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Vlaknotvorné polyméry

Fibre-Forming Polymers

THE EFFECT OF THE TECHNOLOGICAL CONDITIONS ON
AN EVALUATION OF THE FILTERABILITY
OF TIO, PIGMENT CONCENTRATES

Brejka O.", Krivo$ S.", Laskafeld M.2

"Research Institute of Man-Made Fibres, Inc., Stirova 2, 059 21 Svit, Slovak Republic

2Agrofert Holding, PRECOLOR o.z., NébfeZi Dr. E. Benede 1170/24, 751 52 Pferov, Czech Republic

Checking changes in the effects of the technological conditions of the methodology of the TiO,
pigment polyester concentrates (masterbatches), evaluation of filterability as a thermal regime of
a test, the concentration of pigment in the filter mixture, the apparatus output and the concentration
of polyester in the filter mixture on the filter index’s final value, evaluated melt density and kinetic
parameters of the apparatus are presented in the report.

Simultaneously, the effect of the humidity content of polyester concentrates on the measure-
ment’s predictive value has been quantified. The measured experimental results are presented in
a graphic form after their processing using polynomial regression.

Key words: TiO, pigment, concentrate, filterability, concentration, polyester, polypropylene

1. INTRODUCTION

Today, the use of additive concentrates presents the
most frequently used method of the physical modifica-
tion of polymeric materials. The effective processing
of additives such as, for example, colouring agents,
light and thermal stabilizers, and fire retardants, has a
basic effect on the optimal utilization of the qualities of
additive and polymeric materials.

In the production of a concentrate it is necessary to
arrange the processing prescriptions in a suitable way,
so as to increase the utilization of the pigments and dis-
persants, where the type and amount are mostly limited
by the type of polymeric surroundings, [1] used.

The efficiency of pigments in applications is depen-
dent on their colouristic, stability and processing quali-
ties, which are given by the chemistry of the pigment’s
surface and its physical form. Pigment providers can
use production methods, the most suitable technolo-
gies, syntheses, surface modification and finalization in
order to optimalize the physical qualities of pigments (the
type of crystalline form, its shape, the particle sizes and
their distribution) to improve their application in the produc-
tion of concentrates, increase their qualitative parameters,
or improve the economy of their production, [2].

Increasing the concentrates’ parameters by removing
oversized particles of pigments can also be realized by the
use of suitable polymeric filters with the advantage of con-
tinually working, which does not affect the pressure con-
ditions in the production of concentrates, or compounds,
[3-5] in a negative way by their construction. Increased
demands on the compounding quality also reinitiate tech-
nological apparatus producers to aim for the development
of an on-line control system which can monitor the particle
sizes and their distribution in the polymeric surroundings,
[6] continuously in the extruder with the help of a laser.
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In evaluating the degree of pigment homogenization
in concentrates, the filterability method is used today,
where the final level of the filterability describes not only
the degree of the product’s quality, but also informs
about the presence of impurities and the level of the
polymeric concentrate’s viscosity, which is directly
shown onto the optimum sphere of the concentrate’s
application. Based on the experimental data, the utili-
zation of the concentrate for the production of various
assortments of synthetic fibres, [7] can be determined
from the filterability level. The principle of the method
of the filterability evaluation is the determination of the
increase in the pigmented melt pressure on the defined
configuration of the sieves, [8, 9].

In the article the experimental results of checking
the effect of the evaluation conditions on the filter
index’s resulting level are presented. In the method
of the planned experiment, multiple independent and
dependent parameters have been used, which were
developed into graphic dependencies through a poly-
nomial regression.

2. EXPERIMENTAL PART

Raw materials used

— PET concentrate ( prepared at VUCHV, a.s.) with
a content of 20% of white inorganic TiO, anatase
pigment fibre grade of the PRETIOX AV-03 F/S type
(Precolor 0.z. Pferov)

— PP granulate HG-1007 (Slovnaft, Inc.) with a melt
flow rate of 10—12 g/10 min.

The testing apparatus
— The model filter line of the TS-32 type with the follow-
ing characteristics:
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o 1-screw extruder with a smooth, non-slotted case
and a screw without the mixing part
o the extruder diameter: ¢ = 32 mm
o configuration of filter sieves: 85, 640, 6400 and
15 600 holes/cm?
— An air oven with the air internal circulation (conditions
of drying the concentrate: 140 °C, 2 h).

The evaluation methodology
— The determination of the filterability of the PET con-
centrates: PPS-1/98.

This methodology for evaluating the filterability was
developed at VUCHYV a.s. and is a purposefully modi-
fied method according to the DIN 13 900-5 norm (the
process of dispersion and checking dispersability in
plastics) for an evaluation of the PET concentrates.

The methodology utilizes an experimental mixture
consisting of a PES concentrate and a basic testing
polymer (polypropylene) in an exact concentration to
check the dispersability of the pigments in the PET
concentrates. Due to its low moisture content a PP
polymer is used for preparing the final testing samples
(blend of PET concentrates + PP polymer).

The mixture is extruded in to the testing apparatus
in exact technological conditions by a dosing pump
through a system of filter screens. In front of this filter
system the pressure sensor scans the increase in the
melt pressure. The pressure difference between the
starting and maximal pressure will be used for calculat-
ing the FILTERINDEX value.

According to the following equation, the FILTER-
INDEX, which is defined as the pressure increase
reached for a kg of pure pigment, is calculated:

F= (Pmax._ PS)/MC

where F —filter index value, [MPa.kg™'], Ps — melt start-
ing pressure, [MPa], P,.x — melt maximal pressure,
[MPa], M; — pigment amount used in the test,[kg].

In Fig. 1 the running of the pressure model is
shown.

Fibre-Forming Polymers

During the experimental tests the melt pressure
between the extruder and the dosing pump was kept
at the level of 3 MPa to guarantee of sufficient pump
filling and suitable melt homogenity.

In the evaluation of the effect of the measurement
of the technological conditions on the final filterability
of the pigment concentrate, the method of the planned
experiment was used.

3. RESULTS AND DISCUSSION

In the method of the planned experiment following,
the independent and dependent parameters were
used:

Independent parameters of the planned experi-
ment:
The thermal regime of the filter test:
270, 280, 290, 300, 310 °C
Pigment concentration in the filter mixture:
2.04.06.08.0 10.0 wt.%
Filter apparatus output:
4,583; 5,472; 6,500; 7,694; 8,361.10 'm°.s™
Polyester concentration in the filter mixture:
4.67; 7.43; 9.0; 9.33; 11.14; 12.00; 14.00;
14.86; 18.67; 23.33; 24.00 wt. %
Dependent parameters of the planned experi-
ment:
Polymeric mixture filterability MPa.kg™
Operating parameters of the filter apparatus:

Circumferential velocity of the scroll screw m.s™
Filtered melt dosing kg.s™
Filtered melt density kg.m™

3.1 Setting the basic conditions of the filter
test process

The data of the planned experiment are presented
in the following table, (Tab. 1):

Fig. 1 Record of pressure development: 1 — start — up phase, 2 — starting pressure Pg; 3 — possible pressure decline conditioned by
different rheological qualities, 4 — different running of pressure, dependent on the experimental mixture, 5 — cleaning the apparatus using
100 g of basic testing polymer, t;— measurement of starting pressure Pgand filling the experimental mixture into the feeding hopper, t,

— finishing the experimental mixture and filling the basic polymer, t.— the end of the pressure record and setting the maximal pressure P,
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Fibre-Forming Polymers

Table 1 The planned experiment data of the filterability testing method of the TiO, anatase pigment masterbatch

it tom- | GO | oftestng | Fiterndex of | ZICEETR | oweutor | wer | R

perature testing sample sample p|gment_s1 screw tesgngahrl? de”S'fg’ sample

(C) (wt. %) (107 kg.sy | MPaKID) 1 qg2 gy | (107MLsT) | (kg.m™) (Wt.%)

1 280 4 3.31 100 4.52 5.47 793 12.00
2 280 4 8.61 81 5.03 6.50 796 9.33
3 280 4 10.14 70 5.70 7.69 791 7.43
4 280 6 7.50 72 4.68 5.47 824 18.00
5 280 6 8.83 71 5.37 6.50 817 14.00
6 280 6 10.69 60 5.87 7.69 835 11.14
7 280 8 8.06 70 3.63 5.47 885 24.00
8 280 8 9.58 57 4.30 6.50 886 18.67
9 280 8 10.97 60 3.73 7.69 856 14.86
10 290 4 7.31 80 5.03 5.47 803 12.00
11 290 4 8.50 71 5.37 6.50 786 9.33
12 290 4 10.17 75 5.68 7.69 793 7.43
13 290 6 7.56 63 6.70 5.47 830 18.00
14 290 6 9.06 58 7.37 6.50 837 14.00
15 290 6 10.56 56 5.80 7.69 824 11.14
16 290 8 7.50 66 5.37 5.47 824 24.00
17 290 8 9.17 60 5.87 6.50 847 18.67
18 290 8 10.56 59 5.92 7.69 824 14.86
19 300 4 6.94 63 5.70 5.47 763 12.00
20 300 4 8.25 57 6.37 6.50 763 9.33
21 300 4 9.58 53 6.70 7.69 748 7.43
22 300 6 7.42 59 6.37 5.47 815 18.00
23 300 6 8.67 57 7.37 6.50 801 14.00
24 300 6 10.19 53 7.53 7.69 796 11.14
25 300 8 6.97 64 8.35 5.47 766 24.00
26 300 8 8.42 57 7.53 6.50 778 18.67
27 300 8 9.72 46 7.45 7.69 759 14.86
28 310 6 8.25 57 9.22 6.50 763 14.00
29 270 6 9.44 52 4.18 6.50 873 14.00
30 290 10 10.91 43 6.70 6.50 1009 23.33
31 290 2 8.06 83 5.03 6.50 745 4.67
32 290 6 11.30 51 6.70 8.36 812 9.00
33 290 6 6.31 58 5.37 4.58 826 24.00

The measured values showed the dependency of
the parameter “screw circumferential velocity of the
filter apparatus” on the “melt temperature and polyester
concentration in the mixture”. These parameters were
consequently evaluated in a graph using polynomial
regression, (Fig. 2).

With the increase in the PET content in the filtered
blend (> 4 wt.% ) and the melt temperature, it is nec-
essary to set a higher circumferential velocity of the
screw.

The processing of the dependency of the final value of
the concentrate’s filterabilty on the circumferential velocity
of the filter apparatus screw and the pigment concentration
in the mixture is recorded in the graph in Fig. 3.

Vigkna a textil 13 (3) 51-58 (2006)

The character of the dependence of the filter index
on the circumferential velocity of the screw gradually
changes within a range of the pigment content of 2-10
wt.% in the testing samples.

Within the range of the circumferential screw veloc-
ity of 6.70-7.30.102 m.s™, the content of the pigment
in the blend does not have an important effect on the
filter index.

In a direct proportion, the melt density affects the total
melt weight dosed by a gear pump into a filter apparatus.
The density of the filtered multicomponent blending melt
is affected by the chemical composition and melt tempera-
ture. The dependency of the melt density on the pigment
content and melt temperature is shown in Fig. 4.
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Fig. 2 The effect of the melt temperature and concentration of PES in the testing sample on the circumferential velocity of the screw
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Fig. 3 The effect of the circumferential velocity of the screw and concentration of pigment in the testing sample on the filter index of the
masterbatches

The run of the dependencies is linear, and the incline
of the individual straight lines depends mainly on the
TiO, pigment in the filter mixture.

The melt density of the sample with a content of 2 wt.
% pigment changes with the temperature very slowly.
By increasing the pigment content in the samples, the
melt density of the samples decreases by more impor-
tantly the temperature.

In this case the density calculation can be simplified
by the linear additive model according to the percent-
age of the presence of the individual mixture compo-
nents and by the changes in the polymeric melt density,
solely depending on the temperature.

Based on this knowledge we can evaluate the effect
of the filter apparatus’s output on the volume ratio of
the pigment filterability in connection with the pigment’s
concentration in the filter mixture. The graphic solution
is presented in Fig. 5.

It is clear from the dependency that the filterabilty
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value mildly decreases with the increase in the filter
apparatus’s output and the increase in the pigment con-
centration in the filter mixture. That is why, for example,
we can expect that by using the filter mixture with a
pigment content of 5 wt.% and filtered under a volume
output of 6.67.10'm.s™, the filter index is close to 60
MPa.kg“, which can be lowered to a value of 55 MPa.
kg™ by increasing the filter apparatus’s output to a
value of 8.61.10"m%.s™.

The graphic solutions presented in Figs. 2 and 3
show a minimum in the relatively narrow interval of the
technological parameters:

V, circumferential velocity of the filter apparatus
screw 6,17.102:7,50.10° ms™
Tw melt temperature 285+295 °C

The limited area of the technological parameters
covers the minimizing side effects of the filtration pro-
cess in the wide scale of the chemical composition of
the filter mixture.

Vigkna a textil 13 (3) 51-58 (2006)
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Fig. 4 The effect of the melt temperature and TiO, pigment concentration in the testing sample on the melt density
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Fig. 5 The effect of the volume output of the testing line and the TiO, pigment concentration in the testing sample on the filter index

The determination of the basic technological para-
meters for the value of the pigment filterability at in-
tervals of 45 +55 MPa/kg can be determined in this
case based on the dependency from Figs. 2 to 5 quite
exactly:

The configuration of the filter sieves
85, 640, 6400 and 15,600 holes/cm?.
V,  Screw circumferential velocity of the
filter apparatus 6.5.102 +3.33.10° m.s™"

T  Melt temperature 290+2 °C
C,, Pigment concentration

in the filter mixture 5+0.01 wt.%
Cpes Polyester concentration

in the filter mixture 9+24 wt.%
P,  Volume output of the filter

apparatus 7.19.107+5.56.10° m®.s™

Vigkna a textil 13 (3) 51-58 (2006)

3.2 The determination of the pressure differen-
ce’s corrective value

The increase in pressure is also caused by the addi-
tion of the polymers used while filtrating the three part
mixture of TiO, pigment, polypropylene and polyester.
In the case of the use of poorer quality polymers, this
can lead to a negative effect of the pigment filterability;
which is why it is necessary to determine the pressure
difference which will be subtracted from the final pres-
sure value. In order to determine the value of the cor-
rection’s pressure difference, we monitored the amount
of the overflowing polymer in dependence on the total
overflowing amount under the following conditions:
The melt temperature 290 °C
Volume output of the filter apparatus ~ 7.19.107 m*.s™
Screw circumferential velocity of the filter apparatus

6.50.10° m.s™

55



Vlaknotvorné polyméry

Table 2 Values of the pressure difference and filtrated quantity
of the polymer carriers

Fibre-Forming Polymers

Table 3 Statistical regression data

. Correlation coefficient R 0.9989
Time Quantity Pressure (P) Pressure differ- Definiteness coefficient B 0.9978
ki MP ence (Py)

(s) (kg) (MPa) (MPa) Mean value error 0.0339
0 0.000 1.800 0.000 Number of observations 9
900 0.442 1.900 0.100 Difference | Stochastic | Model | .

relation relation
1440 0.722 2.050 0.250 -
Regression 2.5798 0.8599 | 749.619
2160 1.072 2.150 0.350
Residues 5 0.0057 0.0011
3660 1.820 2.300 0.500
Totall 8 2.5856
4560 2.268 2.450 0.650 oy
. - Mean Signifi-
6000 3.014 2.600 0.800 Regression | Coefficients value error T stat cance
7860 3.920 3.050 1.250 Ao —-0.0239 0.0300 0.7979 Insig.
9240 4.618 3.550 1.750 A, 0.4474 0.0642 6.9666 Sig.
A, -0.1310 0.0342 3.8247 Sig.
The configuration of the filter sieves 85, 640, 6400 Ag 0.0254 0.0049 5.1777 Sig.

and 15,600 holes/ cm?

The recorded changes of the pressure difference are
presented in Tab. 2.

The measured values were evaluated using regres-
sion by the polynomial of the third grade. The regres-

Table 4 The effect of the pigment concentration in the master
batch and filtrated mass of the sample on the value of
corrected pressure difference

sion statistics are presented in Tab. 3 and a comparison .
f th | . E in Fia. 6 P Concentration | Corrected pressure difference, in MPa, de-
orthe values Is shown in Fig. ©. ) of TiO, pigment | pending on the filtrated mass of sample
According to the corrected pressure difference (0.1 + in PES master | 5 | o4
0.4 MPa) and the concentration of TiO, pigment in the batch 0.1 0.2 0. :
. o,
concentrate, we determined the amount of the over- (wt.%) (k)
flowing filter mixture. The overflowing amount values 10 0.617 | 1.433 2.213 2.955
are presented in Tab. 4 and Fig. 7. 15 0.463 1.075 1.660 2.216
This results from the graphic dependency that the 20 0.411 | 0956 1.475 1.970
affectlon_ of _thg _value of f[he p_lgment f|Iterab|I|ty by o5 0386 | 0896 1 383 847
polymer is significant at TiO, pigment concentrations % 0370 | 0,860 308 773
in a concentrate lower than 20 wt.%. - : : :
The amount of 2 kg of overflowing filtered melt with a 40 0852 | 0819 [ 1.265 1.689
content of 5 wt.% TiO, pigment at a corrected pressure 50 0.343 | 0.796 1.229 1.642
difference of 0.3 MPa presents a reducing filter index 60 0.336 | 0.782 1.207 1.612
by 3 MPa.kg™".
2,0
5 1,8 + .
= 16
S 14
[
s 127 =
5 10+
% 08 | ]
(%] 0,6 4
s .
04 + R
02+
0,0 '
-0,2 T t t t t t t t t t
0,0 0,5 1,0 1,5 2,0 25 3,0 3,5 4,0 4,5 5,0

Mass of polypropylene, kg

& Pressure difference - experimentel

B Pressure difference - calculated

Fig. 6 A comparison of the experimental and calculated values of the pressure difference depending on the filtrated polypropylene mass
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Fig.7 The effect of the pigment concentration in masterbatch and the filtrated mass of the sample on the corrected pressure differ-
ence for testing a sample with a content of 5% the of TiO, pigment

The filterindex value with a increase in the overflow-
ing melt amount is reduced markedly.

This is the reason to use a corrected pressure differ-
ence according to the following rules:

Overflowing Corrected pressure
melt amount difference
to 0.499 kg 0.0 MPa
from 0.5 to 0.999 kg 0.1 MPa
from 1.0 to 1.499 kg 0.2 MPa
over 1.5 kg 0.3 MPa

The maximal value of the filter index correction is 4
MPa.kg™" through the use of fibre-grade quality poly-
mers. For different polymer types it is necessary to
evaluate the dependency of the corrected pressure
difference on the overflowing amount of the filter melt
and on the pigment concentration in the concentrate.

3.3 The effect of drying on the filterability of
TiO, pigment PET concentrates

For a comparison of the effect of the drying of the
concentrate on the concentrate filter index’s final value,
a PET concentrate was used with a content of 20%
TiO, pigment, the drying of which was realized in a
drying oven with an inner circulation under these con-
ditions:

Air temperature 140 °C Drying time 2 hours
We realized 10 determinations of filterability values for
the comparison under standard conditions:

Melt temperature

TiO, pigment content in the filtered mixture

Configuration of filter sieves

85, 640, 6400 and 15,600 holes/cm?

