastnosti.
Boli stanovené mechanické a koloristicke vlastnosti pripravenych vlakien. Optickou mikroskopiou boli zhotovené
obrazky pripravenych viakien a DSC metédou boli stanovené termické charakteristiky vybranych viakien.
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THE FUNCTIONALIZATION OF FIBRE MATERIAL
SURFACES FOCUSED ON ELECTRICAL PROPERTIES

Murarova A., Podobekova S., Rusnak A.

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

The paper deals with the functionalization of fibre 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-time 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 gualitative change occurred even at only a 2% content of Printex L-6 pigment on
the fabric's surface, and such material showed antistatic properties.

1. Introduction

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-isolating filling
for doors or for interior equipment. One of the require-
ments for fibre materials for automobiles, which are
environmentally sensitive to electrostatic discharges
and electrostatic fields, are their appropriate electro-
conducting properties. From the point of view of electric
conductivity, classical synthetic fibres are classified as
nonconductors. Their electric resistance is10'>~10"
Qm. Electric resistance directly affects electrostatic
charges. The surface resistance of 10°-10” Qm of
fibre material corresponds with very good antistatic
properties. The surface electrical resistance of non-
conductors corresponds with inappropriate antistatic
properties [1-5].

Static electricity is created by the contact between
two surfaces, mainly by rubbing. At the same time,
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.

In order to increase their safety, fibre materials for
automobiles are functionalized focusing on their electric
properties. Methods for increasing the electro-conduct-
ing properties of fibre materials on the level of polymer
substances, on the level of surfaces of fibre materials
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.

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

2. Experimental

2.1. Testing material

Standard PET and PP fabrics were pigmented on
their surfaces. Pigments based on aluminium and
carbon were used:

— Al powder, type ALBO 615,
— Printex L-6, furnace 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 fixation of the fabrics modified 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 testing samples is listed in
Table 1.

2.2. Testing methods

2.2.1 Measurement of volume and surface resis-
tance

In order to measure the electrical volume and surface
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]: g
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Table 1 PET and PP fabrics modified on their surface and the modification conditions

Textile Technologies

Number Type of fabrics Type of pig- Fixation Fixation rea- T;?:Tﬁn;::tr: Figure
of sample ment method gent (%)
A PET — - - - 1.2
B PP - - - 3.4
1 PET Printex L-6 thermal- air acrylic 5 1.2
2 PET Printex L-6 thermal- air PVAc 5 1.2
3 PET Printex L-6 microwave acrylic 5 1.2
4 PET graphite 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 microwave PVAc & 1.2
8 PET ALBO 615 thermal- air acrylic 5 1.2
9 PET ALBO 615 thermal- air PVAc 5 1.2
10 PET ALBO 615 microwave acrylic 5 1.2
11 PET ALBO 615 microwave PVAc 5 1.2
12 PP Printex L-6 thermal- air acrylic 1 3.4
13 PP Printex L-6 thermal- air acrylic 2 3.4
14 PP Printex L-6 thermal- air acrylic 3 3.4
15 PP Printex L-6 thermal- air acrylic 4 3.4
16 PP Printex L-6 thermal- air acrylic 5 3.4
17 PP Printex L-6 thermal- air PVAc 1 3.4
18 PP Printex L-6 thermal- air PVAc 2 3.4
19 PP Printex L-6 thermal- air PVAc 3 3.4
20 PP Printex L-6 thermal- air PVAc 4 34
21 PP Printex L-6 thermal- air PVAc 5 3.4
Ux(d, +g)? 1) element connects with the entry of the plotting machjne
B e for a moment shorter than 1ms when the exploring

4lh

The equation for calculating the surface resistance
o, [
- Uz(d, +g)

lg

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)

2.2.2 Measurement of the electrostatic charge

A Polystat PS-1 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

14

element discharges to low ohm entry. The specific

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 electrical properties, specifically 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
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the textile material's surface. The effect of the various
chemical fixation 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 surface resistance helped us to evaluate the
dependency of the volume and surface resistance of
the PET fabrics modified 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 efficient and qualitatively changes the
material’'s character when considering the electrical
properties. The effect of the other two pigments used
based on carbon and aluminium — graphite and ALBO
615 - is smaller than the change in electrical properties
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 important change in the
volume and surface resistance at a 2% 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 electrostatic
surface on Polystat PS-1 showed that not all the model
PET and PP fabrics modified by pigments on their
surfaces had an electrostatic 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-

10E+15 1 Otermo acrylic
E ' Otermo PVAC
% 1.0E+12 Bmicro acrylic
(5]
S 1,0E+09 -
@
3
5 1.0E+06
E
=
S 1,0E+03 -

1,0E+00 T

PET graphite ALBOG615 PrintexL-6
standard
kind of pigment
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 fixation,
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 surfaces, which was
eliminated by the pigmenting - surface modification.
The group of evaluated PET fabrics pigmented on
their surfaces demonstrates that the surface resistance
in Q varies in digits from 10°~10"® and the correspond-
ing volume resistance in Qm 10°~10'". The volume
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Fig. 3 Dependency of the volume resistance of PP fabrics from the
content of Printex L-6 pigment; thermal-air fixation
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Fig. 4 Dependency of the surface resistance of a PP fabric from
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
10°-10° Qm and the surface resistance from 10°~108,
which classifies them as textiles with an antistatic
modification.

PET fabrics modified on their surface by graphite and
ALBO 615 show their volume and surface resistance on
a very close level. The electrical volume resistance is
from 10°~10"' Qm and the electrical surface resistance
is from 10"'-10™ Q.

4, Conclusion

The functionalization of textile materials by pigment-
ing by electro-conducting particles is a solution to the
electro-conducting character of textile materials.

— PET and PP fabrics without surface modification
showed a high degree of volume and surface resis-
tance as well as a potential electrostatic surface.

— PET and PP fabrics modified on their surfaces
by ALBO 615, graphite and Prinex L-6 pigments
showed considerably lower values of volume and
surface resistance up to 50% in comparison to PET
and PP fabrics without surface modifications.

— The Printex L-6 pigment, even at 2% of its content,
applied to a surface qualitatively changes the charac-

Textile 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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Funkcionalizacia povrchov viaknitych materialov so
zameranim na elektrické vlastnosti

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

V prispevku sa pojednava o funkcionalizacii povrchov viaknitych materialov, konkrétne polyetyléntereftala-
tovych (PET) a polypropylénovych (PP) tkanin pigmentovanim so zameranim na elektrické vlastnosti. Pévodné
PET a PP tkaniny vykazovali vysoku elektrickti objemovu a povrchovi rezistivitu ako aj hromadenie elektrostat-
ického naboja s vysokym pol¢asom vybijania. Po reformovani povrchov vybranymi elektrovodivymi pigmentmi na
baze hlinika a uhlika sa kvalitativhe zmenil charakter povrchov PET a PP tkanin vzhladom na elektrické viastnosti.
Tato kvalitativna zmena sa prejavila uz pri 2% obsahu pigmentu Printex L-6 na povrchu tkaniny a takyto material

vykazoval antistatické vlastnosti.
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The paper deals with the preparation, structure and properties of fibre materials made from
polyethyleneterephthalate (PET) and polylactide (PLLA) fibres. Housing textiles represent a basic
compenent of human habitation. This sector includes covers. Feathers, wool and secondary textile
raw materials from natural and chemical fibres represent classic fillings for covers. Currently, syn-
thetic fibres, especially PET, are commenly applied to fillings. The paper focuses on the application
of microbial PLLA fibres and their blends with PET fibres into webbings as fillings for covers. The
paper deals with the over-molecular, morphological and macromorphological structure of fibres

and webbings and their mechanical and thermal properties.

1. Introduction

Fibre materials constitute an important part of the
textile industry. One of the fields for their application
are housing textiles. Covers make up a part of this
category. The covers' fillings can be made of feathers,
wool, secondary textile raw materials and, currently, of
special synthetic fibres. These are mainly PET and PP
fibres with a modified 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 higher volume weight, a higher unit surface, a consid-
erably higher degree of permeability, a lower disposi-

Insulating layer of warm air
hetween fabric and skin

Textile
.ﬂ_'-",, S Entrapped
| 354 4 ? insulanng air
Moisture _' _,‘_ I’_”
" W/

- Close-up ol hollow-care fibre

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 fibre-forming polymers are made of a non-
renewable raw material resource — oil. Classic poly-
mer systems cause a number of problems concerning
negative effects on the environment, and part of them
cannot be recycled. The new raw material basis is a
hopeful solution that offers polymers which are more
environmentally friendly.

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 observed 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 fibres presenting the character
of natural and synthetic fibres. Their properties and
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Table 1 Chemical structure of biodegradabie polymers

Textile Technologies

Polymer Basic unit Monomer Comment
’ O—CH—CDO HO—CH—COOH -

acid | optic isomer

polylactic (PLLA) CHjy CHy L(+)aD(-)

b—H— 60 e
poly-3-hydroxybutyrat [ HO—CH—C——CO0H optic isomer
(PHB/V) CHy CHa L(+) a D(-)
; —0—~(CH,),—0— HO—(CH,),—OH
polybutylensukeinat (PBS) (CHy) o— HOOC—(CH,),—COOH
polycaprolacton (PCL) —0O—(CH,)s—CO— HO-(CH,)s—COQOH -

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

Polylactides are made of lactic acid. Lactic acid (a-
hydroxypropion acid) is a simple natural organic acid
found in animal bodies, plants and germs. Biologically,
it easily decomposes without any side effects on the en-
vironment. Lactic acid can be a polycondensate. It has
an asymmetric carbon and creates two optic isomers. It
is produced by the fermentation of L (+) lactic acid. Poly-
L- lactic acid (PLLA) has a high degree of crystallization,
whereas the copolymer L/D 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-
ties of the PLLA polymer such as melting tempera-
ture, crystallization and modules are conditioned by
copolymerization procedures such as L- and D- acid
copolymerization or other comonomers.