290 °C
5wt.%

Vigkna a textil 13 (3) 51-58 (2006)

Table 5 The effect of drying the sample on the filter index of the
PES masterbatches

Frequency Dried cohce_r}trate Non-dried gongentrate
(MPakg™) (MPa'kg™)

1 69 88

2 77 80

3 60 72

4 65 43

5 58 62

6 74 76

7 62 51

8 67 53

9 63 38

10 69 40
Average 66.30 60.09
S (MPa.kg™) 6.18 16.89
Cv (%) 9.32 28.10

The measurement results are presented in Tab. 5.
An evaluation using the basic descriptive statistics
has shown the necessity to dry the PET concentrate
before the determination of the filterindex value.
The dried concentrate achieves the better reproduc-
ibility of the filterability values (lower standard deviation
and lower variation coefficient).

4. CONCLUSION

Today the method of filterability presents one of the
basic methods of evaluating the dispersion of addi-
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tives and pigments in a polymeric material. However,
it is a complex method, where a lot of the information
about the sample’s purity, its rheological qualities, pos-
sibilities for the most suitable application, and pigment
extraction is hidden in the final value of the filter index
concentrates. At the same time it is necessary to know
and quantify the effects of the individual measurement
conditions on the final level of the filterindex.

In the experimental part of this work, information
about the effect of the independent variables ( thermal
regime of the filter test, pigment concentration in the
filter mixture, output of the filter apparatus, and polyes-
ter concentration in the filter mixture) on the selected
dependent variables (filterability of the polymeric mix-
ture and operational parameters of the filter apparatus
such as the circumferential velocity of the scroll screw
and filter melt dosing) has been obtained and quantified
during the evaluation of the filterability of the polyester
concentrate TiO, anatase pigment and the fibre-grade
polypropylene mixture. It was realized by the method
of a planned experiment and by using a mathematical
evaluation using the polynomial regression form.

Fibre-Forming Polymers

Simultaneously the essential effect of drying PES
concentrate samples on the final value of the filterability
and measurement equality has been confirmed.

Acknowledgement : This research was performed for Agrofert
Holding, Precolor o.z. Prerov.
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Vplyv technologickych podmienok hodnotenia na
filtrovatelnost koncentratov TiO, pigmentov

Translation of Abstract:
The effect of the technological conditions on an evaluation of the filterability
of TiO, pigment concentrates

V prispevku je uvedené preverenie vplyvov zmien technologickych podmienok metodiky hodnotenia filtrova-
telnosti polyesterovych koncentratov TiO, pigmentov ako teplotného reZzimu skusky, koncentracie pigmentu vo
filtracnej zmesi, vykonu zariadenia a koncentracie polyesteru vo filtragnej zmesi na vyslednd hodnotu filterinde-
xu, hustoty hodnotenej taveniny a kinetickych parametrov zariadenia. Zaroven bol kvantifikovany vplyv obsahu
vlhkosti v polyesterovych koncentratoch na vypovedaciu hodnotu merania. Namerané experimentalne vysledky
su uvedené v grafickej forme po ich spracovani prostrednictvom polynomialnej regresie.
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THE STRUCTURE AND PROPERTIES OF TEXTILES BASED
ON PP FIBRES WITH DIFFERENT GEOMETRIES

Jambrich M.", Balogova J.?, Hardofiova D.’

"University of A. Dub&ek in Tren&in, Faculty of Industrial Technology,
I. Kraska 491/30, 02032 Puchov, Slovak Republic

2Chemosvit-Fibrochem, a.s., Stirova 101, 05921 Svit, Slovak Republic

Fibrous materials represent an important product in the application of fibres destined for clothing
production, indoor textiles production and technical textiles production. Different kinds of clothing
are used in direct or indirect contact with human skin. These types of textiles require appropriate
utility properties, mainly suitable heat and moisture transport — physiological properties. This study
examines the effect of the geometry of PP fibres on the structure and utility properties of textiles

— thermoclothing.

1. INTRODUCTION

The production of clothing textiles is mostly ensured
by natural and chemical fibres or by a mixture of these
fibres. Usually, they are knitted or woven. Natural fibres
have maintained a dominant position in the produc-
tion of clothing textiles for a relatively long time, but
nowadays, chemical fibres dominate, [2]. In 2004, the
consumption share of chemical fibres was 60%, from
which the most represented types of fibres were PES
and PP fibres, [3]. In clothing textiles, a lot of attention
is focused on the development and application of mi-
crobial types of fibres, especially polyactides, [4-5].

During the preparation of new clothing products, the
manufacturer is obliged to ensure that the given product
meets criteria for physiological and wearing comfort,
[1]. Such an approach corresponds to a complex evalu-
ation of one-dimensional, two-dimensional and three-
dimensional textiles — i.e., the product, [6].

An analysis of these structural and utility properties
(mainly physiological ones) consists of three levels:

— level of one-dimensional textiles — laboratory tests

— sort and type of fibre and its

a) molecular, supramolecular, morphological and
macromorphological structure — geometry
b) physical-mechanical properties
— level of two-dimensional textiles
a) macro-morphological structure
b) physiological, surface and volume properties,
air and fibre ratio — laboratory tests
— level of three-dimensional textiles
a) physiological and comfort properties
b) geometric form — clothing design
c) field and method of utilization
d) care technique

A further evaluation is carried out using tests on
models and wearing tests.

It is necessary to maintain a high standard in the
realization of a new product in order to achieve the
most significant power of the physiological and comfort
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properties as well as the utility properties of the clothing
product, [7—11].

2. EXPERIMENTAL PART

PP fibres with different unit linear densities (Tdj) of
1.0, 1.7 and 3.3 dtex were used for preparation of the
double jerseys and thermoclothing.

The physical-mechanical properties, macromor-
phological structure and utility properties of the textile
materials were evaluated.

3. DISCUSSION

The physical-mechanical properties of these fibres
are listed in Table 1.

The different tenacity and elongation values of PP
the fibres were due to the parameters of the supramo-
lecular structure, especially the orientation evaluated by
An. The highest values of An were measured out in PP

Table 1 Physical-mechanical properties of PP fibres according to
the STN ISO 2060 norm, 2062

Propert Prolenvel®FT | Prolenvel®FT | Prolenvel®FT
perty 50/50 x 2 56/33 x 2 110/33 x 1

Linear density 97.7 111.4 109
[dtex] ’ ’
Unit linear
density [dtex] 1.0 1.7 33
Tenacity
[cN/dtex] 2.9 3.1 2.8
Elongation 90.4 80.2 88.1
[%]
Number of 100 66 33
fibrils
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Fig. 1 Knitted fabric made of 100% PP with a linear density of
50/50 x 2; tight side of a double jersey

fibres with a linear density of 56 dtex/33 x 2, whereas
the lowest values were found in PP fibres with a linear
density of 110 dtex/33 x 1. Double jerseys were pre-
pared from the mentioned fibres, Fig. 1.
The knitted fabrics were analyzed with regard to:
a) abrasion resistance (STN 800816)
b) capillarity elevation using a 0.5% solution of
KMnO,
c) sorptive ability using an unconventional method
for evaluating thermoclothing

The abrasion resistance of knitted fabrics made of
PP fibres with linear densities of 50 dtex/50 x 2 (A),
56 dtex/33 x 2 (B) and 110 dtex/33 x 1 (C) tested on a
rotary abrader is shown in Fig. 2.

The values of the abrasion resistance of the knitted
fabrics shown in Fig. 2 unambiguously confirm the
prediction that the finer the fibre, the lower its abrasive
resistance.

500 - 482
450 -
400 -
350 -
300 -
250 -
200 7 142
150 -
100 -
50 -

290

number of turns

A B samples (¢}

Fig. 2 The abrasion resistance of knitted fabrics at a constant

abrader head loading of 200g and at an abrasive paper
granularity of 500 (STN 800816)
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g. 3 Capillarity elevation of knitted fabrics made of PP fibres with
linear densities of 50 dtex/50 x 2 (A), 56 dtex/33 x 2 (B) and
110 dtex/33 x 1 (C)

The effect of a fibre’s fineness on capillarity elevation
was evaluated using a 0.5 % solution of KMnO, The
results obtained are shown in Fig. 3.

The capillarity elevation is conditioned on the specific
surface (MP) of a fibre and its supramolecular structure.
The specific surface of the examined fibres is arranged
as follows: MPA > MPB > MPC. One would expect that
the arrangement of the MP values would be the same
as the arrangement of the capillary attraction values.
However, Fig. 3 clearly shows that the arrangement of
the capillary attraction values is backwards. This result
could be explained by the fact that the macro-morpho-
logical structure of knitted fabrics made of these fibres
(the mutual position of the fibres) does not allow us to
take full advantage of the fibre’s surface. The effect
of the fibre’s orientation manifests the same way, this
orientation being higher in PP fibres with Tdj of 1.0
and 1.7 dtex.

The same result was obtained while testing the sorp-

17,6

area diameter in mm
N
o
L

1 5.4 5
6 -
4
24
0+
A B samples Cc
Fig. 4 Sorptive ability of knitted fabrics made of PP fibres with linear

densities of 50 dtex/50 x 2 (A), 56 dtex/33 x 2 (B) and 110
dtex/33 x 1 (C)
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tive ability of knitted fabrics made of the mentioned PP
fibres, Fig. 4.

The causal connection between the described re-
lationships can again be found in the different macro-
morphological structures of knitted fabrics made of the
mentioned PP fibres and in the different parameters of
their supramolecular structures. The macromorphologi-
cal structure was studied by means of picture analysis
and orientation using An.

One of the most important utility properties of ther-
mo clothing is its thermal-insulating ability, which is
characterized by the heat transfer through the textile.
Textile fibrous materials are in fact composite of fibres
and air. The need for the transfer of heat through the
textile changes according to the physical loading of
the organism and according to the climatic conditions.
Generally, the heat can be transferred through the
layer of the fibrous material by conduction, convection
and radiation.

The thermal conductivity (1) is described as the
speed of the heat transfer in a fabric and can be influ-
enced by its structure, [12].

The amount of heat Q transferred through a textile
layer with the thickness h is given by the following
relationship:

Q = (A-A-AT)h (1)

Q - amount of heat [W], A — thermal conductivity [W/
mK], A - measured area [m?], AT — temperature differ-
ence (T, — Ty) [K], T, — temperature under the mea-
sured layer [K], T, —temperature above the measured
layer [K], h —thickness of the measured layer [m].
The specific area resistance of heat conduction [r]:

r=h/A )

r — specific area resistance of heat conduction [mK/
W].

The thermal contact method and a thermovision
camera were used for measuring the thermal-insulating
properties of thermoclothing, [13].

Through an analysis of the thermograms from the fig-
urants’ thermoclothings, which was obtained by a ther-
movision camera, we could determine the difference in
the average temperature on the surface of the product’s
tight side compared to the laboratory temperature. The
lower this temperature difference obtained at the same
time, the better the thermal-insulating properties of the
product. The results of the analysis of thermoclothing
made of PP fibres with different linear densities of 50
dtex/50 x 2 (A), 56 dtex/33 x 2 (B) and 110 dtex/33 x 1
(C) are shown in Fig. 5.

The results of the measurements displayed in Fig-
ure 5 show that the products of PP fibres with a linear
density of 50 dtex/50 x 2 (unit linear density of 1.0 dtex)
have partly better thermal-insulating properties than the
products of PP fibres with linear densities of 56 dtex/33
x 2 and 110 dtex/33 x 1. The causal connection can
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Fig. 5 Surface temperatures of the samples of PP fibres with linear
densities of 50 dtex/50 x 2 (A), 56 dtex/33 x 2 (B) and 110
dtex/33x 1 (C)

be found in the macro-morphological structure of the
knitted fabrics.

Another suitable method for the evaluation of the util-
ity properties of the textile products (thermoclothing) is
the wearing test method. The following conditions and
indicators were specified for the evaluation of the utility
properties by means of wearing tests:

a) conditions
— number of usages of each sample — 10 times
— maintenance of the sample at 40 °C after each
usage
— assignment of an evaluation mark according to
a scale of 1-5 points after each usage
b) indicators
— feel
abrasion resistance
— pilling effect
thermal-insulating properties
shape fastness
— wearing comfort

The wearing test was performed on 10 figurants. A
subjective evaluation of thermoclothing is presented
in Fig. 6.

The evaluation of the utility properties by means of
wearing tests and the subjective evaluation of 5 ther-
moclothing indicators suggest that the PP fibre with
the most favourable structure is the one with a linear
density of 56 dtex/33 x 2.

4. CONCLUSION

The aim of our study was to verify the effect of the
linear density of PP fibres on the physical-mechanical
and utility properties of double jerseys and thermo-
clothing. PP fibres with a Tdj of 1.0, 1.3 and 3.3 dtex
were used for preparation of these products. Tenacity
and elongation were the properties that partly differed
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evaluation mark
w

Esample A Bsample B COsample C

Abrasion
resistance

PFiling effect

Thermal - insulating ~ Shape fastness
properties

Wearing comfort

Fig. 6 Average values of the indicators of the utility properties of thermoclothing made of PP fibres with linear densities of 50 dtex/50 x 2
(A), 56 dtex/33 x 2 (B) and 110 dtex/33 x 1 (C)

among the three types of fibres. These differences are
due to minor variances in the orientation of fibres, which
was confirmed by the determination of An.

The different geometry and orientation of fibres also
manifested in the macromorphological structure of
the knitted fabrics as well as in their capillarity eleva-
tion and sorption properties. The highest values were
measured in fibres with a unit linear density of 3.3 (110
dtex/33 x 1). On the other hand, the thermal-insulating
properties of thermoclothing are partly more favourable
in products made of fibres with a Tdj of 1.0 (50 dtex/50
x 2), which was nevertheless predicted pursuant to
a knowledge of their macro-morphological structure
evaluated by means of picture analysis.

According to the figurants participating in the wear-
ing tests, the thermoclothing made of fibres with a Tdj
of 1.7 dtex (56 dtex/33 x 2) had the best utility properties,
even though its wearing comfort was at the same level as
the thermoclothing made of fibres with a Tdj of 1.0 dtex (50
dtex/50 x 2), in which a minor change in shape and pilling
effect were detected. All three types of thermoclothing
showed an excellent skin-sensorial and thermo-physiologi-
cal comfort during the wearing tests.

Acknowledgement: The support of the National Grant Agency
of Slovakia VEGA 1/2451/05 is appreciated.
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Struktira a vlastnosti textilii na baze PP vlakien s rdéznou
geometriou

Translation of Article:
The structure and properties of textiles based on PP fibres with different
geometries

Vlaknité materialy su vyznamnym produktom aplikacie vlakien uréenych na zhotovovanie ode-
vov, bytovych a technickych textilii. Jednotlivé druhy odevov sa pouzivaju v priamom a nepriamom
kontakte s pokozkou tela. Tieto typy textilii musia mat vhodné uzitkové vlastnosti, najma vhodny
transport tepla a vihkosti — fyziologické vlastnosti. V prispevku sa pojednava o vplyve geometrie
PP vlakien na Struktdru a Uzitkové vlastnosti textilii — termobielizne.

1. UVOD

Vyroba odevnych textilii sa zabezpeduje prevazne
z prirodnych a chemickych vlakien alebo z ich zmesi.
Zvycajne byvaju pletené, alebo tkané. Prirodné viakna
mali pomerne dlho dominantné postavenie vo vyrobe
tychto textilii. V tomto obdobi hlavné zastipenie maju
chemické vlakna, [2]. V r. 2004 ich podiel Cinil 60%,
kde PES a PP vlakna mali najsilnejSie zastupenie,
[3]. Velka pozornost sa v odevnych textiliach venuje
vyvoju a aplikacii mikrobialnych typov viakien, najma
polyaktidovym, [4-5].

Pri priprave nového odevného vyrobku musi vyrobca
sledovat ciel, aby dany produkt spifial kritéria na fyzi-
olégiu a komfort pri jeho noseni, [1]. Takyto pristup
zodpoveda komplexnému hodnoteniu jednorozmernej,
dvojrozmernej a trojrozmernej textilie — vyrobku, [6].

Analyza Struktdry a uzitkovych vlastnosti, najma
fyziologickych, je orientovana do troch urovni:

— na urovni jednorozmernej textilie — laboratérne
skusky

—druh a typ vlakna a jeho

a) molekulova, nadmolekulova, morfologicka
a makromorfologicka Struktira — geometria
b) fyzikalno - mechanické vlastnosti
— na urovni dvojrozmernej textilie
a) makromorfologicka Struktura
b) fyziologické, povrchové a objemové vlast-
nosti, podiel vzduchu a vldkna — laboratérne
skusky
— na urovni trojrozmernej textilie
a) fyziologické a komfortné vlastnosti
b) geometricky tvar — strih odevu
c) oblast a spoésob vyuzivania
d) spdsob osetrovania.

Dalsie hodnotenie st skigky na modeloch a skugky
nosenim.

Naro&nost na realizaciu nového vyrobku je
vysoka, avSak potrebna, aby vypovedna schopnost
o fyziologickych, komfortnych a Gzitkovych vlastnosti-
ach odevného vyrobku bola ¢o najvyssia, [7-11].
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2. EXPERIMENTALNA CAST

Pre pripravu termobielizne boli pouZzité PP viakna
o roznej Tdj-1.0, 1.7, 3.3 dtex.

Z uvedenych vilakien boli pripravené obojlicne pleten-
iny a z nich termobielizeri. Hodnotili

sa fyzikalno-mechanické vlastnosti vlakien, makro-
morfologicka Struktira a uzitkové vlastnosti pletenin
a vyrobkov z nich pripravenych.

3. HODNOTENIE

Fyzikalno-mechanické vlastnosti PP vlakien su uve-
dené v tabulke 1.

Tab. 1 Fyzikalno-mechanické vlastnosti PP vlakien
podla noriem STN ISO 2060, 2062

Rozdielne hodnoty pevnosti a taznosti PP vlakien boli
podmienené parametrami nadmolekulovej Struktury,
najma orientaciou hodnotenou pomocou An. NajvySSie
hodnoty An boli namerané u PP viakien 56 dtex/33 x 2
a najnizSie u PP vlakien 110 dtex/33 x 1. Z uvedenych
vlakien boli pripravené obojlicne pleteniny, obr. 1.

Obr. 1 Pletenina zo 100% PP s jemnostou 50 dtex/
50 x 2, licna strana obojlicnej pleteniny

Pleteniny boli analyzované z hladiska:

a) trvanlivosti na oder STN 800816

b) kapilarnej vzlinavosti pomocou 0,5% roztoku
KMnO,

c) sorp&nej schopnosti nekonvenénou metédou pre
hodnotenie termobielizne

Na obrazku 2 je uvedena trvanlivost pletenin z PP
vlakien 50 dtex/50 x 2 (A), 56 dtex/33 x 2 (B) a 110/33
x 1 (C) na rotaénom odieraci.

Obr. 2 Odolnost PP pletenin na oder pri konStantnom
zatazeni odieracej hlavy 200g a zrnitosti brdsneho pa-
piera 500 (STN 800816)

Hodnoty odolnosti PP pletenin voci oderu uvedené
na obrazku 2 jednoznaéne potvrdzuji oCakavanie, Ze

Vplyv jemnosti vlakien na kapilarnu vzlinavost bol
posudzovany pomocou 0,5% roztoku KMnO, Ziskané
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vysledky su uvedené na obrazku 3.

Obr. 3 Kapilarna vzlinavost pletenin z PP viakien
50 dtex/50 x 2 (A), 56 dtex/33 x 2 (B) a 110 dtex/33
x1(C)

Kapilarna vzlinavost je podmienena mernym povr-
chom (MP) vlakna a jeho nadmolekulovou Struktirou.
Merny povrch skimanych viakien ma nasledujicu
kontinuitu: MPA > MPB > MPC. Tejto postupnosti MP
by mali zodpovedat i hodnoty kapilarnej vzlinavosti.
Z obrazku 3 vyplyva, Ze postupnost je opa¢na. Tuto
skuto€nost m6zeme vysvetlit tym, Ze makromorfo-
logicka Struktura pletenin z tychto vlakien (vzajomné
uloZenie vlakien) neumoziuje v plnom rozsahu vyuzit
povrch viakien. Rovnako sa prejavuje i vplyv orientacie
vlakien, ktora je vysSia u PP vlakien s jemnostou Tdj
1,0 a 1,7 dtex.

Rovnaky priebeh sa prejavil i pri hodnoteni sorpénej
schopnosti pletenin z uvedenych PP vlakien, obr. 4.

Obr. 4 Sorpcna schopnost pletenin z PP viakien
50 dtex/50 x 2 (A), 56 dtex/33 x 2 (B) a 110 dtex/33
x1(C)

Pri¢innu suvislost uvedenych vztahov mézeme
opéat hladat v rozdielnej makromorfologickej Strukture
pletenin z uvedenych PP vlakien a rozdielnych para-
metroch ich nadmolekulovej Struktiry. Makromorfo-
logicku Struktiru sme posudzovali obrazovou analyzou
a orientaciu pomocou An.

Jednou z rozhodujucich Uzitkovych vlastnosti ter-
mobielizne je aj tepelno - izola¢na schopnost. Tato je
charakterizovana prestupom tepla cez textiliu. Textilné
vlaknité materidly su v podstate kompozitom z viakien
a vzduchu. PoZiadavka na prestup tepla cez textiliu
sa meni podla fyzickej zataze organizmu a klimatick-
ych podmienok. Prestup tepla cez vrstvu viaknitého
materialu sa vo vSeobecnosti uskutocfiuje vedenim,
Ziarenim a prudenim.

Tepelnu vodivost A charakterizuje rychlost prestupu
tepla v urcitej latke, ktori méze ovplyvnit jej Struktura,
[12].

Mnozstvo tepla Q, ktoré prejde cez vrstvu textilie
s hrdbkou h je dané vztahom:

Q = (WA-AT)h 1)

Q — mnozstvo tepla, [W], A — tepelna vodivost, [W/mK],
A — merné plocha, [m?], AT — tepelny rozdiel (T, —T,),
[K], T,—teplota pred meranou vrstvou [K], T, — teplota
za meranou vrstvou [K], h — hribka meranej vrstvy
[m].

Plosny merny odpor vedenia tepla r:

r=r/\ (2)

r — ploSny merny odpor vedenia tepla [mK/W].
Meranie tepelno — izolaénych vlastnosti termobiel-
izne bolo uskuto€nené termokontaktnou metédou
a pomocou termoviznej kamery, [13].
Hodnotenie termogramov ziskanych termoviznou
kamerou termobielizne na probantovi umozfuje urcit
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rozdiel priemernej teploty na povrchu licnej strany
vyrobku oproti teplote laboratéria. Cim mensi je tento
teplotny rozdiel dosiahnuty za rovnaky €as, tym lepSie
su tepelno — izolacné vlastnosti vyrobku. Na obrazku
5 su uvedené ziskané poznatky termobielizne z PP
vlakien o dizkovej hmotnosti 50 dtex/50 x 2 (A), 56
dtex/33 x 2 (B) a 110 dtex/33 x 1 (C).

Obr. 5 Povrchové teploty vzoriek z pletenin z PP
vlakien 50 dtex/50 x 2 (A), 56 dtex/33 x 2 (B) a 110
dtex/33 x 1 (C)

Z uvedenych vysledkov merani (obr. 5) vyplyva,
Ze vyrobky z PP vldkien 50 dtex/50 x 2 (Tdj 1,0 dtex)
maju CiastoCne lepSie tepelno —izolaéné vlastnosti ako
vyrobky z PP vlakien o diZkovej hmotnosti 56dtex/33
x 2 a 110dtex/33 x 1. Pri€innu suvislost treba hladat
v makromorfologickej Struktire pletenin.

Vhodnou metddou hodnotenia Uzitkovych vlastnosti
odevnych vyrobkov — termobielizne je aj nosenie. Pre
hodnotenie uZitkovych vlastnosti nosenim sa stanovili
nasledovné podmienky a ukazovatele:

a) podmienky
— pocet pouzitia kazdej vzorky — 10 krat
— udrzba vzorky po kazdom pouZiti pri 40 °C
— hodnotiaca znamka po kazdom pouziti podla
stupnice (1-5)
b) ukazovatele
— ohmat
odolnost proti oderu
Zmolkovitost
tepelno-izolaéné viastnosti
stalost tvaru
— komfort pri noseni

Skusky nosenim boli realizované s 10 probantami.
Subjektivne hodnotenie termobielizne je uvedené na
obr. 6.

Obr. 6 Priemerné hodnoty ukazovatefov uzZitkovych
vlastnosti termobielizne z PP viakien 50dtex/50 x 2 (A),
56dtex/33 x 2 (B) a 110dtex/33 x 1 (C)

Hodnotenie UZitkovych vlastnosti nosenim a subjek-
tivne hodnotenie 5 ukazovatelov termobielizne pouka-
zuje na najpriaznivejsiu Struktiru PP viakna o dizkovej
hmotnosti 56dtex/33 x 2.

4. ZAVER

Cielom nasich prac bolo overit vplyv diZkovej hmot-
nosti PP vlakien na fyzikalno — mechanické a uzitkové
vlastnosti dvojlicnych pletenin a termobielizne. Pre
pripravu tychto vyrobkov boli pouzité PP vlakna
o] dl'ikovej jednotkovej hmotnosti Tdj 1,0, 1,3 a 3,3
dtex. Pouzité vlakna s rozdielnou Tdj mali Ciastocne
rozdielne pevnosti a taznost. Tieto rozdiely su spo-
sobené malymi rozdielmi v ich orientacii, ktoré sme
potvrdili stanovenim An.

Rozdielna geometria a orientacia vlakien sa pre-
javili i v makromorfologickej Strukture pletenin a v ich

Vigkna a textil 13 (3) 59-65 (2006)
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kapilarnej vzlinavosti a sorpénych vlastnostiach.
NajvyssSie hodnoty boli namerané u viakien s Tdj 3,3
dtex (110dtex/33 x 1). Naproti tomu tepelno —izolac¢né
vlastnosti termobielizne su &iastoCne priaznivejSie
u vyrobkov z vlakien s Tdj 1,0 dtex (50 dtex/50 x 2), ¢o
sa oCakavalo na zéklade poznania makromorfologickej
Struktiry hodnotenej pomocou obrazovej analyzy.

Vigkna a textil 13 (3) 59-65 (2006)

Fibre-Forming Polymers

Uzitkové vlastnosti termobielizne hodnotené nosenim
probantami sa javili najlepSie u termobielizne z viakien
Tdj 1,7 dtex (56dtex/33 x 2), a to napriek tomu, Ze
komfort nosenia bol na drovni termobielizne z vlakien
Tdj 1,0 dtex (50dtex/50 x 2) (obr. 6), u ktorej bola
nepatrna zmena tvaru a nizSia Zmolkovitost. VSetky
tri druhy termobielizne mali po€as nosenia vyborny
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ANALYSIS OF THE COHERENCE OF THE
DEFORMATIONAL CHARACTERISTICS OF FABRICS

Stepanovic J.", Radivojevic D.?

"Faculty of Technology, Leskovac, Nis University

2Technical High School of Textiles, Leskovac
Email: jovan64@yahoo.com

Knowing the mutual coherence of the deformational characteristics of fabrics, their regular
projections are provided according to their future assignment. The limit of elasticity and the creep
limit of the fabrics are characterized, by which their behavior during exploitation can be simulated.
Therefore, in this work, analyzed is the relationship between the breaking forces, the elasticity
limit forces and the creep limit of the fabrics produced from filament PA yarns and Wo—PES mixed
yarns. Also, according to the values obtained of the forces that the fabrics can be subjected to
during the exploitation, can be projected, without the perturbation of their quality.

1. Introduction

The stability of the structure of fabrics during the
effect of various forces depends on their mechanical
characteristics, which are conditioned by the char-
acteristics of all the elements of the lower structural
range (fibers, yarns, warp, weft) that occur during their
production, such as by the parameters of the construc-
tion and structure, [1] of those fabrics (warp spacing,
weft spacing, warp weaving-in, weft weaving-in etc.).
Also, the technology of woven fabrics production can
have a critical effect on the structural stability of the
woven fabrics.

The elasticity modulus of a material is determined
on the basis of the dependence o—¢, [2] and is defined
as a straight line slope (Fig. 1), to which the following
dependence applies:

The behavior of fabrics subjected to lower loads is
mostly that of linear elasticity, which means that there
is a linear ratio between the load and the deformation.

Tension
-,

Linear part

Elongation

Fig. 1 Theoretical curve 6—€ 6— tension, € — elongation

66

The maximum elasticity modulus occurs in this area
and the material exhibits the elasticity properties of
the solid bodies. After the release of load, the mate-
rial returns into its initial form, so that the deformation
value upon the removal of the force is zero (elastic
recovery). Following the elasticity region, there ap-
pears the plasticity region. In this region, the material
deformations are plastically elastic or highly elastic. The
boundary between the elastic and plastic deformations
is the creep limit, [3—6]. By further increasing the load
beyond the elasticity limit, of the creep limit, the ration
between the load and deformation is no longer linear,
but there occurs a plastic or permanent deformation.
Thus, the creep limit represents the amount of load
that a material can be subjected to during use or in the
production process.

However, real curves (Fig. 2) differ from theoretical
ones, [7-8]. It is known that fabrics have all three rheo-
logical features (elasticity, viscoelasticity and plasticity),
and that under tension, all three deformation charac-
teristics are present, but their speeds are different.
This means that in textile materials, there is no pure
Hook’s elasticity, since these are regions dominated
by adequate deformations. Fabric elongation can be
observed as a procedure in which the inner equilib-
rium of fabric elements is disturbed and the system
moves into a new state of equilibrium. In the beginning,
straightening of the wire system occurs in the direction
of the action of the elongation forces, causing a change
in the position of the contact points between the warp
and weft wires and a change in the fabric’s structure.
After that, elongation of the given wire system occurs
in the direction of the force’s action.

The fabric release or the degree of its elastic recovery
depends on the intensity and the time of load application.
When the load is below the creep limit most of the defor-
mation is reversible, while the load above the creep limit
causes mostly irreversible (permanent) deformations.

Vidkna a textil 13 (3) 66-70 (2006)
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Fig. 2 Experimental curves F—, F —force, € — elongation

2. MATERIALS AND METHODS

For the purpose of this examination, twenty differ-
ent fabrics were woven on looms with projectiles and
without shuttles. Their technical characteristics are
given in Table 1.

For examination of the breaking force and breaking
elongation, ten samples of each fabric were prepared
(ISO 13934-1:1999). In addition to the breaking char-
acteristics (F, and g, ), the dependence force-relative
elongation was graphically presented on a dynamom-
eter. For each of the samples, a mean curve F— was
made on the basis of 10 measurements.

Table 1 Technical characteristics of the raw fabrics

On the basis of the F— curve, the force and relative
elongation values on the border of the fabric’s elastic-
ity (F,) was determined (maximum F’(¢) (Fig. 3), i.e.
F(e) = 0), which are shown in table 2. The forces
and relative elongation values have also been de-
termined, on the border of the creep (F,,), when
the lasting deformation occurs after the elasticity
border, and is numerically determined at the point
where F”(¢) has minimum i. e. F(¢) = 0 (Fig. 4), [3
and 7].

The actual breaking force (A,) action were deter-
mined (by adequate software) on the basis of the force-
elongation dependence curve (Table 2).

Raw material Longitudinal mass of yarns Wire density
Fabrics Loom aw materia (tex) (em™) Weave
structure
warp weft warp weft
1 48.0
2 50.0
. o,
3 OMNI PA; 100 % 6.7 6.7 82.0 52.0 Plain
filament
4 54.0
5 56.0
6 28.0
7 30.0
PA; 100 % Twill
8 TSUDAKOMA filament 11.6 8.2 52.0 32.0 o/ 7
9 34.0
10 36.0
11 19.8
12 19.0
Wo/PES; Twill
13 STB 35/65% 16 x 2 16 x 2 30.5 18.6 o1 7
14 18.0
15 17.6
16 16.4
17 15.4
Wo/PES; .
18 STB 45/55% 25x 2 25x 2 19.0 15.0 Plain
19 14.4
20 14.0
Vidkna a textil 13 (3) 66—70 (2006) 67
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Table 2 The results of the examination of the fabrics

4-

F "(8)

Textile materials

F'@®

% 0

o
]
-
-

Fig. 4 F(c) and F"(c)

Fabrics: 1 2 3 4 5 6 7 8 9 10
warp | 4000 | 413.0 | 4225 | 4105 | 4300 | 3265 | 3240 | 2000 | 3505 | 3315
Fe weft 3500 | 388.0 | 3820 | 3880 | 423.0 | 3040 | 3440 | 3675 | 4059 | 4215
. warp | 100 11.75 11.6 1.7 12,5 9.0 9.0 8.5 10.4 10.2
e (%) weft 165 16.5 15.9 15.8 16.3 15.0 15.8 16.3 16.7 16.8
warp | 599.0 | 613.0 | 639.2 | 625.0 | 6395 | 5045 | 511.5 | 461.0 | 549.0 | 504.5
Fer ) weft 450.0 | 490.0 | 5325 | 5280 | 576.0 | 4480 | 4950 | 5305 | 596.5 | 6145
. warp | 14.25 16.0 16.7 16.7 175 13.3 13,5 12.7 155 14.6
for (%) weft 21.0 22.0 21.0 20.1 20.7 20.0 21.0 21.5 223 22.4
warp | 1080 1105 1120 1160 1150 950 955 970 970 955
P weft 4950 | 535.0 | 600.0 | 640.0 | 700.0 | 650.0 | 6850 | 750.0 | 805.0 | 855.0
. warp | 395 41.0 42.0 45.0 45.0 39.5 39.5 425 42.5 43.0
& (%) weft 27.0 28.0 30.0 31.0 34.0 425 415 44.4 44.0 45.0
warp | 5293 | 5446 | 56.81 | 6335 | 62.33 | 4670 | 4666 | 51.68 | 50.90 | 50.74
A ) weft 1435 | 17.07 | 2038 | 2238 | 27.78 | 33.08 | 33.99 | 3925 | 4274 | 46.62
Fabrics: 11 12 13 14 15 16 17 18 19 20
warp | 1915 | 192.8 | 190.6 | 190.5 | 191.3 | 1866 | 187.8 | 188.0 | 1864 | 185.0
Fe weft 1216 | 107.2 92.5 92.0 84.5 157.2 | 1491 | 1326 | 1284 | 119.9
. warp 8.3 7.8 7.6 7.6 7.2 10.0 9.7 9.6 9.3 9.2
(%) weft 3.4 3.1 3.0 2.8 2.6 5.6 55 4.8 4.8 4.4
warp | 8111 | 3116 | 3143 | 317.8 | 3124 | 2080 | 3005 | 300.0 | 3048 | 299.0
Fer () weft 210.8 | 203.1 187.0 | 1745 | 171.8 | 2472 | 2385 | 2215 | 2165 | 206.7
. warp | 1035 | 11.35 | 10.80 | 11.00 | 11.30 | 11.64 | 11.95 | 11.93 12.2 121
for (%) weft 5.70 5.60 5.60 4.90 4.60 7.15 6.65 5.80 5.80 5.75
warp | 1000 1000 1000 990 990 1040 1050 1050 1050 1050
P weft 600 550 540 500 480 950 930 920 850 840
. warp | 405 41.0 41.0 39.0 42.0 42.50 43.0 435 42.5 43.5
& (%) weft 27.5 26.5 26.0 255 25.0 35.50 34.0 33.5 33.0 32.5
warp | 41.967 | 40.333 | 40.908 | 37.418 | 40.484 | 41.306 | 43.631 | 44.158 | 41.186 | 42.112
A 1) weft | 17.320 | 16.103 | 14.719 | 13.803 | 13.438 | 32.408 | 29.962 | 20.426 | 27.956 | 26.736
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3. RESULTS AND DISCUSSION

The results obtained show that in relation to the
decrease in the warp wires’ spacing in fabrics, the fabric’s
breaking force in the warp direction increases, due to the
greater number of connecting points between the warp
and weft wires on a certain unit of fabric surface.

Also, according to the results obtained, it can be
concluded that greater action is needed for the fabric’s
elasticity border in the weft direction, when the weft
spacing in fabrics is greater. Namely, applying the
greater weft spacing enables greater breaking forces
and elongation in a certain direction. Therefore, that
action up to the fabrics’ elasticity border in the weft
direction increases to the value of the action for weav-
ing-in surmounts, at the tension in the weft’s direction.
Figs. 5 and 6 show the connection between the force at
the border of the elasticity and the force at the border
of the creep with the breaking forces of the analyzed
fabrics in the weft direction.

The results obtained can be used for finding the
connection between the breaking force, the force at
the border of the creep, and the force of the fabrics’
elasticity.

For the fabrics of PA filament yarns with a plain
weave, the following dependences are:

F, = 0.2788-F, + 220.583 (N)
F, = 0.5659-F, + 179.457 (N)

Also, the connection between the deformational
characteristics of the fabrics of the PA filament yarns,
with the applied four-wire reinforced twill weave can be
presented with the following formulae.

F, = 0.5541-F, — 46.4539 (N)
F.. = 0.8149.F, — 73.5204 (N)
For fabrics made of a mixture of Wo/PES fibers;

35/65%, with the applied three-wire twill weave, the
following dependences are:

o F=f(F);r= 097082 r=0.94249
20, 4 F.=f(F);r= 0.87811;=0.77108

; Fa-(N)
8

F.-

340 | SRR B e e ek e e e e e |
480 50 50 50 50 50 600 620 640 60 60 70 70

F,-(N)
Plain
Fig. 5

Textile materials

F, = 0.2987-F, — 59.9541
F., = 0.3525.F, + 1.18050

(N)
(N)

Also, the connection between the deformational
characteristics of the fabrics made of a mixture of Wo/
PES fibers; 45/55%, with a plain weave applied can be
presented by the following formulae:

F, = 0.2779-F, — 112.0913 (N)
F, = 0.3015.F, — 44.6652 (N)

Therefore, the given dependences are concerned
with the raw fabrics which are going to be produced in
the conditions that correspond to the weaving of the
given examples of the fabrics.