PLLA fibres have good mechanic properties and
temperature resistance. The PLLA fibres’ properties
are conditioned by molecular weight and preparation
proceedings. They can be prepared with various cross-
sections and longitudinal geometries. Thus, fibres
made from PLLA can be applied to clothes, housing
and technical textiles [4-8].

Table 2 The physical-mechanical properties of fibres made from
PET, PLLA and PA6 polymers

Properties PET PLLA PAB
Density [kg/m?] 1400 1270 1150
Refraction index 1.58 1.45 1.53
Crystallization temperature ['C] | 170 103 140
Remaining humidity [%] 0.4 06 4.5
Combustible heat [kJ/kg] 23000 19000 31000
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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. indirectly via dimer-lactide polymerization with a
cycle opening.

The lactic acid obtained from D- glucose fermen-
tation exists 99.5% as a L-isomer and 0.5% as a
D-isomer. The production of cyclic dimer, the inter-
mediate product and lactide can result in three dif-
ferent potential forms. The D- and L- forms of lactide
are always optically active, unlike the mezzo-form,
which is inactive and reports a lower melting point. The
polymerization with a lactide circular opening creates
polymers in a certain range of molecular weights with
a combination of L and D isomers. If the L level in a
polymer is higher, the polymer and related products
crystallize. Fig. 3 illustrates the gradual steps from corn
to various products [4, 8].

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

PLLA polymers enable the preparation of multi-
component fibres (core/lateral area, polyfibrillar or
segmented types) with modified physiological and
biodegradable properties.

(8]
HQ}/\ H.0 l{/oﬂ\
S oH _Z—/H
% 2
H CH, H

(o]
& n
on,
PLA
poly(3,6-dimetyl-1,4-
/ dioxan-2,5-dion)
(o]

lactic acid H,0

lactid
Fig. 2 The main directions of PLA production
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corn —» starch —» dextrose —» | fermentation

lactic acid

v

polymer ; monomer
el o
— polymer —
modification

olymer
PLLA e
Fig. 3 The processing from corn to varicus PLLA products

processing

PLLA polymers can gradually replace the existing
fiore-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 fibre application, the possibilities
of improving classic textile material structures and
non-woven textiles using a combination of natural and
synthetic fibres supporting the usage of good PLLA
properties such as cover fillings are studied [4, 8].

2. Experimental

2.1 Testing methods for fibre evaluation

The following testing methods were used for evaluat-
ing the PET fibres (manufactured fi Tunex) and PLLA
fibres (manufacturer Cargill Dow LLC):

— optical microscope for scanning longitudinal 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-
luating webbings

2.2.1 Preparation of webbings

Webbings composed from PET and PLLA fibres
in different ratios were prepared mechanically on the
operating equipment (Fig. 4).

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 functioning is the mathemati-
cal processing of the time of the thermal flow from

Vidkna a textil 14 (1) 17-24 (2007)
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Fig. 4 Webbing preparation scheme; a — scanning roller, b - lifter
belt for spider web, ¢ — 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 following thermal properties: Thermal conductiv-
ity A [W.m™'.K™"], area resistance of heat transfer r
[W™'.K.m?] and thermal absorptivity b [W.m?.s"*.K™"].
The measurement of the webbing's surface 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-
tion. The webbing's temperature on the external layer
from the skin was measured, and the thermal change
on the webbing's surface in relation 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 fibres and air in the webbing.

3. Results and discussion

The internal morphological structure of the PET
and PLLA fibres used for preparing the webbings is
fibrillar (Fig. 5). The PET and PLLA fibres in a cross-
section profile contain one hollow that, in a longitudinal
profile, changes into one channel (Fig. 6).

The basic physical properties of the PET and PLLA
fibres are listed in Table 3.

Weight loss at isometric temperatures of 230 °C
and 280 °C 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 interval of 5 to 20 minutes
is a maximum of 4%. Consequently, appropriately
modified PLLA polymers are adequately stable at a
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Fig. 5 REM pictures of intemal structure a) PLLA 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’ properties 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 conductivity (A), an increase in the heat
transfer area’s resistance (r) and a considerable de-
crease in thermal absorptivity (b). According to the
measured results, the PLLA fibres inside the webbings
added to the PET fibres ensure an increase in thermal
isolation. 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
fibres’ structure, the mutual fibre composition in a

Table 3 Basic physical properties of PET and PLLA fibres.

Textile Technologies

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

5
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Fig. 7 Weight loss dependency of 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 filled
with air. Air participation in non-woven textile webbings
is high, which predeterminesthem for the production
of products such as covers.

4, Conclusion

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

Fibre Linear density Strength Elongation Tm Kp Tg

[dtex] [cN/dtex] [%6] [°C] [%] ['C]
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-isolating properties of webbings made from PET and PLLA fibres

Webbi it A10° b r.10°
ebbing composition W.m™ K" [W.m2s 2K [W.K.m?
100% PET 54.4 53.4 229
80% PET+20% PLLA 52.3 32.3 255
60% PET+40% PLLA 52.3 321 252
40% PET+60%PLLA 521 321 252
20%PET+80%PLLA 50.7 32.0 253
100%PLLA 48,9 27,9 262

45 PET

o}
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-

g 41

o

o=

L

=

g 357
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E ]
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E 2,5 . . : .

A B C D E F
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Fig. 8 Change in surface temperature of webbings made from PET
and PLLA fibres; A— 100 % PET, B—-80 % PET + 20 %
PLLA, C—60 % PET + 40 % PLLA, D—-40% PET +60 %
PLLA, E—-20 % PET + 80 % PLIA, F— 100 % PLLA

more biocompatible to living organisms. With regard to
thermo physiological comfort, 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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Viakna a priadze

Fibres and Yarns

Vlaknité materialy na baze polyesterovych
a polylaktidovych viakien

Translation of article:
Fibre materials based on polyester and polylactide fibres

Clanok pojednava o priprave, Struktire a vlastnostiach viaknitych materialov z polyetylénteref-
talatovych (PET) a polylaktidovych (PLLA) viakien. Bytové textilie st neodmyslitelnou sucastou
[udskych pribytkov. Do tejto oblasti sa zaraduju aj prikryvky. Klasickou vyplfiou prikryvok je perie,
vina a druhotné textilné suroviny z prirodnych a chemickych viakien. V sicasnosti sa v znacnej
miere aplikuju do vyplIni prikryvok syntetické vlakna, najma PET. Clanok je orientovany na aplikaciu
mikrobialnych PLLA vlakien a ich zmesi s PET viaknami do rin ako vypini prikryvok. V €lanku sa
pojednava o nadmolekulovej, morfologickej a makromorfologickej Strukture vldkien a run. a o ich

mechanickych a tepelnych vlastnostiach.

1. Uvod

VIaknité materidly tvoria délezitd sdcast textilného
priemyslu. Jedna z oblasti uplatnenia vlaknitych ma-
terialov st bytové textilie. Do tejto kategorie zaradujeme
aj prikryvky. Vypln prikryvok méZe byt tvorena perim,
vinou, druhotnymi textilnymi surovinami a v stcasnosti
je zabezpedovana Specialnymi syntetickymi viaknami.
St to najmé PET a PP vidkna so zmenenou pozdiZznou
a prie¢nou geometriou. VyuZzivanie syntetickych viakien
sposobila vy§Sia naro€nost na kvalitu textiinych vyrob-
kov — prikryvok [1, 2, 10].

Pre vyrobu prikryvok najviac vyhovuju synteticke
&pecialne typy vldkien so zmenenou pozdiZnou
a prie€nou geometriou. Profilovanim viakien v prie€nom
a pozdiznom tvare pri zvi&kiovani a tvarovani sa mézu
ziskat rozmanité typy vldkien s vlastnostami s pridanou
hodnotou.

Profilované, duté a tvarované viakna maju v poro-
vnani s vlaknami s kruhovym profilom tieto prednosti:
vySsia objemovéa hmotnost, vy&&i merny povrch, pod-
statne zvySena priedudnost, zniZeny sklon k Zmol-
kovaniu, zvySena odolnost voéi deformacii, zlepSena
tvarova stalost, zmeneny ohmat, zvySeny transport
vihkosti, vy$Siu tepelnu izolaciu vyrobkov z nich vy-
robenych.

Hlavné fyziologické vlastnosti viaknitych materiélov
su transport tepla, vihkosti a priepustnost vzduchu, ¢o
vyplyva zo zakladnych fyziologickych €innosti orga-
nizmu a z potrieb pri pouZivani odevného a bytového
vyrobku (Obr. 1), [12].