Based on the results obtained, it can be said that
there is a good correlation between, [9] the high values
of the correlation coefficients of the breaking force,
the elasticity limit and the creep limit of a fabric in the
weft direction. These results can serve to predict the
behavior of the fabric in the consequent technological
processes or during use, [10].

4. CONCLUSIONS

The deformational characteristics of fabrics depend
on their structural and constitutional solutions. There-
fore, the most important part is the raw composition,
the structural and physico-mechanical characteristics of
the applied yarns, the warp and weft spacing, and the
warp and weft weaving-in, such as the applied weave
of the fabric.

The results obtained show that increasing the weft spac-
ing leads to changes in the fabrics’ characteristics, whereby
the trend of the growth is at the breaking force in the weft
direction, then the action leading to the breakdown of the
fabrics in the weft direction, and the force at the border of
the fabric’s elasticity in the weft direction, such as the force
at the border of the creep in the weft’s direction.

o F=1(F);r=0.98702; =0.97422

—_
‘Z.’ s F,=f(F);r=098376; ’=0.96777
04
-
s B0
&
| 500
quﬂ)
450 .
400 A
30+ A
3004 A
20—
620 640 660 680 700 720 740 760 780 800 80 80 &0 80

F,-(N)

Twill 2/2 Z

The connection between the deformational characteristics of the fabrics of PA yarns, F,—the force at the border of the elasticity,

F.. —the force at the border of the creep, F, — breaking force in the weft’s direction
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o E=f(F); r=0.95708; P=0.91601

Textile materials

o F,=/(F,); r=0.90828; ’~0.82497

2 20, & E=f(F);r=094142; 088628 14 Ff(F r=090125 P-081205
L]
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£ o ]
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Fig. 6 The connection between the deformational characteristics of the fabrics made of the mixture fiber Wo/PES,
F.— the force at the border of the elasticity, F, — the force at the creep, F, — the breaking force in the weft direction

Also, there exists a high correlation between the
breaking forces of the woven fabrics tested, and their
elasticity limit and creep limit, which can be of use in
the process of their construction.
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Analyza sudrznosti deformaénych charakteristik tkanin

Translation of Abstract:
Analysis of the Coherence of the Deformational Characteristics of Fabric

Poznanie vzajomnej sudrznosti deformaénych charakteristik tkanin, ich riadny prenos st poskytnuté podla ich
buduceho ur€enia. Charakterizované su limitna elasticita a limité zoSuverenie tkaniny, ktorymi mozno simulovat

chovanie sa pocas pouzivania.
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POLYPROPYLENE FIBRES WITH SPECIAL COLOUR EFFECTS
. PHOTOCHROMIC DYESTUFFS

Folvargikova K., Brejkova A., Brejka O.

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

The current development of man-made fibres and textile materials is oriented towards the pre-
paration of intelligent ‘'smart” materials, which are defined as textiles or parts of the clothing which
are able to evaluate, signalise and react to a change in colour, shape and other qualities during the
monitoring of a person’s health functions. The article is dedicated to the application of a group of
these materials — photochromic dyestuffs (they react to a change in a coloured shade depending
on the ratio of the UV radiation to the polypropylene fibres). The aim of the experimental work is
the development of special fibres capable of photochromic effect.

1. INTRODUCTION

Photochromic colouring agents (e.g., based on spi-
roxazine and opiropyrene) change a shade after its
exposure to the UV radiation (e.g. sunlight), while after
removing the UV radiation source, they get back their
original coloured shade, [1]. Before the exposure most
of these dyes are colourless, or they have a matte
shade, which become more intensive through the ef-
fect of the exposure. It is possible to obtain intensive
shades at low concentrations of dyestuffs (0.05-0.3 %),
and this fact compensates for their very high price. To
the contrary, too high concentrations of these dyestuffs
inhibit the photochromic effect. The dyestuffs can be
mixed with conventional dyestuffs in order to achieve
darker initial shades.

The main problem in measuring the kinetic behaviour
of photochromic pigments (coloured change depending
on time) with the help of a classic spectrophotometer is
the relatively long period of time between the individual
measurements (5s) and the inability to measure the
whole running of the coloured change during the expo-
sure without an interruption in the sample’s illumination
during the measurement, [2]. The speed of the shade
change is high and moves on a scale from 70 to 100%
in 60 seconds.

Dyestuffs can be maintained for a long time, and they
partly offer protection against UV radiation. They are
stable at processing temperatures of up to 250 °C and
this fact restricts the possibility of their application in the
process of colouring synthetic fibres in mass, [3].

The addition of HALS or UV types of absorber sta-
bilizers significantly improves the service life of spiro-
oxazine types of dyestuffs without the significant effect
on their coloured demonstration.

In the article, [4] the production and testing of the
sensors from the fabrics and non- woven textiles in the
use of photochromic pigments, which are applied in the
form of paint coats or colouring en masse is described.
The results show that the produced sensors are sensi-
tive depending on the amount of time and intensity of
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the UV radiation. Photochromic dyestuffs have different
absorption spectra in both states (before the exposure
and after the exposure). It follows from the results that
the speed of the coloured change is higher during the
phase of the exposure than during the phase of the
reversal, [4].

In the article the results of the application of four types
of photochromic dyestuffs to polypropylene (PP) fibres
at low concentrations (up to 0.08 %) are developed. The
effect of the additives on the mechanical properties of PP
fibres and the ability to change the intensity of the coloured
shade of the prepared fibres after the activation by light in
dependence on the type and concentration of the additive
or fibre textures was researched.

2. EXPERIMENTAL

a) Material specifications:

- Fibres: PP polymer with Melt Flow Ratio (MFR) =
20-30 g/10 min.

- Instead of concentrates, powder mixtures of: 99%
PP powder polymer + 1% photochromic dyestuffs
were prepared. Powdered mixture with photochromic
dyestuffs: powdered PP polymer with MFR = 20-30
g/ 10 min, photochromic dyestuffs characterisation
(Tab. 1)

b) Preparation of the fibres

Device: TS-32/16, LOY system
with the following drawing
Polymer: PP with MFR = 20-30 g/10 min.

Individual fineness: 7 dtex

Table 1 Characterisation of the photochromic dyestuffs applied.

. Melting
The dyestuff label Melting tem- | The dyestuff temperature
perature [°C] label °C]
Chroma Yellow ~189 Chroma Blue ~170
Chroma Red 153-154 Chroma Grey | 187-189
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The measurements of the mechanical properties

of the prepared fibres

— The measured values of the fineness, tenacity and
elongation of the undrawn and drawn flat PP fibres
together with the variational indexes are present-
ed in Tabs. 2. and 3. The results of the fineness
were achieved according to the STN EN ISO 1973
norm, and the results of the tenacity and elongation
were measured according to the STN EN ISO 5079
norm.

The measurement of the colour properties of the

prepared fibres

— The drawn flat and textured fibres were tested.

— The measurement of the fibres’ colour properties
(CIELab) by the remission spectrophotometer UL-
TRASCAN XE (HunterLab, U.K.) was performed
under the following exposure conditions :

1.) 5 minutes of exposure of the fibres in the illumi-

nation chamber in the D65 light

2.) after 60 min of exposure of the fibres in the il-

lumination chamber in the D65 light

The values a* (red-green shade), b* (yellow-blue

shade), DE* (colour difference) were measured.

— The results of the PP flat and textured fibres colour
properties with the different contents of dyestuffs and
the time of exposure are shown in Figs. 1.-8.

The gradational time change of the coloured shade
of the PP flat and textured fibres with the different
contents of the photochromic dyestuffs is presented in
Figs. 1.—4. (The increase in the dyestuff's concentra-
tion in the fibre is indicated by the values of the fibre
concentration of 0 and 0.08 %.)

Textile finishing
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=
50 | 0,08% 1
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~——+—Flat fib., 5 min
=— Textured fib., 5 min
—ir— Flat fib., 60 min
=—&—Textured fib., 60 min

Fig. 1 The effect of the dyestuff concentration of Chroma Yellow
(0-0.02—-0.04—-0.08%), exposure time and texturing of PP

fibres on the parameters a* and b*.
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Fig. 2 The effect of the dyestuff concentration of Chroma Red
(0-0.02—-0.04-0.08%), the time of the exposure and the
texturing of the PP fibres on the parameters a* and b*.

Table 2 The mechanical properties of the undrawn PP fibres with contents of photochromic dyestuffs.

Undrawn fibres
Photochromic dyestuff - - -

ID Fineness Cve Tenacity Cvy Elongation Cve

Type [%] [dtex] [%] [cN/dtex] [%] [%] [%]

537/06 0 818.9 0.28 0.99 6.31 605.4 5.95

538/06 0.02 823.8 0.21 0.98 4.53 569.8 4.43

539/06 Chroma Yellow 0.04 827.9 0.14 0.97 4.10 577.8 3.25

540/06 0.06 824.5 0.12 0.99 3.58 594.4 3.28

541/06 0.08 824.8 0.12 0.95 4.84 580.1 4.28

542/06 0.02 822.8 0.42 1.00 5.31 591.9 2.72

543/06 0.04 829.4 0.24 0.96 4.10 585.4 2.77
Chroma Red

544/06 0.06 825.3 0.21 1.00 2.87 601.7 3.15

545/06 0.08 825.5 0.12 1.00 3.33 602.0 4.63

546/06 0.02 817.7 0.28 1.06 3.94 602.4 4.50

547/06 0.04 824.6 0.09 1.02 3.87 586.4 3.12
Chroma Blue

548/06 0.06 825.7 0.09 1.01 3.40 583.1 2.93

549/06 0.08 824.4 0.13 1.00 4.58 595.3 3.83

550/06 0.02 809.6 1.46 1.03 4.56 605.8 4.73

551/06 0.04 824.5 0.31 1.00 3.14 612.2 3.65
Chroma Grey

552/06 0.06 826.1 0.08 1.02 3.13 608.5 3.54

553/06 0.08 828.9 0.23 1.01 4.25 608.6 3.61
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Table 3 The mechanical properties of the drawn PP fibres with contents of photochromic dyestuffs.

~—+—Flat fib., 5 min
—a—Textured fib., 5 min
~—Flat fib., 60 min
—8—Textured fib., 60 min

Fig. 3 The effect of the dyestuff concentration of Chroma Blue
(0—0.02—-0.04-0.08%), the time of the exposure and the
texturing of the PP fibres on the parameters a* and b*.

4,0
3,0
“ﬂ 1
5% /m,ns%;
1,0 By
0,0 7 1
1,0 0,5 0,0 0,5
o
——Flat fib., 5 min
—e— Textured fib., 5 min
—s— Flat fib., 60 min
—e—Textured fib., 60 min

Fig. 4 The effect of the dyestuff concentration of Chroma Grey
(0-0.02—-0.04—0.08%), the time of the exposure and the
texturing of the PP fibres on the parameters a* and b*.
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Drawn fibres
Photochromic dyestuff - - -

ID Fineness Cve Tenacity Cvy Elongation Cve

Type [%] [dtex] [%] [cN/dtex] [%] [%] [%]

537/06 0 282.2 0.38 2.95 3.24 93.5 6.00

538/06 0.02 285.0 0.80 2.99 3.93 93.2 5.83

539/06 Chroma Yellow 0.04 285.3 0.65 3.00 2.36 95.0 4.55

540/06 0.06 284.5 0.83 2.94 2.53 92.8 3.51

541/06 0.08 285.0 0.32 2.96 2.66 98.3 3.93

542/06 0.02 286.3 0.93 2.97 1.58 91.0 5.85

543/06 0.04 286.0 0.47 2.89 3.74 94.4 5.51
Chroma Red

544/06 0.06 286.4 0.48 2.85 1.68 96.2 4.40

545/06 0.08 286.9 0.48 2.93 2.06 96.3 5.66

546/06 0.02 283.7 1.05 2.89 4.50 90.2 7.64

547/06 0.04 285.6 0.60 2.94 2.52 93.5 6.70
Chroma Blue

548/06 0.06 285.7 0.59 2.93 2.77 95.8 5.00

549/06 0.08 284.6 0.42 2.91 2.42 96.8 5.76

550/06 0.02 284.6 0.59 2.94 1.62 97.2 3.36

551/06 0.04 271.8 1.05 3.01 3.25 92.1 8.08
Chroma Grey

552/06 0.06 284.3 0.55 2.87 2.90 92.9 6.13

553/06 0.08 284.0 0.99 2.96 2.55 93.6 4.32

Note: The zero axes of parameters a* and b* are
marked by thicker lines.
= 3. Discussion

Because of the small amount of dyestuffs powdered
dyestuff and a PP polymer mixture were used for the
fibres’ preparation. Preparing PP fibres with a photo-
chromic effect at a very low concentration of colourant
is important, because of the high price of the photo-
chromic dyestuffs / pigments.

Upon the application of the photochromic dyestuffs
at a concentration of 0—0.08%, the following facts
were obtained during the preparation of the PP fibres
(7 dtex):

— The preparation of the fibres was realised without
any problems.

— The applied concentrations of the dyestuff did not
have a significant effect on the change in the me-
chanical properties of the prepared fibres.

— The changes in the colouristic parameters were
strongly affected by the type of the dyestuff.

— The increase in concentration has an insignificant
effect on the change in colour properties (parameters
a* (red-green shades) and b* (yellow-blue shades))
of the fibres with a content of Chroma Grey and a
significant effect on the fibres with a content of the
Chroma Blue, Chroma Red and Chroma Yellow
dyestuffs.

— Prolonging the fibres’ exposure time from 5 to 60 min
under the D65 light caused a decrease in the bright-
ness value (L*) depending on the dyestuff applied
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Fig. 5 The effect of the dyestuff concentration of Chroma Yellow

and exposure to the D65 light on the colour difference DE*
of the flat and textured PP fibres 7 dtex.
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Fig. 6 The effect of the dyestuff concentration of Chroma Red and

exposure to the D65 light on the colour difference DE* of the
flat and textured PP fibres 7 dtex.

and changes the a*, b*. values i.e., the prolonging
of the exposure changes the shade and deepens
the saturation of the colour shades. The effect of the
exposure time on the movement of the colour shade
can be marked in the following way (in an order from
the most to the least distinctive change): Chroma
Blue, Chroma Yellow > Chroma Red > Chroma
Grey.

The texturing of the PP fibres causes only an insig-
nificant or small effect on the colouristic values a*
and b*.

Prolonging the fibres’ exposure time from 5 to 60
min under the D65 light caused an increase in the
colour difference (DE*) depending on the dyestuff
applied. The most distinctive DE* were shown on
the fibres with Chroma Yellow and Blue. The effect
of the exposure time on the colour difference can
be marked in the following way from the most to the
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The effect of the dyestuff concentration of Chroma Blue and
exposure to the D65 light on the colour difference DE* of the
flat and textured PP fibres 7 dtex.
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Fig. 8 The effect of the dyestuff concentration of Chroma Grey and

exposure to the D65 light on the colour difference DE* of the
flat and textured PP fibres 7 dtex

least distinctive change: Chroma Yellow > Chroma
Blue > Chroma Red > Chroma Grey. The increase in
the dyestuff content had a sharp effect on the colour
difference up to a content of 0.02% for fibres with a
content of the Chroma Yellow and Blue dyestuffs,
but after passing this concentration of the dyestuff,
it just had a moderate effect on the DE*.

The most significant changes in the colour properties
of the fibres depending on the type, concentration,
exposure time and texturing can be summarized in
the following order: Chroma Yellow, Chroma Blue >
Chroma Red, Chroma Grey.

The results obtained are supported by photographic
pictures of the fibres which are not published in this
article.

The subjective observations show the shade inten-
sity of the fibres depends on the type of light source
under the exposure.

Vidkna a textil 13 (3) 71-77 (2006)
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4. CONCLUSION

The results obtained support the possibility of the
application of photochromic dyestuffs into PP fibres.
Very low concentrations of dyestuffs up to 0.08%
were sufficient for preparing the fibres with an evident
photochromic effect. The dyestuff concentrations used
had no significant effect on the mechanical proper-
ties.

The remaining problem is to develop and specify
the precise evaluation of the fibres’ colour properties
with the content of the photochromic colourants. The
assessment of photochromism is particularly difficult,
mainly because the change in the colour of the photo-
chromic dyeings reverts fairly quickly.

Textile finishing
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Polypropylénové viakna so Specialnym farebnym efektom,
l. Fotochrémne farbiva

Translation of Article:
Polypropylene fibres with special colour effects. . Photochromic dyestuffs

Sucasny vyvoj chemickych viakien a textiinych materidlov smeruje k priprave inteligentnych
~smart“ materialov, ktoré su definované ako textilie, resp. €asti odevu, schopné vyhodnotit, signa-
lizovat a reagovat zmenou farby, tvaru a dalSich vlastnosti pri monitorovani zdravotnych funkcif

¢loveka.

Clanok sa venuje aplikacii jednej skupiny tychto materialov - fotochrémnych farbiv (reaguji zme-
nou farebného odtiefia v zavislosti od podielu UV Ziarenia) do polypropylénovych viakien. Cielom
experimentalnej prace je vyvoj Specialnych vlakien schopnych fotochromneho efektu.

1. Uvod

Fotochromne farbiace prostriedky (napr. na baze
spiroxazinu a opiropyranu) menia po expozicii UV
Ziarenim (napr. slneCnym svetlom) odtien, priom po
odstraneni zdroja UV Ziarenia sa im prinavrati pévodny
farebny odtien, [1]. Pred expoziciou je vacSina tychto
farbiv bezfarebna, resp. ma matny odtien, ktory sa vply-
vom expozicie zintenzivni. Intenzivne odtiene mozno
ziskat uz pri nizkych koncentraciach farbiv 0,05-0,3 %,
¢o kompenzuje ich velmi vysoku cenu. Naopak, prilis
vysoké koncentracie tychto farbiv fotochromny efekt
potlacaju. Farbivd mézu byt zmieSané s konven&nymi
farbivami za u€elom dosiahnutia tmavsich nabehovych
odtienov.

Hlavnym problémom merania kinetického chovania
sa fotochrémnych pigmentov (farebnej zmeny v zavis-
losti od ¢asu) pomocou klasického spektrofotometra
je relativne diha €asova peridoda medzi individualnymi
meraniami (5s) a neschopnost zmerat cely priebeh
farebnej zmeny pocCas expozicie bez prerusenia os-
vetlenia vzorky po€as merania, [2]. Rychlost zmeny

Vidkna a textil 13 (3) 71-77 (2006)

odtiena je vysoka a pohybuje sa v rozsahu 75-100 %
pocas 60 sekund.

Farbiva maju dlhodobu trvacnost a Ciasto€ne posky-
tuju ochranu voci UV Ziareniu. Su stabilné pri teplotach
spracovavania do 250 °C, ¢o obmedzuje moZnost
ich aplikacie v procese farbenia syntetickych viakien
v hmote, [3]. Pridavok stabilizatorov typu HALS ¢&i UV
absorbérov vyznamne zlepSuje Zivotnost spirooxa-
zinovych typov farbiv bez vyrazného ovplyvnenia ich
farebného prejavu.