Obr. 1 Transport vihkesti cez textilnu vrstvu

Prevazna Cast vliaknotvornych polymeérov sa vyraba
z neobnovitelného zdroja surovin — ropy. Klasické poly-
mérne systémy prinasaju so sebou rad probiémov ty-
kajucich sa negativneho ovplyviiovania Zivotného pros-
tredia a Cast z nich nie je mozZné recyklovat. Priaznivym
rieSenim je nova surovinova zakladna, ktora poskytuje
polyméry prijatelnejsie pre Zivotné prostredie.
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V sti¢asnosti sa pozomost zameriava na mikrobialne
polymérne systémy, ktoré su pripravované na baze
prirodnych obnovitelnych a netoxickych produktov.
Najviac z nich preskimana je vyroba polymliecnej
kyseliny, zname su aj dalSie polymeéry napr. polykap-
rolakton, polybutylénsukcinat, poly-3-hydroxybutyrat
(Tab. 1). Priemyselne sa polymlie¢na kyselina vyraba
z polnohospodarskych plodin ako je kukurica, zemiaky,
cukrova repa, cukrova trstina a odpadova biomasa.
Polnohospodarska produkcia tychto zdrojov neustale
rastie na rozdiel od svetovych zasob ropy, od ktorych
zavisia konvenéné syntetické polymery, ktoré sa mézu
v buducnosti vyCerpal. Polymliecna kyselina podlieha
hydrolytickej degradécii a biologickému rozpadu.
Koneénymi zloZzkami rozpadu st oxid uhlidity a voda.
Z tohto hiadiska polymlie¢na kyselina neznamena pre
zivotne prostredie Ziadne chrozenie [1, 3, 4].

Vlakna z polymliecnej kyseliny su jednym z najslub-
nejsich bicdegradovatelnych viakien, ktoré prezen-
tuju charakter prirodnych i syntetickych vlakien.
Ich viastnosti a priprava su najlepSie v porovnani
s biodegradovatelnymi polymérmi, ako su polybutylén-
sukcinat, poly-3-hydroxybutyrat, modifikovany Skrob,
polykaprolakton (Tab.1), [4].

Polylaktidy sa vyrabaju z kyseliny mliecnej. Kyselina
mlie¢na (kyselina o-hydroxypropionova) je jednoducha
prirodna organicka kyselina, ktora sa nachadza v tele
zvierat, rastlin a mikrobov. Lahko sa biologicky roz-
klada v prirode, bez zasahov do prostredia. Kyselina
mliecna m6Ze polykondenzovat. Ma asymetricky uhlik
a vytvara dva optické izoméry. Vyraba sa fermentéaciou
ako L (+) mliecna kyselina. Poly-L- mlie¢na kyselina
(PLLA) ma vysoku krystalinitu, zatial €o kopolymér
L/D mlie¢nej kyseliny ma nizsiu krystalinitu, alebo je
amorfny [4, 8, 9].

Tabulka 1 Chemicka Struktira biodegradovatefnych polymérov

Vlakno z PLLA ma vadésinu fyzikalnych vlastnosti
porovnatelnych s konvenénymi syntetickymi viaknami
napr. PET a PA6 (Tab.2). Fyzikalne vlastnosti PLA
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polyméru napr. teplota topenia, kry$talinita a moduly
sU podmienené kopolymerizacnym postupom, napr.
kopolymerizaciou L- a D- kyseliny, alebo s inymi ko-
monomeérmi.

PLLA vlakna maju dobré mechanické vlastnosti a
teplotnt odolnost. Vlastnosti PLLA vlakien su pod-
mienené molekulovou hmotnostou a postupmi pripravy.
Je ich moZné pripravovat s réznou prieénou a pozdiZznou
geometriou. Z tohto dévodu vliakna z PLLA m&zu byt
aplikované na odevy, bytové a technické textilie [4-8].

Tabulka 2 Fyzikalno-mechanické vlastnosti vliakien z polymérov
PET, PLLA a PAB

PLLA sa vyraba z monoméru kyseliny mlie¢nej dvo-
ma spdsobmi (Obr. 2):
1. priamo polykondenzaciou z kyseliny mlie¢nej,
2. nepriamo cez dimeér- laktid polymerizaciou

s otvorenim kruhu.

Obr. 2 Hiavné smery vyroby PLLA

Mlie¢na kyselina ziskavana z fermentacie D- glu-
kézy sa v 99,5 % vyskytuje ako L —izomeérav 0,5 %
ako D — izomér. Vyroba cyklického diméru, medzi-
produktu, laktidu méZze mat vysledok v troch odlinych
potencialnych formach. D- a L- formy laktidu su stale
opticky aktivne, ale mezo — forma je neaktivna a pre-
javuje sa nizs§im bodom topenia. Polymerizaciou s
otvorenim kruhu laktidu ziskame polyméry v uréitom
rozsahu molekulovych hmotnosti s kombinaciou L a
D izomérov. Ak je Uroveni L v polyméri vySSia, polymér
a produkty z neho pripravené krystalizuju. Obrazok
3 zndazorriuje postupné kroky od kukurice k roznym
produktom [4, 8].

Obr. 3 Postupnosf spracovania od kukurice k réznym PLLA

produktom

Spracovanie PLLA polyméru je orientované na vlak-
na, folie, plastické flae a laminovanie.

PLLA polyméry umoZiuju pripravovat viackom-
ponentné vlakna (jadro/plast, polyfibrilarny, ale-
bo segmentovy typ) so zmenenymi fyziologickymi
a biodegradovatelnymi vlastnostami.

PLLA polyméry méZu postupne nahradit existujlce
vlaknotvorné polyméry z neobnovitelnych zdrojov surovin,
pricom maju vlastnosti mikrobidlnych typov viakien.

Pri aplikacii PLLA vldkien sa Studuju moZnosti
zlepSenia Struktdr klasickych textilnych materidlov a
netkanych textilii vyuZivajucich kombinacie prirodnych
a syntetickych vlakien, ktoré podporuju vyuzitie dobrych
vlastnosti PLLA, napr. vyplii do prikryvok [4— 8].

2. Experimentalna cast

2.1 Skusobné metédy na hodnotenie vidkien
Na hodnotenie PET a PLLA vlakien (vyrobca Cargill
Dow LLC) sa pouzili tieto skiSobné metody:
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— svetelny mikroskop na snimanie pozdizneho a
priec¢neho profilu viakien

— elektronovy mikroskop na snimanie vnatornej mor-
fologickej Struktury

— metdéda merania mechanickej pevnosti a taznosti na
pristroji Instron

— metoda termickej analyzy.

2.2 Priprava a skuSobné metody na hodnote-
nie ran
2.2.1 Priprava ran
Runa zloZené z PET a PLLA vlakien v réznom
pomere boli pripravené mechanickym spésobom na
prevadzkovom zariadeni (Obr. 4).

Obr. 4 Schéma pripravy runa;
a—snimaci valec, b — privadzaci pas pre pavucinu, ¢ — dvo-
jica spoloéne vykyvnych pasov, d — odvadzaci dopravnik

2.2.2 SkuSobné metody na hodnotenie rin

— Na meranie tepelnych charakteristik rin z PET
a PLLA vlakien pri prestupe tepla vedenim sa pouzila
kontaktna metéda merania na pristroji Alambeta [10].
Podstatou funkcie pristroja je matematické spracovanie
¢asoveého priebehu tepelného toku od neustaleného
po ustaleny, ktory prechadza vzorkou v ddsledku ro-
zdielnych tepl6t na oboch stranach povrchu skiSanej
vzorky. Vy3Siu teplotu na jednej strane vzorky spéso-
buje vyhrievana platia, ktora sa priklada na vzorku.
Vysledkom merania su tepelné charakteristiky: Tepelna
vodivost A [W.m™".K™"], plosny odpor vedenia tepla r
[W™".K.m?], tepeln& absorbtivita b [W.m?.s"2.K™].

— Meranie zmeny povrchovej teploty runa pri prestupe
tepla Ziarenim sa uskuto&nilo termoviznou meté-
dou s vyuZzitim termoviznej kamery Vigo systém-20
a pocitacového programu Therm V-20. Tepelnym zdro-
jom Ziarenia bola pokoZka probanta pokryta a nepokry-
ta runom. Merala sa teplota runa na vonkajSej strane
od pokoZky a hodnotila sa tepelnd zmena na povrchu
rina vzhladom na vonkajsiu teplotu vzduchu.

— Obrazova analyza s vyuzitim kamery a pocitacového
programu Lucia sa vyuZila na stanovenie objemového
podielu vlakien a vzduchu v rine.

3. Vysledky a diskusia

PET a PLLA vlakna pouZzité na pripravu rin maju
vnutornd morfologicku Strukturu fibrilarnu (Obr. 5). V
prie¢nom profile PET i PLLA vlakna obsahuju jednu
dutinu, ktora sa v pozdiZznom profile premieta na jeden
kanalik (Obr. 6).

Obr. 5 REM obrazky vnutornej struktury;
a) PLLA vidkna b) PET vidkna

Obr. 6 Mikroskopické obrazky pozdiZneho a prie&neho profilu
vlakien; a) PET viakna b) PLLA vlakna
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Zakladné fyzikalne vlastnosti PET a PLLA vlakien
st uvedené v Tabulke 3. Poskytuji doplfiujuci udaj
o viaknach s rozdielnou chemickou Struktarou.

Tabulka 3 Zakladné fyzikdlne vlastnosti PET a PLLA viakien

Na posudenie vplyvu tepelného zatazenia PLLA
polymeéru sa sledoval jeho Ubytok hmotnosti pri izomet-
rickej teplote 230 °C a 280 °C (Obr. 7).

Obr. 7 Zavislost ubytku hmotnosti PLLA polymeru od doby
posobenia teploty 230 °C a 280 °C

Zo zavislosti na Obr. 7 vyplyva, Ze zmena hmot-
nosti v ¢asovom intervale 5 az 20 minut je max. 4%
a teda vhodne upravené PLLA polyméry su pri priprave
viakien v oblasti teplét od 230 °C do 280 °C primerane
stabilné.

Podla tedrie o prestupe tepla cez vrstvu o urcitej
hribke sa prestup uskutocnuje vedenim, Ziarenim
a prudenim. Prevladajlici sposob prestupu tepla
zavisi od viacerych faktorov. Prestup tepla cez vrstvu
vlaknitého materialu bude zavisiet tieZ od Struktary a
vlastnosti elementarnych vlakien ako aj od vlastnosti
vlakien a makrostruktury viaknitého materialu [10, 11].

Z Tabulky 4 vyplyva, Ze so zvySujucim sa podielom
PLLA vlakien v runach sa zniZuje tepelna vodivost (A),
zvysSuje sa ploSny odpor vedenia tepla (r) a vyrazne
klesa tepelna absorbtivita (b). Namerané vysledky
poukazuju na to, Ze PLA vlakna v runach pridané
k PET vidaknam zabezpecuju zvySenie tepelnej izo-
lacie. Rovnako i zavislost na obr. 8 potvrdzuje, ze so
zvysujlicim sa podielom PLLA viakien v rinach sa povr-
chova teplota runa oproti teplote prostredia zniZzovala.
Vysledok podporuje zaver, ze PLLA vlakna v runach
sposobuju vyssiu nepriepustnust tepelnej radiacie, o
koreSponduje so zvySenim tepelnej izolacie.
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Tabulka 4 Tepelnoizolaéné viastnosti riin z PET a PLLA
viakien

Obr. 8 Zmena povrchovej teploty rin z PET a PLLA vidkien;
A-—-100% PET, B -80 % PET + 20 % PLLA, C - 60 % PET + 40 %
PLLA, D —-40 % PET + 60 % PLLA, E- 20 % PET + 80 % PLLA,
F—-100% PLLA

Obrazovou analyzou rin zo 100% PET vlakien
a 100% PLLA vlakien sa zistil percentuélny objem
vzduchu medzi viaknami (Obr. 9). PouzZita metoda
nezahriiuje vo vysledku objem vzduchu, ktory je perma-
nentne zadrziavany v kanalikoch vidkien a spdsobuje
zvySenie ich tepelnej izolacie.

Obr. 9 Objemovy podiel viakna a vzduchu v rine

Prestup tepla cez textilnu vrstvu zavisi od Struktury
vlakien, vzadjomného usporiadanie vlakien vo vrstve
a pérov medzi viaknami, ktoré st vypinené vzduchom.
Podielové zastupenie vzduchu v netkanych textiliach
- rinach je vysoke a to ich predurcuje do vyrobkov,
ako su prikryvky.

4. Zaver

Priprava viaknitych materialov na baze PLLA viakien
z obnovitelnych zdrojov surovin ma prednosti pred
syntetickymi PET viaknami predov$etkym v tom , Ze
PLLA viakna s biodegradovatelng, recyklovatelné
a biokompatibilnejsie k Zivym organizmom.

Z hladiska termofyziologického komfortu zabez-
pecuje aplikacia jednodutinovych PLLA vidkien v rinach
v podielovom zastipeni s PET viaknami vy$sie tepelne
izolacné charakteristiky prikryvkam.

Podakovanie: Prispevok vznikol s podporou narodnej agentury
SR VEGA, ¢. 1/2451/05
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PROJECTING BREAKAGE CHARACTERISTICS OF
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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 will worsen.

1. Introduction

Fabrics are produced for different purposes so they
must have appropriate characteristics acclimated to
their future usage. Every fabric has a certain specificity,
which determines, i.e., results in its characteristics such
as: length, width, density, mass, thickness, breakage
force, elasticity, thermal characteristics, color, 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 [7]. We must take into consideration the inequal-
ity of the wire tension during the fabric’s straining.

When the values of the usage coefficient of the
breakage force in a fabric are familiar [7], the breakage
force of the fabric in the direction of the warp can be
determined by the expression:

Fwa =0.5- Cua* dwa i fwa [daN] (1)

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

F.,=058:¢c,.:d,"T,

[daN]1 (2)

Where ¢,, and ¢, are the usage coefficients of the
breakage forces of the warp and weft wires in the
fabric:

: (dwa iF dwe ) Sinﬁwa

C,. =|0.85+k
" de\T.

-cos B, (3)
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Cpo = (0.85+K,-d,, d,,-sinB,,T,,,)COSB,, (4)

cosf,, =1-0.01-w,, (5)
cos Bwa =1-0.005-w,, (6)

cosf,. =1-0.01-u,, (7)
cos Bwe =1-0.005-u,, (8)

Buar Bwe — the angle of the warp and weft in relation to
the line of the force action [°], ., B we — the angle of
the warp and weft in relation to the line of the force
action at the moment of the fabric’s breakage [, «;,
Kk, — proportionality coefficients, d,, , d,. — the density
of the warp and weft wires in the fabric [cm™], f,. , fue
— the yarn's breakage forces for its warp and weft [N],
Wi.a, Wi — the warp and weft in-weaving, [%], Ty wa s Trwe
- the warp and weft yam 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 different 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]:

Evo FEne = K3 Opp T Yy - 0,p +0.85- (6,0 +6,6)  (9)

where: €', , and ¢, — breakage lengthening for warp
and weft yarn — [%)], k, — proportionality coefficient, T, ,
— mean yarn count of yarn used in fabric [tex].
Mean yarn count of the yarn used can be determined
by the equation:
d, d,

K =T, 4T, o 1
t.m r.wad“+dm+{.wd +d (0)

wa wa
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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 linen 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 fabrics tested

Modeling of Textile 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

Eabiia Yarn count [tex] Raw material structure [%] Real relative density
warp weft warp weft warp weft

1 30x2 50 Co; 100 Co; 100 0.932 0.723
2 30x2 30x2 Co; 100 Co; 100 0.899 0.701
3 30x2 30x2 Co; 100 Co; 100 0.899 0.761
4 30x2 50 Co; 100 Co; 100 0.947 0.790
5 30x2 30x2 Co; 100 Co; 100 0.899 0.853
6 30x2 50 Co; 100 Co; 100 0.946 0.886
7 30x2 30 x2 Co; 100 Co; 100 0.927 0.936
8 30x2 50 Co; 100 Co; 100 0.946 0.967
9 30x2 30x2 Co; 100 Co; 100 0.932 0.982
10 30x2 50 Co; 100 Co; 100 0.975 1.073
1 16.7x2 50 Co; 100 Co; 100 0.917 0.665
12 16.7x2 30x2 Co; 100 Co; 100 0.879 0.644
13 16.7x2 50 Co; 100 Co; 100 0.917 0.700
14 16.7x2 30 x2 Co; 100 Co; 100 0.875 0.681
15 16.7x2 50 Co; 100 Co; 100 0.921 0.835
16 16.7x2 30x2 Co; 100 Co; 100 0.871 0.807
17 16.7x2 50 Co; 100 Co; 100 0.950 0.887
18 16.7x2 30x2 Co; 100 Co; 100 0.871 0.844
19 16.7x2 50 Co; 100 Co; 100 0.942 0.978
20 16.7x2 30x2 Co; 100 Co; 100 0.902 0.978
21 20x 2 20 x 2 PES/Co; 67/33 PES/Co; 67/33 1.259 0.471
22 20x 2 20x 2 PES/Co; 67/33 PES/Co; 67/33 1.259 0.557
23 20 x 2 20x 2 PES/Co; 67/33 PES/Co; 67/33 1.259 0.655
24 20 x 2 20x 2 PES/Co; 67/33 PES/Co; 67/33 1.263 0.745
25 20x 2 20x 2 PES/Co; 67/33 PES/Co; 67/33 1.263 0.780
26 20x 2 20x 2 PES/Co; 67/33 PES/Co; 67/33 1.266 0.902
27 20x 2 16.7x 2 PES/Co; 67/33 Co/PES; 67/33 1.230 0.557
28 20x 2 16.7 x 2 PES/Co; 67/33 Co/PES; 67/33 1.222 0.586
29 20x 2 16.7 x 2 PES/Co, 67/33 Co/PES; 67/33 1.230 0.667
30 20x 2 16.7 x 2 PES/Co; 67/33 Co/PES; 67/33 1.222 0.740
31 20x 2 16.7x 2 PES/Co; 67/33 Co/PES; 67/33 1.230 0.821
32 20x 2 16.7 x 2 PES/Co; 67/33 Co/PES; 67/33 1.234 0.909
33 16.7 x 2 16.7x 2 Co/PES; 67/33 Co; 100 1.009 0.732
34 16.7 x 2 16.7 x 2 Co/PES; 67/33 Co; 100 1.009 0.802
35 16.7 x 2 16.7 x 2 Co/PES; 67/33 Co; 100 1.009 0.872
36 16.7 x 2 187 %2 Co/PES; 67/33 Co; 100 1.009 0.941
37 16.7 x 2 333 x 1 Co/PES; 67/33 Co; 100 1.029 0.811
38 16.7 x 2 333 x1 Co/PES; 67/33 Co; 100 1.036 0.895
39 16.7 x 2 33.3x 1 Co/PES; 67/33 Co; 100 1.036 0.971
40 16.7 x 2 333 x 1 Co/PES; 67/33 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

100 -

.| 1 =097656
r=0.95367 .-
1 SD=240142

Real breakage forces - (daN)
3l

70+ F
E "
65
-
[ B
5 v T T T ” T L T L T 1
% 60 & ) 7 ® 3 )