V ¢lanku, [4] je popisana vyroba a testovanie sen-
zorov z tkanin a netkanych textilii za pouzitia foto-
chromnych pigmentov, ktoré su aplikované formou
naterov alebo farbenia v hmote. Vysledky ukazuju,
Ze vyrobené senzory vykazuju citlivost v zavislosti
od doby a intenzity UV Ziarenia. Fotochrémne farbiva
maju v oboch stavoch (pred expoziciou, po expozicii)
rozdielne absorp€né spektra. Z vysledkov tiez vyplyva,
Ze rychlost farebnej zmeny je vySSia pocas fazy expozi-
cie nez pocas fazy reverzie, [4].

V Clanku su spracované vysledky aplikacie 4 ty-
pov fotochromnych farbiv do polypropylénovych (PP)
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vlakien pri nizkych koncentraciach (do 0,08%). Bol
skumany vplyv aditiv na fyzikalno-mechanické vlast-
nosti PP vlakien a schopnost zmeny intenzity fareb-
ného odtiefia pripravenych vlakien po aktivacii svetiom
v zavislosti od typu a koncentracie aditiva, €i tvarovania
vlakien.

2. Experimentalna Cast

a) Specifikacia materialov

— Vlakna: PP polymér s Indexom Toku (IT) = 20-30
g/10min

— Namiesto koncentratov boli pripravené praskové
zmesi: 99% PP praskového polyméru + 1% foto-
chrémnych farbiv. Praskova zmes s fotochrémny-
mi farbivami: praskovy PP polymér s IT = 20-30
g/10min, fotochrémne farbiva (Tab. 1)

Tab. 1 Charakterizacia pouzitych fotochrémnych far-

biv

b) Priprava vlakien

Zariadenie: TS-32/ 16, LOY systém
s naslednym diZzenim
Polymér: PP s IT 20-30 g/10 min.

Jednotkova jemnost: 7 dtex

Meranie fyzikalno-mechanickych vlastnosti

viakien

— Namerané hodnoty jemnosti, pevnosti a faZnosti
nediZenych a dizenych hladkych PP vlakien spolu
s variaCnymi koeficientmi st uvedené v Tab. 2. a 3.
Vysledky jemnosti vliakien boli stanovené pomo-
cou normy STN EN ISO 1973, vysledky pevnosti
a faznosti podfa normy STN EN I1SO 5079.

Tab. 2 Mechanické vlastnosti nedizenych PP viakien
s obsahom fotochromnych farbiv
Tab. 3 Mechanické vlastnosti dizenych PP vlakien
s obsahom fotochromnych farbiv

Meranie koloristickych vlastnosti pripravenych

vlakien

— Boli testované diZené hladké a tvarované vlakna.

— Meranie koloristickych viastnosti viakien (CIELab) na
remisnom spektrofotometri ULTRASCAN XE (Hunt-
eralb, U.K.) s transmisnou kyvetou boli uskutoénené
za tychto podmienok expozicie:

1) 5 minlt expozicie vlakien v osvetlovacej komore
pri svetle D65

2) po 60 min expozicie vlakien v osvetlovacej ko-
more pri svetle D65

Boli stanovované parametre: a* (Cerveno-zelené

tény), b* (Zlto-modré tény), DE* (farebna odchylka)

— Vysledky hodnotenia koloristickych vlastnosti PP hlad-
kych a tvarovanych vlakien s rdznym obsahom farbiv
a dobou expozicie st znazornené na Obr. 1.-8.
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Postupna ¢asova zmena farebného odtiefia PP hlad-
kych a tvarovanych vlakien s réznym obsahom foto-
chrémneho farbiva je znazornena na Obr. 1.-8. (Nara-
stajlca koncentracia farbiva vo vlakne je naznacena
hodnotami koncentracie farbiva 0 a 0,08%).

Pozn.: HrubSimi ¢iarami su vyznacené nulové osi
parametrov a* a b*.

Obr. 1 Vplyv koncentracie farbiva Chroma Yellow
(0—0.02—0.04—-0.08%), doby expozicie na svetle a tva-
rovania PP vlakna na parametre a* a b*.

Obr. 2 Vplyv koncentracie farbiva Chroma Red (0—
0.02—-0.04-0.08%), doby expozicie na svetle a tvarova-
nia PP vlakna na parametre a* a b*.

Obr. 3 Vplyv koncentracie farbiva Chroma Blue (0—
0.02—-0.04-0.08%), doby expozicie na svetle a tvarova-
nia PP vlakna na parametre a* a b*.

Obr. 4 Vplyv koncentracie farbiva Chroma Grey (0—
0.02—0.04-0.08%), doby expozicie na svetle a tvarova-
nia PP vlakna na parametre a* a b*.

Obr. 5 Vplyv koncentracie farbiva Chroma Yellow
a expozicie vo svetle D65 na farebnu odchylku DE*
hladkych a tvarovanych PP vlakien 7 dtex.

Obr. 6 Vplyv koncentracie farbiva Chroma Red a
expozicie vo svetle D65 na farebnu odchylku DE*
hladkych a tvarovanych PP vlakien 7 dtex.

Obr. 7 Vplyv koncentracie farbiva Chroma Blue a
expozicie vo svetle D65 na farebnu odchylku DE*
hladkych a tvarovanych PP vlakien 7 dtex.

Obr. 8 Vplyv koncentracie farbiva Chroma Grey a
expozicie vo svetle D65 na farebnu odchylku DE*
hladkych a tvarovanych PP vlakien 7 dtex.

3. Diskusia

Kvéli malému mnozstvu fotochrémneho farbiva bola
pri priprave vlakien aplikovana praskova zmes far-
biva a polyméru. Z dévodu vysokej ceny fotochrom-
nych farbiv / pigmentov je ddlezita priprava PP vlakien
s fotochromnym efektom pri nizkych koncentraciach
farbiva.

Po aplikacii fotochrémnych farbiv v koncentranom
rozsahu 0-0,08% hmotn. pri priprave PP vlakien o jed-
notkovej jemnosti 7 dtex boli ziskané nasledujuce
zistenia:

— Priprava vlakien prebehla bez problémov.

— Aplikované koncentracie farbiv nemali vyrazny vplyv
na zmenu fyzikalno-mechanickych vlastnosti prip-
ravenych vlakien.

— Zmeny koloristickych parametrov boli ovplyvnené
typom aplikovaného farbiva.

— Zvysenie koncentracie ma nepatrny vplyv na zmenu
koloristickych vlastnosti (parameter a* (Cerveno-
zelené tény) a b* (Zlto-modré tény)) u viakien s ob-
sahom Chroma Grey a vyrazny vplyv na vlakna s ob-
sahom farbiv Chroma Blue, Chroma Red a Chroma
Yellow.

Vidkna a textil 13 (3) 71-77 (2006)
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— PrediZenie doby expozicie viakien z 5 na 60 min pod
svetlom D65 sposobil pokles hodnoty jasu L* v zavis-
losti od aplikovaného farbiva a posun suradnic a*,
b*, tj. zmenu odtiefia a prehibenie sytosti farebnych
odtiefov. Vplyv doby expozicie na posun farebného
odtiefia mozno naznacit nasledovne (v poradi od
najvyraznejSej zmeny): Chroma Blue, Chroma Yel-
low > Chroma Red > Chroma Grey.

Tvarovanie PP vlakien ma na koloristické suradnice
a* a b* nepatrny alebo maly vplyv.

PrediZenie doby expozicie vlakien z 5 na 60 min pod
svetlom D65 spdsobil narast farebnej odchylky (DE*)
v zavislosti od aplikovaného farbiva. NajvyraznejSiu
DE* vykazovali vlakna s obsahom Chroma Yellow
a Red. Vplyv doby expozicie na posun farebného
odtiefia mozno naznacit nasledovne (v poradi od
najvyraznejSej zmeny): Chroma Yellow > Chroma
Blue > Chroma Red > Chroma Grey. Narast obsahu
farbiva ma vyrazny vplyv na farebnu odchylku do
obsahu 0,02% u vlakien s obsahom Chroma Yellow
a Blue, ale po prekroceni tejto koncentracie je vplyv
na DE* len mierny.

— NajvyraznejSie zmeny koloristickych vlastnosti

Vigkna a textil 13 (3) 71-77 (2006)
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vlékien v zavislosti od typu, koncentrécie, doby ex-
pozicie a tvarovania mozno zhrnut v nasledovnom
poradi: Chroma Blue, Chroma Yellow > Chroma
Red, Chroma Grey.

— Ziskané vysledky su podporené fotografickymi
snimkami vlakien, ktoré vSak vzhfadom na format
Casopisu nie su uverejnené.

— Zo subjektivnych zisteni vyplyva, Ze intenzita fareb-
ného odtiena je tiez zavisla od typu svetelného zdroja
pri expozicii.

4. ZAVER

Ziskané vysledky potvrdzuju moznost aplikécie foto-
chromnych farbiv do PP vlakien. Na ziskanie vlakien
s evidentnym fotochromnym efektom boli postacujice
koncentracie farbiva do 0,08%. Aplikované koncentra-
cie nemali vyrazny vplyv na fyzikalno-mechanické vlast-
nosti vlakien. Problémom zostava vyvoj a Specifikacia
presného hodnotenia koloristickych vlastnosti vliakien
s obsahom fotochrémnych pigmentov, kedZe merat
fotochromizmus je dost naro€né, pretoze farebna zme-
na je velmi rychla
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1. UvoD

Kondenzované latky, [1, 2], coz jsou realné plyny,
kapaliny a pevné latky v sobé skryvaji tolik jevl a
vlastnosti, a to jak v makroskopickém méfitku (ela-
stické moduly, piezoelektricky jev, piezomagneticky
jev, pyroelektricky jev, elektrickd vodivost, tepelna
vodivost, [3-5]), tak v méfitkach niZSich radu (mikro-,
nanoskopickych), tj. jevy a vlastnosti v atomovych a
molekulovych rozmérech. Takovymito vlastnostmi se
zabyva jiz po dlouhou dobu chemie. Pojmy nanostruk-
tura, nanotechnologie atd. zavedl do fyziky v roce
1959 nositel Nobelovy ceny za fyziku pro rok 1965
R.P. Feynman, [6]. Pojmem nano (trpaslik , 10°m) se
kvantifikuji jevy a technologie v atomovych a molekulo-
vych rozmérech. Ponévadz v nanostrukturach a nano-
technologiich se objevuji nové jevy, které maji etné
aplikace, [10], studuji se tyto nanojevy a nanotechnolo-
gie v soucasnosti velmi intenzivné ve vSech oborech.
V geometrickych rozmérech, a to 0D, 1D a 2D jako
Castice, [2], [11], vldkna, [12] a membrany.

Tento pfispévek je vénovan nanovlaknim, jejich
technologiim, struktufe vlastnostem a pouzitim.

2. Teoreticka cast

Prvnim vyuZzitim tenkych vlidken pro objevitel-
ské ucely bylo v torznich vahéach, jejichz citlivost
umozZnila méfit silové pusobeni mezi naboji a formu-
lovat Coulombuv zakon, gravitacni silové plsobeni
v laboratofi a z ného urcit gravita¢ni konstantu, [30].
Torzni vahy jsou zaloZeny na vztahu mezi krouticim
momentem M vyuzitém na krut viakna, jeho polomérem
r, délkou vlakna zavésu L a uhlem stoceni @, ktery je
tvaru, [15]

M = (n/2)Grig/L (1)

Maji-li byt torzni vahy co nejcitlivéjsi musi byt polomér
zavésného vlakna r co nejmensi, coz vede az k pouziti
nanovléaken.

Dal8im mechanickym problémem vlaken je jejich
ohebnost ®, méfena obvykle pfevisem jednostranné
vetknutého nosniku S ur€eného vztahem, [15]

S = FL¥%4E bh?® (2)
kde F je sila zpusobujici pfevis S, L jeho délka, E
modul v tahu, b je Sitka a h tloustka nosniku. Pro nosnik
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kruhového prafezu o poloméru r prejde vztah (2) na
S = FL%64E r* (3)

Uzijeme-li vztah (3) na vlakna vidime, Ze opét previs
vlakna zavisi silné na jeho poloméru r.

Pro manipulaci s takto citlivymi méfidly bylo tfeba
vlakna s urcitou pevnosti F, ktera je urCena vyrazem,
[15]

Fp = K 1L, (4)

kde K je materialova konstanta.

Ze (4) je vidét , Ze pevnost zavésovych viaken pu-
sobi proti pozadavkam citlivosti na vlakna. Takze jiz
mechanické divody pro konstrukci citlivych zafizeni
coulombmetrli, galvanometrd, citlivych torznich vah
vedly k poZadavkim pouZziti viaken s co nejmensim
pramérem mikrometrd az nanometr( jiz od 17. stoleti.
Bylo pak jiz jen otazkou &asu, kdy se podafi mikrovlak-
na az nanovlakna pfipravit.

Pak pfiSly dalSi pozadavky filtracni techniky a che-
mické katalyzy, kdy byly poZzadavky na velké povrchové
plochy, pfipadné v posledni dobé pozadavky na inteli-
gentni textilie, kde se mohou nanovlakna ve velké mife
uplatnit. Proto je otazkou dne pfipravovat nanovlakna
vSech moznych typl materiall po€inaje kovy, skly,
keramikou a polymery konc¢e. Technologie nanovlaken
otevira moznosti pro nové technologie, studium struk-
tury povrch, vlastnosti a pouziti nanovlaken.

Struktura nanovlaken

Nanovlakna jsou vlakna, jejichZ pfiéné rozmeéry jsou
nanometry, tj. lezi v intervalu 0,1 az 1000 nm. Nano-
vlakna mohou vznikat na v8ech typech pevnych latek
krystalickych a amorfnich, a to na kovech, nekovech,
sklech, na keramice i polymerech. Zajimavé jsou mik-
ro- az nanovlakna krystalicka, nazyvané viskry (z angl.
whiskers, vousy). Viskry jsou produktem teoretickych
predstav fyziky kondenzovanych latek, [1, 2]. Ve snaze
dosahnout shody teorie a experimentu v hodnoce-
ni pevnosti pevnych latek, bylo pfistoupeno k tvorbé
bezporuchovych krystalll, nebo krystald s nepohybli-
vymi dislokacemi. Tak byly vytvofeny viskery s jedinou
Sroubovitou dislokaci v ose viskeru. Viskery tak vyka-
zuji témér teoretickou pevnost, [20, 21]. Nanoviskery
Ize vytvaret z ploSné stfedénych kovu jako jsou zlato,
stfibro, méd, olovo, y-Zelezo, kadmium, zinek, indium
a dalsi. Rozméry priméru nékterych viskerl zlata stfib-
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ra a dalSich dosahuji ~100 nm, takZe tvofi nanovlakna.
Jsou znamy i uhlikové viskery, které Ize vytvaret pfi
provozu svicek spalovacich motord, viskery karbidu
kfemiku a oxidu hlinitého, které se uzivaji na zpevnéni
keramické nebo kovové matrice kompozitd. Tyto typy
krystalickych nanovisker(l se vyznaduji vysokou pev-
nosti a vysokymi mechanickymi moduly.

Je mozZné vytvaret nanovlakna i z amorfnich latek
jako jsou skla. Podstatou tvorby takovych nanovlaken
je struktura skelné sité, ¢i Paraj-KoSicovy pfedstavy
nanocasticové struktury skel, [2, 17, 18].
polymeru, které jsou vyznamnymi soucastmi tkani
v8ech Zivych organismd, rostlin i Zivo€ichu a v soucas-
né dobé nabyvaji nanovlakna ze syntetickych polymer
vyuziti v chemii (katalyza, filtrace), v mediciné (spojo-
vani tkani v chirurgii a neurochirurgii) a ve vojenstvi.
Proto je vyzkumu polymerovych nanovlaken vénovana
mimoradna pozornost. Velmi rozSifena je technologie
tvorby téchto nanovlaken v elektrostatickém poli, [2],
[11], [12], [16], http://www. google.com/nancofibers).
V polymerovych strukturach se vytvareji nanovlakna
nejcastéji. Nejjednodussimi nanovlakny jsou polyme-
rové makromolekuly, které ve valcovém modelu maji
polomér az 0,5 nm. Jejich spojenim v makromolekulové
svazky intermolekulovymi van der Waalsovymi silami,
ry jako jsou linearni, vlaknové polymery, jsou vhodnymi
prekurzory nanovlaken, tj.dostate¢né predupravené
roztoky i taveniny linearnich polymert k rychlému
zvlaknovani v nanovlakna, a to jak plna tak i vlakna
duta. Zvlastni nanovlakna jsou tvofeny fulerenovymi
trubiCkami jedno i vicesténovymi, které pfedstavuji
svinuté bazalni roviny grafitu, [2]. Jejich pevnost se pak
blizi pevnosti grafitu ve sméru bazalnich rovin a nazy-
vaji se také grafenové tubuleny.

Velmi vyznamnou &asti kondenzovanych latek je
jejich povrch, ktery jako univerzalni porucha je sou-
¢asné vstupni branou do objemu kondenzované latky.
Dilezitou vlastnosti nanovlaken je jejich velky mérny
objemovy a hmotnostni povrch, méfeny veli¢inami Sy
a Sy;. Pro vlakna kruhového tvaru o poloméru R dosta-
neme , tento vyraz

Sw=SJ/R = 2/Rp (5)

coz pro pruméry nanovlaken 10,100, a1000 nm dava
pro Sy tyto hodnoty Sy10=2.10°m™, Sy100=2.10"m™",
Svio00=2.10°m™. 1000 nm nanovlakna maiji vzhledem
10 nm nanovlaknim pouze 1% objemového mérného
povrchu. Je to pravé mimo jiné i velky mérny povrch,
ktery &ini nanovlakna pro vyzkum pfitazliva.

Teoretické predstavy

Vyznamnou strukturni vlastnosti nanovlaken je jejich
velky mérny povrch, tj. povrchova €ast tvofi podstatny
dil jejich objemu. S povrchem souviseji povrchové
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elektronové stavy, které jsou urlujici vytvarejici jejich
nejriznéjsi elektronické vlastnosti, jako jsou kontaktni
potencialy, P-N pfechody, pfipadné jejich elekrolumi-
niscenéni vlastnosti, [1], [2] .

Povrchy urcuji také adsorbéni viastnosti, dulezité pro
katalytické a adhezni vlastnosti.

Teoreticky zpracovat jiné zpusoby pfipravy nanovla-
ken kromé zvlakrnovani elektrostatickym polem je velmi
obtizné. Pro elektrostatické zvlaknovani bylo ucinéno
nékolik pokusUl vytvofit elementarni teorie poskytujici
kvantitativni vztahy. Uvedeme zakladni mySlenky né-
kterych z nich.

Tyto skute€nosti jsou nezavislé na technologii pfi-
pravy nanovlaken. Pro vyrobu jsou Zadouci pak tako-
vé technologie, které poskytuji vysokou produktivitu.
V tomto smyslu jsou vyhodné technologie, které zpra-
covavaji vlaknové prekurzory, kterymi jsou linearni
polymery. Ty se daji jesté tokem i jinak dale orientovat
a paralelizovat, ¢imz se vytvareji vyhodné;jsi podminky
k zvlakriovani polymert. Polymery se daji zvlakfovat
jednak z roztok( a jednak z taveniny. Obé techniky
v sou€asnosti zvlakfiovani polymerd v nanovlakna
plusobenim elektrostatického pole. | kdyZ pasobeni
elektrostatického pole na kapalinové objekty pochazi
jiz z let 1745, pasobeni elektrického pole na kapaliny
s moznosti tvorby nanovlaken dal patentovat az v le-
tech 1934 az 1944 A. Formhals, [16], [12].

Dulezitost zvlakriovani nanovlaken v elektrostatic-
kém poli potvrzuje i nedavno vydana knizni publikace,
[7] v roku 2005 spolu s uvedenim mechanismu jejich
tvorby a druha Cast se zabyva vlastnostmi a vyuzitim
nanovlaken.

Podivejme se na plusobeni homogenniho elektro-
statického pole na kulovou kapku polymerové tekutiny
a na polokulovou &ast tekutiny, vystupujici ze zvlakno-
vaci trysky praméru 2r (obr.1).

PuUsobi-li elektrostatické pole na kapku nebo kulovy
vrchlik tekutiny, dojde k jejich protahovani az do konec-
ného utvaru, kterym je nanovlakno. Je-li otvor zvlakno-
vani trysky velikosti 1um, pak po jiz malém protazeni
kulového vrchliku dostavame nanovlakna. Plsobenim
se kuli¢ka pfipadné polokouli¢ka protahuiji, jak je na-
znaceno v obr.2 az do kone¢ného tvaru nanovlakna.

( + ) ( — )|

a b
Obr. 1 Kapka tekutiny polokulovy Utvar v elektrickém poli
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a b
Obr. 2 VIliv elektrostatického pole na kapku tekutiny (a) a deformace
pole pfitomnosti dielektrika (b)

Je-li kulicka prdméru 1um, je mozné pfemenit jeji objem
na 100 nm nanovlakno délky 133 pm a na nanovlakno
10 nm délky 13,3 mm. Vyhodou polokuli¢ky na konci
trysky je, Ze vlakno vytaZzené elektrostatickym polem
muZze byt nekonecné.

Za predpokladu, ze zvlakfovana tekutina ma po-
larizovatelnost o, povrchové napéti y a soudinitel dy-
namické viskozity n, je sila pusobici na kulovy vrchlik
F tvaru

F = 4no. R? E? — 2nRy — 2nnrL (6)

kde R je polomér kuli¢ky, r polomér nanovlakna a E
intenzita elektrického pole. Je-li modul kapaliny Ey, Ize
ur€it maximalni délku nanovlakna o poloméru r uzitim
vztahu [24]

AL,..,.= 4(20RE? -y — 2nnrL/R)/Ey (7)

Pro vyssi teploty Ize Cinitele n a y ve vztazich (6) a
(7) zanedbat a pro protahovaci silu nanovlakna F a jeho
maximalni délku AL, zpisobené elekrickym polem
o intenzité E ziskat zjednoduSené vyrazy pro silu F a
protaZeni viakna AL,y [24]

F = 4no. R? E? (8)
AL oy = 80RE? (8a)

Oba vyrazy silné zaviseji na intenzité elektrostatické-
ho pole, ktera je rozhodujicim vnéjSim pusobenim na
tvorbu nanovlaken, na poloméru kapicky a polarizova-
telnosti zvlaknované kapaliny, jak bylo ukazano v [24],
coz jsou vlastnosti zvlakinovaného materialu.

Sila F plasobi na zacatek tvoficiho se nanovlak-
na. Oznacime-li hmotnost po¢atku zakladni jednotky
nanovlakna m a polarizovatelnost této ¢asti vidkna a’
, pak pohybova rovnice této ¢asti viakna bude mit pro
zvysené teploty tvar

m d?r/dt® = 4na.” R? E? (9)
a hmotny element pocatku viakna m se bude pohybovat
pfimoCarym pohybem rovnomérné zrychlenym.
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Obr. 3 Vytvareni nanovlaken z kapek tekutiny

Z obr.2 je vidét, Ze plvodni homogenni pole se
pusobenim kapky deformuje a stava se nehomogennim
a feSeni jednoduché rovnice (9) se komplikuje.

Jak se vytvareji nanovlakna z kapek tekutiny ptisobenim
tize znazorfiuje obr.3

Fyzikalni principy tvorby nanovlaken jsou v odkazu
[25]. Oddélovani kapek tekutiny od objemu tekutiny
z kapilary jsou studovany v praci [26]. V praci [27] byl
sledovan vliv polarity elektrického pole mezi tryskou a
kolektorem na priifezové obrazce a polomér viaken.
Pro kladné nabitou trysku a zaporné nabity kolektor
jsou Stépné casti viaken a jejich polomér vétsi nez pfi
obracené polarité. Polarita elektrického pole je dalSim
technologickym parametrem zvlakrnovani technologie
nanovlaken.

Nanovlakna svou vysokou hodnotou mérného
objemového povrchu, vytvareji na povrchu povr-
chové Tammovy hladiny a nabijeji se podle okol-
nosti kladné nebo zaporné a vytvareji tak elektrety
[2]. Je-li linearni hustota naboje o0, je intenzita el.
pole E v okoli vlakna uréena vyrazem E = 0/2ne r,
kde € je permitivita vlakna, r vzdalenost od jeho
osy, [30]. Jeli vlakno kladné nabité, odpuzuje
kladné nabité Castice a zaporné nabité pfitahuje
a naopak. Neutralni ¢astice pak také pfitahuje
v dusledku elektrostatické indukce.

Mechanické viastnosti nanovlaken

V mnoha pfipadech se zajimame o mechanické
vlastnosti nanovlaken, at jiz jde o jejich moduly, pe-
vnosti, taznosti a z nich odvozené vlastnosti jako je
ohebnost a dalsi.

Modul pruznosti v tahu je mozné méfit z prihybu
vlaken uzitim upraveného vztahu (2), takze

E = FL%64Sr* (10)

Lze jej také méfit pfimo na nanotrhaéce vhodné
konstrukce.

Modul pruznosti G ve smyku (torze) je mozné méfit
na torznim valcovém nanokyvadle z doby kmitu T,
jehoz podstatu ilustruje obr.4 , uzitim vztahu, [19]
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m

Obr. 4 Podstata torzniho kyvadla

G = 4m L R¥T%* (11)

kde m je hmotnost valcového disku kyvadla, R jeho
polomér, L délka zavésného vlakna, T doba kmitu,
r polomér méfeného vilakna.

Stoc¢ime-li kruhovy disk zavéSeny na viakné o Uhel @
pusobenim momentu sily M, je mozné urcit G Upravou
vztahu (1) na

G = (7/2) r* @/LM (12)

Zakladem pro torzni vahy je torzni kyvadlo, kterym je
mozné urCovat nejen modul G, ale i souc€initel tlumeni
vldkna a , dekrement tlumeni a logaritmicky dekrement
a z téchto hodnot a spolu s pfidavnym zafizenim akus-
tické emise (ENV), [2], [30], [33] usuzovat na strukturni
kvalitu vliaken.

Podle teorie pevnosti latek, [1], [2] dosahuji teoretické
pevnosti latky krystalické bez poruch. Cim je mensi ob-
jem latky, tim je pravdépodobnost vyskytu poruch nizsi
a u vlaken jako jsou viskry minimalni. Cekali bychom
podobny vliv i u nanovldken. Ten je skute€nosti jen u
latek krystalickych. U ¢aste¢né amorfnich latek jako je
tomu o polymerovych nanovlaken, nelze o¢ekavat je-
jich velké pevnosti. Vyjimku €ini grafiticka nanovlakna a
grafenové nanotrubiCky, kde jde o vlastnosti bazalnich
rovin grafitu, [2], s vysokou pevnosti.

Povrchové viastnosti

Velké hodnoty mérného objemového a hmotnost-
niho povrchu vytvéareji z nanovlaken latky povrchové
velmi aktivni. Polymerova nanovlakna jsou izolanty se
zaplnénym valen&nim pasem a volnym pasem vodi-
vostnim. Pfitomné poruchy v polymerech, vytvareji
v zakazaném pasu hladiny poruch, které mohou byt
zodpovédné za luminiscenci (fotoluminiscenci, ter-
moluminiscenci, elektroluminiscenci aj.), fotovodivost
a dalsi, [2]. Vzhledem k tomu, Ze sam povrch je vel-
kou univerzalni poruchou, hraji v nanovlaknech sil-
nou ulohu povrchové Tammovy hladiny. Ty jsou pak
nositeli takovych vlastnosti jako je povrchovy naboj,
silny triboelektricky jev, adhezni vlastnosti, adsorp¢ni
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vlastnosti, elektretovy jev a dalSi. Povrchové hladiny
umoznuji vytvaret elektronické diody, transistory a jiné
elektronické prvky, [2] .

Vyznam povrchU ve fyzice kondenzovanych latek je
tak velky, Ze byly zpracovany ¢etné monografie fyziky
povrchd, jak o tom svédCi napt. [28], [29]. Jsou proto
nanovlakna také potencialnimi prvky pro konstrukci
vlaknové elektroniky. Nanovlakna grafitova a grafenové
trubi¢ky mohou byt dokonce i supravodivé.

Technologie

Pfes vS8echny teoretické Uvahy o nanovlaknech,
nejdulezitéjsi je technologie jejich pfipravy. Ve vyvo-
ji novych material( pfedbihala obvykle technologie
pfipravy jejich teorii. Nové technologie mohou vznikat
empirii, intuitivitou nebo na zakladé teorie. Jako pfiklady
Ize uvést technologii oceli a rozvoj textilniho pramysilu.
Obé technologie vznikaly davno pred tim, nez vznikla
jejich teorie. Podobné je tomu i s nanovlakny pouze
s menSim odstupem.

Prvnim pozorovanim vzniku tenkych viaken je pfi
odkapavani pomérné velké kapky z malych otvoru, kdy
gravitace urychli rychly pad kapky a vytvofi se tenké
vlakno (viz obr.3). Nahrazenim gravitace pusobenim
elektrického pole je mozné tento proces Iépe fidit.
DalSi technologii tvorby nanovldken byly pfipravy
viskrd v parach plynd. Za pfiklad muze slouzit vznik
grafitovych viskrl na svi€kach spalovacich motord.
Zdanlivé jednoducha technologie tvorby nanovlaken
pusobenim gravitaéni sily F padajici kapky ma jedinou
promé&nnou k fizeni procesu, a to hmotnost padajici
kapky, ktera se fidi pomérné obtizné. U elektrostat-
ického zvlaknovani je plsobici sila na kapku umérna
podle vztahu (8) polarizovatelnosti periodické Casti
strukturni jednotky polymerové &asti materialu kapky,
coz je konstanta, ¢tverci poloméru kapky R, a ¢tverci
intenzity elektrického pole, coz umozriuje citlivou regu-
laci technologie. Rovnéz regulace tvorby nanovlaken
podobné jako u viskru je velmi obtizna. Jevi se tedy
pfiprava nanovlaken z tekutin polymert fizena elek-
trickym polem dosud jako nejvyhodnéjsi.

Elektrostatické zvlaknovani nanoviaken

| kdyz byla technologie zvlakfiovani nanovlaken
v elektrostatickém poli zpracovana vyCerpavajicim
zpUsobem do roku 2004 se 160 citacemi, je tfeba uvést

vvvvvv
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doplnit, [16]. Zatim nejrozSifenéjsi je pfiprava rouniny
(netkané textilie) zvliakriovanim pfimo z polymeru (spun-
bonding) nebo zvlakfovanim rozstfikovanim z taveniny
(melt blowing). Pfipojenim elektrostatického pole do
dlouziciho pochodu vznika technologie elektrostatické
tvorby nanovldken. Na nékolika schematickych ob-
razcich videt podstatu elektrostatického zvlakniovani.
Vyznam pusobeni elektrostatického pole spociva

81



Vyskum

- Polymerldsung

Kapillarduse

.~ Faserbildung

-
o
o o B
- o

Hoch-
spannung

.

5
“~ Fasermatte

Gegenelektrode

Research

Obr. 5 Princip elektrostatického zvlakriovani (a), nanovlakna ve srovnani lidskym vlasem (b)

v urychleni dlouzeni viaken az do nanorozméru.

Jako ilustrativni obrazek podstaty elektrostatického
zvlaknovani je obr. 5a z [2]. Elektrostatické pole je
pfipojeno mezi kovovou zvlakrnovani tryskou a protile-
hlou elektrodou, na kterou se ukladaji vytvofena nanov-
lakna (kolektor). Elektrostatické pole se uskute¢riuje
pfipojenym vysokym napétim. Elektrodé muze pred-
chazet transportni zafizeni vlakenné vrstvy, sbérad
(kolektor) vlaken. Porovnani nanovlaken s lidskym
vlasem je na obr. 5b.

i
/N

N

Obr. 6 Otacivy kolektor

Obr. 7 Mrizkova elektroda
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Z nanoutvar( jsou zvlasté pro ucely textilni velmi
dilezita nanovlakna, ktera jsou snadno barvitelna,
velmi ohebna a tedy svou jemnosti velmi pfijemna ve
styku s pokozkou, kromé dalSich vyhodnych vlastnosti
pro technické ucely.

Z technologie na obr. 5a Ize vytvaret nejriznéjsi
obmeény, a to v poloze tryska-protielektroda, ktera
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Obr. 8 Navijeni nanovlaken na ramy
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Obr. 9 Pusobeni vicelektrodové soustavy
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Tab. 1 Pfiklady polymerovych materiall pro nanovladka

roztoky taveniny
provozni
polymer rozpoustédlo polymer teplota
0,
C
Polyamid 6.6,66 kyselina PE 200-220
mravendi
PVA destilovana PP | 220-240
voda
PMMA aceton, PA 12 220
chloroform

polyvinylkarbazol dichlorme PET 270
polyethylenoxid chloroform PEN 290
polykarbonat chloroform PET/PEN 290
PAN dimetylformamid
PS tetrashydrofuran

muze byt horizontalni, kolektor muze byt jak staticky,
tak pohyblivy, vliakna mohou byt uklddana v rounu nebo
navijena jako monofil €i pfize, jak ukazuji dalsi obrazky.
Na obr. 6 je otadivy kolektor viaken, na obr. 7 uzitim
miizkové elektrody dochazi k paralelizaci vidken s na-
vijenim monofild. Navijeni monofilnich viaken je mozné
provadét na zafizeni s otacejicim se kotou¢ovym kolek-
torem (obr. 8), nebo navijenim na ramy na obr. 9.

Byly vyvinuty i soustavy na tvorbu trubi¢kovych
nanovlaken, jejichZ podstata je na obr. 10.

Jak ukazal pokus (obr. 11), [16] a potvrdila teo-
rie, [24] vytvafi se plsobenim osové a radialni slozky
elektrického pole z polokulové kapky nejprve Tayloriv
kuZzel, ktery brani tvofeni kapek a usnadriuje dlouzeni
nanovlaken.

V teoretickych uvahach uvedenych v [24] bylo
ukazano, Ze elektrostatické zvlakniovani zavisi na viast-
nostech materiall, a to na jeho polarizovatelnosti «,
povrchovém napéti y a viskozité », coz jsou vSechno
veli¢iny molekulové struktury. Viskozitu # je snadno
pfevést na technologické parametry, a to na hustotu
¢astic v tekuting, délku makromolekul, jejich moleku-
lové hmotnosti, stupné polymerace apod. Povrchové
napéti odpovida za vytvareni kapek na vlaknech a
tzv. koralkovy jev. Jejich vliv se da potladit zvySenou
teplotou (Eétvostv a Boltzmanntv zakon), [22], [23].

Tvorbu nanovlaken ovliviiuje i jejich vychozi material.
Proto uvedeme v tab.1 pfiklady nékterych materiald
uzivanych k tvorbé nanovlaken. Rozsahlejsi vybér je
uveden napft. v [16].

V tab.1 jsou uvedeny pouze polymerové materialy,
a to aplikované v roztocich a v taveninach.

Dalsi podrobnéjsi informace je pak mozné nalézt také
napt. v [31].

| kdyZ se uvaZovalo pouze plisobeni homogen-
niho elektrického pole, je ziejmé Ze plsobici pole je
nehomogenni, coZ vede k nestabilitam soustavy a
komplikovanym draham ve Sroubovicovém kuZzelu.
Bé&hem procesu dochazi také ke Stépeni vidken
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Obr.12 Stépeni viaken

(obr. 12). To jsou v8echno problémy, které je nutné
vyloZzit zdokonalenou teorii. Nejvétsi vliv na zvlakriovani
ma elektrostatické pole, které je nutné povazovat za
homogenni a podle toho upravit i rovnice (6) az (9). Za
nehomogenitu elektrického pole odpovida geometrické
usporadani zvlaknovani elektroda-kolektor. Volbu ne-
homogenity elektrického pole Ize dosahnout riznym
usporadanim vidken a kolektoru.

Zajimavym pfispévkem do technologie nanovlaken
vytvafenim prekurzoru mohou byt i magnetické kapal-
iny. PUsobenim homogenniho magnetického pole na te-
kutiny s disperzi magnetickych €astic, dojde k vytvoreni
jehlovitého povrchu obr. 13, [30]. Jehlovité utvary se
pak daji dale dlouzit v nanovldkna elektrickym polem.
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Obr.13 Vytvareni jehlovitych Gtvard na povrchu magnetické kapali-
ny intenzitou magnetického pole H

Je moZné vyuZit i elektrické analogie k magnetickym
kapalinam.

Uhlikova nanovlakna

Uhlikova nanovlakna jsou jednak uhlikové viskry,
jednak uhlikova viakna a grafenové nanotrubicky (GNT,
grafenové tubuleny).

Jiz elektronové struktura uhliku, [2] pfedurCuje
uhlik k vytvareni velkého poctu struktur, mezi jinymi
i organickych. O uhlikovych strukturach viskrd byla
zminka jiz vy$e. Uhlikova nanovlakna Ize tvofit reak-
ci v parach, grafitizaci akrylonitrilovych nanovldken
vytvarenim nanovldken z uhlikovych makromolekul
polykumulenu a polyinu s dvojnymi a trojnymi vaz-
bami, [2]. To se podafilo zatim jen laboratorné
ozafovanim lasery. Nejvétsi zajem je vSak o vldkna
se strukturou grafenovych nanotrubicek.

sbaleni ",'
roviny ¢

grafenova rovina grafenovy tubulen

Research

Grafenové nanotrubi¢ky (GNT, grafenové tubu-
leny)

Jednou vyznamnou strukturu uhliku tvofii grafenové
nanotrubiCky, grafenové tubuleny, [2]. Jejich vyvoj se
datuje rokem 1991. Teoreticky je Ize vytvofit sbalenim
bazalni roviny struktury grafitu (grafenu) do trubicky, jak
znazornuje obr. 14. Jejich struktura je na obr. 14.