Projected breakage forces - (daN)

Fig. 1 Projected and actual breaking force values of the fabrics in
the warp direction (a4, < 1)

Real breakage forces - (daN)
g 8

"

T—r—Tr""

| L Uy SR e Ly s S L -
ED1(D11U13]13J$4013?1EJT§D18]1’9)31021022}

Projected breakage forces - (daN)
Fig. 2 Projected and actual breaking force values of the fabrics in
a warp direction (dgw, > 1)
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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 for this 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:

(d,,+d,,)sinf,,

F.= 0.5{|:0.85 +2.145 ]cosﬂ;‘,}dﬂfm (11)

wa fwa

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

(d,a +d,,)siNB,,

F,, =05 Ho.asn.em. }cos ﬁ,‘,,}dmfm (12)

g twa

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:

Five =0.5[(0.85 + 4.387.10°°d,,,,SiB e T;14) COSB el
Xd,ofe  [daN] (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 djq . < 1
Ewattwe=2.431-1070,,T,,3[d,.d,, +0.85(wate've)(14)

40 T T T T T )
40 &0 a0 100 120 “ 160

Projected breakage forces - (daN)

Fig. 3 Projected and actual values of the breakage forces of fabrics
in the wetft direction (d,g e < 1)
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Table 2 Statistics

Modeling of Textile Technologies and Materials

Parameters 5 ¥y a ks ks

(drerwa<1) (Tretwa>1) (Drerwe<1) (rorwa<1) (drotwe>1)
k 2.145 1.661 4.387-10°° 2,431-107° 2,158-107°
SD 0.224 0.249 5.258 -10° 0,377-107° 0,38-107°

CV (%) 10.42 15.00 11.98 15.49 17.59
¢ (for confidence level 95%) 0.099 0.111 1.66 - 107° 0,168.107 0,17-107®
kK +c 2.244 1.772 4,553 -107° 2,599.107° 2,328-10°°
k —c 2.046 1.550 4.221 .10°® 2,263.107° 1,988-107°

where: k — mean proportionality coefficient, SD — standard deviation, CV — coefficient variance, ¢ — confidence limit

(for a confidence level of 95%)

Fig. 4 Forced position of warp wires

— for fabrics whose d;,, > 1
Ewattwe=2.158-10"°0,,,T,1a3[d, d,, +0.85(¢"ya+ese)(15)

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
positions, 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.
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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. Conclusion

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 important
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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Projektovanie charakteristik rozpadu textilii v lranovych
tkaninach

Translation of abstract:
Projecting breakage characteristics of fabrics in a linen weave

Charakteristiky rozpadu textilii zavisia na ich &truktirnom a kontrukénom riedeni. PouZitim znamych
Struktamych parametrov a konstrukcie textilie spolu s vysledkami ich Struktdrnych a mechanickych charakteristik
mozZno vytvorif zavislosti, ktoré sa daji pouzif pre projektovanie trznej sily a rozpad textilie v dizke pri fanovych
tkaninach. Zarover je v tomto prispevku analyzovany vplyv relativnej hustoty fanu na charakteristiky rozpadu
textilii v podmienkach réznych textilnych rieSeni. Vysledky ukazuju, Ze ak je relativna hustota vaésia ako 1,
charakteristiky rozpadu textilii sa v danom smere zhor3uju.
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'TnU A.D. Trenéin, Fakuilta priemyselnych technolégii v Pichove, lvana Krasku 491/30, 02001 Pichov
2EYBL Slovakia s.r.0., ul. 1. Mdja 882, SK-02001 Puchov

Lahky priemysel za posledné roky zmenil svoj charakter. Rozsiril sa podiel vyroby, ktory spada
pod definiciu technicka konfekcia. Specifika tejto vyroby vyzaduji zmeny vo vyrobnych postu-
poch, ale aj zmeny pristupu a zodpovednosti riadiacich pracovnikov. Roz8irené poZiadavky na
kontrolu kvality st sucastou tejto zmeny. Technicka a informaéna stranka vyroby, dokumentacie
a archivacie kontroly sa rieSi na urovni videovej a vypoctovej techniky. Pravidelna a désledna
kontrola vyrobkov technickej konfekcie, akymi automobilové potahy uréite su, umoznuje prevero-
vat, dokladovat a budovat dobré meno vyrobcu. Zmeny s cielom zefektivnenia a zjednodusenia
prebiehaju aj v organizacii vyroby a vyuZitie takejto osvedCenej praxe prinasa efekt aj v klasickej

odevnej vyrobe.

1. Uvod

Charakter l'ahkého priemyslu na Slovensku sa za po-
sledné roky zmenil. Pévodné velké odevné organizacie
sa zmen§ili, €asto sa rozdelili na viac subjektov. Popri
firmach so zniZenym rozsahom samostatnej produk-
cie vznikli firmy, ktoré su uzko naviazané cez ,know-
how" vyroby a odbyt produkcie na iné vyrobné kom-
plexy, prevazne nadnarodného charakteru. A st to vo
velkej miere prave vyroby, stucastou ktorych je vyroba
spadajlica do oblasti technickej konfekcie. Tento termin
sa aj u nas dostava stale viac do odborného povedomia
a dobre opisuje rozSirujucu oblast vyroby pre iné ako
odevné Ucely pdvodného odevného sektoru.

S tymto novym zameranim suvisi aj novy adresny
vyznam zodpovednosti za odvedenu pracu v tych
profesiach, kde pdvodne kvalita bola len sucastou
efektivity zruénej, avSak anonymnej prace vyuéenych
zamestnancov s tvrdymi vyrobnymi normami. Sicky
k takym profesiam bezpochyby patria. Miera zod-
povednosti jednotlivca prirodzene rastie s moznymi
nasledkami nekvality, alebo pripadnej chyby pri tych
druhoch vyroby, ktoré su sucasfou procesu priameho
zabezpecenia bezpecnosti, alebo mézu bezpeénost
urgitym spésobom vyznamne ovplyvnit.

V tejto suvislosti je poteSitelné, ked dosahovana
kvalita produkcie, ako délezity ukazovatel vyroby,
spolu s produktivitou preukdzatelne a trvale potvrdzuje
vysoky Standard. V naSom prostredi vyznacujlicom sa
vyhodnou vyrobnou cenou, vyznamne podmienenou
nizkou cenou prace, dava totiZ prislub zachovania
nastipeného trendu rozvoja pracovného trhu, nielen
v uzko Specializovanej oblasti subdodavok pre rastuci
automobilovy priemysel.

Dodavky pre automobilovy priemysel vSak mézu
sluzif ako nazorny priklad toho, ako kvalita vyrobnych
operéacii roznych profesif ovplyviiuje mieru bezpecnosti
uZivatelov ich vyrobkov. Konkrétny pripad je spolahlivé
zapracovanie aktivneho bezpeénostného prvku — py-
rotechnického vzduchového vanku3a umiestneného
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pod potahom v operadle sedadla automobilu (bo¢ny
airbag). Airbag je vzduchovy vak chraniaci cestujlce-
ho v automobile pri dopravnej nehode. V kombin&cii
s bezpe€nostnymi pasmi predchadza v pripade kolizie
narazu pasaziera do volantu, palubnej dosky, alebo
inych ¢asti vozidla. Systém je vybaveny elektronickym
senzorom, ktory okamZite reaguje na vyvolavajlce
reakcie. Pyrotechnicky systém musi v zlomku sekun-
dy spolahlivo nafuknut vank(s medzi pasazierom
a prekazkou. Tato spolahlivost sa sklada z funkéného
airbagového modulu (senzor, vankus, pyrotechnika) a
jeho bezproblémového rozvinutia sa. Co ovplyviiuje
jeho funk&nost? Je to spravna montaz, material a kvalit-
né usitie pofahu. Potah musi ustupit nafukujucemu sa
airbagu a pritom ma byt odolny voci vplyvom pouzivania
— vyberaju sa kvalitné, odolné a pevné materidly
spliiujuce nielen poZiadavky na pevnost a faznost, ale
aj na dizajn a komfort. V praxi sa tento rozpor riesi po-
mocou tzv. airbagového Sva (SAB Sev). VSetky ostatné
Svy sedadlovych pofahov musia mat vy33iu pevnost
proti pretrhnutiu nez SAB Sev, preto sa tieto $iju in-
ymi nitami. SAB $ev musi spifiaf rad parametrickych
poZiadaviek. Ich nedodrZanie ma, v pripade vyrobkov
Sitych na mieru, za nasledok vyradenie celého vyrobku.
Akceptéacia nevyhovujlcich parametrov by mohla mat
fatédlne nasledky a preto ani zniZenie ceny z dévodu
niz8ej kvality vyrobku, tak ako je to bezné pri inych
vyrobkoch, nie je moznym rie§enim. Z pohladu kvality
a spolahlivosti nie je mozné vykonat ani opravu pri-
padného nepodarku a vyrobok je okamzite vyradeny
ako celok. Preto tu vyznamnu ulohu zohrava prave
spravne vypracovanie vyrobkov technickej konfek-
cie, ktoré je mozné len pri preciznom dodrZani pred-
pisaného vyrobného postupu a kvality prace. Sitie
sa realizuje na zariadeniach, umoZiujucich zdznam
procesu (dokumentaény Sev). Nezdokumentovanie
mé za nasledok vyradenie celého pofahu. Sucastou
dokumentovania je aj presna evidencia vSetkého pri
vyrobe pouZitého materidlu pomocou priradenych
Giarovych kodov.
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V tejto praci st uvedené vysledky skiSok airbagov-
ého 8va na prednej opierke autosedacky, vyrabaného
firmou EYBL, s.r.o. Slovakia.