Technologie jejich pfipravy jsou odvozeny od pfipravy
fullerenll. Nanotrubicky se pfipravuji v parach CO za
vysokych tlaku a teplot, vypafovanim za plsobeni
pulznich laser(l, chemickym ukladanim v parach a v ob-
louku uhlikovych par. Pfipravuji se bud jednoplastové

Obr. 14 Grafenové nanotrubicky
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nebo viceplastové souosé (obr. 15). Priimérna hodnota
priméru nanotrubi¢ek (NT) je kolem 1,5 nm a jejich
dosud nejvétsi dosahované délky jsou kolem 7 mm.
Maji vSak vysoké hodnoty mechanickych vlastnosti
moduld ~ 1TPa a pevnosti ~ 30GPa, coz pfevysuje
hodnoty nejlepSich oceli.

Grafenové nanotrubi¢ky jsou stfedem zajmu fyzika,
technologl, elektronickych aplikatord, nebot slibuji
pfevratna pouZiti. Vyzkumem nanotrubiéek se zabyva
vice nez 200 prednich svétovych laboratofi a vyzkum
se fadi do nanostruktur a nanotechnologii. Vyzkum
grafenovych tubulent (nanotrubi¢ek) navazuje na ob-
jev fullerentd uzavfenych uhlikovych molekul, z nichz
Grafenoveé trubi¢ky maji sit vytvofenou z uhlikovych
Sestitihelnik( vazbou sp?, [2]. Jejich kovalentni vaz-
ba &ini grafenovou sit velmi pevnou a tim i pevné
nanotrubi¢ky. GNT nanovldkna jsou stfedem zajmu
soucasného vyzkumu pro jejich univerzalni viastnosti a
pouziti pro jejich mechanické, elektrické a optické vlast-
nosti s aplikacemi do konstrukci poéitacll. Jsou zpravy
o vytvareni nanolaser( (obr. 16). GNT nanovlakna
mohou byt za ur€itych podminek i supravodiva.

nanovlakno

Y "\,.AAAAA@;A.‘. A
fL= =sisls : :
\ N 5 | '
R ViV YV Y Y Y Y
o ¥

podlozka

Obr. 16 Nanovlaknovy laser

magnetic
i

B

magrelic

Obr. 17 Fulerenové linearni polymery jako prekurzory pro fulereno-
va nanovlakna
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Obr. 18 Elekiretovy zachyt ¢astic na nanovlaknech

cervena krvinka

nanovlakna
Obr. 19 Zachyt ervené krvinky nanovlakny

Zvlastni pozornost do budoucnosti bude vénovana
fulerenovym nanovlaknim, vytvorenym linearnimi ful-
erenovymi polymery, [2], [30].

Pouziti

Vyuziti nanovlaken je v sou€asnosti a bude i budouc-
nosti vyhrazeno pro technické Gcely. Tézko si Ize pfedstavit
vyuziti nanovlaken stejné jako klasickych textilii pro odivani.
Zatim se nanovlakna aplikuji v podobé rounovych vrstev,
které se vyuzivaji pro filtracni Gcely.

Lze jich vyuzit jako elektretové filtry, jejichz u€innost
Ize srovnavat pouze s elektretovymi viaknovymi poly-
propylenovymi filtry pfipravenymi elektrickym vybojem
na téchto foliich, které se posléze Stépi a upravuji ve
vlaknové vrstvy, [32].

Filtrd Ize vyuzit i k separaci bunék v mikrobiologii
, k separaci dispernich Castic tekutin apod. Filtracni
schopnosti nanovlaken jsou dany jejich velkym mérnym
povrchem a elektretovym pusobenim na ¢astice. Priklad
filtracniho ucinku nanovlaken viivem elektretového jevu
je na obr. 18, kde je vidét zachyceni shluku ¢astic
na nanovlakné vlivem adsorpce. Filtrace Eervenych
krvinek na obr. 19

Kromé spleti nanovldken se vytvareji i monofilni viak-
na, z nich pak kabilky a pfize. Jsou tedy pfipravovany
podminky i pro tvorbu nanotkanin a nanopletenin.
Monofilni viakna se mohou pouZivat i v neurochirurgii
a v nahradach bunécénych tkani.
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Adsorpce nanovlaken se vyuziva v chemii ke kon-
strukci katalyzatora.

Nanovlana Ize v budoucnosti vyuzivat je konstrukci
elektronickych prvkil diod, transistord a dalSich prvkd,
[2]. Nanovlakna z vodivych polymer( bude mozné
vyuZzivat v biologickych a genetickych technologiich.

s vyuzitim pro konstrukci po&itacl. Nanovliakno GNT je
také prikladem kvantového linearniho vodice.

Grafenové tubuleny jsou perspektivni nadrze na
vodik pro budouci vodikové spalovaci motory, medicinu
a jiné ucely a pocita se s nimi pro konstrukci velkoka-
pacitnich akumulatort elektfiny.

3. ZAVER

Nanovlakna jsou relativné mladé a nové Utvary. | kdyz
jejich historie saha az do roku 1914, jejich moderni po-
jeti je mozné polozit do roku 1966, kdy byla pfipravena
lehka nanovlaknova rounina. K renesanci vyroby nanov-
laken doslo az v 90.letech 20.stoleti, [16]. Byly zjiStény
jejich dulezité povrchové vlastnosti, které slibovaly
rozsahlé aplikace témér ve vSech nanooborech. Dnes
se vyzkum nanovlaken stava pfedmétem vyzkumu,
vyvoje a vyuziti ve vSech laboratofich zabyvajicich se
nanostrukturami. Jsou zpravy, Ze nanotrubi¢ky mohou
byt prekurzory konstrukce poditacu.

Vénovano pamatce dcerky Magdicky
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STRUKTURA A BARIEROVE VLASTNOSTI PP VLAKIEN
MODIFIKOVANYCH NANOADITIVAMI
Il. Bariérové vlastnosti vlakien modifikovanych
nanoaditivami

Dulikova M., Ujhelyiova A.

Fakulta chemickej a potravindrskej technoldgie, STU v Bratislave,
Radlinského 9, 812 37 Bratislava, Slovenska republika, e-mail:maria.dulikova@stuba.sk

1. Uvod

Sucasny vyvoj chemickych vldkien a textilnych ma-
teridlov smeruje k priprave inteligentnych materialov,
ktoré s riadenymi unikatnymi vlastnostami umozniuju
aktivnu ochranu a zabezpedenie komfortu ¢loveka
aj v extrémnych podmienkach. Inteligentné textilie
a odevy su definované ako textilie, resp. €asti odevu,
ktoré na zéklade zmeny farby, tvaru a dalSich viastnosti
su schopné monitorovat zdravotné funkcie ¢loveka.
Cielom pripravy takychto materialov je tvorba mo-
dernych textilnych technolégii zahffiajucich vyrobu
vlakien, tkanie, pletenie a konecné procesy.

Jednym z krokov pripravy inteligentnych textilii
je priprava modifikovanych syntetickych vlakien so
Specialnymi vlastnostami vyuzitim funkénych nano-
aditiv. Modifikaciou vldkien funk&énymi aditivami je
mozné pripravit viakna a nasledne textiiné materialy
s riadenou Struktdrou na nadmolekulovej a makro-
morfologickej Urovni, Specialnymi fyzikalno-mechanic-
kymi vlastnostami, bariérovymi vlastnostami voc¢i UV
Ziareniu, elektrickou vodivostou a termoregulaénymi
vlastnostami.

2. Bariérové vlastnosti viakien a textilii

V poslednom obdobi sa velka pozornost venuje
hlavne bariérovym vlastnostiam textilii vo&i UV
Ziareniu. Bariérové vlastnosti vo&i UV Ziareniu je
mozné vo v8eobecnosti definovat ako odolnost textil-
nych materialov voci prieniku UV Ziarenia na pokozku
Cloveka.

Literarne poznatky z tejto oblasti ukazuju, ze
pozornost sa sustreduje hlavne na fyzikalny aspekt
bariérovych vlastnosti vldkien pouzivanych na vyrobu
textilii (t.j. konstrukcia textilie, povrchové Upravy atd'.).
Relativne mélo je rozpracovany vplyv molekulovej, nad-
molekulovej a morfologickej Struktury na UV absorpénu
kapacitu, ako aj réznych typov vlakien, aditiv, optickych
zjasnovacov a pod., [1].

PoSkodenie oz6novej vrstvy umoziiuje UV Ziareniu
bez obmedzenia negativne pbsobit na €loveka. In-
tenzita UV Ziarenia sa mbze vyrazne obmedzit pouzitim
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vhodného odevu s ucinnou konstrukciou textilného
materialu, resp. za pouzitia modifikovanych vilakien
s bariérovymi vlastnostami vo&i UV Ziareniu.

2.1. Charakteristika UV ziarenia

UV Ziarenie nepriaznivo pdsobi na viaceré materialy,
dochadza k starnutiu, zmene farby a Struktary. Z toh-
to dévodu je velmi délezité poznanie nepriaznivych
ucinkov UV Ziarenia a ochrana materidlov pred tymito
ucinkami.

UV Ziarenie sa deli na:

— UV Ziarenie typu A (vinova dizka od 315 nm do 400
nm) je s ohladom na fyziologické UCinky najmenej
nebezpecné. V rozumnom mnozZstve je pre ludské
telo potrebné, napomaha pri tvorbe vitaminu D,
zvySuje odolnost proti patogénnym baktériam,

— UV Ziarenie typu B (vinova dizka od 290 do 315 nm)
je ovela nebezpecnejSie ako ziarenie typu A, posobi
najma na pokozku a spdsobuje zapal koze,

— UV Ziarenie typu C (vinova dika od 100 do 290 nm)
je karcinogénne a velmi Skodlivé pre vSetky zivé
organizmy.

Zo slne¢ného ziarenia dopadnu na zemsky povrch
v znacnej miere len viditelné svetlo a zZiarenie UV-A
a UV-B. UV-C Ziarenie je plne absorbované kyslikom
vrchnej stratosféry alebo mezosféry, ako aj ozobnovou
vrstvou.

2.2 Ochrana pred UV ziarenim

KedZe sa Casto zdrziavame vonku na sinku, je
potrebné sa chranit pred UV-Ziarenim. Pri nadmernom
pdsobeni UV Ziarenia na Cloveka je mozné pozorovat
tvorbu vitaminu D5, hnednutie a starnutie pokozky, so-
larnu dermatitidu, ochorenie oci az rakovinu kozZe. Z tohto
dévodu je potrebné chranit pokozku vhodnym odevom.

Pri dopade UV Ziarenia na textiliu je mozné pozorovat
a definovat r6zne fyzikalne deje:

* odraz, bez infiltracie a prieniku do textilného
materialu,

* absorbcia textiingm materiadlom — najma u hus-
tych a tazkych textilnych latok,

 priepustnost cez textil — spojena s rozptylom.
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V prvych dvoch pripadoch nedopada UV Ziarenie na
pokozku, v poslednom pripade sa UV Ziarenie vo vacsej
alebo mensej miere dostava na povrch pokozky. Kazdy
odev nas bezpodmienecne nechrani pred UV Ziarenim.
Oblecenie ponuka len Ciastoénu a obmedzenu ochra-
nu pred UV Zziarenim. Napr. bavina absorbuje podiel
Ziarenia UV-B horSie, ako napr. tkaniny z polyesteru.
Pranie obleCenia pracimi prostriedkami obsahujicimi
tzv. optické zjasnovace, sa ukazalo ako velmi vyhodné,
pretoze tieto latky disponuju dobrou absorpciou UV
Ziarenia.

Miera ochrany a preniknutia UV Ziarenia cez tkaninu,
resp. pleteninu uréuje kvalitu ochrany pred sineénym
zZiarenim. Kvalita ochrany zavisi od pouzitého vlakna (typ,
jemnost, prierez, farba atd.), konstrukcie textilii (hrdbka
textiiného ploSného materialu, hustota osnovnej a Utkovej
dostavy, typ vazby atd.) a zoSlachtovania, [2].

Mieru ochrany tkanin pred slne¢nym Ziarenim udava
ochranny slne¢ny faktor (SPF = Sun Protection Factor).
Udava, kolkokrat dihSie mbZe &lovek chraneny textiliou
zostat na sInku, kym neddjde k s€ervenaniu koze. SPF
faktor méze byt ur€eny pomocou tzv. in vivo- alebo in
vitro-metddy. Pri in vivo metdde sa robi test, pri ktorom
je vybrana osoba pokryta nejakou textiliou a vystavena
svetelnému zdroju, ktorého spektrum je podobné spektru
slne¢ného ziarenia. Merania touto metédou su velmi
nakladné a nie su adekvatne na uréenie SPF faktora
(vyvoj ochrany textilii pred sinkom). In vitro-metéda sa
zaklada tiez na meraniach na ¢loveku. Testované os-
oba je ozZiarend monochromatickym svetlom, a potom
sa meria, aka vinova diZka je potrebna pri vyzarovani
lu€ov, kedy sa prejavi s€ervenanie koze (vznika ery-
tém). UrCi sa tak pésobenie erytému od svetla pri
urditej vinovej dizke. Je to reciproéna hodnota tejto kri-
tickej davky. Pésobenie erytému je tiez proporcionalne
k Skodlivosti. Da sa odvodit, Ze svetlo o vinovej dizke
290 nm je 1000-krat SkodlivejSie ako svetlo vinovej
dizky 340 nm.

Pri odevoch s UV ochranou, kvdli integrovanej
funk&nosti pre nositela, sa uvadza ,funkéna UV ochra-
na“. Pri zabezpeCovani maximalnej ochrany proti UV
Ziareniu by samozrejme nemalo ddjst k Uplnej izolacii
od prirodzeného UV Ziarenia. Odevy s funkénou ochra-
nou su odevy, ktoré odfiltruju podiel prirodzeného UV
Ziarenia, ohrozujuceho zdravie ¢loveka. Predstavuju
ucinné preventivne opatrenie hlavne pre ludi, ktori sa
Casto zdrziavaju na slInku €i uz z pracovnych dévodov
alebo vo svojom volnom Case.

V Australii i v niektorych dalSich krajinach vstupili do
platnosti normy stanovujuce pripustny limit UV Ziarenia
prepustaného odevnou textiliou. Jeho dodrziavanie
sa osobitne sleduje u pracovnych odevov ur€enych
na vonkajsie pouzitie. Ochranny faktor stanoveny ako
UPF vodi UV Ziareniu by podla noriem mal byt 40+.
Av8ak v Eurdpe este nebol UPF — UV ochranny faktor
Specifikovany, [3] .

UPF je definovany nasledovne:
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kde E, je spektralna intenzita Ziarenia (W/m2.nm), S,
je spektralna relativna biologicka ucinnost, T, je spe-
ktralna priepustnost chraniacej zlozky — textilnej tkaniny
a A\ je rozsah vinovych diZok.

Na zaklade hodnoty UPF sa v literarnych odka-
zoch uvédza rézne delenie tkanin s ohladom na ich
bariérové vlastnosti. Napriklad podla Standardnych
hodnét uvadzanych Australiou a Novym Zélandom sa
tkaniny delia nasledovne:

e UPF <20 tkanina nema ziadne

ochranné vlastnosti
e UPF 21-30 slabé ochranné vlastnosti
e UPF 32-40 stredné ochranné vlastnosti
e UPF 41-50 dobré ochranné vlastnosti
e UPF >50 velmi dobré ochranné vlastnosti

2.3 Prostriedky chraniace pred UV ziarenim
v bariérovych textiliach

Aby spiriali textilie vhodné bariérové vlastnosti, ktoré
sa od nich vyZadujd, je potrebné do nich aplikovat
latky zabezpecujuce ochrannu funkciu. S ohfadom na
pouzivané techniky sa v sucasnosti tieto prostriedky
aplikuju do vlakien ako aditiva (nanoaditiva) alebo
nanosom vo faze zosfachtovania textilii. V oboch pri-
padoch sa vyzaduje, aby textilie po Uprave zachy-
tavali miniméalne 80-90 % UV Ziarenia. Podstata ochrany
[udského tela pred UV Ziarenim spociva bud v absorpcii
tohto Ziarenia alebo v rozptyleni pred kontaktom s
ludskou kozZou.

Priepustnost UV Ziarenia textiliami je ur€ena pre-
chodom cez miesta medzi viaknami, ako aj prechodom
cez vlakna, Cize to zavisi od typu viakna a konstrukcie
tkaniny. Z toho vyplyva aj viac moznosti znizenia priepust-
nosti Ziarenia cez tkaninu, napr. vhodne navrhnutou
konStrukciou tkaniny, pouZzitym vidknom a pod. Textilia,
ktora by mala zabezpecovat ¢o najmensiu priepustnost
UV Ziarenia, by mala obsahovat ¢o najmensi volny
priestor (objem) medzi vlidknami tvoriacimi tkaninu.
Z hladiska fyziologie a komfortu nosenia by takéto texti-
lie nespifiali pozadované vlastnosti. Dal§ou moZnostou
znizenia priepustnosti UV Ziarenia je priprava vliakien
s aditivami, ktoré zabezpecuju absorp&né, resp. re-
flexné vlastnosti textilie, napr. pigmenty, TiO, a pod.
Je mozné ich rozdelit na:

o UV absorbéry (svetelné stabilizatory polymérov)
na baze organickych latok, ktorych absorpéné
spektra lezia v rozsahu UV-B li¢ov, najCastejSie
su to aromatické zlu¢eniny r6znych molekulovych
hmotnosti,

e UV rozptylujuce, odrazajuce aditiva su pdvo-
dom anorganické latky malych Castic s velkostou
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v nanometroch, napr. TiO,, ZnO, CaCO,, BaSO,,
Mg(OH),, Al(OH)s.

Ako UV absorbéry sa pouzivaju aromatické zluce-
niny obsahujluce benzénové jadra s absorpciou
predovSetkym UV-B IuCov. Absorbované Ziarenie je
absorbované vo forme vibracnej energie, ktora jej
zmeni molekulovu Struktdru, t. j. vytvori vazbu medzi
fenolickou hydroxidovou skupinou a susednou kar-
bonylovou skupinou v zli¢enine. Nasledne dochadza
k vyZiareniu tepelnej energie a molekula UV absorbéra
sa vréati do pévodného stavu. Pouzivané UV absorbéry
su oby€ajne na baze kyseliny salicylovej, benzofenonu
a benzotriazolu.

Latky odrazajuce UV Ziarenie su vac¢sinou na anor-
ganickej baze (napr. TiO,), ktoré toto Ziarenie nielen
rozptyfuju, ale aj absorbuju. Pri priprave Specialnych
typov textilii, ako su sinecniky, drapérie, zaclony a
pod., su ¢asto povrchovo pokovované za ucelom
odrazu UV Ziarenia vSetkych typov. Do polymérov
sa ako aditiva odrazajuce UV Ziarenie pouzivaju
predovSetkym keramické prasky s vysokym indexom
lomu. K maximalnemu rozptylu dochadza pri pouziti
gastic s velkostou rovnajlicou sa vinovej dizke do-
padajuceho Ziarenia.

S ohladom na pohlcovanie UV Ziarenia je najvhod-
nejsi ZnO, ktory prakticky neprepusta luce s vinovou
diZkou od 300 do 370 nm a nie&o menej ucinny TiO,.
Obe zluceniny su tiez dostatoéne odolné proti tepel-
nému Ziareniu. MnoZstvo tychto latok sa vo vldknach
pohybuje az do 10 %. Niekedy sa keramicky prach
rozptyluje iba do jadra bikomponentnych vlakien
(jadro — plast), [4].