2. Experiment

SAB Sev (Seitenairbag) — je to chrbatovany Sev
triedy 2100 medzi prednym a zadnym dielom operadia,
z vonku nepostrehnutelny. SAB Sev je cely airbagovy
bocny Sev, vratane dokumentacného Sva.

Dokumentaény Sev — je airbagovy Sev v Useku do-
kumentacie, pri ktorom sa riadi proces Sitia, kde sa
zdokumentuju komponenty materialu, ako i Sijacie a
technické parametre. Usek dokumentaéného $va je
samostatne oznaceny [3].

Material autopotahov méze byf synteticky, prirodny,
alebo umela koZa. V experimente boli pouZité dva
syntetické materialy potahov (A a B) zoSivané v mieste
SAB $va rovnakymi nifami.

Funkéné skisky tykaju sa hotovych vyrobkov, ktoré
sa podla predpisaného postupu odoberaju z vyrobenej
série a musia byt preverené najneskér nasledujuci
den v laboratoériu, kde sa robia skuSky nastrelovania
airbagov. Laboratérium musi byt vybavené v stlade s
poziadavkami skiSok: — pre vyhrievanie a chladenie
(rozsah teplét -35 az 85 °C), pre klimatizaciu - vz-
duchotechnické a klimatizaéné zariadenie, dalej kom-
pletna zaznamova videokamera, PC k celému systému,
osvetlovacia, riadiaca, meracia a vypoctova technika,
pomécky, pripravky a moduly (airbagy) (4]. Doba klima-
tizacie pri zadanej teplote musi byt aspori 3 hodiny.

Research

Skuska sa vykonava v laboratériu firmy EYBL, Slova-
kia za pritomnosti pracovnika prislusnej odbornej sp6-
sobilosti, podfa metodiky [5]. Podstata skusky — zistit,
¢i dany vzduchovy vankus$ vystreli za uréenu dobu, pri
zadanych teplotnych podmienkach.

Predpokladom spravnej skusky je, Ze Sev sa ro-
ztrhne do maximalne 8 milisekund. Hodnoty zo
skusenosti ukazuju, Zze pretrhnutie dokumentaéného
Sva ma byt dlhé 41 cm, v3ak nie je povinné. Ak sa
SAB spusti a vzduchovy vankus sa rozvinie ako vejar,
ktorému neprekaza pretrhnutie 8va, povaZuje sa test
za Uspesny. Cas zapalenia modulu SAB $va po koniec
nafukovacieho procesu airbagu nesmie presiahnut 30
ms. Zaciatok pretrhavania §va — presne zachyteny mo-
ment zaciatku procesu vystrelenia airbagu v ms, koniec
pretrhavania 8va — ked ddjde k vystreleniu airbagu a
uz nedochadza k dalSiemu roztrhnutiu Sva.

3. Vysledky a diskusia

Kazdy test splnil poziadavky spravnosti. Sirka pretrh-
nutého 3va sa pohybovala v rozmedzi od [1430 mm
— 640 mm] a ¢as pretrhnutia od [3,77 ms — 7,78 ms].

Na Obr.1 sa nachadzajl ilustraéné snimky videozaz-
namu procesu skusky v roznom &ase (ms).

Analyzovala sa otvaracia Sirka SAB Sva pri troch
réznych teplotach. Tieto teploty boli uréené zaka-
znikom, pre ktorého firma EYBL vyraba.

Celkova 3irka airbagového 8va predstavuje 700 mm
aj so zaoblenim. Pri vyrobe autopotahov je stanovena
dokumentaéna Sirka §va 565 mm. Z vysledkov bolo

Obr.1 Casf videozaznamu skusky airbagového dva
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Obr. 2 Zavislost otvaracej Sirky airbagového $va od teploty

zistené, Ze Sirka pretrhnutia Sva sa pohybuje pri teplote
-35 °C cca 482 mm, pri teplote 22,5 °C cca 544 mm pri
teplote 85 °C cca 606 mm.

Z vysledkov je zrejma zavislost otvaracej Sirky Sva
od teploty (Obr. 2). Pri teplote -35 °C dochadza k
najmenSiemu pretrhnutiu SAB Sva v mm. Naopak, &im
je teplota autosedaciek vy$Sia, tym je vacsSia aj Sirka
pretrhnutia Sva v mm. Pritom experimentalne hod-
noty parametra su v poZadovanom limitnom rozsahu
a funk&nost SAB 3va bola potvrdena pri kazdom teste,
t.j. kvalita preverovanej vyroby bola preukazana podla
predpisanych poZiadaviek [3, 5, 6].

Nésledné skuiska pouZitého materialu Sva horenim,
ktora bola vykonana v laboratériach FPT Plchov,
na Katedre textilu a odevnictva, dava odpoved na
otazku pri¢iny vySsie uvedenej zavislosti od teploty.
Materiél nite pri skiiSke nehori — tavi sa bez plamenia,
nema 3pecificky zapach a po horeni zostava zvySok
taveniny. Materidly pri experimentoch pri teplote 85°C
dosahuju najdlhsie pretrhnutie Sva, ale vzhladom na
to, Ze menia svoje vlastnosti, stavaju sa tavitelnymi
bez plamena, dochadza k taZzsiemu pretrhnutiu Sva
a doba pretrhavania od zaciatku procesu po koniec
je najdlhSia. Naopak pri teplotdch mrazu, v tomto pri-
pade -35 °C materidly stuhnu, lahSie sa pretrhavaju,
t.j. dochadza k najkratSiemu a najrychlejSiemu pretrh-
nutiu 8va. Pritom tato zavislost jasne zavisi od spra-
covavaného potahového materialu. Vyraznejsie pre
material A. Nif je synteticka. Pouzivaju sa nite z PAD
a PES vlakien. Napriklad, pri iti SAB Svov (serafil 80,
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amifil 40), a autopotahov, (strongfil 40, filan 20) pre
vozidla znatky VW PASSAT B6. Znamy vyrobcovia
tychto niti su napr. Amann (SRN), Epic (Anglicko), Dmc
(Francuzsko), ktorych vyrobky zabezpecuju kvalitu
mechanicko-fyzikalnych vlastnosti niti.

4. Zavery

Funkénost airbagového Sva sa kontroluje pre bezné
prevadzkoveé teplotné podmienky, ako aj pre krajné
hodnoty teploty vyskytujlice sa pri prevadzke automo-
bilu po€as roka.

Zavery je mozné formulovat na zaklade experimen-
talnych vysledkov — material potahu B sice vykazal
stabilnejSie a vy3Sie hodnoty otvaracej Sirky, ale do-
siahnuté hodnoty potvrdili spravny vyber materialu
a kvalitu prace pre oba pouzité potahové materialy.
Zabezpecenie funkénosti sa preukazalo pre cely uréeny
rozsah teplét. Tym sa potvrdila spolahlivost vyrobkov,
ovplyviiujica bezpecnost uzivatelov — cestujucich.

Dékaz funkénosti experimentalnou skiskou nie je
potrebny len pre dokladovanie kvality danej produkcie,
ale je nevyhnutny pre zabezpecenie vzajomnej dovery
medzi mnoZstvom firiem spolupracujucich na vyrobe
zloZitého montaZneho celku, kde nekvalita prace jed-
ného moéZe ohrozit vysledok prace vietkych a rovnako
i ich dobré firemné meno. Pocas existencie firmy EYBL
s.r.o. a testovania SAB Sva nedo$lo ani k jednému
zlyhaniu pretrhnutia Sva.
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Tento zodpovednostny vztah (pracovnik/firma —
produkcia) je v sticasnosti nutné aplikovat na prevaznu
vacsinu vyroby v ramci oboru technickej konfekcie,
kde sa javi ako aspekt novy pdvodnému klasickému
odevnictvu malo znamy.

Spravnym vyberom a vhodnou kombinaciou ana-
lyzovanych $ijacich niti moZno zefektivnit Sijaci proces a
kvalitu zhotovovanych vyrobkov, jeho vysoku Zivotnost
a plynulost vyrobného procesu.
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ZDRAVOTNA BEZPECNOST TEXTILNYCH FARBIV
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e-mail: jana. szokolayova@szu.sk

V subornom referate sa prezentuju rozne fyzikalnochemické vlastnosti farbiv z hfadiska ich vyu-
Zivania v textiliach. Z pohladu rizika karcinogenity sa preferuje model farbiva, ktoré sa metabolizuje
ako hydrofilné na rozdiel od viacej rizikovych amino, alebo nitroskupin v Strukture.

Z pohladu textilnych vyrobkov po strdnke zdravotnej bezpe€nosti ma prioritu najméa u uZivatelov
drazdivost pokoZky, ktord sa hodnoti prevazne naplastovym testom. Udaje z literatdry referuju
o prevalencii vo vyskyte kontaktnej alergickej dermatitidy disperznych azofarbiv Blue 106, 124 a 35.
Prezentuje sa aj poéitacova metéda QSAR na modele hodnotenia antrachinonovych farbiv.

Uvadza sa aj medzinarodna legislativa zamerana na minimalizaciu rizika uréenymi limitmi na
kontaminanty vo farbivach a tabelarnym zoznamom potencialne karcinogénnych a alergizujucich

farbiv.

1. Uvod

Vyroba syntetickych farbiv sa stala zakladom or-
ganickej chémie a technolégie a stimulovala vyvoj
toxikolégie organickych latok. Farbiarske medziproduk-
ty (napr. anilin) od druhej polovice dvadsiateho storocia
zapri€inili cely rad profesionalnych otrav.

V literarnych udajoch su €asto nejasnosti o U¢inkoch
jednotlivych farbiv vyplyvajice z nejednotného
oznacovania. Iba malo farbiv ma klasické nazvy (in-
digo, fuchsin a pod.).

Syntetické farbiva sa delia jednak podla Struktury
(nitrozofarbiva, azofarbiva, antrachindnové farbiva,
sirne farbiva atd.), dalej podla fyzikalnochemickych
vlastnosti:

— kyslé farbiva aniénové, dobre rozpustné vo vode
s afinitou k bielkovine, polyamidovym a akrylovym
funkénym skupinam substratov,

— bazické farbiva kationova sol farebnej bazy, malo
rozpustna, s afinitou ku proteinovym vldknam a syn-
tetickym akrylatom,

— priame farbiva aniénové alebo katiénové, ktoré st
zakladné pre vlakno celuldzy,

— reaktivne farbiva, ktoré maju vlastnost tvorby kova-
lentnych vézieb s viaknami,

— kypové farbiva sirne, ktoré st nerozpustné, ale ap-
likuji sa v redukovanej vodorozpustnej forme na
textilnom substrate,

— disperzné farbiva (pigmenty) napr. polyvinylalko-
holové, polyvinylidénchloridové a akrylatové, ktoré
su neutralne, slaborozpustné vo vode a dobre sa
adsorbuju na polyesterové a polyamidové vidkna.
Pre skupiny farbiv podla pouZitia (kvality) existuju aj

obchodné nazvy (napr. egacidové, cibanonova a pod.),

ku ktorym sa pripajaju oznacenia kvality, odtiefiu

a doporuc¢eného sposobu farbenia (napr. cibanonova

ZItd F5GK). Niekedy sa stava, Ze ta istd zlG¢enina ma

niekolko nazvov ¢o zataZuje identifikaciu, preto su

délezité Cisla kodov (C.I. a CAS). Okrem toho treba brat
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do tvahy, Ze obchodné preparaty nepozostavaju iba
z Cistej latky, ale zo zmesi farbiv, textilnych pomocnych
prostriedkov, soli a pod., ale aj toxikologicky vyznam-
nych medziproduktov. Vzhladom k réznemu zloZeniu
a Cistote obchodnych preparéatov a ich rozdielnosti ¢o
do SarZi a firemnych udajov o toxicite, hodnoty ko-
dového oznadenia toxicity (TCS) treba povaZovat iba
za orientacné [1].

Nedobra povest syntetickych farbiv ako jedov nie je
spravna, lebo akutne nebezpecenstvo z vadésiny farbiv
je minimalne. Vo vedomi [udi sa ¢asto udrzuje ne-
spravny negativny postoj k rozsirenému pomenovaniu
.anilinové farby". | ked chronické tcinky farbiv najma
z ablasti profesionalneho rizika nemoZno zanedbat
v preventivnom dozore, predsa po zastaveni vyroby
Lbenzidinovych farbiv* sa nebezpeéenstvo vyrazne
redukovalo. Pre uzivatelov textilii nastala tiez minimal-
izacia rizika tym, Zze dnesSné spravne farbené textilie
prakticky neuvolTiuju farbivo.

2. Toxikologické hodnotenie farbiv

2.1 Odhad rizika

Kritéria pre odhad rizika (risk assessment) su uve-
dené publikaciach [2, 3]. Tu sa uvadzaju chronologicky
otazky hodnotenia rizika resp. nebezpecenstva vy-
plyvajtceho hlavne z pohladu profesionélneho u vyrob-
cov farbiv.

S priemyselnou vyrobou farbiv paralelne odstartovalo
aj skimanie nebezpecenstva najma karcinogennej ak-
tivity organickych zli€enin. Na pri€ine boli pozorovania,
Ze u pracovnikov vo farbiarenskom priemysle sa reg-
istroval Easty vyskyt rakoviny mocovych ciest, najma
mocového mechura uz koncom 19. storodia. Tym sa
dostal priemysel farbiv, najma niektoré medziprodukty
(2-naftylamin, benzidin) do stredu pozornosti.

Skoro vSetky dékazy o karcinogenite farbiv sa opi-
eraju o vysledky pokusov na zvieratach a nemozno
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v kaZzdom pripade s urcitostou predpokladat, Ze
skimana latka vyvola nadory aj u ludi. Pokial ide
o vacsi vyskyt nadorov u pracovnikov ktori pracuji vo
vyrobe niektorych farbiv, st udaje €asto nedostatoéne
podloZené, alebo staré a nemozno vylucit, Ze na vine
st medziprodukty resp. necistoty. Prichodi poukazat
aj na velku pestrost prace zamestnancov v priemysle
farbiv z ¢oho vyplyva neistota, ¢i su to U€inky jediného
farbiva. Epidemiologicky sa poklada karcinogenita
za dokazanu na ludoch iba u farbiva auramin 0 (Zlta
zésadita 2), ktoré je derivatom kyseliny tiokyanatovej
a méa kéd Cl. 41000 [1]. Za velmi silne podozrivé je
nutné povazovat farbiva zaloZzené na medziproduktoch,
ktorych karcinogenita pre ludi je preukazana (napr.
benzidin) a ktoré moézu obsahovat tieto medziprodukty
alebo ich metabolizaciou uvolfiovat. V organizme sa
mdbzZe azovazba Stiepit a je vyhodné, ak sa pritom
uvolnia metabolity so sulfoskupinou alebo s karbox-
ylom &i fenolickym hydroxylom. Takéto metabolity su
toxikologicky menej rizikové ako aminy alebo nitrolatky
[4]. Celkove teda mozno povazovat za toxikologicky
zavaznejsie farbiva, ktoré su bez ,hydrofilnych® skupin,
dalej farbiva rozpustné v nepolarnych rozpustadlach
a nerozpustné vo vode.

Iné biologické aktivity farbiva moZu sposobovat met-
hemoglobinovi cyandzu, tvorbu Heinzovych teliesok
a hemolyzu. M6zu ovplyviovat krvnl zrazanlivost,
sposobovat zmeny v zloZzeni krvnych bielkovin
a v cervenom i bielom krvnom obraze. U experimen-
talnych zvierat sa po aplikacii niektorych farbiv popisuju
patologické zmeny v peceni, v oblickach, v myokarde
a v slezine. Nalezy u exponovanych osGb neposky-
tuju typické obtiaze. Mutagénny a teratogénny alebo
embryotoxicky ucinok je experimentalne dokazany
u pocetnych farbiv.

Uvedené moZnosti nebezpecenstva a rizika sa ty-
kaju hlavne pracovnikov vo vyrobe samotnych farbiv
(napr. prach z farbiv po inhalovani) dalej vo vyrobe
(farbenie) textilii a z uzivatelov hlavne konzumentov
farbenych pozivatin. Pre uzivatelov textilnych vyrob-
kov, alebo v kozmetike a u hraciek vysoko previada
nebezpecie rizika cestou perkutanneho privodu farbiv
pri kazdodennom uzivani. Uginky u uZivatefov mdzu byt
vyraznejSie u 0s6b ktoré pracuiju vo vyrobe a aplikacii
farbiv na vlakna, priadzu, odevy, teda ktori pracuju
v prostredi s nepretrZitym dotykom s farbenymi texti-
liami aj v pracovnej dobe aj v stukromi,

2.2 Drazdenie pokozky

Drazdivy ucinok je napr. vyrazny u bazickych farbiv,
ktoré pri vniknuti do tkaniva vyvolavaju drazdivé zmeny.
Dost Casté su pripady alergickych ochoreni pokozky
nevynimajuc ani fotosenzibilizaciu.

Predpokladom toho, aby farbivo drazdilo pokozku
a vyvolavalo alergicku kontaktnud dermatitidu, je jeho
prenos z textilie na pokozku a prenikanie pokoZkou,
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aby mohlo reagovat s koZnymi proteinmi. Preto su
o sudrznosti textilie s molekulami farbiva, o rychlostiach
absorpcie a o priemernom mnozstve farbiva absor-
bovaného pokozkou. Udaje o stalosti farbiv maju tie?
velku délezitost a su uvedené v registri Color Indexu
[5].

Z tisicok réznych farbiv su niektoré kontaktné
alergény, ktoré mozu u citlivych oséb vyvolat reak-
cie, v dosledku ktorych nesmie u tychto osob ddjst
k dalSiemu kontaktu s tymito farbivami. Priblizne 60
— 70% farbiv, ktoré sa sucasne pouzivajl v textiinom
priemysle patri do skupiny azofarbiv.

Zakladnym prvkom pri Studiu alergickej kontaktnej
dermatitidy vyvolanej textilnym farbivom je pouZitie
naplastovych testov. Z 12 Studii o textilnych farbivach
uverejnenych na prelome storocia [6-12] dve z tychto
([8, 16] sa zameriavaju na naplastové testy pracovnikov
v textilnom priemysle a zvySnych 10 na naplastové
testy 0s6b, ktoré nie si zamestnané v textilnom prie-
mysle.
pacientov s alergickou kontaktnou dermatitidou ne-
znameho povodu a najvy$Siu v populécii pacientov,
u ktorych bolo zname, ze maju alergick( kontaktnu
dermatitidu, vyvolanu textilnymi farbivami.