ZlepSenie ochrany voci UV Ziareniu je mozné dosiahnut
aj vhodnou konstrukciou textilie, resp. vhodnym vyfar-
benim aj pri pouZiti klasickych viakien. Cim je vagsia hus-
tota usporiadania textilie, tym je vySSia ochrana proti
UV. Je vhodnejSie pouzit strizové priadze nez hladky
hodvab. Aj mechanické Upravy, ako je kalandrovanie
a zehlenie, zamedzuju prenikaniu UV Ziarenia. Z tohto
hladiska je vyhodnejSie pouzitie tkanin, nez pletenin.
Tiez tmavé odtiene chrania proti UV Ziareniu lepSie
nez svetlé odtiene, resp. biela farba. Bol zisteny rozdiel
v priepustnosti UV Ziarenia medzi Ciermou polyesterovou
tkaninou (priepustnost pod 2 %) a bielou tkaninou rovnakej
konstrukcie (priepustnost okolo 18 %) az 0 16%, [4].

Dalim zo spdsobov zniZenia priepustnosti textilii
vocCi UV Ziareniu je povrchova Uprava textilii pomocou
UV absorbérov alebo keramickych &astic. U polyester-
ovych textilii sa vyuZivaju latky typu benzotriazolu cha-
rakterizované schopnostou vézby na vilakno. VyuZiva
sa technika vysokoteplotného farbenia s koncentraciou
1 % UV absorbéra.

Bariérové vlastnosti modelovych tkanin boli skumané
ako ochrana voci UV Ziareniu pomocou absorpcnej
schopnosti UV Ziarenia vybranych typov polymérov a
vlakien obsahujucich matovacie a opticky zjasnovacie
prostriedky.
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Boli testované celul6zové vlidkna s dvomi povrchmi —
matny a leskly, polyamidové a polyesterové vidkna
s matovacimi a opticky zjasfiovacimi prostriedkami
a modelové tkaniny jednoducho tkané z tychto uve-
denych vlakien. Absorp&né vlastnosti viakien boli ana-
lyzované z hladiska bariérovych viastnosti tkanin poCas
vystavenia UV Ziareniu. Na hodnotenie bariérovych
vlastnosti tkanych tkanin po¢as UV radiacie boli
pouzité dve metddy: metdda navrhnuta Vassilevou
modifikovana na oddeleni Fibre Physics a UV-spektro-
fotometricka metéda merania indexu penetracie UV
Ziarenia cez tkaninu, [1].

Metdéda Vassilevovej, [5] je origindlna metéda
zalozena na hodnoteni stupfia vyblednutia farebnych
tkanin farbenych svetlocitlivymi farbivami po vystaveni
UV Ziareniu. Stuperi fotodeStrukcie farbiva bol ur€eny
na zaklade zmien parametrov Kubelkovej-Munkovej
rovnice (K/S) farbenych referenénych textilii.

Spektroskopicka metdda, [6] uvadza sine¢ny ochran-
ny faktor (SPF), ktory umoznuje porovnat ochrannu
kapacitu réznych materialov. Tento faktor sa pouziva
v Eurépe a USA takmer od 50. rokov 20. storocia.

Dal&im parametrom charakterizujticim bariérové
vlastnosti textilii je UPF faktor, faktor ochrany pred UV
ziarenim (vid. 2.2.). Podla pouzitych metéd mozno
povedat, Ze len spektroskopické metddy nam dovoluju
vyslovif nepochybné zavery o bariérovych vlastnostiach
tkanin. Metéda navrhnuta Vassilevou s akceptovanim
predpokladu, ktory zjednoduSuje tvrdenia a s pouzitim
Sedej stupnice, dovoluje len kvalitativne hodnotenie
vplyvu réznych faktorov na bariérové vlastnosti. V pri-
pade tkanin s porovnatelnou hrabkou a hustotou tkania
vyrobenych z réznych typov viladkien sa UPF faktor
pohybuje od 4 do 17. V&lenenie matovacich &inidiel
do vlakien spbsobuje zvySenie UPF faktora (UPF je
4 a 29). ZlepSenie bariérovych vlastnosti skimanych
vlakien sa dosiahlo pridanim optickych zjasfiovacov
do vlakien. Podstatné zvySenie bariérovych vlast-
nosti bolo ziskané u v8etkych tkanin vyrobenych z ce-
lul6zovych vidkien a polyesterovych viakien (UPF nad
200). Avsak, pri tkaninach zo Standardného polyamidu
obsahujluceho optické zjasfiovace doslo k poklesu
bariérovych vlastnosti. Polyamidové vlakna vyrobené
z mikrovlakien s optickymi zjasfiovac¢mi dosahuju UPF
hodnoty koreSpondujuce s najvySSou hodnotou (UPF =
79), [1].

Na zaklade hodn6t UPF ziskanych pre polyester-
ové tkaniny s r6znou hustotou a hrubkou je mozné
konstatovat, Ze z tychto dvoch Struktirnych parametrov
tkaniny ma hribka vacsi vplyv na bariérové vlastnosti
tkanin, ale rozdiely su relativne nevyrazné.

Podakovanie: Publikovany prispevok vznikol za finanénej
podpory projektov APVV-20-011404 a VEGA 12475/05 (VEGA
926-FCHPT).
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Z vedecko-vyskumnych a vyvojovych pracovisk

News from departments

SUCASNY STAV POSUDZOVANIA ZHODY, CERTIFIKACIE A VYKONU
INSPEKCIE TEXTILNYCH A ODEVNYCH VYROBKOV V SKTC-119

SKTC-119 VUTCH-CHEMITEX, spol. s r.o. Zilina
v suéasnej dobe zabezpecluje skuSanie, posud-
zovanie zhody a certifikaciu textilnych a odevnych
vyrobkov, osobnych ochrannych prostriedkov (tex-
tiiné a odevné OOP), zdravotnickych pombcok z tex-
tilu, textilnych hradiek a vybranych skupin stavebnych
vyrobkov a vykon inSpekcii v uvedenej oblasti. Vykon
tychto Cinnosti je zabezpe€ovany v akreditovanych
skusobnych laboratériach, akreditovanom certifikatnom
organe certifikujicom vyrobky a v akreditovanom
inSpekEnom organe.

Sucasne je SKTC-119 notifikovana pod €. 1296 na
vybrany sortiment OOP (ochranné odevy), textilné
hracky, zdravotnicke pomdcky z textilu a vybrané sku-
piny stavebnych vyrobkov (geotextilie, textiiné podla-
hové a vybrané skupiny stavebnych vyrobkov) podla
prisludnych smernic Rady EU: &. 89/686/EHS v zneni
neskorsSich predpisov, €. 93/52/EHS, &. 88/378/EHS
v zneni smernice ¢. 93/68/EHS a &. 89/106//EHS, dalej
¢. 89/106/EHS.

1. Posudzovanie zhody a certifikacie textilnych
a odevnych vyrobkov

V slcasnej dobe neharmonizovanu oblast, do ktorej
patria textilné a odevné vyrobky, pokryva Vyhlaska MH
SR €. 635/2005 Z. z., ktorou sa ustanovuju podrob-
nosti o poziadavkach na bezpecnost textilnych viakien
a priadzi, textilnych, usfiovych a odevnych vyrobkov
z textilu a usne, urCenych na priamy styk s pokozkou.
Tato vyhlaska stanovuije pripustné hodnoty nebezpecnych
latok a pripravkov v uvedenych vyrobkoch a postupy preu-
kazovania bezpeg&nosti vyrobkov. Dalej st vo vyhlagke
Specifikované vyrobky, na ktoré sa vztahuje.

Z citovanej vyhlasky vyplyvaju pre vyrobcov, dovoz-
cov alebo dodavatelov nasledovné povinnosti:

— kazdy subjekt, ktory uvadza na trh vyrobky
spadajuce do pdsobnosti tejto vyhlasky, musi
splnit poziadavky v nej uvedené

— ak bol vyrobok uvedeny na trh v inom ¢lenskom
State EU, dovozca musi preukazat, 7e bezpednost
vyrobku bola v inom ¢lenskom State skuSana
a vyrobok spifia poziadavky vyhlasky. V tom pri-
pade nie je potrebné dalSie skuSanie a vyrobok
sa mbze uviest na trh v SR.

— ak vyrobok nebol skuSany v inom ¢lenskom State
EU, dovozca musi zabezpegit skiisky bezpednosti
vyrobku v akreditovanom skuSobnom laboratériu,
moze poZziadat o vydanie certifikatu typu vyrobku
a nasledne vydat vyhlasenie o zhode vlastnosti
vyrobku s poziadavkami vyhlasky
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— vyrobky dovéaZané z tretich krajin (mimo EU)
musia byt skiSané v akreditovanom skiSobnom
laboratériu a méze byt na vyrobok vydany certi-
fikat, pokial o certifikat predajca alebo dovozca
poziada.

V kategorii textilnych a odevnych vyrobkov spadaju
do posobnosti vyhlasky prakticky vSetky vyrobky okrem
textilnych podlahovych krytin. Vyhlasenie o zhode
musi obsahovat nalezitosti v zmysle STN EN ISO/IEC
17050-1,2.

2. Posudzovanie zhody a certifikacia OOP

V oblasti pdsobnosti SKTC-119, ako autorizovanej
a notifikovanej osoby, su v tejto kategérii vyrobkov
zahrnuté ochranné odevy:

— proti mechanickym tGc¢inkom

— proti chemickym ucinkom

— proti U€inkom tepla vratane infraéerveného

Ziarenia

— proti kontaminacii nebezpe€nymi latkami

— proti u€inkom pocasia

— s vysokou viditelnostou.

Podra Nariadenia vlady SR ¢. 29/2001 Z. z. v zneni
neskorsich predpisov a Smernice EU &. 89/686/EHS
v zneni neskorsich predpisov musia byt ochranné odevy
kategodrie Il a lll pred uvedenim na trh podrobené procesu
skuSania, nasledného posudenia zhody s prisluSnymi
harmonizovanymi eur6pskymi normami a certifikacie.
U ochrannych odevov kategorie lll. sa vyzaduje vykonat
inSpekciu u vyrobcu s cielom preverenia kvality vyro-
by. U ochrannych odevov kategoérie 1. je potrebné pred
vydanim vyhlasenia o zhode vykonat skusky vlastnosti
vyrobku minimalne v rozsahu poziadaviek STN EN 340.

Pre rozhodnutie, ktoré harmonizované EN sa
pouziju pre skiSanie a posudzovanie zhody, je ro-
zhodujuci ucel pouzitia ochranného odevu vo vztahu
k Specialnym vlastnostiam poZadovanym pre jeho
ochranny uc€inok v zmysle kritérii citovanej smernice
a prislusnych EN.

3. Posudzovanie zhody a certifikacia hraciek
a zdravotnickych pomdcok

Rozsah pdsobnosti SKTC-119 v tychto oblastiach
je v zmysle autorizacie a notifikacie obmedzeny na
vyrobky z textilnych materidlov, ¢o predstavuje len
maly podiel vzhladom na celkovy rozsah vyrobkov
v uvedenych komoditach.
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Bezpecnostné parametre textilnych hraciek musia
byt v stlade s poZiadavkami smernice EU ¢&. 88/378/
EHS a Nariadenia vlady SR €. 302/2004 Z. z. Vlast-
nosti hraCiek su skusSané podra prisluSnych harmoni-
zovanych EN, nasleduje posudenie zhody vlastnosti
s prisluSnymi poZiadavkami a vydanie CE certifikatu.

Co sa tyka zdravotnickych pomdcok z textilu, tieto
v zmysle Nariadenia vlady SR &. 572/2001 Z. z. v zneni
neskorsich predpisov a smernice EU &. 93/42/EHS pa-
tria do I. skupiny. Na tieto vyrobky sa nevydava EC cer-
tifikat, avSak pred vydanim vyhlasenia o zhode musia
byt odskusané vlastnosti vyrobku podla prislusnych EN.
Napriklad na odevy pre zdravotnictvo sa vztahuje STN
P ENV 14237, kde su uvedené aj technické poziadavky
na jednotlivé druhy odevov.

4. Preukazovanie zhody vybranych stavebnych
vyrobkov

Preukazovanie zhody stavebnych vyrobkov sa
vykonava podla zakona ¢. 90/1998 Z. z. v zneni
neskorsich predpisov a Vyhlasky MV RR ¢&. 158/2004 Z.
z. v zneni neskorsich predpisov. VUTCH-CHEMITEX,
spol. s r.o. je autorizovana pod €. SK-10 na skuSanie
a preukazovanie zhody geotextilii a textilnych podila-
hovych krytin.

Pri hodnoteni uvedenych stavebnych vyrobkov sa

uplatiiuju nasledovné systémy preukazovania zhody:
— systém 1 a 3 pre textilné podlahové krytiny
— systém 2 + pre geotextilie.

Pri systéme 1 vyrobca ma zavedeny systém vnutro-
podnikovej kontroly, vykonava planované skusky a au-
torizovana osoba vyda certifikat zhody na zaklade
vykonanych pociatoénych skuSok vyrobku.

Pri systéme 3 ma vyrobca zavedeny systém vnutro-
podnikovej kontroly a autorizovana osoba vykona
pociatocné skusky vyrobku.

Pri systéme 2+ ma vyrobca zavedeny systém vnutro-
podnikovej kontroly, ma vykonané pociatocné skusky,
vykonava planované skuisky a autorizovana osoba vyda
certifikat vnitropodnikovej kontroly na zaklade pociatoéne;
inSpekcie a naslednych priebeznych inSpekci.

Po splneni uvedenych poziadaviek vyrobca vyda
vyhlasenie o zhode a oznadi vyrobok znackou zhody.

Systémy preukazovania zhody stavebnych vyrobkov
su zasadne odliSné od posudzovania zhody ostatnych
vyrobkov. Znacny dbraz sa kladie na systém vnutro-
podnikovej kontroly, vykonavanie planovanych skusok.
Pociato€né skusky su vykonavané len na tie vlastnosti,
na ktoré je v prilohe 2A harmonizovanych EN uvedena
pozadovana trieda alebo limitné hodnoty prislusného
parametra.

5. Vykon inSpekcii
V ramci posobnosti SKTC-119 vykon inSpekcii za-
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bezpecuje akreditovany inSpekeny organ.

Spbsobilost vykonavat inSpekcie nestranne a dévery-
hodne ako in§pek&ny organ typu A preukazal plnenim
poZiadaviek normy ISO/IEC 17020: 1998, v zmysle
ktorej je inSpek&ny organ akreditovany.

In§pek&ny organ je spdsobily vykonavat inSpekciu
vyroby a vyrobkov textilného a odevného priemysiu,
textilnych materidlov, vlakien, priadzi, niti, odevnych
vyrobkov, textilnych doplnkov, pletenych a hackovanych
vyrobkov, textilnych podlahovych krytin, tapiet, roliet
a zaluzii, geotextilii, vyrobkov na technické ucely, pra-
covnych odevov a osobnych ochrannych prostriedkov.

Od roku 2002 vykonava in§pekény organ dohlad
nad certifikatmi vydanymi na textiiné a odevné vyrobky
certifikatnym organom SKTC-119. Predmetom vykonu
dohladu je kontrola pouzivania certifikatov, kontrola
zabezpedenia trvalého dodrziavania kvality vyrobkov
vo vyrobnom procese na dosiahnutie zhody vlastnosti
vyrobkov s certifikovanym typom vyrobku a kontrola ve-
denia reklamacii a staznosti na certifikovany vyrobok zo
strany spolurieSitelov. V ramci vykonu inSpekcii st odo-
berané vzorky vyrobkov uvadzanych na trh pre vykon
kontrolnych skisok a preverenie zhody vlastnosti tohto
vyrobku uvadzaného na trh s certifikovanym typom
vyrobkov a technickymi poziadavkami normy STN 80
0055: 2004 , Textilie. Textilné a odevné vyrobky. Tech-
nické pozZiadavky a skuSobné metody*“.

InSpekény organ v ramci €innosti SK 10, autorizovanej
osoby Ministerstvom vystavby a regionalneho rozvoja
SR, zabezpecuje vykon pociato¢nych a priebeznych
inSpekcii v zmysle zakona €. 90/1998 Z. z. o staveb-
nych vyrobkoch, v zneni neskorSich predpisov.

V ramci pociato€nej inSpekcie sa zistuje, ¢i ma
vyrobca vytvorenu uc€innu vnutropodnikovu kontrolu
a vytvorené organizacné a technické predpoklady na
trvalé udrziavanie kvality vyroby stavebného vyrobku
v sllade s technickymi Specifikaciami a zakonom ¢.
90/1998 Z. z., v zneni neskorsSich predpisov. Posudzuje
sa vyroba a vnutropodnikova kontrola tykajlca sa jed-
ného stavebného vyrobku a jeho variantov, pripadne
skupiny stavebnych vyrobkov vyrabanych rovnakou
technolégiou.

Ugelom vykonavanych priebeZnych ingpekcii je
sledovat, &i uplatiiovana vnutropodnikova kontrola
vyrobcu je po€as vyroby stavebného vyrobku v sulade
s technickymi Specifikaciami a zakonom. V ramci
vykonu priebeZnej inSpekcie sa tiez zistuje, &i vyrob-
ca splnil opatrenia ulozené pri vykone pociato¢nej
inSpekcie alebo pri predchadzajdcich priebeznych
inSpekciach.

6. Dalsie aspekty éinnosti AO SKTC-119

Délezitou sucastou ¢innosti v ramci posudzovania
zhody a certifikacie vyrobkov je ddsledné sledovanie
vyvoja vo vydavani prislusnych harmonizovanych EN.
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V ostatnom Case je zaznamenavany prudky vyvoj vo
vydavani novych EN resp. v revizii uz platnych EN, ¢o
kladie velké naroky na priebeZnu aktualizaciu databazy
EN. Zoznamy harmonizovanych EN pre jednotlivé smer-
nice su pravidelne zverejhované v Official Journal EU
a nasledne st publikované vo Vestniku UNMS SR.

Po vstupe SR do EU dochédza k znaénému poklesu
poziadaviek na certifikaciu vyrobkov poskytnutych
Smernicami EU.

Na trh v SR, ktory je stidastou jednotného trhu EU
prichadzaju vyrobky, ktoré presli hodnotenim a cer-
tifikaciou v inom &lenskom &tate EU a st opatrené
CE znackou zhody. Takéto vyrobky sa uz pred uve-
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denim na trh v SR znova zhodnotia. Namatkové skusky
parametrov takychto vyrobkov vSak ukazali, Ze nie
vSetky vlastnosti vyrobkov opatrenych zna¢kou CE
su v sulade s poziadavkami jednotlivych smernic EU
a prisludnych harmonizovanych EN. Nedostatky sa
vyskytuju aj v oznacovani tychto vyrobkov, ked na
etikete chybaju zakladné udaje o notifikovanej osobe,
ktora vydala prisludny certifikat a udaje o EN, ktorych
poziadavky vyrobok spifia.

Jergus, P., Cizmarova, D.
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