Hodnotenim testov podla jednotlivych pouZitych
farbiv sa dokazalo, Ze 3 z 35 skus$anych farbiv malo
pozitivnu reakciu u vac¢Sieho poctu pacientov. Preva-
lencia bola pritom ovela niZ8ia v pripade nedisperznych
farbiv ako v pripade disperznych farbiv.

Pokusy na zvieratach (moréata, mysi) dokazali [18-
21], Ze 5 zo sku$anych 13 textilnych farbiv bolo poz-
itivnych po vSetkych druhoch aplikacie.

Osobitne vela publikacii, viac ako 50 dokazuje aler-
gizujuce Ucinky disperznych azofarbiv Blue 106, 124
a 35. Dalej podobné vlastnosti vykazovali aj disperzné
farbiva Yellow 3, Red 1 a Orange 3. Khanna a Sasse-
villa [23] zistili kontaktnu dermatitidu aj u stewardov na
lietadlach z uniformy. Podobné uginky tychto modrych
farbiv sa beZne vyskytuju u farbenych acetatovych
a polyesterovych vlakien. Medzi textilnymi farbivami
a paraamino zlu¢eninami méZu nastat aj interakcie
u tetovanych oséb [17].

Tieto Stidie a pokusy Kathryn L. a Hatcha [24, 25]
sluzili k overeniu a spresneniu Standardov Oeko-Tex,
ktoré uvadzame v tabulkach [26].

Metédu QSAR pre textilné farbiva vysvetiuje Ma-
gee a kol. [27], dalej Hatch a Magee [28], ktori pouZili
tento pristup na hodnotenie antrachinénovych farbiv.
Z tychto farbiv niektoré vyvolavaju kontaktnu derma-
titidu, pricom sa vedelo, Ze vychodiskova latka an-
trachinén neméze byf pri€inou, pretoZe tato nie je
alergénom. Pri¢inou nemo6Zu byt ani protein-aktivne
skupiny ako u réznych inych alergénoch, kedZe tiez nie
su pritomné v antrachininovych farbivach. Na zéklade
pocitadového programu autori predpokladali reaktivitu
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Tabulka 1 Arylaminy, ktoré v redukénych podmienkach nesmu odétepovat farbiva [26, 31, 32]
Nazov aminu ¢. CAS Néazov aminu ¢. CAS

4-Aminodifenyl 92-67-1 3,3"-Dimetylbenzidin 119-93-7
Benzidin 92-87-5 p-Kresidin 120-71-8
4-4-Chlér-o-toluidin 95-69-2 4,4 -Metylén-bis-(2-chldranilin) 101-14-4
2-Naftylamin 91-59-8 4,4"-Oxydianilin 101-80-4
o-Aminoazotoluén 97-56-3 4,4~ Tiodianilin 139-65-1
2-Amino-4-nitrotoluén 99-55-8 o-Toluidin 95-53-4
p-Chléranilin 106-47-8 2,4-Toluyléndiamin 95-80-7
2,4-Diaminoanizol 615-05-4 2,4,5,-Trimetylanilin 137-17-7
4,4°-Diaminodifenylmetan 101-77-9 o-Anisidin(2-Metoxyanilin) 90-04-0
3,3"- Dichlérbenzidin 91-94-1 2,4-Xylidin 95-68-1
3,3"- Dimetoxybenzidin 119-90-4 2,6-Xylidin 87-62-7
3,3"- Dimetyl-4,4 -diaminodifenylmetan 838-88-0 4-Aminoazobenzen 60-09-3

medziproduktu, pri¢om niektoré formy aktivacie elek-
tronovym prenosom (pripadne fotopropagaciou) su
zodpovedné za reaktivnost proteinov.

Dalsie studie [29, 30], v ktorych sa sledovala stalost
farbiv dokazali, Ze pri spravnej vyrobnej praxi sa stalost
reaktivnych farbiv pri prani a otere hodnoti ako vyborna
a pre disperzné farbiva ako dobra. Na zaklade tychto
experimentov sa zistilo, Ze pri typickej stalofarebnosti,
je Clovek vystaveny priemernému mnoZstvu 1 pg far-
biva na kg hmotnosti na osobu a deri.

2.3 Legislativa a poziadavky na minimalizéciu

rizika

Napriek tomu, Ze doteraz iba u jedného farbiva sa
dokazalo, Ze vyvolava rakovinu u ¢loveka, zdravotné
poZiadavky z hladiska prevencie st prisne. V poku-
soch na zvieratach je totiz karcinogenita dokazana
u niekolkych farbiv, preto sa poZiadavky v predpisoch
formovali z pohladu minimalizacie rizika (Tab. 1).

Na zaklade horeuvedenych §tudii minimalizovat
zdravotné rizikd z pouZivania farbiv mozno tym, Ze sa
nebudl pouZivat farbiva a pigmenty:

— na béaze kovov arzén, kadmium, chrém, ortut, olovo,
nikel, antimén, cin, zinok (med' iba pre pletené ma-
terialy),

— ktoré sa degraduju na karcinogénne aromatické
aminy, alebo sl karcinogénne (Tab.1 a 3),

— ktoré pri tlagi obsahuju produkty prchavych or-
ganickych zlGéenin (VOC) nad 5% hm.,

— azofarbiva vo vy§8om obsahu ako 0,1 % hm. na
farbenie textilnych, usfiovych a odevnych vyrobkov
ako latky alebo zloZky pripravkov [32],

— na baze organickych kovovych soli (med, cin, chrém,
nikel, kobalt )Jalebo mocoviny (tam kde je mozZné tieto
nahradit inymi),

— s potencionalnym rizikom na alergizaciu bez upo-
zornenia spotrebitela,
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— s obsahom PCB, kadmium, chlér a ktoré st na baze
benzidinu,

— ktorych LD50 je niZ8ia ako 200 mg/kg [31],

— ktoré maju vy$si obsah znecistenin a kovov ako su

limity uvedené v Tab. 2.

Pri farbeni kombinacie polyester-vina, ked je to
mozné, treba pouZit nehalogenované nosi¢e. Nemaju
sa pouZzivat najma di-alebo trichlérbenzén, butylbenzo-
at, metylkrezolat, o-fenyl-fenolbifenyl, bifenyloxid, ben-
zénbenzoat alebo chlérované aromaty. Treba zabranit
aj redukcii farbiv sulfidmi, oxidaciu s dichromanom
nahradit peroxidom. Pri opracovani baviny chlor z kys-
Iého katalyzatora méze mat interakciu s formaldehy-
dom, pricom moéZzu vznikat aj rizikové karcinogénne
splodiny.

Azofarbiva, ktoré mézu v dosledku redukéného
Stiepenia jednej azo skupiny alebo viacerych azo skupin
uvolmiovat jeden aromaticky amin alebo viac aromatick-
ych aminov s obsahom nad 30 ppm sa nesmu uvadzaft
na trh resp. pouZzivat do tychto vyrobkov [32]:

— osobna bielizen, vrchné a spodné oSatenie,

I6Zkoviny, uteraky, pricesky, parochne, klobuky,

plienky a iné hygienické vyrobky, spacie vaky,

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

Kovy Farbiva Pigmenty
Arzén 50 250
Kadmium 20 50
Chrom 100 100
Med 250 -
Ortut 4 25
Nikel 200 =
QOlovo 100 100
Antimén 50 250
Cin 250 =
Zinok 1 500 1 000
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Tabulka 3 Karcinogénne farbiva a ich kédy podla Oeko-TEX
Standardu [26]

Nazov podia Cl Cis. calor indexu Cis. CAS
Acid Red 26 16 150 3761-53-3
Basic Red 9 42 500 25620-78-4
Basic Violet 14 42 510 632-99-5
Direct Black 38 30 235 1937-37-7
Direct Blue 6 22610 2602-46-2
Direct Red 28 22120 573-58-0
Disperse Blue 1 64 500 2475-45-8
Disperse Orange 11 60 700 82-28-0
Disperse Yelow 3 11 855 2832-40-8

— obuv, rukavice, remienky naramkovych hodiniek,
tasky, penazenky, naprsné tasky, aktovky, potahy
sedadiel, tasticky na zavesenie na krk,

— textilné alebo usriové hratky alebo hracky s takymto
oblecenim,

— priadza a textilie uréené na pouzitie koneénym
spotrebitelom (Tab. 3).

Niektoré textilné farbiva diazozlicenin (benzidin, to-
luidin), ktoré st uvedené v Tab. 1 a 3, su karcinogénne
s vysokou pravdepodobnostou. Niektoré farbiva, ktoré
sa pouZzivaju na farbenie a tlac (polyesterové, polyami-
dové, acetatové a polyakrylnitrilové vlakna), méZzu mat
alergické Ucinky. Farbiva s potencialnym alergizujicim
ucdinkom a ich kody (€. kédu CAS: Chemical Abstract Ser-
vice; €. kodu Cl: Colour Index) su uvedené v Tab. 4.

Existujuce kritéria [31] pre farbenie z hladiska ob-
sahu tazkych kovov vo farbivach a pigmentoch su
uvedené v Tab. 2.

Vzhladom na uvedené skutoCnosti a poznatky v tom-
to prehladnom sibornom referate, bude potrebné
z hladiska zdravotnej bezpe&nosti vykonat monitoro-
vanie pouzivanych farbiv a ich kombinaciu v réznych
vyrobkoch podla Nariadenia EC [3].

Tento prispevok bol spracovany v ramci riesenia VTP ¢. APVT-
99-010604 ,ZDRAVIE", financne podporeného APVV SR.
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